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National Semiconductor APPS products include complex LOCAL AREA NETWORKS AND

VLSI peripheral circuits designed to serve a variety of appli-
cations. The APPS products are especially well suited for
microcomputer and microprocessor systems such as graph-
ics workstations, personal computers, and many others. Na-
tional Semiconductor APPS devices are fully described in a
series of databooks and handbooks.

Among the APPS books are the following titles:

MASS STORAGE

The National Semiconductor family of mass storage inter-
face products offers the industry’s highest performance and
broadest range of products for Winchester hard disks and
floppy disks. The Mass Storage Handbook includes com-
plete product information and datasheets as well as a com-
prehensive design guide for disk controller systems.

MEMORY SUPPORT

Today's large Dynamic Random Access Memory (DRAM)
arrays require sophisticated high performance devices to
provide timing and control. National Semiconductor offers
the broadest range of DRAM controllers with the highest
performance available on the market. Controllers are avail-
able for DRAMs from 64k bit through 1M bit devices, sup-
porting memory arrays up to 8 Mbyte in size. For critical
applications, National Semiconductor has developed sever-
al Error Checking and Correction (ECC) devices to provide
maximum data integrity. The Memory Support Handbook
contains complete product information and several applica-
tion notes detailing complete memory system design.

DATA COMMUNICATIONS

Today’s computer systems have created a huge demand for
data communications and Local Area Networks (LANs). Na-
tional Semiconductor supplies a broad range of products to
fill the needs. The IEEE 802.3 Standard for Ethernet/
Cheapernet LANs is one of the most popular solutions.
National Semiconductor provides a complete three-chip so-
lution for an entire 802.3 design. For mainframe communi-
cation the IBM 3270 and other coax protocols are another
offering from National Semiconductor. To drive the commu-
nications lines, Nationa! Semiconductor has drivers and re-
ceivers designed to meet all the major standards such as
RS-232, RS-422, and RS-485. Datasheets and applications
information for all these products are in the LAN/DATA
COMM Handbook.

GRAPHICS

Sophisticated human interface is a mark of the newest com-
puter systems designs. Today's personal computer may
have better graphics display capability than engineering
workstations of a few years ago. National Semiconductor
has developed a new family of Advanced Graphics products
to provide extremely high performance, high resolution color
graphics displays. The graphics chip set is designed to pro-
vide the highest level of performance with minimum de-
mands and loading on the system CPU. The graphics sys-
tem may be expanded to any number of color planes with
virtually unlimited resolution. The Graphics Databook lays it
all out and makes the display system design easy.
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DS3668 Quad High Current Peripheral Driver. . .......... .. oot Interface
DS3669 Quad High Current Peripheral Driver. . ....co oot in i e Interface
DS3674 Quad TTL-to-MOS ClockDriver. . ... oo it i i i cee e ee e Memory Support,

Interface
DS3678 TRI-STATE TTL-to-MOS Multiplexer/Driver .. ... e et i it e ieinananenn Interface
DS3679 Hex TRI-STATETTLAO-MOS Driver .. .. it it it e e e eenn s Interface
DS3680 Quad Negative Voltage Relay Driver ... itii it in i e e Interface
DS3685Hex TRI-STATELAtCh ..o v ottt i it i e e e e et vt c e Interface
DS3686 Dual Positive Voltage Relay Driver. . ... viii it ie i Interface
DS3687 Negative Voltage Relay Driver . . .. ... oo i et eia s Interface
DS3691(RS-422/RS-423) Line Driver with TRI-STATE .. ... .. it Interface
DS3692 TRI-STATE Differential LIneDriver. . ..o oot it i et i ieiienns interface
DS3695 Differential TRI-STATE Bus/LineTransceiver . .......ccoviiviinvnnenenn.. Interface
DS3696 Differential TRI-STATE Bus/LineTransceiver ... ....cciiir i nennvien.. Interface
DS3697 Differential TRI-STATE Bus/Line Transceiver/Repeater. . .................. Interface
DS3698 Differential TRI-STATE Bus/Line Transceiver/Repeater............covvu.. Interface
DS3862 Octal Trapezoidal BusTransceiver ... .ot ie e iennes Interface
DS3890 Octal Futurebus Driver. . ...ttt ittt it ettt i et e et e Interface
DS3892 Octal Futurebus RECeIVEr ... v vttt i i i i et et e eie e nenenens Interface
DS3893 Quad Futurebus Turbo TransCeiver. . ..o v ettt et e i e i e e eennne s Interface
DS3896 Octal Futurebus TransCeiver. . ..o v i it e it et e it e et i e Interface
DS3897 Quad FUtUrebUS TranSCeIVEr . o v ittt ittt it et i ettt aeaenenenn Interface
DS3898 Octal FuturebusRepeater . ... i it e Interface
DS 3B149HEX MOS DIIVEI . . ot ot ettt ettt ettt it ettt et i Interface
DS 36179 HEX MO S DIIVEI . . ottt et i et e ettt et ettt it et e Interface
DS7640 Quad NORUnified BusReCeIVEr .. ... ove it it i e i e i e i einaes Interface
DS7641Quad Unified Bus Transceiver . ....cvvviiii ittt ittt ii e e eeeienannas Interface
DS7800Dual Voltage Level Translator . ...... ..ot i i eieenenn Interface
DS7820 Dual Line ReCEIVET .\ttt ittt it st i e e e s Interface
DS7820ADual Line ReCIVEI . . o\ttt e e e e e e, Interface
DS7830 Dual Differential Line Driver. .. ..ot it ittt it et i e e e annnn Interface
DS7831 Dual TRI-SSTATE LINE Driver. . o vttt it it e i i et ettt e e e e Interface
DS7832Dual TRI-STATELINE DIiVEr . ... it e ettt et e i Interface
DS7833Quad TRI-STATE BUS TranSCeIVer ... vv vttt it ie it ennenenennens Interface
DS7834Quad TRI-STATEBUS TranSCeIVEr & .\ vv v ittt ittt ii e it en e inenenranens Interface
DS7835Quad TRI-STATEBUS TranSCeIVEr .. v vt ittt ittt ie et e eeeeeenenannn Interface
DS7836 Quad NORUnNified BUSRECEIVEN .. ..o vttt e e einn Interface
DS7837 Hex Unified BUSRECEIVEr. . . v ittt i it i ittt e et et i e ieannenns Interface
DS7838 Quad Unified BUSTransCeiver . . ... v vi ettt itie e i iee et i e earaanns Interface
DS7839 Quad TRI-STATE BUS TranSCeIVET . .. it ittt in it et ettt iaanannns Interface
DS7880 High Voltage 7-Segment Decoder/Driver. . ... ..o ie i ien e Interface
DS7889 8-Segment High Voltage Cathode Driver (Active-High Inputs) .. ............. Interface
DS7897A 8-Digit High Voltage Anode Driver (Active-LowInputs) ................... Interface
DS78C20 Dual CMOS Compatible Differential Line Receiver ............. ..ot Interface
DS78C120 Dual CMOS Compatible Differential Line Receiver .. ................... Interface
DS78L12Hex TTL-MOS Inverter/interfaceGate ... ... vi i it i i e e ieeene Interface
DS78LS120 Dual Differential Line Receiver (Noise Filteringand Fail-Safe) . .......... Interface
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DS8614 130/225 MHz Low Power Dual ModulusPrescaler ........................ Interface
DS8615 130/225 MHz Low Power Dual ModulusPrescaler ...........ocovvenvnnn.. Interface
DS8616 130/225 MHz Low Power Dual ModulusPrescaler ........................ Interface
DS8617 130/225 MHz Low Power Dual ModulusPrescaler ........................ Interface
DS8621275MHz/1.2GHZVHF/UHF Prescaler. . . ...ooviitin i iieciinen e Interface
DS8622 500 MHz/1.2 GHz Dual Modulus VHF/UHF Prescaler. .. .........ccoevvnn.. Interface
DS8627 130/225 MHzLow Power Prescaler . ......covoiiiit i iinneenenn. Interface
DS8628 130/225 MHz Low Power Prescaler . ......vveit it iieeineinraenenns Interface
DS8640 Quad NORUnified BusReceiver . ........coiviiiinn it iiiieennnn, Interface
DS8641Quad Unified BUS TranSCeIVEr . .. .. iti ittt ittt ettt eneen s Interface
DS8654 8-Output Display Driver (LED, VF, Thermal Printer) . . . .......ovivinen.... Interface
DS8800 Dual VoltageLevel Translator ..........ciiviiiiin it iiinennnns Interface
DS8820 DuUal LiNne RECEIVET . o ittt ittt it it et ittt et et e, Interface
DS8820A DUl LINE RECEIVEI .« v v vt ittt it ittt it et i et e et e enanasanann Interface
DS8830 Dual Differential Line Driver. . .. ..o v ittt ittt iie i i et e ieeens Interface
DS8831Dual TRI-STATELINE DIiVer. . oo ittt ittt ettt ettt et eenenes Interface
DS8832Dual TRI-STATELINE Driver ..o it e e et ei e Interface
DS8833 Quad TRI-STATE BUS TranSCeIVer ..o v ittt it et et ie i ie e eneeens Interface
DS8834 Quad TRI-STATEBUS TranSCeIVEr ... u ittt it et ie it ciee e ennns Interface
DS8835Quad TRI-STATEBUS Transceiver .. ..o ittt e ii i cie i nnen Interface
DS8836 Quad NORUnifiedBusReceiver .........oviiin i iiiiarianenn Interface
DS8837 Hex Unified BUS RECEIVET. ..ot vte ittt ittt et e te et n e eannnnn Interface
DS8838 Quad Unified Bus TranSCeIVEr . . ..ottt ittt ettt i i i eaannnn Interface
DS8833 Quad TRI-STATEBUS TransCeiver .. ...ovvv e iie ity e Interface
DS8859A Open CollectorHex LatchLEDDriver. . ....ov o vein i iiiie i ieieeeeens Interface
DS8863 MOS-to-LED8-DigitDriver ............ccoiiiiiiiininnn. e Interface
DS8867 8-Segment Constant CurrentDriver. .. .....c ittt i i i i Interface
DS8870 Hex LED Digit Driver . . . oot e it it et e e eee e e e Interface
DS8871Saturating LED Cathode Driver .........c.viiiineiinriineiiinnranenes Interface
DS8874 9-Digit Shift INpUt LED DIIVEr . ..ot ittt it it et et e iee e aenaens Interface
DSB8B776-Digit LEDDIIVET . . v o v ettt et e ettt e et et et et Interface
DS8880 High Voltage 7-Segment Decoder/Driver. . ...ttt iieanan Interface
DS8881Vacuum Fiuorescent DisplayDriver. .. ......cooiiii it e Interface
DS8884A High Voltage Cathode Decoder/Driver . ......vuvviiin e ennneenennns Interface
DS8889 8-Segment High Voltage Cathode Driver (Active-High Inputs)............... Interface
DS8891A High Voltage Anode Driver (Active-Lowinputs) ................coiiiint, Interface
DS8897A 8-Digit High Voltage Anode Driver (Active-Low Inputs) ................... Interface
DS88C20 Dual CMOS Compatible Differential Line Receiver ...................... Interface
DS88C120 Dual CMOS Compatible Differential LineReceiver ..................... Interface
DS88L12Hex TTL-MOS Inverter/interfaceGate . .. .......ccvvet i iin e cnennnnn Interface
DS88LS120 Dual Differential Line Receiver (Noise Filtering and Fail-Safe) ........... Interface
DS8906 AM/FM Digital Phase-Locked Loop Frequency Synthesizer ................ Interface
DS8907 AM/FM Digital Phase-Locked Loop Frequency Synthesizer . ............... Interface
DS8908 AM/FM Digital Phase-Locked Loop Frequency Synthesizer . ............... Interface
DS8911 AM/FM/TV Digital Phase Locked Loop Frequency

SYNENESIZer. . ot e e e e it e e e Interface
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DS8921 RS-422 Differential Line Driver and Receiver Pair ..............
DS8921A RS-422 Differential Line Driver and ReceiverPair .............
DS8922 TRI-STATE RS-422 Dual Differential Line Driver and Receiver Pair .
DS8922A TRI-STATE RS-422 Dual Differential Line Driver and Receiver Pair
DS8923 TRI-STATE RS-422 Dual Differential Line Driver and Receiver Pair .
DS8923A TRI-STATE RS-422 Dual Differential Line Driver and Receiver Pair

DS8940 High Speed 9-Bit Bidirectional Register ......................
DS8941 High Speed 9-Bit Bidirectional Register ......................
DS8963 MOS-to-LED8-DigitDriver . ......ccoviiiieiiieiiinennneans
DS89739-Digit LED DrIVer ..ottt ittt e i e e e e e
DS8T26A 4-Bit Bidirectional Bus Transceiver. .. ............... e
DS8T26AM 4-Bit BidirectionalBus Transceiver . ...........ccoveven...
DS8T28 4-Bit Bidirectional Bus Transceiver. . ......ovveveiinnenrnnns
DS8T28M 4-Bit Bidirectional Bus Transceiver ............coovvnven...
DS55107 DualLine Receiver .. ...coviitiii ittt iiiieinin e
DS55108 DualLineReceiver ... ..ciivitin ittt ittt ii i
DS55113 Dual TRI-STATE Differential LineDriver. .. ............c.cv. ..
DS55114 Dual Differential LineDriver ... ..ot ..
DS55115 Dual Differential LineReceiver. ... .....co i iiiiiiiiennen..
DS55121 DualLineDriver .. ........coviveinnn.. ettt
DS55325 Memory Driver .. ...t i i e e
DS55450 Dual Peripheral Driver . ..... ... iiiiniiiiiiniiinenaannn
DS55451 Dual Peripheral Driver. . ... ven i it i et i e e e
DS55452 Dual PeripheralDriver ......c.oiiviiiiii it ittt enenns
DS55453 Dual Peripheral Driver . ...ttt e
DS55454 Dual Peripheral Driver ........c.vviiirniieineiinanrnnnnns
DS55461 Dual Peripheral Driver. .. ..o v ve i i e i it cie i ieeneennin
DS55462 Dual Peripheral Driver ... .ccvvivi it iii it iieirnnnnns
DS55463 Dual Peripheral Driver .........cciiiiiiiiiiin e,
DS55464 Dual Peripheral Driver . ........oviiiiiiii it iiinennann
DS55493Quad LEDSegmentDriver . ....ov it iiie it
DS55494 Hex Digit Driver. . ... ..ottt i i i e
DS75107 Dual Line ReCeiver . ..o vi ittt ettt ittt et i e i
DS75108DualLineReceiver .. ...cvininii it it i s
DS75113 Dual TRI-STATE Differential LineDriver. ...........c.oovnt .
DS75114 Dual Differential LineDriver . . ......covtvriiiiiiiinennn.
DS75115 Dual Differential LineReceiver. ... ... oo iiiii i ie e vienns,
DS75121Dual Line Driver . . v\ttt ittt it it e e
DS75123 Dual Line Driver. . ..o oot e e et e
DS75124 TripleLine Receiver. .. ..o v ittt e i e i it et ieerenaes
DS75125 Seven-ChannelLineReceiver. ............cciviivinnnenene.
DS75127 Seven-ChannelLineReceiver. .. ..........oiiiiiiinnennn..
DS75128 Eight-ChannelLineReceiver ............iviiiiiiennnannnn
DS75129 Eight-ChannelLineReceiver ............coviiiiniinnn,
DS75150 Dual Line Driver. . ..ot ie it e e e e e e
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DS75154 Quad Line ReCeIVer . . ... v i i i e s Interface
DS75160A IEEE-488 GPIBTransceivers . ..........ooveiveeneen... e Interface
DS75161A IEEE-488 GPIBTransceivers . ...ttt Interface
DS75162A IEEE-488 GPIBTransCeivers ... ..o ittt ii i ieee e e eieaeanen Interface
DS75176A RS485 Differential Transceiver .. ..o v i i e e Interface
DS75208 DualLine Receiver . .. ..ottt e e e Interface
DS75361DUal TTLAO-MOS DIIVEr ..\ttt it e e et Interface
DS75365 Quad TTLAO-MOS DIIVEr. . ..ot Interface
DS75450 Series Dual Peripheral Driver . .. ... oo Interface
DS75451Dual Peripheral Driver. . ... ... et Interface
DS75452 Dual Peripheral Driver. . ..o vt ittt ciaeens Interface
DS75453 Dual Peripheral Driver. . ...ttt et e et et Interface
DS75454 Dual Peripheral Driver. . .. ... ittt e Interface
DS75461Dual Peripheral Driver. . . ..o ottt ettt it iiin et eenn Interface
DS75462 Dual Peripheral Driver. . . ... .. e e et Interface
DS75463 Dual Peripheral Driver. ... ..ottt et ettt et et e Interface
DS75464 Dual Peripheral Driver. .. ... oo ettt e et et et e e e e Interface
DS75491 MOS-to-LED Quad SegmentDriver ......cooiininiiin e Interface
DS75492 MOS-to-LED Hex Digit Driver . ... ..ot e e e e e s Interface
DS75493 Quad LED Segment Driver ... ..ot e s Interface
DS75494 Hex Digit Driver. . . ... ot e e e Interface
Dynamic RAM Controller Pushes System Speed to 10 MHz—and Beyond . .. ... Memory Support
EffortlessErrorManagement . . ... . i i i i e e Memory Support
ErrorCorrectiontheHardWay . ......... . ittt Memory Support
MM74HC942300BaudModem ... ..ottt i i i e e LAN/Datacom
MM74HC943300BaudModem ....... ... . o e LAN/Datacom
NS32490 I[EEE 802.3 (Ethernet/Cheapernet) Network Interface Controller. . ........ See DP8390
NS32491 IEEE 802.3 (Ethernet/Cheapernet) Serial Network Interface ............. See DP8391
NS32492 IEEE 802.3 (Ethernet/Cheapernet) Coax Transceiver Interface ........... See DP8392
NS324401BM 3270 Biphase Encoder/Transmitter .. .............cveiieo... See DP8340
NS324411BM 3270 Biphase Decoder/Receiver .............cciiiiiininnnnn.. See DP8341
NS32442 High Speed Serial Manchester Encoder/Transmitter. .................. See DP8342
NS32443 High Speed Serial Manchester Decoder/Receiver ..................... See DP8343
NS32800-2 E2C2 Expandable Error Checker/Corrector ...........coeveenenn.. See DP8400-2
NS32802A 32-bit Parallel Error Detector and Corrector(EDAC). . ................ See DP8402A
NS32803 32-bit Parallel Error Detector and Corrector(EDAC) .. ......... ..ot See DP8403
NS32804 32-bit Parallel Error Detector and Corrector(EDAC) .. .................. See DP8404
NS32805 32-bit Parallel Error Detector and Corrector(EDAC) .. .................. See DP8405
NS32809A 64K/256K Multi-Mode Dynamic RAM Controller/Driver .. ............. See DP8409A
NS32812 Dynamic RAM Controller Interface Circuit for 32008/016/032 ........... See DP84412
NS32817 64K/256K High Speed Dynamic RAM Controller/Driver

(TRISTATE) . . ettt e et e et e e et e ettt e et e e See DP8417
NS32818 64K/256K High Speed Dynamic RAM Controller/Driver

(B2-Bit SYStEMS) oottt e e See DP8418
NS32819 64K/256K High Speed Dynamic RAM Controller/Driver

(16-Bit Systems) . ..o e e e e e See DP8419
NS32828 1 Megabit High Speed Dynamic RAM Controller/Driver

(32-Bit Systems) . ..o e e See DP8428
NS32829 1 Megabit High Speed Dynamic RAM Controller/Driver

(16-BIt SyStEBMS) . oot i i i e e i e e e e e See DP8429
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NS32951-3 Winchester Hard Disk Data Synchronizer (10MBit/Sec) .............. See DP8451-3
NS32951-4 Winchester Hard Disk Data Synchronizer (SMBit/Sec) . .....:........ See DP8451-4
NS32955-3 Winchester Hard Disk Data Synchronizer (10MBit/Sec) . ............. See DP8455-3
NS32955-4 Winchester Hard Disk Data Synchronizer (5MBit/Sec) . .............. See DP8455-4
NS32961-3 Winchester Hard Disk Data Separator(10MBit/Sec)................. See DP8461-3
NS32961-4 Winchester Hard Disk Data Separator (5MBit/Sec).................. See DPB461-4
NS32962-3 Winchester Hard Disk Data Synchronizer for 2, 7 Codes

(TOMBI/ ) . v v ottt i e i e e e e e See DP8462-3
NS32962-4 Winchester Hard Disk Data Synchronizer for 2, 7 Codes

LT = 11 €= o) See DP8462-4
NS329632,7 Codeto NRZEncoder/Decoder ........vviennreennnnnreennnn See DP8463B
NS32964B-2 Winchester Hard Disk Pulse Detector. . .................cvovns. See DP8464B-2
NS32964B-3Winchester Hard Disk PulseDetector . . .. .............oiiinn.. See DP8464B-3
NS32965-3 Winchester Hard Disk Data Separator (10MBit/Sec) . .. .............. See DPB465-3
NS32965-4 Winchester Hard Disk Data Separator (5MBit/Sec) . . .. .............. See DP8465-4
NS32966-12 Disk Data Controller (12MBit/SecData) ......................... See DP8466-12
NS32966-20 Disk Data Controller 20MBit/SecData) ..............coovvevnn... See DP8466-20
NS32966-25 Disk Data Controller (25MBit/SecData) . ............covvvenn.nn. See DP8466-25
NS32970 Floppy Disk Data Separator and Write Precompensation . .............. See DP8470
NS832972 Floppy Disk Contollerand DataSeparator . ............covvvrninnnns See DP8472
NS32974 Floppy Disk Controllerand DataSeparator. . ............ccovvennean... See DP8474
Simplificationof 2-Bit ErrorCorrection ...t iiniinn.. Memory Support
Single-Chip Controllers Cover All RAMs from 16Kt0256K ................... Memory Support




The DP8400 Family of
Memory Interface Circuits

INTRODUCTION

The rapid development in dynamic random access memory
(DRAM) chip storage capability, coupled with significant
component cost reductions, has allowed designers to build
large memory arrays with high performance specifications.
However, the development of memory arrays continues to
have a common set of problems generated by the complex
timing and refresh requirements of DRAMSs. These include:
how to quickly drive the memories to take advantage of their
speed, minimization of board space required by the support
circuitry and the need for error detection and correction.
Unfortunately, these problems must be addressed with each
new system design. Full system solutions will vary greatly,
depending on the DRAM array size, memory speed, and the
processor.

This application note introduces a complete family of DRAM
support circuits that provides a straightforward solution to
the above problems while allowing a high degree of flexibili-
ty in application with little or no performance penalty. The
DP8400 family (Table I) includes DRAM controllers, error
detection/correction circuits, octal address buffers and sys-
tem control circuits. The LSI blocks are designed with flex-
ible interfaces, making application possible with all existing
DRAMs including the recently announced 1 Mbit devices.
Additionally, interface is easy to all popular microprocessors
with memory word widths possible from 8 to 80 bits.

TABLE I. DP8400 Family Members

DP8400-2, 16 and 32 Bit Error
DP8402A Checker/Correctors
DP8408A, DP8409A, DRAM Controller/Drivers
DP8417, DP8418,
DP8419, DP8428, DP8429
DP8420, DP84244 DRAM Buffer Drivers
DP84XX2 Microprocessor

Interface Circuits

FULL FUNCTION DRAM CONTROLLER

The heart of any DRAM array design is the controller func-
tion. Previous LSI controllers supplied a minimum function
of address multiplexing with an on-board refresh counter.
This required external delay line timing and logic to control
memory access, additional logic to perform memory refresh,
and external drivers to drive the capacitive memory array.
The complete solution results in significant access delay in
relation to DRAM speeds and skews in output sequencing,
as well as a large component count.

A previous LS| solution brought much of this logic on-chip.
However, it is limited in application to certain microproces-
sors and has the disadvantage of all access timing originat-
ing from an external clock, whose phase uncertainty gener-
ates a delay in actually knowing when an access has start-
ed.
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The DP8409A multi-mode dynamic RAM controller/driver
was the first controller to resolve all of these problems. This
Schottky bipolar device provides the flexibility of external
access control, along with automatic access timing genera-
tion, without the need for an external timing generator clock.
In addition, on-board capacitive drivers allow direct drive for
over 88 DRAMs. With the simple addition of refresh clocks,
the circuit can perform hidden refresh automatically. It is the
DP8409A design that has been used as the spring board for
a whole family of controllers with faster speed performance
while maintaining maximum pin upgrade compatibility.

All Control On-Chip

Figure 1 is a block diagram of the DP8409A. the ADS input
strobes the parallel memory address into the row latches
RO-8, the column latches CO-8, and bank select BO and
B1. The nine output drivers may be multiplexed between the
row or column input latches, or the 9-bit on-chip refresh
counter. One of four RAS outputs is selected during an ac-
cess cycle by setting the bank select inputs BO or B1. All
four RAS outputs are active during refresh. Either external
or automatic control is available on-chip for the CAS output,
while an on-chip buffer is provided to minimize skew associ-
ated with WE output generation.

All DRAM address and control outputs on the DP8409A can
directly drive in excess of 500 pF, or the equivalent of 88
DRAMs (4 banks of 22 DRAMs). All output drivers are
closely matched, significantly reducing output skew. Each
output stage has symmetrical high and low logic level drive
capability, insuring matched rise and fall time characteris-
tics.

Flexibility and Upgradability to 256k or 1 Mbit DRAMs

The 9 multiplexed address outputs and 9-bit internal refresh
counter of the DP8409A direct addressing capability for
256k DRAMs. Careful design of memory boards, using 64k
DRAMs with the DP8409A, insures direct upgradability to
256k DRAMSs. This can be done by simply allowing for board
address extension by two bits and designing the ninth ad-
dress trace (Q8) of the DP8409A to connect to pin 1 of the
DRAMs (A8). This is, in general, a non-connected pin in
64ks and the ninth address in 256ks. All that need be done
is to remove the 64ks and replace them with 256ks, thereby
increasing the memory on the same board by a 4 to 1 ratio.
The resulting development cost saving can be significant.

Although the new 1 Mbit DRAMs require the larger 18 pin
package, which will require a memory board redesign, up-
grading the controller portion of the board may need no
redesign when converting from the DP8409A or DP8419 to
the new DP8429 1 Mbit DRAM controller driver.

Three mode pins (MO, M1 and M2) offer externally select-
able modes of operation, a key reason for the DP8409A’s
application flexibility (Table Il). The operational modes are
divided between external and automatic memory control.
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FIGURE 1. DP8409A Block Diagram
TABLE II. DP8409A Mode Select Options
Mode (R::‘SZH) M1 Mo Mode of Operation Conditions
0 0 0 0 Externally Controlled Refresh RF1/0 = EOC
1 0 0 1 Auto Refresh—Forced RF 170 = Refresh Request (RFRQ)
2 0 1 0 Internal Auto Burst Refresh RF1/0 = EOC
3a 0 1 1 All RAS Auto Write RF 1/0 = EOC
3b 0 1 1 Externally Controlled All RAS Access All RAS Active
4 1 0 0 Externally Controlled Access
5 1 0 1 Auto Access, Slow tgan, Hidden Refresh
6 1 A 0 Auto Access, Fast tgan
7 1 1 1 Set End of Count

Modes 0, 3b, and 4 provide full control of access and re-
fresh for systems with external memory controllers or for
special purpose applications. Here all timing can be directly
controlled by the external system as shown in Figure 2.

Modes 1, 5 and 6 provide on-chip automatic access se-
quencing with hidden refresh capability. A graphic example
of the automatic access modes of the DP8409A is shown in
Figure 3. All DRAM access timing and control is generated
from one input strobe, RASIN; no external clock is required.
On-chip delays insure proper address and control sequenc-
ing once the valid parallel address is presented to the fall-
through input latches of the DP8409A. When the RASIN
transitions high-to-low, the decoded RAS output transitions
low, strobing the row address into the DRAM array. An on-
chip delay automatically generates a guaranteed selectable
(mode 5 or 6) row address hold time. At this point, the

DPB8409A switches the address outputs from the row latch
to the column latch. Then another on-chip delay generates
a guaranteed column address set-up time before CAS, so
that the CAS output automatically strobes the column ad-
dress into the DRAM array. Read or write cycles are con-
trolled by the system through independent control of the WE
buffer that is provided on-chip to minimize delay skewing.
The automatic access mode makes the dynamic RAM ap-
pear static with respect to access timing. In this mode, only
one signal, RASIN, is needed after valid parallel addresses
are presented to the DP8409A to initiate proper access se-
quencing. Access timing (RASIN to CAS), with full output
loading of 88 DRAMSs in the auto access mode, is deter-
mined by the dash number given on the DP8409A data
sheet. All performance characteristics are specified over the
full operating temperature and supply ranges.
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Drams may be 16k, 64k or 256k
For 4 banks, can drive 16 data
bits +6 check bits for ECC.

For 2 banks, can drive 32 data
bits +7 check bits for ECC.

For 1 bank, can drive 64 data
bits +8 check bits for ECC.

*These outputs may need damping
resistors to prevent overshoot,
undershoot at memories.
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FIGURE 2. Typical Application of DP8409A Using External Control and Refresh in Modes 0 and 4
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Refreshing

The DP8409A also provdes hidden refresh capability while
in one of the automatic access modes (Figure 4). In this
mode, it will automatically perform a refresh without the sys-
tem being interrupted. To do this, the DP8409A requires two
clock signals, refresh clock (RFCK) which defines the re-
fresh period (usually 16 ws), and RAS generator clock
(RGCK), which is typically the microprocessor clock.
Highest priority is given to hidden refreshing through use of
level sensing of RFCK. A refresh cycle begins when RFCK
transitions to a high level. If during the time RFCK is high the
DP8409A is deselected (CS in the high state) and the proc-
essor is accessing another portion of the system such as
another memory segment, or ROM, or a peripheral, then a
hidden refresh is performed. When a read or write cycle is
initiated by the processor, the RASIN input on the DP8409A
transitions low. With TS high, this causes the present state
of the internal refresh counter to be placed on the address
outputs, followed by the four RAS outputs transitioning low,
strobing the refresh address into the DRAM array. When the
cycle ends, RASIN will terminate, thus forcing the RAS out-
puts back to their inactive state and ending the hidden re-
fresh. The refresh counter is then incremented and another
microprocssor cycle can begin immediately. However, to
save power, the DP8409A will allow only one hidden refresh
to occur during a given RFCK cycle.

In the event that a hidden refresh does not occur, the
DP8409A must force a refresh before the RFCK’s next
positive-going transition. The systemis notified after the nega-
tive-going RFCK transition that a hidden refresh has not oc-

curred, via the refresh request output (RF 1/0 pin). The sys-
tem acknowledges the request for a forced refresh by set-
ting M2 (refresh) low on the DP8409A and preventing fur-
ther access to the DP8409A. The DP8409A then uses
RGCK to generate an automatic forced refresh. The refresh
request pin then returns to the inactive state, and the
DP8409A allows the processor to take full system control
after the forced refresh has been completed.

OCTAL MEMORY DRIVERS

For those applications where the memory array is extremely
large or the controller design is unique to a particular appli-
cation requirement, specialized high capacitive load ad-
dress and control buffers are required. However, like any
other element in a DRAM system, selection of the improper
driver can have significant impact on system performance.

In the past, this function has been performed using Schottky
logic family circuits such as the DM74S240 octal inverter or
the DM74S244 octal buffer. The output stages of these de-
vices have good drive capability, but their performance with
heavy capacitive loads is not ideal for DRAM arrays. The
key disadvantage of these devices is their non-symmetrical
rise and fall time characteristics and their long propagation
delays with heavy load capacitance. The former is a result
of impedance mismatch in the upper and lower output
stages. The latter stems from process capability and circuit
design techniques not tailored to the DRAM application.
The combined result of all these factors is increased output
skew in address and control lines when these devices are
used as buffers.
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FIGURE 4. Hidden and Forced Refresh Timing of the DP8409A
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Two new devices are now available for this application. The
DP84240 is pin and function compatible with the
DM74S240. The DP84244 is likewise compatible with the
DM74S244. However, this is where the similarity between
the devices ends. Both the DP84240 and the DP84244
have been designed specifically to drive DRAM arrays. Fig-
ure 5 shows a typical application of the DP84244, used in
conjunction with the DP8409A, to drive a very large memory
array.

Figures 6a, 6b show some typical performance curves for
these circuits. Note that, at over 500 pF, the propagation
delay through these drivers is on the order of 15 ns. This
delay includes propagation delay and rise or fall time. Even

*Resistor required depends on DRAM load. See AN-305

with this high speed, chip power dissipation is still main-
tained at a reasonable level as demonstrated by the graphs
shown in Figures 7a, 7b of power versus frequency.

The DP84240 and the DP84244 are fabricated on a high
performance oxide-isolated Schottky bipolar process. Spe-
cial circuit techiques have been used to minimize internal
delays and skews. Additionally, both rise and fall time char-
acteristics track closely as a function of load capacitance.
This has been accomplished through impedance matching
of the upper and lower output stages. The result of these
characteristics is a substantial reduction of skew in both the
address and control lines to the DRAM array.

“Precautions to Take When Driving Memories.”
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The output stages of the DP84240 and the DP84244, al-
though well matched, are relatively low impedance. Output
impedance is under 10€). Some DRAM arrays will require
the addition of damping resistors in series with the outputs
of the drivers. These damping resistors are used to minimize
undershoot which may have a harmful effect on the DRAMs
if allowed to become large. This undershoot is caused by
the high transient.currents from the drivers necessary to
drive the capacitive loads. These high currents pass through
a distributed inductive/capacitive circuit created by the
board traces and the DRAM load, causing the undershoot.

The damping resistor has specifically not been placed on-
chip because its value is dependent on the DRAM array size
and board layout. In fact, address lines will quite often re-
quire a different resistor value from the DRAM controt lines.
The resistor must be tuned for a particular board layout
since too high a resistor will produce an excessively slow
edge and too low a resistor will not remove the udershoot.
Values for damping resistors may vary from 15 to 1509,
depending on the application. Placing any value of damping
resistor on-chip, other than a value less than the minimum,
severely restricts the application of these high performance
circuits. ‘

Another key advantage of both the DP84240 and the
DP84244 is their low input capacitance. Previous address
buffer/drivers (such as the DM74S240/244) have high input
capacitance. Fast edges at the inputs of these drivers be-
come slower and distorted due to this dynamic input capaci-
tance. This problem must be factored as an additional delay

through these drivers—a delay not shown by the data sheet
specifications. Additionally, the problem becomes increas-
ingly severe as multiple driver inputs are used in parallel for
bus expansion applications.

Both the DP84240 and the DP84244 are designed to signifi-
cantly reduce both static and dynamic input capacitance.
When these devices are driven with standard logic circuits,
no appreciable overhead delay need be added to the basic
device delay specifications due to input pulse distortion.

ERROR CORRECTION

The determination of whether a DRAM system requires er-
ror correction must be resolved early in the system design.
A positive answer to this question may have far-reaching
impact on board development time and component cost. It
is clear, however, that such a decision cannot be taken
lightly.

The type and origin of errors in DRAM systems are many
and can result from a number of sources (Table Ill). Current
estimates of soft error rates due to alpha particles in 64k
RAMs indicate some hope that these error rates will be simi-
lar or possibly better than those found in 16k DRAMs—but
the facts are still somewhat unclear. However, itis clear that
the use of 256k DRAMSs and the introduction in the near
future of 1 Mbit DRAMs with even smaller memory cells and
greater chip densities will place a significant challenge on
DRAM chip designers to keep these rates down. It is be-
lieved by some that error correction may become mandato-
ry in future DRAM system designs. Currently, the decision to
add error correction is not so straightforward. It depends on
many factors, not the least of which is the end user’s per-
ception of its value to system uptime and reliability.

TABLE lll. The Sources and Types of Memory Errors

Error Sources System Action
Type
® Alpha Particles Temporary system error—
Sof * System Noise may be overwritten with a
oft  Chip Patterns low probability of repetition

® Power Glitches

® Stuck Memory Bit
Hard | ® Memory Chip Interface
® Interface Circuit Failure

Permanent failure—may
act as logic 1 or 0

Generally, error correction will always be found in highly reli-
able systems during DRAMs, such as process control equip-
ment, banking terminals, and military systems where high
data integrity and minimum downtime are priorities. Howev-
er, the importance of error correction has grown substantial-
ly, to the point that it is now used as selling feature in the
vast majority of large memory-based systems. In fact, some
major computer houses have adopted quidelines for use by
their designers in the development of DRAM arrays. A
somewhat common set has been found—if the memory ar-
ray is on the order of ¥, million bytes, then word parity
should be used. This permits the detection of single bit er-
rors but does not allow error correction. When the total
memory approaches %, million bytes, then double bit error
detection and single bit error correction should be added.

The decision to add error correction to a system is costly,
both in memory overhead and control hardware. Table IV
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TABLE IV. Check Bit Overhead for Multiple Bit Error
Detection and Single Bit Error Correction

Number of Bits Number of Percentage
in Memory Check Bits of Excess
Data Word Required Memory

8 5 63%
16 6 38%
24 6(7) 25% (29%)
32 7 22%
48 7(8) 15% (17%)
64 8 13%

Note: The number stated assumes the use of the DP8400; the number in
parentheses is required by other error correction circuits.

lists the number of additional memory chips required to sup-
port single bit error correction and double bit error detection
as a function of the memory data word width.

This table also shows the percentage of DRAM overhead
required to implement this function. Adding error correction
also increases the memory access delay, since the informa-
tion contained in the overhead chips must be analyzed in
each read and generated in each write operation.

DP8400 16-Bit Expandable Error Correction Chip

The DP8400 expandable error checker/corrector is shown
in block diagram form in Figure 8. This circuit offers a high
degree of flexibility in applications which range from 8-bit

BYTE
PARITY

{o 80-bit data words. It is a 16-bit chip that is easily expand-
able with the simple addition of more DP8400s for each 16-
bit word increment.

Figures 9a, 9b and 9c demonstrate its basic operation in the
write and read memory access cycles. Figure 9a shows the
normal write cycle, where system data is used by the
DP8400 to generate parity bits, called check bits, based on
certain combinations of the data bits. This combination is
defined by the DP8400’s matrix shown in Figure 10. When-
ever a 1" occurs in any row, the corresponding input data
bit at the top of the column helps determine the parity for
that check bit labeled at the end of the row. These check
bits are written along with the data at the same memory
address. Also, during a memory write cycle the DP8400
checks system byte parity. This is parity associated with the
data bytes transmitted between the processor and the
memory card. This is an optional feature that may prove
very valuable in multiple board memory systems.

Sometime later a read will occur at this same memory ad-
dress. The reading of memory data may be performed in
two ways, as shown in Figures 9b and 9c. In the read cycle,
the DP8400 uses the data read from memory and internally
regenerates check bits using the same matrix. These newly
generated check bits are then compared (using X-OR
gates) with the check bits read from memory to detect er-
rors. The result of this comparison is called a syndrome
word. Any differences in the generated versus read check
bits will result in at least one syndrome bit true. This indi-
cates an error in either the read data or check bit field or
both.
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FIGURE 8. DP8400 Simplified Block Diagram
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A key advantage of the DP8400 is that it has three error
flags detailing the type of error occurrence. These are gen-
erated using the syndrome word in the manner shown in
Figure 11. The resulting error type identifications are shown
in Table V. The three error flags allow complete error type
identification, plus the unique determination of double bit
errors, which will be key during the discussion of double bit
error correction. Also, on a memory read, the DP8400 gen-
erates byte parity bits for transmission to the processor
along with the data.

$6, 56 ANY SYNDROME BIT

ANY ERROR
l—>

OETECT 3 OR 5 SYNDROME BITS

SINGLE ERROR
—>
DATA BIT E0
ERROR

DETECT EVEN SYRDROME PARITY

D_
E1
L/F/5012-15

TABLE V. Error Flags after Normal Read

-t ]I

INTERNAL
SYNDROME

AE E1 EO Error Type
0 0 0 No Error
1 1 0 Single Check Bit Error
1 1 1 Single Data Error
1 0 0 Double-Bit Error
All Others Invalid Conditions

There are two basic memory read methods that may be
used with the DP8400. The first is shown in Figure 9b and is
called the error monitoring method. Here, the read data is
assumed to be correct and the processor immediately acts
on the data. If the DP8400 detects an error, the processor is
interrupted using the any error flag (AE). Using this method,
there is no detection delay in most memory reads since
errors seldom occur, but when an error does occur, the
processor must be capable of accepting an interrupt and a
read cycle extension to obtain the corrected data from the
DP8400.

A second approach is called the always correct method,
Figure 9c. In this case, the data is always assumed to be in
error and the processor always waits for the DP8400 to ana-
lyze whether an error exits. Then the corrected or un-
changed data is read from the DP8400. Although this meth-
od results in longer memory read time, every memory read
will always be of the same delay except when a double error
occurs. The selection of which method to use depends on
many factors, including the processor, system structure,
and performance.

Double Bit Error Correct

The probability of double bit errors in DRAM systems is rela-
tively low, but as memory array sizes grow, the occurrence
of these error types must be considered. Adopting certain
practices, such as rewriting a memory location whenever an
error is detected, or using “memory scrubbing’ techniques,
can significantly reduce the probability of a double soft error
occurrence. Memory scrubbing is when the system, during
low usags, actually accesses memory solely for the purpose
of identifying and correcting single soft errors. This is an
important technique if there are segments of the memory
that are not always being accessed so that soft error occur-
rences would not be quickly found.

The occurrence of a double error comprising one soft and
one hard must now be considered. This type of error has a
higher probability than two soft errors. The hard error may
be due to a catastrophic chip failure, and a subsequent soft
error will create two errors. This can be a source of concern
since most error correction chips cannot handle double er-
rors of this type. Therefore, most systems will “crash” when
a catastrophic chip failure is coupled with a soft error in the
same memory address.

The DP8400 has been designed to handle just such an oc-
currence. It can correct any double bit error, as long as at
least one of the errors is a hard error. The DP8400 does this
without the need for extra hardware required for the basic
double bit detect/single bit correct system implementation.
This method is called the double complement correct tech-
nique and is demonstrated in Figure 12 using a 4-bit data
word for simplicity. In this example, a single hard error is
located in the most significant bit of a particular memory
location and a soft error occurs at the next bit. The position
of the errors is not important since the errors may be distrib-
uted in either the data or check bit field or both. First, the
data word and corresponding check bits are written to this
memory location. When a later read of this location occurs,
step A, two errors are directly reported by the DP8400 error
flags. The system detects this, disables memory; and places
the DP8400 in the complement write mode. This causes the
previously read data and check bits to be complemented in
the DP8400 and written back to the same memory address,
step B, writing over the previous soft error. Obviously this
does not modify the cell where the hard error exits. The
system then reads from the same address again, but this
time it places the DP8400 in the complement read mode,
step C. The DP8400 again complements the memory data
and check bits and generates new check bits based on the
new data word. At this point, the chip detects a single bit
error in the bit position where the soft error occurred, and
using the conventional single error correction procedure, re-
turns corrected data to the system, step D.

In the second read, the complement read, the hard error
repeats since this bit location again receives a bit which is
complemented with respect to itself. But the soft error has
been overwritten and does not repeat. Effectively, the mem-
ory has complemented the hard bit error position twice and
the soft bit error position only once, while the DP8400 com-
plements both positions twice. Therefore, after the second
read, there is only one error left, the soft error. Since this is
now a single error it can be directly corrected.
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After the complement correct cycle, the memory must be
rewritten with the corrected data since the address now
contains data that is complemented. Full error reporting is
available from the DP8400 after the second read, the com-
plement read, of memory. This is shown in Table VI.

This method is a very effective tool to avoid system crash
due to memory chip failure, and can do much to reduce
unscheduled field service calls. The only time the system
will see a double error that is not directly correctable is
when a double soft error occurs. The probability of this is
very low if the previously discussed techniques are used.
The extra time taken to do an additional read and write of
memory is insignificant when the alternative is a system that
has a catastrophic failure that requires immediate field serv-

ice. Using this technique, software may be provided in the
system to warn the operator that the system is in a degrad-
ed operational mode and that field service should occur
shortly. In the meantime, the system will continue to operate
properly. The key to the effectiveness of the DP8400 in this
application is its three error flags which allow complete error
reporting—including a unique double error indication.
DP8402A, 3, 4, 5 32-Bit Error Detector and Corrector
(EDAC)

In addition to the popular DP8400-2 16-bit error checker/
corrector, National offers a family of 32-bit Error Detector
and Correctors (EDACs). With a few exceptions, the
DP8402A, 3, 4, 5 function in a similar manner to the
DP8400-2. One major exception is that the DP8402A, 3, 4, 5
are not expandable beyond 32 bits.

DATAU0 | GENERATEDCBs | MEMORY CBs
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FIGURE 12. Double Error Correct Complement Hard Error
Method—1 Hard Error and 1 Soft Error in Data Bits

TABLE VI. DP8400 Error Flags after a Complement Read

Error Type

One Hard Error, One Soft Check Bit Error

One Hard Error, One Soft Data Bit Error

AE | E1 | EO
0 0 | 0 | TwoHard Errors
1 1] 0
1 11
1100

Two Soft Errors, Not Corrected
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MICROPROCESSOR INTERFACE CIRCUITS

The major 8-bit, 16-bit and 32-bit microprocessors have dif-
ferent contro! signal timing. There are also a number of
speed options. The DP8400 family was designed, not for a
specific microprocessor, but rather, significant control flexi-
bility has been provided on both the DP84XX DRAM control-
ler/drivers and the DP84XX error correction devices for
easy interface to any microprocessor. However, a certain
amount of “‘glue” is necessary to interface to these LS| cir-
cuits, usually in the form of a number of MSI/SS! logic cir-
cuits. Not only can this be costly in board space utilization,
but it is usually the one place where the most design related
problems occur in system development.

Figures 13 and 74 show the DP8400 family solution to this
problem—the DP84XX2 series of microprocessor interface
circuits. Figure 13 shows how the DP84300 refresh timer
and the DP84XX2 microprocessor interface circuit connect
to the DPB409A and various microprocessors for a typical
application. Figure 14 shows the DP8409A and the DP8400
together in a microprocessor-based memory system using
DRAMSs, with double bit error detect and single bit error cor-
rect capability. In addition, it shows that with the simple ad-
dition of some standard data buffers, how the system can
implement byte writing to the DRAM array.

This system structure requires the insertion of few or no wait
states during a memory access cycle, thus maximizing
throughput. The DP84XX2 circuits have been designed to
work with all of National’'s DRAM controller/drivers to con-
trol refreshing so that system throughput is affected only
when absolutely necessary. First, in any refresh clock peri-
od of 16 us, hidden refreshing is given maximum opportuni-
ty. This can be helped with the optional DP84300 refresh
interval generator which offers maximum high-to-low ratio-
ing of RFCK. Second, when a hidden refresh does not occur
in a particular RFCK cycle, a forced refresh may still not
affect a slow access cycle. The worst-case is when an ac-
cess is pending during a forced refresh, in which case a
three wait state delay is usually the maximum penalty.

Usually two DP84XX2 type chips would be required to inter-
face between any microprocessor and the DP8400/
DP8409A combined system. These chips would handle the
read/write control as well as error detection and correction
control. Table Vil shows the individual DP84XX2 circuits
that would be used in systems with no error correction, thus
requiring only the DP84XX DRAM controller/driver function.
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FIGURE 13. Connecting the DP8409A between 16-Bit Microprocessor and Memory
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AN-302

The DP8400 DRAM interface family provides complete solu-
tions to memory support. This begins with the LSI functions
such as the DP8400 expandable error checker/corrector
and the DP8409A DRAM controller/driver. It continues with
the DP84240 and the DP84244 high performance buffer/
drivers. Finally, it concludes with easy interface to popular
microprocessors with the use of the DP84XX2 series. It is
the first family of DRAM support circuits designed

for universal applications with muitiple microprocessors,
with no manufacturers CPU enjoying a favorite role.

Data sheets and more detailed application information are
available for all the members of the DP8400 family. Contact
your local National Semiconductor representative or Nation-
al Semiconductor directly.

4P ADDRESS BUS RAM ADDRESS
} DPBAXX ’
DR
CONTROLS AND CLOCK CONTROLLER 4 RAS, CAS, WE
I DYNAMIC
f RAM
q DP84XX2 ARRAY

SERIES
MICROPROCESSOR

HIGHER DATA BYTE

v
——

T LOWER BYTE .M

2
CIRCUITS 5245
I 4P DATA BUS l l
Plasass
CONTROLS
ERROR FLAGS

T

. 4

16Ks
64Ks
8
o]

DP8400

ERROR
CHECKER/
CORRECTOR

EXPANDABLE
6
§244 CHECK BITS

TL/F/5012-18

FIGURE 14. Flexible Application of the DP8409A and DP8400.
This Figure Shows an Application with a 16-Bit Microprocessor.

TABLE VII. The DP84300 Series of Interface
Circuits for Various 16-Bit Microprocessors

Microprocessor System Using
P DP84XX DRAM Controller/Driver
National & Tl DP84412
Series 32000
National & TI DP84512
Series 32332
Motorola DP84322 or
68000/08/10 DP84422
Motorola
68020 DP84522
Intel
80286 DP84532
Intel
8086/186/88/188 DP84432
Zilog (2) 74864
8000 (1) 74504
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DRAM Controller Master Selection Guide

The data below is intended to highlight the key differentiable features of each DRAM Controller/Driver offered by National Semiconductor. All NSC DRAM controllers integrate
onboard delay line timing, high capacitive drive, row/column muxing logic, refresh counter, row and column input latches, memory bank select logic. As a result of the family
feature commonality, most devices offer pin for pin up/downward compatiblity. Beyond this however, the process and design differences between the devices result in a broad
selection of feature and performance options for the best system fit.

Max RAS Guaranteed Row
Device # & DRAMS Typ A.C. Specified to CAS Out Address Hold v Operating PAGE
Speed Options | Supported Process lcc Word Width *Fast| Slow *Fast| Slow cc Temp Range Package No.
Mode | Mode Mode | Mode

DP8408A 16, 64k Junction | 210 mA | 4 Banks of 105 ns/125ns 20 ns/30 ns +5V 5% [ 0°-70°C ]| [ 48N ]
A-2 Isolated 16 Bit Data w/ 85ns/100 ns 12ns/20 ns 0°-85°C 48D 1-4

A-3 (S) 6 Bit ECC ea. 120 ns/145ns 20 ns/30 ns L (L ]

DP8409A 16, 64, 256k Junction | 210 mA | 4 Banks of 105ns/125ns 20 ns/30 ns +5V £5% [ 0°-70°C 7| [ 48N ]
A-2 Isolated 16 Bit Data w/ 85ns/100 ns 12 ns/20 ns 0°-85°C 48D 1-22

A-3 (S) 6 Bit ECC ea. 120 ns/145ns 20 ns/30 ns L 11 L esv |

DP8417-80 16, 64, 256k Oxide 150 mA | 4 Banks of 63 ns/80 ns 15ns/25ns +5V+10% | [ 0°-70°C ] { [ 48N ]
-70 Isolated 16 Bit Data w/ 50 ns/72 ns 15ns/25ns —40°-+85°C 48D 1-44

(ALS) 6 Bit ECC ea.  —55°-+125°C] | L e8v U

DP8418-80 16, 64, 256k Oxide 150 mA | 2 Banks of 63 ns/80 ns 15 ns/25 ns +5V £10% 0°-70°C [ 48N ]
-70 Isolated 32 Bit Data w/ 50 ns/72 ns 15ns/25ns —40°-+85°C 48D 1-44

(ALS) 7 Bit ECC ea. | -55°-+125°C] | L 68V

DP8419-80 16, 64, 256k Oxide 150 mA | 4 Banks of 63 ns/80 ns 15ns/25ns +5V+10% | [ 0°-70°C 7| [ 48N ]
-70 Isolated 16 Bit Data w/ 50 ns/72 ns 15ns/25ns —40°-+85°C 48D 1-44

(ALS) 6 Bit ECC ea. L —55°-+125°C] | L 68V |

DP8420 & 16, 64,256k | 2u CMOS | 5mA 2 Banks of — — +5V+10% ([ 0°-70°C 7| [ 68V ]
DP8422 & 1 Mega Bit 32 Bit Data w/ —40°-+85°C 1-92

7 Bit ECC ea. | —55°-+125°C] | L i

DP8428-80 16, 64, 256k Oxide 150 mA | 2 Banks of 63 ns/80 ns 15ns/25ns +5V+10% | [ ©0-70°C 7| [ 52D ]
-70 & 1.MegaBit | Isolated 32 Bit Dataw/ 50 ns/72 ns 15ns/25ns —40°-+85°C 68V 1-69

(ALS) 7 Bit ECC ea. | -55°-+125°C1 | L ]

DP8429-80 16, 64, 256k Oxide 150 mA | 4 Banks of 63 ns/80 ns 15 ns/25 ns +5V +10% | [ 0°-70°C ] [ 52D 7
-70 & 1 Mega Bit Isolated 16 Bit Dataw/ 50 ns/72ns 15ns/25ns —40°-+85°C 68V 1-69

(ALS) 6 Bit ECC ea. | —55°-+125°C) | L ]

*All AC valves shown factor in worst case loading (including all ouputs switching simultaneously), operating temperature, and Vg supply variables. All delays assume the use of National’s on-board automatic timing and
delay line logic although external delay line control timing is allowed and supported.
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DP8408A Dynamic RAM Controller/Driver

General Description

Dynamic memory system designs, which formerly required
several support chips to drive the memory array, can now
be implemented with a single IC . . . the DP8408A Dynamic
RAM Controller/Driver. The DP8408A is capable of driving
all 16k and 64k Dynamic RAMs (DRAMSs). Since the
DP8408A is a one-chip solution (including capacitive-load
drivers), it minimizes propagation delay skews, the major
performance disadvantage of multiple-chip memory drive
and control.

The DP8408A’s 6 modes of operation offer a wide selection
of DRAM control capabilities. Memory access may be con-
trolled externally or on-chip automatically; an on-chip re-
fresh counter makes refreshing less complicated.

The DP8408A is a 48-pin DRAM Controller/Driver with 8
multiplexed address outputs and control signals. It consists
of two 8-bit address latches, an 8-bit refresh counter, and
control logic. All output drivers are capable of driving 500 pF
loads with propagation delays of 25 ns. The DP8408A tim-
ing parameters are specified driving the typical load capaci-
tance of 88 DRAMs, including trace capacitance.

The DP8408A has 3 mode-control pins: M2, M1, and MO,
where M2 is in general REFRESH. These 3 pins select 6
modes of operation. Inputs B1 and BO in the memory ac-
cess modes (M2 = 1), are select inputs which select one of
four RAS outputs. During normal access, the 8 address out-
puts can be selected from the Row Address Latch or the
Column Address Latch. During refresh, the 8-bit on-chip re-
fresh counter is enabled onto the address bus and in this
mode all RAS outputs are selected, while CAS is inhibited.

The DP8408A can drive up to 4 banks of DRAMSs, with each
bank comprised of 16k’s, or 64k’s. Control signal outputs
RAS, CTAS, and WE are provided with the same drive capa-
bility. Each RAS output drives one bank of DRAMs so that
the four RAS outputs are used to select the banks, while
CAS, WE, and the multiplexed addresses can be connected
to all of the banks of DRAMs. This leaves the non-selected
banks in the standby mode (less than one tenth of the oper-
ating power) with the data outputs in TRI-STATE®. Only the
bank with its associated RAS low will be written to or read
from.

Operational Features

| All DRAM drive functions on one chip—minimizes skew
on outputs, maximizes AC performance

® On-chip capacitive-load drives (specified to drive up to
88 DRAMSs)

m Drive directly all 16k and 64k DRAMs

B Capable of addressing 64k and 256k words

W Propagation delays of 25 ns typical at 500 pF load

m CAS goes low automatically after column addresses are
valid if desired

m Auto Access mode provides RAS, Row to Column,
select, then CAS automatically and fast

m WE follows WIN unconditionally—offering READ,
WRITE or READ-MODIFY-WRITE cycles

m On-chip 8-bit refresh counter with selectable End-of-
Count (127 or 255)

m End-of-Count indicated by RF 1/0 pin going low at 127
or 255

m Low input on RF I/0 resets 8-bit refresh counter

m CAS inhibited during refresh cycle

| Fall-through latches on address inputs controlled by ADS

m TRI-STATE outputs allow multi-controller addressing of
memory

m Control output signals go high-impedance logic ‘1"
when disabled for memory sharing

m Power-up: counter reset, control signals high, address
outputs TRI-STATE, and End-of-Count set to 127

Mode Features

B 6 modes of operation: 3 access, 1 refresh, and 2 set-up

m 2 externally controlled modes: 1 access (Mode 4) and
1 refresh (Modes 0, 1, 2)

m 2 auto-access modes RAS — R/C — CAS automatic,
with tgag = 20 or 30 ns minimum (Modes 5, 6)

m Externally controlled All-RAS Access modes for memo-
ry initialization (Mode 3)

B End-of-Count value of Refresh Counter set by B1 and
BO (Mode 7)

DP8408A Interface Between System & DRAM Banks

SYSTEM RAM
CONTROL CONTROL
10, ” 6,
’ DYNAMLC RAM :
SYSTEM CoNTNOLLER, | 500RF DRIVE | MEMORY
18, DRIVER 8,
' | pnee
SYSTEM RAM
ADDRESS ADDRESS  TAM BANKS

TL/F/8408~1




Block Diagram

ROW ADDRESS
R0-7 smmmp! DT L ATCH — \
ADS ] | HIGH CAPACITIVE DRIVE
| CAPABILITY DUTPUTS
/ \ WHEN ENABLED
| I
UMN ADDR.
C0-7 mmm— CIONLPUT LA‘P(?D? prsasme— : { % 00-7
D4k
|
8-8IT *INDICATES THAT THERE
REFRESH oy ﬂ — 1$ A 3kQ PULL-UP
COUNTER g0y RESISTOA ON THESE
OUTPUTS WHEN THEY
R/C 3 ARE DISABLED
REFRESH
Y }
IVZ - AAS 3
V| Z - AAS 2
o } quaTSm 1 ; Z
> - AAS 1
BY ———| pank SELECT [T~ q
[T INPUT LATCH | Vz . S0
[ ¥ A RasiN
C§ i l‘> . oS
RASIN ’ CONTROL LOGIC t
R/C OUTPUT
CASIN ——— ENABLE
- Y Y . W
y
RF1/0 M2 (RFSH) M1 Mo
TL/F/8408-2
TABLE |. DP8408A Mode Select Options
Mode (Rll;SzH) M1 Mo Mode of Operation Conditions
0 0 0 0
1 0 0 1 Externally Controlled Refresh RF /0 = EOC
2 0 1 0
3 0 1 1 Externally Controlled All-RAS Write AlI-RAS Active
4 1 0 0 Externally Controlled Access Active RAS defined by Table Il
5 1 0 1 Auto Access, Slow tRaq Active RAS defined by Table Il
6 1 1 0 Auto Access, Fast tRan Active RAS defined by Table Il
7 1 1 1 Set End of Count See Table Ill for Mode 7
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DP8408A

Pin Definitions

Vce, GND, GND—Vgc = 5V £5%. The three supply pins
have been assigned to the center of the package to reduce
voltage drops, both DC and AC. There are also two ground
pins to reduce the low level noise. The second ground pin is
located two pins from Vgg, so that decoupling capacitors
can be inserted directly next to these pins. |t is important to
adequately decouple this device, due to the high switching
currents that will occur when all 8 address bits change in the
same direction simultaneously. A recommended solution
would be a 1 uF multilayer ceramic capacitor in parallel with
a low-voltage tantalum capacitor, both connected as close
as possible to pins 36 and 38 to reduce lead inductance.
See Figure below.

vee (PIN 36) O

*MULTILAYER I *TANTALUM
CERAMIC |
TL/F/8408-3

*Capacitor values should be chosen depending on the particular application.
RO-R7: Row Address Inputs.

C0~C7: Column Address Inputs.

Q0-Q7: Muitiplexed Address Outputs—Selected from
the Row Address Input Latch, the Column Address Input
Lateh, or the Refresh Counter.*

RASIN: Row Address Strobe Input—Enables selected
RAS,, output when M2 (RFSH) is high, or all RAS,, outputs
when RFSH is low.

R/C: Row/Column Select Input—Selects either the row or
column address input latch onto the output bus.

CASIN: Column Address Strobe Input—Inhibits CAS out-
put when high in Modes 4 and 3. In Mode 6 it can be used to
prolong CAS output.

ADS: Address (Latch) Strobe Input—Row Address, Col-
umn Address, and Bank Select Latches are fall-through with
ADS high; Latches on high-to-low transition.

CS: Chip Select Input—TRI-STATE the Address Outputs
and puts the control signal into a high-impedance logic “1”
state when high (except in Mode 0); enables all outputs
when low.

MO, M1, M2: Mode Control Inputs—These 3 control pins
determine the 6 major modes of operation of the DP8408A
as depicted in Table I.

RF 1/0—The I/0 pin functions as a Reset Counter Input
when set low from an external open-collector gate, or as a
flag output. The flag goes active-low when M2 = 0 and the
End-of-Count output is at 127 or 255 (see Table IlI).

GND (PINS 38, 13) O

WIN: Write Enable Input.
WE: Write Enable Output—Buffered output from WIN.*

CAS: Column Address Strobe Output—In Modes 5 and 6,

CAS goes low following valid column address. In Modes 3

and 4, it transitions low after R/C goes low, or follows
CASIN going low if R/C is already low. CAS is high during
refresh.*

RAS 0-3: Row Address Strobe Outputs—Selects a mem-
ory bank decoded from B1 and B0 (see Table ll), if RFSH is
high. If RFSH is low, all banks are selected.*

B0, B1: Bank Select Inputs—Strobed by ADS. Decoded to
enable one of the RAS outputs when RASIN goes low. Also
used to define End-of-Count in Mode 7 (Table IlI).

*These outputs may need damping resistors to prevent overshoot, under-
shoot. See AN-305 “Precautions to Take When Driving Memories.”

TABLE Il. Memory Bank Decode

Bank Select
(Strobed by ADS) Enabled RAS,
B1 BO
0 0 —R——go
0 1 RAS;
1 0 RAS;
1 1 RAS3

Connection Diagram

Dual In-Line Package

— 1 48
R/T — 48 ARsw
TAS 4 75
wo -3 e F 110
M1 =4 s Wil
M2 (fFSH) — 44 e
ADS =& ‘:_2 00
RO _; = 01
C0 —o 141, Q2
R1 =Y 130 03
144 133 Q4
A2 ELI
c2-4 DP8408A BE 05
GND S veo
[ERE! 12> g5
¢33y 132 o7
Re L8] 133 ne
ca 132 725
Rs L8] 131 RAS3
cs 14 130 7As?
Re 24 B
[peal 28 Rash
R7 24 E BO
c7 2 (26 gy
Ne 24 N
NC = No Connection TL/F/8408-4
Top View

Order Number DP8408AD, DP8408AN or DP8408AN-3
See NS Package Number D48A or N48A
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Conditions for all Modes

INPUT ADDRESSING

The address block consists of a row-address latch, a column-
address latch, and a resettable refresh counter. The ad-
dress latches are fall-through when ADS is high and latch
when ADS goes low. If the address bus contains valid ad-
dresses until after the valid address time, ADS can be per-
manently high. Otherwise ADS must go low while the ad-
dresses are still valid.

In normal memory access operation, RASIN and R/C are
initially high. When the address inputs are enabled into the
address latches, the row addresses appear on the Q out-
puts. The address strobe also inputs the bank-select ad-
dress, (BO and B1). If CS is low, all outputs are enabled.
When CS is transitioned high, the address outputs go TRI-
STATE and the control outputs first go high through a low
impedance, and then are held by an on-chip high imped-
ance. This allows output paralleling with other DP8408As for
multi-addressing. All outputs go active about 50 ns after the
chip is selected again. If TS is high, and a refresh cycle
begins, all the outputs become active until the end of the
refresh cycle.

DRIVE CAPABILITY

The DP8408A has timing parameters that are specified with
up to 600 pF loads. In a typical memory system this is equiv-
alent to about 88, 5V-only DRAMSs, with trace lengths kept
to a minimum. Therefore, the chip can drive four banks each
of 16 or 22 bits, or two banks of 32 or 39 bits, or one bank of
64 or 72 bits.

Less loading will slightly reduce the timing parameters, and
more loading will increase the timing parameters, according
to the graph of Figure 6. The AC performance parameters
are specified with the typical load capacitance of 88
DRAMs. This graph can be used to extrapolate the varia-
tions expected with other loading.

Because of distributed trace capacitance and inductance
and DRAM input capacitance, current spikes can be creat-
ed, causing overshoots and undershoots at the DRAM in-
puts that can change the contents of the DRAMs or even
destroy them. To remove these spikes, a damping resistor
(low inductance, carbon) can be inserted between the
DP8408A driver outputs and the DRAMSs, as close as possi-
ble to the DP8408A. The values of the damping resistors
may differ between the different control outputs; RAS's
CAS, Q's and WE. The damping resistors should be deter-
mined by the first prototypes (not wire-wrapped due to larg-
er distributed capacitance and inductance). The best values
for the damping resistors are the critical values giving a crit-
ically damped transition on the control outputs. Typical val-
ues for the damping resistors will be between 15Q and
1009, the lower the loading the higher the value. (For more
information, see AN-305 ‘‘Precautions to Take When Driv-
ing Memories.”)

DP8408A DRIVING ANY 16K OR 64K DRAMS

The DP8408A can drive any 16k or 64k DRAMs. All 16k
DRAMs are basically the same configuration, including the
newer 5V-only version. Hence, in most applications, differ-
ent manufacturers’ DRAMs are interchangeable (for the
same supply-rail chips), and the DP8408A can drive all 16k
DRAMS (see Figure 1a).

There are three basic configurations for the 5V-only 64k
DRAMs: a 128-row by 512-column array with an on-RAM
refresh counter, a 128-row by 512-column array with no on-
RAM refresh counter, and a 256-row by 256-column array
with no on-RAM refresh counter. The DP8408A can drive all
three configurations, and at the same time allows them all to
be interchangeable (as shown in Figure 1b and 7c¢), provid-
ing maximum flexibility in the choice of DRAMSs. Since the
8-bit on-chip refresh counter can be used as a 7-bit refresh
counter for the 128-row configuration, or as an 8-bit refresh
counter for the 256-row configuration, the on-RAM refresh
counter (if present) is never used. As long as 128 rows are
refreshed every 2 ms (i.e. 256 rows in 4 ms) all DRAM types
are correctly refreshed.

When the DP8408A is in a refresh mode, the RF 1/0 pin
indicates that the on-chip refresh counter has reached its
end-of-count. This end-of-count is selectable as 127 or 255
to accommodate 16k or 64k DRAMs, respectively. Although
the end-of-count may be chosen to be either of these val-
ues, the counter is not reset and always counts to 255 be-
fore rolling over to zero.

READ, WRITE AND READ-MODIFY-WRITE CYCLES

The output signal, WE, determines what type of memory
access cycle the memory will perform. If WE is kept high
while CAS goes low, a read cycle occurs. If WE goes low
before CAS goes low, a write cycle occurs and data at DI
(DRAM input data) is written into the DRAM as CAS goes
low. If WE goes low later than towp after CAS goss low, first
a read occurs and DO (DRAM output data) becomes valid;
then data DI is written into the same address in the DRAM
when WE goes low. In this read-modify-write case, DI and
DO cannot be linked together. The type of cycle is therefore
controlled by WE, which follows WIN.

POWER-UP INITIALIZE

When Vg is first applied to the DP8408A, an initialize pulse
clears the refresh counter, the internal control flip-flops, and
sets the End-of-Count of the refresh counter to 127 (which
may be changed via Mode 7). As Vg increases to about
2.3V, it holds the output control signals at a level of one
Schottky diode-drop below Vg, and the output address to
TRI-STATE. As V¢ increases above 2.3V, control of these
outputs is granted to the system.

17
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DP8408A Driving any 16k or 64k Dynamic RAMs

+5V 64K
DYNAMIC
RAMS

[
7 W
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COLUMNS - 128 16K
ey "ADDRESS 3 11
BUS £
4
128 ROWS L, REFRESH |7
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DPB408A
FIGURE 1a. DP8408A with any 16k DRAMS
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ONLY LS 7 BITS OF REFRESH COUNTER USED FOR THE 7 ROW ADDRESSES.
MSB NOT USED BUT CAN TOGGLE
FIGURE 1b. DP8408A with 128 Row X 512 Column 64k DRAM
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ALL 8 BITS OF REFRESH COUNTER USED

FIGURE 1c. DP8408A with 256 X 256 Column 64k DRAM
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Functional Mode Descriptions

Note: All delay parameters stated in text refer to the DP8408A. Substitute
the respective delay numbers for the DP8408-2 or DP8408-3 when
using these devices.

MODES 0, 1, 2— EXTERNALLY CONTROLLED
REFRESH

In this mode, the input address latches are disabled from
the address outputs and the refresh counter is enabled.
When RAS occurs, the enabled row in the DRAM is re-
freshed. In the Externally Controlled Refresh mode, all RAS
outputs are enabled following RASIN, and CAS s inhibited.
This refreshes the same row in all four banks. The refresh
counter increments when either RASIN or RFSH goes low-
to-high after a refresh. RF /O goes low when the count is
127 or 255, as set by End-of-Count (see Table Ill), with
RASIN and RFSH low. To reset the counter to all zeros, RF
1/0 is set low through an external open-collector driver.

During refresh, RASIN and RFSH must be skewed tran-
sitioning low such that the refresh address is valid on the
address outputs of the controller before the RAS outputs go
low. The amount of time that RFSH should go low before
RASIN does depends on the capacitive loading of the ad-

dress and RAS lines. For the load specified in the switching
characteristics of this data sheet, 10 ns is sufficient. Refer
to Figure 2.

To perform externally controlled burst refresh, RASIN is tog-
gled while RFSH is held low. The refresh counter incre-
ments with RASIN going low to high, so that the DRAM rows
are refreshed in succession by RASIN going high to low.

MODE 3 — EXTERNALLY CONTROLLED
ALL-RAS WRITE

This mode is useful at system initialization. The memory ad-
dress is provided by the processor, which also performs the
incrementing. All four RAS outputs follow RASIN (supplied
by the processor), strobing the row address into the
DRAMs. R/C can now go low, while CASIN may be used to
control CAS (as in the Externally Controlled Access mode),
so that CAS strobes the column address contents into the
DRAMs. At this time WE should be low, causing the data to
be written into all four banks of DRAMs. At the end of the
write cycle, the input address is incremented and latched by
the DP8408A for the next write cycle.

* INDICATES DYNAMIC RAM PARAMETERS

taee
RC’

INPUTS ——
RASIN [ tRASINL
| +——RASINH——
AFSH I | I
CASIN AND R/T %

OUTPUTS ALL RAS's LOW

s 0 —| |-tmFpaL ‘// —| |«tarpan

tRP / |
tRAS*
RS 1,23 —| |=tRFpaL / — |"ﬂdeH
— TROHNC

REFRESH CTR REFRESH COUNT n
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FIGURE 2. External Control Refresh Cycle (MODES 0, 1, 2)
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DP8408A

Functional Mode Descriptions (continued)

MODE 4 — EXTERNALLY CONTROLLED ACCESS

This mode facilitates externally controlling all access-timing
parameters associated with the DRAMs. The application of
modes 0 and 4 are shown in Figure 3.

Output Address Selection

Refer to Figure 4a. With M2 (RFSH) and R/C high, the row
address latch contents are transferred to the multiplexed
address bus output Q0-Q7, provided CS is set low. The
column address latch contents are output after R/C goes
low. RASIN can go low after the row addresses have been
set up on Q0-Q7. This selects one of the RAS outputs,
strobing the row address on the Q outputs into the desired
bank of memory. After the row-address hold-time of the
DRAMs, R/C can go low so that about 40 ns later column
addresses appear on the Q outputs.

*Resistors required depends
on DRAM load.

DRAMs MAYBE 16k, 64k
FOR 4 BANKS, CAN DRIVE 16 DATA BITS
+6 CHECK BITS FOR ECC.

Automatic CAS Genération

In a normal memory access cycle CAS can be derived from
inputs CASIN or R/C. If CASIN is high, then R/C going low
switches the address output drivers from rows to columns.
CASIN then going low causes CAS to go low approximately
40 ns later, allowing CAS to occur at a predictable time (see
Figure 4b). If CASIN is low when R/C goes low, CAS will be
automatically generated, following the row to column tran-
sition by about 20 ns (see Figure 4a). Most DRAMs have a
column address set-up time before CAS (tasc) of O ns or
—10 ns. In other words, a tasc greater than 0 ns is safe.
This feature reduces timing-skew problems, thereby improv-
ing access time of the system.

Fast Memory Access

AC parameters tpjr1, tpir2 may be used to determine the
minimum delays required between RASIN, R/C, and CASIN
(see Application Brief 9; “Fastest DRAM Access Mode”).

>
>
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BANK
3

AC-6. 7

@ lll \@v ¥| ,;:[ +
I 1
g’ W

l 81

FOR 2 BANKS, CAN DRIVE 32 DATA BITS iR
+7 BHECK BITS FOR ECC.
FOR 1 BANK, CAN DRIVE 64 DATA BITS > CAS  gank
+8 CHECK BITS FOR ECC. wE 2
| A0-6. 7
INPUT CAS ;» CASIN Ras 3 N
ALE [P ADS RAS 2 [V / —
80 RS 1 A | 775
| RS 0 1 —|ths  Bamk m
RO-6, 7 —>| WE 1
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FIGURE 3. Typical Application of DP8408A Using Externally Controlled Access and Refresh in Modes 0 and 4




Timing Diagrams
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DP8408A

Functional Mode Descriptions (continued)

MODE 5—AUTOMATIC ACCESS

The Auto Access mode has two advantages over the Exter-
nally Controlled Access mode, due to the fact that all out-
puts except WE are initiated from RASIN. First, inputs R/C
and CASIN are unnecessary. Secondly, because the output
control signals are derived internally from one input signal
(RASIN), timing-skew problems are reduced, thereby reduc-
ing memory access time substantially or allowing use of
slower DRAMs. The automatic access features of Mode §
(and Mode 6) of the DP8408A make DRAM accessing ap-
pear essentially “static”.

AUTOMATIC ACCESS CONTROL

The major disadvantage of DRAMs compared to static
RAMs is the complex timing involved. First, a RAS must
occur with the row address previously set up on the multi-

Timing Diagram

plexed address bus. After the row address has been held
for tran, (the Row-Address hold-time of the DRAM), the
column address is set up and then CAS occurs. This is all
performed automatically by the DP8408A in this mode.

Provided the input address is valid as ADS goes low, RASIN
can go low any time after ADS. This is because the selected
RAS occurs typically 27 ns later, by which time the row ad-
dress is already valid on the address output of the
DP8408A. The Address Setup-Up time (tasp), is O ns on
most DRAMs. The DP8408A in this mode (with ADS and
RASIN edges simultaneously applied) produces a minimum
tasr of 0 ns. This is true provided the input address was
valid tasa before ADS went low (see Figure 5a).

Next, the row address is disabled after tgan (30 ns mini-
mum); in most DRAMSs, tgay minimum is less than 30 ns.
The column address is then set up and tasc later, CAS

[« tADS tRICL
ADS I
—~| tASA |~ tAHA =
RASIN
~—IRICH—~]
ADDRESS INPUTS/ A R D AN
s an
DATA ADDRESS VALID / AN DATA VALID IF WRITE — TEAD i /'
S — |~ 1RpdH >
RAS tASR® —»| |-—
——tapd——|  |——tRAH—|
ROWS VALID >< COLUMNS VALID /‘.,.f
‘ 1ASC |[— —-l F— tRCOH
TAS
1RCOL
tps*
READ '
WE | |
[————— — o WRITE = e o] e —]
——— WS ———]
= tCAC” — ~— toFF* —»|
DATA QUTPUT VALID (READ) )—
1RAC*

*Indicates Dynamic RAM Parameters

TL/F/8408-12

FIGURE 5a. Modes 5, 6 Timing (CASIN) High in Mode 6
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Functional Mode Descriptions (Continued) @
occurs. The only other control input required is WIN. When fast 16k or 64k DRAMs (which have a tray of 10 ns to 15 8
a write cycle is required, WIN must go low at Ieast 30 ns ns) in applications requiring fast access times; RASIN to >
before CAS is output low. CAS is typically 105 ns.
This gives a total typical delay from: input address valid to In this mode, the R/C pin is not used, but CASIN is used to
RASIN (15 ns); to RAS (27 ns); to rows held (50 ns); to allow an extended CAS after RAS has already terminated.
columns valid (25 ns); to CAS (23 ns) = 140 ns (that is, 125 Refer to Figure 5b. This is desirable with fast cycle-times
ns from RASIN. All of these typical figures are for heavy where RAS has to be terminated as soon as possible before
capacitive loading, of approximately 88 DRAMs. This mode the next RAS begins (to meet the precharge time, or tgp,
is therefore extremely fast. The external timing is greatly requirements of the DRAM). CAS may then be held low by
simplified for the memory system designer: the only system CASIN to extend the data output valid time from the DRAM
signal required is RASIN. to allow the system to read the data. CASIN subsequently
going high ends CAS. If this extended CAS is not required,
MODE 6—FAST AUTOMAT'? ACCESS CASIN should be set high in Mode 6.
The Fast Access mode is similar to Mode 5, but has a faster
tran of 20 ns, minimum. It therefore can only be used with
Timing Diagram
|
- 1, t
INPUTS ‘ ADS | RICL
ADS
—=| tASA |~ tAHA —
RASIN
ADDRESS INPUTS/ N IR R RN
ADDRESS VALID < READ >
DATA / N T I
—| 1CRS {RICH
CASIN
oUTPUTS ~——tRpot —— < tRedH =
RAS nsR* | [=—
tApd ~——RAH——
p — | |
ROWS VALID K COLUMNS VALID %g
—
RCY ! tASC [=—— ~——>|1CCOH|*+—
CAS
IRCOL
tps*
READ T
W |
— — — — — — WAITfE — — —— ]
wes*
tOFF*
-— ICAC* —» 4———»’
DATA QUTPUT VALID (READ) >—
tRAC*
*Indicates Dynamic RAM Parameters TL/F/8408-13
FIGURE 5b. Mode 6 Timing, Extended CAS
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DP8408A

Functional Mode Descriptions (continued)

MODE 7—SET END-OF-COUNT

The End-of-Count can be externally selected in Mode 7,
using ADS to strobe in the respective value of B1 and BO
(see Table ll). With B1 and BO the same EOC is 127; with
B1=0 and BO=1, EOC is 255; and with B1=1 and B0O=0,
EOC is 127. This selected value of EOC will be used until
the next Mode 7 selection. At power-up the EQC is automat-
ically set to 127 (B1 and BO set to 11).

TABLE ill. Mode 7

B
(Str:::ds:yl'ex:)S) End of Count
B1 B0

0 0 127

0 1 255

1 0 127

1 1 127

Absolute Maximum Ratings (vote 1)

Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage, Vco 7.0V
Storage Temperature Range —65°Cto +150°C
Input Voltage 5.5V
Output Current 150 mA
Lead Temperature (Soldering, 10 sec) 300°C

*Derate cavity package 23.6 mW/°C above 25°C; derate molded package
22.7 mW/°C above 25°C.

~10

200

400 600
CpF

800

Maximum Power Dissipation* at 25°C

Cavity Package
Molded Package

Operating Conditions

Vcc  Supply Voltage

Ta

Min
4.75

Ambient Temperature 0

1000

TL/F/8408-14
FIGURE 6. Change in Propagation Delay vs. Loading
Capacitance Relative to a 500 pF Load

Max
5.25
+70

Electrical Characteristics v = 50V £5%, 0°C < T4 < 70°C (unless otherwise noted) (Notes 2, 6)

3542 mW
2833 mW

Units
\Y
°C

Symbol Parameter Conditions Min Typ Max Units
Ve Input Clamp Voltage Vee = Min,, Ic = —12mA -0.8 -1.2 \
liH1 Input High Current for ADS, R/C only Vin = 25V 2.0 100 A
12 Input High Current for All Other Inputs* ViN = 2.5V 1.0 50 MA
Iy RSI Output Load Current for RF 1/0 Vin = 0.5V, Output High —-1.5 —-25 mA
I} CTL Output Load Current for RAS, CAS, WE Vin = 0.5V, Chip Deselect -15 -25 mA
L1 Input Low Current for ADS, R/C only VN = 0.5V -0.1 -1.0 mA
liLe Input Low Current for All Other Inputs* ViN = 0.5V —0.05 -05 mA
viL Input Low Threshold 0.8 \
ViH Input High Threshold 2.0 \
Vou1 Output Low Voltage* loL = 20 mA 0.3 0.5 \
VoL2 Output Low Voltage for RF I/0 loL=10mA 0.3 0.5 \
VoH1 Output High Voltage* loy = —1mA 2.4 35 \
Von2 Output High Voltage for RF I/0 loy = — 100 pA 2.4 3.5 \
lp Output High Drive Current* Vout = 0.8V (Note 3) —200 mA
lob Output Low Drive Current* Vout = 2.7V (Note 3) 200 mA
et [ w0 | w0 | ow
lcc Supply Current Vee = Max. 210 285 mA

*Except RF 1/0 Output.




Switching Characteristic DP8408A/DP8408-3

Vee = 5.0V £5%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMSs each of 88 DRAMs including trace capacitance. These values are: Q0-Q7, C._ = 500 pF; RAS0-RAS3, C__ = 150 pF;
WE, C_ = 500 pF; CAS, C__ = 600 pF, unless otherwise noted. See Figure 7 for test load. Switches S1 and S2 are closed unless
otherwise noted, and R1 and R2 are 4.7 k2 unless otherwise noted. Maximum propagation delays are specified with all outputs

switching.
Symbol Access Parameter Conditions 8408A 8408-3 Units
Min | Typ | Max | Min | Typ | Max
tRiCL RASIN to CAS Output Delay (Mode 5) Figure 5a 95 | 125 | 160 | 95 | 125 | 185 ns
tRicL RASIN to CAS Qutput Delay (Mode 6) Figures 5a, 5b 80 | 105 | 140 | 80 | 105 | 160 ns
tRICH RASIN to CAS Output Delay (Mode 5) Figure 5a 40 | 48 [ 60 | 40 | 48 70 ns
tRICH RASIN to CAS Output Delay (Mode 6) Figures 5a, 5b 50 | 63 80 50 | 63 95 ns
trcoL RAS to CAS Output Delay (Mode 5) Figure 5a 98 125 98 145 ns
trcOL RAS to CAS Output Delay (Mode 6) Figures 5a, 5b 78 | 105 78 | 120 ns
tRCDH RAS to CAS Output Delay (Mode 5) Figure 5a 27 40 27 40 ns
tRCDH RAS to CAS Output Delay (Mode 6) Figure 5a 40 65 40 65 ns
teeoH CASIN to CAS Output Delay (Mode 6) Figure 5b 40 | 54 | 70 | 40 | 54 | 80O ns
tRAH Row Address Hold Time (Mode 5) Figure 5a 30 30 ns
tRAH Row Address Hold Time (Mode 6) Figures 5a, 5b 20 20 ns
tasc Column Address Setup Time (Mode 5) Figure 5a 8 ns
tasc Column Address Setup Time (Mode 6) Figures 5a, 5b 6 ns
tRov RASIN to Column Address Valid (Mode 5) | Figure 5a 90 | 120 90 | 140 | ns
tRcv RASIN to Column Address Valid (Mode 6) Figures 5a, 5b 75 | 105 75 120 ns
tRPOL RASIN to RAS Delay Figures 4a, 4b, 5a,5b | 20 | 27 | 35 [ 20 | 27 | 40 ns
tarpon | RASIN to RAS Delay Figures 4a, 4b, 53,50 | 15 | 23 | 32 | 15 | 23 | 37 ns
tapDL Address Input to Output Low Delay Figures 4a, 4b, 5a, 5b 25 40 25 46 ns
tAPDH Address Input to Output High Delay Figures 4a, 4b, 5a, 5b 25 40 25 46 ns
tsppL Address Strobe to Address Output Low Figures 4a, 4b, 40 60 40 70 ns
tspPDH Address Strobe to Address Output High Figures 4a, 4b, 40 60 40 70 ns
tASA Address Setup Time to ADS Figures 4a, 4b, 5a, 5b | 15 15 ns
tAHA Address Hold Time from ADS Figures 4a, 4b, 5a, 5b | 15 15 ns
tADs Address Strobe Pulse Width Figures 4a, 4b, 5a, 5b | 30 30 ns
tweoL | WIN to WE Output Delay Figure 4b 15 | 25 | 30 | 15 | 25 | 35 ns
tweoH | WIN to WE Output Delay Figure 4b 15 | 30 | 60 | 15 | 30 | 70 ns
tcrs CASIN Setup Time to RASIN High (Mode 6) | Figure b 35 35 ns
tcpoL CASIN to CAS Delay (R/C low in Mode 4) Figure 4b 32 [ # 68 | 32 | 41 77 ns
tCPDH CASIN to CAS Delay Figure 4b 25 | 39 [ 50 | 25 | 39 | 60 ns
trce Column Select to Column Address Valid Figure 4a 40 58 40 67 ns
tRcR Row Select to Row Address Valid Figures 4a, 4b 40 58 40 67 ns
tRHA Row Address Held from Column Select Figure 4a 10 10 ns
tccas R/C Low to CAS Low (Mode 4 Auto CAS) Figure 7a 65 | 90 ns
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DP8408A

Switching Characteristics DP8408A/DP8408-3 (Continued)

Voe = 5.0V £5%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each of 88 DRAMs including trace capacitance. These values are: Q0-Q7, C|_ = 500 pF; RAS0-RAS3, C_ = 150 pF;
WE, C_ = 500 pF; CAS, C_ = 600 pF, unless otherwise noted. See Figure 7 for test load. Switches S1 and S2 are closed unless
otherwise noted, and R1 and R2 are 4.7 k) unless otherwise noted. Maximum propagation delays are specified with all outputs

switching.
Symbol Access Parameter Conditions 8408A 8408-3 Units
Min | Typ | Max | Min | Typ | Max
tDIF1 Maximum (trppL — tRHA) See Mode 4 description 13 18 ns
toiF2 Maximum (trcc — toppl) See Mode 4 description 13 18 ns
Refresh Parameter
trc Refresh Cycle Period Figure 2 100 100 ns
tRASINL, H | Pulse Width of RASIN during Refresh Figure 2 50 50 ns
tRFPOL RASIN to RAS Delay during Refresh Figure 2 35 | 50 70 | 35 | 50 80 ns
tRFPDH RASIN to RAS Delay during Refresh Figure 2 30 | 40 55 | 30 | 40 65 ns
tRFLCT RFSH Low to Counter Address Valid CS = X, Figure 2 47 | 60 47 | 70 ns
tREHRV RFSH High to Row Address Valid Figure 2 45 60 45 70 ns
tROHNC RAS High to New Count Valid Figure 2 30 55 30 55 ns
tRLEOC RASIN Low to End-of-Count Low CL = 50 pF, Figure 2 80 80 ns
tRHEOC RASIN High to End-of-Count High C = 50 pF, Figure 2 80 80 ns
tRsT Counter Reset Pulse Width Figure 2 70 70 ns
toTL RF 1/0 Low to Counter Outputs All Low Figure 2 100 100 ns
TRI-STATE Parameter
tzH CS Low to Address Output High from Hi-Z | Figure 8
R1 = 3.5k R2 = 1.5k 3| e0 8| 60 | ns
thz CS High to Address Output Hi-Z from High | C_ = 15 pF, Figure 8 20 40 20 40 ns
R2 = 1k, S1 open
tz2L CS Low to Address Output Low from Hi-Z | Figure 8
R1 = 3.5k, A2 = 1.5k % | &0 8| 60 | ns
tz CS High to Address Output Hi-Z from Low | C_ = 15 pF, Figure 8 25 50 25 50 ns
R1 = 1k, S2 open
tHzH CS Low to Control Output High from Figure 8
Hi-Z High R2 = 7500, S1 open 50 | & 50 | 80 | ns
tHHZ CS High to Control Qutput Hi-Z High CL = 15 pF, Figure 8
from High R2 = 75002, S1 open 475 4 | 75 | ns
tHzL CS Low to Control Output Low from Figure 8
Hi-Z High S1, S2 open 4 178 45 | 75 | ns
tLHZ CS High to Control Output Hi-Z High CL = 15 pF, Figure 8,
from Low R2 = 7500, S1 open 50 80 S0 80 ns
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Switching Characteristics DP8408-2 2
Vce = 5.0V £5%, 0°C < T < 70°C unless otherwise noted (Notes 2, 4, 5, 7). The output load capacitance is typical for 4 8
banks of 22 DRAMs each or 88 DRAMS including trace capacitance. These values are: Q0-Q7, C; = 500 pF; RASO-RAS3, C_ >
= 150 pF, WE, C_ = 500 pF; CAS, C|_ = 600 pF, unless otherwise noted. See Figure 7 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 k) unless otherwise noted. Maximum propagation delays are specified
with all outputs switching.

Symbol Access Parameter Conditions 8408-2 Units

Min Typ Max

tRIcL RASIN to CAS Output Delay (Mode 5) Figure 5a 75 100 130 ns
tRiCL RASIN to CAS Output Delay (Mode 6) Figures 5a, 5b 65 90 115 ns
tRICH RASIN to CAS Output Delay (Mode 5) Figure 5a 40 48 60 ns
tRICH RASIN to CAS Output Delay (Mode 6) Figures 5a, 8b 50 63 80 ns
treoL RAS to CAS Output Delay (Mode 5) Figure 5a 75 100 ns
trcoL RAS to CAS Output Delay (Mode 6) Figures 5a, 5b 65 85 ns
tRCDH RAS to CAS Output Delay (Mode 5) Figure 5a 27 40 ns
tRCOH RAS to CAS Output Delay (Mode 6) Figure 5a 40 65 ns
tccoH CASIN to CAS Output Delay (Mode 6) Figure 5b 40 54 70 ns
tRAH Row Address Hold Time (Mode 5) (Note 7) Figure 5a 20 ns
tRAH Row Address Hold Time (Mode 6) (Note 7) Figures 5a, 5b 12 ns
tasc Column Address Setup Time (Mode 5) Figure 5a 3 ns
tasc Column Address Setup Time (Mode 6) Figures 5a, 8b 3 ns
trev RASIN to Column Address Valid (Mode 5) Figure 5a 80 105 ns
tRev RASIN to Column Address Valid (Mode 6) Figures 5a, 5b 70 90 ns
tRPOL RASIN to RAS Delay Figures 4a, 4b, 53, 5b 20 27 35 ns
tRPDH RASIN to RAS Delay Figures 4a, 4b, 5a, 5b 15 23 32 ns
taPDL Address Input to Output Low Delay Figures 4a, 4b, 5a, 5b 25 40 ns
tAPDH Address Input to Output High Delay Figures 4a, 4b, 5a, 5b 25 40 ns
tspoL Address Strobe to Address Output Low Figures 4a, 4b 40 60 ns
tspoH Address Strobe to Address Output High Figures 4a, 4b 40 60 ns
tasa Address Set-up Time to ADS Figures 4a, 4b, 5a, 5b 15 ns
tAHA Address Hold Time from ADS Figures 4a, 4b, 5a, 5b 15 ns
taos Address Strobe Pulse Width Figures 4a, 4b, 5a, 5b 30 ns
twPDL WIN to WE Output Delay Figure 4b 15 25 30 ns
twPDH WIN to WE Output Delay Figure 4b 15 30 60 ns
teas CASIN Set-up Time to RASIN High (Mode 6) Figure 5b 35 ns
tepoL CASIN to CAS Delay (R/C low in Mode 4) Figure 4b 32 41 58 ns
tcPpH CASIN to CAS Delay (R/C low in Mode 4) Figure 4b 25 39 50 ns
trcc Column Select to Column Address Valid Figure 4a 40 58 ns
tRCR Row Select to Row Address Valid Figures 4a, 4b 40 58 ns
tRHA Row Address Held from Column Select Figure 4a 10 ns
tccas R/C Low to CAS Low (Mode 4 Auto CAS) Figure 7a 55 75 ns




DP8408A

Switching Characteristics DP8408-2 (continued)
Vec = 5.0V £5%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5, 7). The output load capacitance is typical for 4
banks of 22 DRAMs each or 88 DRAMS including trace capacitance. These values are: Q0-Q7, Ci = 500 pF; RAS0-RASS, C
= 150 pF, WE, C_ = 500 pF; CAS, C_ = 600 pF, unless otherwise noted. See Figure 7 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 k) unless otherwise noted. Maximum propagation delays are specified

with all outputs switching.

8408-2

Symbol Access Parameter Conditions Units
Min Typ Max
toiFd Maximum (trppL — tRHA) See Mode 4 description 13 ns
toiF2 Maximum (trcc — tcrpL) See Mode 4 description 13 ns
Refresh Parameter
trc Refresh Cycle Period Figure 2 100 ns
tRASINL, H Pulse Width of RASIN during Refresh Figure 2 50 ns
tRFPDL RASIN to RAS Delay during Refresh Figure 2 35 50 70 ns
tRFPDH RASIN to RAS Delay during Refresh Figure 2 30 40 55 ns
trRFLCT RFSH Low to Counter Address Valid CS = X, Figure 2 47 60 ns
tREHRV RFSH High to Row Address Valid Figure 2 45 60 ns
tROHNC RAS High to New Count Valid Figure 2 30 55 ns
tRLEOC RASIN Low to End-of-Count Low CL = 50 pF, Figure 2 80 ns
tRHEOC RASIN High to End-of-Count High CL = 50 pF, Figure 2 80 ns
trsT Counter Reset Pulse Width Figure 2 70 ns
teTL RF 170 Low to Counter Outputs All Low Figure 2 100 ns
TRI-STATE Parameter
tzn CS Low to Address Output High from Hi-Z Figures 9, 12 35 60 ns
R1 = 3.5k, R2 = 1.5k
thz CS High to Address Output Hi-Z from High C_ = 15pF, Figures 9, 12
20 40 ns
R2 = 1k, S1 open
tzL CS Low to Address Output Low from Hi-Z Figures 9, 12 35 60 ns
R1 = 3.5k, R2 = 1.5k
tz CS High to Address Output Hi-Z from Low CL = 15pF, Figures 9, 12
25 50 ns
R1 = 1k, S2 open
thzH CS Low to Control Output High from Figures 9, 12 50 80 ns
Hi-Z High R2 = 7504, S1 open
tHHZ CS High to Control Output Hi-Z High CL = 15 pF, Figures 9, 12 40 75 ns
from High R2 = 75092, S1 open
thzL CS Low to Control Output Low from Figure 12, 45 75 ns
Hi-Z High S1, S2 open
tLHz CS High to Control Output Hi-Z High Cv = 15 pF, Figure 12, 50 80 ns
from Low R2 = 7509, S1 open




Input Capacitance 1, = 25:C (Notes 2, 6)

Symbol Parameter Conditions Min Typ Max Units
CiN Input Capacitance ADS, R/C 8 pF
CiN Input Capacitance All Other Inputs 5 pF

Note 1: “Absolute Maximum Ratings" are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation.

Note 2: All typical values are for T = 25°C and Vg = 5.0V.

Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing this parameter. In testing these
parameters, a 1542 resistor should be placed in series with each output under test. One output should be tested at a time and test time should not exceed 1 second.

Note 4: Input pulse OV to 3.0V, tg = t¢ = 2.5 ns, f = 2.5 MHz, tpyy = 200 ns. Input reference point on AC measurements is 1.5V. Output reference points are 2.7V

for High and 0.8V for Low.
Note 5: The load capacitance on RF /0 should not exceed 50 pF.
Note 6: Applies to all DP8408A versions unless otherwise specified.

Note 7: The DP8408-2 device can only be used with memory devices that meet the tray specification indicated.

OUTPUT Rp
UNDER
TEST 15Q
CL==
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TL/F/8408-15

FIGURE 7. Output Load Circuit

Timing Waveform

3.0V
INPUT
o 1Y
thz
—={thhz}-—
LI i DA
ouTRUT | (! ! HIGH Z
-4 0.5v
—>‘ tLHZ |
'z
TL/F/8408-16
FIGURE 8

Applications
If external control is preferred, the DP8408A may be used in
Modes 0 or 4, as in Figure 3.

If basic auto access and refresh are required, then in cases
where the user requires the minimum of external complexity,
Modes 0 and 5 are ideal, as shown in Figure 9a. The
DP843X2 is used to provide proper arbitration between
memory access and refresh. This chip supplies all the nec-
essary control signals to the processor as well as the
DP8408A. Furthermore, two separate CAS outputs are also

included for systems using byte-writing. The refresh clock
RFCK may be divided down from either RGCK using an IC
counter such as the DM74LS393 or better stil, the
DP84300 Programmable Refresh Timer. The DP84300 can
provide RFCK periods ranging from 154 us to 15.6 us
based on the input clock of 2 to 10 MHz. Figure 9b shows
the general timing diagram for interfacing the DP8408A to
different microprocessors using the interface controller
DP843X2.
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Applications (continued)
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FIGURE 9a. Connecting the DP8408A between the 16-Bit Microprocessor and Memory
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Applications (Continued)
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National
Semiconductor
Corporation

DP8409A Multi-Mode Dynamic RAM Controller/Driver

General Description

Dynamic memory system designs, which formerly required
several support chips to drive the memory array, can now
be implemented with a single IC ... the DP8409A Multi-
Mode Dynamic RAM Controller/Driver. The DP8409A is ca-
pable of driving all 16k and 64k Dynamic RAMs (DRAMs) as
well as 256k DRAMs. Since the DP8409A is a one-chip so-
lution (including capacitive-load drivers), it minimizes propa-
gation delay skews, the major performance disadvantage of
multiple-chip memory drive and control.

The DP8409A’s 8 modes of operation offer a wide selection
of DRAM control capabilities. Memory access may be con-
trolled externally or on-chip automatically; an on-chip re-
fresh counter makes refreshing (either externally or auto-
matically controlled) less complicated; and automatic mem-
ory initialization is both simple and fast.

The DP8409A is a 48-pin DRAM Controller/Driver with 9
multiplexed address outputs and 6 control signals. It con-
sists of two 9-bit address latches, a 9-bit refresh counter,
and control logic. All output drivers are capable of driving
500 pF loads with propagation delays of 25 ns. The
DP8409A timing parameters are specified driving the typical
load capacitance of 88 DRAMs, including trace capaci-
tance.

The DP8409A has 3 mode-control pins: M2, M1, and MO,
where M2 is in general REFRESH. These 3 pins select 8
modes of operation. 'nputs B1 and BO in the memory ac-
cess modes (M2 = 1), are select inputs which select one of
four RAS outputs. During normal access, the 9 address out-
puts can be selected from the Row Address Latch or the
Column Address Latch. During refresh, the 9-bit on-chip re-
fresh counter is enabled onto the address bus and in this
mode all RAS outputs are selected, while CAS is inhibited.

The DP8409A can drive up to 4 banks of DRAMSs, with each
bank comprised of 16k’s, 64k’s, or 256k’s. Control signal
outputs RAS, CAS, and WE are provided with the same
drive capability. Each RAS output drives one bank of
DRAMs so that the four RAS outputs are used to select the
banks, while CAS, WE, and the multiplexed addresses can
be connected to all of the banks of DRAMs. This leaves the
non-selected banks in the standby mode (less than one
tenth of the operating power) with the data outputs in TRI-
STATE®. Only the bank with its associated RAS low will be
written to or read from.

SYSTEM RAM
CONTROL CONTROL
10, 6,
—> DPB40IA
DYNAMIC RAM
SYSTEM DYNAMIC RAM | s00pF DRIVE | MEMORY
20, DRIVER 9
16k, 64k, OR
256k DYNAMI
SYSTEM RAM RAM BANKS
ADDRESS ADDRESS

TL/F/8409-1

Operational Features

® All DRAM drive functions on one chip—minimizes skew
on outputs, maximizes AC peformance

m On-chip capacitive-load drives (specified to drive up to
88 DRAMSs)

m Drives directly all 16k, 64k, and 256k DRAMs

B Capable of addressing 64k, 256k, or 1M words

m Propagation delays of 25 ns typical at 500 pF load

m CAS goes low automatically after column addresses are
valid if desired

B Auto Access mode provides RAS, row to column se-
lect, then CAS automatically and fast

m WE follows WIN unconditionally—offering READ,

WRITE or READ-MODIFY-WRITE cycles

B On-chip 9-bit refresh counter with selectable End-of-
Count (127, 255 or 511)

m End-of-Count indicated by RF 1/0 pin going low at 127,
255 or 511

m Low input on RF 170 resets 9-bit refresh counter

m CAS inhibited during refresh cycle

m Fall-through latches on address inputs controlled by
ADS

m TRI-STATE outputs allow multi-controller addressing of
memory

m Control output signals go high-impedance logic *“1”
when disabled for memory sharing

m Power-up: counter reset, control signals high, address
outputs TRI-STATE, and End-of-Count set to 127

Mode Features

M 8 modes of operation: 3 access, 3 refresh, and 2
set-up

m 2 externally controlled modes: 1 access and 1 refresh
(Modes 0, 4)

B 2 auto-access modes RAS — R/C — CAS automatic,
with tgaH = 20 or 30 ns minimum (Modes 5, 6)

W Auto-access mode allows Hidden Refreshing (Mode 5)

m Forced Refresh requested on RF 1/0 if no Hidden Re-
fresh (Mode 5)

m Forced Refresh performed after system acknowledge of
request (Mode 1)

B Automatic Burst Refresh mode stops at End-of-Count
of 127, 255, or 511 (Mode 2)

m 2 All-RAS Acces modes externally or automatically con-
trolled for memory initialization (Modes 3a, 3b)

m Automatic All-RAS mode with external 8-bit counter
frees system for other set-up routines (Mode 3a)

m End-of-Count value of Refresh Counter set by B1 and
BO (Mode 7)




Block and Connection Diagrams
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Order Number DP8409AD, DP8409AN,
DP8409AN-3 or DP8409AV-2
See NS Package Number D48A, N48A or V68A

Pin Definitions

Vces GND, GND—Vcc = 5V £5%. The three supply pins
have been assigned to the center of the package to reduce
voltage drops, both DC and AC. There are also two ground
pins to reduce the low level noise. The second ground pin is
located two pins from Vcg, so that decoupling capacitors
can be inserted directly next to these pins. It is important to
adequately decouple this device, due to the high switching
currents that will occur when all 9 address bits change in the
same direction simultaneously. A recommended solution
would be a 1 uF multilayer ceramic capacitor in parallel with
a low-voltage tantalum capacitor, both connected as close
as possible to pins 36 and 38 to reduce lead inductance.
See figure below.

VCC (PIN 36) O r I
*MULTILAYER

*TANTALUM

CERAMIC T :I_

TL/F/8409-4
*Capacitor values should be chosen depending on the particular application.

GND (PINS 38, 13) Qe
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Top View

RO-R8: Row Address Inputs.

C0~-C8: Column Address Inputs.

Q0-Q8: Multiplexed Address Outputs—Selected from
the Row Address Input Latch, the Column Address Input
Latch, or the Refresh Counter.*

RASIN: Row Address Strobe Input—Enables selected
RAS,, output when M2 (RFSH) is high, or all RAS, outputs
when RFSH is low.

R/C (RFCK)—In Auto-Refresh Mode this pin is the exter-
nal Refresh Clock Input: one refresh cycle has to be per-
formed each clock period. In all other modes it is Row/Col-
umn Select Input: selects either the row or column address
input latch onto the output bus.
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Pin Definitions (Continued)

TABLE I. DP8409A Mode Select Options

Mode (R'I;SZH) M1 Mo Mode of Operation Conditions
0 0 0 0 Externally Controlled Refresh RF1/0 = EOC
1 0 0 1 Auto Refresh—Forced RF 1/0 = Refresh Request (RFRQ)
2 0 1 0 Internal Auto Burst Refresh RF1/0 = EOC
3a 0 1 1 All RAS Auto Write RF 170 = EOC; All RAS Active
3b 0 1 1 Externally Controlled All RAS Access All RAS Active
4 1 0 0 Externally Controlled Access Active RAS Defined by Table Il
5 1 0 1 Auto Access, Slow tgan, Hidden Refresh Active RAS Defined by Table Ii
6 1 1 0 Auto Access, Fast traH Active RAS Defined by Table i
7 1 1 1 Set End of Count See Table Il for Mode 7

CASIN (RGCK)—In Auto-Refresh Mode, Auto Burst Mode,
and All-RAS Auto-Write Mode, this pin is the RAS Generator
Clock input. In all other modes it is CASIN (Column Address
Strobe Input), which inhibits CAS output when high in
Modes 4 and 3b. In Mode 6 it can be used to prolong CAS
output.

ADS: Address (Latch) Strobe Input—Row Address, Col-
umn Address, and Bank Select Latches are fall-through with
ADS high; Latches on high-to-low transition.

CS: Chip Select Input—The TRI-STATE mode will Address
Outputs and puts the control signal into a high-impedance
logic “1” state when high (unless refreshing in one of the
Refresh Modes). Enables all outputs when low.

MO, M1, M2: Mode Contro! Inputs—These 3 control pins
determine the 8 major modes of operation of the DP8409A
as depicted in Table I.

RF 1/0—The 1/0 pin functions as a Reset Counter Input
when set low from an external open-collector gate, or as a
flag output. The flag goes active-low in Modes 0 and 2 when
the End-of-Count output is at 127, 255, or 511 (see
Table lll). In Auto-Refresh Mode it is the Refresh Request
output.

WIN: Write Enable Input.

WE: Write Enable Output—Buffered output from WIN.*
CAS: Column Address Strobe Output—In Modes 3a, 5,
and 6, CAS transitions low following valid column address.
In Modes 3b and 4, it goes low after R/C goes low, or fol-
lows CASIN going low if R/C is already low. CAS is high
duing refresh.*

RAS 0-3: Row Address Strobe Outputs—Selects a mem-
ory bank decoded from B1 and BO (see Table ll), if RFSH is
high. If RFSH is low, all banks are selected.*

B0, B1: Bank Select Inputs—Strobed by ADS. Decoded to
enable one of the RAS outputs when RASIN goes low. Also
used to define End-of-Count in Mode 7 (Table IlI).

Conditions for All Modes

INPUT ADDRESSING

The address block consists of a row-address latch, a col-
umn-address latch, and a resettable refresh counter. The
address latches are fall-through when ADS is high and latch
when ADS goes low. If the address bus contains valid ad-
dresses until after the valid address time, ADS can be per-

manently high. Otherwise ADS must go low while the ad-
dresses are still valid.

In normal memory access operation, RASIN and R/C are
initially high. When the address inputs are enabled into the
address latches, the row addresses appear on the Q out-
puts. The address strobe also inputs the bank-select ad-
dress, (BO and B1). If CS is low, all outputs are enabled.
When TS is transitioned high, the address outputs go TRI-
STATE and the control outputs first go high through a low
impedance, and then are held by an on-chip high imped-
ance. This allows output paralleling with other DP8409As for
multi-addressing. All outputs go active about 50 ns after the
chip is selected again. If CS is high, and a refresh cycle
begins, all the outputs become active until the end of the
refresh cycle.

DRIVE CAPABILITY

The DP8409A has timing parameters that are specified with
up to 600 pF loads. In a typical memory system this is equiv-
alent to about 88, 5V-only DRAMs, with trace lengths kept
to a minimum. Therefore, the chip can drive four banks each
of 16 or 22 bits, or two banks of 32 or 39 bits, or one bank of
64 or 72 bits.

Less loading will slightly reduce the timing parameters, and
more loading will increase the timing parameters, according
to the graph of Figure 10. The AC performance parameters
are specified with the typical load capacitance of 88
DRAMs. This graph can be used to extrapolate the varia-
tions expected with other loading.

Because of distributed trace capacitance and inductance
and DRAM input capacitance, current spikes can be creat-
ed, causing overshoots and undershoots at the DRAM in-
puts that can change the contents of the DRAMs or even
destroy them. To remove these spikes, a damping resistor
(low inductance, carbon) can be inserted between the
DP8409A driver outputs and the DRAMSs, as close as possi-
ble to the DP8409A. The values of the damping resistors
may differ between the different control outputs; RASSs,
CAS, Q’s, and WE. The damping resistors should be deter-
mined by the first prototypes (not wire-wrapped due to the
larger distributed capacitance and inductance). The best
values for the damping resistors are the critical values giving
a critically damped transition on the control outputs. Typical
values for the damping resistors will be between 150 and
1009, the lower the loading the higher the value. (For more
information, see AN-305 “Precautions to Take When Driv-
ing Memories.”)
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Conditions for All Modes continued)
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DP8409A DRIVING ANY 16k OR 64k DRAMs with no on-RAM refresh counter. The DP8409A can drive all
The DP8409A can drive any 16k or 64k DRAMs. All 16k three configurations, and at the same time allows them all to
DRAMs are basically the same configuration, including the be interchangeable (as shown in Figures 1b and 71c), provid-
newer 5V-only version. Hence, in most applications, differ- ing maximum flexibility in the choice of DRAMs. Since the
ent manufacturers’ DRAMs are interchangeable (for the 9-bit on-chip refresh counter can be used as a 7-bit refresh
same supply-rail chips), and the DP8409A can drive all 16k counter for the 128-row conflguratlon, or as an 8-bit refresh
DRAMs (see Figure 1a). counter for the 256-row configuration, the on-RAM refresh

counter (if present) is never used. As long as 128 rows are
refreshed every 2 ms (i.e. 256 rows in 4 ms) all DRAM types
are correctly refreshed.

There are three basic configurations for the 5V-only 64k
DRAMSs: a 128-row by 512-column array with an on-RAM
refresh counter, a 128-row by 512-column array with no on-
RAM refresh counter, and a 256-row by 256-column array

DP8409A Interface between System and DRAM Banks
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. BUS E
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. TL/F/8409-6
FIGURE 1a. DP8409A with any 16k DRAMs
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FIGURE 1b. DP8409A with 128 Row x 512 Column 64k DRAM
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FIGURE 1c. DP8409A with 256 x 256 Column 64k DRAM
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Conditions for All Modes (continued)

When the DP8409A is in a refresh mode, the RF |I/O pin
indicates that the on-chip refresh counter has reached its
end-of-count. This end-of-count is selectable as 127, 255 or
512 to accommodate 16k, 64k or 256k DRAMs. Although
the end-of-count may be chosen to be any of these, the
counter always counts to 511 before rolling over to zero.

READ, WRITE, AND READ-MODIFY-WRITE CYCLES

The output signal, WE, determines what type of memory
access cycle the memory will perform. If WE is kept high
while CAS goes low, a read cycle occurs. If WE goes low
before CAS goes low, a write cycle occurs and data at DI
(DRAM input data) is written into the DRAM as CAS goes
low. If WE goes low later than towp after CAS goes low, first
a read occurs and DO (DRAM output data) becomes valid;
then data Dl is written into the same address in the DRAM
when WE goes low. In this read-modify-write case, DI and
DO cannot be linked together. The type of cycle is therefore
controlled by WE, which follows WIN,

POWER-UP INITIALIZE

When Vg is first applied to the DP8409A, an initialize pulse
clears the refresh counter, the internal control flip-flops, and
set the End-of-Count of the refresh counter to 127 (which
may be changed via Mode 7). As Vg increases to about
2.3V, it holds the output control signals at a level of one
Schottky diode-drop below Vgg, and the output address to
TRI-STATE. As Vg increases above 2.3V, control of these
outputs is granted to the system.

DP8409A Functional Mode
Descriptions

Note: All delay parameters stated in text refer to the DP8409A. Substitute
the respective delay numbers for the DP8409-2 or DP84039-3 when
using these devices.

MODE 0—EXTERNALLY CONTROLLED REFRESH

Figure 2 is the Externally Controlled Refresh Timing. In this
mode, the input address latches are disabled from the ad-
dress outputs and the refresh counter is enabled. When
RAS occurs, the enabled row in the DRAM is refreshed. In
the Externally Controlled Refresh mode, all RAS outputs are
enabled following RASIN, and CAS is inhibited. This refresh-
es the same row in all four banks. The refresh counter incre-
ments when either RASIN or RFSH goes low-to-high after a
refresh. RF 170 goes low when the count is 127, 255, or
511, as set by End-of-Count (see Table IIl), with RASIN and
RFSH low. To reset the counter to all zeros, RF 1/0 is set
low through an external open-collector driver.

During refresh, RASIN and RFSH must be skewed tran-
sitioning low such that the refresh address is valid on the
address outputs of the controller before the RAS outputs go
low. The amount of time that RFSH should go low before
RASIN does depends on the capacitive loading of the ad-
dress and RAS lines. For the load specified in the switching
characteristics of this data sheet, 10 ns is sufficient. Refer
to Figure 2.

To perform externally controlled burst refresh, RASIN is tog-
gled while RFSH is held low. The refresh counter incre-
ments with RASIN going low to high, so that the DRAM rows
are refreshed in succession by RASIN going high to low.
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FIGURE 2. External Control Refresh Cycle (Mode 0)




DP8409A Functional Mode Descriptions (Continued)

MODE 1—AUTOMATIC FORCED REFRESH

In Mode 1, the R/C (RFCK) pin becomes RFCK (refresh
cycle clock), instead of R/C, and CAS remains high. If
RFCK is kept permanently high, then whenever M2 (RFSH)
goes low, an externally controlled refresh will occur and all
RAS outputs will follow RASIN, strobing the refresh counter
contents to the DRAMs. The RF 1/0 pin will always output
high, but when set low externally through an open-collector
driver, the refresh counter resets as normal. This externally
controlled method may be preferred when operating in the
Automatic Access mode (Mode 5), where hidden or forced
refreshing is undesirable, but refreshing is still necessary.

If RFCK is an input clock signal, one (and only one) refresh
cycle must take place every RFCK cycle. Refer to Figure 9.
If a hidden refresh does not occur while RFCK is high, in
Mode 5, then RF 1/0 (Refresh Request) goes low immedi-
ately after RFCK goes low, indicating to the system that a
forced refresh is requested. The system must allow a forced
refresh to take place while RFCK is low (refer to Figure 3).
The Refresh Request signal on RF 1/0 may be connected
to a Hold or Bus Request input to the system. The system
acknowledges the Hold or Bus Request when ready, and
outputs Hold Acknowledge or Bus Request Acknowledge. If
this is connected to the M2 (RFSH) pin, a forced-refresh
cycle will be initiated by the DP8409A, and RAS will be inter-
nally generated on all four RAS outputs, to strobe the re-
fresh counter contents on the address outputs into all the

DRAMs. An external RAS Generator Clock (RGCK) is re-
quired for this function. It is fed to the CASIN (RGCK) pin,
and may be up to 10 MHz. Whenever M2 goes low (inducing
a forced refresh), RAS remains high for one to two periods
of RGCK, depending on when M2 goes low relative to the
high-to-low triggering edge of RGCK; RAS then goes low for
two periods, performing a refresh on all banks. In order to
obtain the minimum delay from M2 going low to RAS going
low, M2 should go low tgrrsrg before the next falling edge
of RGCK. The Refresh Request on RF I/0 is terminated as
RAS begins, so that by the time the system has acknowl-
edged the removal of the request and disabled its Acknowl-
edge, (i.e., M2 goes high), Refresh RAS will have ended,
and normal operations can begin again in the Automatic
Access mode (Mode 5). If it is desired that Refresh RAS end
in less than 2 periods of RGCK from the time RAS went low,
then M2 may be high earlier than trquRrr after RGCK goes
low and RAS will go high trrry after M2, if CS is low. If CS
is high, the RAS will go high after 25 ns after M2 goes high.
To allow the forced refresh, the system will have been inac-
tive for about 4 periods of RGCK, which can be as fast as
400 ns every RFCK cycle. To guarantee a refresh of 128
rows every 2 ms, a period of up to 16 us is required for
RFCK. In other words, the system may be down for as little
as 400 ns every 16 ps, or 2.5% of the time. Although this is
not excessive, it may be preferable to perform a Hidden
Refresh each RFCK cycle, which is allowed while still in the
Auto-Access mode, (Mode 5).
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FIGURE 3. DP8409A Performing a Forced Refresh (Mode 5 — 1 — 5) with Various Microprocessors
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DP8409A Functional Mode Descriptions (continued)
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FIGURE 4. Auto-Burst Mode, Mode 2

MODE 2—AUTOMATIC BURST REFRESH

This mode is normally used before and/or after a DMA op-
eration to ensure that all rows remain refreshed, provided
the DMA transfer takes less than 2 ms (see Figure 4). When
the DPB409A enters this mode, CASIN (RGCK) becomes
the RAS Generator Clock (RGCK), and RASIN is disabled.
CAS remains high, and RF 1/0 goes low when the refresh
counter has reached the selected End-of-Count and the last
RAS has ended. RF I/0 then remains low until the Auto-
Burst Refresh mode is terminated. RF 1/0 can therefore be
used as an interrupt to indicate the End-of-Burst conditions.

The signal on all four RAS outputs is just a divide-by-four of
RGCK; in other words, if RGCK has a 100 ns period, RAS is
high and low for 200 ns each cycle. The refresh counter
increments at the end of each RAS, starting from the count
it contained when the mode was entered. If this was zero,
then for a RGCK with a 100 ns period with End-of-Count set
to 127, RF 1/0 will go low after 128 X 0.4 ps, or 51.2 ps.
During this time, the system may be performing operations
that do not involve DRAM. If all rows need to be burst re-
freshed, the refresh counter may be cleared by setting RF
170 low externally before the burst begins.

Burst-mode refreshing is also useful when powering down
systems for long periods of time, but with data retention still
required while the DRAMSs are in standby. To maintain valid
refreshing, power can be applied to the DP8409A (set to
Mode 2), causing it to perform a complete burst refresh.
When end-of-burst occurs (after 26 us), power can then be
removed from the DP8409A for 2 ms, consuming an aver-
age power of 1.3% of normal operating power. No control
signal glitches occur when switching power to the
DP8409A.

MODE 3a—ALL-RAS AUTOMATIC WRITE

Mode 3a is useful at system initialization, when the memory
is being cleared (i.e., with all-zeros in the data field and the

corresponding check bits for error detection and correction).
This requires writing the same data to each location of
memory (every row of each column of each bank). All RAS
outputs are activated, as in refresh, and so are CAS and
WE. To write to all four banks simultaneously, every row is
strobed in each column, in sequence, until data has been
written to all locations.

To select this mode, B1 and BO must have previously been
set to 00, 01, or 10 in Mode 7, depending on the DRAM size.
For example, for 16k DRAMs, B1 and BO are 00. For 64k
DRAMs, B1 and B0 are 01, so that for the configuration of
Figure 1b, the 8 refresh counter bits are strobed by RAS into
the 7 row addresses and the ninth column address. After
this Automatic-Write process, B1 and BO must be set again
in Mode 7 to 00 to set End-of-Count to 127. For the configu-
ration of Figure 1c, B1 and BO set to 01 will work for Auto-
matic-Write and End-of-Count equals 255.

In this mode, R/C is disabled, WE is permanently enabled
low, and CASIN (RGCK) becomes RGCK. RF 1/0 goes low
whenever the refresh counter is 127, 255, or 511 (as set by
End-of-Count in Mode 7), and the RAS outputs are active.

Referring to Figure 5a, an external 8-bit counter (for 64k
DRAMs) with TRI-STATE outputs is required and must be
connected to the column address inputs. |t is enabled only
during this mode, and is clocked from RF /0. The
DP8409A refresh counter is used to address the rows, and
the column address is supplied by the external counter. Ev-
ery row for each column address is written to in all four
banks. At the End-of-Count RF 1/0 goes low, which clocks
the external counter.

Therefore, for each' column address, the refresh counter
first outputs row-0 to the address bus and all four RAS out-
puts strobe this row address into the DRAMs (see Figure
5b). A minimum of 30 ns after RAS goes low (traH =
30 ns), the refresh counter is disabled and the column ad-
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DP8409A Functional Mode Descriptions (continued)

dress input latch is enabled onto the address bus. About
14 ns after the column address is valid, CAS goes low, {tasc
= + 14 ns), strobing the column address into the DRAMs.
When RAS and CAS go high the refresh counter increments
to the next row and the cycle repeats. Since WE is kept low
in this mode, the data at DI (input data) of the DRAMSs is
written into each row of the latched column. During each
cycle RAS is high for two periods of RGCK and low for two
periods, giving a total write-cycle time of 400 ns minimum,
which is adequate for most 16k and 64k DRAMSs. On the last
row of a column, RF 1/0 increments the external counter to
the next column address.

a7 8-BIT
REQUIRED IF INTERRUPT <a={ COUNTER
SYSTEM STILL PAL

At the end of the last column address, an interrupt is gener-
ated from the external counter to let the system know that
initialization has been completed. During the entire initializa-
tion time, the system can be performing other initialization
functions. This approach to memory initialization is both au-
tomatic and fast. For instance, if four banks of 64k DRAMs
are used, and RGCK is 100 ns, a write cycle to the same
location in all four banks takes 400 ns, so the total time
taken in initializing the 64k DRAMs is 65k X 400 ns or
26 ms. When the system receives the interrupt, the external
counter must be permanently disabled. ADS and CS are
interfaced by the system, and the DP840SA mode is
changed. The interrupt must then be disabled.

OPERATING
WHILE DPB409A
IN MODE 3A

RF1/0
}-»-{ ADS
PROCESSOR OCTAL 8 _ 4
AODRESS BUFFER 7 co7 RS 0-3 [iere]
BU! 4
81 tas
je gy OPB40sA e [ JORAMS
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7 ROT 007 pm
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PAL

TL/F/8409-12

FIGURE 5a. DP8409A Extra Circuitry Required for All-RAS Auto Write Mode, Mode 3a
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FIGURE 5b. DP8409A All-RAS Auto Write Mode, Mode 3a, Timing Waveform
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DP8409A Functional Mode Descriptions (continued)

MODE 3b—EXTERNALLY CONTROLLED ALL-RAS
WRITE

To select this mode, B1 and BO must first have been set to
11 in Mode 7. This mode is useful at system initialization,
but under processor control. The memory address is provid-
ed by the processor, which also performs the incrementing.
All four RAS outputs follow RASIN (supplied by the proces-
sor), strobing the row address into the DRAMs. R/C can
now go low, while CASIN may be used to control CAS (as in
the Externally Controlled Access mode), so that CAS
strobes the column address contents into the DRAMs. At
this time WE should be low, causing the data to be written
into all four banks of DRAMSs. At the end of the write cycle,
the input address is incremented and latched by the
DP8409A for the next write cycle. This method is slower
than Mode 3a since the processor must perform the incre-
menting and accessing. Thus the processor is occupied dur-
ing RAM initialization, and is not free for other initialization

*Resistors
DRAM load.

required depends on

DRAMs MAYBE 16K, 64K OR 256K

FOR 4 BANKS, CAN DRIVE 16 DATA BITS
+6 CHECK BITS FOR ECC

FOR 2 BANKS, CAN DRIVE 32 DATA BITS
+7 CHECK BITS FOR ECC

FOR 1 BANK, CAN DRIVE 64 DATA BITS
+8 CHECK BITS FOR ECC

¥*

) >
ol ol

BANK
3

]

i

A0-6. 7.8

operations. However, initialization sequence timing is under
system control, which may provide some system advantage.

MODE 4—EXTERNALLY CONTROLLED ACCESS

This mode facilitates externally controliing all access-timing
parameters associated with the DRAMs. The application of
modes 0 and 4 are shown in Figure 6.

Output Address Selection

Refer to Figure 7a. With M2 (RFSH) and R/C high, the row
address latch contents are transferred to the multiplexed
address bus output Q0-Q8, provided CS is set low. The
column address latch contents are output after R/C goes
low. RASIN can go low after the row addresses have been
set up on Q0-Q8. This selects one of the RAS outputs,
strobing the row address on the Q outputs into the desired
bank of memory. After the row-address hold-time of the
DRAMs, R/C can go low so that about 40 ns later column
addresses appear on the Q outputs.
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FIGURE 6. Typical Application of DP8409A Using External Control Access and Refresh in Modes 0 and 4




DP8409A Functional Mode Descriptions (continued)

INPUTS

ADS (ALE) /] \
{ -——1ADS

SYSTEM
ADDRESS
BUS

RASIN

*INDICATES DYNAMIC RAM
PARAMETERS

ADDRESS VALID

X

R

TASN l
R/T I |
tRpdH
OUTPUTS = tRpoL ] «1RCC ] __,l ‘
RAS 0,1,2,3 tspd 1RHA [+—| I T -
~— g~ IAsn-|-———lmm —=! teR |~—
4
a0-8 zﬁq ROWS VALID COLUMNS VALID X ROWS
]
| —=| tas¢ [=—tcac*—
tAs I_

DRAM DATA OUT

‘ ._tms_.l

tRaC*

INPUTS

ADS (ALE) / \
{ +————— DS ——|

SYSTEM

ADDRESS %
BUS

1

ARSTH l

.

DATA OUT VALID

>_

FIGURE 7a. Read Cycle Timing (Mode 4)

*INDICATES DYNAMIC RAM
PARAMETERS

<—1A5A—»]<—'AHA—>

ADDRESS VALID

X

| RpoH

R/T

tCpdt

WwiN

DRAM DATA IN

QUTPUTS

<tnng-

RAS 0,1.2.3

tSpd—|

{{ DATA IN VALID V4

-—1DS

10H*

«—tapd—=| 1ASR"|

[——1RAH * |

—

tRCR l‘-

Q0-8

ROWS VALID K

COLUMNS VALID

X ROWS

twpdL

—] tepan |-

- WCS -

tWpdH

+———tweHe—|

FIGURE 7b. Write Cycle Timing (Mode 4)

TL/F/8409-15

TL/F/8408-16

1-31

v60v8dad




DP8409A

DP8409A Functional Mode Descriptions (continued)

Automatic CAS Generation

In a normal memory access cycle CAS can be derived from
inputs CASIN or R/C. If CASIN is high, then R/C going low
switches the address output drivers from rows to columns.
CASIN then going low causes CAS to go low approximately
40 ns later, allowing CAS to occur at a predictable time (see
Figure 7b). If CASIN is low when R/C goes low, CAS will be
automatically generated, following the row to column tran-
sition by about 20 ns (see Figure 7a). Most DRAMs have a
column address set-up time before CAS (tasc) of 0 ns or
—10 ns. In other words, a tagc greater than 0 ns is safe.

Fast Memory Access

AC parameters tpiry, tpiF2 may be used to determine the
minimum delays required between RASIN, R/C, and CASIN
(see Application Brief 9; “Fastest DRAM Access Mode™).

MODE 5—AUTOMATIC ACCESS WITH HIDDEN REFRESH

The Auto Access with Hidden Refresh mode has two ad-
vantages over the Externally Controlled Access mode, due
to the fact that all outputs except WE are initiated from
RASIN. First, inputs R/C and CASIN are unnecessary and
can be used for other functions (see Refreshing, below).
Secondly, because the output control signals are derived
internally from one input signal (RASIN), timing-skew prob-
lems are reduced, thereby reducing memory access time
substantially or allowing use of slower DRAMs. The auto-
matic access features of Mode 5 (and Mode 6) of the
DP8409A make DRAM accessing appear essentially “stat-

ic”.
Automatic Access Control

The major disadvantage of DRAMs compared to static
RAMs is the complex timing involved. First, a RAS must
occur with the row address previously set up on the multi-
plexed address bus. After the row address has been held
for traH, (the Row-Address hold-time of the DRAM), the
column address is set up and then CAS occurs. This is all
performed automatically by the DP8409A in this mode.

Provided the input address is valid as ADS goes low, RASIN
can go low any time after ADS. This is because the selected
RAS occurs typically 27 ns later, by which time the row ad-
dress is already valid on the address output of the
DP8409A. The Address Set-Up time (tagg), is 0 ns on most
DRAMs. The DP8409A in this mode (with ADS and RASIN
edges simultaneously applied) produces a minimum tagg of
0 ns. This is true provided the input address was valid taga
before ADS went low (see Figure 8a).

Next, the row address is disabled after tgay (30 ns mini-
mum); in most DRAMS, tgay minimum is less than 30 ns.
The column address is then set up and tagc later, CAS
occurs. The only other control input required is WIN. When
a write cycle is required, WIN must go low at least 30 ns
before CAS is output low.

This gives a total typical delay from: input address valid to
RASIN (15 ns); to RAS (27 ns); to rows held (50 ns); to
columns valid (25 ns); to CAS (23 ns) = 140 ns (that is,
125 ns from RASIN). All of these typcial figures are for
heavy capacitive loading, of approximately 88 DRAMSs.

This mode is therefore extremely fast. The external timing is
greatly simplified for the memory system designer: the only
system signal required is RASIN.

Refreshing

Because R/C and CASIN are not used in this mode, R/C
becomes RFCK (refresh clock) and CASIN becomes RGCK
(RAS generator clock). With these two signals it is possible
to peform refreshing without extra ICs, and without holding
up the processor.

One refresh cycle must occur during each refresh clock pe-
riod and then the refresh address must be incremented to
the next refresh cycle. As long as 128 rows are refreshed
every 2 ms (one row every 16 us), all 16k and 64k DRAMs
will be correctly refreshed. The cycle time of RFCK must,
therefore, be less than 16 us. RFCK going high sets an
internal refresh-request flip-flop. First the DP8409A will at-
tempt to perform a hidden refresh so that the system
throughput will not be affected. If, during the time RFCK is
high, CS on the DP8409A goes high and RASIN occurs, a
hidden refresh will occur. In this case, RASIN should be
considered a common read/write strobe. In other words, if
the processor is accessing elsewhere (other than the
DRAMs) while RFCK is high, the DP8409A will perform a
refresh. The refresh counter is enabled to the address out-
puts whenever CS goes high with RFCK high, and all RAS
outputs follow RASIN. If a hidden refresh is taking place as
RFCK goes low, the refresh continues. At the start of the
hidden refresh, the refresh-request flip-flop is reset so no
further refresh can occur until the next RFCK period starts
with the positive-going edge of RFCK. Refer to Figure 9.

To determine the probability of a Hidden Refresh occurring,
assume each system cycle takes 400 ns and RFCK is high
for 8 us, then the system has 20 chances to not select the
DP8409A. If during this time a hidden refresh did not occur,
then the DP8409A forces a refresh while RFCK is low, but
the system chooses when the refresh takes place. After
RFCK goes low, (and the internal-request flip-flop has not
been reset), RF 1/0 goes low indicating that a refresh is
requested to the system. Only when the system acknowl-
edges this request by setting M2 (RFSH) low does the
DP8409A initiate a forced refresh (which is performed auto-
matically). Refer to Mode 1, and Figure 3. The internal re-
fresh request flip-flop is then reset.

Figure 9 illustrates the refresh alternatives in Mode 5. If a
hidden refresh has occurred and CS again goes high before
RFCK goes low, the chip is deselected. All the control sig-
nals go high-impedance high (logic “1”) and the address
outputs go TRI-STATE until CS again goes low. This mode
(combined with Mode 1) allows very fast access, and auto-
matic refreshing (possibly not even slowing down the sys-
tem), with no extra ICs. Careful system design can, and
should, provide a higher probability of hidden refresh occur-
ring. The duty cycle of RFCK need not be 50-percent; in
fact, the low-time should be designed to be a minimum. This
is determined by the worst-case time (required by the sys-
tem) to respond to the DP8409A’s forced-refresh request.
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DP8409A Functional Mode Descriptions (continued)
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DP8409A Functional Mode Descriptions (Continued)
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DP8409A Functional Mode Descriptions (continued)

TABLE Il. Memory Bank Decode

Bank Select
(Strobed by ADS) Enabled RAS,,
B1 BO
0 0 ASg
0 1 RAS;
1 0 RAS3
1 1 RAS3

Note that RASIN going low earlier than tcggy after CS goes
low may result in the DP8409A interpreting the RASIN as a
hidden refresh RASIN if no hidden refresh has occurred in
the current RFCK cycle. In this case, all RAS outputs would
go low for a short time. Thus, it is suggested that when
using Mode 5, RASIN should be held high until tcgr after
CS goes low if a refresh is not intended. Similarly, CS should
be held low for a minimum of tcgr| after RASIN returns high
when ending the access in Mode 5.

MODE 6—FAST AUTOMATIC ACCESS

The Fast Access mode is similar to Mode 5, but has a faster
traH of 20 ns, minimum. It therefore can only be used with
fast 16k or 64k DRAMs (which have a tgay of 10 ns to
15 ns) in applications requiring fast access times; RASIN to
CAS is typically 105 ns.

In this mode, the R/C (RFCK) pin is not used, but CASIN
(RGCK) is used as CASIN to allow an extended CAS after
RAS has already terminated. Refer to Figure 8b. This is de-

sirable with fast cycle-times where RAS has to be terminat-
ed as soon as possible before the next RAS begins (to meet
the precharge time, or tgp, requirements of the DRAM).
CAS may then be held low by CASIN to extend the data
output valid time from the DRAM to allow the system to read
the data. CASIN subsequently going high ends CAS. If this
extended CAS is not required, CASIN should be set high in
Mode 6.

There is no internal refresh-request flip-flop in this mode, so

any refreshing required must be done by entering Mode 0 or
Mode 2.

MODE 7—SET END-OF-COUNT

The End-of-Count can be externally selected in Mode 7,
using ADS to strobe in the respective value of B1 and BO
(see Table IIl). With B1 and BO the same EOC is 127; with
B1 = 0 and BO = 1, EOC is 255; and with B1 = 1 and BO
= 0, EOC is 511. This selected value of EOC will be used
until the next Mode 7 selection. At power-up the EOC is
automatically set to 127 (B1 and BO set to 11).

TABLE Ill. Mode 7

Bank Select
(Strobed by ADS) End of Count
Selected

B1 BO

0 0 127

0 1 255

1 0 511

1 1 127

ns
o
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FIGURE 10. Change in Propagation Delay vs. Loading Capacitance Relative to a 500 pF Load
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DP8409A

Absolute Maximum Ratings (Note 1)
Speclfications for Military/Aerospace products are not
contained in this datasheet. Refer to the assoclated
rellabllity electrical test specifications document.

Maximum Power Dissipation* at 25°C
Cavity Package
Molded Package

*Derate cavity package 23.6 mW/°C above 25°C; derate molded package
22.7 mW/°C above 25°C.

3542 mW
2833 mW

Supply Vpltage, Vee - 7.0V

Storage Temperature Range —65°C to +150°C oPerating Conditions

Input Voltage 5.5V Min Max Units
Output Current 150 mA Vcc Supply Voltage 4.75 5.25 v
Lead Temperature (Soldering, 10 seconds) 300°C Ta Ambient Temperature 0 +70 °C
Electrical Characteristics vcc = 5.0V 5%, 0°C < T4 < 70°C (unless otherwise noted) (Notes 2, 6)

Symbol Parameter Condition Min Typ Max Units
Ve Input Clamp Voltage Voc = Min, Ic = —12mA -0.8 -1.2 \
H1 Input High Current for ADS, R/C Only VN = 2.5V 2.0 100 pA
iH2 Input High Current for All Other Inputs* VIN = 2.5V 1.0 50 RA
I RSI QOutput Load Current for RF 1/0 VN = 0.5V, Output High -1.5 —-25 mA
|| CTL Output Load Current for RAS, CAS, WE ViN = 0.5V, Chip Deselect -15 -25 mA
hiLe Input Low Current for ADS, R/C Only VN = 0.5V -0.1 -1.0 mA
hL2 Input Low Current for All Other Inputs* VN = 0.5V —-0.05 -0.5 mA
ViL Input Low Threshold 0.8 \
Vi Input High Threshold 2.0 v
VoLi Output Low Voltage* loL = 20mA 0.3 0.5 v
VoL2 Qutput Low Voltage for RF I/0 loL = 10mA 0.3 0.5 \"
VoH1 Output High Voltage* loH= —1mA 24 3.5 \"
Vo2 Output High Voltage for RF 1/0 loy = — 100 pA 24 35 \"
lip Output High Drive Current* Vout = 0.8V (Note 3) -200 mA
lop Output Low Drive Current* Vout = 2.7V (Note 3) 200 mA
st (o] w0 | @ | om
lec Supply Current Vce = Max 250 325 mA

*Except RF 1/0 Output.

Switching Characteristics: DP8409A/DP8409A-3
Ve = 5.0V +£5%, 0°C < Tp < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: Q0-Q8, C; = 500 pF; RAS0-RASS, C =
150 pF; WE, CL = 500 pF; CAS, C|_ = 600 pF, (unless otherwise noted). See Figure 77 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 k2 unless otherwise noted. Maximum propagation delays are specified
with all outputs switching.

Symbol Parameter Conditions 8409 8409A-3 Units
Min | Typ l Max Min | Typ | Max

ACCESS ‘

tRicL RASIN to CAS Output Delay (Mode 5) | Figure 8a 95 125 | 160 95 125 | 185 ns
tricL RASIN to CAS Output Delay (Mode 6) | Figures8a,8b | 80 105 | 140 80 105 | 160 ns
tRICH RASIN to TAS Output Delay (Mode 5) | Figure 8a 40 48 60 40 48 70 ‘ns
tRICH RASIN to CAS Output Delay (Mode 6) | Figures 8a,8b | 50 63 80 50 63 95 ns
tReDL RAS to CAS Output Delay (Mode 5) Figure 8a 98 125 98 145 ns
tReoL RAS to CAS Output Delay (Mode 6) Figures 8a, 8b 78 105 78 120 ns
tRCDH RAS to CAS Output Delay (Mode 5) Figure 8a 27 40 27 40 ns
tRCDH RAS to CAS Output Delay (Mode 6) Figure 8a 40 65 40 65 ns
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Switching Characteristics: DP8409A/DP8409A-3 (Continued)
Vece = 5.0V £5%, 0°C < Tp < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each or 88 DRAMSs including trace capacitance. These values are: Q0-Q8, C| = 500 pF; RASO-RAS3, C| =
150 pF; WE, C_ = 500 pF; CAS, C_ = 600 pF, (unless otherwise noted). See Figure 11 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 k€l unless otherwise noted. Maximum propagation delays are specified

with all outputs switching.

Symbol Parameter Conditions DP8409A DP8409A-3 Units
Min | Typ I Max | Min | Typ I Max

ACCESS (Continued)

tccoH CASIN to CAS Output Delay (Mode 6) Figure 8b 40 | 54 | 70 | 40 | 54 | 80 ns
tRAH Row Address Hold Time (Mode 5) Figure 8a 30 30 ns
tRAH Row Address Hold Time (Mode 6) Figures 8a, 8b 20 20 ns
tasc Column Address Setup Time (Mode 5) Figure 8a 8 ns
tasc Column Address Setup Time (Mode 6) Figures 8a, 8b 6 ns
tRov RASIN to Column Address Valid (Mode 5) Figure 8a 90 | 120 90 [ 140 | ns
trov RASIN to Column Address Valid (Mode 6) Figures 8a, 8b 75 | 105 75 [ 120 | ns
tRPOL RASIN to RAS Delay Figures 7a, 7b,8a,8b | 20 | 27 | 35 | 20 | 27 | 40 ns
tRPDH RASIN to RAS Delay Figures 7a,7b,8a,8b | 156 | 23 | 32 | 156 | 23 | 37 | ns
tapDL Address Input to Output Low Delay Figures 7a, 7b, 8a, 8b 25 40 25 46 ns
tAPDH Address Input to Output High Delay Figures 7a, 7b, 8a, 8b 25 | 40 25 | 46 ns
tsppL Address Strobe to Address Output Low Figures 7a, 7b 40 | 60 40 [ 70 ns
tsPDH Address Strobe to Address Output High Figures 7a, 7b 40 | 60 40 [ 70 ns
tasA Address Set-Up Time to ADS Figures 7a, 7b, 8a, 8b 15 15 ns
tAHA Address Hold Time from ADS Figures 7a, 7b, 8a, 8b 15 15 ns
taps Address Strobe Pulse Width Figures 7a, 7b, 8a, 8b 30 30 ns
twPDL WIN to WE Output Delay Figure 7b 15| 25 | 30 | 15| 25 | 85 ns
twPDH WIN to WE Output Delay Figure 7b 15| 30 | 80 | 15 | 30 | 70 ns
tcas CASIN Set-Up Time to RASIN High (Mode 6) | Figure 8b 35 35 ns
tcppL CASIN to CAS Delay (R/C LowinMode 4) | Figure 7b 32| 41 |68 | 32|41 | 77 | ns
tcPDH CASIN to CAS Delay (R/C Low in Mode 4) Figure 7b 25 | 39 | 50 | 25 [ 39 | 60 ns
trcc Column Select to Column Address Valid Figure 7a 40 | 58 40 | 67 ns
tRcR Row Select to Row Address Valid Figures 7a, 7b 40 | 58 40 [ 67 ns
tRHA Row Address Held from Column Select Figure 7a 10 10 ns
tccas R/C Low to CAS Low (Mode 4 Auto CAS) Figure 7a 65 | 90 ns
toiIF1 Maximum (tgrppL — tRHA) See Mode 4 Descrip. 13 18 ns
toiF2 Maximum (trcc — tcpol) See Mode 4 Descrip. 13 18 ns
REFRESH '
tRc Refresh Cycle Period Figure 2 100 100 ns
tRASINL, H | Pulse Width of RASIN during Refresh Figure 2 50 50 ns
tRFPOL RASIN to RAS Delay during Refresh Figures 2, 9 35 |50 | 70 | 35 | 50 | 80 | ns
tREPDH RASIN to RAS Delay during Refresh Figures 2, 9 30 | 40 | 55 | 30 | 40 | 65 ns
tRFLCT RFSH Low to Counter Address Valid CS = X, Figures 2, 3, 4 47 | 60 47 | 70 ns
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DP8409A

Switching Characteristics: DP8409A/DP8409A-3 (Continued)
Vee = 6.0V £5%, 0°C < Ta < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: Q0-Q8, C| = 500 pF; RASO-RASS, C| =
150 pF; WE, C_ = 500 pF; CAS, C_ = 600 pF, (unless otherwise noted). See Figure 77 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 k) unless otherwise noted. Maximum propagation delays are specified

with all outputs switching.

DP8409A

DP8409A-3

Symbol Parameter Conditions Units
Min | Typ | Max | min | Typ [ Max
REFRESH (Continued)
tRFHRYV RFSH High to Row Address Valid Figures 2, 3 45 | 60 45 | 70 ns
troune | RAS High to New Count Valid Figures 2, 4 30 | 55 30 | 55 ns
taLeoc | RASIN Low to End-of-Count Low CL = 50 pF, Figure 2 80 80 ns
taneoc | RASIN High to End-of-Count High CL = 50 pF, Figure 2 80 80 ns
tRgeos | RGCK Low to End-of-Burst Low CL = 50 pF, Figure 4 95 95 ns
tMceoB Mode Change to End-of-Burst High C_ = 50 pF, Figure 4 75 75 ns
trsT Counter Reset Pulse Width Figure 2 70 70 ns
toTL RF 170 Low to Counter Outputs All Low Figure 2 100 100 ns
tRFCKL, H | Minimum Pulse Width of RFCK Figure 9 100 100 ns
T Period of RAS Generator Clock Figure 3 100 100 ns
tRGCKL Minimum Pulse Width Low of RGCK Figure 3 35 40 ns
tReckH | Minimum Pulse Width High of RGCK Figure 3 35 40 ns
tFRQL RFCK Low to Forced RFRQ Low CL = 50 pF, Figure 3 20 | 30 20 | 30 ns
tFRQH RGCK Low to Forced RFRQ High Cy = 50 pF, Figure 3 50 | 75 50 | 75 ns
tRGRL RGCK Low to RAS Low Figure 3 50 | 65 | 95 [ 50 | 65 | 95 ns
tRGRH RGCK Low to RAS High Figure 3 40 | 60 | 85 | 40 | 60 | 85 ns
traHRe | RFSH Hold Time from RFSH RQST (RF I/0) | Figure 3 2T 27 ns
tRFRH RFSH High to RAS High (ending forced RFSH) | See Mode 1 Descrip. | 55 | 80 | 110 | 55 | 80 | 125 | ns
tRFSRG RFSH Low Set-Up to RGCK Low (Mode 1) See Mode 1 Descrip. 35 40 ns
fcscT CS High to RFSH Counter Valid Figure 9 55 | 70 55 | 75 ns
tcsRL CS Low to Access RASIN Low See Mode 5 Descrip. | 30 30 ns
TRI-STATE
zH CS Low to Address Output High from Hi-Z ::;;u;e:sa'.:,kfiz sk a5 | 60 35 | 60 ns
tHz CS High to Address Output Hi-Z from High Cp = 15pF,
Figures 9, 12, 20 | 40 20 | 40 ns
R2 = 1k, S1 Open
tz2L CS Low to Address Output Low from Hi-Z I:?u;e;z,k,iiz i 35 | 60 a5 | 60 ns
Wz CS High to Address Output Hi-Z from Low CL = 15pF,
Figures 8, 12, 25 50 25 50 ns
R1 = 1k, S2 Open
tHzH giS.ZL:\g :]o Control Qutput High from :gu:a; :0 (11.‘2,31 open 50 | 80 50 | 80 ns
HHZ CS High to Control Qutput Hi-Z High CL = 15pF,
from High Figures 9, 12, 40 | 75 40 | 75 ns
R2 = 750Q, S1 Open




Switching Characteristics: DP8409A/DP8409A-3 (Continued)

Vee = 6.0V £5%, 0°C < Ta < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMSs each or 88 DRAMs including trace capacitance. These values are: Q0-Q8, C_ = 500 pF; RAS0-RAS3, C =
150 pF; WE, C|_ = 500 pF; CAS, C = 600 pF, (unless otherwise noted). See Figure 11 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 kQ2 unless otherwise noted. Maximum propagation delays are specified
with all outputs switching.

v60¥8da

Symbol Parameter Conditions DPB40SA DPB409A-3 Unlts
Min | Typ | Max | min | Typ | max

TRI-STATE (Continued)
tHzL CS Low to Control Output Low from | Figure 12,

Hi-Z High $1, 2 Open o7 A
t Hz CS High to Control Output Hi-Z High | C_ = 15pF,

from Low Figure 12, 50 80 50 80 ns

R2 = 7509, S1 Open

Switching Characteristics: DP8409A-2

Vo = 5.0V £5%, 0°C < Tp < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: Q0-Q8, C_ = 500 pF; RAS0-RAS3, C_ =
150 pF; WE, C| = 500 pF; CAS, C_ = 600 pF, (unless otherwise noted). See Figure 771 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 kQ unless otherwise noted. Maximum propagation delays are specified
with all outputs switching.

Symbol Parameter Conditions 8409A-2 Units
Min I Typ | Max

ACCESS

tRICL RASIN to CAS Output Delay (Mode 5) Figure 8a 75 100 130 ns
tRICL RASIN to CAS Output Delay (Mode 6) Figures 8a, 8b 65 90 115 ns
tRICH RASIN to CAS Output Delay (Mode 5) Figure 8a 40 48 60 ns
tRICH RASIN to CAS Output Delay (Mode 6) Figures 8a, 8b 50 63 80 ns
tRcoL RAS to CAS Output Delay (Mode 5) Figure 8a 75 100 ns
tRcoL RAS to CAS Output Delay (Mode 6) Figures 8a, 8b 65 85 ns
tRCDH RAS to CAS Output Delay (Mode 5) Figure 8a 27 40 ns
tRCDH RAS to CAS Output Delay (Mode 6) Figure 8a 40 65 ns
tceoH CASIN to CAS Output Delay (Mode 6) Figure 8b 40 54 70 ns
tRAH Row Address Hold Time (Mode 5) (Note 7) Figure 8a 20 ns
tRAH Row Address Hold Time (Mode 6) (Note 7) Figures 8a, 8b 12 ns
tasc Column Address Set-Up Time (Mode 5) Figure 8a 3 ns
tasc Column Address Set-Up Time (Mode 6) Figures 8a, 8b 3 ns
trov RASIN to Column Address Valid (Mode 5) Figure 8a 80 105 ns
tRov RASIN to Column Address Valid (Mode 6) Figures 8a, 8b 70 90 ns
tRPDL RASIN to RAS Delay Figures 7a, 7b, 8a, 8b 20 27 35 ns
tRPDH RASIN to RAS Delay Figures 7a, 7b, 8a, 8b 15 23 32 ns
tAPDL Address Input to Output Low Delay Figures 7a, 7b, 8a, 8b 25 40 ns
tAPDH Address Input to Output High Delay Figures 7a, 7b, 8a, 8b 25 40 ns
tspDL Address Strobe to Address Output Low Figures 7a, 7b 40 60 ns
tsPDH Address Strobe to Address Output High Figures 7a, 7b 40 60 ns
tasa Address Set-Up Time to ADS Figures 7a, 7b, 8a, 8b 15 ns
tAHA Address Hold Time from ADS Figures 7a, 7b, 8a, 8b 15 ns
taDs Address Strobe Pulse Width Figures 7a, 7b, 8a, 8b 30 ns
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Switching Characteristics: DP8409A-2 (Continued)
Vee = 5.0V £5%, 0°C < Tp < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: Q0-Q8, C| = 500 pF; RAS0-RASS3, C_ =
150 pF; WE, C = 500 pF; CAS, C_ = 600 pF, (unless otherwise noted). See Figure 17 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 k€2 unless otherwise noted. Maximum propagation delays are specified
with all outputs switching.

Symbol Parameter Conditions 8409A-2 Units
Min | Typ | Max

ACCESS (Continued)

twPDL WIN to WE Output Delay Figure 7b 15 25 30 ns
twPDH WIN to WE Output Delay Figure 7b 15 30 60 ns
tcRrs CASIN Set-Up Time to RASIN High (Mode 6) Figure 8b 35 ns
tcpoL CASIN to CAS Delay (R/C Low in Mode 4) Figure 7b 32 41 58 ns
tcPDH CASIN to CAS Delay (R/C Low in Mode 4) Figure 7b 25 39 50 ns
trce Column Select to Column Address Valid Figure 7a 40 58 ns
tRCR Row Select to Row Address Valid Figures 7a, 7b 40 58 ns
tRHA Row Address Held from Column Select Figure 7a 10 ns
tccas R/C Low to CAS Low (Mode 4 Auto CAS) Figure 7a 55 75 ns
tDIF1 Maximum (tgppr — tRHA) See Mode 4 Descript. 13 ns
toiF2 Maximum (tacc — tcppl) See Mode 4 Descript. 13 ns
REFRESH

tRc Refresh Cycle Period Figure 2 100 ns
tRASINL, H Pulse Width of RASIN during Refresh Figure 2 50 ns
tREPDL RASIN to RAS Delay during Refresh Figures 2, 9 35 50 70 ns
tREPDH RASIN to RAS Delay during Refresh Figures 2, 9 30 40 55 ns
tRFLCT RFSH Low to Counter Address Valid CS = X,Figures 2,3, 4 47 60 ns
tRFHRY RFSH High to Row Address Valid Figures 2, 3 45 60 ns
tROHNC RAS High to New Count Valid Figures 2, 4 30 55 ns
tRLEOC RASIN Low to End-of-Count Low CL = 50 pF, Figure 2 80 ns
tRHEOC RASIN High to End-of-Count High CL = 50 pF, Figure 2 80 ns
tRGEOB RGCK Low to End-of-Burst Low CL = 50 pF, Figure 4 95 ns
tMceoB Mode Change to End-of-Burst High C = 50 pF, Figure 4 75 ns
tRsT Counter Reset Pulse Width Figure 2 70 ns
toTL RF 1/0 Low to Counter Outputs All Low Figure 2 100 ns
tRFCKL, H Minimum Pulse Width of RFCK Figure 9 100 ns
T Period of RAS Generator Clock Figure 3 100 ns
tRGCKL Minimum Pulse Width Low of RGCK Figure 3 35 ns
tRGCKH Minimum Pulse Width High of RGCK Figure 3 35 ns
tFRQL RFCK Low to Forced RFRQ Low CL = 50 pF, Figure 3 20 30 ns
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Switching Characteristics: DP8409A-2 (continued)

Voe = 5.0V £5%, 0°C < Tp < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: Q0-Q8, C| = 500 pF; RAS0~-RASS3, C| =
150 pF; WE, C| = 500 pF; CAS, C_ = 600 pF, (unless otherwise noted). See Figure 11 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 kQ unless otherwise noted. Maximum propagation delays are specified

with all outputs switching.

Symbol Parameter Conditions 8409A-2 Units
Min | Typ | Max
REFRESH (Continued)
tFRQH RGCK Low to Forced RFRQ High CL = 50 pF, Figure 3 50 75 ns
tRGRL RGCK Low to RAS Low Figure 3 50 65 95 ns
tRGRH RGCK Low to RAS High Figure 3 40 60 85 ns
tRQHRF RFSH Hold Time from RFSH RQST (RF 1/0) Figure 3 2T ns
tRFRH RFSH High to RAS High (Ending Forced RFSH) See Mode 1 Descrip. 55 80 110 ns
tRFSRG RFSH Low Set-Up to RGCK Low (Mode 1) See Mode 1 Descrip. 35 ns
teseT CS High to RFSH Counter Valid Figure 9 55 70 ns
tcshL CS Low to Access RASIN Low See Mode 5 Descrip. 30 ns
tzH CS Low to Address Output High from Hi-Z Figures 9, 12, 35 60 ns
R1 = 3.5k, R2 = 1.5k
thz CS High to Address Output Hi-Z from High CL = 15pF,
Figures 9, 12, 20 40 ns
R2 = 1k, S1 Open
tzL CS Low to Address Output Low from Hi-Z Figures 9, 12, a5 60 ns
R1 = 3.5k, R2 = 1.5k
tLz CS High to Address Output Hi-Z from Low CL = 15pF,
Figures 9, 12, 25 50 ns
R1 = 1k, S2 Open
tHzH CS Low to Control Output High from Figures 9, 12, 50 80 ns
Hi-Z High R2 = 750Q, S1 Open
tHHZ CS High to Control Output Hi-Z High C_L = 15pF,
from High Figures 9, 12, 40 75 ns
R2 = 7500, S1 Open
tHzL CS Low to Control Output Low from Figure 12, 45 25 ns
Hi-Z High S1,S2 Open
tLHz CS High to Control Output Hi-Z High CL = 15pF,
from Low Figure 12, 50 80 ns
R2 = 7500, S1 Open
Input Capacitance 1, = 25°C (Notes 2, 6)
Symbol Parameter Conditions Min Typ Max Units
Cin Input Capacitance ADS, R/C 8 pF
CiN Input Capacitance All Other Inputs 5 pF

Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The table of “Electrical Characteristics™ provides conditions for actual device operation.

Note 2: All typical values are for Ty = 25°C and Vgg = 5.0V.

Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing these parameters. In testing
these parameters, a 15 resistor should be placed in series with each output under test. One output should be tested at a time and test time should not exceed 1
second.

Note 4: [nput pulse OV to 3.0V, tg = tg = 2.5 ns, f = 2.5 MHz, tpyy = 200 ns. Input reference point on AC measurements is 1.5V. Output reference points are 2.7V
for High and 0.8V for Low.

Note 5: The load capacitance on RF 1/0 should not exceed 50 pF.

Note 6: Applies to all DP8409A versions unless otherwise specified.

Note 7: The DP8409A-2 device can only be used with memory devices that meet the tgay specification indicated.
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DP8409A

Applications

If external control is preferred, the DP8409A may be used in
Mode 0 or 4, as in Figure 6.

If basic auto access and refresh are required, then in cases
where the user requires the minimum of external complexity,
Modes 1 and 5 are ideal, as shown in Figure 13a. The
DPB43X2 is used to provide proper arbitration between
memory access and refresh. This chip supplies all the nec-
essary control signals to the processor as well as the
DP8409A. Furthermore, two separate CAS outputs are also
included for systems using byte-writing. The refresh clock
RFCK may be divided down from either RGCK using an IC
counter such as the DM74LS393 or better still, the
DP84300 Programmable Refresh Timer. The DP84300 can
provide RFCK periods ranging from 15.4 us to 15.6 ps
based on the input clock of 2 to 10 MHz. Figure 13b shows
the general timing diagram for interfacing the DP8409A to
different microprocessors using the interface controller
DP843X2.

$1

03;5‘:!; o—».'&.— TEST POINT
TEST 14
52
%S
k2

= TL/F/8409-21
FIGURE 11. Output Load Circuit

If the system is complex, requiring automatic access and
refresh, burst refresh, and all-banks auto-write, then more
circuitry is required to select the mode. This may be accom-
plished by utilizing a PAL®. The PAL has two functions. One
as an address comparator, so that when the desired port
address occurs (programmed in the PAL), the comparator
gates the data into a latch, where it is connected to the
mode pins of the DP8409A. Hence the mode of the
DP8409A can be changed as desired with one PAL chip
merely by addressing the PAL location, and then outputting
data to the mode-control pins. In this manner, all the auto-
matic modes may be selected, assigning R/C as RFCK al-
ways, and CASIN as RGCK always. The output from RF 1/0
may be used as End-of-Count to an interrupt, or Refresh
Request to HOLD or BUS REQUEST. A complex system
may use Modes 5 and 1 for automatic access and refresh,
Modes 3a and 7 for system initialization, and Mode 2 (auto-
burst refresh) betore and after DMA.
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FIGURE 12. Waveform
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FIGURE 13a. Connecting the DP8409A Between the 16-Bit Microprocessor and Memory
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Applications (Continued)
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DP8417/NS32817/8418/32818/8419/32819/8419X/32819X

National
Semiconductor
Corporation

PRELIMINARY

DP8417/NS32817, 8418/32818, 8419/32819, 8419X/
32819X 64k, 256k Dynamic RAM Controller/Drivers

General Description

The DP8417/8418/8419/8419X represent a family of 256k
DRAM Controller/Drivers which are designed to provide
“No-Waitstate” CPU interface to Dynamic RAM arrays of up
to 2 Mbytes and larger. Each device offers slight functional
variations of the DP8419 design which are tailored for differ-
ent system requirements. All family members are fabricated
using National's new oxide isolated Advanced Low power
Schottky (ALS) process and use design techniques which
enable them to significantly out-perform all other LSI or dis-
crete alternatives in speed, level of integration, and power
consumption.

Each device integrates the following critical 256k DRAM
controller functions on a single monolithic device: ultra pre-
cise delay line; 9-bit refresh counter; fall-through row, col-
umn, and bank select input latches; Row/Column address
muxing logic; on-board high capacitive-load RAS, CAS, and
Write Enable & Address output drivers; and, precise control
signal timing for all the above.

There are four device options of the basic DP8419 Control-
ler. The DP8417 is pin and function compatible with the
DP8419 except that its outputs are TRI-STATE®. The
DP8418 changes one pin and is specifically designed to
offer an optimum interface to 32 bit microprocessors. The
DP8419X is functionally identical to the DP84189, but is avail-
able in a 52-pin DIP package which is upward pin compati-
ble with National's new DP8429D 1 Mbit DRAM Controller/
Driver.

Each device is available in plastic DIP, Ceramic DIP, and
Plastic Chip Carrier (PCC) packaging. (Continued)

Operational Features

m Makes DRAM Interface and refresh tasks appear virtu-
ally transparent to the CPU, making DRAMs as easy to
use as static RAMs

m Specifically designed to eliminate CPU wait states up to
10 MHz or beyond

m Eliminates 15 to 20 SSI/MSI components for significant
board real estate reduction, system power savings and
the elimination of chip-to-chip AC skewing

m On-board ultra precise delay line

m On-board high capacitive RAS, CAS, WE, and address
drivers (specified driving 88 DRAMs directly)

m AC specified for directly addressing up to 8 Megabytes

m Low power/high speed bipolar oxide isolated process

m Upward pin and function compatible with new DP8428/
DP8429 1 Mbit DRAM controller drivers

& Downward pin and function compatible with DP8408A/
DP8409A 64k/256k DRAM controller/drivers

m 4 user selectable modes of operation for Access and
Refresh (2 automatic, 2 external)

Contents
m System and Device Block Diagrams
B Recommended Companion Components
m Device Connection Diagrams and Pin Definitions
m Family Device Differences
(DP8419 vs DP8409A, 8417, 8418, 8419X)
m Mode of Operation
(Descriptions and Timing Diagrams)
W Application Description and Diagrams
m DC/AC Electrical Specifications, Timing Diagrams and
Test Conditions

System Diagram

Py DPB417 WULTIPLEXED ADDRESS BUS 4 BoKS OF
32-8I7 »|  DP84300 »| DPs418, OR Q0~8(500 pF DRIVERS) DYNAMIC RAMS
1 : -BBIITT PROGRAMMABLE DPB419
- REFRESH TIM
R 256K RAS 0=3 (150 pF DRIVERS) UP T0
> DRAM 2 MEGABYTES
CONTROLLER/ o :Tz'}%sn
ADDRESS BUS > DRIVERS (600 pF DRIVER) > CORRECTION,
WE (500 pF DRIVER) R CHECK BITS
INTERRUPT
DTACK / WA TRANS= MEMORY DATA BUS > DATA IN
'y CEVERS
S| LREAD/WRITE
g ENABLE BUFFERK : DATA OUT
DPBAXX2
CPU SPECIFIC
REFRESH/ACCESS DP8400~-2 OR DP8402A CHECK BITS IN
ARBITRATION 16 BIT OR 32 BIT
A ERROR DETECTION
ERROR CORRECTION  JQDE8400-2/84024 CONTROL Y AND CORRECTION SRR C: CHECK BITS OUT
L R

ENABLE BUFFERS
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General Description (continued)

In order to specify each device for “true” worst case operat-
ing conditions, all timing parameters are guaranteed while
the chip is driving the capacitive load of 88 DRAMs includ-
ing trace capacitance. The chip's delay timing logic makes
use of a patented new delay line technique which keeps
A.C. skew to £3 ns over the full Vo range of £10% and
temperature range of —55°C to +125°C. The DP8417,
DP8418, DP8419, and DP8419X guarantee a maximum
RASIN to CASOUT delay of 80 ns or 70 ns even while driv-
ing a 2 Mbyte memory array with error correction check bits
included. Speed selected options of these devices are
shown in the switching characteristics section of this docu-
ment.

With its four independent RAS outputs and nine multiplexed
address outputs, the DP8419 can support up to four banks
of 16k, 64k or 256k DRAMs. Two bank select pins, B1 and
B0, are decoded to activate one of the RAS signals during

an access, leaving the three non-selected banks in the
standby mode (less than one tenth of the operating power)
with data outputs in TRI-STATE.

The DP8419 has two mode-select pins, allowing for two re-
fresh modes and two access modes. Refresh and access
timing may be controlled either externally or automatically.
The automatic modes require a minimum of input control
signals.

A refresh counter is on-chip and is multiplexed with the row
and column inputs. Its contents appear at the address out-
puts of the DP8419 during any refresh, and are incremented
at the completion of the refresh. Row/Column and bank
address latches are also on-chip. However, if the address
inputs to the DP8419 are valid throughout the duration of
the access, these latches may be operated in the fall-
through mode.

System Companion Components

Device # Function

DP84300 Programmable Refresh Timer for DP84xx DRAM Controller
DP84412 NS32008/16/32 to DP8409A/17/18/19/28/29 Interface

DP84512 NS32332 to DP8417/18/19/28/29 Interface

DP84322 68000/08/10 to DP8409A/17/18/19/28/29 Interface (up to 8 MHz)
DP84422 68000/08/10 to DP8409A/17/18/19/28/29 Interface (up to 12.5 MHz)
DP84522 68020 to DP8417/18/19/28/29 Interface

DP84432 8086/88/186/188 to DP8409A/17/18/19/28/29 Interface
DP84532 80286 to DP8409A/17/18/19/28/29 Interface

DP8400-2 16-bit Expandable Error Checker/Corrector

DP8400-4 16-bit Expandable Error Checker/Corrector

DP8402A 32-bit Error Detector and Corrector (EDAC)
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Block Diagrams

| Row ADDRESS
RO-9. sl 'IypyT LATCH »

ADS

DP8417, 8419 and 8419X

y

N\

COLUMN ADDR.
c0-9. ey “00 7 ATOH

RAS
3 DECODER
B1 ——| gank seLecT [T
B0 —————p| INPUT LATCH |1
[ ] ¥ 4 rasi
5 ——

FASTN ————s
R/E (RFCK) et

TASTN (RGCK) =t

/i \

A 4

HIGH CAPACITIVE DRIVE
CAPABILITY QUTPUTS

—)D—’ 09

9-81T R
REFRESH | —
COUNTER

R/T
REFRESH

CONTROL LOGIC

B8l

WiN WE
RF1/0 M2 (AFSH)  RAHS MO
DP8418
ROW ADDRESS
R0-0 e (00T AToH [— \
ADS | HIGH CAPACITIVE DRIVE
/I\ CAPABILITY QUTPUTS
i
COLUMN ADDR. IN
co-9 wemmmmnp ¢ L MR A0 > : { % 009
| J
| |
9-BIT | :
REFRESH iy ——
COUNTER f__ |
R/T
REFHESH
RAS 3
RAS 2
RAS
} DECODER
RAS1
A
o AR 0
' ] J y [T
s ——D—- tas
RASIN =i
R/T (RFCK) CONTROL LOGIC
LRI T e———
— 3
WiN ﬁJ\, WE
\
RFI/0  M2(RFSH) RAHS Mo

TL/F/8396-26

TL/F/8396-27

1-46




Q
. . b
Connection Diagrams (pual-in-Line Package) ®
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TL/F/8396-29
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TL/F/8396-30
Order Number DP8417D-70, DP8417D-80, DP8417N-70, DP8417N-80,
DP8418D-70, DP8418D-80, DP8418N-70, DP8418N-80,
DP8419D-70, DP8419D-80, DP8419N-70, DP8419N-80,
DP8419XD-70 or DP8419XD-80.
See NS Package Number D48A, D52A, or N48A
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Connection Diagrams (continued)

ADS
RO
co
R1
ct
R2
c2

GND

GND
R3
c3
R4
C4
R5
c5

ADS
RO
co
R1
Ct
R2
c2

GND

GND
R3
c3
R4
C4
RS
C5

Plastic Chip Carrier Package

Q P
7 £
& z £z £
Ts2lBSBueiErs
9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61
10 60
11 59
12 58
13 57
14 56
15 55
16 54
17 53
18 DP8418 52
19 51
20 50
21 49
22 48
23 47
24 46
25 45
26 44
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
2825@852|8|8‘ﬁ
ERERF
Plastic Chip Carrier Package
g -
3 g g
& z £z £
T:28SBuskEns
9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61
10 60
1 59
12 58
13 57
14 56
15 55
16 54
17 53
" s 2
19 51
20 50
21 49
22 48
23 47
24 46
25 45

26
27 28 29 30 31 32 33 34 35 36 37 38 39

44
40 41 42 43

© ON N O Qe O
O x O x O m @

RASO

RAS1

RAS2

Q1
Q2
Q3
Q4
GND
GND
Q5
Vee

Qs
a7
a8
eAs
RAS3

Q1
Q2
Q3
Q4
GND
GND
Q5
Vee
Vee
Q6
Q7
Q8
cAs
RAS3
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Family Device Differences
DP8417 vs DP8419

The DP8417 is identical to the DP8419 with the exception
that its RAS, CAS, WE and Q (Multiplexed Address) outputs
are TRI-STATE when CS (Chip Select) is high and the chip
is not in a refresh mode. This feature allows access to the
same DRAM array through multiple DRAM Controller/Driver
DP8417s. All AC specifications are the same as the DP8419
except tcspLo Which is 34 ns for the DP8417 versus 5 ns
for the DP8419. Separate delay specifications for the TRI-
STATE timing paths are provided in the AC tables of this
data sheet.

DP8418 vs DP8419

The DP8418 DYNAMIC RAM CONTROLLER/DRIVER is

identical to the DP8419 with the exception of two functional

differences incorporated to improve performance with 32-bit
microprocessors.

1) Pin 26 (B1) is used to enable/disable a pair of RAS out-
puts, and pin 27 (BO on the DP8419) is a no connect.
When Bt is low, RAS0 and RAS1 are enabled such that
they both go low during an access. When B1 is high,
RAS2 and RAS3 are enabled. This feature is useful when
driving words to 32 bits or more since each RAS would
be driving only one half of the word. By distributing the
load on each RAS line in this way, the DP8418 will meet
the same AC specifications driving 2 banks of 32 DRAMs
each as the DP8419 does driving 4 banks of 16 bits each.

2) The hidden refresh function available on the DP8419 has
been disabled in order to reduce the amount of setup
time necessary from CS going low to RASIN going low
during an access of DRAM. This parameter, called
tcsRrL1, is 5 ns for the DP8418 whereas it is 34 ns for the
DP8419. The hidden refresh function only allows a very
small increase in system performance, at best, at micro-
processor frequencies of 10 MHz and above.

DP8419 vs DP8409A

The DP8419 High Speed DRAM Controller/Driver combines
the most popular memory control features of the
DP8408A/9A DRAM Controller/Driver with the high speed
of bipolar oxide isolation processing.

The DP84189 retains the high capacitive-load drive capability
of the DP8408A/9A as well as its most frequently used ac-
cess and refresh modes, allowing it to directly replace the
DP8408A/9A in applications using only modes 0, 1, 4 and 5.
Thus, the DP8419 will allow most DP8408A/9A users to
directly upgrade their system by replacing their old control-
ler chip with the DP8419.

The highest priority of the DP8419 is speed. By peforming
the DRAM address multiplexing, control signal timing and
high-capacitive drive capability on a single chip, propagation
delay skews are minimized. Emphasis has been placed on
reducing delay variation over the specified supply and tem-
perature ranges.

Except for the following, a DP8419 will operate essentially
the same as a DP8409A.
1) The DP8419 has significantly faster AC performance.

2) The DP8419 can replace the DP8409A in applications
which use modes 0, 1, 4, and 5. Modes 2, 3, 6, and 7 of
the DP8409A are not available on the DP8419.

3) Pin 4 on the DP8419 is RAHS instead of M1, as on the
DP8409A, and allows for two choices of tgay in mode 5.

4) RFI/O does not function as an end-of-count signal in
Mode 0 on the DP8419 as it does on the DP8409A.

5) DP8419_address and control outputs do not TRI-STATE
when CS is high as on the DP8409A. DP8419 control
outputs are active high when CS is high (unless refresh-
ing).

Pin Definitions

Veces GND, GND — Vg = 5V £10%. The three supply
pins have been assigned to the center of the package to
reduce voltage drops, both DC and AC. There are two
ground pins to reduce the low level noise. The second
ground pin is located two pins from Vg, so that decoupling
capacitors can be inserted directly next to these pins. It is
important to adequately decouple this device, due to the
high switching currents that will occur when all 9 address
bits change in the same direction simultaneously. A recom-
mended solution would be a 1 pF multilayer ceramic capaci-
tor in parallel with a low-voltage tantalum capacitor, both
connected as close as possible to Voo and GND to reduce
lead inductance. See Figure below.

vee O I
*MULTILAYER .
CERAMIC _I_ TANTALUM T

TL/F/8396-4

*Capacitor values should be chosen depending on the particular application.

RO-R8: Row Address Inputs.

C0-C8: Column Address Inputs.

QO0-Q8: Multiplexed Address Outputs - This address is

selected from the Row Address Input Latch, the Column

Address Input Latch or the Refresh Counter.

RASIN: Row Address Strobe Input - RASIN directly con-

trols the selected RAS output when in an access mode and

all RAS outputs during hidden or external refresh.

R/C (RFCK) - In the auto-modes this pin is the external

refresh clock input; one refresh cycle should be performed

each clock period. In the external access mode it is Row/

Column Select Input which enables either the row or column

address input latch onto the output bus.

CASIN (RGCK) - In the auto-modes this pin is the RAS

Generator Clock input. In external access mode it is the

Column Address Strobe input which controls CAS directly

once columns are enabled on the address outputs.

ADS: Address (Latch) Strobe Input - Row Address, Col-

umn Address, and Bank Select Latches are fall-through with

ADS high; latching occurs on high-to-low transition of ADS.

CS: Chip Select Input - When high, CS disables all access-

es. Refreshing, however, in both modes 0 and 1 is not af-

fected by this pin.

Mo, M2 (RFSH): Mode Control Inputs - These pins select

one of the four available operational modes of the DP8419

(see Table III).

RF1/0: Refresh Input/Output - In the auto-modes this pin

is the Refresh Request Output. It goes low following RFCK

GND O~
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Pin Definitions (continued)

indicating that no hidden refresh was performed while RFCK
was high. When this pin is set low by an external gate the
on-chip refresh counter is reset to all zeroes.

WIN: Write Enable Input.

WE: Write Enable Output - WE follows WIN unconditional-
ly.

RAHS: Row Address Hold Time Select - Selects the tgan
to be generated by the DP8419 delay line to allow use with
fast or slow DRAMs.

CAS: Column Address Strobe Output - In mode 5§ and in
mode 4 with CASIN low before R/C goes low, CAS goes
low automatically after the column address is valid on the
address outputs. In mode 4 CAS follows CASIN directly af-
ter R/T goes low, allowing for nibble accessing. CAS is al-
ways high during refresh.

RAS 0-3: Row Address Strobe Outputs - The enabled
RAS output (see Table II) follows RASIN directly during an
access. During refresh, all RAS outputs are enabled.

B0, B1: Bank Select Inputs - These pins are decoded to
enable one of the four RAS outputs during an access (see
Table | and Table lI).

TABLE |. DP8417, DP8419, DP8419X

Memory Bank Decode
Bank Select
(Strobed by ADS) Enabled RAS,
B1 BO
0 0. RAS,
0 1 RAS4
1 0 RAS,
1 1 RAS3
TABLE II. DP8418 Memory Bank Decode
Bank Select
(Strobed by ADS) Enabled RAS,,
B1 NC
0 X RASp and RAS4
1 X RAS, and RAS3

Conditions for All Modes

INPUT ADDRESSING

The address block consists of a row-address latch, a col-
umn-address latch, and a resettable refresh counter. The
address latches are fall-through when ADS is high and latch
when ADS goes low. If the address bus contains valid ad-
dresses until after CAS goes low at the end of the memory
cycle, ADS can be permanently high. Otherwise ADS must
go low while the addresses are still valid.

DRIVE CAPABILITY

The DP8419 has timing parameters that are specified driv-
ing the typical capacitance (including traces) of 88, 5V-only
DRAMSs. Since there are 4 RAS outputs, each is specified
driving one-fourth of the total memory. CAS, WE and the
address outputs are specified driving all 88 DRAMs.

The graph in Figure 10 may be used to determine the slight
variations in timing parameters, due to loading conditions
other than 88 DRAMSs.

Because of distributed trace capacitance and inductance
and DRAM input capacitance, current spikes can be creat-
ed, causing overshoots and undershoots at the DRAM in-
puts that can change the contents of the DRAMs or even
destroy them. To reduce these spikes, a damping resistor
(low inductance, carbon) should be inserted between the
DP8419 outputs and the DRAMSs, as close as possible to
the DP8419. The damping resistor values may differ de-
pending on how heavily an output is loaded. These resistors
should be determined by the first prototypes (not wire-
wrapped due to the larger distributed capacitance and in-
ductance). Resistors should be chosen such that the tran-
sition on the control outputs is critically damped. Typical
values will be from 15Q to 100Q, with the lower values be-
ing used with the farger memory arrays. Note that AC pa-
rameters are specified with 15Q damping resistors. For
more information see AN-305 “Precautions to Take When
Driving Memories”.

DP8419 DRIVING ANY 16k, 64k or 256k DRAMs

The DP8419 can drive any 16k, 64k or 256k DRAMs. All 16k
DRAMSs use basically the same configuration, including the
5V-only version. Hence, in most applications, different man-
ufacturers’ DRAMs are interchangeable (for the same sup-
ply-rail chips), and the DP8419 can drive them all (see Fig-
ure 1a).

There are three basic configurations for the 5V-only 64k
DRAMSs: a 128-row by 512-column array with an on-RAM
refresh counter, a 128-row by 512-column array with no on-
RAM refresh counter, and a 256-row by 256-column array
with no on-RAM refresh counter. The DP8419 can drive all
three configurations, and allows them all to be interchange-
able (as shown in Figures 1b and 71c¢), providing maximum
flexibility in the choice of DRAMs. Since the 9-bit on-chip
refresh counter can be used as a 7-bit refresh counter for
the 128-row configuration, or as an 8-bit refresh counter for
the 256-row configuration, the on-RAM refresh counter, if
present, is never used.

256k DRAMSs require all 18 of the DP8419’s address inputs
to select one memory location within the DRAM. RAS-only
refreshing with the nine-bit refresh-counter on the DP8419
makes CAS before RAS refreshing, available on 256k
DRAMs, unnecessary.

READ, WRITE AND READ-MODIFY-WRITE CYCLES

The output signal, WE, determines what type of memory
access cycle the memory will perform. If WE is kept high
while TAS goes low, a read cycle occurs. If WE goes low
before CAS goes low, a write cycle occurs and data at DI
(DRAM input data) is written into the DRAM as CAS goes
low. If WE goes low later than towp after CAS goes low, first
a read occurs and DO (DRAM output data) becomes valid,
then data DI is written into the same address in the DRAM ~
as WE goes low. In this read-modify-write case, DI and DO
cannot be linked together. WE always follows WIN directly
to determine the type of access to be performed.

POWER-UP INITIALIZE

When Vg is first applied to the DP8419, an initialize pulse
clears the refresh counter and the internal control flip-flops.
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Mode Features Summary

m 4 modes of operation: 2 access and 2 refresh

B Automatic or external control selected by the user

m Auto access mode provides RAS, row to column
change, and then CAS automatically

m Choice between two different values of tgaH in auto-ac-
cess mode

m CAS controlled independently in external control mode,
allowing for nibble mode accessing

m Automatic refreshing can make refreshes transparent to
the system

m CAS is inhibited during refresh cycles

DP8419 Mode Descriptions

MODE 0-EXTERNALLY CONTROLLED REFRESH

Figure 2 shows the Externally Controlled Refresh timing. In
this mode the refresh counter contents are multiplexed to
the address outputs. All RAS outputs are enabled to follow
RASIN so that the row address indicated by the refresh
counter is refreshed in all DRAM banks when RASIN goes
low. The refresh counter increments when RASIN goes
high. RFSH should be held low at least until RASIN goes
high (they may go high simultaneously) so that the refresh
address remains valid and all RAS outputs remain enabled
throughout the refresh.

A burst refresh may be performed by holding RFSH low and
toggling RASIN until all rows are refreshed. It may be useful
in this case to reset the refresh counter just prior to begin-
ning the refresh. The refresh counter resets to all zeroes
when RFI/0 is pulled low by an external gate. The refresh
counter always counts to 511 before rolling over to zero. If
there are 128 or 256 rows being refreshed then Q7 or Q8,
respectively, going high may be used as an end-of-burst
indicator.

In order that the refresh address is valid on the address
outputs prior to the RAS lines going low, RFSH must go low
before RASIN. The setup time required is given by tgrLRL in
the Switching Characteristics. This parameter may be ad-
justed using Figure 10 for loading conditions other than
those specified.

TABLE Ill. DP8419 Mode Select Options

Mode | (RFSH) M2 | MO Mode of Operation
0 0 0 | Externally Controlled Refresh
1 0 1 | Auto Refresh~Forced
4 1 0 | Externally Controlled Access
5 1 1 | Auto Access (Hidden Refresh)
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DP8419 Mode Descriptions (continued)

DP8419 Interface Between System & DRAM Banks
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FIGURE 1a. DP8419 with any 16k DRAMS
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FIGURE 1b. DP8419 with 128 Row x 512 Column 64k DRAM

CAS

8 WE
ROWS
RAS

2

COLUMN DECODE

]

8
ADDRESS
I COLUMNS Hl e

L, REFRESH
COUNTER

DPB419

7 14
ADDRESS
BUS

256

p

L)

64K
258 ARRAY

mooomo o=

+5V 64K
DYNAMIC
RAMS

8 Bits of Refresh Counter Used

FIGURE 1c. DP8419 with 256 Row x 256 Column 64k DRAM

CAS

9 We
ROWS
RAS

9
ADDRESS
I COLUMNS Pl RS

| REFRESH
COUNTER

0P8419

” v
ADDRESS
BUS

9 1 COLUMN DECODE
s VTN
R 512
"9 [0
w
D512 256K
E ARRAY
C
0
D
E

+5V 256K
DYNAMIC
RAMS

All 9 Bits of Refresh Counter Used
FIGURE 1d. DP8419 with 256k DRAMs

TL/F/8396-5

TL/F/8396-6

TL/F/8396-7

TL/F/8396-8




DP8419 Mode Descriptions (continued)
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DP8419 Mode Descriptions (continued)

MODE 1-AUTOMATIC FORCED REFRESH

In Mode 1 the R/C (RFCK) pin becomes RFCK (refresh
cycle clock) and the CASIN (RGCK) pin becomes RGCK
(RAS generator clock). If RFCK is high and Mode 1 is en-
tered then the chip operates as if in MODE 0 (externally
controlled refresh), with all RAS outputs following RASIN.
This feature of Mode 1 may be useful for those who want to
use Mode 5 (automatic access) with externally controlled
refresh. By holding RFCK permanently high one need only
toggle M2 (RFSH) to switch from Mode 5 to external re-
fresh. As with Mode 0, RFI/O may be pulled low by an ex-
ternal gate to reset the refresh counter.

When using Mode 1 as automatic refresh, RFCK must be an
input clock signal. One refresh should occur each period of
RFCK. If no refresh is performed while RFCK is high, then
when RFCK goes low RFI/O immediately goes low to indi-
cate that a refresh is requested. (RFI/O may still be used to
reset the refresh counter even though it is also used as a
refresh request pin, however, an open-collector gate should

"1

be used to reset the counter in this case since RFI/O is
forced low internally for a request).

After receiving the refresh request the system must allow a
forced refresh to take place while RFCK is low. External
logic can monitor RFRQ (RFI/0) so that when RFRQ goes
low this logic will wait for the access currently in progress to
be completed before pulling M2 (RFSH) low to put the
DP8419 in mode 1. If no access is taking place when RFRQ
occurs, then M2 may immediately go low. Once M2 is low,
the refresh counter contents appear at the address outputs
and RAS is generated to perform the refresh,

An external clock on RGCK is required to derive the refresh
RAS signals. On the second falling edge of RGCK after M2
is low, all RAS lines go low. They remain low until two more
falling edges of RGCK. Thus RAS remains high for one to
two periods of RGCK after M2 goes low, and stays low for
two periods. In order to obtain the minimum delay from M2
going low to RAS going low, M2 should go low trrsrg be-
fore the falling edge of RGCK.
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0]
RFCK ‘-I T |<—
| |treck | -| |=—tRGCKH
RGCK
‘ 1RFSRG |-— <~—tROHAF t"g'“_’
i 8086/32016 ACKNOWLEDGES HOLD 8086/32016 REMOVES ACKNOWLEDGE
MODE 1 680l
M2 (RFSH) 58000 GRANTS BUS (MODE 5 ® ( ) 00 REMOVES GRANT (MODE 5)
® [—tean | |=-tarunv—+]
RF 1/0 (RFAG) I REFRESH nlsauzsr REMOVED
, - — 1RGRH
— I——-wnm. ® ’ "l [‘_‘“G"L ". |
Tso,1,z.3| / I @ ALLBANKS | \ l
P ACCESS TO

P ACCES
TO SELECTED BANK_/

b—>tap—

REFRESH T0 ‘

SELECTED BANKS

00-8 Rows x coLs XHOWSX coLs X REFRESH COUNTER

—’{ I‘—'HFL cT

CAS

® RFCK goes low

@ RFRQ goes low if no hidden refresh
occurred while RFCK was high

@ Next RASIN starts next access
@ uP acknowledges refresh request -

J S R

®

®
V]

LI
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FIGURE 3. DP8419 Performing a Forced Refresh (Mode 5 — 1 — 5) with Various Microprocessors
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DP8419 Mode Descriptions (Continued)

The Refresh Request on RFI/O is terminated as RAS goes
low. This signal may be used to end the refresh earlier than
it normally would as described above. If M2 is pulled high
while the RAS lines are low, then the RASs go high trrry
later. The designer must be careful, however, not to violate
the minimum RAS low time of the DRAMs. He must also
guarantee that the minimum RAS precharge time is not vio-
lated during a transition from mode 1 to mode 5 when an
access is desired immediately following a refresh.

If the processor tries to access memory while the DP8419 is
in mode 1, WAIT states should be inserted into the proces-
sor cycles until the DP8419 is back in mode 5 and the de-
sired access has been accomplished (see Figure 9).

Instead of using WAIT states to delay accesses when re-
freshing, HOLD states could be used as follows. RFRQ
could be connected to a HOLD or Bus Request input to the
system. When convenient, the system acknowledges the
HOLD or Bus Request by pulling M2 low. Using this
scheme, HOLD wilt end as the RAS lines go low (RFI/O
goes high). Thus, there must be sufficient delay from the
time HOLD goes high to the DP8419 returning to mode 5, so
that the RAS low time of the DRAMSs isn’t violated as de-
scribed earlier (see Figure 3 for mode 1 refresh with Hold
states).

To perform a forced refresh the system will be inactive for
about four periods of RGCK. For a frequency of 10 MHz,

*Resistors required depends on
DRAM lcad.

DRAMs Maybe 16k, 64k or 256k

For 4 Banks, can drive 16 data bits
+6 Check Bits for ECC.

For 2 Banks, can drive 32 data bits
+7 Check Bits for ECC.

For 1 Bank, can drive 64 data bits
+8 Check Bits for ECC.

|

this is 400 ns. To refresh 128 rows every 2 ms an average of
about one refresh per 16 ps is required. With a RFCK period
of 16 s and RGCK period of 100 ns, DRAM accesses are
delayed due to refresh only 2.5% of the time. If using the
Hidden Refresh available in mode 5 (refreshing with RFCK
high) this percentage will be even lower.

MODE 4 - EXTERNALLY CONTROLLED ACCESS

In this mode all control signal outputs can be controlled
directly by the corresponding control input. The enabled
RAS output follows RASIN, CAS follows CASIN (with R/C
low), WE follows WIN and R/C determines whether the row
or the column inputs are enabled to the address outputs
(see Figure 4).

With R/T high, the row address latch contents are enabled
onto the address bus. RAS going low strobes the row ad-
dress into the DRAMSs. After waiting to allow for sufficient
row-address hold time (tran) after RAS goes low, R/C can
go low to enable the column address latch contents onto
the address bus. When the column address is valid, CAS
going low will strobe it into the DRAMs. WIN determines
whether the cycle is a read, write or read-modify-write ac-
cess. Refer to Figures 5a and 5b for typical Read and Write
timing using mode 4.
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FIGURE 4. Typical Application of DP8419 Using External Control Access and Refresh in Modes 0 and 4
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DP8419 Mode Descriptions (continued)
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FIGURE 5a. Read Cycle Timing (Mode 4)
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FIGURE 5b. Write Cycle Timing (Mode 4)
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DP8419 Mode Descriptions (continued)

Page or Nibble mode may be performed by toggling CASIN
once the initial access has been completed. In the case of
page mode the column address must be changed before
CASIN goes low to access a new memory location (see
Figure 5¢). Parameter tcpgir has been specified in order that
users may easily determine minimum CAS pulse widths
when CASIN is toggling.

AUTOMATIC CAS GENERATION

CAS is held high when R/C is high even if CASIN is low. If
CASIN is low when R/C goes low, CAS goes low automati-
cally, tagc after the column address is valid. This feature
eliminates the need for an externally derived CASIN signal
to control CAS when performing a simple access (Figure 5a
demonstrates Auto-CAS generation in mode 4). Page or nib-
ble accessing may be performed as shown in Figure 5¢
even if CAS is generated automatically for the initial access.

FASTEST MEMORY ACCESS

The fastest mode 4 access is achieved by using the auto-
matic CAS feature and external delay line to generate the
required delay between RASIN and R/C. The amount of
delay required depends on the minimum tgay of the DRAMs
being used. The DP8419 parameter tpjg1 has been speci-
fied in order that the delay between RASIN and R/C may be
minimized.

toiF1 =

where trppL
and tgHA
The delay between

MAXIMUM (trepL - tRHA)

RASIN to RAS delay

row address held from R/C going low.
RASIN and R/C that guarantees the

specified DRAM traH is given by
MINIMUM RASIN to R/C = tpjgq + tRAn-
Example

In an application using DRAMSs that require a minimum tgan
of 15 ns, the following demonstrates how the maximum
RASIN to CAS time is determined.

With tprq (from Switching Characteristics) = 7 ns,
RASINto R/Cdelay = 7ns + 15ns = 22ns.
A delay line of 25 ns will be sulfficient.
With Auto-CAS generation, the maximum delay from R/C to
CAS (loaded with 600 pF) is 46 ns. Thus the maximum
RASIN to CAS time is 71 ns, under the given conditions.
With a maximum RASIN to RAS time (trpp() of 20 ns, the
maximum RAS to CAS time is about 51 ns. Most DRAMs
with a 15 ns minimum tgaH have a maximum tgcp of about
60 ns. Thus, memory accesses are likely to be RAS limited
instead of CAS limited. In other words, memory access time
is limited by DRAM performance, not controller perform-
ance.

REFRESHING IN CONJUNCTION WITH MODE 4

If using mode 4 to access memory, mode 0 (externally con-
trolled refresh) must be used for all refreshing.

MODE 5 - AUTOMATIC ACCESS WITH HIDDEN RE-
FRESHING CAPABILITY

Automatic-Access has two advantages over the externally
controiled access (mode 4). First, RAS, CAS and the row to
column change are all derived internally from one input sig-
nal, RASIN. Thus the need for an external delay line (see
mode 4) is eliminated.

Secondly, since R/C and CASIN are not needed to gener-
ate the row to column change and CAS, these pins can be
used for the automatic refreshing function.

AUTOMATIC ACCESS CONTROL

Mode 5 of the DP8419 makes accessing Dynamic RAM
nearly as easy as accessing static RAM. Once row and col-
umn addresses are valid (latched on the DP8419 if neces-
sary), RASIN going low is all that is required to perform the
memory access.

|
|

co-8 \

|
\

COLA

CoLB X coLc

\ \

\

ROW

COLA coLD

X
X X X X

L L LT

FIGURE 5c¢. Page or Nibble Access in Mode 4
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DP8419 Mode Descriptions (continued)
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e — — — — WRITE — — —{— —]
| ——— WS * ——,
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tRAC*
*Indicates Dynamic RAM Parameters TL/F/8396-17
FIGURE 6. Mode 5 Timing
(Refer to Figure 6) In mode 5 the selected RAS follows (b) by a combination of mode 5 (hidden refresh) and
RASIN immediately, as in mode 4, to strobe the row address mode 1 (auto-refresh)
into the DRAMs. The row address remains valid on the or (c) by a combination of mode 5 and mode 0

DP8419 address outputs long enough to meet the tgay re-
quirement of the DRAMs (pin 4, RAHS, of the DP8419 al-
lows the user two choices of tgap). Next, the column ad-
dress replaces the row address on the address outputs and
CAS goes low to strobe the columns into the DRAMs. WIN
determines whether a read, write or read-modify-write is
done.

The diagram below illustrates mode 5 automatic control sig-
nal generation.

RASIN et —>- RAS
tRAH > 00-8
ts¢ > CAS

TL/F/8396-16

REFRESHING IN CONJUNCTION WITH MODE 5
When using mode 5 to perform memory accesses, refresh-
ing may be accomplished:

(a) externally (in mode O or mode 1)

(a) Externally Controlled Refreshing in Mode O or Mode 1

All refreshing may be accomplished using external refresh-
es in either mode 0 or mode 1 with R/C (RFCK) tied high
(see mode 0 and mode 1 descriptions). If this is desired, the
system determines when a refresh will be performed, puts
the DP8419 in the appropriate mode, and controls the RAS
signals directly with RASIN. The on-chip refresh counter is
enabled to the address outputs of the DP8419 when the
refresh mode is entered, and increments when RASIN goes
high at the completion of the refresh.

(b) Mode 5 Refreshing (hidden) with Mode 1 refreshing
(auto)

(Refer to Figure 7a) If RFCK is tied to a clock (see mode 1
description), RFI/O becomes a refresh request output and
goes low following RFCK going low if no refresh occurred
while RFCK was high. Refreshes may be performed in
mode 5 when the DP8419 is not selected for access (CS is

high) and RFCK is high. If these conditions exist the refresh
counter contents appear on the DP8419 address outputs
and all RAS lines follow RASIN so that if RASIN goes low
(an access other than through the DP8419 occurs), all RAS
lines go low to perform the refresh. The DP8419 allows only
one refresh of this type for each period of RFCK, since
RFCK should be fast enough such that one refresh per peri-
od is sufficient to meet the DRAM refresh requirement.
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DP8419 Mode Descriptions (continued)

Once it is started, a hidden refresh will continue even if
RFCK goes low. However, CS must be high throughout the
refresh (until RASIN goes high).

These hidden refreshes are valuable in that they do not
delay accesses. When determining the duty cycle of RFCK,
the high time should be maximized in order to maximize the
probability of hidden refreshes. If a hidden refresh doesn’t
happen, then a refresh request will occur on RFI/O when
RFCK goes low. After receiving the request, the system
must perform a refresh while RFCK is low. This may be
done by going to mode 1 and allowing an automatic refresh
(see mode 1 description). This refresh must be completed
while RFCK is low, thus the RFCK low time is determined by
the worst-case time required by the system to respond to a
refresh request.

(c) Mode 5 Refresh (Hidden Refresh) with mode 0 Refresh
(External Refresh)

This refresh scheme is identical to that in (b) except that
after receiving a refresh request, mode 0 is entered to do
the refresh (see mode 0 description). The refresh request is
terminated (RFI/O goes high) as soon as mode 0 is en-
tered. This method requires more control than using mode 1
(auto-refresh), however, it may be desirable if the mode 1
refresh time is considered to be excessive.

Example

Figure 7b demonstrates how a system designer would use
the DP8419 in mode 5 based on certain characteristics of
his system.

System Characteristics:
1) DRAM used has min tgan requirement of 15 ns and
min tasg of 0 ns )
2) DRAM address is valid from time Ty to the end of the
memory cycle
3) four banks of twenty-two 256K memory chips each are
being driven
Using the DPB419 (see Figure 7b):
1) Tie pin 4 (RAHS) high to guarantee a 15 ns minimum
traR Which is sufficient for the DRAMSs being used
2) Generate RASIN no earlier than time Ty + taspe (see
switching characteristics), so that the row address is
valid on the DRAM address inputs before RAS occurs
3) Tie ADS high since latching the DRAM address on the
DP8419 is not necessary
4) Connect the first 18 system address bits to R0-R8 and
C0-C8, and bits 19 and 20 to BO and B1
5) Connect each RAS output of the DP8419 to the RAS
inputs of the DRAMs of one bank of the memory array;
connect Q0-Q8 of the DP8419 to A0-A8 of all DRAMs;
connect CAS of the DP8419 to CAS of all the DRAMs
Figure 7c illustrates a similar example using the DP8418 to
drive two 32-bit banks.
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1RFCKH | |

FORCES REFRESH

o
{3
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NO FORCED
HIDDEN REFRESH ALLOWED | REFRESH I
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& / /
—_—n o
o AS
/ PROCESSOR CYCLE TIME —= -—
RASIN | | | I
1CSHR —1
. Fﬂl%ﬂ HIDDEN nsrussu ALnEAnv
( ) — [ PERFORMED, NO- SUBSEQUE!
/MDDE i REFRESH AI.LOWED IN THIS CYCLE
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—=1 |=— tRFPDH5
tRFPDLS ~—» |<—
RAS 0-3 \ J
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TL/F/8396-18

FIGURE 7a. Hidden Refreshing (Mode 5) and Forced Refreshing (Mode 1) Timing
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DP8419 Mode Descriptions (continued)
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FIGURE 7b. Typlcal Application of DP8419 Using Modes 5 and 1

TL/F/8396-19

1
SYSTEM CLOCK }-——— RGCK RAS 3 VWA,
: REpe— T3 RAS 2 e AAA~ 1
| RS WA~ —
| - A s 2 RAS 3
1 RAS 0 freAA/
[}
! Ro8 LN -5 m 40-8
A0-18 0P8418 / BANK1 BANK 1
08 Z WE WE
% _
% CAS  patao-15 RS parate-at
Bl % %
INPUT RAS RASIN é ////////////////g
REFRESH CLOCK h RFCK tAs g ?
WAITE pmmee—={ i We g ] ]- g
%
REFRESH m2 V/////AIIAV/////g = =t é
% %
Z
Z Z
& ¢////////////1 A0-8 A0-8 Z
H BANKO BANK D ?
: W W g
: WE . paants WE  paate3n é
] 32-BIT DATA BUS A A %
oata Wz WWWW///WWW////MJMJ

TL/F/8396-33
FIGURE 7c. Typical Application of DP8418 Using Modes 5 and 1

1-60




Applications

If one desires a memory interface containing the DP8419
that minimizes the number of external components required,
modes 5 and 1 should be used. These two modes provide:

1) Automatic access to memory (in mode 5 only one signal,
RASIN, is required in order to access memory)

2) Hidden refresh capability (refreshes are performed auto-
matically while in mode 5 when non-local accesses are
taking place, as determined by CS)

3) Refresh request capability (if no hidden refresh took
place while RFCK was high, a refresh request is generat-
ed at the RFI/O pin when RFCK goes high)

4) Automatic forced refresh (If a refresh request is generat-
ed while in mode 5, as described above, external logic
should switch the DP8419 into mode 1 to do an automat-
ic forced refresh. No other external control signals need
be issued. WAIT states can be inserted into the proces-
sor machine cycles if the system tries to access memory
while the DP8419 is in mode 1 doing a forced refresh).

Some items to be considered when integrating the DP8419
into a system design are:

1) The system designer should ensure that a DRAM access
not be in progress when a refresh mode is entered. Simi-
larly, one should not attempt to start an access while a
refresh is in progress. The parameter tgryrL specifies
the minimum time from RFSH high to RASIN going low to
initiate an access.

2) One should always guarantee that the DP8419 is enabled
for access prior to initiating the access (see tcsrL1)-

3) One should bring RASIN low even during non-local ac-
cess cycles when in mode 5 in order to maximize the
chance of a hidden refresh occurring.

4) At lower frequencies (under 10 Mhz), it becomes increas-
ingly important to differentiate between READ and
WRITE cycles. RASIN generation during READ cycles
can take place as soon as one knows that a processor
READ access cycle has started. WRITE cycles, on the
other hand, cannot start until one knows that the data to
be written at the DRAM inputs will be valid a setup time
before CAS (column address strobe) goes true at the
DRAM inputs. Therefors, in general, READ cycles can be
initiated earlier than WRITE cycles.

5) Many times it is possible to only add WAIT states during
READ cycles and have no WAIT states during WRITE
cycles. This is because it generally takes less time to
write data into memory than to read data from memory.

The DP84XX2 family of inexpensive preprogrammed medi-

um Programmable Array Logic devices (PALs) have been

developed to provide an easy interface between various

microprocessors and the DP84XX family of DRAM control-
ler/drivers. These PALs interface to all the necessary con-
trol signals of the particular processor and the DP8419. The
PAL controls the operation of the DP8419 in modes 5 and 1,
while meeting all the critical timing considerations discussed
above. The refresh clock, RFCK, may be divided down from
the processor clock using an IC counter such as the
DM74L8393 or the DP84300 programmable refresh timer.
The DP84300 can provide RFCK periods ranging from
15.4 us to 15.6 ps based on an input clock of 2 to 10 MHz.
Figure 8 shows a general block diagram for a system using
the DP8419 in modes 1 and 5. Figure 9 shows possible
timing diagrams for such a system (using WAIT to prohibit
access when refreshing). Although the DP84XX2 PALs are
offered as standard peripheral devices for the DP84XX
DRAM controller/drivers, the programming equations for
these devices are provided so the user may make minor
modification, for unique system requirements.

ADVANTAGES OF DP8419 OVER
A DISCRETE DYNAMIC RAM CONTROLLER

1) The DP8419 system solution takes up much less board
space because everything is on one chip (latches, re-
fresh counter, control logic, multiplexers, drivers, and in-
ternal delay lines).

2) Less effort is needed to design a memory system. The
DP8419 has automatic modes (1 and 5) which require a
minimum of external control logic. Also programmable ar-
ray logic devices (PALs) have been designed which allow
an easy interface to most popular microprocessors (Mo-
torola 68000 family, National Semiconductor 32032 fami-
ly, Intel 8086 family, and the Zilog Z8000 family).

3) Less skew in memory timing parameters because all crit-
ical components are on one chip (many discrete drivers
specify a minimum on-chip skew under worst-case condi-
tions, but this cannot be used if more then one driver is
needed, such as would be the case in driving a large
dynamic RAM array).

4) Our switching characteristics give the designer the critical
timing specifications based on TTL output levels (low =
0.8V, high = 2.4V) at a specified load capacitance. All
timing parameters are specified on the DP8419:

A) driving 88 DRAM's over a temperature range of 0-70
degrees centigrade (no extra drivers are needed).

B) under worst-case driving conditions with all outputs
switching simultaneously (most discrete drivers on the
market specify worst-case conditions with only one
output switching at a time; this is not a true worst-case
condition!).
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Applications (continued)
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FIGURE 8. Connecting the DP8419 Between the 16-bit Microprocessor and Memory
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Switching Characteristics

All AC parameters are specified with the equivalent load
capacitances, including traces, of 88 DRAMs organized as 4
banks of 22 DRAMs each. Maximums are based on worst-
case conditions including all outputs switching simulta-
neously. This, in many cases, results in the AC values
shown in the DP84XX DRAM controller data shest being
much looser than true worst case (maximum) AC delays.
The system designer should estimate the DP8419 load in
his/her application, and modify the appropriate AC parame-
ters using the graph in Figure 70. Two example calculations
are provided below.

+15.0

+15

-150
=500 300

=100 04100 +300 +500
CpF
TL/F/8396-22
FIGURE 10. Change in Propagation Delay
Relative to “True” (Application) Load Minus
AC Specified Data Sheet Load
2 Examples
#1) A mode 4 user driving 2 16-bit banks of DRAM has the
following approximate “true” loading conditions:

CAS  -300pF
QO0-Q8 - 250 pF
RAS - 150 pF

max tgppL = 20 ns — 0 ns = 20 ns (since RAS load-
ing is the same as that which is spec’ed)

max tcppL = 32ns — 7ns = 25 ns
max tccas = 46ns — 7ns = 39 ns
max tgcc = 41 ns — 6ns = 35ns

min tgHA is not significantly effected since it does not
involve an output transition

Other parameters are adjusted in a similar manner.

#2) A mode 5 user driving one 16-bit bank of DRAM has
the following approximate “true” loading conditions:

CAS - 120 pF
Q0-Q8 - 100 pF
RAS - 120 pF

A. C. parameters should be adjusted as follows:
with RAHS = 17",
max tgic. = 70 ns — 11 ns = 59 ns
maxtrcpL = 55ns + 1ns — 11 ns = 45ns

(the + 1 ns is due to lighter RAS loading; the — 11 ns
is due to lighter CAS loading)

mintgaH = 15ns + 1 ns = 16 ns

The additional 1 ns is due to the fact that the RAS line
is driving less (switching faster) than the load to which
the 15 ns spec applies. The row address will remain
valid for about the same time irregardless of address
loading since it is considered to be not valid at the
beginning of its transition.
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[-——o TEST POINT
.[BL 3: AL
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UNDER
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TL/F/8396-23

FIGURE 11a. Output Load Circuit

TL/F/8396-34
FIGURE 11b. DP8417 TRI-STATE Waveforms

Absolute Maximum Ratings (Note 1)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the assoclated
rellabllity electrical test specifications document.

Supply voltage, Voo 7.0v
Storage Temperature Range —65°Cto +150°C
Input Voltage 5.5V
Output Current 150 mA
Lead Temp. (Soldering, 10 seconds) 300°C
Operating Conditions
Min Max Units

Vee Supply Voltage 4.50 5.50 \
Ta Ambient

Temperature 0 +70 °C
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Electrical Characteristics v = 5.0V £10%, 0°C < Ta < 70°C unless otherwise noted (Note 2)

Symbol Parameter Conditions Min Typ Max Units
Ve Input Clamp Voltage Ve = Min, Ig = — 12 mA - 08 -1.2 \
IH Input High Current for all Inputs ViN = 2.5V 2.0 100 RA
| RSI Qutput Load Current for RFI/O ViN = 0.5V, Output high -0.7 -1.5 mA
Ly Input Low Current for all Inputs** ViN = 0.5V —0.02 —0.25 mA
Lo ADS, R/C, CS, M2, RASIN ViN = 0.5V —-0.05 -0.5 mA
ViL Input Low Threshold 0.8 \
ViH Input High Threshold 2.0 \
Vou1 Output Low Voltage* loL = 20 mA 0.3 0.5 Vv
VoL2 Output Low Voltage for RFI/O loL = 8mA 0.3 0.5 Vv
VOH1 Output High Voltage* loH= —1mA 2.4 3.5 \
Von2 Output High Voltage for RFI/O loq = — 100 pA 2.4 35 \
lip Output High Drive Current* VouTt = 0.8V (Note 3) —50 — 200 mA
lop Output Low Drive Current* Vout = 2.4V (Note 3) 50 200 mA
lcc Supply Current Vee = Max 150 240 mA
*Except RFI/O

**Except RFI/0,

ADS, R/C, TS, M2, RASIN

Switching Characteristics: DP8417, DP8418, DP8419, DP8419X

Voo = 5.0V £10%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5), the output load capacitance is typical for 4

banks of 22 DRAMs each or 88 DRAMs, including trace capacitance.

* These values are Q0-Q8, C| = 500 pF; RAS0-RAS3, C| = 150 pF; WE, C_ = 500 pF; CAS, C_ = 600 pF; RL = 5000
unless otherwise noted. See Figure 11a for test load. S1 Is open unless otherwise noted. Maximum propagation delays
are specified with all outputs switching.

** Preliminary

* * =
Symbol Parameter Condition cL "TANC, = 50pF Units
Min Max Min Max
ACCESS
tRiCLO RASIN to CAS Low Delay Figure 6
(RAHS = 0) DP8417,18,19-80 | ' 97 42 85 ns
tRiCLO RASIN to CAS Low Delay Figure 6
(RAHS = 0) DP8417,18,19-70 | °7 87 42 & ns
tricL1 RASIN to CAS Low Delay Figure 6
(RAHS = 1) DP8417,18,1980 | 48 80 35 &8 ns
tricLY RASIN to CAS Low Delay Figure 6
(RAHS = 1) DP8417,18,19-70 | “8 70 35 58 ns
tRICH RASIN to CAS High Delay Figure 6 37 ns
tReDLO RAS to CAS Low Delay Figure 6 43 80 ns
(RAHS = Q) DP8417, 18, 19-80
trcoLo RAS to CAS Low Delay Figure 6 43 72 ns
(RAHS = 0) DP8417, 18, 19-70
trReoLY RAS to CAS Low Delay Figure 6 a4 63 ns
(RAHS = 1) DP8417, 18, 19-80
trCDL1 RAS to CAS Low Delay Figure 6 34 55 ns
(RAHS = 1) DP8417, 18, 19-70
tRCDH RAS to CAS High Delay Figure 6 22 ns
tRAHO Row Address Hold Time Figure 6
(RAHS = 0, Mode 5) 2 25 ns
tRAH1 Row Address Hold Time Figure 6 15 15 ns
(RAHS = 1, Mode 5)
tasc Column Address Set-up Time Figure 6 0 0 ns
(Mode 5)
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Switching Characteristics: DP8417, DP8418, DP8419, DP8419X (continued)

Ve = 5.0V £10%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each or 88 DRAMs, including trace capacitance.
* These values are Q0-Q8, Ci = 500 pF; RAS0-RAS3, C|. = 150 pF; WE, C. = 500 pF; CAS, C, = 600 pF; RL = 5000
unless otherwise noted. See Figure 11a for test load. S1 Is open unless otherwise specified. Maximum propagation
delays are specified with all outputs switching.
** Preliminary

* L] =
Symbol Parameter Condition cL AIC, = 50pF Units
Min Max Min Max

ACCESS (Continued)

trcvo RASIN to Column Address Figure 6 94 ns
Valid (RAHS = 0, Mode 5) DP8417, 18, 19-80

tRcvo RASIN to Column Address Figure 6 85 ns
Valid (RAHS = 0, Mode 5) DP8417, 18, 19-70

tRev1 RASIN to Column Address Figure 6 76 ns
Valid (RAHS = 1, Mode 5) DP8417, 18, 19-80

tRevt RASIN to Column Address Figure 6 68 ns
Valid (RAHS = 1, Mode 5) DP8417, 18, 19-70

tRPDL RASIN to RAS Low Delay Figures 5a, 5b, 6 21 18 ns

tRPDH RASIN to RAS High Delay Figures 5a, 5b, 6 20 17 ns

tASRL Address Set-up to RASIN low Figures 5a, 5b, 6 13 ns

taPD ggg;ss Input to Output Figures 5a, 5b, 6 ag 25 ns

tspp Address Strobe High to Figures 5a, 5b 48 ns
Address Output Valid

tasA Address Set-up Time to ADS Figures 5a, 5b, 6 5 ns

tAHA Address Hold Time from ADS Figures 5a, 5b, 6 10 ns

taps Address Strobe Pulse Width Figures 5a, 5b, 6 26 ns

twpp WIN to WE Output Delay Figure 5b 28 ns

tcpoL CASIN to CAS Low Delay Figure 5b 21 32 ns
(R/C low, Mode 4)

tcPDH CASIN to CAS High Delay Figure 5b 16 a3 ns
(R/C low, Mode 4)

tcpit tcppL - tcPoH See Mode 4 1" ns

Description

trcc Column Select to Column Figure 5a 41 ns
Address Valid

trCR Row Select to Row Figures 5a, 5b 45 ns
Address Valid

tRHA Row Address Held from Figure 5a 7 ns
Column Select

tccas R/C Low to CAS Low Delay Figure 5a 50 ns
(CASIN Low, Mode 4) DP8417, 18, 19-80

t R/C Low to CAS Low Delay Figure 5a 46 ns
(CASIN Low, Mode 4) DP8417, 18, 19-70

tDIF1 Maximum (tgppL - tRHA) See Mode 4 7 ns

Description

tpiF2 Maximum (trce - tcppl) 13 ns

REFRESH

tRe Refresh Cycle Period Figure 2a 100 ns

tRASINLH Pulse Width of RASIN Figure 2a 50 ns
during Refresh

tREPDLO RASIN to RAS Low Delay Figure 2a o8 ns
during Refresh (Mode 0)
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DP8417/NS32817/8418/32818/8419/32819/8419X/32819X

Switching Characteristics: DP8417, DP8418, DP8419, DP8419X (Continued)

Voo = 5.0V £10%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMSs each or 88 DRAMs, including trace capacitance.
* These values are Q0-Q8, C; = 500 pF; RAS0-RAS3, C. = 150 pF; WE, C,_ = 500 pF; CAS, C_ = 600 pF; RL = 5000
unless otherwise noted. See Figure 11a for test load. S1 is open unless otherwise specified. Maximum propagation
delays are specified with all outputs switching.

* =
Symbol Parameter Condition cL ANC = S0pF Units
Min Max Min Max
REFRESH (Continued)
tRFPDLS RASIN to RAS Low Delay Figure 7 a8 ns
during Hidden Refresh
tREPDHO RASIN to RAS High Delay Figure 2a a5 ns
during Refresh (Mode 0)
tRFPDHS RASIN to RAS High Delay Figure 7
) . 44 ns
during Hidden Refresh
tRFLCT RFSH Low to Counter Figures 2a, 3 a8 ns
Address Valid CS =X
tRFLRL RFSH Low Set-up to RASIN Figure 2a
Low (Mode 0), to get 12 ns
Minimum tagg = 0
tRFHRL RFSH High Setup to Access Figure 3 25 ns
RASIN Low
tRFHRV RFSH High to Row Figure 3 43 ns
Address Valid
tROHNC RAS High to New Count Figure 2a
" 42 ns
Valid
tRsT Counter Reset Pulse Width Figure 2a 46 ns
toTL RFI1/0 Low to Counter Figure 2a 80 ns
Outputs All Low
tRFCKL,H Minimum Pulse Width Figure 7
of RFCK 100 ns
T Period of RAS Generator Figure 3
30 ns
Clock
tRGCKL Minimum Pulse Width Low Figure 3 15 ns
of RGCK
tRGCKH Minimum Pulse Width High Figure 3 15 ns
of RGCK
trRQL RFCK Low to Forced RFRQ Figure 3
(RFI/0) Low C_ = 50pF 66 ns
RL = 35k
tFrRQH RGCK Low to Forced RFRQ Figure 3
High CL = 50pF 55 ns
RL = 35k
tRGRL RGCK Low to RAS Low Figure 3 21 41 ns
tRGRH RGCK Low to RAS High Figure 3 23 48 ns
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o
Switching Characteristics: DP8417, DP8418, DP8419, DP8419X (Continued) ®
Vee = 5.0V £10%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks :
of 22 DRAMs each or 88 DRAMSs, including trace capacitance. E
* These values are Q0-Q8, C. = 500 pF; RAS0-RAS3, C_ = 150 pF; WE, C,. = 500 pF; CAS, C| = 600 pF; RL = 5000 73]
unless otherwise noted. See Figure 11a for test load. S1 is open unless otherwise specifiled. Maximum propagation ‘,(,"
delays are specified with all outputs switching. @
N
* =
Symbol Parameter Condition cL AllC = 50pF Units >
Min Max Min Max hary
REFRESH (Continued) *
tRQHRF RFSH Hold Time from RGCK Figure 3 2T ns §
tRFRH RFSH High to RAS High (See Mode 1 P
(Ending Forced Refresh Description) 42 ns ~
early) x
tRFSRG RFSH Low Set-up to (See Mode 1 ©
RGCK Low (Mode 1) Description) 12 ns S
Figure 3 l‘g
1CSHR CS High to RASIN Low for Figure 7 10 ns >
Hidden Refresh =
tRKRL RFCK High to RASIN 50 ns ry
low for hidden Refresh ;.2
DP8419, DP8419X ONLY S
tcsRL1 CS Low to Access RASIN Figure 3 »
Low (Using Mode 5 with 34 ns g
Auto Refresh Mode) <
tcsRLO CS Low to Access RASIN (See Mode 5
Low (Using Modes 4 or 5 Description) 5 ns
with externally controlled
Refresh)
DP8418 ONLY
tcsRLY CS Low to Access RASIN Figure 3
Low (Using Mode 5 with 5 ns
Auto Refresh Mode)
tcsrLo CS Low to Access RASIN (See Mode 5
Low (Using Modes 4 or 5 Description) 5 ns .
with externally controlled
Refresh)
DP8417 ONLY — PRELIMINARY
teSRLA CS Low to Access RASIN Figure 3
Low (Using Mode 5 with 34 ns
Auto Refresh Mode)
tcsrLo CS Low to Access RASIN (See Mode 5
Low (Using Modes 4 or 5 Description) 34 ns
with externally controlled
Refresh)
TRI-STATE
tzH CS Low to Output S10pen 50 ns
High from Hi-Z Figure 11G
thz CS High to Output S10pen 50 ns
Hi-Z from High Figure 11G
tzL CS Low to Output S1 Closed 50 ns
Low from Hi-Z Figure 11G
thz CS High to Output S1 Closed 50 ns
Hi-Z from Low Figure 11G
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DP8417/NS32817/8418/32818/8419/32819/8419X/32819X

Input Capacitance 1, = 25°C (Note 2)

Symbol Parameter Condition Min Typ Max Units
CiN Input Capacitance ADS, R/C, CS, M2, RASIN 8 pF
CiN Input Capacitance All Other Inputs - 5 pF

Note 1: “Absolute Maximum Ratings" are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation.

Note 2: All typical values are for Tp=26°C and Vcc=5.0V.

Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing this parameter. In testing these
parameters, a 150 resistor should be placed in series with each output under test. One output should be tested at a time and test time should not exceed 1 second.

Note 4: Input pulse OV to 3.0V, tg=tr=2.5 ns, {=2.5 MHz, tpyy =200 ns. Input ref
High and 0.8V for Low.

Note 5: The load capacitance on RF 170 should not exceed 50 pF.

point on AC

is 1.5V Output reference points are 2.4V for
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DP8428/NS32828, DP8429/NS32829
1 Megabit High Speed Dynamic RAM Controller/Drivers

General Description

The DP8428 and DP8429 1M DRAM Controller/Drivers are
designed to provide “No-Waitstate” CPU interface to Dy-
namic RAM arrays of up to 8 Mbytes and larger. The
DP8428 and DP8429 are tailored for 32-bit and 16-bit sys-
tem requirements, respectively. Both devices are fabricated
using National's new oxide isolated Advanced Low power
Schottky (ALS) process and use design techniques which
enable them to significantly out-perform all other LSI or dis-
crete alternatives in speed, level of integration, and power
consumption.

Each device integrates the foliowing critical 1M DRAM con-
troller functions on a single monolithic device: ultra precise
delay line; 9 bit refresh counter; fall-through row, column,
and bank select input latches; Row/Column address mux-
ing logic; on-board high capacitive-load RAS, CAS, Write
Enable and Address output drivers; and, precise control sig-
nal timing for all the above.

In order to specify each device for “true” worst case operat-
ing conditions, all timing parameters are guaranteed while
the chip is driving the capacitive load of 88 DRAMs includ-
ing trace capacitance. The chip’s delay timing logic makes
use of a patented new delay line technique which keeps AC
skew to =3 ns over the full Vg range of £10% and tem-
perature range of —55°C to +125°C. The DP8428 and
DP8429 guarantee a maximum RASIN to CASOUT delay of
80 ns or 70 ns even while driving an 8 Mbyte memory array
with error correction check bits included. Two speed select-
ed options of these devices are shown in the switching
characteristics section of this document. (Continued)

Features

m Makes DRAM interface and refresh tasks appear virtu-
ally transparent to the CPU making DRAMs as easy to
use as static RAMs

m Specifically designed to eliminate CPU wait states up to
10 MHz or beyond

m Eliminates 20 discrete components for significant board
real estate reduction, system power savings and the
elimination of chip-to-chip AC skewing

# On-board ultra precise delay line

m On-board high capacitive RAS, CAS, WE and Address
drivers (specified driving 88 DRAMSs directly)

m AC specified for directly addressing up to 8 Mbytes

m Low power/high speed bipolar oxide isolated process

B Downward pin and function compatible with 256k
DRAM Controller/Drivers DP8409A, DP8417, DP8418,
and DP8419

Contents

m System and Device Block Diagrams

m Recommended Companion Components

m Device Connection Diagrams and Pin Definitions

| Device Differences—DP8428 vs DP8429

® Mode of Operation
(Descriptions and Timing Diagrams)

B Application Description and Diagrams

m DC/AC Electrical Specifications, Timing Diagrams and
Test Conditions

System Diagram

cPU DPB428 WULTIPLEXED ADDRESS BUS 4 BANKS OF
32=BIT »|  orsazoo N OR Q0-9(500 pF DRIVERS) DYNAMIC RAMS
16=BIT PROGRAMMABLE DP8429
8-8IT REFRESH TIMER =
1 MEGABIT RAS 0-3 (150 pF DRIVERS) UP TO
N R > 8 MEGABYTES
CONTROLLER/ — E?';?%SR
ADORESS BUS :> DRIVERS CAS (600 pF DRIVER) CORRECTION,
WE (500 pF DRIVER) CHECK BITS
INTERRUPT —>
WAIT/DTACK TRANS- <,|: MEMORY DATA BUS > DATA IN
CEVERS
4+ § | READ/WRITE
£ T BUFFER <: DATA OUT
DPB4XX2
CPU SPECIFIC
REFRESH/ACCESS K DP&AZ&ZZS CONTROL DP8400-2 OR DP8402A CHECK BITS IN
ARBITRATION — 16 BIT OR 32 BIT A\J:
ERROR DETECTION
ERROR CORRECTION  [(\DP8400-2/8402A CONTROL }  AND CORRECTION AUFFER <:: CHECK BITS OUT
| >
ENABLE BUFFERS e
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DP8428/DP8429/NS32828/NS32829

General Description (continued)

With its four independent RAS outputs and ten multiplexed
address outputs, the DP8429 can support up to four banks
of 64k, 256k or 1M DRAMSs. Two bank select pins, B1 and
BO, are decoded to activate one of the RAS signals during
an access, leaving the three non-selected banks in the
standby mode (less than one tenth of the operating power)
with data outputs in TRI-STATE®. The DP8428’s one Bank
Select pin, B1, enables 2 banks automatically during an ac-
cess in order to provide an optimum interface for 32-bit mi-
Croprocessors.

The DP8428 and DP8429 each have two mode-select pins,
allowing for two refresh modes and two access modes. Re-
fresh and access timing may be controlled either externally

Functional Block Diagrams

or automatically. The automatic modes require a minimum
of input contro! signals.

A refresh counter is on-chip and is multiplexed with the row
and column inputs. Its contents appear at the address out-
puts of the DP8428 or DP8429 during any refresh, and are
incremented at the completion of the refresh. Row, Column
and bank address latches are also on-chip. However, if the
address inputs to the DP8428 or DP8429 are valid through-
out the duration of the access, these latches may be operat-
ed in the fall-through mode.

Each device is available in either the 52 pin Ceramic DIP, or
the low cost JEDEC standard 68 pin Plastic Chip Carrier
(PCC) package.

DP8429
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Functional Block Diagrams (continued)

ROW ADDRESS N
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N
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i
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|
;
|
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RAS 3

RAS 2
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N

INPUT LATCH W30

|} h 4 4 rasi

CONTROL LOGIC

RF1/0  M2(RFSH) RAHS Mo
TL/F/8648-3

System Companion Components

Device # Function

DP84300 Programmable Refresh Timer for DP84xx DRAM Controller
DP84412 NS32008/16/32 to DP8409A/17/18/19/28/29 Interface

DP84512 NS32332 to DP8417/18/19/28/29 Interface

DP84322 68000/08/10 to DP8409A/17/18/19/28/29 Interface (up to 8 MH2)
DP84422 68000/08/10 to DP8409A/17/18/19/28/29 Interface (up to 12.5 MHz)
DP84522 68020 to DP8417/18/19/28/29 Interface

DP84432 8086/88/186/188 to DP8409A/17/18/19/28/29 Interface
DP84532 80286 to DP8409A/17/18/19/28/29 Interface

DP8400-2 16-Bit Expandable Error Checker/Corrector (E2C2)

DP8402A 32-Bit Error Detector And Corrector (EDAC)

1-71
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DP8428/DP8429/NS32828/NS32829

Connection Diagrams

Dual-In-Line Package

Dual-In-Line Package

R/T (RFCK) = ~ Baw R/ & (RFCK) =4 N
CASIN (RGCK) 2 5L oS CASIN (RGCK) = 5L &5
MO = 2 er 1/0 Mo = 2% 2r 1/0
RAHS = 48 RAHS =4 149 o
M2 (W-I)—5 :—:WE M2 (RFSH) 3 %W
ADS — =~ 00 ADS = =~ q0
RO 46 00 RO KL
oY 45 01 oY 45 01
Rt =Y 44 02 1= 24 0
oY 5 03 oY 43 03
re 4 42 04 rz 42 04
c2i2 4L onp i 4L onp
enp 3 DPB428 140 0 a2 DPB429 40 op
rs 4 22 05 rs 4 L
s 8 vec s 28 e
R4S 37 06 ra 2 SN
ce D 36 o7 e 56 o7
rs Y 5 08 w5 8 2 08
s B4 oxs o8 24 oas
Re 33 o3 re Y 153 s
co 32 e co 2L 52 orss
re 22 3L RS re 22} 2L i
c6 & 0 x50 e 20 a0
rr 12 ¢ rr 24 2 5o
] 128 5 a® 128 5y
re 127 cs re 8 12 cs

TL/F/8649-4

Order Number DP8428D-70, DP8428D-80 or

Plastic Chip Carrier Package

DP8429D-70, DP8429D-80
See NS Package Number D52A

Plastic Chip Carrier Package

X S
z g5 = g8
B, 285 < Ee 255 ¢
— -z
5299202 Elws $5osSenepys
98765432 16867666564636261 98765432 16867666564636261
10 60 10 60
1 59} Q9 ADS | 11 59
12 58] Q1 RO |12 58
13 57} Q2 coli13 57
14 56 Q3 R1 |14 56
15 55] Q4 C1 {15 55
16 54 ] GND R2{16 54
17 53] GND c2117 53
18 DP8428 52| o5 onp 118 DP8429 52
19 51] Yec GND § 19 51
20 50 Vee R3§20 50
21 49] Q6 c3i2 49
22 481 @7 R4 |22 48
23 47 _Qi c4]123 47
24 46| CAS RS | 24 46
25 451 RAS3 c5 )25 45
26 44 R9 | 26 44
2728293031323334353637383940414243 2728293031323334353637383940414243
2 23333823333 8 =2833382BFFE
Ol=in ol=ln

TL/F/8649-6

Order Number DP8428V-70, DP8428V-80 or

DP8429V-70, DP8429V-80
See NS Package Number V68A

TL/F/8649-5

TL/F/8649-7
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DP8428 vs DP8429

The DP8428 DYNAMIC RAM CONTROLLER/DRIVER is
identical to the DP8429 with the exception of two functional
differences incorporated to improve performance with 32-bit
miCroprocessors.

1) Pin 28 (B1) is used to enable/disable a pair of RAS out-
puts, and pin 29 (BO on the DP8429) is a no connect.
When B1 is low, RASO and RAS1 are enabled such that
they both go low during an access. When B1 is high,
RAS2 and RAS3 are enabled. This feature is useful when
driving words of 32 bits or more since each RAS would
be driving only one half of the word. By distributing the
load on each RAS line in this way, the DP8428 will meet
the same AC specifications driving 2 banks of 32 DRAMs
each as the DP8429 does driving 4 banks of 16 bits each.

2) The hidden refresh function available on the DP8429 has
been disabled on the DP8428 in order to reduce the
amount of setup time necessary from CS going low to
RASIN going low during an access of DRAM. This param-
eter, called tcsgL1, is 5 ns for the DP8428 whereas it is
34 ns for the DP8429. The hidden refresh functicn al-
lowed only a very smalt increase in system performance,
at microprocessor frequencies of 10 MHz and above.

Pin Definitions

Vce, GND, GND — Vge = 5V 1£10%. The three supply
pins have been assigned to the center of the package to
reduce voltage drops, both DC and AC. There are two
ground pins to reduce the low level noise. The second
ground pin is located two pins from V¢, so that decoupling
capacitors can be inserted directly next to these pins. It is
important to adequately decouple this device, due to the
high switching currents that will occur when all 10 address
bits change in the same direction simultaneously. A recom-
mended solution would be a 1 uF multilayer ceramic capaci-
tor in parallel with a low-voltage tantalum capacitor, both
connected as close as possible to GND and Vg to reduce
lead inductance. See Figure below.

*MULTILAYER l —L
CERAMIC T T
TL/F/8649-8

*Capacitor values should be chosen depending on the particular application.

vee O

“TANTALUM

GND O

R0-~R9: Row Address Inputs.

C0-C9: Column Address Inputs.

Q0-Q9: Multiplexed Address Outputs - This address is
selected from the Row Address Input Latch, the Column
Address Input Latch or the Refresh Counter.

RASIN: Row Address Strobe Input - RASIN directly con-
trols the selected RAS output when in an access mode and
all RAS outputs during hidden or external refresh.

R/C (RFCK) - In the auto-modes this pin is the external
refresh clock input; one refresh cycle should be performed
each clock period. In the external access mode it is Row/
Column Select Input which enables either the row or column
address input latch onto the output bus.

CASIN (RGCK) - In the auto-modes this pin is the RAS
Generator Clock input. In external access mode it is the
Column Address Strobe input which controls CAS directly
once columns are enabled on the address outputs.

ADS: Address (Latch) Strobe Input ~ Row Address, Col-
umn Address, and Bank Select Latches are fall-through with
ADS high; latching occurs on high-to-low transition of ADS.
CS: Chip Select Input - When high, CS disables all ac-
cesses. Refreshing, however, in both modes 0 and 1 is not
affected by this pin.

MO, M2 (RFSH): Mode Control Inputs ~ These pins select
one of the four available operational modes of the DP8429
(see Table ).

RFI1/0: Refresh Input/Output - In the auto-modes this pin
is the Refresh Request Output. It goes low following RFCK
indicating that no hidden refresh was performed while RFCK
was high. When this pin is set low by an external gate the
on-chip refresh counter is reset to all zeroes.

WIN: Write Enable Input.

WE: Write Enable Output - WE follows WIN unconditionally.

RAHS: Row Address Hold Time Select - Selects the
traH to be guaranteed by the DP8428 or DP8429 delay line
to allow for the use of fast or slow DRAMs.

CAS: Column Address Strobe Output - In mode 5 and in
mode 4 with CASIN low before R/C goes low, CAS goes
low automatically after the column address is valid on the
address outputs. In mode 4 CAS follows CASIN directly af-
ter R/C goes low, allowing for nibble accessing. CAS is al-
ways high during refresh.

RAS 0-3: Row Address Strobe Outputs - The enabled
RAS output (see Table ) follows RASIN directly during an
access. During refresh, all RAS outputs are enabled.
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DP8428/DP8429/NS32828/NS32829

Pin Definitions (continued)

B0, B1: Bank Select Inputs = These pins are decoded to
enable one or two of the four RAS outputs during an access
(see Table | and Tabile Il).

TABLE I. DP8429 Memory Bank Decode

Bank Select
(Strobed by ADS) Enabled RAS,
B1 BO
0 0 RASp
0 1 RAS,
1 0 RAS,
1 1 RAS3

TABLE II. DP8428 Memory Bank Decode

Bank Select
(Strobed by ADS) Enabled RAS,,
B1 NC
0 X RAS, & BAS+
1 X RAS, & RAS;3

Conditions for All Modes

INPUT ADDRESSING

The address block consists of a row-address latch, a col-
umn-address latch, and a resettable refresh counter. The
address latches are fall-through when ADS is high and latch
when ADS goes low. If the address bus contains valid ad-
dresses until after CAS goes low at the end of the memory
cycle, ADS can be permanently high. Otherwise ADS must
go low while the addresses are still valid.

DRIVE CAPABILITY

The DP8429 has timing parameters that are specified driv-
ing the typical capacitance (including traces) of 88, 5V-only
DRAMSs. Since there are 4 RAS outputs, each is specified
driving one-fourth of the total memory. CAS, WE and the
address outputs are specified driving all 88 DRAMs.

The graph in Figure 10 may be used to determine the slight
variations in timing parameters, due to loading conditions
other than 88 DRAMSs.

Because of distributed trace capacitance and inductance
and DRAM input capacitance, current spikes can be creat-
ed, causing overshoots and undershoots at the DRAM in-
puts that can change the contents of the DRAMs or even
destroy them. To reduce these spikes, a damping resistor
(low inductance, carbon) should be inserted between the
DP8428 outputs and the DRAMSs, as close as possible to

the DP8429. The damping resistor values may differ de-
pending on how heavily an output is loaded. These resistors
should be determined by the first prototypes (not wire-
wrapped due to the larger distributed capacitance and in-
ductance). Resistors should be chosen such that the tran-
sition on the control outputs is critically damped. Typical
values will be from 15Q to 100Q, with the lower values be-
ing used with the larger memory arrays. Note that AC pa-
rameters are specified with 15Q damping resistors. For
more information see AN-305 “Precautions to Take When
Driving Memories”.

DP8429 DRIVING ANY 256k or 1M DRAMS

The DP8429 can drive any 256k or 1M DRAMs. 256k
DRAMs require 18 of the DP8429’s address inputs to select
one memory location within the DRAM. RAS-only refreshing
with the nine-bit refresh-counter on the DP8429 makes CAS
before RAS refreshing, available on 256k DRAMs, unneces-
sary (see Figure 1a).

1 Mbit DRAMSs require the use of all 10 of the DP8429 Ad-
dress Outputs (see Figure 1b).

READ, WRITE AND READ-MODIFY-WRITE CYCLES

The output signal, WE, determines what type of memory
access cycle the memory will perform. If WE is kept high
while CAS goes low, a read cycle occurs. If WE goes low
before CAS goes low, a write cycle occurs and data at DI
(DRAM input data) is written into the DRAM as CAS goes
low. If WE goes low later than towp after CAS goes low, first
a read occurs and DO (DRAM output data) becomes valid,
then data DI is written into the same address in the DRAM
as WE goes low. In this read-modify-write case, D! and DO
cannot be linked together. WE always follows WIN directly
to determine the type of access to be performed.

POWER-UP INITIALIZE

When Vg is first applied to the DP8429, an initialize pulse
clears the refresh counter and the internal control fiip-flops.

Mode Features Summary

W 4 modes of operation: 2 access and 2 refresh

m Automatic or external selected by the user

m Auto access mode provides RAS, row to column
change, and then CAS automatically.

m Choice between two different values of tray in auto-ac-
cess mode

m CAS controlled independently in external control mode,
allowing for nibble mode accessing

m Automatic refreshing can make refreshes transparent to
the system

m CAS is inhibited during refresh cycles
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DP8428/DP8429 Mode Descriptions

MODE 0-EXTERNALLY CONTROLLED REFRESH

Figure 2 shows the Externally Controlled Refresh timing. In
this mode the refresh counter contents are multiplexed to
the address outputs. All RAS outputs are enabled to follow
RASIN so that the row address indicated by the refresh
counter is refreshed in all DRAM banks when RASIN goes
low. The refresh counter increments when RASIN goes

In order that the refresh address is valid on the address
outputs prior to the RAS lines going low, RFSH must go low
before RASIN. The setup time required is given by tgrRL in
the Switching Characteristics. This parameter may be ad-
justed using Figure 10 for loading conditions other than
those specified.

TABLE IIl. DP8428/DP8429 Mode Select Options

high. RFSH should be held low at least until RASIN goes (RFSH)
high (they may go high simultaneously) so that the refresh Mode M2 Mo Mode of Operation
address remains valid and all RAS outputs remain enabled
throughout the refresh. 0 0 0 Externally Controlled
A burst refresh may be performed by holding RFSH low and Refresh
toggling RASIN until all rows are refreshed. It may be useful 1 0 1 Auto Refresh~Forced
in this case to reset the refresh counter just prior to begin- 4 1 0 Externally Controlled
ning the refresh. The refresh counter resets to all zeroes Access
when RFI/O is pulled low by an externa! gate. The refresh 5 4 " Auto Access
counter always counts to 511 before rolling over to zero. If Hidden Refresh
there are 128 or 256 rows being refreshed then Q7 or Q8, (Hidden Refresh)
respectively, going high may be used as an end-of-burst
indicator.
DP8428/DP8429 Interface Between System and DRAM Banks
CAS
WE
ROWS
RAS
g 9 1 COLUMN DECODE ]
P ADDRESS
COLUMNS DRIVERS — , g 512
+5V 256K
BUS w DYNAMIC
0] 512 256K RAMS
|, REFRESH E ARRAY
COUNTER C
0
D
DP8429 E
TL/F/8649-12
All 9 Bits of Refresh Counter Used
FIGURE 1a. DP8428/DP8429 with 256k DRAMs
CTAS »>
ROWS 10 WE » l
0 X
" COLUMN DECODE
10 ADDRESS |10
COLUMNS R 2048
DRIVERS W 5
BUS w
D 1 M=BIT +5V 1M
ReFRESH | 9 ‘E: 512 ARRAY DRAMS
D> CouNTER 0
D
E
DP8429

All 9 Bits of Refresh Counter Used

TL/F/8649-25

FIGURE 1b. DP8428/DP8429 with 1M DRAMs
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DP8428/DP8429 Mode Descriptions (continued)
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FIGURE 2a. External Control Refresh Cycle (Mode 0)
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DP8428/DP8429 Mode Descriptions (Continued)

MODE 1-AUTOMATIC FORCED REFRESH

In Mode 1 the R/C (RFCK) pin becomes RFCK (refresh
cycle clock) and the CASIN (RGCK) pin becomes RGCK
(RAS generator clock). If RFCK is high and Mode 1 is en-
tered then the chip operates as if in MODE 0 (externally
controlled refresh), with all RAS outputs following RASIN.
This feature of Mode 1 may be useful for those who want to
use Mode 5 (automatic access) with externally controlled
refresh. By holding RFCK permanently high one need only
toggle M2 (RFSH) to switch from Mode 5 to external re-
fresh. As with Mode 0, RFI/O may be pulled low by an ex-
ternal gate to reset the refresh counter.

When using Mode 1 as automatic refresh, RFCK must be an
input clock signal. One refresh should occur each period of
RFCK. If no refresh is performed while RFCK is high, then
when RFCK goes low RFI/O immediately goes. low to indi-
cate that a refresh is requested. (RFI/O may still be used to
reset the refresh counter even though it is also used as a
refresh request pin, however, an open-collector gate should
be used to reset the counter in this case since RFI/O is
forced low internally for a request).

"]

Atter receiving the refresh request the system must allow a
forced refresh to take place while RFCK is low. External
logic can monitor RFRQ (RFI/0) so that when RFRQ goes
low this logic will wait for the access currently in progress to
be completed before pulling M2 (RFSH) low to put the
DP8429 in mode 1. If no access is taking place when RFRQ
occurs, then M2 may immediately go low. Once M2 is low,
the refresh counter contents appear at the address outputs
and RAS is generated to perform the refresh.

An external clock on RGCK is required to derive the refresh
RAS signals. On the second falling edge of RGCK after M2
is low, all RAS lines go low. They remain low until two more
falling edges of RGCK. Thus RAS remains high for one to
two periods of RGCK after M2 goes low, and stays low for
two periods. In order to obtain the minimum delay from M2
going low to RAS going low, M2 should go low trespg be-
fore the falling edge of RGCK.

The Refresh Request on RFI/0 is terminated as RAS goes
low. This signal may be used to end the refresh earlier than
it normally would as described above. If M2 is pulled high

—-—‘ }-— tCSALY

I | | 4P NEXT CYCLE
RASIR PROGRESSES

4P CONTINUES
OPERATIONS

®
®
RFCK _-‘ T |._
—>[ [+ tRockL | —'| [+—tRGCKR
RGCK
wrsno /] [ |<—taanr tn(%m.——ﬂ
pp— 8086732016 ACKNOWLEDGES HOLD 8086/32016 REMOVES ACKNOWLEDGE
(RFSH) 68000 GRANTS BUS (MODE 5) ® (Moo 1) | | 68000 REMOVES GRANT (MDDE 5)
® [—tenon | |- trHRY |
— 1
RF 1/0 (RFAD) ‘J REFRESH nlsuusst REMOVED
® —| |=—treau
I-—!muL ® | }+—tRaRL
- REFRESH TO
RAS0,1,2,3 I \ I / I ©| ALL BANKS I
P ACCES . P ACCESS TO
T0 SELECTED BANK “—, >typ—] SELECTED BANKS

—|  fe—twmrLer

® Forced refresh RAS starts after > T

® RFCK goes low

® RFRQ goes low if no hidden refresh
occurred while RFCK was high

@ Next RASIN starts next access
© pP acknowledges refresh request

L [

TL/F/8649-15

(> tap)

® Forced refresh FAS ends RFRQ
@ uP removes refresh acknowledge

FIGURE 3. DP8428/DP8429 Performing a Forced Refresh (Mode 5 — 1 — 5) with Various Microprocessors
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DP8428/DP8429 Mode Descriptions (Continued)

while the RAS lines are low, then the RASs go high tarrH
later. The designer must be careful, however, not to violate
the minimum RAS low time of the DRAMs. He must also
guarantee that the minimum RAS precharge time is not vio-
lated during a transition from mode 1 to mode 5 when an
access is desired immediately following a refresh.

If the processor tries to access memory while the DP8429 is
in mode 1, WAIT states should be inserted into the proces-
sor cycles until the DP8429 is back in mode 5 and the de-
sired access has been accomplished (see Figure 9).

Instead of using WAIT states to delay accesses when re-
freshing, HOLD states could be used as follows. RFRQ
could be connected to a HOLD or Bus Request input to the
system. When convenient, the system acknowledges the
HOLD or Bus Request by pulling M2 low. Using this
scheme, HOLD will end as the RAS lines go low (RF!/O
goes high). Thus, there must be sufficient delay from the
time HOLD goes high to the DP8429 returning to mode 5, so
that the RAS low time of the DRAMs isn't violated as de-
scribed earlier (see Figure 3 for mode 1 refresh with Hold
states).

To perform a forced refresh the system will be inactive for
about four periods of RGCK. For a frequency of 10 MHz,
this is 400 ns. To refresh 128 rows every 2 ms an average of

*Resistors required depends on DRAM load.

DRAMs Maybe 16k, 64k, 256k, 1M

For 4 Banks, can drive 16 data bits
+6 Check Bits for ECC.

For 2 Banks, can drive 32 data bits
+7 Check Bits for ECC.

For 1 Bank, can drive 64 data bits
+8 Check Bits for ECC.

about one refresh per 16 us is required. With a RFCK period
of 16 ps and RGCK period of 100 ns, DRAM accesses are
delayed due to refresh only 2.5% of the time. If using the
Hidden Refresh available in mode 5 (refreshing with RFCK
high) this percentage will be even lower.

MODE 4 - EXTERNALLY CONTROLLED ACCESS

In this mode all control signal outputs can be controlled
directly by the corresponding control input. The enabled
RAS output follows RASIN, CAS follows CASIN (with R/C
low), WE follows WIN and R/C determines whether the row
or the column inputs are enabled to the address outputs
(see Figure 4).

With R/T high, the row address latch contents are enabled
onto the address bus. RAS going low strobes the row ad-
dress into the DRAMs. After waiting to allow for sufficient
row-address hold time (tran) after RAS goes low, R/C can
go low to enable the column address latch contents onto
the address bus. When the column address is valid, CAS
going low will strobe it into the DRAMs. WIN determines
whether the cycle is a read, write or read-modify-write ac-
cess. Refer to Figures 5a and §b for typical Read and Write
timing using mode 4.

Page or Nibble mode may be performed by toggling CASIN
once the initial access has been completed. In the case of
page mode the column address must be changed before
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FIGURE 4. Typical Application of DP8429 Using External Control Access and Refresh in Modes 0 and 4
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FIGURE 5a. Read Cycle Timing (Mode 4)
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CASIN goes low to access a new memory location (see
Figure 5c). Parameter topgis has been specified in order that
users may easily -determine minimum CAS pulse widths
when CASIN is toggling.

AUTOMATIC CAS GENERATION

CAS is held high when R/C is high even if CASIN is low. If
CASIN is low when R/C goes low, CAS goes low automati-
cally, tagc after the column address is valid. This feature
eliminates the need for an externally derived CASIN signal
to control CAS when performing a simple access (Figure 5a
demonstrates Auto-CAS generation in mode 4). Page or nib-
ble accessing may be performed as shown in Figure 5¢
even if CAS is generated automatically for the initial access.

FASTEST MEMORY ACCESS

The fastest Mode 4 access is achieved by using the auto-
matic CAS feature and external delay line to generate the
required delay between RASIN and R/C. The amount of
delay required depends on the minimum tgaH of the DRAMs
being used. The DP8429 parameter tpjr1 has been speci-
fied in order that the delay between RASIN and R/C may be
minimized.

toir1 = MAXIMUM (trppL - tRHA)
where tgppL = RASIN to RAS delay

and tgya = row address held from R/C going low.
The delay between RASIN and R/C that guarantees the
specified DRAM tgay is given by

MINIMUM RASIN to R/C = tpirq + tran
Example
In an application using DRAMSs that require a minimum tgan
of 15 ns, the following demonstrates how the maximum
RASIN to CAS time is determined.

(Continued)

With tpjrq (from Switching Characteristics) = 7 ns,
RASINto R/Cdelay = 7ns + 15ns = 22 ns.

A delay line of 25 ns will be sufficient.
With Auto-CAS generation, the maximum delay from R/C to
CAS (loaded with 600 pF) is 46 ns. Thus the maximum
RASIN to CAS time is 71 ns, under the given conditions.
With a maximum RASIN to RAS time (tgppL) of 20 ns, the
maximum RAS to CAS time is about 51 ns. Most DRAMs
with a 15 ns minimum tgay have a maximum tgcp of about
60 ns. Thus memory accesses are likely to be RAS limited
instead of CAS limited. In other words, memory access time
is limited by DRAM performance, not controller perform-
ance.

REFRESHING IN CONJUNCTION WITH MODE 4

If using mode 4 to access memory, mode 0 (externally con-
trolled refresh) must be used for all refreshing.

MODE 5 - AUTOMATIC ACCESS WITH HIDDEN RE-
FRESHING CAPABILITY

Automatic-Access has two advantages over the externally
controiled access (mode 4). First, RAS, CAS and the row to
column change are all derived internally from one input sig-
nal, RASIN. Thus the need for an external delay line (see
mode 4) is eliminated.

Secondly, since R/C and CASIN are not needed to gener-
ate the row to column change and CAS, these pins can be
used for the automatic refreshing function.

AUTOMATIC ACCESS CONTROL

Mode 5 of the DP8429 makes accessing Dynamic RAM
nearly as easy as accessing static RAM. Once row and col-
umn addresses are valid (latched on the DP8429 if neces-
sary), RASIN going low is all that is required to perform the
memory access.
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FIGURE 5c. Page or Nibble Access in Mode 4
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FIGURE 6. Mode 5 Timing

(Refer to Figure 6) In mode 5 the selected RAS follows
RASIN immediately, as in mode 4, to strobe the row address
into the DRAMs. The row address remains valid on the
DP8429 address outputs long enough to meet the tgan re-
quirement of the DRAMs (pin 4, RAHS, of the DP8429 al-
lows the user two choices of tran). Next, the column ad-
dress replaces the row address on the address outputs and
CAS goes low to strobe the columns into the DRAMs. WIN
determines whether a read, write or read-modify-write is
done.

The diagram below illustrates mode 5 automatic control sig-
nal generation.

RASIN )— b RAS
fRAH [~ 00-9
tASC P CAS

TL/F/8649-21

REFRESHING IN CONJUNCTION WITH MODE 5
When using mode 5 to perform memory accesses, refresh-
ing may be accomplished:

(a) externally (in mode 0 or mode 1)

(b) by a combination of mode 5 (hidden refresh) and
mode 1 (auto-refresh)
or (c) by acombination of mode 5 and mode 0

(a) Externally Controlled Refreshing in Mode 0 or Mode 1

All refreshing may be accomplished using external refresh-
es in either mode 0 or mode 1 with R/C (RFCK) tied high
(see mode 0 and mode 1 descriptions). If this is desired, the
system determines when a refresh will be performed, puts
the DP8429 in the appropriate mode, and controls the RAS
signals directly with RASIN. The on-chip refresh counter is
enabled to the address outputs of the DP8429 when the
refresh mode is entered, and increments when RASIN goes
high at the completion of the refresh.

(b) Mode 5 Refreshing (hidden) with Mode 1 refreshing
(auto)

(Refer to Figure 7a) If RFCK is tied to a clock (see mode 1
description), RFI/O becomes a refresh request output and
goes low following RFCK going low if no refresh occurred
while RFCK was high. Refreshes may be performed in
mode 5 when the DP8429 is not selected for access (CS is
high) and RFCK is high. If these conditions exist the refresh
counter contents appear on the DP8429 address outputs
and all RAS lines follow RASIN so that if RASIN goes low
(an access other than through the DP8429 occurs), all RAS
lines go low to perform the refresh. The DP8429 allows only
one refresh of this type for each period of RFCK, since
RFCK should be fast enough such that one refresh per peri-
od is sufficient to meet the DRAM refresh requirement.
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DP8428/DP8429 Mode Descriptions (continued)

Once it is started, a hidden refresh will continue even if
RFCK goes low. However, CS must be high throughout the
refresh (until RASIN goes high).

These hidden refreshes are valuable in that they do not
delay accesses. When determining the duty cycle of RFCK,
the high time should be maximized in order to maximize the
probability of hidden refreshes. If a hidden refresh doesn’t
happen, then a refresh request will occur on RFI/O when
RFCK goes low. After receiving the request, the system
must perform a refresh while RFCK is low. This may be
done by going to mode 1 and allowing an automatic refresh
(see mode 1 description). This refresh must be completed
while RFCK is low, thus the RFCK low time is determined by
the worst-case time required by the system to respond to a
refresh request.
(c) Mode 5 Refresh (Hidden Refresh) with mode 0 Refresh
(External Refresh) '
This refresh scheme is identical to that in (b) except that
after receiving a refresh request, mode 0 is entered to do
the refresh (see mode 0 description). The refresh request is
terminated (RFI/O goes high) as soon as mode 0 is en-
tered. This method requires more control than using mode 1
(auto-refresh), however, it may be desirable if the mode 1
refresh time is considered to be excessive.
Example
Figure 7b demonstrates how a system designer would use
the DP8429 in mode 5 based on certain characteristics of
his system.

System Characteristics:
1) DRAM used has min tgay requirement of 15 ns and
min tagr of O ns
2) DRAM address is valid from time Ty to the end of the
memory cycle
3) four banks of twenty-two 256k memory chips each are
being driven
Using the DP8429 (see Figure 7b):
1) Tie pin 4 (RAHS) high to guarantee a 15 ns minimum
traH Which is sufficient for the DRAMs being used
2) Generate RASIN no earlier than time Ty + tasprL (see
switching characteristics), so that the row address is
valid on the DRAM address inputs before RAS occurs
3) Tie ADS high since latching the DRAM address on the
DP8429 is not necessary
4) Connect the first 20 system address bits to R0-R9 and
C0-C9, and bits 21 and 22 to BO and B1
5) Connect each RAS output of the DP8429 to the RAS
inputs of the DRAMs of one bank of the memory array;
connect Q0-Q9 of the DP8429 to A0-A9 of all DRAMSs;
connect CAS of the DP8429 to CAS of all the DRAMs
Figure 7c illustrates a similar example using the DP8428 to
drive two 32-bit banks.
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FIGURE 7a. Hidden Refreshing (Mode 5) and Forced Refreshing (Mode 1) Timing




DP8428/DP8429 Mode Descriptions (continued)

»{ ARS 7
»{ CAS
= BANK
% 0.9
Z
“—|AAs 2
FAs 7
TS aanx Z
—>]WE H 7
7
l N B9 ;
_ 7 7
SYSTEM CLOCK L——> RGCK RAS 3 v
| | 808 AAS 2 [y 7
B0 RS 1 [ RAS 7
| RS 0 v P 7 s LT m Z
R0-9 —>| WE !
A0-21 2\
€0-9 ’
| 0p8a29 Z
I 81 7
INPUT RAS [—> RASIN —>|AAS
REFRESH CLOCK [————————PAFCK GBS [ T m
WE v LW
WAITE | » Wi
009 ZMZ% 209
REFRESH (——P| M2 75 g quus
256Ks
sb————t 11
A 1"
DATA k7 %
|

TL/F/8649-23

FIGURE 7b. Typical Application of DP8429 Using Modes 5 and 1

Applications

If one desires a memory interface containing the DP8429
that minimizes the number of external components required,
modes 5 and 1 should be used. These two modes provide:

1) Automatic access to memory (in mode 5 only one signal,
RASIN, is required in order to access memory)

2) Hidden refresh capability (refreshes are performed auto-
matically while in mode 5 when non-local accesses are
taking place, as determined by CS)

3) Refresh request capability (if no hidden refresh took
place while RFCK was high, a refresh request is generat-
ed at the RF1/0 pin when RFCK goes high)

4) Automatic forced refresh (If a refresh request is generat-
ed while in mode 5, as described above, external logic
should switch the DP8429 into mode 1 to do an automat-
ic forced refresh. No other external control signals need
be issued. WAIT states can be inserted into the proces-
sor machine cycles if the system tries to access memory
while the DP8429 is in mode 1 doing a forced refresh).

Some items to be considered when integrating the DP8429

into a system design are:

1) The system designer should ensure that a DRAM access
not be in progress when a refresh mode is entered. Simi-

larly, one should not attempt to start an access while a
refresh is in progress. The parameter tgrpyRL specifies
the minimum time from RFSH high to RASIN going low to
initiate an access.

2) One should always guarantee that the DP8429 is enabled
for access prior to initiating the access (see tcgRL1).

3) One should bring RASIN low even during non-local ac-
cess cycles when in mode 5 in order to maximize the
chance of a hidden refresh occurring.

4) At lower frequencies (under 10 Mhz), it becomes increas-
ingly important to differentiate between READ and
WRITE cycles. RASIN generation during READ cycles
can take place as soon as one knows that a processor
READ access cycle has started. WRITE cycles, on the
other hand, cannot start until one knows that the data to
be written at the DRAM inputs will be valid a setup time
before CAS (column address strobe) goes true at the
DRAM inputs. Therefore, in general, READ cycles can be
initiated earlier than WRITE cycles.

5) Many times it is possible to only add WAIT states during
READ cycles and have no WAIT states during WRITE
cycles. This is because it generally takes less time to
write data into memory than to read data from memory.
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Applications (continued)
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FIGURE 7c. Typical Application of DP8428 Using Modes 5 and 1

The DP84XX2 family of inexpensive preprogrammed medi-
um Programmable Array Logic devices (PALs) have been
developed to provide an easy interface between various mi-
croprocessors and the DP84XX family of DRAM controller/
drivers. These PALs interface to all the necessary control
signals of the particular processor and the DP8429. The
PAL controls the operation of the DP8429 in modes 5 and 1,
while meeting all the critical timing considerations discussed
above. The refresh clock, RFCK, may be divided down from
the processor clock using an IC counter such as the
DM74L.8393 or the DP84300 programmable refresh timer.
The DP84300 can provide RFCK periods ranging from 15.4
us to 15.6 ps based on an input clock of 2 to 10 MHz.
Figure 8 shows a general block diagram for a system using
the DP8429 in modes 1 and 5. Figure 9 shows possible
timing diagrams for such a system (using WAIT to prohibit
access when refreshing). Although the DP84XX2 PALs are
offered as standard peripheral devices for the DP84XX
DRAM controller/drivers, the programming equations for
these devices are provided so the user may make minor
modifications for unique system requirements.

ADVANTAGES OF DP8429 OVER

A DISCRETE DYNAMIC RAM CONTROLLER

1) The DP8429 system solution takes up much less board
space because everything is on one chip (latches, re-
fresh counter, control logic, multiplexers, drivers, and in-
ternal delay lines).

2) Less effort is needed to design a memory system. The
DP8429 has automatic modes (1 and 5) which require a
minimum of external control logic. Also programmable ar-
ray logic devices (PALs) have been designed which allow
an easy interface to most popular microprocessors (Mo-
torola 68000 family, National Semiconductor 32032 fami-
ly, Intel 8086 family, and the Zilog Z8000 family).

3) Less skew in memory timing parameters because all crit-
icat components are on one chip (many discrete drivers
specify a minimum on-chip skew under worst-case condi-
tions, but this cannot be used if more then one driver is
needed, such as would be the case in driving a large
dynamic RAM array).

4) Our switching characteristics give the designer the critical
timing specifications based on TTL output levels (low =
0.8V, high = 2.4V) at a specified load capacitance. All
timing parameters are specified on the DP8429:

A) driving 88 DRAM'’s over a temperature range of 0-70
degrees centigrade (no extra drivers are needed).

B) under worst-case driving conditions with all outputs
switching simultaneously (most discrete drivers on the
market specify worst-case conditions with only one
output switching at a time; this is not a true worst-case
condition!).

1-84




G8-t

16-B1T MICRGPROCESSOR DATA BUS

(penunuo)) Suo!leo!lddv

RAMS MAY BE 15K G4k
. . ' N
‘ MICROPROCESSOR ADDRESS BUS or 256k [ p ﬂ N
DATA RAM ADDRESS BUS |40, 6. M
ADDR > 7“2’% ————— | 7. 8, 9 ¢ >
‘ o — | —»|RAS —
ADDRESS a1 >{WE b CASL
DECODER TASU
TTT i
& [ l¢ "
ADDR ADS N A h N
STROBE Pi2.59 >
T Uwm
15.508 | WE
MICROPROCESSOR DPB4300 f———| RFCK RAS3 ‘_'lc_A‘s 5
RAS2
” Pl U
— O sy [ le »
2-10MHz 1 0.6, ¢ D
cLOCK ! RGCK N N
pyred RASOD ] P{7.8.9 »
SELECT L
UPPER BYTE ATt > FAS =
LOWER BYTE 1 | WE L] cast
¥ ¥ Thsu
 m— »
WAIT STATUS DP84XX2 _— 90869 MO
- AS M g LOWER
TAS - BYTE
] L RASIN WE oo |WE UPPER
+THE SELECT WAIT INPUT “reomz  mo =5 svre
TO THE DPRAXK2 CHlP Ry
i AWAIT STATE ———
DURING ACCESSING. -—I ’
THIS MAY BE NECESSARY !
A - o
R _
/ "~ [EASy_seuecr veren Bie 745244
TASL SELECT LOWER BYTE
e  AECESSARY I INSTRUCTIONS INCLUDE
WRITING. OTHERWISE USE CAS BIRECTLY
e o LIRECTLY NECESSARY IF MORE THAN ONE BANK ~o-

TL/F/8649-26
FIGURE 8. Connecting the DP8429 Between the 16-bit Microprocessor and Memory

6282ESN/8282ESN/6218d0/8218dA




DP8428/DP8429/NS32828/NS32829

98-1

HIDDEN FORCED I__
[~ REFRESH™ AEFRESH

!‘lEHGﬁV BVCLE*“—ELSMERE IG— MEMORY CYCLE -—|<— MEMORY CYCLE—-I

| ’ |_| z'&'?féﬂs"ﬂ‘&‘lﬁfz‘lié’:c’ﬂ#c‘e'& l_—
—%\__—_5 }__I l V)Ti I [
o ™ | (o T Yo [ R
P— /\x T DEYERC S
A 5

EXTER NAL LOGIC HOLDS
Wﬁlf

(penunuog) suoeslddy

al

8

(=3

AT

*T is microprocessor’s clock period TL/F/8649-27

FIGURE 9. DP8429 Auto Refresh, Access with WAIT States




Switching Characteristics

All A. C. parameters are specified with the equivalent load
capacitances, including traces, of 88 DRAMs organized as 4
banks of 22 DRAMs each. Maximums are based on worst-
case conditions including all outputs switching simulta-
neously. This, in many cases, results in the AC valves
shown in the DP84XX DRAM controller data sheet being
much looser than true worst case maximum AC delays. The
system designer should estimate the DP8429 load in his/
her application, and modify the appropriate A. C. parame-
ters using the graph in Figure 10. Two example calculations
are provided below.

+150

+15

-150
-600 —300

—100 0+100 +300 +500
CpF
TL/F/8649-28
FIGURE 10. Change In Propagation Delay
relative to “true” (application) load minus
AC specifled data sheet load
Examples
1) A mode 4 user driving 2 banks of DRAM has the follow-
ing loading conditions:

CAS - 300 pF
Q0-Q9 - 250 pF
RAS - 150 pF

A.C. parameters should be adjusted in accordance with Fig-
ure 10 and the specifications given for the 88 DRAM load as
follows:

max tgppL = 20 ns — 0 ns = 20 ns (since RAS load-
ing is the same as that which is spec’ed)

max tcpp, = 32ns — 7ns = 25ns
max tccas = 46 ns — 7 ns = 39 ns
maxtrcc = 41 ns — 6ns = 35 ns

min tgrHA is not significantly effected since it does not
involve an output transition

Other parameters are adjusted in a similar manner.

2) A mode 5 user driving one bank of DRAM has the
following loading conditions:

CAS - 120 pF
Q0-Q9 - 100 pF
RAS - 120 pF

A. C. parameters should be adjusted as follows:
with RAHS = “1",
maxtgicL = 70 ns — 11 ns = 59 ns
maxtrecpL = 55ns + 1ns — 11 ns = 45 ns
{the + 1 ns is due to lighter RAS loading; the — 11 ns
is due to lighter CAS loading)
mintrad = 15ns + 1 ns = 16 ns
The additional 1 ns is due to the fact that the RAS line
is driving less (switching faster) than the load to which
the 15 ns spec applies. The row address will remain
valid for about the same time irregardless of address
loading since it is considered to be not valid at the

beginning of its transition.
f—@ TEST POINT

ouTPUT Ro
UNDER
TEST 15Q

TL/F/8649-29
FIGURE 11. Output Load Circuit
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Absolute Maximum Ratings (ote 1)

Operating Conditions

DP8428/DP8429/NS32828/NS32829

Specifications for Military/Aerospace products are not Min Max Units
contained in this datasheet. Refer to the associated Vee Supply Voltage 4,50 5.50 \
reliability electrical test specifications document. Ta Ambient

Supply Voltage, Voo 7.0V Temperature 0 +70 °C
Storage Temperature Range —65°C to +150°C

Input Voltage 5.5V

Output Current 150 mA

Lead Temp. (Soldering, 10 seconds) 300°C

Electrical Characteristics vcc = 5.0v £10%, 0°C < Ta < 70°C unless otherwise noted (Note 2)

Symbol Parameter Conditions Min Typ Max Units
Ve Input Clamp Voltage Vee = Min, Ig = — 12mA —- 0.8 -1.2 v
IiH input High Current for all Inputs ViN = 2.5V 20 100 pA
I RSI Output Load Current for RFI/O VIN = 0.5V, Output high -0.7 -15 mA
L4 Input Low Current for all Inputs** ViN = 0.5V —-0.02 -0.25 mA
liL2 ADS, R/C, CS, M2, RASIN VIN = 0.5V —0.05 —0.5 mA
ViL Input Low Threshold 0.8 v
VIH Input High Threshold 2.0 \
VoL1 Output Low Voltage* loL = 20 mA 0.3 0.5 v
VoL2 Output Low Voltage for RFI/O loL = 8 mA 0.3 0.5 \"
VoH1 Output High Voltage* loH= —1mA 2.4 35 v
VoH2 Qutput High Voltage for RFI/O loq = — 100 pA 2.4 35 \
lip Output High Drive Current* Vout = 0.8V (Note 3) —-50 - 200 mA
lop Output Low Drive Current* Vout = 2.4V (Note 3) 50 200 mA
lcc - Supply Current Vg = Max 150 240 mA

*Except RFI/O

**Except RF1/0, ADS, R/C, TS, M2, RASIN

Switching Characteristics: DP8428 and DP8429
Voo = 5.0V £ 10%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5), the output load capacitance is typical for 4
banks of 22 DRAMs each or 88 DRAMS, including trace capacitance.
* These values are Q0-Q9, C| = 500 pF; RAS0-RAS3, C| = 150 pF; WE, C_ = 500 pF; CAS, C_ = 600 pF; RL = 50002
unless otherwise noted. See Figure 11 for test load. Maximum propagation delays are specified with all outputs

switching.

** Preliminary

Symbol Access Parameter Condition ‘CL "TAllCy = 50 pF Units

Min Max Min Max

tRicLO RASIN to CAS Low Delay Figure 6 57 97 42 85 ns
(RAHS = 0) DP8428-80/29-80

tricLO RASIN to CAS Low Delay Figure 6 57 87 42 75 ns
(RAHS = 0) DP8428-70/29-70

tRicL1 RASIN to CAS Low Delay Figure 6 48 80 35 68 ns
(RAHS = 1) DP8428-80/29-80

tricL1 RASIN to CAS Low Delay Figure 6 48 70 35 58 ns
(RAHS = 1) DP8428-70/29-70

tRICH RASIN to CAS High Delay Figure 6 37 ns

trcoLo RAS to CAS Low Delay Figure 6 43 80 ns
(RAHS = 0) DP8428-80/29-80

tRcDLO RAS to CAS Low Delay Figure 6 43 72 ns
(RAHS = 0) DP8428-70/29-70
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Switching Characteristics: DP8428 and DP8429 (continued)

Vco = 5.0V £ 10%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5), the output load capacitance is typical for 4

banks of 22 DRAMs each or 88 DRAMSs, including trace capacitance.

* These values are Q0-Q9, C|_ = 500 pF; RAS0-RAS3, Cp = 150 pF; WE, C|_ = 500 pF; CAS, C|_ = 600 pF; RL = 5000
unless otherwise noted. See Figure 11 for test load. Maximum propagation delays are specified with all outputs

switching.
** Preliminary

* *x =
Symbol Access Parameter Condition CcL ANC, = 50pF Units
Min Max Min Max

treoLY RAS to CAS Low Delay Figure 6 34 63 ns
(RAHS = 1) DP8428-80/29-80

treoLd RAS to CAS Low Delay Figure 6 34 55 ns
(RAHS = 1) DP8428-70/29-70

tRcDH RAS to CAS High Delay Figure 6 22 ns

tRAHO Row Address Hold Time Figure 6 25 25 ns
(RAHS = 0, Mode 5)

tRAH1 Row Address Hold Time Figure 6 15 15 ns
(RAHS = 1, Mode 5)

tasc Column Address Set-up Time Figure 6 0 0 ns
(Mode 5)

trRcvo RASIN to Column Address Figure 6 94 ns
Valid (RAHS = 0, Mode 5) DP8428-80/29-80

trcvo RASIN to Column Address Figure 6 85 ns
Valid (RAHS = 0, Mode 5) DP8428-70/29-70

trcvi RASIN to Column Address Figure 6 76 ns
Valid (RAHS = 1, Mode 5) DP8428-80/29-80

tRcvi RASIN to Column Address Figure 6 68 ns
Valid (RAHS = 1, Mode 5) DP8428-70/29-70

tRPDL RASIN to RAS Low Delay Figures 5a, 5b, 6 21 18 ns

tRPDH RASIN to RAS High Delay Figures 5a, 5b, 6 20 17 ns

tASRL Address Set-up to RASIN low Figures 5a, 5b, 6 13 ns

taPD Address Input to Output Figures 5a, 5b, 6 36 25 ns
Delay

tspD Address Strobe High to Figures 5a, 5b 48 ns
Address Output Valid

tasa Address Set-up Time to ADS Figures 5a, 5b, 6 5 ns

tAHA Address Hold Time from ADS Figures 5a, 5b, 6 10 ns

taADs Address Strobe Pulse Width Figures 5a, 5b, 6 26 ns

twep WIN to WE Output Delay Figure 5b 28 ns

tceoL CASIN to CAS Low Delay Figure 5b 21 32 ns
(R/C low, Mode 4)

tcPDH CASIN to CAS High Delay Figure 5b 16 33 ns
(R/C low, Mode 4)

tepdif tceoL - toPoH See Mode 4 1 ns

Description

trce Column Select to Column Figure 5a 41 ns
Address Valid

tRcR Row Select to Row Figures 5a, 5b 45 ns
Address Valid

tRHA Row Address Held from Figure 5a 7 ns
Column Select

tccas R/C Low to CAS Low Delay Figure 5a 50 ns
(CASIN Low, Mode 4) DP8428-80/29-80

tocas R/C Low to CAS Low Delay Figure 5a 46 ns
(CASIN Low, Mode 4) DP8428-70/29-70

tpIF1 Maximum (trppL - tRHA) See Mode 4 7 ns

Description
tpiF2 Maximum (trcc - tcppL) 13 ns
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Switching Characteristics: DP8428 and DP8429 (continued)

Ve = 5.0V £ 10%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4
banks of 22 DRAMs each or 88 DRAMSs, including trace capacitance.
* These values are Q0-Q9, C,. = 500 pF; RAS0-RAS3, C, = 150 pF; WE, C_ = 500 pF; CAS, C| = 600 pF; RL = 5000
unless otherwise noted. See Figure 11 for test load. Maximum propagation delays are specified with all outputs

switching.
**Preliminary

* *% =
Symbol Refresh Parameter Condition cL AllC, = 50 pF Units
Min Max Min Max

trc Refresh Cycle Period Figure 2a 100 ns

tRASINLH Pulse Width of RASIN Figure 2a 50 ns
during Refresh

tRFPDLO RASIN to RAS Low Delay Figure 2a 28 ns
during Refresh (Mode 0)

tRFPDLS RASIN to RAS Low Delay Figure 7 38 ns
during Hidden Refresh

tRFPDHO RASIN to RAS High Delay Figure 2a 35 ns
during Refresh (Mode 0)

tRFPDH5 RASIN to RAS High Delay Figure 7 44 ns
during Hidden Refresh

tRFLCT RFSH Low to Counter Figures 2a, 3 38 ns
Address Valid CS =X

tRELARL RFSH Low Set-up to RASIN Figure 2a 12 ns
Low (Mode 0), to get
Minimum tagg = 0

tRFHRL RFSH High Setup to Access Figure 3 25 ns
RASIN Low

tRFHRYV RFSH High to Row Figure 3 43 ns
Address Valid

tROHNC RAS High to New Count Figure 2a 42 ns
Valid

trsT Counter Reset Pulse Width Figure 2a 46 ns

toTL RF1/0 Low to Counter Figure 2a 80 ns
Outputs Al Low

tRFCKLH Minimum Pulse Width Figure 7 100 ns
of RFCK

T Period of RAS Generator Figure 3 30 ns
Clock

tRGCKL Minimum Pulse Width Low Figure 3 15 ns
of RGCK

tRGCKH Minimum Pulse Width High Figure 3 15 ns
of RGCK

trrQL RFCK Low to Forced RFRQ Figure 3 66 ns
(RFI1/0) Low CL = 50pF

RL = 35k

tFRQH RGCK Low to Forced RFRQ Figure 3 55 ns

High CL = 50 pF
RL = 35k
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Switching Characteristics: DP8428 and DP8429 (continued)

Vecc = 5.0V £ 10%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitancs is typical for 4
banks of 22 DRAMs each or 88 DRAMSs, including trace capacitance.

* These values are Q0-Q9, C, = 500 pF; RAS0-RAS3, C| = 150 pF; WE, C = 500 pF; CAS, C_ = 600 pF; RL = 5000
unless otherwise noted. See Figure 17 for test load. Maximum propagation delays are specified with all outputs
switching.

**Preliminary

Symbol Refresh Parameter Condition oL TTANC, = 50pF Units
Min Max Min Max
tRGRL RGCK Low to RAS Low Figure 3 21 41 ns
tRGRH RGCK Low to RAS High Figure 3 23 48 ns
tRQHRF RFSH Hold Time from RGCK Figure 3 2T ns
tRFRH RFSH High to RAS High (See Mode 1 42 ns
(Ending Forced Refresh Description)
early)
tRFSRG RFSH Low Set-up to (See Mode 1 12 ns
RGCK Low (Mode 1) Description)
Figure 3
tcsHR CS High to RASIN Low for Figure 7 10 ns
Hidden Refresh
tcsRL1 CS Low to Access RASIN Figure 3 34 ns
for DP8429 Low (Using Mode 5 with
Auto Refresh Mode)
tCSRL1 CS Low to Access RASIN Figure 3 5 ns
for DP8428 Low (Using Mode 5 with
Auto Refresh Mode)
tcsRLo CS Low to Access RASIN (See Mode 5 5 ns
Low (Using Modes 4 or 5 Description)
with externally controlled
Refresh)
tRKAL RFCK High to RASIN 50 ns
low for hidden Refresh
Input Capacitance 7, = 25°c (Note 2)
Symbol Parameter Condition Min Typ Max Units
Cin Input Capacitance ADS, R/C, CS, M2, RASIN 8 pF
CiN Input Capacitance All Other Inputs 5 pF

Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation.

Note 2: All typical values are for Ty =25°C and Vgg=5.0V.

Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing this parameter. In testing these
parameters, a 1561 resistor should be placed in series with each output under test. One output should be tested at a time and test time should not exceed 1 second.

Note 4: Input pulse 0V to 3.0V, tg =tr=2.5 ns, {=2.5 MHz, tpyy=200 ns. Input reference point on AC measurements is 1.5V Output reference points are 2.4V for
High and 0.8V for Low.

Note 5: The load capacitance on RF 170 should not exceed 50 pF.

191
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DP8420/DP8422

National
Semiconductor
Corporation

FUTURE PRODUCT

DP8420/DP8422 Programmable 1 and 4 Megabit
Dynamic RAM Controller/Driver(s)

General Description

The DP8420/22 DRAM Controller(s) provide single-chip in-
terfaces between Dynamic RAM and all popular 8-, 16-, and
32-bit microprocessors. Each device is easily pro-
grammmed so that its control logic configuration(s) may be
optimized for use with virtually any manufacturer's micro-
processors, eliminating the need for any external support
circuits.

The DP8420/22 generate all required access control signal
timing and automatically refresh all DRAMs as required. Fur-
thermore, each device performs all access/refresh arbitra-
tion. Control signal pulse widths are adjustable so that sys-
tem timing may be optimized for any operating frequency.
The DP8420 is packaged in a 68-pin Plastic Chip Carrier
(PCC). The DP8422 has most of the features of the DP8420
plus the additional control signals necessary to perform
dual-porting and 4 megabit DRAM addressing.

Features

m Controls all Dynamic RAMs including 4 Mbit DRAMs

m Allows no-wait state operation at processor clock fre-
quencies of 10 MHz and above

m Supports clock frequencies above 20 MHz

W Can directly address up to 32 Mbytes of Dynamic RAM

B On board access/refresh arbitration logic

m Direct interface to all major microprocessors

CMOS process for low power consumption

m Programmable WAIT/DATA ACKNOWLEDGE output

W Adjustable RAS and CAS pulse widths

W Byte write capability up to 32 bits

m Programmable DRAM row address hold time and col-
umn address setup time

B Programmable RAS low time during refresh

| Programmable RAS precharge time

W Precise on-board delay line

W Programmable refresh period

m Burst refresh available

m Support for error detection and correction including
scrubbing during refresh cycles

B 4 RAS and 4 CAS drivers

m Programmable RAS/CAS configuration

m Allows synchronous or asynchronous operation

m Supports all nibble and page modes of operation

| Support for memory interleaving

W Automatic column generation on-chip allows multiple

word accesses within a page after the initial address is
specified
m Support for staggered refresh
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Precautions to Take When
Driving Memories

As memory prices continue their relentless reduction of cost
per bit, more and more systems designers are incorporating
memories into their designs. In general these memories
comprise a number of dynamic RAMs, such as the 64k x 1.
In this x 1 configuration, the number of RAMs required is a
multiple of the bus width. Most new system designs use 16-
bit microprocessors, so that a typical memory will comprise
from 16 to 64 DRAMSs, thus providing from 64k to 256k ad-
dressing capability. This means the memory drivers have to
drive upwards of 16 RAMs. The drivers may be part of an
integrated circuit dynamic RAM controller such as the
DP8408A/DP8409A, or they may be on a separate chip
such as the DP84240/DP84244 octal memory drivers. The
recommendations in this article are valid for any type of
memory driver. The purpose of the article is to forewarn new
designers using memories of problems they will encounter if
adequate precautions are not taken.

A typical configuration of a 16-bit wide memory is shown in
Figure 1. Each driver address output goes to every dynamic
RAM, as does WE. CAS outputs go to half the number of
RAMs assuming byte writing is required. RAS outputs each
go only to one bank. Note that these loads are not true for
the data inputs and outputs. Each data I/0 only connects to
its respective bit, so the loading is only one RAM per bank
for data. In general, this is why buffers are not required on
the data bus when interfacing to memory. Data In of the
RAMs can be linked directly to Data Out for any one bit, and
also to the corresponding bit on the data bus. This is true for
normal read and write operations, but if read-modify-write
cycles are employed, the Data Out signals must be buffered
from the data bus.

Using this typical memory configuration may not be as sim-
ple as it seems. Without care and attention, problems can
arise for the unprepared, and there are two areas in particu-
lar which may cause memory errors or memory damage:
one is voltage overshoot caused by inductive traces and
high capacitive loads, the other is switching spikes caused
by switching high capacitive loads.

OVERSHOOT AND UNDERSHOOT
(Undershoot is Negative Overshoot)

When a system requires a number of dynamic RAMs, the
result is high capacitance loads, caused by a combination of
RAM input capacitance and trace capacitance. Each dy-
namic RAM has a specified input capacitance of 10 pF max-
imum, but most dynamic RAMs are closer to 2 to 3 pF. Very
few actually get close to 10 pF, even under worst case con-
ditions of high temperature and V¢g. It is safe, therefore, to
assume a much lower average input capacitance when us-
ing 16 or more RAMs.

In fact, the input capacitance of most inputs is due more to
the package than the input gating, because the silicon gate
inputs of the transistors in today’s market have such high
impedance. A typical maximum would be 2.5 pF. Control
inputs such as RAS and CAS connect to more than one
transistor input. For example, on the National Semiconduc-
tor 64k x 1 dynamic RAM, the NMC4164, RAS goes to two
transistors and CAS to four. In general, this is true for most

National Semiconductor
Application Note 305
Mike Evans

manufacturers’ RAMs, so a more typical maximum input ca-
pacitance would be 3 pF for RAS and 3.5 pF for CAS. RAM
input currents are so small as to be negligible. The input
current is quoted as 10 pA maximum, but again most RAMs
are much less than this in a typical memory. Driving DRAMs,
therefore, is not a problem of DC drive capability, but rather
a problem of capacitance drive capability.

Driving DRAM input capacitance is further compounded by
printed circuit traces, and even more so by wire-wrapping.
Both can be represented by a transmission line with distrib-
uted capacitance and inductance. Thus, the total load is
equivalent to a complex impedance comprising the distribut-
ed trace inductance, and a capacitance comprising distribut-
ed trace capacitance and RAM input capacitance as shown
in Figure 2a.

The effect is an overshoot or undershoot at the dynamic
RAM inputs that occurs each time a memory driver changes
state, as shown in Figure 2b. As the driver output changes
state, the load capacitance cannot be instantaneously
charged or discharged because the current available is limit-
ed both by the driver transistor impedance, and the equiva-
lent series resistance from the supply rail through the chip
to the trace resistance. This current will be similar in value to
the quoted short circuit current of the driver stage; therefore
there is a spike of current that lasts as long as it takes to
change the voltage of all the capacitances. For the driver
stages of the DP8408A/DP8409A, or the DP84240/
DP84244, the typical short circuit current is 100 mA per
stage. This is true for either direction, so that the high-to-low
transition takes roughly the same time as the low-to-high
transition, minimizing skew times on all the driver outputs,
as they transition in either direction. Assuming the output
low voltage, VoL, is 0.2V and the output high voltage, Vo,
is 3.2V, and that the charge/discharge current is constant at
Isc, then the current spike will exist for a time, T, where,

T=CiL X (VoH — Vou)/Isc

= 500 pF X 3.0V/100mA = 15ns

Cp (500 pF) is the load capacitance of typically 64 to 88
dynamic RAMs, in other words, four banks comprising 16
data bits and possibly six check bits if error correction is
required.
In fact, due to the trace inductance, the rate of change of
current will not be a step function, so that the current wave-
form looks like a spike. Even so, the rapid rate of change of
current, di/dt, into the trace inductance L, will create a po-
tentially excessive voltage “e” across this inductance. As
an example, if the current changes from 0 to 100 mA in 6 ns,
and the composite trace inductance is 0.3 wH, then the volt-
age across this inductance is “e,”where,

e = Ldi/dt

= 0.3 uH X 100 MA/6 ns = 5V

In other words, at this rate of change in current, even a
small inductance can be dangerous for two reasons. First,
the dynamic RAMs at the far end of the trace could be
destroyed, unless they have clamping diodes to Vcg and
GND (most do not), or second, the returning voltage may
exceed the threshold it has just passed causing a second
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and then third change of state. If this sudden glitch occurs
on a control signal input such as RAS, the memory contents
may be inadvertently changed.

It is therefore necessary to remove the spike. The most
common approach is to insert a damping resistor in the path
between the driver and the RAMSs, fairly close to the driver,
as shown by Rp in Figure 2a. The best value for the resistor
is the critical value giving a critically damped transition. Too
high a value will cause overdamping which results in a slow
transition. This slow edge may create excessive skew prob-
lems and slow down the memory cycle, or even worse, the
edge may be slow enough that the RAM cycle never begins
internally. If the damping resistor value is too low, the under-
shoot or overshoot may not be removed. It is therefore rec-
ommended that the resistor be determined on the first pro-
totypes (not wire-wrapped prototypes because the value will
be different due to the larger distributed inductance and ca-
pacitance). Also, the values may be different for the control
lines, particularly CAS. If there are a number of banks, and a
RAS is used to select each bank, then the damping resistor
in this line will be higher.

Typical values for the damping resistors will be between
150 and 10092, the lower the loading, the higher the values.

Some IC manufacturers offer octal memory drivers with on-
chip series resistors fixed at =250. Unless this is the crit-
ical value required for all the lines, problems will arise. The
DP8400 family has been designed with equivalent internal
values of approximately 10€2, allowing for any external value
of damping resistor.

SWITCHING CURRENT SPIKES

Another major undesirable effect of the fast current spikes
is the effect on the Vgc and GND pins. The worst case is
when all eight or nine address outputs switch in the same
direction at the same time, as shown in Figure 3a. If each
driver can source or sink 100 mA, then a current of approxi-
mately 1A could enter or exit the driver chip in a period of 20
ns. The resistance and inductance of the Voo and GND
lines to the chip can cause excessive drops during this
switching time (see waveforms in Figure 3a), which may, in
turn, upset latches either in the DP8408A/DP8409A, or ex-
ternally. A ceramic capacitor connected across Vgg and
GND pins will largely remove the spike. A 1 pF multilayer
ceramic is recommended. This should be fitted as close as
possible to the pins in order to reduce lead inductance. The
DP8408A/DP8409A pin configuration facilitates this with

16-BIT MICROPROCESSOR DATA BUS

RAMS MAY BE

16k OR 64k
RAM ADDRESS BUS
0-7 A0-6.7
~—| RAS ey
| WE TASL
T TASUY
[ |
A0-6,7
— § —1>{RAS B e
ARS3 W EAsL
CCASU
RAS2
il LI B |
RASO A0-6.7
l— B —»- RAS <y
| WE  CASL
T CASU
L I B I I I |
1 AT LOWER
Tl ~ uppER®T T
* g b BYTE
o5 0]
CAS L
oM
SELECT UPPER BYTE 745244
SELECT LOWER BYTE b—p-

|
NECESSARY IF MORE

THAN ONE BANK

TL/F/5031-1

FIGURE 1. Typical 16-Bit Memory with Byte Write Address
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=10 FOR DP8408A/09A or DP84240/244

TL/F/5031-2

FIGURE 2a. Complex Load impedance Caused by
Distributed Trace Inductance L and Capacitance Cg,
and RAM Input Capacitance Ciy

JDRIVER

CURRENT 1 O —\/

1

o IF RETURNING OSCILLATOR IS
NO Rp OR T00 HIGH, A GLITCH MAY OCCUR f
Rp TOD LOW X r~

0

oC
i \- FAST EDGE WITH NO OVERSHOOT

OVERDAMPED nD \ EDGE TOO SLOW
(Rp T00 HIGH)

HTW

TL/F/5031-3

FIGURE 2b. Timing Waveforms Showing the Effect of
Variations of Rp on Signals Appearing at the RAM

GND and V¢ pins 0.2” apart so that the ceramic capacitor
can be fitted as close to the chip as possible. The second
GND pin should also be decoupled. These GND and Vg
pins are located in the center of the package to reduce
bonding lead lengths. In fact, the lead resistance is five
times lower than if the supply pins were in the corners. An
example of how this spike can be reduced would be the
previous example of a 1A change in supply current switch-
ing in 20 ns with a 1 uF ceramic capacitor decoupling GND
and Vcc. The voltage drop “v" is 1AX20 ns/1 uF, or 20
mV.

If the decoupling capacitor was 0.01 uF, the drop would be
2V, Tantalum or other types of capacitors are lower frequen-
cy capacitors and have only a small effect in reducing the
voltage spike. Ceramic capacitors are high frequency, and
multilayer capacitors with lower inductance have a greater
effect in reducing the voltage spike and are therefore rec-

ommended. As a further recommendation, the dynamic
RAMs should be similarly decoupled with approximately a
0.1 uF ceramic capacitor on each RAM. Wire-wrapped
boards, in particular, need special attention.

There are some other precautions that may be considered
when driving memories. First, be aware that IC sockets in-
crease load capacitance and inductance, so it becomes a
matter of the importance of removability of chips, and main-
tainability. Also, shorter, thicker trace lengths will reduce the
load, and good GND and V¢ connections will help reduce
the voltage spikes around the memory board. For wire-
wrapped designs, GND and Vg should be multiwired.
With proper decoupling and correct selection of damping
resistors, integrated circuit dynamic RAM controllers will
function as expected to ease the burden of the system de-
signer.
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Determining the Speed of
the Dynamic RAM Needed
When Interfacing the
DP8419-80 to Most Major
Microprocessors

INTRODUCTION

This application note looks at the individual delay elements
of a CPU to memory access path for a typical memory sys-
tem utilizing the DP8419-80 DRAM controller. In the final
analysis the reader should be equipped with all the neces-
sary equations to easily calculate the slowest/cheapest al-
lowable DRAMS for no wait state CPU operation when us-
ing the DP8419-80 in his/her system.

Equations for calculating the maximum allowable DRAM
“tRAC” (RAS access time) and “tCAC"” (CAS access time)
specifications for a particular microprocessor to operate at
its maximum clock frequency without wait states are provid-
ed. Table | and Figure 3 at the end of this application note
give potential DP8419-80 users an illustration of what speed
DRAM they may typically need to use in order to achieve no
wait state operation with a particular microprocessor. It is
important to note that even better performance can be
achieved by using the faster DP8419-70.

THE 5 FUNCTIONAL BLOCKS

*Figure 1 illustrates the five functional blocks and the five
main delay segments of our DP8419-80 based system ex-
ample. For this particular example, the following functional
block descriptions apply:

National Semiconductor
Application Note 411

Webster (Rusty) Meier Jr.
Functional Functional Block Description
Block

B) The PAL provides the refresh access
arbitration logic which
holds off a CPU access during a DRAM
refresh and DRAM refresh during a CPU
access. The PAL also provides the
RASIN signal to the DP8419-80;

C) The DP8419-80 generates the control
signal timing required by the DRAMSs. It
also automatically multiplexes the row
and column addresses during access,
provides the refresh address during
refresh and provides the on board
capacitive drive for the direct interface

with the DRAM array;

D) The DRAM provides or stores data in
response to the DP8419-80’s control
signal; and,

E) The tranceivers isolate the DRAMs from

the data bus when they are not being
accessed in addition to passing data

Functional .
Block Functional Block Description between the CPU and memory during
A) The CPU issues an access request to the read and write cycles.
PAL then reads or writes data to or from
the DRAMs;
3L e
o et
DP8419 7 | MEMORY
A - T '
CPY CONTROL |
| — leCAS ' |
WAIT -3 ———H
7 WE
i J —
| ij
PAL
DPB4XXX
E
[<—— #4 —+f ‘ 1
DATA BUS TRANCEIVERS DATA 1/ 0 TL/F/8595-1

DP84412: 32008/016/032 - DP8403A/18/19/28/29 Interface PAL
DP84512: NS32332 - DP8417/18/19/28/29 Interface PAL
DPB84322/422: 68000/008/010 - DP8409A/18/19/28/29 Interface PALS
DP84522: 68020 - DP8418/19/28/29 Interface PAL
DPB84432: 8086/688/186/188 - DP8409A/18/19/28/29 Interface PAL

DP84532: 80286 - DP84

18/19/28/29 Interface PALS

FIGURE 1. Delay Elements of the CPU to Memory Data Access Path
(DP8409A or DP8417/18/19/28/29 System)
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Figure 2 may prove to be a helpful reference. It illustrates a
hypothetical system timing pattern for memory accessing
for a 4T state microprocessor.

DELAY SEGMENTS

Delay segments # 1 through #5 are also shown in Figure 1.
Delay segment #1 represents the timing delay from when
the CPU initiates an access to the point where RASIN is
issued by the PAL to the DP8419-80;

Delay segment # 2 represents the RASIN to RAS out delay
of the DP8419-80 DRAM controller;

Delay segment # 3 represents the RASIN to CAS out delay
of the DP8419-80 DRAM controller;

Delay segment #4 represents the inherent delay of the
CPU/memory bus transceivers;

Delay segment #5 represents the required CPU data setup
time.

The unique equations for determining the values of delay
segments #1 through #5 for each of the major microproc-
essors are provided as the primary content of this applica-
tion note.

Both “tRAC” and *“tCAC” must be considered in determin-
ing what speed DRAM can be used in a particular system
design. The DRAM chosen must meet both the “tRAC” and
"tCAC” parameters calculated. If more information is de-
sired on how "“tRAC” and “tCAC” were calculated for a
particular microprocessor, the reader should consult the mi-
croprocessor data sheet and the PAL data sheet for the
particular microprocessor (ie. DP84412 Series 32000 proc-
essors, DP84422 68000 family processors. DP84522 68020
family processors, DP84432 iAPX88/86/188/186 proces-
sor, DP84532 iAPX286).

Most of the calculations contained in this application note
use “RAHS” = 1 (15 ns guaranteed minimum row address
hold time). Calculations only used “RAHS" = 0 (25 ns guar-
anteed minimum row address hold time) when the calculat-
ed access time from RAS equaled or exceeded 200 ns. This
is because DRAMSs can be found with RAS access times up
to 150 ns that require only 15 ns row address hold times.

IR T T e
L I 1 7 1 |

e taps ——

—

CPU ADS #
o tpaL —
CPU READ/ WRITE 2 #
treL
PAL RASIN OUTPUT /
DPB419 RAS A /
#
— trpoL

DP8419 ADDRESS

A

ROW ADDRESS

COLUMN ADDRESS X

DP8419 CAS

DRAM DATA OUT

TRANSCEIVER DATA OUT

—{tasc f«—
[ teac /
OPEN
VALID
4
RAC - L— tserup #5
VALID X
—{ ty fe—

#4

TL/F/8595-2

FIGURE 2. System Access Timing
(4T State Microprocessor Example)




tRAC/tCAC CALCULATIONS FOR THE MAJOR
MICROPROCESSORS

1) Series 32000 “tRAC” and “tCAC” Calculations
Series 32000 8 MHz No Wait State Calculations

#1) RASIN .low = T1 — 2 ns (FCLK — PHI1 skew) +
12 ns (“B” PAL clocked output) =
125 — 2 + 12 = 135 ns maximum

#2) RASIN to RAS low = 20 ns maximum

#3)  RASIN to CAS low = 80 ns (DP8419-80 RASIN —
CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMs
speced in data sheet) = 77 ns

#4) 74F245 transceiver delay = 7 ns maximum
#5) CPU data setup time to “T4" = 20 ns minimum
“tRAC” =T1 + T2 + T3 — #1 — #2 — #4 — #5
=25+ 125+ 125 - 135 —20 -7 — 20
193 ns
T1 + T2+ T3 — #1 — #3 — #4 — #5
125 + 125 + 1256 — 135 — 77 — 7 - 20
= 136 ns
Therefore the DRAM chosen should have a “tRAC” less

than or equal to 193 ns and a “tCAC" less than or equal to
136 ns. Standard 150 ns DRAMs meset this criteria.

Series 32000 10 MHz No Wait State Calculations

#1) RASIN low = T1 — 2 ns (FCLK — PHI1 skew) +
12 ns (“B” PAL clocked (output) =
100 — 2 + 12 = 110 ns maximum

#2) RASIN to RAS low = 20 ns maximum

#3) RASINto CAS low = 80 ns (DP8419 RASIN —
CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMs
speced in data sheet) = 77 ns

#4) 74F245 transceiver delay = 7 ns maximum

#5) CPU data setup time to “T4” = 15 ns minimum
“tRAC" =T1 + T2 + T3 — #1 — #2 — #4 — #5
100 + 100 + 100 — 110 — 20 — 7 — 15
148 ns

“tCAC” =T1 + T2 + T3 — #1 — #3 — #4 — #5
100 + 100 + 100 — 100 — 77 — 7 — 15
=91ns

Therefore the DRAM chosen should have a “tRAC” less

than or equal to 148 ns and a “tCAC” less than or equal to

91 ns. Standard 120 ns DRAMs meet this criteria.

11) 68000 Family “tRAC” and “tCAC” Calculations

68000 Family 8 MHz No Wait State Calculations

#1)  RASIN low = SO + S1 + AS low (maximum) +
“B” PAL combinational output de-
lay maximum = 125 + 60 + 15 =
200 ns maximum

#2) RASIN to RAS low = 20 ns maximum

Il

“CAC”

#3) RASIN to CAS low = 80 ns (DP8419-80 RASIN —
CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMS
speced in data sheet) = 77 ns
#4) 74F245 transceiver delay = 7 ns maximum
#5) CPU data setup time = 15 ns minimum
“tRAC” = (SO + S1) + (S2 + S3) + (S4 + S5) + S6
(minimum) — #1 — #2 — #4 — #5
=125+ 125+ 125 + 55 —200— 20 — 7 — 15
188 ns
(SO + S1) + (S2 + S3) + (S4 + S5) + S6
(minimum) — #1 — #3 — #4 — #5
=125+ 125+ 125 +65—-200—77 —7 — 15
=131 ns
Therefore the DRAM chosen should have a “tRAC” less
than or equal to 188 ns and a “tCAC” less than or equal to
131 ns. Standard 150 ns DRAMs meet this critieria.
68000 Family 9 MHz No Wait State Calculations
#1)  RASIN low = SO + St + AS low (maximum) +
“B” PAL combinational output de-
lay maximum = 111 + 55 + 15 =
181 ns maximum
#2) RASIN to RAS low = 20 ns maximum
#3) RASIN to CAS low = 80 ns (DP8419-80 RASIN —
CAS low) — 3 ns {(load of 72
DRAMs instead of 88 DRAMs
speced in data sheet) = 77 ns

#4) 74F245 transceiver delay = 7 ns maximum
#5) CPU data setup time = 10 ns minimum
“tRAC” = (SO + S1) + (S2 + S38) + (S4 + S5) + S6
(minimum) — #1 — #2 — #4 — #5
=111+ 111+ 111 +45-181-20—-7 — 10
160 ns
“tCAC" = (SO + S1) + (S2 + S3) + (S4 + S5) + S6
(minimum) — #1 — #3 — #4 — #5
=111+M1M11+111+45—-181-77—-7— 10
= 103 ns
Therefore the DRAM chosen should have a “tRAC” less

than or equal to 160 ns and a “tCAC" less than or equal to

103 ns. Standard 150 ns DRAMs meet this criteria.

68000 Family 10 MHz No Wait State

Calculations

#1) RASIN low = SO + S1 + AS low (maximum) +
“B"” PAL combinational output de-
lay = 100 + 55
+ 15 = 170 ns maximum

#2) RASIN to RAS low = 20 ns maximum

#3) RASIN to CAS low = 80 ns (DP8419-80 RASIN —
CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMs
speced in data sheet) = 77 ns

#4) 74F245 transceiver delay = 7 ns maximum

“{CAC"
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#5) CPU data setup time = 10 ns minimum

“tRAC” = (S0 + S1) + (S2 + 83) + (S4 + S5) + S6
(minimum) ~ #1 — #2 — #4 — #5
=100 + 100 + 100 + 45— 170 — 20— 7 — 10
= 138 ns
“tCAC" = (SO + S1) + (S2 + S3) + (S4 + S5) + S6

(minimum) — #1 — #3 — #4 — #5
=100 + 100 + 100 + 45— 170 — 77 -7 — 10
= 81ns

Therefore the DRAM chosen have a “tRAC” less than or
equal to 138 ns and a “tCAC" less than or equal to 81 ns.
Standard 120 ns DRAMs meet this criteria.

68000 Family 11 MHz No Wait State

Calculations

#1) RASIN low = SO + S1 + AS low (maximum) +
“B" PAL combinational output de-
lay maximum = 91 + §5 + 15 =
161 ns maximum

#2) RASIN to RAS low = 20 ns maximum

#3) RASIN to CAS low = 80 ns (DP8419-80 RASIN —

CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMs
speced in data sheet) = 77 ns

#4) 74F245 transceiver delay = 7 ns maximum
#5) CPU data setup time = 10 ns minimum
“tRAC” = (SO + S1) + (S2 + S3) + (S4 + S5) + S6
(minimum) — #1 — #2 — #4 — #5
=91+91+91+3—-161—-20~-7 — 10
=110 ns .
“UCAC"” = (SO + S1) + (S2 + S3) + (S4 + S5) + S6
(minimum) — #1 — #3 — #4 — #5
=91+91+91+35—-161-77—~-7 - 10
= 53 ns
Therefore the DRAM chosen should have a “tRAC” less

than or equal to 110 ns and a “tCAC" less than or equal to
53 ns. Standard 100 ns DRAMs meet this criteria.

68000 Family 12 MHz No Walit State
Calculations

#1) - RASIN low = S0 + St + AS low (maximum) +
“B™ PAL combinational output de-
lay maximum = 83 + 65 + 15 =
1563 ns maximum

#2) RASIN to RAS low = 20 ns maximum

#3) RASIN to CAS low = 80 ns (DP8419-80 RASIN —

CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMs
speced in data sheet) = 77 ns
#4) 74F245 transceiver delay = 7 ns maximum
#5) CPU data setup time = 10 ns minimum
“tRAC” = (S0 + S1) + (S2 + S3) + (S4 + S5) + S6
(minimum) — #1 — #2 — #4 — #5
=833 +833+833+35—153—-20~7—
10 = 95 ns
*“tCAC" = (SO + S1) + (S2 + S3) + (S4 + S5) + S6
(minimum) — #1 — #3 — #4 — #5
=833+833+833+35 —-163—-77 -7 —
10 = 38 ns
Therefore the DRAM chosen should have a “tRAC” less
thanorequalto 95 nsanda“tCAC” less than orequal to 38 ns.

1) 68020 “TRAC” AND “TCAC"” Calculations
68020 6 MHz No Wait State Calculations

#1) RASIN -low = S0 + S1 + “B" PAL combination-
al output delay maximum = 167 +
15 = 182 ns maximum

#2) RASIN to RAS low = 20 ns maximum

#3) RASIN to CAS low = 80 ns (DP8419-80 RASIN —

CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMS
speced in data sheet) = 77 ns
#4) 74F244 transceiver delay = 7 ns maximum
#5) CPU data setup time = 10 ns minimum
“tRAC” = (SO + S1) + (S2 + S3) + S4 (minimum) — #1
— #2 — #4 — #5
=167+ 167 +75—-182—-20—7—10=190ns
“tCAC" = (S0 + S1) + (S2 + S3) + S4 (minimum) — #1
— #3 — #4 — #5
=167+ 167 +75—-182—77—7—10=133ns

Therefore the DRAM chosen should have a “tRAC” less
than or equal to 190 ns and a “tCAC"” less than or equal to
133 ns. Standard 150 ns DRAMs meet this criteria.

68020 7 MHz No Wait State Calculations

#1) RASIN low = SO + S1 + “B” PAL combination-
al output delay maximum = 143 +
15 = 158 ns maximum

#2) RASIN to RAS low = 20 ns maximum

#3) RASIN to CAS low = 80 ns (DP8419-80 RASIN —
CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMS
speced in data sheet) = 77 ns

#4) 74F244 transceiver delay = 7 ns maximum

#5) CPU data setup time = 10 ns minimum

“tRAC” = (S0 + S1) + (S2 + S3) + S4 (minimum) — #1

— #2 — #4 — #5

=143+ 143+60—158—-20—7—10=151ns

(SO + S1) + (S2 + S3) + S4 (minimum) — #1

— #3 — #4 — #5

=143+ 143 +60—158—77—-7—10=94ns

Therefore the DRAM chosen should have a “tRAC” less
than or equal to 151 ns and a “tCAC"” less than or equal to
94 ns. Standard 150 ns DRAMs meet this criteria.

68020 8 MHz No Walt State Calculations

“{CAC" =

#1) RASIN low = SO + S1 + “B” PAL combination-
al output delay maximum = 125 +
15 = 140 ns maximum

#2)  RASIN to RAS low = 20 ns maximum

#3) RASIN to CAS low = 80 ns (DP8419-80 RASIN —

CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMS
speced in data sheet) = 77 ns

#4) 74F244 transceiver delay = 7 ns maximum

#5) CPU data setup time = 10 ns minimum

“tRAC” = (SO + S1) + (S2 + S3) + S4 (minimum) — #1
— #2 — #4 — #5
=125+ 125+55—140—20—7—10=128ns
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“tCAC" = (SO + S1) + (S2 + S3) + S4 (minimum) — #1
— #3 — #4 — #5
=125+125+565-140—-77—-7—-10=71ns

Therefore the DRAM chosen should have a “tRAC" less
than or equal to 128 ns and a “tCAC" less than or equal to
71 ns. Standard 120 ns DRAMs meet this criteria.

68020 9 MHz No Wait State Calculations

#1)  RASIN low = SO + S1 + “B" PAL combination-
al output delay maximum = 111 +
15 = 131 ns maximum

#2)  RASIN to RAS low = 20 ns maximum

#3)  RASIN to CAS low = 80 ns (DP8419-80 RASIN —

CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMS
speced in data sheet) = 77 ns

#4) 74F244 transceiver delay = 7 ns maximum

#5) CPU data setup time = 10 ns minimum

“tRAC" = (S0 + S1) + (82 + S3) + S4 (minimum) — #1
— #2 — #4 — #5

111 + 111 + 50 - 131 —20 -7 — 10

104 ns

(S0 + S1) + (S2 + S3) + S4 (minimum) — #1
— #3 — #4 — #5

111+ 111 + 50 — 131 =77 — 7 — 10
=47 ns

Therefore the DRAM chosen should have a “tRAC” less
than or equal to 104 ns and a “tCAC" less than or equal to
47 ns.

1V) 68020 with 1 Walt State Inserted “tRAC” and "tCAC”
Calculations

68020 10 MHz (1 Wait State) Calculations

i

“1CAC" =

#1)  RASIN low = SO + S1 + “B” PAL combination-
al output delay maximum = 100 +
15 = 115 ns maximum

#2)  RASIN to RAS low = 20 ns maximum

#3)  RASIN to CAS low = 80 ns (DP8419-80 RASIN —

CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMS
speced in data sheet) = 77 ns

#4) 74F244 transceiver delay = 7 ns maximum

#5) CPU data setup time = 10 ns minimum

“tRAC” = (S0 + S1) + (S2 + S3) + (SW + SW) + S4

(minimum) — #1 — #2 — #4 — #5

100 + 100 + 100 + 45 — 115 —-20—7 — 10

193 ns

(SO + S1) + (S2 + 83) + (SW + SW) + S4

(minimum) — #1 — #3 — #4 — #5

100 + 100 + 100 + 45 — 116 =77 -7 — 10

= 136 ns

Therefore the DRAM chosen should have a “tRAC” less

than or equal to 193 ns and a “tCAC" less than or equal to

136 ns. Standard 150 ns DRAMs meet this criteria.

68020 12 MHz (1 Wait State) Calculations

#1) RASIN low = SO0 + S1 + “B" PAL combination-
al output delay maximum = 80 +
15 = 95 ns maximum

Il

“tCAC”

RASIN to RAS low = 20 ns maximum

RASIN to CAS low = 80 ns (DP8419-80 RASIN —
CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMS
speced in data sheet) = 77 ns

#4) 74F244 transceiver delay = 7 ns maximum

#5) CPU data setup time = 10 ns minimum

“tRAC"” = (SO + S1) + (S2 + S3) + (SW + SW) + S4

(minimum) — #1 — #2 — #4 — #5

833 +833+833+35—-95-20—7—-10

153 ns

“tCAC” = (SO0 + S1) + (S2 + S3) + (SW + SW) + S4

(minimum) — #1 — #3 — #4 — #5

=833+833+833+35—-95~-77—-7-10
= 96 ns

Therefore the DRAM chosen should have a “tRAC” less
than or equal to 153 ns and a “tCAC" less than or equal to
96 ns. Standard 150 ns DRAMs meet this criteria.

68020 14 MHz (1 Walt State) Calculations

#2)
#3)

#1) RASIN low = SO + S1 + “B" PAL combination-
al output delay maximum = 72 +
15 = 87 ns maximum

#2) RASIN to RAS low = 20 ns maximum

#3) RASIN to CAS low = 80 ns (DP8419-80 RASIN —

CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMs
speced in data sheet) = 77 ns

#4) 74F244 transceiver delay = 7 ns maximum
#5) CPU data setup time = 5 ns minimum
*“tRAC” = (SO + S1) + (S2 + S3) + (SW + SW) + S4
(minimum) — #1 — #2 — #4 — #5
=72+724+72+30-87-20—-7~-5
=127 ns
*“tCAC" = (SO + S1) + (S2 + S3) + (SW + SW) + S4
(minimum) — #1 — #3 — #4 — #5
=72+ 72+72+30—-87—-77-7—-5
= 70 ns

Therefore the DRAM chosen should have a “tRAC" less
than or equal to 127 ns and a “tCAC” less than or equal to
70 ns. Standard 120 ns DRAMs meset this criteria.

68020 16 MHz (1 Wait State) Calculations

#1)  RASIN low = SO + S1 + “B” PAL combination-
al output delay maximum = 62.5
+ 15 = 77.5 ns maximum

#2)  RASIN to RAS low = 20 ns maximum

#3)  RASIN to CAS low = 80 ns (DP8419-80 RASIN —

CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMs
speced in data sheet) = 77 ns

#4) 74F244 transceiver delay = 7 ns maximum
#5) CPU data setup time = 5 ns minimum
“tRAC” = (S0 + St) + (S2 + 83) + (SW + SW) + S4
(minimum) — #1 — #2 — #4 — #5
=625+625+625+25—-77.5—-20—-7—5
=103 ns
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“tCAC” = (SO + S1) + (S2 + S3) + (SW + SW) + S4

(minimum) — #1 — #3 — #4 — #5

625+ 625 +625+25-77.5—-77—-7—5
= 46 ns

Therefore the DRAM chosen should have a “tRAC” less

than or equal to 103 ns and a “tCAC"” less than or equal to
46 ns.

V) IAPX 86/88/186/188 Family “tRAC” and “tCAC” Cal-
culations

iIAPX 86/88 8 MHz No Wait State Calculations

Il

#1) RASIN low = Maximum clock high + 15 ns (“B”
PAL combinational output delay) =
82 + 15 = 97 ns maximum

#2) RASIN to RAS low = 20 ns maximum

#3) RASIN to CAS low = 97 ns (DP8419-80 RASIN —

CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMs
speced in data sheet) = 94 ns
maximum (using 25 ns minimum
row address hold time)

#4) 74F245 transceiver delay = 7 ns maximum

#5) CPU data setup time to “T4” = 20 ns minimum

“tRAC" =T1 + T2 + T3 — #1 — #2 — #4 — #5
=125+ 125 + 1256 — 97 — 20 — 7 — 20

231 ns

“tCAC” = T1 + T2 + T3 — #1 — #3 — #4 — #5

125 + 125 + 125 — 97 — 94 — 7 — 20

=157 ns

Therefore the DRAM chosen should have a “tRAC” less
than or equal to 231 ns and a “tCAC” less than or equal to
157 ns. Standard 200 ns DRAMs meet this criteria.

iPX 186/188 8 MHz No Wait State Calculations

I

#1) RASIN low = Maximum clock high + 15 ns (“B”
PAL combinational output delay) =
70 + 15 = 85 ns maximum

#2)  RASIN to RAS low = 20 ns maximum

#3)  RASIN to CAS low = 97 ns (DP8419-80 RASIN —

CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMs
speced in data sheet) = 94 ns
maximum (using 25 ns minimum
row address hold time)

#4) 74F245 transceiver delay = 7 ns maximum

#5) CPU data setup time to “T4” = 20 ns minimum

“tRAC” = T1 + T2 + T3 — #1 — #2 — #4 — #5
=125+ 125+ 125 -85 - 20 — 7 — 20

243 ns

T1 + 72 + T3 — #1 — #3 — #4 — #5

125 + 1256 + 125 — 85— 94 — 7 — 20

169 ns

Therefore the DRAM chosen should have a “tRAC" less
than or equal to 243 ns and a “tCAC” less than or equal to
169 ns. Standard 200 ns DRAMs meet this criteria.

iAPX 86/88 10 MHz No Wait State Calculations

“CAC”

#1) RASIN low = Maximum clock high + 15 ns (“B”
PAL combinational output delay) =
61 + 15 = 76 ns maximum

#2) RASIN to RAS low = 20 ns maximum

#3) RASIN to CAS low = 80 ns (DP8419-80 RASIN —

CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMs
speced in data sheet) = 77 ns
maximum (using 15 ns minimum
row address hold time)

#4) 7T4F245 transceiver delay = 7 ns maximum

#5) CPU data setup time to “T4” = 5 ns minimum
“tRAC” = T1 + T2 + T3 — #1 — #2 — #4 — #5
100 + 100 + 100 — 76 — 20 —7 — 5
192 ns '

T+ T2+ T3 — #1 — #3 — #4 — #5
100 + 100 + 100 — 76 — 77 — 7 — 5
135 ns

Therefore the DRAM chosen should have a “tRAC” less
than or equal to 192 ns and a "“tCAC” less than or equal to
135 ns. Standard 150 ns DRAMs meet this criteria.

V1) iAPX 286 “tRAC” and “tCAC” Calculations

6 MHz iAPX 286, 12 MHz Clock, No Wait State Calcula-
tions

“tCAC”

#1) RASIN low = T1 + 74AS04 gate delay + “B”
PAL clocked output delay = 83.3
+ 4.5 + 12 = 100 ns maximum

#2) RASIN to RAS low = 20 ns maximum

#3) RASIN to CAS low = 80 ns (DP8419-80 RASIN —

CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMs
speced in data sheet) = 77 ns
maximum (using 15 ns minimum
row address hold time)
#4) 74F244 transceiver delay = 7 ns maximum
#5) CPU data setup time to “T4” = 20 ns minimum
“tRAC” = T1 + T2+ T3+ T4 — #1 — #2 — #4 — #5
= 83.3 + 83.3 + 833 +83.3—-100~-20—-7 —
20 = 186 ns
“tCAC” =T1+ T2+ T3+ T4 — #1 — #3 — #4 — #5
=833 +833+833+833—-100—-77 -7 —
20 = 129 ns
Therefore the DRAM chosen should have a “tRAC” less
than or equal to 186 ns and a “tCAC” less than or equal to
129 ns. Standard 150 ns DRAMs meet this criteria.
7 MHz iAPX 286, 14 MHz Clock, No Wait State Calcula-
tions

#1)  RASIN low = T1 + 74AS04 gate delay + “B”
PAL clocked output delay = 71.4
+ 4.5 + 12 = 88 ns maximum

#2)  RASIN to RAS low = 20 ns maximum

#3)  RASIN to CAS low = 80 ns (DP8419-80 RASIN —

CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMs
speced in data sheet) = 77 ns
maximum (using 15 ns minimum
row address hold time)
#4) 74F244 transceiver delay = 7 ns maximum
#5) CPU data setup time to “T4” = 10 ns minimum
“tRAC" =T1 + T2+ T3 + T4 — #1 — #2 — #4 — #5
=714+ 714 +714+ 714 —-88 — 20 — 7 —
10 = 160 ns
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“tCAC" =T1 + T2+ T3+ T4 — #1 — #3 — #4 — #5
=714+ 714+714+714—-88—-77 -7 —
10 = 103 ns

Therefore the DRAM chosen should have a “tRAC" less
than or equal to 160 ns and a “tCAC" less than or equal to
103 ns. Standard 150 ns DRAMs meet this criteria.

8 MHz IAPX 286, 16 MHz Clock, No Wait State

#4) 74F244 transceiver delay = 7 ns maximum
#5) CPU data setup time to “T4"” = 10 ns minimum
“tRAC"=T1 + T2+ T3 + T4 — #1 — #2 — #4 — #5

=625 + 625 + 625 + 625 —-79 — 20 — 7 -
16 = 134 ns

“CAC"=T1 + T2+ T3+ T4 — #1 — #3 — #4 — #5
=625+ 625+ 625 +625-79 -77 -7 —

Calculations 10 = 77 ns
#1) RASIN low = ;LL+ |74::3st4 %at? ;iellay : 6285 Therefore the DRAM chosen should have a “tRAC" less
+4 g o_;: 12 :u7%uns :naa);'m m i than or equal to 134 ns and a “tCAC" less than or equal to
‘ fmu 77 ns. Standard 120 ns DRAMs meet this criteria.
#2) RASIN to RAS low = 20 ns maximum
#3) RASIN to CAS low = 80 ns (DP8419-80 RASIN —
CAS low) — 3 ns (load of 72
DRAMs instead of 88 DRAMs
speced in data sheet) = 77 ns
maximum (using 15 ns minimum
row address hold time)
16MHz 100ns DRAM (256Kx1)
14MHz (50ns tCAC)
12MHz ——- 120ns DRAM (256Kx1)
10MHz —— s (60ns {CAC)
8MHz T — 150ns DRAM (256Kx1)
6MHz 4— | (75ns tCAC)
AMHz -1 — 200ns DRAM (256Kx1)
(100ns tCAC)
SERIES 68000 68020 68020 8086 80286 * FOR THE 150ns
32000 FAMILY (1 WAIT STATE 8088 AND 200ns
INSERTION) 80286 {256Kx1) DRAMS
80188 THE ACCESS TIME
IS RAS LIMITED
TLIF/8595-3
FIGURE 3

Note 1: The data presented in this figure is based on typical examples. Faster “no wait state” CPU performance is possible with several of the microprocessors
shown above via the use of the DP8419-70 instead of the DP8419-80; the elimination of Data Bus Transceivers; a more tailored PAL (Refresh Access Arbitrator)
approach; faster support logic; lower than the 150 damping resistor specified in the DP8419-80 data sheet; or, less than the specified capacitive load driven

dirsctly by the DP8419 (88 DRAMS).
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DP8408A/09A/17/18/19/
28/29 Application Hints

The DP8408A, DP8409A dynamic RAM controllers have

been well received by dynamic memory users because they

perform functions formerly requiring multiple integrated cir-
cuit chips. These controllers are designed to be suitable for

a variety of DRAM control methods. As a result of the many

combinations of ways in which inputs to these chips may be

varied, it was inevitable that certain conditions exist that
would cause the DP8408A, DP8409A to respond in an un-
desirable way. Feedback from customers using these chips
has resulted in thorough investigations of such conditions.

The following are constraints on the use of the DRAM con-

trollers which are not addressed in their data sheets. The

majority of customers will find that most of the items on this
list are not pertinent to their particular application, and those
that are impose minimal restrictions.

1) The on-chip refresh counter resets when the RFI/0 pin
goes low for a refresh request in mode 5 if this pin is
excessively loaded with capacitance. The data sheet
suggests that this pin not be loaded with greater than
50 pF. Since RFI/0, in most cases, needs only to drive
a low capacitance in a refresh control circuit, this limit is
not unreasonable.

2) When the DP8408A, DP8409A is in a refresh mode, the
RFI/O pin indicates that the on-chip refresh counter
has reached its end-of-count. This end-of-count is se-
lectable as 127, 255 or 511 (511 is available only on the
DP8409A) to accommodate 16k, 64k or 256k DRAMS,
respectively. Although the end-of-count may be chosen
to be any of these, the counter always counts to 511
(255 for the DP8408A) before rolling over to zero.

3) When going from mode 0, 1 or 2 (refresh) to mode 5 of
the DP8408A, if CASIN and R/C are both low, a glitch
occurs on the CAS output. Since neither of these inputs
is used in these modes, one or both should be held
high.

4) Most DRAMs specify 0 ns row address set-up time to
RAS. In order to guarantee this, the row address to the
DP8408A, DP8409A must be valid 10 ns before RASIN
transitions low to initiate an access. In terms of the data
sheet parameters, maximum (tapp—trpp) = 10 ns.

5) When changing modes from refresh to access, again
sufficient time must be allowed for the row address to
be valid before RAS occurs. In this case, the address
outputs of the DP8408A, DP8409A are changing from
the refresh counter to the row address inputs. In order
for the row address to be set up a minimum of 0 ns
before RAS goes low, RASIN should not go low until 30
ns after the change from refresh to access mode.

6) Both the low and high pulse widths of RAS have mini-
mum requirements during refresh. When in mode 0, the
RASIN to RAS low delay is longer than the RASIN to
RAS high delay. In terms of the data sheet parameters,
maximum (tgrppL —tRFPDH) = 25 ns. Thus, the mini-
mum low pulse width of RAS in mode 0 equals the
RASIN low pulse width minus 25 ns. The minimum high
pulse width of RAS in mode 0 equals the RASIN high
pulse width.

7) The fastest memory access may be accomplished us-
ing mode 4 and external delay lines (see App. Brief #89).

National Semiconductor
Application Brief # 1
Tim Garverick

Webster Meier

8) In the data sheet, it is specified that CS should go low
30 ns (tcsLR) before RASIN goes low to initiate an ac-
cess in mode 5. This is to prevent the possibility of a
glitch on the RAS outputs, resulting from the DP8409A
interpreting the RASIN as a hidden refresh. For the
same reason, CS should be held low for a minimum of
15 ns after RASIN returns high, ending the access in
mode 5.

9) If the DP8409A is being used in mode 5 and CS = 1,
and if RASIN goes low within 15 ns before RFCK (R/C)
goes low, up to a 15 ns glitch may occur on the refresh
request pin, RF1/0. However, since CS is high, a hidden
refresh will occur as it normally would with RFCK high. If
the glitch on RFI/O were detected and interpreted as a
forced refresh request, no forced refresh would be al-
lowed by the DP8409A since a hidden refresh was al-
lowed. This would not cause any problem, however,
since the hidden refresh has taken care of the refresh
requirement for that period of RFCK. Also, this forced
refresh request could not be detected if the system
does not check RFI/O for a low state while RASIN is
low (i.e., an access is taking place).

10) At CPU clock frequencies of 10 MHz and above it is
suggested that the hidden refresh capability of the
DRAM controller (DP8409/17/19/29) be disabled. The
main reason for this suggestion is to satisfy the parame-
ter “trkRL” (RFCK high to RASIN low for hidden re-
fresh) which is given as a minimum of 50 ns in the
DP8417/19/29 data sheets. Disabling hidden refresh
also eliminates the need of meeting the parameter of
“toshLy” (CS low to access RASIN low using Mode 5
with hidden refresh capability) which is given as a mini-
mum of 34 ns in the DP8417/19/29 data sheets. In
order to eliminate hidden refresh the “CS” pin of the
DRAM controller should be permanently grounded on
the DRAM controller, and the “CS” that previously went
to the DRAM controller should be “ORed” with
“RASIN" (the “OR” gate's output becoming the new
“RASIN” input to the DRAM controller).

11) If the user desires to improve the DRAM controller
“RASIN to RAS out” time (“tRPDL") external logic may
be used to create multiple “RASs”. The circuit shown
below requires only several 74XX oxide isolated type
IC’s (74AS27 and 74AS04) to accomplish this aim.

74AS27 74AS04
B0 o4 N
RASO
B1 o4
RASN & RASO
1 RAST
RAS1
RAS2
RAS2

TL/F/5033-1
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DP8408A/9A
Fastest DRAM Access
Mode

If one desires the fastest possible operation of the
DP8408A/9A multi-mode dynamic RAM controller/driver in
accessing DRAMs, mode 4, externally controlled access
mode should be considered.
In using mode 4 there are three input signals which must be
considered:
1) RASIN—generates RAS
2) R/C—switches between rows and columns on the ad-
dress outputs
3) CASIN—generates CAS
In producing these signals a delay will be needed between
RASIN and R/C and between R/C and CASIN. (Note: In
mode 4 external generation of CASIN can produce CAS
faster than automatic generation of CAS.)
Two important parameters have been added to the
DP8408A/9A data sheets that help one compute the mini-
mum acceptable delays between the above-mentioned sig-
nals. These parameters are:
1) tpiIr1 = MAXIMUM (tgppL — tRHA) = 13 NS
where tgppL = RASIN to RAS delay
trRHa = row address held from column select
2) tpir2 = MAXIMUM (tgce - teppl) = 13 ns
where tgcc = column select to column address
valid
tcppL = CASIN to CAS delay
These parameters are specified as being less than what
would be calculated using the min/max values given for
trce, tcpoLs tRPDL and tra in the DP8408A/9A specifica-
tion sheets, because on-chip delays track over temperature
and supply variations.
The equation for the delay between RASIN and R/C that
guarantees the specified DRAM tpay is:
min delay required = tpjp1 + tRaH
=13 ns + tRaH
where tgay = DRAM minimum row address

hold time from RAS

National Semiconductor
Application Brief 9

Tim Garverick

Rusty Meier

The equation for the delay between R/C and CASIN that
guarantees the specified DRAM tasc is:

min delay required = tp)r2 +tasc

= 13ns + tasc
where tagsc = DRAM minimum column address
set-up time to CAS

To produce the above-mentioned delays between signals, a
+2 ns resolution delay line can be used as follows:

(assuming traH = 20 ns, tasg = 0 ns)

RASIN to R/C delay = 13 ns + 20 ns

= 33ns
13ns + Ons
=13ns

Thus, R/C must follow RASIN by a minimum of 33 ns and
CASIN must follow R/C by a minimum of 13 ns. With a delay
line of £ 2 ns resolution, the RASIN to R/C and R/C to
CASIN delays can be typicals of 35 ns and 15 ns, respec-
tively. (See Figures 1 and 2.)
This scheme will provide a maximum RASIN to CAS delay
of:

35ns + 15ns + 2 ns (resolution uncertainty)

+ MAXIMUM (tcppL) = 52 ns + MAXIMUM (tcppL)

For the DP8408/9-2, MAXIMUM (tcppL) = 58 ns.
For the DP8408A/9A (no dash), MAXIMUM (tcpp) = 68 ns
(not 58 ns as indicated in data sheets up to November
1982).
The fastest mode 4 accesses (with the assumed delay line
and DRAM parameters) are therefore, 110 ns and 120 ns,
respectively, for the -2 and non-dash parts.
The maximum RASIN to CAS delay (tgicL) in mode 5 (auto
mode) for the DP8408/9-2 (which guarantees a min tgan of
20 ns) is 130 ns. The maximum tgicL in mode 5 for the
DP8408A/9A (no dash) is 160 ns.
Thus, it is shown that if the features offered by the
DP8408A/9A automatic modes can be sacrificed, mode 4
(externally controlled access) may be used to obtain the
fastest memory access.

R/C to CASIN delay
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} 110 ns MAX

RASIN
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Q's ROW ADDRESS j
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FIGURE 1. Mode 4 Timing Relationships
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=
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35 ns DELAY

50 ns DELAY

DATA QUT

TL/F/8403-1

R/T

CASIN

TL/F/8403-2

FIGURE 2. Mode 4 Externally Generated Signals

1-106




A family of single-chip dynamic RAM controllers provides the access-timing
and refreshing capability for any chip made, or projected.

Single-chip controllers cover
all RAMs from 16-k to 256-k

While the high performance and low cost of MOS
dynamic RAMs make them the most widely used
digital semiconductor devices, operating them is
more difficult than most other memory chips. De-
mands are growing for both the automatic sequenc-
ing of RAM-access timing and the automatic control
of refreshing. National Semiconductor’s response is
the DP8400 family of memory-interface circuits. The
first two members, the DP8408 and the DP8409, are
powerful single-chip dynamic-RAM controllers
housed in 48-pin dual-in-line packages and, more
important, designed to drive the entire range of
dynamic RAMs.

The DP8408'’s eight address outputs drive all cur-
rent 16-k and 64-k dynamic RAMs. The DP8409, with
nine address outputs, not only handles the same
RAMs as the 8408, but can control the coming
generation of 256-k memory chips. Both devices are
pin-compatible, which means a system designed with
the DP8408 to control 64-k chips can be directly
upgraded to the DP8409 when 256-k RAMs appear
on the market. Another benefit for designers is
alternate-sourcing—the first DP8400 devices are
available from MonolithicMemories(Sunnyvale, CA).

The DP8408, a subset of the DP8409, fits into
applications that do not require automatic
refreshing. But it does have automatic access modes.
The DP8409 is designed for any type of dynamic
RAM system, from small microprocessor-based
systems to large memory boards. An automatic-
accessing mode makes it desirable in mainframes,
since it reduces skew time to that of just one chip,
while offering tracking of the RAM input controls.
This faster accessing permits the use of slower
RAMs. With 64-k RAMs, for example, the cost

Mike Evans, Applications Manager, Logic Group
Charles Carinalll, Design Manager, Interface Circuits

Published in Electronic Design, February 4, 1982.
Reprinted by permission.

savings between 200-ns and 150-ns devices is signifi-
cant when large quantities are involved.
Microprocessor users will prefer the DP8409 to
other controllers because a single chip performs all
the basic automatic access sequencing and automatic
refreshing control. (If desired, external refreshing
can be used with either controller.) Fast automatic
accessing eliminates the need for the wait states that
are normally required in faster microprocessors.
Automatic refreshing eliminates complicated re-
fresh-arbitration control circuitry while offering a

Row-address
input latch

I' Column address

£
I

N
i

G=C, input latch
*Indicates these
refresh counter when chip is
Jr R t . . 5 o1 (G5 sethigh)
AT IR IR I : - AAS 3
L i LA . .. U RAS 2
. : . RAS !
ADS- BN Uy decoder N "
B ank select  [11 [TT™] . :
" B, —={ input latch  Hd Mol *
o s e 11
- RASIN ~m
: RIE{HFCK) - Control logic
CASIN (RGCK) e -

B BF O M RFEH) Mo Mg T )

1. With a 9-bit output bus suitable for interfacing with the
largestdynamic RAMs (256 k), National Semiconductor’s
DP8409 RAM controlier drives every RAM available. Features
Include automatic accessing, automatic refreshing, and high-
impedance outputs when notselected. An 8-bitversion, the
DP8408, operates with RAMs up to 64 kbits, andis used in
applications that do notrequire automatic refreshing.
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hidden refresh feature to increase the system
throughput. The DP8409 offers full control, includ-
ing byte writing, of the 68000, 8086, and Z8000
microprocessors, and National Semiconductor’s new
16032 16-bit microprocessor.

Controlling a dynamic RAM is no simple task (see
“Dynamic RAM Operation—from RAS to CAS”),
Three timing delays are required for an access, and
refreshing must be performed continually. With the
arrival of powerful 16-bit processors and their large,
direct memories, a single-chip controller becomes
necessary for efficient system design. Propagation
timing delays through the controller must be in the
tens of nanoseconds to minimize total access time.
Moreover, to eliminate the propagation delays
caused by additional memory drivers, a controller
should be capable of directly driving a large number
of RAMs. The controller must also reduce component
cost and conserve PC-board area.

To fulfill these requirements, the DP8408 and 8409
are fabricated in bipolar technology rather than
MOS. LSI capability exists in bipolar technology, and
bipolar dynamic-RAM controllers are already
available. Two such controllers, Intel’s 8202 and
AMD’s 2964 (AMZ8164), represented early attempts
to bring timing delays under system control.

In the Intel device, the clock is independent of the

access-request signal, causing excessive synchroniz-
ing delays before the appearance of the output
signals. This leads to long system access times, and
for most 16-bit microprocessors requires the inser-
tion of wait states. The AMD controller is an address
multiplexer with an on-board refresh counter and
bank selection for up to four banks of RAMs. While
this device drives a small number of RAMs, AMD
offers octal memory drivers that can be placed
between the 2964 and the RAMs. Delays become
progressively longer as timing signals proceed
through the delay timer, the 2964, and the additional
drivers. And external components are needed to
initiate timing delays. Quite simply, the DP8408 and
DP8409 go well beyond the access-time and func-
tional capabilities of the 8202 and 2964.

On board the RAM controllers

A functional block diagram of the DP8409 is shown
in Fig. 1. The DP8408 is similar, except for its 8-
bit-wide multiplexed address-bus and the fact that
its R/C and CASIN inputs do not provide dual fune-
tions asRFCK andRGCK inputs, as they do in the 8409.

The multiplexed address outputs of both con-
trollers can be selected from the row or column input
latches, or from the refresh counter. A high level
on input signal ADS enables input row-addresses, R

A A
( Address Due For 256 k dynamic RAMs ~
\r Qs As
: 1
ﬂ U Q. - QuQ; ho- Ao =
i Ro - Re,R7,.Rs f~RAs 1
. I 22 g4k
Address port Ls138 Co - Co,Cr,Cs P=1CAS 256 k q
RAS 3 - t~{We
TTTT B
B, pd fl Al
Address
strobe ADS . j é 3 t -
cs RAS 2 q 256 k
P DP8409
Sy
10 MHz maximum 3 ﬁ
K o _ 16 k
° RGCK  AAs1 =] 64k
_ . .| 2s6k
RIW ’ WIN b1t ]
M2 _RaSo
v (RFSH) =] As
) ——{ RASIN CAS 6k =
READY RFRQ WE 64k,
{ DTACK PAL REI/O | M M. 256k
Byte U
Bytel 1 SAE
pata (SN[ ~ y 9 :,I BADZF;4 CASL Dynamic RAMs
a A 1=
- —] [cAsu _\_ CAsU
! _I CASL
Necessary If byte writing
(Repl CAS from DP8409)
h, N
[ v 3
Data bus

2. The Interface of the DP8409 RAM controller to a 16-bitmicroprocessor looks ahead to the
day when 256-kbit dynamic RAMs are available. By designing-In the controller now, no
modifications to printed-circuit boards willbe necessary when 256-k devices are developed.
Simply exchanging controller chips will allow the memory-control capability of a

microprocessorto Increase by four times.
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through Rs, input column-addresses Co through Cs,
and bank-select inputs Bo and B, into their respective
input latches. ADS also latches these signals on its
low-going edge. In a normal RAM access, By and B,
are decoded to determine which bank is selected. By
enabling one of the four RAS outputs (when RASIN
goes low), the contents of the row-address latch are
strobed into the selected RAMs.

Now the control logic causes the row addresses to
be replaced with the column addresses, and CAS goes
low as determined by the control logic. This causes
the contents of the column-address latch to be
strobed into the selected RAMs.

On a write cycle, WE must be low as CAS goes low;
on a read cycle, WE must be high. For a read-modify-
write cycle, WE must go low some time after CAS—
this is specified in RAM data sheets. To simplify
control, WE follows WIN unconditionally 20 ns later,
typically. Three mode pins—M,, M;, and M, (M, is
refresh mode)—offer externally selected operating
modes. For example, mode 5—automatic access—
identified by code 101, can be changed to mode 1—
forced refresh—identified by code 100, when M, is
driven low. These modes include automatic and
external control of accesses, and various refreshing
modes.

Input pin CS selects or deselects the controller to
allow for multiaddressing of memory. For accesses,
TS is normally low, but to access a second DP8409
sharing the same memory, CS of the first 8409 must
go High. This puts the three-state address outputs
in a high-impedance high-state through an external
5-kQ} pull-up resistor, and sets the control signals to
a high impedance to prevent them from drifting low;
a low level can result in a false access. Switching
between chips takes about 30 ns, providing fast
multiaddressing. Refreshing must be performed us-
ing only one chip. As CS goes high in mode 5,
deselection is overridden and, provided RFCK is
already high, hidden refreshing can occur.

Input/output pin RF I/0 can be used to clear the
refresh counter when it has been set low by an
external open-collector gate. It also sends out an end-
of-count signal—a low level—when the refresh
counter has filled (counts are selectable to 127, 255,
or 511). This is a useful feature for burst refreshing.
In the automatie-refresh mode, RF 170 becomes the
signal Refresh Request.

No problems with capacitive locads

One important asset of the DP8408 and 8409 is their
ability to drive high-capacitance loads. RAM inputs
are generally specified as having a maximum input
capacitance of 10 pF/pin, but in large RAM systems,
the worst-case input capacitance is usually on the
order of 2.5 pF per input. However, one or two devices

RASIN

RAS
decoder

By et
[

DELAY
R/C
Row address r_‘
Input latch [ )
Column
address —)
input latch

Dynamlic RAM data out

=

3. The DP8408/8409's automatic-accessing capability uses
on-chip delay paths to provide faster access while saving on
external delay-timing circultry. On-chip Schottky Inverters
track extremely well with temperature and voltage, keeping
access-times stable.

in a system can go up to 10 pF, especially at high
temperature. On the other hand, RAM input currents
carry specifications of around 10 pA maximum, but
actual input currents seldom exceed 3 uA per input
in large systems. Of the two parameters—
capacitance and input current—high capacitance
always causes more system problems.

In addition to a RAM’s input capacitance, designers
must consider the capacitance of the PC-board
traces. The value of capacitance depends on trace
length, nearness to other traces, board thickness, ete.
Generally, this amounts to about 3.2 pF per input,
giving a total worst-case input capacitance of 5.7
pF/input.

The output stages of the DP8408/8409 can drive
up to 88 RAMs, or 500 pF of capacitive loading.
Looking at it another way, the controllers can drive
four banks each of 16-data bits plus 6 associated
check bits for error correction; two banks of 32 data
bits with 7 check bits; one bank of 64 data bits with
8 check bits; or any smaller combination. Output rise
and fall times are proportional to the capacitive
loading, and more than 500 pF increases transition
time. Similarly, less than 500 pF decreases propaga-
tion delays.

The output-driver stages of the DP8409/8409 are
matched. Each stage has symmetrical high and low
drive capability, which require that the high and low
on-resistances be the same. High output currents are
needed to quickly charge or discharge the effective
RAM load capacitance on each output. In most
applications, a series damping resistor is required
between each output and the RAM to minimize
undershoot. Undershoot occurs at RAM inputs hav-
ing both inductive board traces and high capacitive
loads on high-to-low transitions.
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The value of the series damping resistor depends
heavily on the board layout. Address lines usually
use a value different from control lines, but both are
functions of layout and input loading. The resistor
is almost tuned to a specific board since too high a
value yields an excessively slow edge, while too low
a value does not remove the undershoot. In any case,
damping-resistor values vary from 15 to 100 €.

Control over all RAMs

The DP8408 and 8409 are designed to control all
multiplexed-address dynamic RAMs. The DP8408,
with eight multiplexed address outputs and an 8-bit
refresh counter, controls 16-k dynamic RAMs (+5
V or three-power-supply types) and both configura-
tions of 64-k RAMs (128 rows by 512 columns or 256
rows by 256 columns). Memory users can specify
either of the two 64-k RAM configurations provided
the refresh counter on the DP8408 is used. This
replaces on-the-RAM refresh counters offered by
some RAM manufacturers.

The DP8409’s nine address pins and 9-bit refresh
counter allow it to control 16-k, 64-k, and 256-k
RAMs. Designers can take advantage of the 8409’s
256-k capability by building current memory boards
using the device. No modifications will be needed
when the 256-k RAMs are available. By simply
providing for two new input address lines and
connecting Qg (the ninth multiplexed address output)
to A;s (pin 1) of the RAMs, the memory size can be
increased instantly by a factor of four. Figure 2
shows how the connections are made.

Automatic accessing capability is provided by the
8408 and 8409 using on-chip delay paths to generate
the correct timing sequence (Fig. 3). These delays
are initiated from only one input signal, RASIN. This
generates all the access-sequencing required by most
RAMs. Automatic accessing operates in the follow-
ing manner: First, RASIN is used to generate the
selected RAS output as decoded from bank-select
signals B, and B,. RASIN is also fed to the first series
of Schottky inverters to produce the necessary delay
before rows can be switched to columns. This guaran-
tees exceeding the row-address hold time (tgsy) of
most RAMs. For 64-k RAMs, tysy varies from 20
to 25 ns, so the minimum specification for the 8408
and 8409, 30 ns, is on the safe side. If the address
outputs are driving 500-pF loads, switching from row
addresses to valid column addresses takes 10 ns. The
second series of inverters setCAS low 12 ns (typically)
after the columns are valid.

The inverters track with temperature and Ve, as
do the output driver stages. Tracking of the output
paths holds over the specified temperature and Ve
ranges. Since Schottky-logic parameters do not vary
significantly with temperature or Ve, the absolute

times are not affected by more than 25% over the
0 to 70°C range. At the end of an access-cycle, RASIN
goes high and the sequence repeats at a higher speed
to terminate the cycle.

An automatic-access mode offers two important
advantages: First, there is no need for external
timing delay circuitry—this saves cost, memory-
board area, and the timing skews that external
circuitry introduces. Second, this sequence is much
faster than a clocked sequencing approach—that is,
the delay from RASIN input to CTAS output is much
shorter. Benefits include a faster system access time,
the possibility of eliminating a wait state in a
microprocessor memory-access cycle, or the ability
to choose slower RAMs (a lower-cost solution)
without affecting access time. And since both chips
need no external memory drivers, the timing skews
are confined to just one chip.

If automatic timing is not desired, another mode
allows all timing to be under the control of the
relevant external control signals. RASIN initiates the
selected RAS output, R/C selects either the row or
column address, and CASIN controls CAS.

Refreshing comes in many forms

The DP8408 performs refresh operations only un-
der external control. The microprocessor system
decides when a refresh is needed by setting M,
(REFRESH) low to place the refresh counter contents
on the address outputs. Then the system sets RASIN
low to allow all four RAS outputs to low-stroke the
refresh address into the rows of all four banks of
RAMs.CAS is inhibited, preventing a false write, and
the RAM data outputs remain in a high-impedance
state.

A refresh cycle ends when RASIN goes high and the
refresh counter increments, ready for the next
refresh cycle. Most RAMs require that all 128 rows
be refreshed in 2 ms, or 256 rows in 4 ms. This can
be accomplished by either guaranteeing a refresh on
one row every 16 us, or performing a burst refresh
of 128 rows at the start of each 2-ms period, until
RFI/0 indicates end-of-count. Most system designers
prefer one refresh every 16 us. But this can involve
inhibiting normal memory accessing, and requires
refresh arbitration.

The end-of-count indication on RF I/0 can be set
under external system control to either 127 or 255
for burst-refresh applications. Actually, the internal
address counter still counts to its maximum value,
independent of the end-of-count value—the RF 1/0
value is a result of counter decode and does not reset
the counter. This simplifies the RAM interface since
the higher-order address bit-count is ignored by
RAMs with 128 rows.

In addition to providing the external-control
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refresh mode of the 8408, the 8409 performs hidden
refreshing in one of the automatic-access modes, To
attain maximum throughput, it is obviously advan-
tageous to perform refreshes without interrupting
the system. The DP8409 can do this by monitoring
the CS input to see if it is high. If CS is high, the
RAMs are not being accessed. If S is high for one
cycle, the 8409 performs a hidden refresh during this
cycle, and stops in time for the system to start
another access. But if a hidden refresh does not occur

in a specific 16-us time slot, a refresh must be forced,
possibly by stopping the system.

To perform auto-refreshing, the DP8409 must
receive two clock signals: the 16-us refresh-period
clock, RFCK, and RGCK, the RAS-generator clock; RGCK
can be the microprocessor clock. To keep the number
of pins at 48, RFCK and RGCK share pins with other
signals. In the automatic-access mode (mode 5),
neither R/C nor CASIN are used, so these duplicate
as RFCK and RGCK in modes 1 and 5. To stop the

Dynamic RAM operation—from RAS to CAS

The operation of a dynamic
RAM (see figure) is, in a word,
complex: Not only do its multi-
plexed address inputs require de-
layed timing signals, but it must
be refreshed continually.

During an access to a RAM, the
first step requires that a row ad-
dress be presented to the multi-
plexed address inputs. As the row-
address signal (RAS) goes low, the
address is latched into the row
latch, and decoded to the memory
array. There, the outputs from the
selected row are presented to the
sense amplifiers. Row addresses
must be held on the address inputs
for a predetermined time—tg,yy,
or row-address hold-time—after
RAS switches low.

At this time, the row address
can be replaced by a column-ad-
dress. When a column address is
valid, the column-address strobe
(CAS) goes low to latch the address
into the column latch. Column-
addresses are decoded to allow a
selected sense amplifier to send
data to the output data-latch (dur-
ing a read cycle). In a write cycle,
with the Write Enable signal
(WE) already low, a low-going CAS

signal causes the selected cell to be
set to the value at the data input.
The RAM block diagram shows
the chip’s operation, including the
internal gating of the control
signals. One key feature is that
RAS internally controls €4S. Thus,
if RASis already low when CASgoes
low, a normal read or write cycle
follows, and the chip consumes its
full operating current. On the
other hand, if TAS goes low while
RAS is high, TAS INT is inhibited
along with RAS, and the RAM con-
sumes only the current required
for standby. In this case, the chip
is deactivated. Similarly, WE INT is
controlled by both RAS and CAS
This simplifies bank selection
by using different RAS outputs to
select the banks, CAS and WE can
be common to all the RAM-banks,
along with the multiplexed ad-
dressing. For example, in a four-
bank system, only one RAS goes
low in any access-cycle. This ac-
tivates all the RAMs in a selected
bank, but does not activate RAMs
in the other three banks. These
latter RAMs remain in the
standby mode. The common data
bus accesses only the selected

bank, whether reading or writing.

Besides a complex sequencing
arrangement, dynamic RAMs
must be refreshed to prevent the
capacitor in each cell from losing
its charge, which represents in-
formation. If any row is not ac-
cessed for too long a period of time
—the refresh period—-capacitors
will discharge, causing the voltage
to drop below the sense-amplifier
threshold. Then, when the row is
finally accessed, its outputs will
appear as all zeros or all ones,
depending on which side of the
sense amplifier is accessed.

Most RAMs have 2-ms mini-
mum refresh times, but 64-k
dynamic RAMs are typically much
higher. When accessing a row for
refresh, RAS is needed for a strobe,
but CTAS is not necessary. The
simplest approach to refreshing is
to access a refresh counter that
increments at the end of each
refresh RAS. For some RAMs, 128
rows must be refreshed in 2 ms,
while others require refreshing
256 rows in 4 ms. With distributed
refreshing, one row must be
refreshed every 16 us for proper
operation.

Multiptexed

address

Row latch

RAS
CAS
WE

CAS INT

Data-out |0ata out
Array Dyﬂ:ﬂlc r | ¢ | Configuration
rX e 6k [7]7] 128 x 128
| comraer 64k |7]9] 128 x 512
64k 8|8 256 X 256
Data in] 256k |8 [10] 256 x 1024
Data-in 256k |9f9| 512 x 512
fatch

WE INT
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system, the DP8409 gives preference to hidden
refreshing using RFCK as a level reference. The 16-
us cycle commences asRFCK goes high; if CS goes high
while RFCK is high, the refresh counter is enabled
on the address outputs, overriding the internal three-
state signals (Fig. 4a). All four RAS outputs follow
RASIN, so to perform a refresh, RASIN must be set
low. In smaller systems, RASIN is set low every time
a microprocessor performs a read or write cycle.
Each time the processor accesses something other
than RAM—a peripheral or ROM or another memory
segment—a hidden refresh is performed.

The DP8409 detects that CS is high when the
processor accesses another section of the system and
places the present state of the refresh counter
outputs on the multiplexed address bus to memory.
When the Read or Write output of the
microprocessor is activated, RASIN follows. This
causes all four RAS outputs to low-strobe the refresh

Address bus

R, - R
Co-C a.-a Refresh
B, e counter

-9

__ DPB409
" cs RAS 3 |-

AD [ ) R e Al
Ro RASN  FAS2 :} follow
WR RAS1 {RASIN)
oh [ . FASOP=
Active ] - =164 CAS [~ High
Clock RGCK WE—
, My

M, M.
(a) Hit
101
Refresh
Q.- Q :> counter
Microprocessor FAS o= an
{ HOLD DP8403 RAS 2 { Follow
Bus Request Low RAS 1/ JRGCK +4
RN
|Acknowledge: =16us RGCK CAS |- High
Grant _ CK WE |-

RFRQ,
‘Refresh Request M; My Mo

—
‘ { Refresh Grant 1 3 !
(b)

i i Address bus i o ., Refrash
“ﬁ\ e O md | TS counter
e U 3’ RAS 3| Al

° RAS 2 b

Seteet DPaage RAS 1j—=- }Re'é',?ﬁ.
Microprocessor RAS O}

READY cs CAS[—= High

DTACK address Tllow aFoK WE oo
strobe A

GCK
Clock RE 1/OM: M, Mo
Start

o {Refresh request

Control circultry (1 PAL) J\° !
| Enable Refresh Cycle
(c)

Walt if CS low

4. Automaticrefreshing canbe performed Inthree different
ways with the DP8409 controller. A hidden refresh(a) occurs
while the microprocessor is reading or writing elsewhere In
the system. Although undesirable, forced refreshing (b) can
be performed by stopping the microprocessor. Abetter
technique forforced refreshing (c)is to insert walt states into
the processor timingcycle.

address into the RAMs. When the cycle ends, RASIN
ends, forcing the four RAS outputs back to their
inactive states. This ends the hidden refresh.

At this time, the refresh counter increments, and
another microprocessor cycle can begin immediately.
This cycle can be a memory access; therefore, the
previous refresh cycle has been completely hidden
from the microprocessor. The DP8409 allows only
one such hidden refresh cycle to occur within a clock
cycle of RFCK to minimize power dissipation.

If a hidden refresh does not occur, the DP8409 must
force a refresh before RFCK begins a new cycle on
a low-to-high transition. Therefore, as RFCK goes low
(and a hidden refresh has not occurred), RF 1/0
(Refresh Request) goes low requesting that a refresh
be performed. When the system acknowledges the
request, it sets M (refresh) low, and prevents further
accesses to the DP8409. The 8409 then sends out the
refresh-counter contents and interrogates RGCK—in
most applications, RGCK is 100 to 150 ns. The 8409
waits one full cycle of RGCK before setting all four
RAS outputs low. This guarantees that the minimum
RAS precharge time of the RAMs is exceeded. Then
RF I/0 goes high, allowing the system to recognize
that holding is about to end. Most microprocessors
allow enough time so that as refresh finishes, they
are almost ready to begin again. The RAS outputs
remain low for the next two clock periods to exceed
the minimum tg,s time for refreshing—200 ns is
about the right time. When all RAS outputs go high,
the refresh counter increments.

A minimum component-count solution to forced
refreshing is to connect RF 170 to the Hold or Bus-
Request input of a microprocessor, and the Hold
Acknowledge or Bus Grant output to M. (Fig. 4b).
For some microprocessors, it may be preferable to
continue operation without going into hold, and with
additional circuitry, the approach can be easily
implemented as shown in Fig, 4c. Using this tech-
nique of forced refreshing, the control circuit
monitors the refresh-request output. When this
output switches low, the control circuit waits for a
new microprocessor cycle to begin. If the next cycle
is for the segment of memory controlled by the
DP8409, CS and the control circuitry will be set low.
The control circuitry issues a Wait signal to the
microprocessor, which is removed when refreshing
has ended. If CS is set high, the refresh cycle begins
and ends without affecting other system cycles. In
effect, this is still a hidden refresh.0
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Dynamic RAM controller
pushes system speed
to 10 MHz—and beyond

A highly integrated controller chip makes an ideal
replacement for discrete equivalents, sacrificing
neither system speed nor dynamic RAM access time.

integration level of today’s controller

chips greatly simplifies their jobs. Take
dynamic RAM controllers, which now incorpo-
rate refresh counters, output buffers, and row
and column multiplexing circuitry. Today’s
high-performance microprocessor-based sys-
tems, however, exceed the 8-MHz maximum
operating rate of present controllers. So a new
controller chip surmounts that, running at
10 MHz or more without imposing wait states.
Cost-conscious system designers can take ad-
vantage of the improved RAM controller by us-
ing slower, cheaper dynamic RAMs in their
systems without sacrificing performance.

A second-generation dynamic RAM control-
ler, the DP8419 can directly replace its predeces-
sor, the DP8409, in most systems. Its higher
speed is due to unusual delay line circuitry and

Few system designers would deny that the
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to the bipolar oxide isolation process called ad-
vanced low-power Schottky. Moreover, its on-
chip circuitry multiplexes addresses, generates
control signal timing, and directly accesses up to
2 Mbytes of RAM. An extremely versatile chip,
it interfaces with most popular microproces-
sors, and the addition of an error detection and
correction chip (the DP8400-2) enhances the
RAM system’s data integrity.

Like the earlier chip, the controller has all the
dynamic RAM functions necessary to minimize
skewing on its outputs. Built-in drivers are
specified at 500 pF when driving 88 dynamic
RAMs, and all ac and dc characteristics are
guaranteed over the full range of operating tem-
perature and supply voltage.

The chip’s nine address drivers enable it to di-
rectly drive 16-kbit, 64-kbit, and the newer
256-kbit dynamic RAMs (Fig. 1). Its address,
Row and Column Address Strobe, and Write
Enable lines all are specified for driving the
equivalent capacitance of 88 dynamic RAMs,
including pe board traces. With 256-kbit memo-
ries, that translates into 2 Mbytes of ad-
dressable data, plus the check bits for error
correction.

Row and column address latches prove valua-
ble for microprocessor systems that multiplex
their address and data lines. They may operate
in a fall-through mode when the address infor-
mation remains valid throughout the memory
access cycle. The chip’s refresh counter, which
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keeps track of the next row to be refreshed, is
multiplexed with the row and column address
latches, feeding input to the address drivers.

The internal delay line generates the critical
access timing signals required by dynamic
RAMs. By adjusting one pin, it is possible to op-
timize timing for the speed of the memory.

Functionally, the controller chip is a subset of
the DP8409, giving up half the latter’s operating
modes in favor of greater speed. Nevertheless,
the four remaining modes are the most common,
allowing the chip to replace the earlier one in
most applications. Only two pins now select the
controller’s operating modes; the extra pin sets
the system for fast or slow RAMs. Otherwise,
the pinouts of the two chips are compatible.

The controller has two memory access modes,
automatic or external. In the first case, its own
delay line generates all control timing. In the
latter, an external delay line is required, but al-
lows the Column Address Strobe signal (CAS)
to be toggled without affecting the Row Address
Strobe (RAS). The external mode is important
for high-speed nibble and page accessing
schemes, in which multiple columns can be
accessed within the enabled row without gener-

ating RAS signals between accesses.

The controller also has two refresh modes.
When it is in the external mode, the user deter-
mines when refreshing is necessary and sets up
burst refreshes as desired. In the automatic
mode, the chip requests refreshing and also per-
forms “hidden” refreshing—that is, refreshing |
that is transparent to the microprocessor.

Minimizing delay variations

The time it takes to get data from dynamic
RAM depends not only on the memory’s access
time but also on the control function. Often that
function accounts for more of the total memory
access time than the memory itself.

In the case of the DP8419 controller, its
RASIN input initiates a memory access; the chip
responds with its RAS, CAS, and row and col-
umn addresses. RAS latches the row address,
CAS the column one. During a read access, data
from RAM is valid some time after CAS.

The timing has several components (Fig. 2):
tran, representing the time that the row address
must remain valid on the memory address in-
puts after RAS has been issued; tasc, the time

Row address

, input latch M—— \M:',"p'exer  drive outputs
L ,» - — " A“'~ j"' i iV“ L i l ) ‘f'\ e L

that the column address must be set up (valid)

Bank selecti
input latch

1

-7

Control ‘Ioglc‘

VRS

1. Row and column address latches are built into the DP8419 dynamic RAM con-

troller, to meet the needs of microprocessor-based systems that multiplex their
data and address lines. The refresh counter keeps track of the next row being re-
freshed, and a novel addition to any RAM controller, an internal detay line (not
shown here), generates the critical access timing on chip.
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on the inputs before CAS oceurs; and tg;ci, the
total delay between when the controller receives
RASIN and the time it issues CAS.

A dynamic RAM controller’s worst-case tgicy
depends on how well the delay elements—
typically a string of inverters or a resistor and a
capacitor—control tgay and t ssc. The delay
varies according to voltage supply, temperature,
and process variations. But in the DP8419, the
novel delay circuit nearly eliminates voltage
supply and temperature dependencies and signi-
ficantly reduces process variation effects. The
result is an extremely tight RAS-to-CAS delay
specification. Tests indicate a typical variation
of only +3nsover a £10% supply voltage range
and operating temperature range of 0° to 70°C.

Besides the delay line, the chip features fast
propagation times in all of its critical delay
paths, thanks largely to the ALS fabrication
process. Compared with conventional junction-
isolated processes, this oxide-isolated process
produces much lower parasitic capacitances.
Gates, therefore, inherently switch much faster.

With its built-in delay line and address and
control drivers, the chip reaches a performance
level previously attained only with discrete solu-
tions. Moreover, the access-refresh arbiter has

RASIN
RAS
|
A I :
. \ h—hm—b.
Dynamic RAM |
address | Row Column
)
— e—-tasc
cAs l 1
I thc. |
tran = row address hold time
tasc = column address setup time
trice = RASIN-10-CAS low delay

2. In building a system around dynamic RAMs, de-
signers must focus on the times that the row and
column addresses must remain valid, tgay and tagc,
respectively. The total delay of the memory control-
ler chip can be defined as tg,cL, the delay from
RASIN to CAS.

purposely not been incorporated in the chip,
making it a prime candidate for optimization by
the system designer for any microprocessor.
The chip’s advantages over a discrete design
are dramatically demonstrated when calcu-
lating the worst-case tgici, for a discrete system
that controls 72 dynamic RAMs. Typically, taps
on the discrete controller’s delay lines control
and adjust the delay in 10-ns increments. But
choosing the optimum delay tap with confidence
is a difficult task, and designers should prepare
themselves by developing a table of the worst-
case conditions for several critical delay paths
and then checking to make sure that the RAMs’
minimum tgay and tasc specifications are met.

Discrete versus chip

For the discrete system, the third tap on the
delay line should guarantee an acceptable tasc,
while the fifth tap usually satisfies the min-
imum ty,y requirement. Using exactly those
taps on a =+ 3-ns delay line with octal high-
capacitive drives, the maximum tg,c. comes out
as 53 ns for the delay line plus 35 ns for the
drives, for a total of 88 ns.

The controller chip meets exactly the same
timing requirements, but with a maximum tgc,
of only 77 ns. In addition, it dissipates less than a
quarter the power of the equivalent discrete
controller (1.1 W maximum vs 4.7 W maximum).

The system benefits of the controller chip
stretch beyond the delay timing. In one applica-
tion, the chip, operating in its automatic memo-
ry and refresh modes, teams up with a PAL de-
vice (Fig. 3). Transceivers are part of the system,
isolating the data pins of the dynamic RAM
from the CPU data bus. Divider circuitry sup-
plies the controller with one refresh clock signal
(RFSH CLK) per period, enough to refresh the
RAM properly.

The logic array primarily arbitrates between
the refresh and access cycles. It initiates read or
write access cycles by monitoring the Address
Strobe signal (ADS) and the R/W input from
the CPU (F'ig.4). When it determines that an ac-
cess is beginning, it produces RASIN, initiating
the RAM access. In a write cycle, the logic device
generates that signal later than it does in a read
cycle, guaranteeing that data is valid before
CAS goes low.

Through the Wait input to the CPU, wait
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states can be inserted into the access cycles, al-
lowing the CPU to access the memory over more
than the minimum number of system clock peri-
ods (T states) per cycle. For example, if the CPU
samples its Wait input during T, and Wait is
low, then extra clock periods are added to the ac-
cess cycle until the sampled signal goes high.

The controller produces the Refresh Request
signal (RFRQ) when the divider’s RFSH CLK
signal goes low and no hidden refreshing has
taken place while RFSH CLK was high (Fig. 5).
The logic device responds to RFRQ by immedi-
ately forcing the controller into its automatic
refresh mode, unless, of course, the RAM is be-
ing accessed at the time. In that case, the PAL
waits for the access to end before putting the
controller into its refresh mode. Similarly, when
the CPU requests a memory read cycle during a
forced refresh cycle, the logic array senses the
access request. In response, it inserts wait states
until the refresh has ended and the RAM’s RAS
precharge specification has been met.

The performance of the system depends not
only on the logic array and the controller chip

but also on the speed of the dynamic RAMs. The
memories’ access time from CAS (tcac) and ac-
cess time from RAS (trac) indicate how quickly
the memory can be accessed. Unfortunately, dy-
namic RAMs are commonly classified only by
trac, even though tcac is often the more critical
parameter. To further complicate matters, both
types of access times vary from supplier to sup-
plier. For instance, a memory with a tgac of
150 ns may have a tcac ranging from 75 to 100 ns.

The controller chip determines which of these
two items is relevant in determining the actual
access time in a system. If the controller’s
RAS-to-CAS delay renders tgac greater than
the RAS-to-CAS delay plus tcac, then trac
determines access time. Otherwise, tcac is used.
For 150-ns dynamic RAMs with a tcac of 100 ns,
the RAS-to-CAS delay must be less than 50 nsin
order for tgac to be relevant.

The table on page 212 shows the maximum
tcac allowable for the dynamic RAM if it is to
work with the controller chip without inflicting
wait states on various microprocessors. It can be
seen that the DP8419 does not require a fast,

Address and data bus

Multiplexed
address

Refresh
clock
divider

DP8419
controller

Data I/0

Transceivers

3. In a typical system based on the controller chip, transceivers
isolate the dynamic RAM data pins from the CPU data bus. The
chief job of the PAL device is to strike a balance between memory
refresh and access cycles, and a special divider circuit supplies
the controller with one refresh signal per clock period—enough to
keep the memory refreshed.
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expensive dynamic RAM in order to achieve  periods to access a dynamic RAM. The 68020,
high system performance. Most popular micro-  however, takes only three periods. To reconcile
processors require at least four system clock  its tcsc needs with those of other processors, its
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4. The interface between the CPU and the DP8419 controller chip, as
shown in Fig. 3, underscores the importance of access timing. Most dy-
namic RAMs are characterized by tp,c, their access time from RAS, but
in reality tcac, the access time from CAS, is often more critical. The
memory controller in fact determines which of those parameters will
govern the actual access time in a system.
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5. If the CPU in Fig. 3 requests a memory read cycle during a forced
refresh cycle, the PAL senses the access request. It then adds wait
states (TWx) to the CPU access cycle (upper dotted line) until the
forced refresh has ended and the RAM’s RAS precharge specification

has been met (lower dotted line).
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Maximum dynamic RAM t.,c allowable
for no wait states with the DP8419

tcac (ns)

Microprocessor 8 MHz| 10 MHz | 12 MHz | 16 MHz

Series 32000 126 86 N.a. N.a
68000, 68010, or 68008 | 121 81 38 N.a.
68020 N.a. 121 88 41
8086/8088 164 108 N.a. N.a.
80186/80188 176 N.a. N.a. N.a.
80286* 234 N.a. 19 77

N.a. = not applicable
* Operating frequency refers to CLK of 82284 clock generator.

tcac caleulation is based instead on four clock pe-
riods, with one wait state inserted.

Overall, the information in the table is valid
for arrays of 72 dynamic RAMs. The maximum
allowable tcac of the dynamic RAM will be
greater by about 1 ns for every five fewer RAMs.

Complementing the dynamic RAM controller
is the DP8400-2 error checking and correction
chip, which exploits several novel circuit
techniques—along with the ALS process—to
achievea 20% to40% improvement in both pow-
er consumption and speed over the earlier
DP8400-4. It needs a maximum supply current
of 300 mA, and it takes a maximum of 40 ns from
valid data input to valid check bit output, 31 ns
to valid error, and 61 ns to.corrected data.

As a member of the DP8400 series of ECC
chips, the DP8400-2 boosts the reliability of a
dynamic RAM system by using a modified Ham-
ming code that allows all single-bit errors to be
detected and corrected and all double-bit errors
to be detected. Then it goes the rest one better,
using a double-complement method that allows
all double-bit errors also to be corrected, so long
as one of the errors is a hard error.

-Also unique to the error-correcting device is
its on-chip circuitry for byte parity, which de-
tects all single-bit errors. This feature may be
useful in systems where the CPU card and the
memory card are separate and the user requires
data integrity between the two.O
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DP8400-2—E2C2 Expandable Error Checker/Corrector

General Description

The DP8400-2 Expandable Error Checker and Corrector
(E2C?) aids system reliability and integrity by detecting er-
rors in memory data and correcting single or double-bit er-
rors. The E2C2 data 1/0 port sits across the processor-
memory data bus as shown, and the check bit |70 port con-
nects to the memory check bits. Error flags are provided,
and a syndrome 1/0O port is available. Fabricated using high
speed Schottky technology in a 48-pin dual-in-ine package,
the DP8400-2 has been designed such that its internal delay
times are minimal, maintaining maximum memory perform-
ance.

5 oaaus "
{ I 7/ A
| swTem |
CONTROL
PROCESSOA | . S/17878 | memory
8/7/8/8 CHECK BIT
s |
SYNDROME
BUS |
ERROR FLAGS

TL/F/6899-1

For a 16-bit word, the DP8400-2 monitors data between the
processor and memory, with its 16-bit bidirectional data bus
connected to the memory data bus. The DP8400-2 uses an
encoding matrix to generate 6 check bits from the 16 bits of
data. In a WRITE cycle, the data word and the correspond-
ing check bits are written into memory. When the same lo-
cation of memory is subsequently read, the E2C2 generates
6 new check bits from the memory data and compares them
with the 6 check bits read from memory to create 6 syn-
drome bits. If there is a difference (causing some syndrome
bits to go high), then that memory location contains an error
and the DP8400-2 indicates the type of error with 3 error
flags. If the error is a single data-bit error, the DP8400-2 will
automatically correct it.

The DP8400-2 is easily expandable to other data configura-
tions. For a 32-bit data bus with 7 check bits, two
DP8400-2s can be used in cascade with no other ICs. Three
DP8400-2s can be used for 48 bits, and four DP8400-2s for
64 data bits, both with 8 check bits. In all these configura-
tions, single and double-error detection and single-error cor-
rection are easy to implement.

When the memory is more unreliable, or better system in-
tegrity is preferred, then in any of these configurations, dou-
ble-error correction can be performed. One approach re-
quires a further memory WRITE-READ cycle using comple-
mented data and check bits from the DP8400-2. If at least
one of the two errors is a hard error, the DP8400-2 will
correct both errors. This implementation requires no more

memory check bits or DP8400-2s than the single-error cor-
rect configurations.

The DP8400-2 has a separate syndrome |/0 bus which can
be used for error logging or error management. In addition,
the DP8400-2 can be used in BYTE-WRITE applications (for
up to 72 data bits) because it has separate byte controls for
the data buffers. In 16 or 32-bit systems, the DP8400-2 will
generate and check system byte parity, if required, for integ-
rity of the data supplied from or to the processor. There are
three latch controls to enable latching of data in various
modes and configurations.

Operational Features

m Fast single and double-error detection

m Fast single-error correction

m Double-error correction after catastrophic failure with no
additional ICs or check bits

Functionally expandable to 100% double-error correct
capability

Functionally expandable to triple-error detect

Directly expandable to 32 bits using 2 DP8400-2s only
Directly expandable to 48 bits using 3 DP8400-2s only
Directly expandable to 64 bits using 4 DP8400-2s only
Expandable to and beyond 64 bits in fast configuration
with extra ICs

3 error flags for complete error recording

3 latch enable inputs for versatile control

Byte parity generating and checking

Separate byte controls for outputting data in BYTE-
WRITE operation

Separate syndrome 1/0 port accessible for error
logging and management

On-chip input and output latches for data bus, check bit
bus and syndrome bus

Diagnostic capability for simulating check bits

Memory check bit bus, syndrome bus, error flags and
internally generated syndromes available on the data
bus

Self-test of E2C2 on the memory card under processor
control

® Full diagnostic check of memory with the E2C2

m Complete memory failure detectable

m Power-on clears data and syndrome input latches

Timing Features

16-BIT CONFIGURATION

WRITE Time: 29 ns from data-in to check bits valid
DETECT Time: 21 ns from data-in to Any Error (AE) flag set
CORRECT Time: 44 ns from data-in to correct data out
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Timing Features (continued)

Pin Descriptions

32-BIT CONFIGURATION Pin #
WRITE Time: 49 ns from data-in to check bits valid 1
DETECT Time: 46 ns from data-in to Any Error (AE) flag set :23
CORRECT Time: 84 ns from data-in to correct data out 4
DP8400-2 Connection Diagram g
Dual-In-Line Package 7
005 — ~ 48 bos 13
006 — 47 po3 14
0Q7 === 46 b0z 15
008 — % bat 16
009 ~—1 -4T 0Qo 17
0010 — |— 080
7 42 18
oat1— - O 19
0012—9l T DLE
ot —4 e 20
o i, 2‘
s 57 22
087 =i DP8400 — XP 23
1 36
GND —— b—- VcC
14 35 28
to— i 29
c1 -1-6- -F M2
t2— L33 1 30
c %— Mo 31
c4—1? e Hij 34
5 — 1 35
20 29
€6— — 52 36
BPO (C7) L 128 53
7
ﬁs-i—;- 27, sS4 3
CSLE— 26 oo 38
BP1 (§7) —f 25, S6 39
40
Top View TL/F/6899~2 41
44
Order Number DP8400V-2, DP8400N-2, or DP8400D-2 45
See NS Package V68, N48A or D48A 46
47
Chip Carrier Package 48
NW NW DQ11 DQ10 DQ9 DQ8 DQ7 DQ8  DQ4 NW DQ3 DQ2 DQ1 DQO DBO NW 49
50
\N\ &msl / / '/'»//u// 51
9 87654321 5357555554535251 52
NW NW
NW 11 59 NW 53
Nw | 12 s8] oLt 54
DQ12 |13 57| OLF
DQ13 |14 s6{ £0 55
DQi4 | 15 55{ AE 56
DQ15 [ 16 54| GND
081 | 17 53] GND 57
GND | 18 s2| xp 58
GND [ 19 51] Vee
0|20 50| vee 62
c1 {21 49] &1 63
€2 |22 48] M2 64
c3 |23 47t
NW | 24 45| Mo 65
NW | 25 45 so
nw | 26 “ €6
2728293031323334 353637 383940414243 68

Note: Pins 8, 9, 10, 11, 12, 24, 25, 26, 27, 32, 33, 42, 43, 58, 60, 61, and 67

7 TIIVNNNNN we

NW C4 C5 €6 BPO NW NW OES | BPI S6 S5 S4 S3 S2 NW NW

(c7) (s7)

Top View

TL/F/6899-36

Description
DQ5
DQ86
DQ7
DQs
DQ9

DQ1o
DQ11
DQ12
DQ13
DQ14
DQ15
[ol:]}
GND
GND
Cco
C1
c2
C3
C4
C5
Cé
BPO (C7)
OES
CSLE
BPI (S7)
S6
S5
S4
S3
S2
S1
SO
Mo
M1
M2
E1
Vee
Vce
XP
GND
GND
AE
EO
DLF
OLE
OBO
DQo
DQ1
DQ2
DQ3
DQ4

24




Pin Definitions ses Figure 1 for abbreviations

Vce, GND, GND: 5.0V +5%. The 3 supply pins have been
assigned to the center of the package to reduce voltage
drops, both DC and AC. Also there are two ground pins to
reduce the low-level noise. The second ground pin is locat-
ed two pins from Vg, so that decoupling capacitors can be
inserted directly next to these pins. It is important to ade-
quately decouple this device, due to the high switching cur-
rents that will occur when all 16 data bits change in the
same direction simultaneously. A recommended solution
would be a 1 uF multilayer ceramic capacitor in parallel with
a low-voltage tantalum capacitor, both connected close to
pins 36 and 38 to reduce lead inductance.

DQO0-DQ15: Data 1/0 port. 16-bit bidirectional data bus
which is connected to the input of DILO and DIL1 and the
output of DOBO0 and DOB1, with DQ8-DQ15 also to CIL.
C0-C6: Check-bit 170 port. 7-bit bidirectional bus which is
connected to the input of the CIL and the output of the COB.
COB is enabled whenever M2 is low.

S0~S6: Syndrome 1/0 port. 7-bit bidirectional bus which is
connected to the input of the SIL and the output of the SOB.
DLE: Input data latch enable. When high, DILO and DIL1
outputs follow the input data bus. When low, DILO and DIL1
latch the input data.

CSLE: Input check bit and syndrome latch enable. When
high, CIL and SIL follow the input check and syndrome bits.
When low, CIL and SIL latch the input check and syndrome
bits. If OES is low, SIL remains latched.

OLE: Output latch enable. OLE enables the internally gener-
ated data to DOLO, and DOL1, COL and SOL when low, and
latches when high.

XP: Multi-expansion, which feeds into a three-level compar-
ator. With XP at OV, only 6 or 7 check bits are available for
expansion up to 40 bits, allowing byte parity capability. With
XP open or at Vg, expansion beyond 40 bits is possible,
but byte parity capability is no longer available. When XP is
at Voo, CG6 and CG7, the internally generated upper two
check bits, are set low. When XP is open, CG6 and CG7 are
set to word parity.

BP0 (C7): When XP is at OV, this pin is byte-0 parity 1/0. In
the Normal WRITE mode, BPO receives system byte-0 pari-
ty, and in the Normal READ mode outputs system byte-0
parity. When XP is open or at Vg, this pin becomes C7 I/0,
the eighth check bit for the memory check bits, for 48-bit
expansion and beyond.

BP1 (S7): When XP is at 0V, this pin is byte-1 parity 1/0. In
the Normal WRITE mode, BP1 receives system byte-1 pari-
ty, and in the Normal READ mode outputs system byte-1
parity. When XP is open or at Vg, this pin becomes S7 1/0,
the eight syndrome bit for 48-bit expansion and beyond.
AE: Any error. In the Normal READ mode, when low, AE
indicates no error and when high, indicates that an error has
occurred. In any WRITE mode, AE is permanently low.

EO: In the Normal READ mode, EO is high for a single-data
error, and low for other conditions. In the Normal WRITE
mode, EO becomes PEO and is low if a parity error exists in
byte-0 as transmitted from the processor.

E1: In the Normal READ mode, E1 is high for a single-data
error or a single check bit error, and low for no error and
double-error. In the Normal WRITE mode, E1 becomes PET
and is low if a parity error exists in byte-1 as transmitted
from the processor.

0B0, OB1: Output byte-0 and output byte-1 enables. These
inputs, when low, enable DOLO and DOL1 through DOBO
and DOB1 onto the data bus pins DQ0O-DQ7 and DQ8-
DQ15. When OBO and OB1 are high the DOBO, DOB1 out-
puts are TRI-STATE®.

OES: Output enables syndromes. I/O control of the syn-
drome latches. When high, SOB is TRI-STATE and external
syndromes pass through the syndrome input latch with
CSLE high. When OES is low, SOB is enabled and the gen-
erated syndromes appear on the syndrome bus, also CSLE
is inhibited internally to SIL.

MO, M1, M2: Mode control inputs. These three controls de-
fine the eight major operational modes of the DP8400-2.
Table Ill depicts the modes.

System Write (Figure 2a)

The Normal WRITE mode is mode 0 of Table IIl. Referring
to the block diagram in Figure 9a and the timing diagram of
Figure 9b, the 16 bits of data from the processor are en-
abled into the data input latches, DILO and DIL1, when the
input data latch enable (DLE) is high. When this goes low,
the input data is latched. The check bit generator (CG) then
produces 6 parity bits, called check bits. Each parity bit
monitors different combinations of the input data-bits. In the
16-bit configuration, assuming no syndrome bits are being
fed in from the syndrome bus into the syndrome input latch,
the 6 check bits enter the check bit output latch (COL),
when the output latch enable OLE is low, and are latched in
when OLE goes high. Whenever M2 (READ/WRITE) is low,
the check bit output buffer COB always enables the COL
contents onto the external check bit bus. Also the data error
decoder (DED) is inhibited during WRITE so no correction
can take place. Data output latches DOLO and DOL1, when
enabled with OLE, will therefore see the contents of DILO
and DIL1. If valid system data is still on the data bus, a
memory WRITE will write to memory the data on the data
bus and the check bits output from COB. If the system has
vacated the data bus, output enables (OBO and OB1) must
be set low so that the original data word with its 6 check bits
can be written to memory.

System Read

There are two methods of reading data: the error monitoring
method (Figure 2b), and the always correct method (Figure
2c). Both require fast error detection, and the second, fast
correction. With the first method, the memory data is only
monitored by the E2C2, and is assumed to be correct. If
there is an error, the Any Error flag (AE) goes high, requiring
further action from the system to correct the data. With the
always correct method, the memory data is assumed to be
possibly in error. Memory data is removed and the correct-
ed, or already correct, data is output from the E2C2 by en-
abling OB1 and OBO. To detect an error (referring to Figures
10a and 70b) first DLE and CSLE go high to enter data bits
and check bits from memory into DILO, DOL1 and CIL. The
6 check bits generated in CG from DILO and DOL1 are then
compared with CIL to generate syndromes on the internal
syndrome bus (SG). Any bit or bits of SG that go high indi-
cate an error to the error encoder (EE).

2-5
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FIGURE 1. DP8400-2 Block Diagram




System Diagrams—Modes of Operation
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System Read (Continued)

If data correction is required OB0 and OB1 must be set low
(after memory data has been disabled) to enable data out-
put buffers DOBO and DOB1. The location of any data bit
error is determined by the data error decoder (DED), from
the syndrome bits. The bit in error is complemented in the
DOL for correction. The other 15 bits from DED pass the
DIL contents directly to the DOL, so that DOL now contains
corrected data.

Error Determination

The three error flags, for a 16-bit example, are decoded
from the internally generated syndromes as shown in Figure
3. First, if any error has occurred, the generated check bits
will be different from the memory check bits, causing some
of the syndrome bits to go high. By OR-ing the syndrome
bits, the output will be an indication of any error.

If there is a single-data error, then (from the matrix in Table
IV) it can be seen that any data error causes either 3 or 5
syndrome bits to go high. 16 AND gates decode which bit is
in error and the bit in error is XOR-ed with the corresponding
bit of the DIL to correct it, whereas the other 156 decoder
outputs are low, causing the corresponding 15 bits in DIL to
transfer to DOL directly. DOL now contains corrected data.
The 16 AND gate outputs are OR-ed together causing EO to
go high, so that EO is the single-data-error indication. If the
error is a double-error, then either 2, 4 or 6 of the syndrome
bits will be high. The syndromes for two errors (including

35'7“ ANY SYNDROME 8T
—
/ jur ANY ERROR
) >

DETECT 3 OR 5 SYNDROME BITS

SINGLE DATA ERROR
DATA BIT EID
ERROR

DETECT EVEN SYNDROME PARITY
3 Bl
D+

TL/F/6899-7

=

-+l

-
@

e

INTERNAL
SYNDROME
BUS -

FIGURE 3. Error Encoder

one or two check bit errors) are the two sets of syndromes
for each individual error bit, XOR-ed together. By performing
a parity check on the syndrome bits, flag E1 will indicate
'even/odd parity. If there is still an error, but it is not one of
these errors, then it is a detectable triple-bit error. Some
triple-bit errors are not detectable as such and may be inter-
preted as single-bit errors and falsely corrected as single-
data errors. This is true for all standard ECC circuits using a
Modified Hamming-code matrix. The DP8400-2 is capable,
with its Rotational Syndrome Word Generator matrix, of de-
termining all triple-bit errors using twice as many DP8400-2s
and twice as many check bits.

Error Flags

Three error flags are provided to allow full error determina-
tion. Table | shows the error flag outputs for the different
error types in Normal READ mode. If there is an error, then
ANY ERROR will go high, at a time tpgy (Figure 10b) after
data and check bits are presented to the DP8400-2. The
other two error flags EO and E1 become valid tpgg and tpgq
later.

The error fiags differentiate between no error, single check
bit error, single data-bit error, double-bit error. Because the
DP8400-2 can correct double errors, it is important to know
that two errors have occurred, and not just a multiple-error
indication. The error flags will remain valid as long as DLE
and CSLE are low, or if DLE is high, and data and check bits
remain valid.

Byte Parity Support

Some systems require extra integrity for transmission of
data between the different cards. To achieve this, individual
byte parity bits are transmitted with the data bits in both
directions. The DP8400-2 offers byte parity support for up to
40 data bits. If the processor generates byte parity when
transferring information to the memory, during the WRITE
cycle, then each byte parity bit can be connected to the
corresponding byte parity 1/0 pin on the DP8400-2, either
BPO or BP1. The DP8400-2 develops its own internal byte
parity bits from the two bytes of data from the processor,
and compares them with BPO and BP1 using an exclusive-
OR for both parities. The output of each exclusive-OR is fed
to the error flags EO and E1 as PEO and PET, so that a byte
parity error forces its respective error flag low, as in Table Il
These flags are only valid for the Normal WRITE (mode 0)
and XP at OV. The DP8400-2 checks and generates even
byte parity.

When transferring information from the memory to the proc-
essor, the DP8400-2 receives the memory data, and outputs
the corresponding byte parity bits on BPO and BP1 to the
processor. The processor block can then check data integri-
ty with its own byte parity generator. If in fact memory data
was in error, the DP8400-2 derives BPO and BP1 from the
memory input data, and not the corrected data, so when
corrected data is output from the DP8400-2, the processor
will detect a byte parity error.

During the read mode, DP8400-2 corrects single data bit
error and also its parity.
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TABLE I. Error Flags After TABLE Il Error Flags after §
Normal Read (Mode 4) Normal Write (Mode 0) g
AE E1 E0 Error Type AE | E1(PE1) | E0(PE0) Error Type g
0 0 0 No error 0 1 1 No parity error
1 1 0 Single check bit error 0 1 0 Parity error, byte O
1 1 1 Single-data error 0 0 1 Parity error, byte 1
1 0 0 Double-bit error 0 0 0 Parity error, bytes 0, 1
All Others Invalid conditions

TABLE Iil. DP8400-2 Modes of Operatlon

M2 oo
Mode (R/W) M1| MO S Operation

E
0 0 00| X |Normal WRITE
DIL — DOL,CG — COL — COB
1 0 01 X | Complement WRITE
DIL — DOL,CIL — COL — COB

2 0 110 X | Diagnostic WRITE, DLE inhibited
DQ8-DQ15@ CG — SOL — SOB
DQ8-DQ15 — CIL — COL — COB

3 0 111 X | Complement data-only WRITE

DIL — DOL, ‘
(CGO, 1, 4,5,CG2, CG3) — COL — COB

4 1 0|0 X | Normal READ
DIL ® DE — DOL, CIL — COL

5 1 01 X | Complement READ '

DIL ® DE — DOL,CIL — COL

6A 1 110 0 | READ generated syndromes, check bit

bus, error flags, SG0-SG6 — DQO-DQS6,
CIL0-CIL6 — DQ8-DQ14,E1 — DQ7,
E0O — DQ15 [

6B 1 110 1 | READ syndrome bus, check bit bus, error
flags, SILO-SIL6 — DQO-DQ86,
CIL0-CIL6 — DQ8-DQ14,E1 — DQ7,
E0 — DQ15

7A 1 111 0 | Generated syndromes replace with zero

0 — SIL — SG,CIL — COL,

DIL ® DE — DOL

7B 1 1(1 1 | Generated syndromes replace

SIL — SG,CIL — COL,DIL ® DE — DOL

TABLE V. Data-In To Check Bit Generate, Or Data Bit Error To Syndrome-Generate Matrix (16-Bit Configuration)

1 1 1 1 1
01 2 3 4 5 6 7 8 9 0 1 2 3 4 } 0Q0-15
GENERATE CHECK BITS
ofo 0 1 1 1 1+ 1 1 0 1 1 1 0 1 1 1]o0
1 06 0 0 1 0 0 1 0 1 1 0 1 0 1 1 11
GENERATED ] 2 [ 1 0 0 1 1 0 0 0o 1 0 1 0 1 1 1 1]z SSEEEATED
SYNDROMES | 3 |0 1 1 0 0 0 0 1 1 1 1 0 1 0 1 1|3 BITS
411 1 0 0 0 1 0 1 1 0 0 1 0 1 0 1|4
511 1t 1 0 1 1 1 01 0 0 0 1 1 1 0f[s
4 8 9 7 5 1 3 9 E B D 3 C F F 0
3 3 2 0 2 3 2 1 3 0 0 1 2 2 1 1
L ) v J
. ) HEXADECIMAL EQUIVALENT
C2, C3 generate odd parity OF SYNDROME BITS TL/F/6899-8
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DP8400-2

Modes of Operation

There are three mode-control pins, M2, M1 and MO, offering
8 major modes of operation, according to Table Ill.

M2 is the READ/WRITE control. In normal operation, mode
0 is Normal WRITE and mode 4 is Normal READ. By clamp-
ing MO and M1 low, and setting M2 low during WRITE and
high during READ, the DP8400-2 is very easy to use for
normal operation. The other modes will be covered in later
sections.

16-BIT CONFIGURATION

The first two rows on top of the check bit generate matrix
(Table V) indicate the data position of DQO to DQ15. The
left side of the matrix, listed O to 5, corresponds to syn-
dromes SO to S5. SO is the least significant syndrome bit.
There are two rows of hexadecimal numbers below the ma-
trix. They are the hex equivalent of the syndrome patterns.
For example, syndrome pattern in the first column of the
matrix is 001011, Its least significant four bits (0010) equal
hexadecimal 4, and the remaining two bits (11) equal hexa-
decimal 3.

Check bit generation is done by selecting different combina-
tions of data bits and generating parities from them. Each
row of the check bit generate matrix corresponds to the
generation of a check bit numbered on the right hand side
of the matrix, and the ones in that row indicate the selection
of data bits.

The following are the check bit generate equations for 16-bit
wide data words:
CGO = DQ2 © DQ3 ® DQ4 ® DQ5 © DQ6 © DQ7 ©
DQ9 © DQ10 © DQ11 © DQ13 ® DQ14 ©
DQ15
CG1 = DQ3 © DQ6 © DQ8 © DQ9 & DQ11 ©® DQ13 @
DQ14 © DQ15
*CG2 = DQO © DQ3 ® DQ4 © DQ8 © DQ10 ® DQ12 ®
DQ13 © DQ14 © DQ15 & 1
*CG3 = DQ1 © DQ2 ® DQ7 © DQ8 © DQ9 © DQ10 &
DQ12 © DQ14 © DQ15 & 1
CG4 = DQO © DQ1 © DQ5 ©® DQ7 © DQ8 & DQi1 &
DQ13 © DQ15
CG5 = DQ0 © DQ1 © DQ2 © DQ4 © DQ5 © DQ6 @
DQ8 © DQ12 ® DQ13 ®© DQ14
*CG2 and CG3 are odd parities.

The following error map (Table V) depicts the relationship
between all possible error conditions and their associated
syndrome patterns. For example, if a syndrome pattern is
S0-5 = 111101, data bit 14 is in error.

Figure 4 shows how to connect one DP8400-2 in a 16-bit

configuration, in order to detect and correct single or dou-
ble-bit errors. For a Normal WRITE, processor data is pre-

sented to the DP8400-2, where it is fed through DILO and
DIL1 to the check bit generator. This generates 6 parity bits
from different combinations of data bits, according to Table
IV. The numbers in the row below the table are the hexade-
cimal equivalent of the column bits (with bits 6, 7 low). A “1”
in any row indicates that the data bit in that column is con-
nected to the parity generator for that row. For example,
check bit 1 generates parity from data bits 3, 6, 8, 9, 11, 13,
14, and 15.

Check bits 0, 1, 4, 5, and 6 generate even parity, and check
bits 2 and 3 generate odd parity. This is done to insure that
a total memory failure is detected. If all check bits were
even parity, then all zeroes in the data word would generate
all check bits zero and a total memory failure would not be
detected when a memory READ was performed. Now all-
zero-data bits produce C2 and C3 high and a total memory
failure will be detected. When reading back from the same
location, the memory data bits (possibly in error) are fed to
the same check bit generator, where they are compared to
the memory check bits (also possibly in error) using 6 exclu-
sive-OR gates. The outputs of the XORs are the syndrome
bits, and these can be determined according to Table IV for
one data bit error. For example, an error in bit 2 will produce
the syndrome word 101001 (for S5 to SO respectively). The
syndrome word is decoded by the error encoder to the error
flags, and the data-error decoder to correct a single data bit
error. Assuming the memory data has been latched in the
DIL, by making DLE go low, memory data can be disabled.
Then by setting OB0 and OB1 low, corrected data will ap-
pear on the data bus. The syndromes are available as out-
puts on pins S0-5 when OES is low. It is also possible to
feed in syndromes to SIL when OES is high and CSLE goes
high. This can be useful when using the Error Management
Unit shown in Figure 4. C6 and S6 are not used for 16 bits. It
is safe therefore to make C6 appear low, through a 2.7 kQ
resistor to ground. The same applies for S6 if syndromes
are input to the DP8400-2. If OES is permanently low, S6
may be left open.

Any 16-bit memory correct system using the DP8400-2 with-
out syndrome inputs must keep the OES pin grounded, then
all the syndrome 170 pins may be left open. The reason for
this is that the DP8400-2 resets the syndrome input latch at
power up. If the OES pin is grounded, the syndrome input
latch will remain reset for normal operations.

The parameter tyvr (see Figure 10b), new mode recog-
nized time, is measured from M2 (changing from READ to
WRITE) to the valid check bits appearing on the check bit
bus, provided the OLE was held low.

The parameter tycR (see Figure 10b), mode change recog-
nized time, is measured from M2 (changing from WRITE to

TABLE V. Syndrome Decode To Bit In Error For 16-Bit Data Word

S0 0 1 0 1 0 1 0 1 0 1 o] 1 0 1 0 1
Syndrome S1 0 0 1 1 0 0 1 1 0 0 1 0 0 1 1
Bits S2 0 0 0 0 1 1 1 1 0 0 0 ] 1 1 1 1
S3 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
S5 S4
0 0 NE Cco C1 D c2 D D 3 C3 D D 9 D 10 T D
0 1 C4 D D 11 D T T D D 7 T D T D D 15
1 0 C5 D D 6 D 4 T D D 2 T D 12 D D 14
1 1 D 5 T D 0 D D 13 1 D D T D T 8 D
NE=no error Cn=check bit n in error T=three errors detected Number=single data bit in error D=two bits in error
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ADDRESS CSLE e Z
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505 BIT BUS
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MANAGEMENT »| OES C6 [,
UNIT >
(IF REQUIRED) Sn | A E1 £0 M2 M Mo
P 9 4
M [+ 7 R=27ke '
- Necessary only when incorpo-

- I I rating double complement

* Necessary when inputting syndromes, oth- correct. Otherwise connect
erwise leave open. [

v J

+ Refer-to-discussion in “Other Modes of
Operation™ under Clearing SIL. — — \ J

. ERROR MODE
20 ns max tpd1, 0 FLAGS CONTROL

€6 to GND through R.

L rash | |

<

TL/F/6899-9
FIGURE 4. 16-Bit Configuration Using One DP8400-2
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-31
PARITY |
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BYTE | OB
AsLEs | o MEMORY
133
///////,
-
m#:t:[ -
1
BP0 680  Da0-7 DEB15 OB BP1 B8P0 080  Dpoo-7  DOB1s OB BP1 —
] 0LE o DLE OiE [
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0E3 »{ B3 €0-6 €B0-6
AE E0 M2 M Mo AE 3] E0 M2 M1 Mo | 7 chEex

Nt uci 1 T I b Bms

ERROA
FLAGS

1 Refer to discussion in “Other

l I l | Modes of Operation” under
ERROR MANAGEMENT UNIT HoDE EoNRaLS Cearing SL-
** Connection sequence must
(IF REQUIRED) be done according to Table
VIl

TL/F/6899-10
FIGURE 5. 32-Bit Error Detection and Correction
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DP8400-2

Modes of Operation (continued)

READ) when both E1 and E2 become invalid. This is re-
quired when a memory correcting system employs the
DP8400-2 with byte parity checking. The E1 and E2 pins
flag the byte parity error in a memory WRITE cycle. When
the DP8400-2 switches to a subsequent memory READ cy-
cle, it requires tycp for E1 and E2 to be switched to flag any
READ error(s).

Expanded Operation

32-BIT CONFIGURATION

Figure 5 shows how to connect two DP8400-2s in cascade
to detect single and double-bit errors, and to correct single-
data errors. The same circuit will also correct double-bit er-
rors once a double-error has been detected, provided at
least one error is a hard error. The lower chip L is in effect a
slave to the higher chip H, which controls the memory check
bits and error reporting. The check bit bus of L is reordered
and connected to the syndrome bus of H, as shown in Fig-
ure 5.

In a Normal WRITE modes, referring to Figures 13a, 13b, and
13c, the 7 check bits generated from the lower 16 bits
(CGL) are transferred via the COL to the COB of L, provided
OLE is high and M2 (R/W) of L is low. These partial check
bits from L then appear at SIL of H, so that with CSLE high,
they combine with the 6 check bits generated in H with an
overlap of one bit, to produce 7 check bits. With M2 (R/W)
of H low, these 7 check bits are output from COB to memo-
ry.

A READ cycle may consist of DETECT ONLY or DETECT
THEN CORRECT, depending on the system approach. In
both approaches, L writes its partial check bits, CGL, to H
as in WRITE mode. H develops the syndrome bits from
CGL, CGH and the 7 check bits read from memory in CIL. H
then outputs from its error encoder (EE) if there is an error.
If corrected data is required, H already knows if it has a
single-data error from its syndrome bits, but if not, it must
transfer partial syndromes back to L. These partial syn-
dromes PSH, (CGH XOR-ed with CIL), are stored in SOL of
H. L must therefore change modes from WRITE to READ,
while H outputs the partial syndromes from its SOB by set-
ting OES low. The partial syndromes are fed into CIL of L
and XOR-ed with CGL to produce syndrome bits at SGL.
The data error decoder, DED, then corrects the error in L.
The DED of H will already have corrected an error in the
higher 16 bits. Only one error in 32 bits can be corrected as
a single-data error, the chip with no error does not change
the contents of its DIL when it is enabled in DOL. Table Vi
shows the 3 error flags of H, which become valid during the
DETECT cycle. EO of L becomes valid during the CORRECT
cycle, so that the 4 flags provide complete error reporting.

TABLE VL. Error Flags After Normal READ

(32-Bit Configuration)
AE (H) | E1(H) | EO (H) [ EO (L)* Error Type
0 0 0 0 No error
1 1 0 0 Single-check bit error
1 1 1 0 Single-data bit error (H)
1 1 0 1 Single-data bit error (L)
1 0 0 0 Double-bit error
All Others Invalid conditions

*EO (L) is valid after transfer of partial syndromes from higher to lower
Equations for 32-bit expansion:
tocesz = tpcaie t+ tsceie
tpeva2 = tbceis + tsevie
tocosz (High Chip) = tpcais + tscote

tocpaz (Low Chip) = tpee1s + teR” + tcedie
*tgR: Bus reversing time (25 ns)

32-BIT MATRIX

Table Vil shows a 32-bit matrix using two DP8400-2s in cas-
cade as in Figure 5. This is one of 12 matrices that work for
32 bits. The matrix for bits 0 to 15 (lower chip) is the matrix
of Table IV for 16-bit configuration, with row 6 always “0".
The matrix for bits 16 to 31 (higher chip) uses the same row
combinations but interchanged, for example, the 3rd row
(row 2) of L matrix is the same as the 6th row (row 5) of the
H matrix. This means row 5 of H is in fact check bit 2 of H.
Thus, the 6th row (row 5) combines generated check bit 5
(CG5) of L and generated check bit 2 of H. Check bit 5 of L
therefore connects to the syndrome bit 2 (CG2) of H, and
the composite generated check bit is written to check bit 2
of memory. Thus C2 performs a parity check on bits 0, 1, 2,
4,5,6,8,12, 13, 14, of L, and bits 16, 19, 20, 24, 26, 28, 29,
30, 31, of H. CG2 and CG3 generate odd parity, so that CGS
of L generates even parity which combines with CG2 of H
generating odd parity. CG3 of L and CG3 of H both generate
odd parity causing C3 to memory to represent even parity.
Only 6 check bits are generated in each chip, the 7th (CG6)
is always zero with XP grounded. Thus CG6 of L combines
with CGO of H so that CO to memory is the parity of bits 18,
19, 20, 21, 22, 23, 25, 26, 27, 29, 30, 31. Similarly C6 to
memory is only CG2 of L. The 7 composite generated check
bits of H can now be written to memory.

When reading data and check bits from memory, CG6-CGO
of L are combined with CG6-CGO of H in the same combi-
nation as WRITE. Memory check bits are fed into C6~C0 of
H and compared with the 7 combined parity bits in H, to

TABLE VII. Data Bit Error To Syndrome-Generate Matrix (32-Bit Configuration)

I L T H 1
111111 1111222222222233 ]noo-m
0123456789012345 6789012345678901
0j00t1111101110111 0001001011010111]|1
110001001011010111 1110111010001 110(5
*2/|1001100010101111 00000000000000O0GOCO0|6 | GENERATED
SYNDROMES| *3(0 11 0000111101011 011000011 110101 1|3 $CHECK
4/1¥100010110010101 110001011001010 1[4 |BITS
§(1110111010001110 1001100010101 111]2
6/|0000000000000000 0011111101110111][0
48975139EBD3C7FF 2AA12238B981A3B9 0 HEX
3320232130012321 314666545346652767 1

*CG2, CG3 generate odd parity

TL/F/6899-11
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Expanded Operation (continued)

TABLE VIIl. Check Bit Port To Syndrome Port
Interconnections For Expansion To 32 Bits

L L|H H
S C|S C
S0|0 01 1]CO
S1 |1 115 51C1
Syndrome I/0 | S2 | 2 2(6 6 | C2 | CheckBit1/0
to S3 (3 3(83 3|C3 to
Management | S4 | 4 414 4 (C4 Memory
85|56 5|2 21C5
S6 | 6 6[0 0| C6
TABLE IX. Syndrome Decode To Bit In Error For 32-Bit Data Word
sofo ¢+ o 1+ 0 1 o0 t 0 1 0 1 0 1 0 1
Syndrome S1 o o0 1 i 0 0 1 1 0 0 1 1 o 0 1 1
Bits s2(0 0 0 O 1 1 1 i 0 0 0 0 1 1 1 1
ss3(o o o o O O o0 O 1 1 1 1 1 1 1 1
S6 S5 S4
0 0 0 [NE|CO|C1|(D|C2|D|D|3|C3[D|D|9|Df10|T|D
0 0 1 C4|D|(D|MM|D|T|T|D|D|7|17|D|T|D]|D]|15
0 1 0O [cs5|D|D|6|D|4(T|D|Df|2|28|D|12|(D|D]|14
0 1 1 D|5|1#6|(D|O0O|D|(D|13]1|D|D|24|D|T|8]|D
1 0 o [C6|D|Df2|D|T|T|D|D|25|18|D|T|(D|D|T
1 0 1 Dl|27(21| D | T|D|D}T|23|D|D|T|[D|T]|T|D
1 1 0 D|19|(20| D | T|D|D|T|26|D|D|3|D|T|T|D
1 1 1 T|D|Dj29|D|T|(T|ID|D[31|T|D|T|[(D|D}|T
NE=no error Cn=check bit nin error ~ T=three errors detected

Number=single data bit in error  D=two bits in error

produce 7 syndrome bits S6-S0. H can now determine if
there is any error, and if it has a single-data error, it can
locate it and correct it without transferring partial syndromes
to L. As an example of a DETECT cycle, CG5 of L combines
with CG2 of H and is compared in H with memory check bit
2

If L is now set to mode 4, Normal READ, and OES of H is
set low, the partial syndromes of H (CG6-CGO of H XOR-ed
with C6-C0 of H) are transferred and shifted to L. L re-
ceives these partial syndromes (S6-S0 of H) as check bit
inputs C2, C1, C4, C3, C5, CO, C6 respectively, and com-
pares them with CG6-CGO respectively, to produce syn-
drome bits S6-S80. L now decodes these syndromes to cor-
rect any single-data error in data bits 0 to 15. For example,
partial syndrome bit 2 of H combines with generated check
bit 5 of L to produce syndrome bit 5 in L. An error in data bit
10 will create syndrome bits in L as 0001101 from S6-S0,
and these will appear on S6-S0 of L with OES low. An error
in H will appear as per the H matrix. For example, an error in
bit 16 will cause S6-S0 of L to be 0110010.

If OES of L is set low, this syndrome combination appears
on pins S6 to SO. For errors in bits 0 to 15, the syndrome
outputs will be according to Table VII. For errors in bits 16 to
31, the syndrome outputs from L will still be according to
Table VIl due to the shifting of partial syndrome bits from H
to L. The syndrome outputs from L are unique for each of
the possible 32 bits in error.

If there is a check bit error, only one syndrome bit will be
high. For example, if C5 is in error, then S1 of L will be high.
For double-errors, an even number of syndrome bits will be
high, derived from XOR-ing the two single-bit error syn-
dromes. As mentioned previously, this is only one of the 12
approaches to connecting two chips for 32 bits, 6 of which
are mirror images.

Table VIl depicts the exact connection for 32-bit expansion.
LS equals syndrome bits of L. LC equals check bits of L. HS
equals syndrome bits of H. HC equals check bits of H. Syn-
drome bits SO to S6 of L are connected to system syndrome
bits SO to S6. LC and HS columns are lined together show-
ing the check bit port of L connected to the syndrome port
of H in the exact sequence as shown in Table VIII. For ex-
ample, check bit CO of L is connected to the syndrome bit
S1 of H, and check bit C6 of L is connected to the syndrome
bit SO of H. Check bits of H are connected to the system
check bits in the order shown. Check bit C1 of H is connect-
ed to the system check bit CO.

EXPANSION FOR DATA WORDS REQUIRING

8 CHECK BITS

For 16-bit and 32-bit configurations, XP is set permanently
low. In 48-bit or 64-bit configurations, XP is either set perma-
nently to Vg or left open, according to Table X, to provide 8
check bits and syndrome bits.

TABLE X. XP: Expansion Status

XP Status Data Bus
ov BP0 and BP1 are byte parity 1/0 < 40 Bits
CG6=0
Open No byte parity 170, > 40 Bits
CG6 and CG7 =word parity
Vee No byte parity 170, > 40 Bits
CG6 and CG7=0

48-BIT EXPANSION

Three DP8400-2s are required for 48 bits, with the higher
chip using all 8 of its check bits to the memory. No byte
parity is available for 48 to 64 bits. XP of all three chips must
be at V. The three chips are connected in cascade as in

¢-00v8dd




DP8400-2

Expanded Operation (continued)

TABLE XI. Check Bit Port To Syndrome Port
Interconnections For Expansion To 48 Bits

LL LL|LH LH{HL HL
S C|S cC|S C
so| 0 0l 1 116 6 (CO
S1] 1 1|56 511 1}C1
S2| 2 216 6|4 4 |C2 .
Syndr%r)ne 110 ga 3 3lg 3 ; ; ga ChecktoBltI/O
41 4 4| 4 4 4
Mana_gement s5! 5 5|2 2|3 3 |cs Memory
S6} 6 6|0 0|5 5 |Ce
S717 717 710 0 |C7

For example: SO of LL is connected to system syndrome S0. CO of LL is connected to S1 of LH. C1 of
LH is connected to S6 of HL. C6 of HL is connected to system check bit CO.

TABLE Xli. Syndrome Decode To Blt In Error For 48-Bit Data Word

soO| O 1 0 1 0 1 0 1 0 1 o] 1 0 1 0 1
Syndrome S1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
Bits s2| 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1
S3| 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
S§7 S6 S5 S4
0 0 0 0O | NE| CO | C1 D|C| D D 3 C3 D D 9 10 T D
0 0 0 1 C4| D D 11 D T T D D 7 17 D T D D 15
0 0 1 0} Cs| D D 6 D 4 T D D 2 28 D 12 D D 14
0 4] 1 1 D 5 16 D 0 D D 13 1 D D 24 D T 8 D
0 1 0 0| C6| D D | 22 D T T D D [ 25 | 18 D T D D T
0 1 0 1 D 27 | 21 D | 32 D D T 23 D D T D T T D
0 1 1 0 D 19 [ 20 D | 33 D D T 26 D D 30 D T T D
0 1 1 1 44 D D | 29 D T 40 D D | 31 T D T D D T
1 0 0 0| Cr| D D T D T 43 D D T T D T D D T
1 0 0 1 D T 35 D[ T D D T T D D T D T T D
1 0 1 0 D T 41 D | 39 D D T T D D T D T T D
1 0 1 1 42 D D T D T 47 D D T T D T D D T
1 1 0 0 D T 38 D | 87 D D T T D D T D T T D
1 1 1] 1 36 D D T D T 45 D D T T D T D D T
1 1 1 0 34 D D T D T T D D T T D T D D T
1 1 1 1 D T 46 D T D D T T D D T D T T D

Cn = check bit n in error
D = two bits in error
Figure 6, but with the HH chip removed. The error flags are
as Table XV, but with AE (HH) and E1 (HH) becoming AE
(HL) and E1 (HL), and EO (HH) removed.

48-BIT MATRIX

The matrix for 48 bits is that for 64 bits shown (in Table XVi)
but only using bits 0 to 47. This is one of many matrices for
48-bit expansion using the basic 16-bit matrix. The matrix
shown uses 2 zeroes for CG6 and CG7, for all three chips,
with XP set to Vgg. Other matrices may use CG6 and CG7
as word parity with XP open.

64-BIT EXPANSION

There are two basic methods of expansion to 64 bits, both
requiring 8 check bits to memory, and four DP8400-2s. One
is the cascade method of Figure 6, requiring no extra ICs.
With this method partial check bits have to be transferred
through three chips in the WRITE or DETECT mode, and
partial syndrome bits transferred back through three chips in
CORRECT mode. This method is similar to Figure 5, 32-bit
approach. The connections between the check bit bus

NE = no error
Number = single data bit in error

T = three errors detected

and syndrome bus for each of the chip pairs are shown in
Table XIII.

The error flags of HH are valid during the DETECT cycle as
in Table XV, and the other error flags are valid during the
CORRECT cycle.

A faster method of 64-bit expansion shown in Figure 7 re-
quires a few extra ICs, but can WRITE in 50 ns, DETECT in
42 ns or DETECT THEN CORRECT in 90 ns. In the WRITE
mode, all four sets of check bits are combined externally in
the 8 745280 parity generators. These generate 8 compos-
ite check bits from the system data, which are then enabled
to memory. In the DETECT mode, again 8 composite check
bits are generated, from the memory data this time, and
compared with the memory check bits to produce 8 external
syndrome bits. These syndrome bits may be OR-ed to de-
termine if there is any error. By making the 745280 outputs
SYNDROMES, then any bit low causes the 74S30 NAND
gate to go high, giving any error indication. To correct the
error, these syndrome bits are fed re-ordered into SIL of
each DP8400-2 now set to mode 7B. This enables the syn-
dromes directly to SG and then DED of each chip. One chip
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Expanded Operation (continued)

will output corrected data, while the other three output non-
modified data (but still correct).

Equations for fast 64-bit expansion:
tocees = tocete + tpd (745280) + tpg (745240)
tpeves = toceis + tpd (745280) + tpg (74S30)

64-BIT MATRIX

With the 64-bit matrix shown in Table XVI, it is necessary to
set at least one chip with CG6, CG7 non-zero. The highest
chip, connected to data bits 48 to 63, has XP set open, so
that its CG6 and CG7 are word parity. The syndrome word
of the highest chip will now have either 5 or 7 syndrome bits

= + +
tocBes4 = 1DCB16 + tpa (745280) + tpq (74ALS533) high, but inside the chip CG6 and CG7 remove two of these
+ tscoie in a READ so that the chip sees the normal 3 or 5 syndrome
bits.
TABLE XIIl. Check Bit Port To Syndrome Port
Interconnections For Expansion To 64 Bits
LL LL|LH LH|HL HL | HH HH
S C|sS C|S C|S C
So| o 0|1 116 617 7 {CO
S1]1 1|5 511 1]0 0 |Cit
82| 2 216 6| 4 411 1 [C2 .
Syndrc:;ne 1/0 s3l| 3 a|a 3|7 712 2 |ca ChGthc?lt 1/0
S4| 4 41 4 412 218 3 |C4
Management s5| 5 5| 2 o3 ala 4 |cs Memory
S6| 6 610 05 515 5 |C6
S7|7 717 710 0|6 6 |C7
For example: S0 of LL is connected to system syndrome S0. CO of LL is connected to S1 of LH. C1 of LH is connected to S6
of HL. C6 of HL is connected to S7 of HH. C7 of HH is connected to system check bit CO.
TABLE XIV. Syndrome Decode To Bit In Error For 64-Bit Data Word
SO 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
Syndrome S1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
Bits S2 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1
S3 0 0 0 0 0 0 0 [ 1 1 1 1 1 1 1 1
S§7 S6 S5 S4
0 0 0 0 NE | CO | C1 D c2 | D D 3 C3 D D 9 D 10 T D
0 0 0 1 C4 D D 11 D T T D D 7 17 D T D D 15
0 0 1 0 C5 D D 6 D 4 T D D 2 28 D 12 D D 14
0 0 1 1 D 5 16 D 0 D D 13 1 D D 24 D T 8 D
0 1 0 0 C6 D D 22 D T T D D 25 18 D T D D T
0 1 0 1 D 27 | 21 D 32 | D D T 23 D D T D T T D
0 1 1 0 D 19 | 20 D 33 | D D T 26 D D 30 D T T D
0 1 1 1 44 D D 29 D T | 40 D D 31 T D T D D T
1 0 0 0 c7 D D T D T | 43 D D T T D T D D 51
1 0 0 1 D T 35 D T D D 57 T D D 58 D T T D
1 0 1 0 D T 41 D 39 | D D 59 T D D T D T T D
1 0 1 1 42 D D 55 D T | 47 D D T T D T D D 63
1 1 0 0 D T 38 D 37 | D D 54 T D D 52 D T T D
1 1 0 1 36 D D 50 D T 45 D D 60 T D T D D 62
1 1 1 0 34 D D 53 D T T D D 48 T D T D D 61
1 1 1 1 D 49 | 46 D T D D T T D D T D 56 T D

Cn = check bit n in error
D = two bits in error

NE = no error
Number = single data bit in error

T = three errors detected

TABLE XV. Error Flags After Normal READ (Any 64-Bit Configuration)
AE(HH) | E1(HH) | EO(HH) | EO(HL) | EO(LH) | EO(LL) Error Type

0 0 0 0 0 No error
1 1 0 0 0 0 Single-check bit error
1 1 1 0 0 0 Single-data bit error in HH
1 1 0 1 0 0 Single-data bit error in HL
1 1 0 0 1 0 Single-data bit error in LH
1 1 0 0 0 1 Single-data bit error in LL
1 0 0 0 0 0 Double-error
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DP8400-2

Other Modes Of Operation

DOUBLE ERROR CORRECTION, USING THE DOUBLE-
COMPLEMENT APPROACH

The DP8400-2 can be made to correct two errors, using no
extra ICs or check bits, if at least one of the two errors
detected is a hard error. This does require an extra memory
WRITE and READ. Nevertheless, if a permanent failure ex-
ists, and an additional error occurs (creating two errors),
both errors can be corrected, thereby saving a system
crash.

Once a double error has been detected, the system puts the
DP8400-2 in COMPLEMENT mode by setting MO high. First
a WRITE cycle is required and M2 is set low, putting the
chip in mode 1, Table lll, (COMPLEMENT WRITE), so that
the contents of DIL are complemented into DOL, and the
contents of CIL complemented into COL. OB0 and OBT are
set low so that complemented data and check bits can be
written back to the same location of memory. Writing back
complemented data to a location with a hard error forces

the error to repeat itself. For example, if cell N of a particular
location is jammed permanently high, and a low is written to
it, a high will be read. However, when the data is comple-
mented a low is again written, so that a high is read back for
the second time. After a second READ (this second READ
is a COMPLEMENT READ) of the location, data and check
bits from the memory are recomplemented, so that bit N
now contains a low. In other words, the error in bit N has
corrected itself, while the other bits are true again. If there
are two hard errors in a location, both are automatically cor-
rected and the DP8400-2 detects no error on COMPLE-
MENT READ, as in Figure 8a. Figure 8b also shows that if
one error is soft, the hard error will disappear on the second
READ and the DP8400-2 corrects the soft error as a single-
error. Therefore, in both cases, the DOL contains corrected
data, ready to be enabled by OB0 and OB1. A WRITE to
memory at this stage removes the complemented data writ-
ten at the start of the sequence.

DATAVD | GENERATED CBs | MEMORY CBs | MODE
HARD ERRORS | |
ORIGINAL DATA/CBs WRITTEN |u1o1|—l———| [ I—I——I cew | [}
T0 MEMORY
2 DATA ERRORS | | NO CHECK BIT
INSERTED | ERRORS

nm/cssnosnn |1001|—|——| | cer ] I [Ccaw ] 4
FROM MEMORY

| L

2 ERRORS DETECTED

—— % =
COMPLEMENT DATA/CBS IN [0
DP8400 INPUT LATCHES,
WRITE BACK T0 SAME
LOCATION IN MEMORY

|

|

|

|

|

|

|
+.__
|
|

II

|

|

|

|

[

|

I

I

SAME 2 | | NO CHECK BiT
DAIA fnnans | | ERRORS
READ BACK FROM SAME [0 | | [cow
LOCATION IN MEMORY | |
| same as omamar | 5
DATA, SO SAME |
| CBs GENERATED
COMPLEMENT DATA/CBs [0101 |—|—~| cow | [ caw ]
IN DP8400 INPUT LATCHES ——— '
AND COMPARE CBs : l
SAME CHECK BITS,
—NO ERROR DETECTED—
INDICATING BOTH HARD ERRORS
HAVE BEEN REMOVED
NUMBER OF 2 BY DP8400 2 8Y DPBA0D
COMPLEMENTS 2 BY MEMORY __0BY MEMORY
EVEN EVEN EVEN NUMBER OF COMPLEMENTS

CREATES SAME DATA AS ORIGINAI
€SS A RS ORIGINAL TL/F/6899-15

FIGURE 8a. Double Error Correct Complement Hard Error Method — 2 Hard Errors In Data Bits
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Other Modes of Operation (continued)

¢-00v8dd

DATA1/0 | GENERATEDCBs | MEMORYCBs | MODE
HARD ERROR == : I {
ORIGINAL DATA/CBs 01 01— cow |—}—[caw ] 0
WRITTEN TO MEMORY | | l
HARD| |SOFT | nNocweck |
ERROR| |ERROR | BITERRORS |
DATA/CBs READ 100 1]—+—=[ cor_| | |
FROM MEMORY |
2 ERRORY FETECTED
—_——— e e e e e e e —_——— )_ —_—
COMPLEMENT DATA/CBS 0110} M| 1
IN DP8400 INPUT LATCHES, |
WRITE BACK TO SAME
LOCATION IN MEMORY
SAME HARD NO CHECK BIT
ERROR ERRORS
READ BACK FROM 1110 )
SAME LOCATION (i
COMPLEMENT DATA/CBs 0001]—+—[cat
IN DP8400 INPUT LATCHES,
AND COMPARE CBs | | |
5
DIFFERENT CHECK BITS, |
SINGLE ERROR DETECTED '
/ DATA ERROR WORD |
CORRECT SINGLE ERROR [ 1)
USING NORMAL DP3400
PROCEDURE OF XOR-ING l
DI WITH DE |

TL/F/6899-16
FIGURE 8b. Double Error Correct Complement Hard Error Method — 1 Hard Error, 1 Soft Error In Data Bits

The examples shown in Figures 8a and 8b are for 4 data configuration. In the 16-bit configuration, modes 1 and 5 of
bits. This approach will work for any number of data bits, but Table lll are used. In the 32-bit expanded configuration,
for simplicity these examples show how complementing modes 1, 5 and 5 are used for the highest chip, and modes
twice corrects two errors in the data bits. The double COM- 3, 3 and 4 for the lower chip for WRITE, DETECT, and COR-
PLEMENT approach also works for any two errors providing RECT. With the lower chip it is necessary to wrap around
at least one is hard. In other words, one data-bit error and DOL (after latching its contents in mode 3), back to DIL and
one check bit error, or two check bit errors are also correct- perform a Normal READ in mode 4 in the lower chip.

ed if one or both are hard. At the end of the COMPLEMENT

READ cycle, the error flags indicate whether the data was TABLE XVIi. ERROR FLAGS AFTER
correctable or not, as shown in Table XVIL. If both the errors COMPLEMENT READ (MODE 5)

were soft, then the data was not correctable and the error AE | E1 | EO Error Type

flags indicate this.

This approach is ideal where double errors are rare but may
occur. To avoid a system crash, a double-error detect now
causes the system to enter a subroutine to set the DP8400-2
in COMPLEMENT mode. This method is also useful in
bulk-memory applications, where RAMs are used with
known cell failures, and is applicable in 16, 32, 48 or 64-bit

Two hard errors

One hard error, one soft check bit error

One hard error, one soft data bit error

_|alalo
Q= |=]|O
O |=|O|O

Two soft errors, not corrected




DP8400-2

Other Modes of Operation (continued)

DOUBLE-ERROR CORRECT WITH ERROR LOGGING

Figures 4 and 5 show the E2C2 syndrome port connected to
an error management unit (EMU). This scheme stores syn-
dromes and the address of locations that fail, thereby log-
ging the errors. Subsequent errors in a memory location that
has already stored syndromes in the EMU, can then be re-
moved by injecting the stored syndromes of the first error.
To save the addresses and syndromes when power to the
EMU is removed, it is necessary to be able to transfer infor-
mation via the E2C2 syndrome port to the processor data
bus. This is also useful for logging the errors in the proces-
sor. Transfer in the opposite direction is also necessary.

DATA BUS TO SYNDROME BUS TRANSFER

This is necessary when transferring syndrome information
to the error management unit, which is connected to the
external syndrome bus. First, data to make CG = 0 (all data
bits high) must be latched in DIL. Then in mode 2, data is
fed to CIL, XOR-ed with 0, and output via SOL with OES low
to the syndrome bus. Data is therefore fed directly from the
system to the syndrome bus, and this cycle may be repeat-
ed as long as DLE is kept low, forcing CG to remain zero.

SYNDROME BUS TO DATA BUS TRANSFER

This is important when information in the error logger or
error management unit has to be read. The DP8400-2 is set
to mode 6B with OES high, and with OB0, OB1 and OLE
low. If CSLE is high, the syndrome bus and check bit bus
data appear on the lower and upper bytes of the data bus to
be read by the system. Also E1 and EO values that were
valid when mode 6 was entered, appear on DQ7 and DQ15.

FULL DIAGNOSTIC CHECK OF MEMORY

Using mode 2, it is possible to transfer the upper byte of the
data bus directly to the CIL, with CSLE high, without affect-
ing DIL. These simulated check bits then appear on the
check bit bus with OLE low, which also causes the previous-
ly latched contents of DIL to transfer to DOL. By enabling
OBO and OB1 data can be written to memory with the simu-
lated check bits. A Normal READ cycle can then aid the
system in determining that the memory bits are functioning
correctly, since the processor knows the check bits and
data it sent to the E2C2. Another solution is to put the E2C2
in mode 6 and read the memory check bits directly back to
the processor.

SELF-TEST OF THE E2C2 ON-CARD

Again using mode 2, data written from the processor data
bus upper byte to CIL may be stored in CIL, by taking CSLE
low. Next, a mode 0 WRITE can be performed and the user
generated data can be latched in the DP8400-2 input latch-
es (DLE held low). Now the user may perform a normal
mode 4 READ. This will in effect be a Diagnostic READ of
the user generated data and check bits without using the
external memory. Thus by reading corrected data in mode
4, and by reading the generated syndromes, and error flags
EO and E1, the DP8400-2 can be tested completely on-card
without involving memory.

MONITORING GENERATED SYNDROMES AND
MEMORY CHECK BITS

Mode 6A enables SGO-SG6 onto DQO-DQ6, and CILO-
CIL6 onto DQ8-DQ14, provided OLE, OBO and OB1 are
low. Also the two error flags, E1 and EO (latched from the
previous READ mode), appear on DQ7 and DQ15. This may
be used for checking the internal syndromes, for reading the
memory check bits, or for diagnostics by checking the
latched error flags.

CLEARING SIL

In the 186-bit only configuration, or the lower chip of expand-
ed configurations, and in various modes of operation in the
higher expanded chips, it is required that SIL be maintained
at zero. At power-up initialization, both SIL and DIL are reset
to all low. If OES is kept low, SIL will remain reset because
CSLE is inhibited to SIL. Another method is to keep OES
always high and the syndrome bus externally set low, or set
low whenever CSLE can be used to clear SIL.

Mode 7A also forces the SIL to be cleared whenever CSLE
occurs, and also these zero syndromes go to the internal
syndrome bus SG. This puts the DP8400-2 in a PASS-
THROUGH mode where the DIL contents pass to DOL and
CIL contents to COL, if OLE is low.

POWER-UP INITIALIZATION OF MEMORY

Both SIL and DIL are reset low at power-up initialization.
This facilitates writing all zeroes to the memory data bits to
set up the memory. The check bits corresponding to all-zero
data will appear on the check bit bus if the DP8400-2 is set
to mode 0 and OLE is set low. All-zero data appears on the
data bus when OBO0 and OB1 are also set low. The system
can now write zero-data and corresponding check bits to
every memory location.

BYTE WRITING

Figure 14a shows the block diagram of a 16-bit memory
correction system consisting of a DP8400-2 error correction
chip and a DP8409A DRAM controller chip. There are 12
control signals associated with the interface. Six of the sig-
nals are standard DP8400-2 input signals, three are stan-
dard DPB409A input signals, and three are buffer control
signals. The buffer control signals, PBUF0 and PBUF1, con-
trol when data words or bytes from the DP8400-2/memory
data bus are gated to the processor bus and when data
words or bytes from the processor are gated to the DP8400-
2/memory data bus.

When the processor is reading or writing bytes to memory,
words will always be read or written by the DP8400-2 and
DP8409A error correction and DRAM controller section.
The High Byte Enable and Address Data Bit Zero signals
from the processor should control the byte transfers via the
ocal bus transceiver signals PBUF0 and PBUF1. The buffer
control signal, DOUTB, controls when data from memory is
gated onto the DP8400-2/memory data bus.

Figure 14b shows the timing relationships of the 12 control
signals, along with the DP8400-2/memory data bus and
some of the DRAM control signals (RAS and CAS). RGCK is
the RAS generator clock of the DP8409A which is used in
Mode 1 (Auto Refresh mode), along with being the system
clock.
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Other Modes of Operation (continued)

Having two separate byte enable pins, OBO and OBHT, it is
easy to implement byte writing using the DP8400-2. First it is
necessary to read from the location to which the byte is to
be written. To do this the DP8400-2 is put in normal Read
mode (Mode 4), which will detect and correct a single bit
error. WIN is kept high and RASIN is pulled low, causing the
DP8409A, now in Mode 5 (Auto Access mods), to start a
read memory cycle. The data word and check bits from
memory are then enabled onto the DP8400-2/memory data
bus by pulling DOUTB low. The data and check bits are
valid on the bus after the RASIN to CAS time (tgac) plus the
column access time (tcac) of the particular memories used.
DLE, CSLE can then be pulled low in order to latch the
memory data into the input latches of the DP8400-2. OLE
can be pulled low to enable the corrected memory word, or
the original memory word if no error was present, into the
data output latches. Following this, DOUTB can be pulled
high to disable the memory data from the DP8400-2/memo-
ry data bus. The corrected memory word will be available at
the data output latches “tpcpig” after the memory word
was available at the data input latches. Once the corrected
data is available at the output latches OLE can be pulled
high to latch the corrected data. Also DLE and CSLE can be
pulled high in order to enable the input data latches again.

Now the DP8400-2 can be put into a write cycle (Mode 0 =
M2 = Low). At this time the byte to be written to memory
and the other byte from memory can be enabled onto the
DP8400-2/memory data bus (OBO, PBUF1 or OB1, PBUFO
go low). DLE, CSLE can now transition low to latch the new
memory word into the data input latch. OLE is pulled low to
enable the output latches. When the new checkbits are val-
id, tpc1e after the data word is valid on the DP8400-2/
memory data bus, OLE and DLE can be pulled high to latch
the new memory word into the output latches, and then WIN
can be pulled low to write the data into memory. RASIN
should be held low long enough to cause the new data and
check bits to be stored into memory (WIN data hold time).

Also a READ-MODIFY-WRITE cycle was performed, taking
approximately 40% longer than a normal memory WRITE
cycle. A READ and then a WRITE memory cycle could have
been used in the above example but it would have taken
longer.

Buffers are used in this system (74ALS244) to keep the
Data Out and Data In of the memory IC’s from conflicting
with each other during Read-Modify-Write cycles.

A byte READ from memory is no different from a normal
READ. This approach may be used for a 16-bit processor
using byte writing, or an 8-bit processor using a 16-bit mem-
ory to reduce the memory percentage of check bits, or with
memory word sizes greater than two bytes.

An APP NOTE (App Note 387) has been written detailing an
Error Correcting Memory System using the DP8409A or
DP8419 (Dynamic RAM Controller) and the DP8400-2 inter-
faced to a National Semiconductor Series 32000 CPU. See
this App Note for further system details and considerations.

BEYOND SINGLE-ERROR CORRECT

With the advent of larger semiconductor memories, the fre-
quency of the soft errors will increase. Also some memory
system designers may prefer to buy less expensive memo-
ries with known cell, row or column failures, thus, more hard
errors. All this means that double-error correct, triple-error
detect capability, and beyond will become increasingly im-
portant. The DP8400-2 can correct two errors, provided one
or both are hard errors, with no extra components, using the
double complement approach. There are two other ap-
proaches to enhance reliability and integrity. One is to use
the error management unit to log errors using the syndrome
bus, and then to output these syndromes, when required,
back to the DP8400-2.

DOUBLE SYNDROME DECODING

The other approach takes advantage of the Rotational Syn-
drome Word Generator matrix. This matrix is an improve-
ment of the Modified Hamming-code, so that if, on a second
DP8400-2, the data bus is shifted or rotated by one bit, and
2 errors occur, the syndromes for this second chip will be
different from the first for any 2 bits in error. Both chips
together output a unique set of syndromes for any 2 bits in
error. This can be decoded to correct any 2-bit error. This is
not possible with other Modified Hamming-code matrices.
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DP8400-2

Absolute Maximum Ratings (Note 1)

Operating Conditions

Storage Temperature Range -65°Cto +150°C Min - Max Units
Supply Voltage, Ve ™ Vce: Supply Voltage 4.75 5.25 \
Input Voltage 5.5V Ta, Ambient Temperature 0 70 °C
Output Sink Current 50 mA
Maximum Power Dissipation at 25°C
Molded Package 3269 mW
Lead Temperature (Soldering, 10 seconds) 300°C
*Derate molded package 26.2 mW/°C above 25°C.
Electrical Characteristics (Note 2) Vo = 5V £5%, Ta = 0°C to 70°C unless otherwise noted
Symbol Parameter Conditions Min Typ Max Units
ViL Input Low Threshold 0.8 \
VIH Input High Threshold 2.0 \
Ve Input Clamp Voltage Vce = Min, Ic = —18 mA -0.8 ~1.5 \"
v Input High Current VIN = 2.7V 1 160 RA
liy (XP) Input High Current Vce = Max, XP = 5.25V 2.5 4.5 mA
liL (XP) Input Low Current Vec = Max, XP = 0V —25 —4.5 mA
liL (BPO/C7) Input Low Current Vce = Max, Viy = 0.5V -100.0 —500 pA
liL (BP1/S7) Input Low Current Vee = Max, Viy = 0.5V —100.0 —500 pA
liL (CSLE) Input Low Current Vcee = Max, Vi = 0.5V —150.0 —750 pA
liL (DLE) Input Low Current Vcec = Max, Vi = 0.5V -200.0 —1000 pA
iL Input Low Current Vce = Max, Viy = 0.5V —50.0 —250 pA
Iy Input High Current (Max) ViN = 5.5V (Except XP Pin) 1.0 mA
VoL Output Low Voltage loL = 8 mA (Except BP0, BP1) 0.3 0.5 A"
loL = 4 mA (BP0, BP1 Only) 0.3 0.5 \"
VoH Output High Voltage loq = —100 nA 2.7 3.2 \
loy= —1mA 24 3.0 \
los Output Short Current Vee = Max -150 —250 mA
(Note 3)
lcc Supply Current Vce = Max 220 300 mA
Cin (170) Input Capacitance All Note 4 8.0 pF
Bidirectional Pins
CiN Input Capacitance All Note 4 5.0 pF
Unidirectional Input Pins

Note 1: “Absolute Maximum Ratings" are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation.

Note 2: All typical values are for Ta=25°C and Vgg=>5.0V
Note 3: Only one output at a time should be shorted.
Note 4: Input capacitance is g d by p

iodic testing. F test=10 kHz at 300 mV, Tpo=25°C.

Note 5: All switching parameters measured from 1.5V of input to 1.5V of output. Input pulse amplitude OV to 3V, t,=t=2.5 ns.
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DP8400-2 Switching Characteristics (Note 5)
Veg = 5.0V £5%, Ta = 0°C to 70°C, C| = 50 pF

Symbol Parameter Conditions Min Typ Max Units
Data Input Valid to )

toca1e Check Bit Valid Figure 9b 2 4 ns
Data Input to Any .

toevis Error Valid Figures 10b, 11b 21 31 ns
Data Input Valid to ) PeTe]

tbcpis Corrected Data Valid Figure 10b, OBO, OBT Low 44 61 ns
Data Input Set-Up Time .

tpsi Before DLE, GSLE H to L Figures 10b, 13d 10 5 ns
Data Input Hold Time .

toHI After DLE, CSLE Hto L Figures 10, 13d 10 5 ns
Data Input Set-Up Time .

tpso Before OLE L to H Figure 10b 10 5 ns
Data Input Hold Time ,

tbHO After OLE L to H Figure 10b 10 5 ns

toeo Data in Valid to EO Valid Figures 9b, 10b, 13d 36 55 ns

toE1 Datain Valid to E1 Valid Figures b, 10b, 13d 43 55 ns
DLE, CSLE High to Any

tiev Error Flag Valid (Input Figure 10b 28 45 ns
Data Previously Valid)
DLE, CSLE High to Any )

tEx Error Flag Invalid Figures 9b, 10b 38 60 ns
DLE, CSLE High Width to

tiLe Guarantee Valid Data Figures 10b, 13d 20 ns
Latched
OLE Low Width to

toLe Guarantee Valid Data Figure 13d 20 ns
Latched
High Impedance to Logic

tzH 1 from OBO, OB1, OES Figures 9b, 10b, 13d 22 36 ns
M2HtoL
Logic 1 to High

thz Impedance from OBO, Figures 9b, 10b, 134, 38 55 ns
OB1,0ES,M2LtoH
High Impedance to Logic

tzL 0 from OBO, OB1, OES Figures 9b, 10b, 13d 19 35 ns
M2Hto L
Logic 0 to High

tLz Impedance from OBO, Figures 9b, 10b, 13d 15 25 ns
0BT, 0ES,M2Hto L
Byte Parity Input Valid .

tepe to Parity Error Flags Valid Figure 9 16 2 ns
Data In Valid to Parity "

toPE Error Flags Valid Figures 9b, 13d 27 55 ns

tocp Data in Valid to Corrected Figure 9b 44 61 ns

Byte Parity Output Valid
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DP8400-2 Switching Characteristics (continued) (Note 5)
Vg = 5.0V £5%, Ty = 0°C to 70°C, G = 50 pF

DP8400-2

Symbol Parameter Conditions Min Typ Max Units

tNMR ?i‘:'émde Recognize Figure 10b 22 35 ns
Mode Valid to )

toov Complement Data Valid Figure 116 34 %0 ns
Mode Valid to

tcev Complement Check Bit Figure 11b 30 45 ns
Valid
Syndrome Input Valid to "

tsce Check Bit Valid Figure 13d 20 35 ns
Syndrome Input Valid .

'sev (CGL) to Any Error Valid Figure 15d 7 2 ns
Syndrome Inputs Valid to "

tsco Corrected Data Valid Figure 13d 35 50 ns
Data Input Valid to g e

tbss Syndrome Bus Valid Figure 13d, OES Low 28 46 ns
Check Bit Inputs Valid X ——a

tcss to Syndrome Bus Valid Figure 13d, OES Low 19 32 ns
Check Bit Inputs Valid .

13

foev (PSH) to Any Error Valid Flgure 15d 7 80 ns
Check Bit Input Valid

tcep (PSH) to Corrected Data Figure 13d 30 45 ns
Valid
Data Input Valid to Check .

tpcea2 Bit Valid Figure 13d 49 75 ns
Data Input Valid to Any ,

tbevaz Error Valid Figure 13d 46 67 ns
Data Input Valid to ) e e

tocosz Corrected Data Out Figure 13d, OB0O, OB1 Low 84 110 ns

Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The table of “Electrical Characteristics™ provides conditions for actual device operation.

Note 2: All typica! values are for To=25°C and Vgc=5.0V.

Note 3: Only one output at a time should be shorted.

Note 4: Input capacitance is guaranteed by periodic testing. F test=10 kHz at 300 mV, To=25°C.

Note 5: All switching parameters measured from 1.5V of input to 1.5V of output. Input pulse amplitude OV to 3V, t,=t;=2.5 ns.
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Typical Applications
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FIGURE 9a. DP8400-2 16-Bit Configuration, Normal WRITE with Byte Parity Error Detect If Required

INPUTS NORMAL WRITE NORMAL READ-MONITOR ONLY
MODE 0 ‘
NABLESYSTEM OATA ENABLE SYSTEM DATA
WEM READ \ ENABLE MEM DATA/CB
S
1 NI
w } EC1Cas 7
0B0/081 I /
OLE ENTER PROCESSOR DATA, DI ENTER MEMORY DATA
—_— — -
CSLE ENTER MEMORY CBs
r - A
Y3 ALLOW GEN? CB THAU cot , ALLOW DE THRU DOL
INPUTS/OUTPUTS T ] ik
DP8400
BPO/BP1 BYTE PARITY FAOM SYSTEM| BYTE PARITY
1 [=tosp-=~1
DATA BUS =t SYSTEM DATA 3——— MEMORY DATA >
—| tx txg —=|
':"m,%'; GEN® CHECK 8ITS MEMORY CHECK BITS —
QUTPUTS \

T

VALID

EO0, E1

FIGURE 9b. DP8400-2 16-Bit Configuration, Normal WRITE and Normal READ Timing Diagram
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DP8400-2

Typical Applicatio
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33
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TL/F/6899-19

FIGURE 10a. DP8400-2 16-Bit Configuration, Normal READ — Detect Error (And Correct if Required---)

INPUTS

MODE

MEM READ

MEMWAITE

083,081

CSLE

[

QUTPUTS

DATA BUS

CHECK BIT BUS

RE

E0, €1

DETECT ERROR IF ERROR THEN CORRECT

4 4(OROIFNOTES 1, 2)

ENABLE MEM DATA/CB

) \ LOW IF NOTES 1, 2

ENABLE E2C2 CORRECTED DATA

Y

\ ENTER MEMORY DATA

&
[— |

*ENTER MEMORY (8

[
oMo
HIGH IF NOTE 1
LOW IF NOTE 2

7 1 T —w
MEMCRY DATA | Mot et CORRECTED DATA

oM
MEMORY C8s P’———

= tex - toEvis o tun—=
%

CIL IF NOTE t OR CG IF NOTE 2

L.

Note 1: If rewriting correct data and CBs to same location and single data error was detected.
Note 2: If rewriting correct data and CBs to same location and single check bit was detected.

FIGURE 10b. DP8400-2 16-Bit Configuration, DETECT THEN CORRECT Timing Diagram
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Typical Applications (continued)
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TL/F/6899-21

FIGURE 11a. DP8400-2 16-Bit Configuration, COMPLEMENT WRITE

T0 REMOVE COMPL IN
MEMORY, WRITE BACK
SAME LOCATION TRUE DO, CO

x 3 X 30ROIFNOTE3
ENABLE MEMORY
DATA AND CBs

WRITE BACK U1, €}
PREVIOUS READ T0 SAME LOCATION

we Y ;
| ENABLE MEMORY I_
NEWR DATA AND CB3

READ OM, CM FROM
CONTINUE

WAITE COMPL WRITE TRUE I
WENW DI ANO Ci I DAND C
ENABLE CONPL | | ENABLE TRUE '
0807081 DATA AND (B DATA AND 8

| ENTER I

DLE MEMORY DATA
ENTER

I MEMORY C8 I

ENTER
MEMORY DATA
ENTER
MEMORY 8
ov
teev HIGH IF NOTE 4
LOW IF NOTE 3
COMPLEMENTED
[COMPLEMENTED m)—( MEMORY DATA (01 )—( ‘CORRECTED BI >_

——(Jmouvnm
CHECK BIT BUS ————( MEMORY CB cnummmsTm)—( MEMOAY C8 (£ )—( FNE%;'IT“G!N" )—-—
l"nzm'ﬂ

DOUBLE SEE

Note 3: If rewriting corrected data and CBs back to same location and 1 soft data bit error was detected.
Note 4: If rewriting corrected data and CBs back to same location and 2 hard errors or 1 soft check bit was detected.

CSLE

OTE

DATA BUS

7
gl Ml
)

TL/F/6899-22

FIGURE 11b. DP8400-2 16-Bit Configuration, Detect 2 Errors, COMPLEMENT WRITE,
COMPLEMENT READ, Output Corrected Data Timing Diagram
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Typical Applications (continueq)
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FIGURE 11c. DP8400-2 16-Bit Configuration, COMPLEMENT READ and Output Corrected if One or Two Hard Errors
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Typical Applications (continued)
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FIGURE 12a. DP8400-2 16-Bit Configuration, Diagnostic WRITE, READ. Data Bus to Check Bit Bus or Syndrome Bus

(Providing DI = HIGH In Previous Cycle to Set CG = All Zero For Transfer to S)
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FIGURE 12b. DP8400-2 16-Bit Configuration, Monitor on Data Bus — Memory Check Bits

2-29

¢-00v8dd




suzoar!

Typical Applications (continued)
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Typical Applications (continued)
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FIGURE 13b. DP8400-2 32-Bit Configuration, READ Detect Error Only
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FIGURE 13c. DP8400-2 32-Bit Configuration, READ Correct Data
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Typical Applications (continued)
WRITE DATA AND GEND CBs

INPUTS
MODE (H)

MODE (L)

ENABLE SYSTEM

MEMREAD

EM WRITE

0831 (H.L)

DLE H, L) | ENTER PROCESSOR |
) —

CSLE (H)

CSLE (L)

OLE (H)

1 S/,
1 S/,
] —

READ—DETECT ERRORS

CORRECT ERROR

4

4(0!0 IF NOTES 8, 8)

X
. 7/

ENABLE SYSTEM DATA

I ENABLE MEMORY

DATA AND CBs
WRITE CORR
WRITED D AND CB
AND IE:I TO MEM IF
T0 MEM NOTES 8, 8

DATATOH, L

ENTER CGL FROM
LTOH

ENABLE CORRECTED I)ATAI

|ty p |

ENTER MEMORY
DATATO H, L

ENTER CGL FROM
LTOH

T ——

I INPUT PARTIAL |
SVNDROM|ES HTOL

)
| ACLGLOW cM'EM I | ALLOW IF NOTE 8
OLE (L) ALLOW CGL 70 COB ALLOW CGL TO COB ALLOW L CORRECTED DATA
ENABLE PARTIAL
SYNDROME IN H

GES (H)

GES (L)
OUTPUTS

DATA BUS (H, L)

CHECK BIT BUS (H)

SYNDROME BUS (M)
CHECK BIT BUS (L)

AE(H)

- ///////7/////////@
R = D

Note 5: If rewriting corrected data and CBs back to same location and single data error was detected.

Note 6: If rewriting corrected data and CBs back to same location an

T
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—°| |"!m

D
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_ N

1y,

L‘— focs1s
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T
. - 1ce0, tos
focl ey — et
\ LOW IF NOTES &, 6
j=—toea, 1
EO, E1 VM.ID

NSO

d single check bit error

VALID

TL/F/6899-29

was detected.

FIGURE 13d. DP8400-2 32-Bit Configuration, WRITE, DETECT and CORRECT Timing Dlagram
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DP8400-2
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NS32016, DP8400-2, DP8409A or DP8419 Error Correcting Memory System ‘zl
DAMPING T
RESISTORS [
|5
DPBA300 15,645 CLOCK r -
PROGRAMMABLE e RFCK 00-7, 8 =AAA~#-] ADDRESS >
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FIGURE 14a. DP8400-2/8409A System Interface Block Diagram (See Figure 14b for Byte Write Control Timing)




Typical Applications (continued)
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FIGURE 14b. DP8400-2 16-Bit Configuration, Byte Write Timing
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DP8400-2

Typical Applications (continued)

———< VALID DATA ’—

OLE
DLE/CSLE

TL/F/6899-32

FIGURE 15. Timing Waveform for Set-Up and Hold Time
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(a) TRI-STATE LOAD (b) TEST LOAD
FIGURE 16. Loading Circuit
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FIGURE 17. TRI-STATE Measurement
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National
Semiconductor
Corporation

PRELIMINARY

DP8402A/DP8403/DP8404/DP8405 32-Bit Parallel
Error Detection and Correction Circuits (EDAC’s)

General Description

The DP8402A, DP8403, DP8404 and DP8405 devices are
32-bit parallel error detection and correction circuits
(EDACs) in 52-pin DP8402A and DP8403 or 48-pin DP8404
and DP8405 600-mil packages. The EDACs use a modified
Hamming code to generate a 7-bit check word from a 32-bit
data word. This check word is stored along with the data
word during the memory write cycle. During the memory
read cycle, the 39-bit words from memory are processed by
the EDACs to determine if errors have occurred in memory.

Single-bit errors in the 32-bit data word are flagged and cor-
rected.

Single-bit errors in the 7-bit check word are flagged, and the
CPU sends the EDAC through the correction cycle even
though the 32-bit data word is not in error. The correction
cycle will simply pass along the original 32-bit data word in
this case and produce error syndrome bits to pinpoint the
error-generating location.

Double bit errors are flagged but not corrected. These er-
rors may occur in any two bits of the 39-bit word from mem-
ory (two errors in the 32-bit data word, two errors in the 7-bit
check word, or one error in each word). The gross-error

condition of all lows or all highs from memory will be detect-
ed. Otherwise, errors in three or more bits of the 39-bit word
are beyond the capabilities of these devices to detect.
Read-modify-write (byte-control) operations can be per-
formed with the DP8402A and DP8403 EDACs by using out-
put latch enable, LEDBO, and the individual OEBO thru
OEBS3 byte control pins.

Diagnostics are performed on the EDACs by controls and
internal paths that allow the user to read the contents of the
DB and CB input latches. These will determine if the failure
occurred in memory or in the EDAC.

Features

m Detects and corrects single-bit errors

m Detects and flags double-bit errors

m Built-in diagnostic capability

m Fast write and read cycle processing times

B Byte-write capability . .. DP8402A and DP8403

m Fully pin and function compatible with TI's
SN74ALS632A thru SN74ALS635 series

System Environment

' 32, '
|< 4 ’l
' !
32 '
! !
' 8 CHECK BITS
,  CONTROL epAc | & SYNDROME |

PROCESSOR DPB402 |5 —>1  MEMORY
' 2 '
1 '
1 ERROR FLAGS '
! '
< z !

TL/F/8535-1
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DP8402A/ DP8403/ DP8404/ DP8405

Simplified Functional Block and Connection Diagrams

32

7

P [ —r—>
DATA WORD DATA | 35, R CHECK p 7, | CHECK | CHECK BITS
BIT D 4 y BIY < 7 »1 BIT I/0 | & SYNDROME
s ) T GENERATOR & MUX )
B | i
LATCH A OUTPUT
CONTROL ENABLE
& OUTPUT 32 7 7
ENABLE
\ 2 4
ERROR
P CONTRO!
DETECTION & [« DgchEk —2—
CORRECTION MODE
SIGNALS
2
v
ERROR
FLAG TL/F/8535-2
Device Package | Byte-Write Output
DP8402A 52-pin yes TRI-STATE®
< | DP8403 52-pin yes Open-Collector
DP8404 48-pin no TRI-STATE
DP8405 48-pin no Open-Collector
Dual-In-Line Packages Plastic Chip Carrler
(=3
o |m -0 ;M
= T R = T = co8z8EEBe 588 00
MERR 2 51 st BRI 2 781
T sobso oo shs " 1: 87654321 sas7essss4ssszs;o "
oRO L4 s B3t 081 4 4530831 oe3 | 11 59| NC
i 48 pyoaso o825 44730830 o84 | 12 58 | DB28
s 47 Roe20 ] s3[R0e2e DBS |13 57| o827
08347 46 0828 o847 42[10828 OEBO | 14 56 | bb2é
oe4[]s 45027 oss s Py pB6 |15 55| OEB3
085 ]9 440826 — DB7 | 16 541 DB25
o 10 P OEDB 9 4010826 oND |17 53 DB24
ves 11 4210825 oee ] 10 39 (10825 GND |18 52 GND
oe7cd 12 41 o2 08711 38[J0B24 DB8 | 19 511 GND
P whew a1z 37[36n0 _DB9 {20 io gg%g
oes 14 390823 088 13 36 {0823 gg?{‘) g 42 X622
pes 15 38 [30B22 DB 14 35 [0B22 o811 |23 471 pB21
o1 ] 16 3730882 081015 3430821 D812 [ 24 46 ] DB20
osioC}17 36 [21DB21 D811 ] 16 3330820 DB13 | 25 451 DB19
o811 )18 35 30820 oB12C{17 32710819 DB14 ] 26 44| pB18
pB12] 19 340819 o137 18 310818 2728293031323334353637 383940414243
oB1s 420 i 081419 30[0817
oRreq 21 320817 D815 ] 20 2930816 552582252 EREREE3
pa15 22 3130816 casl:( o @ o~
21 28{3c80
cesq2s sopceo e85 22 27 [t TL/R/es3s-1
85 ] 24 29 [A¢B1 Top View
caed2s Py - 8423 26 [F2c82
orcsc]zs whes OECB [ 24 25[3¢83 Order Number DP8402AV
See NS Package Number V68A
TL/F/8535-10 TL/F/8535-3
Top View Top View
Order Number DP8402AD,

DP8403D, DP8404D or DP8405D
See NS Package Number D48A or D52A
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. aze o . _eas e
Mode Definitions PCC Pin Definitions DP8402A ®
MODE PIN NAME DESCRIPTION * pin1 Vee pin 35 OECB S
S1 SO MODE OPERATION 2 LEDBO 36 cB3 E
0 L L WRITE Input dataword and output 3 MERR a7 CB2 o
checkword 4 ERR 3g cB1 <
1 L H DIAGNOSTICS Inputvarious data words 5 DBO 29 CBO g
against latched [=]
checkword/output valid 6 oB1 40 DB16 @«
error flags. 7 DB2 .M DB17 o
2 H L READ&FLAG Inputdataword and output 8 NC 42 NC g
error flags 9 NC 43 NC Y
3 H H CORRECT Latched input data and 10 NC 44 DB18 g
checkword/output 11 DB3 45 DB19 3
corrdected dat: and 12 DB4 46 DB20 3
syndrome code 13 DB5 47 DB21 ®
. . eae OEBO OEB: f=4
Pin Definitions i o " oo &
S0, S1 Control of EDAC mode, see preceding
Mode Definitions 16 pB7 50 DB23
DBO thru DB31 170 port for 32 bit dataword. 17 GND 51 GND
CBO thruCB6 170 port for 7 bit checkword. Also output 18 GND 52 GND
port for the syndrome error code during 19 DB8 53 DB24
error correction mode. 20 DB9 54 DB25
OFS3 ' oulput buffrs are at TRLSTATE, Eachipn 2o = =
output butfers are al - . Each pin DB26
(DP8402A, controls 8 1/0 ports. OEBO controls DBO Zg 321(1) gs 0227
DP8403) thru DB7, OEB1 controls DB8 thru DB15,
OEB2 controls DB16 thru DB23 and OEB3 24 DB12 58 DbB2s
controls DB24 thru DB31. 25 DB13 59 NC
LEDBO Data word output Latch enable. When high 26 DB14 60 NC
(DP8402A, it inhibits input to the Latch. Operates on all 27 NC 61 NC
DP8403) 32 bits of the dataword. 28 NC 62 NC
OEDB TRI-STATE control for the data I/0 port. 29 NC 63 DB29
(00:884%05‘;, 1\/_\/|:ri||ers1 11_1;9}1E0utput buffers are at 30 DB15 64 DB30 ;
OECB Checkword output buffer enable. When :; g& 22 DS;“ \
high the output buffers are in TRI-STATE
mode. 33 CB5 67 S1
ERR Single error output flag, a low indicates at 34 cB4 68 Vee ‘
least a single bit error. ‘
MERR Multiple error output flag, a low indicates
two or more errors present.
TABLE I. Write Control Function
DB Control { DB Output Latch cB
Mg g Ff:;; . :1""";; Datal/O | OEBnor | DP8402A,DP8403 | Check1/0 | Control _EE‘:" Fn;_aEg:R
4 OEDB LEDBO OECB
. Generate Output
Wite | checkword | & b | Pt H X checkbitst |  © H o H
‘tSee Table Il for details on check bit generation.
Memory Write Cycle Details
During a memory write cycle, the check bits (CBO thru CB6) 2. These seven check bits are stored in memory along with
are generated internally in the EDAC by seven 16-input pari- the original 32-bit data word. This 32-bit word will later be
ty generators using the 32-bit data word as defined in Table used in the memory read cycle for error detection and cor-
rection.

2-39



DP8402A/ DP8403/ DP8404/ DP8405

TABLE Il. Parity Algorithm

Check Word 32-Bit Data Word

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 56 4 3 2 1 0
cBo X X X X X X X X X X XX XX X X
CB1 X X X X X X X X X X X X X X X
cB2 X X X X X X X X X X X X X XXX X
CcB3 X X X X X X X X X X X X X X X X
CB4 X X X X X X X X X X XXX XXX
CB5 X X X X X X X X X X X X X X XX

CB6 X X X X X X X X XX XXXXXX

3

The seven check bits are parity bits derived froi

Memory Read Cycle (Error
Detection & Correction Details)

During a memory read cycle, the 7-bit check word is re-
trieved along with the actual data. In order to be able to
determine whether the data from the memory is acceptable
to use as presented on the bus, the error flags must be
tested ta determine if they are at the high level.

The first case in Table 1l represents the normal, no-error
conditions. The EDAC presents highs on both flags. The

the matrix of data bits as indicated by X" for each bit.

next two cases of single-bit errors give a high on MERR and
a low on ERR, which is the signal for a correctable error,
and the EDAC should be sent through the correction cycle.
The last three cases of double-bit errors will cause the
EDAC to signal lows on both ERR and MERR, which is the
interrupt indication for the CPU.

TABLE Ill. Error Function

Total Number of Errors Error Flags Data Correction
32-Bit Data Word _7-Bit Check Word | ERR  MERR

0 ' 0 H H Not applicable
1 0 L H Correction

0 1 L H Correction

1 1 L L Interrupt

2 0 L L Interrupt

0 2 L L Interrupt

The DP8402 check bit syndrome matrix can be seen in TA-
BLE Il. The horizontal rows of this matrix generate the
check bits by selecting different combinations of data bits,
indicated by “X"s in the matrix, and generating parity from
them. For instance, parity check bit “0” is generated by
EXCLUSIVE NORing the following data bits together; 31,
29, 28, 26, 21, 19, 18, 17, 14, 11,9, 8, 7, 6, 4, and 0.
During a WRITE operation (mode 0) the data enters the
DP8402 and check bits are generated at the check bit in-
put/output port. Both the data word and the check bits are
then written to memory.

During a READ operation (mode 2, error detection) the data
and check bits that were stored in memory, now possibly in

error, are input through the data and check bit 1/0 ports.
New check bits are internally generated from the data word.
These new check bits are then compared, by an EXCLU-
SIVE NOR operation, with the original check bits that were
stored in memory. The EXCLUSIVE NOR of the original
check bits, that were stored in memory, with the new check
bits is called the syndrome word. If the original check bits
are the same as the new check bits, a no error condition,
then a syndrome word of all ones is produced and both
error flags (ERR and MERR) will be high. The DP8402 ma-
trix encodes errors as follows:

TABLE IV. Read, Flag, and Correct Function

DB Control | DB Output Latch cB
Mg;'::‘l’;" FE&‘:EH gf“"s"; Datai/O | OEBnor | DP8402A,DP8403 | Checki/O | Control E';—’F'f' ':,'f!‘_:gnsn
i OEDB LEDBO OECB
Read Read & flag H L Input H X Input H Enabledt
Latch input input Input
Read dataandcheck | H H data H L check word H Enabledt
bits latched latched
Output Output Output
Read correcteddata | H H | corrected L X syndrome L Enabledt
& syndrome bits data word bits

TSee Table IIt for error description.
1See Table V for error location.
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Memory Read Cycle (Error Detection & Correction Details) (continued)
2) A single check bit error will cause that particular check bit

N

Single data bit errors cause 3 or 5 bits in the syndrome
word to go low. The columns of the check bit syndrome
matrix (TABLE I1) are the syndrome words for all single bit
data errors in the 32 bit word (also see TABLE V). The
data bit in error corresponds to the column in the check
bit syndrome matrix that matches the syndrome word.
For instance, the syndrome word indicating that data bit
31 is in error would be (CB6-CB0) = **0001010", see the
column for data bit 31 in TABLE I, or see TABLE V.
During mode 3 (SO = S1 = 1) the syndrome word is
decoded, during single data bit errors, and used to invert
the bit in error thus correcting the data word. The correct-
ed word is made available on the data 1/0 port (DBO thru
DB31), the check word 1/0 port (CBO thru CB6) presents
the 7-bit syndrome error code. This syndrome error code
can be used to locate the bad memory chip.

to go low in the syndrome word.

3) A double bit error will cause an even number of bits in the

syndrome word to go low. The syndrome word will then
be the EXCLUSIVE NOR of the two individual syndrome
words corresponding to the 2 bits in error. The two-bit
error is not correctable since the parity tree can only
identify single bit errors.

If any of the bits in the syndrome word are low the “ERR"
flag goes low. The “MERR"” (dual error) flag goes low during
any double bit error conditions. (See Table lil).

Three or more simultaneous bit errors can cause the EDAC
to believe that no error, a correctable error, or an uncorrect-
able error has occurred and will produce erroneous results
in all three cases. It should be noted that the gross-error
conditions of all lows and all highs will be detected.

TABLE V. Syndrome Decoding

Syndrome Bits Syndrome Bits Syndrome Bits Syndrome Bits

Error Error Error Error
6543210 6543210 6543210 6543210
LLLLLLL|unc LHLLLL L|2bit HLLLLL L|Z2bit HHLLLLL|un
LLLLLL Hj2bit LHLLLLH|unc HLLULLLH]|unc HHLLLL H|2bit
LLLLLHL|2bit LHLLLHL|DB? HLLULLHL|unc HHLLLHL|2bit
LLLLLHH|unc LHLLLHH]|2bit HLLLLHH|2bit HHLLLHH|DB23
LLLLHLL|2hit LHLLHLL]|DBeE HLLLHLL|unc HHLLHL L|2bit
LLLLHLH| unc LHLLHL H|2bit HLLLHL Hj2bit HHLLHL H|DB22
LLLLHHL]|unc LHLLHHL]|Z2bit HLLLHHL|2bit HHLLHH L|DB21
LLLLHHH|2bit LHLLHHH|DBS HLLLHHH]|unc HHLLHH H| 2bit
LLLHLL L{2bit LHLHLL L|DB4 HLLHLLLJ|unc HHLHLL L|2bit
LLLHLL Hjunc LHLHLL H|2bit HLLHLL H|2bit HHLHL L H|DB20
LLLHLHL|DB3 LHLHLHL|Z2bit HLLHLHL|Z2bit HHLHLHL|DB19
LLLHLHH|2bit LHLHLHH|DB3 HLLHLHH|DBIS HHLHLHHj2bit
LLLHHLLY|unc LHLHHL L|2bit HLLHHL L|2bit HHLHHL L{DB18
LLLHHLH|2bit LHLHHL H|DB2 HLLHHLH| unc HHLHHL H|2bit
LLLHHHL|Z2bit LHLHHHL]|un HLLHHHL|DB14 HHLHHH L] 2-bit
LLLHHHH|DB30 LHLHHHH|2bit HLLHHH H 2bit HHLHHHH|CB4
LLHLL UL L|2bit LHHL L L L|DBO HLHLLLL|unc HHHLLL L|2bit
LLHLL L H| unc LHHLL L H|2bit HLHLLL H|2bit HHHLL L H|DB16
LLHLLMHL|DB29 LHHLLHL{|2Dbit HLHLLHL|2bit HHHLLHL]|unc
LLHLLHH|2bit LHHLLHH|unc HLHLLHH|DBI3 HHHLLH H|2bit
LLHULHL L|DB28 LHHLHL L|2bit HLHLHL L} 2bit HHHLHL L|DB17
LLHLHL HY{2bit LHHLHL H|DB1 HLHLHL H{DB12 HHHLHL H}2bit
LLHLHHL|2Dbit LHHLHHL| unc HLHLHH L|DB11 HHHLHHL|2bit
LLHLHHH|DB27 LHHLHH H|2bit HLHLHH H| 2-bit HHHLHHH|CB3
LLHHL L L|DB26 LHHHLL L|2bit HLHHLL L|2bit HHHHLLLJunc
LLHHL L H|2bit LHHHLL H|unc HLHHL L H|DB10 HHHHL L Hj2bit
LLHHLHL|Z2bit LHHHLHL|unc HLHHLHL|DB9 HHHHLHL|2bit
LLHHLHH|DB25 LHHHLHH| 2bit HLHHLHH| 2bit HHHHLH H|CB2
LLHHHL L|Z2bit LHHHHL L] unc HLHHHL L|DB8 HHHHHL L|2bit
LLHHHL HDB24 LHHHHL H|2bit HLHHHL H|2bit HHHHHL H|CB1
LLHHHHL| unc LHHHHHL|2bit HLHHHH L 2-bit HHHHHHL|CBO
LLHHHH H| 2bit LHHHHH H|CB6 HLHHHHH|CBS HHHHHH H|none

CB X = error in check bit X

DB Y = error in data bit Y

2-bit = double-bit error

unc = uncorrectable multibit error
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TABLE VI. Read-Modify-Write Function

DB OUTPUT
MEMORY CONTROL R LATCH cB ERROR FLAG
CYCLE EDAC FUNCTION s1 S0 BYTEn? | OEBnf LEDBO CHECK I/0 CONTROL ERRA MERR
Read Read & Flag H L Input H X Input H Enabled
. Input Input
Read Latch mpu} data H H data H L check word H Enabled
& check bits latched latched
Latch corrected o:atf:t Hi-Z H
Read data word into H H word H H Output Enabled
output latch latched Syndrome L
atche bits
Input
Modify appropriate modified H
Moqlfy byte or bytes & L L BYTEO H Output L H H
/write generate new Ouput check word
check word unchanged L
BYTEO

+OEBO controls DBy-DB7 (BYTED), OEB1 controls DBg-DB;5 (BYTE1), OEB2 controls DB16-DB23 (BYTE2), OEB3 controls DB24-DB31 (BYTES3).

Read-Modify-Write (Byte Control)

Operations

The DPB8402A and DP8403 devices are capable of byte-
write operations. The 39-bit word from memory must first be
latched into the DB and CB input latches. This is easily ac-
complished by switching from the read and flag mode (S1 =
H, SO = L) to the latch input mode (81 = H, SO = H). The
EDAC will then make any corrections, if necessary, to the
data word and place it at the input of the output data latch.
This data word must then be latched into the output data
latch by taking LEDBO from a low to a high.

Byte control can now be employed on the data word
through the OEBO through OEB3 controls. OEBO controls
DB0-DB7 (byte 0), OEB1 controls DB8-DB15 (byte 1),
OEB2 controls DB16-DB23 (byte 2), and OEB3 controls
DB24-DB31 (byte 3). Placing a high on the byte control will
disable the output and the user can modify the byte. If a low
is placed on the byte control, then the original byte is al-
lowed to pass onto the data bus unchanged. If the original
data word is altered through byte control, a new check word
must be generated before it is written back into memory.
This is easily accomplished by taking control S1 and SO low.
Table VI lists the read-modify-write functions.

Diagnostic Operations

The DP8402A thru DP8405 are capable of diagnostics that
allow the user to determine whether the EDAC or the mem-
ory is failing. The diagnostic function tables will help the
user to see the possibilities for diagnostic control.

In the diagnostic mode (S1 = L, SO = H), the checkword is
latched into the input latch while the data input remains
transparent. This lets the user apply various data words
against a fixed known checkword. If the user applies a diag-
nostic data word with an error in any bit location, the ERR
flag should be low. If a diagnostic data word with two errors
in any bit location is applied, the MERR flag should be low.
After the checkword is latched into the input latch, it can be
verified by taking OECB low. This outputs the latched
checkword. With the DP8402A and DP8403, the diagnostic
data word can be latched into the output data latch and
verified. It should be noted that the DP8404 and DP8405 do
not have this pass-through capability because they do not
contain an output data latch. By changing from the diagnos-
tic mode (S1 = L, SO = H) to the correction mode (S1 = H,
S0 = H), the user can verify that the EDAC will correct the
diagnostic data word. Also, the syndrome bits can be pro-
duced to verify that the EDAC pinpoints the error location.
Table Vil DP8402A and DP8403 and Table VIl DP8404 and
DP8405 list the diagnostic functions.
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TABLE VII. DP8402A, DP8403 Diagnostic Function

DB BYTE | DB OUTPUT cB
eoncrunction | CONTROL | Alo | CONTROL| LATCH | CHECKIO | CONTROL s R F_;:f!‘:"
S1 S0 OEBn LEDBO OECB
Read & fla H L Input correct H X Input correct H H H
9 data word check bits
Latch input check Input Input
word while data L H | diagnostic H L check bits H Enabled
input latch remains latched
data wordt
transparent
Latch diagnostic Input Output latched L
data word into L H diagnostic H H check bits Enabled
output latch data wordt Hi-z H
. . Input Output
Lath dlagpostlc H H diagnostic H H syndrome L Enabled
data word into "
) data word bits
input latch
latched Hi-Z H
Output
Qutput diagnostic Output syndrome L
+ data word & H H diagnostic L H bits Enabled
syndrome bits data word Hi-Z H
Qutput corrected Output Output
diagnostic data corrected syndrome L
word & output H H diagnostic L L bits Enabled
syndrome bits data word Hi-z H

‘tDiagnostic data is a data word with an error in one bit location except when testing the MERR error flag. In this case, the diagnostic data word will contain errors in

two bit locations.

TABLE Vill. DP8404, DP8405 Diagnostic Function

CONTROL DB CONTROL DB CONTROL | ERROR FLAGS
EDAC FUNCTION s1 S0 DATAI/0 OEDB CHECK I/0 OECE ERR WERR
Input correct Input correct
Read & flag H L data word H check bits H H H
Latch input check
bits while data Input Input
. ’ L H diagnostic H check bits H Enabled
input latch remains
data wordt latched
- transparent
. Input .
Output input L H | diagnostic H Output input L Enabled
check bits data word* check bits
Latch diagnostic :;:p ut ostic SOL:::m bits L
datainto H Holg agn 5 H yndrome of Enabled
input latch ata wor Hi-Z H
latched
Output corrected Output corrected Output L
diagnostic H H diagnostic L syndrome bits Enabled
data word data word Hi-Z H

‘tDiagnostic data is a data word with an error in one bit location except when testing the MERR error flag. In this case, the diagnostic data word will contain errors in

two bit locations.
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DP8402A, DP8403 Logic Diagram (Positive Logic)

DECODER
SYNDROME
XY o GENERATOR
oo = | r =1
s 7, 21 7,
S0 —] 1 - - o—\
1 o_\
S| = 2 3 O ——— A
CHECK=BIT 7, O—\
2 GENERATOR 7
—
LATCHES N
: —\
] ,
CBO-CBE 4P Zed 10 - )
MUX
vi (7 X=0R)
4+ BUFFERS o oo 1 7, P
kY 7 <
, < ; — 61 ;
—1 % —t—t 0 [« ERROR
Fee ‘ DETECTOR
——C)
OECB EN LATOHES
ct
- 8 —1 N ERROR Jo—— ERR
DBO-DB7 <P s’ 10 32,
I | 7 R MULTI= —
DB8~DB15 4 - 10 LIS teren fo— WER
DB16-DB23 <P # 1D Y
DB24-DE31 4 3 10
y A A A
8 8}  surFeRs 32
— BIT =IN-
OEBO o EN R ERROR Y ERROR
— % 7t CORRECTOR DECODER
OEBI O LATCHES =1 L N
8 7,
_ 32 32 ’
0EB2 O 1D _I
8 2,
. 1 7 <
0EB3 =0 (32 X~0R)
B, o
LEDBO

DP8402A HAS TRI~STATE (/) CHECK~BIT AND DATA OUTPUTS.
DP8403 HAS OPEN=COLLECTOR (<>) CHECK=BIT AND DATA OUTPUTS.

TL/F/8535-4
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DP8404, DP8405 Logic Diagram (Positive Logic)

DECODER
SYNDROME
e L GENERATOR
-
ofo =
7 21 7
SO — 1 3 :
1 hh
s1—2 3 o——— 1
CHECK=BIT 7,
2 GENERATOR 7 O\
(See Table 2) —
LATCHES —
c1 N
7, -
CB0-CB6 < LIP ,
MUX
T4 (7 X-0R)
A BUFFERS 01 G0 1 lh 7. -
' 32 <
7 < ; —1 61 ,
—1* —1—< 0 F—e ERROR
DETECTOR
—O)
o = LATCHES (See Table 3)
c1 52, B
ou0-531 4>—2 — 1 — &N ERROR Jo—— ERR
7. MULTI= ___
[ ERROR [0 MERR
A 4
32 32,
BIT =IN-
Y ERROR
ERROR
CORRECTOR L DECODER
BUFFERS r / N
— ¢ ¢ < 32 "
OEDB d e o
et J
(32 X=0R)

DP8404 HAS TRI=STATE (/) CHECK=-BIT AND DATA OUTPUTS.
DP8405 HAS OPEN=COLLECTOR (<) CHECK=BIT AND DATA OUTPUTS.

TL/F/8535-5
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DP8402A/ DP8403/.DP8404/ DP8405

Absolute Maximum Ratings

Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliabllity electrical test specifications document.

Over Operating Free-Air Temperature Range (unless otherwise noted)

Supply Voltage, Vg (See Note 1) v Operating Free-Air Temperature: Military —55°C to +125°C
Input Voltage: CB and DB 5.5V Commercial 0°to +70°C
All Others v Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter Conditions Military Commercial Units
Min | Typ | Max | Min | Typ | Max
Vee Supply Voltage 45 | 5 65 45| 5 55 v
VIH High-Level input Voltage 2 2 \
ViL Low-Level Input Voitage 0.8 0.8 \
loH High-Level Output Current ERR Or MERR ~04 —04 mA
i DBOrCB DP8402A, DP8404 -1 —-26
loL Low-Leve! Output Current ERR Or MERR 4 8 mA
DB or CB 12 24
tw Pulse Duration LEDBO Low 25 25 ns
(1) Data And Check Word Before SO T 15 10
(81 =H) .
(2) SO High Before LEDBO T (S1 = H)t 45 : 45
(3) LEDBO High Before The Earlier 0 0
ofS0) orS1l+
tsu Setup Time (4) LEDBO High Before S171 (S0 = H) 0 0 ns
(5) Diagnostic Data Word Before S1 T 15 10
(S0 = H)
(6) Diagnostic Check Word Before 15 10
The LaterOfS1 ] orS0 T
(7) Diagnostic Data Word Before 25 20
LEDBO T (S1 = Land S0 = H)f
(8) Read-Mode, SO Low And S1 High 35 30
(9) Data And Check Word After 20 15
SOT (S1 =H)
t Hold Time (10) Data Word After S1 7T (SO = H) 20 15 ns
(11) Check Word After The Later 20 15
ofS14 orsS0t
(12) Diagnostic Data Word After 0 0
TEDBO T (S1 = LAnd SO = H)i
teorr Correction Time (see Figure 1)* 65 58 ns
Ta Operating Free-Air Temperature —55 125 0 70 °C

*This specification may be interpreted as the maximum delay to guarantee valid corrected data at the output and includes the g, setup delay.
1These times ensure that corrected data is saved in the output data latch.
$These times ensure that the diagnostic data word is saved in the output data latch.
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DP8402A, DP8404 Electrical Characteristics

Over Recommended Operating Free-Air Temperature Range (unless otherwise noted)

Military Commerclal
Symbol Parameter Test Conditions Units
Min Typt | Max Min Typt | Max
Vik Vee = 4.5V, | = —18mA -1.5 -1.5 \
All outputs Vec = 4.5Vto5.5V, lpy = — 04mA | Vegg—2 Vec—2
Vi Vee = 4.5V, Ipp = —1mA 2.4 3.3 \
OH DB or CB CcC OH
Vee = 4.5V, oy = —2.6 mA 24 3.2
Vecec = 4.5V, lgL = 4mA 0.25 0.4 0.25 0.4
ERR or MERR oo oL
Vece = 4.5V, lpL = 8 mA 0.35 0.5
Vo V 4.5V, 12mA 0.25 0.4 0.25 0.4 v
= 4.5V, =12m . . . .
DB or CB e oL
Ve = 4.5V, lp. = 24 mA 035 | 05
| S0 or S1 Ve = 5.5V, V| =7V 0.1 0.1 A
m
! All others Vcc = 5.5V, V| = 5.5V 0.1 0.1
I S0orSt \/ 5.5V,V| =27V 20 20 A
H All othersi cem R AT e 20 20 #
SO or S1 -0.4 —-0.4
e Vee = 6.5V, V| = 04V mA
All othersi —-041 —-0.1
10§ Voo = 5.5V, Vg = 2.25V -30 —-112| -30 —-112 | mA
Icc Vce = 5.5V, (See Note 1) 150 | 250 150 | 250 | mA
DP8403, DP8405 Electrical Characteristics
Over Recommended Operating Free-Air Temperature Range (unless otherwise noted)
Military Commercial
Symbol Parameter Test Conditions Units
Min Typt | Max Min Typt | Max
Vik Vec = 4.5V, = —18mA -1.5 -1.5 Vv
VoH ERRorMERR | Vcc = 4.5Vto5.5V,loy = —0.4mA | Vog—2 Voc—2 \
IoH DBorCB Veg = 4.5V, Vou = 5.5V 0.1 0.1 mA
. | Vec=45V,loL =4mA 0.25 0.4 0.25 0.4
ERR or MERR [—2 oL
Veg = 4.5V, loL = 8 mA 0.35 0.5
VoL V 4.5V, | 12mA 0.25 0.4 0.25 0.4 v
= 4.5V, =12m . . . .
DB or CB &L ok
Ve = 4.5V, loL = 24 mA 0.35 0.5
S0 or St Voo = 5.8V,V| = 7V
Iy mA
All others Voo = 5.5V, V) = 6.5V
| SOorSt V 5.5V,V| =27V A
H All otherst com =R AT e #
| SOor St Vi 5.5V, V| = 0.4V A
= 5.5V,V| = 0. m
L All otherst e :
lo§ ERR orMERR | Vgg = 5.5V, Vg = 2.25V -30 -112 -30 -112 mA
lcc Vce = 5.5V, (See Note 1) 150 150 mA

tAll typical values are at Voo = 5V, Tpo = +25°C.

FFor 1/0 ports (Qa through Qg), the parameters Iy and I include the off-state output current.

§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios.

Note 1: Icc is measured with SO and S1 at 4.5V and all CB and D8 pins grounded.

2-47

S0v8dd /vov8da /€0v8da /ve0v8dad




DP8402A/ DP8403/ DP8404/ DP8405

DP8402A Switching Characteristics
Vce = 4.5V to 5.5V, C = 50 pF, Ta = Min to Max (unless otherwise noted)

Symbol From To Test Conditions Military Commercial | \its
(Input) (Output) Min | Max | Min Max
toa DB and CB T S1 = H, S0 = L,R_ = 5000 10 43 10 40 ns
DB ERR S1 =L, S0 = H, R = 5000 10 43 10 40
toa DB and CB MERR | S1=H,S0=L,R_= 5000 15 67 15 55 ns
DB MERR | S1=L,S0 = H,R_ = 5000 15 67 15 55
tod sS04 andSt1] CB R1 = R2 = 5000 10 60 10 48 ns
tod DB cB | st=LSo=LRi=R2=5000 | 10 | 60 | 10 [ 48 ns
tod LEDBO l DB S1 = X, S0 = H,R1 = R2 = 5000 7 35 7 30 ns
tod s11 cB S0 = H,R1 = R2 = 5000 10 60 10 50 ns
ten OECB | CcB S0 = H,S1 = X,R1 = R2 = 5000 2 30 2 25 ns
tdis Oecs 1 CB S0 = H, §1 = X, R1 = R2 = 5000 2 30 2 25 ns
ten OEBO thru OEB3 | DB S0 = H, S1 = X, R1 = R2 = 5000 2 30 2 25 ns
tdis OEBO thru OEB3 T DB S0 = H, S1 = X,R1 = R2 = 5009 2 30 2 25 ns
DP8403 Switching Characteristics
Voo = 4.5V to 5.5V, C = 50 pF, Ta = Min to Max (unless otherwise noted)
Symbol From To Test Conditions Military Commercial Units
(Input) (Output) Min | Typt | Max | Min | TypT | Max
tod DB and CB ERR S1 =H, S0 = L, R, = 5000 26 26 ns
DB ERR S1 =L, 80 = H, R_ = 5000 26 26
toa 0B and CB — S1 =H, S0 = L,R_ = 5000 40 40 o
S1=1L,80 = H,R_ = 5000 40 40
tod S0l andS1 CB RL = 6800 40 40 ns
tod DB cB S1=1,80 = L,R_ = 6809 40 40 ns
tod LEDBOJ DB S1 = X, S0 = H, R_= 6800 26 26 ns
tod s11 cB S0 = H, R = 6800 40 40 ns
tPLH OECB T CB S1 =X, S0 = H, R_ = 6800 24 24 ns
tPHL OECB | CB S1 = X, 80 = H, R = 680Q 24 24 ns
teLH OEBO thru OEB3 T DB St = X, S0 = H, R_ = 68002 24 24 ns
tPHL OEBO thru OEB3 |, DB S1 =X, S0 = H, R_ = 68002 24 24 ns

TAIl typical values are at Vcc = 5V, Ta = +25°C.
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DP8404 Switching Characteristics, v = 4.5v 1055V, G = 50 pF, Ta = Min to Max

Symbol From To Test Conditions Military Commerctal Units
(Input) (Output) Min | Typt | Max | Min | Typt | Max
tog DB and CB gmR  |.S1=H.80 =L R =5000 26 26 ns
§1 =L,S0 = H,R_ = 5000 26 26
tog DB and CB VERR |S1=H.S0 =L.R. = 5000 40 40 ns
$1=1,50 = H,R, = 5000 40 40

tod S0l andsi CB | R1 = R2 = 5000 35 35 ns

tod DB CB S1=1L,S0 = L,R1 = R2 = 5000 35 35 ns

tod s17 cB S0 = H, R1 = R2 = 5000 35 35 ns

ten OECB | cB S1 = X, S0 = H,R1 = R2 = 5000 18 18 ns

tais OECB T cB S1 = X, S0 = H,R1 = R2 = 5000 18 18 ns

ten OECB | DB S1 =X, S0 = H,R1 = R2 = 5000 18 18 ns

tais OECB T DB S1 = X, 80 = H,R1 = R2 = 5000 18 18 ns
DP8405 Switching Characteristics, vcc = 4.5vt06.5v,C = 50 pF, To = Min to Max

Symbol From To Test Conditions Military Commerclal Units
(Input) (Output) Min | Typt | Max | Min | Typt | Max

tod DB and CB ERR S1 = H, S0 =L, R = 5000 26 26 ns
DB ERR S1=1L,80 = H, R, = 5000 26 26

tog DB and CB VERR |.S1=H.S0=L R_=5000 40 40 ns
S1 =L, S0 = H, R_ = 500Q 40 40

tod S0J) andS1l CB RL = 6800 40 40 ns

tod DB cB S1=1L,50 = L,R_ = 6800 40 40 ns

tod s17 5]:] S0 = H, R. = 6800 40 40 ns

tpLH OECB T CcB S1 = X, 80 = H,R_ = 5000 24 24 ns

tPHL OECE | cB S1 = X, S0 = H, R = 6800 24 24 ns

tpLH OEDB 1 DB S1 = X, S0 = H, R, = 6800 24 24 ns

tpHL OEDB | DB S1 = X, S0 = H, R = 6800 24 24 ns

TAll typical values are at Voc = 5V, Tp = +25°C.
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Switching Waveforms
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Switching Waveforms (Continued)
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Expanding the
Versatility of the DP8400

BASIC OPERATION OF THE DP8400

Introducing error correction capabilities to a memory incurs
some penalties-extra memory, additional access times, and
extra control circuitry. The DP8400 has been designed to
minimize the last two, and for some data word widths, less
extra memory is required than for other error correction cir-
cuits.

In systems using error correction, extra memory is needed
for check bits, which are merely parity bits, each derived
from different combinations of the data bits. If a single error
does occur, the error correction circuit can determine which
bit is in error and then complement that bit, to re-create the
original data word. As the memory data word widens, the
ratio of check bits to memory data bits is reduced. As a
rough guide, starting with four data bits and four check bits,
one additional check bit is required each time the data word
doubles.

A circuit diagram of how the DP8400 generates the check
bits in a write cycle and corrects errors in a read cycle is
shown in Figure 1a, which uses four data bits and four
check bits. A 4-bit example is shown in Figure 1b. In a write
cycle, the data input latch, DIL, receives the system data
and generates four parity bits or check bits, which pass
through the check bit output latch, COL, and buffer, to be
written to the selected memory location with the system
data. This delays every write cycle, but fortunately the
DP8400 takes only 30 ns extra to generate the (six) check
bits. When this location is subsequently read, the four mem-
ory data bits pass through DIL to generate four new check

National Semiconductor
Application Note 306
Mike Evans

bits. The four memory check bits pass through the check bit
input latch, CIL, and are fed into four Exclusive-OR gates
with the four generated check bits. The outputs of these
gates are called syndrome bits, and obviously, if there are
no errors, the two sets of check bits will be the same and no
syndrome bits will go high. If there is an error in the check
bits, only the corresponding syndrome bit will go high; in this
case the data bits are still correct. If one of the data bits is in
error, three syndrome bits will go high (in the case of
DP8400, three or five will go high), and the syndrome word
is unique for any of the bits in error. The four AND-gates
decode which bit is in error and complement it out of the
second set of Exclusive-OR gates. The other three output
bits remain the same as the input bits, so the corrected
word is now available to the system.

DATA GENERATED CB MEMORY C8
3210 3210 3210

[o1at]>{or101]—{0101]

NO ERROR

GENERATE C8s.
WRITE T0 MEMORY

ERROR IN
Dty DATABIT2

READ FROM [o001] [111o|\/|0101'
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OE 4~ SINGLE ERROR
ot
DlsDE [01a1] comnecren oara

TL/F/5032-1
FIGURE 1b. Example of Single Error Correction
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FIGURE 1a. Error Correction 4-Bit Functional Diagram
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In the case of the DP8400 with 16 data bits and 6 check
bits, there are 16 AND-gates to decode the 6 syndrome bits
to determine the data bit in error. Table | shows the DP8400
matrix, called a Nelson Code, which has some unique fea-
tures concerned with double soft error correction. For the
purposes of this description, the matrix may be considered
to be a form of Modified Hamming Code. The matrix has two
functions: horizontally it tells us the value of the generated
check bits for any data word when writing to memory, and
vertically it tells us the syndrome word for any data bit in
error. In a write cycle to memory, a ‘1’ in any row indicates
that the data bit in that column helps generate the parity bit
in that row. For example, check bit 1 checks the parity of
data bits 3, 6, 8, 9, 11, 13, 14 and 15, and generates even
parity for those data bits. In a read cycle from memory, three
or five of the six syndrome bits will go high for a single data
bit error, and the columns represent the syndrome word, so
the data bit in error is the number at the top of the column
for that syndrome word. The 16 AND-gates each decode
one of the 16 syndrome words shown in the columns of
Table |, to locate the error. If there is a data bit error, one of
the outputs of the 16 AND-gates will go high, to complement
the data bit in error.

If two errors have occurred, the syndrome word is simply the
Exclusive-OR of the syndrome words of the two individual
bits in error, whether data or check bits, and is always even
parity. First, if two check bits are in error, the corresponding
two syndrome bits will go high. Second, for one data bit and
one check bit error, then either two, four or six syndrome
bits will go high. Finally, if two data bits are in error, again
two, four or six syndrome bits go high. Thus a parity on the
syndromes will indicate any two errors. This is important
because if we know there are two errors, the DP8400 can
attempt to correct them. The third error flag, E1, is the parity
of the syndrome bus and check bit error. The DP8400 pro-
vides three error flags AE (Any error), EO and E1, as shown
in Table [, so that the exact nature of the error can be
determined.

CONFIGURATION AND CONTROL OF THE DP8400

The DP8400 has a 16-bit data I/0O port and an 8-bit check
bit 170 port (6 bits used with 16 data bits) for applications
with memories used with 16-bit microprocessors. The 16-bit
data 1/0 port sits on the memory data bus, and the 6 check
bit 1/0 port connects directly to the check bit section of
memory. In other words, each memory location now con-
tains 16 data bits with 6 check bits. The DP8400 is expand-
able to beyond 80 data bits, each additional 16 data bits
requiring an additional DP8400 without the need for extra
logic circuitry. 32-bit wide memory busses are also a popular
width for minicomputers. In addition, 16-bit microprocessor
systems may use 32-bit memory, because this larger memo-
ry data width requires only 7 check bits, a lower percentage
overhead of check bits to data bits.

Figures 2a and 2b show a simplified block diagram of the
DP8400 with its control signals. The numerous control sig-
nals provide ease of use in the many varied applications of
this chip. There are three latch enable signals DLE, CSLE
and OLE. Whenever DLE is high, data on the data I1/0 port
D0-15 is entered into the data input latch DIL, and is
latched in as DLE goes low. This allows either processor or
memory data to be present on the data bus for only 3 ns
prior to, and held over for 10 ns after DLE goes low. The
data can then be removed if desired. Similarly, CSLE, when
high, allows check bits on the check bit I/0 port and exter-
nal data on the syndrome 1/0 port to enter the check bit and

syndrome input latches (CIL and SIL), respectively. These
are latched in as CSLE goes low. (In 16-bit operation, OES,
Output Enable Syndromes, will be set low permanently, in-
hibiting CSLE to SIL, which remains in the power-up reset
condition so that it does not affect the simplified block dia-
gram.) OLE, when set low, allows internal information into
the data and check bit output latches (and the syndrome
output latch, not shown). As OLE goes high, this information
becomes latched. For some less complex designs, DLE,
CSLE and OLE may be linked together. Providing OLE was
low to allow corrected data into DOL, then OBO and OBT,
when set low, enable the two data output buffers to present
corrected data to the system. Data is enabled or disabled
within 15 ns of these inputs going low or high, respectively.
The DP8400 has three mode pins, M2, M1 and MO, which
offer eight major modes of operation, designated 0 to 7. The
most important two are Normal Write and Normal Read, and
for these M1 and MO are set low. M2 is READ/WRITE so
Normal Write is mode 0 and Normal Read is mode 4. Other
modes are used for the Double Complement Correct ap-
proach (Modes 1, 3 and 5) and for diagnostics (Modes 2
and 6). Mode 7 used when expanded to more than 16 data
bits and fast correction times are required.

NORMAL OPERATION WITH A 16 DATA BIT MEMORY

The basic requirements for normal operation of the DP8400
are that it generates check bits, detect errors and correct
them with minimum delays, and that it be easy to use. In
normal operation M1 and MO are set low. Figure 2a shows
how the DP8400 generates check bits when writing data to
memory. DLE may be kept high, OLE low, CSLE low, and
M2 low so that the DP8400 is in Mode 0. System data is
presented to the data /0 port on pins D0-15, and enters
DIL, where it connects to the check bit generator CG. The
six generated check bits pass through COL and are enabled
(with M2 low) onto the check bit 170 port. The six generated
check bits will appear 30 ns after the 16 data bits are pre-
sented to the data 170 port. A write to memory will now
store the 16 data bits and 6 corresponding check bits in the
selected location of memory. The write cycle is therefore
slowed down by 30 ns, which in most memory systems is
not significant.

Figure 2b shows the paths when reading from memory, with
DLE set high to enter the memory data bits into DIL, and
CSLE also set high to enter memory check bits into CIL. M2
is set high so that the DP8400 is in Mode 4. The Any Error
flag, AE, becomes valid 35 ns after memory data and check
bits are valid. Error flags E1 and EO become valid approxi-
mately 15 ns later. Thus, if AE is low, no further operations
are necessary. For fast 16-bit microprocessor systems, it
may be necessary to introduce a wait state every read cycle
to first determine if an error exists. If no error is detected the
wait state is removed and the read cycle continues.

If an error is detected, then the error flags E1 and EO must
be examined to determine the required action. If the error is
a single data bit error, DOL will by now contain corrected
data. If there is no check bit error, then COL, which follows
CIL when in Mode 4, now contains the original check bits.
By taking OLE high, corrected data bits are latched in DOL,
and correct check bits in COL. The memory is now disabled,
so that OBO and OB can be set low to enable corrected
data onto the data bus, and M2 set low to enable the con-
tents of COL onto the check bit bus. A write to the same
location of memory will therefore remove the data bit error if
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it was a soft error. The microprocessor can read the correct-
ed data once the wait signal is removed.

If the error is a single check bit error, DLE should be set low.
DOL contains the contents of DIL, still correct data. Memory
can now be disabled so that OB0 and OB1, when set low,
output correct data, and M2 when set low, allows the gener-
ated check bits from DIL to be output on the check bit 170
port. A write to the same location of memory will remove the
check bit error if it was a soft error. The microprocessor now
reads this correct data when the wait signal is removed. If a
double bit error is detected, then other approaches may be
taken, as described in the data sheet and later in this appli-
cation note.

The primary features of the DP8400 are discussed in the
data sheet; there are, however, a number of other features
that become very useful once a designer becomes ac-
quainted with error correcting techniques.

These include: expansion beyond 16 data bits, diagnostic
routines, error logging (allowing some double error correc-
tion), and a novel approach offering fast correction of any
double error. This application note discusses how the
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DP8400 has been designed to function in all of these appli-
cations, making it the most versatile and comprehensive er-
ror correction chip available.

ERROR CHECKING AND CORRECTING FOR WIDER-
THAN-16-BITS DATA WIDTHS

At present, most 16-bit microprocessor systems use a 16-bit
wide main memory, partly for simplicity, and also because
main memories, in general, have not become large enough
in size to justify otherwise. The data sheet shows how to
accomplish this with one DP8400, utilizing the matrix of Ta-
ble I. It is fairly easy to use a memory of twice the micro-
processor data width to reduce total chip count when incor-
porating error correction capability. One example would be
a complex 8-bit microprocessor using large main memory. If
the memory data width is kept at eight bits, then five check
bits are required for error correction for each byte of data. If
four banks of memory are required, each bank comprising
13 chips, then 52 total memory chips are required and only
62% of the memory is used for system data. If the memory
data width is increased to 16 bits for the same microproces-
sor-based system, then six check bits are required.
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The memory now comprises two banks each of 22 chips,
totaling 44 memory chips—a savings of eight memory chips.
This saving is offset somewhat by the need to incorporate
byte-writing capability, which does require extra compo-
nents and slows down the memory write cycle. One DP8400
is still needed, using all 16 bits, and two bidirectional buffers
are also required.

As a second example, using a 16-bit microprocessor with a
memory of eight banks, each comprising 16 bits of data and
six check bits, the total is 8 X 22 or 176 memory chips.
Once the memory is widened to 32 data bits with seven
check bits, only four banks are required, and the total num-
ber of memory chips reducses to 4 X 39, or 156—a savings
of 20 memory chips. This is offset a little by the fact that an
extra DP8400 is required, and slightly slower memory write
and read cycles are necessary. In some cases, therefore,
widening the memory data bus becomes more practical for
large memories.

Saving memory chips is just one reason why there is a need
to be able to expand the DP8400 beyond 16 data bits. Most
minicomputers now use 32-bit wide data busses, and soon
there will be some 32-bit microprocessors. Other systems
use 24 bits, 48 bits, 52 bits, 64 bits or a variety of other data
widths. The DP8400 has been configured to be expandable
to any data width, even beyond 80 bits, merely by inserting
an additional DP8400 for each 16-bit increment in memory
data.

A section of the chip shown in the data sheet Block Diagram
comprises the syndrome input and output latches, SIL and-
SOL, and a dedicated syndrome 1/0 port. This port has a
number of uses not normally needed in simple 16-bit single
error correction applications.

One use of this syndrome port is for data widths wider than
16 bits. Only one DP8400 is required with 16 data bits or
less, but if a system uses more than 16 memory data bits,
additional DPB400s are required. For example, two
DP8400s, one with its 16-bit data port connected to the low-
er word, and the other to the higher word, can be configured
to generate check bits, and detect and correct errors for a
32-bit memory as shown in Figure 3. For writing to memory,
both chips will still generate six check bits from the two
words of 16 bits. But with more than 26 total data bits, sev-
en check bits are required. Therefore, it is necessary to
combine the two sets of check bits to produce seven com-
posite check bits to be written to memory as shown in the
flow path depicted in Figure 4a. This is achieved by output-
ting the six generated check bits from the lower word
DP8400 (designated L), and inputting them to H, the higher
word DP8400. The syndrome port of H is available to re-
ceive these check bits from L, to be loaded into SIL of H,
provided CSLE is high. The six outputs from SIL combine
with the six check bits generated in H to create seven com-
posite check bits, and this 7-bit combination is output on the
check bit port to the memory check bits. Table Il shows one
of twelve possible ways to combine the two sets of check
bits. Note that the lower word matrix for bits 0 and 15 is
identical to Table | with the addition of all “0"'s for the sev-
enth check bit. The higher word matrix for bits 16 to 31 uses
the same rows but in a different order, implying that the
check bits from L must be cross-connected to H. For exam-
ple, memory check bit 5 is generated from check bit 1 of L
and check bit 5 of H. Both chips are therefore set to normal
write mode when generating check bits.

CORRECTED DATA
DIL oc P
CG
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SIL EDED
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A H
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L v
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i © ®
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b SOL oS08
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FIGURE 4a. E2C2 32-Bit Configuration, Error-Correct Flow Path
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When reading from memory, the two chips first need to de-
tect for an error. Figure 4b shows the flow path through the
chips. L is set to normal write mode and H to normal read
mode. Memory data is supplied to both chips so that L gen-
erates six check bits from the lower word data bits, and
feeds them to SIL of H, the same as for writing. H also
generates its own check bits which combine with those from
L, and these seven composite check bits are compared with
the seven memory check bits fed into CIL of H. This combin-
ing, plus comparison of check bits, is equivalent to seven 3-
input Exclusive-OR gates. The output of these Exclusive-OR
gates are the seven syndrome bits, and these can be de-
coded to determine the type of error. First, if there is no
error, error flag AE of H will remain inactive because memo-
ry data is correct, provided OLE is kept low, and DOL of
both L and H will contain correct data. Second, if there is a
memory check bit error, only one of the seven syndromes
will go high and the three error flags of H will indicate a
check bit error as in Table Ill. Note that memory data is still
correct, and with OLE low, DOL of both L and H contain
correct data. Third, if there is a single data error in bits 16-
31, the syndromes of H are such that the data error locator
will locate the error and correct it, so again DOL of both L
and H contain correct data. This is because the seventh
syndrome bit is low for an error in the higher word, so that
we have a six syndrome bit word as in Table |, to be decod-
ed as normal to correct the error. In each of these three
cases, DOL of both L and H contained correct data, and the
common condition for these is either that AE(H) is “‘0”, or
E1(H) is *“1".

The fourth case is more complex. In the previous three
cases, correct data has been available in both DOL about
50 ns after memory data became valid. Now with a single

data error in bits 0-15, AE(H) is a “1”, E1(H) a “1”, and
EO(H) a “0”, but L does not have sufficient information to
locate the error. It is first necessary to feed back the partial-
ly generated syndromes of H back to L, and this is achieved
by reversing the direction of the common bus. First L is
placed in normal read mode so that L's generated check
bits become disabled. Next, the partial syndromes in H are
enabled onto the bus by setting OES of H low, so that its
syndrome /0 port outputs the combined Exclusive-OR of
CG(H) and CIL(H), which is transferred to CIL of L. These
partial syndromes then combine with CG(L) to generate val-
id syndrome bits in L, demonstrated by the flow path of
Figure 4c. If there is, in fact, a data bit error in bits 0-15, the
seventh syndrome bit will go low, allowing the remaining six
bits to be decoded to locate the error as per the columns of
Table |l. This switching around of the common bus, there-
fore, takes more time to correct the error in L, equivalent to
a total time of approximately 100 ns. The fifth kind of error is
identified as a double error. In this case, the error flags indi-
cate the double error and the system can take the neces-
sary action.

A logical approach when using two DP8400s would be to
first see if there is any need to reverse the common bus by
monitoring AE(H), and when it is low, to output directly from
DOL of both chips by setting OBO and OB1 of each low. The
System Data Valid flag should be set active at this time. If
the AE(H) output is high and the error flags do not indicate a
double error, then the common bus should be switched
around and the System Data Valid signal set true. If the
error is a double error, the user may utilize a number of
alternatives, including the Double Complement Correct
method.
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FIGURE 4b. E2C2 32-Bit Configuration, Detect Flow Path
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TABLE I. Data In to Check Bit Generate, or Data Bit Error
to Syndrome-Generate Matrix (16-Bit Configuration)

90E-NV

11 1 1 1 1
0 1 2 3 45 6 7 8 9 0 1 2 3 4 5 DQo-15
GENERATE CHECK BITS
0 oot 1t 1t 11t 1 0 1t 1 1 01 1 1 0
1 o o ot oo 101 1 01 0 1 1 1 1
GENERATED 2 i1 0 011 0 0 0 1 0 1 0 1 1 1 1 2* GENERATED
SYNDROMES 3 o111 00 o001 1 1 1 0 t 0 1 1 3* CHECKBITS
4 110001 011 0 0 1 01 0 1 4
5 1110111 0 1t 0 0 0 1 1 1 0 5
4 8 9 7 5 1 3 9 E B D 3 C 7 F F o0
3 3 2 0 2 3 21 3 0 0 1 2 383 2 1 1
HEXADECIMAL EQUIVALENT
OF SYNDROME BITS
*C2, C3 generats odd parity.
TABLE Il. Data Bit Error to Syndrome-Generate Matrix .
(32-Bit Configuration)
L H .
111111 1111222222222233 DQO-31
0123456789012345 6789012345678901
0 0011111101 110111 000100101101 1011 1 |
1 ooo10010110101 11 1110111010001 110 5 '
*2 1001100010101 111 0000000000000000 6
. GENERATED
SYNDROMES *3 0110000111101 0 11 0110000111101011 3 CHECK BITS ‘
4 1100010110010 1 1100010110010101 4
5 11101 1010001 10 1001100010101 11 2 i
6 000000000O00O0O0OOO V] 0111111011101 11 0

48975139EBD3C7FF 2 A
33202321
*CG2, CG3 generats odd parity. '
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TABLE IIl. Error Flags After Normal Read
(32-Bit Configuration)

AE(H) E1(H) EO(H) EO(L)* Error Type
0 0 0 0 No Error
1 1 0 0 Single check bit error
1 1 1 0 Single data bit error (H)
1 1 0 1 Single data bit error (L)
1 0 0 0 Double bit error
All Others Invalid conditions

*EO (L) is valid after transfer of partial syndromes from higher to lower.

This approach to wider data width error detection and cor-
rection is termed the cascade configuration, and it requires
only the one additional DP8400. The cascade approach can
be used with up to five DP8400s controlling 80 data bits.
The advantage is that only one additional DP8400 is re-
quired per 16 data bits, although write and read times be-
come progressively slower as the number of DP8400s is
increased. This is because of the time taken for the generat-
ed check bits to ripple through from the lowest to highest
chips when writing and detecting, and then ripple back the
other way for correcting.

In many memory systems, speed is of utmost importance
and for faster systems, it is possible to connect the
DP8400s in a parallel configuration using additional ICs. Ap-
plication Note AN-308 describes this approach in detail.

The user may, therefore, select one of these approaches (or
a combination of both) for systems using memory data
widths of more than 16 bits.

DIAGNOSTIC CAPABILITIES OF THE DP8400

The DP8400 has been designed with system fault diagnois
in mind. in fact, it is possible under microprocessor control
with the DP8400 in site on the memory board to fully test
every gate inside the DP8400 activated in normal operation,
and also to diagnose all memory check bits. The DP8400
has two main diagnostic modes—-modes 2 and 6. In other
words, with M1 set high and MO set low, information can be
written to or read from the chip.

Mode 6 allows the memory check bits to be read onto the
higher byte bits 8-14, and syndromes to be read on the
lower byte bits 0-6, as shown in Figure 5a. The remaining
two bits, 7 and 15, are the error flags E1 and EO that were
valid when mode 6 was entered. The syndrome bits will be
the internally generated syndromes if OES is low (mode 6A),
or external syndromes input on the syndrome 170 port if
OES is high (mode 6B). The external syndromes could be
obtained from an error logger/syndrome injector unit—this
is an error logger with the capability of injecting syndromes
back to the DP8400. Therefore, by being able to read the
externally stored syndromes, the microprocessor can moni-
tor or store the syndromes whenever needed.

Mode 2 transfers system data from the higher byte into CIL,
instead of DIL, to simulate check bits. This can be used in
three ways. First, as shown in Figure 5b, the simulated
check bits can be latched in CIL by taking CSLE low. If the
DP8400 is now set to normal read, mode 4, and new data is
presented then, provided DLE is high and CSLE is kept low,

the DP8400 will perform a normal read operation as if it
were reading memory check bits. The results of this simulat-
ed read may be checked by enabling DOL to ses if an error
(if inserted) was corrected. Or as a further check, by enter-
ing mode 6, the predicted generated syndromes and error
flags may be checked. Second, also while in mode 2, the
simulated check bits appear at the check bit port (from the
data bus higher byte) available to be written to the check bit
portion of memory as shown in Figure 4c. OLE is set high
before the original simulated check bits are removed and
then memory data is subsequently placed on the data bus.
A write to memory will now write known data and simulated
check bits to the selected location. By writing known data to
the memory check bits in mode 2, and then reading the
memory check bits in mode 6, each check bit in each loca-
tion can be validated. Third, it is possible in mode 2 with
OES low to transfer data from the higher byte to the syn-
drome /0 port, also shown in Figure 5¢c. But first the gener-
ated check bits must be all low. This is attained by previous-
ly loading all *“1"s into DIL in an earlier cycle. This is useful
when using an error logger in conjunction with the DP8400
to feed the syndrome word into the logger whenever an
error occurs.

ERROR LOGGING WITH SYNDROME INJECTION
CAPABILITY

An important application of the dedicated syndrome /0
port is for error logging. This is because the internally gener-
ated syndromes derived during reading are available on this
port, provided OES is set low. These syndromes indicate
the exact location of a single error, whether it is in the data
bits or check bits; they are therefore useful to be stored for
error logging. Every time an error occurs when indicated by
error flag AE, the syndromes corresponding to this error can
be logged.

The syndrome word can be fed from SOL via the Syndrome
Output Buffer onto the external syndrome bus. An Error
Logger connected to this bus, as shown in Figure 6, will
store the syndrome word in the same location as the corre-
sponding address of each error that ocurs. An intelligent
error logger will differentiate between new errors and ones
that have occurred previously, by logging only new errors
and ignoring ones that have already occurred. An easy way
to determine this would be to compare the incoming memo-
ry address with the address of errors contained in the log-
ger. If a match is not found and an error occurs, the new
address and corresponding syndromes are logged. If a
match is found, then whether an error occurs or not,
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no further action is necessary. Tag bits may be provided to
indicate whether the error is hard or soft.

For example, if an error has already been logged at a partic-
ular address and that address is re-written to, then if the
error repeats subsequently, it is a hard error, and if not, it is
a soft error. So, if a tag bit is set when a write occurs to a
previously logged address and a subsequent error is detect-
ed at that address, a second tag bit is set indicating a hard
error. A better approach would be to have the DP8400 cor-
rect and rewrite to the same location all in the same cycle,
as soon as a single error is detected. The first error detect-
ed in a location is classified as a soft error until it recurs, and
if an error does recur, a tag bit is set to indicate a hard error.
It is assumed here that multiple soft errors will not occur in
the same location.

Now that the error logger contains error information, it is
necessary for the microprocessor to retrieve it. The DP8400
makes this easy, because the external syndrome bus data
can be transferred to the data bus as described for opera-
tion in mode 6. If the error logger is made capable of output-
ting stored syndromes, and subsequently outputting the cor-
responding address one byte at a time, then all the relevant
information can be retrieved by the microprocessor. The
user may choose to store this in nonvolatile memory in the
event of a power failure. When power returns, it will be de-
sirable to restore this information back to the error logger,
and this can be achieved by first loading DIL with all “1"'s to
create all generated check bits low. Now the addresses and
syndromes can be loaded from the higher byte of the micro-
processor through the syndrome I/O port one byte at a
time, with DP8400 in mode 2, to the error logger.

SYSTEM 0-7
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FIGURE 5a. Read Internal Generated Syndromes and Check Bit Port (Mode 6A)
or Read Syndrome Port and Check Bit Port (Mode 6B)
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FIGURE 6. Error Logger Connected to DP8400 Syndrome Port

CORRECTING DOUBLE ERRORS USING
THE ERROR LOGGER

It is possible to take the error logging function one stage
further. As described so far, the error logger has been stor-
ing single errors (data bit or check bit). What if a double
error is detected? If it is detected without any previous histo-
ry at that address, one solution would be to perform a Dou-
ble Complement to attempt to correct both errors. If this is
not done, no useful information can be obtained. If both
errors are corrected, the error logger records the syn-
dromes of both, and tags whether they were both hard, or
one hard and one soft. But, if there is a previous history at
this address of a single error, then it is fair to assume that
the second error has subsequently occurred. In this case, if
the error logger could be made to inject the syndromes of
the first error into the DP8400, the DP8400 would correct
this error so that its DOL would then contain data with one
error (if both errors are data bit errors). It is necessary at this
point to wrap-around DOL back to DIL and allow the
DP8400 to correct the second error. This approach is much
faster than the Double Complement approach and at the
same time offers full error logging capability.

ANY DOUBLE ERROR CORRECTION USING THE
DOUBLE SYNDROME DECODE APPROACH

The data sheet shows how the DP8400 can perform double
error correction using the Double Complement. Approach,
provided at least one of the errors was hard. For very large
memories, this may not be adequate, as some systems will
require total double error correction capability—quickly, with-
out having to wait two additional memory cycles. Some of
these systems will also require triple error detect capability.
Fortunately, the matrix of the DP8400 has been configured
to allow both of these capabilities. Most modern error detec-
tion/correction matrices use a modified version of Ham-
ming’s original code. The Hamming code allows single er-
rors to be corrected, however, two errors may not be detect-
ed as such. For 16 data bits, five check bits are required.
Modified Hamming codes allow double error detect capabili-
ty, as well, by arranging that the Exclusive-OR of the syn-
drome words of any two bits in error produces an even pari-
ty syndrome word. A parity check on the syndrome bus will,
therefore, indicate two errors (or no error, but in this case,
the Any Error flag will be inactive). For 16 data bits, six
check bits are required for single/double error detect and
single error correction capabilities.
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The DP8400 has a matrix that goes one step further by
using a version of the Nelson code. This costs no additional
on-chip gates to those required for a Modified Hamming
code. To be able to correct any two errors, it is necessary to
be able to determine their location, and no present version
of the Modified Hamming code is able to do this. There are
matrices that do exist that can generate 12 check bits from
16 data bits (or 14 check bits from 32 data bits) for writing,
and then generate 12 (or 14) syndrome bits when reading,
so that the location of both errors can be determined and
corrected. But, because most applications do not require
this degree of integrity and associated expense, they are
not very popular. It would be ideal if two DP8400s could be
configured as in Figure 7a, with each generating a different
set of check bits and a different set of syndrome bits so that
the double syndrome word could be unique and decodable
for any two bits in error. Fortunately, National Semiconduc-
tor has achieved this by incorporating a feature called the
Rotational Syndrome Word Generator, which uses rotated
data to the secondary DP8400.

The primary DP8400 generates check bits when writing, and
syndrome bits when reading, as in a normal 16-bit system.
But the data port of the secondary DP8400 receives data
shifted by a number of bits, usually one bit. In other words,
for this secondary chip, system data bit 0 connects to DQ1,
system data bit 1 to DQ2, etc. Each DP8400 has its own
dedicated six memory check bits, which are obviously differ-
ent from each other due to the data shifting on the second-
ary DP8400. The Nelson cods is such that during a read, not
only does each DP8400 generate a different set of syn-
drome bits, but the double syndrome word (comprising 12
bits for 16 data bits) is unique for any two bits in error. It is
necessary to be able to output these syndromes as they
occur and to do this, OES of both chips is set low during the
time memory data is valid.

Now that we have a unique double syndrome word for any
two bits in error, it is necessary to decode it to correct both
errors. The easiest way to do this is to connect the double
syndrome word to the address inputs of a registered PROM
(a PROM with latchable data out) as shown in Figure 7b. In
this example, 12 syndrome bits require 4k addressing capa-
bility, and 32k registered PROMs will be made available
soon. Some of the addresses of the RPROM will be used for
double errors and each address will be unigue for any two
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bits in error. The corresponding data out could, therefore,
contain one of the syndrome words. Double errors may be
caused by two data bit errors, a data bit and primary check
bit error, a data bit and secondary check bit error, a primary
and secondary check bit error, or two errors in either pri-
mary or secondary check bits. In these cases, if the RPROM
address stores the syndrome word for one of the two errors,
this will be available at the output of the RPROM when en-
abled.

First of all, this data must be latched in the RPROM register,
and then the OES input to each DP8400 must be set high to
deactivate the two syndrome output buffers. Next, the
RPROM data must be enabled onto the primary syndrome
bus so the primary DP8400 can enter this syndrome word,
representing one of the two bits in error with CSLE high. At
the same time, the primary DP8400 must be set to mode 7
so that the syndrome word appears on the internal syn-
drome bus, replacing the generated syndromes. If OLE is
now set from low to high, DOL will contain either one or no
error, depending on where the two errors were located. In
other words, the DP8400 has just corrected one of the er-
rors. By setting OLE low, then disabling memory and en-
abling OBO and OBT of the primary DP8400, this data is
output on the data bus and back into the DIL with DLE high.
There is now only one data error, and this can be corrected
by setting the DP8400 to normal read, mode 4.

Thus, both errors have been corrected at a fairly fast rate.
For example, for a 50 ns RPROM, the total time to generate
double syndromes, feed back a one-error syndrome word to
the primary DP8400, correct it, wraparound, and correct
again, may take less than 120 ns total.

Only a few of the addresses in the RPROM are required for
double errors. Some double syndrome words represent sin-
gle errors and triple errors. All single bit errors also produce
a unique double syndrome word different from all double bit
errors.
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In fact, nearly all triple bit errors produce unique double syn-
drome words different from single and double bit errors.
Those that do not produce unique double syndrome words,
duplicate syndrome words of other single, double, and triple
bit errors; however, these comprise only about 5 percent of
the total. We can say, therefore, that this approach will cor-
rect not only all double bit errors, but will detect 95 percent
of all triple bit errors. Note that with error correction systems
utilizing the modified Hamming code, the majority of triple bit
errors are interpreted as single bit errors and falsely correct-
ed as such. It is up to the designer to determine the
chances of three errors occurring in a memory location, and
the (likely) consequences that they will be faisely corrected.
If this condition is undesirable, then the Double Syndrome
Decode Method offers greatly enhanced integrity; in fact, if
the three errors detected do have a unique double syn-
drome word, they can be corrected. As stated, no presently
used Modified Hamming code offers a unique double syn-
drome word for multiple errors; this is only possible with a
Nelson code. This example was largely for 16 data bits, but
the idea will work for other data widths.

In the 16-bit example, the RPROM has to output only six bits
representing the syndrome bits of a bit in error. This leaves
two spare bits which can be used as flags, and the user can
program his RPROM accordingly. One solution is to use
these flags to indicate the type of action required—whether
to correct at all, correct once, or correct twice by wrapping
around.

BLOCK DIAGRAM OF THE DP8400

This Application Note discusses first the single error correc-
tion, showing a simplified block diagram of the chip for both
a write cycle to generate check bits, and a read cycle to
detect errors and correct single bit errors.

The most important requirement when accessing memory is
that these operations be performed with minimal memory
delays. The DP8400, therefore, has been structured inter-
nally to minimize series propagation delays through the
chip. A full block diagram of the DP8400 is shown, and first
impressions are that there might be excessive delays in the
various paths due to the additional blocks that have been
added to the basic functional block diagram. In fact, this is
not the case, because the DP8400 has been configured in
bipolar Schottky logic and uses the AND-OR-INVERT gate
in many of the blocks. This type of gate structure is used in
multiplexers, Exclusive-OR gates and fall-through latches. It
is possible, therefore, to combine these functions into one
wide gate, reducing the propagation delays through some of
these blocks to that of one gate. For example, the check bit
output latch COL receives its input from an Exclusive-OR
gate followed by a multiplexer. These three functions can be
combined into one wide gate, and this greatly reduces the
time taken to generate check bits.

THE DP8400—A VERSATILE ERROR CHECKER/
CORRECTOR FOR ALL APPLICATIONS

It was shown earlier how the DP8400 was able to detect
single and double errors, and correct single errors. For 8-
and 16-bit systems, these could easily be accomplished
with a minimum of extra circuitry. The DP8400 can also be
used in complex high integrity systems. In fact, investiga-
tions are still progressing as to its immense capabilities. It is
the only error correction circuit capable of these features,
and yet it still provides very fast throughput. For these rea-
sons, the DP8400 should become the industry standard er-
ror correction chip for the foreseeable future.
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H H National Semiconductor =
DP84OOS in 64 Blt Application Note 308 S
Expansion Chuck Pham ®
The purpose of this Application Note is to provide memory TABLE I. Data Bit Error to Syndrome-Generate
designers with detailed information on the DP8400 parallel Matrix, 64-Bit Configuration
expansion method. This method allows fast check bit gener-  The partial code of device 0:
ation, error detection, and error correction. A thorough un- Error Locations (Data Bit Numbers)

derstanding of the 16-bit implementation is a prerequisite.

Included in this note are the following: error correctionex- _0 123 456789 10 11 12 13 14 15
pansion matrix; detailed steps for check bit generation, error 00111111011 1 0 1 1 1CoO
detection and error correction; an example of a single error
correction; and the detailed wiring diagram for thge 64-bit 00010010110 1t 01 1 1C
configuration. 10011000101 0 1 1 1 1 C2
01100001111 0 1 0 1 1 C3
The Error Correction 11000101100 1 0 1 0 1 C4
. . 11101110100 0 1 1 1 0 C5
Expansion Matrix 00000000000 O OO O 0 C6
For a 16-bit word, the DP8400 reads data between the proc- 00000000000 O O O O O C7

essor and memory, with its 16-bit bidirectional data bus con- [
nected to the memory data bus. The DP8400 uses an en-  The partial code of device 1:
coding matrix to generate six check bits from the 16 bits of

data. This 16-bit matrix contains 16 unique syndrome pat- _16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 ‘

terns corresponding to each error location which allows the 0001001011010111C0Ct .

DP8400’s Data Error Decoder (DED) to identify the data 1110111010001 110C5

error location. 000D0O0O0O0DOODOOOOGOCOOCSE

The DP8400 is easily expandable to other data conﬁgura— 11 0001011001010 1C4

tions. For a 32-bit data word with seven check bits, two

DP8400s are used. Three DP8400s can be used for 48 bits, (1) (1) (1) (1) (1) g (0) ; : ; :: g : ? 1 1 gg ‘

four DP8400s for 64 bits, and five DP8400s for 80 bits, all

with eight check bits. In order to expand the DP8400, addi- 00111111011 10111C0 ,
0000O0OO0COOODOOOOOGOCOC?

tional check bits are required to provide the unique charac-
teristic of the single data error syndrome. For expansion i .
beyond 24 bits, check bits 6 and 7 (C6 and C7) are used.  Ihe partial code of device 2:

Note that these check bits can be configured to be always 32 33 34 35 36 37 38 39 40 41 42
either zero or word parity, depending on the input voltage

E-Y
©«
ES
ES
F -3
o
P
-3
&»
~

level of the Expansion Pin (XP). By rearranging all eight 00000000O0DO0O0OO0D0O0O0CE
check bits (CO-C7) of each DP8400, we can obtain many 01100001111 01011C3
different matrices that meet the above requirement. One of 1110111010001 110C5
these is shown in Table I. For illustration, this matrix will be 1100010110010 101C4
used throughout this application note to clarify the E2C2 ex- 1001100010101 111¢C2
pansion concept. 00000O0O0O0O0OOO0O0DOO OC?

. . 0001001011 010111C
Check Bit Generation, Error 0011111101 110111C¢0
Detection And Error Correction

The partial code of device 3:

CHECK BIT GENERATION (Figure 1) part
In the Check Bit Generation mode, all four DP8400s are set 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
to mode 0, normal write. The 64 bits of data from the system 1100010110010 101C4
data bus are enabled into the Data Input Latches (DIL) of 1110111010001 110C5
each DP8400. The individual Check Bit Generation (CG) of 1
the four DP8400s then produce eight parity bits, or partial ? 1 : ? ? (1) ? : : 1 1 (1) : ? 1 4 gg
check bits, derived from the input data. (Note that all the 0 11 1¢c2
syndrome input latches should be cleared so that only the 10011000101 1
partial check bits will pass through the Check Bit Output ¢ 0 1 1 1.1 1.1 0 1 1 10 1 1 1C0
Latches/Buffers (COL and COB). In the normal write mods, 0o0oo0o1001011010111C
the COBs are always enabled onto each check bit port. This 1111111111111 1110C7

allows the partial check bits to be combined externally in
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Check Bit Generation, Error Detection And Error Correction (continued)

the eight 74S280s’ parity generators/checkers to produce
eight composite check bits. Table Il. shows how these
check bits are generated.

Table Il. Composite Check Bits Generation

Ccomp. 0 = C(0)0 ®© C(1)1 ® C(2)6 ® C(3)4
Ccomp. 1 = C(0)1 © C(1)5 ® C(2)3 @ C(3)5
Ccomp. 2 = C(0)2 ® C(1)6 @ C(2)5 © C(3)3
Ccomp. 3 = C(0)3 ®© C(1)4 ® C(2)4 ® C(3)6
Ccomp. 4 = C(0)4 & C(1)3 ® C(2)2 ® C(3)2
Ccomp. 5 = C(0)5 © C(1)2 @ C(2)7 ® C(3)0
Ccomp. 6 = C(0)6 © C(1)0 ® C(2)1 ® C(3)1
Ccomp. 7 = C(0)7 © C(1)7 ® C(2)0 @ C(3)7

Notes:

Ccomp: composite check bit.

C(X)N: the partial check bit N of device X.

(Refer to Table |. for clarification).

To aid in fast error detection during memory read cycles,
these composite check bits are complemented and written
into memory along with the system data. If the system data
has vacated the data bus, the Output Enables (OBO and
OB1) must be set low so that the original data word with its
eight composite check bits can be written into memory.

DETECTION MODE (Figure 2)

In the Detection mode, again all the DP8400s are set to
mode 0, normal write, then the partial check bits derived
from the memory data bits are generated in a manner simi-
lar to that described for the check bit generation mode.
These partial check bits are then associatively compared
with the memory check bits in the eight 74S280s to produce
eight external Composite Syndrome bits. As explained in the
check bit generation mode, the composite check bits are
complemented before being written into memory. This
shows why complemented Composite Syndrome bits are
produced instead of true composite syndromes. Then, if any
bits on the Composite Syndrome bus go low, this will cause
the 74830 NAND gate to go high, giving the Any Error indi-
cation. If there is no error, all Composite Syndrome bits re-
main high. These Syndrome bits are also latched into the
74ALS533 Octal' D-type Transparent Latch (with inverted
output). The composite syndromes are then fed into the
syndrome ports of the DP8400s in different combinations
for each, for error-type determination and/or error correc-
tion.

CORRECTION MODE: (Figure 3)

Upon receiving the Any Error indication during the detection
mode, it takes an additional step to determine the error type
and to correct a single data error. All the DP8400s should
be set to mode 7B (which is mode 7 with OES high), this
mode enables the external syndromes directly to the Syn-
drome Generator (SG) and then the Data Error Decoder
(DED) of each chip. For a single data error, the input syn-
drome will be unique for that error location; consequently,
only one DP8400 can decode that error location and correct
that bit. The other three do not indicate an error and do not
change their data output latch contents. This corrected data
can be output to the system data bus by means of OBO and
OBT. The DP8400 that decodes the data error location will
indicate a single data error, while all others indicate a check

bit error. If there was a single check bit error or a double bit
error, then all the DP8400s will indicate a check bit error or
a double bit error, respectively, through their error flags.

AN EXAMPLE OF A SINGLE DATA ERROR CORREC-
TION

Assuming all zero data is to be written into memory, we
obtain the following set of partial check bits for all DP8400s:

Co=0 C4=0
C1=0 C5=0
C2=1 C6=0
C3=1 C7=0

Note that each DP8400 contains the basic 16-bit matrix
(C0—C5). Therefore, the first six partial check bits are the
same for all devices; only C6 and C7 are different. With the
64-bit configuration using the above 64-bit matrix, C6 = C7
= 0 (by connecting XP directly to Vgg) for the devices 0, 1,
and 2; and C6 = C7 = word parity (by leaving XP pin float-
ing) for the device 3. However, with all zero data, word parity
is also zero (even parity). Therefore, the above partial check
bits are obtained.
Using the formulas given in Table Il, the composite check
bits are as follows:
Ccomp.0=060000©0=0
Ccomp.1=0000100=1
Ccomp.2=1000001=0
Ccomp.3=1000000=1
Ccomp.4=0010101=1
Ccomp.5=0©010000=1
Ccomp.6=00000800=0
Ccomp.7=0©00©0860=0
Note that these composite check bits are complemented
before they are written into memory. Thus, the memory
check bits read later from memory are 1100 0101.
If an error has occurred in the data position 35 which is bit 3
of device 2, then the partial check bits C(3) N produced
during the detection mode are as follows:

c(3)0 = 1 c@4) =0
c@)1 =1 C(5) =0
C(3)2=0 c®) =0
C(3)3 = 1 c@ =0

The partial check bits of other devices are unchanged. Con-
sequently, the newly generated composite check bits
(Ccomp) and the total syndrome bits are:

Newly Generated

Composite Memory Composite
Bit # Check Bits Check Bits Syndrome
0 0 -] 1 = 1
1 1 23] 0 = 1
2 0 [} 1 = 1
3 1 [} 0 = 1
4 0 <] 0 = 0
5 1 23] 0 = 1
6 1 <3 1 = 0
7 1 ] 1 = 0

2-66




192

- r- » T - I »{ 0IN 0-63
16 16 $1s 1 t
| | *_—}—_l | DOUT 0-63
| | |
80 - 50 50 v 0
— % DLE—b DL —p 008 oLE—p DL —p oo sle—p oL b 008l
o et oot o oL o [T [T
| | |
| | |
] | [ MEMORY
DATA
| I |
. ! I |
| | I ; R
G e || c6 oo | | c oo | | c6 0ED
i | : | :
: | |
siL _J..L | i st | ] su __J..— | g si
of } ) E )
| | ! |
A a¥ Fa¥
= U =] livEiElEsvRIE
CSLE i CSLE | csLe i CSLE \
Yo 3 iy THY | 13
AE EO E1 AE EO E1 AE E0 E1 : AEEO E1
coL oL coL coL
—q <9 —4
co8 o8 <—j co8 co8 9 MEMORY CHECK
4 : 4 4 gmour
1 o s * O s O }3 o |
i : ~ T4ALS -
l [ g by = COUT 0-7
MEMORY
Bx L MEMORY CHECK CHECK BITS
745280 BIT CLEAR
s L 8 F s 48 N o
'iuszw
T4ALS <n— CORRECT —
533 WRITE AND DETECT %
[} ANY ERROR
7415284

FIGURE 1. E2C2 Simplified Block Diagram—
64-bit Parallel Expansion, Check-Bit Generation

TL/F/5039-1

(PonuNUOO) UOIOD4402) J0LIT PUY UOI}D9}( 10417 ‘UoieIaUIY) JIF Y93y

80E-NV



AN-308

89-¢

(9]
=
(1]
(2]
=
DIN 0-63 v}
l ! I =
=4 DOUT 0-63
| | - _ o
i 008 080 B0 008 B0 Dg 080
DLE L [T ooL 31 OLE . OLE—p> BIL P ooL - DLE—p> DL — DOE ﬂ—m g
] | | 2
]
: MEMORY
{ } ll DATA ]
I | -J l | I l | I | m
| | [ 3
[ DED : o DED | ¢ DED : DED 2
|
| | | | g
= s s siL =1 sIL st SIL
: Q p-3
LRI L | [ | ™ N | ! 1
vl IS =l . g
CSLE : CSLE } CSLE ) I CSLE 3
1ER 1 VYo Py >
AE E0 E1 AEEO E1 AEEOE1
coL coL coL
R @ 11 €8 1 memony cueck =3
Ps : A - ;_~_ BIT OUT Q
L OLE :
T. T i m
- 2 m“ COUT 0-7 3
8
=
MEKORY
MEMORY CHECK CHECK BITS (@)
BIT CLEAR o
. -
8 T1® CIN 0-7 3
I (7]
CORRECT -
o
3
(o)
o
= 2
= g
TL/F/5039-2 8

FIGURE 2. E2C2 Simplified Block Diagram —
64-Bit Parallel Expansion, Error Detection




69-¢

i ’ DIN 0-63
| ‘—‘L‘-a-——‘ L- DOUT 0-63
|
o , 8
OLE — DIL —t, D08 + DLE—> DIL b b DL —> DOB 1o
s Dol T il
|
| i)
| MEMORY
| > DATA
[ J
pry | -
[ DED } ] ce 0ED
{ ]
pelmed 5 G e B -
N ﬂ_ Y | i— L
f T
CSLE i I CSLE FHG
i £0 ! A;E s*n 3
El 1
coL coL coL
s 11 cos 9 €8 b memony check
P 4 BIT OUT
J OLE Js }s o= Il
L TaaLS
I 7 w e cour 0-7
MEMORY
8x CHECK BITS
745280
48 -8 38 ' 8 - 8 07
s 4 CORRECT
533 'WRITE AND OETECT
¥ ANY ERROR
TaLs24
FIGURE 3. E2C2 Simplified Block Diagram— - TL/F/5039-3

64-Bit Parallel Expansion, Error Determination
and Correction

(Penuuo0) UO1J9D4400) JOLIF PUY UOII29}3( 10443 ‘UOIIRIBUY JF Yo3YD

80€-NV




0L¢

AN-308

=4 MEMORY CHECK 8IT OUT

4 MEMORY CHECK BIT CLEAR
I MEMORY CHECK BIT OUTPUT BUS

PARTIAL CHECK BIT BUS

. 4 ceour o7
¢ | weeo o 1 b i
WCB 1 1
| MCB 2 2
MCB 3 3
McB4 | Tamszra fa
[TTH 5
MCB 6§ 6
MCB 7 7
COMPOSITE CHECK BIT BU
E——
5240
Ccome 7 Ccomp 6 tcomp s Ccomp 4 [éﬁcowl Coomp t Coomp 0 j,-
CooMP 0
_" I—— ] 7 5 2 1 ]
745280 P camo-7
_Ccourd COMPLEMENTED COMPOSITE CHECK BIT BUS v
1 Ccowe 1 Yo » ANY ERROR
-Dl 745280 r 74530 o o « WRITERRDDEVERT
785244
Coomp 2 .
Tés280 |_Ccome 0 | = = = = = = = = s
Py [43]
[
] Ccomr 3 L5533 c_s%
-" ust TN %
S
36
Ccomp 4 57 ]
745280 it
3 <4 TORRECT
Ceomp — OIN 0-53
D0-15 DI6-31 SYSTEM DATA BUS 032-47 48-63
| mmanng DOUT 0-63
E 3 - E 3 “
CcouP 6 r =t CLSE
m -—‘ bLE
e OLE
Coomp 7 —q 80
——t 08T
4 ! S ' 3 ' } 2 18
D0 0-1 00 0-1 00 0-15 00 0-15
ST pngg  CO7 07 onon SOT g OO7 -7 omge 07
[5] 0 OES 1 OES [
XP_ M2 M1 MO XP_M2_M r XP_M2 M1 MO _im_' Mo
NC
L L —‘ (]

vee ’ L_ - veo

—_—m
—_— 2

— TS

COHPBS*YE SYNDROME BUS (C$0-7)

ﬂ‘

TL/F/5039-4
FIGURE 4. E2C2 64-Bit Parallel Expansion, Detailed Block Diagram

(PenujuoD) UOIJ9D1I0D J04IT PUY UOI3I3}A( J044T ‘UoBIBUIY) JIF %O9YD




Check Bit Generation, Error Detection And Error Correction (continued)
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Check Bit Generation, Error Detection And Error Correction (continued)

The composite syndrome 11010000 is that of the error loca-
tion 35. Since the syndrome is unique and fed reordered to
each DP8400, only device 2 will recognize this syndrome
pattern and complement its data bit 3. Then the corrected
data can be output to the system data bus when OBO and

m

OBT of all four DP8400s go low. Devices 0, 1, and 3 all
output the same data they received from memory. Only de-
vice 2 changes its (erroneous) data. Refer to Figure 6 below
for the timing diagrams of a memory write and memory read

cycle (detect then correct).

MEMORY READ
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FIGURE 6A. E2C2 64-Bit Parallel Expansion
Memory Write Cycle
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FIGURE 6B. E2C2 64-Bit Parallel Expansion
Memory Read Cycle (Detect Then Correct)
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SYSTEM DESIGN /FENIEY SUSTES

ERROR CORRECTION
THE HARD WAY

A double complement correct cycle in an ECC system forms a
sophisticated double-bit error correction and management

system

by Bob Nelson

method, can be expanded from simple error detec-

tion in data words to the correction of single-bit
errors by means of a double complement correct cycle.
The double complement method can also be used to
advantage in combination with error checking and cor-
rection systems to detect and correct hard and soft com-
binations of double-bit errors, provided no more than
one of such errors is soft. In addition, this technique
points the way to more sophisticated double-bit error
correction and error management systems.

A parity bit is assigned a value of 1 or 0 on the basis
of the number of 1s in the data word. The value of the
parity bit depends on whether the parity system chosen
is odd or even. Thus, in an odd parity system, the sum
of the 1s in the data word and the parity bit will always
be odd, whereas in an even parity system, the sum of the
1sin the data word and the parity bit will always be even
(Fig 1). All examples in this discussion, except for those
in Fig 1, use odd parity. A single parity bit can be used
to detect a single-bit error occurring during a memory
read cycle, and the technique can be expanded to pro-
vide even further error handling.

The use of parity, the most common error detection

Parity error detection and correction

During a memory write, the parity bit which is created
as a result of the data is written to the memory along
with the data word for storage. When a read cycle oc-
curs, parity generation is again performed on the data
word, creating a new parity bit, which is then compared
with the original parity bit read from memory. If a dif-
ference exists between the two parity bits, an error has
occurred. Although this error cannot be located with the
information given, and may have occurred in any bit lo-

Bob Nelson is responsible for digital systems
applications and new product definition at National
Semiconductor Corp, 2900 Semiconductor Dr, Santa
Clara, CA 95051. His engineering career began at the
Burroughs Corp, where he worked on semiconductor
memory systems and system interface design for large
mainframe computers. Mr Nelson completed his basic
engineering studies at Citrus College, Azusa, Calif,
Jollowing undergraduate work at Pasadena City
College.
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Number

Data Word Parity of 1s System
10001010 1 4 even
10001010 (o] 3 odd
5

01101001 1 odd

Fig 1 Odd and even parity. Value of parity bit is generated
to satisfy chosen parity system (even or odd) so that sum of
all 1s, including parity bit, will conform to even or odd
parity system

cation in the data word or even in the parity bit, if itisa
hard error, its location can be determined through the
use of additional memory cycles.

If'an error is detected during a memory read cycle, a
simple procedure called the double complement method
will determine if the error is hard, and, if so, correct it.
The method includes a routine during which the suspect
data and parity bit are complemented and presented to
the same location in memory for a write cycle. Follow-
ing the write, a read cycle is performed, and if the error
is a hard error, the memory will repeat it by providing
the data with the error bit complemented again. After a
second complement, the data will be correct. At the end
of such a correct cycle the memory contains the comple-
mented data, and one additional write cycle must be
performed to restore the data in memory (Fig 2).

During a double complement correct cycle involving a
data word containing an even number of bit locations,
the parity test is performed after the second read and
before the second complement. If the error is hard, a
parity error will once again be detected following the
second read. If the error is soft, a parity error will not
result following the second read. For data words con-
taining an odd number of bit locations, parity testing

1st write 11010011 O original data

1stread _ 11010111 O PE (parity error}
D—»=D 00101000 1 data are complemented

2nd write 00101000 1 complemented data

2nd read 00101100 1 PE (parity error)
D—=D 11010011 O data are complemented

hard error location

Fig 2 Hard error correction with parity. Single parity bit
can be used to correct single-bit hard error with double
complement method. On each memory read, original parity
bit is read and new parity check is done on bits in data
word. New parity bit is then compared with that read for
validity
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Even Odd
1st write 1010 1 10100 1
istread 1011 1 PE 10110 1 PE
D—=D 0100 O 01001 O PE
2nd write 0100 O 01001 O
2nd read 0101 O PE 01011 O
D—»=D 1010 1 101?0 1
errors
(a)
Hard Soft
1st write 1001 1 1001 1
1st read 1011 1 PE 1011 1 PE
D—»D 0100 O 0100 O
2nd write 0100 O 0100 O
2nd read 0110 0 PE 0100 O
D—=D 1001 1 1011 1 PE
L.._errors__J
(b)

Fig 3 Even/odd word and hard/soft parity errors. Data
words with even number of bits do not yield parity error on
second read (a), nor soft error (b). Hard error, however,
will be corrected

must be performed at different times during the correct
cycle. In both cases, a double complement correct cycle
can determine the type of error and, if it is hard, correct
it (Fig 3).

If the bit in error is hard, the double complement cor-
rect can also be used to determine the bit’s location in
the data word. To do this, the data word and parity
must be stored in a register when an error is detected. At
the conclusion of the hard error correcting cycle, the
location of the failing bit is determined by comparing
the correct data with the contents of the register (Fig 4).

Thus, the use of a single parity bit not only makes it
possible to deduce the error type, but also to locate and
correct hard errors. This technique is useful for low cost
terminal and word processing systems since, where retry
is acceptable, the small amount of additional hardware

...the double complement
method...also points the way to more
sophisticated double-bit error
correction and error management
systems.

required can often eliminate the cost of an unscheduled
service call. If a hard error can be detected, a double
complement correct cycle will correct it, and the tech-

1st write 1010 1

istread 1011 1 PE, D-»REG 1011 1
D—=D 0100 0 |

2nd write 0100 O (+)

2ndread 0101 O PE |
D—=D 1010 1  compare with REG 1010 1

error location = 0001 O

Fig 4 Locating hard errors with parity. Use of register for
temporary storage enables double complement cycle to
locate single hard error

nique combined with an error checking and correction
(ECC) system can also provide extended error correction
capability when hard errors are involved.

£cC and double complement

The double complement method in combination with an
ECC system can correct additional errors, both hard and
soft. The ECC system under discussion here uses the
code implemented by National Semiconductor in the
DP8400 ECC device (Fig 5) to perform 1-bit error correc-
tion and 2-bit error detection. In an ECC system for
16-bit data words, such as the one discussed here, six
parity bits are generated. Each of the parity bits is
assigned a value as a function of the sum of the Isina

111111
0123456789012345
LSB———————error locations MSB
00111111011 101 11 LsB o0
00010010110101 11 1
1001100010101 1 11 syndrome 2
011700001111010 11 words 3
11700010110010101 | 4
1110111010001 110 MSB 5

Fig 5 Check bit generator for data words. Code used is
that impl ted in National Semiconductor’s DP8400 ECC
device

unique combination of selected bits in the data word.
Partial word parity bits in an ECC system are referred to
as check bits. For simplicity, odd parity will be used in
the examples, although in most ECC systems, including
those implemented with the DP8400, a combination of

111111
01234567890123465
0000010001000 0 0 Owsw—dataword
- - - - -1 - - -1 -+ - - - - 18 0=1
000100101101011 1 1=0
1001100010101 17 11 check 2=1
0110000111101011 bits 3=0
11700010110010101 | 4=0
1"1M9170111010001110 MSB 56=0

Fig 6 Error check bits are generated by presenting the data
word to ECC code matrix and noting corresponding 1s. In
first row, bits 5 and 9 correspond with 1s in matrix. Thus,
to maintain odd parity LSB of check bits is set to 1

odd and even parity is used to improve memory diag-
nostic capabilities.

An ECC code forms a matrix (Fig 6) to which a data
word can be presented for the generation of check bits.
Given a data word, such as 0000010001000000, and the
uppermost horizontal row of the matrix in Fig 7, check
bit 0 is to be assigned a value based on the sum of cor-
responding 1s in that row and the data word. Using odd
parity, the corresponding 1s in locations 5 and 9 dictate
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Wirite 00000100010000000 000101
Read 00000100010100000 000101 errorin 11
Generate 00000100010100000 010110 new check bits

XOR check bits
L_01001 ! syndrome bits

Fig 7 Generating syndromes for locating error. Syndrome
word is result of exclusive OR (XOR) of error check bits.
No-error condition would result in syndrome word of all 0s

a value of 1 for the parity bit. For check bit 1, the
selected location of correspondence is 9 only. Check bit
1 is assigned a value of 0 for odd parity. The complete
set of check bits for this particular word is 000101
(05 HEX).

After check bit generation, the data and check bits go
to the memory. During the read a new set of check bits
are generated and compared against the check bits read
from memory. The results of this check bit compare, an
exclusive OR (XOR) function, are the syndromes (Fig 7).
The single error indicating syndrome word is unique and
is interpreted by the syndrome decoder to indicate the
column in the matrix corresponding to the error loca-
tion. The matrix or code is therefore a check bit genera-
tor for data, but a syndrome generator for error
locations.

The...method in combination with an
ECC system can correct additional
errors, both hard and soft.

5 9
1st write  0000000000000000 110011
1st read_ 0000010001000000 110011
D—=D 1111101110111111 001100
2nd write 1111101110111111 001100
2ndread 1111101111111111 001100
D—=D 0000010000000000 110011

t 000010
110001

original data
2 errors
complement

hard error fixed
complement
new check bits

syndromes for
bit &

Fig 8 Correction of hard and soft errors. In the case of
data word with one hard and one soft error, double
complement method has corrected hard error and
determined existence of soft error, which is then located by
syndrome word and can be corrected

The check bits, or partial word parity bits, generated
by modified Hamming codes and the code used in the
DP8400, are also capable of providing complete error
reporting. Since the single error reporting syndrome
words contain an odd number of 1s and the total num-
ber of 1s is greater than one, 2-bit errors can easily be
distinguished from a 1-bit or detectable triple-bit error.
The DP8400 monolithic ECC device performs this error
determination by counting the number of 1s in the error
indicating syndrome words. When no error exists, the
syndrome word contains no 1s, and when a single check
is in error, a single 1 is present in the syndrome word.
When an odd number of data bits are in error, the num-
ber of 1s in the syndrome word is odd and greater than 1
(3 or 5 in this example); if an even number of bits are in
error, the syndrome word contains an even number of
1s greater than O (2, 4, or 6).

An ECC system implemented with the DP8400 can, at
minimum, detect 100% of 2-bit errors; all of these er-
rors are correctable if no more than one of them is soft.
The device has complement write and read modes to al-
low the double complement correct technique to be used
with no additional hardware, and other ECC devices can
be used with additional components to implement the
function.

In Fig 8, a soft error exists in location 5 and a hard er-
ror in location 9. During a memory read, the generated

The matrix or code is...a check bit
generator for data, but a syndrome
generator for error locations.

syndromes are the XOR of the single error that indicates
syndrome words representing the error locations.
110001 (+) 001011 = 111010 [31 (+) OB = 3A HEX].
Since a double error is indicated—an even number of 1s
in the syndrome word—the data and check bits are com-
plemented and placed in the output registers for presen-
tation to the memory. After the memory write and
subsequent read, the new data are complemented and
stored in the data input latch. The error in location 5
remains in the data. A new set of check bits is generated
from the data in the data input latch and compared with
that in the check bit input latch, producing the syn-
drome word 110001 (31 HEX), which corrects the
remaining error.

A detected double-bit error followed by a double
complement correct cycle is properly reported as to ini-
tial error type. If the detected errors were both soft, for
example, no change would occur in the data or check
bit, and the EcC device error flags would again report a
double-bit error. If, after the second read and comple-
ment, the error flags still report a single-bit error, the
hard error (of a hard and soft combination) has been
corrected and only the soft error remains, Of course, the
single remaining error will be corrected in the normal
manner by the ECC device. In the case of a double hard
error, the error flags will report a no-error condition
following the second read cycle, indicating that both er-
rors were corrected and that the data are valid.
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SPECIAL REPORT ON MEMORY SYSTEMS DESIGN

SIMPLIFICATION OF 2-BIT
ERROR CORRECTION

Bit by bit, errors can be detected and eliminated through

the use of an error matrix

by Bob Nelson

rules attributed to the Hamming code and many of

its variations, can be used to extend error detection
and error correcting efficiency in an error checking and
correction system. Such a code has been implemented
by National Semiconductor on the DP8400, an expand-
able error checking and correction device packaged in
a 48-pin dual inline package. The DP8400 can be used in a
minimum hardware implementation of a 2-bit error cor-
rection system which will serve as an introduction to the
rotational syndrome word generator, and also lead the
way to expanding the error correcting capabilities even
further.

A computer-generated code, which generally obeys the

Syndrome words

The code used in an error checking and correction (ECC)
system designed to correct 1-bit errors and detect 2-bit
errors for 16-bit data words may be viewed as a 16 x 6
matrix (Fig 1). The matrix describes the error locations
and the syndrome bit positions so that the upper left bit
of the matrix defines the least significant bit (LSB) for
both the error locations and the syndrome bit locations.
Each vertical column of the matrix contains the syn-
drome word (syndrome bits) for that error location in

Bob Nelson is responsible for digital systems
applications and new product definition at National
Semiconductor Corp, 2900 Semiconductor Dr, Santa
Clara, CA 95051. His engineering career began at the
Burroughs Corp, where he worked on semiconductor
memory systems and system interface design for large
mainframe computers. Mr Nelson completed his basic
engineering studies at Citrus College, Azusa, Calif,
Sfollowing undergraduate work at Pasadena City
College.

Published In Computer Design, January, 1982.
Reprinted by permission.

the data word. For any number of errors, the syndrome
word generated by presenting the data word to the ma-
trix is the exclusive OR (XOR) of the syndrome words
defined by the error positions. To correct an error, the
location of the error must be uniquely identified, and
thus the 16 vertical columns must each be unique. A
modified Hamming code generates a unique syndrome
word for every possible data bit error location and
hence may be referred to as a syndrome word generator.

Using syndrome words containing an odd number of
1s is the most common ‘‘modification’’ to the Hamming
code. By ensuring that the syndrome words (vertical col-
umns in the matrix) contain either three or five 1s, all
applicable error conditions may be defined by counting
the syndromes. The absence of a syndrome (ie, a syn-
drome containing all Os and no 1s) indicates no error; an
odd number greater than one (3 or 5 in this case) defines
the location of a single-bit error. Any simultaneous
double error will provide a syndrome word containing
an even number of 1s greater than zero, while a single 1
in the syndrome word is indicative of a failure in the
check bit portion of memory.

The rotational syndrome word generator described
here also contains an odd number of 1s in each syn-
drome word. One additional characteristic common to
both the Hamming code and most of its modified ver-
sions is that byte parity is an integral part of the matrix
itself. However, the code implemented in the DP8400 ECC
device and discussed here does not consider byte parity,
or word parity, as a part of the code itself.

A 2-bit error correction system may be implemented
in either of two ways. A code designed to allow 2-bit
error correction may be used, or an existing single-bit
error correct code may be extended by adding a second,
different code which will ensure that each syndrome
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11 111
01234668678901234%5
LSB ————— arror locations MsB
00111111011 10111 LsB (V]
00010010110101 11 | 1
1001100010101 111 syndrome 2
0110000111 101011 words 3
11700010110010101 4
1110111010001 110 MSB 5

Fig 1 DP8400 generates unique syndrome word to indicate
single-bit error position. Generated syndrome word
containing all 0s means there is no error in data word.

word generated for any two error locations will be
unique. Thus, a secondary, and different, 16 x 6 matrix
connected to the primary matrix to form a 16 x 12
matrix will allow double-bit error correction if the XOR
of the two 12-bit syndrome words produces a unique
word for any two error locations.

Second matrix

The definition of an ECC matrix requires specifying a
correspondence between error locations and syndrome
words that defines the error location for each set of
single-error syndromes. If a matrix is resequenced such
that any error location corresponds to a syndrome word
different from the original (primary) matrix, a second
matrix has been created. For a 16-bit ECC matrix, 16!,
or 2.092279 x 10™13, different codes exist. If a second
code exists such that when it is combined with the first
code (each containing the same syndrome words, but in
a different sequence), a unique, larger syndrome word is
generated for any two error locations, then an expand-
able code has been created (Fig 2).

The matrix, or code, used in the DP8400 device is
defined such that if a second matrix, identical to the
first but shifted by one bit position, is combined with
the first, it would form just such a larger matrix. This
matrix is fully rotational in that the secondary matrix
need only be rotated, or shifted one error bit position to
the left or right with respect to the primary matrix, to
form larger, unique syndrome words regardless of the
assigned correspondence of the primary matrix.

Implementation of this code in the DP8400 allows the
data word size to be extended beyond 80 bits, using one
device for each additional 16-bit word or portion
thereof. The code function as a rotational syndrome
word generator exists for all these defined word widths
(Fig 3).

In addition to the rotational syndrome word genera-
tor, the DP8400 has two important features that permit
an easy implementation of a 2-bit error correction
system. During a memory read, the error indicating syn-
dromes can be accessed directly by outputting them to
the syndrome input/output (1/0) ports; syndrome can
also be presented to the syndrome 170 ports to be XORed
with the internaily generated syndromes inside the
DP8400. The internal syndrome decoder is provided with
the result.

Error locationg ————— O and 1
produce
HEX syndrome word — E34 (+) A78 = 44C
but
Error locations ——— 2 and 4
produce
HEX syndrome word—— 1E9 (+) C65 = D8C

Fig 3 Unique syndrome is produced for each pair of error
locations which is XOR of the locations. That syndrome can
be decoded to identify pair in error.

If, for example, the internally generated 2-bit error
syndromes are XORed with externally provided syn-
dromes, representing one of the bits in error, the
resulting syndromes representing the unknown error
will be presented to the internal syndrome decoder.
Once the unknown error is corrected, the data can be
output to the data bus. The apparently correct data
return zero syndromes (those containing all Os) which,
when XORed with the syndromes being injected, pro-
duce the syndromes representing the unknown error and
present them to the syndrome decoder. This second
error can then be corrected. ‘

Using syndrome words containing an
odd number of 1Is is the most common
“modification’’ to the Hamming code.

111111
012345678901234%5
LSB error | ions Ms8
00111111011 101 11 LSB [o]
00010010110101 11 1
1001100010101 111 2
0110000111101011 3
1170001011001 0101 4
1110111010001 1 10 syndrome 5
0111111011101 110 words 6
0010010110101 110 7
001100010101 1111 8
11700001111010110 9
1000101100101 011 10
1101110100011 101 MSB 11

Fig 2 Code in DP8400 can be expanded by adding d
device with code shifted by one bit position. Note that
bottom six bits of each column are identical to top six bits
in column to immediate right.

As described, the DP8400 is implemented for a 16-bit
system. This ‘‘primary’’ ECC device will provide at its
syndrome 1/0 pins the primary, or least significant six,
syndrome bits of an extended matrix ECC system. A
‘“‘secondary’’ ECC device is interfaced to the memory
system with the data pin-to-system data bit correspon-
dence rotated by one bit position, thus producing the
extended matrix just described. The second device re-
quires a second set of check bits; these secondary, or
most significant six, syndrome bits are provided by the
second DP8400.

The resulting 12-bit syndrome word can be externally
decoded to provide the syndromes to be injected to
effect 2-bit error correction. In system use, the exter-
nally decoded syndromes will be stored in a register.
After the syndrome 1/0 port of the primary ECC device
has been ‘“‘turned around,’’ the register outputs are
enabled to allow syndrome injection.
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Each of the DP8400 devices provides a set of error
flags. Since each device maintains an independent check
bit field in memory, errors occurring within a given
check bit field are easily and quickly determined. If the
errors, regardless of number, are confined solely to the
check bit field of one of the devices, a no-error condi-
tion will be indicated.

The syndrome word generated by this system is unique
for any combination of 2-bit data errors; both devices
see an even number, greater than zero, of 1s in the syn-
drome word (Fig 4). For 2-bit errors involving one data
bit and one check bit in either the primary or secondary
check bit fields, the DP8400s report an even, greater than
zero, and odd number of 1s in the syndromes; again, the
syndromes are unique. The remaining type of 2-bit
error, that in which both errors occur in either the

Location/Error Syndromes Location/Error Syndromes

Data Sec Prim Sec  Prim Data Sec Prim Sec  Prim
2 0 O even even 1 0 1 odd even
1 1 1 even even 2 1 0 odd even
1 0 O odd odd O 1 2 odd even
0o 1 1 odd odd 1 1 0 even odd
3 0 O odd odd 2 01 even odd
1 02 odd odd O 2 1 even odd
1 2 0 odd odd

allowing correction of the unknown error. The re-
maining single error is then corrected.

The remaining error type, the ‘‘two-pass”’ error, can
sometimes be a correctable 3-bit error. The syndromes
representing a 2-bit error condition are injected,
allowing correction of one error. The remaining 2-bit
error produces a new set of syndromes which requires
external (second-pass) decoding to produce a set of

Fig 4 Number and type of errors can be determined by
looking at combination of even or odd numbers of Is in the
primary and secondary check bit fields.

primary or secondary check bit fields, produces its own
unique syndrome word. However, since one DP8400
reports an even number of 1s in its syndrome word and
the other reports all Os, the data are known to be valid.
In addition, in this particular 2-bit error correct system,
ntarly half of the 3-bit errors result in unique syndrome
words and are therefore correctable as well.

Decoding the syndromes

A programmable read only memory (PROM) or electri-
cally programmable read only memory (EPROM) is
required as an external syndrome decoder for this 2-bit
error correction system. The PROM address inputs are
provided by the 12 syndrome bits generated by the two
ECC devices. The least significant six bits of the PROM
output byte provide, when required, the syndrome bits
for subsequent injection into the primary DP8400. The
remaining two bits of the PROM output byte provide
flags defining the type of error and the contents of the
six LSBs of the PROM output byte [Fig 5(a)].

The DP8400’s error flags provide initial error deter-
mination; if an error that is not a single-bit error occurs,
the external syndrome decoder will provide further error
determination. Some types of error do not require syn-
drome injection and are referred to as ‘‘zero-pass’’ cor-
rectable errors. An example of such an error is one with
a data bit and a secondary check bit in error. This type
of error is corrected by the primary ECC device. An
error type that requires ‘‘one-pass’’ correction is one
with two data bits in error. In this case, syndromes rep-
resenting a known error are injected into the DP8400,
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1 pass correctable

2 pass correctable

bits O to 6 = syndromes
not correctable

0 pass correctable

bits 0 to 5 < > syndromes
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XXXXXX W
XXXXXX N
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SaXXXXXXX B
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primary check bit(s} in error
secondary check bit{s) in error
data bit(s) in error

1 bit in error

2 bits in error

3 bits in error

4 or more bits in error

output data from secondary ECC
output data from primary ECC

(b)

e aaaaaa
XX==200XXX »
XX 20— OXXX
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XK XK XK XX X = X
XXX XK XX X X =

Fig 5 When a PROM is used as external syndrome decoder,
its output byte can supply additional data about the error
and how it is to be most efficiently corrected.

DATA
BITS

SYSTEM
MEMORY

SYSTEM
DATA
8us

0

6
SYNOROMES

4096 x 8 PROM

ENABLE

REGISTER

FLAGS
BITS 6, 7

NON-SYNDROME
ERROR DATA

BITSOT0 5

Fig 6 A 2-bit Ecc system can be implemented with two
DP8400s, & 4k-byte PROM for external syndrome decoding,
and a register for temporary storage of syndromes error
data. Note that the altered sequence of the lines from the
secondary DP8400 reflects the bit rotation needed to expand
the unique matrix,
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IEY 2222222232222 s ey R e s R R RS R 2SS RS R R 2222 a2 Rl s ld
trak 'DC16AROM. BAS' Bob Nelson - Sunnyvale CA - 9/15/81 LA
Vhik This program generates the syndrome decoder ROM code for o
Vhkk use in implementing a primary syndrome injection two bit ool
VRw correction code generated by a single bit left rotation bl
Takk of the secondary matrix. The primary is a Rotational b
fakk Syndrome Generator as defined by National Semiconductor bl
than in the DP8400. The LPRINT routine may be replaced with a bhdd
Vhkk FILE generator or OUTP routine to facilitate the use of a bk
e PROM/EPROM PrOQIamMmMers ouveeessssrssatsasonssnnsasonnsns ol

'ﬁ'ﬁt*ih'i*'ﬁtt'*iii‘ﬁiﬁ'tiatttttkttt'ﬁt*ﬂ**ﬂ'it'ktQt*"ttﬂ**t*tttkﬂtﬁ"
'

DEFINT A-Z:DIM SYND(16), PRI(16), ROM(4096,1)

READ A:B=A:FOR C=0 TO 14:READ D:SYND(C)=D*64+A:PRI(C)=A:A=D
NEXT:SYND(15)=B*64+A:PRI(15)=D

DATA 52,56,41,7,37,49,35,25,62,11,13,19,44,55,47,31: 'NSC 80F/2 MATRIX
ROM(0,1)=224:FOR A=1 TO 4095:ROM{A,1)=184:NEXT

FOR A=0 TO 13:FOR B=A+1 TO 14:FOR C=B+l1 TO 15 '300 - 560
AD=SYND(A) XOR SYND(B) XOR SYND(C):AE=PRI(A) XOR PRI(B)

IF ROM(AD,1)=184 THEN ROM(AD,1)=AE+64 ELSE ROM(AD,1)=183

NEXT:NEXT:NEXT

FOR A=0 TO 14:FOR B=A+l TO 15 '200 - 120
AD=SYND(A) XOR SYND(B):ROM(AD,1)=PRI(A)

FOR C=0 TO 5:P=2/C ‘201 - 720

IF (AD AND P)=0 THEN AE=AD+P ELSE AE=AD-P

IF (PRI(A) AND P)=0 THEN AF=PRI(A)+P+64 ELSE AF=PRI(A)-P+64

IF ROM(AE,1)=184 THEN ROM(AE,l)=AF ELSE ROM(AE,1)=183

NEXT

FOR C=0 TO 5:5=64*2/C 210 - 720
IF (AD AND S)=0 THEN AE=AD+S ELSE AE=AD-S

IF ROM(AE,1)=184 THEN ROM(AE,l)=PRI(A) ELSE ROM(AE,1)=183
NEXT:NEXT:NEXT

FOR A=0 TO 15:AD=SYND(A):ROM(AD,1)=228 '100 - 16
FOR B=0 TO 5:P=2"B '101 - 96
IF (AD AND P)=0 THEN AE=AD+P ELSE AE=AD-P

ROM(AE,1)=205

FOR/ C=B+1 TO 5:P=2/C ‘102 - 240
IF (AE AND P)=0 THEN AF=AE+P ELSE AF=AE-P

IF ROM(AF,1)=184 THEN ROM(AF,1)=213 ELSE ROM(AF,1)=183

NEXT:NEXT

FOR B=0 TO 5:5=64*2/B '110 - 96
IF (AD AND S)=0 THEN AE=AD+S ELSE AE=AD-S

ROM(AE,1)=238

FOR C=B+l TO 5:8=64*2/C '120 - 240
IF (AE AND S)=0 THEN AF=AE+S ELSE AF=AE-S

IF ROM(AF,1)=184 THEN ROM(AF,1)=245 ELSE ROM(AF,1)=183

NEXT:NEXT

FOR B=0 TO 5:P=2~B:FOR C=0 TO 5:S=64*27C '111 - 596
IF (AD AND P)=0 THEN AE=AD+P ELSE AE=AD-P

IF (AD AND S)=0 THEN AE=AE+S ELSE AE=AE-S

FOR D=0 TO 5:E=2°D

IF ROM(AE,1)=D THEN ROM(AE,1)=183:GOTO 3540

IF ROM(AE,1)=184 THEN ROM(AE,l)=P

NEXT D

NEXT C:NEXT B:NEXT A

FOR A=D TO 5:FOR B=0 TO 5 011 - 36
AD=2/A+64*2/B:ROM(AD,1)=235

FOR C=A+l TO 5:AE=AD+24C '012 - 90
IF ROM(AE,1)=184 THEN ROM(AE,1)=243 ELSE ROM(AE,1)=183

NEXT

FOR C=B+l TO 5:AE=AD+64*2AC '021 - 90
IF ROM(AE,1)=184 THEN ROM(AE,1)=243 ELSE ROM(AE,1)=183

NEXT:NEXT:NEXT

FOR A=0 TO 5:AD=27A:ROM(AD,1)=225 ‘001 - 6
FOR B=A+1 TO S:AE=AD+2/B:ROM(AE,1)=233 ‘002 - 15
FOR C=B+1 TO 5:AF=AE+2/C '003 - 20
IF ROM(AF,1)=184 THEN ROM(AF,1)=241

NEXT:NEXT:NEXT

FOR A=0 TO 5:AD=64*2/A:ROM(AD,1)=226 '0l10 - 6
FOR B=A+1 TO 5:AE=AD+64*2/B:ROM(AE,1)=234 '020 - 15
FOR C=B+1 TO 5:AF=AE+64*2/C '030 - 20
IF ROM(AF,1)=184 THEN ROM(AF,1)=242

NEXT:NEXT:NEXT

B=0:C=0:FOR A=0 TO 4095:H$=HEXS$(ROM(A,1)): 'LPRINT ARRAY
B=B+1:C=C+1:IF LEN(H$)=1 THEN H$="0"+H$

LPRINT USING "\ \";H$;:IF C<>l6 THEN 3770
C=0:LPRINT" “;HEX$(A)

IF B<>256 THEN 3790

B=0:LPRINT: LPRINT

NEXT
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1000 "HRAKAKIAAR KRN RR A AR R AR AR AR R AR AR R R R R AR AR R AR AR AR KRR A RN RN Rk AN A kAR R A AR

1010 'x*% 'DC16AMAP.BAS' Bob Nelson - Sunnyvale CA - 9/15/81 TRk
1020 a*x This program generates the syndrome maps for a primary *kk
1030 ‘'#**x syndrome injection implementation of a 16 bit word two Lihd
1040 'x** bit error correct system utilizing a Rotational Syndrome bbb
1050 'x*x* Word Generator as implemented in the DP8400 by National bl
1060 '*** Semiconductor. These maps are based on single bit left bl
1070 'xxx rotation of the secondary matrix. The 'c' and 'd’' notes ool
1080 'x** in the maps denote non-correctable and non-detectable okl
1090 '*x* three bit error conditionS....evevreinrcerosarssnniannns bl

1100 "hEkkhmrkhh ARk Rk ARk ARk Rk Rk ko kR Rk ke kb ke ke ke hhh ke khk kA ko ke

1110
1120 DEFINT A-Z:DIM SYND(16),PRI(16),ROM(1132,1):P$="PRIMARY":S$="SECONDARY"
1130 READ A:B=A:FOR C=0 TO 14:READ D:SYND(C)=D*64+A:PRI(C)=A:A=D

1140 NEXT:SYND(15)=B*G4+A:PRI(15)=D

1150 paTA 52,56,41,7,37,49,35,25,62,11,13,19,44,55,47,31: 'NSC 80F/2 MATRIX
1160 LPRINT “"ONE DATA ERROR SYNDROME MAP":LPRINT

1170 FOR A=0 TO 15:LPRINT USING"##";A; :LPRINT" ";:NEXT:LPRINT:LPRINT

1180 FOR A=0 TO 15:LPRINT HEX$(SYND(A));" ";:NEXT:LPRINT

1190 FOR A=l TO 4:LPRINT:NEXT

1200 LPRINT"TWO DATA ERROR CORRECT SYNDROME MAP" :LPRINT

1210 FOR A=1 TO 15:LPRINT USING"##";A;:LPRINT" "; sNEXT: LPRINT: LPRINT

1220 FOR A=0 TO 14:FOR B=A+]l TO 15:AD=SYND(A) XOR SYND(B) 1200 - 120
1230 ROM(X,1)=AD:H$=HEXS(AD):IF LEN(H$)=2 THEN H$="0"+HS$

1240 LPRINT H$;" “;:X=X+1:NEXT B:LPRINT USING"##4";A

1250 LPRINT TAB((A+l)*5+1);:NEXT A:FOR A=1 TO 4:LPRINT:NEXT

1260 FOR A=0 TO 5:S=64*2/A:FOR B=0 TO 5:P=27B:FOR C=0 TO 15 111 - 576

1270 AD=SYND(C):1F (AD AND P)=0 THEN AD=AD+P ELSE AD=AD-P

1280 IF (AD AND S)=0 THEN AD=AD+S ELSE AD=AD-S

1290 ROM(X,1)=AD:X=X+1:NEXT:NEXT:NEXT:A$=" "

1300 LPRINT"ONE DATA, ONE PRI, ONE SEC CHECK ERROR SYNDROME MAPS":LPRINT
1310 LPRINT:X=120:FOR A=0 TO 5:LPRINT"SECONDARY CHECK BIT";A:LPRINT

1320 FOR F=0 TO 15:LPRINT USING"##";F;:LPRINT" ";:NEXT F:LPRINT:LPRINT
1330 FOR B=0 TO 5:FOR C=0 TO 15:FOR E=0 TO 119

1340 IF ROM(E,1)=ROM(X,1) THEN A$="d":E0=E0+1:GOTO 1370 ELSE NEXT E

1350 FOR D=120 TO 695:IF D=X THEN D=D+1

1360 IF ROM(D,1)=ROM{X,1l) THEN A$="c":E2=E2+1 ELSE NEXT D

1370 H$=HEX$ (ROM(X,1)):IF LEN(H$)=2 THEN H$="0"+HS

1380 LPRINT H$;AS$;:X=X+1:A$=" ":NEXT C:LPRINT USING"###4";B

1390 NEXT B:LPRINT:LPRINT:NEXT A

1400 LPRINT"576 ONE DATA, ONE PRI, ONE SEC CHECK errors are possible."
1410 LPRINT EO;"TWO DATA errors are not detectable.":LPRINT E2;

1420 LPRINT "ONE DATA, ONE PRI, ONE SEC CHECK errors are not correctable.”
1430 LPRINT 100*((576-E0)/576):"PERCENT DETECT - ";

1440 LPRINT 100*((576-E0-E2)/576; " PERCENT CORRECT"

1450 FOR A=1 TO 4:LPRINT:NEXT:EA=E0:E0=0:EC=E2:E2=0

1460 X=0:FOR A=0 TO 15:AD=SYND(A):ROM(X,1)=AD:X=X+1:NEXT 100 - 16
1470 FOR A=0 TO S:P=2/A:FOR B=0 TO 5:S=64*2"B ‘011 - 36
1480 AD=P+S:ROM(X,1)=AD:X=X+1:NEXT:NEXT

1490 FOR A=0 TO 15:FOR B=A+l1 TO 15:FOR C=B+1 TO 15 '300 - 560

1500 AD=SYND(A) XOR SYND(B) XOR SYND(C)

1510 ROM(X,1)=AD:X=X+1:NEXT:NEXT:NEXT

1520 FOR A=0 TO 5:P0=27A:FOR B=A+l TO 5:P1=2/B '102 - 240
1530 FOR C=0 TO 15:AD=SYND(C):IF (AD AND P0)=0 THEN AD=AD+P0 ELSE AD=AD-P0
1540 IF (AD AND P1)=0 THEN AD=AD+Pl ELSE AD=AD-Pl

1550 ROM(X,1)=AD:X=X+1:NEXT:NEXT:NEXT

1560 FOR A=0 TO 5:S0=64*2/A:FOR B=A+l TO 5:51=64*2"B ‘120 - 240
1570 FOR C=0 TO 15:AD=SYND(C):IF (AD AND S0)20 THEN AD=AD+S0O ELSE AD=AD-S0
1580 IF (AD AND S1)=0 THEN AD=AD+Sl ELSE AD=AD-S1

1550 ROM(X,1)=AD:X=X+1:NEXT:NEXT:NEXT

1600 LPRINT"THERE DATA BIT ERROR SYNDROME MAPS" :LPRINT:LPRINT

1610 X=52:A$=" ":FOR A=0 TO 13:LPRINT"DATA bit";A:LPRINT

1620 FOR D=A+2 TO 15:LPRINT USING"##";D;:LPRINT" " ; tNEXT:LPRINT: LPRINT
1630 FOR B=A+1 TO 14:FOR C=B+1 TO 15:FOR E=16 TO 51

1640 IF ROM(E,1l) ROM(X 1) THEN A$="d ":E0=E0+1:GOTO 1690 ELSE NEXT E

1650 FOR F=612 TO 10

1660 IF ROM(F, l)-ROM(X 1) THEN A$=" ":E1=E1+1:GOTO 1690 ELSE NEXT F

1670 FOR G=52 TO 611:IF G=X THEN G=G+l

1680 IF ROM(G,1)=ROM(X,1) THEN AS$="c ":E2=E2+1 ELSE NEXT G

1690 H$=HEX$(ROM(X,1)):IF LEN(H$)=2 THEN H$="0"+HS

1700 LPRINT HS; A$,.X X+1:A$=" ":NEXT C:LPRINT USING "###";B

1710 LPRINT TAB((B-A)*5+1);:NEXT B:LPRINT:LPRINT:NEXT A

1720 LPRINT"560 THREE DATA BIT errors are possible.":LPRINT EO;

1730 LPRINT"ONE PRI, ONE SEC CHECK errors are not detectable.":LPRINT El;
1740 LPRINT"ONE DATA, TWO PRI or TWO SEC CHECK errors are not correctable."
1750 LPRINT E2;"THREE DATA BIT errors are not correctable."

1760 LPRINT 100*((560 E0)/560);"PERCENT DETECT - “;

1770 LPRINT 100*((560-E0-E1-E2)/560);" PERCENT CORR”CT"

1780 FOR A=1 TO 4:LPRINT:NEXT A:EA=EA+E0:EB=EB+El:EC+EC+E2

1790 LPRINT"ONE DATA, TWO PRIMARY CHECK ERROR SYNDROME MAPS":LPRINT:LPRINT
1800 A$=" ":E0=0:El1=0:E2=0:FOR A=0 TO 4:LPRINT"PRIMARY check bit";A:LPRINT
1810 FOR F=0 TO 15:LPRINT USING "##";F;:LPRINT" ";:NEXT F:LPRINT:LPRINT
1820 FOR B=A+l TO 5:FOR C=0 TO 15:FOR E=852 TO 1091
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1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2105
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630

FOR F=52 TO 611

IF ROM(F,l1)=ROM(X,1) THEN A$="c":E2=E2+1:GOTO 1860 ELSE NEXT F

IF ROM(E,1)=ROM(X,1) THEN A$="c":El-El+1 ELSE NEXT E

H$=HEXS$ (ROM(X,1)):IF LEN(H$)=2 THEN H$="0"+HS

LPRINT H$;AS$;:X=X+1:A$=" ":NEXT C:LPRINT USING “####":B

NEXT B:LPRINT:LPRINT:NEXT A

LPRINT" 240 ONE DATA, TWO PRIMARY CHECK errors are possible.”

LPRINT El;"ONE DATA, TWO SECONDARY CHECK errors are not correctable.”
LPRINT E2;"THREE DATA BIT errors are not correctable."

LPRINT"100 PERCENT DETECT - ";100%((240-E1-E2)/240);"PERCENT CORRECT"
FOR A=l TO 4:LPRINT:NEXT A:EB=EB+El+E2:E1=0:E2=0

LPRINT"ONE DATA, TWO SECONDARY CHECK ERROR SYNDROME MAPS":LPRINT
LPRINT:FOR A=0 TO 4:LPRINT"SECONDARY check bit";A:LPRINT

FOR F=0 TO 15:LPRINT USING "##";F;:LPRINT" “;:NEXT F:LPRINT:LPRINT
FOR B=A+1 TO 5:FOR C=( TO 15:FOR E=612 TO 851

FOR F=52 TO 611

IF ROM(F,1)=ROM(X,1) THEN A$="c":E2=E2+1:GOTO 2010 ELSE NEXT F

IF ROM(E,1)=ROM(X,1) THEN A$="c":E1=El+1 ELSE NEXT E

H$=HEX$ (ROM(X,1)):IF LEN(HS$)=2 THEN H$="0"+HS

LPRINT H$;AS;:X=X+1:A$=" ":NEXT C:LPRINT USING "###4";B

NEXT B:LPRINT:LPRINT:NEXT A

LPRINT"240 ONE DATA, TWO SECONDARY CHECK errors are possible.™
LPRINT El;"ONE DATA, TWO PRIMARY CHECK errors are not correctable."
LPRINT E2;"THREE DATA BIT errors are not correctable."

LPRINT"100 PERCENT DETECT - ";100*((240-E1-E2)/240);"PERCENT CORRECT"
FOR A=l TO 4:LPRINT:NEXT A:EB=EB+E1+E2:A$=" ":C0=1:Cl=64

IF W=1 THEN P$="SECONDARY":S$="PRIMARY":C0=64:Cl=1

X=0:FOR A=0 TO 15:AD=SYND(A):FOR B=0 TO 5:P=CO*2/B '101/110 - 96
IF (AD AND P)=0 THEN AE=AD+P ELSE AE=AD-P

ROM(X,1)=AE:X=X+1:NEXT B:NEXT A

FOR A=0 TO 5:S=C1l*2AA:FOR B=0 TO 15:FOR C=B+l1 TO 15 '210/201 - 720
AD=SYND(B) XOR SYND(C):IF (AD AND S)=0 THEN AE=AD+S ELSE AE=AD-S
ROM(X,1)=AE:X=X+1:NEXT C:NEXT B:NEXT A

FOR A=0 TO 5:AD=C1*2A~A:FOR B=0 TO 4:AE=AD+C0*2/B '012/021 - 90
FOR C=B+1 TO 5:ROM(X,l)=AE+CO0*2AC:X=X+1:NEXT:NEXT:NEXT

AS$=" ":LPRINT"TWO DATA, ONE ";:LPRINT S$;

LPRINT" CHECK ERROR SYNDROME MAPS" :LPRINT:LPRINT
X=96:E0=0:E1=0:E2=0:FOR A=0 TO 5:LPRINT S$;

LPRINT" check bit";A:LPRINT

FOR F=1 TO 15:LPRINT USING"##";F; : LPRINT" "; ¢NEXT F:LPRINT:LPRINT
FOR B=0 TO 14:FOR C=B+1 TO 15;FOR D=0 TO 95

IF ROM(D,1)=ROM(X,1) THEN A$="d ":E0=E0+1:GOTO 2280 ELSE NEXT D

FOR G=96 TO 815:IF G=X THEN G=G+1

IF ROM(G,1)=ROM(X,l) THEN A$="c ":E2=E2+1:GOTO 2280 ELSE NEXT G

FOR E=816 TO 905

IF ROM(E,1)=ROM(X,l) THEN A$="c ":El+El+l ELSE NEXT E

H$=HEX$ (ROM(X,1)):IF LEN(H$)=2 THEN H$="0"+HS

LPRINT H$;AS$;:X=X+1:A$=" “:NEXT C:LPRINT USING"####":B

LPRINT TAB((B+1)*5+1);:NEXT B:LPRINT:LPRINT:NEXT A

LPRINT"720 TWO DATA, ONE ";:LPRINT MID$(SS$,1,3);

LPRINT" CHECK errors are possible."

LPRINT EO;"ONE DATA, ONE ";:LPRINT MID$(PS,1,3);

LPRINT" CHECK errors are not detectable.":LPRINT EL;"TWO ";

LPRINT MID$(P$,1,3);:LPRINT", ONE ";:LPRINT MID$(S$,1,3);

LPRINT" CHECK errors are not correctable.”

LPRINT E2;"TWO DATA, ONE ";:LPRINT MID$(SS$,1,3);

LPRINT" CHECK errors are not correctable.”

LPRINT 100*((720-E0)/720);"PERCENT DETECT - ";

LPRINT 100*((720-E0-E1-E2)/720);"PERCENT CORRECT"

FOR A=l TO 4:LPRINT:NEXT:EA=EA+E0:EB=EB+El:EC=EC+E2

LPRINT"TWO ";:LPRINT MID$(P$,1,3);:LPRINT", ONE ";:LPRINT MID$(S$,1,3);
LPRINT" CHECK ERROR SYNDROME MAPS":LPRINT:LPRINT
X=816:E0=0:E1=0:E2=0:FOR A=0 TO 5:LPRINT S§$;

LPRINT" check bit";A:LPRINT

FOR F=1 TO 5:LPRINT USING "##";F;:LPRINT" "; :NEXT F:LPRINT:LPRINT
FOR B=0 TO 4:FOR C=B+l1 TO S

FOR D=96 TO 815:IF ROM(D,1)=ROM(X,1) THEN A$="c ":El1=El+l ELSE NEXT D
H$=HEX$ (ROM(X,1)):IF LEN(H$)=2 THEN H$="0"+H$

LPRINT H$;AS$;:X=X+1:A$=" ":NEXT C:LPRINT USING"#4";B

LPRINT TAB((B+1)*5+1);:NEXT B:LPRINT:LPRINT:NEXT A:LPRINT"90 TWO ";
LPRINT MID$(P$,1,3);:LPRINT", ONE ";:LPRINT MID$(S$,1,3);

LPRINT" CHECK errors are possible.":LPRINT El;"TWO DATA, ONE “;
LPRINT MID$(S$,1,3);:LPRINT" CHECK errors are not correctable.”
LPRINT"100 PERCENT DETECT - ";100*((90-El)/90);"PERCENT CORRECT"
FOR A=l TO 4:LPRINT:NEXT A:EA=EA+EQ:EB=EB+El:EC=EC+E2

IF W=0 THEN W=1:GOTO 2090

FOR A=l TO 4:LPRINT:NEXT

LPRINT"3290 THREE BIT ERRORS (all types) are possible."

LPRINT EA;"of these errors cannot be detected.”

LPRINT EB+EC;"of these errors cannot be located."”

LPRINT 100*((3290-EA)/3290);"PERCENT DETECT - ";

LPRINT 100*((3290-EA-EB-EC)/3290);"PERCENT CORRECT"




single-bit error syndromes. The error status at this point
is that of a ‘‘one pass’’ error, and correction proceeds
accordingly.

When a zero-pass error or a noncorrectable error
occurs, the six LSBs from the PROM provide additional
information. For example, a hexadecimal coded output
from the PROM [Fig 5(b)] defines a 2-bit error in which
one bit in error is a data bit and the other a primary
check bit. The primary ECC device detects a 2-bit error
while the secondary device detects only the data bit in

Some types of error do not require
syndrome injection and are referred to
as ‘Zero-pass’’ correctable errors.

error. Bit 5 of the PROM output directs the secondary
device to output corrected data to the system. In most
cases, bit 5 is a 1, and corrected data are output from
the primary ECC device. Bits 0 through 4 of the PROM
output define the error type and the number of bits in
error (Fig 6) when the MSB (bit 7) is a 1. When the MSBis
a 0, syndromes are required for correction, and bits 0
through 5 represent those syndromes.

The first of the two programs provided here is called
‘““DC16AROM.BAS,”” and is a listing in hexadecimal
representing the contents of the syndrome decoding
PROM. The file may be presented to an output port for
loading a PROM programmer if minor program changes
are made. The second program, called ‘‘DCI6AMAP.BAS,”’
generates all the required syndrome maps, which
include flags for all correctable 3-bit errors. These
programs were written in Microsoft Basic and are
compilable.
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SYSTEM DESIBN/[IE0GY SUSTELS

EFFORTLESS ERROR
MANAGEMENT

Basic application of error management techniques is
based on error history, including the double complement

error correction cycle

by Bob Nelson

hen implemented only in hardware, error
w management is generally limited to simple error

logging. In most systems, error logging hardware
is designed to capture the location of one error and use
this information for maintenance purposes. In more
sophisticated systems, however, software extends the
error management function: after hardware obtains
error information, data are accumulated on disk to
expand storage capacity for information relating to
error locations. Beyond the error information storage
function of error management, which is useful for
maintenance, some systems implement a correction pro-
cedure based on error history. If two errors occur in a
memory word where an error has previously occurred, it
is likely that both errors can be corrected. The basic
error management system described in this article will
provide a high correction rate for all 2-bit errors, except
when two soft errors simultaneously occur in a memory
word with no error history.

Error management system

The error management system comprises the central
processing unit (CPU), the system memory, an error
checking and correction (EcC) device, and an error
management unit (EMU). The CPU is a 16-bit machine

Bob Nelson is responsible for digital systems
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Semiconductor Corp, 2900 Semiconductor Dr, Santa
Clara, CA 95051. His engineering career began at the
Burroughs Corp, where he worked on semiconductor
memory systems and system interface design for large
mainframe computers. Mr Nelson completed his basic
engineering studies at Citrus College, Azusa, Calif,
following undergraduate work at Pasadena City
College.

Published in Computer Design, February, 1982,
Reprinted by permission.

and requires commensurate memory. Actual memory,
including the six check bits that the ECC device requires,
is 22 bits wide, The ECC device is based on the DP8400
monolithic ECC unit manufactured by National Semi-
conductor. The EMU is a hypothetical device that can be
implemented in hardware, partially or entirely, depending
on system requirements.

The DP8400 provides several functions and features
that allow easy implementation of a minimumn hardware
error management system. Error indicating syndrome
words must be available to the EMU directly and syn-
drome injection capability must exist. (See *‘Simplifica-
tion of 2-Bit Error Correction,”” Jan 1982, pp 127-136,
for a discussion of the DP8400’s syndrome input/output
ports.) The DP8400 also provides the hardware required
to perform a double complement correct cycle. Error
flags must be provided to discriminate between 2-bit
and detectable 3-bit errors; the DP8400 provides three
such flags to include this function.

Vertical columns in the matrix shown in Fig 1 repre-
sent the single data bit error indicating syndrome.
words. A double data bit error syndrome word results
from exclusive ORing (XOR) the two single-bit error
indicating syndrome words that correspond to the
bit locations in error. A detectable triple data bit syn-
drome word is any one of the ten syndrome words, not
included as part of the matrix, which contains either
three or five 1s. Syndrome words that represent check
bit errors contain 1s in the syndrome word bit positions
corresponding to the check bits in error, and Os in the
remaining bit positions. An error condition involving
the data and check bit fields provides a syndrome word
that represents the data bit(s) in error, XORed with a
syndrome word representing the check bit(s) in error.

Error management unit

The EMU is memory intensive and uses memory in the
form of an associative stack. Three fields constitute
each of the 16 words in the stack: the 8-bit address field,
which is the associative portion of the word; the 2-bit
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111111
0123456789012345
LSB ——————error locations MSB
0011111101 110111 LSB o}
0001001011010111 1
1001100010101 111 syndrome 2
0110000111101011 words 3
11T00010110010101 4
1110111010001 110 MsB 5

Fig 1 DP3400 syndrome word generator. Presenting errors to
unique matrix produces syndrome words.

tag field; and the 6-bit syndrome field (Fig2). The pointer
addresses the stack. The EMU also contains a syndrome
comparator, a temporary syndrome register, and a tag
bit attribute register and comparator. The EMU
monitors most ECC flags and provides flags of its own
both to the EcC device and to the CPU; monitoring the
memory address and comparing that address to the

tag
address bits |syndromes

Word O 76643210 10543210

Word 156 76543210 10543210

Fig 2 Associative stack organization. Of 16-bit address,
reight address bits are most significant bits. Tag bits indicate
type of error, and syndrome bits contain syndrome word.

stack’s address field is a major function of the EMu.
When the *‘stack full”’ flag is off, however, the number
of words in the match area is limited by the location of
the stack pointer. If a match occurs, ie, if the current
memory address is an address at which an error occurred
previously, the information obtained from the previous
error can be used to correct more than one error bit.
Each EMU function will be defined in a subsequent sec-
tion of this article.

Single-bit error: first occurrsnce
Ab§ence of a match, accompanied by single-bit error
indicating flags, defines the first occurrence of such an

error in the current

" ress. Iror ma
Tag Bits Information Status zg?netslz e C;I::: beit or checl)(l
00  soft single-bit error | bit field of memory. EF'
01 firm single-bit error | ror address, tag bits (Fig
10 hard single-bit error | 3), and single-bit error
11 hard double-bit error indicating syndrome

word are stored in the
EMU stack. Tag bits are
assigned a value of 00,
indicating a soft single-bit
error. The stack pointer is
then incremented and the
ECC device -corrects

Fig 3 Tag bit field of stack
indicates error type for more
efficient processing by error
management system. Tag bit
field could be extended in
other systems to provide more
error information.

the single-bit error in the usual way. Stored syndromes
contain an odd number of 1s. In Fig 4, data bit 5 fails at
memory address 52 HEX, check bit 3 fails at address 45
HEX, and data bit 9 fails at address C7 HEX. Since the
errors have not occurred previously at these addresses,
they are given a tag bit value of 00. Logging errors
should not impact the speed or function of the ECC
system in performing single-bit error correction.

Double-bit error: first occurrence

When a double-bit error occurs at an address with no
error history, the EMU exercises the only available
option, a double complement correct cycle. As the ECC
device enters the complement write mode, the syndrome
word that represents the double-bit error condition is
stored in the temporary syndrome register. Then the
ECC system performs a double complement correct cycle
to generate a second set of error flags. If two soft errors
caused the initial indication of a 2-bit error, the second
set of error flags will also indicate two errors and repre-
sent a noncorrectable condition. Any double-bit error
situation other than that of two soft errors will produce
error flags that indicate a correctable condition at the
conclusion of the double complement correct cycle.

One hard and one soft

Error flags produced after the second complement of
the double complement correct cycle indicate a single
error if the initial error condition was one hard and one
soft. At that point, the hard error will have been ‘‘cor-
rected’’ and the remaining soft error indicated. The ECC
device will generate a new single-bit error indicating syn-
drome word, which the EMU will XOR with the previ-
ously stored double-bit error indicating syndrome word.
The result, which is the single-bit hard error indicating
syndrome word, is stored in the stack.

To identify the bit as a single hard error, the tag bit
field is set to a value of 10. After the error information
is stored, the stack pointer is incremented. The ECC
device corrects the single error in the usual manner. The
remaining soft error may be either a check bit error or a
data bit error. Fig § illustrates a soft error in data bit
location 2 and a hard error in data bit location 11. A
double complement cycle corrects the error in location
11. Representing the soft error, a new syndrome word is
then XORed with the original syndrome word to produce

error address ‘;?tgslsyndromes I
Word 0 1010001000 110001 databith
Word 1 0100010100 001000 checkbit3
Word 2 1100011100001011 databit9
Word 3 XXXXXXXX XX XXXXXX

Word 15 XX XXX XXX XX XXXXXX

Fig 4 Logging errors on EMU stack. Single-bit errors
occurring at addresses with no previous error history receive
tag bit value of 00.
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1st error 0010000000010000
D—>D 1101111111101111
2ndread 1101111111111111 000101 11 corrected
D—>D 0010000000000000 111010 complement

T— 101001

010011 2+ 11 x0R2 = 11

111010 2 and 11

000101 complement
new syndromes

(a)

ta
error address |bix§| syndromes |

Word

3 01001 databit?2
Word 4 100

00110110 101 1
01101101 10010000 checkbit 4

(b)

Fig 5 After correcting hard error in bit position 11 (a),
system stores hard error syndrome on associative stack (b)
and sets tag bit field to indicate single-bit hard error.

error address \b.tslsyndrome

Word O 10100010 00 110001 databits
Word 1 01000101 00 001000 checkbit3
Word 2 11000111 00 001011 databit8
Word 3 00110110 10101001 databit2
Word 4 01101101 10 010000 checkbit4
Word 56 10000100 11 101000 2hard
Word 8 XXXXXXXX XX XXXXXX

Word 15 XXX XXXXX XX XXXXXX

Fig 6 Contents of EMU’s stack containing initial occurrence
of each error type.

the syndrome word that represents the hard error. These
hard error syndromes are stored as shown in Fig 6,
which also shows the storage of a hard check bit error at
address 6D HEX.

Two hard

An EcC ‘“‘no-error”’ flag, following a double comple-
ment correct cycle, indicates an initial error condition of
two hard errors. Data following the second complement
are correct; since no error exists, a syndrome word of all
zeros is generated. The EMU will store the error address,
the tag bits, and the contents of the temporary register.
Tag bits will be given a value of 11, indicating a double-
bit hard error. The stored syndrome word is then XoRed
with the contents of the temporary syndrome register
and the new syndrome word from the EccC device (as
with a one soft/one hard error condition), and the stack
pointer is incremented. In this example, the information
obtained from a double-bit hard error at address 84
HEYX, including a syndrome word of 101000, is stored. A
2-bit error indicating syndrome word provides no infor-
mation regarding the location of the errors. Errors in
data bit locations 13 and 15, for example, produce the
stored syndrome word as would errors in check bit loca-
tions 3 and 5. Fig 6 illustrates the contents of the
associative stack portion of the EMU following the first
occurrence of each type of error discussed. Word 5 in
the stack represents the double-bit hard error.

Logging the errors

As errors occur at new addresses, error data are stored
in the stack and the stack pointer is incremented. When
information is entered in stack word 15 a ‘‘stack full”’
flag is set. The stack full flag directs the pointer to the
lowest word address location in the stack containing the
value 00 in the tag bit field. After storing data, the stack
pointer goes to the next highest word address location
that contains a 00 in the tag bit field. The stack contains
the most recent error addresses at which single-bit soft
errors occurred and all addresses at which firm or hard
errors occurred. When no tag bit field contains 00, the
“‘overflow’’ flag is provided and no additional stack
storage occurs. However, logged error information is
available to the system. One of the DP8400 modes, for
example, allows data to be provided to the syndrome
input/output ports and output through the data input/
output ports, a capability that allows the error informa-
tion to be dumped to the system disk for an additional
level of storage. In another mode, the DP8400 can inter-
nally transfer data from the data input to the syndrome
output, allowing the stack to be loaded from the system
disk via the data bus.

Error locations are stored in real time by the logging
procedure. Error resolution is defined by the correspon-
dence of the memory address bits to the EMU address
inputs. The EMU described here has eight address inputs
that allow chip level error resolution in a IM-byte memory
system when 64k-bit dynamic random access memories
are used. Since the EMU does not monitor the least signi-
ficant eight memory address lines, error information—
specifically the address and syndromes as stored in the
EMU—represents a memory chip location. If a ‘‘read
error’’ match occurs, only the tag bits and/or the stored
syndrome word may be updated. Therefore, each unique
error address can exist in a single stack location. Each
stored word location defines one defective bit (chip) loca-
tion if the syndrome word indicates a single-bit error. In
some cases, the error information will represent two hard
errors, which normally cannot be located.

Relocating the errors

In response to new error information, it may be
desirable to change the error locations as defined by the
syndrome words stored in the EMU. If a single-bit error
is accompanied by an address match and tag bits repre-
senting a stored single-bit soft error, but if the syndrome
comparison indicates that a different bit is in error, the
syndrome field of the
matching stack word
should be changed to
the new syndrome
word. The EcC will

Stored Error Tags Detected Error

1 bit, firm 01 1 soft, 1 hard

1bit, hard 10 1 soft, 1 hard | correct the single-bit

: ';:: :g;: gg ;Sg:: 1hard | error in the normal
' S

1bit firm 01 2 hard manner, and the most

1bit. hard 10 2 hard recent soft error

information for that
memory address will
be maintained. Previ-
ous soft error infor-
mation can be off-
loaded to a secondary
storage device prior to
the update.

Fig 7 Errors for syndrome
injection in order of
probability. Syndrome
injection in the DP3400 allows
faster correction than double
complement method.




Maintenance help

Maintenance tools are a by-product of the EMU system.
During the ECC procedure, error locations are identified
and error types determined. EMU generated flags, which
are provided when the stack contents reach a defined
level, allow the error information to be offloaded to the
system disk and the EMU to be cleared and reloaded with
selected error information from disk. After the error
information is loaded on disk, the system can be
powered-down for maintenance. Following system
power-up, suspect information about error location
may be written to the EMU. This extended logging
capability is part of the total error management system.

Redefinition

When a single-bit error occurs in a location at which a
single-bit error has occurred previously, and the stored
syndrome word is the same as the single-bit error indi-
cating syndrome word generated by the ECC device, it
may be necessary to redefine the error type. If the match
provides tag information indicating a soft error (tag
field = 00), the tag field will be changed to 01 to indi-
cate a single-bit firm error. Such a redefinition is valid.
For instance, a firm error may be an unproved hard
error or an error-prone memory device sensitive to
alpha particles, system noise, or both. Such an error can
be treated as either a soft error or a hard error, or be
given a definition based on the present error. For the
purpose of this discussion, a firm error will be treated as
a hard error.

With...double complement correct
cycles, 100% of 2-bit errors can be
corrected when...one of the errors is
hard, regardless of...error history.

Although a soft error can occur in any given location
within a chip, a second soft error is most likely to occur
within the same chip. Error-prone chips are identified
and tagged as firm error locations. In the EMU, both the
syndromes and the address field are compared, pro-
viding higher error resolution within a word. In this
EMU, the tag bit field is updated and the syndrome field
is rewritten (if the second error is not in the same chip,
the most recent single-bit error location in that word will
be stored). The ECC device corrects the single-bit error
in the normal manner.

Double-bit error: subsequent occurrence

When a double-bit error occurs and the EMU obtains a
match, the contents of the tag bit field dictate the pos-
sible courses of action (Fig 7). If the tag bits are 11, for
example, a double complement correct cycle is the only
option. If the tag bits indicate a single-bit hard error
location, a double complement correct cycle could be
implemented. On the other hand, it is reasonable to

assume that the stored syndrome word represents one of
the two present error locations; in that case the error can
be corrected without additional memory cycles.

One hard—one soft, ane hard

If a match is obtained, tag bits are 10, and a 2-bit error
has been detected, it is most likely that one error is soft
and the other hard. Syndrome injection will obtain the
fastest correction. The syndrome word in the stack,
which usually represents the hard error location, is
presented to the DP8400. There it is XORed with the inter-
nally generated syndrome word to provide the resulting
soft error syndrome word, which is then presented to
the syndrome decoder. After the ECC device corrects the
soft error, it generates new check bits and zero syn-
dromes. XORing the new syndromes with the still-
injected hard error syndrome word, the unit decodes the
hard error location and corrects the second error. This
procedure allows correction of 2-bit errors without
additional memory cycles, once the location of the hard
error has been determined. Although a firm error is
treated as a hard error, it must be given special consid-
eration during system maintenance.

One soft—ons soft, one hard

If a 2-bit error is detected and a match obtained with a
tag of 01, the highest probability is that one error is soft
and one is hard. The syndrome word from the stack is
injected into the DP8400, where it is XORed with the inter-
nally generated syndrome word, providing the result to
the syndrome decoder. Correcting the soft error, the
ECC device generates new check bits and syndromes,
XORs the new syndromes with the still-injected hard
error syndrome word provided by the EMU, decodes the
known error location, and corrects it. When the loca-
tion of one error has been determined, this procedure
allows high speed correction of 2-bit errors without
additional memory cycles.

One soft—two soft

If a match is obtained, tag bits are 01, and a 2-bit error
is detected, both errors are probably soft and can be
corrected by syndrome injection. The syndrome word in
the stack (which often represents one of the soft error
locations) is presented to the DP8400, where it is XORed
with the syndrome word, generated internally to provigde
the unknown soft error syndrome word to the syndrome
decoder. Correcting the soft error, the ECC device
generates new check bits and zero syndromes. XORing
the new syndromes with the still-injected ‘‘known’’ soft
error indicating syndrome word, it decodes the error
location and corrects the second error. Thus, two soft
errors can be corrected if the location of one is known.

One firm or hard—two hard

If two hard errors occur at an address where a single-bit
hard error has been recorded previously, syndrome
injection will usually accomplish the correction. The
syndrome word in the stack, which most likely repre-
sents one of the hard error locations, is presented to the
DP8400 where it is XORed with the internally generated
syndrome word, providing the result to the syndrome
decoder. The ECC device corrects the first error and
generates new check bits and zero syndromes. XORing
the new syndromes with the still-injected ‘‘known’’
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error indicating syndrome word, the unit corrects the
second error. This procedure allows high speed correc-
tion of two hard errors when the location of one is
known.

Double complement

The double complement error correction cycle is effec-
tive for locating hard errors in an error management
system. This technique is effective when speed of error
correction is of less concern than system integrity. Use
of the double com-
plement correct
cycle following the

Stored Error Tags Detected Error

} gi:v ?P" g? g hﬂ;g detection of every
it, firm SO
1bit, hard 10 2 soft error enhances

error determina-
tion and correc-

Fig 8 Errors for double

complement correction. When tion. Immediate
speed is of less priority, determination of
double complement method single-bit hard

allows more precise error
detection, logging, and
correction.

errors improves the
possibility that
double-bit errors
in the same defined address can be corrected. The next
level of error detection and cofrection efficiency, using
the double complement correct cycle for each detected
error, includes those error types noted in Fig 8.

One soft—two hard

A no-error indication from the ECC device following the
double complement correct cycle will complete the defi-
nition of the error type—defined as a 2-bit error by the
syndrome word stored in the temporary syndrome regis-
ter—as a 2-bit hard error. If a match occurs but the tag
bit field indicates a single-bit soft error, the tag bit field
can be changed to 11, indicating two hard errors, and
the syndrome field replaced with the contents of the
temporary syndrome register. Error information can be
offloaded to a secondary storage device before this
update.

One firm or hard—two soft

If the ECC device generates error flags indicating a
double-bit error at the conclusion of the double comple-
ment correct cycle, the 2-bit error that instigated the
cycle remains and contains two soft errors. Since the only
recorded error at the current memory location is hard,
the errors are not recoverable and system operation ter-
minates. In some systems, a firm error may be defined
as a soft error, and data may be recovered. When off-
loading of soft errors is practiced, the disk or other
storage mechanism can be interrogated for prior mem-
ory errors at the current address. These soft errors can
be corrected if proper information is available.

Two hard—double error

When a match occurs and the tag bits indicate that an
earlier 2-bit error has been recorded for the present
memory address, ECC device’s error flags identify the
error type after the double complement correct cycle. If
the present error is soft, system operation must be ter-
minated—~assuming that no additional relevant infor-
mation regarding errors at this address is available from
other sources. If the second set of error flags indicates
that the present error is a 2-bit hard error, the errors can
be corrected. Comparing the syndrome words in the
temporary syndrome register and the stack will provide
additional information. If the syndrome words do not
match, three or four hard errors exist and system opera-
tion must be terminated.

Locating two hard errors

When the presence of two hard errors has been deter-
mined, a subsequent access at the same address will
most likely indicate a single-bit error. If the single-bit
error is in one of the two locations that had defined the
previous 2-bit hard error, adequate information is
available to locate the other error. The temporary syn-
drome register will store the single-bit error indicating
syndrome word. Data are corrected by the double com-
plement correct cycle, and the syndrome word in the
stack can be replaced by the contents of the temporary
syndrome register. The double-bit hard error indicating
syndrome word can be offloaded and the word replaced.
The new word will then be offloaded and XORed with
the first syndrome word, keeping the result in the sec-
ondary storage element. Secondary storage is available
for interrogation if additional errors occur in the same
address. In more sophisticated error management sys-
tems, additional tag bits are made available in the EMU
stack. One of these tag bits can be used to indicate that
additional error information exists in secondary storage
for that error address.

Summary

The simplified error management system presented here
allows correction of double-bit errors if one of the
errors has previously occurred. With the use of double
complement correct cycles, 100% of 2-bit error correc-
tion is provided when at least one of the errors is hard,
regardless of previous error history. Enhanced error
logging is provided with error type determination capa-
bility. Maintenance aids are provided through the
DP8400’s bidirectional data transfer capability between
the syndrome input/output and data input/output ports.
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DP8400/8419 Error
Correcting Dynamic RAM
Memory System for the
Series 320009

INTRODUCTION

Three PAL's® (Programmable Array Logic devices) were
used in this application in order to interface between the
NS32016, DP8419 and the DP8400 to produce an error cor-
recting memory system for the Series 32000 microproces-
sor family. The PAL Interface Controller (hereafter referred
to as P.1.C.) takes care of all interfacing logic, no extra con-
trol logic is needed.

FEATURES
m The P.I.C. controls the following types of cycles:

A) READ cycles with no errors detected, ALWAYS
CORRECT MODE (1 WAIT state inserted).

B) READ cycles with single error detected, the correct
data will be written back to memory and given to the
CPU. One WAIT state is inserted into the READ cycle
and one WAIT state is inserted into the next access
cycle (and the access is delayed) if it immediately
follows the READ cycle.

READ cycles with more then one error detected. In
this case the processor is interrupted and appropriate
action can be taken.

WRITE cycles (no WAIT states).

BYTE WRITE cycles, or READ MODIFY WRITE cy-
cles (3 WAIT states inserted). If more then one error
is detected in the READ portion of this cycle the
processor will be interrupted so appropriate action
can be taken.

F) DRAM REFRESH cycles (may cause a maximum of 5
WAIT states to be inserted into an access cycle if the
access occurs while the refresh is taking place).

m  All single bit errors are automatically corrected and re-
written back to memory.

B All double bit errors are detected and cause a system
interrupt.

® Can directly drive up to 2M bytes of Dynamic RAM (4
banks of 22 256k DRAMS, each bank being 16 data bits
plus 6 check bits).

® The P.I.C. allows full use of the DP8400 and all its
modes of operation, including:

A) The DIAGNOSTIC modes (can do a diagnostic test of
the DP8400 without needing to use external memo-
ry).

B) The COMPLEMENT modes (useful for doing the
DOUBLE COMPLEMENT METHOD to try to correct
2 errors).

® The P.I.C. interfaces between the DP8409A or DP8419

Dynamic RAM controller, the DP8400 Expandable Error

Checker and Corrector, the NS32016 processor, the

NS32201 Timing Control Unit, and the NS32082 Memory

Management Unit (if used in the system).
®  Provides outputs to interrupt the CPU and to insert WAIT

states if needed.
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= This interface uses PAL's whose equations and timing
are given, allowing the user to customize the interface to
his own requirements (even a different processor family)
if he so desires.

®  Can work at 10 MHz (using the new DP8419, DP8400-2,
and common 120 ns 64k DRAMs). Operation at higher
frequencies is possible.

DESCRIPTION

The P.I.C. consists of 3 PAL's and one 74LS164 parallel
output serial shift register (see P.I.C. logic diagram). If great-
er speed is needed for the shift register (CPU clock speed is
over 6 MHz) one could use some similar type of shift regis-
ter in a faster type of logic (“AS, ALS, F”), or could make
one out of D flip-flops (74AS174).

If one is using a CPU other then the Series 32000 and does
not have a fast clock (FCLK, twice system clock frequency)
he could substitute a 5 or 10 tap delay line for the shift
register.

The P.I.C. uses a shift register as an aid in determining the
state of the CPU and where it is in an access cycle. When
either of the two outputs, “RASIN” or “RFSH”, go true the
shift register is enabled and begins producing a series of
delays. These delays, along with specific signals from the
CPU, are used in the interface to determine the state of the
CPU and create the appropriate control signals for the
DP8400, the DP8409A/DP8419, and the processor. Other
CPUs should be able to customize this interface to their
requirements by adjusting the appropriate equations.

The logic in the upper right hand corner of the P.I.C. logic
diagram may not be needed (74L.S374’s, 74LS244,
74LS240’s LED’s and several SSI gates). The logic allows
the latching of the DRAM bank (BA17, BA18), the syndrome
(S0-87), and the error flags (AE, EO, E1) during an error
condition. The latched data will be displayed on the LED’s
(until the 170 RESET signal is applied) and can be read from
the data bus by the CPU. The address in error could also be
latched by this same logic, if desired.

The 2 input AND gate (U5) in the upper left of the P.1.C. logic
diagram holds CS low until after RASIN goes high on the
DP8409A/19. This is particularly useful for READ cycles
with one ERROR where RASIN is extended beyond the end
of the current cycle, perhaps into another access cycle.

In this application double bit errors, in the dynamic RAM,
generate an interrupt to the CPU. All single bit errors are
automatically corrected and rewritten back to memory.
During a SYSTEM RESET the internal flip-flops of PAL #1
are set to a refresh state by making the RESET input look
like a refresh request (External logic was used to “NOR”
the DP8409A/19 RFI/O input with a system RESET input to
produce the PAL #1 RFI/0O input).

The P.I.C. performs HIDDEN REFRESHES (CPU not ac-
cessing the Dynamic RAM controlled by the DP8409A, indi-
cated by “/CS” being high) assuming a 4 “T" state proces-
sor access cycle.
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The PJ.C. allows the full use of the DP8400 and all its
modes of operation. For example, the DP8400 has excellent
diagnostic capabilities included in modes “2" and “6".
These modes allow one to perform a complete diagnostic
test of the DP8400 without using the external memory. This
is possible using an 1/0 port to control “M1 and M0” of the
DP8400, along with the diagnostic control signals “DIAGCS
and DIAGD” as follows:

1) The user can set the 1/0 signals “M1" and "DIAGCS"
both high and perform a mode 2 DIAGNOSTIC WRITE to
the DP8400 with user generated CHECK bits on the high
byte of the data bus. The CHECK bits will be latched into
the DP8400 (CSLE held low) until the user sets the 1/0
signal “DIAGCS" low.

2) The user can then set the 1/0 signals “M1” low and
“DIAGD" high and perform a mode 0 WRITE, latching
the user generated data in the DP8400 input latches
(DLE held low).

3) Next, the user can perform a normal mode 4 READ. This
will in effect be a diagnostic READ of the user generated
data and check bits without using the external memory. In
this way the DP8400 can be completely checked out dur-
ing system initialization.

4) The syndromes, check bits, and error flags can also be
read, provided ODLE, OBO, and OB1 are low, using mode
6A or by reading the latches.

5) When the diagnostics are completed the user can re-
turn the DP8400 to normal functioning by resstting the
1/0 port outputs to the original DP8400 operating mode
values (“MO, M1, DIAGCS, DIAGD” all low, and
“[7O'RESET" high).

Using the I/0 port signal “M0” the, user could perform the

DOUBLE COMPLEMENT METHOD to try to correct a DOU-

BLE bit error in the DRAM (see DP8400 data sheet for fur-

ther information on the DOUBLE COMPLEMENT METH-

oD).

Another 1/0 port output, “I/0 RESET”, allows the outputs

“DOUBLERROR” and “ERROR” in PAL #3 to be reset.

The signal “ERRLAT" is used in this interface to latch the

SYNDROME, DRAM bank, and ERROR flags during a CPU

READ access with a single, double, or triple bit error. The

CPU can READ these latched error signals by performing a

memory READ from a specific memory location. (An OFF

BOARD CHIP SELECT, “CS-OFFB".) This READ will gate

the latched error condition to the CPU data bus via the

741.8244 buffer and the signal SYNDROME-DATA (see the

upper right hand corner of the P.I.C. controller logic dia-

gram).

The PAL equations that follow are in the National Semicon-

ductor PLAN™ format, which differs from the standard

PALASM™ format.

EXAMPLE: PLAN FORMAT

“RASIN:= RFSH » 2D « ODLE"

This translates as, “RASIN” is low after the rising edge of

the input clock given that “RFSH" was high and “2D” was

low and “ODLE” was high a setup time before the clock
transitions high (here RASIN, RFSH, and ODLE are outputs
of the PAL and 2D is an input).

EXAMPLE: PALASM FORMAT

“RASIN := RFSH » 2D « ODLE"

The above expression means the same as the PLAN format

expression except it is written in PALASM format. In other

words “RASIN” will go low after the rising edge of the clock
given that “RFSH"” was high, “2D" was low and “ODLE”

was high a setup time before the clock transitions high (here
RASIN, RFSH, and ODLE are outputs and 2D is an input).
Depending on the Specific type of PAL's and logic used the
user can calculate the speed requirements for the DRAM at
the specified processor frequency as follows:

Here both “tgac” and “tcac” must be calculated and con-
sidered in determining what speed DRAM can be used in a
particular system design. The DRAM chosen must meet
both the “tgac” and “tcac” parameters calculated.
EXAMPLE SYSTEM, 10 MHz, DP8400-2, DP8419, FAST
“A" PART PALs

#1) RASIN low = T1-2 ns (FcLk—PHI1 skew)+15 ns
(“A" PAL clocked output) = 100—2+15 = 113 ns
maximum

RASIN to RAS low = 20 ns maximum (DP8419)
RASIN to CAS low = 80 ns (DP8419 RASIN-CAS
low maximum)

74F244 transceiver delay = 7 ns maximum
DP8400-2 data setup time to “CSLE, DLE” = 10 ns
maximum
Minimum “CSLE, DLE” delay into “T3" = Minimum
“A" PAL delay — minimum FCLK to PHI1 skew = 8
— 2 = 6 ns minimum
“pac” =TI+ T2+ TW — #1 — #2 — #4 — #5 + #6
=100+ 100+ 100 — 113 -20-7 - 10+ 6
=156 ns
“toag" = T1+ T2+ TW — #1 — #3 — #4 — #5 + #6
=100+ 100 + 100 — 113 ~-80~7 — 10+ 6
=96ns
Therefore the DRAM chosen should have a “tgac” less
than or equal to 156 ns and a “tcac” less than or equal to
96 ns. Standard 150 ns DRAMs meet this criteria.
Approximately 150 ns minimum RAS precharge time.
Approximately 200 ns minimum CAS precharge time.
Approximately 230 ns minimum RAS pulse width.
Approximately 180 ns minimum CAS pulse width.
One must also consider the WRITE command to RAS and
CAS lead times when choosing DRAMs for this system. Dur-
ing a READ access cycle, with a single bit error, a READ-
MODIFY-WRITE access is performed. Here, the WRITE
command to RAS and CAS lead times are one half period in
length. This may present a problem to systems operating at
frequencies of 10 MHz or greater. One can alleviate this
problem by inserting an extra WAIT state into READ access
cycles (see Use of P.I.C. at higher operating frequencies,
#3) or by using external drivers from the PAL “WE" output
1o the DRAM “WE” input (thereby speeding up the WIN to
WE delay and guarantesing a greater WE to RAS and CAS
lead time).

USE OF THE P.I.C. AT HIGHER FREQUENCIES

1) If one is using this interface above 4-6 MHz he should
consider using the fast PAL's* (example “PAL16R8A” in-
stead of “PAL16R8"), a fast shift register (example
74F164), external fast logic (such as “AS, ALS, or F” type
74XX series) or the taster “‘B” type PALs to produce outputs
“DOUTB, OBO0, OB1” to the DP8400, and the new
DP8400-2 error correction chip. The fast PAL's* have an
input to output maximum time of 25 ns, and 15 nsif it is a
registered output. The slow PAL's* have an input to output
maximum time of 35 ns, and 25 ns if it is a registered output.

#2)
#3)

#4)
#5)

#6)
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One needs to produce “DOUTB, OB0, OB1” faster at high-
er CPU speeds to guarantee that the CPU reads valid data
during a READ access cycle. To do this he could use exter-
nal fast logic as shown in the following figure.

Using the above example we can calculate (assuming a 10
MHz 32000 series processor) the time required to have valid
data at the CPU data input pins.

« O8O0

CSLE
TL/F/8400-1

@OBT would have the same configuration as OBO

13 ns (maximum time of CSLE into state T3 assuming fast
“A"” PAL) +9 ns (maximum 74ALS00 propagation delay) +
9 ns (max 74ALS00 prop delay) +36 ns (maximum

' DP8400-2 “OB0, OB1” to output valid delay) + 7 ns (maxi-

mum 74F245 propagation delay) + 20 ns (data setup time
required for the series 32000 with respect to the CTTL-
clock) = 94 ns ***This value must not exceed 100 ns for a
10 MHz processor.

The delay of “DOUTB" is to allow the DP8400 data, check
bit and syndrome latches “DLE, and CSLE” to latch the
data and check bits before turning off the DRAM output
buffers.

The delay of “OBO0 and OB1” allow the DRAM output buff-
ers to turn off before the DP8400 starts driving the DP8400
memory data bus. In general the DRAM output buffers
should turn off much faster then the DP8400 output buffers
can turn on, so the user may want to allow “OBO, OB1” to
become valid at the same time as “DOUTB" transitions
high.

2) In order to allow the use of slower DRAMSs at higher CPU
speeds one may want to slow down access cycles by add-
ing an extra WAIT state.

To do this one could replace the 74LS164 IC with the fol-
lowing circuit:
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Here "CTTL” was used instead of “FCLK" with a 74F164.

The “RFSH" PAL equation must be adjusted to keep
“RFSH" 5 clock periods long, as follows:

RFSH: = RFIO+INCY+2D
+RFSH+RFIO
+RFSH+6D
+RFSH*CTTL

If WAIT states are also wanted in WRITE access cycles the
“CWAIT" equations must include the following term:

+RFSH » INCY » TSO » DDIN » 2D
If one wants to keep WRITE cycles without WAIT states
inserted then the “RASIN" equations must be modified for

HIDDEN REFRESH and WRITE cycles as follows:
+RFSH « RASIN « INCY » 2D

3) Another possibility for this interface at higher frequencies
would be to adjust READ access cycles by adding another
WAIT state to them, as well as adjusting BYTE WRITE
cycles.

Using this method one would need another stage for the
shift register or use a 74F164 and use CTTL as its clock
instead of FCLK. If one looks at the above figure, using the
74F164, for reference the extra stage “10D” would be used.
This would allow one to make the READ access cycle one
“T” state longer by adjusting the READ and READ with er-
ror “RASIN” equations.

To make the READ access cycle one “T" state longer an-
other WAIT state would have to be added to READ cycles
(making a total of 2 WAIT states) and the latch signals
“ODLE” and “CSLE” must be adjusted by delaying them
back V4 “T" state (allowing a . cycle longer access time).
This also has the advantage of allowing the other . cycle
of time to get the data valid at the inputs of the Series 32000
CPU.

The BYTE WRITE access cycle could also be adjusted by
delaying the signals “ODLE" and “CSLE” by ¥ cycle. No
other equations need to be touched. This would allow an
extra , cycle for access time during BYTE WRITE access
cycles.

This would allow a standard 150 ns to possibly 200 ns
DRAM in a 10 MHz system [80.5 ns + 1, “T" state (50 ns)
= 130.5 ns column access time (tcac)l but would sacrifice
by having 2 WAIT states in READ access cycles.

4) One also must be careful to make sure that CS is low,
during an access, a minimum of 30 ns (DP8409A, 15 ns
DP8419) before RASIN transitions low. If this is a problem
one could tie CS permanently low (disabling hidden RE-
FRESH) and use the system transceivers to select the
memory system.

OTHER OPTIONS

If one is using the NS32082 Memory Management unit in a
Series 32000 system he should connect the output “PAV”
(Physical Address Valid) to the P.I.C. instead of the address
strobe output “ADS".

An output for the BUS PARITY ERROR in a data transfer
from the CPU to memory could also be detected, from the
error flags and “AE"” of the DP8400, and used to interrupt
the CPU. However, the P.I.C. does not make use of that
feature of the DP8400, though it would be very easy to add.
If one does not want to WRITE corrected data to memory in
case of a DOUBLE BIT error, in READ access cycle, he
could disable the WRITE signal, “WIN", during a DOUBLE
BIT error as follows:

Wik
WIN _

IN

TL/F/8400-3




NS32016, DP8400, DP8409A
PALs Inputs and Outputs
PIN NUMBER OF THE PAL ON THE LEFT

PAL #1 Inputs

1) “FCLK”
2) “oTTL”
3) (lﬁn
4) “DDIN"”
5) “RFIO"
6) “INCY”
7) “AOHBE"
8) wop
9) “ERRLAT”
11) “OE”
12) “4D”
18) “6D"
19) “gD”
PAL #1 Outputs
17) “RASIN”
16) “RFSH”
15) “WIN"

14) “CYCLED”

PAL #2 Inputs

1) “RFSH"
2 “RASN"
3) o
4) “HBE"
5) “[J_D——IN"
6 “ADS"
7) “TSO"
8) 20"
9 =

11) “CYCLED”

Fast Clock (twice “CTTL" frequen-
cy) from NS32201.

Output clock from NS32201.

Chip Select for the Dynamic RAM
controlled by the DP8409A and
DP8400.

Data Direction in, from NS32016,
indicates the direction of the data
transfer during a bus cycle.
Refresh request output from the
DP8409A, also is used as a reset
input to set PAL to a known state.
Output from PAL # 2 indicating that
the NS32016 is in an access cycle.
If address bit 0 and high byte en-
able (from NS32016) are both low
this input is high. Used to deter-
mine when byte operations are in
progress.

“RASIN” or “RFSH" delayed by 2
periods of FCLK. This output is
from the external shift register.
Output from PAL #3 indicating that
any error, “AE", was valid during a
READ access cycle.

Enables PAL outputs.

“2D” delayed by 2 periods of
RFCK, also an output of the exter-
nal shift register.

“4D” delayed by 2 periods of
RGCK, also an output of the exter-
nal shift register.

“6D” delayed by 2 periods of
RGCK, also an output of the exter-
nal shift register.

Input to DP8409A

Input to DP8409A, causes the
DP8409A to enter mode 1 to do a
refresh.

This output is used as an input to
the DP8409A. It causes a WRITE
to the DRAM.

This output is used in many other
equasions and functions as a sig-
nal that the particular access cycle
is midway to completion.

Output from PAL #1 that indicates
whether the DRAMs are being re-
freshed.

Output from PAL #1.

Output from NS32016, address bit 0.
Output from NS32016, high byte
enable.

Data Direction in, from NS32016.
Address strobe from NS32016.
Output from NS32016.

Output from the shift register.

Chip select for the DRAM.

Output from PAL #1.

13) "“ODLE”

PAL #2 OQutputs

19)  “PBUFT”
18) “OB1"
17) “OB0"
16)  “PBUFO"
15)  “DOUTB"
14) “INCY"
12)  “TWAT"

PAL #3 Inputs

1) “FCLK"
2) “CTTL"
3) “DIAGCS”
4) “DIAGD"
5) “RESET”
6) “CSRASIN"
7 N

8) “EO1”
9) “DouTB”
11) uo_E‘u
12) “AOHBE"
19) “DDIN”
PAL #3 Outputs
18) “ODLE”
17) “CSLE”

Output Latch Enable to the
DP8400 (Output from PAL #3).

This signal enables the high byte of
the processor, through the CPU
transceiver, onto the DP8400/
Memory data bus.

Controls DP8400 output buffer for
byte *1”.

Controls DP8400 output buffer for
byte “0”.

This signal enables the low byte of
the processor, through the CPU
transceiver, onto the DP8400/
Memory data bus.

Controls memory buffers that inter-
face between the DRAM and the
DP8400 memory data bus.

Output indicating that the NS32016
is in an access cycle.

Output to NS32016 that causes
WAIT states to be inserted into the
NS32016 bus cycles.

Fast clock from NS32201.

System clock from the NS32201.
Enable input from I/0 port for diag-
nostics to enable “CSLE", check
bit syndrome latch enable.

Enable input from I/0 port for diag-
nostics to enable “DLE", data latch
enable.

Reset input from 1/0 port to reset
PAL error latches.

Output from the PAL #1 logically
“NOR"ed with the DRAM Chip Se-
lect signal. This indicates the be-
ginning of a selected DRAM ac-
cess cycle.

Output from DP8400 indicating an
error.

This is the “E0" and “E1” error
flags, of the DP8400, logically
“NOR"ed together.

Controls memory buffers that inter-
face between the DRAM and the
DP8400/memory data base.
Enables the PAL outputs.

If address bit 0 AND high byte en-
able (from NS32016) are both low
this input is high. Used to deter-
mine when byte operations are in
progress.

Data Direction in, from NS32016.

Output that controls both the
DP8400 Data latch and output
latches. This output goes directly to
both the “DLE” and OLE pin of the
DP8400.

Output that controls the DP8400
Check bit Syndrome latch. This
output goes directly to the “CSLE”
pin of the DP8400, it is only invert-
ed so the PAL programmer will pro-
gram it correctly.
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NS32016, DP8400, DP8409A PALSs Inputs and Outputs (continued)

16) “MODECC” Output that is used as an input to 13) “ERROR”  This output is used to display the
the DP8400. This signal controls DRAM bank in error, the syndrome
whether the DP8400 is in READ or of the error, and the error flags of
WRITE Mode. the DP8400 when a single, double,

15) “DOUBLERR" Used to interrupt the system when or triple bit error occurs. The pre-
a double bit error has been detect- ceding error condition is held in an
ed during a READ cycle. external error register (74LS374’s).

14) “ERRLAT”  Used in the PAL controller to indi- The contents of the registers are
cate that an error has occurred dur- displayed on LED's to help the user
ing a CS READ cycle or a CS BYTE diagnose where a DRAM problem
WRITE cycle, as indicated by “AE" may reside in the memory system.

being valid. This signal can be used
to latch the DRAM bank in error,
the SYNDROME of the error, the
ERROR flags, and the DRAM ad-
dress (of the data in error) when a
DRAM error occurs.

PAL NUMBER 1

PALL6R4A
FCLX CTITL /CS /DDIN RFIO /INCY JAOHBE 2D /ERRLAT GND
/OE 4D NC /CYCLED /WIN /RFSH /RASIN 6D 8D VCC

/JRASIN ¢ = RFSH»/INCYs/4D+/CTTL+ERRLAT ;Start /RASIN
+RFSH» /RASIN*/INCY+/4D sWRITE or hidden RFSH
+RFSH» /CS«/RASIN+ /INCY+/DDIN+ /6D sREAD cycle
+RFSH+/CS+/RASIN+ /INCY+DDIN+ /AOHBE+WIN sBYTE WRITE cycle
+ RFSH+/CS+/RASINs /INCY+DDIN» /AOHBE+CITL ;Extend BYTE WRITE
+RFSH#+/CS+/RASIN+/DDIN+ /ERRLAT+/8D sREAD w/error
/JRFSH ¢ = /RFIO+«INCY+RASIN sRFSH in idle states or in long
+ /RFSH+/RFIO0 s accesses of other devices or
+ /RFSH+ /8D s at the beginning of an access
+ /RFSH+CITL
JWIN ¢ =
RFSH+/CS+/RASIN* /JERRLAT+«8D*/CTTLe«/DDIN sREAD w/error
+ /WIN+RFSH+/RASIN+ /ERRLAT+6D ;READ w/error continue
+RFSH»/CS* /RASIN*DDIN+2D+CTTL+AOHBE sWRITE
+ /WIN+RFSH»/CS+ /RASIN+DDIN+2D+«AOHBE sWRITE continue
+RFSH+/(S+ /RASIN+DDIN+/AOHBE«/CYCLED+/CITL ;BYTE WRITE
+ /WIN+RFSH#*/CS+ /RASIN+DDIN+/AOHBE«6D ;BYTE WRITE continue
/JCYCLED : =
RFSH* /RASIN+/CS+DDIN+4D»/AOHBE+/CTITL tBYTE WRITE
+RFSH* /RASIN+/CS+«DDIN» /AOHBE+4D+/CYCLED sBYTE WRITE
+ RFSH* /RASIN+/CS+/DDIN*2D»/CTTL :READ, READ w/error
+ RFSH«/RASIN+/CS+/DDIN+4D+/CYCLED ;READ, READ w/error
+RFSH+ /RASIN+/CS+DDIN+2D+AOHBE WRITE
+ RFSH* /RASIN+CS»2D«/CTTL sHIDDEN REFRESH
+ RFSH» /CYCLED+ /ERRLAT :Finish for READ w/error
+ RFSH+/CYCLED+«CTTL sFinish
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PAL NUMBER 2

18€-NV

PAL16L8A —
/RFSH /RASIN A0 /HBE /DDIN /ADS /TS0 2D /CS GND
/CYCLED /CWAIT /ODLE /INCY /DOUTB /PBUFO /0BO /OBl /PBUFl VCC

IF (vCC) /PBUFl =

RFSH+/CS+/INCY+/DDIN+2D+/HBE sREAD or READ w/error
+RFSH»/CS*/INCY+DDIN+AO» /HBE*DOUTB+* /ODLE»2D ;BYTE WRITE high
+RFSH»/CS+«/INCY+DDIN+2D» /OBO+AO+ /HBE sBYTE WRITE cont
+RFSH=*/CS*/INCY+DDIN+/AO+ /HBE+DOUTB sword WRITE

IF (VCC) /OBL =
RFSH» /CS»/INCY+/DDIN+2D+ /CYCLED«DOUTB {READ or READ w/error
+RFSH+/CS+/INCY+DDINs /AO+HBE+2D» JODLEsDOUTB  ;BYTE WRITE low
+RFSH+/CS+/INCY+DDIN=/AO+HBE+2Ds/0B1+DOUTB  ;BYTE WRITE cont
+ RFSH+ /0BL+«DOUTB+2D ;READ w/error hold

IF (vcc) /0BO =
RFSH»/CS*/INCY+/DDIN+2D+/CYCLED*DOUTB sREAD or READ w/error
-+ RFSH»*/CS*/INCY*DDIN+AO+ /HBE+2D»/ODLE+«DOUTB ;BYTE WRITE high
+RFSH*/CS*/INCY+DDIN+«AO+/HBE+2D+ /OBO+DOUTB ;BYTE WRITE cont
+RFSH*/0BO+*DOUTB#*2D ;READ w/error hold

IF (vcC) /PBUFO =

RFSH»/CS*/INCY+/DDIN+2D+ /A0 sREAD or READ w/error
+RFSH*/CS+/INCY*DDIN+ /AO»HBE+DOUTB» /ODLE#*2D ;BYTE WRITE low
+RFSH*/CS*/INCY+DDIN*2D* /AO+HBE+ /0Bl sBYTE WRITE cont

+ RFSH#*/CS* /INCY+DDIN+/AO+ /HBE+*DOUTB sword WRITE

IF (vCC) /DOUTB =
RFSH»/CS*/INCY*/DDIN+2D+CYCLED sREAD or READ w/error
+RFSH*/CS* /INCY+*DDIN»/AO+HBE*2D*ODLE+0Bl ;BYTE WRITE low
+RFSH#*/CS*/INCY*DDIN+*AO* /HBE+2D+ODLE+OBO ;BYTE WRITE high

IF (VCC) /INCY = RFSH+/ADS+/2D*CYCLED sStart INCY
+RFSH#*/CS+/TS0+ /2D sStart INCY for access
; after forced refresh
s or READ w/error
+RFSH+/INCY*CYCLED ;Continue
+RFSH+/INCY*/TS0%/CS ;Continue for CS access

IF (/CS) /CWAIT =

/RFSH+ /TS0 sAccess in RFSH
+ RFSH* /TSO+RASIN sAccess after forced RFSH
+ RFSH* /INCY+/TS0+/DDIN=*/2D sREAD cycle

+RFSH*/INCY*/TS0+*DDIN*/AO+HBE+CYCLED sBYTE WRITE
+RFSH*/INCY+/TS0+DDIN+*AO«/HBE+CYCLED sBYTE WRITE
+RFSH*/TS0%/CYCLED+/2D+RASIN sWAIT after READ w/error
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/ERROR := /DIAGD+*/DIAGCS+RESET+CSRASIN¢«/ERRLAT

PAL NUMBER 3

PAL16R6A
FCLK CITL DIAGCS DIAGD /RESET CSRASIN AE EO1 /DOUTB GND
/OE /AOHBE /ERROR /ERRLAT /DOUBLERR /MODECC /CSLE /ODLE /DDIN VCC

/JODLE : = CSRASIN+/DDINe/DOUIB+/CTTL ;Read
+ CSRASIN+/DDIN+/MODECC+CSLE+ODLE sRead with error
+ CSRASIN»DDIN«/AOHBE+/DOUTB+/CITL sByte Write
+ /ODLE+CSRASIN»DDIN*/AOHBE+CITL sContinue during Byte Write
+ CSRASIN*DDIN* /AOHBE* /MODECC*CSLE*ODLE ;Byte Write
+ CSRASIN*DDIN*AOHBE*/CTTIL sWord Write
+ /ODLE*CSRASIN+CITL sHold "/ODLE"
+ /ODLE+DIAGD sHold "/ODLE" for

s diagnostics

/CSLE : = CSRASIN*/DDINs/DOUIB+/CITL sRead
+ CSRASIN+/DDIN+/MODECC sRead with error
+ CSRASINsDDIN+ /AOHBE+/DOUIB+/CITL ;Byte Write
+ CSRASIN+DDIN+/AOHBE#*/MODECC ;Byte Write
+ CSRASIN«DDIN+AOHBE*/CTIL sWord WRITE
+ /CSLE*CSRASIN+CITL sHold "/CSLE"
+ /CSLE+DIAGCS sHold "/CSLE" for

;s diagnostics

/MODECC := ‘
CSRASIN*/ODLE*/DDIN»/CITL sREAD or Write w/error
+ CSRASIN+/ODLE+DDIN+/AOHBE#*/CTTL ;BYTE WRITE
+ CSRASIN+DDIN+«AOHBE ;WORD WRITE
+ /MODECC+CSRASIN sHold " /MODECC"

/DOUBLERR :=

/DIAGCS«/DIAGD+RESET+CSRASIN# /ODLE+/CTIL+AE+EOLl ;Double bit error
s during READs
;s or BYTE WRITEs

+ /DOUBLERR+RESET sHold "/DOUBLERR"
/ERRLAT ;=
/DIAGCS+/DIAGD+CSRASIN+* /ODLE»/CTTL+AE sAny Error during
;s READ or BYTE WRITE
+ /ERRLAT+CSRASIN sContinue "/ERRLAT" during

;s READ or during BYTE WRITE

;Store error syndrome

s+ and RAS bank and
s error flags

+ /ERROR+RESET sHold until RESET

sThe output, "/CSLE", is shown inverted so the PAL will be
sprogrammed correctly, in other words, "/CSLE" goes low after the
srising edge of FCLK given that one of its input equations was
;low a setup time before FCLK transitioned high. The output,
s"/CSLE", should go straight to the pin "CSLE"™ of the DP8400.
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DP8400, DP8409A, NS32016 Error Correcting Dynamic RAM Computer System

TERMINAL
O RS-232
cPu s
ROK PARALLEL
STATIC RAM CLOCK CHIP SERIAL1/0
NMC2764(2) by PORT
NMC211612) AL Nsazote Ns8251 INSB255
. AAL ‘AL
ADDRESS BUS 74811
A 4
S, Y
DATA BUS 16 BITS )
AAL ‘vV ivr
CONTROLBUS | )
.y 1
H N\ A4
DRAM ADORESS Pl MEMORY (DRAM)
3-pAL ERROR CHECKER/ CONTROLLER (256K DRAMS)
INTERFACE (conTRoL_ ) P8400-4 DPBAOSA, 4 BANKS OF 22
CONTROLLER o2 0PB419 0R 2M BYTES PLUS
DPB429 CONTROL CHECK BITS

ﬁ ‘Ar {T
CONTROL E479 _

DATA

CHECK BITS

TL/F/8400~4
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NS32016, DP8400, DP8409A or DP8418 Error Correcting Memory System

8

FROM 1/0 PORT 10 DIAGCS, i0 DIAGD. |0 RESET

*IF system contains NS32082 MMU PAV should be used in place of ADS

FROM t/0 PORT M1

DAMPING
RESISTORS
0P84300 15.6us CLOCK - A
PROGRAMHABLE RFCK 00-7. 8 J=AAA~>{ ADDRESS
SYSTEM CLOCK o
| M RGCK RASO-3 f—AAA~»] FASE-3
RCO-7,8 CAS —WWA—>] TAS
| AA WE
@ YerO———1R05  pgiges,  WE [MWAVWE
DECODER o419 o
TITL '
ADDRESS| O-—pRFI/0
1 24 BIT AD  FROM/TO
ADDRESS/DATA TMALS3T3 4 248ITgys _ ‘
BUS ADO-ADTS § 7 LATCHES &7 O PAL INTERFACE O——~] RFSH (M2) MEMORY UP TO
CONTROLLER o 4 BANKS OF 22
o] wh e
AT6-A: —
2 o7 e CHECK BITS
—_ 74F245 o1
DIR
00-7 8
o 7{on0-7
PBUFD = =] 018-15
DO I;lR 8
ADB-15 rar2as MALS244 +—4 000-7
NS32016,
NS32201 DOUTE
NS32082° D0UTE
PBUFI
RFSH
PBUFD TN ara o__ bo-7  De-15 8
L D80 0B ] uaLs2a +—] 008-15
CTIL DLE
s csL
ot T :
DD PAL. OLE €0-5 =4 0i16-21 CHECK BITS
RF1/0 . MODECE S |
O——"1.  spaL-asHIFT )
O—203 1  REGISTER (7415164) |3
HBE INTERFACE E0
TS0 El c6 §
TS0, )
CWAT 05 e - L4 nmasaas wimd D016-21 CHECK BITS
i p—-0 _0Es
Nt SYSTEM RESET Wik =
O —>0 2.2
DOUBLERR L.
CWATT DOUTE
CWAIT_ |

TL/F/8400-5
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P.I.C. 3 PAL and Shift Register Interface Controller

{> wsw
Bz > w
D TS FRRE > swmn
5.5
[ ———{S 0 0.7
o ue a7 1 o7
= tsoms 3pdd 2 STNORREDATA Ban e ] ::; “:; [ o6 ] (YO MEMORY DATA QUTPUT BUS)
o LS5 " m 14 DOS.
- TAS FROM DPBADSA/19 [ I Py (EICY
D 16 TS24
—-—A‘:‘z :' 241 m _—1: ::
R GRS po x 5o
= s 1 30w
o B me i 204 Y
T3
CONSTANT
— YYVYY VY Yo
LILANEY 1 2 sy 2 13 B
BAW 4, s a4 ks
5571 3 : s [ [ | AR | T
I Y als ) . 2
CIET) P al GI___ ]y s
FERRT] Mol [ [T |
51 i 51 [ | ST
”DW N s n 7 5011
ﬂmm' * :: “ LI LEDs DISPLAY 9RAM BANK. SYNDROME
” o v Ju AND EAROR FLAGS DURING ERRORS.
= ool A
%o RT3 .
[ | . -
- 7] 3 1 RUR
= 2 1 Oh L3 10 1
D ] 3 1708 n
4 16 FEur 0 n
W DO 5 "oz 15 DOUT 0 “
> A3 3 1" 50 50
] 1! 13__ Sl C] s “
0 !| 12 WAt ™ I
= D Tt CYC| © ®
] ) x
smunfm ) ur 18 o

mcm

DU fs, CHIERR

(T0 CPU IKTERRUPT PIN)

TL/F/8400-6
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DP8400 MEMORY

DATABUS

CHECK BITS

RSN

20

4D

60

80

W

CSLE

g

9|
|
|
=
<)

n

WRITE ACCESS CYCLE
T2 T3 T4

T2

L

READ ACCESS CYCLE (WITH NO ERRORS)

w 13

L L

"

=

L L L L
[ 1
|

L

~{ whmeoam )

T

GENERATED

| W

[
[ 1
[ 1

14

TL/F/8400-7
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WRITE ACCESS CYCLE,EXTENDED FROM

18€-NV

READ ACCESS CYCLE PREVIOUS READ (WITH ERROR) ACCESS
(WITH SINGLE BIT ERROR) CYCLE
n T2 ™w T3 T4 n T2 ™ T3 T4

L L L L L

CSRAH
o0 |
e ]

DP8400 MEMORY

DATA BUS IEﬂM ECC CORRECTED WARITE DATA >—

| | ||
CHECK BITS \D_HAM -( GENERATED )—-( GENERATED )

w1 T

RASTN

20 |

L]

T
]

. | |
a 1
-

d 5

CSLE

ERRLAT \

CYCLED \ L
\ WRITE CORRECTED DATA BACK TO MEMORY
LATCH ERROR CONDITION

TL/F/8400-8

2-99



AN-387

DP8400 MEMORY
DATA BUS

CHECK BITS
TASN
2

4D

BYTE WRITE ACCESS CYCLE WITH ERROR DURING

mn T2

gEpEpEpEnE

READ PORTION OF THE CYCLE
™1 w2 ™3

13

[ L

T4

ECC & CPU DATA

GENERATED

[

15

Lt

:

=
-
-

%

LATCH ERROR CONDITION (PRESENT ONLY IF ERROR)

TL/F/8400-9
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FORCED REFRESH FOLLOWED BY READ ACCESS WITH ERROR

AgipipinipinipNpEpipl
]
w e

wL]

DP3400 MEMORY {onamy-{ Ecc comnecTeD

DATABUS
CHECK BITS DRAM : GENERATED

RF1/0 | <

RFSH

RASIN i

o | 1 1 |

4 |

1 e

]
=

il

WAt Vol } ) {

o ¥
WIN
MODECC

/

ERRLAT

YCLI

LATCH ERROR kWRITE CORRECTED DATA
TL/F/8400-10
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FORCED REFRESH WITH WRITE ACCESS AT THE SAME TIME
(WRITE EXTENDED FROM PREVIOUS READ WITH ERROR)

i T2 ™1 ™2 ™3 we WS w6 n T4
CSORAM
ww| |
RF1/0

m [ ]
=1

P40 ShoA BUS ‘0"""““: { WRITE DATA )
CHECK BITS |GENERATED GENERATED
v | | [
TS

I Ll
o[ 1 [ | 1
o[ [ |
o] T

—

CSLE

L
wi_ | |
R

TYCLED | L
N

FROM PREVIOUS READ ACCESS CYCLE WITH ERROR TU/F/8400-11
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Selection Guide

One of the great strengths of the DP8400 DRAM Interface Family is its General purpose open-architecture approach. Applica-
tions and hardware support for all the major 8-, 16-, and 32-bit microprocessors (not just National’s) are provided through the
DP84XX2 Family. Each of these devices has been tailored to provide a general purpose but efficient interface between the
DP8409A, 8417, 8418, 8419, 8428, 8429 DRAM controller/drivers and each of the major cpu’s. Each device uses a 20 pin
standard PAL device such as the PAL16R4A as its building block. Programming equations have been written and hard pro-
grammed into each device which supply all the controt signals needed to perform memory read, write, refresh, and arbitration. In
order to allow for system customization, the programming equations for each device are printed in each data sheet.

Microprocessor to DRAM Controller Interface
a SELECTION GUIDE

: Max. Del Typ. 0| tin Page
Device # Microprocessor DRAM Cont./ ax. Prop Delay Vee yp Process perating package g
Supported Drivers Supported “A” PAL|“B” PAL| Icc Temp. No.
DP84412( NS32008/16/32 |DP8409A, 17,18, 19, 28,29 25ns 15ns |[+5V £10%(120 mA| 0°-70°C (204, N, V| 3-24
DPB84512 NS32332 DP8417, 18,19, 28, 29 25ns 15ns |+5V £10%(120 mA| 0°-70°C |20J, N, V| 3-64
DP84322| 68000/08/10 [DP8409A,17,18,19,28,29| 25ns 15ns |+5V £10%|120 mA| Junction | 0°-70°C |20J, N, V| 3-9
(<10 MH2) - |Isolated (S) '
DP84422| 68000/08/10 |(DP8409A,17,18,19,28,29| 25ns 15ns |+5V £10%(120 mA| or 0°-70°C (204, N, V| 3-37 .
Oxide
(=210 MHz)
Isolated
DPB84522 68020 DP8417, 18, 19, 28, 29 25ns 15ns |+5V £10%|120 mA (ALS) 0°~70°C (204, N, V| 3-65 |
DP84432|8086/88/186/188|DP8409A, 17, 18, 19, 28, 29 25ns 15ns |+5V £10%(120 mA| 0°-70°C [204, N, V| 3-51
DP84532 80286 DPB8409A, 17,18, 19,28,29| 25ns 15ns |+5V £10%(120 mA| 0°-70°C (204, N, V| 3-81
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DP84300

National
Semiconductor
Corporation

PRELIMINARY

DP84300 Programmable Refresh Timer

General Description

The DP84300 programmable refresh timer is a logic device
which produces the desired refresh clock required by all
dynamic memory systems.

Additional circuitry has been included in the device to mini-
mize logic required by memory systems to perform refresh
control.

Features

W One chip solution to produce RFCK timing for the
DP8408A, DP8409A, DP8417, DP8418, DP8419,
DP8428, DP8429 dynamic RAM controllers

B Programmable refresh clock timer allows for a maxi-
mum refresh period with most system clocks

m Timing is completely synchronous with the input clock,
preventing race conditions present in some memory
controllers

m Includes a refresh request output, simplifying the design
of refresh logic in discrete controllers

Connection & Block Diagrams

Dual-In-Line Package

CLOCK =1 1 U 24 Ve
A=—2 B0
B3 2(—08 INPUTS - | PROCRAMIIABLE Qureurs
c—4 A0t
D—{5 20 |— 00
E—18 19— FORCED
F—7 18 }—0F Ry [
c—a . REFRESH Logic
H—9 16 |— QA
RFSH —{ 10 15 b— RFRO
TE —{ 11 14 |— RFCK
i lid REFRESH  |— RFCK
Top View TL/F/5001~1
Order Number DP84300N

See NS Package Number N24A

TL/F/5001-2
FIGURE 1




Recommended Operating Conditions (commercial)

Specifications for Military/Aerospace products are not Min  Typ Max Units
contained In this datasheet. Refer to the associated loL, Low Level Output Current 16 mA
reliability electrical test specifications document. Ta, Operating Free Air
Min Typ Max Units Temperature 0 75 °C
Vce, Supply Voltage 475 5,00 5.25 \
lon, High Level Output Current —-32 mA
Electrical Characteristics over recommended operating temperature range
Symbol Parameter Conditions Min Typ Max Units
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 v
Vic Input Clamp Voltage Voo = Min, I} = —18 mA -15 v
VoH High Level Output Voltage Vee = Min, Viy = 2V, V). = 0.8V, loy = Max 24 v
Vou Low Level Output Voltage Vee = Min, Vi = 2V, V)L = 0.8V, I = Max 0.5 v
lozH Off-State Output Current Vee = Max, Vi = 2V, Vg = 24V, V)= 0.8V 100 pA
High Level Voltage Applied
lozL Off-State Output Current Vece = Max, Vi = 2V, Vg = 0.4V, V)= 0.8V -100 pA
Low Level Voltage Applied
I} Input Current at Vce = Max, V| = 5.5V 1.0 mA
Maximum Input Voltage
IiH High Level Input Current Vee = Max, V) = 2.4V 25 pA
e Low Level Input Current Vece = Max, V| = 0.4V —250 pA
los Short Gircuit Output Current | Vo = Max —-30 -130 mA
lcc Supply Current Ve = Max 150 180 mA
DP84300 Switching Characteristics over recommended ranges of temperature and Vg
Commercial
Symbol Parameter ::Tiég’;; T\?cz :(5::;:,1755%(: Units
Min Typ Max
tpp Clock to Qutput CL = 45pF 35 50 ns
tpzx Pin 13 to Output Enable 20 35 ns
tpxz Pin 13 to Output Disable CL=5pF 20 35 ns
tpzx Input to Output Enable CL = 45pF 35 45 ns
tpxz Input to Output Disable CL = 5pF 35 45 ns
tw Width of Clock High 25 ns
Low 35 ns
tsu Set-Up Time 50 ns
th Hold Time 0 —15 ns
fmax Maximum Frequency 12.5 MHz
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DP84300

Mnemonic Description

INPUT SIGNALS

CLOCK Provides a time base for the programmable di-
vider.

Program inputs A through H. These inputs se-
lect the number of clock cycles that will pro-
duce one refresh period. These inputs are bi-
nary encoded, with input A the LSB, and H the
MSB. Additionally, all zeros produce the maxi-
mum count of 256, and an input of one will
reset the counter to one.

This input is used to reset the refresh request
output (RFRQ).
Output enable.
TRI-STATE®.
Counter enable. This input, when low, enables
the timer clock and, when high, stalls the
timer.

OUTPUT SIGNALS

QA-QH Refresh timer outputs QA through QH. Timer
starts at programmed input and counts down
to one.

Refresh request. This output goes low on the
rising edge of the refresh clock (RFCK). The
first input clock edge after the REFRESH input
is set low clears this output.

Refresh clock. The period of the clock is de-
termined by setting conditions on input pins A
through H. This output is low for 20 clocks,
and high for the remainder of the period.

A-H

REFRESH

A

Places the outputs in

A

RFRQ

RFCK

Functional Description

The DP84300 block diagram is shown in Figure 1. This cir-
cuit is basically an 8-bit programmable counter. The user
selects the number of input clock cycles required per re-
fresh period and sets the binary equivalent on inputs A
through H. A signal of that period is produced at the refresh
clock (RFCK) output. This output stays low for 20 clock cy-
cles, and goes high for the balance of the period.

—

0M74574

et

cLoCK

Al

DP84300 === RFCK

TL/F/5001-3
Period of RFCK = 2x program input

FIGURE 2a. Expanslon of Clock Divisor by 2x

When used with the DP8409A dynamic RAM controller, this
duty cycle allows the DP8409A the maximum probability to
perform a hidden refresh, while still allowing ample time for
the DP8409A to perform a forced refresh when needed.
An additional output is provided to ease the design of sys-
tems that don't use the DP8409A. This output is called re-
fresh request (RFRQ). Refresh request becomes true at the
rising edge of refresh clock, and becomes false on the first
rising edge of the input clock after a refresh.

In systems where a divisor of more than 256 is needed, an
expansion input (CE) has been provided. When this input is
high, all counter-related timing is suspended. This excluded
actions due to the REFRESH input. The circuits in Figures
2a and 2b show how to expand the range of the timer by 2x
or by up to 4096 clock cycles. Figures 3a and 3b show two
typical applications using the DP84300.

By using the clock enable input, it is also possible to change
the duty cycle of the refresh clock. The circuits in Figures 4a
and 4b show how this may be done.

To reset the counter to a known state, select an input divi-
sor of one. On the next clock edge the counter will reset to
one. On the next clock edge whatever input divisor that is
present on input A-H will be loaded into the counters.

TABLE L. Divider Constants for Generation
of a 15.5 us Clock

CPU Clock | Divisor | Actual Perlod | % Chance of
Frequency | Input of Output Hidden Refresh

2 MHz 31 15.5 ps 35%

3 MHz 46 15.3 ps 56%

4 MHz 62 15.5 ps 67%

5 MHz 77 15.6 us 74%

6 MHz 93 15.5 us 78%

7 MHz 109 15.6 us 81%

8 MHz 124 15.5 us 83%

9 MHz 140 15.6 us 85%

10 MHz 155 15.5 ps 87%

[L_n iEl CE

-0 A

~of 8
PROGRAM 1 ol ¢ DM74L5169

= [

|— >
¢ >
TL/F/5001-4

Period of RFCK 2 = program A X program B
RFCK is low for 20x program 1 clocks
Maximum period of RFCK is 4096 clocks

PROGRAM 2 DP34300  p—=p RFCK

\
CLOCK )

FIGURE 2b. Typical Expansion for the DP84300




Functional Description (continued)

ooeveda

DATA

N
RDDRESS W

1 T d

MEMORY

v
Y v Vv r

] DPB4300 CONTROLLER MEMORY
_FFSH
FaN FaN
cLocK > l |
TL/F/5001-5
FIGURE 3a. Dynamic Memory System Using DP84300
DATA
“
i ADDRESS
17 1| .
RFRD =4
8086 0poa300 iyl orswaz  pmesmel  orsscea "1 Memory
cPy > R
= > ‘
JAN D\
v 1 :
cLock -

TL/F/5001-6

FIGURE 3b. 8086 System Using Dynamic RAMs DP8408A, DP84300, and DP84432

T o D— 43 RFCK > —1° ¢ ’_Do— CE RFCK >
DM74LS74 _J DM74LS74
> i DP34300 — - DPB4300
— A
ClOCK) 7 £LOCK CLOCK > CLOCK
TL/F/5001-8
TL/F/5001-7
FIGURE 4a. Circult for Extending RFCK FIGURE 4b. Circuit for Extending RFCK High by 2x

Low to 40 Clocks




DP84300

Timing Diagrams

Hl
x>

EREnl

RFCK

RFRG

RFSH

20 CLOCKS

Refresh Timer Qutputs

| N —20 CLOCKS ——|

— .
o
o
\
o
x —

. ) WS B
I L

N

TL/F/5001-9

REFRESH REQUEST (RFRQ) Output Timing

JUUL Uy

REFRESH RESETS RFRG \

TL/F/5001-10

3-8




eeeveda

National
M Semiconductor
Corporation

DP84322 Dynamic RAM Controller Interface Circuit
for the 68000 CPU

General Description Features
The DP84322 dynamic RAM controller interface is a Pro- M Provides 3-chip solution for the 68000 CPU and dynam-
grammable Array Logic (PAL®) device which allows for easy ic RAM interface (DP84300, DP84322, & DP8409A)

interface between the DP8409A, 17, 18, 19, 28, 29 dynamic

RAM Controllers and the 68000/008/010 microprocessors.

The DP84322 supplies all the control signals needed to per- Performs hidden refresh

form memory read, write and refresh. Logic is included for DTACK is automatically inserted for both memory ac-

inserting a wait state when using fast CPUs. cess and memory refresh

Performs forced refresh using typically 4 CPU clocks

m Standard National Semiconductor PAL part
(DMPAL16R4) .

m PAL logic equations can be modified by the user for his 1
specific application and programmed into any of the
PAL in the National Semiconductor PAL family, includ- '
ing the new high speed PALs.

Works with all 68000 speed versions
Possibility of operation at 8 MHz with no wait states

Connection and Block Diagrams

Dual-In-Line Package

A_s > _— 4
CLOCK =1 1 20 —Vcc v RASIN > FESIN
O o] ceneraton > RASIN
AS —] 2 19 |— RASIN
ws—3 18— DTACK 03 > S » CASL
- N UE >1 GENERATOR .
s —4 17— RFSH TAS » » CASU
R/W—5 16— NC (5
Fa—] 6 15—~ Ne —>
A7 18— Ne | e S
g Pl GENERATOR DTACK
ts—8 13— CASU ”
WAIT ->
WAIT—] 9 12 }—TCASL
— 11 p=—0E
R R | REFRESH/
TL/F/5003-1 P1  ACCESS » M2 (RFSH)
Top View ARBITRATION
[T [— LoGIC
Order Number DP84322J or DP84322N

See NS Package Number J20A or N20A
TL/F/5003-2




DP84322

Recommended Operating Conditions commercial)

Specifications for Military/Aerospace products are not

contained in this datasheet. Refer to the associated

Min Typ Max Units

Ta, Operating Free Air

reliability electrical test specifications document. Temperature 0 75 °C
Min Typ Max Units
Vce, Supply Voltage 475 500 5.25 \
lon, High Level Output Current —-32 mA
loL, Low Level Output Current 24 mA
(Note 2)
Electrical Characteristics over recommended operating temperature range
Symbol Parameter Conditions Min Typ Max Units
VIH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 \
Vic Input Clamp Voltage Ve = Min, ) = —18 mA —-15 v
VoH High Level Output Voltage Vg = Min, Vig = 2V, V| = 0.8V, oy = Max 2.4 \
VoL Low Level Output Voltage Ve = Min, Vig = 2V, V| = 0.8V, g = Max 0.5 \
lozn Off-State Output Currenf Veoc = Max, Vig = 2V, Vg = 2.4V, V) = 0.8V 100 uA
High Level Voltage Applied
lozL Off-State Output Curren.t Voc = Max, Vi = 2V, Vg = 0.4V, V). = 0.8V —100 pA
Low Level Voltage Applied
I Inpu't Current at Vce = Max, V| = 5.5V 10 mA
Maximum Input Voltage
178} High Level Input Current Voo = Max, V| = 2.4V 25 pA
IiL Low Level Input Current Veog = Max, V| = 0.4V —250 pA
los Short Circuit Output Current Vce = Max —30 —-130 mA
lcc Supply Current Vee = Max 150 | 225(1) mA
Switching Characteristics over recommended ranges of temperature and V¢ (Note 3)
Commercial
Symbol Parameter Te:tl-c:nsdsi;i;ns T\l’\c: 202:;,1752;0 Units
Min Typ Max
trD Input to Output Cp = 50 pF 15 25 ns
tpD Clock to Output 10 15 ns
tpzx Pin 11 to Output Enable 10 20 ns
tpxz Pin 11 to Output Disable CL =5pF 1 20 ns
tpzx Input to Output Enable CL = 50 pF 10 25 ns
tpxz Input to Output Disable C.=5pF 13 25 ns
tw Width of Clock High 15 ns
Low 15 ns
tsu Set-Up Time 25 ns
th Hold Time 0 -10 ns

Note 1: Icc = max at minimum temperature.
Note 2: One output at a time; otherwise 16 mA.
Note 3: if a PAL16R4B PAL is used, the Switching Characteristics will improve correspondingly.
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System Block Diagram

DP84322 and DP8409A for 68000 CPU

ADDRESS BUS *
. } R0-6.7.8  00-6.7.8 —} #0-6.7.8 D H
l ’ RAST A > | AS
€0-6.7.8 »| cASU
»| CASL
ADDRESS | 80 —I* ol
DECODER B WE VWA »|we Dout q
A-AZ3 vee
i SN PP -» A0-6.7.8 Dy ‘—
__|* .
_ ST AAA »| AR5
»|Cs —p | CASU
| CASL
DPB40SA ol wE nw‘_*
DM74L5383 »| Rk P
A s
> A0-6,7.8 Dk ‘—
— % J—
68000 ik 10 MHz MAX | necx RASZ A —| A5
| I e
___ _ __ | I e
DTATK RIW »|WiN e
| WE Dout q
S A __ ]
ad [ HASN » | RSN S
|5 »| M2 (RFSH) R4 A0-6.7.8 O
»|r/W 0—t —_|* .
. !ﬁ" it RAS3 vV » | RAS
008 »| DS 1=—qMo —| sy
55 »lios Oasz2 ] g
o o = I
il T AS »| we Dour
»|AFA0  DTACK p— RFRQ
| wAIT CASY »>| DRAMS
st - | oraszas
00-015 L 0t CASL g SN |
= BUFFER NECESSARY IF MORE THAN ONE BANK
DATA BUS *These outputs may need resistors. i

Mnemonic Description
INPUT SIGNALS

CLOCK

72

Cs

RFRQ

WAIT

The clock signal determines the timing of the
outputs and should be connected directly to the
68000 clock input.

Address Strobe from the 68000 CPU. This input
is used to generate RASIN to the DP8409A.
Upper and lower data strobe from the 68000
CPU. These inputs, together with AS, R/W, pro-
vide DTACK to the 68000.

Read/write from the 68000 CPU, when WAIT =
0. Selects processor speed when WAIT = 1
(“1" = 4 to 6 MHz, “0” = 8 MHz).

Column Address Strobe from the DP8409A.
This input, together with LDS and UDS, pro-
vides two separate CAS outputs for accessing
upper and lower memory data bytes.

Chip Select. This input enables DTACK output.
CS = 0, DTACK output is enabled; TS = 1,
DTACK output is TRI-STATE®.

Refresh Request. This input requests the
DP84322 for a forced refresh.

This input allows the necessary wait state to be
inserted for memory access cycles.

TL/F/5003-3

OUTPUT SIGNALS
RASIN This output provides a memory cycle start sig-

CASU,
CASL

DTACK

nal to the DP8409A and provides RAS timing
during hidden refresh.

These signals are the separate CAS outputs
needed for byte writing.

This output is used to insert wait states into the
68000 memory cycles when selected and dur-
ing a forced refresh cycle where the CPU at-
tempts to access the memory. This output is
enabled when CS input is low and at TRI-
STATE when CS is high.

This output controls the mode of the DP8409A.
It always goes low for 4 CPU clock periods
when AS is inactive and a forced refresh is re-
quested through RFRQ input. This allows the
DP8409A to perform an automatic forced re-
fresh.

3-1
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DP84322

Functional Description

MEMORY ACCESS

As a 68000 bus cycle begins, a valid address is output on
the address bus A1-A23. This address is decoded to pro-
vide Chip Select (CS) to the DP8409A. After the address
becomes valid, AS goes low and it is used to set RASIN low
from the DP84322 interface circuit. Note that CS must go
low for a minimum of 10 ns before the assertion of RASIN
for a proper memory access. As an example, with a 8 MHz
68000, the address is valid for at least 30 ns before AS goes
active. AS then has to ripple through the DP84322 to pro-
duce RASIN. This means the address is valid for a minimum
of 40 ns before RASIN goes low, and the decoding of CS
should take less than 30 ns. At this speed the DM74LS138
or DM74LS139 decoders can be selected to guarantee the
10 ns minimum required by CS set-up time going low before
the access RASIN goes low (tcgg( of the DP8409A). This is
important because a false hidden refresh may take place
when the minimum tgcggL is not met. Typically RASIN oc-
curs at the end of S2. Subsequently, selected RAS output,
row to column select and then CAS will automatically follow
RASIN as determined by mode 5 of the DP8409A. Mode 5
guarantees a 30 ns minimum for row address hold time
(trar) and a minimum of 8 ns column address set-up time
(tasc). If the system requires instructions that use byte writ-
ing, then CASU and CASL are needed for accessing upper
and lower memory data bytes, and they are provided by the
DP84322. In the DP84322, LDS and UDS are gated with
CAS from the DP8409A to provide CASL and CASU, there-
fore designers need not be concerned about delaying CAS
during write cycles to assure valid data being written into
memory. The 8 MHz 68000 specifies during a write cycle
that data output is valid for a minimum of 30 ns before DS
goes active. Thus, CASL and CASU will not go low for at
least 40 ns after the output data becomes stable, guaran-
teeing the 68000 valid data is written to memory.

Furthermore, the gating of UDS, LDS and CAS allows the
DP84322 interface controller to support the test and set in-
struction (TAS). The 68000 utilizes the read-modify-write cy-
cle to execute this instruction. The TAS instruction provides
a method of communication between processors in a multi-
ple processor system. Because of the nature of this instruc-
tion, in the 68000, this cycle is indivisible and the Address
Strobe AS is asserted throughout the entire cycle, however
DS is asserted twice for two accesses: a read then a write.
The dynamic RAM controller and the DP84322 respond to
this read-modity-write instruction as follows (refer to the
TAS instruction timing diagram for clarification). First, the
selected RAS goes low as a result of AS going low, and this
RAS output will remain low throughout the entire cycle.
Then the DP84322’s selected CAS output (CASL or CASU)
goes low to read the specified data byte. After this read, DS
goes high causing the selected CAS to go high. A few
clocks later R/W goes low and then DS is reasserted. As
DS goes low, the selected CAS goes low strobing the CPU’s
modified data into memory, after which the cycle is ended
when AS goes high.

The two CAS outputs from the DP84322, however, can only
drive one memory bank. For additional driving capability, a
memory driver such as the DP84244 should be added to
drive loads of up to 500 pF.

Since this DP84322 interface circuit is designed to operate
with all of the 68000 speed versions, a status input called
WAIT is used to distinguish the 8 MHz from the others. The

WAIT input should be set low for 6 MHz or less allowing full
speed of operation with no wait states. Data Transfer Ac-
knowledge input (DTACK) of the 68000 at these speeds is
automatically inserted during S2 for every memory transac-
tion cycle and is then negated at the end of that cycle when
UDS and/or LDS go high. For the 8 MHz 68000 however, a
wait state is required for every memory transaction cycle. At
these speeds, the WAIT input is set high, selecting the
DP8409A’'s CAS output to generate DTACK and again
DTACK is negated at the end of the cycle when UDS or LDS
goes high. Note that DTACK output is enabled only when
the DP8409A’s CS is low. Therefore when the 68000 is ac-
cessing 1/0 or ROM (in other words, when the DP8409A is
not selected), the DP84322’s DTACK output goes high im-
pedance logic ‘1’ through the external pull-up resistor and it
is now up to the designer to supply DTACK for a proper bus
cycle.

The following table indicates the maximum memory speed
in terms of the DRAM timing parameters: tcac (access-time
from CAS) and trp (RAS precharge time) required by differ-
ent 68000 speed versions:

Microprocessor Maximum Minimum Minimum

Clock tcac trp tras

8 MHz 125ns 140 ns 220 ns
6 MHz 90 ns 170 ns 290 ns
4 MHz 270 ns 280 ns 450 ns

Pin 5 (R/W input to the DP84322) is not used as R/W when
the WAIT input is high. Therefore, when WAIT is high and
pin 5 is low, this is configured for the 8 MHz 68000. The
dynamic RAM controller in this configuration operates in
mode 5 and mode 1.

When both WAIT and pin 5 are high, this is configured for
4 MHz and 6 MHz 68000, allowing only two microprocessor
clocks for memory refresh. Furthermore, the designer can
use the DP8408A because the dynamic RAM controller now
operates in mode 0 and mode 5 or mode 6. In addition, the
programmable refresh timer, DP84300, should be used to
determine the refresh rate (RFCK) and to provide the re-
fresh request (RFRQ) input to the DP84322. The refresh
timer can provide over two hundred different divisors. RFRQ
is given at the beginning of every RFCK cycle and remains
active until M2 goes low for memory refresh. The DP84322
samples RFRQ when AS is high, then sets M2 low for two
microprocessor clocks, taking the DP8408A or DP8403A to
the external control refresh mode. RASIN for this refresh is
also issued by the DP84322. If a memory access is pending,
RASIN for this access will not be given until it is delayed for
approximately one microprocessor clock, allowing RAS pre-
charge time for the dynamic RAMs.

The following table indicates different memory speeds in
terms of the DRAM parameters required by 4 MHz and
6 MHz 68000:

Microprocessor Maximum Minimum Minimum Minimum

Clock tcac tras trp tRAH
4 MHz 290ns 200ns 225ns  20ns
6 MHz 110ns 125ns 140ns 20 ns

DP8408A, DP8409A operate in mode 6 and mode 0.
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Functional Description (continued)
When WAIT = 1, pin 5 = 0 (8 MHz), the PAL controller
supports read and write cycles with one inserted wait state,
forced refresh with five wait states inserted if CS is valid,
and hidden refresh. This PAL mode does not support the
TAS instruction.
When WAIT = pin 5§ = 1 (4-6 MHz), the PAL controller
supports read and write cycles with no wait states inserted,
and forced refresh with two wait states inserted if CS is
valid. This PAL mode does not support the TAS instruction
and only supports hidden refresh when used in mode 5 with
the DP8409A controller.
The DP84322 can possibly be operated at 8 MHz with no
wait states (WAIT = “0") given the following conditions:
FAST PAL (PAL16R4A)
S2 + S3 + S4 + S5 = 250 ns
RASIN delay = 60 ns (AS low max.)
+ 25 ns (Fast PAL delay) = 85 ns max.
RASIN to CAS delay DP8409-2 = 130 ns max.
External CASH,L generation using 74502 and 745240
7.5 ns (74S02) + 10 ns (74S240) — 7.5 ns (less load
on 8409 CAS line) = 10 ns max.
Transceiver delay (74LS245) = 12 ns max.
68000 data setup into S6 = 40 ns min.
. Minimum tcac = 53 ns
=250 —85—130 — 10 — 12 + 40
Minimum tras = 240 ns
Minimum tgp = 150 ns
Minimum tgay = 20 ns

REFRESH CYCLE

Since the access sequence timing is automatically derived
from RASIN in mode 5, R/C and CASIN are not used and
now become Refresh Clock (RFCK) and RAS-generator
clock (RGCK) respectively. The Refresh Clock RFCK may
be divided down from RGCK, which is the microprocessor
clock, using the DM74LS393 or DM74LS390. RFCK pro-
vides the refresh time interval and RGCK the fast clock for
all-RAS refresh if forced refreshing is necessary. The
DP8409A offers both hidden refresh in mode 5 and forced
refresh in mode 1 with priority placed on hidden refreshing.
Assume 128 rows are to be refreshed, then a 16 ps maxi-
mum clock period is needed for RFCK to distribute refresh-
ing of all the rows over the 2 ms period.

The DPB409A provides hidden refreshing in mode 5 when
the refresh clock (RFCK) is high and the microprocessor is
not accessing RAM. In other words, when the DP8409A’s

chip select is inactive because the microprocessor is ac-
cessing elsewhere, all four RAS outputs follow RASIN,
strobing the contents of the on-chip refresh counter to every
memory bank. RASIN going high terminates the hidden re-
fresh and also increments the refresh counter, preparing it
for the next refresh cycle. Once a hidden refresh has taken
place, a forced refresh will not be requested by the
DP8409A for the current RFCK cycle.

However, if the microprocessor continuously accessed the
DP840SA and memory while RFCK was high, a hidden re-
fresh could not have taken place and now the system must
force a refresh. Immediately after RFCK goes low, the Re-
fresh Request signal (RFRQ) from the DP840SA goes low,
indicating a forced refresh is necessary. First, when RFRQ
goes low any time during S2 to S7, the controller interface
circuit waits until the end of the current memory access cy-
cle and then sets M2 (RFSH) low. This refresh takes four
microprocessor clocks to complete. If the current cycle is
another memory cycle, the 68000 will automatically be put
in four wait states. Alternately, when RFRQ goes low while
AS is high during SO to S1, M2 is now set low at S2. There-
fore, it requires an additional microprocessor clock for this
refresh. Once the DP8409A is in mode 1 forced refresh, all
the RAS outputs remain high until two RGCK trailing edges
after M2 goes low, when all RAS outputs go low. This allows
a minimum of one and a half clock periods of RGCK for
RAS precharge time. As specified in the DP8409A data
sheet, the RAS outputs remain low for two clock periods of
RGCK. The refresh counter is incremented as the RAS out-
puts go high. Once the forced refresh has ended, M2 is
brought high, the DP8409A back to mode 5 auto access.
Note that RASIN for the pending access is not given until it
has been delayed for a full microprocessor clock, allowing
RAS precharge time for the coming access.

If the 68000 bus is inactive (i.e., the 68000’s instruction
queue is full, or the 68000 is executing internal operations
such as a multiply instruction, or the 68000 is in halt
state ... ) and a refresh has been requested, a refresh will
also take place because RFRQ is continuously sampled
while AS is high. Therefore, refreshing under these condi-
tions will be transparent to the microprocessor. Conse-
quently, the system throughput is increased because the
DP84322 allows refreshing while the 68000 bus is inactive.
The 84322 is a standard National Semiconductor PAL part
(DMPAL16R4). The user can modify the PAL equations to
support his particular application. The 84322 logic equations
function table (functional test), and logic diagram can be
seen at the end of this data sheet.
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DP84322

System Timing Diagrams
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System Timing Diagrams (Continued)

68000 Memory Read Cycle and Forced Refresh (Wait = 0,Pin 5 = R/W)
(4 Wait Clock Periods Inserted for Forced Refresh)
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DP84322

System Timing Diagrams (continued)

TAS Instruction Cycle (Wait = 0, Pin 5 = R/W)
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System Timing Diagrams (Continued)

¢eersda

Memory Read Cycle (Wait = 1,Pin5 = 0)
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DP84322

System Timing Diagrams (Continued)

Memory Read Cycle and Forced Refresh (Wait = 1,Pin 5 = 0)
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System Timing Diagrams (continued)
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DP84322

System Timing Diagrams (continued)
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DP8408A, DP8409A and 68000 Interface
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DP84322 Logic Diagram PAL 16R4
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DP84412

National
Semiconductor
Corporation

DP84412 Dynamic RAM Controller Interface Series Circuit

for the Series 320002 CPU

General Description

The DP84412 is a new Programmable Array Logic (PAL®)
device, that replaces the DP84312, designed to allow an
easy interface between the National Semiconductor Series
32000 family of processors and the National Semiconductor
DP8409A, DP8429, or DP8419 DRAM controller.

The new DP84412 supplies all the control signals needed to
perform memory read, write and refresh and work with the
National Semiconductor Series 32000 family of processors
up to 10 MHz. Logic is also included to insert WAIT states, if
wanted, into the microprocessor READ or WRITE cycles
when using fast CPUs.

Features
W Provides a 3-chip solution for the Series 32000 family,
dynamic RAM interface (DP8409A or DP8419,

DP84412, and clock divider).

m Works with all Series 32000 family speed versions up
to 10 MHz.

m Operation of Series 32000 processor at 10 MHz with
no WAIT states.

m Controls DP8409A or DP8419 Mode 5 accesses, hid-
den refreshes and Mode 1 Forced Refreshes automati-
cally.

m Inserts WAIT states in READ or WRITE cycles auto-
matically depending on whether WAITRD or WAITWR
are low, or if CS becomes active during a forced Re-
fresh cycle.

m Uses a standard National Semiconductor PAL part
(DMPAL16R6A).

B The PAL logic equations can be modified by the user
for his specific application and programmed into any of
the PALs in the National Semiconductor family, includ-
ing the new very high speed PALs (“B” PAL parts).

Connection Diagram

ok o>— 1 —> o
50 2 CYCLED R
TS0 D I [ 1] o [ i | — {—> v
REI/0 D RF1/0 2 T VTLED 18 RASIN 5 ARSI
— ADS I—.—3 RF1/0 RASIN 17__._.._' MODE
DS m S 0 & — MO0E
o (] 5 75 |5 2 I>n
oom > —|DOW _orasdr2 -
N WAITWR WATTWR 3 3D =
L e e —) | E————— e > S
8 12 i
- CTTL J-—-_Q s awi;; .“_.l ] T
— s WAITRD TWAT
&5 [o— | — >
AR [ >— . In
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TL/F/8397-1

Order Number DP84412J or DP84412N
See NS Package Number N20A or J20A
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Absolute Maximum Ratings
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the assoclated
rellability electrical test specifications document.

civbeda

Operating Programming Operating Programming
Supply Voltage, Ve v 12v Off-State Output Voltage 5.5V 12v
Input Voltage 5.5V 12v Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Commercial
Symbol Parameter Units
Min Typ Max
Vee Supply Voltage 4.75 5 5.25 \"
. Low 15 10
tw Width of Clock ns
High 15 10
Setup Time from Input
tsu or Feedback to Clock 25 16 ns
th Hold Time 0 -10 ns
Ta Operating Free-Air Temperature 0 25 75 °C
Tc Operating Case Temperature °C

Electrical Characteristics over Recommended Operating Temperature Range

Symbol Parameter Test Conditions Min Typ Max Units
VIK High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 \
Vic Input Clamp Voltage Vee = Min, || = —18 mA -0.8 -1.5 \
Vce = Min
VoH High Level Output Voltage ViL = 0.8V loH = —3.2mA COM 2.4 2.8 \'
ViH=2V
Vee = Min
VoL Low Level Output Voltage VL = 0.8V loL = 24 mA COM 0.3 0.5 \
Vi =2V
lozH Vce = Max | vg =24V 100 pA
———— Off-State Output Current Vi = 0.8V
lozL Vi = 2V Vo = 0.4V -100 BA
I Maximum Input Current Vce = Max, V| = 5.5V 1 mA
H High Level Input Current Voo = Max, V| = 2.4V 25 pA
IR Low Level Input Current Vcec = Max, V| = 0.4V —0.02 -0.25 mA
los Output Short-Circuit Current Vec =5V Vpo=0V -30 —-70 -130 mA
lcc Supply Current Ve = Max 120 180 mA
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SWItChlng Characteristics over Recommended Ranges of Temperature and Ve
Ve = 5V £10%. Commercial: Ta = 0°C to 75°C, Vcc = 5V £5%

Symbol Parameter Test :;m;;tlons Commercial Units
' Min Typ Max
tpD Input or Feedback to Output 15 25 ns
toLk Clock to Output or Feedback CL = 50 pF 10 15 ns
tpzx Pin 11 to Output Enable 10 20 ns
tpxz Pin 11 to Output Disable CL=5pF 11 20 ns
tpzx Input to Output Enable Cp = 50pF 10 25 ns
tpxz Input to Output Disable CL=5pF 13 25 ns
fMAX Maximum Frequency 25 30 ns

Vee = Max at minimum temperature.

PAL For Series 32000 Family Systems

ADDRESS/DATA | I ALL IC'S DECOUPLED
1 C AT6-AZ3 * SERIES DAMPING RESISTERS
\/ *1 TIE UNUSED ADDRESS LINES TO V¢
£ y
UAS3T3 A0-A23 I m
HI
—vy 00-7.8 BANKD
RSO MEMORY
—t— C7S We
a-21 AWE DI/00
ADDRESS/DATA  A16-
BUS A23
ADS
{ L0
p—00-7.2 o
{32032 OR 114 RASH MEMORY
32016 O TR WE
32008) a
39,;;,1 L AWE 01/00
DBE o A0 +5V Ot
TS0
oo
vee s & 1 10
+5V
4.7k o RS2 MEMORY
CWATT 0P84412 = tas WE
CITL FCLK WA WOBE AWE DI/00
L__.._l_ A
] Tk
T L3 T
CLOCK Vo @t 20-7.8 H
a-n BANK 3
DP84300 g RAS3 MEMORY
e c_A§ WE
{} FWE 0I/00
Q
32018
ENABLE HE
N 32016
I\
ADDRESS/DATA ) fovkssd Ao
4 LOW BYTE
DATA IN/OUT

TL/F/8397-2
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Mnemonic Description

INPUTS SIGNALS
1) “FCLK" Fast clock from the NS32201 TCU
clock chip, this signal runs at twice
the speed of the system clock.

From the NS32201 TCU clock chip,
this signal indicates the start of the
“T2"” state and goes high at the be-
ginning of the "“T4" state.

RFRQ (refresh request) in mode 5.
From 8409A, an active low signal.
From the Series 32000 CPU, address
strobe. If the system includes the
MMU (NS32082) then PAV should be
connected to this input.

Used to differentiate between READ
and WRITE cycles, and to allow CS
READ cycles to start early.

This signal is used to add a WAIT
state into a CS WRITE access cycle,
and delay RASIN until the end of the
“T2" clock period.

2) 5 ‘T—ST)_’ »

3) “RF1/0”

4) nmn

5) “DDIN"

6) “WAITWRITE"”

7) “CTTL” From the NS32201 TCU clock chip,
’ this signal runs at the system clock
frequency.
8) “Cs” From decoder chip (chip select) (ac-
tive low).

9) “WAITREAD"” Used to insert 1 wait state into the Se-
ries 32000 READ bus cycle. The wait
state allows the use of memory with
longer access times (tcac). An active
low signal.

This input enables the outputs of the

“D-Flip Flop™ outputs of the PAL.

OUTPUTS SIGNALS
1) “MODE”

10) “BE"

This pin goes to M2 on the DP840SA
to change from mode 5 to mode 1
(only used for forced refresh).

Delay used internal to the PAL.
Delay used internal to the PAL.

Delay used internal to the PAL.

To the 8409A (creates RASs). Goes
low earlier for READ cycles than
WRITE cycles.

Goes active low once a hidden re-
fresh (non CS cycle) or DRAM access
has been performed. CYCLED always
goes low at the beginning of the “T3"
processor state. This signal goes high
(reset) by the end of the processor
bus cycle as indicated by TSO being
high.

This output inserts “WAIT” or
“HOLD" states into the NS32016 ma-
chine cycles (only WAIT states are
used in this application). This output is
in “not enabled” condition when CS is
high (not chip selected).

This signal goes active from the CPU
ADS signal. This signal indicates that
the processor is doing an access
somewhere in the system. This signal
stays low for several T states of the
access cycle.

6) “CYCLED”

7) “CWAIT”

8) “INCYCLE"”

Functional Description

The following description applies to both the DP8409A and
the DP8419 dynamic RAM controllers.

A memory cycle starts when chip select (CS) and address
strobe (ADS) are true. RASIN is supplied from the DP84412
to the DP8409A dynamic RAM controller, which then sup-
plies a RAS signal to the selected dynamic RAM bank. After
the necessary row address hold time, the DP8409A
switches the address outputs to the column address. The
DP8409A then supplies the required CAS signal to the
DRAM. In order to do byte operations it is suggested that
the user provide external logic, as shown in the system
block diagram, to produce a HIGH WRITE ENABLE and/or
a LOW WRITE ENABLE. To differentiate between a READ
and a WRITE, the DDIN signal from the CPU is used. DDIN
is also supplied to the external WRITE ENABLE logic.

A refresh cycle is started by one of two conditions. The
refresh cycle caused by the first condition is called a hidden
refresh. This occurs when refresh clock (RFCK) is high, CS
is not true, and RASIN goes true. Here the CPU is accessing
something else in the system and the DRAM can be re-
freshed at that time, thereby being transparent to the CPU.
The second type of refresh is called forced refresh. This
occurs if no hidden refresh was performed while RFCK was
high. When RFCK transitions low a refresh request (RFRQ)
is generated. If there is not a DRAM access in progress the
DP84412 will force a refresh by putting the DP8409A into
mode 1 (automatic forced refresh modae). If the CPU tries to
access the DRAM during a forced refresh cycle WAIT states
will be inserted into its cycles until the forced refresh is over
and the DRAM RAS precharge time has been met. Then the
pending DRAM access will be allowed to take place.

The DP84412 also allows forced refreshes to take place
during long accesses of other devices. For instance, if
EEPROM takes several microseconds to write to, the
DRAM will still be refreshed while that access is in progress.

In a standard memory cycle, the access can be slowed
down by one clock cycle to accommodate slower memories
or allow time to generate parity. This is accomplished by
inserting a WAIT state into the processor access cycle. The
DP84412 can insert WAIT states into either READ or
WRITE cycles, or both. The extra WAIT state will not appear
during the hidden refresh cycle, so faster devices on the
CPU bus will not be affected.

System Interface Description

All members of the Series 32000 family of processors are
able to use the DP84412.

The DP84412 differentiates between READ and WRITE cy-
cles, allowing the RASIN signal to start earlier during a
READ cycle compared to a WRITE cycle.

RASIN during a READ cycle will always start at the begin-
ning of the “T2"” processor cycle. The user must also guar-
antee that CS is valid a minimum of 30 ns before RASIN
becomes valid. The worst case would be at 10 MHz where
FCLK preceeds PHI1 by a maximum of 10 ns. RASIN can
occur a minimum of approximately 8 ns after FCLK. There-
fore CS must occur a minimum of 32 ns (30 ns+2 ns) be-
fore the rising edge of PHI1 at 10 MHz.

The user may want to tie CS low on the DP8409A/19 (dis-
able HIDDEN REFRESH) and use the system transceivers
to select the DRAM. In this case one only needs to concern
himself with the 10 ns address setup time to RASIN.
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System Interface Description (cContinued)

The DP84412 can be used in a system with the MMU
(NS32082) but the signal PAV would be connected to the
ADS input instead of ADS.

Several other critical parameters in this application that in-
volve the input signals DDIN, CWAIT, TSO, and FCLK.
These parameters become most critical at 10 MHz where it
is suggested that they are directly connected to the corre-
sponding pins of the Series 32000 family ICs.

This section of the data sheet goes through the calculation
of the “tRAC” (RAS access time) and “tCAC"”” (CAS access
time) required by the DRAM for the Series 32000 family
CPUs to operate at a particular clock frequency without in-
troducing wait states into the processor access cycles. Both
“tRAC” and “tCAC” must be considered in determining
what speed DRAM can be used in a particular system de-
sign. The DRAM chosen must meet both the “tRAC” and
“tCAC" parameters calculated. In order to determine the
“tRAC” and “tCAC” needed the DP8419 and fast PALs
(“B” type PALs) timing parameters were used. If the user is
using the DP8408A/09A or a slower PAL device he should
substitute their respective delays into the equations below.
Most all of the calculations contained in this note use
“RAHS"” = 1 (15 ns guaranteed minimum row address hold
time). Calculations only used “RAHS” = 0 (25 ns guaran-
teed minimum row address hold time) when the calculated
access time from RAS exceeded 200 ns. This is because
DRAMs can be found with row access times up to 150 ns
that require only 15 ns row address hold times.

EXAMPLE DRAM TIMING CALCULATIONS

A) 8 MHz Series 32000 CPU, No Walit states

#1) RASIN = T1 — 2 ns (FCLK to PHI1 skew) + 12 ns
(“B"” PAL clocked output) = 125 — 2 + 12 = 135 ns
maximum

#2) RASIN to RAS low = 20 ns maximum (DP8419)

#3) RASIN to CAS low = 80 ns (DP8419 RASIN — CAS
low) — 3 ns (load of 72 DRAMs instead of 88 DRAMs
speced in data sheet) = 77 ns

#4) 74F245 transceiver delay = 7 ns maximum

#5) CPU data setup time to “T4"” = data setup to PHi2 T.E.
+ maximum PHI2 F.E.to PHH R.E. = 15 + 5 = 20 ns
minimum

“tRAC"=T1+T2+T3—#1—#2—#4— #5

=125+125+125—-135—-20—-7—-20=193 ns

“tCAC"=T1+T2+T3— #1—#3—#4—#5

=125+125+125—135—-77—7—-20=136 ns

Therefore the DRAM chosen should have a “tRAC” less

then or equal to 193 ns and a “tCAC"” less than or equal to

136 ns. Standard 150 ns DRAMs meet this criteria.

The minimum RAS PRECHARGE TIME will be approximate-

ly one and one half clock periods = 125 + 62 = 187 ns.

The minimum CAS PRECHARGE TIME will be approximate-

ly one and one half clock periods plus 35 ns (minimum

tricL—tricH for the DP8409-2) = 125 + 62 + 35 =

222 ns.

The minimum RAS PULSE WIDTH will be approximately two

clock periods — 5 ns (maximum tgppL—trppH for the

DP8409-2) = 250 — 5 = 245 ns.

The minimum CAS PULSE WIDTH will be approximately two

clock periods — 70 ns (maximum tricL—tricH for the

DP8409-2) = 250 — 70 = 180 ns.

The smallest pulse widths are generated during WRITE cy-
cles since RASIN during WRITE cycles starts later than
RASIN during READ cycles.

If one inserted a WAIT state in READ cycles the DRAM
column access times and the RAS pulse width would be
increased by one clock period (125 ns in this case). A WAIT
state in WRITE cycles would just increase the RAS pulse
width by one clock period.

B) 10 MHz Series 32000, No Wait States

#1) RASIN low = T1 — 2 ns (FCLK — PHI1 skew) + 12ns
(“B"” PAL clocked output) = 100 — 2 + 12 = 110 ns
maximum

#2) RASIN to RAS low = 20 ns maximum

#3) RASIN to CAS low = 80 ns maximum (DP8419 RASIN
—CAS low) — 3 ns (load of 72 DRAMs instead of 88
DRAMs speced in data sheet) = 77 ns

#4) 74F245 transceiver delay = 7 ns maximum

#5) CPU data setup time to “T4” = data setup to PHI2 T.E.
+ maximum PHI2F.E.toPHI1 R.E. = 16 + 5§ = 156 ns
minimum

“tRAC"=T1+T2+T3—#1—#2— #4—#5

=100+100+100—110—20—7—15=148ns
“UCAC” =T1+T2+T3—#1—#3— #4—#5
=100+100+100—110—-77—-7—15=91ns

Therefore the DRAM chosen should have a “tRAC” less

then or equal to 148 ns and a “tCAC” less than or equal to

91 ns. Standard 120 ns DRAMs meet this criteria.

The minimum RAS PRECHARGE TIME will be approximate-

ly one and one half clock periods = 100 + 50 = 150 ns.

The minimum CAS PRECHARGE TIME will be approximate-

ly one and one half clock periods plus 35 ns (minimum

tricL—tricH for the DP8409-2) = 100 + 50 + 35 =

185 ns.

The minimum RAS PULSE WIDTH will be approximately two

clock periods — 5 ns (maximum tgppL—trppH for the

DP8409-2) = 200 — 5 = 195 ns.

The minimum CAS PULSE WIDTH will be approximately two

clock periods — 70 ns (maximum tgicL—tricH for the

DP8409-2) = 200 — 70 = 130 ns.

The smallest pulse widths are generated during WRITE cy-

cles since RASIN during WRITE cycles starts later than

RASIN during READ cycles.

If one inserted a WAIT state in READ cycles the DRAM

column access times and the RAS pulse width would be

increased by one clock period (100 ns in this case). A WAIT

state in WRITE cycles would just increase the RAS pulse

width by one clock period.

SUGGESTIONS

It is suggested that the DP8409A could be used up to 8
MHz. Above 8 MHz one should use the DP8409-2 or the
DP8419. Also, fast PALs (A" or “B" parts) should be used
at 8 MHz and above.

INTERPRETING THE DP84412 PAL EQUATIONS

The boolean equations for the DP84412 were written using
the standard PALASMT™ format. In other words the equa-
tion: “IF (Vgg) RASIN=INCY*MODE*4D*DDIN” will mean;

The output “RASIN” (see pin list for DP84412) will be active
low (inverted RASIN) when the output “INCY” is low (mak-
ing INCY high) AND the output “MODE” is high AND the
output “4D" is low (making 4D high) AND the input DDIN is
low (making DDIN high).
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PAL Boolean Equations

PAL16R6A ;FAST PAL

NEW PAL FOR THE NATIONAL SEMICONDUCIOR NS32016, 32008, 32032
NATIONAL SEMICONDUCTOR (WORKS UP 10 MHz)

civvsda

FCLK TSO RFIO ADS DDIN WAITWR CTTL CS WAITRD GND

OE CWAIT 4DLY 3DLY 2DLY MODE RASIN CYCLED INCY VCC

RASIN := INCY*CYCLED*MODE*CTTL*DDIN+ ;Start RASIN fast during
"READ" cycle

INCY*MODE*2DLY*WAITWR + **WRITE'' cycle without WAIT states

CSeINCYeMODE®2DLY + Hidden Refresh RASIN
CSeINCYSMODE®2DLYSWAITWReCITL + '"'WRITE'' cycle with WAIT states
RASIN®INCY®MODE®2DLY continue RASIN

CYCLED := MODE*2DLY*WAITWR*DDIN*CITL+
MODE*2DLY*WAITRD*DDIN*CTIL+

sNo WAITS inserted
sNo WAITS inserted

MODE*2DLY*4DLY*WAITRD*DDIN*CTTL+ sWAIT in READ cycle
MODE*2DLY*4DLY*WAITWR*DDIN*CTTL+ sWAIT in WRITE cycle
CYCLED*TSO*MODE+
CYCLED*MODE*CTTL

MODE := RFIO*INCY*2DLY*CTTL+ sforced refresh during idle

sstates, in long cycles,
MODE*3DLY + sor at the end of a cycle

MODE*4DLY +
MODE*CTTL

2DLY := MODE*4DLY*CTTL+
2DLY*CTTL+

INCY*CYCLED*MODE*3DLY*4DLY*CTTL + |

CS*DDIN*WAITRD*INCY*MODE*2DLY*3DLY*4DLY+  jextend 2DLY if |

CS*DDIN*WAITWR*INCY*MODE*2DLY*3DLY*4DLY ; WAIT states |

are wanted

3DLY := 2DLY*4DLY*CITL-+
3DLY*CTTL

4DLY := 3DLY*CITL+
4DLY*CTTL+
INCY*MODE*CTTL +
INCY*MODE*2DLY*CTIL

IF (VGC) INCY = ADS*MODE+

CS*TS0*CYCLED*MODE*2DLY*4DLY + ;Start INCY for CS
INCY*CYCLED + saccess after forced
INCY*2DLY ;refresh

IF (CS) CWAIT=CS*TSO*CYCLED*MODE*2DLY*4DLY +

CS*TSO*MODE+

sfor Access during
;forced refresh
sduring forced refresh

CS*INCY*CYCLED*DDIN*WAITRD*MODE*2DLY*3DLY*4DLY +

; CS READ cycle with
;s WAIT states

CS*INCY*CYCLED*DDIN*WAITWR*MODE*2DLY*3DLY*4DLY

FIGURE 1. Equations for the Series 32000 Family Interface PAL

;s CS WRITE cycle with
; WAIT states
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System Timing Diagrams
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System Timing Diagrams (Continued)
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System Timing Diagrams (continued)
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System Timing Diagrams (Continued)
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System Timing Diagrams (continued)
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System Timing Diagrams (continued)

ciybeda
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System Timing Diagrams (Continued)
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National
@ Semiconductor
Corporation

DP84422 Dynamic RAM Controller
Interface Circuit for the 68000/008/010 CPU(s)

General Description

The DP84422 is a new Programmable Array Logic (PAL®)
device, that replaces the DP84322, designed to allow an
easy interface between the Motorola 68000 family of proc-
essors and the National Semiconductor DP8409A, DP8429,
or DP8419 DRAM controller.

The new DP84422 supplies all the control signals needed to
perform memory read, write, read modify write (as in the
Test and Set, “TAS", instruction), and refresh and work with
the 68000 family of processors up to 12.5 MHz. Logic is also
included to insert WAIT states, if wanted, into the micro-
processor READ or WRITE cycles when using fast CPUs.

Features

B Provides a 3-chip solution for the 68000 family, dynam-
ic RAM interface (DP8409A or DP8419, DPB84422, and

clock divider).

PRELIMINARY

m Works with all 68000 family speed versions up to 12.5

MHz.—(68008; 68000; and 68010).

m Operation of 68000 processor at 10 MHz with no WAIT

states.

m Controls DP8409SA or DP8419 Mode 5 accesses, hid-

den refreshes and Mode 1 Forced Refreshes automati-
cally.

B Inserts WAIT states in READ or WRITE cycles auto-

matically depending on when WAIT is low, or if chip se-
lect becomes active during a forced Refresh cycle.

m Uses a standard National Semiconductor PAL part

(DMPAL16R4A).

m The PAL logic equations can be modified by the user

for his specific application and programmed into any of
the PALs in the National Semiconductor family, includ-
ing the new very high speed PALs (“B” PAL parts).

Connection Diagram
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Order Number DP84422J or DP84422N
See NS Package J20A or N20A
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Absolute Maximum Ratings
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the associated
reliabllity electrical test specifications document.

Operating Programming
Supply Voltage, Vco v 12v
Input Voltage 5.5V ia2v

Off-State Output Voltage
Storage Temperature Range

Recommended Operating Conditions

Operating Programming
5.5V
—65°Cto +150°C

12v

Symbol Parameter Commercial Units
Min Typ Max
Vee Supply Voltage 4.75 5 5.25 \'/
tw Width of Clock Low 15 10 ns
High 15 10
tou or Faedbagt 1o Clogk. 25 16 ns
th Hold Time 0 -10 ns
TA Operating Free-Air Temperature 0 25 75 °C
Tc Operating Case Temperature °C
Electrical Characteristics over Recommended Operating Temperature Range
Symbol Parameter Test Conditions Min Typ Max Units
VI High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 \
Vic Input Clamp Voltage Vec=Min, |= —18 mA -0.8 -1.5 Vv
Vcec=Min
VoH High Level Output Voltage ViL=0.8v loy=—-8.2mA COM 2.4 2.8 Vv
Vig=2V
. Vcc=Min
VoL Low Level Output Voltage ViL=0.8v lo,.=24mA COM 0.3 0.5 \
ViH=2V
lozH Voo =Max Vo=24V 100 pA
lozL Off-State Output Current x:: == (;\BIV Vo=0.4V 100 LA
[ Maximum Input Current Voo =Max, V;=5.5V 1 mA
IIH High Level Input Current Vec=Max, V|=2.4V 25 nA
im Low Level Input Current Vee=Max, V|=0.4V —0.02 —0.25 mA
los Output Short-Circuit Current Vee=5V Vo=0V —-30 —70 —130 mA
lcc Supply Current Voo =Max 120 180 mA
Switching Characteristics over Recommended Ranges of Temperature and Voo
Veec=5V = 10% Commercial: TA=0 to 75°C, Vcc=5V * 5%
Symbol Parameter Test Fc‘:n:;tlons Commercial Units
’ Min Typ Max
tpp Input or Feedback to Output CL=50pF 15 25 ns
toLk Clock to Output of Feedback 10 15 ns
tpzx Pin 11 to Output Enable 10 20 ns
tpxz Pin 11 to Output Disable CL=5pF 11 20 ns
tpzx Input to Output Enable CL=50pF 10 25 ns
tpxz Input to Output Disable CL=5pF 13 25 ns
fMAX Maximum Frequency 25 30 ns

Ve =Max. at minimum temperature
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* SERIES DAMPING RESISTERS
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@ For maximum speed use 1 driver per 1/2 bank of DRAM.

This circuit provides direct support of the 68000 Test and Set Instruction using PAGE MODE DRAMs.
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DP84422

Mnemonic Description
INPUT SIGNALS
1) “OLK", "OK”
2 RS

This is the 68000 CPU clock.

This is the 68000 address strobe pin.
This signal also tells when the 68000
is in a cycle.

This is the chip select signal for the
DP8409A.

This is the READ/WRITE pin from the
68000.

This is the RFIO, used as refresh re-
quest, from the DP8409A.

This pin allows the insertion of 1 WAIT
state in a CS Access cycle if low. As
an example; if the user wants 1 WAIT
state in READ accesses but 0 WAIT
states in WRITE accesses he can in-
vert the “R/W"” input to this input.
This input was produced by inverting
the two terms UDS and LDS and then
logically “NOR"ing them together.
This input is low whenever one or both
UDS or LDS are low. This pin is used
in order to support the 68000 “TAS”
instruction. This signal is used in the
“DTACK” PAL output.

This input allows the user to disable
the DP8409A/19 hidden refresh, when
low, provided he also ties “CS” low on
the DP8409A/19. When this input is
low “RASIN” is only brought low when
a “CS” access (“CS” input to PAL
low) is in progress

Must be tied low to enable DP84422
outputs.

3) u@u
4 R
5) “RFIO”

6 ‘WAT"

7) “UDSLDS”

6) “W"

o OE

OUTPUT SIGNALS
1) “CYCLED" This signal goes low once a hidden re-
fresh or an access has been done as
indicated by 2DLY and 3DLY being
low. This signal goes high once the cy-
cle is over as indicated by AS going
high. See also “DH input )
This signal goes low following AS dur-
ing an access or hidden refresh. See
also “DH"” input.

This signal causes WAIT states to be
inserted into the 68000 processor cy-
cles if it is not low a setup time before
$4 falling clock edge.

This signal indicates that an access
has been requested during a forced
refresh cycle. This signal is used to in-
sert WAIT states during the foremen-
tioned condition or to prevent a “non-
CS” access cycle from automatically
starting.

This signal is used to pull the
DP8409A pin M2 low in order to go to
mode 1 to do a forced refresh.

This signal is an internal delay.

This signal is an internal delay.

This signal is an internal delay.

2) “RASIN”

3) “DTACK”

4) “INCVRF"

5) "—6D_"

6) “2DLY”
7) “3DLY”
8) “4DLY”

Functional Description

The following description applies to both the DP8409A,
DP8429, and the DP8419 dynamic RAM controllers.

A memory cycle starts when chip select (CS) and address
strobe (AS) are true. RASIN is supplied from the DP84422
to the DP8409A dynamic RAM controller, which then sup-
plies a RAS signal to the selected dynamic RAM bank. After
the necessary row address hold time, the DP8409A
switches the address outputs to the column address. The
DP8409A then supplies the required CAS signal to the
DRAM. In order to do byte operations it is suggested that
the user provide external logic, as shown in the system
block diagram, to produce a HIGH CAS and a LOW CAS. To
differentiate between a READ and a WRITE, the R/W signal
from the CPU is used.

A refresh cycle is started by one of two conditions. The
refresh cycle caused by the first condition is called a hidden
refresh. This occurs when refresh clock (RFCK) is high, CS
is not trus, and RASIN goes low. Here the CPU is accessing
something else in the system and the DRAM can be re-
freshed at that time, thereby being transparent to the CPU.
The second type of refresh is called forced refresh. This
occurs if no hidden refresh was performed while RFCK was
high. When RFCK transitions low a refresh request (RFRQ)
is generated. If there is not a DRAM access in progress the
DP84422 will force a refresh by putting the DP8409A into
mode 1 (automatic forced refresh mode). If the CPU tries to
access the DRAM during a forced refresh cycle WAIT states
will be inserted into its cycles until the forced refresh is over
and the DRAM RAS precharge time has been met. Then the
pending DRAM access will be allowed to take place.

The DPB84422 also allows forced refreshes to take place
during long accesses of other devices. For instance, if
EEPROM takes several microseconds to write to, the
DRAM will still be refreshed while that access is in progress.

In a standard memory cycle, the access can be slowed
down by one clock cycle to accommodate slower memories
or allow time to generate parity. This is accomplished by
inserting a WAIT state into the processor access cycle. The
DP84422 can insert WAIT states into either READ cycles,
WRITE cycles, READ MODIFY WRITE cycles, or both
READ and WRITE cycles or the READ and WRITE portion
of a READ MODIFY WRITE cycle. The extra WAIT state will
not appear during the hidden refresh cycle, so faster devic-
es on the CPU bus will not be affected.

During a Test and Set instruction CAS is generated twice
while RAS is low. In order for this instruction to execute
properly Page Mode DRAMs must be used.

System Interface Description

All members of the Motorola 68000 family of processors are
able to use the DP84422.

RASIN during a READ cycle will always start at the begin-
ning of the “S3" processor cycle. The user must guarantee
that CS is valid a minimum of 30 ns before RASIN becomes
valid, unless the PAL “DH" input is low and the DP8409A/
19 “CS" input is tied low (hidden refresh disabled).
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System Interface Description (continued)
Several critical parameters in this application involve the in-
put system CLOCK and the ADDRESS STROBE, AS. These
parameters become most critical at higher frequencies (10
MHz and above) where it is suggested that they are directly
connected to the corresponding pins of the Motorola 68000
family ICs.

This section of the data sheet goes through the calculation
of the “tpac” (RAS access time) and "tcac” (CAS access
time) required by the DRAM for the 68000 family CPUs to
operate at a particular clock frequency without introducing
wait states into the processor access cycles. Both “tgac”
and ‘'tcac” must be considered in determining what speed
DRAM can be used in a particular system design. The
DRAM chosen must meet both the “trac” and “tcac” pa-
rameters calculated. In order to determine the “trac” and
“tcac” needed the DP8419 and fast PALs (“B" type PALs)
timing parameters were used. If the user is using the
DP8408A/09A or a slower PAL device he should substitute
their respective delays into the equation below.

Most all of the calculations contained in this note use
“RAHS” = 1 (15 ns guaranteed minimum row address hold
time). Calculations only used “RAHS” = 0 (25 ns guaran-
teed minimum row address hold time) when the calculated
access time from RAH exceeded 200 ns. This is because
DRAMs can be found with row access times up to 150 ns
that require only 15 ns row address hold times.

The calculated “tgac” and “tcac’™ may differ from the actu-
al system values depending upon the external circuitry used
to produce *“CASH” and “CASL”. The DPB8409A/19
“RASIN-CAS” low will be approximately 10-15 ns less
than the value given in the data sheet because of the small
loading on the DP8409A/19 “CAS” output. The external
circuitry needed to produce “CASH, L” should be loaded
such that the column address (from DP8409A/19 is valid
when “CASH, L” goes low. For this reason “RASIN-
CASH, L” may be longer than the value used in the “trac,
tcac” calculations, and therefore may give a smaller “trac,
tcac” then was calculated.

EXAMPLE DRAM TIMING CALCULATIONS

A) 8 MHz 68000, No WAIT States

#1) RASIN low = SO + S1 + AS low (maximum) + “B”
PAL combinational output delay maximum = 125 +
60 + 15 = 220 ns maximum

#2) RASIN to RAS low = 20 ns maximum

#3) RASIN to CAS low = 80 ns (DP8419 RASIN — CAS
low) — 3 ns (load of 72 DRAMs instead of 88 DRAMs
speced in data sheet) = 77 ns

#4) 74F245 transceiver delay = 7 ns maximum

#5) CPU data setup time = 15 ns minimum

“tRac” = (SO + S1) + (S2 + S3) + (S4 + S5) + S6 (min)
— #1 — #2— #4 — #5

125 + 125 + 1256 + 55 -200 — 20 — 7 — 15
188 ns

“tcac” = (SO + S1) + (S2 + S3) + (S4 + S5) + S6 (min)
— #1 — #3 — #4 — #5

125 + 125 + 125 + 55 - 200 — 77 — 7 — 15
=131ns

Therefore the DRAM chosen should have a “tRac” less
than or equal to 188 ns and a “tcac” less than or equal to
131 ns. Standard 150 ns DRAMs meet this criteria.

The minimum RAS PRECHARGE TIME will be approximate-
ly one and one half clock periods= 125+ 55= 180 ns.
The minimum CAS PRECHARGE TIME will be approximate-
ly one and one half clock periods plus 35 ns (minimum
tRicL —tricH for the DP8409-2)=125+55+35=215 ns.
The minimum RAS PULSE WIDTH will be approximately two
clock periods—5 ns (maximum tgppL—trppy for the
DP8409-2) =250—5=245 ns.
The minimum CAS PULSE WIDTH will be approximately two
clock periods —70 ns (maximum tgicL—tricq for the
DP8409-2)=250—70=180 ns.
The smallest pulse widths are generated during WRITE cy-
cles since RASIN during WRITE cycles starts later than
RASIN during READ cycles.
If one inserted a WAIT state in READ cycles the DRAM
column access times, the CAS pulse width, and the RAS
pulse width would be increased by one clock period (125 ns
in this case). A WAIT state in WRITE cycles would just in-
crease the RAS and CAS precharge by one clock period.
B) 10 MHz 68000, No WAIT states
#1) RASIN low = SO + St + AS low (maximum) + “B”
PAL combinational output defay maximum = 100 +
55 + 15 = 170 ns maximum
#2) RASIN to RAS low = 20 ns maximum
#3) RASIN to CAS low = 80 ns (DP8419 RASIN — CAS
low) — 3 ns (load of 72 DRAMs instead of 88 DRAMs
speced in data sheet) = 77 ns
#4) 74F245 transceiver delay = 7 ns maximum
#5) CPU data setup time = 10 ns minimum
“trac” = (SO + S1) + (S2 + S3) + (S4 + S5) + S6 (min)
— #1 — #2 — #4 — #5
=100 + 100 + 100 + 45 - 170 - 20— 7 — 10
= 138 ns
“tcac” = (SO + S1) + (S2 + 83) + (S4 + S5) — S6 (min)
— #1 — #3 — #4 — #5
=100 + 100 + 100 + 45 - 170 - 77— 7 — 10
=81ns
Therefore the DRAM chosen should have a “tgac” less
than or equal to 138 ns and a “tcac” less than or equal to
81 ns. Standard 120 ns DRAMs meet this criteria.
The minimum RAS PRECHARGE TIME will be approximate-
ly one and one half clock periods=100+45=145 ns.
The minimum CAS PRECHARGE TIME will be approximate-
ly one and one half clock periods plus 35 ns (minimum
tricL —tricH for the DP8419)=100+45+35=180 ns.
The minimum RAS PULSE WIDTH will be approximately two
clock periods—5 ns (maximum tgpp.—trppH for the
DP8419)=200—5=195 ns.
The minimum CAS PULSE WIDTH will be approximately two
clock periods—50 ns (maximum tgicL—~tRricH for the
DP8419)=200—50=150 ns.
The smallest pulse widths are generated during WRITE cy-
cles since RASIN during WRITE cycles starts later than
RASIN during READ cycles.
If one inserted a WAIT state in READ cycles the DRAM
column access times, the CAS pulse width, and the RAS
pulse width would be increased by one clock period (100 ns
in this case). A WAIT state in WRITE cycles would just in-
crease the RAS and CAS precharge by one clock period.
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DP84422

Interpreting the DP84422 PAL Equations

The boolean equations for the DP84422 were written using the standard PALASM™ format. In other words the equation:

“IF (VCC) RASIN=INCY +MODE+4D+R" will mean;

The output “RASIN” (see pin list for DP84422) will be active low (inverted RASIN) when the output “INCY" is low (making INCY
high) AND the output “MODE” is high AND the output “4D” is low (making 4D high) and the input R/W is low (making R high).

PAL16R4A ; FAST PAL
NEW PAL FOR THE MOTOROLA 68000 PROCESSOR
(WORKS UP TO 12.5MHZ)

CK /AS RFIO /UDSLDS R /DH CLK /CS /WAIT GND

JOE /INCYRF /CYCLED /4DLY /3DLY /2DLY /MODE /DTACK /RASIN VCC

IF (VCC) RASIN =
CS* /INCYRF»AS+ /MODE+4DLY» /CYCLED+ /CLK+
/CSs /INCYRF+AS+ /MODE+2DLY + /CYCLED+ /DH+
CS*INCYRF+AS+/MODE+4DLY+ /CYCLED» /CLK+
CS*RASIN+/MODE+AS+
RASIN+/MODE»2DLY

IF (VCC) CYCLED =/MODE«2DLY»3DLYs/4DLY+
CYCLED+AS+
/MODE+CYCLED+ /CLK+
/CS+AS+ /MODE+ /2DLY» /3DLY+ /4DLY

IF (VCC) INCYRF =MODE=*AS+
INCYRF+4DLY+*AS

IF (CS) DTACK = AS+/WAITx/Rx/MODEx/CLK+
AS+WAIT* /R+ /MODE+2DLY*/CLK+
UDSLDS*/WALT*Rx /MODEx /CLK+
UDSLDS+WAIT+R# /MODE+2DLY» /CLK+
DTACK+2DLY+ /MODE+
DTACK*AS+*RASIN*/MODE+/CYCLED+
DTACK*AS* /R» /MODE

MODE : = /RFIO+/AS+/CYCLED*/RASIN+

/CS* /RFI0+AS*CYCLED*/2DLY+/3DLY*/RASIN+

MODE» /3DLY+
MODE* /4DLY

= MODE+/4DLY+
/INCYRFAS+/CYCLED /MODE+ /3DLY»4DLY+
CS*INCYRF*AS+*/CYCLED+ /MODEs /3DLY+4DLY+
/MODE+*2DLY+ /3DLY+

CS*WAIT+AS* /MODE+2DLY*3DLY» /4DLY+
CS*AS* /R+CYCLED+ /MODE« /2DLY+ /3DLY* /4DLY

2DLY :

3DLY : = 2DLY/4DLY
4DLY : = 3DLY+
/AS+ /MODE+

/CS#*/RFI0*AS+CYCLED*/2DLY#/3DLY+/RASIN+*/MODE

;Start RASIN

sRASIN for Hidden RFSH
;Start RASIN after RFSH
sHold RASIN valid

sHold RASIN valid

;Start "CYCLED", does not allow

;s gliteh after refresh

sEnd on rising edge of CLK

sStart during long accesses of other
; devices

;Set Access during Refresh
sHold it while 4DLY is low

30 WAIT's for WRITE

31 WAIT for WRITE

30 WAIT's for READ

s1 WAIT for READ

sContinue DTACK

sContinue DTACK

sContinue DTACK in RMW

s cycle

sFor IDLE states or beginning
;s states of 68000 cycle
;For RFSH during long cycles
s of other devices

;Start 2DLY
;Start 2DLY after RFSH

;Make 2DLY longer
;Start second 2DLY for
sthe TAS instruction

;Need for beginning of forced refresh to
s inhibit "2DLY"

FIGURE 1. Equations for New 68000 PAL That Supports the 68000 “TAS” Instruction

3-42




System Timing Diagrams
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System Timing Diagrams (continued)
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System Timing Diagrams (continued)

cevveda
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System Timing Diagrams (continued)
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System Timing Diagrams (Continued)
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System Timing Diagrams (continued)
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System Timing Diagrams (continued)
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DP84422

System Timing Diagrams (Continued)
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National
Semiconductor
Corporation

PRELIMINARY

DP84432 Dynamic RAM Controlier Interface
Circuit for the 8086/8088/80186/80188 CPU’s

General Description

The DP84432 is a new Programmable Array Logic (PAL®)
device, that replaces the DP84332, designed to allow an
easy interface between the Intel 8088, 8086, 80188, 80186
CPU’s and the National Semiconductor DP8409A, DP8429,
or DP8419 DRAM controller.

The new DP84432 supplies all the control signals needed to
perform memory read, write and refresh and work with the
Intel processors up to 10 MHz. Logic is also included to
insert WAIT states, if wanted, into the microprocessor
READ or WRITE cycles when using fast CPU’s.

Features

m Provides a 3-chip solution for the 8086 family, dynamic
RAM interface (DP8409A or DP8419, DP84432, and
clock divider)

m Works with all 8086 family speed versions up to 10
MHz

m Operation of 8086, 8088, 80186, 80188 at 10 MHz with
no WAIT states

m Controls DP8409A or DP8419 Mode 5 accesses, hid-
den refreshes and Mode 1 Forced Refreshes automati-
cally

m Inserts WAIT states in READ or WRITE cycles auto-
matically depending on whether WAITRD or WAITWR
are low, or if CS becomes active during a forced Re-
fresh cycle

m Uses a standard National Semiconductor PAL part
(DMPAL16R4A)

m The PAL logic equations can be modified by the user
for his specific application and programmed into any of
the PALs in the National Semiconductor family, includ-
ing the new very high speed PALs (“B" PAL parts)

Connection Diagram

W [>—F 1 > nor
s 20 RS
6 - | 1 vee 19 {> msm
RE1/O l py i AoY I8 l WODE —
Ari0 [~ > [ RASH [— — MODE
AL ALE L] RF 1/0 MODE 2 70
L ALE ﬁ\L———'—__D
CLCK 5 15 30 a5
CLCK k] ]
ok > - ol o — —
J— DIVRD 02 LAl DI aD o
DLYRD ] AT NCYRF [~
WATTWR INCYRE
WATTWR D—-———-—.J__g oT WCZ p NCYRF
or WATTRD E eV — v
o > — l 0PB4432 INCY
waT [ D>——————— B
w[>—2F

|||—0

TL/F/8399~1

Order Number DP84432N or DP84432J
See NS Package Number N20A or J20A
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DP84432

Absolute Maximum Ratings
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Operating Programming

Supply Voltage, Vco v 12v
Input Voltage 5.5V 12v
Off-State Output Voltage 5.5V 12v

Storage Temperature Range

DP84432 Recommended Operating Conditions

—65°Cto +150°C

Symbol Parameter Commercial Units
Min Typ Max
Veo Supply Voltage 4.75 5 5.25 \
tw Width of Clock Low 15 10 ns
High 15 10
tsu Setup Time from Input or Feedback to Clock 25 16 ns
th Hold Time 0 —-10 ns
Ta Operating Free-Air Temperature 0 25 75 °C
Tc Operating Case Temperature °C
Electrical Characteristics over Recommended Operating Temperature Range
Symbol Parameter Test Conditions Min Typ Max Units
ViH High Level input Voltage 2 \')
ViL Low Level Input Voltage 0.8 \']
Vic Input Clamp Voltage Voec = Min,, || = —18 mA -0.8 -1.5 \'
Vee = Min.
VoH High Level Output Voltage ViL =_ 0.8V lon = —3.2mA COM 2.4 28 \"
Vi = 2V
Vee = Min.
VoL Low Level Output Voltage VL = 0.8V loL = —24 mA COM 0.3 0.5 \
Vig =2V
lozH Voo = Max. | yg =24V 100 pA
Off-state Output Current ViL = 0.8V
lozL Vig = 2V Vo = 0.4V —-100 rA
I Maximum Input Current Veoe = Max., V| = 5.5V 1 mA
H High Level Input Current Voo = Max., V) = 2.4V 25 pA
L Low Level Input Current Vce = Max,, V| = 0.4V —0.02 —-0.25 mA
los Output Short-Circuit Current Vec =5V Vo =0V —30 —70 —130 mA
lec Supply Currentt Vog = Max. 120 180 mA
Switching Characteristics over Recommended Ranges of Temperature and Vg
Vco=5V£10%. Commercial: To=0 to 75°C, Vog=5V+5%
Symbol parameter Test :c;r;i;tions Commercial Units
’ Min Typ Max
tpp Input or Feedback to Output 15 25 ns
toLk Clock to Output or Feedback CL = 50 pF 10 15 ns
tpzx Pin 11 to Output Enable 10 20 ns
tpxz Pin 11 to Output Disable CL=5pF 1 20 ns
tpzx Input to Output Enable CL = 50 pF 10 25 ns
tpxz Input to Qutput Disable C_L.=5pF 13 25 ns
fmax Maximum Frequency 25 30 ns

Vee = Max. at minimum temperature.
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Mnemonic Description |
INPUT SIGNALS ’
1) “CLOCK” Inverted clock from 8284A or 8288. 7) “WAITWRITE” This signal is used to delay when
“CLOCK" should be delayed from RASIN becomes valid during an |
. CLOCK (pin 5). 8086 WRITE cycle and also adds a .
2) “CSs” From decoder chip (chip select) WAIT state into a CS WRITE ac- |
(active low). cess cycle. One may want to delay
3) “ALE” From 8086 (active high). when RASIN becomes valid during
4) “RFI/0” RFRQ (refresh request) in mode 5. a WRITE cycle when generating a
From 8409A, an active low signal. parity bit for each byte. This would
5) “CLOCK” The non-inverted clock directly allow time to generate parity and
from the 8284A. This signal should be assured that the data and parity
be unbuffered to this input so as _ bit were both written to memory.
not to incur any extra delay in the 8) “DT/R” Used to differentiate between
RASIN generation time. or READ_and WRITE cycles, and to
6) “DELAYREAD” This input signal allows the user to “S1” allow CS READ cycles to start ear-
delay when the RASIN signal be- ly. If the system is not a minimum
comes valid to the DP8409A during mode 8086 or 8088 system then
a READ cycle of the 8086. This in- the status signal “S1” should be
put should be low when using the used instead of “DT/R” so that the
DP8409A unless an external delay DP84432 knows immediately
line is used to guarantee a 30 ns whether the CPU is doing a READ
CS to RASIN delay (for DP8409A or a WRITE access cycle.
or 15 ns for DP8419) or if the user
can afford to disable the hidden re-
fresh by permanently tying CS low
on the DP8409A.
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DP84432

Mnemonic Description (continued)

9) “WAITREAD” Used to insert 1 wait state into the
8086 READ bus cycle. The wait
state following bus cycle “T3" al-
lows the use of memory with longer
access times (tcac)- An active low
signal.

10) “OE” This input enables the outputs of
the “D-Flip Flop” outputs of the
PAL.

OUTPUTS SIGNALS

1) “MODE” This pin goes to M2 on the
DP8409A to change from mode 5
to mode 1 (only used for forced
refresh).

2) “2DLY” Delay used internal to the PAL.

3) “3DLY"” Delay used internal to the PAL.

4) “4DLY" Delay used internal to the PAL.

5) “RASIN" To the 8409A (creates RAS’s).

6) “RDY1” To the 8284A or 8288 to insert
wait states into the 8086 bus cy-
cles (active low).

7) “INCYCLE This signal is used in the Figure 1

REFRESH” PAL to detect that an access cy-
cle was started during a DRAM re-
fresh cycle. This allows the PAL
to determine, later in the cycle,
whether to restart the “INCYCLE”
signal or not. If the CPU is not ac-
cessing the DRAM, as determined
by “CS” being low, then “INCY-
CLE" is not restarted.

8) “INCYCLE"” This signal goes active from the

CPU ALE signal. This signal indi-
cates that the processor is doing
an access somewhere in the sys-
tem. This signal stays low for sev-
eral T states of the access cycle.

Functional Description

The following description applies to both the DP8409A and
the DP8419 dynamic RAM controllers.

A memory cycle starts when chip select (CS) and address
latch enable (ALE) are true. RASIN is supplied from the
DP84432 to the DP8409A dynamic RAM controlier, which
then supplies a RAS signal to the selected dynamic RAM
bank. After the necessary row address hold time, the
DP8409A switches the address outputs to the column ad-
dress. The DP8409A then supplies the required CAS signal
to the DRAM. In order to do byte operations it is suggested
that the user provide external logic, as shown in the system
block diagram, to produce a HIGH WRITE ENABLE or a
LOW WRITE ENABLE. To differentiate between a READ
and a WRITE, the DT/R (or status signal “ST” in a maxi-
mum mode 8086 or 8088 system or in a 80186, 8188 sys-
tem) signal from the CPU is inverted and also supplied to
the external WRITE ENABLE logic.

A refresh cycle is started by one of two conditions. The
refresh cycle caused by the first condition is called a hidden
refresh. This occurs when refresh clock (RFCK) is high, CS
is not true, and RASIN goes true. Here the CPU is accessing
something else in the system and the DRAM can be re-
freshed at that time, thereby being transparent to the CPU.
The second type of refresh is called forced refresh. This

occurs if no hidden refresh was performed while RFCK was
high. When RFCK transitions low a refresh request (RFRQ)
is generated. If there is not a DRAM access in progress the
DP84432 will force a refresh by putting the DP8409A into
mode 1 (automatic forced refresh mode). If the CPU tries to
access the DRAM during a forced refresh cycle WAIT states
will be inserted into its cycles until the forced refresh is over
and the DRAM RAS precharge time has been met. Then the
pending DRAM access will be allowed to take place.

The DP84432 also allows forced refreshes to take place
during long accesses of other devices. For instance, if
EEPROM takes several microseconds to write to, the
DRAM will still be refreshed while that access is in progress.

In a standard memory cycle, the access can be slowed
down by one clock cycle to accommodate slower memories
or allow time to generate parity. This is accomplished by
inserting a WAIT state into the processor access cycle. The
DP84432 can insert WAIT states into either READ or
WRITE cycles, or both. The extra WAIT state will not appear
during the hidden refresh cycle, so faster devices on the
CPU bus will not be affected.

SYSTEM INTERFACE DESCRIPTION

The 80186 or 80188 will be able to use the DP84432 but it
will be necessary to invert “ALE" of the 80186 or 80188 and
logically NOR it with the “CLOCK?” signal. This fix makes the
80186 or 80188 “ALE" signal appear to be similar to the
8086 or 8088 “ALE"” signal. The 8088 will be able to use
this PAL, but the 8088 will not need the logic necessary to
produce LWE, HWE. The 80286 can not use this PAL be-
cause it's WAIT state logic is different. (See DP84532 data
sheet).

The DP84432 differentiates between READ and WRITE cy-
cles, allowing the RASIN signal to start earlier during a
READ cycle compared to a WRITE cycle.

RASIN during a READ cycle can start during T1 or T2 of a
processor cycle depending on whether the DELAYREAD in-
put is set low or high. If DELAYREAD is false the user will
need to use an external delay line to guarantee that CS will
be valid a minimum of 30 ns before RASIN becomes true. If
the user is willing to give up hidden refreshes (CS tied per-
manently low on DP8409A) he must only guarantee that the
addresses are valid at the inputs of the DP8409A by a mini-
mum of 10 ns before RASIN becomes valid.

This section of the data sheet goes through the calculation
of the “tRAC” (RAS access time) and “tCAC” (CAS access
time) required by the DRAM for the iIAPX 86/88/186/188
family CPUs to operate at a particular clock frequency with-
out introducing wait states into the processor access cycles.
Both “tRAC" and “tCAC"” must be considered in determin-
ing what speed DRAM can be used in a particular system
design. The DRAM chosen must meet both the “tRAC” and
"“tCAC" parameters calculated. In order to determine the
“tRAC"” and “tCAC” needed the DP8419 and fast PALs
("B’ type PALSs) timing parameters were used. If the user is
using the DP8408A/09A or a slower PAL device he should
substitute their respective delays into the equations below.

Most all of the calculations contained in this note use
“RAHS” = 1 (15 ns guaranteed minimum row address hold
time). Calculations only used “RAHS” = 0 (25 ns guaran-
teed minimum row address hold time) when the calculated
access time from RAS exceeded 200 ns. This is because
DRAMSs can be found with row access times up to 150 ns
that require only 15 ns row address hold times.
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Functional Description (continued)
EXAMPLE DRAM TIMING CALCULATIONS
A) IAPX 86/88 8 MHz , No WAIT states, “/DLYRD"” =
low
#1) RASIN low=1 system clock period+ 15 ns (“B"” PAL
combinational output delay) =125+ 15= 140 ns maxi-
mum
#2) RASIN to RAS low=20 ns maximum
#3) RASIN to CAS low=80 ns (DP8419 RASIN-CAS
low)—3 ns (load of 72 DRAMs instead of 88 DRAMs
speced in data sheet)=77 ns maximum (using 15 ns
minimum row address hold time)
#4) 74F245 transceiver delay=7 ns maximum
#5) CPU data setup time to “T4"” =20 ns minimum
“tRac” =T1+T2+T3—#1—#2— #4—#5
=125+125+125—140—20—7—-20=188 ns
“toac” =T1+T2+T3—#1—#3— #4—#5
=125+125+125—140—77—-7—-20=131ns
Therefore the DRAM chosen should have a “tgac” less

then or equal to 188 ns and a “tcac” less then or equal to
131 ns. Standard 150 ns DRAMs meet this criteria.

The minimum RAS PRECHARGE TIME will be approximate-
ly two clock periods= 125+ 125=250 ns.

The minimum CAS PRECHARGE TIME will be approximate-
ly two clock periods plus 50 ns (minimum tg|cL-tricH for the
DP8409-2) =125+ 125+ 50=300 ns.

The minimum RAS PULSE WIDTH will be approximately two
clock periods—5 ns (tgppL-trppH for the DP8409-2)
=125+125—5=245 ns.

The minimum CAS PULSE WIDTH will be approximately two
clock periods —70 ns (maximum tgicLtricH for the
DP8409-2)=125+125—70=180 ns.

The above times are assuming the use of the DP8409-2 and
a fast (“A” part) PAL. The smallest pulse widths are gener-
ated during WRITE cycles since RASIN during WRITE cy-
cles starts later than RASIN during READ cycles.

B) 80186, 8 MHz, “DLYRD” = HIGH, No Hidden Refresh

(CS = Low), No Wait States

Minimum RASIN=55 ns (min clk low)+1 ns (min PAL

delay)=68 ns

Maximum Address Valid=44 ns (ADD valid max)+8 ns

(74F373)=52 ns

#1) RASIN low=Maximum clock high+15 ns (“B” PAL
combinational output delay)=70+15=85 ns maxi-
mum

#2) RASIN to RAS low=20 ns maximum

#3) RASIN to CAS low=97 ns (DP8419 RASIN—CAS
low)—3 ns (load of 72 DRAMSs instead of 88 DRAMs
speced in data sheet)=94 ns maximum (using 25 ns
minimum row address hold time)

#4) 74F245 Transceiver delay =7 ns maximum

#5) CPU data setup time to “T4” =20 ns minimum

“Rac” =T1+T2+T3— #1—#2—#4—#5

=125+125+125—85—-20—7—20=243 ns
“tocac” =T1+T2+T3—#1—#3~#4—#5
=125+125+125—85—-94—7—-20=169 ns

Therefore the DRAM chosen should have a “tgac” less

then or equal to 243 ns and a *“tcac” less then or equal to

169 ns. Standard 200 ns DRAMs meet this criteria.

The minimum RAS PRECHARGE TIME will be approximate-
ly one clock period+55 ns (minimum clock low)—15 ns
(maximum DPB84432 clocked output delay for ending
RASIN)=125+55—15=165 ns.

The minimum CAS PRECHARGE TIME will be approximate-
ly one clock period+55 ns (minimum clock low)—15 ns
(maximum clocked output delay for ending RASIN) +35 ns
(minimum  tricLtricH for  the  DP8409-2)=125
+55—15+35=200 ns.

The minimum RAS PULSE WIDTH will be approximately two
clock periods—5 ns (tgppL-trppH for the DP8409-2)
=125+125—-5=245 ns.

The minimum CAS PULSE WIDTH will be approximately two
clock periods—70 ns (maximum tgicL-tricH for the
DP8408-2)=125+125—70=180 ns.

C) 8086, 8 MHz, CS Tied Low (no hidden refresh),
DLYRD = HIGH, No Delay Line Needed, No Wait States
Minimum RASIN=69 ns (min clk low)+13 ns (min PAL
delay)=82 ns

Maximum Address Valid=60 ns (ADD valid max)+8 ns

(74F373)=68 ns

The address must be valid a minimum of 10 ns before

RASIN goes valid at the inputs of the DP8409A or DP8419,

which it will be given the ICs used in this example.

#1) RASIN low=Maximum clock high+15 ns (“B” PAL
combinational output delay)=82+15=97 ns maxi-
mum

#2) RASIN to RAS low=20 ns maximum

#3) RASIN to CAS low=97 ns (DP8419 RASIN — CAS
low)—3 ns (load of 72 DRAMs instead of 88 DRAMs
speced in data sheet)=94 ns maximum (using 25 ns
minimum row address hold time)

#4) 74F245 Transceiver delay=7 ns maximum

#5) CPU data setup time to “T4” =20 ns minimum

“tRac” =T1+T2+T3— #1— #2—#4—#5

=1254+125+125—-97—20—7—-20=231ns

“toag” =T1+T2+T3—#1—#3—#4—#5

=125+125+125—97—-94—-7—-20=157ns

Therefore the DRAM chosen should have a “tgac” less

then or equal to 231 ns and a “tcac” less then or equal to

157 ns. Standard 200 ns DRAMs meet this criteria.

The minimum RAS PRECHARGE TIME will be approximate-

ly one clock period+69 ns (minimum clock low)+ 15 ns

(maximum DP84432 clocked output delay for ending

RASIN)=125+69—15=179 ns.

The minimum CAS PRECHARGE TIME will be approximate-

ly one clock period+69 ns (minimum clock low)—15 ns

(maximum clocked output delay for ending RASIN)+ 35 ns

(minimum  tgicL-tricH  for  the  DP8409-2)=125

+69—15+35=214 ns.

The minimum RAS PULSE WIDTH will be approximately two

clock periods—5 ns (tgppL-trppH for the DP8409-2)

=125+125—-5=245 ns.

The minimum CAS PULSE WIDTH will be approximately two

clock periods—70 ns (maximum tgici-trich for the

DP8409-2)=125+125-70=180 ns.
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DP84432

Functional Description (continued)

D) 8086, 10 MHz, CS Tied Low (no hidden refresh),

DLYRD = HIGH, No Delay Line Needed, No Wait States

MINIMUM RASIN = 52 ns (min clk low) + 13 ns (min PAL

delay) = 65 ns

MAXIMUM ADDRESS VALID = 50 ns (ADD valid max) +

8 ns (74F373) = 58 ns

The address must be valid a minimum of 10 ns before

RASIN goes valid at the inputs of the DP8409A or DP8419.

As an example use two 74ALS04 inverters to guarantee a

minimum delay of 4 ns, therefore MINIMUM RASIN = 69 ns

#1) RASIN low = Maximum clock high + 15 ns (“B"” PAL
combinational output delay) = 61 + 15 = 76 ns maxi-
mum

#2) RASIN to RAS low = 20 ns maximum

#3) RASIN to CAS low = 80 ns (DP8419 RASIN —~ CAS
low) — 3 ns (load of 72 DRAMs instead of 88 DRAMs
speced in data sheet) = 77 ns maximum (using 15 ns
minimum row address hold time)

#4) 74F245 Transceiver delay = 7 ns maximum

#5) CPU data setup time to “T4” = 5 ns minimum

“tpac” =T1+T2+T3—#1—#2—#4— #5

=100+100+100—76—20—7—5=192 ns
“toac” =T1+T2+ T3~ #1—#3— #4—#5
=100+100+100—76—77—7—5=135 ns

Therefore the DRAM chosen should have a “tgac” less
then or equal to 192 ns and a “tcac” less then or equal to
135 ns. Standard 150 ns DRAMs meet this criteria.

The minimum RAS PRECHARGE TIME will be approximate-
ly one clock period + 69 ns (minimum clock low) — 15 ns
(maximum DP84432 clocked output delay for ending
RASIN) = 125 + 69 — 156 = 179 ns.

The minimum CAS PRECHARGE TIME will be approximate-
ly one clock period + 69 ns (minimum clock low) — 15 ns
(maximum clocked output delay for ending RASIN) + 35 ns
(minimum tgicL-tricH for the DP8409-2) = 125 + 69 — 15
+ 35 = 214 ns.

The minimum RAS PULSE WIDTH will be approximately two
clock periods — 5 ns (trppL-trpoH for the DP8409-2) =
125 + 125 — 5 = 245 ns.

The minimum CAS PULSE WIDTH will be approximately two
clock periods — 70 ns (maximum tgic-tricH for the
DP8409-2) = 125 + 125 — 70 = 180 ns.

SUGGESTIONS

It is suggested that the DP8409A is to be used up to 8 MHz.

Above 8 MHz one should use the DP8409-2 or the DP8419.

Also fast PALs (“A” parts) should be used at 8 MHz and

above. If very fast PALs are used (““B” parts) the access will

be 10 ns faster than calculated in the above sections.

These suggestions occur because of DRAM parameters

that must be met, such as:

1) CAS ACCESS TIME—time from CAS valid until data is
available at the DRAM outputs.

2) RAS PRECHARGE TIME—minimum amount of time from
RAS high until RAS transitions low again.

3) CAS PRECHARGE TIME—minimum amount of time from
CAS high until CAS transitions low again.

4) RAS PULSE WIDTH—minimum RAS valid time during an
access, this usually occurs during a WRITE operation
since RASIN is generated later then in a READ operation.

5) CAS PULSE WIDTH—minimum CAS valid time during an
access.

6) DATA IN SETUP TIME—the data, during a DRAM WRITE
access cycle, must be valid at the DRAM inputs when
WRITE ENABLE or CAS transitions low, whichever oc-
currs last.

For instance, during a WRITE operation, one does not want

CAS to go valid until the data to be written is setup at the

inputs to the dynamic RAM. Therefore an 8086 running at

5 MHz should use a DP8409A and a slower DP84432 PAL.

EXAMPLE: 8086, 5 MHz, DP8409A, DP84432 (fast PAL “A”

part)

MINIMUM RASIN = 3 ns (min clk inversion) + 7 ns (min

fast PAL clocked output) + 13 ns (min combinational fast

PAL output) = 23 ns into the T2 CPU cycle.

MINIMUM CAS = MINIMUM RASIN + MINIMUM RASIN

TO CAS TIME = 23 + 95 = 118 ns

MINIMUM DATA VALID during an 8086 WRITE at 5 MHz =
110 ns

MINIMUM DATA VALID at DRAM input = MINIMUM DATA
VALID + MINIMUM TRANSCEIVER DELAY (74F245) =
110+ 7 =117ns

Therefore, worst case, the data could be valid 1 ns before
CAS becomes valid at the DRAM inputs. Most DRAMs
specify O ns setup time so this is OK, but if the DP8409A is
driving less then the full load specified in the data sheet
CAS could become valid before the data was available at
the DRAM inputs. Therefore the user may want to use a
slower PAL or adjust the PAL equations to start the WRITE
later in the access cycle. For example, the second equation
in the RASIN term could be adjusted as follows to accom-
plish a later RASIN during WRITE cycles:

“CS+INCY xMODE+2D+WAITWR+CLK"
At higher frequencies one generally wants to generate
WRITE as the DP84432 does in order to guarantee that the
CAS pulse width is great enough.

INTERPRETING THE DP84432 PAL EQUATIONS

The boolean equations for the DP84432 were written using
the standard PALASM™ format. In other words the equa-
tion:

“IF (VCC) RASIN = INCY+MODE+4DsDT" will mean;
The output “RASIN” (see pin list for DP84432) will be active
low (inverted RASIN) when the output “INCY” is low (mak-
ing INCY _high) AND the output “MODE” is high AND the
output “4D” is low (making 4D high) AND the input
DT/R is low (making DT/R high).
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PAL Boolean Equations

PAL16R4A sFAST PAL
NEW PAL FOR INTEL PROCESSORS 8086, 8088, 80186, 80188
NATIONAL SEMICONDUCTIOR (WORKS UP I0 10 MHz)

CK CS RF10 ALE CLK DLYRD WAITWR DT WAITRD GND OE

IF (VCC) RASIN =

INCY*MODE*4D*DT*DLYRD*CLK+ ;Start RASIN, early READ
CS*INCY*MODE*2D*WAITWR+ ;Start RASIN, early WRITE
CS*INCY*INCYRF*ALE*MODE*3D*DT*CLK+ ;Start READ
CS*INCY*MODE*2D*DT*WAITWR* CLK+ ;Late WRITE
CS*INCY*MODE*2D+ Hidden RFSH
RASIN*INCY*ALE*MODE*3D*4D+ ;Continue RASIN
RASIN*MODE*2D ;Continue RASIN
IF (VCC) INCYRF = ALE*MODE+ ;Start INCYCLE in REFRESH
INCYRF*MODE+ ;Continue INCY in REFRESH
INCYRF*4D*CLK ;Continue INCY in REFRESH
MODE := RF10*INCY*2D+ ;Forced RFSH at beginning
;of a cycie, during IDLE
MODE*3D+ ; states, or during long
MODE*4D ; accesses of other devices

2D := MODE*4D+

INCY*MODE*4D+
CS*DT*WAITRD* INCY*MODE*2D*3D*4D+ ;Extend for "CS READ® cycle
CS*DT*WAITWR*INCY*MODE*2D*3D*2D ;Extend for "CS WRITE" cycle
3D := 2D*4D
4D := 3D+
INCY*MODE+
INCY*MODE*2D
IF (VCC) INCY = ALE*MODE+ ;Start INCY for access
INCY*INCYRF*MODE*3D*4D+ ;Continue INCY during access
INCY*MODE*2D+ sEnd INCY during access

CS*INCYRF*MODE*2D*3D*4D+ ;Start INCY after REFRESH
CS*INCY*MODE*3D*4D*RDY ;Continue INCY after REFRESH

IF (CS) RDY = CS*INCYRF*2D*3D*4D+ ;Access at end of RFSH cycle
CS*RDY*MODE*2D*3D*4D+ ;Continue RDY after RFSH
CS*MODE+ sContinue RDY after RFSH

CS*DT*WAITRD*INCY*MODE*2D*3D*4D+ ;WAIT for "CS READ®
CS*DI*WAITWR*INCY*MODE*2D*3D*4D sWAIT for "CS WRITE®

FIGURE 1. Equations for the DP84432 Standard Interface PAL (Works in Minimum or Maximum Mode)
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DP84432

System Timing Diagrams
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System Timing Diagrams (continued)
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DP84432

System Timing Diagrams (continued)
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System Timing Diagrams (Continued)
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DP84432

System Timing Diagrams (continued)
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System Timing Diagrams (continued)
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DP84512

National
Semiconductor
Corporation

PRELIMINARY

DP84512 Dynamic RAM Controller Interface Circuit for

the NS32332

General Description

This is a PAL (Programmable Array Logic) device designed
to allow an easy interface between the National Semicon-
ductor NS32332 microprocessor and the National Semicon-
ductor DP8417/18/19/28/29 dynamic RAM controller.
This PAL supplies all the control signals needed to perform
memory read, burst read, write, and refresh operations up to
a frequency of 15 MHz.

Features

m Provides a 3-chip solution for the NS32332/DP8418 (or
DP8428) dynamic RAM interface (1 PAL, DP8418 and
clock divider)

m Works with all speed versions of the NS32332 up to
15 MHz

| Allows operation of NS32332 at 12 MHz with no WAIT
states with standard 120 ns 256k or 1M DRAMs

m Controls DP8417/18/19/28/29 mode 5 accesses and
mode 0 forced refreshes automatically

m Allows READ accesses in burst mode

u CPU WAIT states are automatically inserted during con-
tention between DRAM accesses and DRAM refreshes

m Uses standard National Semiconductor PALs (i.e.,
DMPAL16R4A, the user may want to use faster
versions of these PALs at higher CPU operating
frequencies)

m The PAL programming equations are provided with
comments for easy user modification to his specific
requirements
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National
Semiconductor
Corporation

PRELIMINARY

DP84522 Dynamic RAM Controller Interface Circuit

for the 68020 CPU

General Description

This is a Programmable Array Logic (PAL®) device de-
signed to allow an easy interface between the 68020 micro-
processor and the National Semiconductor DP8417,
DP8418, DP8419, DP8428 or DP8429 dynamic memory
controllers.

This PAL supplies all the control signals needed to perform
memory read, write, and refresh operations up to a frequen-
cy of 16.7 MHz.

Features

m Provides a 3 or 4 chip solution for the 68020/DP8418
(or DP8428) dynamic RAM interface (1 or 2 PALs,
DP8418, and clock divider)

m Works with all speed versions of the 68020 up to
16.7 MHz

m Allows operation of 68020 at 12.5 MHz with 1 WAIT
state with standard 120 ns 256k DRAMs

m Controls DP8418/28 mode 5 accesses and mode 1 or
0 forced refreshes automatically

m Allows memory interleaving if desired

B CPU WAIT states are automatically inserted during con-
tention between memory interleaving/DRAM accesses/
DRAM refreshes

m Uses standard National Semiconductor PALs (i.e.,
DMPAL16R4A; the user may want to use faster ver-
sions of these PALs at higher CPU operating frequen-
cies)

m The PAL programming equations are provided with
comments for easy user modification to his specific re-
quirements

Functional Description

The following description applies only to the DP8418 or
DP8428 since “RF1/0" going low initiates a mode 0 exter-
nally controlled forced refresh. This forced refresh resets
the internal refresh request logic on the DP8418 or DP8428,
but will not reset the internal logic on the DP8409A.

A memory cycle starts when chip select (CS) and the ad-
dress strobe (AS) become true. RASIN is supplied from the
PALs to the DP8418 DRAM controller, which then supplies
RAS to the selected RAS bank. After the necessary row
address hold time, the DP8418 switches the address out-
puts to the column address. The DP8418 then supplies the
required CAS signal to the DRAM.

The first PAL (PAL #1) supports byte operations by produc-
ing four WRITE enables, one for each possible byte of the
32 bit word (upper, upper middle, lower middle, and lower
write enable). These WRITE enables are produced external-
ly from the 68020 “DATA STROBE" and “READ/WRITE”

outputs. Since it is possible that all WRITE cycles may be
LATE WRITE cycles (“WRITE ENABLE” occurring after
“COLUMN ADDRESS STROBE”) memory buffers should
be used instead of transceivers to separate the data in from
the data out of the DRAMs.

The second PAL (PAL #2) supports byte operations by pro-
ducing four COLUMN ADDRESS STROBES, one for each
of the possible bytes of the 32-bit word. This PAL terminates
the DP8418 “RASIN” input early but holds the DRAM data
valid by latching the byte “CAS’s” externally. This method
of supporting byte writes allows transceivers to be used, or
to directly connect the DRAM data in and data out pins to
the 68020 data bus 1/0 pins.

Hidden REFRESH cycles are not allowed in this set of PALs
because of the need for adequate RAS precharge times in
all circumstances and the desire not to be inserting WAIT
states into access cycles of other system elements.

These PALs perform externally controlled forced refreshes
automatically (mode 0). A refresh cycle occurs when the
DP8418 input RFCK transitions low and the RFIO signal
goes low requesting a refresh cycle. The PAL responds by
pulling RFSH low (M2 and MO) if there are no current DRAM
accesses in progress. If a DRAM access is in progress the
PAL waits until the current access is completed before per-
forming the forced refresh cycle. If an access is requested
during the forced refresh cycle WAIT states are automatical-
ly inserted into the access cycle until the refresh cycle is
completed and adequate RAS precharge has been com-
pleted. The pending DRAM access cycle is then performed.
The input signal “NOWAIT” allows one to vary the amount
of time required to do a refresh (see the description of the
“NOWAIT” input in the pin description section). In one of
the timing diagrams the “RFSH" output was tied to the
“NOWAIT” input to decrease the length of the refresh cycle
but still insert one wait state in normal DRAM access cycles
(see Figure 5).

The first PAL (PAL #1) supports memory interleaving to
guarantee adequate RAS precharge time during two con-
secutive accesses to the same DRAM bank. This is per-
formed by looking at the lower address bit or bits, A2 and/or
A3. If the processor is sequentially accessing the DRAM
each RAS output will have plenty of precharge time. But if
the system tries to access the same bank twice in a row the
access will be delayed until adequate RAS precharge time
has been met. During this time WAIT states will automatical-
ly be inserted into the pending access cycle.

The second PAL (PAL #2) guarantees adequate RAS pre-
charge time (one and one half system clock periods) by
ending the DP8418 “RASIN” input early. The DRAM data is
held valid by externally latching the DRAM *“CAS” input as
explained earlier. This has the additional benefit of sim-
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Functional Description (continued)

plifying the memory interface of the 68020 by eliminating
the external components needed for interleaving, though as
one approaches 16.7 MHz the interleaving circuitry may
again become necessary to guarantee adequate “RAS”
precharge time.
For PAL #1 an external “D type” flip-flop or another PAL
could be used for the support of memory interleaving. If one
is not using memory interleaving (10 MHz or below) the
“PREVO” input can be used for some other function and
the equations of “RASIN” that employ “PREVO” can be
adjusted.
The PAL equations for this interface are written in the Na-
tional Semiconductor PLANT™ format, which differs from the
standard PALASM™ format.
EXAMPLE: PLAN FORMAT

/RASIN := RFSH*/2D*/AS
This translates as, “RASIN” is low after the rising edge of
the input clock given that “RFSH” was high and “2D” was
low and “AS” was low a setup time before the clock tran-
sitions high (here RASIN, 2D, and RFSH are outputs of the
PAL and AS is an input).
EXAMPLE: PALASM FORMAT

/RASIN := /RFSH*2D*AS
The above expression means the same as the PLAN format
expression except it is written in PALASM format. In other
words; “RASIN” will go low after the rising edge of the clock
given that “RFSH” was high, “2D” was low, and “AS” was
low a setup time before the clock transitions high (here
RASIN, 2D, and RFSH are outputs of the PAL and AS is an
input). ’
Depending on the specific type of PALs and logic used the
user can calculate the speed requirements for the DRAM at
the specified processor frequency as follows:
CALCULATION OF DRAM “tgac” RAS ACCESS TIME
AND “tcac” CAS ACCESS TIME REQUIRED FOR A
12.5 MHz 68020, 1 WAIT STATE, MICROPROCESSOR
SYSTEM
#1) RASIN generation time = “S0” + “S1"” + 1 combina-
tional output delay of the PAL generating the “RASIN”
output (assume DMPAL16R4B) = 80 ns + 15 ns =
95 ns maximum
RASIN to RAS out delay of the DP8418 = 20 ns maxi-
mum (used to determine “trac’)
RASIN to CAS out delay of the DP8418 DRAM contol-
ler driving a load of 2 banks of 256k DRAMSs, each
bank containing 36 (32 DRAMs plus byte parity) = 72
DRAMs
Since this is under the specified load in the data sheet
(approximately 88 DRAMSs) approximately 3 ns can be
subtracted from the data sheet number, giving 80 ns —
3 ns = 77 ns maximum (used to determine “tcac”)
#4) 74AS244 buffer delay = 7 ns maximum

#5) Data setup time required from the falling edge of “S4”
clock = 10 ns maximum

A normal 12.5 MHz 68020 access cycle (with 1 WAIT state

#2

~

#3

~

. inserted) contains 4 clock periods of 80 ns per period.

The required DRAM “trac” (row access time) can be calcu-
lated from

SO + S1 + 82 + S3 + SW1 + SW2 + S4
(minimum 1/2 period) — #1 — #2 — #4 — #5
=40 + 40 + 40 + 40 + 40 + 40 + 35
—95—-20—-7—10 = 143 ns
The required DRAM “tcac” (column access time) can be
calculated from

SO + 81 + S2 + S3 + SW1 + SW2 + S4

(minimum 1/2 period) — #1 — #3 — #4 — #5

= 40 + 40 + 40 + 40 + 40 + 40 + 35

—95—-77—-7—-10=86ns
The DRAMs selected for this system must satisfy both the
“trac and toac” requirements. Therefore the DRAMs must
have a “trac” (row access time) less then or equal to
143 ns and a “tcac” (column access time) less than or
equal to 86 ns to be used in this system, under worst case
conditions, for a 1 WAIT state 12.56 MHz 68020 system.
Common 120 ns 64k or 256k DRAMs meet this specifica-
tion. If one is using PAL #2, producing external “CAS'’s”
and not using any external transceivers he could possibly
use 150 ns DRAMs in the above example.

If one is using PAL #2, the calculated “trac” and “tcac”
may differ from the actual system values, depending upon
the external circuitry used to produce the byte *“CAS’s”. The
DP8418 “RASIN-CAS” low will be approximately 10-15 ns
less than the value given in the data sheet because of the
small loading on the DP8418 “CAS” output. The external
circuitry needed to produce the byte “CAS’s” should be
loaded such that the column address (from DP8418) is valid
when “CAS"” goes low. For this reason “RASIN-byte CAS”
may be longer than the value used in the “tgac, tcac” cal-
culations, and therefore may give a smaller “tgac, tcac”
than was calculated.

68020 PAL Inputs and Outputs
(Pin number of the PAL on the left)
PAL #1 Inputs

1) “CK” This is the system clock.

2) “AS” Address strobe from 68020.

3) “RFRQ” This is the refresh request from the
DP8418.

4)“Cs” This is the chip select (see system block
diagram).

5) “R” READ/WRITE output pin from the 68020.

6) “CLK” The system clock.

7) “PREVO” This output holds the previously ac-
cessed DRAM “RAS” bank.

8) “B0” This input is the address bit “A2” and is
used to determine which “RAS"” bank the
system is accessing.

9) “NOWAIT”  This PAL always inserts one WAIT state

into every 68020 access cycle. This input,
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68020 PAL Inputs and Outputs (continued)

11) “OE"
PAL #1 Outputs
19) “XDLY"

18) “RASIN”

if low, allows the DRAM to be accessed
with no wait states inserted into the ac-
cess cycle. This input also, if low during
a refresh, shortens the length of the re-
fresh cycle by one clock period. This
causes the RAS pulse width (during a
refresh) and the RAS precharge time
(after a refresh) to be shorter.

This input enables the PAL outputs.

This signal is used to guarantee one pe-
riod of “RFSH” high to “RASIN” low
time and to guarantee two periods of
RAS precharge time in consecutive ac-
cesses to the same DRAM bank.

This signal causes RAS (or RASSs) to go
low during a DRAM access or refresh.

17) “RFSH"
16) “1DLY”
15) “2DLY”
14) “RFREQ”

13) “RFREQCK"”

12) “DSACK”

This signal initiates a DRAM Refresh.
A delay that is used internally.
A delay that is used internally.

Refresh request (from the DP8418) syn-
chronized to the system clock.

This input synchronizes “RFREQ” to
the falling edge of the input system
clock “CLK” and is used in arbitrating
between refreshes and accesses (see
“RASIN” equations).

This output goes to the 68020
“DSACKO, 1" data acknowledge input.
This output allows WAIT states to be in-
serted into DRAM access cycles during
access/refresh/RAS precharge con-
tention.

3-67

eesveda




DP84522

Interface PAL # 1 Boolean Equations

This PAL will work up to 16.7 MHz with the 68020. This PAL uses mode 0 (MO=M1=M2=low) for doing externally controlled

forced refreshes, guaranteeing more than 2.5 periods of RGCK RAS puise width (“NOWAIT” =

high). if “NOWAIT" is low the

refresh is shortened by one clock period. This PAL will only work with the DP8417/18/19/28/29 since it uses mode 0 to reset

the RFSH request (RFIO) signal.

DMPAL16R4A -
ck AS RFRG ©S R CLK PREVO BO
JOE /DSACK /RFREQCK /RFREQ /2DLY /1DLY

IF (VCC) /XDLY = RFSH*/2DLY*RASIN*PREVO*BO
+RFSH* /2DLY*RASIN* /PREVO* /BO
+/RFSH*1DLY* /2DLY* /RASIN*NOWAIT* /CLK
+/RFSH*1DLY*2DLY*RASIN*RFREQ* /NOWAIT
+/XDLY* /RFSH*RFREQ
+/XDLY*RASIN® /AS*CLK

/NOWAIT  GND
/RFSH /RASIN /XDLY VCC

;Same bank interleave
;Same bank interleave
s"/XDLY" low during RFSH
s"/XDLY" low during RFSH
;Hold "/XDLY" low

sHold "/XDLY" low

IF (VCC) /RASIN = /RFSH*RFREQ*/1DLY
+/RASIN* /RFSH* /2DLY*XDLY
+RFSH*RFREQCK* /AS* /CS*PREVO* /BO*CLK
+RFSH*RFREQCK* /AS*/CS* /PREVO*BO* CLK
+RFSH*RFREQCK* /AS” /CS*2DLY *XDLY*CLK

sRFSH " /RASIN"
sHold "/RASIN" low
sStart " /RASIN®
;Start "/RASIN®
sAfter idle states

+/RASIN*RFSH*/AS*/CS
+/RASIN*/CLK

IF (VCC) /RFREQCK = /RFREQ*/CLK
+/RFREQCK* /RFREQ

IF (VCC) /DSACK = /CS*RFSH*/RASIN*NOWAIT*/CLK

+/DSACK* /CS*RFSH* /RASIN* /AS
+/CS*RFSH* /AS* /NOWAIT*XDLY

/RFSH := /RFREQ*RASIN*/1DLY*/2DLY
+/RFREQ*RASIN*1DLY
+/RFSH* /RFREQ
+/RFSH* /RASIN
+/RFSH* /1DLY

/1DLY := /RFSH*2DLY*/RFREQ
+/RFSH* /1DLY*2DLY*XDLY
+RFSH* /RASIN

/2DLY := /RFSH*/1DLY
+/RFSH*2DLY* /RFREQ* /NOWAIT
+RFSH* /RASIN* /1DLY
+RFSH* /RASIN* /NOWAILT

/RFREQ := /RFRQ

sHold "/RASIN" low
sHold "/RASIN" low

;Start from falling clock
; edge

sOne WAIT state
sHold "/DSACK" low
sNo WAIT state in access

;Start RFSH
;Start RFSH
sHold RFSH low
;Hold RFSH low
sHold RFSH low

sStart "/1DLY" during RFSH
sContinue "/1DLY" during RFSH
;Start "/1DLY" during /RASIN

sStart "/2DLY" during RFSH
sShorten RFSH

;Start "/2DLY" during /RASIN
sShorten access

sSynchronize to system clock
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DP84522

interface PAL # 1 Between 68020 and DP8418/28 (continued)
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FIGURE 2. PAL # 1 Simulation Diagram
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Interface PAL # 1 System Timing Diagram
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Interface PAL # 1 System Timing Diagram (continued)
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Interface PAL # 1 System Timing Diagram (continued)
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Interface PAL # 1 System Timing Diagram (continued)
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Interface PAL #2 Boolean Equations

This PAL is similar to PAL #1 but ends “RASIN" one half period earlier than PAL #1 and relies on the external generation of
byte “CAS's” to hold the data valid during 68020 READ access cycles.

DMPAL16R4A

CK /JAS /RFRQ /CS R CLK NC1 NC2 /NOWAIT GND
/OE /DSACK /RFREQCK /RFREQ /2DLY /1DLY /RFSH /RASIN /XDLY VCC

IF (VCC) /XDLY = RFSH*/2DLY*/AS
+/RFSH*1DLY* /2DLY* /RASIN*NOWAIT* /CLK
+/RFSH*1DLY*2DLY*RASIN*RFREQ* /NOWALT
+/RFSH* /XDLY*RFREQ
+/XDLY*RASIN*/AS*CLK

IF (VCC) /RASIN = /RFSH*RFREQ*/1DLY
+/RFSH* /RASIN* /2DLY*XDLY
+/RFSH* /RASIN* /CLK
+RFSH*RFREQCK* /AS* /CS*XDLY*CLK
+RFSH*RFREQCK" /AS"* /CS*2DLY*XDLY*CLK
+RFSH* /RASIN® /AS* /CS*XDLY
+RFSH* /RASIN*CLK

IF (VCC) /RFREQCK = /RFREQ*/CLK
+/RFREQCK* /RFREQ

IF (VCC) /DSACK = /CS*RFSH*/RASIN*NOWAIT*/CLK

+/DSACK* /CS*RFSH* /RASIN*/AS
+/CS*RFSH* /AS* /NOWAIT*XDLY

JRFSH := /RFREQ*RASIN*/1DLY*/2DLY
+/RFREQ*RASIN®1DLY
+/RFSH* JRFREQ
+/RFSH* /RASIN
+/RFSH* /1DLY

;" /XDLY" during access
3" /XDLY" during RFSH
s"/XDLY® during RFSH
sHold "/XDLY" low
sHold "/XDLY" low

sRFSH " /RASIN®
sHold in RFSH
sHold in RFSH
sStart "/RASIN®
sAfter idle states
sHold "/RASIN" low
sHold "/RASIN" low

;Start from falling clock
s edge

;One WAIT state
sHold "/DSACK" low
sNo WAIT state in access

;Start RFSH
;Start RFSH
sHold RFSH low
;Hold RFSH low
sHold RFSH low

/1DLY := /RFSH*2DLY*/RFREQ
+/RFSH* /1DLY*2DLY*XDLY
+RFSH* /RASIN

sStart "/1DLY" during RFSH
sContinue *"/1DLY" during RFSH
;Start "/1DLY" during /RASIN
/2DLY := /RFSH*/1DLY
+/RFSH*2DLY"* /RFREQ* /NOWAIT
+RFSH*/RASIN*/1DLY
+RFSH*/RASIN* /NOWAIT

/RFREQ := /RFRQ

;Start "/2DLY" during RFSH
;Shorten RFSH

sStart "/2DLY" during /RASIN
sShorten access

;Synchronize to system clock
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Interface PAL #2 CAS Driver, Select Logic, and Latches

eesbeda

CAS
(> CAS_UUD T
05 =
(>
LATCHED_CAS_UUD
CAS
CAS UMD CAS_UND
VD >
>y
LATCHED_CAS_UMD
|
CAS
CAS_LMD I
) >
(>
LATCHED_CAS_LMD
CAS ,
) CAS_LLD
) >

LATCHED_CAS_LLD

TL/F/8589-8
FIGURE 8

3-77



DP84522

Interface PAL #2 68020 System Timing Diagram
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Interface PAL # 2 Between 68020 and DP8418 (continued)
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Interface PAL #2 Between 68020 and DP8418 (continusd)
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DP84532 Dynamic RAM Controller Interface

Circuit for the iAPX 286 CPU

General Description

This is a Programmable Array Logic (PAL®) device de-
signed to allow an easy interface between the 80286 micro-
processor and the National Semiconductor DP8419/29 or
DP8409A dynamic memory controllers.

This PAL supplies all the control signals needed to perform
memory read, write, and refresh operations up to a frequen-
cy of 16 MHz.

Features

® Provides a 3- or 4-chip solution for the 80286/DP8419
(or DP8409A/29) dynamic RAM interface (1 or 2 PALs,
DP8419, and clock divider)

m Works with all speed versions of the 80286 up to
10 MHz

W Allows operation of 80286 at 8 MHz with no WAIT
states with standard 120 ns 256k DRAMs

| Controls DP8409A/19 mode 5 accesses and mode 0 or
1 forced refreshes automatically

® Allows memory interleaving if desired

W CPU WAIT states are automatically inserted during con-
tention between memory interleaving/DRAM accesses/
DRAM refreshes

m Uses standard National Semiconductor PALs (i.e.,
DMPAL16R6A and DMPAL16R4A; the user may want
to use faster versions of these PALs at higher CPU op-
erating frequencies)

m The PAL programming equations are provided with
comments for easy user modification to his specific re-
quirements

Functional Description

The following description applies to both the DP8409A,
DP8419 and DP8429.

A memory cycle starts when chip select (CS) and the status
(S0*S1) become true. RASIN is supplied from the PALs to
the DP8419 DRAM controller, which then supplies RAS to
the selected RAS bank. After the necessary row address
hold time, the DP8419 switches the address outputs to the
column address. The DP8419 then supplies the required
CAS signal to the DRAM. In order to do byte operations a
HIGH WRITE ENABLE and a LOW WRITE ENABLE are
produced from PAL #2. All WRITE cycles are LATE WRITE
cycles, to assure that valid data is written to the DRAMs. A
WRITE strobe is produced by PAL #1 to assure enough
WIN pulse width and to guarantes that valid data is latched
into the DRAMs when writing to them. Memory buffers are
used externally, to separate the data in from the data out of
the DRAMSs during LATE WRITE cycles.

Hidden REFRESH cycles are not allowed in this set of PALs
because of the need for adequate RAS precharge times in
all circumstances and the desire not to be inserting WAIT
states into access cycles of other system elements.

These PALs perform automatic or externally controlled
forced refreshes (mode 0 or 1). A refresh cycle occurs when
the DP8419 input RFCK transitions low and the RFIO signal
goes low requesting a refresh cycle. The PAL responds by
pulling RFSH (M2, and/or MO depending on whether mode
1 or O is desired) low if there are no current DRAM accesses
in progress. If a DRAM access is in progress the PAL waits
until the current access is completed before performing the
forced refresh cycle. If an access is requested during the
forced refresh cycle WAIT states are automatically inserted
into the access cycle until the refresh cycle is completed
and adequate RAS precharge has been completed. The
pending DRAM access cycle is then performed.

In order to guarantee adequate RAS precharge time during
two consecutive accesses to the same DRAM bank, memo-
ry interleaving is performed by looking at the two lower ad-
dress bits, A1 and A2. If the processor is sequentially ac-
cessing the DRAM, each RAS output will have plenty of
precharge time. But if the system tries to access the same
bank twice in a row the access will be delayed until ade-
quate RAS precharge time has been met. During this time
WAIT states will automatically be inserted into the pending
access cycle.

The 8 MHz 80286 has two “T” states (“Ts" and “T¢"), it is
possible for these PALs to get one clock phase out of sync
with the 80286 CPU during access cycles pending while
performing a refresh cycle. The two 8 MHz “T"' states of the
CPU contain four 16 MHz clock periods (“CLK" output of
82284 clock generator). This 2X clock is the clock the inter-
face described herein uses. In other words, the PALs pro-
duce a RASIN output that is low for three 16 MHz clock
periods for the 8 MHz 80286. Since WAIT states insert two
16 MHz clock periods and RASIN can start one clock period
after RFSH transitions high, it is possible for RASIN to start
one period early and go high one period before the access
cycle ends, thus not holding the data valid during a READ
access cycle long enough. To counteract this problem the
term “ALE"” is used in several of the PAL equations (RASIN,
1DLY, and 2DLY) to sync the RASIN output to the access
cycle. See the timing diagrams (Figure 6) and PAL equa-
tions for some further insight into the potential problems.
This synchronization could also have been done externally
by holding CAS low until either MWTC or MRDC go high,
thus holding the READ data valid until the access cycle is
over.

Two PALs were designed for this PAL interface. PAL #2 is

- used mostly for the support of memory interleaving. If one is

not using memory interleaving (6 MHz or below) PAL #2
can be omitted and the PAL #1 “PRECH" input can be tied
high. The high and low memory write strobes can be pro-
duced externally.
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Functional Description (continued)

The PAL equations for this interface are written in the Na-
tional Semiconductor PLANTM format, which differs from the
standard PALASM™ format.

EXAMPLE: PLAN FORMAT

/RASIN := RFSH"/2D*ALE

This translates as, “RASIN” is low after the rising edge of

the input clock given that “RFSH” was high and “2D” was

low and “ALE” was high a setup time before the clock tran-
sitions high (here RASIN, 2D, and RFSH are outputs of the

PAL and ALE is an input).

EXAMPLE: PALASM FORMAT

RASIN := /RFSH*2D*ALE

The above expression means the same as the PLAN format

expression except it is written in PALASM format. In other

words, “RASIN” will go low after the rising edge of the clock
given that “RFSH" was high, “2D” was low, and “ALE"” was
high a setup time before the clock transitions high (here

RASIN, 2D, and RFSH are outputs of the PAL and ALE is an

input).

Depending on the specific type of PALs and logic used, the

user can calculate the speed requirements for the DRAM at

the specified processor frequency as follows:

CALCULATION OF DRAM “tgac” RAS ACCESS TIME

AND “tcac” CAS ACCESS TIME REQUIRED FOR AN 8

MHz 80286, NO WAIT STATE, MICROPROCESSOR SYS-

TEM

#1) RASIN generation time = one period of the system
clock + one 74AS244 gate delay (the system clock is
inverted to the PALs) + one clocked output delay of
the PAL generating the RASIN output (assume
DMPAL16R6B) = 62.5ns + 4.5ns + 12ns = 79 ns
maximum

#2) RASIN to RAS out delay of the DP8419 = 20 ns maxi-
mum (used to determine “trac’’)

#3) RASIN to CAS out delay of the DP8419 DRAM control-
ler driving a load of 4 banks of 2566k DRAMs, each bank
containing 18 (16 DRAMs plus byte parity) = 72
DRAMs
Since this is under the specified load in the data sheet
(approximately 88 DRAMs) approximately 3 ns can be
subtracted from the data sheet number, giving 80 ns —
3 ns = 77 ns maximum (used to determine “tcac’).

#4) 74AS244 buffer delay = 7 ns maximum

#5) Data setup time required from the end of “T¢” phase 2
clock cycle = 10 ns minimum

A normal 8 MHz 80286 access cycle contains 4 clock peri-
ods (16 MHz) of 62.5 ns per period = 250 ns

The required DRAM “tgac” (row access time) can be calcu-
lated from 250 ns — #1 — #2 — #4 — #5 = 134 ns

The required DRAM “tcac” (column access time) can be
calculated from 250 ns — #1 — #3 — #4 — #5 = 77 ns.

The DRAMSs selected for this system must satisfy both the
“trac’” and “tcac” requirements. Therefore the DRAMs
must have a “trac” (row access time) less than or equal to
134 ns and a “tcac” (column access time) less than or
equal to 77 ns to be used in this system, under worst case
conditions, for a no WAIT state, 8 MHz 80286 system. Com-
mon 120 ns 256k DRAMs meet this specification.

Other Options

In the system block diagram, buffers (74AS244s) were used
to isolate the data in from the data out of the DRAM. This is
needed because all WRITE accesses are late WRITEs
(READ-MODIFY-WRITE cycles). In this system a HIGH and
LOW WRITE enable were produced. The user could just as
well have produced a HIGH and LOW CAS. In producing a
HIGH and LOW CAS, the user would need the WRITE out-
put of PAL #1 (to bring CAS low during a WRITE), A0 and
BHE (for byte WRITES), and the DT/R signal (for determin-
ing whether the access is a READ or WRITE access). Also,
by generating a HIGH and LOW CAS, the system can use
transceivers instead of buffers in the DRAM data path. The
only problem with this approach is that RASIN to CAS out
may take a little longer since CAS goes through some exter-
nal logic.
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80286 PAL Inputs and Outputs
(Pin number of the PAL on the left)
PAL #1INPUTS

1) “CLK” This is the inverted system clock (“CLK")
of the 82284 clock generator.

2) “Cs” This is the latched chip select (see system
block diagram).

3)“RFRQ"  Refresh request from the DP8419,

4) 80" Status pin from the 80286.

5) “S1” Status pin from the 80286.

6) “ALE"” Address latch enable from 82288.

7) “NC1” No contact.

8) “PRECH”  This signal indicates that a back-to-back
access cycle, to the same DRAM bank, is
taking place. In this situation, the PAL con-
troller will delay “RASIN” until adequate
RAS precharge time has been guaran-
teed, and also insert WAIT states into the
present access cycle to accommodate the
extra precharge time.

9) “NC2" No contact.
11) “OE” This input enables the PAL outputs.
PAL #10QUTPUTS

19) “CYREQ” This signal indicates that an access was
requested during a Refresh or during the
precharge time of the previous access.

18) “RFREQ”  This output guarantees that the refresh re-
quest occurs within 15 ns after the system
clock. This is necessary in order for the
refresh/access arbitration to work correct-
ly.

17) “RASIN” This signal causes RAS (or RASSs) to go
low during a DRAM access or refresh.

16) “RFSH" This signal initiates a DRAM Refresh.

15) “1DLY” A delay that is used internally.

14) “2DLY” A delay that is used internally.

13) “SYNRDY” This output goes to the 82284 clock gen-
erator synchronous ready input. This out-
put inserts WAIT states into DRAM access
cycles during access/refresh/RAS pre-
charge contention.

12) “WRITE” This output produces a WRITE strobe for
the DRAMs.

PAL #2 INPUTS

1) “ALE” This is the address latch enable input from
the 82288.

2)“B0” This is the “A1" address bit from the
80286.

3) “B1"” This is the "A2" address bit from the
80286.

4) “RASIN” This signal causes RAS (or RASSs) to go
low during a DRAM access or refresh.

5) “1DLY" This is a delay used internal to the PALs.)

6) “RFSH"” This signal initiates a DRAM Refresh.

7) “WRITE"  This output produces a WRITE strobe for
the DRAMs.

8) “'A0" This is the “A0" address bit from the
80286 and is used during byte read or byte
write situations.

9) “BHE” This is the high byte enable signal from
the 80286 and is used during byte read or
byte write situations.

11) “OE” This input enables the PAL outputs.

PAL #2 OUTPUTS

19) “PRECH”  This signal indicates that a back-to-back
access cycle, to the same DRAM bank, is
taking place. In this situation, the PAL con-
troller will delay “RASIN” until adequate
RAS precharge time has been guaran-
teed, and also insert WAIT states into the
present access cycle to accommodate the
extra precharge time.

18) “NC" No contact to this pin.

17) “PREV0” Latches if the previous access was to
Bank 0.

16) “PREV1"” Latches if the previous access was to
Bank 1.

15) “PREV2” Latches if the previous access was to
Bank 2.

14) “PREV3”  Latches if the previous access was to
Bank 3.

13) “WINLOW” This is the low byte DRAM write input.
12) “WINHIGH” This is the high byte DRAM write input.
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Equations for PALs to Interface the DP8419 to the 80286

These PALs work up to 10 MHz and use mode 0 for doing externally controiled forced refreshes, guaranteeing 3 periods (of 2X
clock from 82284) of RGCK RAS pulse width. This set of PALs will only work for the DP8419 since they use mode 0 forced
refresh to reset the refresh request (RFIO) signal.

PAL #1

DMPAL16R6A

/CLK /CS /RFRQ /SO /Sl ALE NC1 /PRECH NC2 GND

/OE /WRITE /SYNRDY /2DLY /1DLY /RFSH /RASIN /RFREQ /CYREQ VCC

IF (VCC) /CYREQ = /CS*/RFSH*S0*/S1 ;Read access during RFSH
+/CS*/RFSH* /S0*S1 sWrite access during RFSH
+/CYREQ* /RFSH sHold "/CYREQ" during RFSH
+/CYREQ*RASIN ;Hold "/CYREQ"
+/CYREQ*1DLY sHold "/CYREQ"
+/CS*RASIN*1DLY*/2DLY*S0*/S1 ;Precharge needed during access
+/CS*RASIN*1DLY*/2DLY*/S0*S1 sPrecharge needed during access

IF (VCC) /WRITE = /SO*S1*/CS*ALE ;Write access
+/WRITE*1DLY sHold "/WRITE" low
+/WRITE* /RFSH sHold "/WRITE" low
+/WRITE* /RASIN sHold "/WRITE" low

/RFREQ := /RFRQ

/RASIN := /RFSH*/1DLY*/ALE ;RFSH "/RASIN® except if "ALE"
+/RFSH* /1DLY* /RASIN ;Keep "/RASIN" low during RFSH
+RFSH*/S0*S1*PRECH*RFREQ* /ALE* /CS sWRITE access
+RFSH*S0*/S1*PRECH*RFREQ* /ALE* /CS sREAD access
+/RASIN*RFSH*2DLY sHold "/RASIN" low
+RFSH*/CYREQ*1DLY*2DLY*/ALE s"/RASIN®" after precharge delay

; or RFSH

JRFSH := /RFREQ*RASIN*1DLY*/2DLY ;Start RFSH after access
+/RFREQ*RASIN*/1DLY* /2DLY ;Start RFSH after access
+/RFREQ*RASIN*1DLY*2DLY*CYREQ ;Start RFSH after idle states
+/RFSH* /1DLY sHold RFSH low
+/RFSH* /2DLY ;Hold RFSH low
+/RFSH* /RFREQ sHold RFSH low

/1DLY := /RFSH*2DLY*/RFREQ ;"/1DLY" during RFSH
+/RFSH* /RASIN*2DLY*/1DLY sHold "/1DLY" low
+/RFSH* /RASIN*/1DLY*ALE sHold "/1DLY" low if "ALE"
+RFSH*/RASIN "/1DLY" during access

/2DLY := /RFSH*/RASIN s"/2DLY" during RFSH

+/RFSH* /2DLY*ALE ;Hold "/2DLY" low if "ALE"

+RFSH*/RASIN*/1DLY ;"/2DLY" during access

+RFSH*/1DLY*/2DLY"* /PRECH*RASIN*RFREQ sHold "/2DLY" low for precharge

/SYNRDY := /CS*/RASIN*1DLY*RFSH ;" /SYNRDY" during an access
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Equations for PALs to Interface the DP8419 to the 80286 (continued)

PAL #2

2esveda

DMPAL16R4A
ALE BO Bl /RASIN /1DLY /RFSH /WRITE A0 /BHE GND
/OE /WINHIGH /WINLOW /PREV3 /PREVZ /PREV1 /PREVO NC /PRECH VCC

IF (VCC) /PRECH = RFSH*/B0*/B1*/PREVO*RASIN*/1DLY ;Need precharge during
+RFSH*B0”/B1* /PREV1*RASIN*/1DLY ;s present access if
+RFSH* /BO*B1*/PREV2*RASIN* /1DLY ; previous access bank =
+RFSH*B0*B1* /PREV3*RASIN*/1DLY s present access bank

/PREVO := /B0*/Bl sPrevious access to bank 0
/PREV1 := B0*/Bl ;Previous access to bank 1
/PREV2 := /B0*Bl ;Previous access to bank 2
/PREV3 := BO*Bl sPrevious access to bank 3

IF (VCC) /WINLOW = RFSH*/RASIN®*/1DLY*/A0*/WRITE s"/WRITE®" during access
IF (VCC) /WINHIGH = RFSH*/RASIN*/1DLY*/BHE*/WRITE ;"/WRITE" during access ‘

Equations for PALs to Interface the DP8409A or DP8419 to the 80286

These PALs work up to 10 MHz with the DP8419 and up to a frequency where the minimum RGCK high or low pulse width (of
82284 2X clock) is equal to or greater than 35 ns for the DP8409A. These PALs only guarantee 2 system clock periods of RAS
low during refresh and 2 periods of RAS precharge time (of 82284 2X clock) between consecutive accesses to the same RAS
bank.

PAL #1

DMPAL16R6A
/CLK /CS /RFRQ /SO /Sl ALE NCl1 /PRECH NC2 GND
/OE /WRITE /SYNRDY /2DLY /1DLY /RFSH /RASIN /RFREQ /CYREQ VCC

IF (VCC) /CYREQ = /CS*/RFSH*S0*/S1 ;Read access during RFSH ‘
+/CS* /RFSH*/S0*S1 sWrite access during RFSH
+/CYREQ* /RFSH sHold "/CYREQ" during RFSH '
+/CYREQ*RASIN ;Hold "/CYREQ" 1
+/CYREQ*1DLY sHold "/CYREQ" 1
+/CS*RASIN*1DLY*/2DLY*S0*/S1 sPrecharge needed during access
+/CS*RASIN*1DLY*/2DLY*/S0*S1 ;Precharge needed during access |
IF (VCC) /WRITE = /S0*S1*/CS*ALE ;Write access |
+/WRITE*1DLY +Hold "/WRITE" low
+/WRITE* /RFSH sHold "/WRITE" low '
+/WRITE* /RASIN sHold "/WRITE" low
/RFREQ := /RFRQ
/RASIN := RFSH*/SO*S1*PRECH*RFREQ*/ALE*/CS sWRITE access
+RFSH*S0*/S1*PRECH*RFREQ"* /ALE*/CS sREAD access
+/RASIN*RFSH*2DLY ;Hold "/RASIN® low
+RFSH* /CYREQ*1DLY*2DLY* /ALE ;" /RASIN" after precharge

;s delay or RFSH

/RFSH := /RFREQ*RASIN*1DLY*/2DLY ;Start RFSH after access
+/RFREQ*RASIN* /1DLY"* /2DLY ;Start RFSH after access 1
+/RFREQ*RASIN*1DLY*2DLY*CYREQ ;Start RFSH after idle states
+/RFSH*/1DLY sHold RFSH low
+/RFSH* /2DLY sHold RFSH low
+/RFSH* /RFRQ ;Hold RFSH low
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Equations for PALs to Interface the DP8409A or DP8419 to the 80286

(Continued)
/1DLY := /RFSH*2DLY*/RFRQ s"/1DLY" during RFSH
+/RFSH*/1DLY*2DLY sHold "/1DLY" low
+RFSH* /RASIN 3" /1DLY" during access
/2DLY := /RFSH*/1DLY*/ALE ;" /2DLY" during RFSH
+/RFSH* /2DLY*ALE sHold "/2DLY" low if "ALE"
+RFSH*/RASIN*/1DLY s"/2DLY" during access
+RFSH*/1DLY*/2DLY* /PRECH*RASIN*RFREQ ;Hold "/2DLY" low for precharge
/SYNRDY := /CS*/RASIN*1DLY*RFSH s"/SYNRDY" during an access

If only 2 banks of DRAM were to be used the PAL interface would require only 1 PAL. The two inputs “PRECHOUT and NC” (pin
#8 and #9) could be changed to “B0” and “PREVBO0” to allow interleaving of bank 0 and 1. “PREVB0” could be produced
externally using a “D" type flip-flop with “ALE” as its clock and “B0” as its input. The equations for “RASIN’’ and “2DLY" will
have to be changed as follows:

/RASIN := /RFSH*/1DLY®/ALE sRFSH " /RASIN®
+/RFSH*/1DLY* /RASIN sHold "/RASIN" low in RFSH
+RFSH*/S0*S1*B0* /PREVBO*RFREQ"* /ALE*/CS sWRITE access
+RFSH*/S0*S1*/BO*PREVBO*RFREQ* /ALE* /CS {WRITE access
+RFSH*S0*/S1*B0* /PREVBO*RFREQ* /ALE*/CS +{READ access
+RFSH*S0*/S1*/BO*PREVBO*RFREQ" /ALE* /CS sREAD access
+/RASIN*RFSH*2DLY sHold ""/RASIN'' low
+RFSH* /CYREQ*1DLY*2DLY*/ALE ;" /RASIN" after precharge

;s delay or RFSH
/2DLY := /RFSH*/1DLY s"/2DLY" during RFSH
+/RFSH* /2DLY*ALE sHold "/2DLY" low if "ALE"
+RFSH* /RASIN*/1DLY ;" /2DLY" during access

+RFSH* /1DLY*/2DLY*/B0* /PREVBO*RASIN*RFREQ  ;Hold "/2DLY" low for precharge
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80286 System Diagram (continued)
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System Timing Diagram
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System Timing Diagram (Continued)
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System Timing Diagram (continued)
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System Timing Diagram (continued)

CLocK
cs
ALE

ADDRESS
(23:0)

DATA
(15:0)

sos1
CREQ
RFREQ
RFSH
RASIN
1oLy
0Ly
PREVO
PREVI
PRECH
v

BO

WRITE

WINLOW

SYNRDY

THREE EXAMPLES OF HOW DRAM REFRESH IS SYNCHRONIZATION OF REFRESH DURING
SYNCHRONIZED WITH 80286 ACCESS USING THE ALE OUTPUT. ACCESS TO REFRESH NON=CS ACCESS
TS T
rJyuUyuyyuyuuyuyuryyuy o oo
—
I7'I 1 I7'I I
I / / 000104 ) & 020000
T 7 | ] ] 1 I
Olla Uy / [ I 1234 X vuuy
| I
/ L] L
[ i '
' | —
1 E\ \ —
| \ \ I‘\ f | —
] r\ I \ 1
] 1 & ] | ]
L] LI
| |
]
- e

FIGURE 6

TL/F/8590-6

3-92




Interfacing the
DP8408A/09A To
Various Microprocessors

High storage density and low cost have made dynamic
RAMSs the designer’'s choice in most memory applications.
However, the major drawback of dynamic RAMs is the com-
plex timing involved. First, a RAS must occur with the row
address previously set up on the multiplexed address bus.
After the row address has been held for some minimum
time after RAS (namely the row address hold time of the
dynamic RAMS, tgan), the column address is set up and
then CAS occurs. In addition, refreshing must be done peri-
odically to keep all memory cells charged.

With the introduction of the DP8408A Dynamic RAM Con-
troller/Driver, the above complexities are simplified. The
DP8408A is housed in a 48-pin package with eight multi-
plexed address outputs (Q0-7) and six control outputs
(RAS0-3, CAS, WE). It consists of two 8-bit address latches
and an 8-bit refresh counter. All the output drivers are capa-
ble of driving 500 pF loads.

The following discussion demonstrates a typical application
of the DP8408A Dynamic RAM Controller/Driver in
Z8000T™- and Z80®-based systems. The DP8408A basical-
ly has six modes of operation: Externally Controlled Re-
fresh, Externally Controlled Al-RAS Write, Externally Con-
trolled Access, Auto Access (slow tganH), Auto Access (fast
tran) and Set End of Count.

The DP8408A, operating in the auto access mods, requires
only RASIN to initiate a memory access cycle because all
the dynamic RAM's control signals are automatically de-
layed from this input. (Refer to Figure 7 for the auto access
timing sequence.)

In the following applications, the DP8408A operates in ei-
ther mode 5 or mode 6 Auto Access and mode 1 or 2 Exter-
nally Controlled Refresh to provide minimum additional log-
ic.

The DP8408A and Z8000 Interface

MEMORY ACCESS CYCLE

Figure 2a shows the detailed block diagram of Z8000 and
the DP8408A interface. Consider a memory cycle of the
Z8000; first, the memory address is output on the Address
and Data multiplexed bus (ADO-15) during T1 and is
latched to the DP8408A by AS. Simultaneously, MREQ
goes low and is used to provide RASIN to initiate a memory
transaction cycle. Then the selected RAS output, row ad-
dress hold time (traH), column address set up time (tasc)
and CAS output will follow RASIN as determined by the auto
access modes. A maximum of one wait state is required for
6 MHz and 10 MHz CPUs. This wait state is automatically
inserted by the CAS output of the DP8408A. For systems
using byte-writing, the DM74S158 provides two separate

AS outputs for accessing the low and high byte of memo-

National Semiconductor
Application Note 309
Chuck Pham, Webster (Rusty) Meier

ry. Note that DS from the Z8000 is also gated with the
DPB8408A’s CAS output to generate CASL and CASH. This
guarantees the valid data from the Z8000 being written into
memory during memory write cycles. Refer to Figure.3 for
the detailed memory transaction cycle timing.
The following formula allows the designer to determine the
proper memory speed in terms of tcac (access time from
CAS):
tcac max.=3 X tec — tdc(MR) — tricL — tcasdly —
tspR(C) — 15.
The Z8000 parameters:
tec: clock cycle time
tspR(C): read data to clock | set up time
tdc(MRY): clock to MREQ delay

The DP8408A, 745158 and 74L.S245 parameters:

tricL: RASIN to CAS delay

tcasdly: the propagation delay of the 745158
15 ns: the propagation delay of the 74LS245
(at 50 pF load)

For the 10 MHz CPU and the DP8408A:

tcac max.=300 — 40 — 131 — 14 — 10 — 15=90ns.

® tgicL max. (mode 6)=131 ns at 15 pF load.

® tcasdly max.= 14 ns at 50 pF load.
Since MREQ is connected directly to RASIN, tap (RAS pre-
charge time) and tras (RAS pulse width) are determined by
MREQ high and low, respectively.

MEMORY REFRESH CYCLE

The Z8000 CPU contains a refresh rate counter for auto-
matic memory refresh. This counter should be programmed
during the processor initialization to determine the refresh
rate. Since memory refresh is automatically inserted by the
28000, there is no additional refresh arbitration logic al-
lowed. The CPU’s STATUS 3 (ST3) output can be directly
connected to the M2 (RFSH) pin of the DP8408A. During
the memory refresh cycle, ST3 goes low, setting the
DP8408A in the external control refresh mode (mode 2).
Then all four RAS outputs will follow MREQ to strobe the
DP8408A’s refresh address to all memory banks (the Z8000
refresh address is ignored). As MREQ goes high again, the
DP8408A increments its refresh counter, preparing it for the
next refresh cycle. Refer to Figure 4 for the refresh cycle
timing. Note that ST3 also goes low during the internal cy-
cle, 170 reference cycle and interrupt acknowledge cycle,
but the memory will not be refreshed because MREQ is not
active during these cycles. The DP8408A on-chip refresh
counter will not be incremented when M2 goes low unless
MREQ is inserted.
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FIGURE 2b. CASH and CASL Decoder

When the processor is in either halt state (by executing the
privileged HALT instruction) or single-stepping mode (when
STOP) input is low), it introduces memory refresh cycles.
However, care should be taken when the CPU is in either a
WAIT state or a Bus Acknowledge cycle, that the dynamic
RAM refresh will not take place. If these conditions occur
over a long period of time, a burst refresh is recommended.
This can be done by toggling RASIN while keeping M2 low,
until all the rows of the dynamic RAM have been refreshed,
then the CPU can resume its operations.

The DP8408A and Z80A® Interface

INSTRUCTION FETCH CYCLE

Figure 5 shows the detailed interconnections between the
DP8408A, the Z80 and the Dynamic RAMSs. Figure 6 shows
the timing during an M1 cycle (op code fetch). The program
counter is output on the address bus at the beginning of the
M1 cycle. One-half clock later MREQ goes active. This input
is used to provide RASIN to the DP8408A to access the
dynamic memory. Subsequently, the selected RAS output,

Row to Column Select and then CAS output will automati-
cally follow RASIN as determined by the Auto Access
modes of the DP8408A. The RD line also goes active to
indicate a memory read cycle is in progress. After tcac (ac-
cess time from CAS), read data becomes valid. This data is
sampled on the rising edge of T3, then both MREQ and RD
go inactive. Immediately following this, RFSH goes low, put-
ting the DPB8408A in the Externally Controlled Refresh
mode. The MREQ goes active causing all four RAS outputs
to go active to perform a refresh to all the banks of the
dynamic RAMs. Note that during memory refresh cycles, the
refresh address from the CPU is output on the address bus.
However, the contents of the DP8408A on-chip refresh
counter are used instead to provide the row address to the
dynamic memory array. Since the Z80 provides only a 7-bit
refresh address, it is an advantage to use the DP8408A 8-bit
refresh counter to support 64k dynamic RAMs directly. The
DP8408A refresh counter is incremented as MREQ returns
high, ending the memory refresh. The RFSH goes inactive
returning the DP8408A back to the Auto Access mode, pre-
paring it for the next access cycle.
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>
MEMORY ACCESS CYCLE grammer can move any block of data from the location .z
Figure 7 shows the timing of the memory read and memory pointed to by the D and E registers. This operation is repeat- 8
write cycle other than for the M1 op code fetch cycle. Simi- ed until the byte counter (B and C registers) reaches zero. | ©
lar to the op code fetch cycle, MREQ is used to provide Thus, this single instruction can move any block of data
RASIN. MREQ goes active after the address to the memory from one location to any other. Due to the fact that this
has had time to stabilize. Again, RAS output, Row to Col- instruction is refetched after each data byte transfer, the
umn Select and then CAS output will automatically follow memory refresh cycle always takes place even though a
RASIN to access the specified memory location. For a transfer of up to 64k bytes of data may be performed. Fur-
memory read cycle, both MREQ and RD go active, and as a thermore, when the CPU has executed the software HALT
result, WIN remains high (refer to Figure 5), which allows a instruction and is waiting for an interrupt before normal CPU
memory read operation to occur. On the other hand, only operations can resume, the CPU gxecutes NOP instructions
MREQ goes active during a write cycle, which forces WIN to maintain memory refresh activity.
low, indicating an early write cycle. It should be noted that However, care should be taken when the CPU is in either
the CAS output to the memory array will not go low until WR WAIT state or a Bus Acknowledge cycle, the dynamic RAM
goes low during memory write cycles as this guarantees the refresh will not take place. If these conditions occur long
valid CPU data will be written into memory. enough, a burst refresh is recommended, and it can be
It is worth mentioning that the Z80 CPU provides powerful done by toggling RASIN while keeping M2 low until all the
block transfer instructions. An example is the LDIR (load, rows of the dynamic RAM have been refreshed before the
increment and repeat); using only this instruction, the pro- CPU can resume its operation.
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The following formulas allow designers to select the appro-
priate dynamic memory, based on different CPU and
DP8408A speed versions, to allow the CPU full speed of
operation:
max. tcac: 1.5 X tomin — toLe(MR) — tRICL —
tcaspLy — ts¢(D)
min. tgp: tW(MRH) =tw($H) + t; — 20
min. tgas: tw(MRL) — 20=tc — 50
Dynamic RAM Parameters:
tcac: access time from CAS
trp: RAS precharge time
tras: RAS pulse width
Z80 Parameters:
tc: clock period
tw(¢H): clock pulse width, clock high
tf: clock fall time
toLe(MR): MREQ delay from falling edge of clock,
MREQ low
ts4(D): Data set up time to rising edge of clock
during M1 cycle
DP8408A and 74S00 Parameters:
tricL: RASIN to CAS output delay
tcaspLy: propagation delay of the two 74S00 NAND
gates
For example, if the Z80A (4 MHz) and the DP8408A are
used, then:
max. tcac: 1.5(250) — 85 — 132 — 13 — 50=95 ns
min. tgp: 110 + 20 — 20=110 ns
min. tras: tc — 50=200 ns
tricL Max.
(mode 6): 132 ns at 15 pF load
tcaspLy max.: 13 ns at 50 pF load
Therefore, in this case, the designer should choose a dy-

namic memory which has maximum tcac of 95 ns, minimum
trp of 110 ns and minimum tgag of 200 ns.

DP8409A and MC68B09E Interface

DP8409A OVERVIEW

The DP8409A Dynamic RAM Controller/Driver is designed
to control all multiplexed-address dynamic RAMs. It con-
sists of two 9-bit address latches and a 9-bit refresh coun-
ter, thus allowing control of all 16k, 64k, and the coming
generation 256k dynamic RAMs. More important, all the
DP8409A outputs are capable of driving 500 pF loads.

The DP8409A basically has eight modes of operation: Ex-
ternally Controlled Refresh, Automatic Forced Refresh, In-
ternal Auto Burst Refresh, All RAS Auto Write, Externally
Controlled Access, Auto Access (slow tgan and with hidden
refresh), Fast Auto Access (fast traH) and Set End of
Count. Of all these modes, Auto Access (mode 5) and Auto
Forced Refresh (mode 1) are the most popular and will be
used throughout this application. Mode 5 requires only
RASIN to initiate a memory access cycle, because all the

dynamic RAM's control signals are automatically delayed
from this input, as shown in Figure 1. To attain maximum
system throughput, it is obviously advantageous to perform
refreshes without interrupting the system. The DP8409A
can do this by monitoring the CS input to see if it is high. If
CS is high, the RAMSs are not being accessed. If CS is high
for one cycle, the DP8409A performs a hidden refresh dur-
ing this cycle, and stops in time for the system to start an-
other access. But if a hidden refresh does not occur in a
specific time slot, a refresh must be forced and this can be
done by using Mode 1, Automatic Forced Refresh.

To perform automatic forced refresh, the DP8409A must
receive two clock signals: the refresh period clock, RFCK,
and RGCK, the RAS-generator clock; RGCK can be the mi-
croprocessor clock. It takes approximately four RGCK clock
periods to perform this automatic forced refresh. The
DP8409A gives preference to hidden refresh using RFCK as
a level reference. The refresh time slot commences as
RFCK goes high. If CS goes high while RFCK is high, the
refresh counter is enabled in the address outputs. All four
RAS outputs follow RASIN; so to perform a hidden refresh,
RASIN must be set low and the refresh counter gets incre-
mented as RASIN goes high. The DP8409A allows only one
such hidden refresh to occur with a clock cycle of RFCK to
minimize power consumption.

If a hidden refresh does not occur the DP8409A must force
a refresh before RFCK begins a new cycle on a low-to-high
transition. Therefore, as RFCK goes low (and a hidden re-
fresh has not occurred), RF 1/0 (Refresh Request) goes
low, requesting that a refresh be performed. When the sys-
tem acknowledges the request, it sets M2 low, and prevents
further access to the DP8409A. Then two RGCK negative
edges after M2 has gone low, all four RAS outputs go low
and remain low for two RGCK clock periods. After all four
RAS outputs have gone low, M2 can go high any time to
end the Automatic Forced Refresh. The DP8409A allows
only one automatic refresh to occur within a clock cycle of
RFCK.

MEMORY ACCESS

The MC68BO9E starts a memory access cycle when E goes
low, then the memory address becomes valid on the Ad-
dress Bus A0-15. This address is decoded to provide Chip
Select (CS) to the DP8409A. Then Q goes high and sets
RASIN low from the PAL® Control Logic as shown in Figure
12. Note that CS must go low for a minimum of 10 ns before
the assertion of RASIN for a proper memory access. This is
important because a false hidden refresh may take place
when this 10 ns minimum setup time is not met. RASIN
goes low initiating the auto access sequence as shown in
Figure 1. Mode 5 guarantees a 30 ns minimum for row ad-
dress hold time and a minimum of 8 ns column address set
up time. RASIN remains low until E goes low at the end of
the current access cycle. Using the 16R6A Programmable
Array Logic (25 ns PAL), the maximum access time from
CAS of the selected dynamic RAM is determined as follows:

Max. tcac: 3%X125—-25—160—40=150 ns 8409A
tcac: 3X125—-25—130—40=180 ns 8409A-2
Q high to
Elow: 3 X 125 ns (8 MHz clock) =375 ns
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Q high to
RASIN low: 25 ns (16R6 A PAL Parameter)
RASIN to CAS

Output low: 160 ns (DP8409A’s tr|cL, Mode 5, at 500
pF load)

130 ns (DP8409A-2's tricL)
Read data setup
time (before E
going low): 40 ns
MEMORY REFRESH

As described above, RASIN goes active when Q and/or E
are high. This scheme, therefore, maximizes chances for
hidden refresh because CS is high during nondynamic mem-
ory cycle. For example, when the CPU is executing internal
operation or the CPU is accessing ROM or 170, CS is high

However, if no hidden refresh occurs while RFCK was high,
RF 1/0 goes low immediately after the RFCK high-to-low
transition requests a forced refresh. The PAL Control Logic
samples RF 1/0, when E and Q are high and low respective-
ly, to set M2 (RFSH) low, as shown in Figure 13. Once M2
has gone low, a forced refresh automatically occurs (as de-
scribed in the DP8409A Overview). M2 remains low for four
system clock periods to allow for this forced refresh. If the
current microprocessor cycle is a nondynamic memory cy-
cle (CS is high), this refresh is transparent to the microproc-
essor and STRETCH remains high (E and Q are not
stretched). Nevertheless, if the current cycle is a dynamic
memory access cycle, STRETCH goes low stretching E and
Q for a maximum of four system clocks. RASIN for the
pending access will be issued a full system clock after M2
has gone high; this is to allow some RAS precharge time for
the dynamic RAM. After this, memory will be accessed in

during these times. The DPB409A therefore performs a hid- the manner as described in the Memory Access Cycle.

den refresh as RASIN goes low, assuming that RFCK

is high.
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FIGURE 8. NSC800 and DP8408A Interface
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PAL16R6A

User Part #

6809/8409A Interface PAL

National Semiconductor

CK E Q RFI0 /CS /WAIT RW A B GND /OE C D /STRETCH
/3DLY /2DLY /1DLY /M2 /RASIN VCC

If (VCC) RASIN=CS*E*/M2*/1DLY +

0S*Q* /M2
M2:=E*/RFI0*/qQ +
M2*/3DLY
1DLY:=MN2
2DLY : = 1DLY
3DLY : =2DLY
STRETCH:=CS*2DLY'E +
CS*WAIT*E*Q*RW
sDESCRIPTION:

;The above equations are written in standard PALASMT™™ format.

sAlso included in the logic is a ""/WAIT"" (active low) input. This
sinput will allow the insertion of one WAIT state in a READ
saccess cycle if it is tied low. If WAIT states are wanted in
sboth READ and WRITE access cycles the ""RW"" input in the STRETCH
sequation should be deleted.

sThe user should make sure that CS is valid at the DP8409A input a
sminimum of 30 ns before RASIN is valid. If the user does not
scare about the HIDDEN REFRESH feature of the DP8409A, CS can be
;tied permanently low. In this configuration the RASIN term can
stransition whenever is convenient.

Dual-In-Line Package
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Top View
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Dual Port Interface for the
DP8417/18/19/28/29
DRAM Controlier

INTRODUCTION

This application note describes a general purpose dual port
interface to the DP8417/18/19/28/29 DRAM controller. A
PAL® (Programmable Array Logic) device is used to imple-
ment this interface. The PAL contains the logic necessary to
arbitrate between the three ports (Refresh, Port A, and Port
B), provide WAIT states to Port A or B when necessary, and
an output to multiplex the Port A or B addresses to the
DRAM controller.

FEATURES

B Provides a versatile dual port interface to the DP8417/
18/19/28/29 DRAM controller

W Provides arbitration circuitry between DRAM refresh cy-
cles, Port A accesses, and Port B accesses

m Allows for Port A and Port B to be synchronous or
asynchronous to the input system clock

@ Guarantees a minimum of one and one half system
clock periods of RAS precharge time between grants to
any two ports

m Provides WAIT state logic to both PORT A and Port B
to handle contention problems between ports

m Differentiates between READ and WRITE accesses for
Port A allowing Port A WRITE accesses to begin later
than READ accesses

DESCRIPTION

This hardware arbitrates access to the dynamic RAM con-
trolled by the DP8419 (or any of the related family members:
DP8417/18/19/28/29) to either:

1) A Refresh cycle, “GRNTRF”
2) Port A, “GRNTA”
3) Port B, “GRNTB"

Refresh always has the highest priority and will always oc-
cur immediately upon a refresh request (RFRQ) given that
an access by Port A or B is not currently in progress. Port A
has a higher priority than Port B though the scheme used
attempts to give both ports a more equal priority. The arbiter
does this by leaving Port A or Port B granted, after an ac-
cess by that particular port, as long as no other ports are
currently trying to access the DRAM. This scheme is used
because data tends to be transferred in bursts from a partic-
ular port.

Once a port is granted, subsequent requests by that port
immediately access the DRAM, until another port gains ac-
cess to the DRAM (see Figure 11 of the timing waveforms
for Port A).

The term “WINA" (write enable for Port A) is used to cause
“RASIN” to be generated later for a WRITE access than a
READ access. This may be necessary to guarantee that
valid data is written to the DRAM during WRITE accesses. If
Port B is asynchronous this input is not needed because
Port B requests are delayed through the external synchroni-
zation circuitry. If Port B is synchronous both ports should
mux to the “WIN” input, and use this input in generating the
“RASIN” output of the PAL.

National Semiconductor
Application Note 436
Webster (Rusty) B. Meier

This arbiter guarantees one and one half system clock peri-
ods of RAS precharge between accesses of different ports.
Itis up to the user to guarantee the precharge time between
consecutive accesses from the same port. This arbiter as-
sumes a minimum of one period high time between access
requests from a particular port.

Hidden Refresh is not supported in any of the following dual
port schemes for several reasons:

1) If “CS", of the DP8419, is not permanently tied low the
user must guarantee a “CS-RASIN” minimum time of
34 ns for the DP8419. This could slow down the access
time of several of the dual port schemes presented.

2) In order to do hidden refresh a port must be granted dur-
ing a non-CS access cycle. When the port is granted dur-
- ing a non-CS access cycle the other port may be request-
ing the dual ported memory also and have to wait for it. A
possible problem is that the non-CS access may not even
be causing a hidden refresh at that time so in essence
the other port is being slowed down for no reason (i.e. a
hidden or forced refresh may have already been done
during that period of the refresh clock).

If either Port A or B tries to access the DRAM during a
refresh WAIT states will automatically be inserted into that
port's access cycle. Also if one of the ports tries to access
the DRAM while the other port is, WAIT states will automati-
cally be inserted into the appropriate port's access cycle.
The user may want to change the “WAIT"” state equations
depending upon the processor or bus being interfaced to.

The DUAL PORT ARBITER gives access to the refresh cy-
cle via the M2 (RFSH) pin of the DP8419. The GRNTB out-
put of the DUAL PORT CONTROLLER acts as a multiplexor
signal to enable either PORT A or PORT B. Once enabled
the Port selected will enable its addresses, write enable,
LOCK control signal, and data to the DP8419 and its con-
trolled memory. The user must be careful to assure that a
particular port will not be locked (“LOCK” low while
“GRNTA or B" is low) for more than 15.6 ps (RFCK period)
or the system may miss a refresh.

The Dual Port scheme presented assumes that all “PORT
REQUEST” inputs are synchronous to the system clock in-
put to the PAL (i.e. “PORT REQUESTSs" occur following a
rising edge of the system clock). If a specific “PORT RE-
QUEST"” is asynchronous to the system clock it has to be
synchronized to the system clock by running it through two
flip-flops (see “AREQB’ and “ARFRQ” in the system block
diagram). The two “RFRQ" synchronizing flip-flops are
needed for the PAL refresh logic to work correctly.

The Dual Port scheme presented does not assume the use
of any specific processor. Therefore, the user may require
some external logic to interface the Dual Port PAL to a spe-
cific microprocessor or bus.

Figures 1-5 show several suggestions for circuits used to
generate “REQA” for different CPU’s. The PAL equations
were designed assuming a National Semiconductor Series
32000® CPU on Port A. In the *RASIN” equations for Port A
WRITE cycles were started one half period later than READ
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cycles and both READ and WRITE accesses were ended
one half period after “REQA” went high (this is to make up
for WRITE accesses starting one half period after “REQA”).
The user may wish to modify these equations (and possibly
the “WAITA” equations) depending upon the specific CPU
being used.

EXAMPLE: DETERMINING THE REQUIRED MEMORY
SPEED (“trac” AND “tcac’”) FOR A SERIES 32000 TO
RUN AT 10 MHz WITHOUT WAIT STATES

Assume the Series 32000 is synchronously interfaced to

Port A.

#1) RASIN low = T1 + 6 ns (PHI1 to CTTL Rising edge
maximum) + 12 ns (“B" PAL clocked output) + 15 ns
(“B” PAL combinational output) = 100 + 6 + 12 +
16 = 133 ns maximum

#2) RASIN to RAS low = 20 ns maximum

#3) RASIN to CAS low = 70 ns (DP8419-70) — 3 ns (72
DRAMs instead of 88 DRAMSs spec’d in data sheet) =
67 ns maximum

#4) 74F245 transceiver delay = 7 ns maximum

#5) CPU data setup time to “T4"” clock cycle = 15 ns maxi-
mum

“tRac” =T1+T2+T3—#1—#2—#4— #5

=100+100+100—133 ns—20—~7~15=125 ns

“toac” =T1+T2+T3— #1—#3—#4—#5

=100+100+100—133 ns—67—-7—15=78 ns

Therefore the DRAM chosen should have a “tgac” less

than or equal to 125 ns and a “tcac” less than or equal to

78 ns. Standard 120 ns DRAMs meet this criteria.

The following is an example of how to interpret the PAL

equations correctly. These equations are presented in the

format specified by the National Semiconductor PLAN for-
mat. CAUTION, this format differs from the much used

PALASM format.

EXAMPLE: GRNTRF := RFRQ*GRNTA*GRNTB

This reads, the active low flip-flop output “GRNTRF” is low
following the rising edge of the input clock given that, the
active low input “RFRQ" is low AND the active low output
“GRNTA” is high AND the active low output “GRNTB"” is
high a setup time before the input clock transitions high.
(Notice that RFRQ is interpreted as being low.)

POSSIBLE MODIFICATIONS TO THIS APPLICATION

In this application “REQB” is synchronized to the falling
edge of the system clock input of the PAL. Generating

“REQB” from the falling clock edge allows minimum delay

from the asynchronous request to the synchronized request
producing “GRNTB” and or “RASIN”. Producing “REQB”
in this way also delays “RASIN” during a port B access
because of the effect of the “GTOA" term. In order to calcu-
late the tgac and tcac of the DRAM (see Series 32000
example above) the delay to “RASIN" low would be:
“AREQB"” low (asynchronous request B) + SYNCHRONI-
ZATION delay (2 flip-flops) + 3 input NAND gate delay of
“GTOA" + PAL delay for “RASIN".

If “REQB"” is synchronized to the rising edge of the system
clock there is a potential danger of getting glitches on the
“RASIN” output of the PAL as a result of the “GTOA,B"”
terms. The glitches are possible under the condition of both
“REQA” and “REQB"” going low during a single clock peri-
od. For example, if Port B is currently granted (“GRNTB"
low) and “REQA” goes low more than one inverter gate
delay before “REQB” goes low the “GTOA" term will initial-
ly be high, then go low, then back high. This could cause a
small glitch at the beginning of “RASIN”. This glitch can be
avoided by guaranteeing that either the requests are sepa-
rated by at least a three input NAND gate delay (as is the
case in this application note) or that when two requests hap-
pen within one clock period they happen within one inverter
gate delay of each other. The circuits shown below, in Fig-
ure 1, could be used to guarantee that when two requests
happen within one clock they occur within one gate delay of
each other.

74AS74

AREQ B O———————ed

CLOCK O

op—0D Qp———O REQB

D>

[

B |

r—Do—o o}—o A

T4AS74

CLR
750
FROM SERIES
32000

CLOCK © o

750

TL/F/8678-1

FIGURE 1. Alternative Request Generating Clrcuits
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IDEAS ON GENERATING “REQA” FOR SEVERAL
DIFFERENT MICROPROCESSORS.

*REQA, REQB, RFRQ should have a minimum setup time of approximately
20 ns before the rising edge of the system clock.

@ SERIES 32000

NTSO O———————0 REQA
TL/F/8678-2
FIGURE 2. Series 32000 “REQA”
Minimum of 2 periods RAS precharge b ) SUC i

® =)

AS REQA

CLK p——O AREQ
AS

CLK RESET

TL/F/8678-3
FIGURE 3. 68000 “REQA”
Minimum of 1Y, periods of RAS precharge.

@ 8086
MRDC —
— AREQ
AMWC

TL/F/8678-4
FIGURE 4. 8086 “REQA” Method #1
Minimum of 2 periods of RAS precharge.

@ 8086 METHOD #2

ALE

DUAL PORT PAL #1 INPUTS
1) “CLOCK" System clock.
2) “REQA” A synchronous access request from Port A.

3) “WINA" WRITE ENABLE from Port A. This input is used
to delay “RASIN" during WRITE accesses.

4) “REQB” A synchronous chip selected access request
form Port B. “AREQB" is run through two flip-flops to
get “REQB". Chip Select for Port B is assumed to be
included within this input.

5) “RFRQ" A synchronous refresh request.

6) “LOCK" The “LOCK” input is an active low signal that
is driven by either Port A or Port B. This input, when fow,
causes the arbiter to keep the currently granted Port
granted until the “LOCK" input goes high. This input is
useful in implementing atomic operations such as sema-
phores that are useful in multiuser/multitasking operat-
ing systems.

7) “GTOA” This input is generated externally using the
three signals REQA, REQB, and LOCK with some dis-
crete logic. This input indicates that the arbiter will
switch to Port A, given that Port B is currently granted.
This input is needed to guarantee that when the arbiter
switches control of the DRAM from Port B to Port A that
GRNTB goes invalid before REQB is able to start anoth-
er access (see the RASIN output term "PORTB
RASIN” in PAL equations).

REQA

SYSTEM CLOCK ©

TL/F/8678-5

FIGURE 5. 8086 “REQA” Method #2

(For faster speed, minimum of 1 period of RAS precharge.)
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8) “GTOB” This input is generated externally using the
three signals REQA, REQB, and LOCK with some dis-
crete logic. This input indicates that the arbiter will
switch to Port B given that Port A is currently granted.
This input is needed to guarantee that when the arbiter
switches control of the DRAM from Port A to Port B that
GRNTA goes invalid before REQA is able to start anoth-
er access (see the RASIN output term “PORTA RASIN”
in PAL equations).

9) “CLK" This is the system clock input that may be used
in the PAL equations (i.e. “WAIT").

10) “CSA" This input is the chip select input for Port A. Itis
used, along with “REQA”", to request and cause an ac-
cess to the DRAM.

DUAL PORT PAL #1, OUTPUTS
NOTE: All outputs are active low.

1) “RASIN" This is the RASIN input to the DP8419 for Port
A, Port B, and refresh.

2) "GRNTA” This output is the grant output for Port A.

3) “GRNTB"” This output functions as the grant output for
both Port A (high) and Port B (low).

DUAL PORT PAL #1
PAL16R4B

4) “GRNTRF” Goes to DP8419 M2 (RFSH) input. This
causes an automatic forced refresh cycle.

5) “GRNTID” Goes low one period after “GRNTA",
“GRNTB", or “GRNTRF” go low. This output is used to
guarantee that one period is allowed after arbitration be-
fore a “RASIN" is generated during a port access. This
allows the particular port’s address, write enable signal,
and lock input to become valid before an access is start-
ed. This output also allows the PAL to determine when a
particular port has been granted for several system clock
periods. This information allows the arbiter to immediate-
ly generate “RASIN” for any subsequent memory ac-
cesses since the address is already muxed to the DRAM
controller (see Figure 11 for the timing waveforms for
Port A).

6) “WAITA" This output functions as a WAIT input for Port
A

7) “GTORFSH” This input is generated internally and indi-
cates that the arbiter will give access control over to the
refresh Port at the next rising clock edge.

8) “XACKB” This output is generated external to the PAL
and functions as a transfer acknowledge for Port B.

CLOCK /REQA /WINA /REQB /RFRQ /LOCK /GTOA /GIOB CLK GND

JOE /CSA /WAITA /GRNT1D /GRNTRF /GRNTB
/GRNTA := /CSA*/REQA*GRNTRF*RFRQ*GRNTB
+ JLOCK* /GRNTA
+ /CSA* /REQA*RFRQ* /GRNTRF* GRNT1D
+ /CSA* /GTOA* /*GRNTB*RFRQ*RASIN
+ /CSA*/REQA* /GRNTA
+ /GRNTA*REQB*RFRQ

.

/GRNTB := REQA®GRNTA'RFRQ"GRNTRF*/REQB
+ /LOCK* /GRNTB
+ /GTOB* /GRNTA*RFRQ*RASIN
+REQA*RFRQ*/GRNTRF* /REQB*GRNT1D
+ /REQB* /GRNTB
+ /GRNTB*REQA*RFRQ
+ /GRNTB*CSA*RFRQ

JGRNTRF := GRNTA*GRNTB*/RFRQ
+ JGRNTRF* /RFRQ
+REQA* /GRNTA*LOCK* /RFRQ
+REQB* /GRNTB*LOCK" /RFRQ
+ /GRNTRF* /GRNT1D

/GRNT1D := /GRNTA*GTOB*GTORFSH
+ /GRNTB*GTOA*GTORFSH
+ /GRNTRF* /RFRQ

IF (VCC) /GTORFSH =
REQA* /GRNTA*LOCK* /RFRQ
+REQB* /GRNTB*LOCK" /RFRQ

JGRNTA /RASIN /GTORFSH  VCC

;Start GRNTA
;Continue GRNTA
;RFSH_TO_PORTA
sPORTB..TO_PORTA
;Hold GRNTA
;Hold GRNTA

;Start GRNIB
;Continue GRNTB
sPORTA_TO.PORTB
sRFSH_TO_PORTB
sHold GRNTB
;Hold GRNTB
sHold GRNTB

;Start GRNIRF
;Continue GRNTRF
sPORTA_TO_RFSH
sPORTB_TO_RFSH
sHold GRNTRF

sGRNT1D for PORTA
sGRNT1D for PORTB
sGRNT1D for RFSH

sPORTA_TO.RFSH
;PORTB.TO_RFSH
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DUAL PORT PAL #1,
PAL16R4B (Continued)
IF (VCC) /RASIN =
/CSA*/REQA* /GRNTA* /GRNT1D*GTOB*GTORFSH*WINA sPORTA READ RASIN
+ /CSA* /REQA* /GRNTA® /GRNT1D*GTOB*GTORFSH* /WINA*/CLK  ;PORTA WRITE RASIN
+ /CSA*/REQA* /GRNTA* /GRNT1D*GTOB*GTORFSH*/WINA*/RASIN ;PORTA WRITE RASIN

+ /GRNTA* /GRNT1D*/RASIN*CLK ;Hold PORTA RASIN
+ /REQB* /GRNTB*/GRNT1D*GTOA*GTORFSH sPORTB RASIN
+ /GRNTRF* /GRNT1D*GTORFSH ;RFSH RASIN
IF (VCC) /WAITA = /CSA*/REQA®GRNTA ;Start WAITA
+ /CSA*/REQA* /WAITA*CLK sWAIT until one half perlod after GRNTA

POWER UP

GRANT
MEMORY
REFRESH

RFRQ + GRNTID

REQA REQB

*+*REQB O REQA ®

RFRQ » GTOB +4CSA o REQA ® GTOA

+++REQB @ REQA

* GT08
+++REQB # RFRQ * GTOB
GRANT GRANT _
REQA # RFRQ PORT B PORT A )} ) REQBeRFRQ + CSA  REGA
+ REQB ACCESS [ R ACCESS
**CSA @ REQA ¢ RFRQ  GTOA
{ocK ' LOtK

#++CSA ® REQA @ RFRQ ® GTOA

FIGURE 6. Dual Port State Diagram

*Refresh has the highest priority
**Port A has the second highest priority
***Port B has the lowest priority

TL/F/8678-6
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PORT A SYNCHRONOUS

PORT B ASYNCHRONOUS
(COULD BE SYNCHRONOUS)

CLOCK
A cLocK
SYSTEM CLOCK o I
CWAITA * XACKB | syne
PAL 7| Locic
DUAL PORT
REQ CONTROLLER REQ
Logic |/ NUX |\ Locic
2 —— X4 i h 4
€S, REQA — ENA
N U
CPUA L—1crus
m T3, REQB ]
] SYSTEM _LOCKA | [~
KT 1
FCK S
opsazo0 [T 3| " | rasw b
b R €A A1 ADDRESS, | | [A
A ADDRESS, A RASO=3, CAS DRAM WE, LOCK :
T WE, LOCK DPB409A/ V VY wevory | | — |56
A 3 sy | _19/29/ AN N wproau Locke
| e—{ms Q0-7,8,9 BYTES)
wes [TV VY
aps2as | L 74AS244
LN “octa = 17 3T ST (—
TRI=STATE TRI=STATE
V| BUrrers | PDDRESS A ADDRESS B : sorreRs I
A'A'A L 'A'A
WEA == WE 7] —
&Sk . - (o]
*DBEA :D—g, WEA O FG: DBEB
N & DIR DIR &N
Y| transcevers o LN manscevers |
N"DATA BUS Y N

*DBEA = DATA BUFFER ENABLE FOR PORT A

FIGURE 7. Dual Port Interface

TL/F/8678-7
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REB| A I
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CLOCK CLOCK |—
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REQA REQA
O—
WINA WINA
> _
AREQB AREQB GTORFSH  GTORFSH
O—
LOCK LOCK vee RASIN
o— 28 —
CLOCK 1 19 -
— REQA 2 18 RASIN GRNTA
{0tk — — o
— = WINA 3 7oA || —
REQA GioA — — GRNTB
9 | REQB 4 ] DUAL 16 GRNTB o>
el RiRa 5 | SO [ 15 GRNTRF
— #H T GRNTRF
fock 6 14 GRNTID
oo GIOA 7 13 WAITA
_ L= G708 G108 8 12_CsA GRNTID
— REQA : -
REQB DC " o
REQB 741510 ] WAITA
cLK 18] >
(> E - & XACKB
A (>
(> —
XACKB
IGRNTB c
RASIN

FIGURE 8. Dual Port PAL Controlter Dlagram

XACKB
(PAL OUTPUT)
AREQB

CWAITB

>

| cwams ~
_J'__Do—Do—oscme
Ly o

PORT B

O SYSTEM
CLOCK

REQB

o ASYNCHRONOUS

TL/F/8678-9

TL/F/8678-8

FIGURE 9. Asynchronous Port B transfer acknowledge (“XACKB”) synchronizes circuit to produce “CWAITB”

synchronous with the Port B clock “CTTL” (“SCWAITB")
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REFRESH WITH . PORT B READ ACCESS
PORT A READ ADDRESS PORT B REQUEST PENDING| WiTH PORT A REQUEST PENDING | PORT A WRITE ACCESS

m T2 | TWI|TW2 | T3 | T4

o LALLM UL YUy Ty
iwrra [ [

RFRQ L ]
GTORFSH |-

GRNTRF B [

REQA l I/ L

WINA |

wam Tt / | AR R EE Y

GTOA 1

GRNTA |

AREQB / l

REQB / \ l J

XACKB \

G108 \ \ l |

GRNTB |

GRNTID \\(rb , ] \ \(@ 1

RASIN PORT A [ J REFRESH] | PORT B N ] PORT A

LocK

ADORESS X 00000800 X(00000008 Y 04426220 X 40000802

R s s sy s s ey s By B I N

TL/F/8678-10

FIGURE 10. Dual Port Timing
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CLOCK
ARFRQ

RFRQ

PORT B READ ACCESS

WITH PORT A REQUEST PENDING | PORT A WRITE ACCESS (NO WAIT STATES)

PORT A READ ACCESS

L

Wl TW [ T3 T4 T T2 | T3 | T4

JEpSp g gy Ny

GTORFSH

GRNTRF

Reea [].

WINA
WAITA
GTOA
GRNTA
AREQB
REQB
XACKB
6108

GRNTB

Lt

11 /

GRNT1D

RASIN
Lock

ADDRESS
31:1)

=

b
| >-I | B

[

[ X 40000802 X 60000806

X(e#426220
|

N 1T T ]

NOTICE RASIN STARTS ONE HALF PERIOD LATER DURING WRITE ACCESSES
TL/F/8678-11

FIGURE 11. Dual Port Timing
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Memory Drivers and Support
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DP84240/DP84244 Octal TRI-STATE® MOS Drivers

General Description Features

The DP84240 and DP84244 are octal TRI-STATE drivers W tpg specified with 250 pF and 500 pF loads

which are designed for heavy capacitive load applications ~ m Output specified from 0.8V to 2.7V

such as fast data buffers or as memory address drivers. The  m Designed for symmetric rise and fall times at 500 pF
DP84240 is an inverting driver which is pin-compatible with @ Qutputs glitch free at power up and power down
both ‘h: 74324: ‘:]“d AM2965. TT}T DP£:142:4 _/is ;2"2’"4"& W PNP inputs reduce DC loading on bus lines

verting driver which is pin-compatible with the 745244 an . L .
AM2966. These parts are fabricated using an oxide isolation m Low static and dynamic input capacitance

process, for much faster speeds, and are specified for ® Low skew times betv'vgen e'dges and pins o
250 pF and 500 pF load capacitances. m AC parameters specified with all outputs switching

simultaneously

yvevsda/oveysdd

Connection Diagram Truth Table
DP84240
. 0 Inputs Outputs
1,‘: —;—Do— roq-\-; \zlcc G A Y
o _\_&‘ N LI H X V4
[N % 17
1A2 —s\w .1—6- A L L H
— N 1v2
o TN, L H L
2¥2 -%-K '_On':_:;— ;Z; H—= High Level
144 = L = Low Level
1 i\w_——\i 1v4 X = Don't Care
GND 10 : n \—'-‘- 2A1 Z = High Impedance
TL/F/5219-1
Top View
Order Number DP84240J or DP84240N
See NS Package Numbers J20A or N20A
DP84244
] 2 Inputs Outputs
16 =i G Y
ey s H X 4
2v4 j—tﬁ_‘ p L
1A2 -i- 4 \l 274 L L L
23 — B N v L H H
1A3 —6\ n NS 2n3
22 -lt'ﬁ_‘ »-—-21 N v
1 = S 22
a1 = 5 N gy
10 \4\ 1
GND =1 — 2a1

TL/F/5219-2
Top View .

Order Number DP84244J or DP84244N
See NS Package Numbers J20A or N20A




DP84240/DP84244

Absolute Maximum Ratings (Note 1)

Operating Conditions

Specifications for Milltary/Aerospace products are not Min Max Units
contained In this datasheet. Refer to the associated Vee Supply Voltage 4.5 5.5 "
reliability electrical test specifications document. Ta Ambient Temperature 0 +70 °C
Supply Voltage, Voo 7.0v
Logical “1" Input Voltage 7.0V
Logical 0" Input Voltage —-1.5V
Storage Temperature Range —65°Cto +150°C
Power Dissipation
Cavity Package 1150 mwW
Molded Package 1300 mW
Lead Temperature (soldering, 10 sec.) 300°C
Electrical Characteristics vcc = 5v £10%, 0 < Ta < 70°C. (Notes 2 and 3))
Symbol Parameter Conditions Min Typ Max Units
ViNQ) Logical “1” Input Voltage 2.0 \
ViN() Logical ‘0" Input Voltage 0.8 \
NGy Logical ‘1" Input Current ViN = 2.7V 0.1 20 rA
ViN = 7.0V 100 rA
ling)y Logical “‘0” Input Current 0 < V<04V —-50 —200 pA
VcLAMP Input Clamp Voltage N = —18mA -1 -1.2 \
VoH Logical ‘1" Output Voltage loH = —100 pA Vee-1.15 4.3 v
loH = —1mA Vecc —1.5 3.9
VoL Logical “‘0” Qutput Voltage loL = 10 pA 0.2 0.4 "
loL = 12 mA 0.3 05
l4p Logical ‘1" Drive Current Vout = 1.5V -75 —250 mA
lop Logical ‘0" Drive Current Vout = 1.5V +100 +150 mA
Hi-Z TRI-STATE Output Current 0.4V < Voyr <27V —100 +100 pA
lcc Supply Current All Outputs Open
DP84240 All Outputs High 16 50
All Outputs Low 74 125
All Outputs Hi-Z 80 125
DP84244 Al Outputs High 40 75 mA
All Outputs Low 100 130
All Outputs Hi-Z 115 150

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range"
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages referenced to ground unless otherwise noted.
All values shown as max. or min. are on an absolute value basis.

Note 3: Typical characteristics are taken at Voo = 5.0V and T4 = 25°C.

Note 4: The output-to-output skew is primarily a function of the number of outputs switching and the capacitive loading on those outputs. See Figures 5 and 6 for
the switching time variations.
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Switching Characteristics vcc = 5v £10%, 0 < Ta < 70°C, all outputs loaded with specified load capaci-
tance and all eight outputs switching simultaneously. (Note 3.)

=)
o
-3
Y
N
S
Symbol Parameter Conditions Min Typ Max Units a
tpLH Propagation Delay from Figures 1 & 3 CL = 250 pF 9 16 27 ns g
LOW-to-HIGH Output C = 500 pF 10 20 33 s
tPHL Propagation Delay from CL = 250 pF 9 16 25 ns ﬁ
HIGH-to-LOW Output CL = 500 pF 12 20 31
tpLz Output Disable Time from LOW Figures2&4,S = 1,C|_ = 50 pF 11 24 ns
tpHZ Output Disable Time from HIGH Figures 2& 4, S = 2,C = 50 pF 12 24 ns
tpzL Output Enable Time to LOW Figures2& 4, S = 1,C| = 500 pF 30 45 ns
tpzH Output Enable Time to HIGH Figures2& 4, S = 2,C|_ = 500 pF 23 35 ns
tsKEw Output-to-Output Skew (Note 4) Figures 1& 3, C|_ = 500 pF 3 ns

Capacitance 1, = 25°C, f = 1 MHz, Vg = 5V £10%. (Note 3))

Parameter Conditions Typ | Units
CiN All Other Inputs Tied Low 6 pF
Cout Outputin TRI-STATE Mode | 20 | pF

Note 1: “Absolute Maximum Ratings' are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Elactrical Characteristics™ provides conditions for actua! device
operation.

Note 2: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages referenced to ground unless otherwise noted.
All values shown as max. or min. are on an absoluts value basis.

Note 3: Typical characteristics are taken at Vec = 5.0V and Tp = 25°C.

Note 4: The output-to-output skew is primarily a function of the number of outputs switching and the capacitive loading on those outputs. See Figures 5 and 6 for
the switching time variations.




DP84240/DP84244

Switching Test Circuits

FROM
DEVICE
OUTPUT
- n
2k0

TL/F/5218-3
*Cy INCLUDES PROBE AND JIG CAPACITANCES
FIGURE 1. Capacitive Load Switching

Typical Switching Characteristics

Vee

R 1
" 5800

1 I

QuTPUT

TUL/F/5219-4

FIGURE 2. TRI-STATE Enable/Disable

Voltage Waveforms
3.0V
ENABLE 1.5v 1.5V
3.0V 05V o
’ tPHZ ) tpz
INPUT 15V 15V ! L von
27V
—
tPLH ov
2.7V Pz —-| ~ tpzL vee
4 0.8v w
" L
tr=t{=2.5ns oy
r= =£. =lf=L.
1=2.5 Mz iy
tpw=200ns tpw=800ns
TU/F/5218-5 TL/F/5219-6
FIGURE 3. Output Drive Levels FIGURE 4. TRI-STATE Control Levels
b Ta=25° / 1o TA=25°C /
:‘;‘ + Voo =5.0V I / E —Vog=5.0V / y
= ™ f w 750 /
8 g e ll [/
A Pl
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TL/F/5219-7 TL/F/5219-8

FIGURE 5. tp) 4 Measured to 2.7V on Output vs. C

FIGURE 6. tpy Measured to 0.8V on Output vs. C_




Typical Switching Characteristics (continued)

1400 o o s 1400 Mo e
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e A B
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Iy &
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TL/F/5219-9 TL/F/5219-10
FIGURE 7. Typical Power Dissipation for DP84240 at FIGURE 8. Typical Power Dissipation for DP84244 at
Vee = 5.5V (All 8 drivers switching simultaneously) Ve = 5.5V (All 8 drivers switching simultaneously)

Typical Application

DP84244 used as a buffer in a large memory array (greater than 88 dynamic RAMs)
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DS0025C

National
Semiconductor
Corporation

PRELIMINARY

DS0025C Two Phase MOS Clock Driver

General Description

The DS0025C is a monolithic, low cost, two phase MOS
clock driver that is designed to be driven by TTL line drivers
or buffers such as the DS8830 or DM7440. Two input cou-
pling capacitors are used to perform the level shift from TTL
to MOS logic levels. Optimum performance in turn-off delay
and fall time are obtained when the output pulse is logically
controlled by the input. However, output pulse width may be
set by selection of the input capacitor eliminating the need
for tight input pulse control.

Features

| 8-lead TO-5 or 8-lead or 14-lead dual-in-line package
® High Output Voltage Swings—up to 25V

® High Output Current Drive Capability—up to 1.5A

u Rep. Rate: 1.0 MHz into > 1000 pF

u Driven by DS8830, DM7440

m “Zero” Quiescent Power

Connection Diagrams

Metal Can Package

outeuta (1) O (7)

y !‘ ;’
Q)

()

ouTPUT 8

NC

INPUT A INPUT B

TL/F/5852-1
Note: Pin 4 connected to case.
Top View

Order Number DS0025CH
See NS Package Number HO8C

Dual-In-Line Package

N’

NC 1 e —28 NC
INPUTA 2 ——-Do——— 7 OUTPUTA

V™3 e L— 6 v
INPUTB 4 Dc 5 OUTPUTB

TL/F/5852-2
Top View
Order Number DS0025CJ-8
- or DS0025CN

See NS Package Number JOBA or NOSE

Dual-In-Line Package

vt NC  OUTB NC  INB  NC NC
le s b2 o o Ja s
|1 l 2 3 |4 5 's |7
NC NG OUTA NG INA NC -
TL/F/5852-3
Top View
Order Number DS0025CJ

See NS Package Number J14A

4-8




O
Absolute Maximum Ratings (Note 1) Recommended Operating ‘é
Specifications for Military/Aerospace products are not Conditions »
contained in this datasheet. Refer to the associated V+ V- Differential Voltage 20V o
reliabllity electrical test specifications document.
(V*+ — V-)Voltage Differential 25V Min Max
Input Current 100 mA Tem.perature R 0 . 70
Peak Output Current 1.5A M%’fg‘: gasﬁ;,"grag::zga"on at25°c 1150 mW
Storage Temperature —65°Cto +150°C 14-Pin Cavity Package 1410 mW
Operating Temperature 0°Cto +85°C Molded Package 1080 mW
Lead Temperature (Soldering, 10 sec) 300°C Metal Can (TO-5) Package 670 mW

* Derate 8-pin cavity package 7.8 mW/°C above 25°C; de-
rate 14-pin cavity package 9.5 mW/°C above 25°C; derate
molded package 8.7 mW/°C above 25°C; derate metal
can (TO-5) package 4.5 mW/°C above 25°C.

Electrical Characteristics (Notes 2 and 3) See test circuit.

Symbol Parameter Conditions Min Typ Max Units

taON Turn-On Delay Time Cin = 0.001 pF, Ry = 0Q, C = 0.001 pF 15 30 ns

tRISE Rise Time Cin = 0.001 puF, Ry = 0Q, Cp = 0.001 pF 25 50 ns

tdorr | Turn-Off Delay Time Cin = 0.001 uF, Ry = 09, Cp = 0.001 pF 30 60 ns
(Note 4)

teALL Fall Time Cin = 0.001 uF, Ry = 09, (Note 4) 60 90 120 ns
CL= 0001 uF (Note5) | 100 150 250 ns

PW Pulse Width (50% to 50%) Cin = 0.001 uF, Ryy = 09, 500 ns
CL = 0.001 pF (Note 5)

Vo+ Positive Output Voltage Swing | Viy = OV, lpyt = —1mA vt—10{Vvt-07vV A

Vo- Negative Output Voltage Swing | iy = 10 mA, loyr = 1 mA V=+07V|{V-+15V| V

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for *Operating Temperature Range" |
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics™ provides conditions for actual device
operation.

Note 2: Unless otherwise spscified min/max limits apply across the 0°C to 70°C range for the DS0025C.

Note 3: All currents into davice pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis. |
Note 4: Parameter values apply for clock pulse width determined by input pulse width.
Note 5: Parameter values for input width greater than output clock pulse width.

Timing Diagram
5V

A. Input pulse width
> clock pulse Vi
width ov

sV

. Input pulse width 90% Vin
sets clock pulse 10% |
width : ov
Gon "—‘ t oFF

Clock pulse V3 =0V
output 10%
Input waveform:
PRR = 0.5 MHz
Vpp = 5.0V
t =1t < 10ns
Pulse width:
A 1.0 pus
B. 200 ns

Vour

90% 90%

Trise —‘| L' Yall

Vg = ~18V

——

TLIF/5852-5 |
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DS0025C

Typical Application
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| '_'_ L/z':s_mﬁ’?ﬂ"‘l Jo,mcm
AC Test Circuit
sopk  Vec*SV

*Q1 is selected high speed NPN switching transistor.

Typical Performance
Transient Power vs Rep. Rate
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DC Power (Ppc) vs Duty Cycle
0
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Applications Information

Circuit Operation

Input current forced into the base of Qq through the cou-
pling capacitor Ciy causes Qq to be driven into saturation,
swinging the output to V= + Veg(sat) + Vpjode.

When the input current has decayed, or has been switched,
such that Q4 turns off, Q, receives base drive through Ry,
turning Qo on. This supplies current to the load and the
output swings positive to V+ -VgE.

O oUTPUT

& L o V-
TL/F/5852-11
FIGURE 1. DS0025 Schematic (One-Half Circuit)
It may be noted that Q1 must switch off before Qa begins to
supply current, hence high internal transients currents from
V-~ to V+ cannot occur.
Fan-Out Calculation
The drive capability of the DS0025 is a function of system
requirements, i.e. speed, ambient temperature, voltage
swing, drive circuitry, and stray wiring capacity.
The following equations cover the necessary calculations to
enable the fan-out to be calculated for any system condi-
tion.
Transient Current
The maximum peak output current of the DS0025 is given
as 1.5A. Average transient current required from the driver
can be calculated from:
CL(Vt-v—
= Sl : ) )
r

Typical rise times into 1000 pF load is 25 ns. For V+ — V—
= 20V, | = 0.8A.

Transient Output Power

The average transient power (Pgyc) dissipated, is equal to
the energy needed to charge and discharge the output ca-
pacitive load (C) multiplied by the frequency of operation
).

Pac = CLx(Vt-V—)2xi )
ForV+ — V- = 20V, f = 1.0 MHz, C_ = 1000 pF, Pac =
400 mW.

Internal Power

“Q" State Negligible (<3 mW)
“1"" State
V+-V—)2
Pint = '(—ﬁ——) x Duty Cycle (3)
2

= 80 mW for V+-V— = 20V, DC = 20%
Package Power Dissipation

Total average power = transient output power + internal
power.

Example Calculation

How many MM506 shift registers can be driven by a
DS0025CN driver at 1 MHz using a clock pulse width of 200
ns, rise time 30-50 ns and 16V amplitude over the tempera-
ture range 0°-70°C?

Power Dissipation:

At 70°C the DS0025CN can dissipate 870 mW when sol-
dered into printed circuit board.

Transient Peak Current Limitation:

From equation (1), it can be seen that at 16V and 30 ns, the
maximum load that can be driven is limited to 2800 pF.
Average Internal Power:

Equation (3), gives an average power of 50 mW at 16V and
a 20% duty cycle.

For one-half of the DS0025C, 870 mW + 2 can be dissipat-
ed. )

435 mW = 50 mW + transient output power.

385 mW = transient output power.

Using equation (2) at 16V, 1 MHz and 350 mW, each half of
the DS0025CN can drive a 1367 pF load. This is less than
the load imposed by the transient current limitation of equa-
tion (1) and so a maximum load of 1367 pF would prevail.
From the, data sheet for the MM506, the average clock
pulse load is 80 pF. Therefore the number of devices driven
is 1367/80 or 17 registers.

For further information please refer to National Semicon-
ductors Application Note AN-76.

4-11
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DS0026/DS0056

National
Semiconductor
Corporation

DS0026/DS0056 5 MHz Two Phase MOS Clock Drivers

General Description

DS0026/DS0056 are low cost monolithic high speed two
phase MOS clock drivers and interface circuits. Unique cir-
cuit design provides both very high speed operation and the
ability to drive large capacitive loads. The device accepts
standard TTL outputs and converts them to MOS logic lev-
els. They may be driven from standard 54/74 series and
548/74S series gates and flip-flops or from drivers such as
the DS8830 or DM7440. The DS0026 and DS0056 are in-
tended for applications in which the output pulse width is
logically controlled; i.e., the output pulse width is equal to
the input pulse width.

The DS0026/DS0056 are designed to fulfill a wide variety of
MOS interface requirements. As a MOS clock driver for long
silicon-gate shift registers, a single device can drive over
10k bits at 5 MHz. Six devices provide input address and
precharge drive for a 8k by 16-bit 1103 RAM memory sys-
tem. Information on the correct usage of the DS0026 in
these as well as other systems is included in the application
note AN-76.

The DS0026 and DS0056 are identical except each driver in
the DS0056 is provided with a Vgg connection to supply a
higher voltage to the output stage. This aids in pulling up the

output when it is in the high state. An external resistor tied
between these extra pins and a supply higher than V+ will
cause the output to pull up to (V*+ — 0.1V) in the off state.
For DS0056 applications, it is required that an external re-
sistor be used to prevent damage to the device when the
driver switches low. A typical Vgg connection is shown on
the next page.

These devices are available in 8-lead TO-5, one watt copper
lead frame 8-pin mini-DIP, and one and a half watt ceramic
DIP, and TO-8 packages.

Features

B Fast rise and fall times—20 ns 1000 pF load

m High output swing—20V

| High output current drive— 1.5 amps

W TTL compatible inputs

m High rep rate—5 to 10 MHz depending on power dissi-
pation

m Low power consumption in MOS “0” state—2 mW

B Drives to 0.4V of GND for RAM address drive

Connection Diagrams (Top views)
TO-5 Package

Dual-In-Line Package

NC  OUTA V' 0UTB
s s s

TL/F/5853~1 T
Note: Pin 4 connected to case. NG INA VT INB
Order Number TL/F/5853-2
DS0026H or DS0026CH Order Number DS0026CJ-8,
See NS Package or DS0026CN
Number HO8C See NS Package Number
JO8BA or NOSE

TO-5 Package

Dual-In-Line Package

TO-8 Package

Dual-In-Line Package

v NG oUTB  NC N3 NC Ne
ol e Ju w__ e [

0 B l: g s Il |1
NC NG OUTA NC  INA NC VT
TL/F/5853-4

TL/F/5853-3

Order Number Order Number
DS0026G or DS0026CG DS0026J or DS0026CJ
See NS Package See NS Package
Number G12C Number J14A

Dual-In-Line Package

OUTA V' Vgem OUTS v Vese OUTB NC INB NC NC
s |r o s le la 2 Jn . Js e
> =<
TL/F/5853-5 T R P
Note: Pin 4 connected to case. Vesa INA V" INB 1 2 3 |4 5 |s I
Order Number TL/F/5853-6 NG Vesa OUTA NG INA NG V"
DS0056H or DS0056CH Order Number DS0056J-8, TUF/5853-7
See NS Package DS0056CJ-8 or DS0056CN Order Number DS0056J
Number HO8C See NS Package Number or DS0056CJ
JOSA or NOSE See NS Package Number J14A
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Absolute Maximum Ratings (Nots 1)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliabllity electrical test specifications document.

V+ — V- Differential Voltage 22v
Input Current 100 mA
Input Voltage (Viy — V™) 5.5V
Peak Output Current 1.5A

Maximum Power Dissipation* at 25°C
Cavity Package (8-Pin) 1150 mW

1380 mwW

1040 mW
660 mW

Molded Package
Metal Can (TO-5)

Operating Temperature Range
DS0026, DS0056
DS0026C, DS0056C

Storage Temperature Range
Lead Temperature (Soldering, 10 sec.)

—55°Cto +125°C
0°Cto +70°C
—65°Cto +150°C
300°C

* Derate 8-pin cavity package 7.7 mW/°C above 25°C; derate 14-pin cavity

package 9.3 mW/°C above 25°C; derate molded package 8.4 mW/°C
above 25°C; derate metal can (TO-5) package 4.4 mW/°C above 25°C.

950050/9200sa

Cavity Package (14-Pin)

Electrical Characteristics (Notes 2and 3)

Symbol Parameter Conditions Min Typ Max Units
VIH Logic “1” Input Voltage [ V— = 0V 2 1.5 \']
K Logic 1" Input Current VIN—V— =24V 10 15 mA
ViL Logic “0" Input Voltage | V— =0V 0.6 0.4 \
IiL Logic ““0" Input Current VIN— V- =0V -3 -10 pA
VoL Logic “1” Output Voltage | Viy — V= = 2.4V, Io. = 1mA V=407 |V-+10| V
Vo Logic “0” Output Voltage | Viy — V— = 0.4V,Vgs = V+ + 1.0V | DS0026 | Vt — 1.0 | V+—-0.8 1
lon = — 1mA DS0056 | V+~03 | V+—0.1 v
lccony | “ON” Supply Current V+ —V— =20V,Vjy — V~ = 24V | DS0026 30 40 mA
(one side on) (Note 6) DS0056 12 30 mA
lcc(orrF) | “OFF” Supply Current V+ — V- =20V, 70°C 10 100 pA
VIN = VT =0V 125°C 10 500 | pA
Switching Characteristics (14 = 25°C) (Notes 5and 7)
Symbol Parameter Conditions Min Typ Max Units
toN Turn-On Delay (Figure 1) 5 7.5 12 ns
(Figure 2) 11 ns
torr Turn-Off Delay (Figure 1) 12 15 ns
(Figure 2) 13 ns
t Rise Time (Figure 1), CL = 500 pF 15 18 ns
(Note 5) C = 1000 pF 20 35 ns
(Figure 2), C_ = 500 pF 30 40 ns
(Note 5) CL = 1000 pF 36 50 ns
¥ Fall Time (Figure 1), Cp = 500 pF 12 16 ns
(Note &) C, = 1000 pF 17 25 ns
(Figure 2), CL = 500 pF 28 35 ns
(Note 5) C_ = 1000 pF 31 40 ns

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics provides conditions for actual device
operation.

Note 2: These specifications apply for V+ ~ V= = 10V to 20V, C_ = 1000 pF, over the temperature range of —55°C to -+ 125°C for the DS0026, DS0056 and
0°C to +70°C for the DS0026C, DS0056C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute valus basis.

Note 4: All typical values for To = 25°C.

Note 5: Rise and fall time are given for MOS logic levels; i.e,, rise time is transition from logic “0” to logic “1" which is voltage fall.

Note 6: Igg for DS0056 is approximately (Vgg — V~)/1 k2 (for one side) when output is low.

Note 7: The high current transient (as high as 1.5A) through the resistance of the internal interconnecting V= lead during the output transition from the high state to
the low state can appear as negative feedback to the input. If the external interconnecting lead from the driving circuit to V— is electrically long, or has significant dc
resistance, it can subtract from the switching response.
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DS0026/DS0056

Typical Vgg Connection

Vggiwv
S vt =45y
* :;

3

Vo=-2v

Typical Performance Characteristics
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Schematic Diagrams
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DS0026/DS0056

AC Test Circuits and Switching Time Waveforms
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Typical Applications

AC Coupled MOS Clock Driver
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Application Hints

DRIVING THE MM5262 WITH THE
DS0056 CLOCK DRIVER

The clock signals for the MM5262 have three requirements
which have the potential of generating problems for the
user. These requirements, high speed, large voltage swing
and large capacitive loads, combine to provide ample op-
portunity for inductive ringing on clock lines, coupling clock
signals to other clocks and/or inputs and outputs and gen-
erating noise on the power supplies. All of these problems

DC Coupled RAM Memory Address or Precharge
Driver (Positive Supply Only)

AV
190 F

!| f

100 pF

F——o
T0 ADDRESS

LINES ON
MEMORY SYSTEM

0S0026CN

1/2 0M7408

o

TL/F/5853-17

have the potential of causing the memory system to mal-
function. Recognizing the source and potential of these
problems early in the design of a memory system is the
most critical step. The object here is to point out the source
of these problems and give a quantitative feel for their mag-
nitude.




Application Hints (continued)

Line ringing comes from the fact that at a high enough fre-
quency any line must be considered as a transmission line
with distributed inductance and capacitance. To see how
much ringing can be tolerated we must examine the clock
voltage specification. Figure 6 shows the clock specifica-
tion, in diagram form, with idealized ringing sketched in. The

JAVeS

Vss+1

v“—\
Ves -1

A \

Vi

Vpp +1

\/° :

Voo -1

*Vr o) = Minimum threshold voltage.
TL/F/5853-18
FIGURE 6. Clock Waveform

ringing of the clock about the Vgg level is particularly critical.
If the Vgs — 1 VpoH is not maintained, at a// times, the infor-

05

mation stored in the memory could be altered. Referring to
Figure 1, if the threshold voltage of a transistor were — 1.3V,
the clock going to Vgs — 1 would mean that all the devices,
whose gates are tied to that clock, would be only 300 mV
from turning on. The internal circuitry needs this noise mar-
gin and from the functional description of the RAM it is easy
to see that turning a clock on at the wrong time can have
disastrous results.

Controlling the clock ringing is particularly ditficult because
of the relative magnitude of the allowable ringing, compared
to magnitude of the transition. In this case itis 1V out of 20V
or only 5%. Ringing can be controlled by damping the clock
driver and minimizing the line inductance.

Damping the clock driver by placing a resistance in series
with its output is effective, but there is a limit since it also
slows down the rise and fall time of the clock signal. Be-
cause the typical clock driver can be much faster than the
worst case driver, the damping resistor serves the useful
function of limiting the minimum rise and fall time. This is
very important because the faster the rise and fall times, the
worse the ringing problem becomes. The size of the damp-
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FIGURE 7. Schematic of 1/2 DS0056
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DS0026/DS0056

Application Hints (continued)

ing resistor varies because it is dependent on the details of
the actual application. It must be determined empirically. In
practice a resistance of 102 to 209 is usually optimum.
Limiting the inductance of the clock lines can be accom-
plished by minimizing their length and by laying out the lines
such that the return current is closely coupled to the clock
lines. When minimizing the length of clock lines it is impor-
tant to minimize the distance from the clock driver output to
the furthest point being driven. Because of this, memory
boards are usually designed with clock drivers in the center
of the memory array, rather than on one side, reducing the
maximum distance by a factor of 2.

Using multilayer printed circuit boards with clock lines sand-
wiched between the Vpp and Vgg power plains minimizes
the inductance of the clock lines. It also serves the function
of preventing the clocks from coupling noise into input and
output lines. Unfortunately multilayer printed circuit boards
are more expensive than two sided boards. The user must
make the decision as to the necessity of multilayer boards.
Suffice it to say here, that reliable memory boards can be
designed using two sided printed circuit boards.

The recommended clock driver for use with the MM4262/
MM5262 is the DS0056/DS0056C dual clock driver. This
device is designed specifically for use with dynamic circuits
using a substrate, Vgg, supply. Typically it will drive a 1000
pF load with 20 ns rise and fall times. Figure 7 shows a
schematic of a single driver.

In the case of the MM5262, V+ is a +5V and Vgg is
+8.5V. Vgg should be connected to the Vgg pin shown in
Figure 7 through a 1 kQ2 resistor. This allows transistor Q8 to

+5V
Vour
0V R —— C——
20 ng -— — ~— 20 ns
1 AMP
8
-1 AMP
+8.5V
sv 1%
Vour
—,l\ 1000 pF
-15V 1
.- CLxav Ve
At
. 10°%F - 20V .
20 % 10'9sec

TL/F/5853-19

FIGURE 8. Clock Waveforms (Voltage and Current)

saturate, pulling the output to within a Vcg(sar) of the V+
supply. This is critical because as was shown before, the
Vgs — 1.0V clock level must not be exceeded at any time.
Without the Vgg pull up on the base of Q8 the output at best
will be 0.6V below the V+ supply and can be 1V below the
V+ supply reducing the noise margin on this line to zero.
Because of the amount of current that the clock driver must
supply to its capacitive load, the distribution of power to the
clock driver must be considered. Figure 8 gives the ideal-
ized voltage and current waveforms for a clock driver driving
a 1000 pF capacitor with 20 ns rise and fall time.

As can be seen the current is significant. This current flows
in the Vpp and Vgg power lines. Any significant inductance
in the lines will produce large voltage transients on the pow-
er supplies. A bypass capacitor, as close as possible to the

. clock driver, is helpful in minimizing this problem. This by-

pass is most effective when connected between the Vgg
and Vpp supplies. A bypass capacitor for each DS0056 is
recommended. The size of the bypass capacitor depends
on the amount of capacitance being driven. Using a low
inductance capacitor, such as a ceramic or silver mica, is
most effective. Another helpful technique is to run the Vpp
and Vgg lines, to the clock driver, adjacent to each other.
This tends to reduce the lines inductance and therefore the
magnitude of the voltage transients.

While discussing the clock driver, it should be pointed out
that the DS0056 is a relatively low input impedance device.
It is possible to couple current noise into the input without
seeing a significant voltage. Since the noise is difficult to
detect with an oscilloscope it is often overlooked.

Lastly, the clock lines must be considered as noise genera-
tors. Figure 9 shows a clock coupled through a parasitic
coupling capacitor, Cg, to eight data input lines being driven
by a 7404. A parasitic lumped line inductancs, L, is also
shown. Let us assume, for the sake of argument, that Cg is
1 pF and that the rise time of the clock is high enough to
completely isolate the clock transient from the 7404 be-
cause of the inductance, L.

Vss
TL/F/5853-20
FIGURE 9. Clock Coupling
With a clock transition of 20V the magnitude of the voltage
generated across C is:

Cc (
—C - X
o+ o WV iseT

This has been a hypothetical example to emphasize that
with 20V low rise/fall time transitions, parasitic elements
can not be neglected. In this example, 1 pF of parasitic
capacitance could cause system malfunction, because a
7404 without a pull up resistor has typically only 0.3V of

V = 20V X ) = 0.35V




Application Hints (continued)

noise margin in the “1" state at 25°C. Of course it is stretch-
ing things to assume that the inductance, L, completely iso-
lates the clock transient from the 7404. However, it does
paint out the need to minimize inductance in input/output as
well as clock lines.
The output is current, so it is more meaningful to examine
the current that is coupled through a 1 pF parasitic capaci-
tance. The current would be:
AV 1X10-12x 20
l=CcX—=—-—"———"7—=1mA
CT At 20x10-9
This exceeds the total output current swing so it is obviously
significant.

Clock coupling to inputs and outputs can be minimized by
using multilayer printed circuit boards, as mentioned previ-
ously, physically isolating clock lines and/or running clock
lines at right angles to input/output lines. All of these tech-
niques tend to minimize parasitic coupling capacitance from
the clocks to the signals in question.

In considering clock coupling it is also important to have a
detailed knowledge of the functional characteristics of the
device being used. As an example, for the MM5262, cou-
pling noise from the ¢2 clock to the address lines is of no
particular consequence. On the other hand the address in-
puts will be sensitive to noise coupled from ¢1 clock.
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DS3245

National
@ Semiconductor
Corporation

DS3245 Quad MOS Clock Driver

General Description

The DS3245 is a quad bipolar-to-MOS clock driver with TTL
compatible inputs. It is designed to provide high output cur-
rent and voltage capabilities necessary for optimum driving
of high capacitance N-channel MOS memory systems.
Only 2 supplies, 5 Vpc and 12 Vpg, are required without
compromising the usual high Vo specification obtained by
circuits using a third supply.

The device features 2 common enable inputs, a refresh in-
put, and a clock control input for simplified system designs.
The circuit was designed for driving highly capacitive loads
at high speeds and uses Schottky-clamped transistors. PNP
transistors are used on all inputs, thereby minimizing input
loading. ’

Features

B TTL compatible inputs

m Operates from 2 standard supplies: 5 Vpg, 12 Vpc

W Internal bootstrap circuit eliminates need for external
PNP’s

B PNP inputs minimize loading

m High voltage/current outputs

® Input and output clamping diodes

m Control logic optimized for use with MOS memory sys-
tems

| Pin and function equivalent to Intel 3245

Logic and Connection Diagrams
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Dual-In-Line Package
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Top View

Order Number DS3245J or DS3245N
See NS Package Number J16A or N16A
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Absolute Maximum Ratings Operating Conditions «
Specifications for Military/Aerospace products are not Min Max Units a
contained In this datasheet. Refer to the assoclated Supply Voltage, Voo 4.75 5.25 \ :
reliability electrical test specifications document. Supply Voltage, Vpp 11.4 12,6 v
Temperature Under Bias —10°Cto +85°C Operating Temperature 9Tp 0 75 °C
Storage Temperature —65°Cto +150°C
Supply Voltage, Vo —-0.5Vto +7V
Supply Voltage, Vpp —0.5Vto + 14V
All Input Voltages —1.0VtoVpp
Outputs for Clock Driver -1.0VtoVpp + 1V
Maximum Power Dissipation* at 25°C
Cavity Package 1509 mW
Molded Package 1476 mW
*Derate cavity package 10.1 mW/°C above 25°C; derate molded package
11.8 mW/°C above 25°C.
Electrical Characteristics (Notes2and 3)
Symbol Parameter Conditions Min Typ Max Units
kD Select Input Load Current VE = 0.45V -0.25 mA
193 Enable Input Load Current VE = 0.45V -1.0 mA
IrD Select Input Leakage Current Vg = 5V 10 pA
IRE Enable Input Leakage Current VR =5V 40 rA
VoL Output Low Voltage loL =5mA, Vg = 2V 0.45 "
loL= —5mA -1.0 \"
VoH Output High Voltage loH = —1mA, V| = 0.8V Vpp — 0.50 \
loH = 5 mA Vpp + 1.0 \
ViL Input Low Voltage, All Inputs 0.8 \']
ViH Input High Voltage, All Inputs 2 \"
VcLAMP Input Clamp Voltage Vee = Min, Iy = —12mA -1.0 —-15 \
Power Supply Current Drain
Symbol Parameter Conditions Min Typ Max Units
lce Current from Voo Vee = 5.25V,
mA
Output in High State Vpp = 12.6V 2% 3
oo Current from Vpp Vee = 6.25V,
. 30 mA
Output in High State Vpp = 12.6V 2
lcc Current from Vg Voo = 5.25V,
Output in Low State Vop = 12.6V 29 3 mA
oD Current from Vpp Vee = 5.25V, )
Output in Low State Vop = 12.6V 18 19 mA
Note 1: “'Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range"
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actua! device
operation.
Note 2: Unless otherwise specified min/max limits apply across the 0°C to +°C range. All typical values are for T4 = 25°C and V¢g = 5V and Vpp = 12V.
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voitages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.
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Switching Characteristics 1 = 0°Gto +75°C, Ve = 5V £5%, Vpp = 12V £5%

DS3245

Symbol Parameter. Conditions Min(1) Typ(2.4) Max(3) Units
t-+ Input to Output Delay Rseries = 0 5 1 ns
tor Delay Plus Rise Time RseRies = 0 20 32 ns
ty — Input to Output Delay Rseries = 0 3 7 ns
tor Delay Plus Fall Time Rseries = 0 18 32 ns
tr Output Transition Time RseRies = 200 10 17 25 ns
tor Delay Plus Rise Time RseRiEs = 200 27 38 ns
tor Delay Pius Fall Time RseRIES = 209 25 38 ns

Capacitance T, = 25°c®

Symbol Parameter Conditions Min Typ Max Units

Cin Input Capacitance, I3, 12, 13, I3 5 8 pF

CiN Input Capacitance, R, C, E1, E2 8 12 pF
Note 1: C| = 150 pF

Note 2: C| = 200 pF } These values represent a range of total stray plus clock capacitance for nine 4k RAMs.
Note 3: C| = 250 pF

Note 4: Typical values are measured at 25°C.

Note 5: This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Vgias = 2V, Vgc = 0V, and T4 = 25°C.

AC Test Circuit and Switching Time Waveforms

R
m SERIES Input pulse amplitudes: 3V
Input pulse rise and fall times:
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National
Semiconductor
Corporation

DS1628/DS3628 Octal TRI-STATE® MOS Drivers

General Description

The DS1628/DS3628 are octal Schottky memory drivers
with TRI-STATE outputs designed to drive high capacitive
loads associated with MOS memory systems. The drivers’
output (Vop) is specified at 3.4V to provide additional noise
immunity required by MOS inputs. A PNP input structure is
employed to minimize input currents. The circuit employs
Schottky-clamped transistors for high speed. A NOR gate of
two inputs, DIS1 and DIS2, controls the TRI-STATE mode.

Features
m High speed capabilities
— Typical 5 ns driving 50 pF & 8 ns driving 500 pF
W TRI-STATE outputs
m High Voy (3.4V min)
m High density
— Eight drivers and two disable controls for TRI-STATE
in a 20-pin package
® PNP inputs reduce DC loading on bus lines
m Glitch-free power up/down

Schematic and Connection Diagrams
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Order Number
DS1628J, DS3628J, DS3628N
See NS Package Number J20A or N20A

Typical Application
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Absolute Maximum Ratings (ote 1) Operating Conditions

DS1628/DS3628

Specifications for Military/Aerospace products are not Min Max Units
contained in this datasheet. Refer to the assoclated Supply voltage (Vcc) 4.5 5.5 v
reliability electrical test specifications document. Temperature (Ta)
Supply Voltage 7.0V DS1628 —-55 +125 °C
Logical “1” Input Voltage 7.0V DS3628 0 +70 °C
Logical “0” Input Voltage —1.5V
Storage Temperature Range —65°C to +150°C
Maximum Power Dissipation* at 25°C
Cavity Package 1667 mW
Molded Package 1832 mW
Lead Temperature (Soldering, 10 seconds) 300°C
*Derate cavity package 11.1 mW/°C above 25°C; derate molded package
14.7 mW/°C above 25°C.
Electrical Characteristics (Notes 2, 3)
Symbol Parameter Conditions Min Typ Max | Units
ViNQG) Logical ““1” Input Voltage 2.0 \'
ﬂ@) Logical “‘0” Input Voltage 0.8 \
lINg1) Logical **1” input Current Ve = 6.5V V)N = 5.5V 0.1 40 pA
_ling) Logical “‘0” Input Current Veg = 5.5V V|y = 56.5V —180 | —400 | pA
VcLamp | Input Clamp Voltage Voo = 45V iy = —18mA -07 | —-1.2 \
VoH Logical “1"" Output Voltage | Vog = 4.5V, loq = —10 pA DS1628 3.4 4.3 \Y%
(No Load) DS3628 3.5 4.3 v
VoL Logical “0” Output Voltage | Voc = 4.5V, IoL = 10 A DS1628 0.25 0.4 \
(No Load) DS3628 025 | 035 | v
VoH Logical “1” Output Voltage | Voc = 4.5V, lpy = —1.0mA DS1628 2.5 3.9 \
(With Load) DS3628 27 | as v
VoL Logical “0" Output Voltage | Vgc = 4.5V, IpL = 20 mA DS1628/DS3628 0.35 05 "
(With Load)
ip Logical *“1"" Drive Current Vee = 4.5V, Vour = 0V, (Note 6) —150 mA
lop Logical “0" Drive Current Vee = 4.5V, Voyt = 4.5V, (Note 6) 150 mA
Hi-Z TRI-STATE Output Current | Voyt = 0.4V to 2.4V, DIS1 or DIS2 = 2.0V —40 | 0.1 40 nA
lcc Power Supply Current Vcc = 5.5V | One DIS Input = 3.0V 90 120 mA
All Other Inputs = X, Outputs at Hi-Z
glust; ;nDslii 0V, Others = 3V 70 100 mA
All Inputs = 0V, Outputs Off 25 50 mA
Switching Characteristics (vcc = 5v, T4 = 25°C) (Note 6)
Symbol Parameter Conditions Min | Typ Max | Units
ts+ — Storage Delay Negative Edge (Figure 1) CL = 50 pF 4.0 5.0 ns
Cp = 500 pF 6.5 8.0
ts—+ Storage Delay Positive Edge (Figure 1) CL = 50 pF 4.2 5.0 ns
C_ = 500 pF 6.5 8.0
tr Fall Time (Figure 1) CL = 50 pF 4.2 6.0 ns
Cp = 500 pF 19 22
tr Rise Time (Figure 1) Cp = 50 pF 5.2 7.0 ns
Cp = 500 pF 20 24
tzL Delay from Di_sable Input to Logical “0” Cp = 50 pF RL. = 2kQto Vgo 19 25 ns
Level (from High Impedance State) to GND (Figure 2)
tzn Delay from Disable Input to Logical “1” C_ = 50pF Ry = 2k to GND 13 20 ns
Leve! (from High Impedance State) to GND (Figure 2)
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Switching Characteristics (continued) (vog = 5V, Ta = 25°C) (Note 6) >

N

Symbol Parameter Conditions Min | Typ | Max | Units Q

t z Delay from Disable Input to High Impedance | C_ = 50pF  R_ = 400§ to Voo 18 25 ns g

State (from Logical “0" Level) to GND (Figure 3) g

tHz Delay from Disable Input to High Impedance | C_ = 50pF  RL = 400 to GND 85 15 ns 8
State (from Logical “1”" Level) to GND (Figure 3) i

AC Test Circuits and Switching Time Waveforms
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Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “‘Operating Temperature Range”
they are not meant to imply that the devices should be operated at thess limits. The table of “Electrical Characteristics” provides conditions for actual device
operation.

Note 2: Unless otherwise specified, min/max limits apply across the —55°C to + 125°C temperature range for the DS1628 and across the 0°C to + 70°C range for
the DS3628. All typical values are for T = 25°C and Vgg = 5V.

Note 3: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages references to ground unless otherwise noted.
All values shown as max or min on absolute value basis.

Note 4: The pulse generator has the following characteristics: Zoyt = 500 and PRR < 1 mHz. Rise and fall times between 10% and 90% points < 5 ns.
Note 5: C|_includes probe and jig capacitance.

Note 6: When measuring output drive current and switching response for the DS1628 and DS3628 a 15 resistor should be placed in series with each output.
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DS1644/DS3644/DS1674/DS3674

National
Semiconductor
Corporation

DS1644/DS3644/DS1674/DS3674 Quad TTL to MOS

Clock Drivers

General Description

The DS1644/DS3644 and DS1674/DS3674 are quad bi-
polar-to-MOS clock drivers with TTL compatible inputs.
They are designed to provide high output current and volt-
age capabilities necessary for optimum driving of high ca-
pacitance N-channel MOS memory systems.

The device features two common enable inputs, a refresh
input, and a clock control input for simplified system de-
signs. The circuit was designed for driving highly capacitive
loads at high speeds and uses Schottky-clamped transis-
tors. PNP transisitors are used on all inputs thereby minimiz-
ing input loading.

The circuit may be connected to provide a 12V clock output
amplitude as required by 4k RAMs or a 5V clock output
amplitude as required by 16k RAMs.

The DS1644/DS3644 contains a 100 resistor in series with
each output to dampen the transients caused by the fast-

switching output, while the DS1674/DS3674 has a direct,
low impedance output for use with or without an external
damping resistor.

Features

B TTL compatible inputs

m 12V clock or 5V clock driver

m Operates from standard bipolar and MOS supplies

® PNP inputs minimize loading

m High voltage/current outputs

H Input and output clamping diodes

m Control logic optimized for use with MOS memory sys-
tems

W Pin and function compatible with MC3460 and 3235

m Built-in damping resistors (DS1644/DS3644)

Schematic and Connection Diagrams
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See NS Package Number J16A or N16A
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Absolute Maximum Ratings note 1)

Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the assoclated

reliability electrical test specifications document.

Supply Voltage

Veet v
Veez 13.5V
Vces 16V
Input Voltage -1.0Vto +7V
Output Voltage —1.0Vto +16V

Storage Temperature Range
Maximum Power Dissipation* at 25°C

—-65°C to +150°C

Cavity Package 1509 mW
Molded Package 1476 mW
Lead Temperature (Soldering, 10 sec.) 300°C

* Derate cavity package 10.1 mW/°C above 25°C; derate molded package

11.8 mW/°C above 25°C.

Electrical Characteristics
5V operation, (Vcc1 = Vecz = 5V, Voga = 12V); 12V operation, (Vo1 = 5V, Vo2 = 12V, Voes = Vg2 + (BV £10%));
DS1644, DS1674, +10% power supply tolerances; DS3644, DS3674, +5% power supply tolerances, unless otherwise noted.

(Notes 2, 3 and 4).

Operating Conditions

Min
Supply Voltage
Veet
DS1644, DS1674 4.5
DS3644, DS3674 4.75
Veez
DS1644, DS1674 4.5
DS3644, DS3674 4.75
Vees
DS1644, DS1674 Vecez
DS3644, DS3674 Veez
Temperature, Tp
DS1644, DS1674 —55
DS3644, DS3674 0

Max

5.5

5.25

13.2
12,6

16.5
15.75

+125
+70

Units

°C
°C

Symbol Parameter Conditlons Min Typ Max Units
ViH Logical “1" Input Voltage 2 \
ViL Logical “‘0" Input Voltage 0.8 A"
IH Logical 1" Input Current Vi = 5.5V Select Inputs 0.01 10 nA
All Other Inputs 0.04 40 nA
M Logical “‘0" Input Current VN = 0.4V Select Inputs —40 —250 RA
All Other Inputs -0.16 -1.0 mA
Vep Input Clamp Voltage Il = —12mA -0.8 -15 Vv
Vo Logical “1” Output Voltage loy = —1mA, VL = 0.8V Veocz —0.5 | Vegz —0.2 \
VoL Logical ‘0" Output Voltage loL = 5mA, Vg = 2.0V 0.3 0.5 "
Voc Output Clamp Voltage loc = 5mA, V)_ = 0.8V Vego +0.8 | Ve +15 | v
lccH Supply Current Output High
lcct Vee1 = Max 18 27 mA
lcce gll tlnptutsé) VIN = OV 12V Operation -2 -4 mA
leca utputs Open 2 4 mA
lcca 5V Operation -8 —16 mA
Icca 8 16 mA
lcoL Supply Currents Outputs Low
lcet All Inputs Vi = 5V Vcer = 5.25V 25 40 mA
lecz Outputs Open Vcez = 12.6V 3 mA
Icca Vces = 15.75V 16 25 mA

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range"
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device

operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS1644, DS1674 and across the 0°C to +70°C
range for the DS3644, DS3674. All typicals are given for T4 = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown

as max or min on absolute value basis.

Note 4: For AC measurements, a 10 resistor must be placed in series with the output of the DS1674/DS3674. This resistor is internal to the DS1644/053644 and

need not be added.
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. DS1644/DS3644/DS1674/DS3674

SWitChing Characteristics 15 = 25°C unless otherwise noted, (Note 4), (Figures 1, 2, 3 and 4)

Symbol Parameter Conditions Min Typ Max Units
ts+ — Storage Delay Negative Edge Rp = 100 CL = 100 pF 8 1 ns
CL = 400 pF 12 16 ns
ts—+ Storage Delay Positive Edge Rp = 100 CL = 100 pF 10 13 ns
CL = 400 pF 13 16 ns
tr Fall Time Rp = 100 CL = 100 pF 9 16 ns
CL = 400 pF 17 24 ns
tp Rise Time Rp = 100 CL = 100 pF 8 12 ns
CL = 400 pF 13 19 ns
thdo ProPagation Delayto a Rp = 100 CL = 100 pF 17 27 ns
Logical “0 CL = 400 pF 29 40 ns
tpd1 ProPagation Delay to a Rp = 109 CL = 100 pF 18 25 ns
Logical ™1 G = 400 pF 26 35 ns
AC Test Circuits and Switching Time Waveforms
slv 12v 15Iv
Veet Vecz V
e cet1- Teez Tees ;o (INTERNALON
DS1644/0S3644)
GENERATOR |ociECl] IN out )
(noTE7) | INPUT
CL
L _I_ (NOTE 2)
REFRESH INPUT = 2.4V l -l- —
ALL OTHER INPUTS = OV -
TL/F/5876-3
FIGURE 1. 12V Operation
v
INPUT 711 5V 1.5VXK
ov
15+ —=i — —] [ee— tS—+
Veea-2v Veez-2v
QUTPUT
+2V +2V
VoL
-1t — tg L—
=1 tpd0 ~—tpd1—

FIGURE 2. 12V Operation

TL/F/5876-4
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AC Test Circuits and Switching Time Waveforms (continued)

VsV 12V
Voot Veez V
PULSE eor Teez TG | NTERNALON
DS1644/DS3643)
GENERATOR |oonceid |y ouT
(NOTE1) | 'NPUT
GND CL
— (NOTE2)

REFRESH INPUT = 2.4V l -:I_- J=_

ALL OTHER INPUTS = OV

TL/F/5876-5

FIGURE 3. 5V Operation

k)

INPU‘:V 7[1.5V ‘I.SVXK

g4 —m] | — ea— 1S —+

VoH E—_
3 90% 90%
OUTPUT
10% 10%
VoL
-1 tf — g [~
—-] ‘pdﬂ "'pdl"‘

FIGURE 4. 5V Operation
Note 1: The pulse generator has the following characteristics. PPR = 1 MHz, tg < 10 ns, Zoyt = 509.
Note 2: C includes probe and jig capacitance.

TL/F/5876-6
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DS1644/DS3644/DS1674/DS3674

Truth Table

Input
Enable Enable Select Clock Refresh Output
1 2 Input Input Input ‘
1 X X X X 0
X 1 X X X 0
X X X 1 X 0
X X 1 X 1 0
Y 0 0 0 X 1
0 0 X 0 0 1
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National
% Semiconductor
Corporation

DS3647A Quad TRI-STATE® MOS Memory I/0 Register

General Description

The DS3647A is a 4-bit I/0 buffer register intended for use
in MOS memory systems. This circuit employs a fall-through
latch for data storage. This method of latching captures the
data in parallel with the output, thus eliminating the delays
encountered in other designs. This circuit uses Schottky-
clamped transistor logic for minimum propagation delay and
employs PNP input transistors so that input currents are
low, allowing a large fan-out for this circuit which is needed
in a memory system.

Two pins per bit are provided, and data transfer is bi-direc-
tional so that the register can handle both input and output
data. The direction of data flow is controlled through the
input enables. The latch control, when taken low, will cause
the register to hold the data present at that time and display
it at the outputs. Data can be latched into the register inde-
pendent of the output disables or EXPANSION input. Either
or both of the outputs may be taken to the high-impedance
state with the output disables. The EXPANSION pin dis-
ables both outputs to facilitate multiplexing with other 1/0
registers on the same data lines.

The DS3647A features TRI-STATE outputs. The “B" port
outputs are designed for use in bus organized data trans-
mission systems and can sink 80 mA and source —5.2 mA.
Data going from port “A" to port “B" and from “B" to port
“A" is inverted in the DS3647A.

Features

m PNP inputs minimize loading

m Fall-through latch design

m Propagation delay of only 15 ns
B TRI-STATE outputs

W EXPANSION control

m Bi-directional data flow

B TTL compatible

m Transmission line driver output

Logic and Connection Diagrams

rFr———————————_————————— — 1
| | Dual-In-Line Package
! 8 1 U 16
: | B w— pae Vo
B I
| MULTIPLEX | || fepea 15 5
A 14
' MULTIPLEX | A= Ly
| l | INPUT . R
| ennate | 4 13 .
n 5 12 oUTPUT
: CATCR — — EXP P pisaBLE
[ 1
A2 p— B
B2 = 10 a3
8 3
GND = =83
| TL/F/8354-2
LOGIC | Top View
[ Order Number DS3647AD or DS3647AN
% | See NS Package Number D16C or N16A
pa I I, D IR '
LATCH O AOC OB AD o8 _l
INPUT QuTPUT  EXPANSION
ENABLES DISABLES

TL/F/8354-1
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DS3647A

Absolute Maximum Ratings (vote 1)

Operating Conditions

Specifications for Military/Aerospace products are not Min Max Units
contained in this datasheet. Refer to the associated Supply Voltage (Vcg) 4.5 5.5 Vv
reliability electrical test specifications document. Temperature (Ta)
Supply Voltage A DS3647A 0 +70 °C
Input Voltage —-1.5Vto +7V
Storage Temperature Range —65°to +150°C
Maximum Power Dissipation* at 25°C
Molded Package 1476 mW
Lead Temperature (Soldering, 10 seconds) 300°C
*Derate molded package 10.0 mW/° C above 25°C.
Electrical Characteristics (Notes2and 3)
Symbol Parameter Conditions Min | Typ Max | Units
Ving) Logic “1” Input Voltage 2.0 \
Vine) Logic ““0” Input Voltage 0.8 v
liNg1) Logic ““1” Input Current Latch, Disable Inputs 0.1 40 RA
Voo =5.5V, Viy=5.5V Expansion 0.2 80 nA
A Ports, B Ports 0.2 100 pA
Enable Inputs 0.4 200 rA
liNgo) Logic “0” Input Current Latch, Disable Inputs —25 | —250 | pA
Voo =55V, Viy=0.5V Expansion -850 | —500 | pA
A Ports, B Ports —50 | —500 | pA
Enable, Inputs —-0.1 | —125| mA
Veiame | Input Clamp Voltage Veg=4.5V,jy=—18 mA —-06 | —1.2 \"
Vo | oS 9"OuputVoliage 1 yoq 46y, 1o,-20mA 04 | 05 | v
Logic “0” Output Voitage loL=30 mA 0.3 0.4 \
VOL(B) g P g Voc=4.5V oL
B Ports loL=50 mA 0.4 0.5 \
Logic “1" Output Voitage Voo =5V 3.0 3.4 \"
VoH(A) g P g lon=—1mA %Y
A Ports Voc=4.5V 25 3.4 \
VoHE) Logic “1” Output Voltage lon= —5.2 mA, (Note 4) Vcoc=5V 2.9 3.3 \
B Ports Vo =4.5V 2.4 33 Vv
losiay | i SNOrECIrEUtCUTent | v — 4 5V 10 5.5V, VouT=0V, (Note 4 ~50 | ~80 | =120 | mA
los®) g‘gz:‘ Short-Circuit Current |, - _ 4 5v 10 5.5V, Vour =0V, (Note 4) -70| —120 | —180 | mA
lcc Power Supply Current Exp=3V, A Ports=0V,
B Ports Open, All Other Pins=0V | DS3647A 100 140 mA
Enable A, Latch=23V, A Ports=
0V, B Ports Open, All Other DS3647A 70 105 mA
Pins =0V

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range. All typicals are given for Vog=5V and Tp=25°C.
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.
Note 4: Only one output at a time should be shorted.
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Switching Characteristics (vcc=5v, To=25°C)

Symbol I Parameter Conditions I Min | Typ | Max | Units
DATA TRANSFER B PORT TO A PORT
. o CL=50 pF, R_=280Q,
tado Propagation Delay to a Logic “0 (Figures 1 and 4) 75 15 ns
. e CL=50 pF, R_=2800,
tod1 Propagation Delay to a Logic *1 (Figures 1 and 4) 6.0 12 ns
A PORT CONTROL FROM OUTPUT DISABLE A INPUT
Delay to High Impedance from "
tz Logic “0” (Figures 1 and 5) 13 20 ns
thz Dele}y ‘t'o ,},-hgh Impedance from (Figures 1 and 6) 14 20 ns
Logic “1
Delay to Logic “0" from High y
tzL Impedance (Figures 1 and 7) 10 15 ns
Delay to Logic ““1” from High ,
tzH Impedance (Figures 1 and 8) 25 35 ns
DATA TRANSFER A PORT TO B PORT, DS3647A
. . CL=50 pF, R_=100 Q,
tpdo Propagation Delay to a Logic “0 (Figures 2 and 4) 6.5 12 ns
. eqn CL=50pF, R. =100 Q,
tpd1 Propagation Delay to a Logic *1 (Figures 2 and 4) 8.0 15 ns
B PORT CONTROL FROM OUTPUT DISABLE B INPUT, DS3647A
Delay to High Impedance from "
tz Logic “0" (Figures 2 and 5) 15 25 ns
thz Deléy ‘t‘o,l,-hgh Impedance from (Figures 2 and 6) 14 20 ns
Logic “1
Delay to Logic ““0” from High "
tzL Impedance (Figures 2 and 7) 10 16 ns
Delay to Logic “1" from High ,
tzH Impedance (Figures 2 and 8) 25 35 ns
LATCH SET-UP AND HOLD TIMES, ALL DEVICES
Set-Up Time of Data Input Before
tseT-uP Latch Goes Low 5 0 ns
Hold Time of Data Input After
tHoLo Latch Goes Low 10 5 ns
Product Description
Device Number BPortToAPort | APortToB Port A Port Outputs | B Port Outputs
Function Function
DS3647A Inverting Inverting TRI-STATE TRI-STATE
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DS3647A

Truth Table
Input Output
—— A Ports B Ports
Enables Disables
Latch Expansion A1-A4 B1-B4 Comments
A B A B
1 0 1 0 0 Hi-Z A Datain on A, output to B
0 1 1 0 0 B Hi-Z Data in on B, output to A
1 0 0 0 0 Hi-Z A Data stored which is present
when latch goes low
0 1 0 0 0 0 B Hi-Z Data stored which is present
when latch goes low
1 0 X 0 1 0 Hi-Z Hi-Z Both A and B in Hi-Z state,
Data in on A, may be latched
0 1 X 1 0 0 Hi-Z Hi-Z Both A and B in Hi-Z stats,
Data in on B, may be latched
X X X X X 1 Hi-Z Hi-Z Both A and B in Hi-Z state
AC Test Circuits Vo5V Vep+ 5V
TEST
POINT
280 100
ouTPUT OUTPUT
C Oy
50 pF 50 pF
mom)':[ (Nom)'-l
- TL/F/8354-3 - TL/F/8354-4

FIGURE 1. A Port Load

FIGURE 2. B Port Load

Note 1: G| includes probe and Jig capacitance.

Operating Waveforms
Using TRI-STATE

INPUT DATA VALID

[STTEEEEA

DATA
INPUT
4

EnAnLE /
O m
OUTPUT == == o e e (\{(\({\{(\{

| WA

™

DATA
LATCHED
outPUT outPUT ouTPUT _4
I TRISTATE ™ acmive TRISTATE

TL/F/B354-5

TRI-STATE Disabled
INPUT DATA VALID

B SN
.._M e ———

F DATA | DATA
FEED-THROUGH ~ | LATCHED

OUTPUT ACTIVE —————————

TL/F/8354-6

*When the Input Enable makes a negative transition, the output will be indeterminate for a short duration. The negative transition of the Input Enable normally

occurs during a don't-care timing state at the output.




Switching Time Waveforms

tpdo and tpgy

OUTPUT
(INVERTED)

oUTPUT
{NON-INVERTED)

TL/F/8354-7
Input Characteristics: f = 1 MHz, tg = tr < 5ns (10% to 90% points), duty cycle = 50%, Zoyt = 50 0

FIGURE 4
tLz thz
3v v
INPUT 1.5V INPUT 1.5V
ov ov
- |=t12 —-1HZ i
HI-Z LOGIC "1” _
ouTPUT 45 output VOLTAGE —
L0GIC 0" 12—
VOLTAGE ¥ 05V
0.5V
TL/F/8354-8
FIGURE 5 FIGURE 6

tzn
v

tz
w PUT 15V
INPUT 15V INPY ’
ov ov
. 1ZH
-~ L ' - LOGIC “1”
. VOLTAGE
ouTPUT Mz ouTPUT
LoGIC 0"\ Wz
VOLTAGE
0.5V

TL/F/8354-9
FIGURE 7 FIGURE 8

b

o
n
<

Schematic Diagram

EQUIVALENT INPUT EQUIVALENT OUTPUT

Veo

INTERNAL
INPUT LOGIC
CIRCUITRY
ouTPUT
\ g GND

TL/F/8354-12
Note. Data pins A1-A4 and B1-B4 consist of
an input and an output tied together.

TL/F/8354-10

TL/F/8354-11
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DS3647A

Typical Application

The diagram below shows how the DS3647A can be used as a register capable of multiplexing data lines.

Al B1

4
DATA LINES

DS
411236474 &2
A3 8

(MULTIPLEXED)

A4 84
EXPANSION

1of4
DECODER
DM74155

DS3647A

DS3647A

T77T

DATA
TO/FROM

|

DS3647A

FTTI

TO DS3647A INPUT ENABLES

ARRAY

LATCH

o

TO DS3647A TATCH INPUTS

CONTROL

16

DATA LINES
T0 MOS
MEMORY
ARRAY

TL/F/8354-13
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National
Semiconductor
Corporation

DS1648/DS3648/DS1678/DS3678 TRI-STATE® TTL to

MOS Multiplexers/Drivers

General Description

The DS1648/DS3648 and DS1678/DS3678 are quad 2-in-
put multiplexers with TRI-STATE outputs designed to drive
the large capacitive loads (up to 500 pF) associated with
MOS memory systems. A PNP input structure is employed
to minimize input currents so that driver loading in large
memory systems is reduced. The circuit employs Schottky-
clamped transistors for high speed and TRI-STATE outputs
for bus operation.

The DS1648/DS3648 has a 159 resistor in series with the
outputs to dampen transients caused by the fast-switching

output. The DS1678/DS3678 has a direct, low impedance
output for use with or without an external resistor.

Features

u TRI-STATE outputs interface directly with system-bus
m Schottky-clamped for better ac performance

® PNP inputs to minimize input loading

m TTL compatible

m High-speed capacitive load drivers

m Built-in damping resistor (DS1648/DS3648 only)

Logic and Connection Diagrams

oUTPUT o'_‘_-"q>
CONTROL
12)

MO

3)

:1Ne,

(5)

o

B2 C(BI

MC“"

o

an C(M)

13

(1) D

(LYo

SELECT

TL/F/7506-1

Dual-ln-Line Package

INPUTS INPUTS
DUTPUT by, OUTPUT b, OUTPUT
Vcc  CONTROL A4 B4 \{] Al 83

Y3
'u Ivs IL‘ Iu Iu ln Iau Is»

1 Iz la Ia
SELECT AV B

OUTPUT  “evme——e/  QUTPUT
INPUTS INPUTS

1 6 ? ]
All lII VII GDIJD
TL/F/7506-2
Top View

Order Number DS1648J, DS3648J, DS1678J
DS3678J, DS3648N or DS3678N
See NS Package Number J16A or N16A
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DS1648/DS3648/DS1678/DS3678

Absolute Maximum Ratings (Note 1)

Operating Conditions

Specifications for Military/Aerospaceé products are not Min Max Units
contained in this datasheet. Refer to the associated Supply Voltage (Vcg) 5.5 )
reliability electrical test specifications document. Temperature (Ta)
Supply Voltage A" DS1648, DS1678 —55 +125 °C
Logical ““1” Input Voltage v DS3648, DS3678 +70 °C
Logical “0” Input Voltage —1.5vV
Storage Temperature Range —65°Cto +150°C
Maximum Power Dissipation* at 25°C
Cavity Package 1433 mW
Molded Package 1362 mW
Lead Temperature
(Soldering, 10 seconds) 300°C
* Derate cavity package 9.6 mW/°C above 25°C; derate molded package
10.9 mW/°C above 25°C.
Electrical Characteristics (Notes 2and 3)
Symbol Parameter Conditions Min Typ Max Units
VINQ) Logical **1"” Input Voltage 2.0 \"
ViN() Logical “0” Input Voltage 0.8 \"
liNg) Logical “1" Input Current Vece = 5.5V, VN = 6.5V 0.1 40 LA
liNGO) Logical “0” Input Current Vce = 5.5V, VN = 0.5V ~50 —250 pA
VcLamp | Input Clamp Voltage Voo = 45V, = —18 mA -0.75 | —1.2 \
VoH Logical “1” Output Voltage | Vcc = 4.5V, loq = —10 pA DS1648/DS1678 | 2.7 3.6 \"
{No Load) DS3648/DS3678 | 28 | 36 v
VoL Logical “0” Output Voltage | Vgg = 4.5V, Io. = 10 pA DS1648/DS1678 0.25 0.4 \
(No Load) DS3648/DS3678 025 | 085 | v
VoH Logical “1” Output Voltage | Voo = 4.5V, loqy = —1.0mA | DS1648 2.4 3.5 \
(With Load) DS1678 25 | 35 v
DS3648 2.6 3.5 \"
DS3678 27 3.5 \
VoL Logical “0” Output Voltage | Vog = 4.5V, loL = 20 mA DS1648 0.6 1.1 \
(With Load) DS1678 04 | 05 v
DS3648 0.6 1.0 \"
DS3678 0.4 0.5 \"
l1p Logical “1” Drive Current Voc = 4.5V, Vout = 0V, (Note 4) —250 mA
lop Logical “0” Drive Current Vce = 4.5V, Vout = 4.5V, (Note 4) 150 mA
IHi-z TRI-STATE Output Current | Voyrt = 0.4V to 2.4V, Output Control = 2.0V —40 40 A
Icc Power Supply Current Vce = 6.5V | Output Control = 3V 42 60 mA
All Other Inputs at 0V
All Inputs at OV 20 32 mA

Note 1: “Absolute Maximum Ratings™ are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS1648 and DS1678 and across the 0°C to

+70°C range for the DS3648 and DS3678. All typical values for T4 = 25°C and Vg = 5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.
Note 4: When measuring output drive current and switching response for the DS1678 and DS3678 a 15 resistor should be placed in series with each output. This
resistor is internal to the DS1648/DS3648 and need not be added.

4-38




Switching Characteristics vcc = 5v, T4 = 25°C (Note 4)

Symbol Parameter Conditions Min | Typ | Max | Units
ts+ Storage Delay Negative Edge (Figure 1) | C = 50 pF 5 7 ns
Cp = 500 pF 9 12 ns
ts¥ Storage Delay Positive Edge (Figure 1) '} C = 50 pF 6 8 ns
C_ = 500 pF 9 13 ns
tr Fall Time (Figure 1) | C|. = 50 pF 5 8 ns
C_.= 500 pF 22 | 35 ns
tr Rise Time (Figure 1) | C. = 50 pF 6 9 ns
Cp = 500 pF 22 | 35 ns
‘tzu Delay from Output Control Input to Logical 0" CL = 50pF, R = 2kQ to Vce, 10 15 ns
Level (from High Impedance State) (Figure 2}
“tzH Delay from Output Control Input to Logical “1" CL = 50pF, RL = 2kQ2 to GND 8 15 ns
Level (from High Impedance State) (Figure 2)
tLz Delay from Output Control Input to High Impedance | C_ = 50 pF, R = 400Q to Ve, 5 | 25 ns
State (from Logical “0" Level) (Figure 3)
thz Delay from Output Control Input to High Impedance | C| = 50 pF, Ry = 4000 to GND, 10 25 ns
State (from Logical “1" Level) (Figure 3)
ts+ gret?gg?ggfer; tDsell\ay to Logical 0" Transition When CL = 50 pF, (Figure 1) 12 15 ns
tsF g:;gcatggglc;rl tIic;l\::ly to Logical “1” Transition When CL = 50 pF, (Figure 1) 14 | 17 ns
ts+ gfe?g;gsa;ilc;r; tlgeéay to Logical ‘0" Transition When CL = 50 pF, (Figure 1) 16 | 20 ns
ts¥ ;;?g;ggggl gellaay to Logical “*1” Transition When CL = 50 pF, (Figure 1) 14 | 20 ns
Schematic Diagram
EQUIVALENT INPUT EQUIVALENT OUTPUT
¢ . ¢ —Q Vee
[ e e |
15%
I @—AAA—O OUTRUT
INTERNAL
INPUT LOGIC
CIRCUITRY I
___+__4
& & —O GND
TL/F/7508-3
*DS1648/DS3648 only
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DS1648/DS3648/DS1678/DS3678

AC Test Circuits and Switching Time Waveforms

tst,ts+, TRi tF
Vee
:F 0.1 4F
Vin éj—.—‘
PULSE I our *Rg
GENERATOR N ouT Vout
{NOTE 1)

I

C
I(Nme 2)

Note 2: C_ includes probe and jig capacitance.

FIGURE 1
tzn tz
V?" 01 4F Vic 0.14F
VIN = ViN :: 2% 61-
<
*R, PULSE I *Ap
ner:gkismn A Vour GENERATOR A/ Vour
(NOTE 1) (NDTE 1)
S0 pF I & _I— $0pF
TL/F/7506-6 TL/F/7508-7
*Internal on DS1648 and DS3648 FIGURE 2
thz tz
Vee gquf Vee .-
s = Vv :&ann =
>
PULSE | *Rp PULSE *Rp
GENERATOR Vour GENERATOR —AAA Vour
(NOTE 1) (NOTE 1)
50 pF T a1 l <
TL/F/7506-9 TL/F/7506-10
*Internal on DS1648 and DS3648
FIGURE 3
Truth Table
Output Inputs Outputs
Control | gejet | A B
H X X X Hi-Z
L L L X H
L L H X L
L H X L H
L H X H L
H = High level
L = Low level
X = Don't care

TL/F/7506-4
Note 1: The pulse generator has the following characteristics: Zoysr = 50Q and PRR

QUTPUT

TL/F/7506-5

< 1 MHz. Rise and fall times between 10% and 90% points < 5 ns.

Hi-Z = TRI-STATE mode

INPUT

ouTPUT

INPUT

Vou
ouTPUT

Vo

TL/F/7506-8

15V

[ tHZ
N 0.5V
N~——L

TL/F/7508-11
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Typical Applications

[w]
[72]
-—
)
o
=
Addressing 16k RAM 2:1 Multiplexing of RAM Outputs B
wn
ROW ADDRESS r e — —— -' @
VA7 D
| MosRam :AG Al &
g:;g:ﬂ/ ARRAY B o
' l PL— A2 Yij— (w]
8 | A2 B398 val— | 4 wos oureuts 2
OR
i 16k l outpuss | ] A3 Ds3678 Yal— [ (INVERTED) %
SELECT b RAM A2 ®
i ARRAY | |r- 83 vap— S
| om— A4 o
(%)
L|An o @
DS1648/ b ]
DS3648
l——-—A/BSELECT
COLUMN ADDRESS TL/F/7506-14

TL/F/7506-12

Refreshing Using TRI-STATE Counter

TRISTATE a
CONTROL T
OUTPUT
A A4 i
LY e 053648 Q-
o '
A = Ds3678 Y3
A5 81 va
Ad B2
A3 83
A2 B4
AI ———
OUTPUT
=] A1 CONTROL
A2
" . MOS RAM
REQUIRING
bs3ces Py ADDRESS
O0R MULTI-
053678 PLEXING
B
B2
TRISTATE
coNtROL™ ]
5BIT
TRISTATE
REFRESH
COUNTER
053646
oR
053676

TL/F/7506-13
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DS1649/DS3649/DS1679/DS3679

National
Semiconductor
Corporation

DS1649/DS3649/DS1679/DS3679 Hex TRI-STATE® TTL

to MOS Drivers

General Description

The DS1649/DS3649 and DS1679/DS3679 are Hex
TRI-STATE MOS drivers with outputs designed to drive
large capacitive loads up to 500 pF associated with MOS
memory systems. PNP input transistors are employed to re-
duce input currents allowing the large fan-out to these driv-
ers needed in memory systems. The circuit has Schottky-
clamped transistor logic for minimum propagation delay,
and TRI-STATE outputs for bus operation.

The DS1649/DS3649 has a 159 resistor in series with the
outputs to dampen transients caused by the fast-switching

output. The DS1679/DS3679 has a direct low impedance
output for use with or without an external resistor.

Features
® High speed capabilities
® Typ 9 ns driving 50 pF
® Typ 30 ns driving 500 pF
m TRI-STATE outputs for data bussing
m Built-in 150 damping resistor (DS1649/DS3649)
m Same pin-out as DM8096 and DM74366

Schematic Diagram

EQUIVALENT INPUT

EQUIVALENT DUTPUT Vee

—=—=17

<

W

IN\’ERNAL
GIC

CIRBUITRV

INPUT

*DS1649/DS3649 only

Connection Diagram

Dual-In-Line Package

Vee DIS2 IPll DUT( INS l'lUT! |N4 OUTO

f‘%[%“
Is

S
N out1

15

\/

la s |
N

IN2 UTI IN3 GUTJ END

TL/F/7515-2

Top View

Order Number DS1649J, DS3649J,
DS1679J, DS3679J, DS3649N or DS3679N
See NS Package Number J16A or N16A

Truth Table
v
Disable input input| Output
DIS1 [DIS 2
0 0 0 1
15* QuUTPUT 0 0 1 0
0 1 X Hi-Z
1 0 X Hi-Z
1 1 X Hi-Z
X = Don't care
Hi-Z = TRI-STATE mode
GND
-0
TL/F/7515-1
Typical Application
[ F———-"
o [ ] |
6-BIT RAM =™ MOS _—_‘I ADORESS I
ADDRESS  mmmmmmmmned DRIVER : LINES I
T | _osame 1 WM5270 I
l MM"S;ID I
' MOS RAM I
0S1649 ARRAY
: nsoxzm ] l
- N iy '
. J I
—1 I |
DISABLE 3
Lee———4
DS3646
osis [ | - EoTen
CLOCK ==t~ COUNTER
DRIVER
ENABLE

ADDRESS OR _{

COUNT SELECT TL/F/7515-3
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Absolute Maximum Ratings (ote 1)

Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage 7.0V
Logical “1” Input Voltage 7.0v
Logical “‘0” Input Voltage —1.5V

Operating Conditions

Min Max Units
Supply Voltage (Vcc 4.5 5.5 \
Temperature (Ta)
DS1649, DS1679 —-55 +125 °C
DS3649, DS3679 0 +70 °C

*Derate cavity package 9.1 mW/°C above 25°C; derate molded package
10.2 mW/°C above 25°C.

Storage Temperature Range —-65°Cto +150°C
Maximum Power Dissipation* at 25°C

Cavity Package 1371 mW
Molded Package 1280 mwW
lL.ead Temperature (Soldering, 10 sec.) 300°C

629€S0/6/9150/6V9£S0A/6¥91Sd

Electrical Characteristics Note 2and 3)

Symbol Parameter Conditions Min Typ Max Units
ViIN) Logical 1" Input Voltage 2.0 \
Vineo) Logical “0" Input Voltage 0.8 \
NG Logical “1" Input Current Voe = 5.5V, Viy = 5.5V 0.1 40 pA
lIN(O) Logical “‘0” Input Current Ve = 5.5V, V|y = 0.5V —50 —250 nA
Voramp | Input Clamp Voltage Vec = 4.5V, Iy = —18 mA —-075 | —1.2 \
VoH Logical “1” Qutput Voltage | Vcc = 4.5V, loy = —10 pA DS1649/DS1679 | 2.7 3.6 \

(No Load) DS3649/DS3679 | 28 | 3.6

VoL Logical “0” Output Voltage | Voo = 4.5V, lg = 10 pA DS1649/DS1679 0.25 0.4 \
(No Load) DS3649/DS3679 025 | 035 | Vv
VoH Logical ““1” Output Voltage | Vog = 4.5V, loy = —1.0 mA DS1649 2.4 3.5 \
(With Load) DS1679 25 | 35 v
DS3649 2.6 3.5 v
DS3679 2.7 3.5 v
VoL Logical “'0” Output Voltage | Voc = 4.5V, loL = 20 mA DS1649 0.6 1.1 \
(With Load) DS1679 04 | 05 | V
DS3649 0.6 1.0 \
DS3679 0.4 0.5 \
lip Logical ““1” Drive Current Vec = 4.5V, Vout = 0V (Note 4) —250 mA
lop Logical ““0" Drive Current Ve = 4.5V, Vout = 4.5V (Note 4) 150 mA
Hi-Z TRI-STATE Output Current | Voyt = 0.4V to 2.4V, DIS1 or DIS2 = 2.0V —40 40 pA
lec Power Supply Current Veo = 5.5V Zrl\e(a) ?hI:r I::s;:ft ; =3.)(()V 42 75 mA
All Inputs = 0V 1 20 mA
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DS1649/DS3649/DS1679/DS3679

Switching Characteristics (e = 5v, Ta = 25°C) (Note 4)

Symbol Parameter Conditions Min Typ Max Units
ts+ Storage Delay Negative Edge (Figure 1) Cp = 50 pF 4.5 7 ns
C_ = 500 pF 75 12 ns
ts+ Storage Delay Positive Edge (Figure 1) Cp = 60 pF 8 ns
Cp = 500 pF 13 ns
tr Fall Time (Figure 1) CL = 50 pF 8 ns
CL = 500 pF 22 35 ns
tR Rise Time (Figure 1) CL = 50pF 6 9 ns
CL = 500 pF 21 35 ns
tzL Delay from Disable Input to Logical 0" CL = 50pF 10 15 ns
Level (from High Impedance State) RL = 2kQ to V¢ (Figure 2)
tzH Delay from Disable Input to Logical “‘1” CL = 50pF 8 15 ns
Level (from High Impedance State) RL = 2k to GND (Figure 2)
tz Delay from Disable Input to High Impedance CL = 50pF 15 25 ns
State (from Logical “0” Level) Ry = 4000 to Vg (Figure 3)
thz Delay from Disable Input to High Impedance CL = 50pF 10 o5 ns
State (from Logical “1" Level) Ry = 4009 to GND (Figure 5)

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range"
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics™ provides conditions for actual device

operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to +125°C temperature range for the DS1649 and DS1679 and across the 0°C to
+70°C range for the DS3649 and DS3679. All typical values are for T = 25°C and Vgg = 5V.
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.
Note 4: When measuring output drive current and switching response for the DS1679 and DS3679 a 159 resistor should be placed in series with each output. This
resistor is internal to the DS1649/DS3649 and need not be added.

AC Test Circuits and Switching Time Waveforms

tsiytsTs tR tF

Vee

:: 0.1 uF

puT
PULSE *Rp

GENERATOR IN ouT Vour
(NOTE 1)
c

L
-I_ I (NOTE 2)

v
INPUT
o

ouTPUT

TL/F/7515-4

FIGURE 1

TL/F/7516-5
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AC Test Circuits and Switching Time Waveforms (continued)

tzy tz
Vee Vee
0.1 4F Q 0.1 4F
[
Vin = ViN ax =
DUt putT
PULSE *Rp PULSE *Rp
GENERATOR |—@—{iN ouT Vout GENERATOR @@= IN OUT Vout
(NOTE 1) INOTE 1)
50 pF % 50 pF
J- (NOTE 2) -J_ T(Nmn)
TL/F/7516-6 TL/F/7515-7
DISABLE
INPUT
oUTPUT
TLIF/7515-8
FIGURE 2
thz tz
Vee vee
0.1 uF Q 0.1 uF
' (1
Vin — v =
= N 400
out outT
PULSE *Rp PULSE *Rp
GENERATOR |—@~=IN OUT Vour GENERATOR f==@={IN OUT Vout
(NOTE 1) (NOTE 1)
50 pF
400 50 pF
-I- (NOTE 2) -J- Tmonz)
TL/F/7515-9 TL/F/7515-10
DISABLE /
weut 7 "
— -<—le ‘
Vou
0.5V
ouTPUT N
—— ¥4
vou 0.5V
*Internal on DS1649 and DS3649 TL/F/7515-11
FIGURE 3

Note 1: The pulse generator has the following characteristics: Zoyr = 500 and PRR < 1 MHz. Rise and fall times between 10% and 90% points < § ns.
Note 2: C|_ includes probe and jig capacitance. -
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DS1651/DS3651, DS1653/DS3653

National
Semiconductor
quporation

DS1651/DS3651, DS1653/DS3653
Quad High Speed MOS Sense Amplifiers

General Description

The DS1651/DS3651 and DS1653/DS3653 are TTL com-
patible high speed circuits intended for sensing in a broad
range of MOS memory system applications. Switching
speeds have been enhanced over conventional sense am-
plifiers by application of Schottky technology, and TRI-
STATE® strobing is incorporated, offering a high impedance
output state for bused organization.

The DS1651/DS3651 has active pull-up outputs, and the
DS1653/DS3653 offers open collector outputs providing im-
plied “AND” operations.

Features

m High speed

B TTL compatible

| Input sensitivity — =7 mV

B TRI-STATE outputs for high speed buses

m Standard supply voltages — +5V

B Pin and function compatible with MC3430 and MC3432

Connection Diagram Truth Table
Dual-In-Line Package Output
VoC  -INB +iNB  OUTRE  VEE  QUTD +IND -IND lnput Strobe d
TR THE TN T RN RN TR DS3651 | DS3653

Vip=7mV L H Open

é_ Ta = 0°Cto +70°C H Open Open
-7mV<Vp< +7mV L X X
Ta = 0°Cto +70°C H Open Open
Vpz —-7mV L L L
Ta = 0°Cto +70°C H Open Open

It 2 I 3 4 5 6 7 ll
sTe  ouTe GND
TL/F/7528-1

~INA 4INA OuTA 4INC  -INC

Top View

Order Number DS1651J, DS1653J, DS3651J,
DS3653J, DS3651N or DS3653N
See NS Package Number J16A or N16A

Typical Applications

L. = Low logic state
H = High logic state
Open = TRI-STATE
X = Indeterminate state

A Typical MOS Memory Sensing Application for a 4k word by 4-bit
memory arrangement employing 1103 type memory devices

1k WORD
MOS MEMORY

1% WORD
MOS MEMORY

1k WORD
MOS MEMORY

1k WORD
MOS MEMORY

1k WORD
MOS MEMORY

1k WORD
M0S MEMORY

1k WORD
MOS MEMORY

1k WORD
MOS MEMORY

1k WORD
MOS MEMORY

1k WORD
MOSMEMORY

DS3651
DS3653

1k WORD

MOSMEMORY

I

N,
[ocbaeion H
Luabitt 1

1k WORD
MOS MEMORY

I 1k WORD

)
|

l 1k WORD

MOS MEMORY

l
I
I

1K WORD

MOS MEMORY DATABITA

00

DATA BIT 3

, |

DATABIT2Z

|
__%—'—-omu ar2
| !

DATABIT1

L
Note: Only 4 devices are required for a 4k word by 16-bit memory system.

:1j>-[2: Lo DATABITY
| |
STROBE o——o—‘—De |

—_—d

TL/F/7528-2
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(]
Absolute Maximum Ratings (Note 1) Operating Conditions g
Specifications for Military/Aerospace products are not Min Max Unit N
contalned in this datasheet. Refer to the associated Supply Voltage (Vo) ~
rellability electrical test specifications document. DS1651, DS1653 4.5 5.5 \ 8
Power Supply Voltages DS3651, DS3653 4.75 5.25 \" 8
Vee +7Voc Supply Voltage (VEg) oy
Vee ~7Vpc DS1651, DS1653 —-4.5 -55 v o
Differential-Mode Input Signal Voltage DS3651, DS3653 —4.75 —5.25 v hn
Range, Vipr £6Vpe Operating Temperature (Ta) =
Common-Mode Input Voltage Rangs, V|cr +5Vpg DS1651, DS1653 —55 +125 °C g
Strobe Input Voltage, V|(s) 5.5 Vpg DS3651, DS3653 0 +70 °C a
Strobe Temperature Range —65°Cto +150°C Output Load Current, (Io) 16 mA 8
Maximum Power Dissipation* at 25°C Differential Mode Input o
Cavity Package 1509 mW Voltage Range, (VipR) -5.0 +5.0 v w
Molded Package 1476 mW Common-Mode Input
Lead Temp. (Soldering, 10 seconds) 300°C Voltage Range, (VicR) ~3.0 +3.0 v
* Derate cavity package 10.1 mW/°C above 25°C; derate molded package Input Voltage Range (Any
11.8 mW/°C above 25°C. Input to GND), (V|R) —-5.0 +3.0 \

Electrical Characteristics
Vee = 5 Vpe, VEE = —5 Vpg, Min < Ta < Max, unless otherwise noted (Notes 2 and 3)

Symbol Parameter Conditions Min | Typ | Max | Unit
Vis Input Sensitivity, (Note 5) Min < Vg < Max
(Common-Mode Voltage Range) | Min > Vgg = Max +7.0 | mV
VICR = =3V < V| < +3V)
Vio Input Offset Voltage 2 mV
Iis Input Bias Current Veec = Max, Vegg = Max 20 pA
lo Input Offset Current 0.5 pA
ViLs) Strobe Input Voltage (Low State) 0.8 \
ViH(s) Strobe Input Voltage (High State) 2 Vv
liLs) Strobe Current (Low State) Vce = Max, Vgg = Max, Vi = 0.4V —-1.6 | mA
liLs) Strobe Current (High State) Voo = Max, | VN = 2.4V DS3651, DS3653 40 MA
VEg = Max | Viy = Ve 1 mA
VIN = 2.4V DS1651, DS1653 100 | pA
ViN = Vce 1 mA
VoH Output Voltage (High States) Vee = Min, | lp = —400 pA | DS1651/DS3651 2.4 v
Veg = Min ’
VoL Output Voltage (Low State) Vee = Min, | Io = 16mA DS3651, DS3653 0.45 v
Veg = Min DS1651, DS1653 0.50
Icex Output Leakage Current Vce = Min, | Vo = Max DS1653/DS3653
ek 250 [ A
VEg = Min
los Output Current Short Circuit Vec = Max, Veg = Max, DS1651/DS3651
—18 ~70 | mA
(Note 4)
loFF Output Disable Leakage Current | Voo = Max, Veg = Max DS3651 40 HA
DS1651 100 | pA
lcc High Logic Level Supply Current | Vog = Max, Vgg = Max 45 60 mA
133 High Logic Level Supply Current | Vg = Max, VEg = Max —-17 | —30 | mA
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DS1651/DS3651, DS1653/DS3653

Switching Characteristics vce = 5Vpe, Ve = —5Vpe, Ta = 25°C unless otherwise noted.

Symbol Parameter Conditions Min Typ Max Units
tpHL(D) High-to-Low Logic Level Propagation 5mV + Vig, DS1651/ 23 45 ns
Delay Time (Differential Inputs) (Figure 3) DS3651
oot 2 | o |
tPLH(D) Low-to-High Logic Level Propagation 5mV + Vs, DS1651/ 22 55 ns
Delay Time (Differential Inputs) (Figure 3) DS3651
oo | o | =
tPOH(s) TRI-STATE to High Logic Level (Figure 1) DS1651/ 16 21 ns
Propagation Delay Time (Strobe) DS3651
tPHO(S) High Logic Level to TRI-STATE (Figure 1) DS1651/ - 18 ns
Propagation Delay Time (Strobe) DS3651
troL(s) TRI-STATE to Low Logic Level (Figure 1) DS1651/ 19 27 ns
Propagation Delay Time (Strobe) DS3651
tPLO(S) Low Logic Level to TRI-STATE (Figure 1) DS1651/ 14 29 ns
Propagation Delay Time (Strobe) DS3651
tPHL(S) High-to-Low Logic Level (Figure 2) DS1653/ 16 25 ns
Propagation Delay Time (Strobe) DS3653
tPLH(S) Low-to-High Logic Level (Figure 2) DS1653/ 13 25 ns
Propagation Delay Time (Strobe) DS3653

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device
operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS3651, DS3653 and across the —55°C to + 125°C range for the
DS1651, DS1653. All typical values are for Ta = 25°C, Vgc = 5V and Vgg = -5V,

Note 3: All currents into device pins shown as pasitive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note 5: A parameter which is of primary concern when designing with sense amplifiers is, what is the minimum differential input voltage required at the sense
amplifier input terminals to guarantee a given output logic state. This parameter is commonly referred to as threshold voltage. It is well known that design
considerations of threshold voltage are plagued by input offset currents, bias currents, network source resistances, and voltage gain. As a design convenience, the
DS1651, DS1653 and DS3651, DS3653 are specified to a parameter called input sensitivity (Vig). This parameter takes into consideration input offset currents and
bias currents, and guarantees a minimum input differiential voltage to cause a given output logic state with respect to a maximum source impedance of 2000 at
each input.

Switching Time Waveform p
“ 2. :: 330 -
V20 ’.)—]- ho———
OT \‘—]o— 01
¢ o— ougsy O ¢
o% 053651 —:?‘O—‘—"O 5V | s
En '_"_0_1 Eo o :: T OREQUY
e YT
= 02
s 1
Note: Output of channel B shown under test, = TL/F/7528-3
other channels are tested similarly.
Delay V1 v2 S1 S2 Cp
trLO(S) 100 mV GND Closed Closed 15 pF
troL(s) 100 mV GND Closed Open 50 pF
tPHO(S) GND 100 mV Closed Closed 15 pF
tPOH(S) GND 100 mV Open Closed 50 pF

Cy_inciudes jig and probe capacitance.

EjN waveform characteristics: ty_y and try. < 10 ns measured 10% to 90%
PRR = 1 MHz

Duty cycle = 50%
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Ein

Eg

tpHO(S)

v

50%
ov
" 'PHO(S)
Vo :
__E VgH - 0.5V
=15V

TL/F/7528-5

tPoH(S)
v
EiN * 50%
ov
—--I |-— tPOH(S)
Von
Eg 1.5V

ov
TL/F/7528-7

FIGURE 1. Strobe Propagation Delay tp| o(s), troL(s), trHL(S) and tpoH(s)

AC Test Circuits
tpLoO(S)
v
Ein 50%
o
S 15V
Eg Vo 0.5V
VoL
TL/F/7528-4
tpoL(s)
v
Ein 50%
ov
——4 tpoL(S)
sV -VD1
Eo 15V
Vot
TL/F/7528-6
5v
°3 16 902
°3] ] 3
o=l DsIeEY [ o Eg
o% LEC o -5V
Ein oy 0 L 15pF
o —o0—4
TOTAL
= T »ol _QO_L /-__D fro !

Note: Output of channel B shown under test,
other channels are tested similariy.

TL/F/7528-8

Ein

Eg

v

0%

I__

5V

o

PLH(S)
Vou

L

TPHL(S)

N

VaL
TL/F/7528-9
Note: Ejy waveform characteristics:
tyLH and tyyL < 10 ns measured 10% to 80%
PRR = 1 MHz, duty cycle = 500 ns

FIGURE 2. Strobe Propagation Delay tpL(s) and tpyL(s)
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DS1651/DS3651, DS1653/DS3653

100 mv s
1 16 o T
O 15 -
: 14
[ 13
20 s | po= oswsiosis, [~
= : 1653 :: 0 O -5V
ot b O~ p—O
5 7 10 CL
N e e —0—9
[o-’ . o—tdg

TL/F/7528-10
Note: Output of channel B shown under test, other channels are tested similarly.
S1 at “A” for DS1653/DS3653, C. = 15 pF total for DS1653/DS3653
S1 at “B"” for DS1651/DS3651, C. = 50 pF total for DS1651/DS3651

VRep*Vis__
Smv
En e
[

1PLH(D) |-— tPHLID)

YOH
Eg *st
Vo

TL/F/7528-11

Ejn waveform characteristics:
triH and trye < 10 ns measured 10% to 80%
PRR = 1 MHz, duty cycle = 500 ns

FIGURE 3. Differential input Propagation Delay tpy14(p) and tpHi(D)
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Schematic Diagrams
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DS1651/DS3651, DS1653/DS3653

Typical Applications

4-Bit Parallel A/D Converter

VREF 50V
W

270 210 270 270

EACH COMPARATOR
1/4 OF DS1653/D53653

23
[ D—1
T o—1—¢
3 2
® Pyl
? 20

TL/F/7528-14
D=@F+BC+DE+AHAH+HNR+LM+NFE+R G

=B+DF+IHEC+NF

=0+9MN
B=7J

Conversion time &= 50 ns
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Typical Applications (continued)

Level Detector with Hysteresis

Hs 1/4 DS1651/DS3651

VREF
TL/IF/7528-15

Transfer Characteristics
and Equations for
Level Detector with Hysteresis

v
. REF
3
@
=
S 2
° Viow v HiGH
VH
1
0 1 2 3 4
V) (VOLTS)

TL/F/7528-16

R2 [Vomax) — VRer]
R1 + R2

R2 [Vominy — VRerl
R1 + R2

VHIGH = VREF +

Viow = VREF +
Hysteresis Loop (Vi)

R2
VH = VHigH ~ Viow = === [Vomax) = Vominy]
R1 + R2
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DS3685

National PRELIMINARY
Semiconductor
Corporation
DS3685 Hex TRI-STATE® Latch
General Description Features
The DS3685 is a hex latch. PNP input transistors are used W TTL/LS compatible inputs
to reduce input currents, allowing large fan-out to these driv-  ® PNP inputs minimize loading
ers. The circuit has Schottky-clamped transistor logic for = TRI-STATE outputs
minimum propagation delay, and TRI-STATE outputs which & Fall-through latch design
allow bus operation. B Minimum skew
The circuit employs a fall-through latch which captures the
data in parallel with the output, thereby eliminating the delay
normally encountered in other latch circuits.
Logic and Connection Diagrams
I ""—__‘—""'"“__""—'—"‘—l
DATA A —4 :
| i Dual-In-Line Package
l g e our
| L ’ l Vee DSBL DATAF T DATAE I3 DATAD Qo
| } 1 15 Ju Ji3 iz Juw Jwo e
| * |
l |
IS () S
wee—_ " T "I """ e ) —
wme—{~ — T T AT [
wo—— — — T T T T A I I
we—{_ _ " ZIIFZZZT T F P FFFTOT
DATAF-—-E : : : : : : — b b ——— — }EF E:&%L DATA [/ DATAB T DATAC [ GND
TOP VIEW
INPUT . TL/F/5220-2
ENABLE )

OUTPUT

DISABLE

TL/F/5220-1

Truth Table
Input Output
Enable Disable Data Output Operation

1 0 1 0 Data Feed-Through

1 0 0 1 Data Feed-Through

0 0 X Q Latched to Data Present
when Enable Went Low

X 1 X Hi-Z2 High Impedance Output

X = don't care
Hi-Z = TRI-STATE mode

Order Number DS3685J or DS3685N
See NS Package J16A or N16A
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Absolute Maximum Ratings (ote 1)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the assoclated
rellabllity electrical test specifications document.

Maximum Power Dissipation* at 25°C
Cavity Package
Molded Package

1433 mW
1362mwW

Supply Voltage, Vcc v * Derate cavity package 9.6 mW/°C above 25°C; derate
Logical “1" Input Voltage v molded package 10.9 mW/°C above 25°C.
Logical “‘0” Input Voltage -1.5V .
9 put Yoteg . ° Operating Conditions
Storage Temperature Range —65°Cto 150°C Min Max Units
Lead Temperature (Soldering, 10 seconds) 300°C Supply Voltage (Vcc) 45 5.5 Y
Temperature (Ta) 0 +70 °C
Electrical Characteristics (Notes 2 and3)
Symbol Parameter Conditions Min Typ Max | Units
Vin(1) Logical “1" Input Voltage 2.0 "
Vn(0) Logical “0" Input Voltage 0.8 Vv
Iin(1) Logical “1” Input Current VIN = 5.5V, Vce = Max Enable Inputs 0.1 40 nA
Data Inputs 0.2 80 pA
© in() Logical “0" Input Current VIN = 0.5V, Voo = Max Enable Inputs —50 | —800 | pA
Data Inputs —100 | —500 | uA
Veramp | Input Clamp Voltage Vee = Min, Ijy = —18 mA -075| -1.2}. V
los Output Short-Circuit Current | Voc = Max, Vout = 0V, (Note 4) —40 —100 | mA
VoH Logical “1” Output Voltage | Vcg = Min lohn = —1mA 25 3.5 \"
loy=—10pA | 28 3.8 Vv
VoL Logical “0" Output Voltage | Vcc = Min loL = 20 mA 0.4 0.5 \"
loL = 10 pA 025 | 0.35 v
IHz TRI-STATE OQutput Current | Vouyt = 0.4V to 2.4V, Output Disable = 2V —40 40 pA
lec Power Supply Current Vce = Max, All Inputs = 3V = 0V, Enable = 3V 90 mA
Switching Characteristics vcc = 5v, Ta = 25°C, unless otherwise noted.
Symbol Parameter Conditions Min Typ Max Units
tPHL Propagation Delay Time CL = 15 pF, R = 280Q, (Figures 1 and 2)
. 5.5 7.0 ns
Low-to-High Level Output
tPLH Propagation Delay Time, CL = 15pF, RL = 2809, (Figures 1 and 2)
. 4.5 6.0 ns
High-to-Low Level Output
tPHL Propagation Delay Time, Cy. = 50 pF, Ry = 28090, (Figures 1 and 2)
. 8 ns
Low-to-High Level Output
tPLH Propagation Delay Time, CL = 50 pF, Ry = 2809, (Figures 1 and 2)
I 6 ns
High-to-Low Leve! Output
tsET-.UP Set-Up Time on Data Input 10 0 ns
Before Input Enable Goes Low
tHOLD Hold Time on Data Input 0 ns
After Input Enable Goes Low
tzL Delay from Disable input to CL = 15 pF, (Figures 1 and 3)
Logical “0" Level (from High 8.2 15 ns
Impedance State)
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Switching Characteristics Voo = 5V, Ta = 25°C, unless otherwise noted. (Continued)

DS3685

Symbol Parameter Conditions Min Typ Max Units

tzH Delay from Disable Input to CL = 15 pF, (Figures 1 and 3)
Logical “1" Level (from High 17 24 ns
Impedance State)

t1z Delay from Disable input to CL = 15 pF, (Figures 1 and 4)
High Impedance State (from 77 14 ns
Logical *0” Level)

tHz Delay from Disable Input to CL = 15 pF, (Figures 1 and 4)
High Impedance State (from 55 12 ns
Logical *“1” Level)

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS3685. All typical values are for To = 25°C and Vg = 5V.
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.

Note 4: Only one output should be shorted at one time.

AC Test Circuit and Switching Time Waveforms

TeST Vee
POINT
280
FROM OUTPUT
UNDER TEST
e 3v
> .
O g INPUT 150 1.5V
o
teHL oLy
L. OUTPUT 1.5V 1.5V
TL/F/5220-3 TL/F/5220-4
FIGURE 1 FIGURE 2

v
OUTPUT s Y ——y
DISABLE \'% /. o

o ?
— ta [*o.sv o

- 2

=1.5V ‘ N\

Vou

OUTPUT - 4
0.5V Vou

-
0.5V
—f
|
=1.5V : §!5V
I —] thz e - =15V

TL/F/5220-5

TL/F/5220-68

Input characteristics: PRR < 1 MHz, Zoyt = 500, t, < 2.5 ns, t; < 2.5ns.
FIGURE 3 FIGURE 4
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Operating Waveform

r————'-mpur DATA VALID r———l—INNT DATA VALID
DATA X’ N o

INPUT

INPUT
ENABLE
QUTPUT
DISABLE
N
OUTPUT mas s smare: - X
L Ve

689¢SA

o [ -t

| DA DATA ] DATR
LATCHED FEED- | LATCHED
oUTPUT THROUGH
QUTPUT OUTPUT
E— TRI-—|
TRI-STATE ACTVE ™ grare

[¢———————— OUTPUT ACTIVE ——————————»
TL/F/5220~7

*When the Input Enable makes a positive transition the output will be indeterminate for a short duration.
The positive transition of the Input Enable normally occurs during a don't-care timing state at the output.
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DS16149/DS16179/DS36149/DS36179

National
Semiconductor
Corporation

DS16149/DS36149, DS16179/DS36179 Hex MOS Drivers

General Description

The DS16149/DS36149 and DS16179/DS36179 are Hex
MOS drivers with outputs designed to drive large capacitive
loads up to 500 pF associated with MOS memory systems.
PNP input transistors are employed to reduce input currents
allowing the large fan-out to these drivers needed in memo-
ry systems. The circuit has Schottky-clamped transistor log-
ic for minimum propagation delay, and a disable control that
places the outputs in the logic “1" state (see truth table).
This is especially useful in MOS RAM applications where a
set of address lines has to be in the logic 1" state during
refresh.

The DS16149/DS36149 has a 15 Q resistor in series with
the outputs to dampen transients caused by the fast-switch-
ing output. The DS16179/DS36179 has a direct low imped-
ance output for use with or without an external resistor.

Features
B High speed capabilities
® Typ 9 ns driving 50 pF
® Typ 29 ns driving 500 pF
B Built-in 15 Q damping resistor (DS16149/DS36149)
W Same pin-out as DM8096 and DM74366

Schematic Diagram

EQUIVALENT INPUT

EQUIVALENT OUTPUT

INTERNAL
LOGIC
CIRCUITRY

INPUT HP{

O Ve

ouTPUT

*DS16149/DS36149 only.

<O GND
TL/F/7553-1
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Absolute Maximum Ratings (vote 1) Operating Conditions >
Specifications for Military/Aerospace products are not Min Max Units r~
contained In this datasheet. Refer to the assoclated Supply Voltage (Vce) 4.5 5.5 \Y ©
rellability electrical test specifications document. Temperature (Ta) [w]
Supply Voltage 7.0V DS16149, DS16179 —55 +125 °C ‘_’2
Logical “1” Input Voltage 7.0V DS36149, DS36179 0 +70 °C e
Logical “0” Input Voltage —-1.5V 3
Storage Temperature Range —65°Cto +150°C a
Maximum Power Dissipation* at 25°C 83
Cavity Package 1371 mW id
Molded Package 1280 mW g
Lead Temperature (Soldering 10 seconds) 300°C ~
*Derate cavity package 9.1 mW/°C above 25°C; derate molded package 8
10.2 m/W°C above 25°C. @
=73
—r
~l
- - - o
DC Electrical Characteristics (Notes2and3)
Symbol Parameter Conditions Min Typ Max | Units
Vin(1) Logical “1” Input Voltage 20 \"
ViNQ©) Logical 0" Input Voltage 0.8 \"
Iin{1) Logical “1”" Input Current Vece = 5.5V, VN = 6.5V 0.1 40 pA
in(0) Logical “0” Input Current Vee = 5.5V, Viy = 0.5V -50 —250 pA
Vceramp | Input Clamp Voltage Voo = 45V, Iy = —18mA -075 | —1.2 \
Vou Lﬁglial .(.11" Qutput Voltage Voo = 45V, loy = —10 pA DS16149/DS16179 | 3.4 4.3 v
(No Load) DS36149/DS36179 | 35 | 4.3 v
VoL Lﬁgfal ‘(;0 * Qutput Voltage VoG = 4.5V, lo, = 10 pA DS16149/DS16179 0.25 0.4 Vv
(No Load) DS36149/DS36179 025 | 035 | v
VoH Logical “1’” Output Voltage DS16149 2.4 3.5 Vv
(With Load)
Voo = 4.5V, Ioy = —1.0 mA DS16179 2.5 35 \
DS36149 2.6 3.5 \
DS36179 2.7 3.5 \%
VoL Logical 0" Output Voltage DS16149 0.6 1.1 \'
(With Load)
Voo = 45V, loL = 20 mA DS16179 0.4 05 v
DS36149 0.6 1.0 '
DS36179 0.4 0.5 v
Iip Logical ‘1" Drive Current Vee = 4.5V, Vout = 0V, (Note 4) ~250 mA
lop Logical 0"’ Drive Current Vce = 4.5V, Voyt = 4.5V, (Note 4) 150 mA
lcc Power Supply Current Disable Inputs = OV
_ 33 60 mA
VoG = 55V All Other Inputs = 3V
All Inputs = 0V 14 20 mA
Switching Characteristics (v = 5v, Ta = 25°C) (Note 4)
Symbol Parameter Conditions Min Typ Max Units
ts+ Storage Delay Negative Edge (Figure 1) CL = 50 pF 45 7 ns
CL = 500 pF 7.5 12 ns
tsT Storage Delay Positive Edge (Figure 1) CL = 50 pF 5 8 ns
Cp = 500 pF 8 13 ns
tr Fall Time (Figure 1) Cp = 50pF 5 8 ns
C_ = 500 pF 22 35 ns
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DS16149/DS16179/DS36149/DS36179

Switching Characteristics (vcc = 5v, Ta = 25°C) (Note 4) (Continued)

Symbol Parameter Conditlons Min Typ Max Units
tr Rise Time (Figure 1) CL = 50pF 6 9 ns
Cp = 500 pF 26 35 ns
tiH Delay from Disable Input Ry = 2k to Gnd, 15 22 ns
to Logical “1" CL = 50 pF, (Figure 2)
tHL Delay from Disable Input RL = 2kQ to Ve, 11 18 ns
to Logical ‘0" CL = 50 pF, (Figure 3)

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “‘Operating Temperature Range
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to -+ 125°C temperature range for the DS16149 and DS16179 and across the 0°C to
+70°C range for the DS36149 and DS36179. All typical values are for T = 25°C and Vg = 5V.
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.
Note 4: When measuring output drive current and switching response for the DS16179 and DS36179 a 15 1 resistor should be placed in series with each output.
This resistor is internal to the DS16148/DS36149 and need not be added.

r 1T

FIGURE 1

Connection Diagram Truth Table
Dual In-Line Package Disable Input
Vee DIS2  IN6  OUT6 INS OUTS IN4 OUT4 Input Output
||s 15 Iu Iu I:z In Im Is Dis1 Dis2
0 0 0 1
0 0 1 0
0 1 X 1
1 0 X 1
1 1 X 1
p o I = Don't care .
1 2 3 |4 5 5 1 |s
DIST N1 OUTT  IN2  OUTZ IN3  OUT3  GND
TL/F/7563-2
Top View
Order Number DS16149J, DS36149J, DS16179J,
DS36179J, DS36149N or DS36179N
See NS Package Number J16A or N16A
AC Test Circuits and Switching Time Waveforms
‘Si, tsi:v tR! tF
Vee
0.1 uF
( v
INPUT 1.5V 15V
Vin ) = o
PULSE T i *Rp - h
GE(:EU%'I;?H @o~{IN 0UuT Vour 90% 90%
OUTPUT % 1%
Ct -

TL/F/7553~3
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AC Test Circuits and Switching Time Waveforms (continued)

tLH
Vee
0.1 4F
Vi
out
PULSE
GENERATOR |—@—IN ouT
(NOTE 1)
tHL
Vee
o
Vin
out
PULSE
GENERATOR IN ouT
(NOTE 1)

1

*Internal on DS16149 and DS36149

(NOTE 2) I

50 pF

Vour

—

FIGURE 2

B uF

Vour

60 pF

T {NOTE 2)

FIGURE 3

INPUT 15V
'L
ouTPUT i
VoL __r_
v

v
INPUT 1.5V
ov
05V
f— T4{,
Vou ___34—
ouTPUT \ I

TL/F/7553-4

TL/F/7553-5

Note 1: The pulse generator has the following characteristics: Zoyt = 50 £ and PRR < 1 MHz. Rise and fall times between 10% and 80% points < 5 ns.

Note 2: C_ includes probe and jig capacitance.

Typical Applications

0536149 r——=—/7/1
— W
oo ] [
oA —— mos  f———————] aooRESS |
ADDRESS ——] DRIVER : LINES '
DISABLE l MMs270 I
| s I
MM5280
| MOS RAM I
053649 ARRAY
— "0
053679 | |
\
eaTRam —]  wmos PRt |
aopRess — | oRIvER T '
— ' I
DISABLE !
| Lo — —
DS3646
(L
DS3676 “0" ADDRESS
Mos “1* COUNTER
cLock —4—] COUNTER
ORIVER
ENABLE
ADDRESS OR ¢, |
COUNT SELECT

TL/F/7553-6
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DS75361

National
Semiconductor
Corporation

DS75361 Dual TTL-to-MOS Driver

General Description

The DS75361 is a monolithic integrated dua! TTL-to-MOS
driver interface circuit. The device accepts standard TTL
input signals and provides high-current and high-voltage
output levels for driving MOS circuits. It is used to drive
address, control, and timing inputs for several types of MOS
RAMs including the 1103 and MM5270 and MM5280.

The DS75361 operates from standard TTL 5V supplies and
the MOS Vgg supply in many applications. The device has
been optimized for operation with Vg supply voltage from
16V to 20V; however, it is designed for use over a much
wider range of Voo,

Features

m Capable of driving high-capacitance loads

m Compatible with many popular MOS RAMs

B Voo supply voltage variable over wide range to 24V
m Diode-clamped inputs

m TTL compatible

m Operates from standard bipolar and MOS supplies

m High-speed switching

m Transient overdrive minimizes power dissipation

m Low standby power dissipation

Schematic and Connection Diagrams

Dual-In-Line Package
Veer Y1 Y2 Veez

Veca
? |8 7 6 I5

(1/2 shown)
Veer
(o]
ToOTHER |
DRIVER

ENABLEE

$
INPUT A o—-—q.—“—4
e

TO OTHER
DRIVERS

94— ourrury

GND
TL/F/7557-1

Al E A2

Top View

——C 1 2 3 a
5 |

—O 6o Order Number DS75361J or DS75361N

See NS Package Number JO8BA or NOSE
TL/F/7557-3
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Absolute Maximum Ratings (ote 1)

Specifications for Military/Aerospace products are not Lead Temperature 1/16 inch from Case for

contained in this datasheet. Refer to the associated 60 Seconds: J Package 300°C

reliablility electrical test specifications document. Lead Temperature 1/16 inch from Case for

Supply Voltage Range of Vo1 (Note 1) —-0.5t0 7V 10 Seconds: N or P Package 200°C

Supply Voltage Range of Vcca —0.5Vito 25V *Derate molded package 8.2 mW/* above about 25°C.

Input Voltage 5.5V

Inter-Input Voltage (Note 4) 5.5V Operating Conditions

Storage Temperature Range —65°Cto +150°C Min Max Units

Maximum Power Dissipation* at 25°C Supply Voltage (Vcc1) 475 5.25 v
Molded Package 1022 mW Supply Voltage (Vccz) 4.75 24 v

Operating Temperature (Ta) 0 +70 °C

Electrical Characteristics (Notes 2 and 3)

Symbol Parameter Conditlons Min Typ Max Units
ViH High-Level Input Voltage 2 \
ViL Low-Level Input Voltage 0.8 \"
Vi Input Clamp Voltage | = —=12mA -15 \"
VoH High-Level Output Voltage V)L = 0.8V, loy = —50 pA Vecz—1 | Vega — 0.7 \
VjL = 0.8V, oy = ~10mA Vee2 — 23 | Ve — 1.8 \'
VoL Low-Level Output Voltage ViH = 2V, gL = 10 mA 0.15 0.3 \
Veoz = 15V 10 24V, Viy = 2V,
loL = 40 mA 0.25 0.5 v
Vo Output Clamp Voltage Vi =0V, lpH = 20mA Vege + 1.5 v
Iy Input Current at Maximum V| = 5.5V 1 mA
Input Voltage
I High-Level Input Current Vi = 2.4V A Inputs 40 pA
E Input 80 nA
L Low-Level Input Current Vi = 0.4V A Inputs -1 -1.6 mA
E Input -2 -3.2 mA
lcci(H) cs)t.fpz sC:“rreralnt from Vgey, Both 2 4 mA
puts Mg Voot = 5.25V,  Vegs = 24V,
lcca(H) | Supply Current from Voo, Both | Al Inputs at OV,  No Load
N 0.5 mA
Outputs High
lec1w) (S)t;p:pllj): scljl;:nt from Vgey, Both 16 24 mA
P Veor = 525V, Voo = 24V,
Iccaqy | Supply Current from Vo, Both | All Inputs at 5V,  No Load
7 11 mA
Outputs Low
lccas) | Supply Current from Vo, Veer = 0V, Veez = 24V, 0.5 mA
Stand-by Condition All Inputs at 5V, No Load ’
Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be g d. Except for “Operating Temperature Range™

they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device
operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75361. All typical values are for To = 25°C and Vce1 = 5V and
Vcecz = 20V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltag f ad to ground unless otherwise noted. All values shown
as max or min on absolute value basis.

Note 4: This rating applies between the A input of either driver and the common E input.
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DS75361

Switching Characteristics vce, = 5v, veco = 20v, T4 = 25°C

Symbol Parameter Conditions Min Typ Max Units
toLH Delay Time, Low-to-High Level Output 11 20 ns
toHL Delay Time, High-to-Low Level Output CL = 390 pF, 10 18 ns
tTLH Transition Time, Low-to-High Level Output Rp = 109 25 40 ns
tTHL Transition Time, High-to-Low Level Output (Figure 1) 21 35 ns
tPLH Propagation Delay Time, Low-to-High Leve! Output 10 36 55 ns
tPHL Propagation Delay Time, High-to-Low Level Output 10 31 47 ns

AC Test Circuit and Switching Time Waveforms

INPUT VooV

r'vj:: TI;z_l

PULSE
GENERATOR
{NOTE 1)

DUTPUT

Lo | Itcﬁor:zl

28V

TL/F/7557-4

oL
OuTPUT

Vo
TL/F/7557-5

Note 1: The pulse generator has the following characteristics: PRR = 1 MHz, Zoyt = 509.
Note 2: C,_ includes probe and jig capacitance.

FIGURE 1. Switching Times, Each Driver
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Typical Performance Characteristics
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DS75361

Typical Applications

The fast switching speeds of this device may produce unde-
sirable output transient overshoot because of load or wiring
inductance. A small series damping resistor may be used to
reduce or eliminate this output transient overshoot. The

optimum value of the damping resistor to use depends on
the specific load characteristics and switching speed. A typi-
cal value would be between 100 and 30 (Figure 3).

sV 195V 16.7V sV
SILICON 0875181 MOS
* DIODE r— —= r-svsrsm—l
Y
v, v, v Vv, V, v
—a “y > uA'I'::IN ” sl’io <+ v “h je— j:D)_r‘M—-l ej_ l
2 Ala Y
| PRECHARGE F
L DS75361 S IO T
INPUTS (2 PACKAGES) Jlowe TERAM g e e L anrs) INPUTS Sp— L=l
Y »| enasee £:1 ¢ I3 TL/FI7557-7
i LI P READMAITE 2 nje Y oo [ Note: Rp = 100 to 3002 (Optional).
T 2 T FIGURE 3. Use of Damping
Resistor to Reduce or Eliminate
- Output Translent Overshoot in
= Certain DS75361 Applications
TL/F/7657~86

FIGURE 2. Interconnection of DS75361 Devices with 1103 RAM

Thermal Information

POWER DISSIPATION PRECAUTIONS
Significant power may be dissipated in the DS75361 driver
when charging and discharging high-capacitance loads over
a wide voltage range at high frequencies. The total dissipa-
tion curve shows the power dissipated in a typical DS75361
as a function of load capacitance and frequency. Average
power dissipated by this driver can be broken into three
components:

Ptav) = Ppcav) + Pciav) + Psiav)
where Ppcav) is the steady-state power dissipation with the
output high or tow, Pcav) is the power level during charging
or discharging of the load capacitance, and Pg(ay) is the
power dissipation during switching between the low and
high levels. None of these include energy transferred to the
load and all are averaged over a full cycle.
The power components per driver channel are:

PLtL + Pty
Pociav) = ————

Pcav) = C Vg2 f
Peain = DLHILH T PHUtHL
S(AV) = T
where the times are defined in Figurs 4.

PL, PH, PLH, and Py are the respective instantaneous lev-
els of power dissipation and C is load capacitance.

the

o t, ~—o]

The DS75361 is so designed that Pg is a negligible portion
of Pt in most applications. Except at very high frequencies,
tL + ty > ty + ty so that Pg can be neglected. The total
dissipation curve for no load demonstrates this point. The
power dissipation contributions from both channels are then
added together to obtain total device power.

The following example illustrates this power calculation
technique. Assume both channels are operating identically
with C = 200 pF, f = 2 MHz, Vgg1 = 5V, Veee = 20V, and
duty cycle = 60% outputs high (t4/T = 0.6). Also, assume
Vox = 19.3V, VoL = 0.1V, Pg is negligible, and that the
current from Vgez is negligible when the output is high.

On a per-channel basis using data sheet values:

Pociav) = [ (V) (,@_’Pﬂ) + (20V) ( ) ] (0.6) +

o0(22%) o129

Ppoavy = 47 mW per channel
Pcav) = (200 pF) (19.2V)2 (2 MHz2)
Pg(av) = 148 mW per channel.
For the total device dissipation of the two channels:
Prav) = 2 (47 + 148)
Prav) = 390 mW typical for total package.

T=14

TL/F/7557-8

FIGURE 4. Output Voltage Waveform
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PRELIMINARY

DS75365 Quad TTL-to-MOS Driver

General Description

The DS75365 is a quad monolithic integrated TTL-to-MOS
driver and interface circuit that accepts standard TTL input
signals and provides high-current and high-voltage output
levels suitable for driving MOS circuits. It is used to drive
address, control, and timing inputs for several types of MOS
RAMSs including the 1103.

The DS75365 operates from the TTL 5V supply and the
MOS Vgg and Vgg supplies in many applications. This de-
vice has been optimized for operation with Vcga supply volt-
age from 16V to 20V, and with nominal Vg3 supply voltage
from 3V to 4V higher than Vgca. However, it is designed so
as to be usable over a much wider range of Vgcz and Veea.
In some applications the Voo power supply can be elimi-
nated by connecting the Vgga to the Voo pin.

Features

m Quad positive-logic NAND TTL-to-MOS driver

W Versatile interface circuit for use between TTL and
high-current, high-voltage systems

m Capable of driving high-capacitance loads

m Compatible with many popular MOS RAMs

m Interchangeable with Intel 3207

B Vo supply voltage variable over side range to 24V
maximum

m Vcca supply voltage pin available

|’ Vces pin can be connected to Vega pin in some
applications

m TTL compatible diode-clamped inputs

m Operates from standard bipolar and MOS supply
voltages

m Two common enable inputs per gate-pair

m High-speed switching

m Transient overdrive minimizes power dissipation

m Low standby power dissipation

Schematic and Connection Diagrams
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Veer

TO OTHER
DRIVERS

[ A A
AN _ -0
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4
INPUT A o-——1—|‘—4
ENABLE Ef O ¢
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Dual-In-Line Package
Veer Y4 Ag 2E2 2E1 A Y3 Veea
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I1 2 3 4 5 6 7 8
Veez Y1 A1 1E1 1€2 A2 Y2 GND
TL/F/7560-2

TopView
Positive Logic: Y = AeE1eE2

Order Number DS75365J or DS75365N
See NS Package Number J16A or N16A
O GND
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DS75365

Absolute Maximum Ratings (ote 1)

Operating Conditions

Specifications for Military/Aerospace products are not Min  Max Units
contained in this datasheet. Refer to the associated Supply Voltage (Vcc1) 475 525 \
reliabllity electrical test specifications document. Supply Voltage (Vcco) 475 24 \
Supply Voltage Range of Vg -0.5Vto7v Supply Voltage (Vcca) Vccz 28 \
Supply Voltage Range of Vcca —0.5V to 25V Voltage Difference Between 0 10 v
Supply Voltage Range of Vgca —0.5V to 30V Supply Voltages: Vcca-Veez
nput Voltage 5.5V Operating Ambient Temperature 0 70 °C
Inter-Input Voltage (Note 4) 5.5V Range (Ta)
Storage Temperature Range —65°Cto +150°C
Maximum Power Dissipation* at 25°C
Cavity Package 1509 mW
Molded Package 1476 mW
Lead Temperature (Soldering, 10 sec) 300°C
* Derate cavity package 10.1 mW/°C above 25°C; derate molded package
11.8 mW/°C above 25°C.
Electrical Characteristics (Notes 2 and 3)
Symbol Parameter Conditions Min Typ Max Units
ViH High-Level Input Voltage 2 \
Vi Low-Level Input Voltage 0.8 \"
\ Input Clamp Voltage = -12mA —-1.5 \
VoH High-Level Output Voltage|Vccs = Vocz + 3V, V)L = 0.8V, loy = — 100 pA [Vega — 0.3| Vg — 0.1 \
Vees = Vecz + 3V, Vi = 0.8V, log = — 10mA Vo2 — 1.2}Vgcz — 0.9 v
Vcea = Veoa, Vi = 0.8V, oy = — 50 pA Veca — 1 |Veco — 07 v
Vees = Veea, ViL = 0.8V, loy = — 10 mA Vecz — 2.3|Veco — 1.8 \
VoL Low-Level Output Voltage [Vi4 = 2V, loL. = 10 mA 0.15 0.3 \
Voca = 15V1028V, Vi = 2V, Igl. = 40 mA 0.25 0.5 \
Vo Output Clamp Voltage Vi =0V, loq = 20mA Vecz + 1.5 V
I Input Current at Maximum |V, = 5.5V
1 mA
Input Voltage
4 High-Level Input Current [V, = 2.4V A Inputs 40 nA
E1 and E2 Inputs 80 pA
iL Low-Level Input Current  |V| = 0.4V A Inputs -1 -16 mA
E1 and E2 Inputs -2 -3.2 mA
lcc1(H) | Supply Current from Vec1,|Veot1 = 5.25V, Vega = 24V 4 s mA
All Outputs High Vcea = 28V, All Inputs at OV, No Load
lccaH) |Supply Current from Veeo, —-22 +0.25 mA
All Outputs High —22 —32 mA
lccaH) | Supply Current from Voes,
. ’ A
All Outputs High 22 %5 "
lcc1(y | Supply Current from Ve, |Veot1 = 5.25V, Voo = 24V a1 47 mA
All Outputs Low Vees = 28V, All Inputs at 5V, No Load
Iccaq) |Supply Current from Ve, 3 mA
All Outputs Low
lcca) |Supply Current from Voea,
All Outputs Low 16 2 mA
IccaH) | Supply Current from Voea, |Veot = 5.25V, Veee = 24V 0.25 mA
All Outputs High Vees = 24V, All Inputs at 0V, No Load )
lccaH) | Supply Current from Veea,
All Outputs High 05 mA
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Electrical Characteristics (Notes 2, 3) (Continued)

§9€62S0

Symbol Parameter Conditions Min | Typ | Max | Units
lccz(s) Supply Current from Veeoa, | Vecr = OV, Veez = 24V 0.25 mA
Stand-By Condition Vecs = 24V, All Inputs at 5V, No Load i

lecas) Supply Current from Vgca,
Stand-By Condition 05 mA

Note 1: “Absolute Maximum Ratings™ are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Rangs”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics™ provides conditions for actual device
operation.

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to + 70°C range for the DS75365. All typical values are for Tp = 25°C and Vgt = 5V and
Veez = 20V and Vg = 24V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.

Note 4: This rating applies between any two inputs of any one of the gates.

Switching Characteristics vce; = 5v, Vocz = 20V, Vs = 24V, Ta = 25°C

Symbol Parameter Conditions Min Typ Max Units
tDLH Delay Time, Low-to-High Level Output Cy = 200 pF 1 20 ns
tDHL Delay Time, High-to-Low Level Output '(::__f,’,g; 92;&)0 10 18 ns
tTLH Transition Time, Low-to-High Level Output 20 33 ns
tTHL Transition Time, High-to—Low Level Output 20 33 ns
tPLH Propagation Delay Time, Low-to-High Level Output 10 31 48 ns
tPHL Propagation Delay Time, High-to-Low Level Output . 10 30 46 ns

AC Test Circuit and Switching Time Waveforms
INPUT 5V 24V 20V <10ns

(. W
Veer Veca Veca |

PULSE INPUT
GENERATOR |
{NOTE 1) | 4 ' QUTPUT o
C
l_ GND J T(NOTE 2)
2.4V —_— - Vou
TL/F/7560-3 1
oL
ouTPUT
VoL
TL/F/7560-4
Note 1: The pulse g has the following ch: ics: PRR = 1 MHz, Zgyr = 584.

Note 2: C,_includes probe and jig capacitance.
FIGURE 1. Switching Times, Each Driver
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DS75365

Typical Performance Characteristics
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FIGURE 2. Interconnection of DS75365 Devices
with 1103-Type Silicon-Gate MOS RAM

The power components per driver channel are:

Pt + Pyty
Ppcav) = T

Typical Applications
The fast switching speeds of this device may produce unde-
sirable output transient overshoot because of load or wiring

P 2f
inductance. A small series damping resistor may be used to CAv) = C VG

Pty + PHitiy

reduce or eliminate this output transient overshoot. The op- Psiav) =
timum value of the damping resistor depends on the specific T
load characteristics and switching speed. A typical value  where the times are as defined in Figure 4.
would be between 100 and 3002 (Figure 3). Py, Py, Py, and Py are the respective instantaneous lev-
r S50 _l l_ oS j els of power dissipation and C is load capacitance.
SYSTEM The DS75365 is so designed that Pg is a negligible portion
:EDO \ l A “,.°,, |( of Pt in most applications. Except at very high frequencies,
— | tL + ty > tiy + ty so that Pg can be neglected. The total
dissipation curve for no load demonstrates this point. The
L— — — -l l— power dissipation contributions from all four channels are
Note: Rp = 10 to 3001 (Optional) then added together to obtain total device power.
TL/F/7660-8  The following example illustrates this power calculation
FIGURE 3. Use of Damping Resistor to Reduce or technique. Assume all four channels are operating identical-
Eliminate Output Translent Overshoot in Certain ly with C = 100 pF, f = 2 MHz, Vg1 = 5V, Voo = 20V,
DS75365 Applications Voca = 24V and duty cycle = 60% outputs high

(t4/T = 0.6). Also, assume Voy = 20V, VoL = 0.1V, Pg is

R negligible, and that the current from Vg2 is negligible when
Thermal Information the output is low.

POWER DISSIPATION PRECAUTIONS On a per-channel basis using data sheet values:
Significant power may be dissipated in the DS75365 driver _ [ (4 mA) (—2.2 mA>
when charging and discharging high-capacitance loads over Pociav) V) 4 +(20V) 4 +(24V)

a wide voltage range at high frequencies. The total dissipa- 2.2mA 31 mA
tion curve shows the power dissipated in a typical DS75365 ( ) ] (0.6) + [(5V) ( ) +

as a function of load capacitance and frequency. Average

power dissipation by this driver can be broken into three 20V) (0 mA) + (24V) (16 A)] ©.4)
components: 4
Prav) = Ppciav) + Pcav) + Psiav) Ppc(av) = 58 mW per channel
where Ppcay) is the steady-state power dissipation with the Pciav) = (100 pF) (19.9V)2 (2 MHz)
output high or low, Pc(ay) is the power level during charging Pc(av) = 79 mW per channel.

or discharging of the load capacitance, and Pg(ay) is the

power dissipation during switching between the low and  FOF the total device dissipation of the four channels:

high levels. None of these include energy transferred to the Priav) = 4 (58 +79)
load and all are averaged over a full cycle. Pr(av) = 548 mW typical for total package.
L~ —a] —t ‘
3w [t
T=t

TUL/F/7560-8
FIGURE 4. Output Voltage Waveform
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Applying Modern Clock
Drivers to MOS Memories

INTRODUCTION

MOS memories present unique system and circuit chal-
lenges to the engineer since they require precise timing of
input waveforms. Since these inputs present large capaci-
tive loads to drive circuits, it is often that timing problems
are not discovered until an entire system is constructed.
This paper covers the practical aspects of using modern
clock drivers in MOS memory systems. Information includes
selection of packages and heat sinks, power dissipation,
rise and fall time considerations, power supply decoupling,
system clock line ringing and crosstalk, input coupling tech-
niques, and example calculations. Applications covered in-
clude driving various types shift registers and RAMs (Ran-
dom Access Memories) using logical control as well as oth-
er techniques to assure correct non-overlap of timing wave-
forms.

Although the information given is generally applicable to any
type of driver, monolithic integrated circuit drivers, the
DS0025, DS0026 and DS0056 are selected as examples
because of their low cost.

The DS0025 was the first monolithic clock driver. It is in-
tended for applications up to one megacycle where low cost
is of prime concern. Table I illustrates its performance while
Appendix | describes its circuit operation. Its monolithic,
rather than hybrid or module construction, was made possi-
ble by a new high voltage gold doped process utilizing a
collector sinker to minimize Vgg saT-

National Semiconductor
Application Note 76

B. Siegel

M. Scott

The DS0026 is a high speed, low cost, monolithic clock driv-
er intended for applications above one megacycle. Table Il
illustrates its performance characteristics while its unique
circuit design is presented in Appendix ll. The DS0056 is a
variation of the DS0026 circuit which allows the system de-
signer to modify the output performance of the circuit. The
DS0056 can be connected (using a second power supply)
to increase the positive output voltage level and reduce the
effect of cross coupling capacitance between the clock
lines in the system. Of course the above are just examples
of the many different types that are commercially available.
Other National Semiconductor MOS interface circuits are
listed in Appendix ill.

The following section will hopefully aliow the design engi-
neer to select and apply the best circuit to his particular
application while avoiding common system problems.

PRACTICAL ASPECTS OF USING

MOS CLOCK DRIVERS

Package and Heat Sink Selection

Package type should be selected on power handling capa-
bility, standard size, ease of handling, availability of sockets,
ease or type of heat sinking required, reliability and cost.
Power handling capability for various packages is illustrated
in Table lIi. The following guidelines are recommended:

TABLE 1. DS0025 Characteristics

Parameter Conditions (Vt — V—) = 17V Value Units
ton 15 ns
toFF Cin = 0.0022 uF, Ry = 002 30 ns

t Cp = 0.0001 pF, RO = 500 25 ns

] 150 ns

Positive Qutput Voltage Swing VIN— V™ =0V, lgyr = —1mA v+ —-07 \

Negative Output Voltage Swing Iy = 10mA, loyt = 1 mA V- +1.0 \

On Supply Current (V+) In = 10mA 17 mA
TABLE II. DS0026 Characteristics

Parameter Conditions (V+ — V—) = 17V Value Units
ton 7.5 ns
torr Cin = 0.001 pF, Ry = 09 7.5 ns

tr RO = 50Q, C_ = 1000 pF 25 ns
t 25 ns
Positive Output Voltage Swing VIN— V™ =0V, lpyt= —1mA v+ —07 v
Negative Output Voltage Swing IIN = 10 mA, lpyt = 1 mA V- +05 v
On Supply Current (V+) IIn = 10mA 28 mA
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The TO-5 (““H") package is rated at 750 mW still air (derate
at 200°C/W above 25°C) soldered to PC board. This popular
cavity package is recommended for small systems. Low
cost (about 10 cents) clip-on heat sink increases driving ca-
pability by 50%.

The 8-pin (“N”) molded mini-DIP is rated at 600 mW still air
(derate at 90°C/W above 25°C soldered to PC board (derate
at 1.39W). Constructed with a special copper lead frame,
this package is recommended for medium size commercial
systems particularly where automatic insertion is used.
(Please note for prototype work, that this package is only
rated at 600 mW when mounted in a socket and not one
watt until it is soldered down.)

The TO-8 (““G") package is rated at 1.5W still air (derate at
100°C/W above 25°C) and 2.3W with clip-on heat sink
(Wakefield type 215-1.9 or equivalent—derate at 15 mW/
°C). Selected for its power handling capability and moderate
cost, this hermetic package will drive very large systems at
the lowest cost per bit.

Power Dissipation Considerations

The amount of registers that can be driven by a given clock
driver is usually limited first by internal power dissipation.
There are four factors:

1. Package and heat sink selection

2. Average dc power, Ppc

3. Average ac power, Pac

4. Numbers of drivers per package, n

From the package heat sink, and maximum ambient temper-
ature one can determine Ppax, which is the maximum inter-
nal power a device can handle and still operate reliably. The
total average power dissipated in a driver is the sum of dc
power and ac power in each driver times the number of
drivers. The total of which must be less than the package
power rating.

Ppiss = n X (Pac + Ppc) < Pmax (1)
Average dc power has three components: input power,
power in the “OFF” state (MOS logic “‘0”) and power in the
“ON" state (MOS logic “1").

Poc = PiIN + Porr + Pon ()]

For most types of clock drivers, the first two terms are negli-
gible (less than 10 mW) and may be ignored.

Thus:

Poc = Pon = &ée—;-/-ﬁ X (DC)
where:

V+ =V~ = Total voltage across the driver
Req = Equivalent device resistance in the

“ON” state

=V+ —V~/lgon) (3)
DC = Duty Cycle
“ON" Time

“ON" Time + “OFF" Time
For the DS0025, Req is typically 1 k2 while Req is typically
6009 for the DS0026. Graphical solutions for Ppc appear in
Figure 1. For example if V+ = +5V,V— = —12V,Req =
500Q, and DC = 25%, then Ppc = 145 mW. However, if
the duty cycle was only 5%, Ppg = 29 mW. Thus to maxi-
mize the number of registers that can be driven by a given

clock driver as well as minimizing average system power,
the minimum allowable clock pulse width should be used for
the particular type of MOS register.

225

200 awvll 7 y
s ,lIV]
E 115 7 20V,
& 150 / "
§ 125 J,‘/ ,/,/
2 100 V4 vrovt=2y
& 75 / b '/
H v/ L~
S s A
2 / LT — —'Rea= 500
- e REQ = 1k

0
0 10 20 30 40 50 60 70

DUTY CYCLE (%)

TLIF/7322-1
FIGURE 1. Ppc vs Duty Cycle

In addition to Ppg, the power driving a capacitive load is
given approximately by:

Pac = (Vt = V)2 XX CL (4)
where:
f Operating frequency
CL = Load capacitance

Graphical solutions for Pac are illustrated in Figure 2. Thus,
any type of clock driver will dissipate internally 290 mW per
MHz per thousand pF of load. At 5 MHz, this would be 1.5W
for a 1000 pF load. For long shift register applications, the
driver with the highest package power rating will drive the
largest number of bits.

il

500 ™T
PRNATARVARS
< | Y =, BN
o [/ K oo
E . = 1000 pF _|
g w1/
=
s 1/ /
8 0l LY /T, =500gF
2
AR
§ 100 / |_4~"C, =250 pF
A L1
vt-v-=1v
0 0.5 1.0 1.5 20 25

© PULSE REPETITION FREQUENCY (MHz)
TL/F/7322-2
FIGURE 2. Ppc vs PRF
Combining equations (1), (2), (3) and (4) yields a criterion for
the maximum load capacitance which can be driven by a
given driver:

1 PmAX (DC)]
< = —_
CL<y [n(V"' —V-)2  Req )
As an example, the DS0025CN can dissipate 830 mW at
Ta = 70°C when soldered to a printed circuit board. Req is

approximately equal to 1k. For V+ = 5V, V- = —12V,
f = 1 MHz, and dc = 20%, C_ is:
S_1_ (890 X 10“3)_ 0.2 ]
L2108 @72 1x109

Cy < 1340 pF (each driver)
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A typical application might involve driving an MM5013 triple
64-bit shift register with the DS0025. Using the conditions
above and the clock line capacitance of the MM5013 of
60 pF, a single DS0025 can drive 1340 pF/60 pF, or ap-
proximately 20 MM5013's.

In summary, the maximum capacitive load that any clock
driver can drive is determined by package type and rating,
heat sink technique, maximum system ambient tempera-
ture, ac power (which depends on frequency, voltage
across the device, and capacitive load) and dc power (which
is principally. determined by duty cycle).

Rise and Fall Time Considerations

In general rise and fall times are determined by (a) clock
driver design, (b) reflected effects of heavy external load,
and (C) peak transient current available. Details of these are
included in Appendixes ! and I. Figures Al-3, Al-4, All-2 and
Alll-3 illustrate performance under various operating condi-
tions. Under light loads, performance is determined by inter-
nal design of the driver; for moderate loads, by load C_ be-
ing reflected (usually as Cy/g) into the driver; and for large
loads by peak output current where:

AV _ lout PEAK
AT CL

Logic rise and fall times must be known in order to assure
non-overlap of system timing.

Note the definition of rise and fall times in this application
note follow the convention that rise time is the transition
from logic “0” to logic “1” levels and vice versa for fall
times. Since MOS logic is inverted from normal TTL, “rise
time” as used in this note is “voltage fall” and “fall time” is
*‘voltage rise".

Power Supply Decoupling

Although power supply decoupling is a wide spread and ac-
cepted practice, the question often rises as to how much
and how often. Our own experience indicates that each
clock driver should have at least 0.1 pF decoupling to
ground at the V+ and V— supply leads. Capacitors should
be located as close as is physically possible to each driver.
Capacitors should be non-inductive ceramic discs. This de-
coupling is necessary because currents in the order of 0.5
to 1.5 amperes flow during logic transitions.

There is a high current transient (as high as 1.5A) during the
output transition from high to low through the V- lead. If the
external interconnecting wire from the driving circuit to the
V= lead is electrically lgng or has significant dc resistance,
the current transient will appear as negative feedback and
subtract from the switching response. To minimize this ef-
fect, short interconnecting wires are necessary and high fre-
quency power supply decoupling capacitors are required if
V- is different from the ground of the driving circuit.

Clock Line Overshoot and Cross Talk

Overshoot: The output waveform of a clock driver can, and
often does, overshoot. It is particularly evident on faster
drivers. The overshoot is due to the finite inductance of the
clock lines. Since most MOS registers require that clock
signals not exceed Vgg, some method must be found in
large systems to eliminate overshoot. A straightforward ap-
proach is shown in Figure 3. In this instance, a small damp-
ing resistor is inserted between the output of the clock driv-
er and the load. The critical value for Rg is given by:

Ls

Rg =2 cL (6)

vt=sv
0.1uF
|
o1 s ks
| @T"
Ioz Rs ks =

Lo
0.14F

ad

-12v
TL/F/7322-3
FIGURE 3. Use of Damping Resistor to
Eliminate Clock Overshoot

In practice, analytical determination of the value for Rg is
rather difficult. However, Rg is readily determined empirical-
ly, and typical values range in value between 10 and 501).

Use of the damping resistor has the added benefit of essen-
tially unloading the clock driver; hence a greater number of
loads may often be driven by a given driver. In the limit,
however, the maximum value that may be used for Rg will
be determined by the maximum allowable rise and fall time
needed to assure proper operation of the MOS register. In
short:

tr(MAX) = tmax) < 2.2RgCL @)
One last word of caution with regard to use of a damping
resistor should be mentioned. The power dissipated in Rg
can approach (V+ — V—)2 {C|_ and accordingly the resistor
wattage rating may be in excess of 1W. There are, obvious-
ly, applications where degradation of t, and t by use of
damping resistors cannot be tolerated. Figure 4 shows a
practical circuit which will limit overshoot to a diode drop.
The clamp network should physically be located in the cen-
ter of the distributed load in order to minimize inductance
between the clamp and registers.
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FIGURE 4. Use of High Speed Clamp to
Limit Clock Overshoot
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Cross Talk: Voltage spikes from ¢1 may be transmitted to
2 (and vice versa) during the transition of ¢4 to MOS logic
“1". The spike is due to mutual capacitance between clock
lines and is, in general, aggravated by long clock lines when
numerous registers are being driven. Figure 5 illustrates the
problem.

T4

aE

-12v
TL/F/7322-5
FIGURE 5. Clock Line Cross Talk
The negative going transition of ¢4 (to MOS logic “1”) is
capacitively coupled via Cy to ¢2. Obviously, the larger Cy
is, the larger the spike. Prior to ¢4's transition, Q1 is “OFF”
since only pA are drawn from the device.
The DS0056 connected as shown in Figure 6 will minimize
the effect of cross talk. The external resistors to the higher
power supply pull base of a Q1 up to a higher level and
forward bias the collector base junction of Q1. In this bias
condition the output impedance of the DS0056 is very low
and will reduce the amplitude of the spikes.
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0.1uF t ;

Lty

L
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FIGURE 6. Use of DS0056 to Minimize
Clock Line Cross Talk

Input Capacitive Coupling

Generally, MOS shift registers are powered from +5V and
—12V supplies. A level shift from the TTL levels (+5V) to
MOS levels (—12V) is therefore required. The level shift
could be made utilizing a PNP transistor or zener diode. The
disadvantage to dc level shifting is the increased power dis-
sipation and propagation delay in the level shifting device.
Both the DS0025, DS0026 and DS0056 utilize input capaci-
tors when level shifting from TTL to negative MOS capaci-
tors. Not only do the capacitors perform the level shift func-
tion without inherent delay and power dissipation, but as will
be shown later, the capacitors also enhance the perform-
ance of these circuits.

CONCLUSION

The practical aspects of driving MOS memories with low
cost clock drivers has been discussed in detail. When the
design guide lines set forth in this paper are followed and
reasonable care is taken in circuit layout, the DS0025,
DS0026 and DS0056 provide superior performance for
most MOS input interface applications.
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APPENDIX |

DS0025 Circuit Operation

The schematic diagram of the DS0025 is shown in Figure 7.
With the TTL driver in the logic “0” state Q1 is “OFF" and
Q2 is “ON" and the output is at approximately one Vgg
below the V+ supply.

O 0UTPUT

4 : —ov
TL/F/7322-7
FIGURE 7. DS0025 Schematic (One-Half Circuit)
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When the output of the TTL driver goes high, current is sup-
plied to the base of Q1, through Cyn, turning it “ON.” As the
collector of Q1 goes negative, Q2 turns “OFF.” Diode CR2
assures turn-on of Q1 prior to Q2's turn-off minimizing cur-
rent spiking on the V+ line, as well as providing a low im-
pedance path around Q2's base emitter junction.

The negative voltage transition {to MOS logic “1") will be
quite linear since the capacitive load will force Q1 into its
linear region until the load is discharged and Q1 saturates.
Turn-off begins when the input current decays to zero or the
output of the TTL driver goes low. Q1 turns “OFF" and Q2
turns “ON” charging the load to within a Vgg of the V+
supply.

Rise Time Considerations

The logic rise time (voltage fall) of the DS0025 is primarily a
function of the ac load, Ci, the available input current and
total voltage swing. As shown in Figure 8, the input current

v*

TL/F/7322-8
FIGURE 8. Rise Time Model for the DS0025

must charge the Miller capacitance of Q1, Ctc, as well as

supply sufficient base drive to Q1 to discharge Cy_ rapidly.

By inspection:

IN=1Im+ I8 + IRy (Al-1)
In = Iy + I, forly > Irq andig > IRy
AV
Ig =N — — K
B =INn—Crc At (Al-2)
If the current through R2 is ignored,
Ilc=1lghpear = IL + Im (A1-3)
where:
AV
I, =C—
L LAt
Combining equations Al-1, Al-2, and Al-3 yields:
AV
71 [CL + Crc (hrear + DI = hreai In (Al-4)
or
[CL+ (h + 1)Crcl AV
f o= L FEQ1 TC (AI-5)

hreq1 IN

Equation (Al-5) may be used to predict t; as a function of C_
and AV. Values for Ctc and hgg are 10 pF and 25 pF re-
spectively. For exampls, if a DM7440 with peak output cur-
rent of 50 mA were used to drive a DS0025 loaded with
1000 pF, rise times of:

(1000 pF + 250 pF) (17V)
(50 mA) (20)

or 21 ns may be expected for V+ = 50V, V- = —12V.
Figure 9 gives rise time for various values of Cy.
2 1
2g | 'w=50mA
Ta=25°C -
PP -l
2 20 —vt-vo=20y, —
- ) A
E 16 V. '/
o A+
g 1 AV V=1V
s /’//
N
0
0 200 400 600 800D 1000
LOAD CAPACITANCE, C_ {pF)
TL/F/7322-9

FIGURE 9. Rise Time vs C\_for the DS0025
Fall Time Consliderations
The MOS logic fall time (voltage rise) of the DS0025 is dic-
tated by the load, Cy, and the output capacitance of Q1. The
fall time equivalent circuit of DS0025 may be approximated
v#

l lava
Cy
TL/F/7322-10

FIGURE 10. Fall Time Equivalent Circuit

with the circuit of Figure 10. In actual practice, the base
drive to Q2 drops as the output voltage rises toward V+. A
rounding of the waveform occurs as the output voltage
reaches to within a volt of V+. The result is that equation
(Al-7) predicts conservative values of t; for the output volt-
age at the beginning of the voltage rise and optimistic val-
ues at the end. Figure 17 shows t as function of C.

200

1 Ll L
vt-v-=20v
Ta =26°C

140

FALL TIME (ns}

120

0 200 400 600 800 1000

LOAD CAPACITANCE, C, (pF)
TL/F/7322-11

FIGURE 11. DS0025 Fall Time vs C_
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Assuming hrga is a constant of the total transition:

)
AV _ 2R2

= (A1-6)
At Crcat + CL/brEQi+1

or

t = 2R2 (cmm + —t ) (A7)
hrEQ+1

DS0025 Input Drive Requirements

Since the DS0025 is generally capacitively coupled at the
input, the device is sensitive to current not input voltage.
The current required by the input is in the 50-60 mA region.
It is therefore a good idea to drive the DS0025 from TTL line
drivers, such as the DM7440 or DM8830. It is possible to
drive the DS0025 from standard 54/74 series gates or flip-
flops but ton and t; will be somewhat degraded.

Input Capacitor Selection

The DS0025 may be operated in either the logically con-
trolled mode (pulse width out = pulse width in) or Cjy may
be used to set the output pulse width. In the latter mode a
long pulse is supplied to the DS0025.

i

4
Imax - —— 1
TURN-OFF OF Q1
. 0ev|
MIN T 2500
-t
0

TL/F/7322-12
FIGURE 12. DS0025 Input Current Waveform

The input current is of the general shape as shown in Figure

12. Iax is the peak current delivered by the TTL driver into

a short circuit (typically 50-60 mA). Q1 will begin to turn-off

when ||y decays below Vgg/R1 or about 2.5 mA. In general:

IINn = Imax e ~¥ROCiy (AI-8)
where:
RO = Output impedance of the TTL driver
Cin = Input coupling capacitor
_— _ _ Vee : i olds:
Substituting iy = Imin = Hand solving for t4 yields:
IMAx
ty = ROCyN In—=
! N (A19)

The total pulse width must include rise and fall time consid-
erations. Therefore, the total expression for pulse width be-
comes:

tpw =

tr+ 4
2

bt (Al-10)
2

+ ROCN In—= ImAX

The logic “1"" output impedance of the DM7440 is approxi-
mately 650 and the peak current (Ipax) is about 50 mA.
The pulse width for Cjy = 2,200 pF is:

25ns + 150 ns

tpw = =————— + (650) (2200 pF) In

50 mA
2.5mA

A plot of pulse width for various types of drivers is shown in
Figure 13. For applications in which the output pulse width is
logically controlled, Cjy should be chosen 2 to 3 times larg-
er than the maximum pulse width dictated by equation
(AI-10).

DC Coupled Operation

The DS0025 may be direct-coupled in applications when
level shifting to a positive value only. For example, the
MM1103 RAM typically operates between ground and
+20V. The DS0025 is shown in Figure 14 driving the ad-
dress or precharge line in the logically controlled mode.

If DC operation to a negative level is desired, a level transla-
tor such as the DS7800 or DH0034 may be employed as
shown in Figure 15. Finally, the level shift may be accom-
plished using PNP transistors are shown in Figure 16.

=517 ns
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100 | meureuts
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2 —— Dms32 oRIvE !
= // ORIVER ]
o500 >
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H 1
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TL/F/7322-13
FIGURE 13. Output PW Controlled by Ciy
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FIGURE 14. DC Coupled DS0025 Driving 1103 RAM
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FIGURE 15. DC Coupled Clock Driver Using DH0034
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FIGURE 16. Transistor Coupled DS0025 Clock Driver

APPENDIX II
DS0026 Circuit Operation

The schematic of the DS0026 is shown in Figure 17. The
device is typically AC coupled on the input and responds to
input current as does the DS0025. Internal current gain al-
lows the device to be driven by standard TTL gates and flip-
flops. ’

With the TTL input in the low state Q1, Q4, Q5, and Q6 are
“OFF” allowing Q7 and Q8 to come “ON.” R9 assures that
the output will pull up to within a Vg of V+ volts. When the
TTL input starts toward logic “1,” current is supplied via Cjy
to the bases of Q5 and Q6 turning them “ON.” Simulta-
neously, Q7 and Q8 are snapped “OFF.” As the input volt-

age rises (to about 1.2V), Q1 and Q4 turn-on. Multiple emit-
ter transistor Q1 provides additional base drive to Q5 and
Q6 assuring their complete and rapid turn-on. Since Q7 and
Q8 were rapidly turned “OFF" minimal power supply current
spiking will occur when Q9 comes “ON.”

v
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INPUT 05 1
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D3 D8 I‘
L
|4> I T
R4 v
VW L) -
04 L ]‘ o
a3 s
< RS <
S 10k SH7
¢ . ov"

TL/F/7322-17
FIGURE 17. DS0026 Schematic (One-Half Circuit)
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Q4 now provides sufficient base drive to Q9 to turn it “ON.”
The load capacitance is then rapidly discharged toward V—.
Diodes D6 and D7 prevent avalanching Q7's and Q8's
base-emitter junction as the collectors of Q5 and Q6 go
negative. The output of the DS0026 continues negative
stopping about 0.5V more positive than V—.
When the TTL input returns to logic “0,” the input voltage to
the DS0026 goes negative by an amount proportional to the
charge on Ciy. Transistors Q2 and Q3 turn-on, pulling
stored base charge out of Q4 and Q9 assuring their rapid
turn-off. With Q1, Q5, Q6 and Q9 “OFF,” Darlington con-
nected Q7 and Q8 turn-on and rapidly charge the load to
within a Vgg of V+.
Rise Time Considerations
Predicting the MOS logic rise time (voltage fall) of the
DS0026 is considerably involved, but a reasonable approxi-
. mation may be made by utilizing equation (Al-5), which re-
duces to:

tp = [C_ + 250 X 10—12] AV (All-1)
For C|_ = 1000 pF, V+ = 5.0V, V— = —12V, t, = 21 ns.
Figure 18 shows DS0026 rise times vs Cy.

25
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TL/F/7322-18
FIGURE 18. Rise Time vs Load Capacitance
Fall Time Considerations
The MOS logic fall time of the DS0026 is determined primar-
ily by the capacitance Miller capacitance of Q5 and Q1 and
RS. The fall time may be predicted by:

o CL
t = (2.2)(R5) (cs + @)

(All-2)
CL
= (4.4 X 103 (c +—)
( )\ Cs hre?
where:
Cg = Capacitance to ground seen at the base of Q3
= 2pF
heg? = (hpeqa + 1) (hpeqs + 1)
= 500
For the values given and Cp = 1000 pF, t; = 17.5 ns.

Figure 19. gives t for various values of C|.’
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FIGURE 19. Fall Time vs Load Capacitance

DS0026 Input Drive Requirements

The DS0026 was designed to be driven by standard 54/74
elements. The device's input characteristics are shown in
Figure 20. There is breakpoint at Viy = 0.6V which corre-
sponds to turn-on of Q1 and Q2. The input current then
rises with a slope of about 6000 (R2 || R3) until a second
breakpoint at approximately 1.2V is encountered, corre-
sponding to the turn-on of Q5 and Q6. The slope at this
point is about 1500 (R1 || R2 || R3 || R4).

Ta=25°C
18 | vt=20v
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E
= 10
&
I3 8
=2
= 6
e
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= 4 4
2 '/
-

0 05 10 15 20 2§
INPUT VOLTAGE (V)
TL/F/7322-20
FIGURE 20. Input Current vs Input Voltage

The current demanded by the input is in the 5-10 mA re-
gion. A standard 54/74 gate can source currents in excess
of 20 mA into 1.2V. Obviously, the minimum *“1” output volt-
age of 2.5V under these conditions cannot be maintained.
This means that a 54/74 element must be dedicated to driv-
ing 1/2 of a DS0026. As far as the DS0026 is concerned,
the current is the determining turn-on mechanism not the
voltage output level of the 54/74 gate.

Input Capacitor Selection

A major difference between the DS0025 and DSQ026 is that
the DS0026 requires that the output pulse width be logically
controlled. In short, the input pulse width = output pulse
width. Selection of Cjy boils down to choosing a capacitor
small enough to assure the capacitor takes on nearly full
charge, but large enough so that the input current does not
drop below a minimum level to keep the DS0026 “ON.” As
before:

IMAX

ty = ROCyN In " MIN (All-3)
or
t
N = —— (All-4)
RO In MAX
IMIN

4-79
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In this case RO equals the sum of the TTL gate output im-
pedance plus the input impedance of the DS0026 (about
1509). N from Figure 21 is about 1 mA. A standard 54/74
series gate has a high state output impedance of about
150Q in the logic “1” state and an output (short circuit)
current of about 20 mA into 1.2V. For an output pulse width
of 500 ns,

500 x 10—9
CiN = A = 560 pF
1500 + 150Q) In
¢ ) 1mA
50 T T
Vee =60V
4.0 \
T, = +126°C
s w0 \\\\
T 2PN
: N
> 2
N
Ta =-55°C N\
1.0 \ Ta =25°C]
. AN
[} 10 20 30 40
lour (mA)

TL/F/7322-21
FIGURE 21. Logical “1” Output Voltage
vs Source Current

100 pF

In actual practice it's a good idea to use values of about
twice those predicted by equation (All-4) in order to account
for manufacturing tolerances in the gate, DS0026 and tem-
perature variations.

A plot of optimum value for Cy vs desired output pulse
width is shown in Figure 22.
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FIGURE 22. Suggested Input Capacitance vs
Output Pulse Width

DC Coupled Applications

The DS0026 may be applied in direct coupled applications.
Figure 23 shows the device driving address or pre-charge
lines on an MM1103 RAM.
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FIGURE 23. DC Coupled RAM Memory Address or
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Precharge Driver (Positive Supply Only)
For applications requiring a dc level shift, the circuits of Figure 24 or 25 are recommended.
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FIGURE 24. Transistor Coupled MOS Clock Driver
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FIGURE 25. DC Coupled MOS Clock Driver

APPENDIX Ili
MOS Interface Circuits
MOS Clock Drivers

MHO0007 Direct coupled, single phase, TTL compatible
clock driver.

Two phase, direct or ac coupled clock driver.

10 MHz, single phase direct coupled clock driv-
er.

Two phase, ac coupled clock driver.

Low cost, two phase clock driver.

Low cost, two phase, high speed clock driver.
Dual bootstrapped MOS driver.

Quad MOS clock driver.

DS75361 Dual TTL-to-MOS driver.

DS75365 Quad TTL-to-MOS driver.

MOS RAM Memory Address and Precharge Drivers
DS0025C Dual address and precharge driver.

DS0026C Dual high speed address and precharge driver.
TTL to MOS interface

DHO0034  Dual high speed TTL to negative level convert-
er.

MH0009
MHOO012

MH0013
DS0025C
DS0026C
DS3671
DS3674

DS8800 Dual TTL to negative level converter.
DS8810/ Open collector TTL to positive high level
Ds8s12/ MOS converter gates.

DS8819

DsssL12 Active pull-up TTL to positive high level

MOS converter gates.
DS3645/DS3675 Hex TRI-STATE® MOS driver.

DS3647A Quad TRI-STATE MOS driver 1/0 regis-
ter.

DS3648/DS3678 TRI-STATE MOS driver multiplexer.
DS3649/DS3679 Hex TRI-STATE MOS driver.

DS36149/ Hex TRI-STATE MOS driver.
DS36179

MOS to TTL Converters and Sense Amps

DS75107, Dual sense amp for MM1103 1k MOS
DS75207 RAM memory.

Voltage Regulators for MOS Systems
LM309, LM340  Positive regulators.

Series
LM320 Series Negative regulators.
LM325 Series Dual * regulators.
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Telecommunications Circuits ¢« Speech * Special Analog Functions

LOGIC DATABOOK VOLUME 1—1984
CMOS AC Switching Test Circuits and Timing Waveforms « CMOS Application Notes * MM54HC/MM74HC
MMB54HCT/MM74HCT * CD4XXX * MMB4CXXX/MM74CXXX * LSI/VLSI

LOGIC DATABOOK VOLUME 11—1984
Introduction to Bipolar Logic * Advanced Low Power Schottky * Advanced Schottky * Low Power Schottky
Schottky * TTL « Low Power

MASS STORAGE HANDBOOK—1986
Disk Interface Design Guide and User Manual * Winchester Disk Support « Winchester Disk Data Controller
Floppy Disk Support * Drive Interface Support Circuits

MOS MEMORY DATABOOK—1984
Standard Terminology * MOS Memory Cross Reference Guide * Dynamic RAMs « NMOS Static RAMs
CMOS Static RAMs « EPROMs « EEPRON:3 * Military/Aerospace * Reliability

THE NSC800 MICROPROCESSOR FAMILY DATABOOK—1985
CPU » Peripherals * Evaluation Board * Logic Devices * MA2000 Macrocomponent Family

SERIES 32000 DATABOOK—1985

CPUs » Slave Processors * Peripherals « OEM Products * Development Tools * Software

THE SWITCHED-CAPACITOR FILTER HANDBOOK—1985
Introduction to Filters * National's Switched-Capacitor Filters * Designing with Switched-Capacitor Filters
Application Circuits * Filter Design Program * Nomographs and Tables

TRANSISTOR DATABOOK—1982

NPN Transistors « PNP Transistors * Junction Field Effect Transistors ¢ Selection Guides * Pro Electron Series
Consumer Series * NA/NB/NR Series * Process Characteristics Double-Diffused Epitaxial Transistors
Process Characteristics Power Transistors ¢ Process Characteristics JFETs ¢ JFET Applications Notes

VOLTAGE REGULATOR HANDBOOK—1982

Product Selection Procedures ¢ Heat Flow & Thermal Resistance ¢ Selection of Commercial Heat Sink
Custom Heat Sink Design  Applications Circuits and Descriptive Information ¢ Power Supply Design
Data Sheets

48-SERIES MICROPROCESSOR HANDBOOK—1980

The 48-Series Microcomputers ¢ The 48-Series Single-Chip System ¢ The 48-Series Instruction Set
Expanding the 48-Series Microcomputers ¢ Applications for the 48-Series * Development Support

Analog I/0 Components * Communications Components ¢ Digital /O Components « Memory Components
Peripheral Control Components
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imensions

Physical Di
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Physical Dimensions
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Physical Dimensions
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Solder Tail Dimensioning:

Dimensions are in inches and millimeters.
Sockets Values in brackets are matric equivalents.
Chart contains dimensions in inches over
millimeters.
Pin No. 1
Indicator
d ‘/
\ Embossed Arrow
(Aligned with Pin No. 1)
No. of Dimensions Socket Replacement
Positions A B c - Part Numbers Contacts*
1.385 1163 1.195/1.185
84 35.18 29.54 30.35/30.1 8215731
1185 .963 .995/.985 821577
68 30.1 24.46 25.27/25.02 8215741 (inner)
.885 663 .695/.685 821576
44 22.48 16.84 17.65/17.4 8215751 (outer)
.685 .463 .495/.485
28 174 11.76 12.57/12.32 8215811

*Contacts are press fit. After soldering, the housing can be removed and contact can be replaced.

Plastic Chip

.069[1.75 Carrier
079 2 c .
sq. / I
I3

.090[2.29 A
.130[ 33 ] ' Sq. / Contact
B
Sq. /
Housing 9 ?
2 ‘ .360
.045 ? (5.14]
[1.143] s 062
‘ .020 y
‘ (0.51] o 'iﬂ]
U !
Printed Circuit Board _/
110 | L .125 =.002
[.279) {3.18 =0.05)

Reprinted with permission of AMP Incorporated.
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Dimensioning:
Dimensions are in inches and millimeters.

Surface Mount

Sockets Values in brackets are metric equivalents.
Chart contains dimensions in inches over
millimeters.

Pin No. 1
" Indicator
Embossed Arrow
(Aligned with Pin No. 1)
No. of Dimensions Socket Replacement
Positions A B c Part Numbers Contacts*
1.385 1163 1.195/1.185
84 35.18 29.54 30.35/30.1 8215461
1185 .963 .995/.985
68 30.1 24.46 25.27/25.02 82154241 827522
.885 .663 .695/.685
a4 22.48 16.84 17.6517.4 8215451
.685 .463 .495/.485
28 17.4 1,76 12.57/12.32 8215791

*Contacts are press fit. After soldering, the housing can be removed and contact can be replaced.

Plastic Chip
069 [ 1.75 ] Carrier
079 2 c ; X

;Jvf L=

090 2. 29

130 33 3 s‘;; . Contact
B /
Sq /
Housing 7 T
\ ' .340
o (8.64]
025 ‘ 062
rlo & rj / 2 (157"
N—1 J

] PARAIIIRNRNNNN \&%

Printed Circuit Board T

Reprinted with permission of AMP Incorporated.




Recommended

Dimensioning:

A . . Dimensions are in inches and millimeters.
Printed Circuit Board Values in brackets are metric equivalents.
Hole Pattern
.035 = .002 ..
0.89 = 0.05) P ['1°§§] Dia. o2
. - .062=.001 .
(Thru-Hole, 84 pls.) (Solder Pad, 84 pls.) /—[1'57 e Dia.
|
1416 o 200
135.97] °% (5.08} | |
) b I .100
.400 [.5283] l f [2.54]
1200 o | 1] (o1l + : | o .
[30.48] . | 2256 °%
| +—.400 . _’_'
[10.16)
1.000 Sq. | |
[25.4]

.093 = .001 Dia. /

[2.36 = 0.03]

PinNo. 1

84 Position

.035=.002 . 062

[0.89 = 0.05) 012 (167 0
(Thru-Hole, 68 pls.) (Solder Pad, 68 pls.) ['1"2 > ooy Dia.

100

|
l«.200 | 1— [2.54]

! .688 Sq."

T [17.48)

D \/ AN/
[ggg %) Dia —/ \——- Pin No. 1
68 Position

*No additional via. holes recommended between indicated dimensions.
Note: JEDEC printed circuit board pattern for .100 [2.54] grid through-holes.

Reprinted with permission of AMP Incorporated.




Di loning:
Recommended Din“:ee:saio?'\r; E?e in inches and millimeters.

Printed Circuit Values in brackets are metric equivalents.
Board Pattern

(84 pls.) 1062 = .001

.160 "
[4.06) / [1.57 £0.03) Dia.
]

1430 o - —— 200 —
[36.32) = — - —
| od )
] | ! i t
' & 'i o s
1.380 .200 [1.27] 1.010 o,
[35.05) 5% =| 5.08] ~E|- —E 25.65) 5%
= 400 + — T
[10.16] | l
1.000 i +)r— ' ) 25+
25.4) 59 ,i i' | 400 i l{'g.eﬁ'ﬁ% (84 pls.)
{10.16] —
— -= | amsssmmens | T
1 N
[Does ooy D ! Pin No. 1
84 Position
.1so] (68 pis.) ‘ 062 = 001

[4.06 / [1.57 = 0.03) D2
|

1.230 = 200 |-—-—|
(31,241 59 —] [5.08] —
[ P ! h 050 ’
! 4 200 - I|: i (1.27}
| | ’ |
1180 ¢ — [5'?8] = 810 oo
20.67 % = + = [20.57)
c—| .400 =
[ lioe i
.800 | '
Sq. |t +
120.321 %% 1§ w00l L |
l — {10.16] —
= =

1 NS 2
. |

[ﬁg oo Dia._./ \\— Pin No. 1

68 Position

*No additional via. holes recommended between indicated dimensions.
Note: JEDEC printed circuit board pattern for .050 {1.27] centers surface mount pads.

Reprinted with permission of AMP Incorporated.




Dimensioning:
Recommended Dimensions are in inches and millimeters.
Prlnted CII’CUIt Board Values in brackets are metric equivalents.
Hole Pattern
062 =.001 _.
[1.57 = 0.03) D@
916 .
123.27 5%
.100
700 o0, [2.54]
[17.78) 230 388 o .
.500 [5.?4] [9.86) ~
(27 5%
a5
T 2.92)
.093 = .001 Di
[2.36 = 0.03) P'&
062 .035=.002 .
{1.57) D3 —— (0.89 = 0.0s] D'
(Solder Pad, 44 pls.) (Thru-Hole, 44 pls.)
44 Position
76 . T
[18.19) 5%
500 Sq
02717 300 o
(7.62) °%
.035 =.002 . 062
[0.89 = 0.05] D2- 1.57) 03
! (Thru-Hole, 28 pls.) (Solder Pad, 28 pls.)

28 Position

*No additional via. holes recommended between indicated dimensions.
Note: JEDEC printed circuit board pattern for .100 [2.54] grid through-holes.

Reprinted with permission of AMP Incorporated.
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Recommended
Printed Circuit
Board Pattern

Dimensioning:
Dimensions are in inches and millimeters.
Values in brackets are metric equivalents.

160
(44 pls.) .062 .001
14.061 ) / {1.57 =003 D
Jo 00 I00 1
[23.62) 5% [ 15 §| 050
880 (2921 I (.27)
)2.35) SO [ 510
22.35 230 .
e so0 | =10 g BB 112.95) 5%
[2759 | :: g 115
| | —o [2.92)
=k LEENS L
025 *+ £
‘“]--—HHE_ D I][ 025148, (4 i)
|
093=.001 .
[2.36 = 0.03) D2 ['52,:2] Pin No. 1
44 Position
‘4182| (28 pls.)
_ L
050
003000 v
730 . =sr-- —l p
18.54) 5% — | =1
300 — = 310 o
2 B 1= s e = - (7.87 5%
680 . 1 =i | L= v
;. Sq. 1= |
17.27) 7 o254 008
| [0.64+8%% (28 pls.)
N
Pin No. 1

28 Position

*No additional via. holes recommended between indicated dimensions.
Note: JEDEC printed circuit board pattern for .050 [1.27] centers surface mount pads.

Reprinted with permission of AMP Incorporated.
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Tooling

:
-

Insertion Tool

No. -Part
Positions Number
44 821663-1
68 and 84 68381-1
Extraction Tool Extraction Tool
No. Part No. Part
Positions Number Positions Number
28 821598-1 44 821591-1
68 821566-1
84 821590-1

Reprinted with permission of AMP Incorporated.
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PTY, Ltd.
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Bayswater, Victoria 3153
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