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CONTENTS OVERVIEW

Historically, Integrated Device Technology has presented our product offerings entirely under
one cover. Forease of use for our customers, we have divided the products into four separate data
books — Logic, Specialized Memory, RISC and Static RAM.

IDT’s 1991 Static RAM Data Book is comprised of new and revised data sheets and application
notes for the SRAM product line. Also included is a current, complete packaging section forallIDT
productgroups. This sectionwillbe updatedin each subsequent data book with the latest available
packages.

The Static RAM Data Book's Table of Contents contains a listing of the products contained in
the 1991 SRAM Data Book, as well as those products which are contained in the remaining three
data books. The numbering scheme is slightly different from the past. The number in the bottom
center of the page denotes the section number and the sequence of the data sheet within that sec-
tion, (i.e. 5.5 would be the fifth data sheet in the fifth section). The number in the lower right hand
corner is the page number of that particular data sheet.

Integrated Device Technology, a recognized leaderin high-speed CMOStechnology, produces
a broad line of products, enabling us to provide a complete CMOS solution to designers of high-
performance digital systems. Our products include industry standard devices, as well as products
with speed, lower power, package and/or architectural benefits that allow the designer to achieve
significantly improved system performance.

Use this book to find ordering information: Start with the Ordering Information chart at the
back of each data sheet or the Cross Reference Guides (in Section 1), along with the Package
Outline Index (page 4.2), to compose the complete IDT part number. Reference data on our
Technology Capabilities and Quality Commitments are included in separate sections (2 and 3,
respectively).

Use this book to find product data: Start with the Table of Contents, organized by product
line (page 1.3), or with the Numeric Table of Contents across all product lines (page 1.4). These
indexes will direct you to the page on which the complete technical data sheet can be found. Data
sheets may be of the following type:

ADVANCE INFORMATION — contain initial descriptions, subject to change, for products that
are in development, including features and block diagrams.

PRELIMINARY — contain descriptions for products soon to be, or recently, released to
production, including features, pinouts and block diagrams. Timing data are based on simulation
or initial characterization and are subject to change upon full characterization.

FINAL — contain minimum and maximum limits specified over the complete supply and
temperature range for full production devices.

New products, product performance enhancements, additional package types and new product
families are being introduced frequently. Please contact your local IDT sales representative to
determine the latest device specifications, package types and product availability.
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LIFE SUPPORT POLICY

Integrated Device Technology’s products are not authorized for use as critical components in life support devices
or systems unless a specific written agreement pertaining to such intended use is executed between the manufac-
turer and an officer of IDT.

1. Life support devices or systems are devices or systems which (a) are intended for surgical implant into the body
or (b) support or sustain life and whose fallure to perform, when properly used in accordance with instructions for
use provided in the labeling, can be reasonably expected to result in a significant injury to the user.

2. Acritical component Is any component of a life support device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support device or system, or to affect its safety or effectiveness.

Note: Integrated Device Technology, Inc. reserves the right to make changes to its products or specifications at any time, without notice,
in order to improve design or performance and to supply the best possible product. IDT does not assume any responsibility for use of any
circuitry described other than the circuitry embodied in an IDT product. The Company makes no representations that circuitry described
herein is free from patent infringement or other rights of third parties which may result from its use. No license is granted by implication or
otherwise under any patent, patent rights or other rights, of Integrated Device Technology, Inc.
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16-Bit Synchronous Binary COUNLET ..........covviciiiiiecenriere et 6.28
High-Speed Tri-Port Bus MUIPIEXET .........cciviiiiiiiiecrieie et 6.29
Buifer/Clock Driver w/Guaranteed SKEW .........ccccecerrereeiemeseorninenenrcneicnenrecccnienes 6.30
Buffer/Clock Driver w/Guaranteed SKEW .........c.ccccurevvereriinnericrmnnienciiecieneeccniiniens 6.30
Octal Register With SPC™ ..o erssaes 6.31
Microcycle Length CONrOlIET ..........ccveveveenieererencinetiicie et s 6.32
IDTBICBXXX FAMIIY ...veveevveireierieeenieirerrsereeetsesesaesrnesesensssere s snesseesassesseesmnanessessone 6.33
T-0F-8 DECOTEN ....ecevimerietitiiiirre sttt e st reb e s sb b s se s n bt en 6.34
DU 1-0f-4 DECOTET ...t st sr e e s n et n et anas 6.35
Synchronous Binary Counter w/Asynchronous Master Reset ...........c.cccccervvceiennee. 6.36
Synchronous Binary Counter w/Synchronous Reset 6.36
Carry Lookahead Generator.........c..ocecevevverenecnerennenens 6.37
Up/Down Binary Counter w/Preset and Ripple CIOCKS ...........ccveurverrmierceuercrcrnieinenes 6.38
Up/Down Binary Counter w/Separate Up/Down CIOCKS ........cccoviiiiiinciinnincinnnnn 6.39 -
Inverting Octal BUEr/LING DIVET .........ooiiiieieiiecieienecieccen i 6.40
Non-inverting Octal Buffer/Ling DIVEr .........cccccevrieroininiieer it v 6.40
Non-inverting Octal Buffer/Ling DIVEr .........cccccoveiiiniiiieniince et 6.40
Inverting Octal BUEr/LING DIVET .........covvercrene ittt ere e 6.40
Non-inverting Octal Butfer/Ling DIVET ..ot 6.40
Non-inverting Octal TraNSCEIVET .........coveiviiiiiriiinien e 6.41
Inverting OCtal TranSCEIVET .........occiviiririricctcereic s 6.41
Non-inverting Octal TTANSCRIVET ........ccovriviimiriiecierie s 6.41
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IDT54/74FCT827
IDT54/74FCT833
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IDT54/74FBT2828
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PAGE
Octal D Flip-Flop w/Common Master ReSet ........cccocveveririnveereeniecnicoreeer e 6.42
8-Input Universal Shift Register w/Common Parallel /O Pins ..o, 6.43
Non-inverting Octal Transparent LatCh.........cocviieiriiniiiiniince e et e 6.44
Inverting Octal Transparent LatCh ........coccoviiiiriniieiiieniiiiecee e 6.44
Non-inverting Octal Transparent LatCh........c.cc.cccvviniiininencnniicccienns 6.44
Non-inverting Octal D FlP-FIOP .....ccvveieiiinirienenenienininiiiciiii s s sassies 6.45
Inverting Octal D Flip-FIOp W/3-State ......cccooiiiieieicirriiineee et s 6.45
Non-inverting Octal D Register W/3-State ........ccccevvevrreeniiinieiiincniicicieiiens 6.45
Octal D Flip-Flop w/Clock ENable ............ccoveevnenviiiiniiinnccieee e 6.46
QUAd DUAIFPOM REJISIEN ..c.cvivvieireeeeeerereeieterinererseiesesasne s eessseseesers seavessensessesesseneas 6.47
8-Bit Identity COMPAratOr........cc.eucceeeiiiiienirerereeesetst sttt s s 6.48
Non-inverting Octal Latched TranSCeIVET ......cvvceereerieeeiieeerieie e e ereenee 6.49
Non-inverting Octal Registered TranSCRIVET.......coveeevererrienireeeieemnine et 6.50
10-Bit Non-inverting Register w/3-State .........ccceecieviriienienieen et 6.51
9-Bit Non-inverting Register w/Clear & 3-State ......c.coovveveecirniniiniiiiiniiiicines 6.51
9-Bit Inverting Register w/Clear & 3-State ........coceeevierminncinincccvie s 6.51
8-Bit Non-inverting Register ........cccvviieceinecinccrcesneee BT 6.51
10-Bit Non-inverting Buffer .........cccoeecvcniniiininsecreecnne e et 6.52
8-Bit TransCeiver W/PATY ........ccoeevceririiinniner et et s 6.53
10-Bit Non-inverting Latch .. 6.54

9-Bit Non-inverting Latch
9-Bit INVErING LAtCN .....oiieiiceit ettt et s saeaan
8-Bit Non-inverting Latch

10-Bit Non-inverting TranSCeIVE .........cccoiiiiiirieceerere et s 6.55
9-Bit NON-INVEring TraNSCEIVET .....cocceiiiiiieit ettt e et anes 6.55
9-Bit INVEMING TraNSCEIVET ... . ittt ettt nre e er e e e e st st e e e ssonns 6.55
Inverting Octal Buffer/Ling DIVET .......coccecreriiiiierenenretese e et cv s 6.56
Non-inverting Octal BUFfer/Ling DIVET .....c.....covveerererenenterecenenieenesis e 6.57

Non-inverting Octal BUfer/Ling DFVES .....c...ccovveerireenicinreencnincrcr e 6.58
Non-inverting Octal TrANSCEIVET .......eccrereirirerererierececmerr et sn s 6.59
Octal Transparent LatCh W/3-State ........ccevevveviririinniniicnci e 6.60
Non-inverting Octal D RegiSter........cccouieeimernenncitinee et ssienees 6.61
Inverting OCtal BUFfEF ......cco.oriieieecere ettt 6.62
Non-inverting Octal BUFEr .............uieieieriieeeteres ettt sr e e 6.62

10-Bit Non-inverting REGISIET .......cc.eoiiiiiieiirreese e 6.63

APPLICATION AND TECHNICAL NOTES
Complex Logic Products Technical Notes

TN-02
TN-03

Complex Logic Products Application Notes

AN-03

9-Bit InVerting REGISIOr .....c.cov ittt s 6.64
Non-inverting 10-Bit BUffErS/DIVET ........coouiirieeecieceire e creesee st eenasssrbeeens 6.65
Inverting10-Bit BUfErs/DIIVER ........cociiveieeiiee ettt e enasns 6.65
10-Bit Non-inverting LalCh ........c.oveviirereececcctit et 6.66
Inverting Octal Butfer/Line Driver w/25Q Series ReSistor........cccoccimvmiinivenecniennnns 6.67
Inverting Octal Buffer/Line Driver w/25Q Series ResiStor ..o 6.68
Octal Transparent Latch w/3-State & 252 Series ReSiStor ..........cccccevviiiicvecenninns 6.69
Non-inverting 10-Bit Buffers/Driver w/25Q Series ReSIStOr .........ccccoumrenrivinienernnune 6.70
Inverting10-Bit Buffers/Driver w/25Q Series Resistor...... v 670
10-Bit Memory Latch w/25Q Series ReSiStOr......vccveeicreninrceccetic et e 6.71
Build a 20MIP Data Processing Unit ..o 71

Using the IDT43CA402A ALU.........oevvvieriencctstiniininitesse st et 7.2

Trust Your Data with A High-Speed CMOS 6-, 32- or 64-Bit EDC .............c.ccovvinnee 7.3
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COrrection UNIES .......cccovevereireeirireee sttt 7.6
AN-32 Implementation of Digital Filters Using IDT7320, IDT7210, IDT7216... 7.7
AN-35 Address Generator in Matrix Unit Operation Engine ...........ccccccvevieeceenee. 7.8
AN-37 Designing High-Performance Systems Using the IDT PaletteDAC™ 7.9
AN-63 Using the IDT75C457’s PaletteDAC™ in True Color and Monochrome

Graphics APPHCALIONS ......c..ccoeieririirereccrtist e sesnrae et e s et st erenes 7.10
AN-64 Protecting Your Data with IDT's 49C465 32-Bit Flow-thruEDC™ Unit.... 7.11
AN-65 Using IDT73200 or IDT73210 as Read and Write Buffers with R3000 7.12
Standard Logic Application Notes 7.13
AN-47 Simultaneous Switching Noise e 7114
AN-48 Using High-Speed Logic.............. 7.15
AN-49 Characteristics of PCB Traces 7.16
AN-50 Series TerMINAtON ..ottt sttt © 747
AN-51 Power Dissipation in Clock Drivers.............. 7.18
AN-52 FCT Output Structures and Characteristics . 7.19
AN-53 POWEr-DOWN OPEIALION ......cueeveviriieiririieens et sestesreraseaseseesseseae e oo seereseseessesanne 7.20
AN-54 FCT-T LOGIC FAMIY ....ooveriiiicicieriiicrerentni ettt snsnrs et st et sas s ess e s e naene 7.21
Standard Logic TechniCal BUHELINS ........ccceirrerrrerinrineressesmseenssansereassesssssressssassnssassessrsssesssssesassssrass FR, 7.22
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The following is a listing of the data sheets located in the 1990-91 Specialized Memories Data Book available

under separate cover:
ECL PRODUCTS PAGE
IDT10484 4K x 4 ECL 10K SRAM (COIMEr POWET) .....eceovereeerriireiirinnesnceriicsenineesnceicssacsseenns 5.1
IDT100484 4K x 4 ECL 100K SRAM (Corner Power) .... 5.1
IDT101484 4K x 4 ECL 101K SRAM (Corner Power) .... 5.1
IDT10A484 4K x 4 ECL 10K SRAM (Center Power) ...... 5.2
IDT100A484 4K x 4 ECL 100K SRAM (Center Power) .... 5.2
IDT101A484 4K x 4 ECL 101K SRAM (Center POWEN) ........cocevcererermrcreeseesereenesseiae e eeens 5.2
IDT10490 64K x 1 ECL 10K SRAM ......ctiiirietiieiresreeseeeceecneecnne ereee oot a et 5.3
IDT100490 64K x 1 ECL 100K SRAM..... 5.3
IDT101490 64K x 1 ECL 101K SRAM..... w. 5.3
IDT10494 16K X 4 ECL 10K SRAM ..ottt sttt e sae e ne 5.4
IDT100494 16K X 4 ECL 100K SRAM ..ottt eressere s escr st enesn e et esane 5.4
IDT101494 16K x 4 ECL 101K SRAM .....c.oiirrinincnicine 54
IDT10496LL 16K x 4 Self-Timed Latch Input, Latch Output ... 55
IDT100496LL 16K x 4 Self-Timed Latch Input, Latch Output 55
IDT101496LL 16K x 4 Self-Timed Latch Input, Latch Qutput 55
IDT10496RL 16K x 4 Self-Timed Reg Input, Latch Output...... 5.6
IDT100496RL 16K x 4 Self-Timed Reg Input, Latch Output... ... 58
IDT101496RL 16K x 4 Self-Timed Reg Input, Latch Qutput ......c..coveeeeeniiincc s 5.6
IDT10497 16K x 4 Synchronous Write, Latch OQUIPUL .........ccooivirineciiiiiinciicc e 5.7
IDT100497 16K x 4 Synchronous Write, Latch Output ...... 57
IDT101497 16K x 4 Synchronous Write, Latch Output .. .. 57
IDT10498 16K x 4 Conditional Write, Latch QUIPUL ........c.ooiiiiiriceie e 58
IDT100498 16K x 4 Conditional Write, Latch OQUIPUL .........cccocoiniiiinceiccn e 5.8
IDT101498 16K x 4 Conditional Write, Latch Output ..... 5.8
IDT10504 64K x 4 ECL 10K SRAM.......cvvceiricnns 5.9
IDT100504 64K x 4 ECL 100K SRAM..... 5.9
IDT101504 64K x 4 ECL 100K SRAM......curiririececrencnene 5.9
IDT10506LL 64K x 4 Self-Timed Latch Input, Latch Output ... 5.10
IDT100506LL 64K x 4 Self-Timed Latch Input, Latch Output ... 5.10
IDT101506LL 64K x 4 Self-Timed Latch Input, Latch Output ... 5.10
IDT10506RL 64K x 4 Self-Timed Reg Input, Latch Output...... 5.11
IDT100506RL 64K x 4 Self-Timed Reg Input, Latch Output... 511
IDT101506RL 64K x 4 Self-Timed Reg Input, Latch Output.........cccooeviimeinicieiririie e 5.1
IDT10507 64K x 4 Synchronous Write, Latch Output ..........coceeviiiivmrennrcreenieciceeceieans 5.12
IDT100507 16K x 4 Synchronous Write, Latch Output .. 5.12
IDT101507 16K x 4 Synchronous Write, Latch Output .. e 512
IDT10508 64K x 4 Conditional Write, Latch OQUIPUL .........ccceeeviiiiiiiiicicii e 5.13
IDT100508 64K x 4 Conditional Write, Latch QUIPUL ..........ccieviiiiiiiiicceceseniee e 5.13
IDT101508 64K x 4 Conditional Write, Latch Qutput .. 5.13
IDT10509 32K x 9 ECL10K SRAM.......ccooiieene ... 5.14
IDT100509 32K x 9 ECL 100K SRAM ..ottt scen st et 5.14
IDT101509 32K X G ECL 101K SRAM ...ttt r s s et s erees 5.14
FIFO PRODUCTS
IDT7200 256 x 9-Bit Parallel FIFO .....o.ocuiiiiiiinicccstensiie e st e sneas 6.1
IDT7201 512 x 9-Bit Parallel FIFO ..ottt 6.1
IDT7202 1024 x 9-Bit Parallel FIFO .... 6.2
IDT7203 2K x 9-Bit Parallel FIFO.... ... 63
IDT7204 4K X 9-Bit Parallel FIFO ......coov et secvenees i ins s ssssas s s aranenne 6.3
IDT7205 8K x 9-Bit Parallel FIFO .......ccoiviiereeereiicnciismreeen e s er e s 6.4
IDT7206 16K x 9-Bit Parallel FIFO ..ottt s s 6.5
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IDT72021 1K x 9-Bit Parallel FIFO w/ Flags and Output Enable .........c.cceeceviiveienenecnnnninnnnne 6.6
IDT72031 2K x 9-Bit Parallel FIFO w/Flags and Output Enable ..... 6.6
IDT72041 4K x 9-Bit Parallel FIFO w/Flags and Output Enable ..... 6.6
IDT72103 2K x 9-Bit Configurable Parallel-Serial FIFO ............... 6.7
IDT72104 4K x 9-Bit Configurable Parallel-Serial FIFO ......ccccoceeireiinieiicicceecn 6.7
IDT72105 256 x 16-Bit Parallel-to-Serial FIFO...........ccooeviiviniicicecieeecene 6.8
IDT72115 512 x 16-Bit Parallel-to-Serial FIFO.... 6.8
IDT72125 1024 x 16-Bit Parallel-to-Serial FIFO.. 6.8
IDT72131 2048 x 9-Bit Parallel-to-Serial FIFO.... 6.9
IDT72141 4096 x 9-Bit Parallel-to-Serial FIFO.... 6.9
IDT72132 2048 x 9-Bit Serial-to-Parallel FIFO.... 6.10
IDT72142 4096 x 9-Bit Serial-to-Parallel FIFO..........ccccereneee. 6.10
IDT72200 256 x 8-Bit Parallel SyncFIFO™ (Clocked FIFO).... 6.11
IDT72210 512 x 8-Bit Parallel SyncFIFO™ (Clocked FIFO).... 6.11
IDT72420 64 x 8-Bit Parallel SyncFIFO™ (Clocked FIFO) ...... 6.11
1DT72201 256 x 9-Bit Parallel SyncFIFO™ (Clocked FIFO) .... 6.12
IDT72211 512 x 9-Bit Parallel SyncFIFO™ (Clocked FIFO).... 6.12
IDT72421 64 x 9-Bit Parallel SyncFIFO™ (Clocked FIFO) ...... v 612
IDT72215A 512 x 18-Bit Parallel SyncFIFO™ (Clocked FIFO) .......cccoovviviemenrcniiiinicnininnenes 6.13
IDT72225A 1024 x 18-Bit Parallel SyncFIFO™ (Clocked FIFO) ........cccvevmvimnienecciiinieniecncnns 6.13
IDT72220 1K x 8-Bit Parallel SyncFIFO™ (Clocked FIFO).......... 6.14
IDT72230 2K x 8-Bit Parallel SyncFIFO™ (Clocked FIFO}... 6.14
IDT72240 4K x 8-Bit Parallel SyncFIFO™ {Clocked FIFO)... 6.14
IDT72221 1K x 8-Bit Parallel SyncFIFO™ (Clocked FIFO)... 6.15
IDT72231 2K x 9-Bit Parallel SyncFIFO™ (Clocked FIFO)... 6.15
IDT72241 4K x 9-Bit Parallel SyncFIFO™ (Clocked FIFO)...... 6.15
IDT72235 2K x 18-Bit Parallel SyncFIFO™ (Clocked FIFO).... 6.16
IDT72245 4K x 18-Bit Parallel SyncFIFO™ (Clocked FIFO).... 6.16
IDT72401 64 x 4 FIFO.. 6.17
IDT72402 64 X5 FIFO...coveievecrerceenee 6.17
IDT72403 64 x 4 FIFO (w/Qutput Enable).... 6.17
IDT72404 64 x 5 FIFO (w/Output Enable).... e 617
IDT72413 64 X 5 FIFO (W/FIAQS) c.vevrrrereriiiriieiicntrtrcretteie sttt etse ettt seen e e s 6.18
IDT7251 512 x 18-Bit — 1K X 9-Bit BiFIFO ...l 6.19
IDT7252 1K x 18-Bit — 2K x 9-Bit BiFIFO ..... 6.19
IDT72510 512 x 18-Bit — 1K x 9-Bit BiFIFO..... 6.19
IDT72520 1K x 18-Bit — 2K X 9-Bit BiFIFO ....c.coeiiiieieereercreneteeeec e 6.19
IDT72511 512 X 18-Bit BiFIFO ......ceoieveeeceiee et ere s 6.20
IDT72521 1K X 18-Bit BiFIFO.....ccveoerercreececieceee e 6.20
IDT72605 256 x 18-Bit Synchronous BiFIFO (SyncBiFIFO™)..... ... 621
IDT72615 512 x 18-Bit Synchronous BiFIFO (SyncBiFIFO™ ) ........cccoureerenenieneiveninneneneerenne 6.21
SPECIALTY MEMORY PRODUCTS
IDT7130 8K (1K x 8) Dual-Port RAM (MASTER) .....cccoivvimrenivicneecenriii st ensvesreses 71
IDT7140 8K (1K x 8) Dual-Port RAM (SLAVE) .....c.ccoceoemeenmiririnierisieen et sreiscnsscsae s s 741
IDT7030 8K (1K x 8) Dual-Port RAM (MASTER) .....ccooeeteerecieiecere e sis it srsse s 7.2
IDT7040 8K (1K x 8) Dual-Port RAM (SLAVE) ..... 7.2
IDT7010 9K (1K x 9) Dual-Port RAM (MASTER) .. 7.3
IDT70104 9K (1K x 9) Dual-Port RAM (SLAVE) ............ v 7.3
IDT70101 9K (1K x 9) Dual-Port RAM (MASTER w/Interrupts) ... 7.4
IDT70105 9K (1K x 9) Dual-Port RAM (SLAVE w/Interrupts)....... 7.4
IDT7132 16K (2K x 8) Dual-Port RAM (MASTER) ................. 75
IDT7142 16K (2K x 8) Dual-Port RAM (SLAVE) ...... 75
IDT7032 16K (2K x 8) Dual-Port RAM (MASTER) .... 7.6
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IDT7042
IDT71321
IDT71421
IDT7012
IDT70121
IDT70125
IDT7133
IDT7143
IDT7133SA/LA
IDT7143SA/LA
IDT7134
IDT7134SA/LA
IDT71342
IDT71342SA/LA
IDT7014
IDT7024
IDT7005
IDT7025
IDT7006
IDT7050
IDT7052
IDT71502

SUBSYSTEMS PRODUCTS

MULTI-PORT MODULES

IDT7M134
IDT7M144
IDT7M135
IDT7M145
IDT7M137
IDT7M1003
IDT7M1001
IDT7M1004
IDT7M1005
IDT7MB6056
IDT7MB1008
IDT7MB1006
IDT7MB6046
IDT7MB6036
IDT7MB6156
IDT7MB6146
IDT7MB6136
IDT7M1002
IDT7MB1041
IDT7MB1042
IDT7MB1043
IDT7MB1044

FIFO MODULES
IDT7M205
IDT7MP2005
IDT7M206
IDT7MP2011
IDT7M207

PAGE

16K (2K x 8) Dual-Port RAM (SLAVE) ...cociiiiiiiii it cnteene et esan e seneseaenee 7.6
16K (2K x 8) Dual-Port RAM (MASTER W/INtEITUPES) «..vveververerrecrniieseseveeieesesenaenanens 7.7
16K (2K x 8) Dual-Port RAM (SLAVE W/INtermUPEs) ...cceeruivievenrenieicecerrreneceeiciene 7.7
18K (2K x 9) DUAI-POIt RAM ...ttt ettt sasr e 7.8
18K (2K x 9) Dual-Port RAM (MASTER W/INtErmUPLS) .ceeveveveereireicecvec s 7.9
18K (2K x 9) Dual-Port RAM (SLAVE W/INEITUPES) ....vcuvreenvenririeiisicnicnecnecncnnenns 7.9
32K (2K x 16) Dual-Port RAM (MASTER) ................ v 710
32K (2K x 16) DUal-POrt RAM (SLAVE) ....cccoivvveriinieieceninrimeeniersessesieresseseesesesessessens 7.10
32K (2K x 16) Dual-Port RAM (MASTER) ........ccevvieieieenerenteriseerenecensesressisesseseesessens 7.1
32K (2K x 16) Dual-Port RAM (SLAVE) .....cuvciiirieinieceneniresieseesc s serssessasnessesnens 7.11
32K (4K x 8) DUAI-POI RAM L.....iiiiiicerrcectinere ettt s svesse et st v e eeas 7.12
32K (4K X 8) DUAI-POIt RAM ..ottt sttt sere st sneseessananeneannas 7.13
32K (4K x 8) Dual-Port RAM (W/SeMaphores) .........cecceervereeenrenrinnriniesresmrarensenees 7.14
32K (4K x 8) Dual-Port RAM (W/SEMAPhOres) ......c.ceceeeeerieriiereiineeseeiiecieeseeee e 7.15
32K (4K x 9) DUAIFPOIt RAM ....ooiieiiieeecenirenree st eteae e seeseree st st saensaeneeneennen 7.16
64K (4K x 16) DUAl-POR BAM ...ttt e et et e s ae e e eans 717
64K (8K X 8) DUAIFPOM RAM .......cooiiiieieece et e ettt e et s esnesneeneas 7.18
128K (8K x 16) DUAI-POMt RAM ..ottt ettt es e se e ev e s e enee 7.19
128K (16K x 8) DUAl-POMt RAM ....ooiiiiecee ettt s 7.20
8K (TK X 8) FOUTPOR™ RAM ...ttt sttt senee et e saa e e 7.21
16K (2K X 8) FOUIPOR™ RAM ....ooieiisieieie et st esee e eese st e e v srasaesseen 7.22
64K (4K x 16) Registered RAM (W/SPC™) . .....covivieririirieerreereerseesereveeesseeseeeenees 7.23
8K x 8 Master Dual-Port SRAM MOAUIE ........cceeeieieiie ittt 8.1
8K x 8 Slave Dual-Port SRAM Module 8.2
16K x 8 Master Dual-Port SRAM MOGUIE ........ccciriiieicienieeeeiic e eene 8.1
16K x 8 Slave Dual-Port SRAM MOUIE .........ocuiieiiiiienreeie et 8.2
32K x 8 Master Dual-Port SRAM MoQUIE ..........cccvriiriiniiieiiierece e 8.3
64K x 8 Dual-Port SRAM MOGUIE ......ceeveiiiiiiiiecie ettt 8.4
128K x 8 Dual-Port SRAM MOQUIE .....ccveererireiieeenieererecrreresrenanee s ersesisereennnsessnens 8.4
8K x 9 Dual-Port SRAM MOGUIE ........ooceeeeiiiiiteee ettt e te et e 8.5
16K x 9 Dual-Port SRAM MOAULE ........coeiiiiiiieiectee et 8.5
32K x 16 Dual-Port (Shared Memory) SRAM ModUIE ........ccveeveeeiriinreneerenicrierennae 8.6
32K x 16 Dual-Port SRAM MOAUIE .......coreeerireiririenenne sttt 8.7
64K x 16 Dual-Port SRAM MOAUIE ......oecieeiiiiciinie ettt s e e 8.7 -
64K x 16 Dual-Port (Shared Memory) SRAM Mogule .......coccoenveeniiienecrencnnecins 8.6
128K x 16 Dual-Port (Shared Memory) SRAM Module .......ccocecoeereiiiiivcneccriininneen 8.6
32K x 18 Dual-Port (Shared Memory) SRAM Module ............ ... 8.8
64K x 18 Dual-Port (Shared Memory) SRAM Module ..... 8.8
128K x 18 Dual-Port (Shared Memory) SRAM Module ... ... 88
16K x 32 Dual-Port SRAM Module ........ccceevrrerveerennennes ... 8.9
8K x 8 FOurPort™ SRAM MOQUIE .........ecerreeieieneinrcteieece et e et 8.10
4K x 8 FourPort™ SRAM Module...... ... 810
4K x 16 FourPort™ SRAM Module.... ... 8.1
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7MP4045 256K x 32 CMOS Static RAM MOAUIE ....coeveenviiiiiiiiee et ceviee e eieeens SMP
7MP4047 512K x 16 CMOS Static RAM MOAUIE .....ccooriiiieiieeiiece e e ceee e SMP

7MP4058L 512K x 8 CMOS Static RAM MOdUIE ......coeiiieeiiciiccn e SMP
7RS101 R3000 CPU Modules for General Applications ...........cccecevimcriciiiisicenne, RISC
7RS102 R3000 CPU Modules for Compact Systems ..........cccoccoeeevnnmnnincnnnncnnnns RISC
7RS103 R3000 CPU Modules for Compact Systems ...... RISC
7RS104 R3001 RISC Engine for Embedded Controllers RISC
7RS107 R3000 CPU Modules for High Performance and MultiProcessor Systems ...  RISC
7RS108 R3000 CPU Modules with 256K CaChes ........cccocvviiiicniinciieneiicieireiins RISC
7RS109 R3000 CPU Modules with 256K Caches................. RISC
7RS110 Plug Compatible Family of R3000 CPU Modules ... RISC
7RS300 Series Prototyping Platform for Any IDT RISC CPU Module ...........ccoccceivniininnnnne RISC
7RS363 R3000 PGA AAPIOT ...ttt e s sr e RISC
7RS364 R3000 Disassembler for Use with the HP 16500 Logic Analyzer... ... RISC
7RS382 R3000 and R3001 Evaluation BOArds .........cceeeeevcereueereeenerssiereeesssionennens RISC
7RS383 R3000 and R3001 Evaluation Boards ... v RN RISC
7RS388 REAL8™ R3000 Laser Printer Controller Evaluation System ...........ccoeeuee. RISC
7RS502 MacStation 2 R3000 Development SysStem ...........ccoeveeiimeeienriecnecciesenienenns RISC
7RS503 MacStation 3 R3000 Development System ..........ccccveveeivmniiienciinnieiiesenne RISC
7RS901 IDT/sim System Integration Manager ROMable Debugging Kernal .............. RISC
7RS903 IDT/c Multi-Host C-Compiler System........ccccccvevviirnrenieiciineeerceeceees e RISC
7RS904 Cross Assembler for IBM PCs and Clones.......c..cccceeveeeeeeenenns ... RISC
7RS905 IDT/fp Floating Point Library for Use with R3000 Compilers ...........ccccoeeenee RISC
8M612 32K x 16 CMOS Static RAM ModUIe ........oceeueereniiiiiciccciiceccccias SMP
8M624 64K x 16 CMOS Static RAM ModUIE .....cccoveermreirciiecirciie et SMP
8M824S 128K x 8 CMOS Static RAM Module ........ccceiviviniiiinicniieccicrcenes SMP
8MP612L 32K x 16 CMOS Static RAM ModUI ...coueriieveeieeciieieeeceeceee e SMP
8MP612S 32K x 16 CMOS Static RAM Module ........occemmeniiiiiicniiciicnccccicececeee SMP
8MP624L 64K x 16 CMOS Static RAM Module .......c..ceiiiviiiinciiiiiiccnincceeeae SMP
8MP624S 64K x 16 CMOS Static RAM Module ..........ccoimiiiiiinmiciiiinescncice s SMP
8MP824L 128K x 8 CMOS Static RAM Module ........cccorinniiiiiiniiinniiiie e, SMP
8MP824S 128K x 8 CMOS Static RAM Module ...t SMP
Flexi-Pak Family Modules with Various Combinations of SRAMs, EPROMs and EEPROMs.. SMP
RC32xx IDT RISC Development HOSt SyStemS ......covceviiviniiiniiiiiiiniee et RISC

Subsystem Custom Module Capabilities ..........cccuuerniiiiiiie e SMP

Third Party Development SUPPOTt .......coccoevierrciinitinni e RISC
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IDT PACKAGE MARKING DESCRIPTION

PART NUMBER DESCRIPTION

IDT’s part number identifies the basic product, speed,
power, package(s) available, operating temperature and
processinggrade. Eachdatasheethas adetailed description,
using the part number, for ordering the proper product for the
user’s application. The part number is comprised of a series
of alpha-numeric characters:
1. An “IDT” corporate identifier for Integrated Device
Technology, Inc.

2. A basic device part number composed of alpha-numeric
characters.
3. Adevice power identifier, composed of one or two alpha

characters, is used to identify the power options. In most
cases, the following alpha characters are used:

“S” or “SA” is used for the standard product’s power.
“L” or “LA” is used for lower power than the standard
product.

Example for Monolithic Devices:

DT _XXX.XXX_ XX X X XX

%L

T

4. Adevice speed identifier, when applicable, is either alpha
characters, such as “A” or “B”, or numbers, such as 20 or
45. The speed units, depending on the product, are in
nanoseconds or megahertz.

A package identifier, composed of one or two characters.
The data sheet should be consulted to determine the
packages available and the package identifiers for that
particular product.

Atemperature/process identifier. The productis available
in either the commercial or military temperature range,
processed to a commercial specification, orthe product is
available in the military temperature range with full
compliance to MIL-STD-883. Many of IDT’s products
have burn-in included as part of the standard commercial
process flow.

Aspecial process identifier,composed of alphacharacters,
is used for products which require radiation enhancement
{RE) or radiation tolerance (RT).

Special Process

Process/Temperature*

Package*

Speed

Power

* Field Identifier Applicable To All Products

ASSEMBLY LOCATION DESIGNATOR

IDT -uses various locations for assembly. These are
identified by an alpha character in the last letter of the date
code marked on the package. Presently, the assembly
location alpha character is as follows:

A = Anam, Korea
I = USA
P = Penang, Malaysia

Device Type*

2507 drw 01

MIL-STD-883C COMPLIANT DESIGNATOR

IDT ships military products which are compliant to the latest
revision of MIL-STD-883C. Such products are identified by a
“C”designationonthe package. The location of this designator
is specified by internal documentation at IDT.
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STATIC RAM

CROSS REFERENCE GUIDE
!
Integrated Device Technology, Inc.

CYPRESS IDT CYPRESS IDT CYPRESS IDT
CY6116-xxPC IDT6116SAXxP CY7C166-xxPC IDT6198SxxP CY7C170-xxVC IDT61970SxxY
CY6116-xxDC IDT6116SAxXXD CY7C166-xxVC IDT6198SxxY CY7C170-xxDMB | IDT61970SxxDB
CY6116-xxLC IDT6116SAxxL28 | CY7C166-xxDC IDT6198SxxD CY7C170AxxPC | IDT61970SxxP
CY6116-xxDMB IDT6116SAXxDB CY7C166-xxLC IDT6198SxxL CY7C170AxxDC | IDT61970SxxD
CY6116-xxLMB IDT6116SAXxL28B | CY7C166A-xxPC | IDT6198SxxP CY7C170AxxVC | IDT61970SxxY
CY6117-xxLMB IDT6116SAXxL32B | CY7C166A-xxVC | IDT6198SxxY CY7C170A-xxDMB | IDT61970SxxDB
CY6116A-xxPC IDT6116SAXXP CY7C166A-xxDC | IDT6198SxxD .
CY6116A-xxDC IDT6116SAXxD CY7C166A-xxLC IDT6198SxxL CY7C171-xxPC IDT71681SAxxP
CY6116A-xxLC IDT6116SAxxL28 | CY7C166A-xxDMB | IDT6198SxxCB CY7C171-xxDC IDT71681SAxxD
CY6116A-xxDMB | IDT6116SAxxDB CY7C166A-xxLMB | IDT6198SxxLB CY7C171-xxLC IDT71681SAxxL
CY6116A-xxLMB IDT6116SAxxL28B | CY7C166A-xxKMB | IDT6198SxxEB CY7C171-xxVC IDT71681SAxxY
CY6117A-xxLMB IDT6116SAxxL.32B CY7C171-xxDMB | IDT71681SAxxDB
CY7C128-xxPC IDT6116SAxXxTP CY7C167-xxPC IDT6167SAxxP CY7C171-xx|LMB IDT71681SAxxLB
CY7C128-xxVC IDT6116SAXXY CY7C167-xxDC IDT6167SAxxD CY7C171A-xxPC IDT71681SAxxP
CY7C128-xxDC IDT6116SAxxTD CY7C167-xxLC IDT6167SAxxL CY7C171A-xxDC IDT71681SAxxD
CY7C128-xxL.C IDT6116SAxxL24 CY7C167-xxVC IDT6167SAxxY CY7C171A-xxLC IDT71681SAxxL
CY7C128-xxKMB IDT6116SAxXEB CY7C167-xxDMB IDT6167SAxxDB CY7C171A-xxVC IDT71681SAxxY
CY7C128-xxDMB IDT6116SAxXTDB CY7C167-xxLMB IDT6167SAxxL.B CY7C171A-xxDMB | IDT71681SAxxDB
CY7C128-xxLMB IDT6116SAxxL24B | CY7C167A-xxPC IDT6167SAxxP CY7C171A-xxLMB | IDT71681SAxxLB
CY7C128A-xxPC IDT6116SAXXTP 25781 672~xx£)§ :8%1 g7§2xxE CY7C171A-xxKMB | IDT71681SAxxEB
CY7C128A-xxVC IDT6116SAXXY 7C167A-xx 7SAxx
CY7C128A-xxDC | IDT6116SAXXTD CY7C167A-xxVC | IDT6167SAxxY CY7C172-xxPC IDT71682SAxxP
CY7C128A-xxLC IDT6116SAxxL24 | CY7C167A-xxDMB | IDT6167SAxxDB CY7C172-xxDC IDT71682SAxxD
CY7C128A-xxKMB | IDT6116SAXXEB CY7C167A-xxLMB | IDT6167SAxxLB CY7C172-xxLC IDT71682SAxxL
CY7C128AxxDMB| IDT6116SAXxTDB | CY7C167A-xxKMB | IDT6167SAxxEB | CY7C172-xxVC IDT71682SAxxY
CYICIESA o | DTENSSAL8 | e prorsosmd | Gurcirsnons | orrioscaes
CY7C161-xxPC IDT71981SxxP CY7C168-xxLC IDT6168SAxxL CY7C172A-xxPC IDT71682SAxxP
CY7C161-xxDC IDT71981SxxD CY7C168-xxPC IDT6168SAxxP CY7C172A-xxDC IDT71682SAxxD
CY7C161-xxVC IDT71981SxxY CY7C168-xxVC IDT6168SAxxY CY7C172A-xxLC IDT71682SAxxL
CY7C161xxL.C IDT71981SxxL CY7C168-xxDMB | IDT6168SAxxDB CY7C172AxxVC | IDT71682SAxxY
CY7C161A-xxPC IDT71981SxxP CY7C168-xxLMB IDT6168SAxxLB CY7C172A-xxDMB | IDT71682SAxxDB
CY7C161A-xxDC | IDT71981SxxD CY7C168A-xxDC | IDT6168SAxxD CY7C172A-xxLMB | IDT71682SAxxLB
CY7C161A-xxVC IDT71981SxxY CY7C168A-xxLC IDT6168SAxxL CY7C172A-xxKMB | IDT71682SAxxEB
CY7C161A-xxLC IDT71981SxxL CY7C168A-xxPC IDT6168SAxxP -
CY7C161A-xxDMB| IDT71981SxxDB | CY7C168A-xxVC | IDT6168SAxxY CY7C185-xxDC IDT7164SxxTC
CY7C161AxxLMB | IDT71981SxxLB | CY7C168A-xxDMB| IDT6168SAxxDB | CY7C185-xxPC IDT7164SxxTP

. CY7C168A-xxLMB | IDT6168SAxxLB CY7C185-xxVC IDT7164SxxY
CY7C162-xxPC IDT71982SxxP CY7C168A-xxFMB | IDT6168SAxxFB CY7C185-xxLC IDT7164SxxL28
CY7GC162-xxDC IDT71982SxxD CY7C168A-xxKMB | IDT6168SAXxEB CY7C185A-xxDC | IDT7164SxxTC
CY7C162-xxVC IDT71982SxxY CY7C169-xxDC IDT6168SAxXxD CY7C185AxxPC | IDT7164SxxTP
CY7C162-xxLC IDT71982SxxL CY7C169-xxLC IDT6168SAxXxL CY7C185A-xxVC | IDT7164SxxY
CY7C162A-xxPC | IDT71982SxxP CY7C169-xxPC IDT6168SAxxP CY7C185A-xxLC IDT7164SxxL28
CY7C162A-xxDC | IDT71982SxxD CY7C169-xxVC IDT6168SAXXY CY7C185A-xxDMB | IDT7164SxxTCB
CY7C162A-xxVC | IDT71982SxxY CY7C169-xxDMB | IDT6168SAxxDB | CY7C185A-xxLMB | IDT7164SxxL28B
CY7C162AxxLC IDT71982SxxL CY7C169-xxLMB | IDT6168SAxxLB CY7C185A-xxKMB | IDT7164SxxXEB
CY7C162A-xxDMB | IDT71982SxxDB CY7C169A-xxDC | IDT6168SAxxD CY7C186-xxDC IDT7164SxxD
CY7C162A-xxLMB | IDT71982SxxLB CY7C169A-xxLC IDT6168SAxxL CY7C186-xxPC IDT7164SxxP

CY7C169A-xxPC | IDT6168SAxXxP CY7C186AxxDC | IDT7164SxxD
CY7C164-xxPC IDT7188SxxP CY7C169A-xxVC IDT6168SAxxY CY7C186A-xxPC IDT7164SxxP
gz;g:gj-xxgg :ggwggxxg CY7C169A-xxDMB | IDT6168SAxxDB CY7C136A-xxDMB | IDT7164SxxDB

XX 188Sxx CY7C169A-xxLMB | IDT6168SAxxLB

CY7C164A-xxPC | IDT7188SxxP CY7C169A-xxFMB | IDT6168SAxxFB | CY7C'32xxPC 'Dmeggx"lg
CY7C164A-xxVC | IDT7188SxxY CY7C169AxxKMB | IDT6168SAxxEB | CY7€:82xxDC | IDT7169Sxx
CY7C164AxxDC | IDT7188SxxD CY7C:82-xxVC IDT7169SxxY
CY7C164A-xxDMB| IDT7188SxxCB CY7C170-xxPC IDT61970SxxP CY7C187-xxDC IDT71875xxD
CY7C164A-xxKMB | IDT7188SxxEB CY7C170-xxDC IDT61970SxxD CY7C187-xxPC IDT7187SxxP
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SRAM CROSS REFERENCE

CYPRESS IDT EDI IDT HITACHI IDT
CY7C187-xxLC IDT7187SxxL22 EDH8832P-xxKMHR| IDT71256LxxDB HM6708P-xx IDT71B258SxxP
CY7C187-xxVC IDT7187SxxY EDH8832P-xxJMHR| IDT71256LxxL32B | HM6708AP-xx IDT71B258SxxP
CY7C187A-xxDC IDT7187SxxD EDH8832P-xxDMHR| IDT71256LxxDB
CY7C187A-xxPC IDT7187SxxP EDH8832P-xxQMHR IDT71256LxxTDB | HM6209P-xx IDT61298S5xxP

-|CY7C187AxxLC IDT7187SxxL22 HM6209HP-xx IDT61298SxxP
CY7C187A-xxVC IDT7187SxxY EDI8465CxxQB IDT71B258SxxTCB| HM6209LP-xx IDT61298LxxP
CY7C187A-xxDMB | IDT7187SxxDB EDI8465PxxQB IDT71B258LxxTCB | HM6209HLP-xx IDT61298LxxP

N TSISTAAME | ITSTIoA228 R aTsu DT HM6708P-xx IDT61B2985xxP

, MBB1C67aP IDT61675 AP HMB708AP-xx IDT61B298SxxP
CY7C198-xxPC IDT71256SxxP
CY7C198-xxDC IDT71256SxxD mggl gg;;i?v :81(65: g;gx:l? HM62832P-xx IDT71256SxxTP
CY7C198-xxDMB IDT712565xxDB HM62832HP-xx IDT71256SxxTP
CY7C198-xxLMB IDT71256SxxL32B | MB81C68A-xxTV IDT6168SAXXL HM62832LP-xx IDT71256LxxTP
CY7C199-xxPC IDT71256SxxTP MB81CE8A-xxP IDT6168SAxXP HM62832HLP-xx IDT71256LxxTP
CY7C199-xxDC | IDT71256SxxTD MB81C68A-xxZ IDT6168SAxXD INOVA DT
CY7C199-xxLC IDT71256SxxL28 | MB81C69A-XXTV IDT6168SAxxL

- |CY7C199-xxVC IDT71256SxxY MB81CB9A-xxP IDT6168SAxxP 832K8-xxCC IDT71256SxxD
CY7C199-xxDMB IDT71256SxxTDB | MB81C69A-xxZ 1DT6168SAxxD S32K8-xxMC IDT71256SxxDB
CY7C199-xxLMB IDT71256SxxL28B S32K8L-xxCC IDT71256LxxD
CY7C199-xxKMB IDT71256SxxXEB | MB81C71-xxP IDT7187SxxP S32K8L-xxMC IDT71256LxxDB

MB81C71-xxC IDT7187SxxD
CY7C194-xxPC IDT71B258SxxTP | MB81C71-xxCV IDT7187SxxL22 LOGIC DEVICES IDT
CY7C194-xxVC IDT71B258SxxY MB81C71A-xxP IDT7187SxxP
CY7C194-xxDC IDT71B2585xxTC | MB81C71A-xxC IDT7187SxxD t;g: g;gg(; :gg: g;gﬁxg
CY7C194-xxDMB IDT71B258SxxTCB Mgs1o71 A-xxCV IB$71 87SxxL22 L7C167CCxx IDT6167SAXXD
CY7C196-xxPC IDT61B298SxxTP | oo C71AXP] | IDT71878xxY L7G167UCxx IDT6167SAxxSO
CY7C196-xxVC IDT61B298SxxY | MB81C74-xxP IDT7188SxxP L7C167WOCxx IDTE167SAxxY
CY7C196-xxDC IDT71B258SxxTC L7G167KCxx IDT6167SAxxL
CY7C196-xxDMB IDT71B258SxxTCB | MB81C75-xxP IDT7198SxxP L7G167DMxx IDT6167SAxxDM
MB81C75-xxCV IDT7198SxxL L7C167DMExx IDT6167SAxxDM
EDI IDT MB81C75-xxPJ IDT7198SxxY L7C167DMBxx IDT6167SAxxDB
EDIB808CICE IDT716455008 L7C167CMxx IDT6167SAxXxDM
|EDisBoscxcaB DTrats0t0s | MBBICTBAX:P IDT7164SxxTP L7C167CMExx IDT6167S/AxxDM
EDIBB08CxxLB IDT7164SxxL328 | MBB1C78AxXXPF | IDT71645xxSO L7C167CMBxx IDT6167SAXxDB
EDHB808ACL. MB81C78A-xxCV IDT7164SxxL32 L7C167KMxx IDT6167SAxxLM
~KMHR)  IDT7164SxxDB L7C167KMExx IDT6167SAXXLM
EDH8B0BACL-xxDMHR|  IDT7164SxxDB HITACHI DT L7C167KMBxx IDT6167SAxxLB
EDH8808ACL-xxJMHR | IDT7164SxxL32B Ty e p—
-XX XX
EDIBY08CxXCB IDT7169SxxDB | HM6267LP-xx IDT6167LAXXP t;g} gggg’;’; :gg}gggﬁiig
EDI8908CxxQB IDT7169SxxTDB L7C168C0xx IDT6168SAxxD
EDI8908CxxLB IDT7169SxxL32B | HM6268P-xx IDT6168SAxXxP L7C168UCKx IDT6168SAXXSO
EDI8908CxxL28B IDT7169SxxL28B | HM6268LP-xx IDT6168LAXXP L7C168WCxx IDT6168SAXKY
EDIB164CxxQB IDT7187SxxDB | HM6287P-xx IDT7187SxxP . | L7C168KOxx 10761685 AxxL.
EDI8164CxxLB IDT7187SxxL22B | HM6287HP-xx IDT7187SxxP L7G168DMxx IDTE1685AXXDM
EDIB164PxxQB IDT7187LxxDB | HMB287HAP-xx IDT7187SxxP gg} gggmg"x :glg}gggﬁ:"gg‘
M P- Lx XX X
EDI8164PxxLB IDT7187LxxL22B | HM6287LP-xx IDT7187LxxP L70168CMxx IDT61685 AxxDM
EDI8416CxxQB IDT7188SxxDB HM6288P-xx IDT7188SxxP L7C168CMExx IDT6168SAxxDM
HM6788HP-xx IDT7188SxxP L7C168CMBxx IDT6168SAxxDB
|eEpisa17cxx0B IDT6198SxxDB HM6788HAP-xx IDT7188SxxP L7C168KMxx IDT6168SAxXxLM
EDI8417CxxLB IDT6198SxxLB HM6288LP-xx IDT7188LxxP L7C168KMExx IDT6168SAxXXLM
L7C168KMBxx IDT6168SAxxLB
EDI8832C-xxCB IDT71256SxxDB | HM6289P-xx IDT6198SxxP
EDH8832C-xxKMHR| IDT71256SxxDB | HM6789HP-xx IDT6198SxxP L7C170PCxx IDT61970SxxP
EDH8832C-xxDMHR| IDT71256SxxDB | HM6789HAP-xx IDT6198SxxP L7C170DCxx IDT61970SxxD
EDH8832C-xxQMHR| IDT71256SxxTDB | HM6289LP-xx IDT6198LxxP L7C170CCxx IDT61970SxxD
EDI8832C-xxLB IDT71256SxxL.32B L7C170WCxx IDT61970SxxY
EDH8832C-xxJMHR | IDT712565xxL328 | HM6208P-xx IDT712585xxP L7C170DMxx IDT61970SxxDM
EDI8833C-xxCB IDT71256SxxDB HM6208HP-xx IDT71258S5xxP L7C170DMExx IDT61970SxxDM
EDI8833C-xxLB IDT712565xxL32B | HM6208LP-xx IDT71258LxxP L7C170DMBxx IDT61970SxxDB
HMB208HLP-xx IDT71258LxxP
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SRAM CROSS REFERENCE

LOGIC DEVICES IDT LOGIC DEVICES IDT LOGIC DIVICES IDT
L7C170CMxx IDT61970SxxDM L6116LWCxx IDT6116LAXxY L7C166WCxx IDT6198SxxY
L7C170CMExx IDT61970SxxDM L6116LKCxx IDT6116LAxxL28 L7C166DMxx IDT6198SxxCM
L7C170CMBxx IDT61970SxxDB L6116LTCxx IDT6116LAxxL.32 L7C166DMExx IDT6198SxxCM
L6116LDMxx IDT6116LAXxTDM | L7C166DMBxx IDT6198SxxCB
L7C171PCxx IDT71681SAxxP L6116LDMExx IDT6116LAXXTDM | L7C166CMxx IDT6198SxxDM
L7C171DCxx IDT71681SAxxD | L6116LDOMBxx IDT6116LAXXTDB | L7C166CMExx IDT6198SxxDM
L7C171CCxx IDT71681SAxxD L6116LCMxx IDT6116LAXxTDM | L7C166CMBxx IDT6198SxxDB
L7G171WGCxx IDT71681SAxxY | 16116LCMExx IDT6116LAXXTDM
L7C171KCxx IDT71681SAxxL L6116LCMBxx IDT6116LAXXTDB | L7C161PCxx IDT71981SxxP
L7C171DMxx IDT71681SAxxDM | 16116LHMxx IDT6116LAXxXDM L7C161DCxx IDT71981SxxD
L7C171DMExx IDT71681SAxxDM | L6116LHMExx IDT6116LAXXDM L7C161CCxx IDT71981SxxD
L7C171DMBxx IDT71681SAxxDB | L6116LHMBxx IDT6116LAxxDB L7C161WCxx IDT71981SxxY
L7C171KMxx IDT71681SAxxLM | L 6116LIMxx IDT6116LAxXDM L7C161KCxx IDT71981SxxL
L7C171KMExx IDT71681SAXxxLM | 16116LIMExx IDT6116LAXXDM L7C161DMxx IDT71981SxxDM
L7C171KMBxx IDT71681SAxxLB L6116LIMBxx IDT6116LAXxDB L7C161DMExx IDT71981SxxDM
KM. L7C161DMBxx IDT71981SxxDB
L7G172PCxx DT716825A0P | [olioikmix | IDToi1eAcLsoM| L7CISICH | IDT71981SxxDM
L7C172DCxx IDT71682SAxxD L6116LKMBxx IDT6116LAxxL28B | L7C161CMExx IDT71981SxxDM
L7G172CC0xx IDT71682SAXXD | | 6116 TMxx IDT6116LAxxL32M | L7C161CMBxx IDT71981SxxDB
L7G172WCxx IDT71682SAXXY [ | 5116 TMExx IDT6116LAXxL32M | L7C161KMxx IDT71981SxxLM
L7C172KCxx IDT71682SAXxL | | 6116LTMBxx IDT6116LAxxL328 | L7C161KMExx IDT71981SxxLM
L7C172DMxx IDT71682SAxxDM L7C161KMBxx IDT71981SxxLB
L7C172DMExx IDT71682SAxxDM | L7C187PCxx IDT7187SAxxP
L7C172DMBxx IDT71682SAxxDB | L7C187DCxx IDT7187SAxxD L7C162PCxx 1DT71982SxxP
L7C172KMxx IDT71682SAxxLM | | 7C187CCxx IDT7187SAxxC L7C162DCxx IDT71982SxxD
L7C172KMExx IDT71682SAxxLM | L7C187UCxx IDT7187SAxxSO L7C162CCxx IDT71982SxxD
L7C172KMBxx IDT71682SAxxLB L7C187WCxx IDT7187SAxxY L7C162WCxx IDT71982SxxY
7C187KCxx IDT7187SAxxL22 L7C162KCxx IDT71982SxxL
L6116PCxx IDT6116SAxxTP t701 87DMxx lDT71§;§ AxxDM L7C162DMxx IDT71982SxxDM
L6116DCxx IDT6116SAxxTD L7C187DMExx IDT7187SAxxDM | L7C162DMExx IDT71982SxxDM
L6116CCxx IDT6116SAXXTD L7G187DMBxx IDT7187SAxxDB L7C162DMBxx IDT719825xxDB
L6116NCxx IDT6116SAxxP L7C187CMxx IDT7187SAxxCM | L7C162CMxx IDT71982SxxDM
L6116HCxx IDT6116SAxxD L7C187CMExx IDT7187SAxxCM | L7C162CMExx IDT71982SxxDM
L61161Cxx IDT6116SAxxD L7C187CMBxx IDT7187SAxxCB L7C162CMBxx IDT71982SxxDB
L6116UCxx IDT6116SAxxSO L7C162KMxx IDT71982SxxLM
L6116WCxx IDT6116SAxxY L7C164PCxx IDT7188SxxP L7C162KMExx IDT719825xxLM
L6116KCxx IDT6116SAxxL28 | | 7C164DCxx IDT7188SxxC L7C162KMBxx IDT71982SxxLB
L6116TCxx IDT6116SAxxL32 L7C164CCxx IDT7188SxxD
L6116DMxx IDT6116SAXxTDM | L7C164UCxx IDT7188SxxSO L7C185PCxx IDT7164SxxTP
L6116DMExx IDT6116SAXxTDM | L7C164WCxx IDT7188SxxY L7C185DCxx IDT7164SxxTC
L6116DMBxx IDT6116SAXxTDB | L7C164DMxx IDT7188SxxCM L7C185CCxx IDT7164SxxTD
L6116CMxx IDT6116SAXxTDM | L7C164DMExx IDT7188SxxCM L7C185NCxx IDT7164SxxP
L6116CMExx IDT6116SAXXTDM | L7C164DMBxx IDT7188SxxCB L7C185HCxx IDT7164SxxD
L6116CMBxx IDT6116SAXxXTDB | |7C164CMxx IDT7188SxxDM L7C1851Cxx IDT7164SxxD
L6116HMxx IDT6116SAxxDM L7C164CMExx IDT7188SxxDM L7C185UCxx IDT7164SxxSO
L6116HMExx IDT6116SAxxDM L7C164CMBxx IDT7188SxxDB L7C185VCxx IDT7164SxxPE
L6116HMBxx IDT6116SAxxDB L7C185WCxx IDT7164SxxY
L6116IMxx IDT6116SAxxDM L7C165PCxx IDT7198SxxP L7C185KCxx IDT7164SxxL28
L6116IMExx IDT6116SAxxDM L7C165DCxx IDT7198SxxC L7C185TCxx IDT7164SxxL32
L6116IMBxx IDT6116SAxxDB L7C165CCxx IDT7198SxxD L7C185DMxx IDT7164SxxTCM
L6116KMxx IDT6116SAxxL28M| L7C165UCxx IDT7198SxxSO L7C185DMExx IDT7164SxxTCM
L6116KMExx IDT6116SAxxL28M} L7C165WCxx IDT7198SxxY L7C185DMBxx IDT7164SxxTCB
L6116KMBxx IDT6116SAxxL28B | L7C165DMxx IDT7198SxxCM L7C185CMxx IDT7164SxxTCM
L6116TMxx IDT6116SAxxL32M | L7C165DMExx IDT7198SxxCM L7C185CMExx IDT7164SxxTCM
L6116 TMExx IDT6116SAxxL32M | L7C165DMBxx IDT7198SxxCB L7C185CMBxx IDT7164SxxTCB
L6116TMBxx IDT6116SAxxL.32B | L7C165CMxx IDT7198SxxDM L7C185HMxx IDT7164SxxDM
L6116LPCxx IDT6116LAXXTP L7C165CMExx IDT7198SxxDM L7C185HMExx IDT7164SxxDM
L6116LDCxx IDT6116LAXxTD L7C165CMBxx IDT7198SxxDB L7C185HMBxx IDT7164SxxDB
L6116LCCxx IDT6116LAXxTD L7C185IMxx IDT7164SxxDM
L6116LNCxx IDT6116LAxxP L7C166PCxx IDT61985xxP L7C185IMExx IDT7164SxxDM
L6116LHCxx IDT6116LAXXD L7G166DCxx IDT61985xxC L7C185IMBxx IDT7164SxxDB
L6116LICxx IDT6116LAXXD L7G166CCxx IDT6198SxxD L7C185KMxx IDT71645xxL.28M
L6116LUCKx IDT6116LAXXSO | L7G166UCxx IDT6198SxxSO L7C185KMExx IDT7164SxxL28M
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LOGIC DEVICES IDT LOGIC DEVICES IDT LOGIC DEVICES IDT
L7C185KMBxx IDT7164SxxL28B L7C191DMxx IDT71281SxxCM L7CL199IMBxx IDT712561LxxDB
L7C185TMxx IDT7164SxxL32M L7C191DMExx IDT71281SxxCM L7CL199TMxx IDT71256LxxL32M
L7C185TMExx IDT7164SxxL32M L7C191DMBxx IDT71281SxxCB L7CL199TMExx IDT71256LxxL32M
L7C185TMBxx IDT7164SxxL.32B L7C191CMxx IDT71281SxxDM L7CL199TMBxx IDT71256LxxL32B
L7CL185PCxx IDT7164LxxTP L7C191CMExx IDT71281SxxDM
L7CL185DCxx IDT7164LxxTC L7C191CMBxx IDT71281SxxDB L7C180PCxx IDT6178SxxP
L7CL185CCxx IDT7164LxxTD L7C180DCxx IDT6178SxxD
L7CL185NCxx IDT7164LxxP L7C192PCxx IDT71282SxxP L7C180CCxx IDT6178SxxD
L7CL185HCxx IDT7164LxxD L7C192DCxx IDT71282SxxC L7C180WCxx IDT6178SxxY
L7CL1851Cxx IDT7164LxxD L7C192CCxx IDT71282SxxD L7C180DMxx IDT6178SxxDM
L7CL185UCxx IDT7164LxxLO L7C192VCxx IDT71282SxxSO L7C180DMExx IDT6178SxxDM
L7CL185VCxx IDT7164LxxPE L7C192WCxx IDT71282SxxY L7C180DMBxx IDT6178SxxDB
L.7CL185WCxx IDT7164LxxY L7C192DMxx IDT71282SxxCM L7C180CMxx IDT6178SxxDM
L7CL185KCxx IDT7164LxxL28 L7C192DMExx IDT71282SxxCM L7C180CMExx IDT6178SxxDM
L7CL185TCxx IDT7164LxxL32 L7C192DMBxx IDT71282SxxCB L7C180CMBxx IDT6178SxxDB
L7CL185DMxx IDT7164LxxTCM L7C192CMxx IDT71282SxxDM
L7CL185DMExx | IDT7164LxxTCM | L7C192CMExx IDT71282SxxDM | L7C174PCxx IDT71B74SxxTP
L7CL185DMBxx | IDT7164LxxTCB | L7C192CMBxx | IDT71282SxxDB | L7C174DCxx IDT71B74SxxTC
L7CL185CMxx | IDT7164LxxTCM LICT7ACExK IDT71B745xxTD
L7CL185CMExx IDT7164LxxTCM L7C199PCxx IDT71256SxxTP L7C174NCxx IDT71B74SxxP
L7CL185CMBxx IDT7164LxxTCB L7C199DCxx IDT71256SxxTD L7C174HCxx IDT71B74SxxD
L7CL185HMxx IDT7164LxxDM L7C199CCxx IDT71256SxxTD L7C174WCxx IDT71B74SxxY
L7CL185HMExx IDT7164LxxDM L7C199NCxx IDT71256SxxP L7C174TCxx IDT71B74SxxL32
L7CL185HMBxx | IDT7164LxxDB L7C199HCxx IDT71256SxxD L7C174DMxx IDT71B74SxxTCM
L7CL185IMxx IDT7164LxxDM L7C199ICxx IDT71256SxxD L7C174DMExx IDT71B74SxxTCM
L7CL185IMBxx IDT7164LxxDB L7C199WCxx IDT71256SxxY L7C174CMxx IDT71B74SxxTDM
L7CL185TMxx IDT7164LxxL32M L7C199DMBxx IDT71256SxxTDB L7C174TMExx IDT71B74SxxL32M
L7CL185TMExx | IDT7164LxxLaoM | L7C199CMxx IDT71256SxxTDM | L7C174TMBxx IDT71874SxxL32B
L7CL185TMBxx | IDT7164LxxL328 | L7C199CMExx ) IDT71256SxxTDM

L7C199CMBxx IDT71256SxxTDB t;g}ggggxx :321 ggggxxg
L7C194PCxx IDT71B258SxxTP | L7C199HMxx IDT712565xxDM XX XX
L7C194DCxx IDT71B258SxxTC L7C199HMExx IDT71256SxxDM L7C186CCxx IDT71B65SxxTD
L7C194CCxx IDT71B258SxxTD | L7C199HMBxx IDT71256SxxDB L7C186NCxx IDT71B65SxxP
L7C194VCxx IDT71B2588xxSO | L7C199IMxx IDT71256SxxDM | L7G186HCxx IDT71BE5SxxD
L7C194WCxx IDT71B258SxxY L7C199IMExx IDT712565xxDM L7C186VCxx IDT71B65SxxY
L7C194DMxx IDT71B258SxxTCM | L7C199IMBxx IDT71256SxxDB L7C186TCxx IDT71B65Sxx1.32
L7C194DMExx IDT71B258SxxTCM | L7C199TMxx IDT71256SxxL32M | L7C186DMxx IDT71B65SxxTCM
L7C194DMBxx IDT71B258SxxTCB | L7C199TMExx IDT71256SxxL32M | L7C186DMExx IDT71B65SxxTCM
L7C194CMxx IDT71B258SxxTDM | L7C199TMBxx IDT712565xxL32B | L7C186DMBxx IDT71B65SxxTCB
L7C194CMExx IDT71B258SxxTDM | L7CL199PCxx IDT71256LxxTP | L7C186CMxx IDT71B655xxTDM
L7C194CMBxx IDT71B258SxxTDB | L7CL199DCxx IDT71256LxxTD L7C186CMExx IDT71B65SxxTDM

L7CL199CCxx IDT71256LxxTD L7C186CMBxx IDT71B65SxxTDB
L7C195PCxx IDT61B298SxxTP | L7CL199NCxx IDT71256LxxP L7C186HMxx IDT71B65SxxDM
L7C195DCxx IDT61B298SxxTC | L7CL199HCxx IDT71256LxxD L7C186HMExx IDT71B65SxxDM
L7C195CCxx IDT61B298SxxTD | L7CL199ICxx IDT71256LxxD L7C186HMBxx IDT71B85SxxDB
L7C195VCxx IDT61B298SxxSO L7CL199VCxx IDT71256LxxSO
L7C195WCxx IDT61B298SxxY | L7CL199WCxx IDT71256LxxY MICRON nd)
L7C195DMxx IDT61B298SxxTCM | L7CL199TCxx IDT71256LxxL.32 MT5C1601-xx IDT6167SAxxP
L7C195DMExx IDT61B298SxxTCM | L7CL199DMxx IDT71256LxxTDM | MT5C1601C-xx IDT6167SAxXxD
L7C195DMBxx IDT61B298SxxTCB | L7CL199DMExx IDT71256LxxTDM | MT5C1601DJ-xx IDT6167SAxXXY
L7C195CMxx IDT61B298SxxTDM | L7CL199DMBxx IDT71256lLxxTDB MT5C1601EC-xx IDT6167SAxxL
L7C195CMExx IDT61B298SxxTDM | L7CL199CMxx IDT71256LxxTDM MT5C1601-xxL IDT6167LAXXP
L7C195CMBxx IDT61B298SxxTDB | L7CL199CMExx IDT71256LxxTDM | MT5C1601C-xxL IDT6167LAXxD

L7CL199CMBxx IDT71256LxxTDB | MT5C1601DJ-xxL. | IDT6167LAxxY
L7C191PCxx IDT71281SxxP L7CL199HMxx IDT71256LxxDM | MTSC1601EC-xxL | IDT6167LAxxL
L7C191DCxx IDT71281SxxC L7CL199HMExx IDT71256LxxDM
L7C191CCxx IDT71281SxxD L7CL199HMBxx IDT71256LxxDB MT5C1604-xx IDT6168SAxxP
L7C191VCxx IDT71281SxxSO L7CL199IMxx IDT71256LxxDM MT5C1604C-xx IDT6168SAxXxD
L7C191WCxx IDT71281SxxY L7CL199IMExx IDT71256LxxDM MT5C1604DJ-xx | IDT6168SAxXxY
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MICRON IDT MICRON IDT MICRON IDT
MT5C1604EC-xx IDT6168SAxxL MT5C6404DJ-xxL IDT7188LxxY MT5C2568DJ-xxL IDT71256LxxY
MT5C1604-xxL IDT6168LAXXP MT5C6404C-xxL 883C | IDT7188LxxCB MT5C2568EC-xxL IDT71256LxxL28
MT5C1604C-xxL IDT6168LAXxD MT5C2568W-xxL IDT71256LxxP
MT5C1604DJ-xxL | IDT6168LAxXxXY MT5C6405-xx IDT7198SxxP MT5C2568CW-xxL | IDT71256LxxD
MTSC1604EC-xxL | IDT6168LAxxL MT5C6405C-xx IDT7198SxxD MT5C2568ECW-xxL | IDT71256LxxL32

MT5C6405DJ-xx IDT7198SxxY MT5C2568C-xxL. 883C | IDT71256LxxTDB
MT5C1605-xx IDT61970SAxxP MT5C6405EC-xx IDT7198SxxL MT5C2568CW-xxL 883C| IDT71256LxxDB
MT5C1605DJ-xx IDT61970SAxxY | MT5C6405-xxL IDT7198LxxP MT5C2568EC-xxL 883C | IDT71256LxxL28B
MT5C1605C-xx IDT61970SAxxD | MT5C6405C-xxL IDT7198LxxD MT5C2568ECW-xxL 883C | IDT71256LxxL328
MT5C1605-xxL IDT61970LAxxP MT5C6405DJ-xxL IDT7198LxxY MT5C2568F-xxL 883C | IDT71256LxxFB
MT5C1605DJ-xxL IDT61970LAxxY MT5C6405EC-xxL IDT7198LxxL
MT5C1605C-xxL IDT61970LAXxD MT5C2564-xx IDT71B258SxxTP
MT5C6406-xx IDT71981SxxP MT5C2564C-xx IDT71B258SxxTC
MT5C1606-xx IDT71681SAxxP | MT5C6406C-xx IDT71981SxxD MT5C2564DJ-xx IDT71B258SxxY
MT5C1606C-xx IDT71681SAxxD | MT5C6406DJ-xx IDT71981SxxY MT5C2564C-xx 883C| IDT71B258SxxTCB
MT5C1606DJ-xx IDT71681SAxxY | MT5C6406EC-xx IDT71981SxxL MT5C2564-xxL IDT71B258LxxTP
MT5C1606EC-xx IDT71681SAxxL MT5C6406-xxL IDT719811xxP MT5C2564C-xxL IDT71B258LxxTC
MT5C1606-xxL IDT71681LAxxP MT5C6406C-xxL IDT71981LxxD MT5C2564DJ-xxL IDT71B258LxxY
MT5C1606C-xxL IDT71681LAxxD MT5C6406DJ-xxL IDT719811xxY MT5C2564C-xxL 883C | IDT71B258LxxTCB
MT5C1606DJ-xxL IDT71681LAxxY MT5C6406EC-xxL IDT71981LxxL
MT5C1606EC-xxL IDT71681LAxxL MT5C2585-xx IDT61B298SxxTP
MT5C6407-xx IDT71982SxxP MT5C2565C-xx IDT61B298SxxTC
MT5C1607-xx IDT71682SAxxP | MT5C6407C-xx IDT71982SxxD MT5C2565DJ-xx IDT61B298SxxY
MT5C1607C-xx IDT71682SAxxD | MT5C8407DJ-xx IDT71982SxxY MT5C2565C-xx 883C| IDT61B298SxxTCB
MT5C1607DJ-xx IDT71682SAxxY | MT5C6E407EC-xx IDT71982SxxL MT5C2565-xxL IDT61B298LxxTP
MT5C1607EC-xx IDT71682SAxxL | MT5C6407-xxL IDT71982LxxP MT5C2565C-xxL IDT61B298LxxTC
MT5C1607-xxL IDT71682LAxxP MT5C6407C-xxL IDT71982LxxD MT5C2565DJ-xxL IDT61B298LxxY
MT5C1607C-xxL IDT71682LAXxxD | MT5C6407DJ-xxL IDT71982LxxY MT5C2565C-xxL 883C | IDT61B298LxxTCB
MT5C1607DJ-xxL IDT71682LAxXxY MT5C8407EC-xxL IDT71982LxxL
MT5C1607EC-xxL IDT71682L AxxL MT500408 D17 16250TP MITSUBISHI IDT
-XX XX
MT5C1608-xx IDT6116SAXXTP | MT5C6408C-xx IDT7164SxxTC | M5M21C67P-xx IDT6167LAxXP
MT5C1608DJ-xx IDT6116SAxxY MT5C6408DJ-xx IDT7164SxxY
MTSC1608ECxx | IDT6116SAxxL28 | MT5C6408ECxx | IDT7164Sxxlog | MSM21CE8P-xx IDT6168LAXXP
MT5C1608C-xx IDT6116SAXXTD | MT5C6408ECW-xx IDT7164SxxL32 M5M5165FP-xx IDT7164SxxSO
MT5C1608C-xx 883C | IDT6116SAxXTDB| MT5C6408C-xx 883C | IDT7164SxXTCB | MsM5165FP-xxL IDT7164LxxSO
MTSC1608EC-xx 883C | IDT6116SAxxL28B] MT5C6408CW-xx 833C| IDT7164SxxDB | MsMs178P-xx IDT7164LxxP
MT5C1608-xxL IDT6116LAxXxTP MTS5C6408EC-xx 883C | IDT7164SxxL.28B
MT5C1608DJ-xxL IDT6116LAxXXY MTSC6408ECW-xx 883C| IDT7164SxxL32B | M5M5187AD-xx IDT7187LxxL22
MT5C1608EC-xxL IDT6116LAxxL28 | MT5C6408-xxL IDT7164LxxTP M5M5187AP-xx IDT7187LxxP
MT5C1608C-xxL IDT6116LAXXxTD MT5C6408C-xxL IDT7164LxxTC M5M5187P-xx IDT7187LxxP
MTSC1608C-xxL 883C | IDT6116LAxxTDB | MT5C6408DJ-xxL IDT7164LxxY
MT5C1608EC-xxL 883C| IDT6116LAXxxL28B| MT5C6408EC-xxL IDT7164LxxL28 M5M5188AD-xx IDT7188LxxL22
MT5CB8408ECW-xxL | IDT7164LxxL32 M5MS5188AP-xx IDT7188LxxP
MT5C6401-xx IDT7187SxxP MT5C6408C-xxL 883C | IDT7164LxxTCB M5M5188P-xx IDT7188LxxP
MT5C6401C-xx IDT7187SxxD MT5C6408CW-xxL 883C| IDT7164LxxDB
mgggiolgé-xx IDT7187SXXI\_/ MT5C6408EC-xxL 883C | IDT7164LxxL28B | MOTOROLA ioT
01EC-xx IDT7187SxxL22 | MT5C6408ECW-xxL883C| IDT7164LxxL32B
MT5C6401C-xx 883C | IDT7187SxxCB MCM2018ANxx IDTE116SAxxP
MT5C6401EC-xx 883C | IDT7187SxxL22B | MT5C2568-xx IDT712565xxTP | MCM4180Pxx IDT6178SxxP
MT5C6401-xxL IDT7187LxxP MT5C2568C-xx IDT71256SxxTD | MCM62351Pxx IDT6178SxxP
MT5C8401C-xxL IDT7187LxxD MT5C2568DJ-xx IDT71256SxxY MCM62350Pxx IDT6178SxxP
MT5C6401DJ-xxL IDT7187LxxY MT5C2568EC-xx IDT71256SxxL28 | MCM4180Jxx IDT6178SxxY
MT5C6401EC-xxL IDT7187LxxL22 MT5C2568W-xx IDT71256SxxP MCME2351Jxx IDT6178SxxY
MT5C6401C-xxL 883C | IDT7187LxxCB MT5C2568CW-xx IDT71256SxxD MCMB62350Jxx IDT6178SxxY
MT5C6401EC-xxL 883C| IDT7187LxxL22B | MT5C2568ECW-xx | IDT71256SxxL32 | 4180-xx/BXAJC IDT6178SxxDB
MT5C2568C-xx 883C | IDT71256SxxTDB
MT5C6404-xx IDT7188SxxP MT5C2568CW-xx 883C( IDT712565xxDB | MCM6164Cxx IDT7164SxxD
MT5C8404C-xx IDT7188SxxD MT5C2568EC-xx 883C | IDT71256SxxL28B| MCM61L64Cxx IDT7164LxxD
MT5C8404DJ-xx IDT7188SxxY MT5C2568ECW-xx 883C | IDT712565xxL32B | MCM6264Pxx IDT7164SxxP
MT5C6404C-xx 883C | IDT71885xxCB | Mrsc2568F-xx 883C| IDT71256SxxFB | MCM6264NJxx IDT7164SxxY
MT5C6404-xxL IDT7188LxxP MT5C2568-xxL IDT71256LxxTP | 6164-xx/BXAJC IDT7164SxxDB
MT5C6404C-xxL IDT7188LxxD MT5C2568C-xxL. IDT71256LxxTD | 6164-xx/BUAJC IDT7164SxxL.32B
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MOTOROLA IDT PERFORMANCE IDT PERFORMANCE IDT
MCM6168Pxx IDT6168SAxXxP P4C164L-xxDWM | IDT7164LxxDM P4C187-xxLMB IDT7187SxxL22B
MCM6268Pxx - IDT6168SAxxP P4C164L-xxLM IDT7164LxxL28M | P4C187L-xxCC IDT7187LxxD
MCM6269Pxx IDT6168SAxXxP P4C164L-xxCMB | IDT7164LxxTCB P4C187L-xxPC IDT7187LxxP
6168-xx/BRAJC IDT6168SAxxDB P4C164L-xxDWMB | IDT7164LxxDB P4C187L-xxLC IDT7187LxxL22
6168-xx/BUAJC IDT6168SAxXxLB P4C164L-xxLMB IDT7164LxxL28B | P4C187L-xxJC IDT7187LxxY
6268-xx/BRAJC IDT6168SAxxDB P4C187L-xxCM IDT7187LxxCM
6268-xx/BUAJC IDT6168SAxxLB P4C163-xxCC IDT7169SxxTC P4C187L-xxLM IDT7187LxxL22M

P4C163-xxLC IDT7169SxxL28 P4C187L-xxCMB | IDT7187LxxCB
MCM6270Pxx IDT61970SxxP P4C163-xxPC IDT7169SxxTP P4C187L-xxLMB IDT7187LxxL22B
MCM6270Jxx IDT61970SxxY P4C163-xxJC IDT7169SxxY
P4C163-xxCM IDT7169SxxTCM | P4C188-xxCC IDT7188SxxD
MCM6206Pxx IDT71256SxxTP P4C163-xxLM IDT7169SxxL28M | P4C188-xxPC IDT7188SxxP
MCM6206Jxx IDT712568xxY P4C163-xxCMB IDT7169SxxTCB P4C188-xxJC IDT7188SxxY
6206-xx/BXAJC IDT71256SxxDB P4C163-xxLMB IDT7169SxxL28B | P4C188-xxCM IDT7188SxxCM
P4C163L-xxCC IDT7169LxxTC P4C188-xxCMB IDT7188SxxCB
MCM6287Pxx IDT7187SxxP P4C163L-xxLC IDT7169LxxL28 P4C188L-xxCC IDT7188LxxD
MCMe287.Jxx IDT7187SxxY P4C163L-xxPC IDT7169LxxTP P4C188L-xxPC IDT7188LxxP
6287-x/BXAJC IDT7187SxxCB P4C163L-xxJC IDT7169LxxY P4C188L-xxJC IDT7188LxxY
6287-xx/BUAJC IDT7187SxxL22B | p4G163L-xxCM IDT7169LXxTCM | P4C188L-xxCM IDT7188LxxCM
P4C163L-xxLM IDT7169LxxL28M | P4C188L-xxCMB | IDT7188LxxCB
o, | Brimesee, | Picimous | r7ioswice
P4C163L-xxLMB IDT7169LxxL28B Szglgg-ﬂfg :gg:gggxxg
-XX XX
mgmggggj:: :gl;}gggﬁs P4C168-xxDC IDT6168SAXxD P4C198-xxPC IDT6198SxxP
P4C168-xxPC IDT6168SAXxXP P4C198-xxJC IDT6198SxxY
MCM6205Pxx IDT71259SxxP P4C168-xxSC IDT6168SAxxSO P4C198-xxCM IDT6198SxxCM
MCM6205Jxx IDT71259SxxY P4C168-xxDM IDT6168SAxxDM P4C198-xxLM IDT6198SxxLM
P4C168-xxDMB IDT6168SAXxDB P4C198-xxCMB IDT6198SxxCB
MCM6208Pxx IDT71B258SxxTP | P4C168L-xxDC IDT6168LAXXD P4C198-xxLMB IDT6198SxxLB
MCM6208Jxx IDT71B258SxxY P4C168L-xxPC IDT6168LAXXP P4C198L-xxCC IDT6198LxxD
P4C168L-xxSC IDT6168LAXXSO P4C198L-xxLC IDT6198LxxL
MCM6209Pxx IDT61B298SxxTP | P4C168L-xxDM IDT6168LAXxDM P4C198L-xxPC IDT6198LxxP
MCM#6209Jxx IDT61B298SxxY P4C168L-xxDMB IDT6168LAXxDB P4C198L-xxJC IDT6198LxxY
P4C198L-xxCM IDT6198LxxCM
PERFORMANCE IDT P4C1681-xxDC IDT71681SAxxD P4C198L-xxLM IDT8198LxxLM
P4C116-xxDC IDT6116SAXXxTD P4C1681-xxSC IDT71681SAxxSO | P4C198L-xxCMB IDT6198LxxCB
P4C116-xxSC IDT6116SAxxSO P4C1681-xxPC IDT71681SAxxP P4C198L-xxLMB IDT6198LxxLB
P4C116-xxPC IDT6116SAXXTP P4C1681-xxDM IDT71681SAxxDM
P4C116-xxDMB IDT6116SAxTDB | P4C1681L-xxDC IDT71681LAxxD P4C198A-xxLC IDT7198SxxL
P4C116L-xxDC IDT6116LAKTD P4C1681L-xxSC IDT71681LAXxSO | P4C198A-xxPC IDT7198SxxP
P4C116L-xxSC IDT6116LAXSO P4C1681L-xxPC IDT71681LAxXxP P4C198A-xxJC IDT7198SxxY
P4C116L-XXPC IDT6116LAXXTP P4C1681L-xxDM IDT71681LAXxxDM P4C198A-xxCM . IDT7198SxxCM
P4C116L-xxDM IDT6116LAxTDM | P4C1681L-xxDMB | IDT71681LAXxDB g4g1gg:-xxm . |Dg1gs§xxég
4C1 -XX IDT7198Sxx!
P4C116L-xxDMB | IDT6116LAxxTDB z 281 gsz_xxgg :gmesgg ﬁixgo PAO198AAMB | IDT71985LB
P4C164-xxCC IDT7164SxxTC 82-xx 68 X P4C198AL-xxCC IDT7198LxxD
P4G164-xxLC IDT71G4SxxIZB P4C1682-xxPC IDT71682SAxxP | P4C198AL-xxLC | IDT7198LxxL
P4C164-xxPC IDT7164SxxTP P4C1682-xxDM IDT71682SAxxDM | P4C198AL-xxPC IDT7198LxxP
P4C164-xxJC IDT7164SxxY P4C1682-xxDMB IDT71682SAxxDB | pP4C198AL-xxJC IDT7198LxxY
P4C164-xxDW IDT7164SxxD P4C1682L-xxDC IDT71682LAxxD P4AC198AL-xXCM IDT7198LxxCM
P4C164-xxCM IDT7164SxxTCM P4C1682L-xxSC IDT71682LAXxxSO | P4C198AL-xxLM IDT7198LxxLM
P4C164-xxDWM IDT7164SxxDM P4C1682L-xxPC IDT71682LAxxP P4C198AL-xxCMB | IDT7198LxxCB
P4C164-xxLM IDT7164SxxL28M | P4C1682L-xxDM | IDT71682LAxxDM | P4C198AL-xxLMB | IDT7198LxxLB
P4C164-xxCMB IDT7164SxxTCB P4C1682L-xxDMB | IDT71682LAxxDB
. P4C1981-xxCC IDT71981SxxD
PAIGLaMB | IDTyibéomiops | PICISTNCC | DT767S%0 | PaciseixlC | IDT7I8IS0L
PACIBALXXCC | IDT7164LTC | DAC187-xxPC IDT7187SxxP P4C1981-xxPC | IDT71981SxxP
P4C164L-xxLC IDT7164LxL28 | PAC187-xxLC IDT7187SxxL22 | P4C1981-xxJC IDT71981SxxY
P4C164L-xxPC IDT7164LxxTP P4C187-xxJC IDT7187SxxY P4C1981-xxCM IDT71981SxxDM
P4C164L-xxJC IDT7164LxxY P4C187-xxCM IDT7187SxxCM P4C1981-xxLM IDT71981SxxLM
PAC164L-xxDW IDT7164LxxD P4C187-xxLM IDT7187SxxL22M | P4C1981-xxCMB | IDT71981SxxDB
PACI6AL-xxCM | IDT7164LxxToM | DAC187xxCMB | IDT7187SxxCB | P4C1981-xxLMB | IDT71981SxxLB
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SRAM CROSS REFERENCE

PERFORMANCE IDT SGS-THOMSON- IDT VITELIC IDT
MOTEK
P4C1981L-xxCC IDT71981LxxD MK41H66NXX IDT6167SXXP V61C16Sxx IDT6116SAXXTP
P4C1981L-xxLC IDT71981LxxL MK41H67Nxx IDT6167SxxP V61C16Fxx IDT6116SAXXSO
P4C1981L-xxPC IDT71981LxxP V61C16PxxL IDT6116LAXXP
P4C1981L-xxJC IDT71981LxxY MK41H68Nxx IDT6168SxxP V61C16SxxL IDT6116LAXXTP
P4C1981L-xxCM IDT71981LxxDM MK41H69Nxx IDT6168SxxP V61C16FxxL IDT6116LAXxSO
P4C1981L-xxLM IDT7 LxxLM
P4C1981L-xxCMB IDT7: gg: UXBB MK41H78Nxx IDT61970SxxP V63C64Sxx IDT7164SxxTP
PAC1981L-xxLMB | IDT71981LxxLB MK41H79Nxx IDT61970SxxP V63C64SxxL IDT7164LxxP
P4C1982-xxCC IDT719825xxD MK41HBONxx IDT61785xxP V61C67Pxx IDT6167SAxxP
P4C1982-xxLC IDT71982SxxL MK41H80Pxx IDTE178SxxD V61C67PxxL IDT6167LAxXxP
P4C1982-xxPC IDT71982SxxP MKa1HE7Nocx IDT7187SxxP por— \DT61685 0P
P4C1982-xxJC IDT71982SxxY MK4THE7X3x IDT7187SxxY
P4C1982-xxCM IDT719825xxDM V61CE8PxxL IDT6168LAXP
P4C1982-xxLM IDT71982SxxLM MK48HB5NXxX IDT7164SxxTP
P4C1982-xxCMB | IDT71982SxxDB -
PAC1982x<LMB | IDT719825xxLB | SONY DT Note: e aod Orade
P4C1982L-xxCC | IDT71982LxxD ppears.
P4C1982L-xxLC | IDT71982LxxL CXK5416P-xx IDT6168LAXXP
P4C1982L-xxPC IDT71982LxxP
P4C1982L-xxJC | IDT71982LxxY CXKS484P-xx IDT7188LxxP
P4C1982L-xxCM IDT71982LxxDM . CXK5814P-xx IDT6116LAXXTP
P4C1982L-xxLM IDT71982LxxLM CXK5818PN-xx IDT6116LAXXP
P4C1982L-xxCMB | IDT71982LxxDB CXK5818M-xx IDT6116LAXXSO
P4C1982L-xxLMB | IDT71982LxxLB
CXK58256P-xx IDT71256LxxP
P4C1256-xxPC IDT71256SxxTP CXK58256M-xx IDT71256LxxSO
P4C1256-xxDC IDT71256SxxD
P4C1256-xxLC IDT712565xxL28 | CXK5864AP-xxL IDT7164LxxP
P4C1256-xxDM IDT71256SxxDM | CXK5864AM-xxL | IDT7164LxxSO
P4C1256-xxLM IDT71256SxxL28M | CXK5865P-xxL IDT7164LxxP
P4C1256-xxDMB IDT71256SxxDB
P4C1256-xxLMB IDT71256SxxL28B | TOSHIBA IDT
P4C1256L-xxPC IDT71256LxxTP
oo AR TMM2018AP-xx IDT6116SAXXTP
P4C1256L-xxLC IDT71256LxxL.28 TMM2068AP-xx IDT6168SAxXXP
P4C1256L-xxDM | IDT71256LxxDM
P4C1256L-xxLM IDT71256LxxL28M | TC55416P-xx IDT7188SxxP
P4C1256L-xxDMB | IDT71256LxxDB TC55416P-xxH IDT7188SxxP
P4C1256L-xxLMB | IDT71256LxxL28B
TC55417P-xx IDT6198SxxP
P4C1258-xxPC IDT71B258SxxTP | TC55417J-xx IDT6198SxxY
P4C1258-xxJC IDT71B258SxxY TC55417P-xxH IDT6198SxxP
P4C1258-xxCC IDT71B258SxxTC | TC55417J-xxH IDTB198SxxY
P4C1258-xxCM IDT71B258SxxTCM
P4C1258-xxCMB | IDT71B258SxxTCB| T1C5561P-xx IDT7187SxxP
PAC1258L-xxPC | IDT71B258LxxTP | TC5561J-xx IDT7187SxxY
P4C1258L-xxJC IDT71B258LxxY TC5562P-xx IDT7187SxxP
P4C1258L-xxCG IDT71B258LxxTC | TC5562J-xx IDT7187SxxY
P4C1258L-xxCM | IDT71B258LxxTCM
TC5588P-xx IDT7164SxxTP
P4C1258L-xxCMB | IDT71B258LxxTCB | L2200 0 IDT7164SxxY
B il e e
P4C1298-xxCC IDT61B298SxxTC | T1C358%J-xx IDT7169SxxY
P4C1298-xxCM IDT61B298SXXTCM| 155328 xx IDT712565xxTP
P4C1298-xxCMB | IDT61B298SXXTCB | Crsa5a )4y IDT71256SxxY
P4C1298L-xxPC IDT61B298LxxTP
P4GC1298L-xxJC IDT61B298LxxY TC55329P-xx IDT71259SxxP
P4C1298L-xxCC IDT61B298LxxTC | TC55329J-xx IDT71256SxxY
P4C1298L-xxCM IDT61B298LxxTCM| v61C16Pxx IDT6116SAxxP
P4C1298L-xxCMB | IDT61B298LxxTCB
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STATIC RAM SELECTOR GUIDE

Speed (ns)
Density | Organization Part No. Description Com'l. Mil. Page
16384 2048 x 8 6116 2K x 8 with Power-Down 1545 | 20-150 5.1
4096 x 4 6168 4K x 4 with Power-Down 10-35 12-100 5.4
6178 4K x 4 Cache Tag 10-25 12-25 55
61970 4K x 4 with Output Enable and Power-Down 10-45 | 12-55 5.6
71681/2 | 4K x 4 Separate I/O and Power-Down 1045 [ 12-100 519
16384 x 1 6167 16K x 1 with Power-Down 12-35 | 15-100 5.3
65536 4096 x 16 71586 4K x 16 with Address Latch and Power-Down | 2545 35-55 5.15
8192x 8 7164 8K x 8 with Power-Down 15-35 | 25-200 5.17
7165 8K x 8 Resettable Power-Down 30-45 35-55 5.18
7174 8K x 8 Cache Tag 3045 | 35-55 5.21
71B64 8K x 8 BICEMOS 10-15 12-20 6.12
71B65 8K x 8 BICEMOS Resettable 15-25 20-35 6.13
71B74 8K x 8 BICEMOS Cache Tag 10-15 12-20 6.15
16384 x 4 6198 16K x 4 with Output Enable and Power-Down | 15-35 20-85 5.7
7188 16K x 4 with Power-Down 15-35 20-85 5.23
7198 16K x 4 with Output Enable, 2 CS and 15-35 20-85 5.24
Power-Down
61B98 16K x 4 BICEMOS with Output Enable 8-12 10-15 6.2
71981/2 | 16K x 4 with Separate I/0 and Power-Down 15-35 | 20-85 5.25
71B88 16K x 4 BICEMOS 8-12 10-15 6.17
71B98 16K x 4 BICEMOS with Output Enable, 2 CS 8-12 10-15 6.18
65536 x 1 7187 64K x 1 with Power-Down 15-35 20-85 5.22
73728 8192x 9 7169 8K x 9 with Power-Down 20-35 25-55 5.20
71569 8K x 9 with Address Latch and Power-Down 20-25 25-35 5.14
71B569 8K x 9 BICEMOS with Address Latch 12-20 15-20 6.11
71B69 8K x 9 BICEMOS 12-20 15-20 6.14
71B79 8K x 9 BICEMOS Cache Tag 10-15 12-20 6.16
147456 4096 x 36 71B221 4K x 18 x 2 BiCEMOS Self-Timed and 24-28 28 6.5
Address Latch
71B222 4K x 18 x 2 BICEMOS with Dual Address 18-30 25-30 6.6
Latches
262144 32768 x 8 71256 32K x 8 with Power-Down 20-45 | 25-150 5.10
71B256 32K x 8 BICEMOS 12-20 20 6.8
71B556 32K x 8 BICEMOS with Address Latch 12-20 20 6.10
65536 x 4 61298 64K x 4 with Output Enable and Power-Down | 25-45 25-55 5.2
71258 64K x 4 with Power-Down 20-45 25-55 5.11
61B298 64K x 4 BICEMOS with Output Enable 12-20 15-20 6.1
71281/2 | 64K x 4 with Separate I/O and Power-Down 25-45 | 30-55 5.13
71B258 64K x 4 BICEMOS 12-20 15-20 6.9
293912 16384 x 18 71B229 16K x 9 x 2 BICEMOS Cache RAM 15-28 22-28 6.7
32768 x 9 71259 32K x 9 with Power-Down 20-35 25-45 512
71589 32K x 9 Burst Mode with Power-Down 15-35 25-35 5.16
1048576 | 131072x 8 71024 128K x 8 with Power-Down 25-45 30-55 5.8
71B024 128K x 8 BICEMOS 15-25 20-25 6.3
262144 x 4 71028 256K x 4 with Power-Down 25-45 30-55 5.9
71B028 256K x 4 BiICEMOS 15-25 20-25 6.4
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TECHNOLOGY AND CAPABILITIES
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IDT...LEADING THE CMOS FUTURE

A major revolution is taking place in the semiconductor
industry today. A new technology is rapidly displacing older
NMOS and bipolar technologies as the workhorse of the 80’s
andbeyond. Thattechnology is high-speed CMOS. Integrated
Device Technology, a company totally predicated on and
dedicatedtoimplementing high-performance CMOS products,
is on the leading edge of this dramatic change.

Beginning with the introduction of the industry’s fastest
CMOS 2K x 8 static RAM, IDT has grown into a company with
multiple divisions producing a wide range of high-speed
CMOS circuits that are, in almost every case, the fastest
available. These advanced products are produced with IDT's
proprietary CEMOS™ technology, a twin-well, dry-etched,
stepper-aligned process utilizing progressively smaller
dimensions.

From inception, IDT’s product strategy has been to apply
the advantages of it's extremely fast CEMOS technology to
produce the integrated circuit elements required to implement
high-performance digital systems. IDT’s goalis to provide the
circuits necessary to create systems which are far superior to
previous generations in performance, reliability, cost weight
and size. Many of the company’s innovative product designs
offer higher levels of integration, advanced architectures,
higher density packaging and system enhancement features
that are establishing tomorrow’s industry standards. The
company is committed to providing its customers with anever-
expanding series ofthese high-speed, lower-power IC solutions
to system design needs.

IDT’s commitment, however, extends beyond state-of-the-
arttechnology and advancedproducts to providing the highest

level of customer service and satisfaction in the industry.
Producing products to exacting quality standards that provide
excellent, long-term reliability is given the same level of
importance and priority as device performance. IDT is also
dedicated to delivering these high-quality advanced products
ontime. The company would like to be known not only for its
technological capabilities, but also for providing its customers
with quick, responsive and courteous service.

|DT's product families are available in bothcommercialand
military grades. As abonus, commercial customers obtainthe
benefits of military processingdisciplines, established to meet
or exceed the stringent criteria of the applicable military
specifications.

IDT is the leading U.S. supplier of high-speed CMOS
circuits. The company'’s high-performance fast SRAM , FCT
logic family, high-density modules, FIFOs, complex logic
products, specialty memories, ECL /O BICEMOS™ memories,
RISC subsystems, and the 32-bit RISC microprocessorfamily
complement eachotherto provide high-speed CMOS solutions
to a wide range of applications and systems.

Dedicated to maintaining its leadership position as a state-
of-the-art IC manufacturer, IDT will continue to focus on
maintaining its technology edge as well as developing a
broader range of innovative products. New products and
speed enhancements are continuously being added to each
of the existing product families and additional product lines will
be introduced. Contact your IDT field representative orfactory
marketing engineer to determine the latest product offerings.
If you're building state-of-the-art equipment, IDT wantsto help
you solve some of your design problems.

21



IDT MILITARY AND DESC-SMD PROGRAM

IDT is a leading supplier of military, high-speed CMOS
circuits. The company's high-performance Static RAMs, FCT
Logic Family, Complex Logic (CLP), FIFOs, Specialty
Memories (SMP), ECL I/0O BiCMOS Memories, 32-bit RISC
Microprocessor, RISC Subsystems and high-density
Subsystems Modules product lines complement eachotherto
provide high-speed CMOS solutions to a wide range of

- military applications and systems. Most of these product lines

offer Class B products which are fully compliant to the latest
revision of MIL-STD-883, Paragraph 1.2.1. In addition, IDT
offers Radiation Tolerant (RT), as well as Radiation Enhanced
(RE), products. .

IDT has an active program with the Defense Electronic
Supply Center (DESC) to list all of IDT’s military compliant

devices on Standard Military Drawings (SMD). The SMD
program allows standardization of militarized products and
reduction of the proliferation of non-standard source control
drawings. This program will go far toward reducing the need
for each defense contractor to make separate specification
control drawings for purchased parts. IDT plans to have
SMDs for many of its product offerings. Presently, IDT has 88
devices which are listed or pending listing. The devices are
from IDT's SRAM, FCT Logic family, Complex Logic (CLP),
FIFOs and Specialty Memories (SMP) product families. IDT
expects to add another 20 devices to the SMD program inthe
near future. Users should contact either IDT or DESC for
current status of products in the SMD program.

SMD SMD SMD

SRAM IDT LOGIC IDT FIFO IDT
84036/D 6116 5962-87630/B 54FCT244/A 5962-87531 7201LA
5962-88740 6116LA 5962-87629/C 54FCT245/A 5962-86846/A 72404
84132/B 6167 5962-86862/A 54FCT299/A 5962-88669 7203S
5962-86015/A . 7187 5962-87644/A 54FCT373/A 5962-89568 7204L
5962-86859 6198/7198/7188 5962-87628/C 54FCT374/A 5962-89536 7202L
5962-86705/A 6168 5962-87627 S4FCT377/A 5962-89863 7201S
5962-85525/A 7164 5962-87654/A 54FCT138/A 5962-89523 72403L
5962-88552 71256L 5962-87655 54FCT240/A 5962-89666 7200L
5962-88662 71256S 5962-87656/A 54FCT273/A 5962-89942 72103L
5962-88611 71682L 5962-89533 54FCT861A/B 5962-89943 72104L
5962-88681/A 712588 5962-89506 54FCT827A/B 5962-89567 7203L
5962-88545 - 71258L 5962-88575 54FCT841A/B
5962-88544 71257L 5962-88608 54FCT821A/B
5962-88725/A 712578 5962-88543/A S54FCT521/A
5962-89690 6116 5962-88640 S54FCT161/A
5962-89691 7198 5962-88639 54FCT573/A
5962-89692 7188 5962-88656 54FCT823A/B
5962-89712 71982 5962-88657 54FCT163/A
5962-89892 6198 5962-88674 54FCT825A/B
5962-38294 8Kx8 5962-88661 54FCT863A/B
5962-89598 32Kx8 5962-88736 54FCT520A/B

5962-88775 54FCT646A/B
SMP IDT 5962-89508 54FCT139/A

5962-89665 S54FCT824A/B
5962-86875/A 7130/7140 5962-88651 S54FCT533/A
5962-87002/A 7132/7142 5962-88652 54FCT182/A
5962-88610/A 71335/7143S 5962-88653 54FCT645A/B
5962-88665/A 7133L/7143L 5962-88654 54FCT640A/B

5962-88655 54FCT534/A
CLP IDT 5962-89767 54FCT540/A

5962-89766 S54FCT541/A
5962-87708/A 39C10B & C 5962-89733 54FCT191/A
5962-88535 39C01 5962-89732 54FCT241/A
5962-88533/A 43C460A 5962-89652 54FCT399/A
5962-88613 39C60A 5962-89513 54FCT574/A
5962-88643 49C410 5962-89731 54FCT833A/B
5962-88743 75C48S 5962-88675 54FCT845A/B
5962-86273 7216L 5962-89730 54FCT543/A
5962-87686 7217L
5962-88733 7210
5962-90579 7381L

2509 1ol 0

2.2 1



RADIATION HARDENED TECHNOLOGY

IDT manufactures and supplies radiation hardened products
formilitary/aerospace applications. Utilizing special processing
and starting materials, IDT’s radiation hardened devices are
able to survive in hostile radiation environments. Intotaldose,
dose rate and environments where single event upset is of
concern, IDT products are designed to continue functioning
without loss of performance. IDT can supply all its products on
these processes. Total Dose radiationtesting is performedin-

house on an ARACOR X-Ray system. External facilities are
utilized for device research on gamma cell, LINAC and other
radiation equipment. IDT has an on-going research and
development program for improving radiation handling
capabilities {See “IDT Radiation Tolerant/Enhanced Products
for Radiation Environments” in Section 3) of IDT products/
processes.
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IDT LEADING EDGE CEMOS TECHNOLOGY

HIGH-PERFORMANCE CEMOS

From IDT’s beginnings in 1980, it has had a beliefinand a
commitment to CMOS. The company developed a high-
performance version of CMOS, called enhanced CMQOS
(CEMOS), that allows the design and manufacture of leading-
edge components. It incorporates the best characteristics of
traditional CMOS, including low power, high noise immunity

and wide operating temperature range; it also achieves speed
and output drive equal or superior to bipolar Schottky TTL.
Thelastdecade has seen development and production of four
“generations” of IDT's CEMOS technology with process
improvements which have reduced IDT’s electrical effective
(Letf) gate lengths by more than 50 percent from 1.3 microns
(millionths of a meter) in 1981 to 0.6 microns in 1989.

CEMOS | CEMOS Il CEMOS Il CEMOS V CEMOS VI
A [}
Calendar Year 1981 1983 1985 1987 1989 1990
Drawn 2.5u 1.7u 1.3p 1.2p 1.0p 0.8u
Feature Size
Leff 1.3 1.1p 0.9 0.8u 0.6p 0.45p
Basic Dual-well, Dry Etch, Shrink, Silicide, BiCEMOS I BIiCEMOS Il
Process Wet Etch, Stepper Spacer BPSG,
Enhancements Projection BiCEMOS |
Aligned
2514 drw 01
CEMOS IV = CEMOS Ill - scaled process optimized for high-speed logic.
Figure 1.
Continual advancement of CEMOS technology allows IDT "
to implement progressively higher levels of integration and ° g
achieveincreasingly faster speeds maintaining the company’s J -
established position as the leader in high-speed CMOS A q g
integrated circuits. In addition, the fundamental process
technology has been extended to add bipolar elements to the
CEMOS platiorm. IDT’s BiICEMOS process combines the RA A2
ultra-high speeds of bipolar devices with the lower power and N
cost of CMOS, allowing us to build even faster components H ® )
than straight CMQOS at a slightly higher cost. CEMOS | CEMOSII CEMOS Il CEMOS v
1981 1983 1987 1989

SEM photos (miniaturization) 2514 drw 02

Figure 2. Fifteen-Hundred-Power Magnification Scanning Electron
Microscope (SEM) Photos of the Four Generations of IDT's CEMOS
Technology
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Figure 3. IDT CEMOS Device Cross Section Figure 4. IDT CEMOS Built-In High Alpha Particle Immunity
ALPHA PARTICLES '“P“VOU‘P“’ Pad = 1o
Random alpha particles can cause memory cells to Ground VCC vee Ground . |7
temporarily lose their contents or suffer a “soft error.” Traveling E
with high energy levels, alpha particles penetrate deepinto an S o0 \
integrated chip. As they burrow into the silicon, they leave a ] Substrale { g B
trail of free electron-hole pairs in their wake. n-ouostral 5 L1l
The cause of alpha particles is well documented and Z 2 “
understood in the industry. IDT has considered various & = B
techniquestoprotectthe cells fromthis hazardousoccurrence. & 2 \
These techniques include dual-well structures (Figures3and  § w § 700J
4) and a polymeric compound for die coating. Presently,a  § = »[1
polymericcompoundisusedinmany of IDT's SRAMs; however, Y Secton AA - R —
the specific techniques used may vary and change from one @) on A (b) Collector Supply Voltage Vee (V)
device generation to the next as the industry and IDT improve Typical
the alpha particle protection technology. 2514 drw 05

Figure 5. IDT CEMOS Latchup Suppression

LATCHUP IMMUNITY

A combination of careful design layout, selective use of
guard rings and proprietary techniques have resultedin virtual
elimination of latchup problems often associated with older
CMOS processes (Figure 5). The use of NPN and N-channel
1/0 devices eliminates hole injection latchup. Double guard
ring structures are utilized on all input and output circuits to
absorb injected electrons. These effectively cut off the current
paths into the internal circuits to essentially isolate I/O circuits.
Compared to older CMOS processes which exhibit latchup
characteristics with trigger currents from 10-20mA, IDT
products inhibitlatchup at trigger currents substantially greater
than this.
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SURFACE MOUNT TECHNOLOGY
AND
IDT’S MODULE PRODUCTS

Requirements for circuit area reduction, utilizing the most
efficient and compact component placement possible and the
needs of production manufacturing for electronics assemblies
are the drivingforces behind the advancementof circuit-board
assembly technologies. These needs are closely associated
with the advances being made in surface mount devices
(SMD) and surface mount technology (SMT) itself. Yet, there
are two major issues with SMT in production manufacturing of
electronic assemblies: high capital expenditures and com-
plexity of testing.

The capital expenditure required to convert to efficient
production using SMT is still too high for the majority of
electronics companies, regardless of the 20-60% increase in
the boarddensities which SMT can bring. Because of this high
barrier to entry, we willcontinue to see alarge market segment
[large even compared to the exploding SMT market] using
traditional through-hole packages (i.e. DIPs, PGAs, etc) and
assembly techniques. How can these types of companies
take advantage of SMD and SMT? Let someone else, such
as IDT, do it forthem by investing time and money in SMT and
then in return offer through-hole products utilizing SMT proc-
esses. Products which fit this description are multi-chip
modules, consisting of SMT assembled SMDs on a through-
hole type substrate. Modules enable companiesto enjoy SMT
density advantages and traditional package options without
the expensive startup costs required to do SMT in-house.

Although subcontracting this type of work to an assembly
house is an alternative, there still is the other issue of testing,
an area where many contract assembly operations fall short
of IDT’s capability and experience. Prerequisites for ade-
quate module testing sophisticated high performance par-
ametric testers, customized test fixtures, and most impor-
tantly the experience to tests today’s complex electronic
devices. Companies can therefore take advantage of IDT’s
experience in testing and manufacturing high performance
CMOS multi-chip modules.

At IDT, SMD components are electrically tested, environ-
mentally screened, and performance selected for each IDT
module. Allmodules are 100%tested as ifthey are a separate
functional component and are guaranteed te meet all speci-
fied parameters at the module output without the customer
having to understand the modules’ internal workings.

Other added benefits companies get by using IDT’s CMOS
module products are:

1) awide variety of high performance, through-hole prod-
ucts utilizing SMD packaged components,

2) fast speeds compared with NMOS based products,

3) low power consumption compared with bipolar tech-
nologies, and

4) low cost manufacturability compared with GaAs based
products.

IDT has recognized the problems of SMT and began
offering CMOS modules as part of its standard product port-
folio. IDT modules combine the advantages of:

1) the low power characteristics of IDT's CEMOS™ and

BiCEMOS™ products,

2) thedensity advantages of first class SMD components

including those from IDT’s components divisions, and

3) experienceinsystem level design, manufacturing, and

testing with its own in-house SMT operation.

IDT currently has two divisions (Subsystems and RISC
Subsystems) dedicated to the development of module prod-
ucts ranging from simple memory modules to complex VME
sized application specific modules to full system level CPU
boards. These modules have surface mount devices as-
sembled on both sides of either a multi-layer glass filled epoxy
(FR-4) or a muiti-layer co-fired ceramic substrate. Assembled
modules come available in industry standard through-hole
packages and other space-saving module packages. Indus-
try proven vapor-phase or IR reflow techniques are used to
solder the SMDs to the substrate during the assembly proc-
ess. Because of our affiliation with IDT’s experienced semi-
conductor manufacturing divisions, we thoroughly under-
stand and therefore test all modules to the applicable da-
tasheet specifications and customer requirements.

Thus, IDT is able to offer today’s electronic design engi-
neers a unique solution for their “need-more-for-less”
problem.modules. These high speed, high performance
products offer the density advantages of SMD and SMT, the
added benefit of low power CMOS technology, and through-
hole packaged electronics without the high cost of doing it in-
house.
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STATE-OF-THE-ART FACIL

Integrated Device Technology is headquartered in Santa
Clara, California — the heart of the “Silicon Valley.” The
company's operations are housed in seven facilities totaling
over 500,000 square feet. These facilities house all aspects
of business from research and development to design, wafer
fabrication, assembly, environmental screening, test and
administration. In-house capabilities include scanning electron
microscope (SEM) evaluation, particle impact noise detection
(PIND), plastic and hermetic packaging, military and
commercial testing, burn-in, life test and a full complement of
environmental screening equipment. ’

The over-200,000-square-foot corporate headquarters
campus is composed of four buildings. The largest facility on
this site is a 100,000 square foot, two-building complex. The
first building, a 60,000 square foot facility, is dedicated to the
Complex Logic, Standard Logic and RISC Microprocessor
product lines, as well as hermetic and plastic package
assembly, logic products’ test, burn-in, mark and QA, and a
reliability/failure analysis lab.

IDT's Packaging and Assembly Process Development
teams are located here. To keep pace with the development
of new products and to enhance the IDT philosophy of
“Innovation,” these teams have ultra modern, integrated and
correspondingly sophisticated equipment and environments
attheirdisposal. All manufacturingis completed in dedicated
clean room areas (Class 10K minimum), with all preseal
operations accomplished underClass 100 laminarflow hoods.

Development of assembly materials, processes and
equipmentis accomplished under a fully operational production
environment to ensure reliability and repeatable product. The
Hermetic Manufacturing and Process Development team is
currently producing custom productsto the strict requirements
of MIL-STD-883. The fully automated plastic facility is currently
producing high volumes of USA-manufactured product, while
developing state-of-the-art surface mounttechnology patterned
after MIL-STD-883.

Thesecondbuilding of the complex houses sales, marketing,
finance and MIS.

The RISC Subsystems and Subsystems Modules Divisions
are located behind the two-building complex in a 54,000
square foot facility. Also located at this facility are Quality
Assurance and wafer fabrication services.

Directly across the street from the two-building complex is
a newly acquired 50,000 square foot facility that houses

ITIES AND CAPABILITIES

administrative services, Northwest Area Sales, Human
Resources, International Planning and Shipping and Receiving
functions.

IDT's largest and newest facility, opened in 19390 in San
Jose, California, is a multi-purpose 150,000 square foot, ultra
modern technology development center. This facility houses
a 25,000 square foot, combined Class 1 (a maximum of one
particle per cubic foot of 0.2 micronor larger), sub-half-micron
R&D fabrication facility and a wafer fabrication area. This fab
supports both production volumes of IDT products, including
some next generation SRAMs, and the R&D efforts of the
technology development staff. Technology development efforts
targeted for the center include advanced silicon processing
and wafer fabrication techniques. A test area to support both
production and research is located on-site. The building is
also the new home of the FIFO and ECL product lines.

IDT's second largest facility is located in Salinas, California,
about an hour away from Santa Clara. This 95,000 square
foot facility, located on 14 acres, is the Static RAM Division
and Specialty Memory product line. Constructed in 1985, this
facility houses an ultra-modern 25,000 square foot high-
volume wafer fabrication area measured at Class 2-to-3 (a
maximum of 2 to 3 particles per cubic foot of 0.2 micron or
larger) cleanroomconditions. Carefuldesign and construction
of this fabrication area created a clean room environment far
beyond the 1985 average for U.S. fab areas. This made
possible the production of large volumes of high-density
submicron geometry, fast static RAMs. This facility also
houses shipping areas for IDT’s leadership family of CMOS
static RAMs. This site will expand to accommodate a 250,000
square foot complex.

To extendthese philosophies while maintaining strict control
of our processes, IDT has an operational Assembly and Test
facility located in Penang, Malaysia. This facility assembles
product to USA standards, with all assemblies done under
laminar flow conditions (Class 100) until the siliconis encased
in its final packaging. All products in this facility are
manufactured to the quality control requirements of MIL-STD-
883.

All of IDT's facilities are aimed at increasing our
manufacturing productivity to supply ever larger volumes of
high-performance, cost-effective leadership CMOS products.
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SUPERIOR QUALITY AND RELIABILITY

Maintaining the highest standards of quality in the industry
on all products is the basis of Integrated Device Technology's
manufacturing systems and procedures. From inception,
quality and reliability are built into all of IDT’s products. Quality
is “designedin” at every stage of manufacturing — as opposed
to being ‘tested-in” later — in order to ensure impeccable
performance.

Dedicated commitment to fine workmanship, along with
development of rigid controls throughout wafer fab, device
assemblyand electricaltest, create inherently reliable products.
Incoming materials are subjectedto carefulinspections. Quality
monitors, or inspections, are performed throughout the
manufacturing flow.

IDT miltary grade monolithic hermetic products are designed
to meet or exceed the demanding Class B reliability levels of
MIL-STD-883 and MIL-M-38510, as defined by Paragraph
1.2.1 of MIL-STD-883.

Product flow and test procedures for all monolithic hermetic
military grade products are in accordance with the latest
revisionand notice of MIL-STD-883. State-of-the-art production
techniques and computer-based test procedures are coupled
with tight controls and inspections to ensure that products
meet the requirements for 100% screening. Routine quality
conformance lot testing is performed as defined in MIL-STD-
883, Methods 5004 and 5005.

- For IDT module products, screening of the fully assembled
substrates is performed, in addition to the monolithic level
screening, to assure. package integrity and mechanical

reliability. All modules receive 100% electrical tests (DC,
functional and dynamic switching) to ensure compliance with
the "subsystem” specifications.

By maintaining these high standards and rigid controls
throughout every step of the manufacturing process, IDT
ensuresthatcommercial, industrial and military grade products
consistently meet customerrequirements for quality, reliability
and performance.

SPECIAL PROGRAMS

Class S. IDT also has all manufacturing, screening and
test capabilities in-house (except X-ray and some Group D
tests) to perform complete Class S processing per MIL-STD-
883 on all IDT products and has supplied Class S products on
several programs.

Radiation Hardened. IDT has developed and supplied
several levels of radiation hardened products for military/
aerospace applications to perform at various levels of dose
rate, total dose, single event upset (SEU), upset and latchup.
IDT products maintain nearly their same high-performance
levels built to these special process requirements. The
company has in-house radiation testing capability used both
in process development and testing of deliverable product.
IDT also has a separate group within the company dedicated
to supplying products for radiation hardened applications and
to continue research and development of process and products
to further improve radiation hardening capabilities.
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QUALITY AND RELIABILITY
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QSP-QUALITY, SERVICE AND PERFORMANCE

Quality from the beginning, is the foundation for IDT’s
commitment to supply consistently high-quality products to
our customers. IDT’s quality commitment is embodied inits all
pervasive Constant Quality Improvement (CQ!) program.
Everyone who influences the quality of the product—from the
designer to the shipping clerk—is committed to constantly
improving the product quality.

IDT'S FOCUS
“To make quantitative constant improvement in the quality
of our actions that result in the supply of leadership products
in conformance to the requirements of our customers.”
IDT has dedicated its efforts to constant quantitative
improvements in quality. The result, a supply of leadership
" products that conform to the requirements of our customers.

IDT’S PRODUCT ASSURANCE STRATEGY
FOR CQl

Measurable standards are essential to the success of CQl.
Alithe processes contributing to the final quality of the product
need to be monitored, measured and improved upon through
the use of statistical tools.

DEVELOPMENT
I
FAB
[ PRODUCT FLOW
ASSEMBLY
I
TEST

I
SHIP

Ourcustomersreceive the benefitof our optimized systems.
Installed to enhance quality and reliability, these systems
provide accurate and timely reporting on the effectiveness of
manufacturing controls and the reliability and quality
performance of IDT products and services.

ORDER ENTRY
|
PRODUCTION CONTROL
SERVICE FLOW
SHIPPING

I
CUSTOMER SUPPORT

These systems andcontrols concentrate on CQl by focusing
on the following key elements:

Statistical Techniques
Using statisticaltechniques, including Statistical Process
Control (SPC) to determine whether the product/
processes are under control.

Standardization
Implementing policies, procedures and measurement
techniquesthat are common across different operational
areas.

Documentation
Documenting and training in policies, procedures,
measurement techniques and updating through
characterization/ capability studies.

Productivity Improvement
Using constant improvement teams made up from
employees at all levels of the organization.

Leadership
Focusing on quality as a key business parameter and
strategic strength.

Total Employee Participation
Incorporating the CQI program into the IDT Corporate
Culture.

Customer Service
Supporting the customer, as a partner, through
performance review and pro-active problem solving.

People Excellence
Committing to growing, motivating and retaining people
throughtraining, goal setting, performance measurement
and review.

PRODUCT FLOW

Product quality starts here. IDT has mechanisms and
procedures in place that monitor and control the quality of our
development activities. Fromthe calibration of design capture
libraries through process technology and product
characterization that establish whether the performance,
ratings and reliability criteria have been met. This includes
failure analysis of parts that willimprove the prototype product.

Atthe pre-production stage once againin-house qualitication
tests assure the quality and reliability of the product. All
specifications and manufacturing flows are established and
personneltrained before the product is placed into production.
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Manufacturing

To make CQI during the manufacturing stage, controlitems
are determined for major manufacturing conditions. Data is
gathered and statisticaltechniques are usedto control specific
manufacturing processes that affect the quality of the product.

In-process and final inspections are fed back to earlier
processes to improve product quality. All product is burned-
in (where applicable) before 100% inspection of electrical
characteristics takes place.

Products which pass final inspection are then subject to
Quality Assurance and Reliability Tests. This data is used to
improve manufacturing processes and provide reliability
predictions of field applications.

Inventory and Shipping

Controls in shipping focus on ensuring parts are identified
and packaged correctly. Care is also taken to see that the
correct paperwork is present and the product being shipped
was processed correctly.

SERVICE FLOW

Quality not only applies to the product but to the quality -of
-service we give our customers. Service is also constantly
improved.

Order Procedures

Checks are made at the order entry stage to ensure the
correct processing of the Customer’s product. After verification
and data entry the Acknowledgements (sent to Customers)
are again checkedto ensure details are correct. As part of the
CQl program, the results of these verifications are analyzed
using statistical techniques and corrective actions are taken.

Production Control

Production Control (P.C.) is responsible for the flow and
logistics of material as it moves through the manufacturing
processes. The quality of the actions taken by P.C. greatly
impinges on the quality of service the customer receives.
Because many of our customers have implemented Just-in-
Time (JIT) manufacturing practices, IDT as a supplier also has

to adopt these same disciplines. As a result, employees
receive extensive training and the performance level of key
actions are kept under constant review. These key actions
include:

Quotation response and accuracy.

Scheduling response and accuracy.

Response and accuracy of Expedites.

Inventory, management, and effectiveness.

On time delivery.

Customer Support

IDT has aworldwide network of sales offices and Technical
Development Centers. These provide local customer support
on business transactions, and in addition, support customers
on applications information, technical services, benchmarking
of hardware solutions, and demonstration of various
Development Workstations. ‘

The key to CQI is the timely resolution of defects and
implementation of the corrective actions. This is no more
important than when product failures are found by a
customer.Whenfailures are found at the customer’s incoming
inspection, in the production line, or the field application, the
Quality Assurance groupis the focal point for the investigation
of the cause of failure and implementation of the corrective
action. |DT constantly improves the level of support we give
our customers by monitoring the response time to customers
that have detected a product failure. Providing the customer
with an analysis of the failure, including corrective actions and
the statistical analysis of defects, brings CQI full circle—full
support of our customers and their designs with high-quality
products.

SUMMARY

In 1990, IDT made the commitment to “Leadership through
Quality, Service, and Performance Products”.

We believe by following that credo IDT and our cusotmers
will be successful in the coming decade.With the
implementation of the CQlI strategy, we will satisfy our goal...

“Leadership through Quality, Service and Performance
Products”.
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IDT QUALITY CONFORMANCE PROGRAM

A COMMITMENT TO QUALITY

Integrated Device Technology’s monolithic and modular
assembly products are designed, manufactured and tested in
accordance with the strict controls and procedures required
by Military Standards. The documentation, design and
manufacturing criteria of the Quality and Reliability Assurance
Program were developed and are being maintained to the
most current revisions of MIL-38510 as defined by paragraph
1.2.1 of MIL-STD-883 and MIL-STD-883 requirements.

Product flow and test procedures for all Class B monolithic
hermetic Military Grade microcircuits are in full compliance
with paragraph 1.2.1 of MIL-STD-883. State-of-the-art
production techniques and computer-based test procedures
are coupled with stringent controls and inspections to ensure
that products meet the requirements for 100% screening and
quality conformancetests as definedin MIL-STD-883, Methods
5004 and 5005.

Product flow and test procedures for all plastic and
commercial hermeticproducts are in accordance with industry
practices for producing highly reliable microcircuits to ensure
that products meet the IDT requirements for 100% screening
and quality conformance tests.

By maintaining these high standards and rigid controls
throughout every step of the manufacturing process, IDT
ensures that our products consistently meet customer
requirements for quality, reliability and performance.

SUMMARY

Monolithic Hermetic Package Processing Flow"

Referto the Monolithic Hermetic Package Processing Flow

diagram. All test methods refer to MIL-STD-883 unless
otherwise stated.

1. Wafer Fabrication: Humidity, temperature and
particulate contamination levels are controlled and
maintained accordingto criteria patterned after Federal
Standard 209, Clean Room and Workstation
Requirements. Allcriticalworkstations are maintained
at Class 100 levels or better.

Wafers fromeachwaferfabrication area are subjected
to Scanning Electron Microscope analysis on aperiodic
basis.

2. Die-Sort Visual Inspection: Wafers are cut and
separated and the individual die are 100% visually
inspected to strict IDT-defined internal criteria.

3. Die Shear Monitor: To ensure die attach integrity,

product samples are routinely subjected to a shear
strength test per Method 2019.

NOTE:

10.

1.

12.

Wire Bond Monltor: Product samples are routinely
subjectedto astrengthtest perMethod 2011, Condition
D, to ensure the integrity of the lead bond process.

Pre-Cap Visual: Before the completed package is
sealed, 100% of the product is visually inspected to
Method 2010, Condition B criteria.

Environmental Conditioning: 100% of the sealed
product is subjected to environmental stress tests.
These thermal and mechanical tests are designed to
eliminate units with marginal seal, die attach or lead
bond integrity.

Hermetic Testing: 100% of the hermetic packages
are subjected to fine and gross leak seal tests to
eliminate marginally sealed units or units whose
seals may have become defective as a result of
environmental conditioning tests.

Pre-Burn-In Electrical Test: Each productis 100%
electrically tested atan ambient temperature of +25°C
to IDT data sheet or the customer specification.

Burn-In: 100% of the Military Grade product is
burned-in under dynamic electrical conditions to the
time and temperature requirements of Method 1015,
Condition D. Except for the time, Commercial Grade
product is burned-in as applicable to the same
conditions as Military Grade devices.

Post-Burn-In Electrical: After burn-in, 100% of the
Class B Military Grade product is electrically tested to
IDT data sheet or customer specifications over the
—-55°C to +125°C temperature range. Commercial
Grade products are sample tested to the applicable
temperature extremes.

Mark: Allproduct is marked with product type and lot
code identifiers. MIL-STD-883 compliant Military
Grade products are identified with the required
compliant code letter.

Quality Conformance Tests: Samples ofthe Military
Grade product which have been processed to the
100% screening tests of Method 5004 are routinely
subjected tothe quality conformance requirements of
Method 5005.

1. Forquality requirements beyond Class Blevels such as SEM analysis, X-Ray inspection, Particle Impact Noise Reduction (PIND) test, Class S screening
or other customer specified screening flows, please contact your Integrated Device Technology sales representative.
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Monolithic Hermetic Package Processing Flow

MIL-STD-883
(SEENOTE 1) TEST METHOD AND CONDITIONS
WAFER FAB IDT SPEC
| | WAFER PREP FOR ASSEMBLY
DIE-SORT VISUAL INSPECTION
INCOMING ._@ DIE OPTICAL
PREFORM INSPEGTION SAMPLE
(SAMPLE)
INCOMING
PACKAGE @—-
(SAMPLE)
[ ] bie ATTACH
._@ DIE ATTACH
INCOMING PUSH TEST ' 2019 (>2.5kg)
WIRE (SAMPLE) SAMPLE
[ JwiresonD IDT SPEC
<—@ LEAD BOND PULL
TEST SAMPLE 20|11 (>3.0grams)
[__] PRe-caP visuAL 2ol1o COND. B
¢_@ PRE-CAP VISUAL 2010 COND. B
INCOMING SAMPLE
LIDS (SAMPLE)
SEAL IDT sl.PEC
BACK MARK IDT SPEC PROVIDES LOT
) TRACEABILITY
TEMP CYCLE 1010  COND. C, 10 cycles
|  —85°C TO +150°C
CENTRIFUGE 2001 COND. E, Y1 Direction

>30kg (PKG < 5g)
>20kg (PKG > 5)

FINE LEAK TEST 1014 COND. Aor B,
- | <5.0X10® ATM/CC/SEC.
GROSS LEAK TEST 1014 COND.C
] TRM IDT SPEC
¢
ATTACH AS
BUMPER REQUIRED

T FINELEAK:  GROSS LEAK:

—( : ) HERMETICITY SAMPLE: COND.AorB  COND.C
1014 50X 10
(SEENOTE 3) ATM/CC/SEC.
EXTERNAL VISUAL IDT SPEC
PRE BURN-IN :
5004 DC, AC, FUNCTIONAL @ +25°C
ELECTRICAL TEST | (SEENOTE?2) @+

SEE FINAL PROCESSING FLOW FOR REMAINDER OF OPERATIONS AND NOTES
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SUMMARY

Monolithic Plastic Package Processing Flow

Refer to the Monolithic Plastic Package Processing Flow
diagram. All test methods refer to MIL-STD-883 unless
otherwise stated.

1.  Wafer Fabrication: Humidity, temperature and
particulate contamination levels are controlled and
maintained accordingto criteria pattered after Federal
Standard 209, Clean Room and Workstation
Requirements. Allcriticalworkstations are maintained
at Class 100 levels or better.

Topside silicon nitride passivation is all applied to all
wafers for better moisture barrier characteristics.

Wafersfromeachwaferfabrication area are subjected
to Scanning Electron Microscope analysis on aperiodic
basis.

2. Die-Sort Visual Inspection: Wafers are 100%
visually inspected to strict IDT defined internal
criteria.

3. Die Push Test: To ensure die attach integrity,
product samples are routinely subjected to die push
tests.

4. Wire Bond Monitor: Product samples are routinely
subjectedtowire bondpulitests to ensure the integrity
of the lead bond process.

5. Pre-Cap Visual: Before the package is molded,
100% of the product is visually inspected to criteria
patterned after MIL-STD-883, Method 2010, Condition
B.

10.

11.

Post Mold Cure: Plastic encapsulated devices are
baked to ensure an optimum plastic seal so as to
enhance moisture barrier characteristics.

Pre-Burn-in Electrical: Each product is 100%
electrically tested at an ambienttemperature of +25°C
to IDT data sheet or the customer specification.

Burn-In: Except for MSI Logic family devices where
it may be obtained as an option, all Commercial
Grade plastic package products are burned-in 16
hours at +125°C (or equivalent), utilizing the same
burn-in conditions as the Military Grade product.

Post-Burn-In Electrical: After burn-in, 100% of the
plastic product is electrically tested to IDT data sheet
or customer specifications at the maximum
temperature extreme. The minimum temperature
extreme is tested periodically on an audit basis.

Mark: All product is marked with product type and lot
code identifiers.

Quality Conformance Inspection: Samples of the
plastic product which have been processed to the
100% screening requirements are subjected to the
Periodic Quality Conformance Inspection Program.
Where indicated, the test methods are patterned after
MIL-STD-883 criteria.
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Monolithic Plastic Package Processing Flow

INCOMING LEAD FRAME VIS/DIM/ :

SAMPLE

INCOMING DIE ATTACH EPOXY@_,

SAMPLE

INCOMING GOLD WIRE
SAMPLE @—-

—
—
INCOMING MOLDING COMPOUND o +—(@)

SAMPLE

BURN-IN BIASED/DYNAMIC AT +125°C,
160 HRS. MAXIMUM TO 16 HRS.
MINIMUM (OR EQUIVALENT) ON ALL
PRODUCTS EXCEPT MSI LOGIC
FAMILY DEVICES (FCT, FCT-T and FBT),
ON WHICH IT MAY BE OBTAINED AS
AN OPTION.

NOTE:

WAFER FABRICATION

(SEE NOTE 1)
| WAFER PREP FOR ASSEMBLY
| | DIE-SORT VISUAL

DIE OPTICAL INSPECTION
OPTICAL INSPECTION SAMPLE

FRAME LOAD
EPOXY DIE ATTACH AND CURE

DIE ATTACH PUSH TEST SAMPLE
"] THERMOSONIC WIRE BOND
LEAD BOND PULL TEST SAMPLE

] PRE-CAP OPTICAL INSPECTION
PRE-CAP OPTICAL SAMPLE INSPECTION

ENCAPSULATION/MOLD

CHEMICAL DEFLASH

POST MOLD CURE

MECHANICAL DEFLASH AND TRIM

SOLDER PLATE

LEAD FORM/SINGULATION

OPEN/SHORT TEST SAMPLE

EXTERNAL VISUAL

PRE-BURN-IN ELECTRICAL TEST +25°C (SEE NOTE 2)

BURN-IN

POST BURN-IN ELECTRICAL TEST +70°C (SEE NOTE 2)
<10%

4—@ ELECTRICAL TEST QUALITY SAMPLE +70°C (SEE NOTE 2)

TOPSIDE MARK
[ ] LEAD STRAIGHTEN

| ] 100% ELECTRICAL TEST +25°C (SEE NOTE 2)
[ PDA ] <5% (SEE NOTE 2)
[ Q@ ] SHIPPING INSPECTION GATE

1. All screens are 100% unless otherwise noted.
2, All electrical test programs are per the applicable IDT test specification.
3. IDT performs a 100% electrical test at +25°C with a 5% PDA limit at this point.

4. @ = Quality sample inspection.
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Monolithic Hermetic Package Final Processing Flow

Commercial
Military
MIL-STD-883 Compliant Military Commercial
Operation Test Method Class B Temp. Range | Temp. Range
Burn-In 1015/D at +125°C 100% 100% 100%
Min. or Equivalent 160 Hours 16 to 160 Hours| 16t0160 Hours
Post Burn-In Electrical: Static (DC), Functional and IDT Spec. 100% 100% 100%
Switching (AC)®@ +25, -55 and +125°C +70°C
+125°C
Percent Defective Allowed (PDA)® 5004 or IDT Spec. 5% 10% 10%
Group A Electrical: Static (DC), Functional and 5005 and IDT Spec. Sample Sample Sample
Switching (AC)® -55 and +125°C +125°C +70°C
Mark/Lead Straighten IDT Spec. 100% 100% 100%
+25°C Electrical® IDT Spec. 100% 100% 100%
Final Visual/Pack IDT Spec. 100% 100% 100%
Quality Conformance Inspection 5005 (Group B, C,D) | Yes —_ —
Quality Shipping Inspection IDT Spec. Sample Sample Sample
(Visual/Plant Clearance)

NOTES:

1.

2. All electrical test programs are per the applicable IDT test specification.

3.

4. f alot fails the 5% PDA but is $10%, the lot may be resubmitted to burn-in one time only to the same time and temperature conditions as first submission.
The subsequent post burn-in electrical test at +25°C will be performed to a PDA of 3%.

. 1DT performs a 100% electrical test at +25°C with a 2% PDA limit at this point to satisfy group A requirements, and considers this to be equivalent to the

o

6.Q

All screens are 100% unless otherwise noted.

This hermeticity sample is performed after all lead finish operations.

2505 ! 01

group A requirement of an LTPD of 2, with an accept number of 0. If a lot fails the 2% PDA limit, it may be rescreened one time only to a tightened PDA

limit of 1.5%.
= Quality sample inspection.
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RADIATION TOLERANT/ENHANCED/HARDENED PRODUCTS FOR
RADIATION ENVIRONMENTS

INTRODUCTION

The need for high-performance CMOS integrated circuits
in military and space systems is more critical today than ever
before. The low power dissipation that is achieved using
CMOStechnology, along with the high complexity and density
levels, makes CMOS the nearly ideal component for all types
of applications.

Systems designed for military or space applications are
intended for environments where high levels of radiation may
be encountered. The implication of a device failure within a
military or space system clearly is critical. IDT has made a
significant contribution toward providing reliable radiation-
tolerant systems by offering integrated circuits with enhanced
radiation tolerance. Radiation environments, IDT process
enhancements and device tolerance levels achieved are
described below.

THE RADIATION ENVIRONMENT

There are four different types of radiation environments
that are of concern to builders of military and space systems.
These environments and their effects on the device operation,
summarized in Figure 1, are as follows:

Total Dose Accumulation refers to the total amount of
accumulated gamma rays experienced by the devices in the
system, and is measured in RADS (SI) for radiation units
experienced at the silicon level. The physical effect of gamma
rays on semiconductor devices is to cause threshold shifts (Vt
shifts) of both the active transistors as well as the parasitic field
transistors. Threshold voltages decrease as total dose is
accumulated; at some point, the device will begin to exhibit
parametric failures as the input/output and supply currents
increase. At higher radiation accumulation levels, functional
failures occur. Inmemory circuits, however, functionalfailures
due to memory cell failure often occur first.

Burst Radiation or Dose Rate refers to the amount of
radiation, usually photons or electrons, experienced by the
devices in the system due to a pulse event, and is measured
in RADS (SI) per second. The effect of a high dose rate or
burst of radiation on CMOS integrated circuits is to cause
temporary upset of logic states and/or CMOS latch-up. Latch-
up can cause permanent damage to the device.

Single Event Upset (SEU) is a transient logic state change
caused by high-energy ions, such as energetic cosmic rays,
striking the integrated circuits. As the ion passes through the
silicon, charge is either created through ionization or direct
nuclear collision. If collected by a circuit node, this excess
charge can cause a change in logic state of the circuit.
Dynamic nodes that are not actively held at a particular logic
state (dynamic RAM cellsforexample) are the most susceptible.
These upsets are transient, but can cause system failures
known as “soft errors.”

Neutron Irradiation will cause structural damage to the
silicon lattice which may lead to device leakage and, ultimately,
functional failure.

Radlation Primary
Category Particle Source Effect
Total Dose Gamma Space or Permanent
Nuclear
Event
Dose Rate Photons Nuclear Temporary
Event Upset of Logic
State or
Latch-up
SEU Cosmic Space Temporary
Rays Upset of
Logic State
Neutron Neutrons Nuclear Device Leakage
Event Due to Silicon
Lattice Damage
2510 drw 01
Figure 1.
DEVICE ENHANCEMENTS

Of the four radiation environments above, IDT has taken
considerable data on the first two, Total Dose Accumulation
and Dose Rate. IDT has developed a process that significantly
improves the radiation tolerance of its devices within these
environments. Prevention of SEU failures is usually
accomplished by system-level considerations, such as Error
Detectionand Correction (EDC) circuitry, since the occurrence
of SEUs is not particularly dependent on process technology.
Through IDT’s customer contracts, SEU has been gathered
on some devices. Little is yet known about the effects of
neutron-induced damage. For more information on SEU
testing, contact IDT's Radiation Hardened Product Group.

Enhancements to IDT’s standard process are used to
create radiation enhanced and tolerant processes. Field and
gate oxides are “hardened”to make the device less susceptible
to radiation damage by modifying the process architecture to
allow lowertemperature processing. Device implants and Vis
adjustments allow more Vt margin. In addition to process
changes, IDT’s radiation enhanced process utilizes epitaxial
substrate material. The use of epi substrate material provides
a lower substrate resistance environment to create latch-up
free CMOS structures.
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RADIATION HARDNESS CATEGORIES

Radiation Enhanced (‘RE) or Radiation Tolerant (‘RT)
versions of IDT products follow IDT's military product data
sheets whenever possible (consult factory). IDT’s Total Dose
Test plan exposes a sample of die on a wafer to a particular
Total Dose level via ARACOR X-Ray radiation. This Total
Dose Test plan qualifies each ‘RE or ‘RT waferto a Total Dose
level. Only wafers with sampled die that pass Total Dose level
tests are assembled and used for orders (consult factory for
more details on Total Dose sample testing). With regard to
Total Dose testing, clarifications/exceptions to MIL-STD-883,
Methods 5005 and 1019 are required. Consult factory for
more details.

The ‘RE and ‘RT process enhancements enable IDT to
offer integrated circuits with varying grades of radiation
tolerance or radiation “hardness”.

+ Radiation Enhanced process uses Epi wafers and is able
to provide devices that can be Total Dose qualified to 10K
RADs (Si) or greater by IDT's ARACOR X-Ray Total Dose
sample die test plan (Total Dose levels require negotiation,
consult factory for more details).

Radiation Tolerant product uses standard wafer/process
material that is qualified to 10K RADs (Si) Total Dose by
IDT's ARACOR X-Ray Total Dose sample die test plan.

Integrated Device Technology can provide Radiation
Tolerant/Enhanced versions of all product types (some speed
grades may not be available as ‘RE).

Please contact your IDT sales representative or factory
marketing to determine availability and price of any IDT
product processed in accordance with one of these levels of
radiation hardness.

CONCLUSION

There has beenwidespread interest within the military and
space community in IDT's CMOS product line for its radiation
hardness levels, as well as its high-performance and low
power dissipation. To serve this growing need for CMOS
circuits that must operate in a radiation environment, IDT has
created a separate group within the company to concentrate
on supplying products for these applications.Continuing
research and development of process and products, including
the use of in-house radiation testing capability, will allow
Integrated Device Technology to offer continuously increasing
levels of radiation-tolerant solutions.
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THERMAL PERFORMANCE CALCULATIONS FOR IDT’S PACKAGES

Since most of the electrical energy consumed by
microelectronic devices eventually appears as heat, poor
thermal performance of the device or lack of management of
this thermal energy can cause a variety of deleterious effects.
This device temperature increase can exhibit itself as one of
the key variables in establishing device performance and long
term reliability; on the other hand, effective dissipation of
internally generated thermal energy can, if properly managed,
reduce the deleterious effects and improve component
reliability.

A few key benefits of IDT’s enhanced CEMOS™ process
are: low power dissipation, high speed, increased levels of
integration, wider operating temperature ranges and lower
quiescent power dissipation. Because the reliability of an
integrated circuit is largely dependent on the maximum
temperature the device attains during operation, and as the
junction stability declineswithincreases injunctiontemperature
(Tv), it becomes increasingly important to maintain a low (TJ).

CMOS devices stabilize more quickly and at greatly lower
temperature than bipolar devices under normal operation.
The accelerated aging of anintegratedcircuitcanbe expressed
as an exponential function of the junction temperature as:

ta=toexp | Ea (1 -1
k To TJ

where
tA = lifetime at elevated junction (Tu) temperature
to = normal lifetime at normal junction (To) temperature
Ea = activation energy (ev)
k = Boltzmann’s constant (8.617 x 10-%ev/k)

i.e. the lifetime of a device could be decreased by a factor of
2 for every 10°C increase temperature.

To minimize the deleterious effects associated with this
potential increase, IDT has:

1. Optimized our proprietary low-power CEMOS

fabrication process to ensure the active junction
temperature rise is minimal.
Selected only packaging materials that optimize heat
dissipation, which encourages a cooler running device.
Physically designed all package components to
enhance the inherent material properties and to take
full advantage of heat transfer and radiation due to
case geometries.

Ref. MIL-STD-883C, Method 1012.1
JEDEC ENG. Bulletin No. 20, January 1975
1986 Semi. Std., Vol. 4, Test Methods G30-86, G32-86.

4. Tightly controlled the assembly procedures to meet or
exceedthe stringent criteriaof MIL-STD-883_to ensure
maximum heat transfer between die and packaging
materials.

Thefollowing figures graphically illustrate the thermal values
of IDT’s current package families. Each envelop (shaded
area) depicts a typical spread of values due to the influence of
a number of factors which include: circuit size, package cavity
size and die attach integrity. The following range of values are
to be used as a comprehensive characterization of the major
variables rather than single point of reference.

When calculating junction temperature (TJ), it is necessary
to know the thermal resistance of the package (6JA) as
measuredin “degree celsius perwatt”. Withthe accompanying
data, the following equation can be used to establish thermal
performance, enhance device reliability and ultimately provide
you, the user, with a continuing series of high-speed, low-
power CMOS solutions to your system design needs.

6JA = [Ty -TAJ/P
TJ = TA + P[6JA] = TA + P[6JC + 6CA]

where
0ic=TJ-TC 6CA=TC-TA
P P

6 = Thermal resistance

J = Junction

P = Operational power of device (dissipated)

TA = Ambient temperature in degree celsius

Ty = Temperature of the junction

Tc = Temperature of case/package

6cA = Case to Ambient, thermal resistance—usually a
measure of the heat dissipation due to natural or
forced convection, radiation and mounting
techniques.

6Jc = Junction to Case, thermal resistance—usually
measured with reference to the temperature at a
specific point on the package (case) surface.
(Dependent on the package material properties
and package geometry.)

8JA = Junction to Ambient, thermal resistance—usually

measured with respect to the temperature of a
specified volume of still air. (Dependent on 8JC +
6JA which includes the influence of area and
environmental condition.)
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PACKAGE DIAGRAM OUTLINE INDEX

PAGE
MONOLITHIC PACKAGE DIAGRAM OUTLINES
PKG. DESCRIPTION
P16-1 16-Pin Plastic DIP (300 mil)................ et nenne ettt ereene 35
P18-1 18-Pin Plastic DIP (300 Mil) ...cccceeerireeriieieieeeirrereriereessressesese e sie s e seeresacrssosssseenesses et enssesens 36
P20-1 20-Pin Plastic DIP (300 M) ......c.cciiirciiiiiiciie st srere e 36
P22-1 22-Pin Plastic DIP (300 Mil)......c.coeriririerirerieeieseieiinie st st s s ettt es e see st sresassansons 35
P24-1 24-Pin Plastic DIP (300 Mil) ..ottt s s s sreene 36
P24-2 24-Pin Plastic DIP (600 Mil)........coioiiierieiireiiire st sscsr v sres e s snsae s 37
P28-1 28-Pin PIastic DIP (600 Mil)......cccoiiiiirreieiriereine st er et sees s sair et s s eneseene e 37
pag-2 28-Pin Plastic DIP (300 Mil)....c.c.coiiriieirereeeireeeisesn st seseeresrsseessaesses e se s e e snesaessnsene 35
P32-1 32-Pin PIastic DIP (600 M) ......cccoeeirierenrererenresereeirtereseeeesrereseesansaressesseseeseisssseseesecsessonsssns 37
P32-2 32-Pin PIastic DIP (300 Mil)......cccoerire e eieeeeiecnirsrenessesssreeeeresessssneseesess et seesseeesassnenes 35
P40-1 40-Pin PIastic DIP (800 Mil).....c..cccotririrrirrrereieiereropereeeseseerseerasessbeaesse s ererssenaesressessessesesne 37
P48-1 48-Pin Plastic DIP (800 MIl)........cceuiirirriernreieseie e denits st st et e st esse st st ceeee e siesae st seemnens 37
P64-1 64-Pin Flastic DIP (900 mil)... 37
D16-1 16-Pin CERDIP (300 mil)........ e 1
D18-1 18-Pin CERDIP (300 mil)... 1
D20-1 20-Pin CERDIP (00 M) ...oviuiveieereeeiieiieeesisereeseesetssssas e aese st e stasssseseeseesessatseessnssensensaseseene 1
D22-1 22-Pin CERDIP (300 Mil).......couiiieerieetieiiestee et eseeneesee st e stese e ene e eese e saeensessentensenenene 1
D24-1 24-Pin CERDIP (300 mil)... 1
D24-2 24-Pin CERDIP (600 mil)... e 2
D28-1 28-Pin CERDIP (00 MIl).....ccietietieiirtiieieisieiieet e sissesas e e e seesassesessenssneetesesressasesseseenesesusne 2
D28-2 28-Pin CERDIP (Wid DOAY) ...veveiieereteiiieiieieeiritetetees e be e st e seesse st eseerseensennssanseneanenesne 2
D28-3 28-Pin CERDIP (300 Mil).....vocuiereieeeeeeeeies e ssisevereenesstsessaessssesaesssssssssssssssssasssssssssassessnsssens 1
D32-1 32-Pin CERDIP (Wide BOOY) ...c.eiurerieriirieieii ettt sttt et s e s 2
D40-1 40-Pin CERDIP (600 mil).......... e 2
D40-2 40-Pin CERDIP (WIide DOY) ......oee et s setanie ettt es e sess e sresressesasenans 2
C20-1 20-Pin Sidebraze DIP (300 mil) 3
ca2-1 22-Pin Sidebraze DIP (300 mil) 3
Cc24-1 - 24-Pin Sidebraze DIP (300 mil) 3
C24-2 24-Pin Sidebraze DIP (600 mil) .... 5
C28-1 28-Pin Sidebraze DIP (300 mil) .... 3
Cc28-2 28-Pin Sidebraze DIP (400 mil) .... 4
Cc28-3 28-Pin Sidebraze DIP (600 mil) .... 5
C32-1 32-Pin Sidebraze DIP (600 mil) .... 5
C32-2 32-Pin Sidebraze DIP (400 mil) .... 4
C32-3 32-Pin Sidebraze DIP (300 mil) .... 3
C40-1 40-Pin Sidebraze DIP (600 mil) .... 5
C48-1 48-Pin Sidebraze DIP (400 mil) .... 4
C48-2 48-Pin Sidebraze DIP (600 mil) 5
C64-1 64-Pin Sidebraze DIP (900 mil) 6
C64-2 64-Pin Topbraze DIP (900 mil) 7
Cc6e8-1 68-Pin Sidebraze DIP (600 mil) 5
PG68-2 68-Lead Plastic Pin Grid Array (Cavity UP) .......ccoiiueereeereeniiioniniiicseniiiiein et ese e 49
PG84-2 84-Lead Plastic Pin Grid Array (cavity up)..... 49
PG208-2 208-Lead Plastic Pin Grid Array (cavity up)... 49
G68-1 68-Lead Pin Grid Array (CaVity UP) «....cccerreerremiiieremnreere sttt svasssrses s sr s s snens 22
G68-2 68-Lead Pin Grid Array (Cavity dOWN) ...........couciiiiiiiienicscicnie e 28
G84-1 84-Lead Pin Grid Array (cavity up — 12 x 12 grid) .. 23
G84-2 84-Lead Pin Grid Array (cavity down)...............c...... 29
G84-3 84-Lead Pin Grip Array (cavity up — 11 x 11 grid) ..o 24
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PKG. DESCRIPTION

G84-4 84-Lead Pin Grid Array (cavity down — R3010A) .... 30
G108-1 108-Lead Pin Grid Array (cavity up) .....c.cccooeveeneee 25
G144-1 144-Lead Pin Grid Array (cavity down).... 31
G144-2 144-Lead Pin Grid Array (cavity up) ........cccceene . 26
G208-1 208-Lead Pin Grid Array (cavity Up — R3001) ....ccooieineimreneree sttt et eenenenens 27
G208-2 208-Lead Pin Grid Array (Cavidy QOWN) .....c..ccviviiiereeerresseneseeesneeseeseereeesassesie e e sreseseeneens 34
SO16-1 16-Pin Small Qutline IC (gull wing) ......... 38
S016-2 16-Pin Small Qutline IC (J-bend) .........ceevneeee. 41
S0O16-5 16-Pin Small Outline !C (EIAJ — .0315 pitch) ... . 40
S0O16-6 16-Pin Small Outline IC (EIAJ — .050 pitch) ..... .. 40
SO18-1 18-Pin Small Outline IC (qull WiNg) ..c...coovvvevenvrernranne SO OO PRATSROPN 38
S018-6 18-Pin Small Outline IC (EIAJ — .050 PItCH) .c.ovveirie vt ieeeresecertee et 40
S020-1° 20-Pin Small Outline IC (J-bend) ..........cc...... 41
S020-2 20-Pin Small Outline IC (gull wing) ..........c.c...... 38
$020-5 20-Pin Small Outline IC (EIAJ — .0315 pitch) ... . 40
S020-6 20-Pin Small Qutling IC (EIAJ — .050 PItCh) .....ocercemiriiiiirni it cer oo 40
S024-2 24-Pin Small Outling 1C (QUIT WINQ) ...c.oouiireeririesirriaescrtnere e sastse e s e s tearaases e svesrareseesesnes 38
S024-3 24-Pin Small Outline IC (gull wing) .. 38
S024-4 24-Pin Small Outline IC (J-bend) ........ccceeuvevnnen M
S024-5 24-Pin Small Outline IC (EIAJ — .0315 pitch) ... .. 40
S024-6 24-Pin Small Outline IC (EIAJ — .050 pitch) ..... . 40
S028-2 28-Pin Small QOutline IC (qull wing) ................. .. 39
8028-3 28-Pin Small Outline IC (gull wing) ................. .. 39
§028-4 28-Pin Small Qutline IC (J-bend — 350 mil) ..... . 42
5028-5 28-Pin Small Qutline IC (J-bend — 300 Mil) ......cccociiiiimiicicieece e 42
S028-6 28-Pin Small Outline IC (EIAJ — .050 pitch) ............ e ettt s nae e sst e s e e eneeranee 40
S032-2 32-Pin Small Outline IC (J-bend) ........ccouvreeneee. 42
S048-1 48-Pin Small Outline IC (SSOP — gull wing) .... . 43
S056-1 56-Pin Small Outline IC (SSOP — GUI WING) «...ccveveeviirriiierireseeirirtrneee e et srseresssseseeas 43
J18-1 18-Pin Plastic Leaded Chip Carrier (rectangular) .........cccccocecciiiiiinnininie v 48
J2o-1 20-Pin Plastic Leaded Chip Carrier (square)......... . 47
J28-1 28-Pin Plastic Leaded Chip Carrier (square)........ 47
J32-1 32-Pin Plastic Leaded Chip Carrier (rectangular).. . 48
J44-1 44-Pin Plastic Leaded Chip Carrier (square)......... . 47
J52-1 52-Pin Plastic Leaded Chip Carrier (square) ..... . 47
J68-1 68-Pin Plastic Leaded Chip Carrier (SQUAIE) ..........cccerentererreeeranererresieeeseeeieis e eesiesrearensens 47
J84-1 84-Pin Plastic Leaded Chip Carrier {SQUAre) ..........ouerereerrerestertermreeeesseressseeeveseesiseeeaeas 47
L20-1 20-Pin Leadless Chip Carrier (rectangular) .... .2
L20-2 20-Pin Leadless Chip Carrier (square) ........... . 19
L22-1 22-Pin Leadiess Chip Carrier (rectangular)..... 21
L24-1 24-Pin Leadless Chip Carrier (rectangular) ... .21
L28-1 28-Pin Leadless Chip Carrier (SQUATE) .......ccueveiririerirreereeeteeeseissiveeeeseeseesssse e ensseseesseneen 19
L28-2 28-Pin Leadless Chip Carrier (rectanguIar) ............cocevereeeeereeneneeeeeeee et ece e 21
L32-1 32-Pin Leadless Chip Carrier (rectangular) .... .21
L44-1 44-Pin Leadless Chip Carrier (square) ........... . 19
L48-1 48-Pin Leadless Chip Carrier (square).... 19
L52-1 52-Pin Leadless Chip Carrier (square) .... 20
L52-2 52-Pin Leadless Chip Carrier (square) .... 20
L68-1 68-Pin Leadless Chip Carrier (square) .... . 20
L68-2 68-Pin Leadless Chip Carrier (SQUATE) .......ccccveeeerirmerrecneiriteesieeecs i sessesesesene s 20
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PKG. DESCRIPTION

E16-1 16-Lead CERPACK ..ottt ettt e sttt bt s e sbene e 16
E20-1 ° 20-Lead CERPACK ...... 16
E24-1 24-Lead CERPACK .. 16
E28-1 28-Lead CERPACK .. . 16
E28-2 28-LeA0 CERPACK ...ttt et s se st st ettt s ebseneae e 16
CcQ68-1 68-Lead CERQUAD (Straight 18adS) ......ccceeercerierieriemirree s erene e sve e sven v e e evaen e i saenne 17
CQ84-1 84-Lead CERQUAD (J-bend) ........... ... 18
F20-1 20-LAd FIAPACK .....cuveiieeeertitiiese ettt ettt et et sr st s et ent e s e e e e s et s e s e eatebeneans 8
F20-2 20-Lead FIatpack (.295 DOAY) ....cereeririeieterieieee e sttt stae e se e st e seen e e e e rne b aneaes 8
F24-1 24-Lead FlatpacK.......cccoecueeeneenn. .. 8
F28-1 28-Lead Flatpack... ... 8
F28-2 28-L8AA FIALPACK .....vviirtieriieriiii ittt e eesaareseae st e e e e s st e s nbe e sreten e e shnaesaeabee e s raanne 8
F48-1 48-Lead QUA FIAtPACK .....co.oeveiiiiiiirieecceir sttt rceeraee ettt e st n s e e saeene e sannees 9
F64-1 64-Lead Quad Flatpack ... e 9
F68-1 68-Lead Quad Flatpack .........coccvvurveneneee ... 10
F68-2 68-Lead Quad Flatpack (Straight 18adS) .........cccevrereeeerreiieriieierere s er e s sren e 11
F84-1 84-Lead Quad Flatpack (Cavity dOWN) ..........cccoeeeieuriininiicrcenere et 12
Fg84-2 84-Lead Quad Flatpack (cavity up) ......c.ccceeueuene ... 13
F172-1 172-Lead Quad Flatpack (cavity up — R3001) ........ e 14
F172-2 172-Lead Quad Flatpack (cavity down — R3000A) ..... we. 15
PQ80-2 80-Lead Plastic Quad FIatpack (IEAJ) ..ottt 45
PQ100-1 100-Lead Plastic Quad FIatpack (JEDEQC) ......cccovvecieiereereerciese et sn e te s e svae e e seanen 44
PQ100-2 100-Lead Plastic Quad Flatpack (EIAJ) 45
PQ120-2 120-Lead Plastic Quad Flatpack (EIAJ) 45
PQ128-2 128-Lead Plastic Quad Flatpack (EIAJ) 45
PQ132-1 132-Lead Plastic Quad FIatpack (JEDEC) .........coeoeiuerieeeeseiecieeeetece et esnans 44
PQ144-2 144-Lead Plastic Quad Flatpack (EIAJ) 46
PQ160-2 160-Lead Plastic Quad Flatpack (EIAJ) 46
PQ184-2 184-Lead Plastic Quad Flatpack (EIAJ) 46
PQ208-2 208-Lead Plastic Quad Flatpack (EIAJ) 46
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Integrated Device Technology, Inc.

PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES

A
SEATING PLANE"—L
L

NOTES:

2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

1

bl

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.

P
Ty

3. THE MINIMUM LIMIT FOR DIMENSION b1 MAY BE .023 FOR CORNER LEADS.

16—28 LEAD CERDIP (300 MIL)

DWG # D16—1 D18—1 D20-1 D221 D24—1 D28—3
# OF LDS (N) 16 18 20 22 24 28

SYMBOL MIN | MAX | MIN | MAX§ MIN | MAX | MIN | MAX| MIN | MAX | MIN | MAX
A .140| .200] .140 | .200] .140 | .200)] .140| .200| .140 | .200] .140 | .200
b .0154 .0211 .015| .021) .015| .021| .015| .021] .015] .021] .015| .021
b1 .038 [ .060} .038| .060] .038| .060| .045| .060] .045| .065] .045| .065
c .009] .012 ] .009| .012] .009 | .012 ] .009 | .012§ .009 | .014] .009 | .014
D .750 [ .830] .880| .930] .93511.060]1.050(1.080§1.240|1.280]1.440|1.490
E .285] .310] .285)| .310| .285| .310| .285| .310} .285| .310 ] .285] .310
E1 .290] .320] .290| .320] .290( .320] .300| .320] .300| .320] .300 .320
€ .100 BSC .100 BSC .100 BSC .100 BSC .100 BSC .100 BSC
L 25| 175 125 | 175 125 | 175 125 | 175 125 .175] 125 | 175
L1 150 - 1150 - .50 - | 150 — | 150 = | .50 -
Q .015| .065) .015| .055] .015} .060] .015] .060] .015| .060] .015 | .060
S .020 | .080} .020| .080] .020| .080] .020| .080] .030| .080) .030| .080
S1 .005| - J.005| - |].005| -~ |.005}] = ].005| - |.005| -
[0 0’ 15° 0° 15° 0 15 0 15° 0’ 15" 0" 15°
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PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

24—40 LEAD CERDIP (600 MIL)

DWG # D24—2 D281 D40—1
OF LDS (N 24 28 40
SYMBOL MIN [ MAX | MIN | MAX | MIN | MAX
A 090 |.190 | .090 | .200 | .160] .220
b 014 |.023 | .014 | .023 | .014| .023
b1 038 |.060 | .038 | .065 | .038]| .065
C 008 |.012 |.008 | .014 | .008| .014
D 1.230 [1.290 |1.440 | 1.490| 2.020] 2.070
E 500 |.610 | .510 | .545 | .510| .545
E1 590 |.620 | .590 | .620 | .590] .620
e 100 BSC 100 BSC 100 BSC
L 125 |.200 | .125 | .200 | .125] .200
L1 150 | — | .450 | — | 450 <—
Q 015 |.060 | .020 | .060 | .020] .060
S 030 |.080 |.030 | .080 | .030] .080
31 005 | - |.005| - | .005] —
o 0" | 15 0 15° 0 | 15
28—40 LEAD CERDIP (WIDE BODY)
DWC # D28—2 Do2—1 D40—2
# OF LDS (N) 28 32 40

SYMBOL MIN | MAX | MIN ] MAX | MIN | MAX
A .090 |.200 | .120 | .210 | .160] .220
b 014 |.023 | .014 | .023 | .014] .023
b1 .038 |.065 | .038 | .065 | .038] .065
c 008 |.014 | .008 | .014 | .008| .014
D 1.440 [1.490 [1.625 | 1.675| 2.020] 2.070
E 570 |.600 | .570 | .600 | .570] .600
El 590 |.620 | .590 | .620 | .590| .620
e 100 BSC 100 BSC 100 BSC
C 125 [.200 | 125 | .200 | .125] .200
L1 150 | — | 150 | = | 150] =
Q 2020 |.060 | .020 | .060 | .020] .060
S 030 |.080 | .030 | .080 | .030] .080
St 005 | — |.006| — | 005] =
o 0" | 15° 0" 15° 0" [ 15
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PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

20—32 LEAD SIDE BRAZE (300 MIL)

E

Q

L1
|

€

NOTES:
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SEATING PLANE

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.

2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
DWG # C20—1 C22-1 C24—1 C28—1 C32—-3
# OF LDS (N) 20 22 24 28 32
SYMBOL MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
A .090 | .200 | .100 | .200 ] .090 | .200 | .090 | .200 ] .090 | .200
b 014 | 023} .014 | .023 | .015 | .023 ] .014 | .023 ] .014 | .023
b1 .040 | .060 | .040 | .060 | .040 | .060 | .040 | .060 | .040 | .060
C .008 | .015 ] .008 | .015 | .008 | .015 | .008 | .015 | .008 | .014
D .970 }11.06071.04011.120]1.180)1.23011.380 ] 1.420] 1.580 | 1.640
E .260 | .310 | .260 | .310 | .220 | .310 | .220 | .310 | .280 | .310
E1 .290 | .320 } .290 | .320 ] .290 | .320 ] .290 | .320 | .290 | .320
e 100 BSC .100 BSC .100 BSC .100 BSC .100 BSC
L 125 | .200 ] 125 | .200°) .125 | .200 | .125 | .200 | .100 | 175
L1 150 - 150 - 150 - 150 - 150 -
Q .016 | .060 ] .015 | .060 | .015 | .060 | .015 | .060 | .030 | .060
S .030 | .065 | .030 | .065 ] .030 | .065 ] .030 | .065 | .030 | .065
St .005 - .005 - .005 - .005 - .005 -
S2 .005 = .005 = .005 = .005 — .005 -
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PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

28-48 LEAD SIDE BRAZE (400 MIL)

D |

T_ I'E! Ayl My
E )
L 1 48 LEAD OPTION

| N g GNN  ANERD J Wut (g NS [ W N SNy SR gy WA [ S G U g SR jup Sy S

_Esz -—I !«m[ | S “‘

b SEATING PLANE

L
b*“« S1—= I ~— Bl —=

WT
R

e

NOTES:
1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWG # C28-2 C32—2 C48-1
# OF LDS (N) 28 32 48

SYMBOL MIN | MAX | MIN | MAX | MIN | MAX
A .090 [ .200 | .090 | .200 | .085 | .190
b .014 | 023 ] .014 | .023 | .014 | .023
b1 .040 | .060 ] .040 | .060 | .040 | .060
C .008 | .014 ] .008 | .014 | .008 | .014
D 1.380(1.420]1.580 | 1.640 ] 1.690 | 1.730
E .380 | .420 ] .380 | .410 | .380 | .410
E1 .390 | .420 ] .390 | .420 | .390 | .420
€ .100 BSC .100 BSC .070 BSC
L 100 [ 175 | 100 | 175 | 125 | 175
L1 150 - .150 - 150 -
Q .030 | .060 ] .030 | .060 | .020 | .070
S .030 | .065 ] .030 | .065 | .030 | .065
St .005 - .005 - .005 -
S2 .005 — .005 — .005 =

- 43 4



PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

24—68 LEAD SIDE BRAZE (600 MIL)

D

ﬁ

Oy rl

1

Y Z]TF

J NS [ ORUUD [ i (g D (i GHin g WS () S QSN (SN f GHUR J GHSE S GRS (GRS Ry G

B

S —»

£S2

68 LEAD OPTION

. | i
“__’; A
—LrSEAT[NG PLANE
L1 | L —efle— ¢
e b__“__ ;T_ E1

NOTES:

1. ALL DIMENSIONS ARE I[N INCHES, UNLESS OTHERWISE SPECIFIED.

2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWG # C24—2 C28—-3 C32—-1 C40-1 C48-—-2 C68-—1
# OF LDS (N) 24 28 32 40 48 68
SYMBOL MIN MAX | MIN MAX MIN MAX ] MIN MAX MIN MAX | MIN MAX

A .090 | .180 ) .085 | .190 ] .100 | .190 ] .085 | .180 ] .100 | .190 | .085 | .190
b .015 | .023 | .015 | .022 |} .015 | .023 ] .015 | .023 | .015 | .023] .015 | .023
b1 .040 | .060 | .038 | .060 ] .040 | .060 ] .038 | .060 | .040 | .060 ]| .040 | .060
C .008 | .012 ) .008 { .012 1 .008 | .014 ] .0c08 | .012 | .008 | .012 ] .008 | .012
D 1.180 11.22011.380 | 1.430 ] 1.580 | 1.640] 1.980 | 2.030] 2.370] 2.430§ 2.380 | 2.440
E .575 | .610 | .580 | .610 ] .580 ] .610 | .580 | .610 | .550 | .610 | .580 | .610
El .595 | .620 | .595 | .620 ] .590 | .620 | .595 | .620 | .595 | .620 | .590 | .620
e .100 BSC .100 BSC .100 BSC .100 BSC .100 BSC .070 BSC
L 125 | 175 1 125 | 175 4 100 | 175§ 125 | 175 ) 125 | 175 | 125 | 175
L1 .150 - .1580 - J80 - 150 — 150 - .150 -
Q .020 | .060 | .020 | .065 | .020 | .060 | .020 | .060 | .020 | .060 | .020 | .070
S .030 | .065 ] .030 [ .065 ] .030 | .065 ] .030 | .065 } .030 | .065 | .030 | .065
S1 .005 - .005 - .005 - .005 - .005 - .005 -
S2 .005 — .005 — .005 — .005 — .005 — .005 —
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PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

64 LEAD SIDE BRAZE (900 MIL)

D

o T e O s B o O s O o |

T

| SN Ry SEND [ U g SR S R S )

S—=

r—

NOTES:

ool

S1

A
in—T—-SEAﬂNG PLANE
L

i

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS. '

DWG # C64—1
# OF LDS (N) 64

SYMBOL MIN MAX
A 110 | .190
b .014 | .023
b1 .040 | .080
C .008 | .015
D 3.160 | 3.240
E .884 | .915
E1 .890 | .920
e .100 BSC
L 125 | .200
L1 .150 —
Q .015 [ .070
S .030 | .065
S1 .005 —
S2 .005 —

—efla— (C

E1




PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

64 LEAD TOP BRAZE (900 MIL)

D /\/————
n n n n inl ul n n ja] n n n n
N
oo
E D
u o u u o a
S —=

E1 -

[

[

NOTES:
1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWG 7 C64—2
OF_LDS (N) 64
SYMBOL MIN | MAX
A 120 | .180
b .015_ | _.021
b1 040 | .060
C .009 | .012
D 3.170 | 3.240
E .790 | .810
E1 .880 | .815
E2 640 | .660
e 100 BSC
L 125 | .160
L1 150 —
Q .020 | .100
S .030 | .065
S1 .005 =
S2 .005 —

S1

|
4
L

e ]
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PACKAGE DIAGRAM OUTLINES

FLATPACKS

20—28 LEAD FLATPACK

e s gy

; T
E E2 £3
_if
T Py

I |
K e ™ s e

NOTES:
1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWG # F20-1 F20-2 F24—1 F28—1 F28-2
OF LDS (N) 20 20 (.295 BODY) 24 28 28
SYMBOL MIN | MAX MIN MAX MIN | MAX | MIN [ MAX | MIN | MAX

A .045 | .092 .045 .092 .045 | .090 | .045 | .090 | .045 | .115
b .015 | .019 .015 .019 015 | .019 | .015 | .019 | .015 | .019
C .003 | .006 .003 .006 .003 | .006 | .004 | .007 | .003 | .007
D - 540 - .540 - 640 | .710 | .740 | .710 | .740
E .340 | .360 .245 .303 .560 | .420 | .480 | .520 | .480 | .520
E2 130 - 130 - .180 - 180 - .180 —
E3 .030 - .030 - .030 — .040 — .040 —
€ .050 BSC .050 BSC .050 BSC .060 BSC .050 BSC
K .006 | .015 .008 .015 - - — — - —
L .250 | .370 | .250 .370 .250 | .370 | .250 | .370 | .250 | .370
Q .010 | .040 .010 .040 .010 | .040 | .010 | .045 | .026 | .045
S - .045 - .045 - .045 — .045 — .045
S .000 — .005 — .005 — .005 — .005 —
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PACKAGE DIAGRAM

OUTLINES

FLATPACKS (Continued)

48—64 LEAD QUAD FLATPACK

E

E2 -

r=—E1

D,T__lr PIN 11D

NOTES:

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.

2. BSC - BASIC LEAD SPACING BETWEEN CENTERS.

DWG # F48—1 F64—1
Z OF_LDS (N) 48 64
SYMBOL MIN | MAX | MIN | MAX
A 089 | .108 | .070 | .090
Al 079 | .096 | .060 | .078
A2 058 | .073 | .030 | .045
b 018 | .022 | .016 | .020
C .008 | .010 | .009 | .012
D/E — [ .750 | .885 | .915
b1 /E 100 REF 075 REF
D2/E2 550 BSC 750 BSC
e .050 BSC .050 BSC
C 350 [ .450 | .350 | .450
ND /NE 12 16

-
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PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

68 LEAD QUAD FLATPACK

D

L»Jll]

D2
l lllljllllllll

L]

NOTES:
1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWSE SPECIFIED
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWG # F68—1
# OF DS (N) 68
SYMBOL MIN | MAX
A 080 | .145
Al 070 | .090
b 014 | .021
C 008 | .012
D/E 1.640 | 1.870
D1 /€1 926 | .970
D2/E2 800 BSC
e 050 BSC
L 350 | .450
ND /NE 17
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PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

68 LEAD QUAD FLATPACK (STRAIGHT LEADS)

T T
Yy

NOTES:

bt

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWG # F68—2
Z OF LDS (N) 68
SYMBOL MIN ] MAX
A 064 | .084
Al 054 | .070
b 008 | .013
C .0045 | .008
D/E 860 | 1.100
D1 /E1 460 | .500
D2/E2 400 REF
e 025 BSC
C 200 | .300
ND /NE 17
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PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)
84 LEAD QUAD FLATPACK (CAVITY DOWN)

Dl ——————=
D2 S —— — - [——— A
e e— D3 — /— PIN 1 INDEX MARK
— 1 I
—_—h _— E2 E1 E

B

I

[ DET. "A"—\ :'
!

- D - —— . A
DWG # F84—1
NOTES:
# OSF LDS (N) 84 1. ALL DIMENSIONS ARE IN INCHES,
YMBOL MIN_| MAX UNLESS OTHERWISE SPECIFIED.
A - 140 | 2. BSC — BASIC LEAD SPACING {
Al - 105 BETWEEN CENTERS. 518 MAX
b 014 | .020 | 3. CROSS HATCHED AREA INDICATES ] :
C 007 | .013 INTEGRAL METALLIC HEAT SINK. }
D/E 1.485 | 1.615
b1 /E1 1130 | 1.170 __l
D2 /E2 1.000 BSC sz MAX
03/E3 500 BSC - :
AT BRAZE PADS
e 050 BSC _
L .350 [ .450 DETAIL A
ND /NE 21

43 12



PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

84 LEAD QUAD FLATPACK (CAVITY UP)

Ly D1 — 4—’ l—— A
| )
EB | |
U U U U U U U T T UL U TU R TUTTIL N “____
] = — *
—— , T — )
? ——) PIN 1 | PIN 1 INDEX B—=
] E———
————5 CE———
— . E————
——— ————
— & % e —
———15 E—————
—————5] [————
5 — g E2 E1 E
———— G—————
—————9) [E——
———5 [E————
E3 — e
——— [E———
———h E———
——————5) C——>
r\nr\mnnnmnnnnnnnnnnnnn A,—\*
D3 * = Al
DWG # F84—2
# OF LDS (N) 84 c
SYMBOL MIN | MAX 012 MAX
A - 140 ~ AT BRAZE PADS
A1 hand .105 " oan
b 014 | 020 DETAIL "A
C .007 | 013 | NoTES:
D/E 1.485 | 1.615 | 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
D1 /E1 1.130 | 1.170 SPECIFIED.
D2/E2 1.000 BSC 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D3/E3 -500 BSC 3. CROSS HATCHED AREA INDICATES INTEGRAL METALLIC
e 050 BSC HEAT SINK.
C 350 | .450
ND /NE 21
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PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

172 LEAD QUAD FLATPACK (CAVITY UP — R3001)

D1

I*'—- D3 —=— PIN 1 INDEX MARK

I IﬂMIMIlIlII!IMlIlHIIHHI | | §

————

3
z

it

_.l
]

I ﬂlﬁﬂlb

(A

. |
I

E2 E1 E

|

E3 ‘ — D [
==: ET. "A" 1
, by et — D \
|
- D - * — o A [—
DWG # F172—1
# OF LDS (N) 172 NOTES:
STYMBOL MIN | MAX 1. ALL DIMENSIONS ARE IN INCHES,
A - 130 UNLESS OTHERWISE SPECIFIED.
A1 = 105 2. BSC — BASIC LEAD SPACING
b 006 | .010 BETWEEN CENTERS. ‘
C 004 | .008 '
D/E 1.580 | 1.620 ] .018 MAX
D1 /E1 7135 | 1.165 : }
D2 /E2 1.050 BSC ,
D3/E3 525 BSC c ’
i’ v .2'20351 Bi_%o —a{ [=—.008+.006

DETAIL A
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PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

172 LEAD QUAD FLATPACK (CAVITY DOWN — R3000A)

NOTE 3

/

ft————+— D2

e

D1

D3

|

f PIN 1 INDEX MARK

|
-

]<p_

LA

A o

E2 E1 E

TR

DET. "A”
| L

E3 T ‘
b ==
- D
DWG # F172—2
# OF LDS (N) 172
SYMBOL MIN MAX 1.
A - 130
Al — .105 2.
b .006 .010
C .004 | .008 3.
D/E 1.580 | 1.620
D1/E1 1.135 [ 1.165
D2/E2 1.050 BSC
D3/E3 .525 BSC
€ .025 BSC
L .220 [ .230
ND /NE 43

NOTES:

ALL DIMENSIONS ARE IN INCHES,
UNLESS OTHERWISE SPECIFIED.
BSC — BASIC LEAD SPACING
BETWEEN CENTERS.

CROSS HATCHED AREA INDICATES
METALLIC HEAT SINK.

—

| .018_MAX
——-l C

—» ~=— . 008+.006
AT BRAZE PADS

DETAIL A
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PACKAGE DIAGRAM OUTLINES

CERPACKS
16—28 LEAD CERPACK

———o ~{ A -
—-H-—b —-|-—s1 —o|——o
NTNNNNRNNDNRNDAN
L
I
E1 E
J_1
1
] L
| | |
__LJ{J__ 1
D R A o

NOTES:
1. ALL DIMENSION ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWG # E16—1 E20-1 E24—1 E28—1 E28-2
OF (DS (N) 16 20 24 28 28
SYMBOL MIN [ MAX | MIN | MAX | MIN [ MAX | MIN | MAX | MIN | MAX

A .055 | .085] .045 | .092 ] .045 | .090 ] .045 | 115 ] .045 | .090
b .015 1 .019 | .015 | .019] .015 | .019 | .015 | .019 | .015 | .019
C .0045] .006 |.0045| .006 }.0045| .006 | .0045| .009 | .0045| .006
D 370 | .430 - .540 - .640 - .740 - .740
E .245 | .285 ) .245 | .300 ] .300 | .420 | .460 | .520 | .340 | .380
E1 - .305 - .305 - .440 = .550 - .400
e .050 BSC .050 BSC .050 BSC .050 BSC .050 BSC

K .008 | .015 ] .008 [ .015 ] .008 | .015 | .008 | .015 | .008 { .015
L .250 | .370 | .250 | .370 ] .250 | .370 | .250 | .370 | .250 | .370
Q .026 | .040 | .026 | .040 | .026 | .040 | .026 | .045 | .026 | .045
S - .045 - .045 ~ .045 - .045 = .045
St .005 - .005 - .005 — .000 - .005 -
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PACKAGE DIAGRAM OUTLINES

CERQUADS

68 LEAD CERQUAD (STRAIGHT LEADS)

feetpe

>

i

—

NOTES:

f

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

DWG # CQ68—1
Z OF DS (N) 68
SYMBOL MIN | MAX
A 115 | .165
b 008 | .013
C .0045 | .008
D/E 860 | 1.100
D1 /E1 460 | .500
D3/E3 400 REF
e .025 BSC
L 200 | .300
ND /NE 17

43 17



PACKAGE DIAGRAM OUTLINES

CERQUADS (Continued)

84 LEAD CERQUAD (J-BEND)

040 X 45°
— ﬁﬁmﬁﬁr‘!hﬂﬂ#"lhﬂﬁﬁﬁﬁﬁr‘\m\/—
4 a
e _ { ]
T ]
i i
i i
i i
i i
i )
i i
D DI D3 : .
i + i
i i
i i
| |
i i
i i
i : i
i i
A B i
L uuuuuul—luuquJuuuuuuuuul—l
|~ E3 -
E1
E i
o
' ] 4 f
c IS
i =
, D2/E2 -l
DWG 7 COBA—1 NOTES: ,
£ OF LDS (N) 84 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
SYMBOL WIN 1 _MAX oECED
A 155 | .200 ‘
= e 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
b 022 ] .032
b 015 | .023
C 006 | .013
b/E 1170 | 1.190
D1 /E] 1138 | 1.162
D2/E2 1100 | 1.150
D3/E3 1.000 BSC
e 050 BSC
ND /NE 21
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PACKAGE DIAGRAM OUTLINES

LEADLESS CHIP CARRIERS

| D
h X 45° B2 —~| Al I‘_ — D2
3 PL : o

et—

m
N

T
_{_

N s

L N\ PN/
L3
NOTES:
1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS. _—‘ P*
B3

20—48 LEAD LCC (SQUARE)

DWGC # 120-2 [28—1 Taa—1 T48—1
Z OF LDS (N) 20 28 44 48
SYMBOL | MIN | MAX | MIN | MAX | MIN | MAX | MIN ]| MAX
A 064 | .100 | .064 | .100 |.064 | .120 | .055 | .120
Al .054 | .066 | .050 |.088 | .054 |.088 | .045 |.090
Bl 022 |.028 | .022 |.028 |.022 |.028 | .017 [.023
B2 072 REF 072 REF 072 REF 072 REF
B3 .006 [.022 | .006 |.022 | .006 |.022 |.006 [.022
D/E 342 | .358 | .442 | .460 | .640 | .660 | .554 | .572
D1 /E1 200 BSC | .300 BSC | .500 BSC | .440 BSC
D2/E2 100 BSC 150 BSC 250 BSC | .220 BSC
D3/E3 — 1.358 | - [.460 | — [.560 |.500 |.535
e 050 BSC | .050 BSC | .050 BSC | .040 BSC
el 05 ] — |.06] — [.06] — [.016] -
h 040 REF .040 REF 040 REF | .012 RADIUS
J .020 REF .020 REF .020 REF .020 REF
L 045 [.055 | .045 |.055 | .045 [.055 | .033 | .047
K 045 |.055 |.045 |.0565 | .045 |.055 |.033 |.047
2 077 |.093 |.077 |.093 |.077 |.093 |.077 |.093
L3 .003 | .015 | .003 | .015 |.003 |.015 | .003 |.015
ND /NE 5 7 11 12
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PACKAGE DIAGRAM OUTLINES

LEADLESS CHIP CARRIERS (Continued)

52—68 LEAD LCC (SQUARE)

DWG # L52-1 L52—2 L68—2 L68—1
# OF LDS (N) 52 52 68 68
SYMBOL MIN T MAX | MIN_ T MAX | MIN_ TMAX [ MIN [ MAX
A .061 |.087 |.082 [.120 [.082 [.120 [.065 | .120
Al .051 [.077 |.072 | .088 |.072 [.088 | .055 [.075
B1 .022 ].028 [.022 [.028 |.022 [.028 | .008 | .014
B2 .072 REF .072 REF .072 REF .072 REF
B3 .006 [.022 |.006 |.022 |.006 [.022 |.006 [.022
D/E .739 [ .761 | .739 | .761 | .938 | .962 | .554 | .566
D1/E1 .600 BSC .600 BSC .800 BSC .400 BSC
D2/E2 .300 BSC .300 BSC .400 BSC .200 BSC
D3/E3 — [ .661 — ] .661 - [.862 | — [.535
e .050 BSC .050 BSC .050 BSC .025 BSC
el .015 | - 015 [ = .015 [ - .015 [ -
h .040 REF .040 REF .040 REF .040 REF
J .020 REF .020 REF .020 REF .020 REF
L .045 [.055 | .045 [.055 | .045 ].055 | .045 [.055
L1 .045 |.055 | .045 [.055 |.045 [.055 | .045 [.055
L2 .077 [.093 |.075 |.093 |.077 |.093 |.077 [.093
L3 .003 [ .015 ].003 | .015 1.003 |.015 |.003 | .015
ND /NE 13 13 17 17
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PACKAGE DIAGRAM OUTLINES

LEADLESS CHIP CARRIERS (Continued)

J X 45

i

e

82——1

'——

—

L1

—

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.

NOTES:

+

h X 45°

3PL___1A1‘__

L2

_[81

=

LL

AN

2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

20—32 LEAD LCC (RECTANGULAR)

%_Iu

s L1

20—

DWG _# 1221 [24—1 L28-2 L32—1
# OF LDS (N) 20 22 24 28 32
SYMBOL MIN T MAX T MIN_ TMAX | MIN [ MAX | MIN [ MAX | MIN [ MAX
A .060 |[.075 |.064 | .100 [.064 [.120 [.060 [.120 [.060 |.120
Al .050 |.065 |.054 [.063 | .054 |.066 |.050 [.088 |.050 |.088
B1 .022 |.028 |.022 |.028 |.022 [.028 |.022 [.028 | .022 [.028
B2 .072 REF .072 REF .072 REF .072 REF .072 REF
B3 .006 [.022 | .006 [.022 |.006 [.022 |.006 [.022 |.006 [.022
D 284 |.296 |.284 | .296 | .292 [.308 | .342 [.358 | .442 [.458
D1 1560 BSC 150 BSC .200 BSC .200 BSC .300 BSC
D2 .075 BSC .075 BSC .100 BSC 100 BSC .150 BSC
D3 — [280 ] - T.280] - [.308] - 1.358 ] — [.458
E .420 |.435 | .480 |.496 | .392 [.408 | .540 | .560 | .540 [.560
=] .250 BSC .300 BSC .300 BSC .400 BSC .400 BSC
E2 125 BSC .150 BSC .150 BSC .200 BSC .200 BSC
E3 — .40 - T.480] - J.408] — 558 | — [.558
e .050 BSC .050 BSC .050 BSC .050 BSC .050 BSC
el .015 [ — .015 [ - 015 | — .015 | - 015 [ -
h .040 REF | .072 RADIUS| .025 REF .040 REF .040 REF
J .020 REF | .012 RADIUS| .015 REF .020 REF .020 REF
L .045 ].055 ].039 ] .051 | .040 [.050 ].045 [.055 | .045 [.055
L1 .045 ].055 | .039 |.051 | .040 [.050 |.045 | .055 | .045 [.055
L2 .080 |.095 |.083 |.097 [.077 [.093 |.077 [.093 |.077 |.093
L3 .003 [.015 [.003 ] .015 | .003 [.015 }.003 [.015 |.003 [.015
ND 4 4 5 5 7
NE 6 7 7 9 9

4.3

21



PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS

68 PIN PGA (CAVITY UP)

rQ

TOP VIEW

-

PIN 1 D

G

[ 1

A

sl

ALL DIMENSIONS ARE IN [NCHES, UNLESS OTHERWSE

SPECIFIED.

BSC — BASIC LEAD SPACING BETWEEN CENTERS.
SYMBOL. "M” REPRESENTS THE PGA MATRIX SIZE.
SYMBOL "N"” REPRESENTS THE NUMBER OF PINS

CHAMFERED CORNERS ARE IDT'S OPTION.

BOTTOM VIEW — ¢B1
1.2 3 45 6 7 8/910Mn
[ OEEEOEEE®
KI@@OOO®EOEOEEE
J[O]O; 0]O;
HEE 0]0,
9(0]0, 0]0,
OO— + —oot o
El®O 0]0,
100 ©O]0]
c|@@ 0]0,
BI®OOOOOEOEOEOEO®
Al @EOEE®EEOO®
o1
D
SEATING PLANE
L
DWG # G68—1
4 OF PINS (N) 68 NOTES:
SYMBOL MIN | MAX 1.
A 070 | .145
2B .016 | .020 2.
oB1 - .080 3.
982 .040 | .060 4.
D/E 1.140 | 1.180 S.
D1/E1 1.000 BSC
e 100 BSC
L 120 | 140
M 11
Q .040 | .060

il

e

f
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

84 PIN PGA (CAVITY UP — 12 X 12 GRID)

BOTTOM VIEW @B1 TOP VIEW
1.2 3 45 6,7 8 9104112 .
MEEEEEEEEEEE®
LIO@OOEOEO®E@OOE
KI@O®E ©OOE
OIO) ®O
o o8
G _‘__ | E1 E |
I~ (00 ol0 -+
| 010 0]0;
D|@® ®
cl@O@O OO
:HOI0I0I010]0 0I0I0I0I0I0)]
Jclololololo ololololols A
o1 PIN 11D
° {
i | K
SEATING PLANE n Tr “ u -}
| J L ——”—— 8 el
DWG # C84—1
Z OF PINS (N) =Y
SYMBOL MIN | MAX
A 077 | 145
9B 016 | .020 NOTES:
281 060 | 080 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
?B2 .040 | .060 SPECIFIED.
D/ 1780 17235 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
57/ 700 Bac 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
100 BSG 4. SYMBOL ”"N” REPRESENTS THE NUMBER OF PINS
’f 120 T 140 5. CHAMFERED CORNERS ARE IDT'S OPTION.
M 12
Q .025 | .060
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

84 PIN PGA (CAVITY UP — 11 X 11 GRID)

BOTTOM VIEW — ¢81 TOP VIEW
1.2 3 45 6 7 8/9 10 11 .
LEEEEE®EEEE®
KIOO@O@®OEEOE |
JO@OO O®G 0]0;
HI(© ©@
6|@OO @O ] _ N
OOO— + —QOOt o ¢
dlololo OO 4 |
c|®O O®O @O
:HOI0J0I0]010I0I0I0I010;
ADEEEEOEEEO® \ A
I | .
o1 PIN 1 1D
D i
Q I —1
adl N
SEATING PLANE f
L ‘J L |
982 ——“—— 9B — & =
DWG # G84—23
# OF PINS (N) 84
SYMBOL MIN MAX
A .070 145 NOTES:
28 .016 | .020 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
981 - .080 SPECIFIED.
2B2 .040 | .060 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D/E 1.080 | 1.120 3. SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.
D1 /E1 7000 BSC 4, SYMBOL "N” REPRESENTS THE NUMBER OF PINS
o 200 BSC 5. CHAMFERED CORNERS ARE IDT'S OPTION.
L 120 [ 140
M 1
Q .040 | .060
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PACKAGE DIAGRAM OULTINES

PIN GRID ARRAYS (Continued)

108 PIN PGA (CAVITY UP)

— D e

BOTTOM_VIEW #B1 TOP_VIEW
1 2 3 45 6,7 8 9104112
MEOEEEEEEEEE®
H0]0]0]0]0]0,010]0]0]0]0;
K©QO@OEOEEOEOEEEOE
IOOO @OO
HOOE @O
OO | _ OOE| & ¢ 0
FlOOO 0JOJO)
El QOO @O
D|OOO @O
cl@OOEOEOOOOEOEE |
BlOO@OOOOE®OEOO®EO -
AMPOOOOOOOEEO® Pud
D1 PIN 1 1D
D —1
sl ]
"SEATING PLANE
. b JTTL “ |
[ 4 el
DWG # G108—1
OF PINS (N) 108
SYMBOL MIN_ | MAX NOTES:
A 070 | .145 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE‘
9B .016 | .020 SPECIFIED. '
281 — 080 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
382 520 1060 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
D/E 188 T 1212 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
DT /ET 700 BSC 5. CHAMFERED CORNERS ARE IDT'S OPTION.
e .700 BSC .
L 120 [ 140
M 12
Q .040 | .060

43
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

144 PIN PGA (CAVITY UP — R3001)

BOTTOM VIEW 81 TOP VIEW
12 3 456738 910[12131415
REEOEEEEOOEEEEE®
4(0]0]0J0]0I0I0I0I0I0I0I0I0]0]0;
NEOE@OEEEEAEEEEEOE
MOOE @O
LIEOO OO
KIQOEO @OO
fllololo; OO, .
HEOE | @O -
6| QOO @O
F] EXTRA PIN | IO,
E@@@@/ @O
[O]O]0] @O
cl@EOOOEEOOOOEEE®®
C{O]0]0]0]0]0]0IN0I0I0I0I0I0I0I0;
ABRPOEEEEOEEEEEE® A
D1 PIN 1 ID
D
f |
SEATING PLANE
: JTL U M
*llﬂe —~| el
DWG # G144—2
# OF PINS (N) 145
SYMBOL MIN | MAX
A .082 125 NOTES:
98 .016 | .020 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
#B1 060 | .080 SPECIFIED.
982 040 | .060 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D/E 1.559 | 1.590 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
D1/E1 1.400 BSC 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
S 100 BSC 5. CHAMFERED CORNERS ARE IDT'S OPTION.
3 320 | .140 6. EXTRA PIN (D—4) ELECTRICALLY CONNECTED TO D—3.
M 15
Q 040 | .060

4.3
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

208 PIN PGA (CAVITY UP)

BOTTOM VIEW “81

2 345678 91011121314151617

TOP VIEW

>PDWOOMTMOIc XrXZT IV

~

PIN 11D

SEATING PLANE ‘
L

ITTTITTTTITE

o e e

9B2
DWG # G208—1
OF PINS (N) 208
SYMBOL MIN_[ MAX
A 070 | 145
9B 016 | .020 NOTES:
BT - 080 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
982 .040 | .060 SPECIFIED. '
D/t 1733 [ 1.780| 2~ BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D1 /E1 500 BSC 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
£ 00 BSC 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
' 5. CHAMFERED CORNERS ARE IDT'S OPTION.
L 125 | 140
M 17
Q .040 [ .060

4.3
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PACKAGE DIAGRAM

OUTLINES

PIN GRID ARRAYS (Continued)

88 PIN PGA (CAVITY DOWN)

BOTTOM VIEW — ¢B1 TOP VIEW
1 2 3 45 6 7 8/9 101 :
L @eEEO®EOFEO®
KIO@E@OEO®OEOOE
NO]0; @@
HI(@ 00,
J{O]0), 0]0, ] 1 u
OO— + —Oot e«
El@® @O
HOIO) 0]0;
c|l@OO @O
HHOI0]0I0]0I0I0I0I0I0C,
Al OOEOEEOD A
|
D1 PIN 11D
D i
SEATING PLANE ‘ = =] !
L A‘ L | |
—f—_ | I
082 ——“—-—¢B — e
DWG # GU6B—2
# OF PINS (N) 68 NOTES:
SYMBOL MIN MAX 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
A 077 | .095 SPECIFIED.
2B .016 | .020 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
281 .060 | .080 3. SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.
482 040 | 080 4, SYMBOL "N” REPRESENTS THE NUMBER OF PINS
D/E 1.098 | 1.192 5. CHAMFERED CORNERS ARE IDT'S OPTION.
D1/E1 1.000 BSC
e .100 BSC
L 120 | 140
M 11
Q1 .025 | .060

4.3
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

84 PIN PGA (CAVITY DOWN)

BOTTOM VIEW #B1 TOP VIEW
1 2 3 5 6;7 8 9 1011 12 . I
MEEEEEEEOOEE®
LEEEEOEEEEOE®E
KOO 010
i1olo) 010
33 33| «
G E1 E
FIO® + O | 1] =+
3610 010
|®® 0]0)
c|®EE 0]010)
Jlolololololo olololololo
ADOEEEEPEEE®D A
%1 o PIN 11D ‘
l | A

SEATING PLANE +
L ‘f

DWG # G84—2
# OF PINS (N) 84

SYMBOL MIN | MAX
A .077 | 145
[ ..016 | .020
#B1 .060 [ .080
#B2 .040 | .060
D/E 1.180 | 1.235

D1/E1 1.100 BSC
e 100 BSC
L 120 [ 140
M 12
Q1 .025 | .060

!

i JﬁETW 71

o s el

NOTES:

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
SPECIFIED. '
BSC — BASIC LEAD SPACING BETWEEN CENTERS.

- SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.
SYMBOL "N” REPRESENTS THE NUMBER OF PINS
CHAMFERED CORNERS ARE IDT'S OPTION. :

greD
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

84 PIN PGA (CAVITY DOWN — R3010A)

BOTTOM VIEW oB1 TOP VIEW
- 1.2 3 45 6,7 8 9101112
MEEEEEEEPEEEE®
LEO@OEOEOEOEOE
KI©O@O® OO
@O ®E
HOO 0]0,
JIOI0; _l_ @@_ 1 E
FIOO ®E
E®E ®OO
D|@O® O]O)
c|l@OO 0]0]0,
:HOIOIOI0I0]0 GI0I0I0I0I0]
ADOEOEOEEEEEOEODD A
o1 NOTE 6 / PIN 1 1D
D Q1 , {
| B A
SEATING PLANE * = = !
C ,l L L
#B2 —-”-—— 4B —-4 e |—~
DWG # G84—4
# OF PINS (N) 84 NOTES:
SYMBOL MIN MAX 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
A 077 | .145 SPECIFIED.
4B 016 | .020 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
9B1 060 | .080 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
982 040 | 060 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
D/E 1180 | 1.235 5. CHAMFERED CORNERS ARE IDT'S OPTION.
D1 /61 1100 BSG 6. CROSS HATCHED AREA INDICATES INTEGRALL METALLIC
5 700 BSC HEAT SINK.
L 120 [ .140
M 12
Q1 .025 | .060
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

144 PIN PGA (CAVITY DOWN)
BOTTOM VIEW ¢B1

5§ 6 7 8 910[12131415

TOP VIEW

123 4
RIOEOEEEEDEEEEE®®
PIOEOOEOOOOOOEEOEEOEO®
NOOOEEOEEHOEREOEEEOE
MO 0JOJO,
LG 0]0J0;
KI@O@O ©OOE
Hlololo] ololo]
HOOS—— + ——OOQ) +
1000 OO
FIOO@E @O
ElQO@E OO
O]OO, OO
clPEEOEEOOEOAOEOOEEE
E0]010]0]010]010I0]01010]00]0]
AMPOEEOEEOOEOEEE® A
D1 PIN 1 ID
D
_L (o]}
i
SEATING PLANE f ? F H m
f .j L s el
DWG # G144—1
# OF PINS (N) 144
SYMBOL MIN [ MAX
A .082 | .100 .
;; _'8258 :828 T.OTZEEC?FI%NQONS ARE IN INCHES, UNLESS OTHERWISE
3% 1'%%% 1‘%%% 2. BSC - B"ASJC LEAD SPACING BETWEEN CENTERS.
DT | taooBsc | 3 SO M REPTESENTS TME o MATEX Su
‘E .1'218018‘3&0 5. CHAMFERED CORNERS ARE IDT'S OPTION. :
M
Q1 .025 115 .060
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

144 PIN PGA (CAVITY DOWN — R30004)

BOTTOM VIEW 81 TOP VIEW
1 2 3 456 7 8 9104112131415
J[olojolololololololofolololoky
PIOOE@EEOEEOOOEOEEEE®E
NO@EEOEEEEEEEEEEE
MO@EE 0]0]O;
L®OOE OOO
K@@ (0]0]O]
IO OO|,, .
HEOE | OO
4(0]OJ0; @O
F] EXTRA PN | OO
E@@@@/ 0]0]0;
(O]O]0; @O
cl@EEEOEEEEEEEEEOO
BlOOOOEEEMEEEEEEOE
APOOEEEEOEEEEEE® NV
D1 NOTE 7——/ PIN 1 ID
D
_L a1
‘ A
SEATING PLANE i } f ‘Wli _ “ M
#B2 ——-H-—¢B ——l e I——
DWG # Gl144—3
% OF PINS (N) 145
SYMBOL MIN | MAX
A .082 .130 NOTES:
45 .016 | .020 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
#B1 060 | .080 SPECIFIED.
?B2 .040 | .060 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D/E 1.559 | 1.590 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
D1 /E1 1.400 BSC 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
o 700 BSC 5. CHAMFERED CORNERS ARE IDT'S OPTION.
T 20 | 140 6. EXTRA PIN (D—4) ELECTRICALLY CONNECTED TO D-3.
Vi 15 7. CROSS HATCHED AREA INDICATES INTEGRAL METALLIC
o 025 | 060 HEAT SINK.

4.3
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

175 PIN PGA (CAVITY DOWN — R3000A)

BOTTOM VIEW #B1 TOP VIEW -
1 23 4586 78 910[12131415
ROEEPEOOEOOOECEREEEO®
PIO@OEOEOEOEOOOEOEOEEOE
NOOEOEEOEE®EEOEEEOE
MEEEEEEE®EEEEEEE
LOEEE OOOE
KI@E@O®E OOOE
Hlolololo PO, .
HEEE®E | PO
6| QEEOE ‘ 0]0JO]0]
diICiCoC —OPOOOT
AOI0I0I0; @EEE
D@EEEEEEDOEOEEEEEE
cl@EEEOEOEOEOAOEOEEEEEE
HOI0I010]010]01010]01010]0]0]0]
A @@@@@@.@@@@@@O Nw
D1 PIN 1 ID
D NOTE 6 ]
_L Q1
‘ A
SEATING PLANE
e JWL Iyl
LS T e
DWG # G175—1 '
# OF PINS (N) 175
SYMBOL MIN_ | MAX
A .082 130 NOTES:
2B .016 | ..020 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
#B1 .060 | .080 SPECIFIED.
¢B2 .040 | .060 | = -2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D/E 1.559 | -1.590 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
D1/E1 1.400 BSC 4, SYMBOL "N” REPRESENTS THE NUMBER OF PINS
e 100 BSC 5. CHAMFERED CORNERS ARE IDT'S OPTION.
0 320 | 140 6. CROSS HATCHEDAREA INDICATES INTEGRAL METALLIC
v - 15 : HEAT SINK.
Q1 .025 | .060
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

208 PIN PGA (CAVITY DOWN)

TOP_VIEW

#B1
BOTTOM VIEW /
12 34567 8 91011121314151617

P> WOOMMOIc XNTCXIZDVRDOWNH

|1 /V
PIN 1 ID
_L Q1
, { AJ' . , l
SEATING PLANE '
s ATkl
¢82 L ——“——e)B
DWG # G208—2
# OF PINS (N) 208
SYMBOL MIN MAX
A ~ 070 | 145
9B .016 | .020 NOTES: :
781 - 080 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
982 040 | .060 SPECIFIED.
b/E 1732 11.780 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D1 /€] 1,600 BSC 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
00 BSC 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
€ : 5. CHAMFERED CORNERS ARE IDT'S OPTION.
L 125 [ 140
M 17
Q1 .025 | .060
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PACKAGE DIAGRAM OUTLINES

PLASTIC DUAL IN-LINE PACKAGES

16—32 LEAD PLASTIC DIP (300 MIL)

N
[

P P S S WP, S, S & e

D

E1 E

1

— ) G |—-—

~=—b1

L | 1

=L

Al

de

NOTES:

1. ALL DIMENSIONS ARE [N INCHES, UNLESS OTHERWISE SPECIFIED.

Lr'“\.r""‘\.r"'u""u""u""u""l.l—L

SEATING PLANE

2. D & E1 DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.

DWG_# P16—1 P22-1 P28-2 P32-2
# OF LDS (N) 16 22 28 32

SYMBOLS MIN MAX MIN MAX MIN MAX MIN MAX

A .140 165 145 165 145 .180 .145 .180

Al .015 .035 .015 .035 .015 .030 .015 .030

b .015 .022 .015 .022 .015 .022 .016 .022

b1 .050 .070 .050 .065 .045 .065 .045- | .060

C .008 .012 .008 .012 .008 .015 .008 .015

D .745 760 1.050 1.060 1.345 | 1.375 ] 1.545 | 1.585

E .300 .325 .300 .320 .300 .325 .300 .325

El .247 .260 .240 .270 .270 .295 .275 .295

€ .090 110 .090 110 .090 .110 .090 110

eA .310 .370 .310 .370 310 .400 .310 .400

L 120 .150 120 150 120 150 .120 .150

a 0 15° 0 - 15° 0 15° 0} 15°

S .015 .035 .020 .040 020 .042 .020 .060

Q .050 .070 .055 .075 .055 .065 .055 .065

4.3
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PACKAGE DIAGRAM OUTLINES

PLASTIC DUAL IN-LINE PACKAGES (Continued)

— D -
N

mqrm,mmﬂ_r\_mq,rkrm,m_—ﬁ‘

D E1 E

"U""u""u""u""u""u“"u“‘“u"“u-'_——L

! i !

_ A
f 1, \ —[—(—L SEATING PLANE
L l o C

Al
—-—e‘—— ~—“——b ' ——»i eA - i—-——

NOTES:
1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. D & E1 DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.

18—24 LEAD PLASTIC DIP (300 MIL — FULL LEAD)

DWG_# P18—1 £20-1 P24—1
# OF LDS (N 18 20 24

SYMBOLS MIN MAX MIN MAX MIN MAX

A 140 165 145 169 145 1690

Al .015 .035 .015 .035 .015 .035

b .015 .020 .015 .020 015 .020

b1 .050 .070 .050 .070 .050 .065

C .008 .012 .008 .012 .008 .012

D .885 .910 1.022 1.040] 1.240 | 1.255

E .300 .325 .500 325 .300 .320

E1 .247 .260 .240 .280 .250 275

€ .090 110 .090 110 .090 110

eA .310 .370 .310 .370 310 .370

L 120 .150 120 150 120 150

X 0 15° (0} 15° o 15°

S .040 .060 .025 .070 .055 .075

Q1 .050 .070 .055 075 055 .070
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PACKAGE DIAGRAM OUTLINES

PLASTIC DUAL IN-LINE PACKAGES (Continued)

24—48 LEAD PLASTIC DIP (600 MIL)

DWG # P24—2 P28—1 P32-1 P40—1 P48—1
7 OF LEADS (N) 24 28 32 40 48
SYMBOLS MIN_ | MAX |__MIN ] MAX | _MIN | MAX_| MIN_|_MAX | MIN_ | MAX

A T60 1185 1 160 | 185 1170 1190 | .160 | 185 | .170 | .200
A .015_|.035 | .015 | .035 |.015 [ .050 | .015 | .035 | .015 | .035
b .015_].020 | .015 | .020 [.016 | .020 | .015 | .020 | .015 | .020
bi .050_ |.065 | .050 | .065 | .045 | .055 | .050 | .065 | .050 | .065
C .008 | .012 | .008 | .012 |.008 | .012 | .008 | .012 | .008 | .012
D 1.240 | 1.260 | 1.420 | 1.460 | 1.645 [ 1.655 | 2.050 | 2.070 | 2.420 | 2.450
3 600 | .620 | .600 | .620 |.600 | .625 | .600 [ .620 | .600 | .620
El .530 ] .550 | .530 | .550 | .530 | .550 ] .530 | .550 | .530 | .560
e .090_|.110 | .090 | 110 _|.090 [ .110 | .090 | .110 [ .090 [ .110
eA 610 | .670 | 610 | .670 | .610 | .670 | .610 | .670 | .610 | .670
L 120 [ .150 | .120 | .150 | .125 | .135 [ .120 | .150 | .120 | .150
o o[ 15 0| 15° 0 15° 0" 15 0 15°
S 060 | .080 | .055 | .080 | .070 | .080 | .070 | .085 | .060 | .075
Qi 060 1 .080 | .060 | .080_1.065 | .075 | .060 | 08O | .060 | 080

64 LEAD PLASTIC DIP (900 MIL)

DWG # Po4-1
# OF LEADS (N) 64

SYMBOLS MIN MAX
A .180 .230
Al .015 .040
b .015 .020
b1 .050 .065
c .008 .012
D 3.200 3.220
E .900 .925
E1 .790 .810
e .090 110
eA .910 1.000
L 120 .150
o] 0" 15°
S .045 .065
Q1 .080 .090
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC

s
ﬂﬁﬁﬁﬁﬁﬁﬁﬁ NOTES:

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
SPECIFIED.

2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

3. D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS
AND TO BE MEASURED FROM THE BOTTOM OF PKG.

4. FORMED LEADS SHALL BE PLANAR WITH RESPECT TO

® ONE ANOTHER WITHIN .004" AT THE SEATING PLANE.

on - TTTTTT]

D
‘ ¢
T, o=
_.H_—BSEATING PLANE :1 * _—‘L |-—

16—24 LEAD SMALL OUTLINE (GULL WING)

m

DWG # S016—1 S018-1 S020-2 'S024-2 S024-3
4 oF Lbs (N)| 16 (.300) | 18 (.300) 20 (.300”) | 24 (.300") | 24 (.300")
SYMBOL | MIN [ MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
A .095 |.1043 | .095 |.1043 | .095 [.1043 | .095 |.1043 | .110 | .120

A1 .005 |.0118 | .005 [.0118 | .005 |.0118 | .005 |.0118 | .005 | .0118

B .014 | .020 | .014 |.020 |.014 [.020 | .014 |.020 | .014 | .020

C .0091 [.0125 | .0091|.0125 |.0091 |0125 |.0091|.0125 | .007 | .011

D 403 |.413 | .447 |.462 | .497 | .511 | .600|.614 | .620| .630

e .050 BSC .050 BSC .050 BSC .050 BSC .050 BSC

E 292 |.2992 | 292 |.2992 |.292 |.2992 | .292 |.2992 | .295 | .305

h .010 |.020 | .010 [.020 | .010 |.020 | .010|.020 | .012 | .020

H 400 | .419 | .400 | .419 | .400 |.419 | .400| .419 | .406 | .419

L 018 |.045 | .018 |.045 | 018 |.045 | .018 |.045 | .028 | .045

o 0 8’ o | s 0 8 o | 8 o} 8

S .023 |.035 | .023 |.035 |.023 |.035 | .023|.035 | .032 | .043
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

f=—s

ﬁﬁﬁﬁﬁﬁﬁﬁﬁ

P'N1:M;HHHHHHH

D

NOTES:

1.

2.
3.
4

#

-2

_LA

SEATING PLAN

ALL DIMENSIONS ARE [N INCHES, UNLESS OTHERWISE
SPECIFIED.

BSC — BASIC LEAD SPACING BETWEEN CENTERS.

D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS
AND TO BE MEASURED FROM THE BOTTOM OF THE PKG.
FORMED LEADS SHALL BE PLANAR WITH RESPECT TO
ONE ANOTHER WITHIN .004" AT THE SEATING PLANE.

. H P
hX45\

) P—
L
[ in i

28 LEAD SMALL OUTLINE (GULL WING)

DWG # S028—2 S028—3
4 oF Lbs (N)| 28 (.3007) | 28 (.3307)
symMBoL | MIN | MAX | MIN | MAX

A 095 |.1043 | 110 | .120

A1 .005 | .0118 | .005 | .014

B .014 | .020 | .014 | .019

c .0091 | .0125 | .006 | .010

D 700 | .712 | .718 |.728

e .050 BSC .050 BSC
E 292 |.2992 | .340 | .350
h .010 | .020 | .012 | .020

H 400 | .419 | .462 |.478

L .018 | .045 | .028 |.045

« 0 8" 0 8"

S .023 | .035 | .023 | .035
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PACKGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

16—24 LEAD SMALL OUTLINE (EIAJ — .0315 PITCH)

DWG # S016—5 S020—5 S024-5
# OF LDS (N) 16 20 24
SYMBOLS MIN MAX MIN MAX | MIN MAX
A .057 | .071 ] .069 [ .083 | .069 | .083
Al .002 TYP .002 TYP .002 TYP
B .012 | .020 | .012 | .020 | .012 | .020
C .006 | .010 | .006 | .010 | .006 | .010
D .248 | 271 | .331 | .354 | .382 | .405
E 165 | 180 ]| .205 | .220 | .205 | .220
e .0315 BSC .0315 BSC .0315 BSC
H 232 | .256 | .295 | .319 ] .295 [ .319
L .010 - .010 - .010 -
(04 0’ 8° Q° 8" o 8°
16-28 LEAD SMALL OUTLINE (EIAJ — .050 PITCH)
DWG # S016—6 S018—6 S020-6 S024—6 S028—6
# OF LDS (N) 16 18 20 24 28
SYMBOLS MIN | MAX MIN MAX MIN | MAX MIN MAX | MIN MAX
A .057 | .071 ] .069 | .083 | .069 | .083 ] .069 | .083] .083 | .098
Al .002 TYP .002 TYP .002 TYP .002 TYP .002 TYP
B .012 ] .020 | .012 | .020 | .012 | .020 ) .012 | .020} .012 | .020
C .006 { .010 | .006 | .010 | .006 | .010 { .006 { .010{ .006 | .010
D .382 | .406 | .437 | .453 ] .480 | .504 | .580 ). .603] .720 | .740
E 165 | 180 | .205 | .220 | .205 | .220 | .205 | .220] .290 | .300
€ .050 BSC .050 BSC .050 BSC .050 BSC .050 BSC
H 232 | .256 | .295 | .319 ] .295 | .319 ] .295 319 378 | .402
L .010 - .010 - .010 - .010 - .010 -
o 0° 8° 0" 8" o} 8° Q° 8° 0° 8°
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

-——-l-—s

N 000N0N00an0

il

N

E1

guoutuopguooaa

PIN 1

—

— e f—.—

[t———————— D1 ———-J
=t—B (OPTIONAL)

i
e e

3

NOTES:

1. ALL DIMENSIONS ARE IN INCHES,
UNLESS OTHERWISE SPECIFIED.

2. BSC — BASIC LEAD SPACING BETWEEN

CENTERS.

3. D1 & E1 DO NOT INCLUDE MOLD FLASH
OR PROTRUSION AND TO BE MEASURED

FROM THE BOTTOM OF THE PKG.

4. FORMED LEADS SHALL BE PLANAR WITH
RESPECT TO ONE ANOTHER WITHIN .004"
AT THE SEATING PLANE

j—!—'— SEATING PLANE Q

16—24 LEAD SMALL OUTLINE (J—BEND)

h X 45°

DWG # S016—2 S020—1 S024—4
# OF DS (N) | 16 LD (.3007) | 20 LD (.3007) | 24 LD (.3007)
SYMBOLS MIN | MAX | MIN | MAX | MIN | MAX
A 720 | 140 | 120 | 140 | 130 | 148
Al 078 | .095 | .078 | .095 | .082 | .095
B 020 | .024 | .020 | .024 | .026 | .032
B1 014 | .020 | .014 | .020 | .015 | .020
C .008 | .013 | .008 | .013 | .007 | .on
D1 400 | .412 | 500 | .512 | .620 | .630
E 335 | .347 | .335 | .347 | .335 | .345
E1 292 | .300 | .292 | .300 | .295 | .305
E2 262 | .272 | .262 | .272 | .260 | .280
e .050 BSC 050 BSC .050 BSC
h 070 | .020 | .010 | .020 | .010 | .020
S .023 | .035 | .023 | .035 | .032 | .043

4.3
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

s—v]

00000n0N0n0o0n0n[aQn |

Il

N

auubuibuyigagdiid

PIN 1

—] € —-—

i
i

D1

==—8 (OPTIONAL)

NOTES:
ALL DIMENSIONS ARE IN INCHES,
UNLESS OTHERWISE SPECIFIED.

1.
2.

3.

BSC — BASIC LEAD SPACING
BETWEEN CENTERS.

D1 & E1 DO NOT INCLUDE MOLD
FLASH OR PROTRUSION AND TO
BE MEASURED FROM THE BOTTOM

OF THE PKG.

FORMED LEADS SHALL BE PLANAR
WITH RESPECT TO ONE ANOTHER
WITHIN .004" AT THE SEATING

PLANE.

ok

LT

A (L
i]——¥——i—SEAﬂNG PLANE ¥/
.025 MIN ‘

[t———— 2 ————

28—32 LEAD SMALL OUTLINE (J—BEND)

DWG # S028—5 S028—4 S032-2
# OF LDS (N) | 28 LD (.300™)] 28 LD (.350M) 32 LD (.300")
SYMBOLS MIN MAX MIN MAX MIN MAX
A 120 | 140 [ 130 | 148 | 130 | .148
Al .078 | 095 | .082 | .095 | .082 | .095
B .020 | .024 | .026 | .032 | .026 | .032
B1 014 | 020 | .016 | .020 | .016 | .020
C .008 | .013 | .007 | .on .008 [ .013
D1 700 | 712 | 720 | .730 | .820 | .830
E 335 | .347 | .380 | .390 | .330 | .340
E1 292 | .300 | .345 | .355 | .295 | .305
E2 262 | .272 | .310 | .330 | .260 | .275
e .050 BSC .050 BSC .050 BSC
h .012 [ .020 | .012 [ .020 | .012 | .020
S 023 | .035 ] .023 [ .035 | .032 | .043

h X 45°

1

4.3
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

48 & 56 LEAD SMALL OUTLINE (SSOP — GULL WING)

ﬂﬂb—ilﬂgﬁ i HHMT

o mm}

RRRES

-]
I
I

NOTES:
1.

2
3.
4

ALL DIMENSIONS ARE IN INCHES, UNLESS
OTHERWISE SPECIFIED.

BSC — BASIC LEAD SPACING BETWEEN
CENTERS.

D & E DO NOT INCLUDE MOLD FLASH OR
PROTRUSIONS.

FORMED LEADS SHALL BE PLANAR WITH

" RESPECT TO ONE ANOTHER WITHIN .004"

SEATING PLANE

1
Al

AT THE SEATING PLANE.

m T

DWG # S048-1 S056—1
# OF LDS (N) 48 (.300") 56 (.3007)
SYMBOL MIN MAX MIN MAX
A .095 110 .095 110
A1 .008 .016 .008 .016
b .008 .012 .008 .012
c .005 .009 .005 .009
D .620 .630 .720 .730
E .291 .299 .291 .299
e .025 BSC .025 BSC
H .395 .420 .395 .420
h .015 .025 .015 .025
L .020 .040 .020 .040
o 0 8 o 8
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PACKAGE DIAGRAM OUTLINES

PLASTIC QUAD FLATPACKS

100—132 LEAD PLASTIC QUAD FLATPACK (JEDEC)

D2

D1

NOTES:

1.

TE< 2
NOTE 3 3
E3 4
o 5 5.

e\

e 03—
a—”-— B (OPTIONAL)

Al I / |
) s d

.025 MIN _—”'—MeJ L:

(OPTIONAL)

DWG # PQ100-1 PQ132—1
OF LDS (N) 100 132
SYMBOLS MIN MAX | MIN MAX

A 160 | 1801 .160 | .180
Al .020 | .040] .020 | .040
8 .008 | .016 | .008 | .016
b1 .008 | .012 ] .008 | .012
c .00585] .008]).0055] .008
D .875 | .885]1.075} 1.085
D1 747 | .753) .947 | .953
D2 .897 | .90311.097) 1103
D3 .600 REF .800 REF

e .025 BSC .025 BSC

E .875 | .885]1.075] 1.085
E1 747 | 753} .947 | .953
E2 .897 | .90311.097{ 1.103
E3 .600 REF .800 REF

L .020 | .030] .020 | .030
o 0 8’ 0 8

ND/NE 25/25 33/33

OTHERWISE SPECIFIED.
BSC — BASIC .LEAD SPACING BETWEEN
CENTERS.

ALL DIMENSIONS ARE IN [NCHES, UNLESS

PIN 1'IDENTIFIER CAN BE POSITIONED AT

EITHER ONE OF THESE TWO LOCATIONS.

DIMENSIONS D1, D2, E1, AND E2 DO NOT
INCLUDE MOLD PROTRUSIONS. ALLOWABLE

MOLD PROTRUSIONS ARE AS FOLLOWS:
D1 & E1 = .010 MAX.
D2 & E2 = .007 MAX

ND & NE REPRESENT NUMBERS OF LEADS

IN D & E DIRECTIONS RESPECTIVELY.

SEATING PLANE

43
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PACKAGE DIAGRAM OUTLINES

PLASTIC QUAD FLATPACKS (Continued)
80—128 LEAD PLASTIC QUAD FLATPACK (EIAJ)

D
D1
0 é D3
1AARAnDAA!
— = 1. ALL DIMENSIONS ARE IN INCHES, UNLESS
, — OTHERWISE SPECIFIED. .
= = 2. BSC — BASIC LEAD SPACING BETWEEN
= CENTERS.
£ == —{— =~ E3 E1 3. D1 & E1.DO NOT INCLUDE MOLD PROTRUSION.
= — ALLOWABLE PROTRUSION IS .010 PER SIDE
= = 4. ND & NE REPRESENT NUMBERS OF LEADS IN
== o D & E DIRECTIONS RESPECTIVELY.
=1O . 7E THE 3.9mm FOOTPRINT IS STANDARD, HOWEVER
HOAOHOOEEA ¥ THE 3.2mm IS OPTIONAL & CAN BE REQUESTED
B il

'IilililiIililililil"'\~__C

J_AF

_l

L L
DWG # PQB0—2 PQ100—2 PQ120—2 PQ128—2
# OF LDS (N) 80 700 120 198
SYMBOLS MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
A 110 | 124 | 110 ] 124 ] 136 | 156 ] .136 | .156
Al 010] - Joo = ool - [Tooto] -
A2 100 | 120 1 100 | 120 ] 125 [ 144 ] 125 ] 144
c .005 | .008 | .005 | .0o08 | .005 | .008 | .005 | .008
D .937 [ .945 | .937 | .945 [1.252]1.260]1.252 [ 1.260
D1 .783 | .791 ] .783 1 .791 | 1.098] 1.106 [ 1.098] 1.106
D3 .724 REF .742 REF 913 REF .976 REF
E 701 [ .709 | .701 | .709 [1.252]1.260] 1.252] 1.260
E1 .547 | .555] .547 | .555 [ 1.098] 1.106 [ 1.098 | 1.106
E3 472 REF .486 REF 913 REF .976 REF .
L .026 [ .037 | .026 | .037 | .026 [ .037 | .026 | .037
ND /NE 16 /24 20/30 30/30 32/32
P .0315 BSC | .026 BSC 026 BSC | .0315 BSC
w .012 [ .0181 .012 [ .018[ .0o12 ] .018 ] .012 | .018
ZD .032 .023 .094 .063
ZE .039 .032 .094 063
ALT. D [6] | .909 [ .917 | .009 | .917 [1.224[1.232]1.224[1.232
ALT. £ [B] | 673 ] 681 .673 1 .681 | 1.224]1.232]1.22411.232
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PACKAGE DIAGRAM OUTLINES

PLASTIC QUAD FLATPACKS (Continued)

144—208 LEAD PLASTIC QUAD FLATPACK (EIAJ)

DWG # PQ144—2 PQ160—2 PQIB4—2 PQ208—2
# OF LDS (N) 144 160 184 208
SYMBOLS MIN | MAX | MIN [ MAX | MIN | MAX | MIN | MAX
A 136 | 1856 | 136 [ 156 | 136 | .156 | .136 | .156
Al .010 — .010 - .010 — .010 —
A2 125 | 144 | 125 [ 144 | 125 | 144 [ 125 | 144
C .005 | .0o08 ] .005 | .008 ] .005 | .008 | .005 | .008
D 1.252 1.260] 1.2521 1.260] 1.252{ 1.260] 1.252] 1.260
D1 1.098] 1.106] 1.098] 1.106] 1.098] 1.106 | 1.098] 1.108
D3 .896 RF .998 REF .886 REF 1.004 REF
E 1.252[1.260[ 1.252] 1.260] 1.252][ 1.260} 1.252] 1.260
E1 1.098] 1.106 1 1.098] 1.106] 1.098] 1.106 ] 1.098] 1.106
£3 .896 REF .998 REF .886 REF 1.004 REF
L .026 | .037 ] .026 ] .037 | .026 | .037 ] .026 [ .037
ND /NE 36/36 40/40 46 /46 52/52
P .026 BSC .026 BSC .020 BSC .020 BSC
W .009 [ .014 | .009 ] .014 | .009 ] .014 | .009 [ .014
ZD 103 .052 108 .049
ZE 103 052 108 .049
ALT. D [5] | 1.224]1.232]1.224] 1.232] 1.224] 1.232] 1.224] 1.232
ALT. E [5] | 1.224]1.232]1.224] 1.232] 1.224 | 1.232] 1.224[ 1.232

4.3
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PACKAGE DIAGRAM OUTLINES

PLASTIC LEADED CHIP CARRIERS

20—84 LEAD PLCC (SQUARE)

45" x .045 \

NOTES:

U

D

PIN 1

l—lmmri'lr—lm
uuuluuu

- v
L= ==y sn) oo — 1
QL

ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
BSC — BASIC LEAD SPACING BETWEEN CENTERS
D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.

FORMED LEADS SHALL BE PLANAR WITH RESPECT TO ONE

ANOTHER WITHIN .004" AT THE SEATING PLANE.

c1——|

SEATING PLANE

5. ND & NE REPRESENT NUMBER OF LEADS IN D & E DIRECTIONS
RESPECTIVELY.
6. D1 & E1 SHOULD BE MEASURED FROM THE BOTTOM OF THE PKG.

DWG # J20—1 J28—1 J44—1 J52—1 J68—1 J84—1

# OF LDS 20 28 44 52 68 84

SYMBOL | MIN | MAX] MIN | MAX] MIN | MAX] MIN | MAX] MIN | MAX] MIN | MAX
A .165].180].165(.180].165|.180].165].180].165|.180].165 | .180
Al .095[.115].095].115].095|.115].095].115 ].095|.115].095 | .115
B .0261.032].026|.032|.026|.032].026|.032|.026|.032] .026 | .032
b1 .013].021].013].021].013|.021].013].021].013}.021].013 | .021
C .020(.040].020|.040].020|.040].020|.040].020|.040].020 | .040
Ci .008/.012].008].012}.008(.012].008|.012].008|.012}.008 | .012
D .385].395].485|.495].685|.695].785(.795{.985|.995]1.185| 1.195
D1 .350|.356{.450|.456].650(.656].750(.7561.9501.956]1.150| 1.156

D2/E2 .290(.330).390(.430}.590|.630].690(.730].890{.930}1.090| 1.130

D3/E3 .200 REF|.300 REF|.500 REF].600 REF]}.800 REF| 1.000 REF
E .385).395].485|.495).685|.695}.785|.795].985[.995]1.185) 1.195
E1 .350|.356].450|.4561.650(.656].750|.756.950].9561.150{1.156
e .050 BSC|.050 BSC|.050 BSC}.050 BSC}.050 BSC|.050 BSC

ND /NE 5 7 11 13 17 21
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PACKAGE DIAGRAM OUTLINES

PLASTIC LEADED CHIP CARRIERS (Continued)
18—32 LEAD PLCC (RECTANGULAR)

PIN 1
45" X .045 %;3_ N
q

- 0 f
O u}
O 5l
b1
E3 0 u|
~NE) + > B E :r[ D2 |
£ g 4
3 p }
b B 1
j D3 (ND) c ca—l-
D1 : 7 Al
D . — A OPTIONAL FEATURE
! ADHESIVE PEDESTAL

(32 LD ONLY)
SEATING PLANE ‘

| 1
fe— E2 —
DWG # J18—1 J32—1
# OF LDS 18 32 NOTES:
SYMBOL MIN | MAX | MIN | MAX 1. ALL DIMENSIONS ARE IN INCHES, UNLESS
A 120 140 120 140 OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEE
Al .075| .095| .075! .095 CENTERS. AD S N
B 026 | .032| .026 | .032 3. D & E DO NOT INCLUDE MOLD FLASH OR
PROTRUSIONS.
b1 013 .021] .013) .021 4. FORMED LEADS SHALL BE PLANAR WITH
C .015| .040| .015| .040 RESPECT TO ONE ANOTHER WITHIN .004"
© . AT THE SEATING PLANE.
C1 008| .012 ] .008| .012 5. ND & NE REPRESENT NUMBERS OF LEADS IN
c2 - — | .005| .015 D & E DIRECTIONS RESPECTIVELY.
D 3201 335 | 485 4 6. D1 & E1 SHOULD BE MEASURED FROM THE
: * 95 BOTTOM OF THE PACKAGE.
D1 289 | .293 | .449 | .453
D2 .225 | .265 | .390 | .430
D3 150 REF .300 REF
E .520 | .535 | .585 | .595
E1 489 | .493 ] 549 | 553
E2 422 | .465 | .490| .530
E3 .200 REF | .400 REF
e .050 BSC .050 BSC
ND /NE 4 /5 7/9
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PACKAGE DIAGRAM OUTLINES

PLASTIC PIN GRID ARRAYS

68—208 PIN PGA (CAVITY UP)

A+
o F
+ + + +
+ + + +
+ + + +
+ + + + E1 E
+ + + +
+ + + +
+ + + +
R T O o o I SR A
[-+++++++++

»——————————r

N

—— p1——
D

e
el sl

ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.

BSC — BASIC PIN SPACING BETWEEN CENTERS. ‘

SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.

SYMBOL "N" REPRESENTS THE NUMBER OF PINS.

DIM. "A” INCLUDES BOTH THE PKG BODY & THE LID. T DOES NOT INCLUDE HEATSINK OR
OTHER ATTACHED FEATURES.

SEATING PLANE

g

6. PIN DIAMETER "C” EXCLUDES SOLDER DIP OR OTHER LEAD FINISH.
7. PIN TIPS MAY HAVE RADIUS OR CHAMFER.
DWG No. PG 68—2 PG 84—2 PG 208-2
4 OF PINS (N) 68 PIN 84 PIN 208 PIN
__SYMBOLS MIN | MAX MIN | MAX MIN [ MAX
A 115 [ .160 115 [ .160 115 [ .160
C .016 [ .020 .016 | .020 .016 | .020
D 1.140 | 1.180 1.140 | 1.180 1.740 | 1.780
D1 1.000 BSC 1.000 BSC 1.600 BSC
E 1.140 [ 1.180 1.140 [ 1.180 1.740 | 1.780
E1 1.000 BSC 1.000 BSC 1.600 BSC
e .100 BSC .100 BSC .100 BSC
L 100 [ .160 100 | .160 100 | .160
M 11 11 17
Q .040 | .070 .040 | .070 .040 | .070
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CEMOS™ STATIC RAM PRODUCTS

Integrated Device Technology, Inc. (IDT) is a major American
supplierof high-performance Static Random Access Memories
(SRAMs). By coupling leading-edge CEMOS process
technology and advanced design techniques, IDT can supply
military and commercial customers with earliest access to the
world's fastest SRAMs.

WIDEST SELECTION OF SRAMS

Along with performance leadership is the commitment to
provide customers with the broadest line of SRAM speeds,
densities and organizations available in the world. To match
system designers' needs, 16K, 64K and 256K devices are
available:

—in x1, x4, x8 and x16 widths;

—with additional control features (e.g. dual chip selects,

output enables and address latches);

—with separate inputs and outputs.

These offerings will include x9 widths and one megabit
densities. IDT also offers BiCameral SRAMs and other
unique architectures.

ADVANCED CEMOS TECHNOLOGY

Innovative process technology development has resulted
inoutstanding advances indevice performance. Forexample,
IDT's 16K SRAM has been redesigned with advanced CEMOS
processes from two to less than 0.8 micron line widths,
resulting in access time reductions of a magnitude to twelve
nanoseconds. This dedication to process improvements
means one megabit SRAMs with 20ns access times will soon
be available.

CACHE MEMORY — AN IDT SPECIALTY
IDT has applied this speed improvement to cache memory
designs. Essential for RISC-based systems, cache memory
is required for fast CISC processors because DRAM speeds
have not kept pace with processor performance. DT hasthe
broadest line of Cache-SRAMs available. We offer:
— the fastest cache-tag SRAM, the IDT6178 (4K x 4);
—theindustry’s first SRAM intended forcache data storage,
the IDT71586 (4K x 16) with latched addresses;
—the IDT71589 (32K x 9) to allow i486 designers to use
burst counter and self-timed write to take advantage of
the cache data storage performance advantage;
—the IDT71229 BiCameral CacheRAM for the R3000
allows maximum speed caches requiring minimum parts
count;
—SRAMSs with Output Enable for cache data storage with
specifications optimized for the fastest R3000
applications.

CEMOS s a of | Device T Y. Inc.

IDT — ONE OF THE LARGEST MILITARY

SRAM SUPPLIERS

Military and commercialversions of allIDT CEMOS SRAMs
are available. As a leading supplier of military SRAMs, IDT
provides unexcelled performance and quality levels. Military
SRAMs are manufactured in strict conformance with all
requirements of MIL-STD-883 and are available as military
SMD devices. In anticipation of military radiation resistance
requirements, all devices are offered with special radiation
processing and guarantees. In addition, our commercial
products benefit by sharing most processing steps with military
devices.

PACKAGE OPTIONS

Qur commitment to technology extends to advanced, cost-
effective packaging techniques. IDT's SRAMs are available
in a wide variety of packages in commercial and military
temperature ranges including:

— surface-mount SOJ and SOIC plastic packages;

— plastic and ceramic DIPs;

—ceramic LCCs.

This constantly expanding offering of packages is in
response to critical second-level interconnect issues
confronting the system designer.

IDT MEANS SRAM LEADERSHIP

IDT’s commitment to leading-edge technology and
performance of CEMOS assures the availability of SRAMs
compatible with the demanding needs of today’s high-speed
systems. Lookto IDT for performance, technology and quality
solutions to memory system problems.

5.0




TABLE OF CONTENTS

STATIC RAM PRODUCTS
CEMOS STATIC RAMS WITH POWER DOWN

IDT6116
IDT61298
IDT6167
IDT6168
IDT6178

IDT61970.

IDT6198
IDT71024
IDT71028
IDT71256
IDT71258
IDT71259
IDT71281
IDT71282
IDT71569
IDT71586
IDT71589
IDT7164
IDT7165
IDT71681
IDT71682
IDT7169
IDT7174
IDT7187
IDT7188
IDT7198
IDT71981
IDT71982

2K X 8 With POWEI-DOWI .....eceeeiireenieieeeericreine st sest e re s st snes b ebe e sn s ennens
64K x 4 with Output Enable and Power-Down
16K x 1 with Power-Down ........ccccveeeviieeenneene
4K x 4 with Power-Down ..
4K x 4 Cache-Tag with Power-Down ...............
4K x 4 with Oiutput Enable and Power-Down.....
16K x 4 with Output Enable and Power-Down ...
128K x 8 with Power-Down .....
256K x 4 with Power-Down .....
32K x 8 with Power7Down
64K x 4 with Power-Down ..

32K x 9 with Power-Down .....
64K x 4 with Separate 1/0 and Power-Down
64K x 4 with Separate 1/0 and Power-Down ..
8K x 9 with Address Latch and Power~Down
4K x 16 with Address Latch and Power-Down ...
32K x 9 Burst Mode with Power-Down.............

8K x 8 with Power-Down ......c.ccccvenneen.
8K x 8 Resettable Power-Down.............
4K x 4 Separate /0 and Power-Down .....
4K x 4 Separate 1/0 and Power-Down .....
8K x 9 with Power-Down .........c.ccoeeveune
8K x 8 Cache-Tag with Power-Down.
64K x 1 with Power-Down .. .
16K x 4 with Power-Down .........ccceeeiviieieeviiieeceeennen,
16K x 4 with Output Enable, 2 CS and Power-Down
16K x 4 with Separate I/0 and Power-Down..............
16K x 4 with Separate I/O and POWEr-DOWN .......cccccooeeeernieinreiciieeneie st

PAGE
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CMOS STATIC RAM IDT6116SA
16K (2K X 8 BIT) IDT6116LA
Integrated Device Technology, Inc.
FEATURES: DESCRIPTION:
» Optimized for fast RISC processors including The IDT6116SA/LA is a 16,384-bit high-speed static RAM
the IDT79R3000 organized as 2K x 8. It is fabricated using IDT's high-
+ High-speed performance, high-reliability technology - CEMOS. This state-
— Military: 20/25/35/45/55/70/90/120/150ns (max.) of-the-art technology, combined with innovative circuit design
— Commercial: 15/20/25/35/45ns (max.) techniques, provides a cost-effective alternative to bipolar
+ Low-power operation and fast NMOS memories. Timing parameters have been
— IDT6116SA specified to meet the speed demands of the fastest
Active: 180mW (typ.) IDT79R3000 RISC processors.
Standby: 100uW (typ.) Access times as fast as 15ns are avallable with maxim
— IDT6116LA power consumption of only 666mW. The circuit also offers a
Active: 160mW (typ.) reduced power standby mode. When CS goes high, the circuit
Standby: 20uW (typ.) willautomatically go to, and remainin, a standby power mode,
+ Battery backup operation - 2V data retention voltage (LA as long as CS remains high. In the standby mode, the low-
version only) power device consumes less than 20uW typically. This
+ Produced with advanced CEMOS™ high-performance capability provides significant system level power and cooling
technology savings. The low-power (LA) version also offers a battery
- CEMOS process virtually eliminates alpha particle backup data retention capability where the circuit typically
soft-error rates consumes only 1uW to 4uW operating off a 2V battery.
- Single 5V (x 10%) power supply All inputs and outputs of the IDT6116SA/LA are TTL-
+ Input and output directly TTL-compatible compatible and operation is from a single 5V supply, simpli-
« Static operation: no clocks or refresh required fying system designs. Fully static asynchronous circuitry is
+ Available in standard 24-pin DIP, 24-pin THINDIP and used, requiring no clocks or refreshing for operation, providing f§
plastic DIP, 24-, 28- and 32-pin LCC, 24-pin SOIC and equal access and cycle times for ease of use.
24-lead CERPACK The IDT6116SA/LA is packaged in 24-pin 600 and 300 mil
= Military product compliant to MIL-STD-833, Class B plastic or ceramic DIP, 24-, 28- and 32-pin leadless chip
+ Standard Military Drawing# 84036 is listed on this carriers, 24-lead CERPACK, and a 24-lead gull-wing SOIC,
function. Reter to Section 2/page 2-4 providing high board-level packing densities.

Military grade product is manufactured in compliance to the
latest version of MIL-STD-883, Class B, making it ideally
suited to military temperature applications demanding the
highest level of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

Ao ;_‘% § e«—o \CC
i ROW | 3 128 X 128
: DECODER| i [ MEMORY ARRAY [*° GND
.
Ao ;—{>: :
100 j%T g COLUMN 110
H INPUT COLUMN DECODER
i DATA -
Jor & [: | | clRcuIT 4 Z}
A ® e o o o A
%"—- CONROL
WE ] creur

N . 2954 drw 02
CEMOS is a trademark of Integrated Device Technology, Inc.

MILITARY AND COMMERCIAL TEMPERATURE RANGES ‘ DECEMBER 1990

©1990 Integrated Device Technology, Inc. 5.1 11)SC-100312




IDT6116SA/IDT6116LA CMOS

STATIC RAM 16K (2K X 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES
Q
PIN CONFIGURATIONS INDEX JLer e
[ R R IR A N
. 432 |282726 |__
— A fls U 25 [ WE
A7 ] 24 [ Vece A2[6 ! 241] O
As[]2 23 [ As NC 17 23] Ao
AsOs  ppgq 22[JAe NC [1s L28-1 22[]NC
Adlls  ppgp 21 OWE A1[de 21[]NC
A3[ls po4.q1 201 OE Ao[d10 2011 TS
A2[le pp4-2 19 [J A0 V0o 111 191 vo7
A7 soz42 18 [JCS (2318178
AOEB E24-1 17 [JvO7 , e T T /
/oo o & 16 11/Os 68628388
Vo110 s024-4 15 [J1/Os ECEEE
11021 11 14 31104 2954 drw 05
GND[] 12 1B dros 28-PINLCC
TOP VIEW
2954 drw 01 0O o 800
INDEX =
DIP/SOIC/CERPACK/SOJ ekt LN
TOP VIEW NI EEE:
Ag [s ; 2911 Ao
Az {le 281 As
A4 |17 2711% NC
As |8 261 WE
As |19 L32-1 25[1 OE
A7 [J10 24[] At
: : Ao |11 23] CS
As Z}: 2;{: % NC [112 22(.] 1/1O7
Az ] 124-1 : 1700 [113 2111 VOs
Ar |17 19lf Aio L 14 15 16 17 18 19 20
Ao |18 18[:] CS mininininininiDs
oo 1o | vor 5322805
yor {110 16[.] VOs S=pt===
2954 drw 04
32-PINLCC
TOP VIEW
2954 drw 03
24-PINLCC
TOP VIEW ABSOLUTE MAXIMUM RATINGS ()
Symbol Rating Commercial Military | Unit
PIN NAMES VTERM Terminal Voltage -05t0+7.0 -05t0+70 | V
Ao A A — - with Respectto GND
0 A ddress WE__Write Enable T Operating 0t+70 | -55t0+125 | °C
1/Oo - /07 Data Input/Output | OE  OQutput Enable Temperature
CS Chip Select GND Ground TslAS Temperature -5570+125 |-6510+135| °C
Under Bias
Vee Power TsTG Storage 5510+ 125 | -65t0+150 | °C
Temperature
PT Power 1.0 1.0 w
Dissipation
lout DC Output Current 50 50 mA

NOTE: '

1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. Thisis
astress rating only and functional operation of the device atthese
or any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
reliability.
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IDT6116SA/IDT6116LA CMOS

STATIC RAM 16K (2K X 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES
RECOMMENDED OPERATING RECOMMENDED DC OPERATING CONDITIONS
TEMPERATURE AND SUPPLY VOLTAGE
Ambient Symbol Parameter Min. | Typ. | Max. | Unit
M.leade Te;rgperalurt: GND Ve Ve Supply Voltage 45 | 50 | 55 | V
ilitary . -55°C to +125°C ov 5.0V +10% GND Supply Voltage 0 2 o v
Commercial 0°C to +70°C ov 5.0V+10% -
ViH Input High Voltage 2.2 3.5 6.0 \
ViL Input Low Voltage | -0.5" | — 08 | V
CL Output Load — — 30 pF
NOTE: :
DC ELECTRICAL CHARACTERISTICS 1. ViL = -3.0V for pulse width less than 20ns.
Vee =5.0V £ 10%
IDT6116SA IDT6116LA
Symbol Parameter Test Conditions Min. Typ." Max. | Min. Typ.") Max.| Unit
Ly Input Leakage Current Vce = Max., ViN = GND to Vcc MIL. — — 10 - — 10 A
COM'L. — — 5 — — 2
|iLo| Output Leakage Current Vee = Max. MIL. — — 10 —_ - 5 pA
CS = ViH, VouT = GND to Vcc COM'L. — — 5 —_ - 2
VoL Output Low Voltage loL = 8mA, Vcc = Min. — — 04 — — 04 \
VoH | Output High Voltage IoH = -4mA, Vcc = Min. 24 — — 24 — — \)
NOTE:
1. Typical limits are at Vcc = 5.0V, + 25°C ambient.
AC ELECTRICAL CHARACTERISTICS (¥
Vee =5.0V +10%, VL = 0.2V, VHC = Vcc - 0.2V
6116SA15® 6116SA20 6116SA25 6116SA35
6116LA15(2 6116LA20 6116LA25 6116LA35
Symbol Parameter Power | Com'l. | Mil Com'l. | Mil. Com'l. Mil. Com'l.| Mil. Unit
lccs Operating Power Supply SA 125 — 110 130 100 110 80 90 mA
Current, CS = Vi, )
Outputs Open, LA 115 — 100 120 90 105 75 85
vee = Max.,f=0
Icc2 Dynamic Operating SA 150 — 130 150 120 135 100 115 mA
Current, CS = VI,
Vee = Max., LA 140 — 120 140 110 125 95 105
Outputs Open, f = fMAX(#
IsB Standby Power Supply SA 40 — 40 50 40 45 25 35 mA’
Current (TTL Level)
CS 2 VIH, Vce = Max., LA 35 — 35 45 35 40 25 30
Outputs Open, f = fMAx®
IsB1 Full Standby Power SA 2 —_ 2 10 2 10 2 10 mA
Supply Current
(CMOS Level), CS 2 VHC,| LA 0.1 — 0.1 0.9 0.1 09 0.1 0.9
Vee = Max., VIN 2 VHC
orVINSVIC, f=0

NOTES:

1. All values are maximum guaranteed values.
2. 0°C to + 70°C temperature range only.

3. -55°C to + 125°C temperature range only.
4. fMAX = 1/tRC




IDT6116SA/IDT6116LA CMOS
STATIC RAM 16K (2K X 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS ") (Continued)
Vee =5.0V +10%, VLC = 0.2V, VHC = Vce - 0.2V

61165A45 [61165A55(3 61165A70(% 611654901 1165412019 tnssmso(“_)
6116LA45  [6116LA557) | 6116LA70%)| 6116LA90™ 6116LA120 B116LA150()
[Symbol Parameter Power[Com'l.| Mil. |Com'l.| Mil. {Com'l| Mil. [Com'.| MIl. | Com'l.| Mil. | Com'.| Mil. {Unit
Icct | Operating Power Supply | SA | 80 | 90 — | 90 — | 90 — 90 — 90 - 90 | mA
Current, CS = VIL,
Qutputs Open, LA | 75 85 — | 85 — 85 —_ 85 — 85 - 85
Vee = Max.,f=0
Icc2 | Dynamic Operating SA | 100 | 100 — |100 | — | 100 —_ 100 — | 1005 — 90 | mA
Current, CS = VI,
vce = Max., LA 90 | 95 —_ 90 —_ 90 —_ 85 _ 85 —_ 85
Outputs Open, f = fmax(4)
Is8 Standby Power Supply SA | 25 | 25 — | 25 — | 25 — 25 — 25 — 25 | mA
Current (TTL Level)
CS 2 ViH, Vce = Max., LA | 20 20 — 20 — 20 —_— 25 —_— 15 —_ 15
Qutputs Open, f = fMAX()
IsB1 Full Standby Power SA 2 10 —_ 10 — 10 — 10 —_ 10 — 10 | mA
Supply Current
(CMOS Level),CS2VHc,] LA | 0.1 | 0.9 — |09 — | 09 —_ 0.9 — 0.9 —_ 0.9
Vce = Max., VIN 2 VHe
orVINS VIC,f=0
NOTES:
1. All values are maximum guaranteed values.
2. 0°C to + 70°C temperature range only.
3. -55°C to + 125°C temperature range only.
4. fmax = 1/trc
DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(LA Version Only) VLC = 0.2V, VHC = VcC - 0.2V
Typ. Max.
Vec @ Vee @
Symbol Parameter Test Conditions Min. 2.0V 3.0V 20V 3.0V Unit
VDR Vcce for Data Retention — 2.0 — — - —_ \
lccor Data Retention Current MIL. — 0.5 1.5 200 300 - pA
CS=>VHe COM'L. — 0.5 1.5 20 30
tccr® Data Desslect to Data VIN = VHC or < VLC — 0 — - — ns
Retention Time
tR® Operation Recovery Time trRc® -~ —_— —_— —_ ns
iy Input Leakage Current —_ - - 2 2 pHA
NOTES:
1. TA=+25°C

2. trRc = Read Cycle Time

3. ' This parameter is guaranteed, but not tested.
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IDT6116SA/NDT6116LA CMOS :
STATIC RAM 16K (2K X 8-BIT) MIUTARY AND COMMERCIAL TEMPERATURE RANGES

LOW Vcc DATA RETENTION WAVEFORM

DATA RETENTION MODE

N\
45V [\ VOR = 2V / 45V

tcor ‘—iRA'l
= J] ] —= /
VIH ViH

2954 diw 07
AC TEST CONDITIONS

Input Pulse Levels GND to 3.0V

Input Rise/Fall Times 5ns

Input Timing Reference Levels 1.5v

Output Reference Levels - 1.5V

Output Load See Figures 1 and 2

5V 5V
480Q : 480Q
DATAouUT ‘ DATAOUT
255Q 30pF 2550 5pF*
Figure 1. Output Load Figure 2. Output Load
(for torz, tcrz, toHz,
tWHZ, ICHZ, tow) 2054 dw 08

*Including scope and jig.
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IDT6116SA/NDT6116LA CMOS
STATIC RAM 16K (2K X 8-BIT) : . MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcc =5V + 10%, All Temperature Ranges)

6116SA15" 6116SA20 6116SA25 6116SA35
6116LA15" 6116LA20 6116LA25 6116LA35
Symbol Parameter Min. ] Max. Min. l Max. Min. I Max. Min. Max. Unit
READ CYCLE
tRC Read Cycle Time 15 — 20 — 25 — 35 - ns
tAA Address Access Time — 15 — 19 — 25 — 35 ns
tacs Chip Select Access Time — 15 —_ 20 — 25 — 35 ns
tcLz Chip Select to Output in 5 — 5 — 5 — 5 — ns
Low Z®
toE Output Enable to Output —_ 10 — 10 — 13 — 20 ns
Valid -
toLz Output Enable to Output 0 — 0 — 5 —_ 5 — ns
in Low Z®
tcHz Chip Deselect to Output — 10 — 11 —_ 12 — 15 ns
in High z®
toHZ Output Disable to Output _ 8 — 8 - 10 —_ 13 ns
in High Z®
toH Output Hold from 3 — 3 — 5 — . 5 — ns
Address Change

AC ELECTRICAL CHARACTERISTICS (vcc = 5V + 10%, All Temperature Ranges) (Continued)

6116SA45 | 6116SA55@ | 6116SA70@ | 61165A902 | 6116SA120? | 6116SA150()
6116LA45 | 6116LA55® | 6116LA70® [6116LA90® | 6116LA120® | 6116LA150(2

Symbol Parameter Min. | Max. | min. | Max. | min. [ Max. [ Min. | Max. {min. | Max. | Min. | Max. | unit

READ CYCLE

tRC Read Cycle Time 45 — 55 — 70 — 90 — | 120 — | 150 — | ns

tAA Address Access Time — 45 — 55 — 70 — 90 | — 120 | — 150 | ns

tACS Chip Select Access Time| — | 45 — |50 | — e | — 90 | — | 120 | — | 150 | ns

tcLz Chip Select to Output in 5 - 5 — 5 - 5 - 5 —_ 5 — | ns
Low Z®

toe Output Enable to Output | — 25 — 40 — 50 — 60 | — 80 — 100 | ns
Valid

toLz Output Enable to Output | 5 — 5 — 5 — 5 — 5 — 5 — | ns
in Low Z® '

tCHZ Chip Deselect to Output | — 20 — 30 - 35 - 40 | — 40 - 40 | ns
in High & :

toHz Output Disable to Output | — 15 — 30 — 35 — 0 [ — 40 — 40 | ns
in High Z®

toH Output Hold from 5 — 5 - 5 — 5 _— 5 —_— 5 —_ ns
Address Change

NOTES:

1. 0°C to + 70°C temperature range only.
2. -55°C to + 125°C temperature range only.
3. This parameter guaranteed but not tested.
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IDT6116SA/NDT6116LA CMOS
STATIC RAM 16K (2K X 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NO. 1"

<+ tRC >

ADDRESS X X

taa le—— ton—>»|

\\ / 4/—touz‘5’——>

< toe

TS
\ le— toz® —»] /
\ /4—“:“2(5) >

[ 3

< tACs
f—— tc1z® ——————
P 4 . S W
DATAOUT )—-—
2954 drw 09

TIMING WAVEFORM OF READ CYCLE NO. 2 (124

tRe

J

ADDRESS
< tAA le—— toH
[¢—————  ton
DATAout
2954 drw 10
NOTE:

1. WE is high for read cycle.

2. Device is continously selected, CS = Vi,

3. Address valid prior to or coincident with CS transition low.

4. OE = Vi

5. Transition is measured +500mV from steady state with 5pF load (including scope and jig.)
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IDT6116SA/NDT6116LA CMOS
STATIC RAM 16K (2K X 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NO. 3 (:3:4)

® TN

AN

< tACS »|

tcz®
le————— tc17 ) ———

DATA out

NOTE: . ‘ 2954 drw 11
1. WE is high for read cycle. '

2. Device is continously selected, CS = ViL.

3. Address valid prior to or coincident with CS transition low.

4. OE = VL.

5. Transition is measured +500mV from steady state with 5pF load (including scope and jig.)

AC ELECTRICAL CHARACTERISTICS (vce =5V + 10%, All Temperature Ranges)

6116SA15" 6116SA20 6116SA25 6116SA35
6116LA15M 6116LA20 6116LA25 6116LA35

Symbol Parameter Min. | Max. Min. [ Max. Min.] Max. Min. [ Max. | Unit

WRITE CYCLE

twe Write Cycle Time 15 — 20 — 25 — 35 — ns

tcw - Chip Select to End of 13 — 15 — 17 — 25 — ns
Write

taw Address Valid to End 14 — 15 — 17 - 25 — ns
of Write

tas Address Set-up Time 0 — 0 —_ 0 — 0 — ns

twp Write Pulse Width 12 — 12 — 15 — 20 — ns

tWR Write Recovery Time ) 0 — 0 — 0 — 0 —_ ns

toHZ Output Disable to Output — 8 — 8 — 10 — 13 ns
in High Z®

twWHZ Write to Output — 7 — 8 — 16 — 20 ns
in High Z®&

tow Data to Write Time 12 — 12 — 13 — 15 — ns
Overlap

tDH Data Hold from Write 0 — 0 — 0 — 0 — ns
Time!®

tow Output Active from 0 — 0 — 0 — 0 — ns
End of Write 4

NOTES:

1. 0°C to +70°C temperature range only.

2. -55°C to +125°C temperature range only.

3. This parameter guaranteed but not tested.

4. The specification for toH must be met by the device supplying write data to the RAM under all operation conditions. Although toH and tow values will vary
over voltage and temperature, the actual toH will always be smaller than the actual tow.
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IDT6116SA/IDT6116LA CMOS
STATIC RAM 16K (2K X 8-BIT) MIUTARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcc =5V + 10%, All Temperature Ranges) (Continued)

6116SA45 | 6116SA552 | 6116SA70? | 6116SA90? |6116SA120? | 6116SA1502
6116LA45 | 6116LA55( | 6116LA70? | 6116LA90" | 6116LA120? | 6116LA150%

Symbol Parameter Min. [Max. | Min. [Max. [ Min. | Max.| Min. | Max. [ Min. | Max.| Min. [ Max. | unit

WRITE CYCLE :

twe Write Cycle Time 45 — 55 — 70 — 90 — 120 — | 150 — | ns

tew Chip Select to End of 30 — 40 — 40 — 55 - 70 — | 90 — | ns
Write

taw Address Valid to End 30 — 45 — 65 — 80 — 105 — | 120 — ns
of Write

tAs Address Set-up Time 0 — 5 —_ 15 — 15 — 20 — 20 — ns

twp Write Pulse Width 25 — 40 —_ 40 - 55 — 70 — | 90 — | ns

tWR Write Recovery Time 0 — 5 — 5 —_— 5 —_ 5 — 10 — | ns

tOHZ Output Disable to Output | — 25 — 30 — 35 — 40 — 40 —_ 40 | ns
in High Z®

twHz Write to Output - 25 - 30 — 35 —_ 40 — 40 — 40 | ns
in High Z& .

tow Data to Write Time 20 — 25 — 30 — 30 — 35 — 40 — ns
Overlap '

1DH Data Hold from Write 0 — 5 — 5 — 5 — 5 — 10 — ns
Time!¥

tow Output Active from 0 — 0 —_ 0 —_ 0 —_ 0 — 0 — | ns
End of Write @4

NOTES:

1. 0°C to +70°C temperature range only.

2. -55°C to +125°C temperature range only.

3. This parameter guaranteed but not tested.

4. The specification for toH must be met by the device supplying write data to the RAM under all operation conditions. Although toH and tow values will vary
over voltage and temperature, the actual toH will always be smaller than the actual tow.




IDT6116SA/IDT6116LA CMOS
STATIC RAM 16K (2K X 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1, (WE CONTROLLED TIMING) (237

< twe R
ADDRESS
OE (6)
toHz® ——p
< taw >
CS — /
e— tAs —ble i —— plerwn
a—twhz @ ©
— t ow—J
DATA our @ @
(6) (6)
|¢—— tDW —P1d—1tDH
DATAIN
2854 drw 12
NOTES:

. WE must be high during all address transitions.

. A write occurs during the overlap (tcw or twe) of a low CS and a low WE.

. twR is measured from the earlier of CS or WE going high to the end of the write cycle.

. During this period, the I/O pins are in the output state and the input signals must not be applied.

Ifthe CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state.

. Transition is measured +500mV from steady state wih a 5pF load ( includng scope and jig).

. lfOE is low during a WE controlled write cycle, the write pulse width must be the farger of twp or (twHz + tow) to allow the I/O drivers to turn off and data
to be placed on the bus for the required tow. |f OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be
a short as the specified twp.

NONAWN =
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IDT6116SA/ADT6116LA CMOS
STATIC RAM 16K (2K X 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 2, (CS CONTROLLED TIMING) (2 3:5)

< twe

ADDRESS

< taw >
CS /

/ Py twn‘a’—ﬂ

le— ths —ple tew

WE
6)
tow'? >le ton®L
DATA IN
NOTES: 2954 drw 13

1. WE must be high during all address transitions.

2. Awrite occurs during the overlap (tcw or twp) of a low TS and a low WE.

3. twR is measured from the earlier of CS or WE going high to the end of the write cycle.

4. During this period, the I/0 pins are in the output state and the input signals must not be applied.

5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state.

6. Transition is measured +500mV from steady state wih a 5pF load ( includng scope and jig).

7. 1t OE is low during a WE controlled write cycle, the write pulse width must be the larger of twp or (twHz + tow) to allow the /O drivers to turn off and data

to be placed on the bus for the required tow. |f OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be
a short as the specified twr.

TRUTH TABLE CAPACITANCE (Ta = +25°C, f = 1.0 MH2)

Mode [ OE WE vo Symbol Parameter'! Conditions | Max.| Unit
Standby H X X High Z CIN  |Input Capacitance VIN = 0V 8 | pF
Read L L H DATAout Cout  |Output Capacitance Vour = 0V 8 pF
Read L H H High Z NOTE:

Write L X L DATAIN 1. This parameter is determined by device characterization, but is not
production tested.
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IDT6116SA/IDT6116LA CMOS
STATIC RAM 16K (2K X 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

THERMAL RESISTANCE (Typical)

Pin

Package Count | ®JA | OJC | Unit
300 Mil Plastic DIP 24 54-58 | 28-32
600 Mil Plastic DIP 24 53-56 | 25-30
300 Mil CERDIP 24 48-52 | 24-28
600 Mil CERDIP 24 | 50-55 | 17-25| °C/
Flatpack 24 85-90 | 24-28 [WATT
LCC 24 85-110 | 30-45
LCC 28 85-90 | 28-35
LCC 32 80-90 | 25-35
SOIC, SOJ 24 45-70 | 25-30

ORDERING INFORMATION

IDT XXXX A 999 A A
Device Type  Power Speed Package _ Process/
Temperature

Range

Blank Commercial (0°C to +70°C)
B Military (-55°C to + 125°C)
Compliant to MIL-STD-883, Class B

TP Plastic DIP (300 mil)

P Plastic DIP (600 mif)

TD - CERDIP (300 mil)
CERDIP (600 mil)

D
L Leadless Chip Carrier (Indicate 24-,28- or 32-pin)
SO  Small Outline IC (Gull-Wing Bend)

E CERPACK
Y SOJ (J-Bend)

15 Commercial Only )
20 Mil./Comm.
25 Mil/Comm.
35  Mil/Comm.

45 . Mil/Comm.

55  Military Only

70 Military Only

90 Military Only

120  Military Only

150  Military Only W,

> Speed in Nanoseconds

[LA  Low Power

| SA  Standard Power

| 6116 16K (2K x 8-Bit) Static RAM

2954 drw 14

5.1
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Integrated Device Technology, Inc.

CMOS STATIC RAM
256K (64K x 4-BIT)

ADVANCED
INFORMATION
IDT61298

FEATURES:
Fast Output Enable (OE) pin available for added system
flexibility
High speed (equal access and cycle times)
~— Military: 25/35/45/55 (max.)
— Commercial: 20/25/35/45ns (max.)
Low power consumption
— IDT61298S
Active: 400mW (typ.)
Standby: 400uw (typ.)
— IDT61298L
Active: 350mW (typ.)
Standby: 100uw (typ.)
Battery back-up operation
— 2V data retention (L version only)
JEDEC standard pinout
300 Mil 28-pin DIP, 300 Mil28-pin SOJ, and 300 Mil 28-
pin LCC
Produced with advanced CEMOS™ technology
Bidirectional data inputs and outputs
Inputs/Outputs TTL-compatible
Three-state outputs
» Military product compliant to MIL-STD-883, Class B

T

DESCRIPTION:

The IDT61298 is a 262,144-bit high-speed static RAM
organized as 64K x 4. It is fabricated using IDT’s high-
performance, high-reliability technology —-CEMOS. This state-
of-the-art technology, combined with innovative circuit design
techniques, provides a cost effective approach for memory
intensive applications.

The IDT61298 features two memory control functlons. Chip
Select (CS) and Output Enable (OE). These two functions
greatly enhance the IDT61298's overall flexibility in high-
speed memory applications.

Access times as fast as 20ns are available with typical
power consumption of only 350mW. The IDT61298 offers a
reduced power standby mode, ISB1, which enables the
designer to considerably reduce device power requirements.
This capability significantly decreases system power and
cooling levels, while greatly enhancing system reliability. The
low-power (L) version also offers a battery backup data
retention capability where the circuit typically consumes only
100uW when operating from a 2V battery.

All inputs and outputs are TTL-compatible and the device
operates froma single 5 volt supply. Fully static asynchronous

FUNCTIONAL BLOCK DIAGRAM

Ao—{;t Ve
. «— GND
. D
: E
. G 262,144-BIT
: 0 MEMORY ARRAY
: £
L]
. R
. .
L]
As—>—] -
I ]
110 —_| ?— —
° — COLUMN 1/0
10 i ?—
1 INPUT
DATA
Vo, j‘ CONTROL
10 4— R— ‘ [:_]:
1
5=y -
WE
-O_E. _q—l 2971drw 01

CEMOS is atrademark of Integrated Device Technology, Inc.

MILITARY AND COMMERCIAL TEMPERATURE RANGES

OCTOBER 1990

©1990 Integrated Device Technology, Inc.
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IDT61298S1DT61298L
CMOS STATIC RAM 256K (64K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DESCRIPTION (Continued)
circuitry, along with matching access and cycle times, favor
the simplified system design approach.

The IDT61298 is packaged in a 28-pin sidebraze or plastic
300mil DIP, an SOJ, plus an LCC, providing improved board-
level packing densities.

Military grade product is manufactured in compliance with
the latest revision of MIL-STD-883, Class B, making it ideally
suited to military temperature applications demanding the
highest level of performance and reliability.

PIN CONFIGURATION
nedt  — sphivee
Ao[]2 27 [J A15
A13 26 [ A14
A2 25 [1 A13
A3([]>5 24 7] A12
As[]s 23 []-A11
As[]7 C28-1 22[3JA10
As[]e P28-2 o [ NC
A7 o S028-5 ,, ] NC
As [] 10 19 1104
As[] 11 18 1103
cs 12 17 [ 1102
OE [] '3 16 [ /01
GND [] 14 15 [ WE
2971 drw 02
DIP/SOJ
TOP VIEW
NDEx 298¢
<< Z2>2Z2
32 iima
A2 |14 1 26 [[] A15
A3 []s 25 [[] A14
A4 e 24 [] A13
As [17 23 [} A2
As []s8 L28-2 22 [] An
I-YANK] 21 [[] Ao
As [] 10 20 [] VO4
Ao [] 11 19 [] /O3
CS [ 18 [[] 02
13 14 15 16 17
N s /
% %%Igé 2970 drw 03
G =
LCC
TOP VIEW

PIN DESCRIPTIONS

Name Description
Ao-Ais Address Inputs
(&3 Chip Select
WE Wirite Enable
OE Output Enable
1/01-4 Data Input/Output
vce Power
GND Ground
2971 101 01
TRUTH TABLE(

Mode CS | WE | OE o Power
Standby H X X High Z Standby
Read L H L Dout Active
Write L L X DIN Active
Read L H H High Z Active

NOTE: 2971 tol 02
1. H=VH, L=V, X=Don't Care
ABSOLUTE MAXIMUM RATINGS"
Symbol Rating Com’l. Mil. Unit
VTERM | Terminal Voltage | -0.5t0 +7.0| -0.5t0 +7.0| V
with Respect
to GND
Ta Operating 0to+70 | -55t0+125| °C
Temperature
TelAs Temperature -55t0+125| -65t0+135| °C
Under Bias
Ts1G Storage -55t0 +125| -65to +150| °C
Temperature
PT Power Dissipation 1.0 1.0 W
lout DC Output 50 50 mA
Current
NOTE: 2971 tbl 03
1. Stresses greater than those listed under ABSOLUTE MAXIMUM

RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

CAPACITANCE (Ta = +25°C, f = 1.0MHz)

Symbol Parameter(! Conditions | Max.| Unit
CIN Input Capacitance VIN = OV 11 pF
Cout Output Capacitance Vour = 0V 11 pF

NOTE: 297510l 04

1. This parameter is determined by device characterization, but is not
production tested.
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IDT61298S/IDT61298L

CMOS STATIC RAM 256K (64K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES
RECOMMENDED OPERATING RECOMMENDED DC OPERATING
TEMPERATURE AND SUPPLY VOLTAGE CONDITIONS :

Grade Temperature GND Vee Symbol Parameter Min. | Typ. | Max.| Unit
Military -55°C to +125°C ov 5V+10% Vee Supply Voltage 45 |50 ] 55| V
Commercial 0°C to +70°C ov 5V+10% GND Supply Voltage 0 0 0 v

2971 161 05 VIH Input High Voltage 2.2 — 6.0 \
ViL Input Low Voltage | -05M | — | o8 | Vv
NOTE: 29711bl 06

1. ViL (min.) = -3.0V for pulse width less than 20ns.

DC ELECTRICAL CHARACTERISTICS(!
(Vee =5V £ 10%, VLCc = 0.2V, VHC = Vce - 0.2V)

61298520 | 61298S25 | 61298535 | 61298545 | 61298555
61298L20 | 61298L25 | 61298L35 | 61298L45 | 61298L55
Symbol Parameter Power | Com’l.| Mil. | Com’l.| Mil. | Com’l.| Mil. | Com’l.[ Mil. |Com'l.| Mil.| Unit
Icca Operating Power S 110 | — | 100 | 110| 100 | 110} 100 | 110| — | 110 mA
Supply Current
CS = Vi, Outputs Open L 100 | — 90 | 100| 90 | 100§ 90 |100}j — | 100
vee = Max., f = 0
lccz | Dynamic Operating Current S 160 | — ] 150 | 160| 150 | 160| 150 | 160 — [ 160] mA
CS = Vi, Outputs Open
vee = Max., f = fmax(? L 140 | — | 130 | 140| 130 [ 140| 130 [ 140} — | 140
IsB Standby Power Supply S 35 | —| 3 |3 | 3 | 3| 35 | 35 — | 35{ mA
Current (TTL Level)
CS 2 VH, Vce = Max., L 20 | —| 20 J 20| 20 |20} 20 |20} — | 20
Outputs Open, f = fmax(?
181 Full Standby Power S 30 | —| 30 | 3| 30 |3} 30 3] — | 35| mA
Supply Current (CMOS Level)
CS 2(2\)/HC, Vee = Max., L 15 | — 1.5 | 45| 15 |45} 15 | 45 — | 45
f=0
NOTES: 2971 10l 07

1. All values are maximum guaranteed values.
2. Atf=fmax address and data inputs are cycling at the maximum frequency of read cycles of 1/tRc. f = 0 means no input lines change.
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IDT61298S/1DT61298L
CMOS STATIC RAM 256K (64K x 4-BIT)

MIUTARY AND COMMERCIAL TEMPERATURE RANGES

AC TEST CONDITIONS

Input Pulse Levels ) GND to 3.0V
Input Rise/Fall Times . ' 5ns

Input Timing Reference Levels . 1.5V

Output Reference Levels 1.5V

Output Load . See Figures 1 and 2

29711l 08
5V
4800
DATAouT -
255Q 30pF*

2971 drw 04

Figure 1. Output Load

*Includes scope and jig capacitances

DC ELECTRICAL CHARACTERISTICS
Vee =5.0V+10%

5V

480Q
DATAouTt
255Q 5pF*

2971 drw 05

Figure 2. Output Load
(for tcLz, toLz, tcHz, toHzZ, tow, tWHZ)

IDT61298S IDT61298L
Symbol Parameter Test Condition Min. { Typ. | Max. | Min. | Typ' [ Max. | Unit
L) Input Leakage Current | Vcc = Max., MIL — — 10 — —_ 5 RA
VIN = GND to Vcc COML | — .| — 5 — — 2
|iLo| Output Leakage Current| Vcc = Max., CS = Vi, MIL — —_ 10 — — 5 HA
.Vout = GND to Vcc COM'L — — 5 — — 2
VoL Output Low Voltage loL = 8mA, Vce = Min. — 0.4 — — 0.4 \
loL = 10mA, Vce = Min. — — 0.5 —_ — 0.5
VOH Output High Voltage IoH = -4mA, Vce = Min. 24 — — 24 — — Vv
DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VHC = Vce - 0.2V
Typ. ™ Max.
Vec @ Vec @
Symbol Parameter Test Condition Min. 2.0v 3.0V 2.0V 3.0V Unit
VDR Vcec for Data Retention — 2.0 — — — — \
IcCDR Data Retention Current MIL. — 50 75 2000 3000 RA
COM'L. — 50 75 500 750
tcor®® Chip Deselect to Data CS=VHe 0 — — — — ns
Retention Time
tr® Operation Recovery Time trc? — — — — ns
|ILI|(3) Input Leakage Current — - — 2 2 A
NOTES: 2971l 10
1. Ta=+25°C.
2. trc = Read Cycle Time.
3. This parameter is guaranteed, but not tested.
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IDT61298S/IDT61298L
CMOS STATIC RAM 256K (64K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

LOW Vcc DATA RETENTION WAVEFORM

DATA
te—— RETENTION —y

MODE &
Vee 4,5V3'( 7 4.5V
tCDR VDR22V 1R

2971 drw 03

AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V + 10%, All Temperature Ranges)

612985201"[61298525'%)| 61298535 | 61208545 (61208555
61298L20¢"(612981.25'® | 61298L35 | 61298L45 (61298L55(?

Symbol Parameter Min.| Max. [Min. | Max.|Min. | Max. | Min.| Max.| Min.]Max. junit
Read Cycle
tRC Read Cycle Time 20| — |25 — |38 | — |45 | — | 85| ~— | ns
tAA Address Access Time — | 20 | — 25| — | 35 — | 451 — | 55 | ns
tacs Chip Select Access Time — | 20 | — 25 | — | 38 | — | 45 — | 55 | ns
1c1z® Chip Select to Output in Low Z 5 — | 5 — | 5 — 5 — 5 — | ns
toE Output Enable to Output Valid — 13 | — 15|~} 25 | — | 30 | —] 35 |ns
101z® Output Enable to Output in Low Z 2 — | 3 — | 5 —_ 5 — 5§ — |ns
tcnz® Chip Select to Output in High Z —|l1o|—|13]—=]|15|—=]2|—]2 |ns
tonz® Output Disable to Output in High Z —|l10o|—[13]=]|15|—=]15]—=]20 |ns
toH Output Hold from Address Change 5 — | 5 — |5 — 5 — 5| — |ns
tput® Chip Select to Power Up Time o] —1]o —lol—fo]| =} o0of—1|ns
tpp® Chip Deselect to Power Down Time — 20 | — 25| — | 35 — 45 — | 55 | ns
Write Cycle
twe Write Cycle Time 20| — |20 — |3 | — 40| — | 50| — |ns
tcw Chip Select to End of Write 15 — |20 — |3 | — |40 | — | 50| — | ns
tAw Address Valid to End of Write 15| — | 20 — |3 | — |40} — | 50| — | ns
tAS Address Set-up Time 0 — | 0 — |0 — 0 — 0| — |ns
twp Wirite Pulse Width 15| — | 20 — |3 | — |40 | — | 50| — |ns
tWR Write Recovery Time 0 — 10 — |0 — 0 — 0| — |ns
twhz® Write Enable to Output in High Z — 10 | — 1| — 15 — | 20 — | 25 [ ns
jol'Y Data Valid to End of Write 11 — | 15 — | 20 —_ 25 — 30| — | ns
tDH Data Hold Time — 10 — 1|10 — — — | ns
tow® Output Active from End of Write —|s | =[5 ] — — — | ns

NOTES: 2971 1ol 11

1. 0°to +70°C temperature range only.

2. -55°C to +125°C temperature range only.

3. This parameter guaranteed but not tested.

4. Preliminary data for militatry devices only.
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IDT61298S/1DT61298L
CMOS STATIC RAM 256K (64K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NO. 1tV

tRC N
ADDRESS D{
v tAA tOH—]
EANNANNNN /1111771
tOLz‘;)OE ——torz
NN\t HITTITTTTITT
u;LZ(S')ACs [¢e—1tCHz
DATAouT )(XX)"—-
2971drw 06
TIMING WAVEFORM OF READ CYCLE NO. 2(1:249
tRC »

7l N

ADDRESS >

tAA

toH

DATAout

TIMING WAVEFORM OF READ CYCLE NO. 3(1:34

t1OH—»
X | X

2971drw 07

cs \ /
\ 7
tAcs le——tCHz ——»
tcLzt®
DATAout
et PU"' [+— tPD
VCC |6 —mmmm e
SUPPLY 71(
CURRENT Iss
2971 drw 08
NOTES:
1. WE is high for read cycle. _
2. Device is continuously selected, CS = VIL_.
3. Address valid prior to or coincident with CS transition low.
4. OE=Vi.
5. Transition is measured +200mV from steady state.
5.2 6



IDT61298S/IDT61298L
CMOS STATIC RAM 256K (64K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)(":237)

twe
ADDRESS X X
tAw
CS \ /
le— tAS —ole twp(? tWR —f
WE /
tWHZ —» tow. R
DATAouUT (4) 4)
_( tow® toH
DATAIN

2971 dw 09

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING)(:%35)

twc
ADDRESS X X

tAw

cs } £
le—1AS tew@ WR >

t— 1DW(6)—DO— tDH —»
DATAIN )

N

2971 dmw 10

NOTES:

. WE must be high during all address transitions.

. Awrite occurs during the overlap (tcw or twp) of a low CS and a low WE.

. twRis measured from the earlier of CS or WE going high to the end of the write cycle.

. During this period, I/O pins are in the output state so that the input signals must not be applied.

If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state.

. Transition is measured +200mV from steady state with a 5pF load (including scope and jig).

. It OE is low during a WE controlled write cycle, the write pulse width must be the larger of twp or (tWHz + tow) to allow the I/O drivers to turn off and data
to be placed on the bus for the required tow. If OF is high during a WE controlled write cycle, this requirement does notapply and the write pulse can be
as short as the spectified twp.

NOO A WN =
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IDT61298S/1DT61298L
CMOS STATIC RAM 256K (64K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT XXXXX X XX X X
Device Power Speed Package Process/
Type Temperature
Range

| Blank ~ Commercial (0°C to +70°C)

B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

TC Sidebraze DIP
TP Plastic DIP

Y soJ
L28 28 Pin Leadless Chip Carrier

20 Commercial Only
25
35 Speed in Nanoseconds
45
55 Military Only
| s Standard Power
L Low Power

| 61208 64K x 4-Bit

2971 drw 11
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dt

Integrated Device Technology, Inc.

CMOS STATIC RAM
16K (16K x 1-BIT)

IDT6167SA
IDT6167LA

FEATURES:
« High-speed (equal access and cycle time)
— Military: 15/20/25/35/45/55/70/85/100ns (max.)
— Commercial: 12/15/20/25/35ns (max.)
Low power consumption
— IDT6167SA

Active: 200mW (typ.)

Standby: 100pW (typ.)
— IDT6167LA

Active: 150mW (typ.)

Standby: 10uW (typ.)
Battery backup operation — 2V data retention voltage
(IDT6167LA only)
Available in 20-pin CERDIP and plast|c DIP, 20-pin
CERPACK, 20-pin SOIC and 20-pin leadless chip carrier
Produced with advanced CEMOS™ high-performance
technology
CEMOS process virtually eliminates alpha patrticle soft-
error rates
Separate data input and output
Single 5V (+10%) power supply
Input and output directly TTL-compatible
Military product compliant to MIL-STD-883, Class B
Standard Military Drawing# 5962-84132 is listed on this
function. Refer to Section 2/page 2-4

.

DESCRIPTION:

The IDT6167 is a 16,384-bit high-speed static RAM
organized as 16K x 1. The part is fabricated using IDT’s high-
performance, high reliability technology — CEMOS. This
state-of-the-art technology, combined with innovative circuit
design techniques, provides a cost-effective alternative to
bipolar and fast NMOS memories.

Access times as fast as 12ns are available with maximum
power consumption of only 660mW. The circuit also offers a
reduced power standby mode. When CS goes high, the circuit
willautomatically goto, and remain in, a standby mode as long
as CS remains high. In the standby mode, the device
consumes less than 10uW, typically. This capability provides
significant system-level power and cooling savings. The
low-power (LA) version also offers a battery backup data
retention capability where the circuit typically consumes only
1uW operating off a 2V battery.

Allinputs andthe output of the IDT6167 are TTL-compatible
and operate from a single 5V supply, thus simplifying system
designs.

The IDT6167 is packaged in a space-saving 20-pin, 300 mil
Plastic DIP or CERDIP, plastic 20-pin SOIC or SOJ, 20-pin
CERPACK and 20-pin leadless chip carrier, providing high
board-level packing densities.

FUNCTIONAL BLOCK DIAGRAM

po —>—] —
A1 1 .
—>— Ve
L]
A2 _k l«— GND
Y ® 16,384-BIT
A3 “t SBoW MEMORY ARRAY
L]
e —L>—]
*
Az —>—
L]
s —>—
C—S —%—} L] * L] L] L] L] |
COLUMN 110
DIN > Dout
COLUMN SELECT
WE Z|x
A1l Ato As As A7 As As 2981 drw 01
CEMOS is a trademark of Integrated Device Technology, Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1930
©1990 Integrated Davice Technology, Inc. 5.3 DSC-100772
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IDT6167SA/LA
CMOS STATIC RAM 16K (16K x 1-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DESCRIPTION (Continued)
Military grade product is manufactured in compliance wnh

TRUTH TABLE ("

Mode CS | WE Output Power
the latest revision of MIL-STD-883, Class B, making it ideally - d
suited to military temperature applications demanding the Standby H X High Z Standby
highest level of performance and reliability. Read L DATAouUT Active
Write L L High Z Active
NOTE: " 29811l 02
1. H=VH, L= Vi, X = Don't Care.
PIN CONFIGURATIONS
Ao [} 1 ~ 20 {1 Vce
A1 2 19 1 A13
A2[]3 P20-1, 18[JA12
Aal]4 D201, 17 [JA1n A1z
AsC]s S020-2, 16 [JA10 At
AsOs E20-1, 15 []As Ato
As7 & 1a[dAs 29
Dour []s S020-1 13 [7A7 A
WE [ o 12 {1 DIN 7
GND [ 10 1 [tcs 2981 dw 03
2981 drw 02
DIP/SOIC/CERPACK
TOP VIEW Lcc
TOP VIEW
PIN NAMES
Ao-A3 Address Inputs ABSOLUTE MAXIMUM RATINGS("
CcS Chip Select Symbol Rating Comv’l. Mil. Unit
WE Write Enable VTERM | Terminal Voltage | -0.510 +7.0| -0.5t0 +7.0| V
v with Respect
cc Power to GND
D DATAIN TA Operating Oto +70 -55t0+125| °C
Dout DATAouT Temperature
GND Ground TBIAS Temperature 5510 +125| -651t0+135| °C
298751 01 Under Bias
Ts1G Storage -55to +125| -65t0+150| °C
RECOMMENDED DC OPERATING Temperature
CONDITIONS PT Power Dissipation 1.0 1.0 w
Symbol Parameter Min. | Typ. | Max. | Unit louT DC Output 50 50 mA
Vce Supply Voltage 4.5 5.0 5.5 v Current
GND Supply Voltage 0 0 0 | v | NOoTE ) 2981 bl 03
- 1. Stresses greater than those listed under ABSOLUTE MAXIMUM
VIH Input High Voltage 22 — 6.0 \' RATINGS may cause permanent damage to the device. This is a stress
1 rating only and functional operation of the device at these or any other
viL Input Low Voltage ol e 08 v conditions above those indicated in the operational sections of this
NOTE: ’ 2981 1] 05 specification is not implied. Exposure to absolute maximum rating
1. VL (min.) = -3.0V for pulse width less than 20ns. conditions for extended periods may affect reliability.
RECOMMENDED OPERATING CAPACITANCE (Ta = +25°C, f = 1.0MHz)
TEMPERATURE AND SUPPLY VOLTAGE Symbol Parameter'" Conditions | Max.| Unit
Grade Temperature GND Vee CIN Input Capacitance VIN = OV 7 | pF
Military -55°Cto +125°C ov 5V+10% Cout | Output Capacitance Vourt = 0V 7 | pF
Commercial 0°Cto +70°C ov 5V +10% NOTE: 2081 1l 04

2981 tbl 06

1. This parameter is determined by device characterization, but is not
production tested.
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IDT6167SA/LA
CMOS STATIC RAM 16K (16K x 1-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS(")
(Ve = 5.0V + 10%, VLC = 0.2V, VHC = Vce - 0.2V)

6167SA12 | 6167SA/LA15 | 6167SA/LA25 | 6167SA/LA3S
Symbol Parameter Power { Com’l.] Mil. |Com’l.] Mil. |Com’l.] Mil. |Com’lL| Mil. | Unit
lcct Operating Power Supply Current SA 90 —_ 90 90 90 90 90 90 mA
CS = Vi, Outputs Open,
vee = Max., f = 0@ LA — | — | s5 | 60 | 55 | 60 | 55 [ &0
lcc2 | Dynamic Operating Current SA 140 — 120 | 130 | 100 [11o/10q 100 | 100 | mA
CS = ViL, Outputs Open,
vee = Max., f = fuax® LA — — | 100 | 110 | 80/70 | 85/75| 65 70
IsB Standby Power Supply Current SA 50 — 50 50 35 35 35 35 mA
(TTL Level)
CS 2 VIH, Outputs Open, LA — — 35 35 30/25 | 30725 20 20
vee = Max., f = imax'®
IsB1 Full Standby Power Supply Current SA 10 — 5 10 5 10 5 10 mA
(CMOS Level)
CS 2 VHC, Vce = Max. LA —_ — 0.9 2 0.05 | 2/0.9 | 0.05 0.9
VIN 2 VHC or VIN< Vie, f = 0

DC ELECTRICAL CHARACTERISTICS("
(Vee = 5.0V £ 10%, VLe = 0.2V, VHC = Vce - 0.2V)

6167SA/LA45 | 6167SA/LASS | 6167SA/LA70
Symbol Parameter Power | Com’l.| Mil. | Com’l.{ Mil. {Com’l.| Mil. | Unit
lcct Operating Power Supply Current SA — 90 — 90 — 90 mA
CS = Vi, Outputs Open,
vee = Max., f < 0® LA — 60 — 60 — 60
lcc2 Dynamic Operating Current SA — 100 — 100 — 100 | mA
CS = VL, Outputs Open, .
Vce = Max., f = fmax® LA — 65 — 60 — 60
Iss Standby Power Supply Current SA — 35 — 35 — 35 mA
(TTL Level)
CS 2 ViH, Outputs Of)en, LA — 20 — 20 — 15
vee = Max., f = fimax®
IsB1 Full Standby Power Supply Current SA — 10 — 10 — 10 mA
(CMOS Level)
CS 2 VHc, Vee = Max. LA — 0.9 — 0.9 — 0.9
VIN > VHC or VIN < Vg, f = 0
NOTES: 2980 tbi 07

1. All values are maximum guaranteed values.
2. Also available: 85ns and 100ns Military devices.
3. f=1fmax (All Inputs cycling at f = 1/trc). f =0 means no address control lines change.
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IDT6167SA/LA
CMOS STATIC RAM 16K (16K x 1-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS
Vee =5.0V £ 10%

: IDT6167SA " IDT6167LA
Symbol Parameter Test Condition Min. Max. Min. Max. Unit
Jiu) Input Leakage Current vee = Max., MIL — 10 — 5 RA
VIN = GND to Vcc COM'L — 5 — 2
jio| Output Leakage Current| Vcc = Max., CS = VIH, MIL — 10 — 5 RA
VouT = GND to Ve COM'L - 5 — 2

vou Output Low Voltage loL = 8mA, Vce = Min. —_ 0.4 — 0.4 \"

VoH Output High Voltage lot = -4mA, Vcc = Min. 24 — 24 — \'
DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VLC = 0.2V, VHC = Vcc - 0.2V .

- Typ. Max.
Vecc @ Vee @

Symbol Parameter Test Condition Min. 2.0v 3.0V 2.0V 3.0V Unit

VDR Vcc for Data Retention - 2.0 — — — — Vv

IcCcDR Data Retention Current MIL. — 0.5 1.0 200 300 A

‘ COM'L. —_ 0.5 1.0 20 30
tCOR Chip Deselect to Data. CS2VHe 0 —_ — — — ns
Retention Time ' VIN 2 VHCor < VIC

R Operation Recovery Time trct? — — — — ns

[y Input Leakage Current — — — 2 2 pHA
NOTES: 2981 tbl 09
1. Ta=+25°C.
2. trc = Read Cycle Time. .
3. This parameter is guaranteed, but not tested.
LOW Vcc DATA RETENTION WAVEFORM

DATA
[¢—— RETENTION —>
\ MODE /
Vee 4.5V 45V
tcoR VoR22V tR
VDR
2981 drw 03
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IDT6167SA/LA
CMOS STATIC RAM 16K (16K x 1-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times Sns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V

Output Load

See Figures 1 and 2

DATAouT
255Q

5V

480Q

30pF*

2981 drw 04

Figure 1. Output Load

AC ELECTRICAL CHARACTERISTICS (vcc = 5.0V + 10%, All Temperature Ranges)

297910l 09

DATAouT
255Q

Figure 2. Output Load

5V

480Q

5pF*

2981 drw 06

(for tHz, tLz, twz and tow)

*Includes scope and jig.

6167SA15 | 6167SA20/25 (6167SA35/45% (61675A55@)70@
6167SA12Y | 6167LA15 | 6167LA20/25 [6167LA3545? (6167LAS5?/70
Symbol Parameter Min. [ Max.| Min. [Max.| Min. | Max.| Min. | Max.| Min. | Max. |Unit
Read Cycle
tRC Read Cycle Time 12 —_ 15 — | 20725 — | 35/45| — {55/70f — ns
tAA Address Access Time — 12 — 15 — {20/25| — |35/45| -— {55/70| ns
tacs Chip Select Access Time —_ 12 — 15 — 2025 — |35/45] — |}55/70| ns
toH Output Hold from Address Change 3 — 3 —_ 5/5 — 5/5 — 5/5 — ns
(P4 Chip Deselct to Output in Low Z® 3 — 3 — 5/5 — 5/5 — 5/5 — ns
tHz Chip Select to Qutput in High Z® — 8 — | 10 | — [t1or0] — |[18m@0] — |40mM0| ns
tPu Chip Select to Power Up Time*® 0 — 0 — 0/0 —_ 0/0 — 0/0 — ns
tPD Chip Deselect to Power Down Time® — 12 —_ 15 — |20/25| — |[35/45] — |55/70| ns
Write Cycle
twe Write Cycle Time 12 — 15 — } 2020 — |30/45| — |585/70] — ns
tcw Chip Select to End of Write 12 — 15 — | 1520 — | 30/40| — | 45/55| — ns
taw Address Valid to End of Write 12 - 15 — | 15220 — {30/40| — | 4555 — ns
tAS Address Set-up Time 0 — 0 — 0/0 — 0/0 — 0/0 — ns
twp Write Pulse Width 12 — 13 — | 1520} — |30/30| — |35M40| — ns
tWR Write Recovery Time 0 —_ 0 — 0/0 —_ 0/0 — 0/0 — ns
tow Data Valid to End of Write 10 — 10 — | 1215 — | 17220 — | 25/30| — ns
1DH Data Hold Time 0 —_ —_ 0/0 — 0/0 — 0/0 —_ ns
twz Write Enable to Output in High Z® — 6 —_ 7 — | 858 | — J15@0] — [40/40[ ns
tow Output Active from End of Write® 0 —_ 0 — 0/0 —_ 0/0 — 0/0 —_ ns
NOTES: 298110l 11
1. 0°to +70°C temperature range only.
2. -55°C to +125°C temperature range only. Also available: 85ns and 100ns Military devices.
3. This parameter is guaranteed, but not tested.
5.3 5




IDT6167SA/LA
CMOS STATIC RAM 16K (16K x 1-BIT) MILUTARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE No. 1(1:2

tRc® »
ADDRESS X %
tAA »
toH
DATAoUT PREVIOUS DATA VALID ) DATA VALID
2081 drw 07
TIMING WAVEFORM OF READ CYCLE NO. 2(1:3)
trc®
cs - 7
' tacs » tHz(4)
Lz
DATAouT DATA VALID )H\APHE:J%
le—t PU—OI tPD
Vce o o e e
suppLY '°° 7{?
CURRENT |ss
2981 drw 08

NOTES:

1. WE is High for READ cycle.

2. CSis low for READ cycle.

3. Address valid prior to or coincedent with TS transition low.

4. Transition is measured $£200mV from steady state with specified loadingiin Figure 2.

5. All READ cycle timings are referenced from the last valid address to the first transitioning address.
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IDT6167SA/LA
CMOS STATIC RAM 16K (16K x 1-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1, (WE CONTROLLED TIMING)("» %3

twc
/ /
ADDRESS )\ )\
tAW.
cs \ /
le— tAS —ple tWP. tWR —»
WE /
th(S) (5)
le———tow'”) ——»4
DATAOUT —( /|:|
t DW tDH
DATAIN VALID DATA

2981 drw 09

TIMING WAVEFORM OF WRITE CYCLE NO. 2, (CS CONTROLLED TIMING)(": 23

twc

ADDRESS X

A
tAaw

o5 } 7‘
te— tAS < tcw tWR -

T\ /

t— 1 DW ——s1¢— tDH —»]
DATAN 4 VALID DATA )

2981 dw 10

NOTES: __

. WE or CS must be inactive during all address transitions.

. A write occurs during the overlap (twp) of a low CS and a low WE.

. twR is measured from the earlier of CS or WE going high to the wnd of the write cycle.

. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state.
. Transition is measured +200mV from steady state with a 5pF load (including scope and jig).

OB W =
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IDT6167SA/LA
CMOS STATIC RAM 16K (16K x 1-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION
IDT XXXX X XXX XX X
Device Power Speed Package Process/
Type Temperature
Range

| Blank

Commaercial (0°C to +70°C)

Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

Plastic DIP

CERDIP

Leadless Chip Carrier
Small Outline IC
CERPACK

SOJ

Commercial Only A

Military Only > Speed in Nanoseconds

Military Only
Military Only
Military Only
Military Only J

Standard Power
Low Power

16K (16K x 1-Bit) CMOS Static RAM

2981 drw 11
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CMOS STATIC RAM IDT6168SA
16K (4K x 4-BIT) IDT6168LA
Integrated Device Technology, Inc.
FEATURES: ' DESCRIPTION:
« High-speed (equal access and cycle time) The IDT6168 is a 16,384-bit high-speed static RAM orga-
— Military: 12/15/20/25/35/45/55/70/85/100ns (max.) nized as 4K x 4. ltis fabricated using IDT’s high-performance,
— Commercial: 10/12/15/20/25/35ns (max.) high-reliability technology—CEMOS. This state-of-the-art
» Low power consumption technology, combined withinnovative circuit designtechniques,
— IDT6168SA provides a cost effective approach for high-speed memory
Active: 225mW (typ.) applications.
Standby: 100uW (typ.) Access times as fast 10ns are available with maximum
— IDT6168LA power consumption of only 550mW. The circuit also offers a
Active: 225mW (typ.) reduced power standby mode. When CS goes high, the circuit
Standby: 10uW (typ.) willautomatically go to, and remainin, a standby mode as long
+ Battery backup operation—2V data retention voltage as CS remains high. In the standby mode, the device con-
(IDT6168LA only) ' sumes less than 10uW, typically. This capability provides
» Available in high-density 20-pin ceramic or plastic DIP, significant system-level power and cooling savings. The low-
20-pin SOIC, 20-pin SOJ, 20-pin CERPACK and 20-pin power (LA) version also offers a battery backup data retention
leadless chip carrier capability where the circuit typically consumes only 1pW
» Produced with advanced CEMOS™ hlgh performance operating off a 2V battery. All inputs and outputs of the
technology IDT6168 are TTL-compatible and operate from a single 5V
+ CEMOS™ process virtually eliminates alpha particle soft-  supply.
error rates The IDT6168 is packaged in either a space saving 20-pin,
« Bidirectional data input and output 300 mil ceramic or plastic DIP, 20-pin CERPACK, 20-pin
+ Single 5V (+10%) power supply : SOIC, 20-pin SOJ, or 20-pin leadless chip carrier, providing
+ Input and output directly TTL-compatible high board-leve! packing densities.
» Three-state outputs Military grade product is manufactured in compliance with
« Military product compliant to MIL-STD-883, Class B the latest revision of MIL-STD-883, Class B, making it ideally
+ Standard Military Drawing #5962-86705 is listed on this suited to military temperature applications demanding the
function. Refer to Section 2/page 2-4 highest level of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

Ao t —Vcc
: — GND
. 16,384-BIT
: DECODE MEMORY
: ARRAY
At —>— |
I T
1o —_l > — COLUMN
— Vo
Vot E_ INPUT
DATA —-——_{_}——I
1/Ce ?_CONTROL
e j— &
l A
illi==a =
WE
) 2955 drw 01
CEMOSis a of Device Technol inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1990

©1990 Integrated Device Technology, Inc. 5.4 DSC-100872
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IDT6168SA/LA
CMOS STATIC RAM 16K (4K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

" PIN CONFIGURATIONS

TRUTH TABLE(")
Aol N~ e ) Vee Mode [ WE Output Power
A2 19 AN Standby H X High Z Standby
A2C]3 P20-1, 18[dA1e -
AsC]s D201, 17[Ae Read L H Dout Active
Asr]s 50202, 45 Ag Write L L DN Active
As s S020-1, 15 A vo d
5 & 3 NOTE: 2955 1b1 02
AsC]7 Epp1 4P V02 1. H=Vm, L= Vi, X = Don't Care
A7s 13 [J 101
cs g 12 [J 1100
GND [ 10 11 [JWE 1
s a2 ABSOLUTE MAXIMUM RATINGS
DIP/SOIC/SOJ/CERPACK Symbol Rating Com’l. Mil. Unit
TOP VIEW VTERM | Terminal Voltage | -0.5t0 +7.0] -0.5t0 +7.0| V
with Respect
to GND
TA Operating 0to+70 55104125 °C
Temperature )
TBIAS Temperature -55t0 +125| -65t0+135| °C
A Under Bias
e Tsta | Storage 5510 +125| -6510+150 | °C
As Temperature
1103 PT Power Dissipation 1.0 1.0 W
:;82 lout DC Output 50 50 mA
! Current
2955 drw 03 NOTE: _ 2955 tbl 03
1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
PIN DESCRIPTIONS RECOMMENDED DC OPERATING
Name Description CONDITIONS
Ao-Att Address Inputs Symbol Parameter Min. | Typ. | Max. [ Unit
CS Chip Select vce Supply Voltage 45 |50 | 55| V
WE Write Enable GND Supply Voltage 0 0 0 v
1/00-3 Data Input/Output VIH Input High Voltage 2.2 — 6.0 v
vece Power viL Input Low Voltage | 05" | — | o8 | Vv
GND Ground NOTE: ) 2955 1l 05
1. VIL (min.) = -3.0V for pulse width less than 20ns.
2955 thl 01
CAPACITANCE (TA = +25°C, f = 1.
(TA = +25°C, T = 1.0MHz) RECOMMENDED OPERATING
Symbol Parameter(" Conditions | Max.| Unitl TEMPERATURE AND SUPPLY VOLTAGE
O Input Capacitance ViN = OV ’ pF Grade Temperature GND Vee
Cout | Output Capacitance Vour = oV 7 pF Military 55°C to +125°C oV SV +10%
NOTE: 2955 tbl 04 : o o o
1. This parameter is determined by device characterization, but is not Commercial 0°Cto +70°C ov 5V£10%
production tested. - 2955 1bl 06
5.4 2



IDT6168SA/LA
CMOS STATIC RAM 16K (4K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS(!
(VCe = 5.0V + 10%, VLC = 0.2V, VHC = Vce - 0.2V)

6168SA10 6168SA129 | 6168SA15) | 6168SA20
6168LA20
Symbol Parameter Power | Com’l| Mil. |Com’l.[ Mil. | Com’l.] Mil. |Com’l.] Mil. | Unit
lcct Operating Power Supply Current SA 120 —_ 110 120 | 110 120 90 100 | mA
CS = VL, Outputs Open,
vee = Max., f = 0 LA — — — - 70 80
lec2 Dynamic Operating Current SA 165 | 175 | 145 165 120 | 120 | mA
CS = VI, Outputs Open,
vee = Max., f = fmaxt LA — — — — | 100 | 110
IsB Standby Power Supply Current SA 65 65 55 60 45 45 mA
(TTL Level)
CS = VH, Vce = Max., LA — — — — 30 35
Outputs Open, f = fmax®
1sB1 Full Standby Power Supply Current SA 20 20 20 20 20 20 mA
(CMOS Level)
CS 2 VHe, Vee = Max., LA — — — — 0.5 5
VIN 2 VHC or VIN< Ve, f = 0
DC ELECTRICAL CHARACTERISTICS (Continued)("
(Vee = 5.0V + 10%, VLC = 0.2V, VHC = Vcc - 0.2V) ‘
6168SA25 6168SA35 | 6168SA45/55 | 6168SA70%
6168LA25 6168LA35 | 6168LA45/55 | 6168LA70?
Symbol Parameter Power | Com’l.] Mil. | Com’l.| Mil. | Com’l.] Mil. |Com’l.] Mil | Unit
lcca Operating Power Supply Current SA 90 100 90 100 — 100 — 100 | mA
CS = VL, Outputs Open,
vee = Max,, f = 0® LA 70 | 80 | 70 | 80 | — | 80 | — | 80
lcc2 Dynamic Operating Current SA 110 | 120 | 100 | 110 — 110 —_ 110 | mA
CS = Vi, Outputs Open,
vee = Max,, f = fmax®® LA 9 | 100| 80 | 90 [ — ] 80 | — | 80
1sB Standby Power Supply Current SA 35 45 30 35 — 35 — 35 mA
(TTL Level)
CS 2 VIH, Vce = Max., LA 25 30 20 25 — | 2520 — 20
Outputs Open, f = iMax(®
1sB1 Full Standby Power Supply Current SA 2 10 2 10 — 10 — 10 mA
(CMOS Level)
CS 2 VHc, Vce = Max., LA 0.05 0.3 0.05 0.3 — 0.3 _ 0.3
VIN 2 VHC or VIN< Vig, f = 0
NOTES: 2955 tbl 07
1. All values are maximum guaranteed values.
2. Also available 85 and 100ns military devices.
3. f=1max (all inputs except Chip Select cycling at f = 1/trc). f = 0 means no address or control lines change.
4. Military values are preliminary only.
5.4 3




IDT6168SA/LA
CMOS STATIC RAM 16K (4K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS

Vce = 5.0V +10%

IDT6168SA IDT6168LA
Symbol Parameter Test Condition Min. Max. Min. Max. Unit
(LN} Input Leakage Current vee = Max., MIL — 10 — 5 A
VIN = GND to Vcc COM'L — 2 —_ 2
|iLo} Output Leakage Current| Vce = Max., CS = ViH, MIL — 10 — 5 RA
‘ Vout = GND to Vcc - COML — 2 — 2
VoL Output Low Voltage loL = 10mA, Vcc = Min. 0.5 — 0.5 \
loL = 8mA, Vce = Min. — 0.4 — 0.4
VOH Output High Voltage loL = -4mA, Vce = Min. 24 — 24 — v
: 2955 tbl 08
DATA RETENTION CHARACTERISTICS
LA Version Only)
IDT6168LA
Symbol Parameter Test Condition Min. Typ.) Max. Unit
VDR Vcc for Data Retention 2.0 — — )
lccor Data Retention Current . MIL. — 05@ 10012 HA
CS=Vcc-0.2V . — 1.0 150
VIN 2 VcG -0.2V COM'L. — 05@ 2002 pA
or<0.2v — 1.0@ 30® :
tcpr® Chip Deselect to Data 0 — — ns
Retention Time
tR(®) Operation Recovery Time trc® — — ns
NOTES: 2955 1ol 09
1. TA=+25°C.
2. atVecc =2V
3. atVec =3V
4. trc = Read Cycle Time.
5. This parameter is guaranteed, but not tested.
LOW Vcc DATA RETENTION WAVEFORM
' DATA
[¢——RETENTION —*
\ MODE YV
vce 4.5V K 7 4.5V
tcDR VDR22V tA
cs / Vi \ —/V|H3<5555555\
VDR
2955 drw 04
AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times
Input Timing Reference Levels
Output Reference Levels
Output Load See Figures 1 and 2
2955 i 10
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IDT6168SA/LA
CMOS STATIC RAM 16K (4K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

5V

480Q
DATAout
255Q 30pF*

2955 drw 05

Figure 1. Output Load

5V

480Q
DATAout
255Q 5pF*

2955 drw 08

Figure 2. Output Load
(for tHz, tLz, twz and tow)

*Includes scope and jig capacitances

AC ELECTRICAL CHARACTERISTICS (vcc =5.0V + 10%, All Temperature Ranges)

61685A10( 6168SA12 | 6168SA15 | 61685A20/25
6168LA20/25
Symbol Parameter Min. wax. Min. ]lllax. Min. llllax. Min. | Max. | Unit
Read Cycle
tRC Read Cycle Time 12 — 15 — | 2025 — ns
tAA Address Access Time — 12 — 15 - 120/25| ns
tacs Chip Select Access Time — 12 —_ 15 — 20/25| ns
tOH Output Hold from Address Change 3 — 3 — 3 — ns
1z Chip Select to Output in Low 2 3 - 3 — 5 — | ns
tHz Chip Deselect to Output in High Z(? - 7 — 8 — 10 ns
teu Chip Select to Power Up Time(® 0 — o | — 0 — | ns
tPD Chip Deselect to Power Down Time@ — 121 — | 15| — [20/25{ ns

AC ELECTRICAL CHARACTERISTICS (Continued) (vcc = 5.0V + 10%, All Temperature Ranges)

6168SA35 |61685A45/55() 6168SATO"
6168LA35 | 6168LA45/55""  6168LATOM
Symbol Parameter Mln.J Max.| Min. I Max.| Min. I Max. | Unit
Read Cycle
tRC Read Cycle Time 35 — | 45/55| — 70 — ns
tAA Address Access Time — 35 — |45/55)] — 70 ns
tACS Chip Select Access Time — 35 — | 45/55) — 70 ns
toH Output Hold from Address Change 3 — 3 — 3 — ns
Lz Chip Select to Output in Low Z? 5 — 5 — 5 —_ ns
tHZ Chip Deselect to Output in High Z? — 15 — 25 _ 30 ns
tru Chip Select to Power Up Time!? 0 — 0 — 0 — ns
tPD Chip Deselect to Power Down Tima? — 35 — |40/50| — 60 ns
NOTES: 2955 tbi 11
1. -55°C to +125°C temperature range only. Also available 85ns and 100ns devices.
2. This parameter is guaranteed, but not tested.
3. 0°to +70°C temperature range only.
54 5



IDT6168SA/LA
CMOS STATIC RAM 16K (4K x 4-BIT) MILUTARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NO. 1(+2

‘ trc® »
ADDRESS )( *

tAA

o
ton
DATAouT PREVIOUS DATA VALID X X X DATA VALID

2955 drw 07

TIMING WAVEFORM OF READ CYCLE NO. 2(1: 3

tRc(5)
cs X 7
S o
tacs le-tHZ(4)
et 2(4) ————»]
DATAouT - DATA VALID TTGH IVPEDANCE
fe—0t PU—*I L—t pOi6)
Veg SUPPLY 0€ === === =mmmm o
CURRENT IsB
2955 drw 08
NOTES:
1. WE is high for READ cycle.
2. CSis low for READ cycle. .
3. Address valid prior to or coincident with CS transition low.
4. Transition is measured $200mV from steady state voltage with specified loading in Figure 2.
5. AIIREAD cycle timings are referenced from the last valid address to the first transitioning address.
6. This parameter is guaranteed and not 100% tested.
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IDT6168SA/LA
CMOS STATIC RAM 16K (4K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcc=5.0V + 10%, All Temperature Ranges)

6168S5A109| 61685A12 | 6168SA15 | 61685A20/25
6168LA20/25
Symbol Parameter Min. | Max.| Min. [ Max.| Min. | Max.| Min. [ Max.| unit
Write Cycle
twe Write Cycle Time 10 12 — 15 — 20 — ns
tcw Chip Select to End of Write 10 12 —_ 15 — 20 — ns
taw Address Valid to End of Write 10 12 —_ 15 — 20 _— ns
tAS Address Set-up Time 0 o] — 0 — 0 —_ ns
twp Write Pulse Width 10 12 -_— 15 — 20 —_ ns
tWR Write Recovery Time 0 0 — 0 — 0 — ns
tow Data Valid to End of Write — 8 — 9 - 10 — ns
tDH Data Hold Time — 0 — 0 — 0 — ns
twz Write Enable to Output in High Z? 4 | — | s — | 6 — 7 ns
tow Output Active from End of Write®® 0 — 0 — 0 — 0 — ns
AC ELECTRICAL CHARACTERISTICS (Continued) (Vcc =5.0V £ 10%, All Temperature Ranges)
6168SA35 | 6168SA45/55")| 61685A70)
6168LA35 | 6168LA4555" | 6168LATO"
Symbol Parameter Min. | Max.| Min. | Max. [ Min. | Max. | unit
Write Cycle :
twe Write Cycle Time 30 — | 40/50 | — 60 — ns
tcw Chip Select to End of Write 30 — | 40/50| — 60 — ns
taw Address Valid to End of Write 30 | — |40550| — | 60 | — | ns
tas Address Set-up Time 0 — 0 — 0 — ns
twp Write Pulse Width 30 — | 40/50 | — 60 — ns
tWR Write Recovery Time 0 —_ o] — 0 — ns
tow DataValid to End of Write 15 — 20 — 25 — ns
toH Data Hold Time 0 - 3 - 3 — ns
twz Write Enable to Output in High 2% — 13 — |20/25) — 30 ns
tow Output Active from End of Write®® 0 — 0 — 0 — 1| ns
NOTES: 2955 thi 12

1. -55°C to +125°C temperature range only. Also available 85ns and 100ns devices.

2. This parameter is guaranteed, but not tested.

3. The specification for toh must be met by the device supplying write data to the RAM under all operating conditions. Although toH and tow values will vary
over voltage and temperature, the actual toH will always be smaller than the actual tow.

4. 0°to +70°C temperature range only.
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IDT6168SA/LA
CMOS STATIC RAM 16K (4K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM:OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)("> %3

twe
aobRess X X
tAW:
S /-
L_t AS —fe twp tWR —
WE A
twz(®) 1ow'®
DATA out @ “
tow toH
DATAIN DATA VALID

2955 drw 09

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING)(" 235

twc
ADDRESS X X
taw
cs 5E 7£
e— tAS—b tew tWR -»
WET )\ /
t- t DW ——»te— tDH ——»
DATAIN { DATA VALID X
2955 drw 10
NOTES: __
1. WE or CS must be high during all address transitions. .
2. A write occurs during the overlap (twp or tcw) of a low CS and a low WE.
3. twRis measured from the earlier of CS or WE going high to the end of the write cycle.
4. During this period, the I/O pins are in the output state and input signals should not be applied.
5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state.
6

. Transition is measured +200mV from steady state with a 5pF load (including scope and jig).

5.4 8



IDT6168SA/LA .
CMOS STATIC RAM 16K (4K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT  XXXX XX XXX XX X
Device Power  Speed Package Process/
Type Temperature
Range

Commercial (0°C to +70°C)
Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

Plastic DIP

Ceramic DIP

Leadless Chip Carrier
Small Outline IC (Gull Wing)
CERPACK

Small Outline IC (J-Bend)

Commercial Only 1

> Speed in Nanoseconds
Military Only
Military Only
Military Only
Military Only
Military Only J

Standard Power
Low Power

16K (4K x 4-Bit)
2955 drw 11
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Integrated Device Technology, Inc.

&

CMOS STATIC RAM
16K (4K x 4-BIT)
CACHE-TAG RAM

IDT6178S

FEATURES: ‘
High-speed Address to MATCH Valid time
— Military: 12/15/20/25ns
— Commercial: 10/12/15/20/25ns (max.)
High-speed Address Access time
— Military: 12/15/20/25ns
— Commercial: 10/12/15/20/25ns (max.)
Low-power operation
- IDT6178S

Active: 300mW (typ.)
Produced with advanced CEMOS™ high-performance
technology
Input and output TTL-compatible
Standard 22-pin plastic or ceramic DIP, 24-pin SOJ
Military product 100% compliant to MIL-STD-883,
Class B

DESCRIPTION:

The IDT6178 is a high-speed cache address comparator
sub-system consisting of a 16,384-bit static RAM organized
as4Kx 4. Cycle Time and Addressto MATCH Valid are equal.
The IDT6178 features an onboard 4-bit comparator that
compares RAM contents and current input data. The resultis
anactive highonthe MATCH pin. The MATCH pins of several
IDT6178's can be nanded together to provide enabling or
acknowledging signals to the data cache or processor.

The IDT6178 is fabricated using IDT's high-performance,
high-reliability technology — CEMOS™ . Addressto MATCH
and Data to MATCH times are as fast as 10ns.

Allinputs and outputs of the IDT6178 are TTL-compatible
and the device operates from a single 5V supply.

The IDT6178 is packaged in either a 22-pin, 300-mil plastic
or ceramic DIP package or 24-pin SOJ. Military grade product
is manufactured in compliance with latest revision of MIL-
STD-883, Class B, making it ideally suited to military
temperature applications demanding the highest level of
performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

Ao
. ADDRESS . ‘&s&gg';'
DECODE .
* ARRAY
A1 ———
® e 0
ICo — Vs e IS COLUMN /0
7
4s 1
, T
WE CLEAR
WE
— MEMORY
OE CONTROL |- ARRAY
CLR
3~ COMPARATOR Sz
MATCH

CEMOS Is a trademark of Integrated Device Technology, Inc.

2522drw 01

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1990

©1990 Integrated Device Technology, Inc. 5.5
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IDT6178S CMOS STATIC RAM 16K (4K x 4-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL. TEMPERATURE RANGE

PIN CONFIGURATIONS
Aot uEVcc Aot =g Vee
A2 217 At A1z 23{] A1
A2[]s 20{7 A1o A2[]3 22[7 Ao
Aal]s 19]7 A9 Aal]e 21 Ao
A4ES P2§-1 nga As4lls 20[1 As
AsCls pop.q 17{0 CLR wo0e s024-4 10 S L,
AGD7 16103 Aeée 17[JI/O3
Arlls 151102 Arr]e 16102
OEfe 147101 OE]10 15[1VO
WEJ10 13100 WE11 14{J1/00
GND[]11 12 [ JMATCH 2953 orw 02 GND[12 1a[] MATCH 2953drw 03
DIpP SOJ
TOP VIEW TOP VIEW
PIN NAMES AC TEST CONDITIONS
Ao—A11  Address WE Write Enable Input Pulse Levels GND to 3.0V
/00— 1’03 Data Input/Output | OE Output Enable Input Rise/Fall Times 5ns
MATCH Match CLR Clear Input Timing Reference Levels 1.5V
Vee Power GND  Ground Output Reference Levels 1.5V
295311 01 Qutput Load See Figures 2 and 3
Output Load for Match Cycle See Figure 1
TRUTH TABLES!") 20531103
WE OE LR MATCH Mode
H H H Valid Match Cycle
L X H Invalid Write Cycle
H L H Invalid Read Cycle
X X L Invalid Clear Cycle
NOTE: 2953 tol 02
1. H=VH, L=Vu, X =Don't care.
+5V +5V +5V
240Q 480Q 480Q
MATCHouTt 1/0out 1/0out
128Q 30pF* 255Q 30pF* 255Q SpF*
2953 drw 04 2953 drw 05 2953 drw 06
Figure 1. Figure 2. Figure 3.

* Including scope and jig.

(for toLz, toHz, twHz, tow)
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IDT6178S CMOS STATIC RAM 16K (4K x 4-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGE

ABSOLUTE MAXIMUM RATINGS™"

RECOMMENDED DC

Symbol Rating Value unit| OPERATING CONDITIONS
Vierm | Terminal Voltage with respect -05t0+7.0 | V Symbol Parameter Min. | Typ.| Max.| Unit
to GND vee Supply Voltage 45 | 50| 55| V
Ta Operating Temperature -55to +125 | °C GND Supply Voltage 0 0 0 v
Taias Temperature Under Bias -6510+135 | °C Vin Input High Voltage 200 | _ 6.0 Vv
Tsta Storage Temperature —65t0 +150 | °C ViL Input Low Voltage o050 — 0.8 v
Pr Power Dissipation 1.0 W NOTE: 20530 05
lout DC Output Current 50 mA 1. ViL = —3.0V for pulse width less than 20ns.
NOTE: 205304 2. VIH =25V for clear pin.
1. Stressesgreaterthan those listedunder ABSOLUTE MAXIMUM RATINGS
may cause permanent damage to the device. This is a stress rating only
and function.axl gperaﬁpn of the deyioe at these or any oth.e'r cqndi.tions RECOMMENDED OPERATING
e Mool seconsol i pecialon!  TEMPERATURE AND SUPPLY VOLTAGE
periods may affect reliabilty. Grade Ambient Temperature GND Vee
Commercial 0°C to +70°C oV |5.0V10%
Military -55°C to +125°C oV [5.0V+10%
2953 thl 06
DC ELECTRICAL CHARACTERISTICS (vcc =5.0V + 10%, All Temperature Ranges)
6178S
Symbol Parameter Test Condition Min. Max. Unit
Jiu| Input Leakage Current Vee = 5.5V, Vin= 0V to Vec — 10 pnA
|lLo] Output Leakage Current OE = Vi, Vout = OV to Vce — - 10 RrA
VoL Output Low Voltage loL = 8mA (I/Oo— 1/03) — 0.4 \
loL = 10mA (I/Oo — 1/03) — 0.5 \
loL = 16mA (Match) — 0.4 Vv
lov = 20mA (Match) — 0.5 v
VoH Output High Voltage lon = —4mA (I/0o — /Oa) .24 — "
lon = —8mA (Match) 2.4 — \"
2953 tbl 07
DC ELECTRICAL CHARACTERISTICS (vcc = 5.0V + 10%, All Temperature Ranges)
617851210 6178515" 6178520/25
Symbol Parameter Max. Max. Max. Unit
lcet Operating Power Supply Current | COM'L. 90 90 90 mA
Qutputs Open, Vcc= Max.,f=0 MIL. 110 110 110 mA
lccz Dynamic Operating Current COM'L. 160 140 140 mA
Outputs Open, VcC = Max., f = fuax | MIL. 180 160 160 mA
NOTE: 2953 thl 081

1.

Military values are preliminary only.
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IDT6178S CMOS STATIC RAM 16K (4K x 4-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGE

CYCLE DESCRIPTION

Match Cycle: A match cycle occurs when all control signals
(OE, WE, CLR) are high. At that time, data supplied to the
RAM on the I/0 pins is compared with the data stored at the
specified address. The totem-pole match output is high when
there is a maich at all data bits, and drives low if there is not
a match.

Write Cycle: The write cycle is conventional, occuring when
WEislow and CLRis high. OE may be either highor low, since
it is overridden by WE. The state of the Match pin is not
guaranteed, but in the current implementation it continues to
reflect the output of the comparator. The Match pin goes high
during write cycles since the data at the specified address is
the same as the data (being written) at the 1/Os of the RAM.

Read Cycle: When WE and CLR are high and OE is low, the
RAM is in a read cycle. The state of the Match pin is not
guaranteed, but in the current implementation it continues to
reflectthe output of the comparator. The Matach pingoes high
during read cycles since the data at the specified address is
the same as the data (being read) at the I/Os of the RAM.

Clear Cycle: When CLR is asserted, every bit in the RAM is
cleared to zero. If OE is low during aclear cycle, the RAM I/Os
will be driven. However, this data is not necessarily zeros,
even after a considerable time. The Match pin is enabled, but
its state is not predicable.

AC ELECTRICAL CHARACTERISTICS (Vcc =5.0V + 10%, All Temperature Ranges)

6178510(") 6178512 6178515 6178520/25
Symbol Parameter Min. | Max. | Min. Max. Min. | Max. Min. | Max. Unit
Match Cycle
tAaDM Address to Match Valid — 12 — 15 — 20725 ns
toam Data Input to Match Valid — 11 — 13 — 15 ns
tmMHO Match Valid Hold from OE 0 - 0 — 0 — ns
toem OE High to Match Valid — 12 — 15 — 20 ns
tMHW Match Valid Hold from WE 0 —_ 0 — 0 — ns
twEm WE High to Match Valid — 12 — 15 — 20 ns
tMHCLR Match Valid Hold from CLR 0 — 0 — 0 — ns
tMHA Match Valid Hold from Address 3 — 3 — 3 — ns
tMHD Match Valid Hold from Data 3 — 3 — 3 — ns
NOTE: 2953 tbl 09
1. 0°C to +70°C temperature range only.
TIMING WAVEFORM OF MATCH CYCLE(
ADDRESS % % )
' tADM tMHA ——»
ot /77717777 j
toEM tMHO [
) tWEM —»] tMHW —»]
LR 5t
tMHCLR
/O1-4 VALID READ DATAom)tF VALID MATCH DATAINt ————————
tDAM MATCH r tMHD
MATCH MATCH VALID )( MATCH INVALID
NO MATCH
NOTE: 2953 drw 07
1. ltis not recommended to let address and data input pins float while MATCH pin is active.
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IDT6178S CMOS STATIC RAM 16K (4K x 4-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGE

AC ELECTRICAL CHARACTERISTICS (vcc = 5.0V + 10%, All Temperature Ranges)

61785101 6178512 6178515 6178520/25

Symbol Parameter Min. | Max. | Min. Max. Min. I Max. Min. | Max. Unit

Read Cycle ;

trc Read Cycle Time 12 — 15 — 20/25 - ns

taa Address Access Time —_ 12 — 15 — 20/25 ns

toe Output Enable Access Time — 8 — 10 — 15 ns

toH Output Hold from Address Change —_ 3 - 3 — ns

tolz Output Low Z Time("2 —_ 2 — 2 — ns

torz Output High Z Time!':2) — 6 — 7 — 9 — 12 ns
NOTES: 2953101 10
1. Transition is measured +200mV from low or high impedance vcltage with load (Figures 1 and 2).
2. This parameter guaranteed but not tested.
3. 0°C to +70°C temperature range only.
TIMING WAVEFORM OF READ CYCLE NO. 1

_ thc
ADDRESS X X
taa fe—— tOH ——»
o& TR 17777777
tOE ——»
toLz toHz
DATAout &XX (X)
2953 drw 08
TIMING WAVEFORM OF READ CYCLE NO. 2
tRC
/.
ADDRESS X X
tAA > tOH —»
toH
DATAoUT ) X
2953 drw 09
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IDT6178S CMOS STATIC RAM 16K (4K x 4-BIT) CACHE-TAG RAM MILITARY AND COMMERCIAL TEMPERATURE RANGE

AC ELECTRICAL CHARACTERISTICS (vce =5.0V + 10%, All Temperature Ranges)

617851043 6178512 6178515 6178520/25

Symbol Parameter Min. I Max. | Min. [ Max. | Min. I Max. | Min. l Max. |  Unit
Write Cycle

twe Write Cycle Time 10 12 — 15 — 20 — ns
taw Address Valid to End of Write 10 — 12 —_ 14 — ns
tas Address Set-up Time 0 — 0 — 0 — ns
twp Write Pulse Width 10 — 12 — 14 | - ns
twR Write Recovery Time — 0 — 0 — 0 — ns
tow Data Valid to End of Write — 8 — 10 — 12 — ns
toH Data Hold Time — 0 — 0" —_ 0 —_ ns
twHz Write Enable to Output in High 2112 5 — 6 — 7 — 9 ns
tow Qutput Active from End of Write("?2 — 0 — 0 — 0 — ns

NOTES: 295311 11

1. Transition is measured $200mV from low or high impedance voltage with load (Figures 1 and 2).
2. This parameter guaranteed but not tested.
3. 0°C to +70°C temperature range only.

TIMING WAVEFORM OF WRITE CYCLE("3

twe >
ADDRESS )(
tAaw
[e——tAS ——» twp tWR
) :

wE AN

7

1

twHz®¥ e—tow ¥
DATAGUT D S EEE T RITINALINARN AN
[/ /7777777777777 777777777 7777 77 77 T/ . .
t DV& ! e—1 DH ()—D
DATAIN l\l VALID DATA IN ’m

NOTES:
1. WE must be high during all address transitions.

2953 drw 10

2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied.
3. OE is continuously high or low. ItOE is low during a WE controlled write cycle, the write pulse width must be the greater of twe or (twHz + tow) to allow
the I/O drivers to turn off and data to be placed on the bus for the required tow. |f OE is high during a WE controlled write cycle, this requirement does

not apply and the write pulse can be as short as the specified twp.
4. Transition is measured £200mV from steady state.

5.5
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IDT6178S CMOS STATIC RAM 16K (4K x 4-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGE

AC ELECTRICAL CHARACTERISTICS (vcc =5.0V + 10%, All Temperature Ranges)

61785102 6178512 6178515 6178520/25
Symbol Parameter Min. | Max. | Min. l Max. Min. I Max. Min. I Max. Unit
Clear Cycle
toLpw CLR Pulse Width!" .20 25 — 30 — 40 — ns
tcLRe CLR High to WE Low 5 — 5 — 5 — 5 — ns
NOTES: 20531l 12
1. Recommended duty cycle of 10% maximum.
2. o§c to +70°C temperature range only.
TIMING WAVEFORM OF CLEAR CYCLE
I+ tcLpw
— 4
CLR : . 4
le—— tCLRC
-—= vyvv v vy y\ Y\ yw\W\wwwwwwwwwwiw
WE KRAIXAXRKIIIIKKXXAXKRIXN ;I(
2953 drw 11
ORDERING INFORMATION
IDT  XXXX S XX A A
Device Power Speed Package Process/
Type Temperature
Blank Commercial (0°C to +70°C)
B Military (-55°C to +125°C,
Compliant to MIL-STD-883, Class B)
P Plastic DIP
Y Small Outline (J bend)
D Ceramic DIP
10 Commercial only
12 .
15 Speed in Nanoseconds
20
25
i Standard Power
| 6178 16K (4K x 4-Bit) Cache-Tag RAM

2953 drw 12
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CMOS STATIC

Integrated Device Technology, Inc.

WITH OUTPUT ENABLE
16K (4K x 4-BIT)

IDT61970S
IDT61970L

RAM

FEATURES:
High Speed (equal Access and Cycle Times)
— Military: 12/15/20/25/35/45/55
— Commercial: 10/12/15/20/25/35/45
Fast Output Enable
Low power consumption
- IDT61970S
Active: 300mW (typ.)
Standby: 100uW (typ.)
- IDT61970L
Active: 300mW (typ.)
Standby: 10uW (typ.)
Battery backup operation—2V data retention (IDT61970L
only)
Available in 22-pin ceramic or plastic DIP and 24-pin SOJ
Input and output directly TTL-compatible
Produced with advanced CEMOS™ high-performance
technology
Separate Output Enable control
Military product compliant to MIL-STD-883, Class B

DESCRIPTION: .
The IDT61970 is a 16,384-bit high-speed static RAM
organized as 4096 x 4 bits. It is fabricated using IDT's high-
performance, high-reliability technology—CEMOS™ ., This
state-of-the-art technology, combined with innovative circuit

design techniques, provides a cost effective approach for
high-speed memory applications.

The IDT61970features two memory control functions: chip
select (CS) and output enable (OE). These two functions
greatly enhance the IDT61970's overall flexibility in high-
speed memory applications. Thisfeature makesthe IDT61970
ideal for use in cache memory applications.

Access times as fast as 10ns and toE as fast as 5ns are
available, with typical power consumption of only 300mW.
The IDT61970 offers a reduced power standby mode which
enables the designer to considerably reduce device power
requirements. This capability significantly decreases system
power and cooling levels, while greatly enhancing system
reliability. The low power (L) version also offers a battery
backup data retention capability where the circuit typically
consumes only 10pW when operating from a 2V battery. All
inputs and output are TTL-compatible and operate from a
single 5V supply.

The IDT61970 is packaged in either a space saving 22-pin,
300-mil ceramic or plastic DIP, or a 24-pin SOJ, providing high
board level packing densities.

Military grade product is manufactured in compliance with
the latest revision of MIL-STD-883, Class B, making it ideally
suited to military temperature applications demanding the
highest level of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

A1t
A1
Ag
=]
7 ——— g
x ugsen,
Az ARRAY
Az ————»
A2 ————»
Al ———>
N B
/04
Vo3 INPUT/
/02 OUTPUT
1101 I
cs CONTROL
WE ——— LOGIC
) ) O ——— 2952 drw 01
CEMOS is a of Integl Device Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1990
©1990 Integrated Device Technology, Inc. 5.6 DSC-1060/1

1



IDT61970S/L CMOS SRAM 16K WITH OUTPUT ENABLE (4K X 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS
Ao [ vce Aot S 240 vee
A1 A1 A2 237 A1
A2 A10 A27]3 227 Ao
A3 [ A9 A3 []4 21 As
A4 As A4S 2071 As
As O NC NC s 5024-4'° [ NC
As O 1104 As []7 18{7 NC
A7[s /o3 As s 17[7 /04
csOs 102 A7 ]9 167 1/03
OE [0 /101 [ m il 15[ 1/02
GND 11 WE OE [ 147 1/O1
2952 drw 02 GND 12 1311 WE
DIP 2952 drw 03
SoJ
TOP VIEW TOP VIEW
ABSOLUTE MAXIMUM RATINGS(" PIN NAMES
Symbol Rating Value Unit Ao — A1 Address WE Write Enable
VTERM | Terminal Voltage with Respect | —0.5t0 47.0 v /01 - 1/04  Data Input/Output OE Output Enable
to GND Vece Power CS Chip Select
TA Operating Temperature -551t0 +125 °C GND Ground NC No Connection
Telas | Temperature Under Bias -65t0 +135 | °C 2052161 01
Ts1G Storage Temperature -65t0 +150 | °C
PT | Power Dissipation 10 W | TRUTH TABLE®
lout DC Output Current 50 mA Mode Cs WE | OF Vo Power

NOTE: 2952 thl 02 .

1. Stressesgreater thanthose listed under ABSOLUTE MAXIMUMRATINGs  |_Standby | H X X Hi-Z Standby
may cause permanent damage to the device. This is a stress rating only Read L H L Dout Active
and functional operation of the device at these or any other conditions " "
above those indicated in the operational sections of this specification is not Write L L X DN Active
implied. Exposure to absolute maximum rating conditions for extended Read L H H Hi-Z Active
periods may affect reliabilty.

NOTE: 2952 thl 08
1. H=VH, L=V, X = Don't Care.
DC ELECTRICAL CHARACTERISTICS
: 61970S 61970L
Symbol Parameter Test Condition Min. | Max. | Min. | Max. | Unit
[L4]] Input Leakage Current Vee = Max.; Mil. — 10 — 5 | pA
VIN = GND to Vcc Com'l. | — 2 — 2
[[[Xe]] Output Leakage Current vce Max. CS = VH, Mil. — 10 — 5 | nA
Vce = GND to Vee Com'l.{ — 2 — 2
VoL Output Low Voltage loL = 10mA Vce = Min., — 0.5 — 05 [ V
loL = 8mA Vcc = Min. — | 04 — 04 | V
VoH Output High Voltage IoH = —4mA, Vcce = Min. 24 | — 24 - |V
295210103
5.6 2



IDT61970S/L CMOS SRAM 16K WITH OUTPUT ENABLE (4K X 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS(" voc = 5.0V + 10%, VLc = 0.2V, VHC = Voo - 0.2V

61970510 61970512¥) | 61970515 61970520 61970525 61970535  |61970545/55¢)
61970L20 61970125 61970135 [61970L45/557)
Symbol Parameter Power| Com’l. | Mil. | Com’L | Mil. | Com’l. | Mil. | Com’L | Mil. | Com'L { Mil. |Com’L | Mil. |Com’L | Mil. | Unit
lect Operating Power S 110 | 120| 110 |120] 90 |100|] 90 |100] 9 |100| — |100| mA
Supply Current
CS = Vi, Outputs Open, L — | = — | —1 70 801 70 80 | 70 80| — |8
Vee =Max., =0
lec2 Dynamic Operating S 165 | 175] 145 | 165f 120 | 120| 110 {120]| 100 |110| — |110| mA
Current,CS=Vu,
Outputs Open, L — | —| — | —| 100 |110| 9 100 80 |90 | — | &0
Vee = Max., f = fuax® 80
Isa Standby Power Supply S 65 65| 55 60| 45 45135 45 | 30 3| — [3mA
Current (TTL Level)
CS 2> VH, Vee = Max., L — |- — | —] % 35| 5 30| 20 5| — |20
Outputs Open, f= fuax@
lsa1 Full Standby Power S 20 |20f 20 |20 2 0] 2 10| — |10 |mA
Supply Current
{CMOS Level)
CS2 Vhe, Vee = Max., L —_ —| — —| 05 5| 005 |03|005 |03 — {03
ViN2 Ve or
VNS Vic, f=0@
NOTES: 29521104
1. Allvalues are maximum guaranteed values.
2. f=fuax (Allinputs except Chip Select cycling atf = 1/tRc). f = 0 means no address or control lines change.
3. -55°C to +125°C temperature range only.
4. Military values are preliminary only.
RECOMMENDED DC RECOMMENDED OPERATING
OPERATING CONDITIONS TEMPERATURE AND SUPPLY VOLTAGE
Symbol Parameter Min. | Typ.| Max. | Unit Grade Ambient Temperature GND}| Vec
Vcc Supply Voltage 4.5 5 5.5 \ Military -55° to +125°C 0V | 5.0V110%
GND Supply Voltage 0 0 0 \ Commercial 0°C to +70°C o0V | 5.0V+10%
VIH Input High Voltage 22 - 6.0 Vv 295211 09
ViL Input Low Voltage | -0.50"| - 0.8 v
NOTE: 2952 th1 05

1. VIL (min.) = -3.0V for pulse width less than 20ns.
AC ELECTRICAL CHARACTERISTICS

61970S10 61970S12 61970515 | 61970520/25 61970S35/45| 61970S55

61970L20/25 | 619700.35/45| 61970L55
Symbol Parameter Min. I Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.| Unit

Read Cycle
trRc | Read Cycle Time 12 | — | 18| — |2025| — |35/45) — | 55 | — | ns
tAA | Address Access Time — | 12 | — 15 | — |20/25f — |35/45] — | 65 | ns
toE | Output Enable Access Time — 5 — 6 — | 810 ) — |1215| — | 20 | ns
tolz |Output Low Z Time("? 2 | — |2l ~-|2]|—=—}t2]—]2 ]| —]|ns
toHz | Output High Z Time!" 2 — 17| =9 |—]122|—}18}— 1| 15]ns
toH |Output Hold from Address Change 3 — 3 — 3 — 3 — 3 — | ns
tacs | Chip Select Access Time 12| — | 15| — |20/25| — |[35/45] — | 55 — | ns
tclz | Chip Select to Output in Low Z!"+ 2 3| —|3| —|3}|—|3|—]|3]|—]|pns
tcHz |Chip Deselect to Output in High 2(1-2 —|l7|l—-]| 8 |—t10]|—]|15|—]25]ns
NOTES: 2952161 06

1. Transition is measured +200mV from low or high impedance voltage with load.
2. This parameter is guaranteed, but not tested.
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IDT61970S/L CMOS SRAM 16K WITH OUTPUT ENABLE (4K X 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS

61970510 61970S12 61970515 | 61970520/25| 61970S35/45| 61970S55
61970L20/25| 61970L35/45| 61970L55
Symbol Parameter Min. IMax. Min. | Max. | Min. | Max. | Min, | Max. | Min. | Max. | Min. | Max.| Unit
Write Cycle
twc | Write Cycle Time 10 12| — [ 15 — |2025] — |35/45] — | 55 { — | ns
taw | Address Valid to End of Write 8 10| — |12 — 15220 — |25/30| — | 35 | — | ns
tAs | Address Set-up Time 0 0 — 0 — 0 — 0 — 0 — | ns
twpP | Write Pulse Width 8 8 — 10 | — |12/15) — |20/25] — | 30 | — | ns
twR | Write Recovery Time 0 0 — 0 - 0 - 0 — 0 — | ns
tow | Data Valid to End of Write 7 8 — 9 — |10113} — |17/20] — | 20 — i ns
toH | Data Hold Time 0 — 0 — 0 — 0 — 0 — | ns
twz | Write Enable to Output in High 212 — |6 | —|7|—1] 9| = [1320] — | 25| ns
tow | Output Active From End of Write!"2 ol—1lo|l —=t1tot—1]o — 1ol —1ns
tcw | Chip Select to End of Write 10 | — |12 — (1520 — }25/30] — [ 35 | — | ns
NOTES: 2952 th) 07
1. Transition is measured +200mV from low or high impedance voltage with load.
2. This parameter is guaranteed, but not tested.
TIMING WAVEFORM OF READ CYCLE(
tRC »
ADDRESS :)
1AA 1OH—]
OE
toE
toHz @
torz?
(33
tACS
tchz @
terz?
DATAout ( —
2952 drw 05
NOTES: , ‘
1. WE is high for read cycle. .
2. Transition is measured £200mV from steady state with 5pF load (including scope and jig).
5.6 4



IDT61970S/L CMOS SRAM 16K WITH OUTPUT ENABLE (4K X 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1, (WE CONTROLLED TIMING)(*: 2 3:7)

- twe
ADDRESS X X
AW
cs /S
e—— tAS twp™) twa le—
WE \ 71
twz® L— tow®. :
DATAout _—_< () —.@—
{DW—>ste——tDH ‘
DATAIN IE- DATA VALID j——

2952 drw 07

TIMING WAVEFORM OF WRITE CYCLE NO. 2, (CS CONTROLLED TIMING)(" % 3 %)

twe
ADDRESS X X
< 1AW
cs iL £
e—— tAS ; tcw tWR fe—
" /
{DW—>re—1DH
DATAN I\F DATA VALID _J-———

NOTES:

1. WE or CS must be high during all address transitions.

A write occurs during the overlap (twp or tcw) of a low CS and a low WE.
tWR is measured from the earlier of CS or WE going high to the end of the write cycle.

During this period, the I/O pins are in the output state, and input signals should not be applied.
If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state.

. Transition is measured +200mV from steady state with a 5pF load (including scope and jig).

It OE is low during a WE controlled write cycle, the write pulse width must be the larger of twp or (twHz + tow) to allow the I/O drivers to turn off and data

NoOoOsOLN

2852 drw 08

to be placed on the bus for the required tow. If OF is high during a WE controlled write cycle, this requirement does not apply and the write pulse can

be as short as the specified twp.
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IDT61970S/L CMOS SRAM 16K WITH OUTPUT ENABLE (4K X 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VLC = 0.2V, VHC = VCC - 0.2V

Symbol Parameter Test Condition Min. Typ." Max. Unit
VDR Vcc for Data Retention 2.0 — — \'/
lccbr | Data Retention Current L MIL. — 052 1001 pA

CS 2 VHC -0.2V — 1.08 1501
VIN = VHC or < VLG COM'L. —_ 0.5@ 2002 nA
— 1.0% 309
tcor™ | Chip Deselect to Data 0 — — ns
Retention Time
R Operation Recovery Time trct? — - ns
NOTES: 2952 tol 10
1. Ta = +25°C.
2.atVee =2V
3. atVecc =3V
4. This parameter is guaranteed, but not tested.
LOW Vcc DATA RETENTION WAVEFORM
DATA
[¢——RETENTION —*|
Vee \ MODE
4.5V K 7 4.5V
tCOR |4 VOR22V 1R
os 7/ [/L1[/F v A2 NN\
; VDR
2952 drw 06
AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 5ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load See Figures 1 and 2
2952 1ol 11
5V 5V
4800 480Q
DATAcuT DATAOUT
255Q =~ 30pF* 255Q SpF*
/77 aespewor 2952 drw 08
Figure 1. Output Load Figure 2. Output Load
(for toLz, tcLz, tonz, tcHz, 1ow, twz)
* Including scope and jig.
5.6 6



IDT61970S/L CMOS SRAM 16K WITH OUTPUT ENABLE (4K X 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT XXXXX A XX A A
Device Power Speed Package Process/
Type Temperature
Range
Blank Commercial (0°C to +70°C)
| B Military (~55°C to +125°C)
Compliant to MIL-STD-883, Class B

P Plastic DIP
D Ceramic DIP
Y Small Outline (J Bend) -
10 Commercial Only
12
15
gg Speed in Nanoseconds
35

45 Military Only
55 Military Only

| s Standard Power
L Low Power

{ 61970 16K SRAM with Output
Enable (4K x 4-bit)

2952 drw 09
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Integrated Device Technology, Inc.

CMOS STATIC RAM
64K (16K x 4-BIT)

IDT6198S
IDT6198L

FEATURES:
» Optimized for fast RISC processors including the
IDT79R3000
Output Enable (OE) pin available for added system
flexibility
High-speed (equal access and cycle times)
— Military: 20/25/35/45/55/70/85ns (max.)
— Commercial: 15/20/25/35ns (max.)
Low-power consumption
— IDT6198S
Active: 350mW (typ.)
Standby 100uW (typ.)
— IDT6198L
Active: 300mW (typ.)
Standby: 30uW (typ.)
JEDEC compatible pinout
Battery back-up operation—2V data retention (L version
only)
24-pin CERDIP, 24-pin plastic DIP, high-density 28-pin
leadless chip carrier and 24-pin SOIC (gull-wing and J-
bend)

« Produced with advanced CEMOS™ technology
« Bidirectional data inputs and outputs
« Military product compliant to MIL-STD-883, Class B

DESCRIPTION:

The IDT6198 is a 65,536-bit high-speed static RAM orga-
nized as 16K x 4. Itisfabricated using IDT's high-performance,
high-reliability technology—CEMOS. This state-of-the-art
technology, combinedwith innovative circuitdesigntechniques,
provides a cost-effective approach for memory intensive
applications. Timing parameters have been specified to meet
the speed demands of the IDT79R3000 RISC processors.

The IDT6198 features two memory control functions: chip
select (CS) and output enable (OE). These two functions
greatly enhance the IDT6198’s overall flexibility in high-speed
memory applications.

Access times as fast as 15ns are available, with typical
power consumption of only 300mW. The IDT6198 offers a
reduced power standby mode, IsB1, which enables the de-
signer to considerably reduce device power requirements.
This capability significantly decreases system power and

FUNCTIONAL BLOCK DIAGRAM

>
o

—t Ve
. le— GND
L[]
[ ]
.
. 65,536-BIT
. DECODER MEMORY ARRAY
.
[ ]
*
L]
Ao —>—
I
/ [ |
Vo ? — COLUMN 10
—
I
or ? INPUT
DATA
/02 B— CONTROL
VOs B— l 4I£<
e
cs ™
WE
OE—d/ 2987 drw 01

CEMOS Is atrademark of Integrated Device Technology, Inc.

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1930

©1990 Integrated Device Technology, Inc.
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IDT6198S/L
CMOS STATIC RAM 64K (16K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DESCRIPTION (Continued)

cooling levels, while greatly enhancing systemreliability. The
low-power version (L) also offers a battery backup data
retention capability where the circuit typically consumes only
30pW when operating from a 2 volt battery.

All inputs and outputs are TTL-compatible and operate
from a single 5 volt supply.

The IDT6198is packaged in either a24-pin 300 mil CERDIP
or plastic DIP, 28-pin leadless chip carrier or 24-pin gull-wing
or J-bend small outline IC.

Military grade product is manufactured in compliance with
the latest revision of MIL-STD-883, Class B, making it ideally
suited to military temperature applications demanding the
highest level of performance and reliability.

PIN CONFIGURATIONS
Ao[]1 ~ 24 [J Vee
A1[}2 23 [ A13
A2(13 . 22 [ A2
A3[]4 D24-1, 21 :] A11
A4al]s P24-1, 20 [ A1o
AsC]e (co4.9, 19[ As
As}7 s0p4-2 18 [ONC
A7ls g v [1Os
As[l9 s024.4 16 [1 /02
cs 1o 15 [ 1/O1
OE O 11 14 [ V0o
GND [] 12 13 [WE
pipisoic
TOP VIEW
Q
INDEX 22282
32 ima
Al ! 26 CINC
A2|ls 25 [[] A3
A3 lls 24 [] A12
A4 ]y 23 [] A1t
As|1g L2822 22[] A
As [ g 21 [1] As
A7 [] 10 20 [] 1/os
As [1] 11 19 [ voe
cs [ 12 18 [1] 1101
B 517
2987 d
Boglgg T
& =
LCC

TOP VIEW

PIN DESCRIPTIONS

Name Description
Ao-A13 Address Inputs
cs Chip Select
WE Write Enable "
OE OQutput Enable
1/O0-1/03 Data Input/Output
Vce Power
GND Ground
2987 tol Ot
TRUTH TABLE("

Mode CS | WE | GE o Power
Standby H X X High Z Standby
Read L H L Dout Active
Write L L X DiN Active
Read L H H High Z Active

NOTE: 2987 1l 02

1. H=VH, L=V, X =Don't Care

ABSOLUTE MAXIMUM RATINGS(")

Symbol Rating Com’l. Mil. Unit

VTERM | Terminal Voltage | -0.5t0 +7.0| -0.5t0+7.0| V
with Respect :
to GND

TA Operating 0to+70 | -55t0+125| °C
Temperature )

TBIAS Temperature -55t0+125| -6510+135| °C
Under Bias

Ts1G Storage -55to+125| -65t0 +150| °C
Temperature .

PT Power Dissipation 1.0 1.0 w

lout DC Output 50 50 mA
Current

NOTE: 2987 1l 03

1. Stresses greater than those listed under ABSOLUTE MAXIMUM

RATINGS may cause permanent damage to the device. This is a stress

. rating only and functional operation of the device at these or any other

conditions above those indicated in the operational sections of this

specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

CAPACITANCE (TA = +25°C, f = 1.0MHz)

Symbol Parameter(" Conditions | Max.| Unit

CIN Input Capacitance VIN = OV 7 pF

Cout Output Capacitance Vout = 0V 7 pF
NOTE: 2087 1bl 04

1. This parameter is determined by device characterization, but is not
production tested.
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IDT6198S/L

CMOS STATIC RAM 64K (16K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

RECOMMENDED DC OPERATING

RECOMMENDED OPERATING

CONDITIONS TEMPERATURE AND SUPPLY VOLTAGE
Symbol Parameter Min. | Typ. | Max. | Unit Grade Temperature " GND Vee
Vee Supply Voltage 45 [50 | 55 V Military -55°C to +125°C ov 5V +10%
GND Supply Voltage 0 0 0 | V| | commercial | - 0°Cto+70°C ov 5V £ 10%
VH Input High Voltage 2.2 — 6.0 \ 2987 tbl 06
Vi Input Low Voltage | 05" | — | 08| v

NOTE: 2987 thl 05

1. Vit (min.) = -3.0V for pulse width less than 20ns.

DC ELECTRICAL CHARACTERISTICS

Vee =5.0V £ 10%

IDT6198S IDT6198L
Symbol Parameter Test Condition Min. Max. Min. Max. Unit
L} Input Leakage Current Vvce = Max., MIL. — 10 — 5 HA
VIN = GND to Vce COM'L. — 5 — 2
|iLo} Output Leakage Current| Vcc = Max., CS = ViH, MIL. — 10 — 5 HA
Vout = GND to Vcc COM'L. — 5 — 2
VoL Output Low Voltage loL = 10mA, Vcc = Min. 0.5 — 0.5 \"
loL = 8mA, Vcc = Min. — 0.4 —_ 0.4
VOH Output High Voltage loL = -4mA, Vcc = Min. 2.4 — 2.4 — v
: 2967 1bi 07
DC ELECTRICAL CHARACTERISTICS("
(Vee =5V + 10%, VLe = 0.2V, VHC = Vce - 0.2V) )
6198515 | 6198520 | 6198525 | 6198S35 | 6198545 |6198S55/70/85
6198L15 6198L20 | 6198L25 6198L35 6198L45 |6198L55/70/85
Symbol Parameter Power Com’l] Mil. [Com’l.| Mil. Com’l.| ML |Com’l| Mil. |Com'l.| Mil. |Com’l.| Mil. | Unit

lcct Operating Power S 110| — | 100 | 110 } 100 [ 110 { 100 | 110 | — | 110 — 110 | mA
Supply Current
CS = Vi, Outputs Open L 7% |1 — | 70 | 80 | 70 80 | 85 | 95 | — | 95 - 95
vee = Max., f = 0@ )

lcce Dynamic Operating S 135| — | 130 | 160 | 135 | 155 | 125 [ 140} — [ 140 | — 140 | mA
Current ’
CS = VL, Outputs Open L 125 — | 115 | 130 | 105 [ 120 105 | 115 | — | 110 — 110
vee = Max., f = fwaxt?

IsB Standby Power Supply S 60| — | 55 | 70 | 55 60 | 45 |s500| — | 50 — 50 mA
Current (TTL Level)
CS 2 ViH, Vce = Max., L 45 | — 40 50 35 40 35 40 - 35 — 35
Outputs Open, f = fmax??

IsB1 Full Standby Power S 20 | — 15 | 25 15 20 | 15 | 20 — 1 20 — 20 mA
Supply Current (CMOS
Level) CS > VHc, L 15| — 05| 15 | 05 15|05 | 15 —_ 15 _ 15
Vce=Max., VIN 2 VHC or
VIN< Vic, f=0?

NOTES: 2987 tbl 06

1. All values are maximum guaranteed values.

2. Atf=fmax address and data inputs are cycling at the maximum frequency of read cycles of 1/tRc. f = 0 means no input lines change.
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IDT6198S/L
CMOS STATIC RAM 64K (16K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) Vic = 0.2V, VHC = Vcc - 0.2V

Typ. OV Max.
Vee @ Vec @
Symbol Parameter Test Condition Min. 2.0v 3.0V 2.0V 3.0v Unit
VDR Vcec for Data Retention — 2.0 — — — — \
lccor Data Retention Current MIL. — 10 15 600 900 RA
COM'L. —_ 10 15 150 225
tcor® Chip Deselect to Data CS>VHe 0 —_ —_ — — ns
Retention Time VIN2 VHC or < VLC
R Operation Recovery Time trc® — — — —_ ns
|IL||(3) Input Leakage Current —_ —_ i 2. 2 HA
NOTES: ’ 2967 b1 09
1. Ta=+25°C.
2. trRc = Read Cycle Time.
3. This parameter is guaranteed, but not tested.
LOW Vcc DATA RETENTION WAVEFORM
N
DATA
— RE’I';IEONDTéON
vee a5V 4( 4.5V
tCOR VDR22V R
= T777TTTTF /T
VDR
2987 drw 04
AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times . 5ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
QOutput Load See Figures 1 and 2
2987 tol 10
5V 5V
480Q 480Q
DATAout DATAout
255Q 30pF* 255Q 5pF*
2987 drw 05 2987 drw 06
Figure 1. Output Load Figure 2. Output Load

(for toLz, tcrz, toHz, twHz, tcHz and tow)

*Includes scope and jig capacitances
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IDT6198S/L
CMOS STATIC RAM 64K (16K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Vcc=5.0V + 10%, All Temperature Ranges)
6198515(" | 6198520 6198525 6198535 |s198545/55(2) 6198570/85@
6

6198L15(" | 6198L20 6198L25 6198L35 [61981.45/551|6198L70/85()

Symbol Parameter Min. [ Max. [ Min.| Max.[Min. | Max.|Min. [ Max. | Min. | Max. | Min. [Max. |unit
Read Cycle

tRC | Read Cycle Time 15| — |20 — |25 — | 35 | — |[45/55| — [70/85] — | ns
tAA Address Access Time — 15 — 19 | — 25 | — | 35 ~— | 45/55| — |70/85{ ns
tacs | Chip Select Access Time ‘ — | 15y —|2|—] 25| — | 3 | — {45/55| — |70/85] ns
tcLz Chip Select to Output in Low Z(3 5 — 5 — | 5 — | 5 — 5 — 5 — |ns
toE Output Enable to Output Valid — 8 — 9 | — 11| — | 18 .| — |25/35| — |45/55| ns
toLz Output Enable to Output in Low Z 5 -_ 5 — 15 — |5 — 5 — 15 — | ns
tchz | Chip Select to Output in High Z® 21 71 2] 812 10| 2 | 14 | — |15/20] — [25/30] ns
toHz | Output Disable to OutputinHighz® | 2 | 7 | 2 | 8 | 2 9 | 2115 | — [15/20] — |25/30 | s
toH Output Hold from Address Change 5 — 5 — 12 — 1|5 —_ 5 — | 5 — | ns
tPy Chip Select to Power Up Time® of—-f[o|—-fjoj —-f[o]—]o]|—=]0]—|ns
tPD Chip Deselect to Power Down Time®?| — | 15 | — | 20 | — | 25| — | 35 | — |455|'< |70/85 | ns

NOTES: 2987 tl 11
1. 0°to +70°C temperature range only.

2. -55°C to +125°C temperature range only.

3. This parameter guaranteed but not tested.

TIMING WAVEFORM OF READ CYCLE NO. 1("

wooness X
- T //,;20/2 7777
= TINAN ////,;}0/2 77
( —

2987 drw 07

NOTES:

1. WE is high for Read cycle.

. Device is continuously selected, CS = VIL.

. Address valid prior to or coincident with CS transition low.
. OE=VL

. Transition is measured £200mV from steady state voltage.

N b wnn
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IDT6198S/L
CMOS STATIC RAM 64K (16K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NO. 2(" %4

tRC N
ADDRESS :)(
ToH o o
DATAout
2987 drw 08
TIMING WAVEFORM OF READ CYCLE NO. 3(»3 4
cs _3( r
o e ond®
DATAouT
%tpu tPD
VeesuppLy K¢ mmmm T T T s 7{
CURRENT |5

NOTES:

1. WE is high for Read cycle.

2. Device is continuously selected, CS = ViL.

3. Address valid prior to or coincident with CS transition low.
4. OE=ViL.

5. Transition is measured £200mV from steady state voltage.

2987 drw 09
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IDT6198S/L

CMOS STATIC RAM 64K (16K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Vcec = 5.0V + 10%, All Temperature Ranges)

6198515(" | 6198520 6198525 6198S35 ‘6198545/55(2) 6198570/85(
6198L15(" | 6198120 6198125 6198L35 (6198L45/55®|6198L70/85
Symbol Parameter Min.| Max. [ Min.| Max. [min. | Max.[min. | max. | Min. | Max. | Min. |Max. [unit
Write Cycle
twe Write Cycle Time 14| — 171 — | 20 — | 30 | — J40/50| — |60/75| — | ns
tcw Chip Select to End of Write 14| — |17 — |20 — | 25 | — |35/50| — |60/75| — | ns
taw Address Valid to End of Write 14 | — 17| — | 20 — |25 | — (35/50] — |60/75| — | ns
tas Address Set-up Time 0 — 0 — | o — ] 0 —_ 0 — 4} 0] — |ns
twp Wirite Pulse Width 14| — 17 — | 20 — | 25 | — |35/50] — [60/75] — | ns
twR Wirite Recovery Time 0 — 0 — |0 — 10 — 0 — 1 0 — | ns
twHz | Write Enable to Output in High 2 — | s | —| 8 |— 7 | — | 10 | — [15/25] — |30/40| ns
tow Data Valid to End of Write 10| — | 10| — |13 — |15 | — 2025 — }30/35| — | ns
{DH Data Hold Time 0 - — |0 — 10 - 0 —_ 0 — | ns
tow Output Active from End of Write® 5 | — — | s —|s|—|s85|—1585]|—1|ns
NOTES: 2987 thi 12

1. 0°to +70°C temperature range only.

2. -55°C to

+125°C temperature range only.

3. This parameter guaranteed but not tested.

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)("> 237

twe
ADDRESS X (
OE /
tAaw
cs - /
[e—tAS —ble twep tWR —
WE J’
(6)
twz « 1ow(® >
DATA ouT (4) (4)
tow tDH
DATAIN DATA VALID

. WE or CS must be high during all address transitions. _
. A write occurs during the overlap (tcw twe) of a low CS and a low WE.
. twR is measured from the earlier of CS or WE going high to the end of the write cycle.

2987 drw 10

. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state.

. Transition is measured +200mV from steady state.

N
1
2
3
4. During this period, I/O pins are in the output state so that the input signals must not be applied.
5
6.
7

. IfOE is low during a WE controlled write cycle, the write pulse width must be the larger of twe or (twHz + tow) to allow the l/O drivers to turn off and data
to be placed on the bus for the required tow. If OE is high an WE controlled write cycle, this requirement does notapply and the write pulse can be as short
as the specified twp.

. OE=VM

o
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IDT6198S/L
CMOS STATIC RAM 64K (16K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING)("» %358

twe

ADDRESS X

taw

cs ?E 7£
— tas—»f tew twR -

w T\ /

t—— tpw —*r*—1DH
DATAIN \ DATA VALID.

2987 drw 11

NOTES:

1. WE or CS must be high during all address transitions.

2. Awrite occurs during the overlap (tow twp) of a low TS and a low WE.

3. twris measured from the earlier of CS or WE going high to the end of the write cycle.

4. During this period, /O pins are in the output state so that the input signals must not be applied.

5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state.

6. Transition is measured £200mV from steady state.

7. 1fOE is low during a WE controlled write cycle, the write pulse width must be the larger of twp or (twHz + tow) to allow the /O drivers to turn off and data
to be placed on the bus for the requued tow. If OE is high an WE controlled write cycle, this requirement does not apply and the write pulse can be as short
as the specified twp.

8. OE = V.

ORDERING INFORMATION

IDT_ XXXX X XX XX X
Device Power Speed Package Process/
Type Temperature
Range

Blank  Commercial (0°C to +70°C)

B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

(o} Sidebraze DIP (300 mil)

D CERDIP (300 mil)

P Plastic DIP {300 mil)

L Leadless Chip Carrier

SO Small Outline I1C (Gull Wing)

Y Small Outline IC (J-Bend)

15 Commercial Only

20

25

35

45 Military Only Speed in Nanoseconds

55 Military Only
70 Military Only
85 Military Only

| S Standard Power
| L Low Power

| 6198 16K x 4-Bit Static RAM

2987 drw 12
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CMOS STATIC

Integrated Device Technology, Inc.

1 MEG (128K X 8-BIT)

ADVANCE
INFORMATION
IDT71024

RAM

FEATURES:
« 128K x 8 configuration
Two chip selects plus Output Enable pin
High-speed access
— Military: 30/35/45/55ns (max.)
Commercial: 25/35/45ns (max.)
Low power consumption
— IDT71024S
Active: 500mW (typ.)
Standby: 5SmW (typ.)
— IDT71024L
Active: 500mW (typ.)
Standby: 200uW (typ.)
Battery back-up operation—2V data retention
Available in 32-pin DIP
TTL-compatible
Single 5V (+10%) power supply
Military product compliant to MIL-STD-883, Class B

DESCRIPTION:

The IDT71024 is an extremely high-density 128K x 8-bit
high-speed static RAM designed for use in systems where
fast computation, low power and board density are of the
utmost importance.

The IDT71024 uses eight bidirectional input/output lines
to provide simultaneous access to all bits in a word and has
an output enable (OE) pin which operates as fast as 15ns.
This function allows designers to access the IDT71024 at
speeds much higher than the already fast 25ns address
access time to achieve a considerable throughput advan-
tage. An automatic power down feature permits the on-chip
circuitry to enter a very low standby power mode and be
brought back into operation at a speed equal to the address
access time.

Fabricated using IDT's CEMOS™ high-performance
technology, the IDT71024 typically operates on only
500mW of power at maximum access times as fast as
45ns. Low-power (L) versions offer battery backup data
retention capability, typically consuming 200uW from a 2V
battery.

All inputs and outputs of the IDT71024 are TTL-compat-
ible and the device operates from a standard 5V supply,
simplifying system design. The IDT71024 is packaged in a
32-pin DIP.

Military grade product is manufactured in compliance
with the latest revision of MIL-STD-883, Class B.

FUNCTIONAL BLOCK DIAGRAM

Ao
X DECODER . 1,048,576-BIT
. . MEMORY ARRAY
A1s .
8
1/00—1/O7 5 L\, COLUMN 110 -
8 A
WE
_OE
Cs1 CONTROL
cs2
2964 drw 01

CEMOS is atrademark of Integrated Device Technology, Inc.

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1990

©1990 Integrated Device Technology, Inc. 5.8

DSC-1012/1
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IDT71024

CMOS STATIC RAM 1 MEG (128K X 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES
PIN CONFIGURATION TRUTH TABLE("
INPUTS OUTPUTS

neOlt T e vee WE |CS1 | cs2 | OE | voo-t07 FUNCTION
Ae [ 2 31 [ A1s X1 H]X X | High-Z Deselected

A4 E 3 30 51 CS2 X | x 1L | x [Highz Deselected

A2 ] 4 29 [J WE - -
A7 O s 28 11 A1a H L H H | High-Z Outputs disabled
As [l s 27 g As H | L H L | Dout Read data from RAM
As [ 7 26 Ag L L H X | High-Z Write data to RAM
A4 L] 8 TBD 25 1] ﬂ' . NOTE: 2064 tbl 01
As L] 9 24 11 OE 1. H = High, L = Low, X = Don't Care, High-Z = High Impedance
Az [] 10 23 [ A10
A O 1 22 [ CS1
Ao O 12 21 3 07

1100 O 13 20 I y0s

1101 [ 14 19 11 y0s

oz O 1s 18 [1 04

GND L 18 1713 103

2964 drw 02
DIP
TOP VIEW
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Integrated Device Technology, Inc.

CMOS STATIC RAM
1 MEG (256K X 4-BIT)

ADVANCE
INFORMATION
IDT71028

FEATURES:
« 256K x 4 configuration
+ High-speed access
— Military: 30/35/45/55ns (max.)

— Commercial: 25/35/45ns (max.)

» Low power consumption
— IDT71028S
Active: 500mW (typ.)
Standby: 5mW (typ.)
— IDT71028L
Active: 500mW (typ.)
Standby: 200uW (typ.)

Available in 28-pin DIP
« TTL-compatible
Single 5V (£10%) power supply

Battery back-up operation—2V data retention

Military product compliant to MIL-STD-883, Class B

DESCRIPTION:

The IDT71028 is an extremely high-density (256K x 4-
bit), high speed static RAM designed for use in systems
where fast computation, low power and board density are
of the utmost importance.

The IDT71028 uses four bidirectional input/output lines to
provide simultaneous access to all bits in a word and has a
high-speed 45ns address access time to achieve a consid-
erable throughput advantage. An automatic power down
feature, controlled by CS, permits the on-chip circuitry to
enter a very low standby power mode and be brought back
into operation at a speed equal to the address access time.

Fabricated using IDT’s CEMOS™ high-performance
technology, the IDT71028 typically operates on only
500mW of power at maximum access times as fast as
45ns. Low-power (L) versions offer battery backup data
retention capability, typically consuming 200uW from a 2V
battery.

All inputs and outputs of the IDT71028 are TTL-compat-
ible and the device operates from a standard 5V supply,
simplifying system design. The IDT71028 is packaged in a
28-pin DIP.

Military grade product is manufactured in compliance with
the latest revision of MIL-STD-883, Class B.

FUNCTIONAL BLOCK DIAGRAM

Ao

o e e e o

A7

DECODER

e o o s s o o

1,048,576-BIT
MEMORY ARRAY

/0o -1/03

N 4
‘e COLUMN /1O

e s o e o o

cs

OE

CEMOS is atrademark of Integrated Device Technology, Inc.

CONTROL

2966 drw 01

MILITARY AND COMMERCIAL TEMPERATURE RANGES

SEPTEMBER 1990

©1990 Integrated Device Technology, Inc.

5.9 DSC-1014/1
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IDT71028
CMOS STATIC RAM 1 MEG (256K X 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION
Ao 1 ~ [ Vee
A1 2 27 [ A7
A2 [ 3 26 [ Ats
Az [ 4 25 ] A15
As O s 24 [] A
As [ s 23 [ A13
As ] 7 22 [ A1z
A7 [ s TBD [ A1
As O 20 {1 NC
Ag E 10 19 % 103
Ao 1 18 1/02
cs 2 17 [J 101
OE [ 13 16 [0 1100
GND [ 14 15 [0 WE
2966 drw 02
DIP
TOP VIEW

TRUTH TABLE(™

CS | OE | WE |1/0o-V/03 FUNCTION

H X X High-Z | Deselected, Powered-Down (IsB)
L H H High-Z | Outputs Disabled

L L H Doutr | Read Data from RAM

L X L High-Z | Write Data to RAM

NOTE: 2966 tol 01
1. H=High, L = Low, X = Don't Care, High-Z = High Impedance
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Integrated Device Technology, Inc.

CMOS STATIC RAM
256K (32K x 8-BIT)

IDT71256S
IDT71256L

FEATURES:

Optimized for fast RISC processors including the
IDT79R3000

High-speed address/chip select time

— Military: 25/30/35/45/55/70/85/100/120/150ns (max.)
— Commercial: 20/25/30/35/45ns (max.)

Low-power operation

Battery Backup operation — 2V data retention
Produced with advanced high-performance CEMOS™
technology

Single 5V(+10%) power supply

Input and output directly TTL-compatible

Static operation: no clocks or refresh required

Available in standard 28-pin (600 mil) CERDIP, 28-pin
(300 or 600 mil) plastic DIP, 28-pin (300 mil) ceramic
sidebraze DIP, 28-pin (330 mil) SOIC and (300 mil) SOJ,
28-pin CERPACK, 32-pin LCC or PLCC, 28-pin LCC
Military product compliant to MIL-STD-883, Class B
This function is listed as Standard Military Drawing
#5962-88552 (L-Power) and #5962-88662 (S-Power)

DESCRIPTION:

The IDT71256 is a 262,144-bit high-speed static RAM
organized as 32K x 8. It is fabricated using IDT's high-
performance, high-reliability CEMOS technology. This state-

of-the-art technology, combined with innovative circuit design
techniques, provides a cost effective alternative to bipolar and
fast NMOS memories. Timing parameters have been speci-
fied to meet the speed demands of the fastest IDT79R3000
RISC processors.

Address access times as fast as 20ns are available with
power consumption of only 350mW (typ.). The circuit also
offers a reduced power standby mode. When CS goes high,
the circuit will automatically go to, and remain in, a low-power
standby mode as long as CS remains high. Inthe full standby
mode, the low-power device consumes less than 15uW,
typically. This capability provides significant system level
power and cooling savings. The low power (L) version also
offers a battery backup data retention capability where the
circuit typically consumes only 5uW when operating off a 2V
battery.

The IDT71256 is packaged in a 28-pin (330 mil) gull-wing
or (300 or 350 mil) J-bend SOIC, a 28-pin 600 mil CERDIP, 28-
pin (300 or 600 mil) plastic DIP, 28-pin (300 mil) ceramic
sidebraze DIP, 28-pin CERPACK, 32-pin LCC or PLCC, 28-
pin LCC, providing high board-level packing densities.

The IDT71256 military RAM is manufactured in compliance
with the latest revision of MIL-STD-883, Class B, making it
ideally suited to military temperature applications demanding
the highest level of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

hd .
. ROW | ° 512x 512 +— GND
. DECODER] * MEMORY ARRAY
L]
As %
—I ® o 00 0 09 I
o)) o——h .
: INPUT : COLUMN 110
: GIRCUIT
L]
1O 7 o N COLUMN DECODER ‘
Agé e o o o Z;XAM
CS o—
OF CONTROL
OEo— CIRcuT I
WEo—— th
CEMOS is atrademark of Integrated Device Technology, Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1990
©1990 Integrated Device Technology, Inc. 5.10 DSC-1015/4
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IDT71256 CMOS STATIC RAM 256K (32K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS PIN DESCRIPTIONS
U, Name Description
A1a = 1 28 j\%:lcz_: Ao—At4 Addresses
A2 27 1
Az 3 26 11 A3 l/_Oo—I/O7 Data Input/Qutput
As(Ja cC28-1 25[JAs CS Chip Select
AsC]s P28-1 24[1Ag e -
W
AsCle P22 23 [0An WE Writa Enable
Aal]7 D281 22[10E E Output Enable
A2lfs E281 21 [JA10 : GND Ground
A1 o E28-2 20 [JCS
Ao 10 SO283 15 OlO7 vee Power
/0o ] 11 SO28-5 18 [J1/0s 2968 tbl 01
101 12 17 11105
Vo2 o 13 16 (1104 TRUTH TABLE®
GND L{ 14 15 L1103 WE cs OE Vo Function
2968 drw 02 X H X High-Z| Standby (IsB)
DIP/SOJ/SOIC X VHC X High-Z| Standby (1sB1)
TOP VIEW
H H High-Z| Output Disable
H L Dout | Read
Q
INDEX 53882 L X DIN | Write
[EEENEEERENEEENN NOTE: 2968 ttA 02
4 3 2 L4323130 . 1. H=VH, L=V, X = Don't Care
Ae [1s ! 29 )| As
As [g 28 [I] Ag )
As [17 27 ] A1 ABSOLUTE MAXIMUM RATINGS
A3 L1s J32-1 26 [{ NC Symbol Rating Com'l. - ML Unit
A2 [1g & 25 [} OE
A [J10 L32-1 24 [I] Ato VTERM | Terminal Voltage | -0.5t0 +7.0( -0.5t0 +7.0| V
Ao {111 23 [[]CS with Respect
NC [112 22 [} vor to GND
I1Co 113 21 [} VOs Ta Operating 010+70 | -55t0+125] °C
L 141516 17 18 19 20 p, Temperature
- 00 9 ww TBIAS Temperature -55t0+125[ -65t0 +135| °C
Q9 5< QO Q zesawn Under Bias
32-Pin LCC/PLCC TstG Storage -55t0 +125| -65t0+150| °C
TOP VIEW Temperature
PT Power Dissipation| 1.0 1.0 w
lout DC Output 50 50 mA
Current
NOTE: 2968 bt 03

1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

Azf18 L2222 [|GE
A1 []9 21 A
] e CAPACITANCE (TA = +25°C, { = 1.0MH)
Ao []10 CS
/Qo [ 19 (] Vo7 Symbol Parameter'") Conditions | Max.| Unit
o1 112 18 le]3 - —
131415 16 17 CiN Input Capacitance VIN =0V 11 | pF
N TE Cout | Output Capacitance Vour = 0V 11 | pF
aNQ ® <+ 0
Qz00Q0 2068 drw 14 NOTE: 206810104
o 1. This parameter is determined by device characterization, but is not
28-Pin LCC production tested.
TOP VIEW
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IDT71256 CMOS STATIC RAM 256K (32K x 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

RECOMMENDED OPERATING RECOMMENDED DC OPERATING
TEMPERATURE AND SUPPLY VOLTAGE CONDITIONS
Grade Temperature GND Vee Symbol Parameter Min. |Typ.| Max.| Unit
Military -55°C 10 +125°C ov 5.0V 10% Vee Supply Voltage 45 |50 | 55| V
Commercial 0°C to +70°C ov 5.0V +10% GND Supply Voltage 0 0 0 v
2968 thi 05 VIH Input High Voltage 2.2 — 6.0 v
ViL Input Low Vottage | -05" | — | 08 [ Vv
NOTE: 2068 tol 06
17 ViL (min.) = -3.0V for pulse width less than 20ns.
DC ELECTRICAL CHARACTERISTICS("» 2
(Vce = 5.0V £ 10%, VLCc = 0.2V, VHC = VcC - 0.2V)
71256x20 71256x25 71256x30 71256x35
Symbol Parameter Power|Com’l. | Mil. |Com’l.| MIil. |Com’l| Mil. | Com’lL| Mil. | Unit
lcc Dynamic Operating Current S 185 | — 145 | 150 | 170 | 180 165 | 165 | mA
CS < Vi, Outputs Open
Vce = Max,, f = fmax® L |13 | — | 115 | 130 | 145 | 160 | 130 | 145
IsB Standby Power Supply 20 — 20 20 20 20 20 20 mA
Current (TTL Level)
CS 2 VH, Vce = Max., L 3 — 3 3 3 3 3 3
Outputs Open, f = fMax(®)
IsB1 Full Standby Power Supply S 15 — 15 20 15 20 15 20 mA
Current (CMOS Level)
CS = VHe, Vee = Max., L 0.4 —_ 0.4 1.5 0.4 1.5 0.4 15
VLC2 VINZ VHC, f =0
71256x45 71256x55 71256x70 71256x85%) 71256x100
Symbol Parameter Power | Com’l.| Mil. |Com’l.| Mil. |Com'l| Mil | Com’l.| Mil. [Com'l.| Mil. | Unit
lcc Dynamic Operating Current S 140 [150 | — 150 — 150 — | 150 | — 150 | mA
CS < Vi, Outputs Open -
vee = Max., = tuax® 120 {135 | — |125 | — [ 125 — [125| — | 125
IsB Standby Power Supply S 20 | 20 - 20 — 20 - 20 - 20 | mA
Current (TTL Level)
CS 2 ViH, Vce = Max., L 3 3 — 3 — 3 — 3 — 3
Outputs Open, f = fMax(®)
IsB1 Full Standby Power Supply S 15 | 20 — 20 — 20 — 20 — 20 mA
Current (CMOS Level)
CS 2 VHe, Vee = Max., L 04 |15 — 1.5 — 1.5 - 1.5 — 1.5
VLC2 VIN> VHC, f =0
NOTES: 2968 1 07
1. All values are maximum guaranteed values.
2. An "x"in part numbers indicate power rating (S or L).
3. fMAX= 1/RC.
4. Standby current mode not available at 20ns.
5. Also available: 120 and 150 ns military devices.
5.10 3



IDT71256 CMOS STATIC RAM 256K (32K x 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times Sns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load See Figures 1 and 2
2968 thl 08
5V
4800
DATAoUT ’
255Q 30pF*
2068 drw 05

Figure 1. Output Load

*Includes scope and jig capacitances

DC ELECTRICAL CHARACTERISTICS
Vce =5.0V £ 10%

5V

480Q
DATAout
2550 SpF*

2968 drw 06

Figure 2. Output Load
(for tcrz, toLz, tcwz, toHz, tow, twHZ)

IDT71256S IDT71256L
Symbol Parameter Test Condition Min. | Typ. | Max. | Min. | Typ.| Max. | Unit
L] Input Leakage Current Vvce = Max., MIL. — — 10 — — 5 pnA
VIN = GND to Vcc COM'L.| — — 5 — — 2
|iLo| Output Leakage Current | Vcc = Max., CS = VIH, MIL. — — 10 — — 5 HA
Vout = GND to Vcc COM'L.| — — 5 — — 2
VoL Output Low Voltage lot = 8mA, Vcc = Min. — 0.4 — — 0.4 \Y
loL = 10mA, Vce = Min. — — 0.5 — — 0.5
VOH Output High Voltage IoH = -4mA, Vce = Min. 2.4 —_ —_ 24 — —_ v
2968 tbi 09
4



IDT71256 CMOS STATIC RAM 256K (32K x 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VLc = 0.2V, VHC = Vcc - 0.2V )

Typ. O Max.
Veec @ Vec @
Symbol Parameter Test Condition Min. 2.0v 3.0V 2.0V 3.0v Unit
VOR Ve for Data Retention ' — 2.0 - — — — .V
Iccor Data Retention Current MIL. — — — 200 800 RA
COM'L. — — — 120 200
tcOR Chip Deselect to Data CS2>VHe 0 - — — — ns
Retention Time VIN 2 VHC or < VLC
tr® Operation Recovery Time trc® — — — — ns
NOTES: 2968 tl 10
1. Ta=+25°C.
2. trc = Read Cycle Time.
3. This parameter is guaranteed, but not tested.
LOW Vcc DATA RETENTION WAVEFORM
DATA
[e—— RETENTION —*
\ MODE k
Vce 45V 3 7 4.5V
tcor VDR22V tR
e 77717111 2 NN\
o5 ViH VoRr VIH
2968 drw 04
5.10 5



IDT71256 CMOS STATIC RAM 256K (32K x 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS

(Vce = 5.0V + 10%, All Temperature Ranges)

71256520 | 71256525 | 71256S30 | 71256535 71256545
71256L20" | 71256125 71256L.30 71256L35 71256L45

Symbol Parameter Min. | Max. | Min.| Max.| Min. rMax. Min. I Max. | Min. | Max. [Unit
Read Cycle
tRC Read Cycle Time 20 — 25| — 30 — 35 — 45 — | ns
tAA Address Access Time — 20 — | 25 — 30 — 35 ~— | 45 |ns
tACS Chip Select Access Time — 20 — | 25 — 30 — 35 — | 45 |ns
tciz Chip Select to Output in Low Z? 5 — 5 | — 5 — 5 — 5 — |ns
toE Output Enable to Output Valid — 10 — 1 — 13 — 15 — | 20 |ns
toLz Output Enable to Output in Low Z1?) 2 - 2| — 2 — 2 — 0| — |[ns
tCHZ Chip Select to Output in High 2 — 10 — | 11 —_ 15 — 15 — | 20 |{ns
toHZ Output Disable to Output in High Z? 8 10 12 15 — | 20 |ns
tOH Output Hold from Address Change —_ — — — 5 — |ns
Write Cycle
twe Write Cycle Time 20 — 25| — 30 — 35 —_ 45 | — |ns
tcw Chip Select to End of Write 15 — 20 — 25 — 30 - 40 — |ns
taw Address Valid to End of Write 15 — 20 | — 25 — 30 — 40 | — |ns
tAS Address Set-up Time 0 — 0 — 0 — 0 — 0 — | ns
twp Write Pulse Width 15 — 20 | — 25 — 30 — 35| — |ns
tWR Write Recovery Time 0 — 0 - 0 — 0 — 0 — ins
twHZ Write Enable to Output in High Z?) — | 10 — | n — | 15 — | 15 — ] 20 |ns
tow Data to Write Time Overlap 11 — 13 — | 14®] — | 1588 | — 20 | — |ns
tDH1 Data Hold from Write Time (WE) — — 0 — 0 — — |ns
tDH2 Data Hold from Write Time (CS) — 3| — 3 — 3 — — (ns
tow Qutput Active from End of Write® 5 — 5 | — 5 — 5 — 51 — |ns
NOTES: 2968101 11
1. 0°to +70°C temperature range only.
2. This parameter guaranteed but not tested.
3. Forthe 0°C to +70°C temperature range,

30ns speed grade, tow = 14ns.

35ns speed grade, tow = 15ns.

For the -55°C to +125°C temperature range,
30ns speed grade, tow = 17ns.
35ns speed grade, tow = 18ns.
5.10 6




IDT71256 CMOS STATIC RAM 256K (32K x 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V + 10%, All Temperature Ranges)

71256S55(" 71256570 71256585 712565100
71256L55" 71256L700 71256185 71256L100¢

Symbol Parameter Min. | Max. Min. | Max. Min. I Max. Min. I Max. |Unit
Read Cycle
tRC Read Cycle Time 55 — 70 — 85 — 100 — ns
tAA Address Access Time — 55 —_ 70 —_ 85 — 100 ns
tacs Chip Select Access Time — 55 —_ 70 —_ 85 —_— 100 ns
tcLz Chip Select to Qutput in Low Z® 5 — 5 — 5 — 5 — ns
toE Output Enable to Output Valid — 25 —_ 30 —_ 35 —_ 40 ns
toLz Output Enable to Output in Low Z? 0 - 0 — 0 — 0 — ns
tcHz Chip Select to Output in High Z& — 25 - 30 — 35 — 40 ns
toHz Output Disable to Output in High Z® 25 0 30 — 35 — 40 ns
tOH Output Hold from Address Change — 5 - 5 —_ 5 —_ ns
Write Cycle
twe Wirite Cycle Time 55 — 70 — 85 — 100 — ns
tow Chip Select to End of Write 50 — 60 — 70 — 80 —_ ns
taw Address Valid to End of Write 50 — 60 —_ 70 — 80 — ns
tas Address Set-up Time 0 — 0 - 0 - 0 — ns
twp Write Pulse Width 40 — 45 - 50 — 55 — ns
tWR Wirite Recovery Time 0 — 0 — 0 — 0 — ns
twHz Wirite Enable to Output in High Z® — 25 — 30 — 35 — 40 ns
tow Data to Write Time Overlap 25 — 30 — 35 — 40 — ns
tDH1 Data Hold from Write Time (WE) 0 — 0 — — — ns
toH2 Data Hold from Write Time (CS) 3 — 3 - — — ns
tow Output Active from End of Write®® 5 — 5 — 5 — 5 — ns
NOTES: 2968 bl 11
1. -55°C to +125°C temperature range only.
2. This parameter guaranteed but not tested.
3. 0°to +70°C temperature range only.
4. Also available: 120 and 150 ns military devices.
5. For the 0°C to +70°C temperature range,

30ns speed grade, tow = 14ns.

35ns speed grade, tow = 15ns.

For the -55°C to +125°C temperature range,
30ns speed grade, tow = 17ns.
35ns speed grade, tow = 18ns.
5.10 7



IDT71256 CMOS STATIC RAM 256K (32K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NO. 1"

tRC
ADDRESS >( j(
tAA [¢——tOH —»1
o tonz®
fe——— 0125 ———]
tACS
tez® torz®
DATAOUT (- X >——
2968 drw 07
TIMING WAVEFORM OF READ CYCLE NO. 2(:24)
1RC »
ADDRESS >(
tortlAA e toH
DATAouT
2968 drw 08
TIMING WAVEFORM OF READ CYCLE NoO. 3(:3:4)
S
CS 5(
tACS - tcHz (5)
fe—— tct 205 ———»
DATAouUT
2968 drw 09

NOTES:

1. WE is high for read cycle.

2. Device is continuously selected, CS = VL.

3. Address valid prior to or coincident with CS transition low.

4, OE =V

5. Transition is measured +200mV from steady state with 5pF load (including scope and jig).




IDT71256 CMOS STATIC RAM 256K (32K x 8-BIT) MIUTARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)(* 23,57

twe
4
ADDRESS X X
toHz (© —»
OE \
~— AW
= T\ —T
CS \ /
e tAS —sfe twp? tWR —»
4
WE A
th(s’:-l tow
DATAouT (4) (4) —
_( /] tow tDH
DATAIN
2968 drw 10

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING)("> 23,5

twe

ADDRESS X

A
tAw

= 1
le— tAS tew® 2 tWR >

T\ /-

r tow te—-t DH2
DATA out A\

2968 drw 11

NOTES:

1. WE or CS must be high during all address transitions.

2. A write occurs during the overlap (tcw or twe) of a low CS and a low WE.

3. twR is measured from the earlier of CS or WE going high to the end of the write cycle.

4. During this period, I/O pins are in the output state so that the input signals must not be applied.

5. It the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state.

6. Transition is measured £200mV from steady state with a 5pF load (including scope and jig).

7. OE is low during a WE controlled write cycle, the write pulse width must be the larger of twp or (twHZ + tow) to allow the /O drivers to turn off and data
to be placed on the bus for the required tow. 1f OF is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be
as short as the spectified twp.

5.10 9



IDT71256 CMOS STATIC RAM 256K (32K x 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT XXXXX X XXX XX X
Device Power Speed  Package Process/
Type Temperature
Range

Blank  Commercial (0°C to +70°C)
B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

TC 300 mil SIDEBRAZE DIP

TP 300 mil Plastic DIP

Y 300 mil SOJ

PE 330 mil SOIC

P 600 mil Plastic DIP

D 600 mil CERDIP

J Plastic Leaded Chip Carrier
L28 Leadless Chip Carrier (28-pin)
L32 Lead!less Chip Carrier (32-pin)
XE Cerpack F11

E Cerpack F11A

20 Commercial Only 3

25

30

35

45

55 Military Only >Speed in
70 Military Only Nanoseconds
80 Military Only

100 Military Only

120 Military Only

150 Military Only )

|s Standard Power
L Low Power

| 71256 256K (32K x 8-Bit) Static RAM

2968 drw 12
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Integrated Device Technology, Inc.

CMOS STATIC RAM
256K (64K x 4-BIT)

ADVANCE
INFORMATION
IDT71258

FEATURES:
» High-speed (equal access and cycle time)
— Military: 25/35/45/55ns (max.)
— Commercial: 20/25/35/45ns (max.)
» Low-power operation
— IDT71258S
Active: 400mW (typ.).
Standby: 400uW (typ.)
— IDT71258L
Active: 350mW (typ.)
Standby: 100uW (typ.)
+ Battery backup operation — 2V data retention (L version
only)
+ Produced with advanced CEMOS™ high-performance
technology )
Single 5V (+10%) power supply
Input and output directly TTL-compatible
Static operation: no clocks or refresh required
Available in high-density industry standard 24-pin, 300
mil DIP; 24-pin SOJ and 28-pin LCC
Three-state outputs
Military product compliant to MIL-STD-883, Class B

DESCRIPTION:

The IDT71258 is a 262,144-bit high-speed static RAM
organized as 64K x 4. It is fabricated using IDT’s high-
performance, high-reliability technology — CEMOS. This
state-of-the-art technology, provides a cost effective alterna-
tive to bipolar and fast NMOS memories.

Access times as fast as 20ns are available with typical
power consumption of only 350mW. The IDT71258 offers a
reduced power standby mode, IsB1, which enables the
designer to greatly reduce device power requirements . This
capability provides significant system level power and cooling
savings. The low-power (L) version also offers a battery
backup data retention capability where the circuit typically
consumes only 100uW operation from a 2V battery.

Allinputs and outputs of the IDT71258 are TTL-compatible
and operation is from a single 5V supply, simplifying system
designs.

The IDT71258 is packaged in a 24-pin, 300 mil DIP; a 24-
pin SOJ and a 28-pin LCC.

Military grade product is manufactured in compliance with
the latest revision of MIL-STD-883, Class B, making it ideally
suited to military temperature applications demanding the
highest level of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

Ao—>—
le— Vce
. L]
. . l«— GND
L] D . .
. E L]
. C . 262,144-BIT
. e} . MEMORY ARRAY
. D .
[ ] E L]
. R .
L] .
Ars—>—
1 I EEEEE 1
1101 ———— _—
— COLUMN 11O
Vo2 __?“ INPUT
DATA
1103 I? CONTROL
104 B—-
yd!
& ol

i Se

CEMOS s a trademark of Integrated Device Technology, Inc.

2970 drw 01

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1990

©1990 Integrated Device Technology, Inc.
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IDT71258S/IDT71258L

CMOS STATIC RAM 256K (64K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES
PIN CONFIGURATIONS TRUTH TABLE(
\J WE cs 1o Power
1 24
:‘:E . o %Xf: X H High-z | Standby (Iss)
A2[]3 22 A4 X VHC High-Z Standby (1s81)
AsLf4 21 L1 A1 H L Dout Read
Asls 20 [ A12 -
As[]6  pogq 19 [JAN L L DIN Write
As7 C24-1 18[JA10 NOTE: 2070 1ol 02
A7[C0s S024-4 (717104 1. H=VmH, L=V, X =Don't Care
As[]9 16 [J 1103 )
As [] 10 15 [J 1102 ABSOLUTE MAXIMUM RATINGS
csfn 14 [0 /01 ; :
o~ Symbol Ratin Com’l. Mil. Unit
GND [ 12 13 1 WE y 9
VTERM | Terminal Voltage | -0.5t0 +7.0| -0.5t0 +7.0| V
2670 drw 02 with Respect
DIP/SOJ to GND
TOP VIEW TA Operating 0to +70 -55t0 +125| °C
Temperature
TaiAs Temperature -55t0 +125| -65t0+135| °C
Under Bias
T TstG Storage -55t0 +125| -65to +150| °C
T . Temperature
A2 []4 26 [] A1s T
Az s 25 [] A1a | PT Power Dissipation 1.0 1.0 w
As s 24 [ A1a fout DC Output 50 50 mA
As |17 23 [] A12 Current
As [1s L2882 22 [1 An NOTE: 2970 101 03
A7 |19 21 [ Ao 1. Stresses greater than those listed under ABSOLUTE MAXIMUM
As I 10 20 [ /O4 RATINGS may cause permanent damage to the device. This is a stress -
As [ 11 19 ['] /O3 rating only and functional operation of the device at these or any other
SIARED 18 [[] VO2 conditions above those indicated in the operational sections of this
CS|- 13 14 15 16 17 ’ specification is not implied. Exposure to absolute maximum rating
N\ m—m—— / conditions for extended periods may affect reliability.
Q g %lgé 2970 drw 03
[0} -
Lcc CAPACITANCE (TA = +25°C, f = 1.0MHz)
TOP VIEW Symbol Parameter{" Conditions | Max.| Unit
CIN Input Capacitance VIN =0V 11 pF
Cout Output Capacitance VouT = 0V 11 | pF
PIN DESCRIPTIONS NOTE: po———
Name Description 1. This parameter is determined by device characterization, but is not
production tested.
Ao-A15 Addresses
1/01-1/04 Data Input/Output
CS Chip Select
WE Write Enable
GND Ground
vce Power

29701bl 01




1DT71258S1DT71258L

CMOS STATIC RAM 256K (64K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES
RECOMMENDED OPERATING , RECOMMENDED DC OPERATING
TEMPERATURE AND SUPPLY VOLTAGE CONDITIONS
Grade Temperature GND Vee Symbol Parameter Min. | Typ. | Max. | Unit
Military -55°C to +125°C ov 5V 10% vee Supply Voltage 45 |50 ) 55| V
Commercial 0°C to +70°C ov 5V +10% GND Supply Voltage 0 0 A
2970 thl 05 VIH Input High Voltage 2.2 — 6.0 \
ViL Input Low Voltage | -05" | — | o8 | Vv
NOTE: 2970 tbl 06

1. Vit =-3.0V for pulse width less than 20ns.

DC ELECTRICAL CHARACTERISTICS("
(Vcc =5V = 10%, VLc = 0.2V, VHC = Vcce - 0.2V)

71258520 | 71258525 | 71258535 | 71258545 | 71258555
) 71258L20 | 71258L25 | 71258L35 | 71258L45 | 71258L55
Symbol Parameter Power |Com’l.| Mil. | Com’l.| Mil. | Com’l.| Mil. | Com’l| Mil. [Com'l.| Mil.| Unit
lcct Operating Power S 116 | — | 100 | 110] 100 | 110 100 | 110| — | 110] mA
Supply Current
CS = Vi, Outputs Open L 100 | —| 90 | 100 90 [100] 90 | 100| — | 100
vee = Max., f = 012
lcc2 | Dynamic Operating Current S 160 | — | 150 | 160 150 | 160| 150 | 160 — | 160] mA
CS = VL, Outputs Open
Vce = Max., f = fiax@ . L 140 | — | 130 | 140 130 | 140] 130 | 140| — | 140
IsB Standby Power Supply S 3 | —| 3 |3 3 | 3] 3 |3 | — | 35| mA
Current (TTL Level)
CS 2 ViH, Vce = Max. L 20 | —) 20 [ 20] 20 | 20| 20 | 20| — | 20
Outputs Open, f = fmax? )
IsB1 | Full Standby Power s 30 | —| 30 [ 35] 30 | 35| 30 |a| — | 35| mA
Supply Current (CMOS Level)
CSZ(Z\)/HC, Vee = Max. L 1656 | —| 15 | 45| 15 | 45| 15| 45| — | 45
f=0 :
NOTES: 2970t 07

1. All values are maximum guaranteed values.
2. Atf=fmax address and data inputs are cycling at the maximum frequency of read cycles of 1/tc. f = 0 means no input lines change.

511 3



IDT71258S/1DT71258L
CMOS STATIC RAM 256K (64K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TEST CONDITIONS

Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 5ns

Input Timing Reference Levels 1.5V

Output Reference Levels 1.5V

Output Load See Figures 1 and 2

2970 thi 08
5V
480Q
DATAouT
255Q 30pF*

Figure 1. Qutput Load

2970 drw 05

5V

480Q
DATAouT

2550 5pF*

2970 drw 06

Figure 2. Outpubt Load
(for tcLz, toLz, tcHz, toHzZ, tow, twHZ)

*Includes scope and jig capacitances

DC ELECTRICAL CHARACTERISTICS

VCe = 5.0V + 10%

IDT71258S IDT71258L
Symbol Parameter Test Condition Min. | Typ. | Max. | Min. | Typ. | Max. | Unit
(L} Input Leakage Current vce = Max., MIL — — 10 — — 5 pA
ViN=GNDto Vcc COML | — — 5 — — 2
|iLo| Output Leakage Current| Vcc = Max., CS = VIH, MIL — — 10 — — 5 HA
Vout = GND to Vcc COM'L — — 5 — — 2 :
Vou Output Low Voltage loL = 8mA, Vcc = Min. — 0.4 — — 0.4 \
loL = 10mA, Vce = Min. — — 0.5 — — 0.5
VOH Output High Voltage IoH = -4mA, Vce = Min. 2.4 — — 2.4 — — \
2970 tbi 09
DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VLCc = 0.2V, VHC = Vcc - 0.2V .
Typ. (" Max.
Vee @ "Vee @
Symbol Parameter Test Condition Min. 2.0v 3.0v 2.0V 3.0V Unit
VDR Vcc for Data Retention — 2.0 — — — — v
lccor Data Retention Current MIL. — 50 75 2000 3000 pHA
COM'L. —_ 50 75 500 750
tCDR Chip Deselect to Data CS>VHe 0 —_ - — —_ ns
Retention Time
tR® Operation Recovery Time trc® — — —_ — ns
NOTES: 2970 1ol 10
1. TAa=+25°C.
2. trc = Read Cycle Time.
3. This parameter is guaranteed, but not tested.
5.11 4



IDT71258S/1DT71258L
CMOS STATIC RAM 256K (64K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

LOW Vcc DATA RETENTION WAVEFORM

DATA
te—— RETENTION —
MODE

Vce 45V 3( 7£ 4.5V

tcDR VoR22V tR
s 777IIT I E2\\\\\
CS VIH Vor ViH

2970 drw 04

AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V + 10%, All Temperature Ranges)

71258520("|71258525@| 71258535 | 71258545 7125855519
71258L20'"|71258L251@| 71258135 | 71258L45 |71258L55(?

Symbol Parameter Min. [ Max. [Min. | Max.[Min. [ Max. [ Min.| Max. | Min.|Max. |unit
Read Cycle
tRC Read Cycle Time 20| — |25 — |3 | — |45 | — | 55| — | ns
tAA Address Access Time — 1 20 | — 25| — | 35 | —jf 45 | — |5 |ns
fACs Chip Select Access Time — | 20 | — 25| — |3 | — | 45 | — |55 |ns
teLz Chip Select to Output in Low Z® 5| —|5 —|5 | —=|5]— — | ns
tPu Chip Select to Power Up Time® 0 — 10 —_ — — — | ns
tPD Chip Deselect to Power Down Time™® — | 2 | — 25— |3 | — | 45| — | 55 | ns
tcHz Chip Select to Output in High ) — 10— 18]— 15| —|2|—]|25|ns
toH Output Hold from Address Change 5 — | 5 — 15 —_ 5 —_ 5| — |ns
Write Cycle
twe Write Cycle Time 20| — |20 — |3 | — |40 | — | SO| — | ns
tcw Chip Select to End of Write 151 — | 20 — |3 | — (40} — | 50} — | ns
AW Address Valid to End of Write 15| — |20 — |3 | — |40 — | 50} — | ns
tAs Address Set-up Time 0 — |0 — 10 — 0 — 0] — |ns
twp Write Pulse Width 20 — | 20 — |3 | — |40 — | 50} — | ns
tWR Write Recovery Time 0 — |0 — 10 — 0 — Ol — |ns
tWHz Write Enable to Output in High Z® —|l10o|— 11 ]|—=]15|—=|20] —] 25 |ns
oW Data Valid to End of Write 1 — | 15 — |20 | — |25 — | 30} — | ns
tDH Data Hold Time 0 — — — 0 — — | ns
tow Output Active from End of Write®® 5 — — — 5 — — | ns

NOTES: 2970 tbi 11

1. 0°C to +70°C temperature range only.
2. -55°C to +125°C temperature range only. -
3. This parameter guaranteed but not tested.




IDT71258S/1DT71258L

CMOS STATIC RAM 256K (64K x 4-BIT) ' MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NO. 1)

tRC
4
ADDRESS )( )\
tAA |¢—{OH—>]
tACs @
fe—— tcLz® —f tonz
DATAouT ( )
2370 drw 07
TIMING WAVEFORM OF READ CYCLE NO. 2(1:2
tRC »
ADDRESS }{
to:{AA » g IOH
DATAouT
2970 drw 08
TIMING WAVEFORM OF READ CYCLE NO. 3(t:3)
CS
CS 5(
(‘4’)‘05 » toHz (@)
tcLz
DATAouUT
2970 drw 09

NOTES:

1. WE is high for read cycle.

2. Device is continuously selected, CS = ViL.

3. Address valid prior to or coincident with CS transition low.

4. Transition is measured +200mV from steady state with 5pF load (including scope and jig).

51



IDT71258S/1DT71258L
CMOS STATIC RAM 256K (64K x 4-BIT) . MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)("*2 %)

twc
ADDRESS X X
tAw
cs \ /
e— tAS —o twp(? tWR —|
WE /
tWHZ ——] ) tow ©
DATAoUT —( @ @
tow'® tDH
DATAIN

2970 drw 10

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING)(" 23 5)

twe

ADDRESS X

AW

cs jf £
le— tAS T tcw tWR -

m T\ /

r— tDW —je— tDH —»]
DATAIN ‘ )

-

2970drw 11

NOTES:

1. WE must be high during all address transitions.

2. Awrite occurs during the overlap (tcw or twe) of a low CS and a low WE.

3. twr is measured from the earlier of CS or WE going high to the end of the write cycle.

4. During this period, the I/O pins are in the output state, and input signals must not be applied.

5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state.

6. Transition is measured +200mV from steady state with a 5pF load (including scope and jig). .

7. During a WE controlled write cycle, the pulse width must be the larger of twe or (tow + twHz) to allow the I/O drivers to turn off and data to be placed on
the bus for the required tow.
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IDT71258S/1DT71258L
CMOS STATIC RAM 256K (64K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT  XXXXX X XX

X X
Device Power Speed = Package Process/
Type Temperature
Range

Blank

TP
TC

L28

| 71258

Commaercial (0°C to +70°C)

Military (~55°C to +125°C)
Compliant to MIL-STD-883, Class B

Plastic DIP (300 Mil)
Sidebraze DIP (300 Mil)
Small Outline IC (J-Bend)
28 Leadless Chip Carrier

Commercial Only

Speed in Nanoseconds
Military Only

Standard Power
Low Power

256K (64K x 4-Bit) Static RAM
2970 drw 12




Integrated Device Technology,

Inc.

32K x 9-BIT STATIC RAM ADVANCE

INFORMATION
IDT71259

FEATURES:
+ 32K x 9 Static RAM

— Military: 25/35/45ns
— Commercial: 20/25/35ns
Low Power Operation
— IDT71259S
Active: 450 mW (typ.)
Standby: 300 mW (typ.)
— IDT71259L
Active: 350 mW (typ.)
Standby: 200 mW (typ.)

and 32-pin 300-mil SOJ

Class B

High-speed address / chip select time

Two Chip Selects plus one Output Enable pin

Single 5V (+10%) power supply .

Input and output directly TTL-compatible

Battery back-up operation - 2V data retention
Available in 32-pin 300-mil side-brazed and plastic DIP

Military product is fully compliant to MIL-STD-883,

DESCRIPTION:

The IDT71259 is a 294,912-bit high-speed static RAM
organized as 32Kx9. It is fabricated using IDT's high-
performance high-reliability CEMOS technology. This
state-of-the-art technology is combined with innovative circuit
design techniques to provide a cost-effective solution for
high-speed memory needs.

Address access times as fast as 20ns are available with
power consumption of only 450 mW (typ.). The circuit also
offers a reduced power standby mode. When CS1 goes high,
the circuit will automatically go to, and remain in, a low-power
standby mode as long as CS1 remains high. In the full
standby mode, the low-power device consumes less than 200
mW (typ.). This capability provides significant system level
power and cooling savings. The low-power (L) version offers
a battery backup data retention capability where the circuit
typically consumes only 20uW when operating off a 2V
battery.

Allinputs and outputs of the IDT71259 are TTL-compatible
and operation is from a single 5V supply. During write cycles,
address and data setup times are relaxed.

FUNCTIONAL BLOCK DIAGRAM

/01—

A4 —o
A13 —
A2 —»
A1l —
A10 —»f
Ag —»
A8 ——»
A7 —»
A ——»f
A5 —»
A4 —f
A3 —»
A2 —»]

A1—7

Ao —»

ITOA>»r

Lo lloliiilild

294,912-BIT
MEMORY

drblabiyl

VOs jJ,L_D_

110 LOGIC

EEEIEEN

3

—

OE —»] CONTROL
CS1 — LOGIC

CS2 —»

CEMOS is a trademark of Integrated Device Technology, Inc.

2956 drw 01

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1990

©1990 Integrated Device Technology, Inc.

5.12 DSC-1065/1
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IDT71259
32K x 9-BIT STATIC RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DESCRIPTION (Continued)
The IDT71259 is packaged in a 32-pin 300-mil sidebrazed  with the latest revision of MIL-STD-883, Class B, making it

ceramic DIP, 32-pin 300 mil plastic DIP and 32-pin SOIC.
The IDT71259 military RAM is manufacturedincompliance

ideally suited to military applications demanding the highest
level of performance and reliability.

PIN CONFIGURATIONS ABSOLUTE MAXIMUM RATINGS("
Symbol Rating Com’'l. Mil. Unit
NC[1 32 [ Vee VTERM | Terminal Voltage| -0.510 +7.0 | -0.510+7.0] V
NC[] =2 31 [ ] Aa with Respect
As[]3 3 [1CS2 to GND
A7[]4 20 [1WE TA Operating 0t0+70 | 55104125 °C
As []5 28 [J A3 Temperature
AsLie c 27 11 A9 TBIAS Temperature -55t0+125 | -65t0 +135| °C
As]7 32-1, 2 [ A0 Under Bi
S032-2 nder Blas
Aa[]s & 1 A1t
A2C]e pgpp 24[10E TsTa Storage 55104125 | -65t0+125| °C
A1 10 2 [ Az Temperature
Ao ] 11 22 [1CSy PT Power 1.0 1.0 w
Do [] 12 2t [] Ds Dissipation
D113 20 1 D7 lout DC Output 50 50 mA
D2[] 14 19 ] De Current
Da[]1s 18 (1] Ds NOTE: 2056 thi 02
GND [} 16 17 [] Da 1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. Thisis a stress
2956 drw 02 rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
DIP/SOJ specification is not implied. Exposure to absolute maximum rating
TOP VIEW conditions for extended periods may affect reliability.
TRUTH TABLE( CAPACITANCE (Ta = +25°C, f = 1.0MHz)

CS2|CSi| OE | WE| 1/O | Function Symbol Parameter(" Conditions | Max.| Unit
X H X X | HiZ| Deselect chip and Power Down CIN Input Capacitance VIN = OV 8 pF
L] X[ X X | HiZ| Deselect Chip Cout Output Capacitance Vout = 0V 12 pF
H L L H | Dout| Read NOTE: ) ) o ~ 2es61i09
H L X L DN | Write 1. IZ:':; zal;a;;t.ensguarameedbydewcecharactenzanon,buusnotprod-
H L H X | HiZ| Output Disabled

NOTE: zseior . RECOMMENDED DC OPERATING
1. H=ViH, L=ViL, X=Don't Care CONDITIONS
Symbol Parameter Min. | Typ. | Max.{ Unit
Vce Supply Voltage 4.5 5.0 55| V
GND Supply Voltage 0 0 0 \
ViH Input High Voltage 22 - 60| V
viL Input Low Voltage -0.5 — 08| V
NOTE: 2956 tb 04

1. 1.5V undershoots are allowed for 10ns once per cycle.

5.12 2



IDT71259
32K x 9-BIT STATIC RAM MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS("
(Vee =5.0V £ 10%, TLC = 0.2V, VHC = Vce - 0.2V)

71259520 71259525 71259835 71259S45
71259L20 71259125 71259135 71259L45
Symbol Parameter Power | Com’l. | Mil. | Com’l.| Mil. | Com’l. | Mil. | Com’l. [ Mil. |Unit
Icct Operating Power Supply Current] S 110 — 110 120 110 120 — 120 | mA
CS1 < VIL, Outputs Open
vce = Max.,f=0 L 90 —_ 90 100 90 100 —_ 100
lcc2 Dynamic Operating Current S 160 — 145 160 135 150 — 145 | mA
CS1 < ViL, Outputs Open
vee = Max., f = fmaxt L 140 — 125 | 140 | 115 | 130 — 125
Iss Standby Power Supply Current S 70 — 60 65 55 65 — 60 mA
(TTL Level) CS12VH,
vee = Max., f = tmax® L 55 — 45 50 40 45 — 40
IsB1 Full Standby Power Supply S 10 —_ 10 40 10 40 —_ 40 | mA
Current (CMOS Level)
CS12VHc, VIN< VLC or 2 VHC L 1 — 1 4 1 4 — 4
vVee = Max.,f=0 .
NOTES: 2956t} 05
1. All values are maximum guaranteed values.
2. fmax = 1/RC.
AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times - 5ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load See Figure 1
2956 tbl 06
5v ’ 5V
480Q 480Q
DATAouT DATAouT
30pF* 255Q . SpF* 255Q
© 2956w 03
= — 2956 drw 04
Figure 1. AC Test Loads (for toL2, tcLz, 10HZ, tWHZ, tCHZ, tow)
*Including scope and jig

5.12 3



IDT71259
32K x 9-BIT STATIC RAM MILUTARY AND COMMERCIAL TEMPERATURE RANGES

DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VLc = 0.2V, VHC = Vcc - 0.2V

Typ. (" Max.
Veec @ Vee @

Symbol Parameter Test Condition Min. 2.0v 3.0V 2.0V 3.0V Unit

VDR Vcc for Data Retention — 2.0 — — — —_ "

Iccbr Data Retention Current MIL. — — — — _— A

COM'L. — — — — —
tcor® Chip Deselect to Data — 0 — — — — ns
Retention Time
RO Operation Recovery Time | €812 VHc trct? — — — — ns
VIN2 VHC or < ViLC

@ Input Leakage Current — — — — — - pA
NOTES: 2956 1l 07
1. TA=+25°C.
2. trc = Read Cycle Time.
3. This parameter is guaranteed but not tested.
LOW Vcc DATA RETENTION WAVEFORM

DATA
M=
Vee 45V A a5V
tcoR Vor22V tcoR

s TIIITT AN\

2956 drw 05

DC ELECTRICAL CHARACTERISTICS
Vce =5.0V +10%

IDT71259
Symbol Parameter Test Condition Min. Max. Unit
i) Input Leakage Current Vce = Max., VIN = GND to Vce — 2.0 RA
1] Output Leakage Current Vee = Max., CS = Vi, VouT = GND to Vce — 2.0 RA
VoL Output Low Voltage loL = 10mA, Vce = Min. — 0.5 \"
loL = 8mA, Vcc = Min. — 0.4
VoH Output High Voltage IoH = -4mA, Vce = Min. 2.4 — Vv

2956 tbi 08




IDT71259
32K x 9-BIT STATIC RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcc=5.0V + 10%, All Temperature Ranges)

71259520 71259525 71259535 712595450
712591201 71259L25 71259135 71259145

Symbol Parameter Min. | Max. | Min. | Max. | Min. [ Max. | Min. | Max. | Unit
Read Cycle ' '
tRC Read Cycle Time 20 — 25 — 35 — 45 — ns
tAA Address Access Time — 20 — 25 — 35 —_ 45 ns
tACS1 CS Access Time (CS1) — 17 — 25 — 35 — 45 | ns
tacs2 CS Access Time (CS2) — 12 — 15 — 25 — 35 ns
tcz1® | TSto Output in Low Z (CS1) 3 — 3 _ 5 — 5 — | ns
toLze® CS to Output in Low Z (CS2) 3 — 3 —_ 5 — 5 — | ns
tchzi® | CSto Output in High Z (CS1) — 8 — 10 — 14 — 14 | ns
tchz2® | TS to Output in High Z (CS2) — 8 — 10 — 14 — 14 | ns
toe OE to Output Valid — 8 — 10 — 14 — 14 | ns
toLz? OE to Output Low Z 2 — 2 — 4 — 4 — | ns
tonz'? OE to Output High Z — 8 — 10 — 14 — 14 | ns
toH Out Hold from Add Change 2 — 2 — 3 — 4 — ns
Write Cycle
twe Write Cycle Time 20 e 25 — 35 — 45 - ns
taw Add to End of Write 12 — 15 — 25 — 25 — ns
tcwi CS to End of Write (CS1) 14 — 16 — 20 —_— 20 — | ns
tew2 CS to End of Write (CS2) 10 — 12 — 16 — 16 — | ns
twp Write Pulse Width 12 — 15 — 25 — 25 —_ ns
tWR Write Recovery Time 0 — 0 — 0 — 0 — ns
twhz(® WE to Output in High Z — 8 — 10 — 15 — 15 | ns
oW Data Set-Up Time 10 - 12 — 18 — 18 — ns
tDH Data Hold from Write 0 — 0 — 0 — 0 — ns
tow!? Output Active from End of WE 5 — 5 — 5 — 5 — | ns

NOTE: 2956 thl 09

1. 0°to +70°C temperature range only.

2. This parameter is guaranteed by design, but not tested.

3. -55°to +125°C temperature range only.

512 5



IDT71259
32K x 9-BIT STATIC RAM MILUTARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE(":3)

tRC

Address :)( 4)( :
tAA L——- tOH~——»

TSt \ /
tACst 4
tozr@ e———tchzi¥
cs2 / \
ZIACSZ e—— tcHz®
le——tcLz2@ —»
OE /
toE torHz®
toLz!4) —»
Data X Valid Data Out X X

2956 drw 06

NOTES:

1. WE is high for read cycle.

2. Device is continuously selected when CS = ViL.

3. Address valid prior to or coincident with CS transition low.

4. Transition is measured +200mV from steady state with 5pF load (including scope and jig).

TIMING WAVEFORM OF WRITE CYCLE NO. 1, (WE CYCLE)("» >4 9)

twc
/
Address \
OE /ﬁt OHZ —¥
_ Ayt — —
CS1 /
I twp tWR~—>
WE /
tWHZ—]
le——tOow
DATAOUT —( @ ‘ ® —
tow(® tDH(E)
DATAIN
NOTES: o 2956 drw 07
1. Awrite occurs during the overlap (twc and twp) of CS1 low, WE low and CSz high.
2. twp is measured from the earlier of CS1, CS2 or WE being deasserted.
3. During this period, the I/O pins are in the output state, and input signals must not be applied on these pins.
4. 1f CS1 and CS2 are asserted coincident with or after WE goes low, the output will remain in a high impedance state.
5. If CS1or CS2is deasserted coincident with or before WE goes high, the output will remain in a high impedance state.
6. The transition is measured +200mV from steady state with a 5pF load.

5.12 6



IDT71259 .
32K x 9-BIT STATIC RAM MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 2, (CS CYCLE)("» %34

twe —
Address )( )\ﬁ i
taw
CS1 St ) ;‘
} tew tWR
T\
: tow(5) —sfe— tDH (5)
DATAIN E_ i;l——
NOTES: ' ' 2906 onw 8

. A write occurs during the overlap (twc and twp) of CS1 low, WE low and CSz high.

twr is measured from the earlier of CS1, CS2 or WE being deasserted.

It @1 and CS2 are asserted coincident with or after WE goes low, the output will remain in a high impedance state.
1f CS1 or CS2is deasserted coincident with or before WE goes high, the output will remain in a high impedance state.
The transition is measured £200mV from steady state with a 5pF load.

o wn s

ORDERING INFORMATION

IDT  XXXX XX XXX X X
Device Power Speed  Package Process/
Type Temperature .
' Range .
I Blank Commercial (0°C to +70°C)

B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

TP 300-mil Plastic DIP
Y 300-mil SOJ
TC 300-mil Sidebraze DIP

20  Commercial Only

35 " > Speed in Nanoseconds
45 Military Only

Standard Power
Low Power

N rm

1259 32K x 9 SRAM

5.12 7



Integrated Device Technology, Inc.

CMOS STATIC RAMS

256K (64K x 4-BIT)
Separate Data Inputs and Outputs .

ADVANCE
INFORMATION
IDT71281S/L
IDT71282S/L

FEATURES:
Separate data inputs and outputs
IDT71281S/L: outputs track inputs during write mode
IDT71282S/L: high impedance outputs during write mode
High speed (equal access and cycle time)
— Military: 30/35/45/55ns (max.)
— Commercial: 25/35/45ns (max.)
Low power consumption
— IDT71281/28
Active: 400mW (typ.)
Standby: 400uw (typ.)
— IDT71281/2L
Active: 350mW (typ.)
Standby: 100uw (typ.)
Battery backup operation — 2V data retention (L version
only) ’
High-density 28-pin DIP, 28-pin SOJ, and 28-pin LCC
Produced with advanced CEMOS™ high-performance
technology
Single 5V (+10%) power supply
Inputs and outputs directly TTL-compatible
Three-state output
Static operation: no clocks or refresh required
Military product compliant to MIL-STD-8831 Class B

DESCRIPTION:

TheIDT71281/IDT71282 are 262,144-bit high-speed static
RAMs organized as 64K x 4. They are fabricated using IDT’s
high-performance, high-reliability technology — CEMOS.
This state-of-the-art technology, combined with innovative
circuit designtechniques, provides a cost effective alternative
to bipolar and fast NMOS memories.

Access times as fast as 25ns are available with typical
power consumption of only 350mW. These circuits also offer
areduced power standby mode (IsB). When CS goes high, the
circuit will automatically go to, and remain in, this standby
mode. The ultralow-power standby mode capability provides
significant system level power and cooling savings. The low-
power (L) versions also offer a battery backup data retention
capability where the circuit typically consumes only 100pW
operating off a 2V battery.

Allinputs and outputs of the IDT71281/1DT71282 are TTL-
compatible and operate fromasingle 5V supply, thus simplifying
system designs. Fully static asynchronous circuitry is used,
which requires no clocks or refreshing for operation, and
provides equal access and cycle times for ease of use.

TheIDT71281/IDT71282 are packaged in28-pinsidebraze
and plastic DIPs, SOJs and LCCs providing high board-level
packing densities.

FUNCTIONAL BLOCK DIAGRAM

A°—k ] e Vece
. g le—aND
L]
. c 262,144-BIT
° (0] MEMORY ARRAY
4 D
° E
Ars— >—1
! I
Do ]
— COLUMN /O
D1—— l Yo
INPUT
DATA
D2 —:?— CONTROL } Y1
Da ——?- ?_ Y2
cs :D_l {?_ Y3
~ b b i
o 71282 ONLY |
WE —}E:D i
| et et el -1
II |> 1
! ‘71281 ONLY |
o it bttt - 2069 drw 01
CEMOS s a of o] Device Tech Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1990
©1990 Integrated Device Technology, Inc. 5.13 DSC-1018/2
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IDT71281S/L, IDT71282S/L

CMOS STATIC RAMS 256K (64K x 4-BIT) Separate Data Inputs and Outputs

MILUTARY AND COMMERCIAL TEMPERATURE RANGES

DESCRIPTION (Continued)
Military grade product is manufactured in compliance with

TRUTH TABLE("

the latest revision of MIL-STD-883, Class B, making it ideally Mode - | CS | WE | Output Power
suited to military temperature applications demanding the Standby H X High-Z Standby
highest level of performance and reliability. Read L H Dour Active
Writet" L L DIN Active
PIN CONFIGURATION Write? L L High-Z Active
\/ NOTE: 2969 1bl 02
Ao 28 {1 Vce 1. For IDT71281 only.
Ai1[]2 27 [J Ats 2. For IDT71282 only.
A2[]3 26 [ A14 3. H=VH, L=V, X =Don't Care.
A3[]4 25 [ ] A3
Aa[]5 24 '] A2
AsOs  gog.y 23 [JAN m
ads 1 SEae ABSOLUTE MAXIMUM RATINGS
A7(]e & 21 [1D2 Symbol Rating Com’l. Mil. Unit
AsC]e SO0285 4 ahy -
VTeERM | Terminal Voltage | -0.5t0 +7.0| -0.5t0 +7.0] V
Ag[] 10 19]Ys with Respect
Do (] 11 181Y3 to GND
D1[]12 1713 Y ;
csis 6.7 vo Ta Operating O0to+70 [ -55t0+125| °C
GND [ 14 15 [ WE Temperature
TBIAS Temperature -55t0 +125( -65t0+135| °C
2969 drw 02 ’
Under Bias
DIP/SOJ -
TOP VIEW Ts1G Storage -55to +125| -65t0+150} °C
Temperature
PT Power Dissipation| 1.0 1.0 w
lout DC Output 50 50 mA
Current
1A NOTE: 2969 161 03
1 A4 1. Stresses greater than those listed under ABSOLUTE MAXIMUM
1A13 RATINGS may cause permanent damage to the device. This is a stress
: A2 rating only and functional operation of the device at these or any other
s 1 conditions above those indicated in the operational sections of this
As [1s L2882 22[]An specification is not implied. Exposure to absolute maximum rating
A7 [ 21 [ Ato conditions for extended periods may affect reliability.
As [ 10 20 [[] /O4
As [ 11 19 [} VO3
Gs (] 12 18 [[] VO2
13 14 15 16 17
o % o IL”B 2070 a0 CAPACITANCE (TA = +25°C, f = 1.0MHz)
2523 Symbol Parameter'" Conditions | Max.| Unit
Lcc CIN Input Capacitance VIN = 0V 11 | pF
TOP VIEW -
Cout Output Capacitance Vout = 0V 11 pF
NOTE: 2969 tl 04
PIN DESCRIPTIONS 1. This parameter is determined by device characterization, but is not
Name Description production tested.
Ao-A1s Address Inputs
CS Chip Select
WE Write Enable
vce Power
Do-D3 DATAIN
Yo-Y3 DATAouT
GND Ground

2969 tbl 01
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IDT71281S/L, IDT71282S/L

CMOS STATIC RAMS 256K (64K x 4-BIT) Separate Data Inputs and Outputs

MILITARY AND COMMERCIAL TEMPERATURE RANGES

RECOMMENDED OPERATING

RECOMMENDED DC OPERATING

TEMPERATURE AND SUPPLY VOLTAGE CONDITIONS
Grade Temperature GND Vee Symbol Parameter Min. | Typ. | Max.| Unit
Military -55°C 10 +125°C ov 5V+10% Vee Supply Voltage 45 {50 ] 55| V
Commercial 0°C to +70°C oV 5V +10% GND Supply Voltage 0 0 o |V
2069 161 05 ViH input High Voltage | 2.2 | — 60 | V
viL Input Low Voltage | 05" | — | 08 | Vv
NOTE: 2969 tbl 06
1. ViL (min.)=-3.0V for pulse width less than 20ns.
DC ELECTRICAL CHARACTERISTICS!"
(Vee =5V £ 10%, VLC = 0.2V, VHC = VCC - 0.2V)
71281/2S25 | 71281/2S30 | 71281/2S35 | 71281/2S45 | 71281/2855
71281/2L25 | 71281/2L30 | 71281/2L35 | 71281/2L45 | 71281/2155
Symbol Parameter Power |Com’l.| Mil. | Com’l.| Mil. |Com’l.| Mil. | Com’l.| Mil. |Com’L| Mil.| Unit
lcctr | Operating Power S | 180 | — | — |140| 120 | 130| 120 [ 130} — | 130| mA
Supply Current
CS = Vi, Outputs Open L 120 | — | — [130] 110 [ 120] 110 | 120 — } 120
vee = Max., f = 069
lcc2 | Dynamic Operating Current S 170} — | — ]180] 160 | 170| 160 | 170 — ] 170 mA
CS = Vi, Outputs Open
Vce = Max., f = fmax® L 150 | — | — [150{ 130 | 140| 130 | 140 — | 150
IsB Standby Power Supply 3% | —| — | 3] 3 | 3| 3 |3 | — | 3| mA
Current (TTL Level)
CS 2 VH, Vce = Max., L 20 —| — J20f 20 | 20| 20 | 20| — }| 20
Outputs Open, f = fMax(?
IsB1 Full Standby Power S 30 | —| — | 3| 3 | 3| 3 |3B| — ]3] mA
Supply Current (CMOS Level) -
CsS Z>:2)VHC' Vcce = Max., L 1.5 — — | 45| 15 | 45| 15 | 45 — | 45
f = 0
NOTES: . 2969 tbl 07
1. All values are maximum guaranteed values.
2. Atf=1{umax address and data inputs are cycling at the maximum frequency of read cycles of 1/trc. f = 0 means no input lines change.
5.13 3




IDT71281S/L, IDT71282S/L
CMOS STATIC RAMS 256K (64K x 4-BIT) Separate Data Inputs and Outputs

MILUITARY AND COMMERCIAL TEMPERATURE RANGES

AC TEST CONDITIONS

Input Pulse Levels GND to 3.0V
Input Rise/Fall Times Sns

Input Timing Reference Levels 1.5V

Output Reference Levels 1.5V

Output Load See Figures 1 and 2

2969 tbl 08
5V
480Q
DATAouT
255Q 30pF*
2969drw04 -

Figure 1. Qutput Load

5V

480Q

DATAouTt

*Includes scope and jig capacitances

DC ELECTRICAL CHARACTERISTICS
Vee =5.0V £ 10%

2550 5pF*

2969 drw 05

Figure 2. Output Load
(for tcLz, tcHz, tow, and twHz)

IDT71281S/L - IDT71282S/L
Symbol " Parameter Test Condition Min. | Typ.V] Max.| Min. | Typ. | Max. | Unit
(L] Input Leakage Current Vce = Max., MIL —_ — 10 — — 5 pA
. VIN = GND to Vcc COM'L — — 5 —_ — 2
|lLo| Output Leakage Current | Vcc = Max., CS = VIK, MIL — — 10 — — 5 pA
Vout = GND to Vcc COML | — — 5 — - 2
VoL Output Low Voltage loL = 8mA, Vcc = Min. —_ 0.4 — — 0.4 v
loL = 10mA, Vcce = Min. — — 0.5 — — 0.5
VoH Qutput High Voltage loH = -4mA, Vce = Min. 2.4 — — 2.4 — — \
DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VLc = 0.2V, VHC = VccC - 0.2V
Typ. " Max.
Vee @ Veec @
Symbol Parameter Test Condition Min. 2.0v 3.0V 2.0V 3.0v Unit
VOR Vcce for Data Retention — 2.0 — — — —_ v
Iccor Data Retention Current MIL. — 50 75 2000 3000 pA
COM'L. — 50 75 500 750
tcor@ Chip Deselect to Data CS2 Ve 0 — - — - ns
Retention Time
tR® Operation Recovery Time trc® — —_ — — ns
i Input Leakage Current — — — 2 2 nA
NOTES: 2969 tbl 10
1. Ta=+25°C.

2. trc = Read Cycle Time.
3. This parameter is guaranteed, but not tested.
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IDT71281S/L, IDT71282S/L
CMOS STATIC RAMS 256K (64K x 4-BIT) Separate Data Inputs and Qutputs

MILITARY AND COMMERCIAL TEMPERATURE RANGES

LOW Vcc DATA RETENTION WAVEFORM

DATA
[e—— RETENTION —

7£ 4.5V

tR

MODE
Vce 4.5Vj
tcDR VDR22V
cs / AV
ss I/ [/ [F v+ Vor

/V';NQSSSSSS\

2969 drw 03

AC ELECTRICAL CHARACTERISTICS (Vcc =5.0V + 10%, All Temperature Ranges)

712815/L25(" 712815/L30® | 71281S/L35 | 71281S/L45 |71281S/L55@
7128257125 [712825/L30® | 71282S/L35 | 71282S/L45 | 71282S/L55%)

Symbol Parameter Min.| Max] Min.| Max.] Min.| Max. Min.[ Max.| Min.[ Max.[Unit
Read Cycle
tRC Read Cycle Time 25 —] 30| — 38| — 45 | — 55| — | ns
tAA Address Access Time — 25| — | 30 — | 35 — | 45 — | 55 | ns
tACS Chip Select Access Time® — 25 — | 30 — | 35 — 45 —_ 55 | ns
tcLz Chip Select to Output in Low Z4 5 - 5| — 5| — 5 | — 5| — |ns
tcHZ Chip Select to Output in High 2 — | 13| — | 18| —| 15| —] 2 —| 25 |ns
tOH Output Hold from Address Change 5 — 5 — 5| — 5 — 5 — | ns
tPu Chip Select to Power Up Time(® 0 —| o | — 0| — o | — o} — |ns
tPD Chip Deselect to Power Down Time® | — | 25| — | 30 —| 3 | — | 45| —| 55 |ns
Write Cycle
twe Write Cycle Time 20 —| 20| — 30| — 40 | — 50| — |ns
tcw Chip Select to End of Write!® 20| —| 20} —|f 3| — | 40| — | 50| — |ns
taw Address Valid to End of Write 20 —| 20| — 30| — 40 | — 50 — |ns
AS Address Set-up Time 0 —_— 0 —_ 0| — 0 — 0 — | ns
twp Write Pulse Width 20 —| 20| — 30| — 40 | — 50| — | ns
tWR Write Recovery Time 0 — 0 — 0| — 0 — 0 — | ns
twHz Write Enable to Output in High 24" - 13 — 13 — | 15 — | 20 — | 25 | ns
tow Data Valid to End of Write 15 — | 15| — 20 — 25| — 30 — |ns
tDH Data HoldTime o| —| o] —| o} — o] —] o] —|ns
tow Output Active from End of Write!*7) s| —| s| — 5| —]| s} —| 5| —|ns
try Data Valid to Output Valid“®) — | 20| —| 2| —f{3 | —| 3| —| 40 |ns
twy Write Enable to Output Valid(*©) — 20| — | 20| —] 30 — | 35 — | 40 [ ns

NOTES: 2969 tol 11

1. 0°to +70°C temperature range only.

2. -55°C to +125°C temperature range only.

3. Both chip selects must be active low for the device to be selected.

4. This parameter guaranteed but not tested.

5. Preliminary data for military devices only.

6. ForIDT71281S/L only.

7. For|DT71282S/L only.

5.13 5



IDT71281S/L, IDT71282S/L
CMOS STATIC RAMS 256K (64K x 4-BIT) Separate Data Inputs and Outputs MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NoO. 1("

tRC »
ADDRESS )(
tAA tOH—¥
tacs
ICLZ“) [e———tCHZ —
y
DATAOUT { X
2969 drw 06
TIMING WAVEFORM OF READ CYCLE NO. 2(+2
tRC

ADDRESS }( X

. = FtIAA » [+—1tOoH—]
DATAoUT ) X

2969 drw 07
TIMING WAVEFORM OF READ CYCLE NO. 3(»3
s\
cs S ]Z
1ACS * le—tCHZ (4)
teLzt4)
DATAouT
. <—tpu—-| [e—tPD
VCC |gg —wmmm e e m e e e
SUPPLY f
CURRENT |gg
2969 drw 08

NOTES: .

1.. WE is high for read cycle.

2. Device is continuously selected, CS = VL.

3. Address valid prior to or coincident with CS transition low.
4, Transition is measured £200mV from steady state.




IDT71281S/L, IDT71282S/L

CMOS STATIC RAMS 256K (64K x 4-BIT) Separate Data Inputs and Outputs

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)("> 2 3)

twc
ADDRESS X X
taw e——tcHz O —»f
cs __—\ /,—————
re—1AS twp tWR —»
WE \ 4

N

DATAout(® —(

«twm‘s's):l
DATA UNDEFINED

le——tow@ — ]

L twy:

DATAout(?

DATA UNDEFINED

X DATA VALID

DATAIN

iy

tow toH

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING)("» %34

twe

2969 drw 09

ADDRESS X

A

taw

[e] }
[e— tAS

DATAouT

tcw

tWR

NOTES:

IDT71282 only.
. IDT71281 only.

NOOR LN

. WE or CS must be high during all address transitions.

. A write occurs during the overlap (tcw or twp) of a low CS and a low WE.
twnR is measured from the earlier of CS or WE going high to the end of the write cycle.
If the TS low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state.
. Transition is measured £200mV from steady state with a 5pF load (including scope and jig).

\\

';—— tDW ——>te— tDH ——»]

2969 drw 10
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IDT71281S/L, IDT71282S/L
CMOS STATIC RAMS 256K (64K x 4-BIT) Separate Data Inputs and Outputs MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT XXXXX X XX X X
Device Power Speed Package Process/
Type Temperature
‘ Range
Blank  Commercial (0°C to +70°C)
B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

Y SOoJ

TP Plastic DIP
TC Sidebraze DIP
L28 28-Pin Leadless Chip Carrier

25 Commercial Only

30 Military Only

35 Speed in Nanoseconds
45

55 Military Only

S Standard Power
L Low Power

| 71281 256K (64K x 4-Bit)
‘ 71282 256K (64K x 4-Bit) High Impedance Outputs

2969 dw 11
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CMOS HIGH-SPEED PRELIMINARY

STATIC RAM INFORMATION

72K (8K x 9-BIT) IDT71569
Integrated Device Technology, Inc. With Address Latches

FEATURES:

8192-words x 9-bits organization

Address Latch

Fast access time:

— Commercial: 20/25ns

— Military: 25/35ns

Battery backup operation — 2V data retention voltage
(L-version only)

Produced with advanced CEMOS™ high-performance
technology

Single 5V power supply

Inputs and outputs directly TTL compatible

Military product available compliant to MIL-STD-883,
Class B

JEDEC standard 28-pin DIP and SOJ plastic packages

DESCRIPTION:

The IDT71569 is a .73,728-bit high-speed static RAM,
organized as 8K x 9, withaddress latches. Itis fabricated using
IDT’s high-performance, high-reliability CEMOS technology.

TheIDT71569 offers address accesstimes as fast as 10ns.
The ninth bit is optimal for systems using parity. This device is
ideally suited for cache memory applications.

Allinputs and outputs of the IDT71569 are TTL-compatible.
The IDT71569 is packaged in an industry standard 300-mil
28-pin DIP and SOJ plastic packages.

Military grade product is manufactured in compliance with
the latest revision of MIL-STD-883, Class B, making it ideally

FUNCTIONAL BLOCK DIAGRAM

A0 —
A1

Az —»
As —»
As —»n
As —»
A7 —
As —»
Ag —»
A10 —»
A1l —f

Az —l A\

Imooomo

bore bl

73,728-BIT
MEMORY
ARRAY

ALE I

biibbibi

VOo- VOB—’—D S

COLUMN 110

L

\¢©

T

il CONTROL
OE°>—1 CIRCUIT

CEMOS is atrad of Integ Device T Inc.

2974 drw 01

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1990

©1990 Integrated Device Technology, Inc.

5.14 DSC-1093/-
1




IDT71569

CMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT) With Address Latches

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS("
U Symbol Rating Com’l. Mil. Unit
A2 1 28 [ Vce -
W VTERM | Terminal Voltage | -0.5t0 +7.0| -0.5t0 +7.0 | V
A7[]2 27 [J WE N
with Respect
Asg 3 26 [ ALEN to GND
As4 25 [ As
A4[]s 24 [ Ao TA Operating O0to+70 | -55to+125 | °C
A3[]s 23 [J A1y Temperature
A247 Sgg_g' 2 10k Teias | Temperature 5510 +125 | -6510+135 | °C
A1[s & 21 A Under Bias
S028-5 —
Ao[]e Cs "
/0o [ 10 19 [J1Os TsTa Storage 5510 +125 | -65t0+150 | °C
1101 ] 11 18 [J/O7 Temperature
1102 ] 12 17 [J1/06 lout DC Output 50 50 mA
/0a (] 13 16 [11/0s Current
GND [ 14 15 30 NOTE: 2974 1ol 02
1. Stresses greater than those listed under ABSOLUTE MAXIMUM
DIP/SO4 749w ™ RATINGS may cause permanent damage to the device. This is a stress
TOP VIEW rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
TRUTH TABLE(")
ALE| CS| OE| WE| VO Function CAPACITANCE (TA = +25°C, f = 1.0MHz)
X | H| X[ X | Hi-Z{ Deselect chip Symbol Parameter(" Conditions | Max.| Unit
H] X|] X[ X X | Address Latch Transparent CIN Input Capacitance VIN = 0V 8 pF
L]l X{ X]| X X | Address Latch Closed Cout | Output Capacitance Vour = 0V 8 pF
H L L H | Dout| Read From Current Address NOTE: 2974 161 03
1. This parameter is determined by device characterization, but is not
L L L H | Dout| Read From Latched Address production tested.
H Ll X L. | DiIN| Write to Current Address
L L| X L | DIN| Write to Latched Address
X L H H { Hi-Z{ Outputs Disabled RECOMMENDED OPERATING
NOTE: 2w TEMPERATURE AND SUPPLY VOLTAGE
1.H=VH, L = ViL, X = Don't Care.
Grade Temperature GND Vee
Military -55°C to +125°C ov 5V +10%
Commercial 0°C to +70°C oV 5Vt 10%
2974101 04
RECOMMENDED DC OPERATING
CONDITIONS
Symbol Parameter Min. | Typ. | Max.| Unit
Vce Supply Voltage 45 5.0 5.5 \'
GND Supply Voltage 0 0 0 \
VH Input High Voltage 22 — 6.0 \
ViL Input Low Voltage 050 — 0.8 \Y
NOTE: 2974 bl 05
1. ViL (min.) = -3.0V for pulse width less than 20ns.
5.14 2



IDT71569
CMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT) With Address Latches MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS("
(Vee = 5.0V + 10%, VLc = 0.2V, VHC = Vce - 0.2V)

715695201 71569525 71569535
71569L201 71569L25 715691354

Symbol Parameter Power| Com’l.| Mil. |Com’l.| Mil. | Com’l.| Mil Unit
lcet Operating Power Supply Current S 90 — 90 100 — 100 | mA
CS = Vi, Outputs Open, Vcc = Max., f = 0@ L 80 — 80 90 — 90
lcc2 Dynamic Operating Current S 180 — 170 190 — 160 mA
CS = ViL, Outputs Open, Vcc = Max., f = fMax® L 160 —_ 150 170 — 140
IsB Standby Power Supply Current (TTL Level) S 20 — 20 20 — 20 mA
CS > ViH, Outputs Open, Vce = Max., f = tmMax® L 3 — 3 5 — 5
IsB1 Full Standby Power Supply Current (CMOS Level) S 15 — 15 20 — 20 mA
CS 2 VHe, Vee = Max., VIN = VHC or VIN € VHg, f = 0 L 0.2 — 0.2 1.0 — 1.0

NOTES: 2974 tl 06
1. All values are maximum guaranteed values.

2. Atf=fuax address and data inputs are cycling at the maximum frequency of read cycles of 1/trc. f = 0 means no input lines change.

3. 0°to +70° C. temperature range only.

4. -55°to +125° C. temperature range only.

AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 5ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load See Figures 1 and 2
2074161 07
5V 5V
480Q 480Q
DATAouT DATAouTt
255Q 30pF* 255Q SpF*
2074 9w 03 2974 drw 04
Figure 1. Output Load Figure 2. Output Load

(for tcLz, toLz, tcHz, 10HZ, tow, tWHZ)

*Includes scope and jig capacitances

5.14 3



IDT71569

CMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT) With Address Latches

MILUTARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS
Vece =5.0V £ 10%

IDT7169S IDT7169L
Symbol Parameter Test Condition Min. Max. Min. Max. Unit
] Input Leakage Current | Vcc = Max., MIL — 10 —_ 5 HA
VIN = GND to Vcc COM'L — 5 — 2
liLo| Output Leakage Current| Vcc = Max., €S = VIH, MIL — 10 — 5 HA
Vour = GND to Vcc COM'L — 5 — 2
Vo Output Low Voltage loL = 8mA, Vce = Min. — 0.4 —_ 0.4 \
loL = 10mA, Vcc = Min. —_ 0.5 — 0.5
VOH Output High Voltage IOH = -4mA, Vcc = Min, 2.4 — 2.4 — Vv
2974101 08
DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VLC = 0.2V, VHC = VcC - 0.2V
Typicall" Maximum
Vec @ Vec @
Symbol Parameter Test Condition Min. 2.0v 3.0v 2.0V 3.0v Unit
VOR Vcc for Data Retention — 2.0 — — — — v
Iccor Data Retention Current MIL. — 10 15 200 300 HA
COM'L. — 10 15 60 90
tcor® Chip Deselect to Data TS 2 VHe 0 — — — — ns
Retention Time VIN 2 VHC or < VLC
tr® Operation Recovery Time trc? — — — — ns
s Input Leakage Current — — — — 2 2 HA
NOTES: 2974 1ol 09
1. Ta=+25°C,
2. tre = Read Cycle Time.
3. This parameter is guaranteed, but not tested.
LOW Vcc DATA RETENTION WAVEFORM
DATA
te— RETENTION — o
MODE
a5V f asv
tcoR VDR22V R
T v A2 \\\\\\\\
VDR
2974 drw 05
5.14 4



IDT71569

CMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT) With Address Latches

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcc=5.0V + 10%, All Temperature Ranges)

71569520 71569525 71569S35¢
71569L20™ 71569L.25 71569L35%

Symbol Parameter Min. | Max. | Min. | Max. [ Min. | Max. | Unit
Read Cycle

tRC Read Cycle Time 20 — 25 — 35 - ns
tAA Address Access Time® - — 19 — 25 — 35 ns
tALA Address Latch Access Time — 20 — 25 — 35 ns
tacs Chip Select Access Time — 20 — 25 — 35 ns
tcrLz Chip Select to Output in Low Z(? 3 - 3 —_ 3 — ns
tOE Output Enable to Output Valid — 8 — 12 — 18 ns
totz Output Enable to Output in Low Z? 3 — 3 —_ 3 — ns
tcHz ChipSelect to Output High Z? — 13 — 15 — 25 ns
toHz | Output Disable to Output in High Z? — 10 — 15 — 20 ns
toH Output Hold from Address Change 5 —_ 5 — 5 —_ ns
tCH ALEN High Time 10 — 10 -— 10 — ns
oL ALEN Low Time 10 — 10 — 10 — ns
tAs Address Set-up Time to Address Latch Enable — 5 —_ 5 —_ ns
tAH Address Hold Time to Address Latch Enable — 5 —_ 7 — ns
Write Cycle

twe Write Cycle Time 20 —_ 25 — 35 —_ ns
AW Address Valid to End of Write®® 15 — 18 — 25 — ns
tcw Chip Select to End of Write 15 — 18 — 25 — ns
tas Address Set-up Time 0 — 0 —_ 0 —_ ns
twp Write Pulse Width 15 — 21 —_ 25 — ns
tWR Write Recovery Time!® 0 — 0 — [o] — ns
twHZ Write Enable to Output in High 2 — 8 — 10 — 14 ns
tow Data Valid to End of Write 10 — 13 — 15 — ns
tDH Data Hold Time from Write 0 —_ 0 - 0 — ns
tow Output Active from End of Write®® 5 — 5 — 5 - ns
tcH ALEN High Time 10 — 10 —_ 10 — ns
tcL ALEN Low Time 10 — 10 — 10 —_ ns
tas Address Set-up Time to Address Latch Enable — 5 — 5 — ns
tAH Address Hold Time to Address Latch Enable — 5 — 5 — ns

NOTES: 2974 tol 10

1. 0°to +70°C temperature range only.

2. This parameter is guaranteed, but not tested.

3. This measurement depends on the combination of ALEN high pius an address change. This combination may either happen at the rising edge of ALEN,
or during an address change after ALEN has become high.

4. -55°t0 +125° C. temperature range only.




IDT71569

CMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT) With Address Latches

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE (V)

tRC
tcH tcL
ALE _/ \—————Ab—\———
le—— tag ———» tAH
ADDRESS )( Valid Address
1@
OE ( g \ )74
toE )
@ toHz' ' —+]
l+——— toLz ——+
== toH®) y
cs ( § \ 4
(JACS [ tCHZM) —
le—— tcLz —
DATA X Vaiid Data 1)0( Valid Data 2 Y———

NOTES:
1. WE is high throughout a read cycle.

2. The parameter taais measured either from the firstlow to high transition of ALEN after the read address has become valid, or from the stabilization of the

read address during the period when ALEN is high, which ever occurs last.

3. The parameter toH is measured either from the first low to high transition of ALEN after an address change, or from an address change during the period

when ALEN is high, whichever occurs first.

4. Transition is measured $200mV from steady state with a 5pF load (including scope and jig).

5.14



IDT71569
CMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT) With Address Latches MIUTARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED)("?

twe
tCH tcL
ne [ \ /o
tAS tAH ¢
ADDRESS ~ X Vald Address
taw(4)
oE /
twr(d)
cs /S
[e—tASW(4) —>le twp(?) tow®
WE
twhz® [+—— tow ——ste—toH
DATA Data Out(® { Valid Input Data { Data Out'®
2974 drw 07
TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED)("+?
twc
tcH tcL
ALE —4( \ /
tAS 180 _y)
ADDRESS —)( Valid Address 1 Valid Address 2
tasw 4 se tow twr® - twr®
cs an
(4) 4)
m tAwW! tAsw f
tow tDH
DATA Valid Input Data
2974 drw 08

NOTES:

1.
2.
3.

4,

N

WE or CE must be high during all address transitions.

A write occurs during the overlap (taw, tcw or twe) of a low CE and a low WE.

The parameter twR is measured from the earlier of CE or WE going high either to the first low to high transition of ALEN after an address change, or to
an address change during the period when ALEN is high, whichever occurs last.

The parameters tasw and taw are measured either from the first low to high transition of ALEN after an address change has become valid, or from the
stabilization of the valid write address during the period when ALEN is high, whichever occurs first.

. During this period, the I/0 pins are in the output state so that the input signals must not be applied.
. This transition is measured +200mV from steady state with a 5pF load (including scope and jig).
. It OE is low during a WE controlled write cycle, the write pulse width must be the larger of twp or (tWHZ + tow) to allow the |/O drivers to turn off and data

to be placed on the bus for the required tow. If OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be
as short as the spectified twp.

5.14 7




IDT71569
CMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT) With Address Latches MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT XXXXX X XX X X
Device Power Speed Package Process/
Type Temperature
Range

Blank  Commercial (0°C to +70°C)

B Military (~55°C to +125°C)
Compliant to MIL-STD-883, Class B

TP Plastic DIP (300mil)

TD Ceramic DIP (300mil)
Y Small Outline IC (J-Bend) (300mil)

20 Commercial Only

25 Speed in Nanoseconds
35 Military Only

| s Standard Power
L Low Power
71569 72K (8K x 9-Bit) CMOS Static RAM

with Address Latches
2974 drw 09

5.14 8



ff .
- N CMOS STATIC RAM IDT71586
i B 64K (4K x 16-BIT)
LATCHED CacheRAM™
Integrated Device Technology, Inc.
FEATURES: DESCRIPTION:
. The IDT71586 is a fast 4K x 16 latched address CeMOS

Wide 4K x 16 Organization

High-speed access

— Commercial: 25/35/45ns (max.)

— Military: 35/45/55ns (max.)

Internal fast 12-bit address latch (5ns set-up and hold

times)

Best fit for popular cache configurations:

— Intel 82385 cache controller (for 80386)

— IDT79R3000 RISC CPU instruction & data caches

— Chips & Technologies 82C307 cache controlier (for
80386)

Fast Output Enable — 10ns (max.)

Separate enables for upper and lower bytes

Packaged in 40-pin, 600 mil ceramic or plastic DIP, or

44-pin PLCC

Mititary product compliant to MIL-STD-883, Class B

static RAM designedto enhance cache memory designs. This
device offers improved circuit board densities over designs
using traditional RAM architectures in caches for the Intel
80386/82385, the Chips & Technologies 82C307, and the

IDT79R3000 RISC CPU.

The IDT71586 boasts a fast address access time down to
24ns (max.), a very fast 10ns (max.) Output Enable pin, and
short set-up and hold times (5ns max.) on the address input
latch. All of these features help the IDT71586 to make the

most efficient use of CPU-local buses.
Fabricated using IDT's CEMOS™

high-performance

technology, the IDT71586 achieves this high throughput at a

typical operating power of only 300mW.

Allinputs and outputs of the IDT71586 are TTL-compatible,
andthe device operates fromastandard 5V supply, simplifying
systemdesign. The IDT71586 is offered in a 40 pin ceramic or
plastic DIP or a 44 pin plastic leadless chip carrier, providing

high board level packing densities.

Military grade product is manufactured in comp[iance with
the latest revision of MIL-STD-883, Class B.

F

UNCTIONAL BLOCK DIAGRAM

CAn —T
A10 —
Ag
As
A7
As

As ——

PLVLITRLOT]

65,536-BIT.
MEMORY

TEITEEEEITY

1JO CONTROL

WE—>

CSU —»

= CONTROL

CSL —» "[oaic
QE—D
CE—*

CEMOS and CacheRAM are trademarks of Integrated Device Technology, Inc.

R RRNneNIny!

2990 drw 01

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1990

e1

990 Integrated Device Technology, Inc.
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IDT71586
CMOS STATIC RAM 64K (4K x 16-BIT) LATCHED CacheRAM™

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS

] z
vee O 1 40 [J Vee orxey 8o SWam Y
Ge 2 55 1) WE M 5828
3 e i B et R
815E: g%g—gu | 6 54 3 2] 14443424140
" L D1z 17 . a9l NC
Dta [ 5 % gALEN D11 [ls ss[] NC
D12 [} 6 35 5 NC Do [le a7l] A1t
bn g7 3 NC Do [J10 36l] Aro
D1o [} 8 L] A Ds {111 as[] A
39 E ?0 P40-1 :;‘) B Ao GND [112 Ja4- 34[] GND
8 & A9 NC [113 asl] NC
GND 4 11 p4o-1 30 I GND D7 {114 32[] As
D7 {} 12 2911 As De [115 31[] A7
Ds [ 13 2811 A7 Ds [11e s0l] As
Ds [ 14 2711 As D4 [117 29[] As
Da 15 261 As LR EEEEEREREE
Ds [ 16 50 As EET———
Dz O 17 24 [ Ag coodlg8eaddds
D1 a 18 2307 A2
DO 19 22 A1 2990 drw 03
OE [ 20 2117 Ao PLCC
2090 drw 02 TOP VIEW
DIP
TOP VIEW
TRUTH TABLE(")
Inputs Outputs
- CE | WE OE | CSu | CSL | ALEN Ds-D15 Do-D7 Mode
H X X X X — Hi-Z Hi-Z Deselected, powered-down (IsB)
X X X H H — Hi-Z Hi-Z Deselected.
— — H — — — Hi-Z Hi-Z Outputs disabled
— —_ — —_ H — — Address latch transparent
X X — — — L — — Address latch closed
L L X L H H DATAIN Hi-Z Wirite to upper byte of current address
L L X L H L DATAIN Hi-Z Write to upper byte of latched address
L L X H L H Hi-Z DATAIN Write to lower byte of current address
L L X H L L Hi-Z DATAIN Wirite to lower byte of latched address
L L X L L H DATAN. DATAIN Write to both bytes of current address (Word Wirite)
L L X L L L DATAIN DATAN Write to both bytes of latched address (Word Write)
L H L L H H DATAout Hi-Z Read upper byte of current address
L H L L H L DATAouT Hi-Z Read upper byte of latched address
L H L H L H Hi-Z DATAouT | Read lower byte of current address
L H L H L L HI-2 DATAout | Read lower byte of latched address
L H L L L H DATAout | DATAouT | Read both bytes of current address (Word Read)
L H L L L L DATAout | DATAouT | Read both bytes of latched address (Word Read)
NOTE: 2990 tol 01
1. H=HIGH
L=LOW
X = Don't Care
— = Unrelated
Hi-Z = High Impedance
515 2



IDT71586

CMOS STATIC RAM 64K (4K x 16-BIT) LATCHED CacheRAM™

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTIONS CAPACITANCE (Ta = +25°C, f = 1.0MHz)
Ao-11 Address Inputs Symbol Parameter'" Conditions | Max.| Unit
Do-15 Data Input/Output CiN Input Capacitance VIN = 0V 12 | pF
CE Chip Enable/Power Down Cro /O Capacitance Vour = 0V 12 | pF
CSu Upper Byte Select NOTE: 2090 1ol 04
— 1. This parameter is determined by device characterization, but is not
CSL Lower Byte Select production tested.
WE Write Enable
OE Output Enable RECOMMENDED OPERATlNG
ALEN ‘Address Latch Enable TEMPERATURE AND SUPPLY VOLTAGE
GND Ground Grade Ambient Temperature| GND Vee
Voo Power Military -55°C to +125°C oV 5V+10%
2990 tbi 02 Commercial 0°C to +70°C ov 5Vt 10%
ABSOLUTE MAXIMUM RATINGS!") 20016105
Symbol Rating Value unit | RECOMMENDED DC OPERATING
VTERM | Terminal Voltage with -0.5t0 +7.0 \ CONDITIONS
Respect to GND Symbol Parameter Min. | Typ. | Max.| Unit
TA Operating Temperature -55to +125 °C Vce Supply Voltage 4.5 5.0 5.5 \"
TBIAS Temperature Under Bias -65 to +135 °C GND Supply Voltage 0 0 0 \
Ts1G6 Storage Temperature -65 10 +150 °C VIH Input High Voltage 2.2 — 60 | V
PT Power Dissipation Plastic 15 w viL Input Low Vottage 05| — | o8| Vv
Hermetic 2.0 w NOTE: 2990 1ol 06
louT DC Output Current 50 mA 1. VIL (min.) =-3.0V for pulse width less than 20ns.
NOTE: 2990 tol 03

1. Stresses greater than those listed under ABSOLUTE MAXIMUM

RATINGS may cause permanent damage to the device. This is a stress SPEED SELECTION
rating only and functional operation of the device at these or any other IDT79R3000 80386 SUGGESTED
conditions above those indicated in the operational sections of this SPEED SPEED IDT71586
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability. — 16MHZ 71586855
12MHz 20MHz 71586545
16MHz 25MHz 71586535
20-25MHz 33MHz 71586825
2090 tbl 12
DC ELECTRICAL CHARACTERISTICS
vVee = 5.0V £ 10%
Symbol Parameter Test Conditions Min. Max. Unit
i Input Leakage Current Vce = 5.5V, VIN= 0V to Vce —_ 10 pA
e Output Leakage Current| CS = VIH, VouT = 0V to Ve, — 10 RA
Vee = Max.
VoL Output Low Voltage loL = 6mA, Vce = Min. — 0.4 \
(Do-D15) loL = 8mA, Vcc = Min. — 0.5
VoH Output High Voltage loL = -4mA, Vce = Min. 24 — v
29901l 07
5.15 3



IDT71586
CMOS STATIC RAM 64K (4K x 16-BIT) LATCHED CacheRAM™ MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS("
(Vee = 5.0V £ 10%, VLC = 0.2V, VHC = Vce - 0.2V)

71586525 71586535 71586545 71586555
Symbol Parameter Com'l.| Mil. |Com’l.| Mil. | Com'l.| Mil. |Com’l| Mil. | Unit
Ilcc  [Operating Power Supply Current 130 — 130 150 130 | 150 — 150 | mA
© |CE = Vi, Outputs Open, Vcc = Max., f = 0@
lcc2  |Dynamic Operating Current 240 — 240 290 240 290 — 290 | mA
CE = Vi, Outputs Open, Vcc = Max., f = fmax@
Ise  [Standby Power Supply Current (TTL Level Inputs) 70 — 70 70 70 70 — 70 mA
CE 2 V4, Outputs Open, Vcc = Max., f = fmax(®
Is1  [Full Standby Power Supply Current (CMOS Level lng)uts) 15 — 15 20 15 20 — 20 mA
CE2VHc, VINSVLC or VIN2VHC, Vee= Max., f = 09

NOTES:
1. All values are maximum guaranteed values.
2. Atf=fmax, address and data inputs are cycling at the maximum frequency of read cycles of 1/tRc. f = 0 means no input lines change.

2990 tof 08

AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times , Sns
Input Timing Reference Levels 1.5V
Output Reference Levels ) 1.5V
Output Load See Figures 1 and 2
2990 tbl 09
+5V +5V
604Q ) 604Q
DATAoUT : DATAout
255Q , 30pF* . 255Q 5pF*

2990 drw 04 2990 drw 05

Figure 1. Output Load Figure 2. Output Load

(for toHz, tBHZ, tcHZ, toLZ, 1BLZ, tcLz, tWHZ, and tow)

*Includes scope and jig.

5.15 4
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Figure 3. Example Cache for Intel 80386 using IDT71586 Latched CacheRAM and Intel 82385
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Figure 4. Example Cache for Intel 80386 using IDT71586 Latched CacheRAM and Chips & Technologies 82C307
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IDT71586
CMOS STATIC RAM 64K (4K x 16-BIT) LATCHED CacheRAM™ * MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcc =5.0V + 10%, All Temperature Ranges)

71586525!"'| 71586535 | 71586545 | 71586555(% |
Symbol Parameter Min. | Max. | Min. | Max.| Min. | Max.| Min. | Max. | Unit
Read Cycle
tRC Read Cycle Time : 25 — 35 — 45 — 55 —_ ns
tcH ALEN High Time® 10| =] 1w| =] 12— 15] —/|ns
tcL ALEN Low Time®® 10 — 10 — 12 — 15 —_ ns
tAs Address Latch Set-Up Time 5 — 5 — 5 — 5 — | ns
tAH Address Latch Hold Time 4 —_— 5 — 5 — 5 - ns
1AA Address Access Timet¥) — | 24| — | 3| — | 4| — | 55| ns
1ACE Chip Enable Access Time!® — 25 —_ 35 — 45 — 55 ns
1AB Upper/Lower Byte Chip Select Access Time — 13 — 15 — 20 — 25 ns
1oE Output Enable to Output Valid : — 10 — 13 — 15 — 18 ns
tcrz Chip Enable to Output in Low z123) ‘ 3 — 3 — 3 —_ 3 — ns
8L Upper/Lower Byte Chip Select to Output in Low (2% 3 — 3 — 3 — 3 — ns
toLz Qutput Enable to Output in Low z(23) 2 — 2 — 2 — 2 — ns
tCHz Chip Disable to Output in High Z2® — |2 | — ]| 25| — ]3| — | 3| ns
tBHZ Upper/Lower Byte Chip Select to Output in High z?3 - 20 - 25 — 30 — 35 ns
toHz | Output Disable to Output in High Z(2® — 4 - 9 — | 3] — | 15| ns
toH Output Hold from Address Change® 3 — 3 — 3 — 3 — | ns
tru Chip Select to Power Up Time!® 0 — 0 — 0 —_ 0 —_ ns
tPD Chip Select to Power Down Time(® — 25 — 35 —_ 45 —_ 55 ns

NOTES: 2990 tl 10

1. 0°to +70°C temperature range only.

2. Transition is measured £200mV from low or high impedance voltage with load (Figures 1&2).

3. This parameter is guaranteed, but not tested..

4. This measurement depends on the combination of ALEN high plus an address change. This combination may either happen atthe rising edge of ALEN,
or during an address change after ALEN has become high.

5. -55°C to +125°C temperature range only.

5.15 8



IDT71586
CMOS STATIC RAM 64K (4K x 16-BIT) LATCHED CacheRAM™ MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE("

tRC
tcH toL ——»
ALEN 4 -\ / \ 4
le———tas —» tAH
ADDRESS X Valid Address 1 Valid Address 2
toe tOHZ“) —»

—tonzt4) —

a2 NN

[¢——t ACE
le—tcLz(4) —»

t oz —»
L .

CE ‘\ tru

[<—1tAB (4)
Csu le—tp 7 (3) —» /Pt Bz

or

CSL \
‘_tAA(z) tOH(S)
DATAOUT X Valid Data 1 Valid Datd2 Y——o
Icc
Vee Supply == ————————— 7 \
Current IsB / ‘ N

2980dw 09 .

NOTES:

1.
2.

3.

WE is high throughout a read cycle.

The parameter taais measured either from the firstlow to high transition of ALEN after the read address has become valid, or from the stabilization of the
read address during the period when ALEN is high, whichever occurs last.

The parameter toH is measured either from the first low to high transition of ALEN after an address change, or from an address change during the period
when ALEN is high, whichever occurs first.

. Transition is measured £200mV from steady state with a 5pF load (including scope and jig).

5.15 9



IDT71586

CMOS STATIC RAM 64K (4K x 16-BIT) LATCHED CacheRAM™

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vce = 5.0V + 10%, All Temperature Ranges)

71586525(| 71586535 | 71586545 | 715865551
Symbol Parameter Min. l Max.| Min. | Max.| Min. I Max.| Min. | Max. | Unit
Write Cycle
twe Write Cycle Time 25 — 35 — 45 — 55 — ns
tCH ALEN High Time 10 —_ 10 — 12 —_ 15 - ns
tcL ALEN Low Time 10 — 10 — 12 —_ 15 —_ ns
tAs Address Latch Set-up Time 5 — 5 — 5 —_ 5 - ns
tAH Address Latch Hold Time 4 — 5 — 5 —_ 5 — ns
AW Address Valid to End of Write® 25 | —| 38 | —| 45 | — | 55 | — | ns
tasw | Address Set-Up Timel® 0 — 0 — 0 — 0 — | ns
twp Write Pulse Width 17 — 25 — 30 —_ 40 — ns
tew Chip Enable to End of Write 20 — 25 — 30 — 40 — ns
tBw Upper/Lower Byte Chip Select to End of Write 20 — 25 — 30 — 40 — ns
twR Write Recovery Time®® 0 — 0 — 0 — 0 — | ns
twHz Write to Output in High —_ 13 —_ 15 — 20 — 25 ns
tow Data Set-Up Time 11 — 13 — 15 — 18 — ns
tDH Data Hold from Write Time — — — — ns
tow Output Active from End of Write®® — 5 — — — | ns
NOTES: 2390 tol 11

1. 0°to +70°C temperature range only.
2. Transition is measured +200mV from low or high impedance voltage with load (Figures 182). This parameter is guaranteed, but not tested.
" 3. This measurementdepends on the combination of ALEN high plus an address change. This combination may either happen at the rising edge of ALEN,
or during an address change after ALEN has become high.

4. -55°C to +125°C temperature range only.

10



IDT71586
CMOS STATIC RAM 64K (4K x 16-BIT) LATCHED CacheRAM™ MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)(" 2

twe
tcH tcL
ALEN _/ \ ‘ / \
tAS tAH
ADDRESS )( Valid Address

& _ LTI T LT T T

=\ /-

. taw(4)
CSu
=\ /S
CSL
tasw(4) twp(?) twr(®)
WE \ 4
WE \ / -
twhz®) tow(®
DATAout (5) (5)
tow tDH
DATAIN Valid Input Data

2990 drw 10

NOTES:

1. WE, CE or both CSu and TSL must be inactive during all address transitions.

2. A write occurs during the overlap (tw, tcw or twp) of a low CSu or CSL, a low CE and a low WE.

3. Theparameter twr is measured from the earlier of CSu, CSL, CE, or WE going high either to the firstlow to high transition of ALEN after an address change,

or to an address change during the period when ALEN is high, whichever occurs first.

4. The parameters tasw and taw are measured either from the first low to high transition of ALEN after the write address has become valid, or from the
stabilization of the valid write address during the period when ALEN is high, whichever occurs first.

. During this period, I/O pins are in the output state, and xinput signals must not be applied.

. This transition is measured +200mV from steady state with a 5pF load (including scope and jig).

. If OE is low during a WE controlled write cycle, the write pulse width must be the larger of twe or (twHz +tow) to allow the I/O drivers to turn off and data
to be placed on the bus for the required tow. If OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be
as short as the spectified twe.

NOoO v

5.15 1



IDT71586
CMOS STATIC RAM 64K (4K x 16-BIT) LATCHED CacheRAM™ MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CE CONTROLLED TIMING)(" 2

twe
tcw tcL .
ALEN / \ /L \
le————tAS — > tAH
ADDRESS )( Valid Address
CE tcw‘
— ,
\ /
&5, taw(®
U —
or .
= \ . ; /
tasw(® twr(® .
W\ /
tow | tow
DATAIN Valid Input Data

2990 drw 11

TIMING WAVEFORM OF WRITE CYCLE NO.3 (CSu or CSt CONTROLLED TIMING)(": 2

- twe
tcH el

ALEN 4 \ / \

.

. tas tAH
'ADDRESS X Valid Address
\ /
) taw(4) ’
55 tew
UV ——d
s \ /
CSL
tasw(4 twr®
WE \ ) /
tow {DH
DATAIN Valid Input Data

2990 drw 12

NOTES:

1. WE, CE or both CSu and CSL must be high during all address transitions.

2. A write occurs during the overlap (t8w, tcw or twe) of a low CSu or CSL, a low CE and a low WE.

3. The parameter twRis measured from the earlier of CSu, CSL, CE, or WE going high either to the first low to high transition of ALEN after an address change,
or to an address change during the period when ALEN is high, whichever occurs first.

4. The parameters tasw and taw are measured either from the first low to high transition of ALEN after the write address has become valid, or from the
stabilization of the valid write address during the period when ALEN is high, whichever occurs first.

5.15 12



IDT71586
CMOS STATIC RAM 64K (4K x 16-BIT) LATCHED CacheRAM™ MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT XXXXX X XX X X
Device Power Speed Package Process/
Type Temperature
Range .
Blank  Commercial (0°C to +70°C)
B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

D Ceramic DIP
P Plastic DIP
J Plastic Leaded Chip Carrier
25 Commercial Only )
35 Com'l. & Mil. .
45 Com'l. & Mil. Speed in Nanoseconds

55 Military Only
| S Standard Power

71586 Latched CacheRAM
2990 drw 13
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Integrated Device Technology, Inc.

CMOS CacheRAM™
32K X 9-BIT (288K-BIT)
BURST COUNTER &
SELF-TIMED WRITE

ADVANCE
INFORMATION
IDT71589

FEATURES:
High density 32K x 9 architecture
Internal write registers (address, data, and control)

Self-timed write cycle

Internal burst read and write address counter
Clock to data times: 15, 20, 25, 35ns
Chip select for depth expansion
Matches all timing and signals of Intel™ 486™ processor
Packaged in plastic or hermetic 300 mil 32-pin DIP, and
plastic 300 mil 32-pin SOJ
Military product 100% screened to MIL-STD-883, Class B

DESCRIPTION:

The IDT71589 is an extremely high-speed 32K x 9-bit static
RAM with full on-chip hardware support of the Intel i486 CPU
interface. This part is designedto facilitate the implementation
of the highest-performance secondary caches for the i486
architecture while using low-speed cache-tag RAMs and
PALs and consuming the minimum possible board space.

The IDT71589 CacheRAM contains a full set of write data
and address registers. Internal logic allows the processor to
generate a self-timed write based upon a decision which can
be left until the extreme end of the write cycle.

An internal burst address counter accepts the first cycle
address from the processor, then cycles through the adjacent
four locations using the i486’s burst refill sequence on appro-
priate rising edges of the system clock.

Fabricated using IDT's CEMOS™ high-performance tech-
nology, this device operates at a very low power consumption
and offers a maximum clock to data access time as fast as
15ns.

The IDT71589 CacheRAMs are packaged in a 32-pin
plastic or hermetic DIP, or a plastic J-bend small-outline (SOJ)
package. Military grade devices are available 100% proc-
essed in compliance to the test methods of MIL-STD-883,
Class B, Method 5004.

FUNCTIONAL BLOCK DIAGRAM

A4
ADDRESS

. REGISTER o | 20401281

; -

o LSB i

BURST
Ao CONTROL
e o o
INPUT
DATA 9
1/01-1/09 DATA 45
REGISTER | BUFFERS
e |
e
s TIMING
CLK CONTROL
ADS
9 ]]
~N 2951 drw 01

CEMOS and CacheRAM are tradermarks of Integrated Device Technology, Inc.
Intel and 1486 are trademarks of Intel Corp.
MILITARY AND COMMERCIAL TEMPERATURE RANGES MAY 1990

©1990 Integrated Device Technology, Inc. 5.16
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IDT71589S
CMOS CacheRAMs 32K X 9-BIT FOR INTEL 1486

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION

ABSOLUTE MAXIMUM RATINGS("

— — Symbol Rating Value Unit
ADSLY! 2 g Vee Vieem | Terminal Voltage with Respect | —-0.5t0 +7.0 | V
CLKL2 a1 At to GND
A2(]3 301 CS -
A1 4 29[ WE Ta Operating Temperature -5510+125 | °C
Ao 5 28] A14 Teias Temperature Under Bias —-65t0+135 | °C
As[ls 2711 Ao Tsta Storage Temperature —-65t0 +150 | °C
AsC]7 D321 281 A1 —
A7Cle P32-1 25[7 A2 Pt Power Dissipation
As ]9 & 247 OE Plastic 1.5 w
As 10 $032-1 4 M As Hermetic 2.0
AaCn 22[7 1/O9 lout DC Output Current - 50 mA
:;81 E :2 ;11 % |Gcr)\lD NOTE: 2951 1103
2 /Os Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS
1103 [} 14 191 1/07 may cause permanent damage to the device. This is a stress rating only and
1104415 18173 1/Os functional operation of the device atthese or any other conditions above those
GND 18 17{] 1/0s o051 gwo2  indicated in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may
DIP/SOJ affect reliabilty.
TOP VIEW )
RECOMMENDED OPERATING
PIN NAMES TEMPERATURE AND SUPPLY VOLTAGE
Ao-A14 Address Inputs Grade Ambient Temperature GND Vee
1101-Y/09 Data Input/Output Military -55°C to +125°C oV [5.0V+10%
[ Chip Select/Count Enable Commercial 0°C to +70°C oV |5.0V10%
WE Write Enable 2951 i 04
OE Output Enable
ADS Address Status
CLK System Clock RECOMMENDED DC
GND Ground OPERATING CONDITIONS
Vee Power Symbol Parameter Min. | Typ. | Max. | ‘Unit
2951 tbl 01 Vce Supply Voltage 45 | 50| 55 \%
GND Supply Voltage 0 0 0.0 Vv
ViH Input High Votage 2.2 — 6.0 \
SPEED SELECTION Vit Input Low Voltage | -05"] — 0.8 v
NOTE: 2951 bl 05
1486 Speed Suggested IDT71589 1. VIL = —3.0V for pulse width less than 5ns.
25MHz IDT71589S35
33MHz IDT71589S825
40MHz IDT71589S20
50MHz IDT71589S15
2951 bl 02




IDT71589S

CMOS CacheRAMs 32K X 9-BIT FOR INTEL 1486

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS OVER THE OPERATING
TEMPERATURE AND SUPPLY VOLTAGE RANGE (Vcc = 5.0V + 10%)

DC ELECTRICAL CHARACTERISTICS OVER THE OPERATING
TEMPERATURE AND SUPPLY VOLTAGE RANGE" (Vcc = 5.0V £ 10%, Vic = 0.2V, VHc = Vec — 0.2V)

Symbol Parameter Test Condition Min. Max. Unit
L] Input Leakage Current Vee = 5.5V, ViNn = 0V to Vee — 10 HA
llco] Output Leakage Current CS = Vin, Vour = 0V to Vcc, Vee = Max. — 10 pA
VoL Output Low Voltage (I/01-1/09) | lot = 8mA, Vcc = Min. — 0.4 \"
Vou Output High Voltage low = —4mA, Vcce = Min. 2.4 — \'
2951 bl 06

71589815 | 71589520 71589525 | 71589S35
Symbol Parameter Test Condition Com’l.| Mil. {Com’l.| Mil. [Com’l{ Mil. |Com’l| Mil. [Unit
lcc1 | Operating Power CS=VL TBD | — | 130 | — | 130 | TBD | 130 | TBD | mA
Supply Current QOutputs Open
Vce = Max., f = 0@
Icc2 | Dynamic Operating CS=ViL TBD | — | 240 | — | 220 | TBD | 200 | TBD | mA
Current Outputs Open
Vee = Max., f = fmax®
NOTES: 2951 11 07
1. All values are maximum guaranteed values.
2. At f = fmax, address and data inputs are cycling at the maximum frequency of read cycles of 1tRc. =0 means no input lines change.
3. Preliminary information only.
AC TEST CONDITIONS CAPACITANCE
Input Pulse Levels GND to 3.0V (TA = +25°C, f = 1.0 MHz, SOJ package only)
Input Rise/Fall Times 5ns Symbol Parameter" Condition Max. | Unit
Input Timing Reference Levels 1.5V CIN Input Capacitance | VIN = 0V 7 pF
Output Reference Levels 1.5V Cro Input/Output Vourt = 0V 7 pF
. Output Load See Figures 1 & 2 Capacitance
Tosroos  NOTE: 2951 11 09
1. This parameter is determined by device characterization butis not produc-
tion tested.
+5V +5V
480Q 480Q
DATAout DATAout
2550 —50pF* 255Q S
77 2951 drw 03 2051 drw 04
Figure 1. Output Load Figure 1. Output Load
(for toHz, tcHz, toLZ and tcLz)
*including scope and jig
3
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IDT71589S
CMOS CacheRAMs 32K X 9-BIT FOR INTEL i486

MILITARY AND COMMERCIAL TEMPERATURE RANGES

FUNCTIONAL DESCRIPTION

The IDT71589 is an extremely fast 32K x 3 CMOS static
CacheRAM with internal edge-triggered registers dedicated
to the support of the Intel 486 CPU. These registers support
the fastest systems and allow a 128KByte or larger cache to
be designed to consume the smallest number of chips, the
lowest power and board space, and allow the designer to
avoid the use of expensive high-speed cache-tag RAMs and
PALs.

The internal registers are designed to support two high
speedfunctions: Burstread cycles, and alate-abort seli-timed
write cycle.

Burst read cycles are accomplished through the assertion
of the ADS signal with a valid address input during the rising
edge of the clock input. This address willbe used to access the
data in the CacheRAM during the next clock cycle, and data
will be output during the following three cycles in accordance
with the i486°s burst refill sequence (i.e., during the next cycle
the address’ LSB is inverted, then the second LSB is inverted
as the LSB is restored to its original value, etc.). Since the
CacheRAM contains this counter internally, the critical clock-
to-data time of even the fastest CPU speeds can be met by
using a slower RAM speed grade without resorting to chip-
intensive interleaving schemes. Should the ADS signal be
sampled as valid after having been sampled as invalid, any
bursting inprocess will be reinitialized to the new address, and
a new burst cycle will be started. The burst counter wraps

around at the end of the sequence and continues to countuntil
stopped by the ADS or CS inputs. A fast copy-back scheme
can harness this capability by reading, then writing the four
burst addresses within a single burst cycle.

The self-timed write cycle significantly eases the timing of
the address and data inputs during a write cycle, and allows
the write/don’t write decision to be postponed until the very
end of the second cycle of a write cycle. During a write cycle,
the address willbe strobed into the address register duringthe
firstrising edge of the clock after the ADS input becomes valid.
Data is sampled into the data input register during the next
cycle’s rising edge, as is the write enable input. If a write has
been enabled the data will be written from the address and
input data registers into the CacheRAM during the second
(low) phase of the clock of that cycle.

A chip select pin is provided to give control over interruption
of write cycles and burst read cycles. When the CS input is
used to interrupt a burst cycle, it operates as a synchronous
input to the burst counter. A low level must be presentonthe '
chip select input and must satisfy data set-up and hold times
inorder forthe counterto progressto its next state. To stopthe
counter atits current state, the chip select input must be taken
high, and must stay high long enough to satisfy the
CacheRAM's data set-up and hold times. The CS pin also is
used as an auxiliary to the WE input. Writes can only be
accomplished if both CS and WE are simultaneously sampled
active.

AC ELECTRICAL CHARACTERISTICS (vcc = 5.0V + 10%, All Temperature Ranges)

71589515® | 71589520V | 71589525 | 71589535
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
fcye Clock Cycle Time 20 | — 25 | — 30 — | 40 — | ns
CH Clock Pulse High 8 — 10 | — 1 — 14 — | ns
fcL Clock Pulse Low 8 — 10 | — 11 — 14 — | ns
1s Set-up Time (ADS, WE, CS, Address, Input Data) 3 | — 3 | — 4 — 15 — | ns
tH Hold Time (ADS, WE, CS, Address, Input Data) 1 — 1 — 1 — 1 — | ns
tco Clock to Data Valid — 14 — 19 — 24 — 34 | ns
toc Data Valid After Clock 3 —_— 4 — 4 — 5 — | ns
10E Output Enable to Output Valid — 7 — 8 — 9 — 10 | ns
toLz Output Enable to Output in Lo-Z2 2 — 2 —_ 2 — 2 — I ns
toHz Output Disable to Output in Hi-Z@? — 7 — 8 — 9 — 10 | ns
NOTES: 2951 bl 10

1. 0°C to +70°C Temperature range only.

2. Transition is measured £200mV from low or high impedence voltage with load (Figure 2).

3. This parameter is guaranteed, but not tested.
4. Preliminary information only.




IDT71589S

CMOS CacheRAMs 32K X 9-BIT FOR INTEL 1486

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF BURST READ CYCLE

CLK

ADS

ADDRESS

DATA

NOTES:

tcyc —¥

tcL —*

\__/

T\

F N/

-

C\_
ts—’_tr}‘
ts [&

NOTE 1

—’m%

- H

‘ NOTE 2 )\

ae

G
—

1. If ADS goes low during a burst cycle, a new address will be loaded and another burst cycle will be started. o
2. IfCSis taken inactive during a burst read cycle, the burst counter will discontinue counting untit CS input again goes active. The timing of the CS input
for this control of the burst counter must satisfy setup and hold parameters ts and tH.

3. A-Data from input address

B-Data from input address except Ao is now Eo
C-Data from input address except A1 is now A1 _ _
D-Data from input address except Ao and A1 are now Ao and At

—

B XK _e XXXXX o XXXX)

2951 drw 05
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IDT71589S

CMOS CacheRAMs 32K X 9-BIT FOR INTEL 1486

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE

tcyc —¥

tCH

CLK

ADS ‘{ ts—.y \

tcL

—»

h/ _/ \

/N

-

A -

ts [+
=+ tH
ADDRESS {
—» tS |
- tH |
WE

" 'y
DATAIN VALID

OE 1
toHz("

HIGH-Z
DATAouT
2951 drw 06
NOTES:
1. OE Must be taken inactive at least as long as toHz + ts before the second rising clock edge of write cycle.
2. CStiming is the same as any synchronous signal when used to block writes or to stop the burst count sequence.
5.16 6



IDT71589S
CMOS CacheRAMs 32K X 9-BIT FOR INTEL 1486 MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF BURST WRITE CYCLE

CYCﬂ

tcL —¥ :
j N\ [
—t .
ADS® { ’
le—
- tH
ADDRESS 1 )E

WE C N LA N
s D N G N A G NI D

Ir

F

@
DATAIN ‘ VALID A —{ VAL ) { vaLpc ) { VALDD )
OE 1 j
tonz" toLz
HIGH-Z P
DATAout -
_ —
2951 drw 07
NOTES:

1. OE Must be taken inactive at least as long as toHz + ts before the second rising clock edge of write cycle.

2. A-Data to be written to original input address.

B-Data to be written to original input address except Ao is now Ao.

C-Data to be written to original input address except A1 is now Ar.

D-Data to be written to original input address except Ao and A1 are now Ao and A1

It ADS goes low during a burst cycle, a new address will be loaded, and another burst cycle will be started.

1fCS is taken inactive during a burst write cycle the burst counter will discontinue coumm_g_unul the CSinput again goes active. The timing of the CS input
for this control of the burst counter must satisfy setup and hold parameters ts and tH. CS timing is the same as any synchronous signal when used to
block writes or to stop the burst count sequence.

>
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IDT71589S

CMOS CacheRAMs 32K X 9-BIT FOR INTEL i486

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TRUTH TABLE
CLK | Pravious ADS DS Address WE CS OE o] Function
T H L Valid Input X X — — Preset Address Counter
T X H — — —_ — — Ignore External Address Pins
) L X — — — — — Ignore External Address Pins
T X H — — L — — Sequence Address Counter
T L X — — L — — Sequence Address Counter
T X H — — H — -— Suspend Address Sequencing
T L X — — H — — Suspend Address Sequencing
— — — — — — H Hi-Z Qutputs Disabled
— — — — H — L DATAouT | Read
T X H — L L H DATAIN Write
T L X — L L H DATAIN | Write
— — [ —_ L L L — Not Allowed
NOTE: 2951 bl 11
H =HIGH
L =LOW
X  =Don't Care
- =Unrelated
Hi-Z = High Impedance
ORDERING INFORMATION
XXXXX 999 A A
IDT ‘
Device Power Speed Package Process/
Type Temperature
Range
Blank Commercial (0°C to +70°C)
B Military (=55°C to +125°C)
Compliant to MIL-STD-883, Method 5004, Class B
D CERDIP
P Plastic DIP
Y Plastic J-Bend Small Outline 1C
15 Commercial Only
gg Commercial Only 4 55064 in Nanoseconds
35
|'s Standard Power
—1 71589 Latched Cache RAM 2051 crw 08




FEATURES:

+ Optimized for fast RISC processors including the
IDT79R3000

+ High-speed address/chip select access time
—Military: 20/25/30/35/45/55/70/85/100/120/150/200ns

- (max.)

— Commercial: 15/20/25/30/35ns (max.)

« Low power consumption ‘

Battery backup operation — 2V data retention voltage

(L Version only)

+ Produced with advanced CEMOS™ high-performance

technology

Single 5V (£10%) power supply

Input and output directly TTL-compatible

Three-state output

Available in:

— 28-pin 300 mil Plastic and Ceramic DiP

— 28-pin 600 mil Plastic and Ceramic DIP

— 28-pin 330 mil SOIC

— 28-pin 300 mil SOJ

— 28-pinLCC

— 32-pinLCC

— 32-pin PLCC

— 28-pin CERPACK

+ Pin-compatible with standard 64K static RAM and

EPROM

Military product available compliant to MIL-STD-883,

Class B

Standard Military Drawing# 5962-85525 is listed on this

function

; ° CMOS STATIC RAMS IDT7164S
o p 64K (8K x 8-BIT) IDT7164L
Integrated Device Technology, Inc.
DESCRIPTION:

The IDT7164 is a 65,536 bit high-speed static RAM orga-
nized as 8K x 8. It is fabricated using IDT’s high-performance,
high-reliability CEMOS technology. Timing parameters have

" beenspecified to meetthe demands of the fastestIDT79R3000

RISC processors.

Address access times as fast as 15ns are available with
typical power consumption of only 250mW. The circuit also
offers a reduced power standby mode. When CS1 goes high
orCS2goes low, the circuit will automatically go to, and remain
in, a low-power stand by mode. In the full standby mode, the
low-power device typically consumes less than 30uW. The
low-power (L) version also offers a battery backup data
retention capability where the circuit typically consumes only
10uW operating off a 2V battery.

All inputs and outputs of the IDT7164 are TTL-compaiible
and operation is from a single 5V supply, simplifying system
designs. Fully static asynchronous circuitry is used, requiring
no clocks or refreshing for operation.

The IDT7164 is packaged in a 28-pin 300 mil DIP and SOJ;
28-pin 330 mil SOIC; 28-pin 600 mil DIP; 32-pin PLCC and
LCC; and 28-pin LCC, providing high-level board packing
densities.

Military grade product is manufactured in compliance with
the latest revision of MIL-STD-883, Class B, making it ideally
suited to military temperature applications demanding the
highest level of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

Ao h—k . e—Vce
L] *
: . 65,536 BIT +—GND
o DECODER| MEMORY
. . ARRAY
Arz ‘*——% °
———l ® ® o &0 0 0 00
Voo °__L\\/_‘ H COLUMN
L] [ ]
INPUT
: DATA = vo
CIRCUI
L]
/0 7 o— Il\[ T
C-S1o——
CS20—— CONTROL
6E CIRCUIT 2867 drw 01
CEMOS s atrademark of Integrated Device Technology, Inc. WEo—

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1990

©1990 Integrated Device Technology, Inc.
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IDT7164S, IDT7164L
CMOS STATIC RAM 64K (8K x 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS
o Q
net T sfve INDEX £2Z22[53 INDEX £ $228 ¥
[$]
A2 2 27 O WE R EEIE N IR ] 8/ T T T\
Az03 26 L1CS2 43222728 TYFUREEE
AsCls pogq 25[3As As [1s 2 {: ’:B As [15 20 [[] As
AsOs  pog3 24 [As As e s As [16 28 [] Ao
Asds E28-1 28 [dAn 23 97 al alE’ As [37 27 [] Anr
Asl]7 E282 2[13E A2 :]: L28-1 o e A3z [1s J32-1 26 [[| NC
A2fs  FP281 2 [ Ao A1 :] 10 20 [: CS4 Az L]0 & 2 [ OE
Aarge [F282 2 3Csy ° o ] o7 A1 [l 1321 2e[f Ao
A S028-3 o /0o [J11 L Ao [ 2 ] CS
ofj10 gozas 1907 12 13 14 15 16 17 18 0 patt o I
10or] 11 18 Q06 Uaininininininily, NC [112 22 [} 1107
10112 17 l0s 5828388 1100 [113 21 []] /Os
Vo213 16 10 4 ==g5==== ( BEBELAEE
GND [] 14 1$ IO 3 2967 drw 04 N QO © WD
Q0=Z2Q000Q 2w7dwas
2067 drw 02 28-PINLCC - o
TOP VIEW 32-PIN LCC/PLCC
DIP/SOIC/SOJ TOP VIEW
TOP VIEW “
PIN DESCRIPTIONS TRUTH TABLE('?

Name Description WE | CSi{ CS2 | OE 1o Function
A0-A12 Address X H X X High-Z| Standby (Is8)
/O0-1/07 Data Input/Output X X L X High-Z| Standby (IsB)

CSi Chip Select X | VHc |VHcor| X | High-Z| Standby (1sB1)
cs2 Chip Select ie
WE Write Enable X X | Ve X High-Z| Standby (1sB1)
OF Output Enable H L H H High-Z| Output Disable
GND Ground H L H L Dout Read
vce Power L L H X DIN Write
2067wio1  NOTE: . _ 2967 tb} 02
1. CS2 will power-down CS1, but CS1 will not power-down CSa2.
(1) 2. H=VH, L= Vi, X =don'tcare.
ABSOLUTE MAXIMUM RATINGS
Symbol Rating Com'l. mi. | unit | RECOMMENDED OPERATING
VIERM | Terminal Voltage | -0.5t0 +7.0| -0.5t0 +7.0| V TEMPERATURE AND SUPPLY VOLTAGE
with Respect Grade Temperature GND Vee
i GN? Military -55°C to +125°C ov 5V 10%
A ?g;f:r';?u o 010470 | 55104125 | °C | o ercial 0°C 0 +70°C oV 5V 1 10%
2967 bl 05
TBIAS Temperature -55t0 +125] -651t0+135| °C
Under Bias RECOMMENDED DC OPERATING
Tsta Storage -55t0+125]| -651t0+150] °C | CONDITIONS
Temperature Symbol Parameter Min. | Typ. | Max. | Unit
PT Power Dissipation| 1.0 1.0 w vee Supply Voltage 45 5.0 55 Vv
lout gc OU:PU‘ 50 50 mA GND Supply Voltage 0 0 o | v
urren -
NOTE: sermios | VH Input High Voltage 2.2 — 60 ! V
1. Stresses greater than those listed under ABSOLUTE MAXIMUM ViL Input Low Voltage 050 | — 08 | V
RATINGS may cause permanent damage to the device. This s a stress NOTE: 2567 thi C6
rating only and functional operation of the device at these or any other TN .
conditicns above those indicated in the operational sections of this 1. ViL (min) =-3.0V for pulse width less than 20ns.
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
5.17 2




IDT7164S, IDT7164L
CMOS STATIC RAM 64K (8K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

CAPACITANCE (TA = +25°C, f = 1.0MHz)

Symbol Parameter(" Conditions | Max.| Unit
CIN Input Capacitance VIN = 0V 8 pF
Cout | Output Capacitance Vour = oV 8 pF

NOTE: 2967 bl 04

1. This parameter is determined by device characterization, but is not
production tested.

DC ELECTRICAL CHARACTERISTICS("
(Vee = 5.0V £ 10%, VLc = 0.2V, VHC = Vce - 0.2V)

7164515 716452014 7164525 7164530

7164L15 716412019 7164L25* 7164L30
Symbol Parameter Power| Com’l.| Mil. |Com’l.| Mil. |Com’l.|] Mil. | Com’l.| Mil. | Unit
lcct Operating Powsr Supply S 110 — 100 110 90 110 90 100 | mA

Current, CS1 = Vi, CS2 = ViH,
Outputs Open, Vce = Max., f = 0@ 100

L
lcc2 | Dynamic Operating Current S 180
CS1=VIiL, CS2 = VH,

90 100 80 100 80 90
170 180 170 180 160 170 | mA

Outputs Open, Vcc = Max., f = fuax® L 150 150 | 160 | 150 | 160 140 | 150
IsB Standby Power Supply Current S 20 . 20 20 20 20 20 20 mA
(TTL Level), CS12ViH, CS2< ViU
Vee = Max., Outputs Open, f = fmax(® L — 3 5 3 5 3 5
IsB1 Full Standby Power Supply Current S — 15 20 15 20 15 20 mA
(CMOS Level), { = 0@ ’ k.
1. CS12VHcand CS22 VHe L 0.2 — 0.2 1 0.2 1 0.2 1
2. CS2 < Vic, Vece = Max.
DC ELECTRICAL CHARACTERISTICS!" (Continued)
(Vee = 5.0V + 10%, VLCc = 0.2V, VHC = Vcce - 0.2V)
7164535 7164545 7164555 | 7164570/852
7164L35 7164L45 7164L55 7164L70/85'?
Symbol Parameter Power| Com’l.] Mil. |Com’l.] Mil. |[Com’'l.[ Mil. { Com’l.| Mil. | Unit
Icc1 | Operating Power Supply S 90 100 — 100 — 100 — 100 | mA
Current, CS1 = Vi, CS2 = VI,
Outputs Open, Vcc = Max., f = 0% L 80 20 — 90 — 90 — 90
lcc2 | Dynamic Operating Current S 150 160 — 160 — 160 — 160 | mA
CS1=ViL, CS2 = VH,
Outputs Open, Vce = Max., f = fmax®® L 130 | 140 | — | 130 | — | 125 — ] 120
IsB Standby Power Supply Current S 20 20 — ] 20 — 20 — 20 mA
(TTL Level), CS12>ViH, CS2< ViL
Vce = Max., Outputs Open, f = fuax() L 3 5 — — 5 — 1.5
IsB1 Full Standby Power Supply Current S 15 20 — 15 — 20 — 20 mA
(CMOS Level), { = 0
1. CS12VHCc and CS22 VHC L 0.2 1 - 0.2 — 1 — 1
2. CS2< Vie, Vee = Max.

NOTES:

1. Allvalues are maximum guaranteed values.

2. Also available: 100, 120, 150 and 200ns military devices. )

3. Atf=fMax address and data inputs are cycling at the maximum frequency of read cycles of 1/trc. =0 means no input lines change.
4. Military values for 20 and 25ns device are preliminary only.

2967 tbl 07
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IDT7164S, IDT7164L
CMOS STATIC RAM 64K (8K x 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS
Vee =5.0V £ 10%

IDT7164S IDT7164L
Symbol Parameter Test Condition Min. Max. Min. Max. Unit
L] Input Leakage Current Vce = Max., MIL. — 10 — 5 nA
VIN = GND to Vce COM'L. — 5 — 2 .
Loy Output Leakage Current| Vcc = Max., CS1=VH, MIL. — 10 — 5 CpA
Vour = GND to Vcc COM'L. — 5 — 2
VoL QOutput Low Voltage oL = 8mA, Vce = Min. 0.4 —_ 0.4 \"
loL = 10mA, Vce = Min. —_ 0.5 — 0.5
VoH Output High Voltage IOH = -4mA, Vcc = Min. 2.4 —_ 2.4 — \'
DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VLC = 0.2V, VHC = VcC - 0.2V
Typ. (" Max.
Vee @ Vece @
Symbol Parameter ' Test Condition Min. 2.0v 3.0v 2.0V 3.0v Unit
VDR Vcc for Data Retention — 2.0 — — — — \
Iccor Data Retention Current MIL. — 10 15 200 300 pA
COM'L. — 10 15 60 90
tcor® Chip Deselect to Data 1. CS1 2 VHe, 0 — — — — ns
Retention Time CS22 VHe ' )
R Operation Recovery Time 2.CS2< Ve trc® — — — —_ ns
|IL|l(3) Input Leakage Current — — — 2 2 A
NOTES: ‘ 2067 tol 10
1. Ta=+25°C,
2. tRc = Read Cycle Time.
3. This parameter is guaranteed, but not tested.
LOW Vcc DATA RETENTION WAVEFORM
DATA
D RE]A;‘EOI\BTéON —*
Vee \ 4
4.5V K 7 4.5V
tcoR VDR22V tR
& TTIITF- ETN\N
VDR
) 2967 drw 05
5V 5V
4800 4800
DATAour DATAout
255Q 30pF* 255Q 5pF*

2967 drw 06

Figure 1. Output Load

Figure 2. Output Load

2967 drw 07

(for 1c121, 2, 10LZ, 1CHZ1, 2, 1OHZ, 1OW, tWHZ)

*Includes scope and jig capacitances




IDT7164S, IDT7164L

CMOS STATIC RAM 64K (8K x 8-BIT) ' MILITARY AND COMMERCIAL TEMPERATURE RANGES
AC TEST CONDITIONS

Input Pulse Levels . GND to 3.0V

Input Rise/Fall Times 5ns

Input Timing Reference Levels 1.5V

Output Reference Levels 1.5V

Outputload - See Figures 1 and 2

2967 tbl 08

AC ELECTRICAL CHARACTERISTICS (vcc=5.0V + 10%, All Temperature Ranges)

7164515/ | 71645201 -| T164525(9 7164530
7164L15!" | 7164L209 | 7164L25%) 7164L30

Symbol Parameter Min.J Max. | Min. ] Max. | Min. I Max. | Min. | Max. | Unit
Read Cycle

fRC Read Cycle Time 20 — 25 — 30 —_ ns
tAA Address Access Time — 19 — 25 — 29 ns
tacst | Chip Select-1 Access Time(® — 20 — 25 — 30 | ns
tacs2 Chip Select-2 Access Time!® — 25 — 30 — 35 ns
tctzi2 | Chip Select-1, 2 to Output in Low Z(4 5 — 5 — 5 — ns
toE Output Enable to Output Valid — 8 — 12 — 15 ns
toLz Output Enable to Output in Low Z(*) 3 — 3 — 3 — ns
tcHzi,2 | Chip Select-1, 2 to Output in High — 9 — 13 — 13 | ns
toHz Output Disable to Output in High Z*) — 8 — 10 — 12 ns
toH Output Hold from Address Change 5 — 5 — 5 — ns
tPU Chip Select to Power Up Time*) 0 — 0 — o — | ns
tPD Chip Select to Power Down Time(* — 20 — 25 — 30 ns
Write Cycle

twe Write Cycle Time 20 — 25 — 30 — ns
tcw1,2 | Chip Select to End of Write 15 — 18 — 22 — ns
tAaw Address Valid to End of Write 15 — 18 — 22 — ns
tAS Address Set-up Time 0 — 0 — 0 — ns
twp Write Pulse Width 15 — 21 — 23 - ns
tWR1 Write Recovery Time (CS1, WE) —_ 0 — 0 — ns
tWR2 Write Recovery Time (CS2) — 5 — 5 - ns
twHz | Write Enable to Output in High Z(¥ — 8 — 10 — 12 | ns
tow Data to Write Time Overlap 10 — 13 — 13 — ns
1DH1 Data Hold from Write Time (CS1, WE) 0 — 0 _ 0 — ns
tDH2 Data Hold from Write Time (CSz2) 5 — 5 — 5 — ns
tow Output Active from End of Write(®) 5 — 5 — 5 — | ns

NOTES: 2967 1l 11
. 0°1o +70°C temperature range only.

-55°C to +125°C temperature range only. Also available: 100, 120, 150 and 200ns military devices.

. Both chip selects must be active for the device to be selected.

. This parameter is guaranteed, but not tested.

Military values for 20 and 25ns devices are preliminary only.

N




IDT7164S, IDT7164L
CMOS STATIC RAM 64K (8K x 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Continued) (vce = 5.0V + 10%, All Temperature Ranges)

7164535 7164545 71648551 | 7164570128512
7164L35 7164L451 7164L552  |7164L701%/85(2
Symbol Parameter Min. | Max. | Min. [ Max.| Min. [ Max. | Min. | Max. {unit
Read Cycle
tRC Read Cycle Time 35 — 45 — 55 — 70185 — ns
tAA Address Access Time —_ 35 — 45 — 55 - 70/85 | ns
tacst | Chip Select-1 Access Time!® — | 35 — 45 — 55 — | 70/85 | ns
tacs2 | Chip Select-2 Access Time(® — | 40| — | 45| — | 55 — | 70585 | ns
tcLz1,2 | Chip Select-1, 2 to Output in Low Z(* 5 — 5 — 5 — 5 — ns
tOE Output Enable to Output Valid — 18 —_ 25 — 30 — | 35/40 | ns
toLz Output Enable to Output in Low Zt¥ 3 — 3 — 3 - 3 — | ns
tcHz1,2 | Chip Select-1, 2 to Output in High Z(% — | 15 — 20 — 25 — {3035 | ns
toz | Output Disable to Output in High Z(*) — | 15 — 20 - 25 — |30m5 | ns
tOH Output Hold from Address Change 5 —_ 5 — —_ 5 — ns
tpu Chip Select to Power Up Time(® 0 — 0 — - 0 — | ns
tPD Chip Select to Power Down Time!® — 35 — 45 — 55 — | 70/85 | ns
Write Cycle
twe Write Cycle Time 35 — 45 - 55 —_ 70/85 - ns
tcw1,2 | Chip Select to End of Write 25 — 33 — 50 — 60/75{ — ns
1AW Address Valid to End of Write 25 — 33 — 50 —_ 60/75 — ns
tas Address Set-up Time 0 — 0 — 0 — 0 — ns
twp Write Pulse Width 25 — 25 — 50 — 60/75 — ns
twR1 Write Recovery Time (CS1, WE) — 0 — 0 — 0 — | ns
twR2 Write Recovery Time (CS2) — 5 —_ 5 —_ 5 — ns
twHz | Write Enable to Output in High Z(¥ — | 14 — 18 — 25 — {3035 | ns
tDW Data to Write Time Overlap 15 — 20 — 25 — 30/35 | — ns
tDH1 Data Hold from Write Time (CS1, WE) — — 0 — 0 — | ns
{DH2 Data Hold from Write Time (CS2) — — — 5 — ns
tow Output Active from End of Writel*) 5 — — — 5 — | ns
NOTES: 2967101 11
1. 0°to +70°C temperature range only.
2. -55°C to +125°C temperature range only. Also available: 100, 120, 150, and 200ns military devices.
3. Both chip selects must be active for the device to be selected.
4. This parameter is guaranteed, but not tested.
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IDT7164S, IDT7164L
CMOS STATIC RAM 64K (8K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NO. 1!

tRC »
ADDRESS }(
tAA toH—*]
E)TEKKKK“KWW( 7!777777
tOE
torz(®
CS:2 {{{{{71 Qj}}‘
in
e tCLzz‘s)csz———u tonze ™
% N\W\VK LTV
tACS1 tOHZ(s)
tetzi © temzi®
DATAcUT : : ( ) |
2967 drw 08
TIMING WAVEFORM OF READ CYCLE NO. 2(1:24)
tRC _
ADDRESS >{
top:AA y tOH—»
DATAOUT - ) X
2967 drw 09
TIMING WAVEFORM OF READ CYCLE NO. 3(1» 34
cs { \
’ 7 tACs?2 N
torz2® tchze ©®
tCLz1(t5?CSI e—tchzi®
DATAoUT 1P 4 =
e— tPU—>

kg —===—mmmme 7
CURRENT 7
Iss
-+ fetpp
[¢&—— tPD

NOTES: 2967 drw 10
1. WE is high for read cycle.
2. Device is continuously selected, CS1 = ViL, CS2 = VIH.
3. Address valid prior to or coincident with CS1 transition low and CSz transition high.
4. OE=VIL
5. Transition is measured £200mV from steady state.
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IDT7164S, IDT7164L

CMOS STATIC RAM 64K (8K x 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)")

ADDRESS

OE

CS2

DATAout

DATAIN

twe
{ { {{ { / \
( ; ( ; ; A /
taw twri®
[e——tAS——>
)( 7(
“ twp(26) tow®
jl
INNNSSNSNSN
[¢——t DW——>f¢—— t DH1,2 —7

twHz (Cley

X

DATAINVALID

XXXXXXXRX

2567 drw 11

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING)™"

ADDRESS

CS2

9

DATAIN

NOTES:

A A
LT ALLARRRRARRANY
ALARLARRARARRANR S 6 7777717777777

/

tow

toH12

1. WE, CS10r CS2 must be inactive during all address transitions.
2. Awrite occurs during the overlap (twe) of a low WE, alow CStanda hlgh CSa.

3. twR1,2 is measured from the earlier of CSt or WE going high or CS2 going low to the end of the write cycle.
4. During this period, I/O pins are in the output state so that the input signals must not be applied.
5
6

. It the CS1 low transition or CS2 high transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state.
. 1OE is low during a WE controlled write cycle, the write pulse width must be the larger of twp or (twHz +tow) to allow the I/O drivers to tum off and data
to be placed on the bus for the required tow. If OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be

as short as the spectified twp.

o~

. DATAourt is the same phase of write data of this write cycle.
. Transition is measured +200mV from steady state.

DATAINVALID

OOCKXXXXX

2967 drw 12
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IDT7164S, IDT7164L
CMOS STATIC RAM 64K (8K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT  XXXX X XXX XXX X
Device Power Speed  Package Process/
Type Temperature
Range
Blank  Commercial (0°C to +70°C)
B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B
Y SOJ (300 mil)
PE SOIC (330 mil)
TC"  Side Braze (300 mil)
TD CERDIP (300 mil)
D CERDIP (600 mil)
P Plastic DIP (600 mil)
TP Plastic DIP (300 mil)
J Plastic Leaded Chip Carrier
L28 28 Leadless Chip Carrier
L32 32 Leadless Chip Carrier
E CERPACK F11A
XE CERPACK F11
15 Commercial Only
20
25
30
35
45 Military Only
55 Military Onl
70 M}.}Q& 02&(, % Speed in Nanoseconds
85 Military Only
100 Military Only
120 Military Only
150 Military Only
200 Military Only
J

| s Standard Power

| L Low Power

| 7164 64K (8K x 8-Bit) CMOS Static RAM

2967 drw 13
NOTE:

1. TC package wili be replaced by TD.
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Prenis ®
/ CMOS STATIC RAM IDT7165S
g 64K (8K x 8-BIT) IDT7165L
: RESETTABLE RAM FOR NEW DESIGNS 1
Integrated Device Technology, Inc. o G
FEATURES: DESCRIPTION:
+ High-speed asynchronous RAM clear on Pin 1 (clears all The IDT7165 is a high-speed 65,536-bit static RAM, orga-
RAM bits 1o 0, reset cycle time = 2 x tAA) nized 8K x 8, with reset function. The RESET pin provides a
+ High-speed address access time single RAM clear control which clears all words in the internal
— Military: 35/45/55ns (max.) RAM to zero when activated. This allows the memory bits for
— Commercial: 30/35/45ns (max.) all locations to be cleared at power-on or system reset, or for
- High-speed chip select (CS1) time a fast clear to be available to graphics, histogramming and
— Military: 20/25/30 {(max.) other designs where a byte-by-byte RAM clear would cause
— Commercial: 15/20/25ns (max.) noticeable system speed degradation.
» Low-power operation This product is fabricated using IDT’s high-performance,
— IDT7165S high-reliability CEMOS technology. Address access time of
Active: 300mW (typ.) 20ns and chip select (CS1) time of 15ns are available with
Standby: 100uW (typ.) maximum power consumption of only 770mW. This circuit
— IDT7165L also offers a reduced power standby mode. When CS2 goes
Active: 250mW (typ.) low, the circuit will automatically go to and remain in a low-
Standby: 30uW (typ.) power standby mode. In the full standby mode, the low-power
+ Battery backup operation — 2V data retention voltage device typically consumes lessthan30uW . The low-power (L)
(IDT7165L only) version also offers a battery backup data retention capability
* Produced with CEMOS™ high-performance technology where the circuit typically consumes only 10uW operating
+ Single 5V(+10%) power supply from a 2V battery. )
» Input and output directly TTL-compatible The IDT7165 is packaged in a 28-pin 300 or 600 mil DIP, &
+ Standard 28-pin, 600 mil DIP, 300 mil DIP, 28-pin SQIC,  28-pin gull-wing SOIC, and 32-pin LCC and PLCC, providing }
32-pin LCC and PLCC high board level densities.
= Military product is compliant to MIL-STD-883, Class B Military grade product is manufactured in compliance with

the latest revision of MIL-STD-883, Class B, making it ideally
suited to the military temperature applications which require
instant destruction of sensitive RAM data and demand the
highest ievel of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

A —&: le—oVee
: ROW : 65,536-BIT le—o GND
. DECODER o MEMORY ARRAY
A —>— =
RESET > [eoee
0 07 8 > COLUMN /0 -
WE — COLUMN DECODER
_o__E ] o o o :
CS1—
CS2— A A
~N 2979 drw 01
NOTE:
CEMOS is a trademark of Integrated Device Technology, Inc. 1. Not recommended for new designs. Contact marketing.
MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1990

©1990 Intagrated Device Technology, Inc. 5.18 DSC-102172
1



IDT7165S/L

CMOS STATIC RAM 64K (8K x 8-BIT) RESETTABLE RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS

’_
RESETClr  ~  asfVee ‘“508“-'“
An2[]2 27 O WE INDEX 22mz>|38
Az[s 26 [1CS2 AEEEEIEEEEE
As []4 25 [ As 4 3 2»1_1323130 .
AsCls 24 [ Ag As [1s 29 [] As
P28-1, As [1e 28 [} Ao
A4de  og.q' 28 [JAn : A
As(7 Dp2g1, 22[1OE As 17 = KN
’ A3 {]ls 26 [[] NC
A20s & 21 [dAw : L32-1 tlae
A1 ]9 S028-3 20 [1CS1 Az :]9 25 [: OE
Ao [] 10 19 (VO 7 At Lo 24 L At
Ao [111 23 [[] CS1
/0o ] 1 18 [JI/0Os : .
NC [112 22 [I] VO7
101412 17 IO s !
/o [ 113 21 [[] V/Os
Vo2 Y 1s 16 L0« 14 15 16 17 18 19 20
GND[jm 15 [1I/0 3 U ainininininis
~NQ OO Iw
12979 drw 02 g 9 5 = g g 9 2979 drw 03
DIP/SOIC
TOP VIEW LCC/PLCC
TOP VIEW
TRUTH TABLE (Vce = 0.2V, Vhe = Vee - 0.2v)(2) . ABSOLUTE MAXIMUM RATINGS(")
WE | CS1 | cs2 | OE | RESET| 1o Function Symbol Rating Com’l. Mil. Unit
X X X X L — | Reset all bits to low VTERM Terminal Voltage | -0.5t0 +7.0| -0.5t0+7.0{ V
- with Respect
X H X H 4 Deselect chip 1o GND
X Xt X H z dD:;i{?ft power TA Operating O0to+70 [ -55t0+125| °C
Temperature
X |VHe) X | X H Z Deselect chip TBIAS Temperature -55to+125| -65t0+135] °C
X X | vic| X VHC Y4 CMOS dese(l:a)ct Under Bias
 power down Tstc | Storage 5510 +125| -6510+150| °C
H | L H H Z . | Output disable Temperature
H L H L H Dout| Read PT Power Dissipation 1.0 1.0 W
L L H H DIN | Write lout DC Output 50 50 mA
NOTE: _ o 2079 1ol 01 Current
1. CS2 will power down CS1, but CS1 will not power down CS2. NOTE: 2979 1l 03
2. H=VH, L=V, X =don'tcare. 1. Stresses greater than those listed under ABSOLUTE MAXIMUM

RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other

PIN DESCRIPTIONS conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
Ao-12 Address conditions for extended periods may affect reliability.
1/00-7 Data Input/Output
CS1,CS2 Chip Select CAPACITANCE (Ta = +25°C, f = 1.0MHz)
RESET Memory Reset Symbol Parameter(" Conditions | Max.| Unit
WE Write Enable CIN Input Capacitance VIN = OV 8 | pF
OE Output Enable Cout | Output Capacitance Vour = oV 8 | pF
GND Ground NOTE: ) 2979 1) 04
1. This parameter is determined by device characterization, but is not
vee Power production tested.

2979 1bl 02




IDT7165S/L.

CMOS STATIC RAM 64K (8K x 8-BIT) RESETTABLE RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

RECOMMENDED OPERATING RECOMMENDED DC OPERATING
TEMPERATURE AND SUPPLY VOLTAGE CONDITIONS
Grade |Ambient Temperature| GND Vce Symbol Parameter Min. | Typ. | Max.| Unit
Military -55°C to +125°C ov 5V+10% Vce Supply Voltage 45 |50 [ 55| V
Commercial 0°C 10 +70°C ov 5V £ 10% GND | Supply Voltage 0 0 o]V
2979t 05 VIH Input High Voltage 22 —_ 6.0 \"
VIHR RESET Input Voltage [ 2.5 — 6.0 | V
ViL Input Low Voltage 050 | — | 08| Vv
NOTE: 29791l 06
1. Vit (min.) = -3.0V for pulse width less than 20ns.
DC ELECTRICAL CHARACTERISTICS!": 2
(Vce = 5.0V £ 10%, VLC = 0.2V, VHC = Vce - 0.2V)
’ 7165530 7165S/L35 7165S/L45 7165S/L55
Symbol Parameter Power | Com’l.| Mil. | Com’l.| Mil. [ Com’l| Mil. |Com'l| Mil. | Unit
Icct Operating Power Supply Current S 110 — 110 125 110 125 110 125 | mA
CS1=ViL, CS2 = VH
Qutputs Open, Vcc = Max., f=0 L — —_ 90 — 90 110 90 110
lccz Dynamic Operating Current S 160 — 150 160 150 160 150 160 | mA
CS1=Vi, CS2=VH
Outputs Open, Vcc = Max., f = fMax L — — 130 — 120 130 115 125
Iss Standby Power Supply Current S 20 — 20 20 20 20 20 20 mA
(TTL Level) f = fmax
CS12VH,CS2< Vi, RESET 2 VH L — — 3 — 3 5 3 5
Outputs Open, Vcc = Max.
1sB1 Full Standby Power Supply Current S 15 — 15 20 15 20 15 20 mA
(CMOS Level)f=0
CS2< Vic and RESET 2 VHe L — — 0.2 — 0.2 1.0 0.2 1.0
Vee = Max., VIN2 VHC or VIN € VL
NOTES: 2979 tbl 07
1. All values are maximum guaranteed values.
2. Atf=fwmax address and data are cycling at maximum frequency of read cycles f = 1/trRc. f =0 means no inputs change.
DC ELECTRICAL CHARACTERISTICS
Vee =5.0V £ 10%
IDT7165S IDT7165L
Symbol Parameter Test Condition Min. Max. Min. Max. Unit
L] Input Leakage Current vce = Max., MIL. — 10 — 5 A
VIN = GND to Vcc COM'L. — 5 — 2
Loy Output Leakage Current| Vcc = Max., CS = Vi, MIL. — 10 — 5 pA
Vour = GND to Vcc COM'L. — 5 — 2
VoL Ouiput Low Voltage lot = 10mA, Vce = Min. — 0.5 — 0.5 \Y
loL = 8mA, Vce = Min. — 0.4 — 0.4
VOH Output High Voltage IoL = -4mA, Vce = Min. 2.4 — 2.4 — Vv
2979 tbl 08
5.18 3



IDT7165S/L

CMOS STATIC RAM 64K (8K x 8-BIT) RESETTABLE RAM MILITARY AND COMMERCIAL TEMPERATURE RANGES

LOW Vcc DATA RETENTION WAVEFORM

DATA
[¢—— RETENTION —¥{ .
\ MODE k
Vce 4.5V 7 4.5V
tcoR VDR22V 1R
VDR
2979 drw 04

DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VLC = 0.2V, VHC = VCC - 0.2V

Typ. ¥ Max.
Veec @ Veec @

Symbol Parameter Test Condition Min. 2.0v 3.0V 2.0V 3.0v Unit

VDR Vcc for Data Retention — 2.0 — — —_ —_ \Y

Iccor Data Retention Current MIL. —_ 10 15 200 300 HA

COM'L. — 10 15 60 90
tcor® Chip Deselect to Data CS2< Vic, CS12 Ve 0 — - — — ns
Retention Time RESET = VHC

tr® Operation Recovery Time trct? — — —_ —_ ns

(1@ Input Leakage Current — — — 2 2 A
NOTES: 2979 b 08
1. Ta=+25°C.
2. trc = Read Cycle Time. )
3. This parameter is guaranteed, but not tested.
AC TEST CONDITIONS

Input Pulse Levels GND to 3.0V

Input Rise/Fall Times 5ns

Input Timing Reference Levels 1.5V

Output Reference Levels 1.5V

Output Load See Figures 1 and 2

2979 tbl 09
5V 5V
480Q 480Q
DATAout DATAout
2550 30pF* ‘ 2550 5pF*
2979 drw 05

2979 drw 06

Figure 1. Output Load Figure 2, Output Load

(for tcLzy, 2, toLZ, tCHZ1, 2, 1OHZ, 1OW, tWHZ)

*Includes scope and jig.

5.18 4



IDT7165S/L

CMOS STATIC RAM 64K (8K x 8-BIT) RESETTABLE RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Vcc=5.0V + 10%, All Temperature Ranges)

7165530 | 7165535 7165545 | 7165555()
7165L35" | 7165L45 | 7165055

Symbol Parameter Min. I Max.| Min. i Max.| Min. LMax. . Min. l Max. | Unit
Read Cycle
tRC Read Cycle Time 30 — 35 — 45 — 55 — ns
tAA Address Access Time — 30 — 35 — 45 —_ 55 ns
tacst | Chip Select-1 Access Timet? — |15 — |2 — | 25| — | 3| ns
tacs2 Chip Select-2 Access Time!? — 35 — 40 — 45 — 55 ns
tctzi | Chip Select-1 to Output in Low 2 0 — ) — 0 — 0 — | ns
tcLz2 Chip Select-2 to Output in Low Z*) 5 — 5 — 5 — 5 — ns
toE Output Enable to Output Valid — 15 — 20 — 25 — 30 ns
toLz Output Enable to Output in Low Z¥ 3.1 — 3 — 3 — 3 —_ ns
tcHz1 | Chip Select-1 to Output in High Z4 — |13 — |15 — 2| — ]2 | ns
tchzz | Chip Select-2 to Output in High Z* — |13 — | 15| —f20] — ] 25| ns
toHZ Output Disable to Output in High Z(¥ — 14 — 15 — 20 — 25 ns
tOH Output Hold from Address Change 5 — 5 —_ 5 — 5 —_ ns
tPu Chip Select to Power Up Timet* — 0 — 0 — — | ns
tPD Chip Select to Power Down Time® — |3 | — |3} — |45 )] — | 55| ns
Write Cycle
twe Write Cycle Time 30 — 35 — 45 — 55 — ns
towi Chip Select-1 to End of Write (CS1) 20| — [ 2 | —}| 25 | —{ 3 | — ns
tcwz Chip Select-2 to End of Write {CS2) 22 — 25 — 33 — 50 - ns
taw Address Valid to End of Write 22 — 25 — 33 —_ 50 | — ns
tAS Address Set-up Time 0 — 0 — 0 — 0 — ns
twp Write Pulse Width 23 — 25 — 25 — 50 — ns
tWR1 Write Recovery Time (CS1, WE) 0 — 0 — 0 — 0 — ns
twR2 Write Recovery Time (CSz2) 5 — 5 — 5 — — ns
twHZ Write Enable to Output in High 2 — 12 — 14 — 18 - 25 ns
tow Data to Write Time Overlap 13 — 15 — 20 — 25 _ ns
tDH1 Data Hold from Write Time (CS1) — 3 — — 3 — | ns
tOH2 Data Hold from Write Time (CS2) — 5 — — 5 — ns
tow Output Active from End of Write® — 5 — — 5 — | ns

NOTES: 2976 101 08

1. 0°to +70°C temperature range only.

2. Both chip selects must be active for the device 1o be selected.

3. -55°C to +125°C temperature range only.

4. This parameter is guaranteed, but not tested.

5.18 5




IDT7165S/L
CMOS STATIC RAM 64K (8K x 8-BIT) RESETTABLE RAM MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NO. 1()

‘ tRC >
ADDRESS >{
tAA tOH—>]
10E
toLz®

™~

cs f \' ‘ A\l
. torze® , tenzzl®
o5 NN\ L

tACs1 le— tonz(®
e oLz — ] teuziS)
4 L

DATAoUT : ( XXX

2979 drw 07

TIMING WAVEFORM OF READ CYCLE NO. 2(1: %24

tRC »l
ADDRESS ;{
tOFtIAA g toH—
DATAouT ) ) ) ( ‘
| 2979 drw 08
TIMING WAVEFORM OF READ CYCLE NO. 334
CS1 \ —
\ 7
CS2 Y
7 tACs2
toLz2) tcHz2 ()
tACS1 5
tcLzi(5) le——1tCHZ1(5) ——»
/ fr—
DATAouT ( )
tPy <—~l T
Vce SUPPLY lc¢ —==-—-----—---
CURRENT |, J{l

2979 drw 09

NOTES:

1. WE is high for read cycle. .

2. Device is continuously selected, CS1 = ViL, CS2 = ViH.

3. Address valid prior to or coincident with CS1 transition low and CSz transition high.
4. OE=VL

5. Transition is measured +200mV from steady state.

5.18 6



IDT7165S/L

CMOS STATIC RAM 64K (8K x 8-BIT) RESETTABLE RAM

MiLI

TARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)("

ADDRESS

DATAouT

DATAIN

ADDRESS

CS2

twe
X X
le——taAs——] ’ /__—— ‘
/ / \
WAWWA /
tAW e—t writ®) -
)K Jf
tas twpi26) > tow® %)
A VNI NAVNANNNYNYN
INNOSNNSNSS
lWHZ(g) o e—tow —¢—{DH12 —»
X opatAnvaLD XXOOOOXXX
2979cw 10
TIMING WAVEFORM OF WRITE CYCLE NO. 2 (@ CONTROLLED TIMING)“)
‘ twe
X X
tAS twr2@)
L7 PALLARRARRRRANY
tew > twp1 @
JARRANARRRRARRRNNS AT
tAw
\ /
tow |, tDH12 ©
patamnvaLiD )OO0

DATAIN

NOTES:

as short as the spectified twe.

to them.

WE, CS1 or CS2 must be inactive during all address transitions.
. A write occurs during the overlap (twr) of a low WE, a low TS1 and a high CS2.

twR1, 2 is measured from the earlier of CS1 or WE going high or CS2 going low to the end of the write cycle.
. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be apphed
. If the CS1 low transition or CS2 high transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state.
. IfOE is low during a WE controlled write cycle, the write pulse width must be the larger of twp or (twHz +tow) to allow the /O drivers to turn off and data
to be placed on the bus for the required tow. If OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be

. DATAouT is the same phase of write data of this write cycle.
. 1{ CSt1is low and CS2is high during this period, 1/O pins are in the output state. Data input signals of opposite phase to the outputs must not be applied

. Transition is measured £200mV from steady state.

2979 drw 11
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IDT7165S/L
CMOS STATIC RAM 64K (8K x 8-BIT) RESETTABLE RAM MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Vce = 5.0V + 10%, All Temperature Ranges)

7165830 | 7165535 | 7165845 | 7165555
7165L35" | 7165145 | 7165L55(
Symbol Parameter Min. [ Max.| Min. | Max.| Min. [ Max.] Min. | Max.| Unit
Read Cycle
tRsPw | Reset Pulse Width(® 55 | — | es | — | 80 | — | 100]| — | ns
tRSRC | Reset High to WE Low 5 — 5 - 10 | — 10| — | ns
NOTES: 2976 1bl 09

1. 0°to +70°C temperature range only.
2. Recommended duty cycle = 10% maximum.
3. -55°C to +125°C temperature range only.

RESET TIMING

|e tRSPW »
RESET jk

tnsncj )

== vv/~/\\Y\y v\ yryrrvvvyvmy y1vywvwwwwv
WE A’A’A A’A‘A‘A’A’A A‘A‘A‘A’A’A’A‘A‘A‘A‘A‘A’A‘A‘A’A’
2979 drw 12
‘;
| +5 Volts
IDT7165 IDT7165
RESET 1KQ - 10KQ RESET
D_’__j 2979 drw 13 . 2979 drw 14
CMOS Gate Bipolar Gate
Driving the RESET pin with CMOS logic. Driving the RESET pin with bipolar logic.

Figure 3.

5.18 8



IDT7165S/L
CMOS STATIC RAM 64K (8K x 8-BIT) RESETTABLE RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT  XXXX X XX XX X

Device
Type

Power Process/
Temperature

Range

Speed  Package

L32

Commercial (0°C to +70°C)

Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

Plastic DIP (600 mil)

THINDIP (300 mil sidebraze)

CERDIP (600 mil)

Small Outline IC (gull-wing) (330 mil)

Plastic Leaded Chip Carrier

Leadless Chip Carrier

Commercial Only

Speed in Nanoseconds
Military Only

Low Power
Standard Power

64K (8K x 8-Bit) Resettable RAM
2979.drw 15
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dt

Integrated Device Technology, Inc.

N

CMOS STATIC RAMS

16K (4K x 4-BIT)
Separate Data Inputs and Outputs

IDT71681SA/LA
IDT71682SA/LA

F

EATURES:
Separate data inputs and outputs
IDT71681SA/LA: outputs track inputs during write mode
IDT71682SA/LA: high impedance outputs during write
mode )
High speed (equal access and cycle time)
— Military: 12/15/20/25/35/45/55/70/85/100ns (max.)
— Commercial: 10/12/15/20/25/35/45ns (max.)
Low power consumption
— IDT71681/2SA

Active: 225mW (typ.)

Standby: 100uw (typ.)
— IDT71681/2LA

Active: 225mW (typ.)

Standby: 10uW (typ.)
Battery backup operation—2V data retention (LA version
only)
High-density 24-pin 300-mil ceramic or plastic DIP, 24-
pin CERPACK, 24-pin SOIC, 24-pin SOJ and 28-pin
leadless chip carrier

Produced with advanced CEMOS™ high-performance
technology

CEMOS™ process virtually eliminates alpha particle soft-
error rates

Single 5V (+10%) power supply

Inputs and outputs directly TTL-compatible

Three-state output

Military product compliant to MIL-STD-883, Class B

DESCRIPTION:

The IDT71681/IDT71682 are 16,384-bit high-speed static

RAMs organized as 4K x 4. They are fabricated using IDT's
high-performance, high-reliability technology—CEMOS™.
This state-of-the-art technology, combined with innovative
circuit design techniques, provides a cost effective approach
for high-speed memory applications.

Access times as fast as 10ns are available with maximum

power consumption of only 550mW. These circuits also offer
a reduced power standby mode. When CS goes high, the
circuit will automatically go to, and remain in, this standby

F

UNCTIONAL BLOCK DIAGRAM
A _k le— Vce
L ]
° le— GND
[ ]
16,384-BIT
. DECODE MEMORY ARRAY
[ ]
L]
A—{>—
| I
D« ? — 7o)
Ds Ya
INPUT
DATA
Dz——ﬁ—- CONTROL } Y3
o —] -
o
L
T T T T T T T T T T AT e |
1 L - !
= IDT71681 ONLY |
CcS Ix { 2984 drw 01
o |
CEMOSisa of Device T Inc.

J qY.

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1930

o1

990 Integrated Device Technology, Inc.

5.19

DSC-1097/-
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IDT71681SA/LA, IDT71682SA/LA

CMOS STATIC RAMS 16K (4K x 4-BIT) Separate Data Inputs and Outputs MILITARY AND COMMERCIAL TEMPERATURE RANGES
DESCRIPTION (Continued): PIN DESCRIPTIONS
mode as long as CS remains high. In the standby mode , the Name Description
devices consume less than 10pW, typically. This capability AOAIT Address Inputs
provides significant system-level power and cooling savings. — -
The low-power (LA) versions also offer a battery backup data | S Chip Select
retention capability where the circuit typically consumes only WE Write Enable
1uW operating off a 2V battery.
Allinputs and outputs of the IDT71681/IDT71682 are TTL- |- 210 DATAN
compatible and operate from a single 5V supply. Y1-Y4 DATAouT
The 1DT71681/IDT71682 are packaged in either space- vVee Power
saving 24-pin, 300-mil DIPs, SOICs, SOJs, CERPACKS, or GND Ground
28-pinleadless chip carriers, providing high board-level packing

densities. ] 2984 10l 01
Military grade product is manufactured in compliance with 3)
the latest revision of MIL-STD-883, Class B, making it ideally ARUTH TABLE

sgited to military temperature applications demanding the Mode cs WE Output Power
highest level of performance and reliability. Standby H X High Z Standoy
Read L H Dout Active
Writel"? L L DIN Active
PIN CONFIGURATIONS Writa®) L L HighZ Active
NOTES: 2984 tbl 02
d—‘_\j_—" 1. ForIDT71681 only.
Ao 1 24 [ Vee 2. ForIDT71682 only.
A1 5 2 23 [J A1t 3. H=Vi, L=V, X=don'tcare. ‘
s = ] Ao ABSOLUTE MAXIMUM RATINGS")
As[]4 P24-1, 21 Ag
Ass D241, 207 As Symbol Rating Com’l. Mil. Unit
As[]e S024-2, 19D, -
E24-1 VTERM | Terminal Voltage | -0.510 +7.0{ -0.5t0 +7.0{ V
As}7 * 18 [ D3 :
A7 s & 7B Y. with Respect
5024-4 ND
D1[}s 16[1Y3 G
D2[] 10 15{]Y2 TA Operating 0to +70 -55t0+125| °C
Cs ] 11 14 [3Y1 Temperature
GND [} 12 1B L1WE Teias | Temperature 5510 +125| -65t0+135| °C
2684 drw 02 Under Bias
DIP/SOIC/SOJ/CERPACK TsTG Storage -5510 +125( -65t0 +150| °C
TOP VIEW Temperature
PT Power Dissipation 1.0 1.0 w
O - o lout DC Output 50 50 mA
INDEX 23Z&5 << Current
BEEIRIETRIELE 7 NOTE: 2984 bl 03
4 3 2 1282726 1. Stresses greater than those listed under ABSOLUTE MAXIMUM
A4 |15 ! 25 [[] Ao RATINGS may cause permanent damage to the device. This is astress
As [ e 24 [[] As rating only and functiona! operation of the device at these or any other
NG 3] 7 23 [3 D4 conditions above those indicated in the operational sections of this
: [.' NG specification is not implied. Exposure to absolute maximum rating
NC [ds L28-1 22 1. conditions for extended periods may affect reliability.
As |19 21 [} NC
A7 110 20 [] Da
D1 [ 19 [] Ya
12 13 14 1516 17 18 CAPACITANCE (TA = +25°C, f = 1.0MHz)
\ Nlm TR /2984 w03 Symbol Parameter(" Conditions | Max.| Unit
[=) > > >
© %lg CIN Input Capacitance VIN = OV 8 pF
Lce Cout Output Capacitance Vourt = 0V 8 pF
TOP VIEW NOTE: 2984 1bl 04
1. This parameter is determined by device characterization, but is not
production tested.

5.19 2



IDT71681SA/LA, IDT71682SA/LA
CMOS STATIC RAMS 16K (4K x 4-BIT) Separate Data Inputs and Outputs

MILITARY AND COMMERCIAL TEMPERATURE RANGES

RECOMMENDED DC OPERATING

RECOMMENDED OPERATING

CONDITIONS TEMPERATURE AND SUPPLY VOLTAGE
Symbol Parameter Min. | Typ. | Max.| Unit Grade |Ambient Temperature | GND Vee
Vee Supply Voltage 45 |50 ] 55| V Military -55°C 1o +125°C ov 5V +10%
GND Supply Voltage 0 Y 0 v Commercial 0°Cto +70°C . ov 5V 10%
ViH Input High Voltage 2.2 — 6.0 \ 2984 1l 06
Vit Input Low Voltage 050 | — 0.8 \Y

NOTE: 2984 tbl 05

1. VIL (min.) = -3.0V for pulse width less than 20ns.

DATA RETENTION CHARACTERISTICS

(LA Version Only)

IDT71681/2LA
Symbol Parameter Test Condition Min. Typ." Max. Unit
VDR Vcc for Data Retention 2.0 — — \
Iccpr Data Retention Current o MIL. — 052 1002 nA
: CS 2 Vcc -0.2V — 1.08 15003
VIN 2 Vce -0.2V COM'L. — 0.5@ 202 nA
or<0.2v — 1.00 30@
tcor® Chip Deselect to Data 0 — — ns
Retention Time
tr® Operation Recovery Time trct® —_ — ns

NOTES: 2984 16l 07

1. TA=+25°C.

2. atVec =2V

3. atVec =3V

4. trc = Read Cycle Time.

5. This parameter is guaranteed, but not tested.

LOW Vcc DATA RETENTION WAVEFORM

DATA
[——RETENTION —¥
MODE &
vee 45vY A 45v
tcoR VDR2>2V tR
= 77777777 A5 \\\\\\\
VDR
' 2984 drw 04
DC ELECTRICAL CHARACTERISTICS
vece = 5.0V £ 10%
IDT71681/2S IDT71681/2L
Symbol Parameter Test Condition Min. | Typ. | Max. | Min. | Typ. [ Max. | Unit
L]} Input Leakage Current Vce = Max., MIL. — — 10 — — 5 A
: . VIN = GND to Vce COM'L.| — - 5 — — 2
[Loj Output Leakage Current| Vcc = Max., CS = VIH, MIL. — — 10 — — 5 nA
Vout = GND to Vce COoML.| — — 5 — —_ 2
VoL Output Low Voltage loL = 10mA, Vce = Min. — 0.5 — — 0.5 \
loL = 8mA, Vcc = Min. — — 0.4 — — 0.4
VoH Output High Voltage loL = -4mA, Vce = Min. 2.4 — — 2.4 — — v
2984 11 08
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IDT71681SA/LA, IDT71682SA/LA )
CMOS STATIC RAMS 16K (4K x 4-BIT) Separate Data Inputs and Outputs MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS("4)
(Vee = 5.0V £ 10%, VLC = 0.2V, VHC = Vce - 0.2V)

71681x10® | 71681x127 71681x15 71681x20 71681x25
71682x10) | 71682x12 71682x15 71682x20 71682x25
Symbol Parameter Power | Com’l.| Mil. | Com’l.|] Mil. |Com’'l.| Mil. | Com’l.[ Mil. |Com’l] Mil. | Unit
lcct | Operating Power SA 120 — 110 120 110 120 90 100 90 100 | mA
Supply Current .
CS = VIL, Outputs
Open, Vcc = Max.,, LA — — — — 70 80 70 80
f=00
lcc2 | Dynamic Operating SA 165 175 145 165 120 120 110 120 | mA
Current
CS = Vi, Outputs
Open,Vcc = Max., LA -— — — — 100 110 90 100
f = tmax®
IsB Standby Power SA 65 65 55 65 45 55 35 45 mA
SupplyCurrent
(TTL Level) CS > VI,
Vce = Max., Outputs LA — — — — 30 35 25 30
Open, f = fmax®
Isg1 | Full Standby Power SA 20 20 20 20 20 20 2 10 mA
Supply Current
(CMOS Level)
CS 2 VHc, Vce = Max., LA —_ — — — — — 05 5 0.05 0.3
VIN> VHC or
VINS VL, 1=0)

DC ELECTRICAL CHARACTERISTICS (Continued)"*
(Vce = 5.0V = 10%, VLC = 0.2V, VHC = Vcc - 0.2V)

71681x35 71681x45 | 71681x55) | 71681x70%©)
71682x35 71682x45. | 71682x55© | 71682x70%9)
Symbol Parameter Power | Com’l.] Mil. |Com’l.| Mil. | Com’l.] Mil. |Com’l| Mil. | Unit

Icct Operating Power SA 90 100 90 100 — 100 — 100 | mA
Supply Current
CS = VL, Outputs Open, LA 70 80 70 80 — 80 — 80
vce = Max., f = 09

lcc2 Dynamic Operating SA 100 110 100 110 — 110 — 110 | mA
Current
CS = Vi, Outputs Open, LA - 80 90 70 80 — 80 — 80
vee = Max., f = fmaxt®

IsB Standby Power Supply SA 30 35 30 35 — 35 — 35 mA
Current (TTL Level)
CS 2 Vi, Vce = Max., LA 20 25 20 25 — 20 — 20
Outputs Open, f = fmax®

1581 Full Standby Power Supply SA 2 10 2 10 — 10 - 10 mA
Current (CMOS Level)
CS 2 VHe, Vee = Max., LA 0.05 0.3 0.05 0.3 —_ 0.3 — 0.3
VIN > VHe or VIN< Ve, 1=0)

NOTES: i 2984 1l 09

. All values are maximum guaranteed values.

. Also available 85 and 100ns military devices.

. Atf = fmax address and data inputs are cycling at the maximum frequency of read cycles of 1/tRc. f = 0 means no input lines change.
"x" in part numbers indicates power rating (SA or LA).

. 0°C to +70°C temperature range only.

-55°C to +125°C temperature range only.

. Military values for 12ns device are preliminary only.

NP~




IDT71681SA/LA, IDT71682SA/LA

CMOS STATIC RAMS 16K (4K x 4-BIT) Separate Data Inputs and Outputs MILITARY AND COMMERCIAL TEMPERATURE RANGES
AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 5ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load See Figures 1 and 2
‘ 2984 tol 10
5V 5V
480Q 480Q
DATAoUT DATAout
255Q 30pF* 255Q SpF*
2084 drw 05 2984 drw 06
Figure 1. Output Load Figure 2. Output Load

{for tHz, tLz, twz, and tow)
*Includes scope and jig capacitances )

‘AC ELECTRICAL CHARACTERISTICS (vce = 5.0V + 10%, All Temperature Ranges)

71681x10™" | 71681x12 | 71681x15 | 71681x20 | 71681x25

71682x10!" | 71682x12 | 71682x15 | 71682x20 | 71682x25
Symbol Parameter Min. | Max.[ Min. | Max. | Min. | Max.[ Min. [ Max.| Min. ] Max.| Unit
Read Cycle ‘
tRC Read Cycle Time 12 — 15 — | 2. | — | 25 — ns
tAA Address Access Time — 12 — 15 — 20 — 25 ns
tacs { Chip Select Access Time .- 12 — 15 — 20 — 25 ns
toH Output Hold from Address Change 3 — 3 — 3 — 3 ] — | ns
tLz Chip Select to Output in Low 23 3 — 5 — 5 — 5 —_ ns
tHZ Chip Select to Output in High zd — 7 — 7 — 9 — 10 ns
tPu Chip Select to Power Up Time® 0 — 0 — 0 — 0 — ns
tPD Chip Select to Power Down Time(® — 10 — 15 — 20 — 25 ns

Continued on next page...
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IDT71681SA/LA, IDT71682SA/LA
CMOS STATIC RAMS 16K (4K x 4-BIT) Separate Data inputs and Outputs MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Continued) (Vcc = 5.0V + 10%, All Temperature Ranges)

71681x35 | 71681x45 | 71681x55%| 71681x70(?

71682x35 | 71682x45 | 71682x55@| 71682x70
Symbol Parameter MiniMax. Min. | Max. MinJ Max.| Min. | Max. | Unit
Read Cycle
tRC Read Cycle Time 35 — 45 — 55 —_ 70 — ns
tAA Address Access Time — 35 — 45 — 55 — 70 ns
tACS Chip Select Access Time — 35 — 45 — 55 —_ 70 ns
toH Output Hold from Address Change 3 — 3 — 3 — 3 — ns
Lz Chip Select to Output in Low z® 5 — S —_ 5 — 5 — ns
tHz Chip Select to Output in High Z&® —ft 5] — 12| — 25| — |3 |ns
tPu Chip Select to Power Up Time!® 0 — 0 — o — | o | — 1| ns
tPD Chip Select to Power Down Time®® — 35 —_ 40 —_ 50 —_ 60 ns

NOTES: 2984 thi 11

1. 0°C to +70°C temperature range only.

2. -55°C to +125°C temperature range only.

3. This parameter guaranteed but not tested.

4. "x"in part numbers indicates power rating SA or LA.

TIMING WAVEFORM OF READ CYCLE NO. 1(+2

trc!® o
ADDRESS >
< 1AA »l

tOH

DATAoUT PREVIOUS DATA VALID X X DATA VALID

7 1N

2984 drw 07

TIMING WAVEFORM OF READ CYCLE NO. 2(":3

trc )

—— /

CS K 7
1ACS > le-tHz4)

tz(4
DATAout DATA VALID HIGH IMPEDANCE
n—tPu—»l - l‘—iPD
Veg SUPPLY 106 === === m s = l
CURRENT |,

2984 drw 08

N :
1. WE is High for READ Cycle.

2. CSis Low for READ Cycle.

3. Address valid prior to or coincident with TS transition low.

4. Transition is measured +200mV from steady state voltage with specified loading in Figure 2.

5. All READ cycle timings are referenced from the last valid address to the first transitioning address.
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IDT71681SA/LA, IDT71682SA/LA
CMOS STATIC RAMS 16K (4K x 4-BIT) Separate Data Inputs and Outputs

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Vcc =5.0V + 10%, All Temperature Ranges)

71681x10(" | 71681x12 | 71681x15 | 71681x20 | 71681x25
71682x10(V |  71682x12 71682x15 71682x20 71682x25
Symboi Parameter Min. | Max.| Min. ]Max. Min. | Max.|{ Min. l Max.| Min. ]lllax. Unit
Write Cycle
twe Write Cycle Time 10 — 12 — 15 — 20 — 20 — ns
| tew Chip Select to End of Write : 10 10 — 15 — 20 — 20 — ns
taw Address Valid to End of Write 10 — 15 — 20 — 20 — ns
tAs Address Set-up Time 0 — 0 — o | — 0 — ns
twp Write Pulse Width 10 - 15 — 20 —_ 20 — ns
tWR Write Recovery Time 0 — 0 — — — ns
tow Data Valid to End of Write 8 — 9 — 10 - 10 — ns
1DH Data Hold Time 0 — 0 —_ 0 —_ — ns
ty Data Valid to Output Valid — 12 — 15 — 20 — 25 ns
(71681 only)®
twy Write Enable to Output Valid — 12 — 15 — 20 — 25 ns
(71681 only)®
twz Write Enable to Output in High Z — 5 — 6 — 7 — 7 ns
(71682 only)®
tow Output Active from End of Write 0 — 0 — 0 — 0 — ns
(71682 only)®
AC ELECTRICAL CHARACTERISTICS (Continued) (vcc = 5.0V + 10%, All Temperature Ranges,
p g
71681x35 | 71681x45 | 71681x55¢| 71681x70(
71682x35 | 71682x45 | 71682x55'9| 71682x701?
Symbol Parameter Min. | Max.| Min. | Max.| Min. | Max.| Min. | Max.| Unit
Write Cycle
twe Write Cycle Time 30 — 40 — 50 — 60 — ns
tcw Chip Select to End of Write 25 — 35 — 50 — 60 — ns
taw Address Valid to End of Write 25 — 35 — 50 —_ 60 —_ ns
tAs Address Set-up Time 0 — 0 — 0 — 0 — ns
twp Wirite Pulse Width 25 — 30 — 35 — 40 — ns
tWR Write Recovery Time 0 — 0 — 0 — 0 — ns
tow Data Valid to End of Write 15 — | 20 — 20 — 25 - ns
tDH Data Hold Time . — 3 — 3 — 3 — ns
iy Data Valid to Output Valid (71681 only)® — 3} — 3| —}| 3] — | 4] ns
twy Write Enable to Output Valid (71681 only)® — || — |3 | — |3 —1]4]| ns
twz Write Enable to Output in High Z (71682 only)®) — (13| — 20| — | 25| — |3/ ns
tow Output Active from End of Write (71682 only)® 0 — 0 — 0 — 0 — 1 ns
NOTES: 2984 1ol 12
1. 0°C to +70°C temperature range only.
2. -55°C to +125°C temperature range only.
3. This parameter guaranteed but not tested.
4. "x"in part numbers indicates power rating SA or LA.
5.19 7



IDT71681SA/LA, IDT71682SA/LA
CMOS STATIC RAMS 16K (4K x 4-BIT) Separate Data Inputs and Outputs - MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED)("

twe

ADDRESS X X
cs AN 7777777777777

t AW twR
twp

— I\ 4
WE Ak 7
le——1t AS
t DW —>t¢—— 1 DH
DATA IN DATA VALID

tiy—>
twy
DATA out® DATA UNDEFINED 3( DATA VALID
L;1 wz(‘"—j tow(24)
DATA out® DATA UNDEFINED G TMPEDANGE
2984 drw 09
TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED)("
- twe @
ADDRESS X X
[e—tAS tew
Cs 5( 7(
taw L twR—*|
we N\ KL
tow <— tDH
DATAIN ( DATA VALID
tiy
twy
DATA outt®) DATA UNDEFINED 3( DATA VALID
DATA out®® HIGH IMPEDANCE 0.0 ro

NOTES:

1. WE or CS must be high during all address transitions.

2. If the CS goes high simultaneously with WE high, the outputs remain in a high impedance state.
3. All write cycle timings are referenced from the last valid address to the first transitioning address.
4. Transition is measured +200mV from steady state voltage with specified loading in Figure 2.
5. ForIDT71681 only.
6. For IDT71682 only.
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IDT71681SA/LA, IDT71682SA/LA
CMOS STATIC RAMS 16K (4K x 4-BIT) Separate Data Inputs and Outputs MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT XXXXX XX XXX XX X
Device Power Speed  Package Process/
Type Temperature
Range
_ Blank  Commaercial (0°C to +70°C)

B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

P Plastic DIP

D Ceramic DIP

L Leadless Chip Carrier

SO Small Outline IC (Gull Wing)
E
Y

CERPACK
Small Outline IC (J-Bend)

10 Commaercial Only "

45 > Speed in Nanoseconds
55 Military Only
70 Military Only
85 Military Only
100 Military Only

| SA Standard Power
{ LA Low Power

| 71681 16K (4K x 4-Bit) Outputs Follow Inputs
] 71682 16K (4K x 4-Bit) High Impedance Inputs

2984 drw 11




CMOS HIGH-SPEED ADVANCE
STATIC RAM O o
: 72K (8K X 9-BIT) IDT7169L
Integrated Device Technology, Inc.
FEATURES: ) DESCRIPTION:
» 8192-words x 9-bits organization The IDT7169 is a 73,728-bit high-speed static RAM orga-
+ JEDEC standard 28-pin DIP, SOJ, and 32-Pin LCC nized as 8K x 9. It is fabricated using IDT's high-performance,
- Fast access time: high-reliability CEMOS™ technology.
— Commercial: 20/25/35ns (max.) The IDT7169 offers address access times as fast as 15ns.
— Military: 25/35/45/55ns (max.) The ninth bit is optimal for systems using parity.
- Battery backup operation ‘ Allinputs and outputs of the IDT7169 are TTL-compatible.
— 2V data retention (L-version only) The device has 2chip selects for simplified address decoding.
» Produced with advanced CEMOS™ high-| pedormance The IDT7169 is packaged in an industry standard 300-mil
technology 28-pin ceramic and plastic DIP and SOJ, along with a 32-pin
- Single 5V power supply LCC package.
= Inputs and outputs directly TTL-compatible Military grade product is manufactured in compliance with
» Military product available compliant to MIL-STD-883, the latest revision of MIL-STD-883, Class B, making it ideally
Class B suited to military temperature applications demanding the

highest level of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

Ao
A1 —»
A2 —»
A3 —»
A4 —»
As

As::
A7 —»
A8 —»
Ag —»
A10—f
A11 —»
A12—»

— L

COLUMN 110

73, 728-BIT
MEMORY
ARRAY

DMOOOMO

Phalobibe il

z
)
c
_'
oool

CIRCUIT] o |

9
1/00- 1/08 L\l, £ DATA

Ne

_(.%10———

CS20—{ CONTROL
OEo—  CIRCUIT

WE o]

2975 drw 01

CEMOS is atrademark of Integrated Device Technology, Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES OCTOBER 1990

©1990 Integrated Device Technology, Inc. 5.20 DSC-1064/1
1




IDT7169S/IDT7169L
CMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS

Ao [}1 ~ 28 [ Vce
Ar[]2 27 0 WE
*A2[]3 26 [1 CS2
Az« 25 [ A2
A4S 24 [ At
As[]s 23 [ A1o
As 7 pP28-2 22 ﬁ
arfle 283 5 Bas
°  8028-5 A9
As[]e 20 ] CS1
1100 [] 10 19 [J/Os
1101 11 18 1107
/102 12 71106
1103 ] 13 1671105
GND [] 14 15 [71/04
2975 drw 02
DIP/SOJ
TOP VIEW

ABSOLUTE MAXIMUM RATINGS(™

Symbol Rating Com’l. Mil. Unit

VTerM | Terminal Voltage | -0.5t0 +7.0| -0.5t0 +7.0 | V
with Respect
to GND

TA Operating 010 +70 5510 +125 | °C
Temperature

TBIAS Temperature -65t0+125| -65t0+135 | °C
Under Bias

Ts1G Storage -55t0 +125 | -651t0+135 | °C
Temperature

lout DC Output 50 50 mA
- Current

NOTE: 2975 tol 02

1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. Thisis astress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

CAPACITANCE (TA = +25°C, f = 1.0MHz)

Symbol Parameter(! Conditions | Max.| Unit

CIN Input Capacitance VIN = 0V 8 pF

Cout Output Capacitance VouT = 0V 8 pF

.T. 32 i3 31' 13_6‘
A2 [1s ! 29 [[] A1z
A3 [e 28 [[] A1
A4 17 27 [[} A1o
As [l 26 ] NC
As [Jo L32-1 25 [ OE
A7 [110 24 (] Ag.
As [111 23 [[] CS1
1100 |112 22 [[] V08
/01 [113 21 [[J V07
14 15 16 17 18 19 20
U nininininininll)
N ™ Qo <+ W0 O
gg %zggg 2975 drw 03
LCC
TOP VIEW
TRUTH TABLE("

CS2| CS1 | OE | WE| 10O Function
X H X X | High Z | Deselect chip, Power down
L X X X | High Z | Deselct chip
H L L H Dour | Read
H L X L DiN | Write
H L H H | High Z | Outputs Disabled

NOTE: 2975 1l 01

1. H=VH, L=ViL, X = Don't Care

NOTE: 2975 1ol 03
1. This parameter is determined by device characterization, but is not
production tested.

RECOMMENDED OPERATING
TEMPERATURE AND SUPPLY VOLTAGE
Grade Temperature GND Vce
Military -55°C to +125°C ov 5V £ 10%
Commercial 0°Cto +70°C ov 5V+10%
2975 tbl 02

RECOMMENDED DC OPERATING

CONDITIONS
Symbol Parameter Min. | Typ. | Max. | Unit
Vee Supply Voltage . 4.5 5.0 55 \Y
GND Supply Voltage 0 0 0 \
VIH Input High Voltage 2.2 — 6.0 Vv
ViL Input Low Voltage 050 | — 0.8 \%
NOTE: 2975 1l 04

1. ViL = -3.0V for pulse width less than 20ns.

5.20 2



IDT7169S/1DT7169L
CMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS("
(Vce =5V + 10%, VLc = 0.2V, VHC = Vcce - 0.2V)

7169520 7169S25 7169S35 7169S45/55
7169L20 7169L25 7169L35 7169L45/55
Symbol Parameter Power [Com’l. | Mil. |Com’l.| Mil. |Com’l.| Mil. | Com’'l.] Mil. [Unit
lcct | Operating Power S 90 — 90 110 90 100 — 100 |mA
Supply Current
CS1 = VI, Outputs Open, CS2 = VIH L 80 — 80 100 80 90 — 90
vee = Max., f = 0%
lcca | Dynamic Operating S 180 —_ 170 190 150 160 — 160 |[mA
Current
CS1 = ViL, Outputs Ogen, CS2=VH L 160 — 150 170 130 140 — 130
Vce = Max., f = fmax?
Iss Standby Power Supply S 20 — 20 20 20 20 — 20 mA
Current (TTL Level)
CS12 VIH, Vce = Max., CS2 = VIL L 3 — 3 5 3 5 —_ 5
Outputs Open, f = tmax(®
IsB1 Full Standby Power S 15 — 15 20 15 20 — 20 mA
Supply Current (CMOS Level), f = 01
CS12 VHc and CS22 VHe L 0.2 — 0.2 1.0 0.2 1.0 — 1.0
CS2< Vic, Vec = Max.
NOTES: 2975 tbl 06

1. All values are maximum guaranteed values.
2. Atf=1{max address and data inputs are cycling at the maximum frequency of read cycles of 1/trc. f = 0 means no input lines change.

AC TEST CONDITIONS

Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 5ns

Input Timing Reference Levels 1.5V

Output Reference Levels 1.5V

Output Load See Figures 1 and 2

2975 tbl 07
5V
480Q
DATAouT
255Q 30pF*

2975 drw 04

Figure 1. Output Load

5V

480Q
DATAout

2550 5pF*

2976 drw 05

Figure 2. Output Load
(for tcLz1,2, toLz, toHzy,2, tOHZ, tOw, tWHZ)

*Includes scope and jig capacitances

5.20



IDT7169S1DT7169L
CMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS
Vce =5.0V+10%

IDT7169S IDT7169L
Symbol Parameter Test Condition Min. Max. Min. Max. Unit
LN} Input Leakage Current Vce = Max., MIL. — 10 — 5 HA
VIN = GND to Vcc COM'L. — 5 — 2
|lLo| Output Leakage Current| Vcc = Max., CS1 = ViH, | MIL. — 10 —_ 5 HA
CS2 =V, COM'L. - 5 — 2
Vout = GND to Vcc
VoL Output Low Voltage loL = 8mA, Vce = Min. 0.4 — 0.4 \
loL = 10mA, Vce = Min. —_ 0.5 — 0.5
VoH Output High Voltage IoH = -4mA, Vce = Min. 24 — 2.4 — \
DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VLC = 0.2V, VHC = VcC - 0.2V
Typ. OV Max.
. Vecec @ Vcc @
Symbol Parameter Test Condition Min. 2.0v 3.0V 2.0V 3.0v Unit
VDR Vcc for Data Retention — 2.0 — — — — v
Iccor Data Retention Current MIL. —_ 10 15 200 300 HA
COM'L. — 10 15 60 90
tcprt® Chip Deselect to Data 1. CS12VHe 0 — — — - ns
Retention Time 2. CS2< Vic
R Operation Recovery Time | VIN2VHcor<Vic trc® — — — — ns
|IL||‘3) Input Leakage Current —_ —_ —_ 2 2 pA
NOTES: 2975 tbl 09
1. TA = +25°C.
2. trc = Read Cycle Time.
3. This parameter is guaranteed, but not tested.
LOW Vcc DATA RETENTION WAVEFORM
DATA
te—— RETENTION —
v \ MODE %
cc
4.5V K 7 4.5V
VbR>2V tR
s 7//[ 1117 v RXNNNN MY
VDR
2975dw 06
5.20 4



IDT7169S/IDT7169L
CMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcc=5.0V + 10%, All Temperature Ranges)

7169520 [ 7169525 | 7169535 [7169545/55@
, 7169L20(" | 7169L25 | 7169L35 |7169L45/550

Symbol Parameter Min. I Max.|Min. I Max. Mln.l Max. | Min.] Max. {Unit
Read Cycle

tRc Read Cycle Time 20 — | 25 — 35| — |45/55| — | ns
tAA Address Access Time — 19| — |25 | — | 35 | — |45/55] ns
tACS1 Chip Select-1 Access Time — 20 | — 25 — | 35 — |45/55| ns
tacs2 | Chip Select-2 Access Time — 25 | — | 36 | — | 40 | — |45/55| ns
tcLz1,2 | Chip Select to Output in Low 2(? 5 —|s | =8| —]5]|~—|ns
toE Output Enable to Output Valid : — 8 |— |12 ]| — | 18 | — [25/30| ns
toLz Output Enable to Output in Low Z? 3 — | 3 —_ 3 —_ 3 | — |ns
tcHz1,2 | Chip Select-1, 2 to Output in High 22 — 9 | — | 13| —| 15| — |e025] ns
toHz | Output Disable to Output in High 2% — 8 | —]10] —| 15| — [20025] ns
toH Output Hold from Address Change 5 — 1} 5 — 5 — 5 — | ns
Write Cycle

twe Write Cycle Time 20 — | 25 — 35 — |45/55] — | ns
taw Address Valid to End of Write 15 — {18} — | 25| — |33/50 — |ns
tewi Chip Select to End of Write (CS1) 15 — 118 | — | 25| — |33/50 — |ns
tcwz Chip Select to End of Write (CS2) 15 — |18 ] — | 25| — [3350f — |ns
tAs Address Set-up Time 0] — 10 — o] — 0 — | ns
twp Write Pulse Width 15 — 21 — | 25| — |25/50] — | ns
tWR1 Write Recovery Time (CS1, WE) ] —lo |l —]lo] = of—=1|ns
twR2 Write Recovery Time (CSz2) 5 — 15 — 5 — 5§ | — |ns
twHz Write Enable to Output in High Z(? —_ 8 [— 10| —} 14| — |1825]|ns
tow Data to Write Time Overlap 10| —[13]| — |15 — 205 — |ns
tDH1 Data Hold from Write Time (CS1, WE) 0 — o] —|o| -] 0o]—|ns
tDH2 Data Hold from Write Time (CS2) 5 — | 5 — 5 — 5 | — |ns
tow Output Active from End of Write® 5 —|s | —|s| —] 58 |—|ns

NOTES: : 297510l 10

1. 0°to +70°C temperature range only.
2. This parameter guaranteed but not tested.
3. -55°to +125°C. temperature range only.
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IDT7169S/1IDT7169L
CMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE ()

tRC
Address >( X
tAA [¢——— OH—
TS \ /
CS 2 / \\
e tacst,2 &5)
le— toLz1 S—f tCHZ1,
OE /
toE 5)
toHZ
torz®) —
Data X Valid Data Out )( )—
NOTES: 2975 drw 07

1. WE is high for read cycle. .

2. Device is continuously selected, CS1 = ViL., CS2 = ViH.

3. Address valid prior to or coincident with CS1 transition low and CS2 transition high.
4. OE=ViL

5. Transition is measured +200mV from steady state.

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)("%

twe

Address )( )(
OE /{:t OHZ —]

. tAw —t

CSi /

tas e t wp26) twa' s

WE * /
(8) ®
[———t WwHzZ—>re— tOW
DATA out —( (4) (4.7) b—
tow tDH
DATA N

2975 drw 08
NOTES:

1. WE must be high during all address transitions.

2. Awrite occurs during the overlap (twp) of a low TSt and a high CS2.

3. twni1,2 is measured from the earlier of CS1 or WE going high or CS2 going low to the end of the write cycle.

4. During this period, /O pins are in the output state so that the input signals must not be applied.

5. If the CSt low transition or CSz high transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state.

6. ItOE is low during a WE controlled write cycle, the write pulse width must be the larger of tw or (twHz +tow) to allow the I/O drivers to turn off and data
to be placed on the bus for the required tow. If OF is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be
as short as the spectified twR.

. DATAour is the same phase of write data of this write cycle.

. Transition is measured +£200mV from steady state.

@~

5.20 6



IDT7169S/IDT7169L

CMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING)("3)

Address )(

twe
taw®
NF /
7
fe—t AS —»le tew twrl?

DATAIN

NOTES:

N

U—tow————»<—tDH—u

1. WE must be high during all address transitions.
2. twn1,2 is measured from the earlier of CS1 or WE going high or CSz going low to the end of the write cycle.

3. If the CS1 low transition or CS2 high transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state.
4. Transition is measured £200mV from steady state.

ORDERING INFORMATION

IDT  XXXX X XX

XX X

Device Power

Type

Speed

Process/
Temperature
Range

Blank

Package

2975 drw 09

Commercial (0°C to +70°C)

Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

Plastic DIP (300mil)
CERDIP (300mil)

32 Leadless Chip Carrier
Small Outline IC (J-Bend)

Commercial Only
Com'l. & Mil.
Com’l. & Mil.
Military Only
Military Only

Speed in Nanoseconds

Standard Power
Low Power

72K (8K x 9-Bit) CMOS Static RAM
2975 drw 10
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)

Integrated Device Technology, Inc.

CMOS STATIC RAM'
64K (8K x 8-BIT)
CACHE-TAG RAM

IDT7174S

NOT RECOMMENDED
FOR NEW DESIGNS
SEE IDT71B74

PAGE 6.15

EATURES:
High-speed address to MATCH comparison time
— Military: 35/45/55ns (max.)
— Commercial: 30/35/45ns (max.)
High-speed address access time
— Military: 35/45/55ns (max.)
— Commercial: 30/35/45ns (max )
High-speed chip select access time
— Military: 20/25/30ns (max.)
— Commercial: 15/20/25ns (max.)
Low-power operation
— IDT7174S
‘Active: 300mW (typ.)
High-speed asynchronous RAM Clear on Pin 1 (Reset
Cycle Time = 2 x tAA)
Produced with advanced CEMOS™ high-performance
technology
Single 5V (+10%) power supply
Input and output directly TTL-compatible
Military product compliant to MIL-STD-883, Class B
Standard 28-pin plastic DIP (600 mil), 28-pin SOIC (330
mil gull-wing), 28-pin hermetic DIP (300 mil or 600 mil),
32-pin LCC and PLCC
Not recommended for new designs. See FDT71B74,
page 6.15

F

.

DESCRIPTION:

The IDT7174 is a high-speed cache address comparator
subsystem consisting of a 65,536-bit static RAM organized as
8K x 8 and an 8-bit comparator. A single IDT7174 can map 8K
cache words into a 1 megabyte address space by comparing
20 bits of address organized as 13 word cache address bits
and 7 upper address bits. Two IDT7174s can be combined to
provide 28 bits of address comparison, etc. The IDT7174 also
provides a single RAM clear control, which clears all words in
the internal RAM to zero when activated. This allows the tag
bits for all locations to be cleared at power-onor system-reset,
a requirement for cache comparator systems.

The IDT7174 is fabricated using IDT’s high-performance,
high-reliability technology — CEMOS. Address access times
as fast as 30ns, chip select times of 15ns and address-to-
comparison times of 30ns are available with maximum power
consumption of 825mW.

All inputs and outputs of the IDT7174 are TTL-compatible.
The MATCH pin of several 7174’s can be wired-ORed
together to provide enabling or acknowledging signals to the
data cache or processor, thus eliminating logic delays and
increasing system throughput. The device operates from a
single 5V supply.

The IDT7174 is packaged in a 28-pin DIP (600 mil and 300
mil), a 28-pin SOIC (gull-wing) and 32-pin LCC and PLCC,
providing high board level packing densities. :

Military grade product is manufactured in compliance with
the latest revision of MIL-STD-883, Class B, making it ideally
suited to military temperature applications demanding the
highest level of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

A —% l+—oVce
K ROW | ¢ 65,536-BIT +—o GND
¢ | CENTER | 2 | MEMORY ARRAY
A _F
RESET > seve
8y N
11007 > COLUMN 1/0
"WE —. COLUMN DECODER
, EQUAL |~— i
O__E o e o
CS A A
2982 drw 01

CEMOS is atrademark of Integrated Device Technology, Inc.

E_E/’

MATCH (OPEN DRAIN)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1990

©1990 Integrated Device Technology, Inc.

5.21
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IDT7174S

CMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS

— I
S TN
RESET O 1 28 [AVce INDEX =~ Swo 8 IUJ <
A2 27 [ WE <<lctz>[]Z=
RN NERE NN R N
A7:3 26 [1 MATCH 4 3 2 3323130
As[]4 25 | As As [1s ! 29 [[] As
As {5 24 [ Ag : :
P28-1, As [1e 28 [1] As
Ass 23 [ A1q - .
C28-1, il As |17 27 [1] A1
Asl7 pag-1, 22P10E As [1s J32-1 26 [ NC
rege 5 2t Ao Az [1s & 25 [} OE
A1[J9 S028-3 20[]CS- : :
A1 [0 L32-1 24 [} Ato
Ao[] 10 19 {JlIO 7 : i e
Ao [In 23 [} CS
0o n 18 [0 s : -
l/e} NC 112 22 [[} O7
112 17 [1l/0 s : :
/00 [ 113 21 [} 1/Os
Vo213 16 O 4 14 1516 17 18 19 20
GND [ 14 15 303 i mininininininii
00228398
2682 dw 02 TTO0 TT T 2932dw03
DIP/SOIC :
TOP VIEW LCC/PLCC
TOP VIEW
TRUTH TABLE(") ABSOLUTE MAXIMUM RATINGS'"
WE | CS | OE [RESET|MATCH| /O Function Symbol Rating Com’l. Mil. Unit
X X X L H — | Reset all bits to low VTERM | Terminal Voltage | -0.5t0 +7.0] -0.5t0+7.0} V
X |H|X]| H H | Hiz| Deselect chip Wil Plaspact
H L H H L DiN | No MATCH TA Operating 0to +70 -55t0+125| °C
H L H H H DN | MATCH Temperature
H L L H H Dout| Read TBIAS Temperature -55t0+125| -65t0+135| °C
Ll |x]| w H | Dn | Wrie Under Bias ‘
NOTE: 2502101 TstG ?;c:]ageerature -55to +125] -65to +150 C
1. H=ViH, L=V, X=don'tcare. P
PT Power Dissipation 1.0 1.0 W
lout DC Output 50 50 mA
PIN DESCRIPTIONS Current
A NOTE: 298210l 03
 Ao—2 Address 1. Stresses greater than those listed under ABSOLUTE MAXIMUM
1/O0-7 Data Input/Qutput RATINGS may cause permanent damage to the device. Thisis a stress
— rating only and functional operation of the device at these or any other
CS Chip Select conditions above those indicated in the operational sections of this
— specification is not implied. Exposure to absolute maximum rating
RESET Memory Reset conditions for extended periods may affect reliability.
MATCH Data/Memory Match (Open Drain)
WE Write Enable CAPACITANCE (TA = +25°C, f = 1.0MHz)
OE Output Enable Symbol Parameter(") Conditions | Max.| Unit
GND Ground CIN Input Capacitance VIN = OV 8 pF
vece Power Cout Output Capacitance Vout = 0V 8 pF
298210102 NOTE: 2982 1l 04

1. This parameter is determined by device characterization, but is not
production tested.




IDT7174S
CMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

RECOMMENDED DC OPERATING RECOMMENDED OPERATING
CONDITIONS TEMPERATURE AND SUPPLY VOLTAGE
Symbol Parameter Min. | Typ: | Max. | Unit Grade |Amblent Temperature| GND Vee
Vee Supply Voltage 45 |50 ] 55| V Military -55°C to +125°C ov 5V+10%
GND Supply Voltage 0 o 0 v Commercial 0°C to +70°C - oV 5V +10%
VIH Input High Vonage“) 2.2 — 6.0 \ ' 2982 tbl 06
VIHR RESET Input Voltage | 2.5 | — 60 | V
Vit Input Low Voltage 059 — | o8| v
NOTES: o 2982 tbl 05
1. Allinputs except RESET. o
2. When using bipolar devices to drive the RESET input, a pullup resistor of
1kQ-10kQ is usually required to assure this voltage.
3. Vit (min.) = -3.0V for pulse width less than 20ns.
DC ELECTRICAL CHARACTERISTICS("?
(Vee = 5.0V + 10%, VLc = 0.2V, VHC = Vce - 0.2V)
7174S30 7174835 7174545 7174S55
Symbol Parameter Com’l.| Mil. |Com'l.| Mil. |Com’l.| Mil. [Com’l| Mil. | Unit
lcct Operating Power Supply Current 110 — 110 125 110 125 — 125 | mA
Outputs Open, Ve = Max., =0
lcc2 Dynamic Operating Current 170 — 150 170 140 150 —_— 145 | mA
Outputs Open, Vce = Max., f = iMAX
NOTES: 2982 1l 07
1. All values are maximum guaranteed values.
2. f=wmax. means that address and data are cycling at maximum frequency of read cycles of 1/trc.
f = 0 means no inputs change. '
DC ELECTRICAL CHARACTERISTICS OVER THE
OPERATING TEMERATURE AND SUPPLY VOLTAGE (Vcc = 5.0V + 10%)
IDT7174S
Symbol Parameter Test Condition Min. Max. Unit
(L} Input Leakage Current Vce = Max., VIN= GND to Vec | MIL. — 10 HA
} COM'L. — 5
|iLo} Output Leakage Current" vee = Max., TS = VI, MIL. — 10 HA
' VouT = GND to Ve COM'L. — 5
VoL Output Low Voltage loL = 18mA MATCH —_ 0.5 v
loL = 22mA MATCH — 0.5
lot = 10mA, Vcc = Min. (Except MATCH) — 0.5
loL = 8mA, Vcc = Min. (Except MATCH) — 0.4
VoH Output High Voltage loL = -4mA, Vcc = Min. (Except MATCH) 24 — \'
NOTE: 2992 1l 08

1. Data and MATCH pins.
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IDT7174S

CMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TEST CONDITIONS

Input Pulse Levels

GND to 3.0V

Input Rise/Fall Times

Sns

Input Timing Reference Levels

1.5V

Output Reference Levels

1.5V

Output Load

See Figures 1,2 and 3

5V

480Q
DATAouT

255Q 30pF*

2982 tbl 09

5V

480Q
DATAouT

255Q 5pF*

5V

RL

il

MATCH

30pF

2982drw 04 2982 drw 05 2982 drw 06
RL = 200Q (COM'L.)
Figure 1. Output Load Figure 2. Qutput Load =270Q (MIL.)
(for tciz, toLz, tcHz, tokz, tow, tWHz) Figure 3. Qutput Lozad for MATCH
*Includes scope and jig.
DATA 12 DATA
ADDRS Br ADDRS
Logic 1 2 As As
13
16-BIT MAIN
IDT7174 IDT7164 IDT7164
5V MICROPROCESSOR CACHE- CACHE- CACHE- MEMORY
TAG DATA DATA
RAM RAM RAM
2
AU CLEAR —»
WAIT MATCH
—» CACHE READ/WRITE
MEMORY READ/WRITE
CONTROL LOGIC L MAIN MEMORY READ/WRITE
2982 drw 07
Figure 4. Example of Cache Memory System Block Diagram
NOTES:

1. For more information, see application note AN-07 "Cache-Tag RAM Chips Simplify Cache Memory Design”.

2. Rt =200Q (commercial) or 2708 (military).
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IDT7174S

CMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Vcc= 5.0V + 10%, All Temperature Ranges)

7174530 | 7174835 7174545 | 717455512
Symbol Parameter Min. | Max.| Min. | Max.| Min. | Max.| Min. | Max.| Unit
Read Cycle
tRC Read Cycle Time 30 — 35 — 45 — 55 — ns
tAA Address Access Time — 30 — 35 — 45 — 55 ns
tacs Chip Select Access Time — 18 — 20 — 25 — 30 ns
tcLz Chip Select to Output in Low Z® 0 — 0 — 0 — 0 — ns
tOE Output Enable to Output Valid — 18 — 20 — 25 — 30 ns
toLz Output Enable to Output in Low 2 3 — 3 — 3 — 3 — ns
tciz | Chip Select to Output in High 2 — |15 — |15 — 2| —]| 25| ns
toHz | Output Disable to Output in High Z® — |15 — )15 — 2| — | 25| ns
toH ‘Output Hold from Address Change 5 — 5 — 5 -— 5 - ns
NOTES: 29821bi 10
1. 0°to +70°C temperature range only.
2. -65°C to +125°C temperature range only.
3. This parameter is guaranteed, but not tested.
TIMING WAVEFORM OF READ CYCLE No. 1)
tRC
ADDRESS >( X
: tAA
OE /]
% MMM 117777777
tOE
e toz® — [e—tOoH—>]
— | l /
s \\\\\x IV
tACS torz®
tetz® tcHz )
DATAoUT ( XO0—
2982 drw 08
TIMING WAVEFORM OF READ CYCLE NO. 2(1:24)
tRC >
ADDRESS X
tAA o
tou tOH—»
DATAout ) X
20982 drw 09
NOTES:
1. WE is high for read cycle. .
2. Device is continuously selected, CS = VL.
3. Address valid prior to or coincident with CS transition low.
4. OE = VL.
5. Transition is measured £200mV from steady state.
5.21 5



IDT7174S

CMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NO. 3(1:3:4)

CS 5(
tACS » 5)
tCHZ
« terz®
DATAouUT
2982drw 10
NOTES:
1. WE is high for read cycle.
2. Device is continuously selected, TS = ViL.
3. Address valid prior to or coincident with CS transition low.
4. CE=VL. .
5. Transition is measured +200mV from steady state.
AC ELECTRICAL CHARACTERISTICS (vcc = 5.0V + 10%, All Temperature Ranges)
7174530 | 7174S35 7174545 | 717455512
Symbol Parameter Min. | Max.| Min. [ Max.| Min. | Max.| Min. | Max.| Unit
Write Cycle
twe Write Cycle Time 30 — 35 — 45 — 55 — ns
tcw Chip Select to End of Write 18 — 20 — 25 — 30 — ns
1AW Address Valid to End of Write 25 — 30 — 40 —_ 50 _ ns
tAs Address Set-up Time 0 — 0 — 0 — 0 — ns
twp Write Pulse Width 25 — 30 —_ 40 —_ 50 —_ ns
twR Wirite Recovery Time (CS, WE) 0 — 0 —_ 0 — 0 — | ns
twHz | Write Enable to Output in High Z® — |15 — | 15| — 2] — ] 25| ns
tDW Data to Write Time Overlap 14 — 15 — 20 — 25 - ns
tDH Data Hold from Write Time — — — — ns
tow Output Active from End of Write®® — — —_ — ns
NOTES:
1. 0°1to +70°C temperature range only.
2. -55°C to +125°C temperature range only.
3. This parameter is guaranteed, but not tested.
5.21 6



IDT7174S
CMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1(1)

twe
ADDRESS X X _
OE Z{{{Z% tew twn(s)\S \ S SSS&X&_\
55 | AAAANRE /11
t AW twr®
tAsS
W MARARRRARY LI
tonz 49 twpt2 ‘
DATACUT 9 F PP 9>
[¢——t DW——>r¢——1 DH ————>

TIMING WAVEFORM OF WRITE CYCLE NO. 2(1:6)

2982drw 11

twe

ADDRESS X X

&5 | “K““Wg ® o dI NI,

tAwW tWR(a)
twpl?
W EARRARAS £
ths 1t whz(@9) e——tow(®) —» o
orrion TITTIIIYIITITS
|l¢——t pw——>1¢——t DH ——»] 8)
DATAN X DATANVALID XXXXXX

NOTES:

CONPNE WP~

WE, TS must be inactive during all address transitions.

. A write occurs during the overlap (twp) of a low WE and a low CS.

twR is measured from the earlier of CS or WE going high to the end of the write cycle.
During this period, /O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied.
If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state.

It O is continuously low (OE = ViL).
DATAouT is the same phase of write data of this write cycle.

2982 drw 12

If CS is low during this period, I/O pins are in the output state. Data input signals of opposite phase to the outputs must not be applied to them.

. Transition is measured +200mV from steady state.




IDT7174S
CMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcc=5.0V £ 10%, All Temperature Ranges)

7174530 | 7174S35 7174545 | 71745550
Symbol Parameter Min. mx. Min. l Max.| Min. ] Max.| Min. | Max.| Unit
Match Cycle
tADM Address to MATCH Valid —_ 30 — 35 — 45 — 55 ns
tcsm Chip Select to MATCH Valid — 18 — 20 —_— 25 — 30 ns
tcsmHI | Chip Select to MATCH High — 18 — 20 — 25 — 30 ns
1DAM Data Input to MATCH Valid —_ 23 — 25 - 35 —_ 45 ns
toemHl | OE Low to MATCH Hgih — | 23| — | 25| — | 35 — | 45 ns
toeM | OE High to MATCH Valid — | 23} — | 25 — | 35 — | 45 ns
twemHi | WE Low to MATCH High — 23 — 25 — | 35 — 45 ns
tweM | WE High to MATCH Valid — ] 23| — | 25| — | 35 — | 45 ns
trsmHl | RESET Low to MATCH High — | 23| — (25| — | 3| — | 45 ns
tMHA MATCH Valid Hold From Address 5 — 5 — 5 —_ 5 — ns
tMHD MATCH Valid Hold From Data 5 —_ 5 — 5 — 5 — ns
NOTES: 2982 tol 12

1. 0°to +70°C temperature range only.
2. -55°C to +125°C temperature range only.

MATCH TIMING(!)

ADDRESS ){ %
tADM tMHA

SINAAARNARA N 1.
o 7777777777777 e

[¢—— tOEM——»

G S R S

RESET
tRSMH!

DATA  VALID READ DATAOUT  »——— ggLTLXDIyATCH%: _______________

tDAM

MATCH
MATCH \( MATCH VALID )’
NO MATCH 2082 drw 13

NOTE:
1. Itis not recommended to float the data and address inputs of this device while the MATCH pin is active.

5.21 8



IDT7174S

CMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECThICAL CHARACTERISTICS (vcc = 5.0V + 10%, All Temperature Ranges)

7174530 | 7174835 7174545 | 717455508
Symbol ' Parameter Min. 'Max. Min. [Max. Min. | Max.| Min. | Max.] Unit
Read Cycle
taspw | Reset Pulse Width(® 55 | — | 65 | — | 80 | — | 100 | — | ns
tRsRc | Reset High to WE Low 5 — 5 — 10 | — 10| — | ns
NOTES:

1. 0°to +70°C temperature range only.
2. Recommended duty cycle = 10% maximum.
3. -55°C to +125°C temperature range only.

RESET TIMING
e tRSPW —
RESET JF
i tRSRC
e VVVV \/ VvV VvV vVVVVvVVvVvVvV
wE ) OOOOOOOOOOOOOOOOOOOON
2982 drw 14
5V
IDT7174 IDT7174
‘ RESET 1KQ - 10KQ RESET
| >c I 2982 drw 15 2982 drw 16
CMOS Gate Bipolar Gate
Driving the RESET pin with CMOS logic. ' Driving the RESET pin with bipolar logic.

Figure 5.




IDT7174S
CMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION
IDT XXXX X XX XX X
Device Power Speed  Package Process/
Type Temperature
Range

-

Blank

TC

L32
PE

30
35

55

| 7174

Commercial (0°C 1o +70°C)
Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

Plastic DIP (600 mil)

THINDIP (300 mil sidebraze)
CERDIP (600 mil)

Plastic Leaded Chip Carrier
Leadless Chip Carrier

Small Outline IC (300 mil guli-wing)

Commercial Only
Speed in Nanoseconds
Military Only

Standard Power

64K (8K x 8-Bit) Cache-Tag RAM

2982drw 17

5.21
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Integrated Device Technology, Inc.

CMOS STATIC RAM
64K (64K x 1-BIT)

IDT7187S
IDT7187L

FEATURES:
» High speed (equal access and cycle time)
— Military: 20/25/35/45/55/70/85ns (max.)
— Commercial: 15/20/25/35ns (max.)
Low power consumption
— IDT7187S

Active: 300mW (typ.)

Standby: 100uW (typ.)
— IDT7187L

Active: 250mW (typ.)

Standby: 30pW (typ.)
Battery backup operation—2V data retention (L version
only)
JEDEC standard high-density 22-pin plastic and hermetic
DIP, 24-pin plastic SOIC, 22-pin and 28-pin leadless chip
carrier and 24-pin CERPACK
Produced with advanced CEMOS™ high-performance
technology
Separate data input and output
Input and output directly TTL-compatible
Military product compliant to MIL-STD-883, Class B
Standard Military Drawing #5962-86015. Refer to Section
2/page 2-4

DESCRIPTION:

The IDT7187 is a 65,536-bit high-speed static RAM
organized as 64K x 1. It is fabricated using IDT's high-
performance, high-reliability technology, CEMOS. Access
times as fast as 15ns are available with maximum power
consumption of 700mW.

Both the standard (S) and low-power (L) versions of the
IDT7187 provide two standby modes—IsB and IsB1. ISB
provides low-power operation (358mW max.); ISB1 provides
ultra-low-power operation (5mW max.). The low-power (L)
version also provides the capability for data retention using
battery backup. When using a 2V battery, the circuit typically
consumes only 30uW.

Ease of system design is achieved by the IDT7187 with full
asynchronous operation, along with matching access and
cycle times. The device is packaged in an industry standard
22-pin, 300 mil plastic or hermetic DIP, 24-pin plastic SOIC
(Gull-Wingand J-Bend), 22- and 28-pin leadless chip carriers,
or 24-pin CERPACK.

Military grade product is manufactured in compliance with
the latest revision of MIL-STD-883, Class B, making it ideally
suited to military temperature applications demanding the
highest level of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

A —>— —
le—Vcc
*
A —[>— e D
ROW d 65,536-BIT
A _t SELECT | | MEMORY ARRAY
A —>—
L ]
A
—>— .
A —>—
C_S _>_—, l L ] L ] [ ] [ ] L] L ]
DATAIN { r— COLUMN 110 DATAouUT

A A

CEMOS s atrademark of Integrated Device Technology, Inc.

A A A A A 2986 drw 01

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1990

©1990 Integrated Device Technology, Inc.
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IDT7187S/L
CMOS STATIC RAM 64K (64K x 1-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS

Ao ] 1 ~ 22 [ Vce Ao 1 ~ 24 [ Vee
Ay ]2 21 [ Ass A1 ]2 23 [ A1s
A>3 20 [0 Aa A2[]3 22 7] A4
A3[]4 p22-1, 19 [1 A3 A3 []4 21 [ A3
Asls 221, 1B A2 As[]s 20 [ A2
As e & 17 3 A As []6 5024’2 19 [ J NC
AsC]7 D221 1615 Ay NCO7 so24.4 8 AN
A7 s 1517 Ag As[]8 17 [ Ao
DATAour [] 9 14 |71 As A7 (]9 16 [ Ag
WE [ 10 13 [1 DATAIN DATAouT [} 10 157 As
GND O 12[1CS WE ] 1 14 [0 DATAN
2986 drw 02 GND 12 18 j Cs
DIP 2986 drw 03
TOP VIEW SOIC/SOJ
TOP VIEW
'e]
nedt  2fvee INDEX £28%
Ao ]2 23 [ A1s
A1 (]3 22 |1 A1a 2 ilima
A2 []4 21 [ A3 A2 |13 ! 20 [[] A1a
AsO]s 20 7 Arz As[]a 19 [[] A3
A4E 6 E24-1 19 [] A1 As{1s 18 [[] A12
As[]7 18 I NC As [1e L22-1 17 [] A1t
As 8 17 [ Ao As [ 7 16 [} A1o
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CERPACK L
TOP VIEW e
22-PINLCC
TOP VIEW
PIN DESCRIPTIONS
el O wn
Name Description INDEX 2 % % oz
A0-A1S Address Inputs INFEIRERIR!
CS Chip Select At 14 1 26 1 A1a
WE Write Enable A2 []s 25 [} A1z
A3 [1s 24 [[] A12
vce Power As 117 23 1 Avt
DATAIN Data Input NC|ls L28-2 22 [] NC
DATAOUT Data Output As |19 21 L.} Ato
As [ 10 20 [] As
GND Ground A7 [ 11 19 [[] As
2986 bl 01 DATAouTl] 12 18 [} NC
W
TRUTH TABLE(") T
=TZZzO<
Mode Ccs WE Output Power © gz
Standby H X High Z Standby 28-PIN LCC
Read L H Dour Active TOP VIEW
NOTES: 2986 b 02

1. H=VH, L=V, X =don't care.
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IDT7187S/L
CMOS STATIC RAM 64K (64K x 1-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ABSOLUTE MAXIMUM RATINGS("

CAPACITANCE (Ta = +25°C, f = 1.0MHz)

Symbol Rating Com'l. Mil. Unit Symbol Parameter'" Conditions | Max.| Unit
VTERM | Terminal Voltage | -0.5t0 +7.0] -0.5t0+7.0| V CIN Input Capacitance VIN = 0V 8 pF
with Respect Cout Output Capacitance Vour = 0V 8 pF
to GND
T o s 7 5 12 oG NOTE: i 2986 1ol 04
A perating 0to+70 -55 10 +125 1. This parameter is determined by device characterization, but is not
Temperature production tested.
TeIAS Temperature -55t0 +125| -65t0+135| °C
Under Bias RECOMMENDED DC OPERATING
TsTG Storage -55t0 +125| -65t0+150| °C CONDITIONS
Temperature Symbol Parameter Min. | Typ.{ Max.| Unit
PT Power Dissipation| 1.0 1.0 w Vee Supply Voltage 45 | 5.0 55| V
lout DC Output 50 50 mA GND Supply Voltage 0 0 0 v
Current ViH Input High Voltage | 22 | — | 60| V

NOTE: 2986 tbl 03 )

1. Stresses greater than those listed under ABSOLUTE MAXIMUM ViL Input Low Voltage -0.5 — 08 | V
RATINGS may cause permanent damage to the device. Thisisastress NOTE: 2986 tbl 05
rating only and functional operation of the device at these or any other 1. Vi (min.) = -3.0V for pulse width less than 20ns.
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability. RECOMMENDED OPERATING

TEMPERATURE AND SUPPLY VOLTAGE
Grade Temperature GND Vee
Military -55°C to +125°C oV 5V +10%
Commercial 0°Cto +70°C oV 5V +10%
2986 thl 06
DC ELECTRICAL CHARACTERISTICS
Vce =50V +£10%
IDT7187S IDT7187L
Symbol Parameter Test Condition Min. Max. Min. Max. Unit
L Input Leakage Current vee = Max., MIL. — 10 — 5 HA
VIN = GND to Vce COM'L. — -5 - 2
Jico] Output Leakage Current| Vcc = Max., CS = VH, MIL. — 10 — 5 pA
Vour = GND to Vcc COM'L. — 5 — 2
VoL QOutput Low Voltage loL = 10mA, Vce = Min. 0.5 - 0.5 \
loL = 8mA, Vce = Min. — 0.4 - 0.4
VoH Output High Voltage loL = -4mA, Vce = Min. 2.4 — 24 — \
2986 1l 07




IDT7187S/L
CMOS STATIC RAM 64K (64K x 1-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS("
(VGC =5V + 10%, VLC = 0.2V, VHC = VCG - 0.2V)

71875150 7187520 | 7187S25 | 7187S35 | 7187S45 (7187S55/70| 7187585
7187L20 | 7187L25 | 7187L35 | 7187045 |7187L55/70| 7187L85
Symbol Parameter Power |Com'l] Mil. }com’l| Mit.® [com’l.| Mil. [com’l] Mil. Jcom’l.| Mil |Com'l| Mil. [Com’l| Mil. | Unit
lcca Operating Power S 105| — | 90} 105| 90 | 105) 90| 105| — | 105] — | 105 | — |105| mA
Supply Current
CS = ViL, Outputs Open L — | —| 708|708} 70| 8| —|8| —|8 |— |8
vee = Max,, f = 0@
lcc2 | Dynamic Operating S |[140| — | 130( 140] 120] 130} 110| 120| — | 120 — [ 120 | — |120 | mA
Current
CS = Vi, Outputs Open L — | —| 110} 120{ 100] 110| 90§ 100 — | 95| — | 90 | — | 90
vee = Max., f = imax?
IsB Standby Power Supply S 65| —| 60| 65| 55| 55| 45} 50| — | 50| — | 50 | — | 50 | mA
Current (TTL Level)
CS 2 VIH, Vce = Max., L — | —| 50| 60| 45} 50| 35| 40 — [ 35| — |30/28] — | 28
Outputs Open, f = tmax‘?
1sB1 Full Standby Power S 20| —1 15| 2015 20| 15| 20| — [ 20| — |20 [— [20 [ mA
Supply Current (CMOS
Level) CS > VHe, L — ! —|03{15]03]|15|03|15| — |15 — |15 |— |15
Vce=Max., VIN 2 VHC or
VINS VLG, =0

NOTES: 2986 1ol 06
1. Allvalues are maximum guaranteed values.

2. Atf=fwax address and data inputs are cycling at the maximum frequency of read cycles of 1/tRc. f = 0 means no input lines change.

3. These specs are preliminary.

DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VHC = VcC - 0.2V, VLC = 0.2V

Typ. (" Max.
Vee @ Vec @

Symbol Parameter Test Condition Min. 2.0v 3.0v 2.0V 3.0V Unit

VDR Vcc for Data Retention — 2.0 — — — — \

Iccor Data Retention Current MIL. — 10 15 600 900 HA

COM'L. — 10 15 150 225
tcor® Chip Deselect to Data CS>VHe 0 —_— - —_ — ns
Retention Time VIN 2 VHC or < Vi

1R Operation Recovery Time trc® — — — — ns

|ILIl(3) Input Leakage Current — — — 2 2 pA
NOTES: 2986 tbl 09
1. TA=+25°C.
2. tRc = Read Cycle Time.
3. This parameter is guaranteed, but not tested.
LOW Vcc DATA RETENTION WAVEFORM

DATA
[¢——RETENTION ——¥
vee \ MODE &
4.5V 7 45V
1COR VoR22V tR
2986 drw 07




IDT7187S/L
CMOS STATIC RAM 64K (64K x 1-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TEST CONDITIONS

Input Pulse Levels GND to 3.0V

Input Rise/Fall Times Sns

Input Timing Reference Levels 1.5V

Output Reference Levels 1.5V

Output Load See Figures 1 and 2

2986 tbf 10
5V 5V
480Q 480Q
DATAout DATAout
255Q 30pF* 255Q SpF*
2986 drw 08 2986 drw 09
Figure 1. Output Load Figure 2. Output Load
(for tHz, tLz, twz and tow)
*Includes scope and jig capacitances
AC ELECTRICAL CHARACTERISTICS (Vcc=5.0V + 10%, All Temperature Ranges)
7187515020 7187525  [7187535/451)| 7187555 | 718757012 | 7187585
7187020 | 7187125 [71871L35/5'2| 718755 | 718770 | 71871L85%

Symbol Parameter Min.] Max. Mln.l Max. Min.] Max. { Min. I Max. Min.l Max. Min.] Max. [Unit

Read Cycle

tRC Read Cycle Time 15200 — | 25 | — |3549 — |55 | — | 70| — 85| — |ns
tAA Address Access Time — | 1520 — 25 | — [35/45| — | 55 _ 70 ~— ] 85 |[ns
tacs Chip Select Access Time — [15/20y — | 25 | — 13545} — } 65 | — | 70 | —~ | 85 |ns
toH Output Hold from Address Change 5 — 5 — | 5 — | 5 — — 5 — [|ns

1z Output Selection to Outputinlowz®| 5 | — | 5 | — | 5 | — |5 | — — | 5| —|ns
tHz Chip Deselect to Output in High Z&& — 6 — | 12| —|1720) — | 30 | — ] 30 | — | 40 |ns
tPu Chip Select to Power Up Time® 0 — 0 — 0 — 0 — 0 — 0O| — |ns

tPD Chip Deselect to Power Down Time®| — [1520 — | 20 | — |30@5| — | 35 { — | 35 | —| 40 |ns
NOTES: 2986 1bl 11
1. 0°to +70°C temperature range only.
2. -55°C to +125°C temperature range only.
3. This parameter guaranteed but not tested.

5.22 5



IDT7187S/L

CMOS STATIC RAM 64K (64K x 1-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NoO. 1{1:?)

trc® >
ADDRESS )( *
tAA »
toH
DATAouT PREVIOUS DATA VALID X X X DATA VALID
2986 drw 10
TIMING WAVEFORM OF READ CYCLE NoO. 2(1:3)
trc®
cs 5(, 7£
tACS > tHz(4)
e—— 1 7{4) ———»
DATAoUT DATA VALID h%
fe—-1 Puﬂ le—tpp
Vee | ——————————————— e
SuPPLY ¢
CURRENT g5
2986 drw 11
NOTES:

. WE is high for read cycle.
CSiis low for READ cycle.
. Address valid prior to or coincident with CS transition low.
. Transition is measured +200mV from steady state voltage with specified loading in Figure 2.
All READ cycle timings are referenced from the last valid address to the first transitioning address.

nawP=

5.22 6



IDT7187S/L
CMOS STATIC RAM 64K (64K x 1-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V + 10%, All Temperature Ranges)

718751520 7187525 (7187535145 71875551 | 71875701 | 71875851
7187120 | 7187125 [7187L35/4512| 7187L55? [ 71870702 | 7187L85?

Symbol Parameter Min.| Max. [ Min.| Max. [Min. | Max. [min. [ Max. | Min. | Max. | Min.]Max. [unit

Write Cycle

twe Write Cycle Time 12/15) — | 256 | — |35/45 55 — {70} —| 8| — |ns

tcw Chip Select to End of Write 12115} — | 20 — |25/40 50 | — 55 | — 65| — | ns

taw Address Valid to End of Write 12115 — | 20 | — |[25/40 50 | — | 55| — | 65| — | ns

tAS Address Set-up Time 0 — 0 — 0 0 — 0 — 0| — |ns

twp Write Pulse Width 1215 — | 20 | — [20/25 3% | — |40 | — | 45| — | ns

twR Write Recovery Time 0 — 0 — 10 0 — 0 — 0| — |ns

tow Data Valid to End of Write 8/10| — 156 | — 15725 25| — | 30| — | 35| — |ns

tDH Data Hold Time 0 —_ 5 — 5 5 —_ 5 — 5 — | ns

twz Write Enable to Output in High Z(&) — e | — | 12| — (1580 — |30 | —| 30| —| 40 |ns

tow Output Active from End of Write® ¢} —_ 0 — | 0 0 — 0 — 0| — tns
NOTES: 2986 1l 12
1. 0°to +70°C temperature range only.
2. -55°C to +125°C temperature range only.
3. This parameter guaranteed but not tested.
TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)("»234)

twe
ADDRESS X X
taw
Cs \ /
[e—tAS —»le twp tWR —]
WE 4
(5)
twz —-:I tow®
DATAouT ——< ),
tow tDH
DATAIN VALID DATA
2986 drw 12
NOTES:
1. WE or CS must be high during all address transitions.
2. Awrite occurs during the overlap (twp) of a low TS and a low WE.
3. twR is measured from the earlier of CS or WE going high to the end of the write cycle.
4. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state.
5. Transition is measured +200mV from steady state with a 5pF load (including scope and jig).
5.22 7



IDT7187S/L :
CMOS STATIC RAM 64K (64K x 1-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING){12:4:%)

twe

ADDRESS )(

taw

cs } 7£
le—tas—] tow twa'

T\ /

tpw ——»je— tDH
DATA IN ‘ VALID DATA
NOTES:

1. WE or CS must be high during all address transitions. o

2. A write occurs during the overlap (twe) of a low CS and a low WE.

3. twris measured from the earlier of CS or WE going high to the end of the write cycle.
4

5

2986 drw 13

. lf the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state.
. Transition is measured +200mV from steady state with a 5pF load (including scope and jig).

ORDERING INFORMATION

IDT XXXX X XXX XX X
Device Power Speed Package Process/
Type Temperature
Range

Blank Commercial (0°C to +70°C)
L B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

C Side Braze Dip (300 mil)
D Ceramic (300 mil)
P Plastic DIP (300 mil)
L22 Leadless Chip Carrier (22 pins)
SO Small Outline IC (Gull-Wing)
E CERPACK
Y Small Outline (J-Bend)
L28 Leadless Chip Carrier (28 pins)
15 Commercial Only
20
25
35 Speed in Nanoseconds
45 Military Only
55 Military Only
70 Military Only
85 Military Only
| s Standard Power
[L Low Power

| 7187 64K (64K x 1-Bit)
' 2986 drw 14

5.22 8



CMOS STATIC RAM IDT7188S
64K (16K x 4-BIT) IDT7188L
Integrated Device Technology, Inc.
FEATURES: DESCRIPTION:

« High-speed (equal access and cycie times)
— Military: 20/25/35/45/55/70/85ns (max.)
— Commercial: 15/20/25/35ns (max.)

Low power consumption
— IDT7188S
Active: 350mW (typ.)
Standby: 100uW (typ.)
— IDT7188L
Active: 300mW (typ.)
Standby: 30uW (typ.)

only)

Battery backup operation — 2V data retention (L version

Available in high-density industry standard 22-pin, 300

mil ceramic and plastic DIP, 24-pin SOIC, 24-pin

CERPACK

Single 5V (+ 10%) power supply
Inputs/outputs TTL-compatible

Produced with advanced CEMOS™ technology

Military product compliant to MIL-STD-883, Class B

The IDT7188 is a 65,536-bit high-speed static RAM
organized as 16K x 4. It is fabricated using IDT's high-
performance, high-reliability technology — CEMOS. This
state-of-the-art technology, combined with innovative circuit
design techniques, provides a cost effective approach for
memory intensive applications.

Access times as fast as 15ns are available, with typical
power consumption of only 300mW. The IDT7188 offers a
reduced power standby mode, ISB1, which enables the
designer to greatly reduce device power requirements. This
capability significantly decreases system power and cooling
levels, while greatly enhancing system reliability. The low-
power version (L) version also offers a battery backup data
retention capability where the circuit typically consumes only
30uW operating from a 2V battery.

All inputs and outputs are TTL-compatible and operate
from a single 5V supply. The IDT7188 is packaged in 22-pin,
300 mil ceramic and plastic DIPs, 24-pin SOICs, (gull-wing
and J-bend) and CERPACKSs, prowdmg excellent board-level
packing densities.

FUNCTIONAL BLOCK DIAGRAM

>
o

—[;t‘ e
E «— GND
[ ]
. 65,536-BIT
: DECODER MEMORY ARRAY
.
[}
L ]
L]
Ao —>—
I
o COLUMN 10
1701
? INPUT
DATA
Vo2 j— CONTROL
VOs ’?— Iél ‘
<

gg
WE

CEMOS is atrademark of Integrated Device Technology, Inc.

2989 drw 01

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1990

©1990 Integrated Device Technology, Inc.

5.23 DSC-1026/2
1



IDT7188S/L
CMOS STATIC RAM 64K (16K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DESCRIPTION (Continued)

Military grade product is manufactured in compliance with
the latest revision of MIL-STD-883, Class B, making it ideally
suited to military temperature applications demanding the
highest level of performance and reliability.

PIN CONFIGURATIONS
Ao ~ 22 [ Vece
A1 (]2 21 [ A3
A2[]3 20 {1 A12
A3[]4 19 |1 Ann
AsTls D221, 457 A
AsCls P21 71 ag
Asd7 & 6P yos
Args ©221 15 02
As[]o 14 [ 1101
cs o 13 17 100
GND O 11 12 T WE
DIP 2989 drw 02
TOP VIEW
Ao 1 ~ 24 1] Vce
A1 2 23 [] A13
Az2(]3 22 [ A12
Aa[}4 E24-1 21 1 At
As]s “le 20 [0 Ao
As s 8024'2 19 [ Ag
As[]7 S024-4 18 [INC
Az []s 17 [1I/03
As ]9 16 102
¢S o 15 [J1/0 1
NC [ 11 14100
GND [] 12 13 [JWE
2989 drw 03
CERPACK/SOIC/SOJ
TOP VIEW
PIN DESCRIPTIONS
Name Description
A0-A13 Address Inputs
[ Chip Select
WE Write Enable
1/100-3 Data Input/Output
vce Power
GND Ground
2989 tbl 01
TRUTH TABLE(™
Mode Cs WE e} Power
Standby H X High Z Standby
Read H Dout Active
Write L DIN Active
NOTE: 2989 thl 02

1. H=VH, L=V, X =don'tcare.

ABSOLUTE MAXIMUM RATINGS("

Symbol Rating Com’l. Mil. Unit

VTERM [ Terminal Voltage { -0.5to +7.0{ -0.5t0 +7.0| V
with Respect
to GND

TA Operating 0to +70 -55t0 +125| °C
Temperature

TBIAS Temperature -55t0 +125| -65t0+135| °C
Under Bias

Tsta Storage -55t0 +125| -65t0+150| °C
Temperature

PT Power Dissipation| 1.0 1.0 w

lout DC Output 50 50 mA
Current

NOTE: 2989161 03

1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

CAPACITANCE (TA = +25°C, f = 1.0MHz, Vce = 0v))

Symbol Parameter!" Conditions | Max.| Unit
CiN Input Capacitance VIN = 0V 6 pF
Cout Output Capacitance Vour = oV 6 pF

NOTE: 2989 tbi 04

1. This parameter is determined by device characterization, but is not
production tested.

RECOMMENDED DC OPERATING

CONDITIONS
Symbol Parameter Min. | Typ. | Max.| Unit
Vee Supply Voltage 45 5.0 55| V
GND Supply Voltage o] 0 0 "
VIH Input High Voltage 2.2 — 6.0 \"
Vi Input Low Voltage 050 | — 0.8 Vv
NOTE: 2989 1ol 05
1. ViL (min.) =-3.0V for pulse width less than 20ns.
RECOMMENDED OPERATING
TEMPERATURE AND SUPPLY VOLTAGE
Grade Temperature GND Vece
Military -55°C to +125°C ov 5V+10%
Commercial 0°C to +70°C ov 5V +10%
2989 tbl 06




IDT7188S/L
CMOS STATIC RAM 64K (16K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS
Vce =5.0V + 10%

IDT7188S IDT7188L
Symbol Parameter Test Condition Min. Max. Min. Max. Unit
Jiu Input Leakage Current vce = Max., MIL. — 10 — 5 pA
VIN = GND to Vcc COM'L. — 5 — 2
JiLo| Output Leakage Current| Vcc = Max., CS = Vi, MIL. — 10 — 5 HA
Vour = GND to Vce COM'L. — 5 — 2
Vot Output Low Voltage loL = 10mA, Vcc = Min. 0.5 — 0.5 '
lot = 8mA, Vcc = Min. _ 0.4 — 0.4
VoH Qutput High Voltage loL. = -4mA, Vce = Min. 2.4 — 2.4 — \
2989 tbl 07
DC ELECTRICAL CHARACTERISTICS("
(Vee =5V +10%, VLCc = 0.2V, VHC = Vcc - 0.2V)
7188S15 | 7188520 | 7188525 | 7188535 | 7188S45 |7188555/70| 7188585
7188L15 | 7188L20 | 7188L25 | 7188L35 | 7188L45 |7188L55/70| 7188L85
Symbol Parameter Power com'l| Mil. [Com’.] Mil [Com'l.| Mil. |Com'.| Mil |Com’l| Mil |Coml{ Mil. [Com't] Mil [ Unit
Icct Operating Power S 9 | — [ 110| 110 100] 105]| 100| 110 — | 110] — [ 110 | — |110| mA
Supply Current
CS = Vi, Outputs Open L 7| —| 701807080 8| 95| — ]| 95| — |9 |— |95
, vce = Max., f = 0@
‘ lcc2 | Dynamic Operating S }(135| — | 130| 160 | 135| 155} 125| 140| — | 140 — | 140 | — [140| mA
Current
| @=VlL,OutputSOpen L 125 | — | 115| 130|105 120] 105 | 115 — } 110 — [ 110 | — |105
vee = Max., f = fmax®
Ise Standby Power Supply S 60 | —| 55| 70| 55| 60| 45| 50f — | 50] — | 50 |— |50 | mA
Current (TTL Level)
CS = VH, Vcc = Max., L 45 | —| 40| 50| 35(40| 35) 40| — | 35| — |3 |— |35
Outputs Open, f = fiMax?
IsB1 Full Standby Power S 20 | —| 15| 25|15 20] 15[ 20| — | 20| — |20 |— 120 | mA
Supply Current (CMOS
Level) CS = VHC, -
vVce=Max., VIN 2 VHC or L i5f—|05|15|05|15|05]|15| — | 15| — |15 |— |15
ViIN< Vie, f = 0P
NOTES: 2089 tbl 06
1. All values are maximum guaranteed values.
2. Atf=fmax address and data inputs are cycling at the maximum frequency of read cycles of 1/trc. f = 0 means no input fines change.
5.23 3



IDT7188S/L

CMOS STATIC RAM 64K (16K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VHC = Vcc - 0.2V

Typ. (" Max.
Veec @ Vce @
Symbol Parameter Test Condition Min. 2.0v 3.0V 2.0V 3.0V Unit
VDR Vcce for Data Retention — 2.0 — — — — v
Iccpr Data Retention Current MIL. — 10 15 600 900 pA
COM'L. — 10 15 150 225
tcor® Chip Deselect to Data TS VHe 0 — — - — ns
Retention Time VIN2 VHC or < ViLC
1R Operation Recovery Time trc® — — — — ns
(1)@ Input Leakage Current — — — 2 2 pA
NOTES: 2989 tbl 09
1. Ta=+25°C.
2. trc = Read Cycle Time.
3. This parameter is guaranteed, but not tested.
LOW Vcc DATA RETENTION WAVEFORM
DATA
[— RELE NTEION —
OD
vee 45V * 45V
1CDR VDR22V tR
& 71T VA2 \\\W\\
VDR
2989 drw 04
AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 5ns
Input Timing Reference Levels 1.5V
QOutput Reference Levels 1.5V
Output Load See Figures 1 and 2
2989 tbl 10
5V sV
480Q 480Q
DATAout DATAout
255Q 30pF* 255Q 5pF*
2989 drw 05 2989 drw 06
Figure 1, Output Load Figure 2. Output Load
(for tHz, tLz, twz, toHz and tow)
*Includes scope and jig capacitances
5.23 4



IDT7188S/L

CMOS STATIC RAM 64K (16K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Vcc=5.0V £ 10%, All Temperature Ranges)

7188515 | 7188S20 7188525 | 7188S35/45 [7188S55/702 | 71885857
7188L15™ 7188L20 7188L25 7188L35/45 [7188L55/70® | 7188L852
Symbol Parameter MinJ Max. Min.l Max. Mln.—[ Max. [ Min. hﬂax. Min.] Max. MEI Max. |Unit
Read Cycle
tRC Read Cycle Time 15| — 20| — |25 — PB5/45 — |55/70 — 85| — |ns
tAA Address Access Time — 15 | — | 20 | — 25 | — |35/45| — |55/70] — | 85 | ns
tacs Chip Select Access Time — 115 ]| —] 20 | — 25 | — |35/45| — |55/70) — | 85 |ns
toH Output Hold from Address Change 5 — 5 — | 5 — | 5 — 5 — 5| — |ns
tLz Output Selection to Outputintowz®| 5 | — | 5 | — | 5 — s | —|s5]| —]|5]|—|ns
tHz Chip Deselect to Output in High z — 7 — 8 | — 10 | — 14 | — |20/25) — | 30 | ns
tPu Chip Select to Power Up Time® ol —1o| —1o —lo | —lo]l —f o] — Ins
tPD Chip Deselect to Power Down Time®| — | 15 | — [ 20 | — | 25 | — |35/45| — [55/70] — | 85 |ns
NOTES: 2989 tbi 11
1. 0°to +70°C temperature range only.
2. -55°C to +125°C temperature range only.
3. This parameter guaranteed but not tested.
TIMING WAVEFORM OF READ CYCLE NO. 1(:2)
trct® |
ADDRESS )( %
taa >
toH
DATAouT PREVIOUS DATA VALID ( X DATA VALID
2989 drw 07
TIMING WAVEFORM OF READ CYCLE NO. 23
trc (5
TS SL £
tACS -+ le—tHZ(4)
“ tLz(4
DATAouT DATA VALID TTGH MPEDANGE
ha tpu-| L— tPD
Vee SUPPLY 166 === m o
CURRENT |5
2971 drw 08
NOTES:
1. WEis high for read cycle.
2. CSis low for READ cycle. .
3. Address valid prior to or coincident with TS transition low.
4. Transition is measured £200mV from steady state voltage.
5. All READ cycle timings are referenced from the last valid address to the first transitioning address.
5.23 5



IDT7188S/L
CMOS STATIC RAM 64K (16K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Vcc =5.0V + 10%, All Temperature Ranges)

7188S15" | 7188520 7188525 |7188535/45(%|7188555/70%| 71885852
7188L15" |  7188L20 7188125 |7188L35/45|7188L55/70%) 7188L85@
Symbol Parameter Min.| Max. | Min.| Max. [Min. | Max.| Min. | Max. | Min.] Max. | Min.[Max. Junit
Write Cycle
twe Write Cycle Time 141 — |17} — |20 — [30/40| — [50/60f — | 75| — | ns
tcw Chip Select to End of Write 14 — 17 — | 20 — |25/35| — |[50/60] — 75| — | ns
AW Address Valid to End of Write 14 | — 17 — | 20 — {25/35] — [50/60] — 75| — | ns
tAS Address Set-up Time 0 — 0 — 10 — | o0 — 0 - 0| — |ns
twp Wirite Pulse Width 14 — 17 — | 20 — |26/35| — |50/60f — 751 — | ns
tWR Write Recovery Time 0 — 0 — |0 —{ o | — 0 —_ 0| — |ns
tow Data Valid to End of Write 10 — 10 — 113 — [15720] — |25/30] — 35| — | ns
DH Data Hold Time 0 — 0 — ] 0 — 10 — 0 — 0} — |ns
twz Write Enable to Output in High Z& —| 5|~ 86 ]— 7 | — |tons| — |2530] — | 40 | ns
tow Output Active from End of Write®® 5 — 5 — 15 — 1 5 — 5 — 5| — |ns
NOTES: 2989 tbl 12

1. 0°to +70°C temperature range only.
2. -55°C to +125°C temperature range only.
3. This parameter guaranteed but not tested.

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)" 23

twe
/ )/
ADDRESS X 4
OE G
OE ,{C toHZS
C381 CS: \ taw y— |
1, CS2 \ W,
e tAS -t twp @ - IWR —»|
WE /
(6)
tWHZ —] (6)
[-—r8 tow
DATAouT _( (3) 3) —
tow 10H
DATAIN
2999 drw 06
NOTES: _
1. WE or CS must be high during all address transitions. -
2. Awrite occurs during the overlap (twp) of a low CS and a low WE.
3. twRis measured from the earlier of CS or WE going high to the end of the write cycle.
4. During this period, I/O pins are in the output state so that the input signals should not be applied.
5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state.
6. Transition is measured +200mV from steady state.




IDT7188S/L
CMOS STATIC RAM 64K (16K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING)("%3:5)

twe

ADDRESS X

)4
taw

le—tAs tcw tWR -]

T\ 1/

t— tow —se— tDH
DATA N \ DATA VALID

2989 drw 10
NOTES: __
1. WE or CS must be high during all address transitions.
2. Awrite occurs during the overlap (twp) of a low CS and a low WE.
3. twR is measured from the earlier of CS or WE going high to the end of the write cycle.
4. During this period, I/O pins are in the output state so that the input signals should not be applied.
5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance state.
6. Transition is measured $200mV from steady state.

ORDERING INFORMATION

IDT XXXX X XX XX X
Device Power Speed Package Process/
Type Temperature
Range
Blank  Commercial (0°C to +70°C)

B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

C Sidebraze DIP

D Ceramic DIP

P Plastic DIP

SO Small Outline IC (Gull Wing)
Y Small Outline IC (J-Bend)

E CERPACK

15 Commercial Only

20

25

35 :
45 Military Only Speed in Nanoseconds

55 Military Only
70 Military Only

85 Military Only
| S Standard Power
| L Low Power

| 7188 64K (16K x 4-Bit)
2989 drw 11
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Integrated Device Technology, Inc.

: CMOS STATIC RAMS
L P 64K (16K x 4-BIT)
. Added Chip Select and Output Controls

IDT7198S
IDT7198L

FEATURES:

Optimized for fast RISC processors, including

IDT79R3000

flexibility

and operation
High speed (equal access and cycle times)
— Military: 20/25/35/45/55/70/85ns (max.)
— Commercial: 15/20/25/35ns {max.)
- Low power consumption
— IDT71988
Active: 350mW (typ.)
Standby: 100uw (typ.)
— IDT7198L
Active: 300mW (typ.)
Standby: 30uw (typ.)

= Battery back-up operation—2V data retention (L version

only)

= 24-pin CERDIP, 24-pin plastic DIP, high-density 28-pin
leadless chip carrier, 24-pin SOIC, SOJ and CERPACK

= Produced with advanced CEMOS™ technology

» Bidirectional data inputs and outputs
« Inputs/outputs TTL-compatible
- Military product compliant to MIL-STD-883, Class B

2/page 2-4

Multiple Chip Selects (CS1, CS2) simplify system design

DESCRIPTION:
The IDT7198 is a 65,536 bit high-speed static RAM orga-
nized as 16K x 4. ltisfabricated using IDT's high-performance,
high-reliability technology—CEMOS. This state-of-the-art
technology, combinedwithinnovative circuitdesigntechniques,
provides a cost effective approach for memory intensive
applications. Timing parameters have been specified to meet
the speed demands of the IDT79R3000 RISC processors.
The IDT7198 features three memory control functions:
Chip Select 1 (CS1), Chip Select 2 (CS2) and Output Enable

Fast Qutput Enable (OE) pin available for added system  * Standard Military Drawing# 5962-86859. Refer to Section

(OE). These three functions greatly enhance the IDT7198’s

overall flexibility in high-speed memory applications.

Access times as fast as 15ns are available, with typical

power consumption of only 300mW. The IDT7198 offers
a reduced power standby mode, ISB1, which enables the

designer to considerably reduce device power requirements.

FUNCTIONAL BLOCK DIAGRAM

Ao_k [ l— VCC
L ]
. le— GND
L]
. 65,536-BIT
. DECODER MEMORY ARRAY
L]
L]
A1 —k:
V0o ? —] COLUMN 1/0
Vo
! ? INPUT
DATA
/02 B— CONTROL
oS E- , &
_ 1
CS1 _L__
52— ) =

CEMOS is atrademark of Integrated Device Technology, Inc.

2985 drw 01

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 19390

©1990 Integrated Device Technology, Inc.
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IDT7198S/L CMOS STATIC RAMS
64K (16K x 4-BIT) Added Chip Select and Oulput Enable Controls

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DESCRIPTION: (Continued)

This capability significantly decreases system power and
cooling levels, while greatly enhancing system reliability.
The low-power version (L)also offers a battery backup data
retention capability where the circuit typically consumes only
30uW when operating from a 2V battery.

All inputs and outputs are TTL-compatible and operate
from a single 5 volt supply.

The IDT7198 is packaged in either a 24-pin ceramic DIP,
24-pin plastic DIP, 28-pin leadless chip carrier, 24-pin SOIC
(Gull-Wing and J-Bend) and 24-pin CERPACK.

Military grade product is manufactured in compliance with
the latest revision of MIL-STD-883, Class B, making it ideally
suited to military temperature applications demanding the
highest level of performance and reliability.

MEMORY CONTROL
PIN CONFIGURATIONS
Ao [ ~ 24 [QVcec
A1 2 23 [J A13
A2]s3 22 [ A2
As[]4 83211 21 {J A1
As[s C24-1, 20 [J Ao
As]6 sO24-2, 19 [JAs
As 7 E24-1 18 [1CS2
A7[]s & 7[y0s
As[s S024-4 46 ] V02
081510 150 V01
OE ] 1 18 [ 1/0g
GND [} 12 15 1 WE
2985 drw 02
DIP/SOIC/SOJ/CERPACK
TOP VIEW

A1 |14 ! 26 [[] NC
A2|ls 25 [[] A1a
A3 |16 24 [ A12
A4 |17 23 [[] A1
As |18 L28-2 22 [] Ato
As |19 21 [[] A9
A7 |1 10 20 L] vos
As |1 11 19 [} yoz
GS1 |12 18 [] 1101
18181697
o [=d 2985 drw 03
Beglse
(0]
LCC
TOP VIEW

The IDT7198 64K high-speed CEMOS static RAM incorpo-
rates two additional memory control features (an extra chip
select and an output enable pin) which offer additional ben-
efits in many system memory applications.

The dual chip select feature (CS1, CS2) now brings the
convenience of improved system speeds to the large memory
designer by reducing the external logic required to perform
decoding. Since external decoding logic is reduced, board
space is saved, system speed is enhanced and system
reliability improves as a result of lower parts count.

_Both chip selects, Chip Select 1 (CS1) and Chip Select 2
(CS2), must be in the active-low state to select the memory. If
either chip select is pulled high, the memory willbe deselected
and remain in the standby mode. .

The fast output enable function (OE) is also a highly
desirable feature of the IDT7198 high-speed common I/O
static RAM. This function is designed to eliminate problems
associated with data bus contention by allowing the data
outputs to be controlled independent of either chip select. Its
speed permits further decreases in overall read cycle timing.

These added memory control features provide improved
system design flexibility, along with overali system speed
performance enhancements.

PIN DESCRIPTIONS

Name Description
A0-A13 Address Inputs
CSh Chip Select 1
CS2 Chip Select 2
WE Write Enable
OE Output Enable
1/00-1/03 Data I1O
vce Power
GND Ground

2985 bl 01

TRUTH TABLE(

Mode CS1 | CS2 | WE | OE 110 Power
Standby H X X X HighZ | Standby
Standby X H X X HighZ | Standby
Read L L H L Dout Active
Write L L L X DIN Active
Read L L H H High Z | Active

NOTE: 2985 tbi 02

1. H=VH, L=V, X =don't care.




IDT7198S/L. CMOS STATIC RAMS
64K (16K x 4-BIT) Added Chip Select and Output Enable Controls

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ABSOLUTE MAXIMUM RATINGS("

CAPACITANCE (TA = +25°C, f = 1.0MHz, Vcc = 0V)

Symbol Rating Com'l. Mil. Unit Symbol Parameter(" Conditions | Max.] Unit
VTERM | Terminal Voltage | -0.510 +7.0| -0.5t0 +7.0} V CIN Input Capacitance VIN = 0V 7 pF
with Respect Court Output Capacitance Vour = 0V 7 F
to GND put ~ap = P
; N NOTE: 2985 tbl 04
Ta Operating O0to+70 -55t0 +125 ¢ 1. This parameter is determined by device characterization, but is not
Temperature production tested.
TelAs Temperature -55to +125| -65t0+135| °C
Under Bias
Tstc | Storage 5510 +125| -65t0+150| °c | RECOMMENDED DC OPERATING
Temperature CONDITIONS
PT Power Dissipation 1.0 1.0 w Symbol Parameter Min. | Typ. | Max. | Unit
louT DC Output 50 50 mA Vece Supply Voltage 45 5.0 55 \'
Current GND Supply Voltage 0 0 o [ v

NOTE: 2985 tbl 03 -

1. Stresses greater than those listed under ABSOLUTE MAXIMUM Vi Input High Voltage 2.2 _ 6.0 v
RATINGS may cause permanent damage to the device. This is a stress ViL Input Low Voltage 05| — 0.8 v
rating only and functional operation of the device at these or any other -
conditions above those indicated in the operational sections of this :JO‘\I’/E. . Vi " idth less than 20 29851 05
specification is not implied. Exposure to absolute maximum rating - Vi (min.) = -3.0V for pulse width less than 20ns.
conditions for extended periods may affect reliability.

RECOMMENDED OPERATING
TEMPERATURE AND SUPPLY VOLTAGE
Grade |Ambient Temperature| GND Vce
Military -55°C to +125°C oV 5V+10%
Commercial 0°C to +70°C ov 5V£10%
2985 bl 06
DC ELECTRICAL CHARACTERISTICS
Vee =5.0V £ 10%
IDT7198S IDT7198L
Symbol Parameter Test Condition Min. Max. Min. Max. Unit
|y Input Leakage Current vce = Max., MIL. — 10 — 5 pA
VIN = GND to Vcc COM'L. — 5 — 2
|lLo| Output Leakage Current| Vcc = Max., CS = ViH, MIL. — 10 — 5 HA
Vout = GND to Vcc COM'L. — 5 — 2
VoL Output Low Voltage loL = 10mA, Vcc = Min. 0.5 — 0.5 \
loL = 8mA, Vcc = Min. —_ 0.4 — 0.4
VOH Output High Voltage loL = -4mA, Vcc = Min. 2.4 - 24 — \'
2985 tbl 07
5.24 3




IDT7198S/L. CMOS STATIC RAMS
64K (16K x 4-BIT) Added Chip Select and Output Enable Controls MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS("
{VceC =5V £ 10%, VLC = 0.2V, VHC = VcC - 0.2V)

7198515 | 7198520 | 7198525 | 7198S35 | 7198545 |7198S55/70| 7198585
7198L15 | 7198L20 | 7198L25 | 7198L35 | 7198L45 | 7198L55/70| 7198L85
Symbol Parameter Power [com’l| Mil. [Com'l| Mil. [Com'l| Mil [Com'l.| Mil [Com'L| Mil [Com'l.| Mil. |Com'] Mil. | Unit
Icc1 | Operating Power S 90 | — | 110| 110 {100| 105|100 110 — | 110| — [110 | — [110{ mA
Supply Current
CS = Vi, Outputs Open L 7% | —| 7018 |70 8|81} 95| —}95 —|9% |— 195
vee = Max., f = 0
lcc2 | Dynamic Operating S 135 — | 130| 160 |135] 155 125]| 140| — | 140| — | 140 | — |140 | mA
Current
CS = Vi, Outputs Open L [125| — | 115|130 [ 100 120 105 [ 115 — [ 110 — | 110 [ — [105
Vee = Max., f = fmax'®
IsB Standby Power Supply S 60 [ —] 55| 70 | 55| 60| 45| 50| — | 50| — | 50 [ — [ 50 | mA
Current (TTL Level)
CS 2 VK, Vcc = Max., L 45 | —| 40| 50|35 40| 35| 40| — | 35| — |3 |— |35
Outputs Open, f = iMax(?
IsB1 Full Standby Power S 20| —| 15} 2515} 20115120} — | 20| — |20 {— |20 | mA
Supply_Current (CMOS
Level) CS 2 VHc,
Vce= Max., VIN 2 VHe or L 15| —| o5/ 15|05|15]05|15} — | 15| — |15 |— |15
VINS Ve, f=0@
NOTES: 2985 thl 06

1. Allvalues are maximum guaranteed values.
2. Atf=fuax address and data inputs are cycling at the maximum frequency of read cycles of 1/trc. f = 0 means no input lines change.

DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VLC = 0.2V, VHC = Vcc - 0.2V

Typ. M Max.
Vcc @ Vcc @

Symbo! Parameter Test Condition Min. 2.0v 3.0v 2.0V 3.0v Unit

VOR - Vcce for Data Retention — 2.0 — — — — \"

Iccor Data Retention Current MIL. — 10 15 600 900 pA

COM'L. — 10 15 150 225
tcoR® Chip Deselect to Data CS10rCS22 VHC 0 — — — — ns
Retention Time VIN2 VHC or < ViIC

tr® Operation Recovery Time trc(? — — — — ns

IILII(3’ Input Leakage Current — —_ — 2 2 pHA
NOTES: 2985 thl 09
1. TA=+25°C.
2. tRc = Read Cycle Time.
3. This parameter is guaranteed, but not tested.
LOW Vcc DATA RETENTION WAVEFORM

DATA
[——RETENTION —¥
\ MODE /
Vee 45V A4V
tCOR VoR22v tR

2985 drw 04




IDT7198S/LL CMOS STATIC RAMS
64K (16K x 4-BIT) Added Chip Select and Output Enable Controls

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 5ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V

Output Load

See Figures 1 and 2

AC ELECTRICAL CHARACTERISTICS (Vcc =5.0V + 10%, All Temperature Ranges)

5V

DATAout
255Q

480Q

30pF*

2985 drw 05

Figure 1. Qutput Load

2985 tbl 10

5V

480Q
DATAout
255Q SpF*

2985 drw 06

Figure 2. Output Load
(for tcLzy, 2, toLz, tcHz1, 2, oKz, tow and twHz)

*Includes scope and jig capacitances

7198515("20] 7198525 |7198535/45®( 7198555@ | 7198570@ | 71985859
7198L15"20| 7198125 |7198L35/45%)| 7198L55@ | 7198170 | 7198L85@
Symbol Parameter Min.I Max. | Min.| Max. Min.l Max.|Min. ] Max. Min.l Max. Min.l Max. |Unit
Read Cycle
tRC Read Cycle Time 15200 — | 25 | — |35M44 — {65 | — | 70 | — 85 [ — | ns
tAA Address Access Time — | 15/19| — 25 — | 35/45| — 55 — | 70 — | 8 | ns
tacs1,2 | Chip Select-1,2 Access Time® — | 1520 — | 25| — |3545| — | 85 | — | 70| —| 85 |ns
tcLz1,2 | Chip Select-1,2to OutputinLtowz® | s | — [ 5 | —| 5} —}Js5 | — |5 | —| 5| — |ns
toE Output Enable to Output Valid — | 89| — | 11 — j20/25| — | 35 | — | 45| — | 55 | ns
totz | Output Enableto Outputinlowz® [ s | — | s | —| s | —| s | — | 5] —| 5| — |ns
tcHz1,2 | Chip Select 1,2to OutputinHigh 2 | — | 78 | — | 16] — | 14 ] — ] 20 | — ] 25| — ] 30 | ns
toHz | Output Disable to Output in HighZz® | — | 78 | — —| 15| —[2 [—[ 25| —| 30 [ns
toH Qutput Hold from Address Change 5 — 5 — 5 — 1|5 — 5 — 5| — |ns
tPu Chip Select to Power Up Time!* o| —|lo|—] o}l —=jo] —~]o] —]| o] —]ns
tPD Chip Deselect to Power Down Time¥| — | 1520 — | 25 [ — | 3545 — | 55 | — | 70 — | 85 | ns
NOTES: 2985101 11
1. 0°to +70°C temperature range only.
2. -55°C to +125°C temperature range only.
3. Both chip selects must be active low for the device to be selected.
4. This parameter guaranteed but not tested.
5.24 5



IDT7198S/L CMOS STATIC RAMS
64K (16K x 4-BIT) Added Chip Select and Output Enable Controls MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NO. 1"

tRC »
ADDRESS :)&
tAA toH—]
EANNNNNNY 11
10E tonz(®
torz®
G|V /111111
jes.2 tchzt, 269
tCLZ1,2(5) ’
DATAout ( )(XX)_
2985 drw 07
TIMING WAVEFORM OF READ CYCLE NO. 20124
tRC- N|
ADDRESS :)’L
. ton tAA »| tq-x—a-
DATAouT ) X
2985 drw 08
TIMING WAVEFORM OF READ CYCLE NO. 3(%> 34
CS1.2 31( j{
tACs1, 2 » tcHz1, 265)
e———— tcLzt, 2(5) —»]
DATAoUT ' )__
re—tPU . e _
Vce |cc _-.._____________:j tPD
SUPPLY }{(
CURRENT g5
‘ 2985 drw 09

_ NOTES:
1. WE is high for READ cycle. . o
2. Device is continuously selected, CS1 = Vi, CSz2 = ViL.
3. Address valid prior to or coincident with CS1 and or CS2 transition low.
4. OE=VL..
5. Transition is measured +200mV from steady state voltage.




IDT7198S/L CMOS STATIC RAMS
64K (16K x 4-BIT) Added Chip Select and Output Enable Controls

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Vce = 5.0V + 10%, All Temperature Ranges)

719851520 7198525 [7198535/45% 7198555 | 7198570% | 71985857
7198L1520| 7198125 |[7198L3545@| 7198L55@ | 7198L70@ | 7198185
Symbol Parameter Min.l Max. | Min.| Max. | Min. | Max.|Min. I Max. { Min, I Max. Mln.l Max. |Unit
Write Cycle
twe Wirite Cycle Time 14117 — 20 — |30/40( — | 50 —_ 60 —_ 75| — {ns
towr,2 | Chip Select to End of Write® 1417} — | 20| — |55 — |50 | — J 60| — ] 75| — |ns
taw Address Valid to End of Write 14/17) — | 20 | — [25/35] — ]} 50 | — 60 | — 75| — |ns
tAs Address Set-up Time 0 — 0 — 0 — 10 — 0 — 0| — |ns
twp Write Pulse Width 1417 — | 20 — |256/35] — | 50 | — 60 | — 75| — |ns
twr1,2 | Write Recovery Time 0 — 0 — 10 —lo | — 0 — 0| — |ns
twHz | Write Enable to Output in HighZ® | — | s | — | 7 | — |1ons] — | 25 | — | 30 | — [ 40 |ns
tow Data Valid to End of Write 10 —_ 13 — [15/20f — | 25 — 30 — 35| — |ns
tDH Data Hold Time — — 1 0 — — —_ — | ns
tow Qutput Active from End of Write! 5 — 5 — 5 — — — — | ns
NOTES: 2985 1ol 12

1. 0°to +70°C temperature range only.

2. -85°C to +125°C temperature range only.
3. Both chip selects must be active low for the device to be selected.
4. This parameter guaranteed but not tested.

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)" 23.7)

NOTES:

twc
/ -
ADDRESS X )\
OE /
+— AN ——————
CS1,2 \ /
[e—t AS —»le twp(? twR —»|
WE /
twhz® ::’ tow(®
DATA ouT —( @ )i @
ipw tDH
DATA N
2985 drw 10

. WE, CS1 or CS2 must be high during all address transitions.
. A write occurs during the overlap (twe) of a low WE, alow CS1 and a low CS2.
. twR is measured from the earlier of CS1, CS2 or W_gomg high to the end of the write cycle.

. Ifthe CS low transition occurs simultaneously with or after the WE low transition, outputs remain in the high impedance state.

. Transition is measured +£200mV from steady state.

1
2
3
4. During this period, the I/O pins are in the output state, and input signals must not be applied.
5
[
7

. ItOE is low during a WE controlled write cycle, the write pulse width must be the larger of twp or (twHz + tow) to allow the /O drivers to turn off and data
to be placed on the required tow. If OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as shortas
the specified twp.

8. OE = VH.




IDT7198S/L CMOS STATIC RAMS
64K (16K x 4-BIT) Added Chip Select and Output Enable Controls MILUTARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING)": ¥

< twe

ADDRESS X X

taw

CS1,2 } 7£
le—tas tew tWR -

T\ /

tow > tDH
DATAIN

2985 drw 11

NOTES:

1. WE, €S1 or CS2 must be high during all address transitions. o

2. Awrite occurs during the overlap (twp) of a low WE, a low CS1 and a low CS2.

3. twR is measured from the earlier of CS1, CS2 or WE going high to the end of the write cycle.

4. During this period, the I/O pins are in the output state, and input signals must not be applied.

5. If the CS low transition occurs simultaneously with or after the WE low transition, outputs remain in the high impedance state.

6. Transition is measured £200mV from steady state.

7. It OE is low during a WE controlled write cycle, the write pulse width must be the larger of twp or (twHz + tow) to allow the 1/O drivers to turn off and data
to be placed on the required tow. If OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be as short as
the specified twe.

8. OE = V.

ORDERING INFORMATION

IDT XXXX X XX XX X
Device Power Speed Package Process/
Type Temperature
Range
i Blank  Commercial (0°C to +70°C)

B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

[} Sidebraze DIP (300 mil)

D Ceramic DIP (300 mil)

P Plastic DIP (300 mil)

L Leadless Chip Carrier

SO Small Outline IC (Gull Wing)
Y
E

Small Outline IC (J-Bend)

CERPACK
15 Commercial Only
20
25
35
45 Military Only Speed in Nanoseconds

55 Military Only
70 Military Only
85 Military Only

| S Standard Power
L Low Power

| 7198 64K (16K x 4-Bit)

2986 drw 12




CMOS STATIC RAMS IDT71981S/L
64K (16K x 4-BIT) IDT719823/L
Separate Data Inputs and Outputs

Integrated Device Technology, Inc.

FEATURES: » Single 5V (+10%) power supply

« Optimized for fast RISC processors including the » Inputs and outputs directly TTL-compatible
IDT79R3000 - Military product compliant to MIL-STD-883, Class B

+ Separate data inputs and outputs

- ID171981S/L: outputs track inputs during write mode DESCRIPTION:

+ IDT71982S/L: high impedance outputs during write mode The 1D171981/1D171982 are 65,536-bit high-speed static

+ High speed (equal access and cycle time) RAMs organized as 16K x 4. They are fabricated using IDT's
— Military: 20/25/35/45/55/70/85ns {max.) high-performance, high-reliability technology—CEMOS.
— Commercial: 15/20/25/35ns (max.) Timing parameters have been specified to meet the speed

» Low power consumption demands of the IDT79R3000 R!SC processors.

— IDT71981/2S Access times as fast as 15ns are available with typical
Active: 350mW (typ.) power consumption of only 300mW. These circuits also offer
Standby: 100uw (typ.) areduced power standby mode (1s8). When CS10r CS2 goes

— IDT71981/2L high, the circuit will automatically go to, and remain in, this
Active: 300mW (typ.) standby mode. Inthe uitra-low-power standby mode (IsB1), the
Standby: 30uW (typ.) devices consume less than 2.5mW, typically. This capability

» Battery backup operation—2V data retention (L version only)  provides significant system-level power and cooling savings.
» High-density 28-pin hermetic and plastic DIP, 28-pin The low-power (L) versions also offer a battery backup data
leadless chip carrier, 28-pin SOIC retention capability where the circuit typically consumes only
+ Produced with advanced CEMOS™ high-performance 30uW operating off a 2V battery.
technology E
FUNCTIONAL BLOCK DIAGRAM
po—{>— ] e veo
. «— GND
. DECODER | 65,536-BIT
] MEMORY ARRAY
A13 —b
I
Do _?_ ] COLUMN /0
D1 —j >—‘ I >—Yo
INPUT
DATA
Dz——-ﬁ— CONTROL . B—Y‘
4
- -
cs: g —
Cs2 B— Y3
[t S I il rtoptey .l
— IDT71982 ONLY
WE—— L'—'ﬂ ). [
OE— 4/ !
2988 drw 01
[ sniie R il et tteniey -
] 1DT71981 ONLY
: 3 }, |
i t
U, )
CEMOS is a trademark of Integrated Device Technology, Inc.
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IDT71981S/L, IDT71982S/L.
CMOS STATIC RAM 64K (16K x 4-BIT) Separate Data Inputs and Outputs

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DESCRIPTION: (Continued)
Allinputs and outputs of the IDT71981/1D171982 are TTL-
compatible and operate from a single 5V supply.
The IDT71981/IDT71982 are packaged in either a 28-pin,
300 mil hermetic DIP, 28-pin 300 mil plastic DIP, 28-pin SOIC
(Gull Wing and J-Bend),or 28-pin leadless chip carrier.
Military grade product is manufactured in compliance with
the latest revision of MIL-STD-883, Class B, making it ideally
suited to military temperature applications demanding the
highest level of performance and reliability.

PIN CONFIGURATIONS

Ao [] 1 ~ 28 [J Vce
A1z 27 [J A3
A2[]3 26 {1 A12
As[]4 25 [J A1
As[]5 24 [ A10
As[Je E:gg 23 [1 Ag
As 5 7 Gcogp 22HDs
A7L}8 5558, 21 D2
As ]9 & 20 va
Do} 10 gn.o0g5 190 Y2
Dbin 18 [0 Y1
csi10 12 1711 Yo
OE 13 6 [ WE
GND [ 14 15153,
2988 drw 02
DIP/SOIC/SOJ
TOP VIEW
Qo
moex 3382
32 Lizsay
A3 |14 ! 2 [} A1z
As|s 25 [ An
As [l 24 [[] Ao
As [ 7 23 [[] Ao
A7 |8 L28-2 22[]Ds3
As [l 21 [[]1 D2
Do |1 10 20 [} va
Dt {111 19[] vz
CS1 J1 12 18 [} Y1
13 14 15 16 17
N o 2988 drw 03
CETAERS
o
LCcC
TOP VIEW

CAPACITANCE (Ta = +25°C, f = 1.0MHz)

PIN DESCRIPTIONS

Name Description
A0-A13 Address Inputs
CS1,CS2 Chip Selects
WE Write Enable
OE Output Enable
Do-D3 DATAIN
Yo-Y3 DATAout
vce Power
GND Ground
2388 tbl 01
TRUTH TABLE®
Mode CS1| CS2 | WE |OE | oOutput Power
Standby H X X X HighZ | Standby
Standby X H X | X HighZ | Standby
Read L L H L Dour Active
Write(") L L|L|L DIN Active
Writel") L L L |H HighZ | Active
Write® L| L L { X HighZ | Active
Read L L H H HighZ | Active
NOTES: 2988 tbl 02
1. ForIDT71981 only.
2. For|DT71982 only.
3. H=VH, L=V, X=don'tcare.
ABSOLUTE MAXIMUM RATINGS(")
Symbol Rating Com’l. Mil. Unit
VTERM | Terminal Voltage | -0.5t0 +7.0| -0.5t0+7.0| V
with Respect
to GND
TA Operating 0to +70 -55t0 +125] °C
Temperature
TBIAS Temperature -55t0 +125| -65t0+135( °C
Under Bias
Ts1G Storage -55t0 +125| -65t0 +150| °C
Temperature
PT Power Dissipation 1.0 1.0 w
lout DC Output 50 50 mA
Current
NOTE: 2988 1l 03

1.

Symbol Parameter(" Conditions | Max.| Unit
CIN Input Capacitance VIN = 0V 7 oF
Cout | Output Capacitance Vout = 0V 7 pF

NOTE: 2988 tl 04

1. This parameter is determined by device characterization, but is not

production tested.

Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. Thisis a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

5.25



IDT71981S/L, IDT71982S/L

CMOS STATIC RAM 64K (16K x 4-BIT) Separate Data Inputs and Outputs MILITARY AND COMMERCIAL TEMPERATURE RANGES

RECOMMENDED DC OPERATING RECOMMENDED OPERATING

CONDITIONS TEMPERATURE AND SUPPLY VOLTAGE
Symbol Parameter Min. | Typ. | Max. | Unit Grade  [Ambient Temperature| GND Vee
Vvee Supply Voltage 45 |50 | 55| V Military -55°C to +125°C ov 5V+10%
GND Supply Voltage 0 0 e Commercial 0°C to +70°C ov 5V £ 10%
VIH Input High Voltage 2.2 — 6.0 \ 2988 tbl 06
Vi Input Low Voltage | 05" | — | 08 | Vv

NOTE: 2988 tbl 05

1. ViL (min.) =-3.0V for pulse width less than 20ns.

DC ELECTRICAL CHARACTERISTICS
Vce =5.0V £ 10%

IDT71981/2S IDT71981/2L
Symbol Parameter Test Condition Min. Max. Min. Max. Unit
(L} Input Leakage Current Vce = Max., MIL. — 10 — 5 A
VIN = GND to Vcc COM'L. - 5 — 2
|iLo| Output Leakage Current| Vcc = Max., CS1.2= ViH, MiL. — 10 — 5 RA
Vout = GND to Vcc COM'L. — 5 — 2
VoL Output Low Voltage loL = 10mA, Vee = Min. 0.5 — 0.5 \
oL = 8mA, Vce = Min. — 0.4 — 0.4
VoH Output High Voltage loL = -4mA, Vce = Min. 2.4 —_ 2.4 — \
2988 tbl 07
DC ELECTRICAL CHARACTERISTICS("
(Vee =5V +£10%, VLc = 0.2V, VHC = Vce - 0.2V)
71981/2515 | 71981/2520 | 71981/2525| 71981/2S35 | 71981/2845 [71981/2S55/70 [ 71981/2S85
71981/2L15 | 71981/2L20 | 71981/2L25| 71981/2L35 | 71981/2L45 |71981/2L55/70 | 71981/2L85
Symbol Parameter Power |[Com’l| Mil. [Com’L| Mil. [com’l.| Mil [Com’l.| Mil |[Com’l.] Mil. [Com’l| Mil [Com’l| MilL | Unit
icc1 | Operating Power S 90 | — | 110{ 110| 100| 125{ 100 110| — | 110 — | 110 | — [110| mA
Supply Current
CS1,2 = VI, Outputs Open} L 7% | —| 70| 8 |8 |110| 85| 95| — | 95 — | 95 [— | 95
Vee = Max,, f = 0
lcc2 | Dynamic Operating S (135 | — | 130| 160 135| 155 125| 140 — | 140{ — | 140 | — 140 mA
Current
CSt1,2 = Vi, QOutputs Open L 125 | — | 115| 130 | 125} 145| 05| 115 — | 110} — | 110 | — [105
Vce = Max., f = fmax®
IsB Standby Power Supply S 60 | — | 55| 70| 55| 60] 45| 50| — { 50y — | 50 [— |50 | mA
Current (TTL Level)
CS1,2 2 VIH, VcC = Max., L 45 | — | 40| 50 | 45| 50 35| 40| —| 35| — |35 |— |35
Outputs Open, f = tmax(®
IsB1 | Full Standby Power S 20| —| 15| 25|15 2| 15| 20| —| 20} — |20 |— |20 | mA
Supply Current (CMOS
Level) CS1,2 2 VHc,
Vee= Max., VIN 2 VHC or L 15 —t05|15|05}15(05|15| — |15 — |15 |— |15
VIN< VLG, f = 0@
NOTES: 2988 1bl 06

1. All values are maximum guaranteed values.
2. Atf=fmax address and data inputs are cycling at the maximum frequency of read cycles of 1/trc. f = 0 means no input lines change.




IDT71981S/L, IDT71982S/L
CMOS STATIC RAM 64K (16K x 4-BIT) Separate Data Inputs and Outputs

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DATA RETENTION CHARACTERISTICS OVER ALL TEMPERATURE RANGES
(L Version Only) VLC = 0.2V, VHC = VcC - 0.2V

Typ. Max.
Vec @ Vcc @
Symbol Parameter Test Condition Min. 2.0v 3.0V 2.0V 3.0V Unit
VDR Ve for Data Retention — 2.0 — — — — \"
Iccor Data Retention Current MIL. — 10 15 600 900 HA
COM'L. — 10 15 150 225
tcor® Chip Deselect to Data CS>VHe 0 — — — — ns
Retention Time VIN 2 VHC or £ ViLC
i Operation Recovery Time trc'® — — — — ns
| Input Leakage Current — — — 2 2 A
NOTES: 2988 th 09
1. TA=+25°C.
2. tRC = Read Cycle Time.
3. This parameter is guaranteed, but not tested.
LOW Vcc DATA RETENTION WAVEFORM
DATA
[¢——RETENTION —*|
MODE
vee \ /
4.5V K 7 4.5V
tCDR [¢—> VbR22V R
= 777171 E5\\\\\
CS VH Vor VH
2988 drw 04
AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 5ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load See Figures 1 and 2
2988 thi 10
5V 5v
480Q 480Q
DATAouT DATAouT
255Q 30pF* 255Q 5pF*
2988 drw 04 2988 drw 05
Figure 1. Output Load Figure 2. Qutput Load
(for tcLz1, 2, toLz, tCHZ1, 2, tOHZ, tow and tWH2)
*Includes scope and jig capacitances
5.25 4



IDT71981S/L, IDT71982S/L
CMOS STATIC RAM 64K (16K x 4-BIT) Separate Data Inputs and Outputs MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcec = 5.0V + 10%, All Temperature Ranges)

119812515M2d 7198122525 [11981/2535/45@)| 71981/2855@ | 71981/2570@ | 71981/2585@)
719812015200 719812125 [1198172L3545@) 7198172L55@ | 719812L70@ | 7198172L85@
Symbol Parameter Mln.l Max. | Min.| Max. Mln.] Max.| Min. | Max. Min.l Max. Min.| Max. |Unit
Read Cycle
tRC Read Cycle Time 15200 — | 25 | — |35M45| — |55 | — | 70| — | 8| — [ ns
(7Y Address Access Time — |1519] — | 25 | — |35/M45| — | 55 | — | 70 | — | 85 | ns
tacs12 | Chip Select-1,2 Access Time!® — {1520 — | 25| — |35m45| — | 55 { — | 70| —| 85 | ns
tciz1.2 | Chip Select-1,2to Outputintowz® | 5 | — | 5 | — | 5 | — |5 | — |5 | —] 58| — [ns
toE Output Enable to Output Valid — | 89| — 1 11 — |20/25| — | 35 | — | 45| — | 55 | ns
toz | Output Enableto Outputinlowz® | s | — | 56 | — [ 5§ | — |5 | —| 85| —| 58| — [ns
tcHzi.2 | Chip Select1,2to OutputinHighZ® | — | 78 | — | 10| — | 4 | — ] 20 | — | 25| — ] 30 | ns
toHz | Output Disable to OutputinHighz® | — | 78 | — | 9 | — | 15| — | 20 | — ] 25| —| 30 | ns
tOH Output Hold from Address Change 5 — 5 —_ 5 — | 5 — 5 — 5| — |ns
tru Chip Select to Power Up Time® 0 — o] — 0 — 10 — 0 — 0| — |ns
tPD Chip Deselect to Power Down Time™| — [1520] — | 25 | — 3545 — | 55 —. | .70 — | 85 | ns
NOTES: 2988 tbi 11

1. 0°to +70°C temperature range only.

2. -55°C to +125°C temperature range only.

3. Both chip selects must be active low for the device to be selected.
4. This parameter guaranteed but not tested.




IDT71981S/L, IDT71982S/L
CMOS STATIC RAM 64K (16K x 4-BIT) Separate Data Inputs and Outputs MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NO. 1("

ADDRESS :){
ANNRANRY! TITT7IITTT

(15?5 tonz(®)
toLz i
5512 \WN\ Lk 17111
tACS1, 2 L tonze, 28
[e———tcrze, 28— '

DATAouT ( XXX)—

2988 drw 07

71N

TIMING WAVEFORM OF READ CYCLE NO. 2(:2:4)
taa

tRC
ADDRESS :)
toH
DATAout ) X

tOH—

2988 drw 08

TIMING WAVEFORM OF READ CYCLE NO. 3(-3:9)

[ X 7k
tACS1, 2 > tcHzt, 28
teezs, 208
DATAoUT )——-
fe— tpu® —v‘ et ppfE)

vee | ——— e ————
SUPPLY ¢
CURRENT IsB

2988 drw 09

. NOTES:
1. WE is high for READ cycle.
2. Device is continuously selected, CS1 = Vi, CS2 = ViL.
3. Address valid prior to or coincident with CS1 and or CS2 transition low.
4. OE=Vui..
§. Transition is measured +200mV from steady state voltage.
6. This parameter is guaranteed but not tested.

5.25 6



IDT71981S/L, IDT71982S/L.

CMOS STATIC RAM 64K (16K x 4-BIT) Separate Data Inputs and Outputs MILITARY AND COMMERCIAL TEMPERATURE RANGES
AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V + 10%, All Temperature Ranges)
71981/2515(%20 | 71981/2525 | 71981/2535/45®) 71981/2555@ | 7198112570 | 71981/2585@
71981/2L15720 [ 71981/2L25 | 71981/2L35/45@)| 71981/2L55® | 71981/2L70? | 71981/2L85@
Symbol Parameter Min. | Max. | Min. [Max.| Min. | Max. [Min. [Max. | Min.| Max] Min. | Max. [Unit
Write Cycle
twe Write Cycle Time 1417 | — 20 | — |30/40] — 50 | — 60| —| 75 — |ns
tcw1,2 | Chip Select to End of Write 1417 — 20 | — |25/35] — 50 | — 60 ) —| 75 — |ns
taw Address Valid to End of Write] 14/17 | — 20 | — |25/35] — 50 | — .80 —| 75| — |ns
tAs Address Set-up Time 0 — 0 — 0 — 0 — 0 — 0 — |ns
twp Write Pulse Width 1417 — 20 | — | 2535 — |50 | — 60| —| 75| — |ns
twR1,2 | Write Recovery Time 0 — 0 — 0 —_ 0 —_ 0 —_ 0 — | ns
twHz Write Enable to Output _ 5/6 - 7 — 1015 | — | 25 — | 30 — | 40 |[ns
in High 23
tow Data Valid to End of Write 10/10| — 13 — | 158220 — 25 | — 30| — 35 — | ns
tDH Data Hold Time 0 — 0 — 0 — 0 — 0 —_ 0 — |ns
tow Output Active from 5 — 5 — 5 — 5 — 5 — 5 — |ns
End of Write(®)
iy Data Valid to Output — |12/15 — 20 — | 3035 | — | 40 —_ 45 —_ 50 |ns
Valid®#)
twy Write Enable to Output — |1215| — | 20 — | 3035} — | 40 — | 45| — | 50 |ns
Valid®4)
NOTES: 2988 tbl 12
1. 0°to +70°C temperature range only.
2. -55°C to +125°C temperature range only.
3. This parameter guaranteed but not tested.
4. For IDT71981S/L only.
5. For IDT71982S/L only.




IDT71981S/L, IDT71982S/L
CMOS STATIC RAM 64K (16K x 4-BIT) Separate Data Inputs and Outputs MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)(")

twe

ADDRESS X X

_ m( thm.z(s’ <
550: TR H7TTTTITTTT]

‘_.i e taw
L R \\\\\\\\N S 7/////4
DATAIN : ’ XXXXXXX

DATAour

2988 drw 10

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING)(" ¥

twe
ADDRESS X X
tow twri, 2(3)
— \ (4 4
552 \N\\NANVANNY 1//
tAw-
— 1\ /
WE n_K 7 toH
6.,8)
le—
tAs twHZ 68 t OV\S
t DW —>t¢— t DH —>
DATA NN DATA VALID )(
tiy
twy
DATA out? DATA UNDEFINED X DATA VALID®
DATA out® DATA UNDEFINED
2988 drw 11
NOTES:
1. WE or CS1 or CS2 must be high during all address transitions.
2. A write occurs during the overlap (twp) of a low WE, alow CS1and a low CS2.
3. twr is measured from the earlier of CS1, CS2 or WE going high to the end of the write cycle.
4. If the CS1 and or CS2 low transition occurs simultaneously with or after the WE low transition, outputs remain in a high impedance state.
5. OE s continuously low (OE = ViL).
6. Transition is measured +200mV from steady state.
7. ForIDT71981 only.
8. For IDT1982 only.
9. DATAouT = DATAN.

5.25 8



IDT71981S/L, IDT71982S/L
CMOS STATIC RAM 64K (16K x 4-BIT) Separate Data Inputs and Qutputs MIUTARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 3 (WE CONTROLLED, OE LOW)(*: %)

ADDRESS X - )k
8512 \\\\\ i

taw
+ twp@
— \ \ /
WE AN 7
tas tow —1DH
DATA N X DATA VALID
\
tiy
twy
DATA out®? DATA UNDEFINED X DATA VALID®
le——1t wHz 6:8)—»
DATA out® DATA UNDEFINED )
2988 drw 12
NOTES:
1. WE or CS1 or CS2 must be high during all address transitions.
2. Awrite occurs during the overlap (twp) of a low WE, alow CS1and a low CSz.
3. twR is measured from the earlier of CS1, CS2 or WE going high to the end of the write cycle.
4. If the CS1 and or CS2 low transition occurs simultaneously with or after the WE low transition, outputs remain in a high impedance state.
5. OE is continuously low (OE = ViL).
6. Transition is measured £200mV from steady state.
7. For IDT71981 only.
8. For IDT1982 only.
9. DATAouT = DATAN.
ORDERING INFORMATION
IDT  XXXX X XX XX X
Device Power Speed  Package Process/
Type Temperature
Range
Blank  Commerciat (0°C to +70°C)
B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B
D Ceramic DIP (300 mil)
P Plastic DIP (300 mil)
C Sidebraze DIP (400 mil)
L Leadless Chip Carrier
SO Small Outline IC (Gult Wing)
Y Small Outline IC (J-Bend)
15 Commercial Only
20
25
35 ;
s Miltary Only Speed in Nanoseconds
55 Military Only
70 Military Only
85 Military Only
|'s Standard Power
L Low Power
| 71981 64K (16K x 4-Bit)

| 71982 64K (16K x 4-Bit) High Inpedance Outputs

2988 drw 12
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BiCEMOS™ STATIC RAM PRODUCTS

With its broad line of BICEMOS TTL I/O Static Random
Access Memories (SRAMSs), Integrated Device Technology,
Inc. (IDT) has advanced its position as the major American
supplier of high performance SRAMs. Advanced BiCEMOS
designtechniques meanIDT producesthe fastest commercial
SRAMs today.

WIDE SELECTION OF BICEMOS SRAMS

Speed leadership is coupled to the widest selection of
BiCEMOS SRAM organizations available. BiCEMOS 64K
and 256K devices are offered in x4 and x 8 widths. These are
the highest speed TTL I/O SRAMs available. This year’s
offerings will include x16 and x9 devices, along with one
megabit x4 andx8 SRAMs. IDT also offers BiCameral SRAMs
and other unique architectures.

ADVANCED BICEMOS TECHNOLOGY

Users of BICEMOS SRAMs can have performance two to
four years ahead of time. The addition of bipolar circuit
elements allows current CMOS technology to reach speeds
expected from the next generation — now. Because
BiCEMOS technology isbasedoncurrent CEMOS™ products,
the cost of a next generation facility is avoided which means
economical high-speed SRAMs.

Innovative process technology has resulted in outstanding
advancesin highdensity high-speed devices. Examples such
as:

— 64K SRAMSs now available with access times below 10

ns — previously available only in bipolar parts;

— 12 ns 256K SRAMs (61B298 organized as 64Kx4);

— 15 ns 1 Meg SRAMs (71B024 organized as 128Kx8 —

available 1991).

Our dedication to performance advancements will mean

four megabit SRAMs with less than 20 ns accesstime in 1991.

IDT EMPHASIZES CACHE MEMORY
Once caches were only found in the highest performance
systems. Since CPU speeds have exceeded DRAM speeds,
primary or secondary caches are now essential for many
system designs. Moreover, the advent of processors like the
IDT79R3000 and Intel i486 mean most new system designs
need caches. IDT's BICEMOS speeds allow these processors
to achieve maximum performance. Applying innovations to
basic technology results in high-speed cache data SRAMs
available only from IDT:
—IDT has BiICEMOS 8Kx8 and 8Kx9 cache-tag SRAMs
which are the fastest large cache-tags;
—the IDT71B222 BiCameral CacheRAM (4Kx18x2) for
the R3000;
—the IDT71B221 BiCameral CacheRAM (4Kx18x2) for
the i486;
—the IDT71B229 BiCameral CacheRAM (16Kx9x2) for
the R3000.

HIGH-SPEED MILITARY SRAMS

Our continuing commitment to the military market provides
the BIiCEMOS advantage to military customers. Military
SRAMs are manufactured in strict conformance with all
requirements of MIL-STD-883 and are available as military
SMD devices. Our design efforts also anticipate the military
requirements for high-speed parts usable over the military
temperature range. In addition, our commercial products
benefit by sharingmost processing steps with military devices.

PACKAGE OPTIONS

Our commitment to technology extends to advanced, cost-
effective packaging techniques. IDT’s BICEMOS SRAMs are
available in a variety of packages in commercial and military
temperature ranges including:

— surface-mount SOJ plastic packages;

— plastic and ceramic DIPs;

— ceramic LCCs . )

This constantly expanding offering of packages is in
response to critical second-level interconnect issues
confronting the system designer.

IDT MEANS SRAM LEADERSHIP

These extremely high-performance BiCEMOS SRAMs
demonstrate leading-edge technology compatible withtoday’s
high-performance systems. Look to IDT for performance,
technology and quality solutions to memory system problems.

6.0
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£ BICMOS STATIC RAM PRELIMINARY
€ ar 256K (64K x 4-BIT) IDT618298

Integrated Device Technology, Inc.

FEATURES: DESCRIPTION:

= 84K x 4 BiCEMOS Static RAM The IDT61B298 is a 262,144-bit high-speed static RAM

+ High-speed address / chip select time organized as 64Kx4. It is fabricated using IDT’s high-
— Commercial: 12/15/20ns perfomance high-reliability BICEMOS technology. This state-
— Military: 15/20ns of-the-art technology, combined with innovative circuit

+ Output Enable designtechniques, provides a cost-eifective solutionfor high-

+ Single 5V (+10%) power supply speed memory needs.

* Input and output directly TTL-compatible Address access times as fast as 10 ns are available with

« Available in 28-pin 300 mil plastic DIP, 28-pin 300 mil power consumption of only 450mW (typ.). All inputs and
Sidebraze DIP and 28-pin 300-mil plastic SOJ outputs of the IDT61B298 are TTL-compatible and operation

is from a single 5V supply.
The IDT61B298 is packaged ina 28 pin 300 mil plastic
DIP, 28-pin 300 mil ceramic DIP and a 28-pin 300 mil SOJ.

FUNCTIONAL BLOCK DIAGRAM

Ao —»
Al —»
Az —»
Az —
A4 —»
As —»
As —
A7 —]
Ag —»
Ag —»
A10 —»
At —»f
A2 —»
A1z —»]
A4 —
A5 —»

262,144-BIT
MEMORY

IMOOOmMo

PLVLIRLILIREITT]

141

1/0 CONTROL

1]

0 ¢~ O,
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LOGIC
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IDT61B298

BICEMOS STATIC RAM 256K (64K x 4-BIT)

MIl:ITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS'"
U Symbol Rating Com’l. Mil. Unit
NC 1 28 [1Vce -
VTERM | Terminal Voltage| -0.5t0 +7.0 [ -0.5t0+7.0| V
Ao[2 27 [J Ass : :
with Respect
A3 26 [ 1 A4 to GND
A2 4 25 [1 A13 -
Asl]s 24 [1 A2 TA Operating Oto+70 | -55t0+125| °C
As]s pog.p 23 3 A11 Temperature
As |7 023:1 22 [ A1o TBIAS Temperature -651t0+125 | -65t0+135| °C
As[]s so28-5 21[JNC Under Bias
A7L}o 20 1 NC TstG Storage 5510 +125 | -6510+125 [ °C
Ag [] 10 19 [11/O3 Temperature
_A_ﬂ ] 1 18 {11102 PT Power 1.25 1.25 w
CS (] 12 17 [ /01 ) Dissipati
== pation
OE ] 13 16 [J Qo0 .
GND ] 14 15 1 WE lout DC Output 50 50 mA
' Current
2962 drw 02 NOTE: 2958 tbi 02
T%IPPI\?I%\:V 1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. Thisis a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
TRUTH TABLE( CAPACITANCE (TA = +25°C, f = 1.0MHz)
CS | OE | WE | Vo Function Symbol Parameter Max. | Unit
H X X Hi-Z | Deselect Chip ciN® Input Capacitance 8 pF
L L H Dout { Read Cycle Courl1? Output Capacitance 12 pF
L X L DIN | Write Cycle NOTES: 2962101 03
. . 1. With output deselected. .
L H H Hi-Z | Outputs Disabled 2. Characterized values, not currently tested.
NOTE: 2962tbl 01 .
1. H=Vmn, L=V, x = Don't care.
RECOMMENDED DC OPERATING
CONDITIONS
Symbol Parameter Min. | Typ. | Max.| Unit
Vee Supply Voltage 4.5 5.0 55 \"
GND Supply Voltage 0 0 0 \"
VIH Input High Voltage 2.2 — 6.0 \
Vi Input Low Voltage -0.5 — 0.8 \
NOTE: 2962 tbi 04
1. 1.5V undershoots are allowed for 10ns once per cycle.
DC ELECTRICAL CHARACTERISTICS
Vee =5.0V £ 10%
IDT61B298
Symbol Parameter Test Condition - Min. | Typ.” | Max. | Unit
Jiuy Input Leakage Current Vce = Max., VIN = GND to Vce — — 10 HA
Jio| Output Leakage Current Vece = Max., CS = ViH, VouT = GND to Vee —_ — 10 pA
VoL Output Low Voltage loL = 10mA, Vcc = Min. —_ — 0.5 "
loL =8mA, Vcc = Min. — — 0.4
VoH Output High Voltage loH =-4mA, Vcc = Min. 2.4 — — \Y
NOTE: 2962 thl 05
1. Typical limits are at Vcc = 5.0V, +25°C ambient.
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IDT61B298
BiCEMOS STATIC RAM 256K (64K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS("
(VGe = 5.0V + 10%)

61B298512 61B298S15 61B298S20
Symbol Parameter Com'l.] Mil. |Com’l.| Mil |Com'l. { Mil. | Unit
Icc Dynamic Operating Current 180 — 160 170 140 150 | mA
CS = ViL, Outputs Open, Vcc = Max., f = fMax®@
NOTES: 2962 tol 05

1. All values are maximum guaranteed values.
2. fMAX = 1/tRC.

AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 3ns
Input Timing Reference Levels 1.5V
Output Reference Levels : 1.5V
Output Load See Figures 1A, 1B & 1C
2962 bl 06
5V
480Q
DATAouUT DATAouT
S5pF* 255Q
2962 drw 04
1.5V =
2962 drw 03a *Including jig and scope capacitance.
Figure 1A. AC Test Loads Figure 1B.

8 | —

7 -

61—

ATAA
(Typical, ns) 51—

44

3 44—

2 1

PR

& | | | | | | | | |
1T 1T 1T 1T 1T 1T 1T 171
20 40 60 80 100 120 140 160 180 200
CAPACITANCE (pF) 2962 drw 03b

Figure 1C. Lumped Capacitive Load, Typical Derating
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IDT61B298

BIiCEMOS STATIC RAM 256K (64K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcc = 5.0V + 10%, All Temperature Ranges)

618298512 61B298S15 618298520
Symbol Parameter Min. | Max. | Min. [ Max. | Min. | Max. | Unit
Read Cycle
{RC Read Cycle Time 12 — 15 — 20 — ns
tAA Address Access Time — 12 — 15 — 20 ns
tACS CS Access Time — 5 — — 8 ns
toE OE to Qutput Valid — 5 — 6 — 8 ns
tcLz? CS to Output in Low Z 2 — 2 — 2 — | ns
tcHz(® TS to Output in High Z — 7 — 8 — 10 | ns
toLz® OE to Output Low Z 2 — 2 — 2 — ns
tonz® | ©F to Output High Z — 4 — 5 — 6 | ns
toH Out Hold from Add Change 5 — 5 — 5 — ns
Write Cycle
twe Write Cycle Time 12 — 15 — 20 — ns
1AW Address to End of Write 9 — 10 — 12 — ns
tAS Address Setup Tme 0 — 0 — 0 — ns
twp Write Pulse Width 9 — 10 — 12 — ns
tcw CS 1o End of Write 8 — 9 — 10 — | ns
tWR Write Recovery 0 — 0 — 0 — ns
twnz!? WE to Outin High Z — 5 — 6 — 7 ns
tow Data Setup 5 — 6 — 8 — ns
tDH Data Hold 0 — 0 — 0 — ns
tow!? Qutput from End of Write 2 — 2 — 2 — | ns
NOTES: 2962 1ol 08
1. 0°to +70°C temperature range only.
2. This parameter is guaranteed with the AC Load, Figure 1B, and is not tested.
TIMING WAVEFORM OF READ CYCLE("?
Address X Valid Address 1 X Valid Address 2
tAA
oE
tOE——»l toHZ
cs \
tACS e ton tCHz
tCLZ(a)
Data Out {Valid Data Out 1% X Valid Data Out 2X:>—-
NOTES: 2962 drw 05
1. WE is high for read cycle. o
2. Address valid prior to or coincident with CS transition low.
3. Transition is measured £200mV from steady state.
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IDT61B298
BiCEMOS STATIC RAM 256K (64K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE CYCLE)(":245)

twe
Address )( )(
OE /EIOHZ —
J— tAW —
cs \ /
twp tWR—»
WE \ /
[¢— tAS —1¢— tWHZ—>
[e—1tow
pATAcUT —( ) @) —
tbw tDH
DATAIN
2962 drw 06
TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS CYCLE)(":2429)
twe
/
Address N\
tAaw
&s it £
l— tas —] tew ™ tWR
W T\ /
t— tOW ——>¢— tDH —>f
DATAN )
N
2062 drw 07
NOTES: _ .
1. Awrite occurs during the overlap (tcw and twe) of CS low and WE low.
2. twe is measured from the earlier of CS or WE being deasserted.
3. During this period, the I/O pins are in the output state, and input signals must not be applied on these pins.
4. If CSasserted coincident with or after WE goes low, the output will remain in a high impedance state.
5. If CSis deasserted coincident with or before WE goes high, the output will remain in a high impedance state.
6. The transition is measured £200mV from steady state with a 5pF load.
7. IfOE is low during a WE controlled write cycle, the write pulse width must be the larger of twe or (twHz + tow) to allow the /O drivers to turn off and data

to be placed on the bus for the required tow. If OF is high during a WE controlled write cycle, this requirement does not apply and the write pulse can
be as short as the specified twp.
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IDT61B298 .
BICEMOS STATIC RAM 256K (64K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT XXXX XX XXX X X
Device ~ Power Speed Package _ Process/
Type Temperature
RarEe__ Blank  Commercial (0°C to +70°C)

B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

TP 300-mil Plastic DIP
TC 300-mi! Sidebraze DIP

Y 300-mil SOJ

12 Commercial Only

15 Com'i & Mil. Speed in Nanoseconds
20 Com’'l & Mil.

| S Standard Power

| 61B298 64K x 4 BICEMOS SRAM

2962 drw 08
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Integrated Device Technology, Inc.

BiCMOS STATIC RAM
64K (16K x 4-BIT)

PRELIMINARY
IDT61B98

FEATURES:

+ 16K x 4 BICEMOS™ Static RAM

+ High-speed address access time

— Commercial: 8/10/12ns

— Military: 10/12/15ns

Fast Qutput Enable

— Commercial: 5/6/7ns

— Military: 6/7/8ns

Single 5V (£10%) power supply

Input and output directly TTL-compatible
Available in 24-pin, 300 mil plastic DIP; 24-pin, 300 mil
ceramic DIP and 24-pin, 300-mil plastic SOJ

DESCRIPTION:

The IDT61B98 is a 65,536-bit high-speed static RAM
organized as 16K x 4. It is fabricated using IDT’s high-
perfomance high-reliability BICEMOS technology. This state-
of-the-art technology, combined with innovative circuit
designtechniques, provides a cost-effective solution for high-
speed memory needs.

Address access times as fast as 8ns are available with
power consumption of only 400mW (typ.). All inputs and
outputs of the IDT61B38 are TTL-compatible and operation
is from a single 5V supply.

The IDT61B98 is packaged ina 24-pin, 300 mil plastic
DIP; 24-pin, 300 mil ceramic DIP and a 24-pin, 300 mil SOJ.

FUNCTIONAL BLOCK DIAGRAM

Ao —» 1
Ay —» 1
A2 —» —]
Az — —
As —> —1
As —» D
As —» (E —
A7 —» o 65,536-BIT
As —ao D |—a MEMORY
As —s E [ &
R
Ao —» —1
A1 — ——>1
A2 —» —
A1z —»
10 ¢~ 1104 _<‘ >+4 1/0 CONTROL
CS—* CoNTROL
WE—*  LOGIC
OE
3000 drw 01

BICEMOS is a trademark of Integrated Device Technology, Inc.

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1990

©1990 Integrated Device Technology, Inc. 6.2
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IDT61B98

BICEMOS STATIC RAM 64K (16K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS"
Symbol Rating Com’l. Mil. Unit
Ao 1 N~ 7 Vee -
0 VTERM | Terminal Voltage| -0.5t0 +7.0 | -0.5t0 +7.0} V
A2 23 [ A13 with Respect
A2[]s 22 [ A2 to GND
A3(}4 21 ] A TA Operating 0to +70 -55t0+125| °C
As]s 20 [7 Ato Temperature
Ass P24-1 ] Ag TBIAS Tampere}ture -55t0 +125 | -65t0 +135 | °C
D24-1 Under Bias
AsL}7 sop4.4 18 NC .
A7 s 17 [ VOs TstG ?teon:a%?amre 5510 +125 | -65t0 +125| °C
Aoy e p e P P - 125 125 | W
T ower . .
?E 10 15 L1101 Dissipation
N EQm 1 Hvoo louT | DC Output 50 50 mA
D12 13 J WE Current
3000 drw 02 NOTE: 2958 thi 02
DIP/SOJ 1. Stresses greater than those listed under ABSOLUTE MAXIMUM
TOP VIEW RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
TRUTH TABLE(" CAPACITANCE (TA = +25°C, f = 1.0MHz)
CS| OE | WE | 10 Function Symbol Parameter Conditions | Max.| Unit
H X X Hi-Z | Deselect Chip o Input Capacitance VIN = OV 8 | pF
L L H | Dout | Read Cycle cout!’] Output Capacitance VouT = 0V 12 | pF
L X L DIN | Write Cycle NOTES: 3000 tbl 03
T s 1. With output deselected.
L H H Hi-Z | Outputs Disabled 2. Characterized values, not currently tested.
NOTE: 3000 tbi 01
1. H=Vm, L=V, X=Don't care.
RECOMMENDED DC OPERATING
CONDITIONS
Symbol Parameter Min. | Typ. | Max.| Unit
Vee Supply Voltage 45 5.0 55| V
GND Supply Voltage 0 0 0 \
VIH Input High Voltage 2.2 — 6.0 \
Vic Input Low Voltage -0.5 — 0.8 \
NOTE: 3000 thl 04
1. 1.5V undershoots are allowed for 10ns once per cycle.
DC ELECTRICAL CHARACTERISTICS
vece = 5.0V £ 10%
IDT61B98
Symbol Parameter Test Condition Min. Max. Unit
(LN} Input Leakage Current Vce = Max., VIN = GND to Vce — 10 A
|iLo| Output Leakage Current Vee = Max., CS = VIH, VouT = GND to Vcc — 10 nA
Vou Output Low Voltage loL = 10mA, Vcc = Min. — 0.5 \
loL =8mA, Vcc = Min. — 0.4
VOH Output High Voltage IoH =-4mA, Vcc = Min. 24 — \
3000 tbl 05
6.2 2



IDT61B98
BiCEMOS STATIC RAM 64K (16K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS("
(VGG = 5.0V £ 10%)

61B98S8 61B98S10 61B98S12 61B98S15
Symbol Parameter Com’l. | Mil Com’l. | Mil. Com’l.| Mil. Com'l. | Mil. Unit
Icc Dynamic Operating Current, CS = ViL 200 —_ 180 | 190 160 | 170 — 170 mA
Qutputs Open, Vcc = Max., f = fmax®
NOTES: 3000 tbl 05
1. All values are maximum guaranteed values.
2. fmax = 1/tRC.
AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 3ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load See Figures 1A, 1B & 1C
3000 thl 06
5V
480Q
DATAOUT DATAcuT
500 SpF* 255Q
1.5V — 3000 drw 04
3000 drw 032 *Including jig and scope capacitance.
Figure 1A. AC Test Load Figure 1B.
7 ——
64—
ATAA
(Typical, ns) 5 ——

oo T TR NN SR SN NN NN B
T T 1T T 1T T 11

20 40 60 80 100 120 140 160 180 200

CAPACITANCE (pF) 3000 drw 030
rw

Figure 1C. Lumped Capacitive Load, Typical Derating
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IDT61B98

BICEMOS STATIC RAM 64K (16K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcc = 5.0V + 10%, All Temperature Ranges)

61B9gsg" 61B98S10 61B98S12 618985151
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
Read Cycle
tRC Read Cycle Time 8 — 10 12 e 15 — ns
tAA Address Access Time — 8 — 10 — 12 — 15 ns
tacs CS Access Time — 6 — 7 — 7 — 8 ns
toE OE to Output Valid — 4 — 5 — 6 — 7 ns
tcLz® CS to Output in Low Z 3 — 3 — 3 — 4 — | ns
tcHz!?) CS to Output in High Z — 6 — 6 — 7 — 8 ns
toLz® OE to Output Low Z 3 — 3 — 3 — 4 — | ns
toHz!? OE to Output High Z — 3 — 3 — 3 —_ 4 ns
tOH Out Hold from Add Change 3 — 3 — 3 — 3 — ns
Write Cycle
twe Write Cycle Time 8 — 10 — 12 — 15 — ns
tAw Address to End of Write 8 — 8 — 9 — 10 —_ ns
tas Address Setup TIME 0 — 0 —_ 0 — 0 — ns
twp Write Pulse Width 8 — 8 — 9 — 10 — ns
tew CS to End of Write 8 — 8 —_ 9 — 10 — | ns
tWR Write Recovery 0 — 0 — 0 — 0 — ns
twz® WE to Out in High Z — 3 — 3 — 3 — 4 ns
tow Data Setup 5 — 5 — 6 — 8 — ns
tDH Data Hold 0 — 0 — 0 — 0 — ns
tow@ Output from End of Write 3 — 3 — 3 — 4 — | ns
NOTES: 3000 thl 08
1. 0°to +70°C temperature range only.
2. This parameter is guaranteed with the AC Load, Figure 1B, and is not tested.
3. -55°to +125°C temperature range only.
TIMING WAVEFORM OF READ CYCLE(":?
ADDRESS X vALDADDRESs1 X VALID ADDRESS 2
tAA
OE \
tonz"™
toE
@ I—
@_\ toLz ;i
mLZt( 3A)Co e ton tcHZ
DATAouT (VALID DATAOUT 1 VALID DATA QUT 2X:>—
NOTES: 3000 drw 05
1. WE is high for read cycle. _
2. Address valid prior to or coincident with CS transition fow.
3. Transition is measured £200mV from steady state.
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IDT61B98
BICEMOS STATIC RAM 64K (16K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE CYCLE)("245)

twe
aooress X X
J— tAW s
CS \\ /
t WPm tWR—»
WE \ /
tAS (6)
twHz
-:l te—tow®
DATAoUT — ® @® -
/
tow {DH
DATAIN
3000 drw 06
TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS CYCLE)(1:2:4:56)
twe
ADDRESS )( )(
tAW
cs } £
7
e— tas —of tow WA -]
WE \ /
t— tDW ——>j¢— tDH —»
DATAIN A\ >—
3000 drw 07
NOTES: o .
1. A write occurs during the overlap (tcw and twp) of CS low and WE low.
2. twpis measured from the earlier of CS or WE being deasserted.
3. During this period, the I/O pins are in the output state, and input signals must not be applied on these pins.
4. It CSasserted coincident with or after WE goes low, the output will remain in a high impedance state.
5. It CSis deasserted coincident with or before WE goes high, the output will remain in a high impedance state.
6. The transition is measured +200mV from steady state with a 5pF load.
7. IfOE s low during a WE controlled write cycle, the write pulse width must be the larger of twp or (twHz + tow) to allow the I/O drivers to turn off and data

to be placed on the bus for the required tow. If OF is high during a WE controlled write cycle, this requirement does not apply and the write pulse can
be as short as the specified twe.
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IDT61B98
BiCEMOS STATIC RAM 64K (16K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT XXXX XX XXX X X
Device Power Speed Package Process/
Type Temperature
Range Blank  Commercial (0°C to +70°C)
L— I8 Military (-55°C to +125°C)

Compliant to MIL-STD-883, Class B

TP 300-mil Plastic DIP
TD 300-mil CERAMIC DIP
Y 300-mil SOJ

8 Commercial Only
10 Com'l. & Mil.
12 Com'l. & Mit
15 Military Only

Speed in Nanoseconds

— S Standard Power

— 61B98 16K x 4 BICEMOS SRAM
3000 drw 08
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Integrated Device Technology, Inc.

BiCMOS STATIC RAM
1 MEG (128K X 8-BIT)

ADVANCE
INFORMATION
IDT71B024

FEATURES:

» 128K x 8 configuration

Two chip selects plus Output Enable pin
High-speed access

— Military: 20/25ns (max.)

Commercial: 15/20/25ns (max.)

Low power consumption

Battery back-up operation—2V data retention
Available in 32-pin DIP

TTL-compatible

+ Single 5V (+10%) power supply

+ Military product compliant to MIL-STD-883, Class B

DESCRIPTION:

The IDT71B024 is an extremely high-density 128K x 8-
bit high-speed static RAM designed for use in systems
where fast computation, low power and board density are
of the utmost importance.

The IDT71B024 uses eight bidirectional input/output
lines to provide simultaneous access to all bits in a word
and has an output enable (OE) pin which operates as fast
as 10ns. This function allows designers to access the
IDT71B024 at speeds much higher than the already fast
15ns address access time to achieve a considerable
throughput advantage.

Fabricated using IDT’s BICEMOS™ high-performance
technology, the IDT71B024 typically operates at maximum
access times as fast as 15ns.

All inputs and outputs of the IDT71B024 are TTL-
compatible and the device operates from a standard 5V
supply, simplifying system design. The IDT71B024 is
packaged in a 32-pin DIP.

Military grade product is manufactured in compliance
with the latest revision of MIL-STD-883, Class B.

FUNCTIONAL BLOCK DIAGRAM

. . 1,048,576-BIT
. | DECODER | . MEMORY ARRAY
A )
8 8
Vo107 2 l’>__-_. COLUMN 110 -
8 e
WE
(_)? |
TSt CONTROL
Cs2 2991 drw 01

8ICEMOS is a ofl d Device Tech Inc.

gy

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1990

©1990 Integrated Device Technology, Inc.
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IDT71B024

BiICEMOS STATIC RAM 1 MEG (128K X 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES
PIN CONFIGURATION
N\
NC 1 32 1 Vec
Ate [ 2 31 [ Ass
A ] s 30 [0 cs2
A2 [ 4 29 ] WE
A7 Os 28 1 A3
As [ s 27 (1 As
As O 7 26 [1 As
As [ s 25 [ A
TBD
As s 24 [1 B
A2 [] 10 23 [1 A0
A1 O 1 22 1 CS1
Ao O 12 21 [ yoy
1100 O 13 20 11 106
110+ O 14 19 105
1102 O 15 18 3 yoa
GND O 16 1713 1103
2991 drw 02
DIP
TOP VIEW
TRUTH TABLE
INPUTS OUTPUTS
WE |CS1 | €S2 | OFE | V00107 FUNCTION
e X H X X | High-Z Deselected
! X | x| L | x [|High-z Deselected
! H| L | H | H |Highz Outputs disabled
’ H|L|H| L |bour Read data from RAM
L L H X { High-Z Write data to RAM
NOTE: 2991 tbl 01

1. H=High, L = Low, X = Don't Care, High-Z = High Impedance
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Integrated Device Technology, Inc.

BiCMOS STATIC RAM
1 MEG (256K X 4-BIT)

ADVANCE
INFORMATION
IDT71B028

FEATURES:

» 256K x 4 configuration

High-speed access

— Military: 20/25ns (max.)

— Commercial: 15/20/25ns (max.)

Low power consumption

Battery back-up operation—2V data retention
Available in 28-pin DIP

TTL-compatible

Single 5V (£10%) power supply

Military product compliant to MIL-STD-883, Class B

DESCRIPTION:

The IDT71B028 is an extremely high-density (256K x 4-
bit), high speed static RAM designed for use in systems
where fast computation, low power and board density are
of the utmost importance.

The IDT71B028 uses four bidirectional input/output lines
to provide simultaneous access to all bits in a word and has
a high-speed 15ns address access time to achieve a
considerable throughput advantage.

Fabricated using IDT’s BICEMOS™ high-performance
technology. Allinputs and outputs of the IDT71B028 are
TTL-compatible and the device operates from a standard
5V supply, simplifying system design. The IDT71B028 is
packaged in a 28-pin DIP.

Military grade product is manufactured in compliance with
the latest revision of MIL-STD-883, Class B.

FUNCTIONAL BLOCK DIAGRAM

Ao
. * 1,048,576-BIT
. DECODER . MEMORY ARRAY
A17 y
4 fx_____’ 4
/0003 » COLUMN 11O ~
4, 1
7 T
WE
(o
OE CONTROL

2992 drw 01

BICEMOS is a trademark of Integrated Device Technology, Inc.

MILITARY AND COMMERCIAL TEMPERATURE RANGES

SEPTEMBER 1990

©1990 Integrated Device Technology, Inc.
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IDT71B028
BiCEMOS STATIC RAM 1 MEG (256K X 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION
Ao 1 I 28 [J Vec
A 2 27 [ A7
A2 [] 3 261 A1te
As 4 251 A1s
As [} s 241 A14
As [ s 231 A3
As [0 7 22 [ A2
A7 [ s TBD ] A1
As O o 207 NC
Ag E 10 19% /03
A10 1 18 1702
€3 O 12 173 o1
OF O 13 16 [1 /0o
GND [ 14 151 WE
2992 drw 02
DIP
TOP VIEW
TRUTH TABLE
CS | OE | WE |1/Oo-1/03 FUNCTION
H X X High-Z | Deselected, Powered-Down
L H H High-Z | Outputs Disabled
L L H Dout | Read Data from RAM
L X L High-Z | Write Data to RAM
NOTE: 299210 01

1. H=High, L = Low, X = Don’t Care, High-Z = High Impedance
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al ’ BiCameral™ CacheRAM™ L DvaNce

i 1/ 128K-BIT (4K x 18 x 2) DT71B221
FOR i486 CACHES

Integrated Device Technology, Inc.

EATURES:

Supports high speed i486 CPUs

— 24, 28ns

— Supports 33 and 25 MHz

BiCameral organization

- Single-chip support of two-way caches

— No bank-switching timing contention

Works with Intel 82485 cache controller chip
Programmable 4K or 8K depth implements 32K-Byte
caches (two-way or direct-mapped)

Eighteen-bit width supports i486 internal parity
Internal address latch and input data latch

Fast Output Enable

52-pin PLCC and PQFP packages

Military product compliant to MIL-STD-883, Class B

F

DESCRIPTION:

The IDT71B221 is a BiCameral Cache RAM specifically
designed to support two-way set-associative caches for the
Intel i486 microprocessor. A complete 32K-Byte secondary
cache for the i486 can be built with only four IDT71B221s and

Intel's 82485 cache controller chip, and will provide maximum
throughput for CPU clock frequencies up to 33MHz. The
convenient PLCC and PQFP packages allow the designer to
fit a 32K-Byte cache in the smallest possible circuit board
area.

Internal address latches remove the need to use discrete
devicestoimplement externaladdress latches. The BiCameral
(two bank) organization both reduces the number of devices
required to support the 82485's two-way architecture, and
eliminates contention problems encountered when one RAM
bank is being enabled while the other is being disabled.

All timing parameters have been optimized to support
25MHz and 33MHz i486 clock speeds, thus vastly simplifying
design of i486 caches.

Made with BICEMOS™, IDTs advanced high-speed pro-
cess, the IDT71B221 provides dense caches in low board
space while consuming a minimum of power. Military grade
product is manufactured in compliance with the latest revision
of MIL-STD 883, Class B, making the device ideally suited to
military temperature applications requiring the highest level of
performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

Address 0-12

———D  LATCH |
|
A12
¥ Y
Address Address
4K x 18-BIT 4K x 18-BIT
RAM ARRAY RAM ARRAY
| | (A Bank) (B Bank)
MODE ———»
Strobe ——» ;[ WE —»d WE
CS — G Doutr DIN Dour DN
WEA ——~ O t
OEA ————» .
wEe — | 8
OEB ——» &£
EO — 8
BE1 ———»
[ INPUT DATA LATCH
) S |
"

BICEMOS, BiCameral and CacheRAM are tradsmarks of Integrated Device Technology, inc.
Intel and 486 are trademarks of Intel Corporation.

Data Input/Output 0-17

2994 drw 01

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1990

©1990 Integrated Device Technology, Inc.
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IDT71B221

BiCameral™ CacheRAM™ 128-BIT (4K x 18 x 2) FOR 1486 CACHES

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTIONS

Name

Description

MODE

The MODE input, when high, causes the 71B221’s internal architecture to adopt a 4K x 18 x 2 format which is used to
supporttwo-way set associative caches. Taking the MODE input low reconfigures the 71B221 to an 8K x 18 architecture.

OEA

The A-bank Output Enable input when low enables the data outputs from the A bank onto the data input/output pins. If
OEA s asserted simultaneously with the OEB when the MODE input s high, neither bank willbe output. Whenthe MODE
input is low, the OEA and OEB inputs should be wired together. Outputs will be tristated, regardless of the state of either
OEA or OEB if either WEA or WEB is asserted.

(o]
m
o]

This is an input which enables the data outputs from the B bank onto the data input/output pins. See the rules and
conditions outlined for the OEA input described above.

=
>

E

The A-bank Write Enable input, when low, starts a write cycle sending data from the input data latch into the RAM at the
A bank address indicated by the output of the address latch. The write cycle is terminated by the high going portion of
the Strobe signal. WEA disables the output enable pins OEA and OEB. When the MODE input is low, the WEA and WEB
inputs should be wired together.

£
m
@

This is an input which gates data from the input data latch into the RAM at the B bank address indicated by the output
of the address latch. See the rules and conditions outlined for the WEA input described above.

Strobe

The Strobe input is a TTL-compatible clock input which strobes new data into the address latch and the input data
register. Internal addresses are frozen for an internally generated delay time after the rising edge of the Strobe input.
Input data is latched into the data latch on the rising edge of the Strobe input.

&
(4

Chip Selectis an input which globally gates the functioning of the 71B221. When Chip Select is low, the device functions
according to the controls asserted on the other inputs. When Chip Select is high, all operation is suspended.

oo
m

The Byte Enable inputs are used for byte reads and byte writes from the i486. BEo:1 allows reading or writing bits 1/00:8,
while BE1 allows reading or writing bits 1/09:17. These inputs are active low, and if disabled during a read cycle, the
IO pins they control will be left in a high-impedence state.

Addro:12

The twelve address inputs Addro:11 are used to access any of the 4,096 locations in either the A bank or B bank. If the
MODE pin is high, pin A12 has no effect on the 71B221. In the MODE input is low, A12 is used to select the two RAM
banks, and the device behaves as an 8K x 18 RAM . In the second case, the Output Enable inputs should be wired
together, as should be the Write Enable inputs. Whenthe address latch is in the transparent state, the address input pins
are routed directly to both RAM banks. When the latch is in its latched state both RAM banks ignore subsequent changes
on the address input pins. The latch is transparent at all times except for the duration of an internally generated delay
after a rising edge on the Strobe input pin.

1/00:17

The input/output bus comprises eighteen signals whose functions are determined by the state of the control input pins.
During Output Enables, the data from the RAM address pointed to by the address latch is output from the selected bank
upon these pins. When either Write Enable is asserted, data from the input data latch can be written into the selected
bank's RAM at the address contained within the address latch. When OEA, WEA, OEB, and WEB are all inactive, the
input/output pins are floated in a high-impedance state.
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Integrated Device Technology, Inc.

BiCameral™ CacheRAM™
128K-BIT (4K x 18 x 2)
FOR RISC CACHES

ADVANCE
INFORMATION
IDT71B222

FEATURES:

= High speed supports fastest R3000 CPUs:
— 18, 25, 30ns

— Supports 33, 25, and 20 MHz

BiCameral organization:

— Split instruction/data cache support,

— No bank-switching timing contention

4K depth for 32K-Byte caches

Eighteen-bit width reduces overall chip count
Internal address latch for each bank

Popular 52-pin PLCC package

Military product compliant to MIL-STD-883, Class B

DESCRIPTION:

The IDT71B222 is a BiCameral CacheRAM specifically
designedto support the splitinstruction and data caches of the
IDT79R300 microprocessor. A complete 32K-Byte cache for
the R3000 can be built with only three to four IDT71B222s
(depending on the main memory size supported by the sys-
tem) and will provide maximum throughput for CPU clock
frequencies up to 40MHz. The PLCC package allows the

designer to fit a 32K-Byte cache in the smallest circuit board
area.

Internal address latches remove the need to use discrete
devices to implement external instruction and data latches.
The BiCameral (two bank) organization both reduces the
number of devices requiredto support the R3000's split-cache.
architecture, and eliminates contention problems encountered
when one RAM bank is being enabled while the other is being
disabled. The very wide word (18 bits) further reduces chip
count and board space consumption, while also minimizing
address loading on the R3000’s address output pins.

All timing parameters have been optimized to support the
complete range of R3000 clock speeds, thus vastly simplifying
design of R3000 caches.

Made with BICEMOS™, IDT’s advanced high-speed pro-
cess, the IDT71B222 provides dense caches in low board
space while consuming a minimum of power. Military grade
product is manufactured in compliance with the latest revision
of MIL-STD-883, Class B, making the device ideally suited to
military temperature applications requiring the highest level of
performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

Address 0-12

: 1
DCLK ] 1 v
IOk ————»b  LATCH | LATCH |
1
| !
Address Address
4K x 18-BIT 4K x 18-BIT
RAM ARRAY RAM ARRAY
(A Bank) (B Bank)
MODE ——»
CS — = o WE —»d WE
IWE —— % Doutr DN Dour DiN
JOE —»| S ]
DWE —— ] 6’
DOE —— = E "
BEO — = Z
= [e]
El — O

BICEMOS, BiCameral and CacheRAM are trademarks of Integrated Device Technology, Inc.

Data Input/Qutput 0-17
2995 drw 01

MILITARY AND COMMERCIAL TEMPERATURE RANGES
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©1990 Integrated Device Technology, Inc.
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IDT71B222

BiCameral™ CacheRAM™ 128-BIT (4K x 18 x 2) FOR RISC CACHES MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTIONS

Name

Description

MODE

The MODE input, when high, causes the 7B1222's internal architecture to adopt a 4K x 18 x 2 format which is used to
support split instruction/data caches. Taking the MODE input low reconfigures the 71B222 to an 8K x 18 architecture.

cs

Chip Select is an input which globally gates the functioning of the 71B222. When Chip Select is low, the device functions
according to the controls asserted on the other inputs. When Chip Select is high, all operation is suspended,

BEo:1

The Byte Enable inputs are used for byte reads and byte writes. BEO allows reading or writing bits /Oo:s, while BE1 allows
reading or writing bits 1/0g:17. These inputs are active low, and if disabled during a read cycle, the I/O pins they control
will be left in a high-impedence state.

The DCLK input, when high, allows the address inputs to flow through the D bank’s address latch. Taking DCLK low
freezes data in the D bank’s address latch.

Takingthe ICLK input high allows the addresses to flow from the address inputs through the Ibank’s address latch. When
ICLK is low the address in the I bank address latch is frozen.

The | Output Enable input enables the data outputs from the | bank onto the data input/output pins. IOE must not be
asserted simultaneously with the DOE, DWE, or IWE pins.

This is an input which enables the data outputs from the D bank onto the data input/output pins. DOE must not be as-
serted simultaneously with the IOE, IWE, or DWE pins.

The | Write Enable input, when low, gates data from the input/output pins into the RAM at the | bank address indicated
by the output of the | bank address latch. Neither DOE nor I0E should be enabled during a write operation.

D Write Enable is an input which is taken low to gate data from the input/output pins into the RAM at the D bank address
being output from the D bank address latch. Neither DOE nor IOE should be enabled during a write operation.

The twelve address inputs Addro:11 are used to access any of the 4,096 locations in either the A bank or B bank. If the
MODE pinis high, pin A12has no effecton the 71B222. Ifthe MODE input is low, A12is used to selectthe two RAM banks,
and the device behaves as an 8K x 18 RAM. [n the second case, the Output Enable inputs should be wired together,
as should be the Write Enable inputs. When an address latch is in the transparent state, the address input pins are routed
directly to that address latch’s RAM bank. When a latch is in its latched state its RAM bank ignores subsequent changes
on the address input pins. The latch is transparent when its latch enable (ICLK or DCLK) input pin is high.

1/Q0:17

The input/output bus comprises eighteen signals whose functions are determined by the state of the IOE, IWE, DOE,
and DWE pins. During Output Enables, the data from the address pointed to by the address latch outputs of the selected
bank’s RAM is output upon these pins. When either Write Enable is asserted, data can be written from these pins into

the selected bank's RAM at the address being output by that bank’s address latch’s output. When IOE, IWE, DOE, and
DWE are all inactive, the input/output pins are floated in a high-impedance state.
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£ BiCameral™ CacheRAM™ INFO?!DI\I\l%I!‘IJgE
i B 256K-BIT (16K x 9 x 2) IDT71B229
FOR RISC CACHES

Integrated Device Technology, Inc.

FEATURES: DESCRIPTION:

» High speed supports fastest R3000 CPUs: The IDT71B229 is a BiCameral CacheRAM specifically
— 15, 22, 28ns designedto support the splitinstruction and data caches of the
— Supports 33, 25 and 20MHz IDT79R3000 microprocessor. A complete 128KByte cache

= BiCameral organization: for the R3000 can be built with only six to seven IDT71B229s
— Split instruction/data cache support, (depending on the main memory size supported by the sys-
— No bank-switching timing contention tem) and will provide maximum throughput for CPU clock

» 16K depth for 128K-Byte caches frequencies up to 33 MHz. The small 300 mil packages allow

+ Nine-bit width for parity the designer to fit a 128KByte cache in a circuit board area

+ Internal address latches under two square inches.

+ Small (300 mil} 32-pin Plastic DIP and SOJ packages Internal address latches remove the need to use discrete

devices to implement external instruction and data latches.
The BiCameral (two bank) organization both reduces the
number of devices requiredto support the R3000’s split-cache
architecture, and eliminates contention problems encoun-
tered when one RAM bank is being enabled while the otheris
being disabled. Alltiming parameters have been optimized to
support the complete range of R3000 Clock speeds, thus
vastly simplifying design of R3000 caches.

Made with BICEMOS™, IDT's advanced high-speed pro-
cess, the IDT71B229 provides dense caches in low board
space while consuming a minimum of power.

FUNCTIONAL BLOCK DIAGRAM
Address 0-13

. }

_ v
DCLK LATCH | Low LATcH |

| I

Address Address
16K x 9-BIT 16K x 9-BIT
RAM ARRAY RAM ARRAY
(D Bank) (1 Bank)
DWE ——»d WE —eo WE
Doutr DiN Dour DN

DOE

IWE
I0E

Data Input/Output 0-8
2996 drw 01

BICEMOS, BiCameral and CacheRAM are trademarks of Integrated Device Technology, Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1990
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IDT71B229
BiCamera™ CacheRAM™ 256-BIT (16K x 9 x 2) FOR RISC CACHES MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTIONS

Name Description
DCLK The DCLK input, when high, allows the address inputs to flow through the D bank’s address latch. Conversely, the
. address inthe I bank’s latch is held during a high input on DCLK. Taking DCLK low freezes data in the D bank’s address
latch, and allows addresses to flow through the | bank’s address latch.

IOE The | Output Enable input enables the data outputs from the | bank onto the data input/output pins. TOE must not be
asserted simultaneously with the DOE, DWE, or IWE pins.

DOE Thisis aninput which enables the data outputs from the D bank onto the datainput/output pins. DOE must notbe asserted
simultaneously with the IOE, IWE, or DWE pins.

WE The | Write Enable input, when low, gates data from the input/output pins into the RAM at the | bank address indicated
by the output of the I bank address latch. Neither DOE nor IOE should be enabled during a write operation.

DWE D Write Enable is an input which is taken low to gate data from the input/output pins into the RAM at the address being
output from the D bank address latch. Neither DOE nor IOE should be asserted during a write operation.

Addro:1 The fourteen address inputs are used to access any of the 16,384 locations in either the D bank or | bank. When an
address latch is in the transparent state, these pins are routed directly to that latch’s RAM bank. Taking the latch into
its latched state causes that RAM bank to ignore subsequent changes on the address input pins.

I/00:8 The input/output bus comprises nine signals whose functions are determined by the state of the TOE, IWE, DOE, and
DWE pins. During Output Enables, data is output upon these pins from the selected RAM bank from an address pointed
to by the outputs of that bank’s address latch. When either Write Enable is asserted, data can be written from these pins
intothe selected bank's RAM at the address being output by that bank’s address latch. When IOE, IWE, DOE, and DWE
are all inactive, the input/output pins are floated in a high-impedance state.

TRUTH TABLE
DCLK| iOE | IWE | DOE | DWE Addro:13 1/00:8 Function
H H L H Latched into D bank Output D bank Read data from D bank
L H H H L Latched into D bank Hi-Z Write data to D bank
, H L H H H Latched into | bank Output | bank Read data trom | bank
; H H L H H Latched into | bank Hi-Z Write data to | bank
‘ — H H H H — Hi-Z No activity
—_ L L X X — — Disallowed
— L X L X — — Disallowed
—_ L X X L — — Disallowed
— X L L X — — Disallowed
— X L X L — - Disallowed
— X X L L — — Disallowed
NOTE:

1. L =Low, H =High, X = Don't Care, — = Unrelated, Hi-Z = High Impedence
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it ® .
i BiCMOS STATIC RAM PR%B%T&%E
i B 256K (32K x 8-BIT)
Integrated Device Technology, Inc.
FEATURES: DESCRIPTION:
» 32K x 8 BICEMOS™ Static RAM The IDT71B256 is a 262,144-bit high-speed static RAM
» High-speed address /chip select time organized as 32Kx8. |t is fabricated using IDT's high-
— Military: 20ns perfomance high-reliability BICEMOS technology. This state-
— Commercial: 12/15/20ns of-the-art technology, combined with innovative circuit design
« One Chip Select plus one Output Enable pin techniques, provides a cost-effective solution for high-speed
» Single 5V (x10%) power supply memory needs.
+ Input and output directly TTL-compatible Address access times as fast as 12ns are available with

Available in 28-pin sidebraze ceramic, 300 mil DIP; 300 power consumption of only 550mW (typ.). All inputs and
mil plastic DIP and 28-pin, 300 mil plastic SOJ packages  outputs of the IDT71B256 are TTL-compatible and operation
is from a single 5V supply. Fully static asynchronous circuitry
is used, requiring no clocks or refreshing for operation.
The IDT71B256 is packaged in a 28-pin, 300-mil side-
braze; 28-pin, 300 mil plastic DIP and 28-pin, 300-mil SOJ
packages.

FUNCTIONAL BLOCK DIAGRAM

Ao—ﬂ

A1 —
A2 —»
A3 —
A4 —
As —»
A6 —»
A7 —
As —»
Ag —
A0 —
A1l —»f

262,144-BIT
MEMORY

IMOooOomo

NN NNENEn!

A12 —»f
A13 —»
At4 —»

JEATETY
1100 - 1/07__[}# /O CONTROL
ﬁ

P

2958 drw 01

CONTROL
LOGIC

&g
L

BICEMOS is a trademark of Integrated Device Technology, Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1990

©1990 Integrated Device Technology, Inc. 6.8 l1)Sc-|073/|




IDT71B256
BiCEMOS STATIC RAM 256K (32K x 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS'"
At~ fVec Symbol Rating Com'l. Mil. Unit
Ai2[]2 27 [ WE VTERM | Terminal Voltage| -0.5t0 +7.0 | -0.5t0 +7.0| V

A7 (3 2 1 Asa with Respect
As[]4 25 [ As to GND
As s 24 [ Aq Ta Operating 0to+70 | -55t0+4125| °C
As[]s 23 {1 At Temperature
Asl}7 5(302;8--15 22 1 GE TaiAs Temperature -55t0 +125 | -65t0+135| °C
22 E 8 2 21 [] A10 Under Bias
A:) ?0 P28-2 ?g %gg TsTG Storage -55t0 +125 | -65t0 +125| °C
7
100 E 1" 18 1110 Temperature
1101 12 17 [J10s PT Pgwgar ] 1.25 1.25 w
110213 16 [J 1O 4 Dissipation
GND ] 14 15 1 /03 lout DC Output 50 50 mA
Current
DIP/SOJ FosB o ez NOTE: i 2058 1bl 02
TOP VIEW 1. Stresses greater than those listed under ABSOLUTE MAXIMUM

RATINGS may cause permanent damage to the device. This s a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability. .

TRUTH TABLE(" CAPACITANCE (TA = +25°C, = 1.0MHz)
cs| OE | WE | vo Function Symbol Parameter!" Max. Unit
L L H Dout | Read CIN Input Capacitance 8 pF
L X L DN | Write Cour Output Capacitance 12 pF
L H H Hi-Z | Output Disabled - NOTE: ) ] o 295816103
- - 1. This parameter is guaranteed by device characterization, but not prod-
H X X Hi-Z | Deselect Chip uction tested.
NOTE: 2958 tbl 01

1. H=VmH,L =V, x=Don't care.

RECOMMENDED DC OPERATING

CONDITIONS
Symbol Parameter Min. | Typ.| Max.{ Unit
Vce Supply Voltage 45 5.0 5.5 \
GND Supply Voltage 0 0 0 \
VIH Input High Voltage 2.2 — 6.0 \'
ViL Input Low Voltage -0.5 — 0.8 \Y
NOTE: 2958 thi 04
1. 1.5V undershoots are allowed for 10ns once per cycle.
DC ELECTRICAL CHARACTERISTICS
Vee = 5.0V £ 10%
) IDT71B256
Symbol Parameter Test Condition Min. | Typ." | Max. | Unit
(LN} Input Leakage Current Vee = Max., VIN = GND to Vce — — 10 RA
|lLo| ' Output Leakage Current Vce = Max., CS = ViH, Vout = GND to Vcc — — 10 HA
VoL Output Low Voltage loL = 10mA, Vce = Min. — — 0.5 \
loL =8mA, Vcc = Min. — — 0.4
VoH Output High Voltage IoH =-4mA, Vce = Min. 24 — — v
NOTE: 2958 tbl 05

1. Typical limits are at Vcc = 5.0V, +25°C ambient.
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IDT71B256
BICEMOS STATIC RAM 256K (32K x 8-BIT)

MIUTARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS("
(Vee = 5.0V + 10%)

71B256S512 71B256S15 71B256520
Symbol Parameter Com’l. | Mil. | Com’l. | Mil. | Com’l Mil. | Unit
lcc Dynamic Operating Current 200 — 190 —_ 180 180 | mA
CS = ViL, Qutputs Open, Vcc = Max., f = fmax®

NOTES: 2958 1ol 05
1. All values are maximum guaranteed values.
2. fMAX = 1/tRe.
AC TEST CONDITIONS

Input Pulse Levels GND to 3.0V

Input Rise/Fall Times 3ns

Input Timing Reference Levels 1.5V

Output Reference Levels 1.5V

Output Load See Figure 1

2958 1l 06
5V 5V
480Q 480Q
DATAout DATAouT
30pF* 255Q 5pF* 255Q
2958 drw 03 2958 drw 04
*Including scope and jig (for toLz, tcLz, tOKHZ, tWHZ, tCHZ, tow)
Figure 1. AC Test Loads
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IDT71B256
BiCEMOS STATIC RAM 256K (32K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Vcc=5.0V + 10%, All Temperature Ranges)

v 71B256-12" | 71B256-15(" | 71B256-20

Symbol : © Parameter Min. | Max. [ Min. | Max. [ Min. [ Max. | unit
Read Cycle

tRC Read Cycle Time 12 - 15 — 20 —_ ns
tAA Address Access Time ~— 12 — 15 — 20 ns
1ACS CS Access Time — 8 — 9 — 12 | ns
tcrz? CS to Output in Low Z 3 - 4 — 5 — ns
tciz® | TSto Outputin High Z — 4 — 5 — 6 | ns
tOE OE to Output Valid — 8 — 9 — 10 | ns
toz? OE to Output Low Z 3 — 4 — 5 — | ns
tonz!? OE to Output High Z — 4 — 5 — 6 ns
toH Out Hold from Add Change 3 — 3 — 3 — ns
Write Cycle

twe Write Cycle Time 12 — 15 —_ 20 — ns
taw Address to End of Write 9 — 10 — 12 — ns
tAS Address Setup Time o] — 0 — 0 —_ ns
twp Write Pulse Width 9 — 10 —_ 12 - ns
tew CS to End of Write 8 — 9 — 10 — ns
tWR Write Recovery 0 — 0 — 0 — ns
twHz!? WE to Outin High Z - 5 — 6 — 7 ns
tDW Data Setup 5 — 6 — 8 — ns
tOH Data Hold 2 — 2 — 2 — ns
tow? Output from End of Write 3 — 4 — 4 — | ns

NOTE: 2958 tol 08

1. 0°to +70°C temperature range only.
2. This parameter is guaranteed, but not tested.

TIMING WAVEFORM OF READ CYCLE(?

Address X Valid Address 1 )( Valid Address 2
tAA
OE
toHz
tOE ———»
I3 \
(tg;;c S toH tCHZ
tcLz
Data Out {Valid Data Out 1Y(X Valid Data Out 2X:>—

2958 drw 05
NOTES:

1. WE is high for read cycle. .
2. Address valid prior to or coincident with CS transition low.
3. Transition is measured £200mV from steady state.
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IDT71B256

BiCEMOS STATIC RAM 256K (32K x 8-BIT)

MILITARY AND COMM

ERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE CYCLE)("+2458)

twe
Address ( X
OE /K:tOHz—»
— taw —_—
CS \ Y,
[e—tAS —»te twpm tWR—
WE /
twHZ—>
[e—1tow
pATAour —~ ® - @ L
tow® toH®
DATAIN
2958 drw 06

TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS CYCLE)(1:245)

twc

Address

taw

@)

tcw

WR -

(6)

6 e ton®—»

DATAIN

NOTES:

NGB ON -

be as short as the specified twp.

\

F—- 1Dw

. Awrite occurs during the overlap (twc and twp) of CS fow and WE low.
. twr is measured from the earlier of CS or WE being deasserted.
During this period, the I/O pins are in the output state, and input signals must not be applied on these pins.

If CSiis asserted coincident with or after WE goes low, the output will remain in a high impedance state.

If CS is deasserted coincident with or before WE goes high, the output will remain in a high impedance state.
. The transition is measured +200mV from steady state with a 5pF load.
. IfOE is low during a WE controlled write cycle, the write pulse width must be the larger of twp or (twHz+tbw) to allow the /O drivers to turn off and data
to be placed on the bus for the required tow. If OF is high during a WE controlled write cycle, this requirement does not apply and the write pulse can

2958 drw 07
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IDT71B256
BICEMOS STATIC RAM 256K (32K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT  XXXX XX XXX X X
Device Power Speed Package Process/
Type Temperature
Range
Blank  Commercial (0°C to +70°C)

B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

TP 300-mil Plastic DIP
Y 300-mil SOJ
TC 300-mil Sidebraze DIP

12 Commercial Only
15 Commercial Only > Speed in Nanoseconds
20 Com’l. & Mil.

| S Standard Power

{ 71B256 32K x 8 BICEMOS SRAM
2958 drw 08
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Integrated Device Technology, Inc.

BICMOS STATIC RAM
256K (64K x 4-BIT)

PRELIMINARY
IDT71B258

FEATURES:

* 64K x 4 BICEMOS™ Static RAM

High-speed address/chip select time

— Military: 15/20ns

— Commercial: 12/15/20ns

Single chip select

Single 5V (£10%) power supply

Input and output directly TTL-compatible

Available in 24-pin, 300 mil sidebraze ceramic DIP; 24-
pin, 300 mil plastic DIP and 24-pin, 300 mil plastic SOJ
packages

o o o o

DESCRIPTION:

The IDT71B258 is a 262,144-bit high-speed static RAM
organized as 64Kx4. It is fabricated using IDT's high-
perfomance high-reliability BICEMOS technology. This state-
of-the-art technology, combined with innovative circuit design
techniques, provides a cost-effective solution for high-speed
memory needs.

Address access times as fast as 12ns are available with
power consumption of only 450mW (typ.) All inputs and
outputs of the IDT71B258 are TTL-compatible and operation
is from a single 5V supply. Fully static asynchronous circuitry
is used, requiring no clocks or refreshing for operation.

The IDT71B258 is packaged in a 24-pin, 300-mil
sidebraze; 24-pin, 300 mil plastic DIP and a 24-pin SOJ
packages.

FUNCTIONAL BLOCK DIAGRAM

PIN CONFIGURATION

Ao —» —»]
At — . Ao 1 ~ 24 [Vcc
A> —» - A2 23 Ais
Az —» A2 a 3 22 Ais
As —» j As[]4 21 [1 A1
A —» —»] Aas P24-1 A2
As — D [ As (|6 Coaq 19 An
A7 —» E |—» As L7 go24-4 18 [ Ato
As —al C | 262,144-BIT A7 [ls 17 ;l /03
As —a O[] MEMORY Asls 16 [0 V02
Ao —» ?5 —» Ag [0 15 [ /01
At — R | CS 11 14 3 1/1Q0
Atz —»] N GND [} 12 13 1 WE
2‘3 - — 2061 drw 02
A‘“ - —™ DIP/SOJ
15— — I LI I TOP VIEW
4
01103 __Dﬁ; /O CONTROL
/| Pl
T 2961 drw 01
CS—* CONTROL
WE — LOGIC

BIiCEMOS is a trademark of Integrated Device Technology, Inc.

MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1990

©1990 Integrated Device Technology, Inc. DSC-1081/-
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IDT71B258

BiCEMOS STATIC RAM 256K (64K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TRUTH TABLE(®

ABSOLUTE MAXIMUM RATINGS("

[ WE 110 Function Symbol Rating Com’l. Mil. Unit
L H DouT Read VTERM | Terminal Voltage| -0.5t0 +7.0 { -0.5t0 +7.0] V
- with Respect
L L DIN Write to GND
NOT:: X Hi-Z Deselect Chip TA Operating Oto+70 | -55t0+125| °C
: 2961 101 01
1. H=ViH, L=Vit, X = Don't care. Temperature
TBIAS Temperature -55t0 +125 | -65t0+135| °C
Under Bias
RECOMMENDED DC OPERATING Tsta Storage -55t0+125 | -85t0 +125| °C
Temperature
CONDITIONS s 5 P - - =
n T ower . .
Symbol Parameter Min. | Typ. | Max.| Unit Dissipation
Vce Supply Voltage 4.5 5.0 55 \ lour DC Output 50 50 mA
GND Supply Voltage 0 0 0 \Y% Current
VIH Input High Voltage 2.2 — 6.0 \ NOTE: 2961 1bl 02
1. Stresses greater than those listed under ABSOLUTE MAXIMUM
ViL Input Low Voltage 05 | — 08| Vv RATINGS may cause permanent damage to the device. This is a stress
NOTE: 2961 thl 04 rating only and functional operation of the device at these or any other
1. 1.5V undershoots are allowed for 10ns once per cycle. conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
CAPACITANCE (Ta = +25°C, f = 1.0MHz)
Symbol Parameter! Max. Unit
CIN Input Capacitance 8 pF
Court Output Capacitance 12 pF
NOTE: 2961 tbl 03

1. This parameter is guaranteed by device characterization, but is not prod-
uction tested.

DC ELECTRICAL CHARACTERISTICS

Vce =5.0V £10%

IDT71B258
Symbol Parameter Test Condition Min. | Typ." | Max. | Unit
|IL| Input Leakage Current Vce = Max., ViN = GND to Vee — — 10 HA
jiLo| Output Leakage Current vece = Max., CS = VIH, Vout = GND to Vce — — 10 pA
VoL Qutput Low Voltage loL = 10mA, Vce = Min. —_ — 0.5 \
loL = 8mA, Vce = Min. — — 0.4
VoH Output High Voltage loH = -4mA, Vce = Min. 2.4 — — \
NOTE: 2961 16l 05
1. Typical limits are at Vcc = 5.0V, +25°C ambient.
DC ELECTRICAL CHARACTERISTICS("
(Vee = 5.0V + 10%)
71B258512 71B258515 71B258520
Symbol Parameter Com’'l. | Mil. | Com’l. | Mil. | Com’l. | Mil. | Unit
lcc Dynamic Operating Current 180 — 160 170 140 150 | mA
TS = Vi, Outputs Open, Vce = Max., f = imax®@
NOTES: 2961 tbl 05
1. All values are maximum guaranteed values.
2. fmax = 1/trc.
6.9 2



IDT71B258

BiCEMOS STATIC RAM 256K (64K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DATAout s |
7
6 ——
) 2ostdwosa  _ATA o |
Figure 1A. AC Test Loads (Typical, ns)
4 4
5V
3]
480Q 2 14—
DATAouT 1 4
SpF 2550 0 I B
20 40 60 80 100 120 140 160 180 200
- 2961 dw 030 CAPACITANCE (pF)
*Including jig and scope capacitance. 2061 érw 03¢
Figure 1B. AC Test Loads Figure 1C. Lumped Capacitive Load, Typical Derating
AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 3ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load See Figures 1A, 1B & 1C
2961 bl 06
AC ELECTRICAL CHARACTERISTICS (vcc = 5.0V + 10%, All Temperature Ranges)
71B258-12("} 71B258-15 71B258-20
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Unit
Read Cycle
tRC Read Cycle Time 12 — 15 — 20 — ns
tAA Address Access Time — 12 — 15 — 20 ns
tacs CS Access Time — 5 — 6 — 8 ns
tcr z? TS to Qutput in Low Z 2 — 2 — 2 — | ns
tcnz® CS to Output in High Z — 5 — 6 — 7 | ns
toH Out Hold from Add Change 5 — 5 — 5 — ns
Write Cycle
twe Write Cycle Time 12 — 15 — 20 — ns
tcw Chip Select to End of Write 8 — 9 — 10 — ns
AW Add to End of Write 9 — 10 — 12 — ns
tAS Address to CS 0 — 0 — 0 — | ns
twp Write Pulse Width 9 — 10 — 12 — ns
tWR Write Recovery Time 0 — 0 - 0 — ns
twHz® WE to Output in High Z — 5 — 6 — 7 ns
tDW Data Set-Up Time 5 — 6 — 8 — ns
tDH Data Hold from Write 0 — 0 — 0 — ns
tow Qut Active from End of WE 2 — 2 — 2 — | ns
NOTES: 2961 tbl 08
1. 0°to +70°C temperature range only.
2. This parameter is guaranteed with the AC Load, Figure 1B, and is not tested.
6.9 3




IDT71B258
BiCEMOS STATIC RAM 256K (64K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE("%3)

Address ’
tAA |¢———— toOH——»]

[ T
tacs

” I tchz ¢4
I‘—— etz —

Data X X
NOTES:

1. WE is high for read cycle.

2. Device is continuously selected, CS = VIL.

3. Address valid prior to or coincident with CS transition low.

4. Transition is measured +200mV from steady state with 5pF load (including scope and jig).

tRC

N
F<

2961 drw 04

TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE CONTROLLED TIMING)"> 2 3 5:6)

twe
Address )/L ) \ﬁ
1AW
—
cs \ /
[¢—tAS —sle twpl?) twR
WE A
(6)
twHZ j:] et OW —»
patAor —{ @ )
tow tDH
DATAIN
2961 drw 05
NOTES: _
1. WE or 'CS must be high during all address transitions. o o
2. Awrite oceurs during the overlap (twc and twe) of a low CS and a low WE.
3. twRis measured from the earlier of CS or WE going high to the end of the write cycle.
4. During this period, the I/O pins are in the output state and input signals must not be applied.
5. 1t TS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance.
6. Transition is measured +200mV from steady state with a SpF load (including scope and jig).
7. During a WE controlled write cycle, the pulse width must be the larger of tw or (tow + twhz) to allow the /O drivers to turn off and data to be placed on

the bus for the required tow.




IDT71B258

BICEMOS STATIC RAM 256K (64K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS CONTROLLED TIMING)("> % 3 56)

twe

Address )(

X

tAaw

L

[}

T\

[e— tAS {CW ————————— e tWR -

/

tDW ——t6—— t DH ——>]

DATA ouT F—

A\

@ )——-———

NOTES:
WE or 'CS must be high during all address transitions. _
. Awrite occurs during the overlap (twc and twp) of a fow CSandalow WE.
. twR is measured from the earlier of CS or WE going high to the end of the write cycle.

2961 drw 06

. If CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance.

1.
2
3
4. During this period, the I/O pins are in the output state and input signals must not be applied.
5
6
7

. Transition is measured $200mV from steady state with a 5pF load (including scope and jig).

. During a WE controlled write cycle, the pulse width must be the larger of twp or (tow + twKz) to allow the |/O drivers to turn off and data to be placed on

the bus for the required tow.

ORDERING INFORMATION
IDT  XXXX XX XXX X X
Device Power Speed Package Process/
Type Temperature
Range
| Blank  Commercial (0°C to +70°C)
B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B
TP 300-mil Plastic DIP
Y 300-mil SOJ
TC 300-mil Sidebraze DIP
12 Commercial Only
15 Com’l. & Mil. Speed in Nanoseconds
20 Com’l. & Mil.
— S Standard Power
| 71B258 64K x 4 BICEMOS SRAM
2961drw 07
6.9 5



Integrated Device Technology, Inc.

32K x 8-BIT BiCMOS SRAM
WITH ADDRESS LATCH

ADVANCE
INFORMATION
IDT71B556

FEATURES:

» 32K x 8 BICEMOS™ Static RAM with Address Latch
+ High-speed address/chip select time

— Military: 20ns

— Commercial: 12/15/20ns

Two Chip Selects plus one Qutput Enable pin

Single 5V (+10%) power supply

Input and output directly TTL-compatible

Available in 32-pin sidebraze and plastic, 300 mil DIP
and 32-pin, 300 mil SOJ packages

Military product is fully compliant to MIL-STD-883,
Class B

DESCRIPTION:

The IDT71B556 is a 256,144-bit high-speed static RAM
organized as 32K x 8. It is fabricated using IDT's high
perfomance high-reliability BICEMOS technology. This state-
of-the-arttechnology, combined with innovative circuit design

techniques, provides a cost-effective solution for high-speed
memory needs.

This memory is based on the standard 32K x 8 pinout and
functionality, but also contains an address latch. When ALE
is high the latch is transparent. When ALE is low, the address
is latched.

Address access times as fast as 12 ns are available with
power consumption of only 550mW (typ.). All inputs and
outputs of the IDT71B556 are TTL-compatible and operation
is from a single 5V supply. Fully static asynchronous circuitry
is used.

The IDT71B556 is. packaged in a 32-pin, 300-mil side-
braze; 32-pin, 300 mil plastic DIP and a 32-pin SOJ
package. The IDT71B556 military RAM is manufactured in
compliance with the latest revision of MIL-STD-883, Class B,
making it ideally suited to military temperature applications
demanding the highest level of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

A14 —]
A1z —
A12 —»
A11 —
A10 —»f
Ag —
Ag —»
A7 —»
As —»
As —»
Ag —d
Az —]
Az —»

ERENNRNRNNAREY

294,912-BIT
MEMORY

At —s
Ao —» /\
AE— 1

birbiylid

10 o~ 1107 __.ﬁsg{?_

/0 LOGIC

RN

CONTROL
LOGIC

SR
LU

BICEMOS is a trademark of Integrated Device Technology, Inc.

2957 drw 01

MILITARY AND COMMERCIAL TEMPERATURE RANGES
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©1990 Integrated Device Technology, Inc. 6.10
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IDT71B556

32K x 8-BIT BICEMOS SRAM WITH ADDRESS LATCH MILITARY AND COMMERCIAL TEMPERATURE RANGES
PIN CONFIGURATIONS ABSOLUTE MAXIMUM RATINGS!"
U Symbol Rating Com’l. Mil. Unit
ALE[] 32 [ Vcc VTERM | Terminal Voltage| -0.5t0+7.0 | -0.5t0+7.0| V
NC( 2 31 [J NC with Respect
A4 E 3 30 [ NC to GND
Az []4 23 [1WE TA Operating 0to+70 | -55t0+125| °C
A7 5 5 28 1A Temperature
As[]e . [ As Teiks | Temperature 5510 +125 | -651t0 +135| °C
As]7 » 26 |1 A9 Under Bi
S032-2 naer olas
Aa[]s s sl An o
AsCls pgo 26 OOE Tsta ?torage t 5510 +125 | -65t0+125 °C
Az 10 23 7 Aro emperature
At 22 CS PT Power 1.0 1.0 W
Ao [] 12 21 [J 1107 Dissipation '
/0o [ 13 20 [ I/Os lout DC Output 50 50 mA
1101 14 19 [7] 1/Os Current
/02 ] 15 18 {7 /04 NOTE: 2957 1bl 02
GND [} 18 17 |1 /O3 1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. Thisis a stress
2957 drw 02 rating only and functional operation of the device at these or any other
DIP/SOJ conditions above those indicated in the operational sections of this
TOP VIEW specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
TRUTH TABLEY") CAPACITANCE (T = +25°C, f = 1.0MHz)
csz2|Cs1| OE | WE| 1o | Function Symbol Parameter!! Max. Unit
X | H | X | X | Hi-Z| Deselect chip CiN Input Capacitance 8 pF
L L X X | Hi-Z] Deselect Chip Cout Output Capacitance 12 pF
H L L | H | bourl Read NOTE: 2957 15103
N 1. This parameter is guaranteed by device characterization, but not prod-
H L X L DiN | Write uction tested.
H L H | X | Hi-Z] Output Disabled
:‘°LE=VI L Vil %= Dontoa 20571101 RECOMMENDED DC OPERATING
. H=VmH, L=V, x=Don,t care.
CONDITIONS
Symbol Parameter Min. | Typ. | Max.| Unit
vee Supply Voltage 45 5.0 5.5 Vv
GND Supply Voltage 0 0 0 \"
VIH Input High Voltage 2.2 — 6.0 Vv
ViL Input Low Voltage -0.5 — 0.8 \
NOTE: 2957 tol 04

1. 1.5V undershoots are allowed for 10ns once per cycle.

DC ELECTRICAL CHARACTERISTICS
Vece =5.0V + 10%

IDT71556
Symbol Parameter . Test Condition Min. Max. Unit
|lu] _Input Leakage Current Vce = Max., Vin = GND to Vce — 5 HA
{lLo| Output Leakage Current Vee = Max., CS = Vi, Vout = GND to Vec — 5 uA
VoL Cutput Low Voltage lo. = 10mA, Vcc = Min. — 0.5 '
lo. = 8mA, Vcc = Min. — 0.4
VoH Output High Voltage lon = -4mA, Vcc = Min. 2.4 — \

2957 tbl 05




IDT71B556
32K x 8-BIT BICEMOS SRAM WITH ADDRESS LATCH

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS(")
(Vee = 5.0V + 10%)

71B556S12 71B556S15 71B556S20
Symbol Parameter Com’l. | Mil. | Com’l. | Mil. { Com’l. [ Mil. | Unit
lec Dynamic Operating Current 200 - 190 — 170 180 | mA
TS < Vi, Outputs Open, Vcc = Max., f = tmax®
NOTES: 2957 tol 06
1. All values are maximum guaranteed values.
2. fmax = 1/tRC.
AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 3ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load See Figures 1A, 1B & 1C
2957 tbl 07
5V
4800
DATAcuT DATAouT
5pF* 255Q

2957 drw 03a

Figure 1A. AC Test Load

ATAA
(Typical, ns) 5

2957 drw 04

*Including jig and scope capacitance.

Figure 1B.

| ] ! | I —

|
AR

20 40 60 80

CAPACITANCE (pF)

T T

100 120 140 160 180 200

2957 drw 03b

Figure 1C. Lumped Capacitive Load, Typical Derating




IDT71B556

32K x 8-BIT BiCEMOS SRAM WITH ADDRESS LATCH

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcc=5.0V + 10%, All Temperature Ranges)

71B556-12" | 71B556-15" | 71B556-20

Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Unit
Read Cycle
tRC Read Cycle Time 12 — 15 — 20 — ns
tCH ALE High 6 — 7 — 10 — ns
tcL ALE Low 6 — 7 — 10 — ns
tAs ALE Setup Time 4 — 4 — 5 — ns
tAA Address Access Time — 12 — 15 — 20 ns
tAH Address Latch Hold 3 — 4 — 5 — ns
tACS CS Access Time — 7 — 8 — 10 ns
tOE Output Enable Time — 7 — 8 — 10 ns
tcrz? CS to Output in Low Z 3 — 4 — 5 — | ns
tcHz@ CS to Output in High Z — 4 — 5 — 6 ns
torz®? OE to Output Low Z 3 — 4 — 5 — | ns
toHz? OE to Output High Z — 4 — 5 — 6 ns
tOH Out Hold from Add Change 3 — 3 — 3 — ns
Write Cycle
twe Write Cycle Time 12 -— 15 — 20 — ns
tcH ALE High 6 — 7 — 10 — ns
tcL ALE Low 6 — 7 —_ 10 — ns
tas ALE Setup Time 0 —_ 0 — 0 — ns
tAH ALE Hold TIme 3 — 4 —_ 5 —_ ns
tAaw Address to End of Write 9 — 10 —_— 12 —_ ns
tASW Address Setup Time 0 — 0 — 0 — ns
twp Write Pulse Width 9 —_ 10 — 12 — ns
oW1 CS to End of Write 8 — 9 — 10 — | ns
tWR1 Write Recovery 0 — 0 — 0 — ns
tWR2 Write Recovery -1 — -1 —_ -1 —_ ns
twhz!? | WE to Output in High Z — 5 — 6 — 7 ns
tow Data Set-Up 6 — 8 — 10 — ns
tDH Data Hold 2 — 2 — 2 — ns
tow Output from End of Write 3 — 4 —_— 4 s ns

NOTES: 2957 tbl 08

1. 0°to +70°C temperature range only.

2. This parameter is guaranteed with the AC Load, Figure 1B, and is not tested.

6.10 4




IDT71B556
32K x 8-BIT BICEMOS SRAM WITH ADDRESS LATCH MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE("23

tRC
tCH > tcL
ne f *—/ \__
f¢————— tAS ————>¢ tAH
Address 3( Address 1 Address 2 X
1AA
[ 4\
tACE tcHz
terz4 toH _
OE
{CE > toHZ
toLz ) —»)
Data (Valid Data out 1Y X Valid Data Out 2 —
\
NOTES: 2957 drw 05

1. WE is high for read cycle.

2. Device is continuously selected, CS = VIL.

3. Address valid prior to or coincident with CS transition low.

4. Transition is measured +200mV from steady state with 5pF load (including scope and jig).

6.10 5



IDT71B556
32K x 8-BIT BiCEMOS SRAM WITH ADDRESS LATCH MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled)(":2567)

twc:
tcH tcL
ALE )4 \ [
[¢———— tAS ———1 tAH

Address  pgaid O/ Valid Address

=\

tWR1 [e—tASW twp2 JWR2 tASw
WE
tWHZ tow ‘_t?;vH
Data Data Out Data Out*

2957 drw 06

NOTES:

ONONDWN =

. The transition is measured £200mV from steady state with a 5pF load. '
. IfOE is low during a WE controlled write cycle, the write pulse width must be the larger of twp or (twHz + tow) to allow the /O drivers to turn off and data

. OE is low in order to show twHz and tow.
. A write occurs during the overlap {twc and twp) of CS low and WE low.

twp is measured from the earlier of CS or WE being deasserted.

. During this period, the I/O pins are in the output state, and input signals must not be applied on these pins.

It CSiis asserted coincident with or after WE goes low, the output will remain in a hlgh impedance state.
If CS is deasserted coincident with or before WE goes high, the output will remain in a high impedance state.

to be placed on the bus for the required tow. If OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse width
can be as rt as the specified twp.

6.10 6



IDT71B556

32K x 8-BIT BICEMOS SRAM WITH ADDRESS LATCH

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS Controlled)(!:2456)

[e————— tCH—————b¢———— {CL ——»

twe

ALE /

Address  , vad

[ N/
[¢—— tAS —— tAH
Address ( Valid Address

o T\

tWR2

tASW

—

2957 drw 07

WE
tDW | tDH
Data Data In
NOTES:
1. OE s low in order to show twHz and tow. o o
2. Awrite occurs during the overlap (twc and twr) of CS low and WE low.
3. twp is measured from the earlier of CS or WE being deasserted.
4. If CSis asserted coincident with or after WE goes low, the output will remain in a high impedance state.
5. If CSis deasserted coincident with or before WE goes high, the output will remain in a high impedance state.
6. The transition is measured £200mV from steady state with a 5pF load.
7.

If OE is low during a WE controlled write cycle, the write pulse width must be the larger of twe or (twHz + tow) to allow the I/O drivers to turn off and data

to be placed on the bus for the required tow. If OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse width

can be as short as the specified twp.

ORDERING INFORMATION

IDT XXXX XX XXX X X
Device Power Speed Package Process/
Type Temperature
Range
| Blank
B
TP
Y
TC
12
15
20

S

Commercial (0°C to +70°C)

Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

300-mil Plastic DIP
300-mil SOJ
300-mil Sidebraze DIP

Commercial Only

Commercial Only > Speed in Nanoseconds
Com’l. & Mil.

Standard Power

]
)
— 71B556 32K x 8 BICEMOS SRAM

with Address Latch

2957 drw 08
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= N BiCMOS HIGH-SPEED ADVANCE
“: STATIC RAM INFORMATION
[ 72K (8K x 9-BIT) IDT71B569
Integrated Device Technology, Inc. With Address Latches
FEATURES: DESCRIPTION:
» 8192-words x 9-bits organization The IDT71B569 is a 73,728-bit high-speed static RAM,
« JEDEC standard 28-pin DIP and SOJ organized as 8K x 9, with address laiches. Itis fabricated using
» Fast access time: IDT’s high-performance, high-reliability BICEMOS technol-
— Commercial: 12/15/20ns ogy.
— Military: 15/20ns The IDT71B569 offers address access times as fast as
+ Produced with advanced BICEMOS™ high-performance  12ns. The ninth bit is optimal for systems using parity. This
technology device is ideally suited for cache memory applications.
- Single 5V power supply All inputs and outputs of the IDT71B569 are TTL-compat-
+ Inputs and outputs directly TTL compatible ible. The IDT71B569 is packaged in an industry standard
+ Latched address inputs 300-mil, 28-pin DIP and SOJ.

High-speed BiCEMOS process
Available in 28-pin, 300 mil plastic and SOJ packages

FUNCTIONAL BLOCK DIAGRAM

Ao —» —»]
Ay —> —»
A2 —»f |
Az —»f | o
A
R R 73,728-BIT
Ao —| T MEMORY
RS B ARRAY
Ag —» H —»
Ag —» —»
A10 —» —
A1l —»
A12 —»f L\I _ﬂ

ALE THIT

1/0o- I/Oe———«»—D 9 COLUMN 1/0

ﬁ -

J— 2972 drw 01

CS >—1 ConTROL

OE®° CIRCUIT

WE o—

BICEMOS is a k of Integ Device Te Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGE DECEMBER 1990

®1990 Integrated Device Technology, Inc. 6.11 0SC-1091/-
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IDT71B569

BiCMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT) With Address Latches MILITARY AND COMMERCIAL TEMPERATURE RANGE
PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS("
\_J Symbol Rating Com’l. Mil. Unit
AA?E ; 28 [ VWCEC VTERM | Terminal Voltage | -0.5t0 +7.0| -0.5t0 +7.0 | V
27 with Respect
As [] 3 26 [1 ALE to GND
As[]4 25 ] As
As]5 24 [ Ag TaA Operating Oto+70 | -55t0 +125| °C
As[]e pogo 23 [JAmn Temperature
A2]7 S028-5 22 [JOE Teias | Temperature 5510 +125 | -6510 4135 | °C
A1Js D283 2 [JA1w Under Bias
Ao[]o 20 ] CS
1100 ] 10 19 10 TsTG Storage -55t0+125| -65t0 +150 | °C
1014 n 18 [J1107 Temperature
102 [] 12 7 ]10s lout DC Output 50 50 mA
1103 ] 18 - 18105 Current
GND [ 14 R Yo NOTE: 2972 1b4 02

1. Stresses greater than those listed under ABSOLUTE MAXIMUM

2072 drw 02 RATINGS may cause permanent damage to the device. Thisis a stress
DIP/SOJ rating only and functional operation of the device at these or any other
TOP VIEW conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
RECOMMENDED OPERATING
TEMPERATURE AND SUPPLY VOLTAGE CAPACITANCE (TA = +25°C, f = 1.0MHz)
Grade Temperature GND Vee Symbol Parameter(!) Conditions | Max.| Unit
Military -55°C to +125°C oV 5V 10% CIN Input Capacitance VIN = OV 8 pF
Commercial 0°Cto +70°C ov 5V +10% Court Output Capacitance Vourt = 0V 8 pF

2072t0i04  NOTE: 297216l 03
1. This parameter is determined by device characterization, but is not
production tested.

RECOMMENDED DC OPERATING

CONDITIONS TRUTH _TABLE
Symbol Parameter Min. | Typ. | Max.|Unit| o e|lcs| 0| WE] 1O Function
Vee Supply Voltage 45 5.0 55 \Y X H X X | Hi-z| Deselect chip
GND Supply Voltage ' 0 0 0 v H X X X X Address Latch Transparent
M Input High Voltage | 22 | — | 60 | V L | x| x| x| X | Address Latch Closed
o5V | —
i Input Low Voltage 05 0.8 v H L L H | Dout| Read From Current Address
NOTE: 29721bl 05
1. 1.5V undershoots are allowed for 10ns once per cycle. L | L | L] H|Dour| ReadFrom Latched Address
H L X L DIN | Write To Current Adress
L L] X L | DIN| Write To Latched Adress
X L H H | Hi-Z| Outputs Disabled

NOTE: 2972 1bl 01
1. H=VH, L=V, X = Don't Care




IDT71B569
BICMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT) With Address Latches MILITARY AND COMMERCIAL TEMPERATURE RANGE

DC ELECTRICAL CHARACTERISTICS!"
(VeG = 5.0V + 10%)

71B569S12 71B569S15 71B569S20
Symbol Parameter Com'l. | Mil Com'l. | Mil. | Com’l. Mil.  |Unit
lcc®® | Dynamic Operating Current 170 — 170 190 150 170 [mA
CS = Vi, Outputs Open, Vce = Max., f = fmMax(®
NOTES: 29721t6l 06

1. All values are maximum guaranteed values.
2. Atf=tmax address and data inputs are cycling at the maximum frequency of read cycles of 1/trc. f = 0 means no input lines change.

DC ELECTRICAL CHARACTERISTICS
Vce =5.0V £ 10%

IDT71B569S
Symbol Parameter Test Condition Min. Max. Unit
|ILy| Input Leakage Current Vce = Max., VIN = GND to Vcc — 5 HA
jiLo| Output Leakage Current| Vcc = Max., CS = VIH, — 5 nA
VouTt = GND to Vcc
VoL Output Low Voltage loL = 8mA, Vce = Min. — 0.4 Y
loL = 10mA, Vee = Min. — 05
VOH Output High Voltage loH = -4mA, Vcc = Min. 2.4 — \
2972101 08
AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 3ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load ‘ See Figures 1A, 1B & 1C
297210l 07
DATAOUT
74—
6 f—
Figure 1A. AC Test Load 2072drw 03 ATAA
(Typical, ns) 54—
44
5V
3.4
480Q o 4
DATAouT T
5pF* 255Q POZ (N N IR N S I B N
T T 1T 71T 1T T 11
20 40 60 80 100 120 140 160 180 200
— 2972 drw 04
“Includes jig and scope capacitance. CAPACITANCE (pF) 2072 drw 035
Figure 1B. Figure 1C. Lumped Capacitive Load, Typical Derating

6.1 3



IDT71B569
BiCMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT) With Address Latches MILITARY AND COMMERCIAL TEMPERATURE RANGE

AC ELECTRICAL CHARACTERISTICS (vcc = 5.0V + 10%, All Temperature Ranges)

71B569S512M 71B569S15 71B569S20

Symbol Parameter Min. [ Max. [ Min. | Max. | min. | Max. | unit
Read Cycle

tRC Read Cycle Time 12 — 15 — 20 — ns
tAA Address Access Time® — 12 — 15 — 20 ns
tacs Chip Select Access Time — 12 — 15 — 20 ns
tcLz Chip Select to Output in Low Z? 2 — 3 — 3 — ns
tOE Output Enable to Output Valid — 6 —_ 7 —_ 7 ns
toLz Output Enable to Output in Low Z(? 2 —_ 3 | — 3 — ns
tcHz | Chip Deselect to Output High z? — 6 — 7 — 10 ns
tOHZ Output Disable to Output in High 22 — 5 - 6 — 7 ns
toH Output Hold from Address Change 3 — 3 — 3 — ns
tcH ALE High Time® 6 — 7 — 10 — ns
teL ALE Low Time®® 6 — 7 — 10 — ns
tAS Address Set-up Time to Address Latch Enable 3 — 3 —_ 5 — ns
tAH Address Hold Time to Address Latch Enable 2 — 2 — 5 — ns
Write Cycle

twe Write Cycle Time 12 — 15 — 20 — ns
tAw Address Valid to End of Write 10 . 12 — 20 — ns
tcw Chip Select to End of Write 10 — 12 — 15 — ns
tASW Address Set-up Time® 0 — 0 — 0 e ns
twp Write Pulse Width 9 — 11 — 15 — ns
twR Write Recovery Time® 0 — 0 — 0 — ns
twHz | Write Enable to Output in High 22 — 6 — 7 — 10 ns
tow Data to Write Time Overlap 6 — 8 — 11 — ns
tDH Data Hold Time from Write Time 0 — 0 — 0 — ns
tow Output Active from End of Write(® 2 - 3 — 5 — ns
tCH ALE High Time 6 — 7 — 10 — ns
fcL ALE Low Time 6 — 7 — 10 — ns
tAS Address Set-up Time to Address Latch Enable 3 — 3 — 5 — ns
tAH Address Hold Time to Address Latch Enable 2 — 2 — 5 —_ ns

NOTES: 2972 tbl 09

1. 0°to +70°C temperature range only.

2. This parameter is guaranteed with the AC Load, Figure 1B, and is not tested.

3. This measurement depends on the combination of ALE high plus an address change. This combination may either happen at the rising edge of ALE,
or during an address change after ALE has become high.
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IDT71B569

BiCMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT) With Address Latches

MILITARY AND COMMERCIAL TEMPERATURE RANGE

TIMING WAVEFORM OF READ CYCLE (")

tRC
tCH tcL
ALE 4 N /
[e— tAS ———¥ tAH

O

ADDRESS

X

Valid Address

&

&\

177

& \\\

[¢— oLz —¥|

toE
@)

toH ) je—

e o
toHZ

177

‘(4)
[¢— 1CLZ —¥

tACS

[¢— tCcHz

4)

4
i

DATA

NOTES:
1. WE is high throughout a read cycle.

~N

( Valid Data 1 )

0( Valid Data 2 ———

2972drw 05

2. The parameter tAA is measured either from the first low to high transition of ALE after the read address has become valid, or from the stabilization of the
read address during the period when ALE is high, which ever occurs last.
3. The parameter toH is measured either from the first low to high transition of ALE after an address change, or from an address change during the period

when ALE is high, whichever occurs first.

4. Transition is measured +200mV from steady state with a 5pF load (including scope and jig).
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IDT71B569
BICMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT) With Address Latches MILITARY AND COMMERCIAL TEMPERATURE RANGE

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED)("+?

twe
tcH tcL
ne  f N\ S
tAS sletAH
ADDRESS X Valid Address
taw(4)
oF /
twr(3)
s /-
[e—tasw(4) —sle twpl?) tow(®
WE
twrz©® e——tDW~—s{¢——tDH
DATA Data Out(5) ( Valid Input Data ( Data Out(

2972drw 06

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED)"-?

twe:
tCH fcL
ALE __/ \ /
tAS sletAH 5
ADDRESS X Valid Address 1 Valid Address 2

tASWI4) tow twr® taw(4) twa®

cs /_—
tawt4) tasw (4)
WE /
tow tDH

DATA Valid Input Data Valid Input Data

NOTES: 2972drw 07

1.
2.
3.

4.

~NOoO O,

WE or CE must be high during all address transitions.

A write occurs during the overlap (tsw, tcw or twp) of a low CE and a low WE.

The parameter twR is measured from the earlier of CE or WE going high either to the first low to high transition of ALE after an address change, or to an
address change during the period when ALE is high, whichever occurs last.

The parameters tasw and taw are measured either from the first low to high transition of ALE after an address change has become valid, or from the
stabilization of the valid write address during the period when ALE is high, whichever occurs first.

. During this period, the I/ pins are in the output state so that the input signals must not be applied.
. This transition is measured +200mV from steady state with a 5pF load (including scope and jig).
. If OE is low during a WE controlled write cycle, the write pulse width must be the larger of twe or (twHz + tow) to allow the I/O drivers to turn off and data

to be placed on the bus for the required tow. If OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be
as short as the spectified twe.
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IDT71B569
BiCMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT) With Address Latches

MILITARY AND COMMERCIAL TEMPERATURE RANGE

ORDERING INFORMATION

IDT XXXXX X XX X X
Device Power Speed Package Process/
Type Temperature
Range

I

Blank

Commercial (0°C to +70°C)
Military (-55°C to +125°C)

Compliant to MIL-STD-883, Class B
Plastic DIP (300mil)

Ceramic DIP (300mil)
Small Outline IC (J-Bend) (300mil)

Commercial Only )
Commercial Only o~ Speed in Nanoseconds
Com'l. & Mil.

Standard Power

{ 71B569 72K (8K x 9-Bit) CMOS Static RAM

with Address Latches
2972 drw 08
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Integrated Device Technology, Inc.

BiCMOS HIGH-SPEED INFOI:‘RDI\X:T":SE
STATIC RAM IDT71B64

64K (8K x 8-BIT)

FEATURES:

« 8192-words x 8-bits organization

+ JEDEC standard 28-pin DIP, SOJ, and 32-pin LCC
Fast access time:

— Commercial: 10/12/15ns (max.)

— Military: 12/15/20ns {max.)

Produced with advanced BICEMOS™ high-performance
technology

Single 5V power supply

Inputs and outputs directly TTL compatible

Military product available compliant to MIL-STD-883,
Class B

DESCRIPTION:

The IDT71B64 is a 65,536-bit high-speed static RAM
organized as 8K x 8. It is fabricated using IDT’s high-perfor-
mance, high-reliability BICEMOS technology.

The IDT71B64 offers address accesstimes asfastas 10ns.
All inputs and outputs of the IDT71B64 are TTL-compatible.
The device has 2 chip selects for simplified address decoding.

The IDT71B64 is packaged in an industry standard 300-mil
28-pin DIP and SOJ, along with a 32-pin LCC package.

Military grade product is manufactured in compliance with
the latest revision of MIL-STD-883, Class B, making it ideally
suited to military temperature applications demanding the
highest level of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

Ao _k le— VCC
L ] L]
® . te— GND
. 65,536-BIT
. . ARRAY
A120~—i >o—— *
——-“——' ® 006 0 0 0 00
100 F—Q_‘ 0
: INPUT : COLUMN 110
: DATA
: CIRCUIT
107 1 [ ‘
CS10—]
] o
WE 2976 drw 01

BICEMOS is atrademark of Integrated Device Technology, Inc.

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1990

©1990 Integrated Device Technology, Inc.

6.12
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IDT 71B64 BICMOS HIGH-SPEED STATIC RAM 64K (8K x 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS
NC ] 1 ~ 28 [1 Vce
Ao[]2 27 [0 WE
Ais 26 [ CS2
Az2(]4 25 [ ] A12
A3[]s 24 E A1
A48 23 {7 Ao
ngy B2 =poe
AsC]s gopg2 21 A
A7 ]9 20 [ CS1
As [] 10 19 1107
1100 ] 11 18 [11/06
1101 12 17 O1/0s «

102 ] 13 16 [J1/04
GND [ 14 15 11103
2976 drw 02

DIP/SOJ

TOP VIEW

ABSOLUTE MAXIMUM RATINGS("

Symbol Rating Com’l. Mil. Unit
VTERM | Terminal Voltage | -0.5t0+7.0( -0.5t0 +7.0| V
with Respect
to GND
TA Operating 0to +70 -55t0 +125| °C
Temperature
Taias Temperature -55to+125| -65t0 +135| °C
Under Bias
TsTG Storage -55to+125| -65to +135| °C
Temperature
lout DC Output 50 50 mA
Current
NOTE: 2976 tbi 02
1. Stresses greater than those listed under ABSOLUTE MAXIMUM

RATINGS may cause permanent damage to the device. Thisis a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

- o0 O & -
INDEX 2222|238 CAPACITANCE (TA = +25°C, f = 1.0MHz)
ey L1_‘ Tl \ Symbol Parameter!") Conditiens | Max.| Unit
A2 [1s 29 [} Arz CIN Input Capacitance VIN = OV 8 pF
A3 s 28 [[] A11 -
A4 [7 27 [] Ao Cout | Output Capacitance Vour = oV 8 | pF
As [1s 26 [{ NC NOTE: 2076 101 03
As []o L32-1 25 [ OF 1. This parameter is determined by device characterization, but is not
A7 [110 24 [] Ao production tested.
Ag [111 23 [[] TS1
NC [112 22 [} WO7
/0o ['113 21 | VOs RECOMMENDED OPERATING
AR TEMPERATURE AND SUPPLY VOLTAGE
38 2 28388  assamo Grade Temperature GND Vce
==0c === Military -65°C to +125°C ov 5V +10%
32-PINLCC Commercial 0°C to +70°C oV 5V+10%
TOP VIEW po——
RECOMMENDED DC OPERATING
TRUTH TABLE(" CONDITIONS
CcS2 | CS1| OE WE 10 Function Symbol Parameter Min. | Typ. | Max. | Unit
X H X X High-z| Deselect chip Vee Supply Voltage 45 | 5.0 55 | V
L | x | x X | High-z| Deselect chip GND Supply Voltage 0 0 o |V
H L L H Dout Read VH Input High Voltage 2.2 — 6.0 \
1
H L X L DIN Write ViL Input Low Voltage 050 [ — 0.8 \')
- - NOTE: 2976 tbl 04
H L H H High-Z| Output disabled 1. 1.5V undershoots are allowed for 10ns once per cycle.
NOTE: 2976 tbl 01
1. H=VH, L=V, X=DONTCARE
6.12 2




IDT71864 BICMOS HIGH-SPEED STATIC RAM 64K (8K x 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS!"
(Vee = 5.0V + 10%, VLC = 0.2V, VHC = Vee - 0.2V)

71B645S10 71B64S12 71B64S15 71B64S20
Symbol Parameter Power |Com’l. | Mil. | Com’l. | Mil. | Com'l. | Mil. | Com’l. | Mil. | Unit
lcc Dynamic Operating S 170 — 170 190 150 170 —_ 170 | mA
-|Current, CS = VL, Outputs Open,
vee = Max., f =maxt?, €S2 = ViH
NOTES: 2976 tbl 05

1. All values are maximum guaranteed values.

2. Atf=fmax address and data inputs are cycling at the maximum frequency of read cycles of 1/trc. f=0 means noinput lines change.

AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 3ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load See Figures 1A, 1B & 1C
2976 tbl 06
5V
480Q
DATAoUT DATAout
50Q 5pF* 255Q
2976 drw 04 “Includes jig and scope capacitance.
Figure 1A. AC Test Load Figure 1B.

ATAA
(Typical,ns) 5 ——

d | | | ] | 1 | |

O D N R I I

20 40 60 80 100 120 140 160 180 200

CAPACITANCE (pF)

Figure 1C. Lumped Capacitive Load, Typical Derating

2976 drw 05a

2976 drw 05b




IDT 71B64 BiCMOS HIGH-SPEED STATIC

RAM 64K (8K x 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS

Vce =5.0V+10%

‘ IDT71B64S
Symbol Parameter Test Condition Min. Max. Unit
LN} Input Leakage Current vee = Max., MIL. — 10 pnA
VIN = GND to Vcc COM'L. — 5
|ILo| Output Leakage Current| Vcc = Max., CS1 = ViH, MIL. — 10 uA
CS2 = Vi, VouT = GND to Vcc COM'L. —_ 5
Vou Output Low Voltage oL = 10mA, Vce = Min. — 0.5 \
loL = 8mA, Vce = Min. — 0.4
VoH Output High Voltage IoH = -4mA, Vcc = Min. 2.4 — Vv
2976 bl 07
AC ELECTRICAL CHARACTERISTICS (vcc = 5.0V + 10%, All Temperature Ranges)
71B64510" | 71B64S12 | 71B64S15 | 718645202
Symbol Parameter Min. | Max.| Min. | Max.| Min. l Max.| Min. I Max. | Unit
Read Cycle
tRC Read Cycle Time 10 — 12 —_ 15 — 20 — ns
tAA Address Access Time s 10 e 12 - 15 — 19 ns
tACS1 Chip Select-1 Access Time® — 10 — 12 e 15 — 20 ns
tacs2 Chip Select-2 Access Time!® — 10 — 12 — 15 — 20 ns
tcrzi,2 | Chip Select-1, 2 to Output in Low Z¥) 2 — 2 — 3 — 5 — | ns
tOE Output Enable to Output Valid —_ 5 — 6 —_ 7 —_ 9 ns
toLz Output Enable to Output in Low Z(* 2 — 2 — 3 — 3 e ns
tcHz1,2 | Chip Select-1, 2 to Output in High Zt — | 5 — 6 — 7 — 8 ns
toHZ Output Disable to Output in High Z - 4 —_ 5 — 6 — 8 ns
tOH Output Hold from Address Change 2 — 3 — 3 — 5 —_ ns
Write Cycle
twe Write Cycle Time 10 — 12 — 15 — 20 — ns
taw Address Valid to End of Write 8 — 10 —_ 12 - 15 — ns
tewi Chip Select to End of Write (CS1) 8 — 10 | — 12 | — 15 | — ns
tcw2 Chip Select to End of Write (CS2) 7 — 9 —_ 12 — 15 — ns
tAs Address Set-up Time 0 — 0 —_ 0 — 0 -— ns
twp Write Pulse Width 7 — 9 — 12 — 15 — ns
tWR1 Write Recovery Time (CS1, WE) 0 — o} — 0 - 0 — ns
twR2 Write Recovery Time (CS2) 0 — 0 — 0 — 0 —_ ns
twHz | Write Enable to Output in High Z — 5 —_ 6 — 7 — 8 ns
tow Data Valid to End of Write 5 — 6 _ 9 — 10 — ns
tDH1 Data Hold from Write Time (CS1, WE) 0 — 0 — 0 — — ns
tDH2 Data Hold from Write Time (CS2) 0 — 0 — 0 — —_ ns
tow Output Active from End of Write® 2 — 2 —_ 3 — —_ ns
NOTES: 2976 tbi 08
1. 0°to +70°C temperature range only.
2. -55°C to +125°C temperature range only.
3. Both chip selects must be active for the device to be selected.
4. This parameter is guaranteed with the AC Load, Figure 1B, and is not tested.
6.12 4
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IDT71B64 BICMOS HIGH-SPEED STATIC RAM 64K (8K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NO. 1V

tRC N
ADDRESS >{
tAA tOH—
ﬁKi(K;KKRRKNK 7{7‘77777
tOE
torz!® .
\ AY
cs2 [/[/[F t ‘Ii\\\\ AN\
< ACS2
fe——tc1z2® —— tcHzat®
cs 7
o W\ Wy oIV
tACS1 tOHZ(S)
e————— o121 ————»f e tonze®
/
DATAouT ( XXX>—
2976 drw 06
TIMING WAVEFORM OF READ CYCLE NO. 2024
tRC N
ADDRESS ){
IOP:AA " toH—>]
DATAouT ) ) X
2976 drw 07
TIMING WAVEFORM OF READ CYCLE NO. 3("»34
CS1 5( 7(
cs y
? 7 tACs2
le————tcLz2(5) ————» tcHz2(5)
tACs1 5)
tcLzi(5) l¢——tCHZ1(5) ———»
/
DATAouT ( )__
2976 drw 08

NOTES:

1. WE is high for read cycle. o

2. Device is continuously selected, CS1 = Vi, CS2 = ViH.

3. Address valid prior to or coincident with CS1 transition low and CSz transition high.
4. OE=Vi

5. Transition is measured £200mV from steady state.
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IDT 71B64 BICMOS HIGH-SPEED STATIC RAM 64K (8K x 8-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)("

ADDRESS

DATAouT

twc
X ) 3
\
e tas——» /
cse [//// / \
; ; ; ; ; A /
tAw twR 1) —»
)( 7(
@ twp(® tow (8 @
AMAAARRRRRRAY
INNNNNNNNSN
twz® o] [¢—— tDW——>¢—— tDH1, 2—]

DATAIN

X

DATAIN VALID

XXXXXXRXX

2976 drw 09

TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING)(")

ADDRESS

4 X
sz [1//1L/11T11111 /117 EALVALRRRRARANY
EAARLAANARAARRARRNAY & o111

\

tow tDH1

2

. WE must be high during all address transitions.
. A write occurs during the overlap of a low CS1 and a high CS2.
. twR1,2 is measured from the earlier of CS1 or WE going high or CSz going low to the end of the write cycle.
. During this period, I/O pins are in the output state so that the input signals must not be applied.

If the CS1 low transition or CS2 high transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state.
. IfOE is low during a WE controlled write cycle, the write pulse width must be the larger of twp or (tWHZ +tow) to allow the /O drivers to turn off and data
to be placed on the bus for the required tow. If OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be

as short as the spectified twp.

W~

. DATAouT is the same phase of write data of this write cycle.
. Transition is measured £200mV from steady state.

DATAIN VALID

QOO

2976 drw 10
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IDT71B64 BICMOS HIGH-SPEED STATIC RAM 64K (8K x 8-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT  XXXX X XXX XXX X
Device Power Speed Package Process/
Type Temperature
Range
l Blank  Commercial (0°C to +70°C)

B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

TP Plastic DIP (300 mil)
D CERDIP (300 mit)
L32 32-pin Leadless Chip Carrier

Y SOIC (300 mil J-Bend)
10 Commercial Only
:g Speed in Nanoseconds

20 Military Only

| s Standard Power

| 71B64 64K (8K x 8-Bit) BICMOS Static RAM
2976 drw 11




Integrated Device Technology, Inc.

- Y BiCMOS STATIC RAM | SDvance
. 64K (8K x 8-BIT) RMATION
RESETTABLE RAM

FEATURES:

High-speed asynchronous RAM clear on Pin 1 (clears all

RAM bits to 0)

High-speed address access time
— Commercial: 15/20/25ns (max.)
— Military: 20/25/35ns (max.)
High-speed chip select (CS1) time

Single 5V(+10%) power supply
Input and output directly TTL-compatible

Produced with BICEMOS™ high-performance technology

Standard 28-pin 300 mil DIP, 28-pin SOJ, 32-pin LCC

DESCRIPTION:

The IDT71B165 is a high-speed 65,536-bit static RAM,
organized 8K x 8, with reset function. The RESET pinprovides
a single RAM clear control which clears all words in the
internal RAM to zero when activated. This allows the memory
bits for all locations to be cleared at power-onor system reset,
or for a fast clear to be available to graphics, histogramming
and other designs where a byte-by-byte RAM clear would
cause noticeable system speed degradation.

This product Is fabricated using IDT's high-performance,
high reliability BICEMOS technology. Address access time of
15ns and chip select (CS1) time of 8ns are available.

Allinputs and outputs of the IDT71B65 are TTL-compatible
and the device operates from a single 5V supply, simplifying
system designs.

The IDT71B65 is packaged in a 32-pin LCC, a 28-pin 300
mil DIP and a 28-pin SOJ, providing highboard leveldensities.

FUNCTIONAL BLOCK DIAGRAM

A —k +—o Vcc
: ROW 65,356-BIT +—o GND
. DECODER MEMORY ARRAY
A —l >—] ’4
RESET > [eeoo
1/00-7 8 NS COLUMN 1/0 - —
WE — COLUMN DECODER
E_E— 40 o o
CS1—
CS2 A A
V 2977 drw 01
BICEMOS is a trademark of Integrated Device Technology, Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1990
©1990 Integrated Device Technology, Inc. 6.13 DSC-1072/1
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IDT71B65

BICMOS STATIC RAM 64K (8K x 8-BIT) RESETTABLE RAM MILITARY AND COMMERCIAL TEMPERATURE RANGES
PIN CONFIGURATIONS
——— \ } . .‘ ,—
RESET ] 1 28 [ Vce Nqu R N
Ar2 02 27 [0 WE INDEX  ZH2OEY
"A7[3 26 [11 CS2 N oo
As[]4 25 [ 1As : 43 200323130
As[]s 24 [ Ag As [1s ! 23 [] Ag
As(]se 23 [ Ant As [Je 28 [1] A9
A3[}7 Pzg-z 22 1O As [17 27 [: A1
A2[]8 gpopg.5 2t [JA10 Az [ls 26 [} NC
A1 []9 ‘ 20 [3 CStv- Az [ L32-1 25 [JOE
Ao [] 10 19 Q1107 A1 [0 24 [: Ao
1100 ] 1 18 [11/06 Ao [111 23 [: CS1
1101 [] 12 17 [J1/0s NC {112 22 [: 1107
1102 ] 13 16 71/04 1100 [113 21 [[] 1/0s
GND (] 14 15 103 LR
2977 drw 02 S50 g e 000 2mewn
== 0] ===
DIP/SOIC LCC/PLCC
TOP VIEW TOP VIEW
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BiCMOS HIGH-SPEED ADVANCE
STATIC RAM INFORMATION
IDT71B69
72K (8K x 9-BIT)
Integrated Device Technology, Inc.
FEATURES: DESCRIPTION:
» 8192-words x 9-bits organization The IDT71B69 is a 73,728-bit high-speed static RAM,
+ Fast access time: organized as 8K x 9. |t is fabricated using |DT’s high-
— Commercial: 12/15/20ns performance, high-reliability BICEMOS technology.
— Military: 15/20ns The IDT71B69 offers address access times as fast as
« Produced with advanced BICEMOS™ high-performance  12ns. The ninth bit is optimal for systems using parity.
technology Allinputs and outputs of the IDT71B69 are TTL-compatible.
+ JEDEC standard 28-pin DIP/SOJ and 32-pin LCC The device has 2 chip selects for simplified address decoding.
« Single 5V power supply The IDT71B69 is packaged in anindustry standard 300-mil
+ Inputs and outputs directly TTL compatible 28-pin DIP/SOJ and 32-pin LCC.

FUNCTIONAL BLOCK DIAGRAM

Ao —f
A1 —»
A2 —»f
Az —»
A4 —>f
A5 —»f
Ae —>
A7 —»
A8 —»
Ag —»f
A10 —»
A1l —
A12 —»

— bbbl

9 INPUT
10 0- /08— V4 DATA
CIRCUIT| o |

Eio——

cs2 CONTROL
5Ee—l CIRCUIT

WE o—

73, 728-BIT
MEMORY
ARRAY

ITMooOomo

bbelb il

COLUMN 110

2973 drw 01

BICEMOS is a trademark of Integrated Device Technology, Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1990

©1990 Integrated Device Technology, Inc. 6.14 DSC-1089/-
1




ID

T71B69

BICMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS

ABSOLUTE MAXIMUM RATINGS("
\UJ Symbol Rating Com'L Mil. Unit
Ao[]1 28 [ Vce N
ArQ]2 2§ WE VTERM [ Terminal Voltage | -0.5t0 +7.0 | -0.5t0 +7.0 | V
! with Respect
A2[]3 26 {1 CS2 1o GND
Asz[]+4 25 [ ] A2
A4[]5 24 [ A1 TA Operating 0to +70 -55to +125 | °C
AsCls cog.o 23 [JA10 Temperature
AsC]7 P28-2 22 QOE Teias | Temperature 5510 +125 | -65t0+135 | °C
A7[]s SO28-5 21 [JAs Under Bias
As[]o 20 |1 CSq N
oo} 10 19 AVOs Tsta Storage 5510 +125| -65t0+135 | °C
101 11 18 o7 Temperature
/02 ] 12 17 [J0s lout DC Output 50 50 mA
/03 ] 13 16 1105 Current
GND [ 14 B Avos NOTE: 2973 1bi 02
1. Stresses greater than those listed under ABSOLUTE MAXIMUM
2973w 02 RATINGS may cause permanent damage to the device. Thisis a stress
DIP/SOJ rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
TOP VIEW
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
Q o~
- OO w
INDEX <§zz§|§ 8
T RECOMMENDED OPERATING
Az |95 43 2R 3029 1 A TEMPERATURE AND SUPPLY VOLTAGE
A3 f]s 28 [I] A1t Grade Temperature GND Vee
A+ [17 27 L} Ao Mili -55°C to +125°C ov 5V £ 10%
As |1s 25 [ NC ) A °r
A6 [0 L32-1 25 [[]OF Commercial 0°C to +70°C ov 5V 1 10%
_ A7 [J10 24 [[] As 2073101 02
| As [111 23 [[] TS
1100 [J12 22 [} 108
101 [113 21 [[]1/O7
| 14 15 16 17 18 19 20
Uaininininisinill)
N ™ 0 < 0 0
¢ z 2600 CAPACITANCE (TA = +25°C, f = 1.0MHz)
Lee Symbol Parameter(" Conditions | Max.| Unit
TOP VIEW CIN Input Capacitance VIN = OV 8 pF
Cout Output Capacitance Vour = 0V 8 pF
NOTE: 2973 tb 03
1. This parameter is determined by device characterization, but is not
production tested.
TRUTH TABLE("
CS2|[CSi| OF | WE| VO Function RECOMMENDED DC OPERATING
X | H|] X | X | Hi-Z| Deselect chip CONDITIONS
L | X | X | X | Hi-Z[ Deselect chip Symbol Parameter Min. |Typ. | Max.] Unit
H | L[ L] H|Doutf Read vee Supply Voltage 45 |50 | 55| V
HiL| X| L[| DN| Write GND Supply Voltage 0 0 0 \
H L H H | Hi-Z| Output Disabled VIH Input High Voltage 2.2 — 6.0 | V
NOTE: 297310101 ViL Input Low Voltage | -05M | — [ o8 | Vv
1. H=VH, L=V, X = Don't Care.
NOTE: 2973161 05
1. 1.5V undershoots are allowed for 10ns once per cycle.
6.14 2



IDT71B69 .
BiCMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS
(Vee = 5.0V £ 10%)

71B69512 71B69S15 71B69S20
Symbol Parameter Com’l. | Mil. | Com’l. | Mil. | Com'l Mil. | Unit
lcc Dynamic Operating Current 180 — 180 — 180 190 | mA
CS1 = ViL, CS2 = ViH, Outputs Open, Vcc = Max., f = fmMax®
NOTES: 2958 tbl 05
1. All values are maximum guaranteed values.
2. fMAX = 1/tRC.
DC ELECTRICAL CHARACTERISTICS
Vee =5.0V £ 10%
IDT71B69S
Symbol Parameter Test Condition Min. Max. Unit
JIu) Input Leakage Current vce = Max., VIN = GND to Vcc - 5 A
|| Output Leakage Current| Vcc = Max., CS1 = ViH, CS2 = ViL — 5 RA
Vout = GND to Vce
VoL Output Low Voltage loL = 8mA, Vce = Min. —_ 0.4 "
loL = 10mA, Ve = Min. — 0.5
VoH Output High Voltage loH = -4mA, Vce = Min. 2.4 — v
2973 tol 08
AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 3ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load See Figures 1A, 1B & 1C
2973 tbl 07
DATAouT
1.5V
7 -
Figure 1A. AC Test Load
6 4—
ATAA
(Typical, ns) 54—
5V ‘T
3.4
480Q 2
DATAouT .
5pF* 255Q 0 <SR TR N NS TR T N B!
Tt 1T T 1T
L 20 40 60 80 100 120 140 160 180 200
*Includes jig and scpe capacitance. CAPACITANCE (pF)
Figure 1B. Figure 1C. Lumped Capacitive Load, Typical Derating

6.14 3



IDT71B69

BiCMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcc=5.0V + 10%, All Temperature Ranges)

71B9s12(M 71B69515 71B69520

Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Unit
Read Cycle
tRC Read Cycle Time 12 — 15 — 20 — ns
tAA Address Access Time — 12 —_ 15 — 20 ns
tACS1 Chip Select-1 Access Time — 12 —_ 15 — 20 ns
tACS2 Chip Select-2 Access Time — 12 — 15 — 20 ns
tcLzs2 | Chip Select to Output in Low Z? 2 — 3 — 5 — ns
OE Output Enable to Output Valid — 6 — 7 — 9 ns
toLz Output Enable to Output in Low Z? 2 — 3 — 3 — ns
tcHz12 | Chip Select-1, 2 to Output in High 2@ - 6 _ 7 — 8 ns
toHz | Output Disable to Output in High Z(? — 5 — 6 — 8 ns
1oH Output Hold from Address Change 3 —_ 3 —_ 5 — ns
Write Cycle
twe Write Cycle Time 12 —_ 15 — 20 — ns
taw Address Valid to End of Write 10 — 12 —_ 15 — ns
town Chip Select to End of Write (CS1) 10 — 12 — 15 — ns
tcwz Chip Select to End of Write (CS2) 10 — 12 — 15 e ns
tAs Address Set-up Time 0 — 0 — 0 — ns
twp Write Pulse Width 9 — 12 — 15 — ns
tWR1 Write Recovery Time (CS1, WE) 0 — 0 — 0 — ns
twR2 Write Recovery Time (CS2) — 0 - 3 - 5 ns
twHz | Write Enable to Output in High (2 — 6 — 7 — 8 ns
tow Data Valid to End of Write 6 . 9 — 10 — ns
tDH1 Data Hold from Write Time (CS1, WE) 0 — 0 — 0 — ns
tDH2 Data Hold from Write Time (CS2) 0 —_ 0 — 0 —_ ns
tow Output Active from End of Write® 2 — 3 — 5 — ns

NOTES: 2973 16109

1. 0°to +70°C temperature range only.

2. This parameter is guaranteed with the AC Load, Figure 1B, and is not tested.

6.14 4



IDT71B69

BiCMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE NoO. 13

ADDRESS >

tRC >
1AA toH—»]
OE “KK“““E( 75;;;;;
tOE
[—— toL.z(5) ——

tACs2

AN

toLz2'®) tcHze

&5 NN\ 77TV
tACS1 toHZ (5),
terzid tcHz1 (5

( XXO0—

DATAouT

TIMING WAVEFORM OF READ CYCLE NO. 2(:24)

2973drw 05

tRC

ADDRESS >

71N

1OH—

DATAouT

tAA
tOH

2973drw 06
TIMING WAVEFORM OF READ CYCLE NO. 3(1:3:4)
CS1 5( 7(
/
CS2 7
— tCLzzt(éfsz——» towze ®
< tACS1 () s
f——— tc1z16) ———— [ toHz1
DATAout ( )—-

NOTES:

1. WE is high for read cycle. -

2. Device is continuously selected, CS1 = Vi, CS2 = VIH.

3. Address valid prior to or coincident with CS1 transition low and CSz transition high.
4. OE = VL.

5. Transition is measured +200mV from steady state.

2973 drw 07




IDT71B69

BICMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED TIMING)("

twe

ADDRESS

X

—

CS2 _/_ { { { { / \\
CS1 § § § § § \ /
DAY tAw twr1® -
WE )( 7(
@) le—— twp(26) tow® ()
DATAUT == 777777
rwrz® ) IL f¢—— towW——#r¢—— tDH1 ——
DATAIN X oatanjvaup XXOOOOOXX
2973 drw 08
TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED TIMING)"
twc
ADDRESS X X
tAS > twR2(3)
ose [LLLILLIIT1I11 1117 EATUARRRRRRRANY
. tow twr1 3
cs
AARALANARRARRARANAS I
tAW

DATAIN

7£

tow tDH1,2

NOTES:

oUsWN =

as short as the spectified twr.

[e=BN]

. WE must be high during all address transitions.
. A write oceurs during the overlap (twp) of a low CS1 and a high CSa.
. tWR1,2 is measured from the earlier of CS1 or WE going high or CS2 going low to the end of the write cycle.
. During this period, I/O pins are in the output state so that the input signals must not be applied.

If the CS1 low transition or CSz high transiton occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state.
. I OE is low during a WE controlled write cycle, the write pulse width must be the larger of twe or (twHz +tDw) to allow the /O drivers to turn off and data
to be placed on the bus for the required tow. If OE is high during a WE controlled write cycle, this requirement does not apply and the write pulse can be

. DATAour is the same phase of write data of this write cycle.
. Transition is measured £200mV from steady state.

DATAIN VALID

QORXXXOXX

2973 drw 09




IDT71869
BiCMOS HIGH-SPEED STATIC RAM 72K (8K x 9-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT XXXXX X XX X X
Device Power Speed Package Process/
Type Temperature
Range

Blank  Commercial (0°C to +70°C)
TP Plastic DIP (300mil)

TD Ceramic DIP (300 mil)
Y Small Outline IC (J-Bend)
L32 32-pin LCC

12 Commercial Only

15 Commercial Only }Speed in Nanoseconds
20 Com'l. & Mil.

{ S Standard Power

| 71B69 72K (8K x 9-Bit) BICMOS Static RAM

2973 drw 10




Integrated Device Technology, Inc.

BiCMOS STATIC RAM ‘ PRELIMINARY
64K (8K x 8-BIT) INFORMATION
CACHE-TAG RAM

IDT71B74

FEATURES:

+ High-speed address to MATCH comparison time

— Military: 15/18/25ns (max.)

— Commercial: 12/15/18ns (max.)

High-speed address access time

— Military: 12/15/20ns (max.)

— Commercial: 10/12/15ns (max )

High-speed chip select access time

— Military: 8/10/12ns (max.) .

— Commercial: 6/8/10ns (max.)

High-speed asynchronous RAM Clear on Pin 1
Produced with advanced BICEMOS™ high-performance
technology

Single 5V (+10%) power supply

Input and output directly TTL-compatible

Military product compliant to MIL-STD-883, Class B
Standard 28-pin plastic and hermetic DIP (300 mil), 28-
pin SOJ (300 mil)

DESCRIPTION:

The IDT71B74 is a high-speed cache address comparator
subsystem consisting of a 65,536-bit static RAM organized as
8K x 8 and an 8-bit comparator. A single IDT71B74 can map
8Kcachewordsinto a1 megabyte address space by comparing
20 bits of address organized as 13 word cache address bits
and 7 upper address bits. Two IDT71B74s can be combined
to provide 28 bits of address comparison, etc. The IDT71B74
also provides a single RAM clear control, which clears all
words in the internal RAM to zero when activated. This allows
the tag bits for all locations to be cleared at power-on or
system-reset, a requirement for cache comparator systems.
The IDT71B74 can also be used as an 8K x 8 high-speed
static RAM.

The IDT71B74 is fabricated using IDT’s high-performance,
high-reliability technology — CEMOS™ . Address access
times as fast as 12ns, chip select times of 6ns and address-
to-comparison times of 10ns are available with maximum
power consumption of 825mWw.

The MATCH pin of several 1DT71B74s can be wired-
ORed together to provide enabling or acknowledging signals
to the data cache or processor, thus eliminating logic delays
and increasing system throughput. The device operates from
a single 5V supply.

FUNCTIONAL BLOCK DIAGRAM

A —% l«—o Vce
. ROW | ¢ 65,536-BIT l+—0 GND
. DECODER | o — MEMORY ARRAY
A _F
RESET <{> [ cece
V007 —g—52 {/\ COLUMN 1/0
WE — 3 COLUMN DECODER
EQUAL
OE : o o o
Cs A A
~N
]
MATCH (OPEN DRAIN) 3001 drw 01
BiCEMOS and CEMOS are of Integ Device T gy, Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1930
©1990 Integrated Device Technology, Inc. 6.15 DSC-1084/-
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IDT71B74 ‘
BICMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION
S \J
RESET [ 1 28 [ Vee
A12[]2 27 [ WE
A7[]3 26 [1 MATCH
As[]4 25 [ As
As(C]s P28-2, 24[3A9
As[]es D283 23 |1A
As}7 & 2 06E
Az2[]s S028-5 21 []A10
A1C]o 20 [JCS
Ao[] 10 19 [J VO7
/00 O] 11 18 [ 1/0s
Vo1 12 17 [ 1/0s
/020 13 16 [ /04
GND (] 14 15 11 /O3
3001 drw 02
DIP/SOIC
TOP VIEW
TRUTH TABLE(" ABSOLUTE MAXIMUM RATINGS("
WE | CS | OE |RESET|MATCH| llO Function Symbol Rating Com'l. Mil. Unit
X X X L H — | Reset all bits to low VTERM | Terminal Voltage | -0.5t0 +7.0| -0.5t0 +7.0| V
- N with Respect
X H X H H Hi Z | Deselect chip 1o GND
HiL]H|H L | DN | NoMATCH Ta Operating 010470 | -5510+125| °C
H L{H H H DN [ MATCH Temperature ‘
H L L H H Dout| Read TslAS Temperature -55t0 +125| -65t0 +135] °C
Lt x| H H | Div | Write Under Bias
NOTE: 2001 5101 TsTG Storage -55t0 +125| -65to+150| °C
1. H=Vm, L=Vi, X = DON'T CARE Temperature
PT Power Dissipation| 1.0 1.0 W
lout DC Output 50 50 mA
PIN DESCRIPTIONS Coront.
Ao-12 Address NOTE: 3001 tol 03
1. Stresses greater than those listed under ABSOLUTE MAXIMUM
I/Oo-7 Data Input/Output RATINGS may cause permanent damage to the device. This s a stress
cS Chip Select rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
RESET Memory Reset specification is not implied. Exposure to absolute maximum rating
MATCH Data/Memory Match (Open Drain) conditions for extended periods may affect reliability.
We Write Enable CAPACITANCE (Th = +25°C, { = 1.0MHz)
CE Output Enable Symbol Parameter™ Conditions | Max.| Unit
GND Ground CiN Input Capacitance VIN = 0V 8 pF
vee Power Court Output Capacitance Vour = 0V 8 pF
3001 tbl 02
NOTE: 3001 tbl 04

1. This parameter is determined by device characterization, but is not
production tested.




IDT71B74

BiCMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

RECOMMENDED DC OPERATING

RECOMMENDED OPERATING

CONDITIONS TEMPERATURE AND SUPPLY VOLTAGE
Symbol Parameter Min. | Typ. | Max. | Unit Grade  |Ambient Temperature] GND Vce
Vec Supply Voltage 45 |50 | 85| V Military -55°C to +125°C ov 5V+10%
GND | Supply Voltage 0 0 o |V Commercial 0°C to +70°C ov 5V £ 10%
VIH Input High Voltage!" 2.2 — 60 | V 3001 tbl 06
VIHR RESET Input Voltage| 25@ | — | 60 | V
Vi Input Low Voltage 053 — [ o8| V

NOTE: 3001 bl 05

1. Allinputs except RESET.

2. When using bipolar devices to drive the RESET input, a pullup resistor of

1kQ-10kQ is usually required to assure this voltage.

3. Vit (min.) =-3.0V for pulse width less than 5ns.

DC ELECTRICAL CHARACTERISTICS("

(Vee = 5.0V £ 10%, VLc = 0.2V, VHC = Vce - 0.2V)

71B74S12 71B74S15 71B74S18 71B74S25
Symbol Parameter Com’l.| Mil. | Com’l.| Mil. [ Com’l.| Mil. |Com’lL} Mil. | Unit
Ilcc Dynamic Operating Current 190 — 170 190 150 170 — 170 | mA
Outputs Open, Vce = Max., f = fMAX

NOTE: ' 3001 bl 07

1. All values are maximum guaranteed values.

DC ELECTRICAL CHARACTERISTICS OVER THE

OPERATING TEMERATURE AND SUPPLY VOLTAGE (Vcc = 5.0V £ 10%)

IDT71B74S
Symbol Parameter Test Condition Min. Max. Unit
|1} Input Leakage Current Vce = Max., VIN= GND to Vee | MIL. — 10 pHA
COM'L. — 5
Lo} Output Leakage Current Ve = Max., CS = VH, MIL. — 10 nA
Vout = GND to Vcc COM'L. — 5
VoL Output Low Voltage lot = 18mA MATCH — 0.5 Y
loL = 22mA MATCH — 0.5
loL = 10mA, Vce = Min. (Except MATCH) — 0.5
loL = 8mA, Vce = Min. (Except MATCH) — 0.4
VOH Output High Voltage loL = -4mA, Vce = Min. (Except MATCH) 24 —_ \
3001 tbl 08
6.15 3



IDT71B74

BiCMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM

MILUTARY AND COMMERCIAL TEMPERATURE RANGES

AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 3ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load See Figures 1,2 and 3
3001 tbl 09
5V 5V
480Q 480Q
DATAout DATAouT
2550 30pF* 2550 SpF*

3001 drw 03

Figure 1. Output Load

3001 drw 04

Figure 2. Qutput Load
(for tcLz, toLz, tcHz, toHz, tow, twHz)

“Includes scope and jig.

5V

RL

/l 30pF

3001 drw 05

MATCH

RL = 200Q (COM'L.)
=270Q (MIL.)
Figure 3. Qutput Load for MATCH

DATA [+ L2 DATA
ADDRS 2 ADDRS
Loaic1 1, )2 A
: 13
16-BIT MAIN
IDT71B74 IDT7184 | IDT7164
5V | MICROPROCESSOR CACHE. cACHE. | CACHE. MEMORY
TAG DATA DATA
@ RAM RAM RAM
R CLEAR
WAIT MATCH
L —» CACHE READ/WRITE
MEMORY READ/WRITE
CONTROL LOGIC | —» MAIN MEMORY READ/WRITE

NOTES:

3001 drw 06

Figure 4. Example of Cache Memory System Block Diagram

1. For more information, see application note AN-07 "Cache-Tag RAM Chips Simplify Cache Memory Design”.
2. RL = 200Q (commercial) or 270Q (military).

6.15




IDT71B74
BICMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcc=5.0V £ 10%, All Temperature Ranges)

71B74512("| 71B74S15 | 71B74S18 | 71B74525%®
Symbol Parameter Min. { Max.] Min. | Max.| Min. | Max.| Min. | Max.| Unit
Read Cycle
tRC Read Cycle Time 10 — 12 —_ 15 — 20 — ns
tAA Address Access Time — 10 — 12 —_ 15 — 20 ns
tACs Chip Select Access Time — 6 — 6 — 8 — 10 ns
tcLz Chip Select to Output in Low Z& 2 — 2 — 3 — 5 — | ns
toE QOutput Enable to Output Valid — 6 —_ 7 — 8 — 10 ns
toLz Output Enable to Output in Low Z® 2 — 3 — 3 —_ 3 — ns
tCHZ Chip Select to Output in High Z® — 5 - 6 — 7 — 8 ns
toz | Output Disable to Output in High Z® — | 4| =18 — | s — | s ns
toH Output Hold from Address Change 2 —_— 3 —_ 3 — 3 — ns
NOTES: 3001 151 10
1. 0°to +70°C temperature range only.
2. -55°C to +125°C temperature range only.
3. This parameter is guaranteed, but not tested.
TIMING WAVEFORM OF READ CYCLE NO. 1{1)
tRC
/
ADDRESS ){ X
tAA
oF 54
& ANV /1]
{OE
toLz® [¢—tOH—>{
5 \\\\W L1111
tACS le—— tonz!®
+ tcrz® - tcHz ®
4 -
DATAOUT (- XXX

TIMING WAVEFORM OF READ CYCLE NO. 2(1:2:4)

3001 drw 07

tRC

ADDRESS :)(

tAA

toH

IOH——ﬂ

DATAouT

OTES:

1. WE is high for read cycle.

2. Device is continuously selected, TS = ViL.

3. Address valid prior to or coincident with CS transition low.
4. OE = VL.

5. Transition is measured +200mV from steady state.

3001 drw 08




IDT71B74

BiCMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcc = 5.0V + 10%, All Temperature Ranges)

71B74512"| 71B74515 | 71B74S18 | 71B74525%
Symbol Parameter Min. | Max. | Min. , Max.| Min. , Max.| Min. l Max. | Unit
Write Cycle
twe Write Cycle Time 10 — 12 — 15 — 20 — ns
tcw Chip Select to End of Write 8 — 10 — 12 — 15 — ns
taw Address Valid to End of Write 8 —_ 10 — 12 — 15 —_ ns
tAs Address Set-up Time 0 - 0 — 0 —_ 0 —_ ns
twp Write Pulse Width 7 — 9 — 12 — 15 — ns
twR Write Recovery Time (CS, WE) 0 — 0 — 0 — 0 —_ ns
twHz | Write Enable to Output in High Z® — 5 - 6 - 7 - 8 ns
tow Data Valid to End of Write 5 — 6 — 9 — 10 — ns
tOH Data Hold from Write Time 0 — 0 — 0 — — ns
tow Output Active from End of Write® 2 — 2 — 3 —_ — ns
NOTES: . 3001 tbl €2
1. 0°to +70°C temperature range only.
2. -55°C to +125°C temperature range only.
3. This parameter is guaranteed, but not tested.
6.15 6



IDT71B74
BICMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NoO. 1{)

ADDRESS X X
 77777F HEAMMAARAAAL
o5\ RN J‘//(/a)///////////
B R AN\\\\N I
toHz(49) e
DATAN —~X  DATAWVALD XXX

3001 drw 10

TIMING WAVEFORM OF WRITE CYCLE NO. 2(1:6)

twe

ADDRESS X )(—

e (5
CS \ R“(“Q‘; 777777
tAw (3)
twp(@ twa
wE MWk i
+——>tAs twhz(4:9) tow(®) o
VS 7VATHE WA W U W WAL W W VAL WA WL W W WL WA
L7 777777777
tow tDH (8)
DATAWN [ oatANvVALD XXX
3001 drw 11
NOTES:
1. WE, CS must be inactive during all address transitions.
2. A write occurs during the overlap (twp) of a low WE and a low CS.
3. twn is measured from the earlier of CS or WE going high to the end of the write cycle.
4. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied.
5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in a high impedance state.
6. OE is continuously low (OE = ViL).
7. DATAour is the same phase of write data of this write cycle.
8. If CSis low during this period, /O pins are in the output state. Data input signals of opposite phase to the outputs must not be applied to them.
9. Transition is measured +200mV from steady state.

6.15 7



IDT71B74

BiCMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (Vcc=5.0V + 10%, All Temperature Ranges)

71B74512" | 71B74S15 | 71B74S18 | 71B745251
Symbol Parameter Min. | Max. MiniMax. Min. l Max.| Min. [ Max. | Unit
Match Cycle
tADM Address to MATCH Valid — 12 — 15 — 18 —_ 25 ns
tcsm Chip Select to MATCH Valid — 8 — 10 - 12 — 17 ns
tcsMHI | Chip Select to MATCH High — 10 — 12 — 156 — 20 ns
tDAM Data Input to MATCH Valid — 10 — 13 — 16 —_ 22 ns
toemHI | OE Low to MATCH High — 10| — | 12| — ] 15| — | 20| ns
twemHl | WE Low to MATCH High — )10 — | 12] — | 15| — |2 ] ns
tRsmHI | RESET Low to MATCH High — |12 — | 15| — | 18] — | 25| ns
tMHA MATCH Valid Hold From Address 2 — 2 —_ e —_ ns
tMiD | MATCH Valid Hold From Data 2 — 2 — — — | ns
NOTE: 3001 fol 12
1. 0°to +70°C temperature range only.
2. -55°C to +125°C temperature range only.
MATCH TIMING(")
ADDRESS % )E
I tADM I tMHA
[——tCsM—
25 AN
tCSMHI—]
oe /
o 7777777777777
tOEMHI—#
/
we I/ /11111
! tWEHMI
RESET
{RSMHI
DATA VALID READ DATAour  y———F JasDMATCH % ---------------
tDAM I t MHD
MATCH
MATCH X MATCHVALD Y
NO MATCH
3001 drw 12
NOTE:
1. Itis not recommended to float data and address input pins while the MATCH pin is active.
6.15 8



IDT71B74

BICMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcc = 5.0V + 10%, All Temperature Ranges)

71B74512"| 717B4sS15 | 71B74S18 | 71B74525(
Symbol Parameter Min. | Max.| Min. I Max.| Min. l Max.| Min. | Max.| Unit
Read Cycle
tRsPw | Reset Pulse Width® 25 | — | 3 | —| 3 | —| 45 | — | ns
tRsRc | Reset High to WE Low 3 — 3 — 5 — 5 — ns
NOTES: 3001 1ol 13

1. 0°to +70°C temperature range only.
2. Recommended duty cycle = 10% maximum.
3. -55°C to +125°C temperature range only.

RESET TIMING

e tRSPW >

e \

tRSRC
7. RRRROOOCXRXXXXRRRRRRIRD ~
3001 drw 13
5V
IDT71B74 | - ' IDT71B74
RESET 1KQ - 10KQ RESET
CMOS GATE N BIPOLAR GATE 5001 15
Driving the RESET pin with CMOS logic. Driving the RESET pin with bipolar logic.

Figure 5.

6.15



IDT71B74
BICMOS STATIC RAM 64K (8K x 8-BIT) CACHE-TAG RAM MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT XXXXX X XX X X
Device Power Speed Package Process/
Type Temperature
Range
' Blank  Commercial (0°C to +70°C)

B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

TP Plastic DIP (300 mil)

D CERDIP

Y Small Outline IC (J-bend)

12 Commercial Only

12 Speed in Nanoseconds

25 Military Only

1S Standard Power

{ 71B74 64K (8K x 8-Bit) Cache-Tag RAM

3001 drw 16




Integrated Device Technology, Inc.

| BiCMOS STATIC RAM

. ADVANCE
s INFORMATION
) 72K (8K x 9-BIT) RMATION

CACHE-TAG RAM

FEATURES:

« High-speed address to MATCH comparison time

— Military: 12/15/20ns (max.)

— Commercial: 10/12/15ns (max.)

High-speed address access time

— Military: 12/15/20ns (max.)

— Commercial: 10/12/15ns (max )

High-speed asynchronous RAM Clear

Produced with advanced BICEMOS™ high-performance
technology

Single 5V (+10%) power supply

Input and output directly TTL-compatible

Military product compliant to MIL-STD-883, Class B
Standard 28-pin plastic and hermetic DIP (300 mil), 28-
pin SOJ

DESCRIPTION:

The IDT71B79 is a high-speed cache address comparator
subsystem consisting of a 72K-bit static RAM organized as
8K x 9 and an 9-bit comparator. The IDT71B79 also provides
a single RAM clear control, which clears all words in the
internal RAM to zero when activated. This allows the tag bits
for all locations to be cleared at power-on or system-reset, a
requirement for cache comparator systems. The IDT71B79
can also be used as an 8K x 9 high-speed static RAM.

The IDT71B79is fabricated using IDT’s high-performance,
high-reliability technology — BiICEMOS. Address access
times as fast as 10ns and address-to-comparison times of
10ns are available with maximum power consumption of
825mW.

The MATCH pinof several IDT71B79s can be wired-ORed
together to provide enabling or acknowiedging signals to the
data cache or processor, thus eliminating logic delays and
increasing system throughput.

FUNCTIONAL BLOCK DIAGRAM

Ao le—oVce
. . 73,728-BIT +—oGND
DECODER |« |  MEMORY ARRAY
_F‘ -
AESET 4D fee-e
Oos I/ COLUMN 110
WE — COLUMN DECODER
QUAL {1 ; ;
GE 9 e o o
(o] A A
—< <
MATCH (OPEN DRAIN)
3003 drw 01

BICEMOS s a trademark of Integrated Device Technology, Inc.

MILITARY AND COMMERCIAL TEMPERATURE RANGES
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IDT71B79

BiCMOS STATIC RAM 72K (8K x 9-BIT) CACHE-TAG RAM

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION
A2 Ot ~ 28 b\_/ic
A1 Oz 27 {1 WE
At []s 26 |1 MATCH
Ag [0+ 25 [ Ao
As []s 24 [ A1
A7 s p2g2 23JA2
As []7 & 22 O 0OE
As []s S028-5 21 [JAs3
As 9 20 [JRESET
(o)) % 10 19 [JIIO 8
/o1 gn 18 [J1/I0 7
/102 []12 17 {106
/03 [} 13 16 [1l/O0 5
GND 14 15 [ JI/O 4
DIP/SOJ
TOP VIEW
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Integrated Device Technology, Inc.

BiCMOS STATIC RAM
64K (16K x 4-BIT)

PRELIMINARY
IDT71B88

FEATURES:

» 16K x 4 BICEMOS™ static RAM

« High-speed address/chip select time

— Military: 10/12/15ns

— Commercial: 8/10/12ns

Single chip select

Single 5V (£10%) power supply

Input and output directly TTL-compatible

Available in 22-pin, 300 mil side-brazed ceramic DIP; 22-
pin, 300 mil plastic DIP and 24-pin, 300 mil plastic SOJ
packages

DESCRIPTION:

The IDT71B88 is a 65,536-bit high-speed static RAM
organized as 16K x 4. It is fabricated using IDT’s high-
perfomance high-reliability BICEMOS technology. This state-
of-the-art technology, combined with innovative circuit de-
sign techniques, provides a cost-effective solution for high-
speed memory needs.

Address access times as fast as 8ns are available with
power consumption of only 400mW (typ.). All inputs and
outputs of the IDT71B88 are TTL-compatible and operation
is from a single 5V supply.

The IDT71B88 is packaged in a 22-pin, 300-mil side-
brazed;22-pin, 300 mil plastic DIP and a24-pin SOJ packages.

FUNCTIONAL BLOCK DIAGRAM

PIN CONFIGURATIONS

/

Ao 1 22 [0 Vee
20 A2 21 |2 Ars
L " A2[]3 20 [J A2
A2 —x " As}s  poyq 1o PBAN
Az — D —>1 AsCls 18 [J A1to
A4 —» —» & A
A £ AsCle  ppoq 17 270
AS — ¢ ™ As 17 16 |2 VO3
AG —* fe} — 65,536-BIT A7[]s8 15 ] 1/O2
A7 — o ™ MEMORY As]o 14 [J VO
AB: E [ TS [ 10 13 |2 V0o
o R [ GND O 11 12 [JWE
A10 —»f L)
A1 — —»1 DIP 3002 drw 02
A12 — —»!
TOP VIEW
A13 —» —J
Ao ] 1 ~ 24 [J Vce
I A1z 2311 A3
4 A2[]3 227 Aqp
1/00 ~ 1/08 ——4 . Az}« 21 I An
-{>+ /0 CONTROL rd g Al
As[]s 19 [ As
L x I I i As []7 S024-4 44 1 NG
A7[]s 17 [J 1703
AsClo 16 1 1/0p
Cs [ 1o 15 [J 1/O1
NcC O] 11 14 [ 1/Oo
TS —* CONTROL GND [} 12 13 [ WE
WE—] LOGIC soJ 3002 drw 02a
3002drw 01 TOP VIEW
BICEMOS is a trademark of Integrated Device Technology, Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES DECEMBER 1990
©1990 Integrated Device Technology, Inc. 6.17 DSC-1085/-
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IDT71B88

BICEMOS STATIC RAM 64K (16K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ABSOLUTE MAXIMUM RATINGS("

CAPACITANCE (TA = +25°C, f = 1.0MHz)

Symbol Rating Com'l. Mil. Unit Symbol Parameter'") Conditions | Max.| Unit
VTERM Terminal Voltage| -0.5to +7.0 | -0.5t0 +7.0 \ CIN Input Capacitance VIN = 0V 8 pF
with Respect c Output Capacit Vour=ovV | 12 | pF
1o GND ouT utput Gapacitance ouT = p
N NOTE: 3002 tbl €3
Ta Operating 0to+70 | -55t0+125| °C 1. This parameter is guaranteed by device characterization, butis not prod-
Temperature uction tested.
TBIAS Temperature -55t0+125 | -65t0 +135| °C
Under Bias RECOMMENDED DC OPERATING
TsT1G Storage -551t0 +125 | -65to +125 °C CONDITIONS
Temperature Svmbol 5 : T T m Unit
B Sower m o W ymbo arameter in. | Typ. ax. | Uni
Dissipation Vce Supply Voltage 45 5.0 55 \
lout DC Output 50 50 mA GND Supply Voltage 0 0 o [V
Current VIH Input High Voltage 22 — 60| V
NOTE: , 00210002 |\ Input Low Voltage 05 | — | 08| Vv
1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. Thisis astress NOTE: 3002 bl 04
rating only and functional operation of the device at these or any other 1. 1.5V undershoots are allowed for 10ns once per cycle.
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
TRUTH TABLE
[ WE 10 Function
L H Dour Read
L L DIN Write
H X Hi-Z Deselect Chip
NOTE: 3002 tbl 03
1..H=VK, L=V, x= Don't care.
DC ELECTRICAL CHARACTERISTICS
Vee =5.0V + 10%
IDT71B88
Symbol Parameter Test Condition Min. Max. Unit
lLy Input Leakage Current Vce = Max., VIN = GND to Vce — 10 HA
Lol Output Leakage Current Ve = Max., CS = ViH, Vour = GND to Vec — 10 HA
VoL Output Low Voltage loL = 10mA, Vcc = Min. — 0.5 \
loL =8mA, Vcc = Min. —_ 0.4
VOH Qutput High Voltage IoH =-4mA, Vce = Min. 2.4 — \"
3002 thl 05
DC ELECTRICAL CHARACTERISTICS(")
(Vce = 5.0V + 10%)
71B88S8 71B88S10 71B88S12 71B88S15
Symbol Parameter Com’l. | Mil. | Com’l.| Mil. | Com’l.| Mil. | Com'l.| Mil Unit
Icc Dynamic Operating Current 200 — 180 190 | 160 170 | — 170 mA
CS = V1L, Outputs Open, Vcc = Max., f = ivax(® ‘
NOTES: 3002 tbl 05
1. All values are maximum guaranteed values.
2. fmMax = 1/tRc.
6.17 2




IDT71B88

BiCEMOS STATIC RAM 64K (16K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES
DATAouT ()
= Zo = 50Q = 50Q
ATAA
(Typical, ns)
1.5V
Figure 1A. AC Test Load 3002 6w 03a
5V
480Q
DATAouT
S5pF* 255Q 20 40 60 80 100 120 140 160 180 200
CAPACITANCE (pF)
- 3002 drw 03b 302 drw 03¢
*Including jig and scope capacitance. Figure 1C. Lumped Capacitive Load, Typical Derating
Figure 1B.
AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 3ns
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load See Figures 1A, 1B & 1C
3002 thl 06
AC ELECTRICAL CHARACTERISTICS (Vcc=5.0V £ 10%, All Temperature Ranges)
7188858 71B88S10 71B88S12 71B88515%)
. Symbol Parameter Min. ] Max. | Min. | Max. | Min. | Max. | Min. | Max. | unit
" Read Cycle
| tRC Read Cycle Time 8 — 10 — 12 — 15 — ns
! tAA Address Access Time — 8 — 10 — 12 —_ 15 ns
1ACS CS Access Time — 6 — 3 — 7 — 8 ns
tcLz? CS to Output in Low Z 3 — 3 — 3 — 4 — | ns
tcHz® TS to Output in High Z — 6 — 6 — 7 — 8 ns
tOH Out Hold from Address Change 3 — 3 — 3 — 3 — ns
Write Cycle
twe Write Cycle Time 8 — 10 — 12 — 15 — ns
tcw Chip Select to End of Write 8 — 8 — 9 — 10 — ns
tAw Address Valid to End of Write 8 — 8 — 9 — 10 — | ns
tAS Address Set-up Time 0 — 0 — 0 — 0 — ns
twp Write Pulse Width 8 — 8 — 9 — 10 — ns
tWR Write Recovery Time 0 — 0 — 0 — 0 — ns
twHz® | WE to Output in High Z — 3 — 3 — 4 — 4 | ns
tow Data Set-Up Time 5 — 5 — 6 — 8 - ns
tDH Data Hold from Write 0 — 0 — 0 — 0 — ns
tow® Out Active from End of WE 3 — 3 —_ 3 — 4 — | ns
NOTES: 3002 tol 08

1. 0°to +70°C temperature range only.
2. This parameter is guaranteed with the AC Load, Figure 1B, and is not tested.
3. -55°C to +125°C temperature range only.

6.17 3



IDT71B88
BiCEMOS STATIC RAM 64K (16K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF READ CYCLE("23)

tRC

ADDRESS ’

™

tAA

fe——— ton—>

Tk

tAcs
|¢— terz 4 ——

temz (4 4

DATA X
NOTES:

1. WE is high for read cycle. .
2. Device is continuously selected, CS = VIL.
3. Address valid prior to or coincident with CS transition low.

4. Transition is measured £200mV from steady state with 5pF load (including scope and jig).

3002 drw 04

TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE CONTROLLED TIMING)(1:23:56)

twe

ADDRESS )

_A

—

twp(?)

tWR

le—10w® —»

IWHZ(G)—j
DATAOUT —( @

tow

toH

DATAIN

NOTES:
. WE or "CS must be high during all address transitions. .
A write occurs during the overlap (twc and twe) of a low CS and a low WE.

NOOARLON

the bus for the required tow.

twR is measured from the earlier of CS or WE going high to the end of the write cycle.
. During this period, the I/O pins are in the output state and input signals must not be applied.
If CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance.
Transition is measured $200mV from steady state with a 5pF load (including scope and jig).
During a WE controlled write cycle, the pulse width must be the larger of twe or (tbw + twHz) to allow the I/O drivers to turn off and data to be placed on

(4)

3002 drw 05




IDT71B88
BiCEMOS STATIC RAM 64K (16K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS CONTROLLED TIMING)("2:3:45)

twc

)/
ADDRESS \

= Lk
[e— tAS

i tcw

T

DATAIN

NOTES:

r tDW—(—; )

. WE or CS must be high during all address transitions. o
. A write occurs during the overlap (twc and twe) of a low CS and a low WE.
. twR is measured from the earlier of CS or WE going high to the end of the write cycle.

3002 drw 06

. Transition is measured +200mV from steady state with a 5pF load (including scope and jig).

1

2

3 — —

4. 1f CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high impedance.
5

6

. During a WE controlled write cycle, the pulse width must be the larger of twe or (tow + twHz) to allow the I/O drivers to turn off and data to be placed on

the bus for the required tow.

ORDERING INFORMATION

IDT XXXXX X XXX X X
Device Power Speed Package Process/
Type Temperature
Range
Blank
B
J TP
Y
I TD
8
10
I 12
15
—1s
| 71B88

Commercial (0°C to +70°C)

Military (~=55°C to +125°C)
Compliant to MIL-STD-883, Class B

300-mil Plastic DIP
300-mil SOJ
300-mil Ceramic DIP

Commercial Only
Com’l. & Mil.
Com'l. & Mil.
Military Only

Speed in Nanoseconds

Standard Power

16K x 4 BICEMOS SRAM

3002 drw 07
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PN BiCMOS STATIC RAM PRELIMINARY
L A 64K (16K x 4-BIT) IDT71B98
Integrated De:llce Technology, Inc.
FEATURES: DESCRIPTION:

» 16K x 4 BICEMOS™ Static RAM
High-speed address access time

— Commercial: 8/10/12ns

— Military: 10/12/15ns

Fast Output Enable

— Commercial: 5/6/7ns

— Military: 6/7/8ns

Multiple Chip Selects

+ Single 5V (+10%) power supply

Input and output directly TTL-compatible
Available in 24-pin, 300 mil plastic DIP; 24-pin, 300 mil
ceramic DIP and 24-pin, 300-mil plastic SOJ

The IDT71B98 is a 65,536-bit high-speed static RAM
organized as 16K x 4. It is fabricated using IDT’s high-
perfomance high-reliability BICEMOS technology. This state-
of-the-art technology, combined with innovative circuit
designtechniques, provides a cost-effective solutionfor high-
speed memory needs.

Address access times as fast as 8ns are available with
power consumption of only 400mW (typ.). All inputs and
outputs of the IDT71B38 are TTL-compatible and operation
is from a single 5V supply. Multiple chip selects simplify
design and operation.

The IDT61B98 is packaged in a 24-pin, 300 mil plastic DIP;
24-pin, 300 mil ceramic DIP and a 24-pin, 300 mil SOJ.

FUNCTIONAL BLOCK DIAGRAM

Ao

Al
A2

Ao o]
[V —
As |
As —
A7 —»]
As

Ag :j
Ato ]
A1 —»]
A12 ]
A1z

ITMOOOmMO

IRENRNERENEEN

65,536-BIT
MEMORY

Py

1/Qo - 1108 —9

/0O CONTROL

I

Ai

| &

CONTROL
LOGIC

Wl

=k

BICEMOS is a trademark of Integrated Device Technalogy, Inc.

2999 drw 01

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DECEMBER 1990

©1990 Integrated Device Technology, Inc.
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IDT71B98

BICEMOS STATIC RAM 64K (16K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES
PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS"
Symbol Rating Com’l. Mil. Unit
Aod ] U/ 24 1 Vee VTERM | Terminal Voltage| -0.5t0 +7.0 | -0.5t0 +7.0| V
A2 23 [JA13 gxtgngspect
A2[]s 22 [ Ar2
Aal]4 21 [ A1 TA Operating Oto+70 | -55t0+125| °C
A4[]5 20 [7 Ato Temperature
As[]e pp4q 19[]A9 TBIAS Temperature 55t0 +125 | -6510+135} °C
As[]7 p24-1 '8[1CS2 Under Bias
A7[]s so024-4 17 [J VO3 Tsta | Storage 5510 +125 | -6510+125 | °C
C_ge Oe 16 [1 /02 Temperature
oF s =R PT Power 125 125 | W
GND [ 12 13 1 WE Dissipation
lout DC Output 50 50 mA
Current
2999 drw 02 NOTE: 2958 tbl 02
Tléls/\S"Cé\‘lN 1. Stresses greater than those listed under ABSOLUTE MAXIMUM

RATINGS may cause permanent damage to the device. Thisis a stress
rating only and functiona! operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

TRUTH TABLE( CAPACITANCE (TA = +25°C, f = 1.0MHz)
CS:{ C5: | oE | WE | 1vo Function Symbol Parameter Conditions | Max.| Unit
X H X X | Hi-Z | Deselect Chip CN®  |Input Capacitance VIN = OV 8 | pF
H X X X | Hi-Z | Deselect Chip coutt"? | Output Capacitance Vour=0V | 12 | pF
L L L H | Dout | Read Cycle NOTES: 2993 1l 03
L L X L | DN | Write Gycle ; gr;rrz;?:zt:: 32':3?:,",;01 currently tested.
L L H H Hi-Z | Outputs Disabled
O Vi, L < Vit X = Dontt care, w00l RECOMMENDED DC OPERATING
CONDITIONS
Symbol Parameter Min. | Typ. | Max.| Unit
Vece Supply Voltage 45 5.0 55 V
GND Supply Voltage 0 0 0 \"
ViH Input High Voltage 2.2 — 60| V
ViL Input Low Voltage -0.5 — 0.8 v
NOTE: 2999 tol 04

1. 1.5V undershoots are allowed for 10ns once per cycle.

DC ELECTRICAL CHARACTERISTICS
Vce =5.0V = 10%

IDT71B98
Symbol Parameter Test Condition Min. Max. Unit
1] .| Input Leakage Current Vce = Max., VIN = GND to Vcc — 10 uA
[Xe]] Output Leakage Current Vce = Max., CS = ViH, Vourt = GND to Ve — 10 HA
Vou Output Low Voltage loL = 10mA, Vcc = Min. — 0.5 v
loL = 8mA, Vce = Min. —_ 0.4
VoH Output High Voltage IoH =-4mA, Vce = Min. 24 — v

2999 tbl 05
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IDT71B98
BICEMOS STATIC RAM 64K (16K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS(
(Vee = 5.0V + 10%)

71B98S8 71B98510 71B98S12 71B98S15
Symbol Parameter Com’l. | Mil. Com’l. | Mil. Com’l. | Mil. Com'l.] Mil Unit
lcc Dynamic Operating Current, CS = ViL 200 — 180 { 190 160 | 170 — 170 | mA
Outputs Open, Vcc = Max., f = iMAX)

NOTES: 2999 1bl 05
1. All values are maximum guaranteed values.
2. fmax = 1/tRc.
AC TEST CONDITIONS

Input Pulse Levels GND to 3.0V

Input Rise/Fall Times 3ns

Input Timing Reference Levels 1.5V

Output Reference Levels 1.5V

Output Load See Figures 1A, 1B & 1C

2999 bl 06
5V
480Q
DATA out
DATAout
SpF* 255Q
50Q
= 2999 drw 04
1.5V
2999 drw 03a *Including jig and scope capacitance.
Figure 1A. AC Test Load Figure 1B.

7 —4—
6
ATAA

(Typical, ns) 5
4 4
3 -
2 1
1 _L

7 | { | | | | | | ]

M

20 40 60 80 100 120 140 160 180 200

CAPACITANCE (pF) 2099 drw 03b
099 drw

Figure 1C. Lumped Capacitive Load, Typical Derating
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IDT71B98

BICEMOS STATIC RAM 64K (16K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS (vcc=5.0V + 10%, All Temperature Ranges)

71B98S8" 71B98S10 71B98S12 71B98S15W
Symbol Parameter Min. | Max. | Min. | Max. [ Min. | Max. [ Min. | Max. | Unit
Read Cycle
tRC Read Cycle Time 8 —_ 10 —_ 12 — 15 — ns
tAA Address Access Time — 8 - 10 — 12 —_ 15 ns
tacs1.2 CS1,2 Access Time —_ 6 —_ — 7 — 8 ns
toE OE to Output Valid — 4 — — 6 — ns
tcrz1,2? | CS1,2to Output in Low Z 3 — 3 — 3 — 4 — | ns
tcHz1,2®9 | TS1.2 to Output in High Z —_ 6 — 6 — 7 — 8 ns
torz®@ OE to Output Low Z 3 — 3 — 3 — 4 — | ns
toHz?) OE to Output High Z — 3 — 3 — 3 — 4 ns
toH Qut Hold from Add Change 3 — 3 — 3 — 3 — ns
Write Cycle
twe Write Cycle Time 8 — 10 —_ 12 — 15 — ns
taw Address to End of Write 8 — 8 — 9 — 10 — ns
tas Address Setup Tme 0 — 0 - 0 — 0 — ns
twp Write Pulse Width 8 — 8 — 9 — 10 — ns
tewi,2 CS1,2 to End of Write 8 — 8 — 9 — 10 — | ns
tWR Write Recovery 0 — 0 — 0 — 0 — ns
twzt? WE to Out in High Z — 3 — 3 — 3 — 4 | ns
tow Data Setup 5 — 5 — 6 — 8 — ns
tDH Data Hold 0 — 0 — 0 — 0 — ns
tow(? Output from End of Write 3 — 3 — 3 — 4 — | ns
NOTES: 2999 tol 08
1. 0°to +70°C temperature range only.
2. This parameter is guaranteed with the AC Load, Figure 1B, and is not tested.
3. -55°to +125°C temperature range only.
TIMING WAVEFORM OF READ CYCLE('?)
ADDRESS X VALID ADDRESS 1 ( VALID ADDRESS 2
taa
oF o
tOE ———» toHz®
TS1,C82 —_\ torz®—s| //_ —
“ tACS1,2 e tOH ICHZ1,2(3)
terzr 22
DATAouT (VALID DATA OUT 1 VALID DATA OUT 2)<___>__
NOTES: 2999 drw 05
1. WE is high for read cycle. .
2. Address valid prior to or coincident with CS1,2 transition low.
3. Transition is measured £200mV from steady state.
6.18 4



IDT71B98
BiCEMOS STATIC RAM 64K (16K x 4-BIT)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE CYCLE)("245)

twe
ADDRESS X )(
OE L toHZ' e
tAW. — 1
C_SL CS2 \\ /
| tAS twp e ele (WR-»{
WE /
(6)
tWHZ ——»] (6)
re—— tow
DATAout _< (3) @) —
tow tDH
DATAIN
2999 drw 06

TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS CYCLE)(1>456)

twe

ADDRESS )(

taw

I

tew? »le1WR »]

CS1, CS2 Sr
- tAS —>-l
WE \

DATAIN

|7—tDW—><_tDH

NOTES:

NoOkwp =

be as short as the specified twp.

A write occurs during the overlap (tcw and twp) of CS1,2 low and WE low.
twp is measured from the earlier of CS1,2 or WE being deasserted.
During this period, the I/O pins are in the output state, and input signals must not be applied on these pins.

If CS asserted coincident with or after WE goes low, the output will remain in a high impedance state.

If CS is deasserted coincident with or before WE goes high, the output will remain in a high impedance state.
. The transition is measured £200mV from steady state with a 5pF load.
. It OE is low during a WE controlled write cycle, the write pulse width must be the larger of twp or (twHz + tow) to allow the I/O drivers to turn off and data
to be placed on the bus for the required tow. If OF is high during a WE controlled write cycle, this requirement does not apply and the write pulse can

A

2999 drw 07
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IDT71B98
BiCEMOS STATIC RAM 64K (16K x 4-BIT) MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT XXXXX X XX X X
Device Power Speed Package Process/
Type Temperature
Range Blank  Commercial (0°C to +70°C)
\——{ B Military (~55°C to +125°C)
Compliant to MIL-STD-883, Class B

TP 300-mil Plastic DIP
TD 300-mil CERAMIC DIP

Y 300-mil SOJ

8 Commercial Only

10 Com'l. & Mil. .

12 Com'l. & Mil. Speed in Nanoseconds

15 Military Only

— S Standard Power

—| 71B98 16K x 4 BICEMOS SRAM

2999 drw 08
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SEPARATE 1/0 RAMS APPLICATION
INCREASE SPEED AND Aobe
REDUCE PART COUNT

Integrated Device Technology, Inc.

INTRODUCTION

Static RAMs with separate data inputs and data outputs,
such as the IDT71681/71682 4K x 4-bit RAMs and the
IDT71982/71982 16K x 4-bit RAMs, provide memory organi-
zations that can improve system architecture in many appli-
cations. IDT makes a series of separate 1/0 RAMs, as shown
in Table 1. In this application note, we will demonstrate
several system ideas where RAMs with separate data inputs
and data outputs offer improved system performance. Typi-
cally, the separate data inputs and data outputs eliminate the
need for multiplexing of demultiplexing in the data path.
Thus, not only is the output enable or disable time eliminated
in a critical speed path, but a potential additional element
(multiplexer or demultiplexer) may also be eliminated.

Outputs Outputs
Track inputs High Imped.
Size | Organization During Write During Write
16K 16K x 1 — IDT6167
4Kx 4 IDT71681 IDT71682
64K 64K x 1 — IDT7187
16K x 4 IDT71981 IDT71982

Table 1. IDT Separate I/0O RAM Chips

SEPARATE I/O RAM APPLICATION
EXAMPLES

Microprogram Memory

Separate /0O RAMs can be used in a high-speed writeable
control store application and offer both speed improvement
and a significant parts count reduction in the interface to a
MOS microprocessor used to initialize the RAM at power-up.
Figure 1 shows a typical writeable control store design for a

microprogrammed machine. Here we see an IDT39C10 mi- .

croprogram sequencer driving the 12-address lines of the
IDT71681/716824K word array. If we assume a microcode
width of 96 bits, this design will use 24 of the IDT71681/
71682 24-pin, 300 mil packages. As shown in Figure 1, the
12 address lines to all 24 packages are connected in parallel
and are driven by the Y outputs of the IDT39C10 micropro-
gram sequencer This gives a total microcode depth of 4K
words, which is sufficient for most microprogram applications.
The four data outputs from each device provide microcode
bits to the pipeline register to overlap the microinstruction
fetching with the microinstruction execution. The pipeline
register always contains the microinstruction currently ex-
ecuting, while the IDT39C10 is generating the next address
to the RAM and the RAM is accessing the next microin-
struction to be set up at the input to the pipeline register.

The advantages of using the IDT71681/71682 RAM in this
application come from the speed of this device and from the
parts savings associated with not having to demultiplex the
data to be loaded into the memory. If the data path were to
be bidirectional, such as would be required if we used the
IDT6116 (2K x 8-bit RAM)on the IDT6168(4Kx4-bit RAM),it
would be necessary to demultiplex a MOS microprocessor
data bus that provides the microcode at power up. This
would require one 8-bit driver for each 8 bits of RAM to
interface between the various RAMs and the 8-bit micropro-
cessor data bus—an additional 12 parts in this case.
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Figure 1. Typical Writeable Control Store In a
Microprogrammed Machine

In a typical system, such as is shown in Figure 1, the
microcode is read from a floppy disk and loaded into the
writeable control store. An example of this type of microcode
loading architecture as shown in Figure 2. The microproces-
sor system shown in Figure 2 requires three interface points
to the writeable control store. First, you must define the
address for the write operation. This is provided by means of
a WCS address register to select which word in the writeable
control store will be written into. Second, you must define the
data you are going to write. This is provided by a data
register which defines the data for a specific eight bits of the
96-bit word of the control store shown in Figure 1. A total of
12 bytes are required to load one microcode word into the
writeable control store depicted in Figure 1. The specific byte
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to be written is selected by four additional address bits from
the WCS address register Which are directed to the decoder
so that one of the 12 bytes can be selected for loading. Third,

a control register is then used to select between the WCS
load and operate modes and to manipulate the write enable
(WRITE) line connected to the decoder.
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Figure 2. Autoload of the Writeable Control Store

The complete cycle required can be described as follows.
First, set up the control register to select the WCS address
register onto the address bus and disable the IDT39C10 Y
outputs. Second, move the address of the first byte to be
loaded to the WCS address register. Third, move the data
byte to be loaded to the data register. Fourth, change the
WRITE line from high-to-low-to-high by means of two MOS
microprocessor I/O cycles. This will write one byte of data to
the writeable control store memory. Continue by repeating
the steps of loading the WCS address register, data register
and then “writing” the data into the writeable control store
memory.

A detailed connection diagram of the IDT71681/71682
interface to the MOS microprocessor is shown in Figure 3.
Only 10 of the 24 devices are shown, but the connection
scheme is similar for all 24-devices. The important point to
recognize from the diagram is that the data-in lines are
connected on a byte-wide basis. One IDT71681/71682 is
connected to the DO to D3 data inputs and the second
IDT71681/71682 is connected to the D4 through D7 inputs.
This means that each two devices are connected so as to
accept one byte of data from the MOS microprocessor sys-
tem. The 12 address lines to IDT71681/71682 are connected
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Figure 3. Detail of the MOS Microprocessor Interface to a Writeable Control Store
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in parallel and are driven by a register with three state
outputs such as the IDT74FCT374.The remaining address
lines from the 29825 WCS address register are connected to
decoders such as the IDT74FCT138. Each output for the
IDT74FCT138 is connected to two write enable inputs onthe
IDT71681/71682 memories. This allows one byte to be writ-
ten when the WRITE line is changed high-low-high. The chip
select line is simply grounded and not used in this applica-
tion. As can be seen, the IDT71681/71682 offers a conve-
nient interface in a writeable control store for external loading
of the data. This connection concept can be extended and
changed such that the writeable control store could be loaded
with data provided by the host execution CPU itself, rather
than the floppy disk.

VIRTUAL MEMORY AND MEMORY MAPPING

Separate 1/0 RAMs are ideally suited for use with MOS
microprocessors to provide the memory mapping function
associated with today's complex microprocessor operating
systems. As shown in Figure 4, the IDT71681/71682 can be
used to provide mapping from a microprocessor virtual ad-
dress to a microprocessor physical address in main memory.
In addition, status information about the map can aiso be
present in the page table. In this example, a 24-bit virtual
address is divided into a 12-bit virtual page consisting of 4K
words per page. Depth into the page is provided by a 12-bit
offset address. As shown in Figure 4, the 12-bit virtual page
address can be connected to the page mapping memory and
the resultant output will be a physical page address and
status information. A detailed connection diagram is shown
in Figure 5.

A computer that provides any form of mapping other than
the identity map between the central processing unit gener-
ated addresses and the physical memory address satisfies
the most general definition of virtual memory. In Figure 5, we
see the IDT71681/71682 address lines connected to the
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Figure 4. Memory Mapping
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Figure 5. Memory Mapping

upper 12 bits of an address bus, such as those provided by
the 68000 microprocessor. Here, the separate data output
lines are used to provide mapped addresses as well as
exception bit status vectors. The separate data-in lines can
be connected to the data bus so that the page table provided
by this memory is easily updated.

Many use the terminology of virtual memory in a more
restrictive fashion. That is, a virtual memory is one where the
actual physical memory is smaller than the total memory
addressing capability of the machine. A page table memory
map, such as that shown in Figure 5, is used to provide a
translation from the virtual address to the physical address in
such a memory. In a related definition called memory map-
ping, the physical memory is larger than the logical address
space of the machine. This is often applied to such micro-
processors as the 8085 and Z80. Here, the machine’s logical
address space is limited to 64K bytes, but it may be desirable
to have a larger physical memory available to the machine.
The connection scheme shown in Figure 6 can be used to
perform this memory mapping. Some number of address
lines, eight in this example, are connected to eight of the 12
IDT71681/71682 RAM address lines. The additional four
RAM address lines are provided by a register and perform an
additional mapping select function. The 12 RAM data output
lines of the RAM are used in conjunction with the 8 remaining
address lines from the microprocessor to provide a total of
20 address lines (1 megabyte) in this example. The 12 RAM
data-in lines are connected to the data bus for easy loading
of the page table.

Figures 5 and 6 indicate that some thought must be given
to the exact mechanism for the address to be provided to the
mapping RAM while it is being loaded. This can be handled
in one of two ways. The simplest way is to provide an
address register on one of the microprocessor I/O ports that
is loaded with the target address, and then this address is
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Figure 6. 280 Memory Mapping

used when the mapping memory is being written into. A
more clever technique is to provide a control register that
disables the main memory write and enables the mapping
memory write such that no additional address register is
required. Instead, data to be loaded into the mapping memory
is simply moved to the address in the virtual space and is
redirected to the mapping memory rather than the main
memory.

Again, the examples of Figure 3 through 5 demonstrate
the advantage of the IDT71681/71682 in having separate
data inputs and data outputs.

CACHE MEMORY

A cache memory is a high-speed memory that is placed
between the CPU and the main system bus. The purpose of
a cache memory is to make a slow memory look like a fast
memory. This is done by using two memories. The first is a
small, high speed memory called a cache memory, and the
second is a large, slow memory called the main memory.
Both memories are attached to the system bus which is
connected to the CPU. The cache memory holds a copy of
the most frequently used data in the main memory. If data
requested by the CPU is in the cache memory, it responds

_first; if not, the CPU waits for the data from the slower main
memory. If the data and instructions being executed most of
the time are in the cache memory a performance improvement
is realized. This is commonly the case because most programs
consist of loops-and small pieces of code which are executed
repetitively, and these occupy a small number of memory
locations. The hardware associated with the cache memory
attempts to keep this data in the high-speed memory. The
term “hit ratio” is used to describe the number of times the
data or instructions are in the cache memory versus the total

number of memory accesses. It is not unusual to find hit
ratios in the 90 percent range for some cache memory
designs.

One of the most common cache memory organizations
used is called the direct mapped cache memory. Figure 7
shows the block diagram for the implementation of the typical
direct mapped cache. In this implementation, the cache
memory consists of three main parts. These are the tag
store, the data store and the match comparator. In the ex-
ample shown in Figure 7, the tag buffer and data RAM are
each 4K words deep using one row of the IDT71681/71682
static RAMs. The high order 12 bits of the address can be
stored in the tag RAM so as to specify the unique memory
space for which the data corresponds. The tag RAM usually
contains additional bits which represent data validity and

parity.
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Figure 7. Direct Mapped Cache Memory

The operation of such a cache memory is as follows. The
microprocessor puts out an address on the address bus. The
lower 12 bits are connected to the address inputs of the data
and tag RAMs and cause the data and tag RAMSs to begin
fetching the word at the location. Then, the actual data value
stored in the tag RAM is compared against the upper 12
address bits to look for a match. If a match is found, the valid
bit is true and the data in the data RAM corresponds to the
address on the address bus, we have a cache “hit” and the
data in the data RAM is placed on to the microprocessor data

71



SEPARATE /O RAMS INCREASE SPEED AND REDUCE PART COUNT

APPLICATION NOTE AN-05

bus. If no match is found or the valid bit is false, then a cache
“miss” occurs and the data must be fetched from the main
memory. As the data is brought in from the main memory to
the microprocessor, it is also written into the data RAM and,
at the same time, the tag RAM is loaded with the high order
12 address bits that represent the tag number from which the
data was taken. Hopefully, the next time this address is
used, it will still be in the cache memory.

STACK MACHINES AND
HIGH-PERFORMANCE ALUS

A bit-slice microprocessor design can utilize separate I/0
RAMs in the ALU architecture in several ways. A typical bit-
slice microprocessor ALU configuration is shown in Figure 8.
Here we see the IDT71681/71682 configured with its data
inputs connected to the Y output of the 39C03 bit-slice, and
its data outputs connected to the DA input of the 39C03 bit-
slice. Two uses for such a connection are obvious. First, it is
possible to use the tightly coupled RAM to increase the
number of registers available to the ALU. This could be used
in certain high-performance algorithms such as floating point,
Fast Fourier Transforms (FFTs), etc. Similarly, this register
set might be used to allow very high-speed context switching
of the processor ALU section. In this fashion, no register
would have to be updated during the handling of interrupts or
other system/user context switches.
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Figure 8. Stack Machines and High-Performance ALUs

Another use for the IDT71681/71682 RAM shown in Fig-
ure 8 would be to provide a local stack for the ALU. This
could be implemented using an up-down counter to drive the
address lines to the RAM and the appropriate microcode to
control pushing and popping of the stack. One or more such
stacks could be very useful in high level language machines.
For example, two such stacks might be used in a FORTH
machine. One stack would be the operand stack, while the
second stack would be the return stack.

A typical TTL ALU implementation is shown in Figure 9.
Here, an MSI ALU, such as the 74S181, is used in a
microprogrammed environment. Local register/accumulator
storage is provided by IDT71681/71682 memories. The A
and B inputs to the ALU are driven by the accumulator A and
accumulator B RAM register/stack, respectively. Again, the
advantage of the separate data inputs and data outputs is
well displayed.
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Figure 9. TTL ALU Implementation

VIDEO DISPLAY CONTROLLER

The video display controller shown in Figure 10 can utilize
separate 1/0 RAMs in two different ways. One area of the
video display controller, the character generator, uses two
IDT71681/ 71682s to hold 512 different 5-by-7 dot charac-
ters. In this configuration, the CRT controller provides the
address to the character generator which generates the dot
pattern for a particular line in the selected character. By
using RAM in the character generator, the character font can
be controlled by the host microprocessor and changed as
often as desired. Two additional IDT71681/71682s are used
for the screen refresh RAM. In this application, two RAM
chips provide the local storage for the characters on the
screen. Since a standard 24-row-by-80-column CRT display
represents almost 2K bytes of data, the screen refresh RAM
shown can store up to two pages of information for display.
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Figure 10. Video Display Controller

DIGITAL FILTERS

The four-sample non-recursive digital filter in Figure 11 is
another application which demonstrates the importance of
separate data inputs and data outputs in the RAM memory.
In this example, a 4096 word range-gated filter is shown.
Digital filters consist primarily of memory, multipliers and
adders. Range gated filters are used in systems that quantify
and otherwise process distance-related measurements such
as radar, sonar and ultrasonic medical diagnostic instruments.
Typically, the return signal is divided into increments of time
(or distance) where each increment is to be individually
processed. Thus, many different elements are to be processed
and all may share the same multipliers and adders. However,
different memory locations are needed for each time-se-
quential element. The example shown in Figure 11 can best
be understood with the following description: the current
output is equal to the sum of the present sample times the
constant Ao, plus previous sample times the constant A1,
plus the second previous sample times the constant A2, plus
the third previous sample times the constant A3. Four samples
participate in generating each output, and because only
input samples contribute to the output, the filter is said to
have a finite impulse response.

Similarly, Figure 12 shows a range-gated recursive digital
filter. It is similar in concept to that shown in Figure 11,
except that a recursive filter contains feedback. Because
feedback terms contribute to the output, it has an infinite
impulse response. Again, separate /O RAMs provide a unique
performance advantage in this application

Depending on the write timing, it may be necessary to
place either latches or registers at the input or output of the
RAMs shown in Figure 11 and 12.
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Figure 11. Four-Sample Non-Recursive Digital Filter
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Figure 12. Recursive Digital Filter

PING PONG RAM

A common problem in digital signal processing is the
word-by-word transformation of a block of data, such as
adding a constant to each word. This transformation is usu-
ally done by reading each word from one RAM, modifying the
data and writing the word into a second RAM. This type of
operation may be done several times, with different trans-
formations on each pass. This requires at least two RAMs. It
is desirable to use a single bus system to tie the RAMs to the
transformation logic, so that only one set of transformation
logic is required.
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Figure 13. Ping Pong RAM

A significant speed improvement in a common bus design
can be realized by using two separate VO RAMs in an
alternate read/write mode, as shown in Figure 13. In this
approach, details initially read from the first RAM while trans-
formed data is being stored in the second. Then, by chang-
ing the state of the WE input, data is read from the second

RAM and new data can be written into the first RAM. In this
fashion, one RAM is always in the read mode and the otheris
in the write mode. The CS can be used to remove both RAMs
from the DATAOUT bus so it can be used by other devices.
The CS line MUST be set inactive during a change of ad-
dress to the RAM in the example shown in Figure 13. A
speed improvement is realized in this configuration because
the “data valid to end of write” time is faster than the “write
cycle” time. This allows external logic to be performed on the
DATAouT and the result to be written back into the RAM at
an overall higher system speed. In some designs, timing
advantages can be realized by separating CS, WE, or both.

SUMMARY

Separate 1/0 CMOS static RAMs can provide the system
designer with increased speed and reduced part count and
their versatility will be demonstrated by creative design en-
gineers in numerous applications beyond those discussed in
this application note. These devices offer high-speed access
times and high speed cycle times. The low power inherent in
CMOS allows new levels of performance to be achieved in
small, compact designs without the thermal problems of
earlier bipolar designs. Certainly, these devices offer the
system design engineer another tool in the search for im-
proved system performance.
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ABSTRACT .

Cache memories are a widely used tool for increasing the
throughput of computer systems. The IDT7174 Cache Tag
RAM is anew component designed to support direct mapped
cache designs by providing the tag comparison on-chip. This
allows relatively large cache memories to be designed with
low chip count. The application of the IDT7174 to cache
memory design is explored by designing a simple cache
memory, reviewing its operation and performance, discussing
methods of extending the design, and then reviewing the
theory behind the design of cache memories in general.

INTRODUCTION

Cache memories are an important design tool for increas-
ing computer performance by increasing the effective speed
of the memory. Computer memories are usually implemented
with slow, inexpensive devices such as dynamic RAMs. A
cache memory is a small, high-speed memory that fits be-
tween the CPU and the main memory in a computer system.
It increases the effective speed of the main memory by
responding quickly with a copy of the most frequently used

Cache

—

main memory data. When the CPU tries to read data fromthe
main memory, the high-speed cache memory will respond first
ifithas acopy of the requested data. Otherwise, anormalmain .
memory cycle willtake place. Intypical systems, the read data
will be supplied by the cache memory over 90% of the time.
The result is that the large main memory appears to the CPU
to have the high speed of the cache memory.

The IDT7174 Cache Tag RAMintroduced by IDT simplifies
the design of high-speed cache memories. It can be used to
make a high-performance cache memory with a low part
count. The IDT7174 Cache Tag RAM consists of a 64K-bit
static RAM organized as 8K x 8 and an 8-bit comparator, as
shown in Figure 1. The comparator is used in direct mapped
cache memories to perform the address tag comparison, and
allows a 16K byte cache for a 68000 microprocessorto be built
with four memory chips. The IDT7174 also provides a single
pin RAM clear control which clears all words in the internal
RAM to zero when activated. This control is used to clear the
tag bits for all locations at power-on or system-reset when the
cache is empty of data. This allows one of the comparisonbits
to be used as a cache data valid bit.

Word Address ———»]
RAM Write —————»
RAM Clear ——»

8Kx 8
High-Speed
Static RAM

Output

—_.D__’

Enable

iy » Match
Comparator Data Input Pins =
AM Data Output)
v
Cache Address 3006 drw 01

Compare Input

Figure 1. IDT7174 Cache Tag RAM Block Diagram
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Figure 2. Cache Memory System Biock Diagram

DESIGN OF A CACHE MEMORY

To understand the application of the IDT7174 to cache
memories, we will begin by designing one. A block diagram of
a cache memory system using IDT7174 Cache Tag memory
chips is shown in Figure 2. The cache memory serves a 16-bit
microprocessorwith a 24-bit address bus and a main memory.
In this system, the 13 least significant bits of the address bus
are connected to the address inputs of both the cache tag and
the cache data RAM chips. The upper 11 bits of the address
bus are connected to the data I/O pins of the cache tag RAMs.
The remaining five I/O pins of the cache tag RAMs are
connected to a logic 1 (+5).

The MATCH outputs of the cache tag RAMs are tied
together and connected to the WAIT input of the micropro-
cessor. A 330 ohm pull-up resistor is used because the
MATCH outputs are open-draintype. The MATCH outputs are
positive-active. The MATCH output goes high when the
contents of the internal RAM are equal to the data on the I/O
pins. When several cache tag RAMs have their MATCH
outputs connectedtogether, awire-AND functionresults: all of
the comparators must each register a match before the
common MATCH signal can go high.

In the system shown, the state of the WAIT input to the
microprocessor determines whether the memory data is to
come from the cache or the main memory. If the WAIT input
to the microprocessor is high, the microprocessor will accept
dataimmediately fromthe cache data RAMs; if the WAIT input
is low, the microprocessor will wait for the slower main
memory to respond with the data.

To understand how the cache memory operates, we will
follow its operation from start-up in an initially empty state.
When the system is powered-up, the cache tag RAMs are
cleared to zero by a pulse to the initialize pins of the IDT7174
RAMSs.This causes all cells in the RAM to be simultaneously
cleared to logic zero.When the microprocessor begins its first
read cycle, the 13 least significant bits of the address bus
select a location in the cache tag RAMs. The location in the

cache tag RAMs is compared against the upper bits of the
address bus and against five bits of logic one.

The MATCH output of the cache tag RAMs will be low
because all cache tag RAM cells were reset to zero, and the
zeros from the selected cell are being compared against the
five bits of logic one. In this case, the microprocessorwaits for
the slower main memory to respond. This is called a cache
miss.

When the main memory responds with read data for the
microprocessor, this data is also written into the cache data
memory at the address defined by the 13 least significant bits
of the address bus. At the same time, the upper 11 bits of the
address bus and the five bits of logic one are written into the
cache tag memory. This 11-bit address tag, in combination
with the 13 bits of RAM address select, uniquely identify the
copy of the main memory data that was stored. The five logic
one bits serve as a data valid bits which indicate that the data
in the cell is a valid copy of main memory data.

When the microprocessor requests data from the same
location that has been written into the cache, the upper
address bits on the address bus will be the same as the bits
which were previously written into the cache tag RAM and the
MATCH signal will go high.This is called a cache hit. In this
case, the cache data is gated onto the data bus and the
memory cycle is complete.

If the microprocessor requests data from an address with
the same 13 least significant bits as a word in the cache, but
with different upper address bits, a cache miss will result and
the current (more recent) data will be written into the cache. In
this manner, the cache is continuously updated with the most
recently used data.

Memory write cycles are treated differently from read
cycles. On write cycles, data is written directly into main
memory and into the cache. This is called the write-through
method of cache updating. Since all data is written immedi-
ately into main memory, it always contains current informa-
tion. Data is written into the cache on fullword writes oron byte

7.2
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(i.e. partial word) writes if a match occurred. Writing bytes into
the cache only if a cache match occurs ensures that the full
word inthe cache is valid. For example, this ensures valid data
for a byte write followed by a word read.

The designin Figure 2uses unbuffered writes. Inunbuffered
writes, all write cycles occur at main memory speeds. This
slows down the system for all write cycles at the expense of
simple memory controls; however, this may be acceptable
since only 15% of all memory cycles are write cycles in typical
programs. Buffered write is a slightly more complicated method
which improves performance. In buffered write cycles, the
write data and address are loaded into registers, and the main
memory write cycle proceeds in overlap with other processor
operations. Since the next few cycles will probably be read
cycles andtheir data willcome fromthe cache, the resultis that
buffered write cycles are as short as cache read cycles.

CACHE MEMORY DESIGN: PERFORMANCE

Even a simple cache memory can improve system
performmance. For a simple, 16-bit cache system such as
described above, a hit rate (percentage of read cycles that are
from the cache) of 68% can be expected. If IDT7174 Cache
Tag RAMs and IDT7164 cache data RAMs are used, an
accesstime atthe chip levelof 35ns results and @ corresponding
system cache read or write cycle time of 50ns is practical.
Assuming a system cache access time of 50ns and a main
memory system access time of 250ns, the average access
time of an unbuffered cache would be 134ns and the average
access time of a buffered cache would be 104ns. This corre-
sponds to an improvement in access time of 1.9:1 and 2.4:1,
respectively.
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Figure 3. Cache Memory Control Timing and Logic Biock Diagrams
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CACHE DESIGN DETAILS: CONTROL LOGIC
Figure 3 shows a block diagram of a control logic design
and a typical timing diagram for the cache memory of Figure
2. The vertical lines in the timing diagram represent 50ns
timing intervals. The microprocessor is assumed to have a
50ns clock and a 100ns memory cycle time. In the timing
diagram and associated logic,a Read/Write Timing signal is
usedto determine whetherto use the cache data orto startthe
main memory.This timing signal is the memory read/write

request signal fromthe CPU delayed by 37ns; the address-to-
matchtime of the IDT7174. If main memory is used, this timing
signal is used to write the main memory data into the cache
RAMSs on both the main memory read and write cycles. Data
is written into the cache on write cycles only if there is a match
or if it is a word write operation. The state of the MATCH line
is latched by the Read/write Timing signal so that it remains
stable during cache write operations.

Data 3,2’ Data

Addrs ,30+4 byte select Addrs
= Logic 1
[o]
2 A13 7 /1 A8 A8 A32 z
3 =
o )
a =
g 8K x 8 8Kx 8 8Kx8 8K x 32 £
5 Cache Cache Cache Cache 2
= Tag Tag Tag Tag
@ Ram Ram Ram Ram
b Clear —» IDT7174 | IDT7174 IDT7174 4x

IDT7174
MATCH MATCH MATCH
WAIT
7 : : }
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+5 330 Ohms

Memory Read/Write
Control Logic

[— Cache Read/Write
—— Main Memory Read/Write

Figure 4. 32-Bit Cache Memory System

CACHE DESIGN DETAILS:

UNCACHED ADDRESSES :
Inthe above cache design, we have assumedthat all parts
of memory are cached; however, there are significant ex-
ceptions to this assumption. Hardware /O addresses should
not be cached because they do not respond in the same way
as normal memory locations. Bits in an I/O register can and
must change at any time, asynchronously, with respect to the
restofthe system. Acache copy of anearlier /O state is clearly
not a valid response to an /O read request under these
conditions. Also, an I/O register address may be used for
ditferent functions for read and write, so that what is read will
not be the same as what was written. For example, write-only
control bits will not appear when read, and read-only bits will
not be affected by write operations. For these reasons, hard-
ware I/0 addresses must always force cache misses. This can
be accomplished by adding an I/0 address decoder to the
memory address bus to force a cache miss. (This decoder
aleady exists in many systems to enable the I/0 subsystem.)

CACHE DESIGN DETAILS: DMA ADDRESSES
Direct Memory Access (DMA) allows 1/0 devices such as
disk controllers to have direct access to main memory by
temporarily stopping the CPU andtaking control of the memory
address and data buses. If DMA devices are allowed to write
into main memory without updating the cache memory, cache
data could become invalidated because it would no longer be

a copy of the contents of main memory. The simplest solution
to this problem is to have the cache monitor the memory bus
and be updated if an address match occurs in the same
manner as CPU write-through operations. Otherwise, the I/O
DMA buffer areas of memory must be forced to be uncached
in the same manner as hardware /O addresses.

CACHE DESIGN DETAILS:
EXPANDING THE CACHE IN WIDTH

The cache as described above, can be expanded in both
width and depth. For a 32-bit system, two additional IDT7164
cache data RAMs (for a total of 4 chips) will be requiredto store
the 32-bit data words. A block diagram of a 32-bit cache
system, with a 32-bit address bus, is shown in Figure 4.
Compared with Figure 2, the number of cache data RAMs has
been expanded fromtwo to fourto handle the expansion of the
databus from 16 to 32 bits, and the number of cache tag RAMs
hasbeen expanded fromtwo to three to handle the expansion
of the address bus from 24 to 32 bits.

Note that the cache memory system uses the memory
address lines corresponding to the 32-bit words stored in the
cache. If a byte addressing memory address convention is
used, the least significant bit of the address lines going to the
cache RAM chips is A2, with A1 and A0 used to select the
byte(s) within the word to be read or written in the cache data
RAMs.

7
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There is a benefit to expanding the cache width by adding
data RAMs: the miss rate improves. The miss rate improves
because of the increase in width, as well as in the amount of
data stored. The miss rate for a 8K x 32-bit cache is estimated
at 12.4%, as compared to 32% for a 8K x 16-bit cache.
Doubling the cache width by adding RAM chips doubles the
amount of data stored. We would expect an improvement in
miss rate due to the increased probability of finding the data
in the cache.

There is an additional improvement in miss rate, however,
specifically due to the increase in width. This is because there
is a high probability that the next word the CPU wants is the
next word after the current one. If the cache width is doubled,
there is a 50% probability that the next word is already in the
cache, fetched from main memory along with the current
word.

Studies have shown that the miss rate is cut almost in half
for each doubling of the cache data word width—called line
size in cache theory—up to 16 bytes and larger (Smith 85).
The disadvantage of very wide cache data word width is either
awide main memory data bus or complex logic to transfer the
wordto the cache ina high-speed serial burst. Simply doubling
the number of main memory cycles does not work well
because you have doubled the effective access time of the
main memory but have cut the miss rate by less than half,
yielding a net decrease in performance.
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Figure 5. Depth Expanded Cache Memory System
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CACHE DESIGN DETAILS:

EXPANDING THE CACHE IN DEPTH

The cache memory can be expanded in depth by adding
copies of the cache tag and data chips and using upper bits of
the address bus for chip enable selection. An example of an
expanded cache is shown in Figure 5. The primary reason for
increasing the size of the cache memory is to decrease the
miss rate percentage. For example, increasing the cache size
from 8K x 16 to 16K x 16 decreases the estimated miss rate
from 32% to 22%.

CACHE DESIGN DETAILS:

SET ASSOCIATIVE EXPANSION

Abetter way to expand the cache memory in depth is called
set associative expansion (shown in Figure 6), and its control
logic (shown in Figure 7). In this example, we have two
independent cache memories which results in a two-way set
associative cache. If a match is found in one of the memories,
its data is gated to the data bus. If no match is found, one of
the two memories is selected and updated. Selection of one
of the two memories for cache write update is done by using
an additional 8K x 1 memory to hold a flag for each cache
word, indicating which memory was read fast. This way, the
least recently used cache word of the pair is updated.

The cache system described above attacks the problem of
having two frequently used words mapped to the same cache
word. For example, if a program loop included an instruction
at 200B2 (hexadecimal) and called a subroutine at 800B2, the
cache word 00B2 would be alternately registered as a cache

miss and updated with memory data from each of these two
addresses. The above design solves this problem by having
two independent memories. One would cache the instruction
at 200B2 and the other would cache 800B2.

Two way set associative expansion, while more complex in
control logic, achieves a better miss rate. For example, the
estimated miss rate for a 16K x 16 set associative cache is
18% versus 22% for a simple 16K x 16 cache.

CACHE THEORY: HOW IT WORKS

A cache memory cell holds a copy of one word of data
corresponding to a particular address in main memory It will
respond with this word if the address on the main memory
address bus matches the address of the word stored. A cache
memory cell therefore has three components. These compo-
nents are an address memory cell, an address comparator,
and a data memory cell, as shown in Figure 8. The data and
address memory cells record the cached data and its corre-
sponding address in main memory. The address comparator
checks the address cell contents against the address on the
memory address bus. If they match, the contents of the data
cell are placed on the data bus.

Function | Match Action
Read Yes | Enable corresponding data RAM for read
Write Yes | Enable corresponding data RAM for write
Read No | Write main memory data into LRU RAM
Write Word [ No | Write data into LRU RAM

Read/Write Timing Wite
Write Word N X Write Enable to
I, = All Upper RAMs
E Write Enable to
= All Lower RAMs
Lower Was D
Read Last
WEto
LRU RAM
U h:rA ;23 ? Output Enable to
i § Upper Data RAMs
Output Enable to
MATCH — LD,_‘
Lower RAM 5 Lower Data RAMs
L HS
Read Chip Enable
Write D_D"—' Timing to

All RAMs
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Figure 7. 2-Way Set Associative Cache Control Loglc Block Diagram
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Figure 8. Cache Memory Cell Block Diagram

An ideal cache memory would have a large number of
cache memory cells with each of them holding a copy of the
most frequently used main memory data. This type of cache
memory is called fully associative because access to the data
ineach memory cellis through its associated, stored address. .
This type of memory is expensive to build because the

MAIN MEMORY

.

High

PAGE 2047 |

TR

PAGE 2046 ||

|

-

address cell and address comparator are generally several
times larger, in terms of chip area or part count, than the data
cell. Also, the address comparator required for each associa-
tive memory cell makes the design of the cell different from
that of standard RAM memory cells. This makes a fully
associative memory a custom design, precluding the use of
efficient standard RAM designs.

CACHE THEORY: WHY IT WORKS

Cache memories work because computer programs spend
most of their memory cycles accessing a very smallpartofthe
memory. This is because most of the time the computer is
executing instructions in program loops and using local vari-
ables for calculation. Because of this observation, a 64K byte
cache canhave a80+% hitrate onprogramsthatare megabytes
in size.

HOW THE DIRECT MAPPED CACHE WORKS

The direct mapped cache memory is an alternative to the
associative cache memory which uses a single address
comparator for the cache memory system and standard RAM
celis for the address and data cells. The direct mapped cache
is based on an idea borrowed from software called hash
codingwhichis a method forsimulating an associative memory.
In a hash coding approach, the memory address space is
divided into a number of sets of words withthe goal of each set
having no more than one word of most-frequently-used data.
In our case, there are 8K sets of 2048 words each.

DIRECT MAPPED CACHE

DATA
RAM PAGE

1984

ADDRESS TAG

PAGE 2046

I

T A—

CACHE DEPTH = PAGE SIZE

DATA STORED AT SAME PAGE
OFFSET IN CACHE AS IN MAIN
MEMORY
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Figure 9. Cache System Memory Map




CACHE TAG RAM CHIPS SIMPLIFY CACHE MEMORY DESIGN

APPLICATION NOTE AN-07

Each set is assigned an index number derived from the
main memory address by a calculation which is called the
hashing algorithm. This algorithm is chosen to maximize the
probability that each set has no more than one word of most-
frequently-used data. Inthe direct mapped cache, the hashing
algorithmuses the least significant bits of the memory address
as the set number. This uses the concept of locality, which
assumes that the most often used instructions and data are
clusteredin memory. If locality holds, the least significant bits
of the address should be able to divide this cluster into
individual words and assign each one to a separate set.

A memory map of a direct mapped cache of Figure 2 is
shown in Figure 9 as an example of how the main memory
words are related to the cache words. The 16M Word main
memory is divided into 8K word pages, a total of 2048 pages.
Eachword within each 8K page is mappedto its corresponding
word in the 8K words of the cache; i.e., word 0 of the cache
corresponds to word 0 in each of the 2048 pages (8K sets at
2048 words/set).

Each word in the cache stores one word out of its set of
2048 corresponding to one of the 2048 possible pages. Both
the data word and the page number (i.e. upper address bits),
are stored.

Since only one word in each set (one of 2048 words in our
case) is assumed to be one of the most-frequently-used
words, each set has a single cache memory cell associated
with it. This cache cell consists of an address cell and a data
cell, but no comparator. One comparator is used for the cache
memory system since only one set can be selected fora given
memory cycle and only one comparison need be made. In a
memory cycle, one set is selected, and the single cache
address cell for that set is read and compared against the
memory address, and the data from the cache data cell is
placed on the bus if there is a match. The advantage of this
scheme is that a single comparator is used, allowing standard
RAM memories to be used to store the cache address and
data for each set.

The cache cell for each set should hold the data that was
most frequently used. However, since we do not know which
data was the most frequently used until after the program is
run, we approximate it by storing the most recently used data
and replacing the least recently used (oldest) data. In the
direct mapped cache, this is done by replacing the cache cell
contents with the newer main memory data in the case of a
cache miss.

CACHE PERFORMANCE

A cache memory improves a system by making data
available fromasmall, high-speed memory soonerthanwould
otherwise be possible from a larger, slower main memory. The
performance of a cache memory system depends upon the
speed of the cache memory relative to the speed of the main
memory and on the hit rate or percentage of memory cycles
that are serviced by the cache.

The cache performance equations below express the idea
that the average speed of the cache memory is the weighted
average of the cycle times for cache hits plus the main
memory time for cache misses, with memory writes dealt with

as a special case of 100% cache miss or 100% cache hit for
the unbuffered and buffered cases, respectively.

CACHE SYSTEM PERFORMANCE: MISS
RATE

One of the key parameters in a cache memory systemisthe
miss rate. Miss rate figures are estimates derived fromstatistical
studies of cache memory systems. The miss rate is an
estimate because it varies, often significantly, withthe program
being run. Miss rate estimates for various cache memory
configurations are givenin Table 1. Miss rates forone example
of two-way set associative expansion are also shown in this
table.

Miss Rate for Cache
Size: Data Word Width - Bits

Words/Tag RAM | 16 32 64 128 Notes

2K 0.57 { 0.23| 0.10 | 0.04

4K 0.40 | 0.18 } 0.07 |<0.04

8K 0.32 { 0.12| 0.05 |<0.04

16K 0.22 | 0.09 { <0.04 | <0.04

16K (8K + 8K) | 0.18 | 0.07 | <0.04 | <0.04 | 2-way Set
Assoc
Table 1.

The miss rate estimates given in Table 1 are derived from
simulation studies. (See references.) These studies covered
cache sizes of up to 32K bytes and cache data word widths
(called line sizes in cache terminology) from 4 bytes through
64 bytes. In the case of 16-bit word width caches, the figures
given are extrapolations fromthe 32-bit data. Also, the figures
for cache sizes above 32K bytes (i.e., 16K x 32, efc.) are
extrapolations from 32K byte data.

CACHE SYSTEM PERFORMANCE
FOR READ CYCLES

Cache memory system performance is determined by the
access time of the main memory, the accesstime of the cache,
the miss rate (the percentage of memory cycles that are not
serviced by the cache) and the write time. The effective
access time of a cache memory system can be expressed as
a fraction of the main memory access time. This dimension-
less number, Ps, is a measure of cache performance. If we
considerread cycles only, the access time of a cache memory
system is:

Ts= (1-M)Tc+MTm=(1-M)Tc + MTm
Ps= Ts/Tm=(1-M)(Tc/Tm)+M=(1-M)Pc+M
Where:

Ts = Cache average system cycle time, averaged
over read and write

M = Miss rate of cache

Tc = Cache cycle time, read or write (assumed to be
equal)
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Tm = Main memory cycle time, read or write (assumed
to be equal)

Pc = Cache memory access time as a fraction of
main memory cycle time

Ps = Cache system access time as a fraction of main
memory access time

If the miss rate of acache memory is 100%, Pc=1.00. If the
cache memory is infinitely fast corresponding to a cache
access time of zero, Pc will be equal to the miss rate, M. For
real cache memories, the access time of the cache is finite.
This means that the cache system access time will approach
the cache access time as the miss rate approaches zero: This
is shown in Figure 10.

CACHE SYSTEM PERFORMANCE FOR
READ AND WRITE CYCLES

Memory write cycles affect the average access time of the
cache system. In a write-through design unbuffered write
cycles are equivalent to cache misses, while buffered write
cycles are equivalent to cache hits. Unbuffered write cycles
take a main memory cycle to write data for every write. If the
main memory write cycle time is the same as the read cycle
time, this is equivalent to a cache miss. In buffered write, data
is writteninto the cache andinto aregisterfor later off-line write
into the memory. Thus, the write cycle in the buffered write
case is equivalent to a cache cycle. Each write cycle in the
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Curve for cache system
with Pc = 0.100
Pc = 0.100 line
0100 === ======= o -
urve for cache system
ache with Pc = 0.010
Performance
Ratio, Ps
Pc = 0.010 line
0010 f======—--——-—————— =
Curve for ideal cache system
with Pc =0
(zero access time cache)
0.001 t t \
1.00 0.100 0.010 0.001
Miss Rate, M
Figure 10. Cache Access Time vs Miss Rate for Read Cycles
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Figure 11. Cache Access Time vs Miss Rate for Buttered and Unbuffered Write Cycles
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buffered case is, therefore, equivalent to a cache hit. The
performance equations for this case are:

Ps = R((1 - M)Pc + M) + W(Tw/Tm)
For unbuffered writes: -

Ps= R({(1-M)Pc+M)+W
For buffered writes:

Ps = R((1 - M)Pc + M) + WPc

Where:
R = Fraction of total memory cycles that are read
cycles
W = Fraction of total memory cycles that are write
cycles
Tw = Write time = Tm for unbuffered, Tc for buffered
writes

The effect of unbuffered write cycles is to limit the maximum
performance of the cache system. For the average case
where write cycles are approximately 15% of the total number
of memory cycles, this is approximately equivalent to a cache
memory performance of 0.15, as shown in Figure 11.

CACHE SYSTEM PERFORMANCE IN TERMS
OF AVERAGE MEMORY ACCESS TIME

Although cache memory systems can be evaluated in
terms of the dimensionless performance parameter, Ps, you
often need to calculate the actual access time for a specific
system. This is expressed by:

Ts = R((1-M) Ter + MTmr) + WTw
Where: ‘

Ts = Cache average system cycle time, averaged
over read and write

R = Percentage of memory cycles which are read
cycles = 85% typical

W = Percentage of memory cycles which are write
cycles = 15% typical

M = Miss rate of cache = 10+% typical
Ter = Cache read cycle time
Tmr = Main memory read cycle time

Tw = Write cycle time: main memory for unbuffered
write, cache for buffered

For typical values:

Ts =0.85(0.9Tcr + 0.1%mr) + 0.15Tw
= 0.765Tcr + 0.085Tmr + 0.15Tw

For unbuffered write and Tcr = 50ns, Tmr = Tw = 250ns:
Ts = 0.765(50) + 0.085(250) + 0.15(250) = 97.0ns

For buffered write and Tcr = Tw = 50ns, Tmr = 250ns:
Ts = 0.765(50) + 0.085(250) + 0.15(50) = 67.0ns

CACHE SYSTEM PERFORMANCE IN TERMS

OF CPU WAIT STATES

In many computer and microprocessor systems, the pur-
pose of the cache memory system is to eliminate CPU wait
states, clock periods where the processor is stopped waiting
for the memory. The cache performance calculations for this
condition are more properly expressed in terms of processor
wait states as follows:

New = R((1 - M) Ner + (1 - H)Nmr) + WNw
= RMNmr + WNw If: Ncr = 0 (no wait states for

cache)
Where:

Ncw = CPU average number of wait states, averaged
over read and write
R = Percentage of memory cycles which are read
cycles
= 85% typical
W = Percentage of memory cycles which are write
cycles
= 15% typical
M = Miss rate of cache = 10+% typical
Ncr = Cache read cycle time wait states (typically 0)
Nmr = Main memory read cycle wait states
Nw = Write cycle wait states: main memory wait states
for unbuffered write, cache wait states for
buffered

For unbuffered write and Ncr = 0 wait states, Nmr = 3 wait
states:

New = 0.085(3) + 0.15(3) = 0.705 wait states

For buffered write and Ncr = Nw = 0 wait states, Nmr=3
wait states:

Ncw = 0.085(3) + 0.15(0) = 0.255 wait states ' .
CACHE SYSTEM PERFORMANCE IN ‘
TERMS OF CPU THROUGHPUT

The reason for adding a.cache to a CPU is to improve

throughput by eliminating wait states. CPU throughput im-
provement, as a result of adding a cache, can be expressed
as the ratio of the speeds before and after adding the cache.
For our purposes, CPU throughput improvement can be
equated to memory throughput improvement. CPU through-
put for this case can be defined as the CPU clock frequency
divided by the number of clock states per memory cycle. The
speed improvement provided by the cache can therefore be
expressed as the ratio of the throughput with the reduced
number of wait states provided by the cache to the throughput
with full wait states:

fclk/(No + New)
"~ felk/(No + Nm)
= (No + Nm)/(No + Ncw)
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Where:
fclk = Frequency of processor clock
N = Number of clock cycles per memory cycle
Ncw = Number of wait states for cache system (aver-
age)
Nm= Number of wait states for main memory
No = Number of processor states per memory cycle
with no wait states
Fc = Processor throughput relative to throughput

without cache

A 68010 microprocessor requires four clock states per
memory cycle, i.e. No=4. Assuming a 12.5MHz clock and
250ns mainmemory access time, Nm =2 wait states. If we use
the unbuffered write case from the clock state analysis above,
Ncw = 0.535 The throughput improvement provided by the
cache is therefore:

CACHE MEMORY PERFORMANCE:
HOW MUCH DO YOU NEED?

A simple, direct mapped cache memory system, as de-
scribed above, is often the most cost effective design. In many
cases, the etfort to decrease the miss rate beyond that of a
simple design may not be worth the increase in system
performance.

For example, if Pc is greater than 0.20 corresponding to a
cache access time greater than 20% of the main memory
access time, it may not be cost effective to improve the hit rate
above 90%. This is because there is a knee in the curve of
performance improvement versus miss rate atthe pointwhere
Pc = miss rate, as shown in Figure 10. In some cases, even
the added expense of buffered write may not be justified. To
examine the relationship between CPU throughput and miss
rate, CPU thorughput improvement versus miss rate for
various microprocessors is shown in Table 2.

FC= (4+2)/4 +0.535) = 6/4.535 = Throughout Relative to Uncached System
1.32 = 32% throughput Increase Miss 68010 68010 68020 RISC
This is equivalent to increasing the CPU clock speed from Rate | Unbuffered | Buffered [ Unbuffered | Buffered

12.5MHz to 16.5MHz. 1.00 1.00 1.00 1.00 1.00
0.80 1.06 1.12 1.19 1.27

0.60 1.13 1.20 1.32 1.49

0.40 1.20 1.28 1.49 1.79

0.20 1.29 138 1.7 2.24

0.10 1.34 1.44 1.84 2.56

0.05 1.37 1.47 1.92 2.76

0.00 1.40 1.50 2.00 3.00

Table 2.
Tag RAM 68010 Unbuffered 68020 Buffered RISC Buffered
Size Chips Miss Perf Chips Miss Perf Chips Miss Pertf
8K 4 0.32 1.24 7 0.12 1.81 7 0.12 2.49
16K 8 0.22 1.28 14 0.08 1.86 14 . 0.09 2.60
8K+8K S.A. 9 0.17 1.31 15 0.07 1.89 15 0.07 2.68
Table 3.

The data shown is for three CPU/cache systems. The
68010 microprocessor system has a 12.5MHz clock and a
cache with unbuffered write. The 68020 system has a 16MHz
clock and a buffered write cache. The RISC CPU assumes a
10MHz RISC computer with a 10MHz clock and a buffered
write cache, and assumes one clock per memory cycle with
wait states equal to an integral number of clock cycles.

Using the data in Table 2, we can make an interesting
comparison between chip count and performance gained
over an uncached system. Table 3 gives this comparison,
showing the chip counts, miss ratios, and performance im-
provement gain for simple, depth expanded, and two-way set

associative expanded caches. The chip counts given are for
the cache tag and data RAM chips required, but do notinclude
chip countsforthe control logic. One RAM chipis addedfor the
two-way set associative case forthe least-recently-used cache
flag RAM.

Table 3 shows that the throughput improvement created by
expanding the cache above a minimum chip count design is
small. This table can be interpreted in two ways. In small
systems where the goal is to achieve high-performance at
minimum chip count, the table indicates that a mimum chip
count cache is best since it buys the most performance
improvement per chip; doubling the cache chip count pur-
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chased less than 10% further increase in performance in all
cases. In larger systems where the goal is to achieve maxi-
mum performance at moderate chip count, the table indicates
thatafurtherincrease in performance of 5-8% canbe obtained
by adding fewer than ten chips.

CACHE DESIGNS:
DIFFERENT WAYS TO MAKE ONE

The cache memory described above is a direct mapped
cache. It is a simple, commonly used design with respectable
performance. Further investigation into the technology of
cache memories will reveal a wealth of other approaches to
cache design. Much of the variety comes from attempts to
maximize the performance of relatively small cache memories
typical of earlier technology. Fortunately, there exists some
datato help sortout therelative value of the various approaches.
This data is in tha form of studies on cache memory perfor-
mance as a function of cache size, organization, word width,
etc., such as the excellent work done by Prof. Alan Jay Smith
of the University of California at Berkeley (see references).
These studies provide background and insight on how to
achieve the highest performance out of cache memory sys-
tems, as well as documentation of a wide variety of cache
schemes which do and do not work. The following comments
are intended to provide a simplified guide to, and summary of,
some of this data. The following comments are, in large part,
judgments and opinions derived from the data in various
reports and do not necessarily reflect the opinions of the
original authors of the data.

WHAT WE HAVE LEARNED

ABOUT CACHE MEMORY DESIGN

A simple, direct mapped cache as discussed above will
give good performance if it is large enough. The ultimate
measure of cache memory performance is its effect on system
cycle time, which is a function of cache cycle time relative to
main memory cycle time and the hit rate of the cache. Given
a cache cycle time, miss rate becomes the measure of cache
performance. Improving cache perfomrance, therefore, means
improving the hit rate. However, a simple design with a
moderate miss rate may be sufficient for many applications,
giving most of the performance improvement that could be
achieved by a more sophisticated design.

Muchof the work that has been done on cache architecture
and design was aimed at maximizing the performance of
relatively small caches, consistent with the capabilities of
earlier technologies. With today's technology, in the form of
chips such as the IDT7174, we can easily make large cache
memories at low chip counts that are at the upper limit of the
earlier technologies. As a result, much of the sophistication
required in smaller cache designs, in order to achieve an
acceptablehit rate, is not required in today’s large cache
designs. '

CACHE ARCHITECTURE:

DIRECT MAPPED vs SET ASSOCIATIVE

A pure cache memory should be an associative memory,
where the cache contains all of the most recently used data
words. The direct mapped and set associative designs are
approximations to this which sometimes exclude recently
used words when there is more than one frequently used word
per set. Fortunately, the difference between associative, set
associative and direct mapped can be quantified. The ratios
of miss rates for set associative and fully associative, relative
to the direct mapped case, are shown in Table 3A. For
example, if the miss rate for a direct mapped design is
estimated at 0.20, the miss rate for a two-way set associative
design of the same size would be (0.78)(0.20) = 0.156.

What this chart tells us is that two-way set associative
caches have a significant performance improvement over
simple direct mapped caches, but there is little additional
improvement beyond four-way set associative designs. As
was noted earier, the set associative method can often be
included in depth expanded cache designs where the two (or
more) sets of cache hardware required for the expansion can
be arranged to work in a set associative manner.

Ratio of Miss Rate to
Cache Type Direct Mapped
Direct Mapped 1.00
2-Way Set Assoc 0.78
4-Way Set Assoc 0.70
8-Way Set Assoc 0.67
Fully Associative 0.66

Table 3a.

CACHE SIZE

Cache sizes on commercial systems have tended to range
from 16K to 64K bytes. Caches smaller than 16K can have
significantly higher miss rates, while caches larger than 64K
may not significantly improve the miss rate. This is shown
above in Table 1. Much work has been done on the relation-
ship between cache size and miss rate; however, most of this
work is concerned with small caches, 32K bytes and under.
The IDT7164/1DT7174 combination allows 16K byte cache
memory design for 16-bit systems and a 32K-byte design for
32-bit systems using a minimum number of chips, and can be
easily expanded to 64K and larger if desired.
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CACHE TAG RAMS SIMPLIFY CACHE MEMORY DESIGN

WRITE THROUGH vs COPY BACK

There are two general approaches to handling the memory
write problem: write through and copy back. In the write
through approach, memory data is written into main memory
asitis received fromthe CPU. Inthe copy back mode, memory
data is written into the cache and flagged with a dirty write bit
which indicates that the word has been written into the cache
but not into the main memory. The cache data is copied into
main memory as a separate operation at some later time, and
the dirty write bit is cleared. There appears to be little per-
formance difference between the write through and copy back
approaches. Since the write through approach is simpler in
concept and easier to implement, it is the most often used
method.

WRITE BUFFERING

A significant performance increase canbe achleved with a
single level of write buffering. Complete write buffering requires
more than one level of buffering to cover the case of two write
cycles closertogether thanthe main memory write cycle time.
AFIFOcanbe used to buffer more thanone word of write data;
however, the FIFO need be no deeper than four words, since
no further performance results from making it deeper.

SPLITTING THE CACHE:
INSTRUCTION/DATA, SUPERVISOR/USER

Splitting the cache into two smaller caches, one for instruc-
tions and one for data, seems like it would improve the hit rate;
however, it doesn't. In theory, the CPU spends most of its
instruction cycles in a small part of the program. By caching
these separately from the more random data memory, the hit
rate on the instruction portion should be improved. Alas, the
studies show that splitting the cache into two pieces typically
does no better—and in some cases does a lot worse—than
leaving the cache in one piece. This is, perhaps, because the
miss rate for data is degraded by more than the hit rate for
|nstruct|ons is improved.

' LINE SIZE: MAIN MEMORY WORD WIDTH vs
CACHE WORD WIDTH

We have considered cache sizes where the CPU word
width, memory word width and cache data word width are the
same size. Performance improvement can result if the main
memory and cache words are wider than the CPU word. If the
cache wordwidth (called the line size) is doubled the miss rate
is cut almost in half. This is because the next word the CPU
wants from memory is often the word adjacentto the one it just
used. Increasing the line size by a factor of two will lower the
miss rate by almost a factor of two up to line sizes of 16 bytes
and beyond. This is shown in Table 4.

There are two approaches to increasing line size inorder to
reduce miss rate: by increasing the memory data bus width,
and by fetching a block rather than a word of data from
memory. Increasing the data bus width (from 16 to 32 bits, for
example) may be practical in some systems where additional
performance is desired.

APPLICATION NOTE AN-07
Cache Miss Ratlo for Increasing Line Size
Size [Line Size (Size of Block From Main Mem to Cache)
in Bytes| 4 bytes 8 bytes 16 bytes 32 bytes
4K 1.00 0.586 0.364 0.262
8K 1.00 0.581 0.345 0.222
16K 1.00 0.569. 0.330 0.203
32K 1.00 0.564 0.324 0.194
Table 4.

The other alternative is to transfer a block of bytes to the
cache instead of a single word. This becomes significant in
systems where there is a delay before data transfer from main
memory, but where several words can be transferred quickly
after the initial delay. An example of this concept is the page
mode in dynamic RAM designs. In such a system, there may
be aninitial latency of 200ns to begin amemory read cycle but,
once started, the memory may be able to transfer words at
100ns per word for blocks of up to 256 words. In this case, a
line (block) size of 2-4 words may be used to significantly
reduce the miss rate with moderate increase in the main
memory cycle time.

SUMMARY

Cache memories have been extensively used in large
computer systems to improve performance. Cache tag RAM
chips allow this technology to be adapted to the small-to-
medium system design at reasonable cost. Simple, direct
mapped cache designs with low chip counts can be used to
achieve significant performance improvements. High-perfor-
mance and low miss rates are possible with simple designs
due to the high speed and relatively large cache sizes possible
with high-speed CMOS technology.
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INTRODUCTION

High-speed CMOS static RAMs are capable of very low-power
operation in the standby mode when the chip is disabled. In a prop-
erly designed circuit, the standby power may be a few microwatts,
as compared with several hundred milliwatts when the RAM is op-
erating. This low-power capability can be used by the designer to
reduce system power and heat loading. It also makes these parts
suitable for battery backed permanent storage applications. In
these applications, power is kept on the RAM at all times to avoid
the loss of data when power is removed from the part. This is done
by using a battery to supply power to the RAM when system power
is shut off. In these applications, low standby power drain is impor-
tantin order to achieve long battery life with areasonably sized bat-
tery. In this application note, we study the operating and standby
power modes of the CMOS static RAM, the methods for achieving
low-power standby operation and some of the methods for imple-
menting battery backup operation.

CMOS RAM Power Consumption

CMOS RAMs have five regions of operation with a different
power consumption for each region. These regions are: dynamic
operating, DC operating, TTL standby, CMOS standby and battery
backup standby. Inthe dynamic operating region, the RAM is read-
ingand writing at speeds up to its rated read/write cycle time. inthe
DC operating region, the RAM is enabled but not cycling: its ad-
dress, data and control inputs do not change. In the TTL standby
mode, the RAM is disabled with its various address, data and con-

trol inputs at TTL levels, either static or cycling at the rated cycle
time. In the CMOS standby region, the RAM is disabled and all in-
puts are at CMOS levels’ (i.e., within 0.20 volts of ground or
Vce)-The battery backup standby region is similar to the CMOS
standby region, but with a reduced power supply voltage of 2.0 or
3.0 volts rather than the normal 5.0 volts. The five regions of opera-
tion are shown in Figure 1. It shows a plot of Icc versus operating
region for an IDT7187L25, a 64Kx1 CMOS static RAM with a 25ns
access time. The highest current, Iccz, occurs under dynamic op-
erating conditions where the part is cycling at its access time, a fre-
quency equal to 1/t 4. The device current decreases linearly with
frequency to the static operating current, Icct . When the chip is
disabled, current drops immediately to Isg, the TTL standby cur-
rent, or below. Igg corresponds to the current drawn by the chip
when it is disabled and with all inputs at TTL high or with all inputs
changing at the rated cycle time. With the inputs at TTL high, each
input circuit is in its linear threshold determining region and draw-
ing supply current. The device current linearly decreases from
Isg to lggq as the various inputs are changed from TTL high levels
to CMOS levels which are within 0.20 volts of Vocor ground. Iggq is
the full CMOS standby current for 5.0 voltVcc . There are two other
CMOS standby cases, specified by IccpR. lccpr corresponds to
Igg1 butis measured at two other power supply voltages, 2.0 and
3.0 volts. The Iccprspecification is used in battery backup appli-
cations to calculate the battery size required for a given battery life-
time. The 2.0 or 3.0 volt power supply voltages correspond to those
typically available from battery systems in battery backed applica-
tions. ’

lcc (max.), mA 100 4
for 100 45
IDT7187L25 : 70
64Kx1 10
CMOS RAM
25ns tAA 1
OW
0.100 {
1 0.010
0.001
lccz lcet IsB 1sB1 Iccor (3V) lccor (2V)
Dynamic Static TTL CMOS Battery Battery
Operating Operating Standby Standby Backup: Backup:
f=1/tap f=0 All Inputs All Inputs CMOS CMOS
TTL High CMOS Standby Standby
s=1/taa Levels Vee =3V Vee =2V

Figure 1. CMOS RAM Operating Regions
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Components of Power Dissipation

There are five major sources of power dissipation in CMOS -

RAMSs:
e The RAM array

e The sense amplifiers
e The input buffers

e Dynamic switching
e Diode leakage

The RAM array power is that required to power the RAM cells
that hold the data. It is continuously drawn and is required to keep
data stored in the RAM. The sense amplifier power is that required
to read the data from the RAM array. It is drawn only when the chip
is enabled. Each input to the RAM chip has a buffer which draws
power when its input voitage is between 0.5 and 4.0 volts. In this
region, the input buffer operates as a linear device, performing a
logic threshold comparison. If the input is within 0.20 volts of VcC
or ground, the input buffer draws no power. Static RAMs draw addi-
tional power if they are cycled continuously at high speed. The ad-
ditional power required is the dynamic switching power. It rises
linearly with the average frequency of read/write cycles. Diode
leakage is the current drawn by reversed biased diodes on the
chip, such as CMOS gates that are not switching. It is a small value
at room temperature, but it is strongly temperature-dependent,
doubling approximately every + 10°C. Because of its strong tem-
perature dependence, it is usually the dominant component in
CMOS standby power specifications, such as the ICCDR specifi-
cation used in battery backed RAM calculations. Diode leakage
and RAM array power are two unavoidable components of RAM
power dissipation. )

Standard and Low-Power RAMS

IDT RAM chips are divided into two types, standard power and
low power. This is indicated by a letter suffix to the part number, S
or L, respectively. These part types are power dissipation test se-
lections from a single product, similar to speed grade selections.
The low-power part is selected for low-power standby operation
and fully specified for the battery backup mode. The standard-
power part has relaxed power specifications in the form of higher
limits on all ICC specifications, particularly the standby power

modes, and it is not specified for battery backed operation. Be-.

cause of its relaxed power specifications, it is usually less expen-
sive. The standard-power part is used where very low standby
power is not required, such as applications where the part is con-
tinuously enabled.

Dynamic Operating Current—Icc2

The dynamic operating current specification applies when the
RAM is cycling at its specified access time. In the case of the
IDT71870L25, the access time is 25ns and the frequency at which
Icc2 is measured is 1/25=40MHz. ICC2 consists of two compo-
nents: the DC operating component, Icc1, and a frequency de-
pendent component equal to (ICC2 - IcCt). In the case of the
IDT7187L25, the Icc2 value is 100 milliamperes and the frequency
dependent componentis 100 - 70 = 30 milliamperes. Note that, as
the specified access time goes down, the specified dynamic oper-
ating current goes up. This is because the dynamic operating cur-
rent is measured at a frequency equal to the inverse of the access
time. Fast access RAMs are measured at higher frequencies than
slow ones and have higher frequency dependent current compo-
nents.

The dynamic current component of ICC2 is the result of tran-
sient currents in the internal CMOS gates when they switch. These
transient currents can be understood by examining the switching
behavior of CMOS circuits. The basic building block of CMOS cir-
cuits, including RAMSs, is the CMOS logic gate. An example of a
simple CMOS gate, an inverter, is shown in Figure 2. It consists of
an N-channel device, Q1, and a P channel device, Q2. If the inputis
high, Q1 will be on, Q2 will be off and the output will bé low. If the
inputis low, Q2 will be on, Q1 will be off and the output wilt be high.

Vee
Q2

INPUF

OUTPUT

Q1

Figure 2.. CMOS Inverter

This CMOS gate draws momentary current only when it
changes state. It draws no current when its input is at ground or
Vce because one of the two transistors will be off, eliminating a di-
rect path from VCC to ground. This is what makes CMOS an inher-
ently low-power technology — it draws no static current. However, it
does draw current momentarily when it changes state. When the
input transitions from low-to-high or high-to-low, it will pass
through the middle region where both Q1 and Q2 are on. During
this transition time, current will flow through Q1 and Q2. Since the
current flows only during the transition time, there is a fixed amount
of charge transferred from VCC to ground for each transition. This
results in a frequency-dependent current consisting of the sum of
all the charges transferred for all the gates on the chip times the fre-
quency of the charge transfers —i.e., the frequency of cycling the
RAM.

Static Operating Current—Icc1

The static current specification applies when the RAM is en-
abled but with its various inputs not changing and held at a TTL
high. In this condition, the RAM array, sense amplifiers and input
buffers are all drawing current. For the case of the IDT7187L25, this
is 70 milliamperes.

TTL Standby Current—Iss

The TTL standby current specification applies when the chip is
disabled but its inputs are at TTL levels or changing at the rated
cycle time. Since a TTL high represents the worst case condition,
IsB is specified for the case of all inputs at TTL high.

Inthe TTL standby mode, the RAM array and input buffers draw

" current, with the input buffers drawing the majority. The input buff-

ersare CMOS circuits similar to the CMOS inverter shown in Figure
2, but with the geometry of the transistors designed so that the input
threshold is at a TTL-compatible threshold voltage of approxi-
mately 1.40 volts. A diagram of the device current versus input volt-
age for one input is shown in Figure 3. When the input is within 0.20
volts of ground or VCC, one of the two transistors is turned off and
no current flows. Very little current flows even for the TTL low case
of 0.50 volts input. However, for the TTL high case of 3.0 volts typi-
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cal, both transistors will be on and approximately 1.50 milliam-
peres, typical, will flow through them.

10,000
1,000 [\
\
N
lcc for 100
One Input, \
A
R 10
1.0 J/
0.10
0 1 2 3 4 5

Input Voltage, Volts
Figure 3. l¢c vs Vjy for One Input

CMOS Standby Current—IsB1

The CMOS standby current specification applies when the chip
is disabled and all its inputs are static (i.e., nonchanging) at CMOS
levels —within 0.20 voits of VCC or ground. In this state, only the
RAM array and leakage currents are drawn. The RAM array current
is relatively independent of temperature, while the diode leakage is
strongly temperature dependent, rising dramatically with tempera-

ture. At +25°C, the total current for an IDT7187L25 consists pri-
marily of RAM array current, which may be 25uA. However, at
+70°C for commercial parts, the total current is specified at
300pA and is mostly leakage current. This rises to 1500uA at
+125°C for military parts. A plot of |SB1 versus temperature is
shown in Figure 4.

Battery Backed CMOS Standby Current—Iccpr

The battery backed CMOS standby current specification ap-
plies whenthe chip is disabled and all its inputs are at CMOS levels
(i.e. within 0.20 volts of VCC or ground) and when VCC is at a re-
duced voltage of 2.0 or 3.0 volts. It is the same as ISB1 exceptitis
measured at VCC voltages of 2.0 and 3.0 volts. In this state, only
the RAM array and leakage currents are drawn.

When V¢ isreducedto 2.0 or 3.0 volts, the RAM is guaranteed
to retain data stored at 5.0 volts, but may not function: i.e. it may or
may not read or write reliably at these voltages. For this reason, the
chip is kept disabled while VcC is below 5.0 volts. When VCC is
restored to 5.0 volts, full functional operation is restored and the
data will remain as it was before VCC was reduced.

DESIGN OF A HIGH-SPEED CMOS RAM MEMORY
ARRAY

CMOS RAMSs are often used in memory arrays. Figure 5 shows a
CMOS RAM array used as high-speed main memory for a 32-bit
microprocessor. The high speed of the CMOS devices allows op-
eration of the microprocessor at full speed without wait states. Fig-
ure 6 shows an exampile of a design of such a memory array using
techniques which allow high-speed operation at low power.

100 /
Isg1, lccor® L ~
Relative to /
+25°C 44 e
/
0.10
-60 -35 -10 15 40 65 90 115 140
Ambient Temperature, °C
Figure 4. lggy and lgcpr vs Temperature
32-BIT DATA BUS
MICRO-
PROCESSOR A
\ Y i
CMOS RAM 1/0 1/0
MEMORY DEVICES DEVICES
ARRAY
512K x 32

Figure 5. CMOS RAM Array with 32-bit Microprocessor
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32-BIT DATA I/O

Figure 6. CMOS RAM Array Design

The 512Kx32 memory array of Figure 5 consists of 256 RAM
chips, each 64Kx1, arranged as an array of eight rows of 32 de-
vices. The array is driven by CMOS devices capable of driving the
RAM inputs to CMOS levels within 0.2 volts of VCC or ground. An
IDT74FCT138A 3-to-8 line decoder enables one row at atime. Ifthe
decoder is disabled, all RAM chips are disabled. The address and
write enable inputs are driven by IDT74FCT244A non-inverting
buffers and the data lines are buffered by a set of IDT74FCT245A
transceivers. Four sets of IDT74FCT244A buffers are used for the

address and write enable inputs, with each buffer driving 64 chips.
This reduces the capacitive loading on each buffer to maintain
high speed. One set of IDT74FCT245A transceivers is used since
each one drives only eight RAM data inputs.

CMOS RAM arrays draw significantly less power in standby
mode if the RAM inputs are driven to CMOS levels. This is shownin
Table 1 for the RAM array of Figure 6. In this table, the total current
ofthe RAM array is shown for the case of TTL and CMOS drivers for
the address and control lines.

Dynamic Operating Power for TTL vs CMOS Drivers
Part ay. | o5 gi:i:lgar : Fé:c'FI:, Zi;%s Comments
IDT7187L25 32 3200 3200 Enabled, Icco
IDT7187L25 224 10,080 10,080 Disabled, Isg
244 9 810 116 74F244/74FCT244A
245 4 440 52 74F245/7T4FCT245A
138 1 20 5 74F138/74FCT138A
Total 14,550 mA 13,453 mA
Standby (non-operating) Power for TTL vs CMOS
Part oy | refomen | FOSACHOS Comments
IDT7187L25 256 11,520 77 Disabled, Isg/1sp1
244 9 810 116 74F244/T4FCT244A
245 4 440 52 74F245/74FCT245A
138 1 20 2 74F138/74FCT138A
Total 12,790 mA 247 mA

Table 1. CMOS RAM Array Power
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The power savings from using CMOS drivers can be dramatic,
as shown in Table 1. The difference between the CMOS and bipo-
lar current is only 7.6% in the dynamic case but, in the standby,
non-operating case, the current differs by a factor of 51.8. The
lower standby current with CMOS drivers occurs because the RAM
inputs are kept at CMOS levels, putting them into the 1gg4, CMOS
standby region. Using CMOS drivers does not, however, put the
unselected rows into the I gg4 region during dynamic operation of
the array. This is because the address and data inputs to the
unselected RAM chips are changing rather than being held at
static levels. Thus, Igg must be used instead of Iggy in these
calculations.

The dynamic and standby I specifications assume that the
RAM is cycling at its rated cycle time. The cycle time of the RAM
array will be longer than the rated cycle time of the RAM chips. This
will reduce both the dynamic operating current of the enabled row
and the standby power of the disabled rows. A conservative esti-
mate of the current requirement reduction can be made by reduc-
ing the current of the disabled rows by the ratio of the RAM chip
rated cycle time to the RAM array cycle time. If the RAM chip cycle
time is 25ns and the RAM array cycle time is 100ns, the current re-
quired by the disabled rows will be (0.25*10,080 + 0.75*67) =
2,570mA. The current savings will be (10,080-2,570) = 7,510mA.
The RAM array operating current will therefore be (13,453 - 7,510)
= 5,943mA, a reduction of 56%.

RAM Array Speed Considerations

CMOS RAM arrays can achieve low power while maintaining
high speed. This is done by using the high speed of the CMOS
RAM chips and taking care that speed is not lost in the surrounding
logic. The primary problem in driving large RAM arrays is driving
the capacitance of the address and data inputs.

The speed of the array is acombination of the propagation delay
of the RAM chips, the circuits driving them and the time delay
caused by driving the capacitance of the array. The time delay
caused by driving the capacitance depends on the design of the
array. This delay is proportional to the capacitance being driven by
each IC output, with a typical design value of 3.0ns/100pF for FCT
logic and 6.0ns/100pF for RAM outputs. This delay applies to ca-
pacitance above the rated load capacitance for the device, which
is 50pF for FCT devices and 30pF for the IDT7187 RAM. This delay
applies for address and write enable drivers driving the RAM chip
inputs and for each RAM chip driving other RAM outputs and its
IDT74FCT245 input. In this design, the RAM chip input capaci-
tance is 5.0pF/input, and the output capacitance is 7.0pF/output.
Since the RAM data input and output pins are connected together,
the total capacitance is (5.0 + 7.0) = 12.0pF/RAM chip. Thus, each
RAM output must drive seven RAM outputs, eight RAM inputs and
one IDT74FCT245 input for a total of (7*7 +8*5+5=5) =94pF.
The net capacitance used in the delay calculation is (94-30) =
64pF and the corresponding delay is (6*64/100) = 3.84ns.

If one set of drivers is used to drive all the devices, the capaci-
tance canbe high andthe delay can be significant compared tothe
delay of the RAM chips. In high-speed designs, several drivers are
used so that the capacitance seen by each driver is moderate and
the speed delay is small. Acomparison of the total propagation de-
lay of a RAM array for various combinations of drivers is shown in
Table 2.

To design a RAM array for high speed, both the address and
chip select paths must be considered. In Table 2, the propagation
delay with capacitive loading is calculated for both paths and the
larger of the two numbers is used to calculate the access time of the
array as a whole. Note that the critical path changes from address
to chip select as the capacitive loading of the address drivers is re-
duced. g

- Address and Chip Select Path Delays vs Capacitive Drive
Delay Source 256/Driver 64/Driver 32/Driver 16/Driver
Cap Delay Cap Delay | Cap Delay Cap Delay
IDT74FCT244A - 4.3 8 4.3 16 4.3 32 43
Addr Cap Delay * 1280 36.9 320 8.1 160 . 33 80 09
IDT7187125 - tan - 25.0 - 25.0 - 25.0 - 25.0
Addrs Path Delay - 66.2 - 374 - 32.6 - 302
IDT74FCT138A - 58 - 58 - 58 - 58
CS Cap Delay * 160 33 160 33 160 33 80 09
IDT7187L25 - tacs - 25.0 256 25.0 256 25.0 256 25.0
CS Path Delay - 341 - 34,1 - 341 - 317
* 3ns/100pF - 50pF :
RAM Array Access Time vs Capacitive Drive
Delay Source ?56/Driver 554/Driver :’52/Drlver .16/Driver
Chips | Delay | Chips | Delay | Chips | Delay | Chips | Delay
IDT74FCT244A 2 - 8 - 16 = 32 -
IDT7187L.25 256 - 256 - 256 - 256 -
IDT74FCT138A 2 - 2 - 2 - 4 -
Path Delay - 66.2 - 37.4 - 34.1 - 31.7
IDT74FCT245A 4 46 4 46 4 46 4 46
Out Cap Delay ** - 38 - 3.8 - 38 - 38
TOTAL 264 74.6 270 45.8 278 42.5 296 40.1

** 6ns/100pF - 30pF

Table 2. CMOS RAM Array Speed vs Drive
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Using RAM Modules to Save PC Board Space

RAM modules can be used to significantly reduce the printed
circuit (PC) board area required fora RAM array. A RAM array using
256 chips (of the IDT7187 type) will require approximately (0.4 * 1.2
* 256) = 122.88 square inches of board space, assuming 24-pin,
300 mil DIP devices with 0.1 inch spacing. RAM modules, such as
the IDT7M624, use surface mounting to fit sixteen of the IDT7187
RAM chips on a 2.0 x 0.9 inch DIP module. Sixteen of these mod-
ules could directly replace the 256 RAM chips in the array. The PC
board area using these modules would be (16*2.0*1.0) = 32
square inches, assuming 0.1 inch spacing, a savings of approxi-
mately a factor of four over mounting individual chips.

ARRAY DESIGN FOR LOW POWER

The RAM array design of Figure 6 can be redesigned for lower
operating power by using CMOS RAM chips with input gating,
such as the IDT7164, 8K x 8 RAM. An example of such a design is
shown in Figure 7. Table 3 compares the characteristics of the low-
power design in Figure 7 against the high-speed design in Figure
6.

In parts with input gating, the input circuits are powéred down
when the chip is disabled. These parts have very low TTL standby
I1sB values because only the chip select inputs are on in the TTL
standby case. In RAM array design, this means that the disabled
rows have very low standby power when compared to RAMs with
conventional inputs, as used in the design of Figure 6.

ADDRESS 13, |
19 BITS IDT74FCT244A

6

> |DT74FCT138A

IDT74FCT138A IDT74FCT240A

ARRAY 3, >
ENABLE

WRITE _ 1 |
ENABLE —7 IDT74FCT244A

> gKx8 > gKx8
» IDT7164 >| IDT7164

] T TTT 1 ]

t | » ] ] »

I 1 1 [}

] [} 1 [}
»>  8Kx8 »  8Kx8

IDT7164 >| DT7164
Y \
»| IDT7aFCT245A IDT74FCT245A

32-BIT DATA I/O

Figure 7. Low-Power CMOS RAM Array Design
Function Hi%’;figﬁw L°g;:i‘;:"er Units Comments
RAM Chip Type IDT7187 IDT7164
Chip Organization 64Kx1 8Kx8
Speed: taa 425 64.7 ns 32/driver
Operating Power 13,453 853 mA
Standby Power 247 81 mA
Part Count 278 276 ICs 32/driver
Battery Power, 3.0V 816 30.5 mA at +70°C

Table 3. Comparison of High-Speed vs Low-Power Array Designs
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The 512K x 32 memory array in the low-power design shown in
Figure 7 consists of 256 RAM chips, each 8K x 8, arranged as an
array of 64 rows of 8 devices. The array is driven by CMOS devices
capable of driving the RAM inputs to CMOS levels, within 0.2 volts
of VCc or ground. Two IDT74FCT138A, 3-to-8 line decoders are
used with the two RAM chip selects to enable only one row at a
time. An IDT74FCT240A inverter is used between one decoder and
the RAM array to drive the positive active RAM chip enable. If either
decoder is disabled, all RAM chips are disabled. The address and
write enable inputs are driven by IDT74FCT244A non-inverting
buffers and the data lines are buffered by a set of IDT74FCT245A
transceivers. Four sets of IDT74FCT244A buffers are used for the
address and write enable inputs, with each buffer driving 64 chips.
This reduces the capacitive loading on each buffer in order to
maintain high speed. Two sets of IDT74FCT245A transceivers are
used to reduce the loading on the RAM output pins so that each
RAM drives only 32 outputs.

The CMOS RAM array in Figure 7 draws significantly less power
than the design in Figure 6, as is shown in Table 4. The primary
reasons for this reduction are that the rows that are disabled draw
very little power due 1o their gated inputs and only four RAMs in a
row are enabled at any one time rather than 32. The resultis thatthe
dynamic power is reduced by a factor of 15.7 and the standby
power is reduced by a factor of 3.0. Note that |SB1 is used in calcu-
lating the power of the disabled rows. This is because there is no
dynamic standby effect with input gated RAMs since the input buff-
ers are turned off. Also, since the chip enables are driven to CMOS

levels by CMOS devices, there is no TTL standby current drawn by
the chip select inputs.

Low-Power RAM Array Speed Considerations

RAM array speed considerations for the low-power design in
Figure 7 are similar to those of the design in Figure 6. The delay for
the address and chip select paths are calculated and the larger of
the two numbers is used in calculating the total delay. The total de-
lay for various combinations of driver loading is shown in Table 5.

RAMs with gated inputs (i.e., input buffers powered up by chip
select) trade speed for low power. Gating the inputs with the chip
select means that the chip select access time is equal to, or longer
than, the address access time. This means that the chip select de-
code propagation delay is no longer hidden by a fast chip select
access time. As a result, the chip select path is usually the critical
path in gated input designs.

The design in Figure 7 is somewhat slower than the design in
Figure 6 because x8 RAMSs rather than x1 RAMs are used. In the
minimum chip count configuration, each RAM output in Figure 6
drives seven other RAM outputs, plus an IDT74FCT245A input. In
the minimum chip count design in Figure 7, each RAM output
drives 63 other RAM outputs, plus an IDT74FCT245A input. This is
the source of another tradeoff of speed versus chip count in the
RAM output path. The output drive problem is helped by the fact
that the IDT7164 RAMs are common I/O devices with a capaci-
tance of 7.0pF per 1/O pin, rather than the combined capacitance of
12.0pF for the IDT7187 design which ties the input and output pins
together.

Dynamic Operating Power for Low-Power RAM Array

Part Qty. Flé’-? lé:;‘%gs Comments
IDT7164L30 4 560 Enabled, g,
IDT7164L30 | 252 50 Disabled, 1sa
IDT74FCT244A 8 103
IDT74FCT245A 8 103
IDT74FCT138A 2 11
IDT74FCT240A 2 26
Total 853mA 13,453maA for Fig. 6.

Standby Power for Low-Power RAM Array

Part Qty. Flé% "éﬂ"ogs Comments
IDT7164L30 256 51 Disabled, |gg,
IDT74FCT244A | 8 12
IDT74FCT245A 8 12
IDT74FCT138A 2 3
IDT74FCT240A | 2 3
Total 81mA 247maA for Figure 6

Table 4. CMOS RAM Array Power
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Address and Chip Select Path Delays vs Capacitive Drive

256/Driver 64/Driver 32/Driver 16/Driver

Delay Source Cap Delay Cap Delay Cap Delay Cap Delay
IDT74FCT244A - 43 8 4.3 16 43 32 4.3
Addr Cap Delay * 1280 369 320 8.1 160 3.3 80 0.9
IDT7164L30 - taa - 30.0 - 30 - 30 - 30
Addrs Path Delay - 71.2 - 424 - 37.6 - 35.2
IDT74FCT138A - 5.8 - 58 - 5.8 - 5.8
IDT74FCT244A - 43 - 4.3 - 4.3 - 4.3
CS Cap Delay * 160 33 160 33 160 3.3 80 0.9
IDT7164L30 - tacs| - 35.0 256 35.0 256 35.0 256 35.0
CS Path Delay - 48.4 - 48.4 - 48.4 - 46.0

* 3ns/100pF - 50pF

RAM Array Access TIime vs Capacitive Drive

256/Driver 64/Driver 32/Driver 16/Driver

Delay Source Chips | Delay | Chips | Delay | Chips | Delay | Chips | Delay
IDT74FCT244A 2 - 8 - 8 - 8 -
IDT7164L30 256 - 256 - 256 - 256 -
IDT74FCT138A 2 - 2 - 2 - 4 -
IDT74FCT240A 2 - 2 - 2 - 3 -
Path Delay - 712 - 48.4 - 48.4 - 46.0
IDT74FCT245A 4 4.6 4 4.6 8 4.6 16 4.6
Out Cap Delay ** - 251 - 25.1 - 11.7 - 4.9
TOTAL 266 100.9 272 78.1 276 64.7 287 55.5

** 6ns/100pF - 30pF

Table 5. CMOS RAM Array Speed vs Drive

"BATTERY BACKUP OPERATION OF CMOS RAMS

Because of their low standby power, CMOS RAMs are often
used as permanent memory where a battery is used to maintain
data in the RAM by supplying power when the system power is off.
These are called battery backup applications. In battery backup
applications, the battery supplies a lower voltage —2.0 to 3.0 volts
versus the 5.0 volts of normal operation. This lower voltage allows
use of a smaller battery, both because of the lower voltage for the
same ampere-hour ratingand because the RAM draws less current
at the lower voltage.

The design of a battery backed RAM array includes considera-
tion of the following problems:

e Driving the RAM inputs to CMOS levels during battery
operation

e Determining the power drain in battery backup mode

o Switching from the system supply to/from the battery sup-
ply while maintaining VCC at the RAM

Driving the RAM Inputs to CMOS Levels During
Battery Operation

In order to achieve the low power levels specified for battery
backup operation, the RAM inputs must be drivento CMOS levels.
In the array design of Figure 6, this is done by driving the RAM
chips with FCT CMOS drivers for the 5.0 volt VCC case. These lev-
els must also be guaranteed for the 3.0 volt VCC, battery backed
case. Inthe case of the FCT CMOS devices, the output drive is also
specified to be at CMOS levels for the 3.0 volt VCC case.

The RAM array drivers must be able to maintain CMOS output
levels with 3.0 volt VCC and maximum leakage from the RAM in-
puts and/or outputs. CMOS FCT drivers are used for the address,
write enable, chip select and data inputs of the design in Figure 6.
The worst case leakage will be for 64 address inputs being driven
by a single driver. The maximum specified leakage for any input of
the IDT7187125 RAM chips is 2.0 microamperes at 3.0 volts VcC
over the temperature range. The maximum total leakage for 64 in-
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puts will then be 128 microamperes. The IDT74FCT244A drivers
arerated atan 1oL of 300pAandan 10H of 32pA at 3.0 volts VCC.
If the address drivers are kept in the low state, the 300pA 1OL speci-
fication is more than enough to keep the outputs at a CMOS low
level.

Additional drivers are required to keep the write enable and chip
select inputs in the CMOS high state. The write enable drivers can
be kept in the low state if the RAM chips are kept disabled; how-
ever, it would be more prudent to keep them in the high state to en-
sure that no write can possibly occur. This requires more drivers
for these lines than the address lines. With a 32LA 10OH specifica-
tion, each CMOS FCT part can drive a maximum of 16 inputs.
Since each IDT74FCT244A supplies eight drivers, this would
mean two chips instead of one for the write enable input. Two

IDT74FCT138A decoders will also be required in order to have
each decoder output drive only 16 RAM enable inputs. A drawing
of the RAM array with this implementation is shown in Figure 8.

The FCT CMOS drivers will keep the RAM inputs at CMOS lev-
els during battery backup mode; however, the inputs to the FCT
devices must also be kept at CMOS levels during this mode. If the
rest of the system which communicates with the RAM array is pow-
ered down, these inputs should be at or near zero volts, which
solves this problem. To ensure this case, a resistor to ground
should be added to the input of each FCT CMOS device to provide
a path for the input leakage of these devices. A 10K resistor will
supportthe input leakage of ten FCT devices at 2uA per device and
a VoL of 0.20 volts.
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Figure 8. High-Speed CMOS RAM Array Design for Battery Standby
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Determining the Current Drain in Battery Backup
Mode

The RAM array standby current in battery backup can be calcu-
lated by adding the current required for the RAM chips and the cur-

rentfor the array drivers. A calculation of the current required for the
RAM array of Figure 6 in the battery backup mode, inciuding the
additional drivers for write enable and chip select, is shown in
Table 6.

Battery Backed Standby Current at 3.0 Volts
Part Qty. Typ., +25°C Max., +70°C Max., +125°C
IDT7187L25 256 3.84 576 230.4
IDT74FCT244A 10 0.010 15.0* 15.0
IDT74FCT245A 4 0.004 6.0 6.0
IDT74FCT138A 2 0.002 3.0* 3.0
Total 272 3.9mA 81.6mA 254.4mA

* Max. for commercially rated parts. Military rated parts will have lower values at +70°C.

Table 6. High-Speed CMOS RAM array Battery Standby Current

Battery Backed Operation of the Low-Power RAM
Array Design

The low-power RAM array design in Figure 7 is well suited to
battery backed operation. Because of the gated input design of the
RAM chips, only the chip select inputs of the RAM need be driven
to CMOS levels. This means increasing the number of decoders for
the low active chip select from two to three so that each decoder
drives a maximum of 16 inputs to VIH . The non-inverting chip se-
lectinputis nota problem because the IDTFCT240A driver will eas-

ily drive its 32 inputs to V|L. Only the RAM chips, the IDTFCT138A
decoders and the IDTFCT240A drivers need be powered by the
battery.

The RAM array standby current in battery backup can be calcu-
lated by adding the current required for the RAM chips and the cur-
rent for the array drivers. A calculation of the current required for the
RAM array in Figure 7 in the battery backup mode, including the
additional chip select decoders, is shown in Table 7.

Battery Backed Standby Current at 3.0 Volts
Part Qty. Typ., +25°C Max., +70°C Max., +125°C
IDT7164L30 256 3.84 23.0 76.8
IDT74FCT138A 3 0.003 4.5% 45
IDT74FCT240A 2 0.002 3.0% 3.0
Total 3.9mA 30.5mA 84.3mA

* Max. for commercially rated parts. Military rated parts will have lower values at +70°C.

Table 7. Low-Power CMOS RAM Array Battery Standby Current

Switching Between System V cc and the Battery

In a battery backup system, VCC forthe RAM array must switch
between the battery and the system VCC without causing the RAM
to lose data in the battery backup mode and allowing the RAM to
achieve full speed in the normal operation mode. This requires a
switch design for VCC. Also, the RAM array must be disabled dur-
ing the battery backup mode and during switching between the
battery and normal VCC. This is done by using a power-down de-
tect signal from the power supply which forces the RAM to be dis-
abled.

When switching from the system to the battery, VCC must be
kept above the 2.0 volt minimum guaranteed data maintenance
voltage at all times. When switching from the battery to the system,
Vee at the part must be within the Vcc specifications for nomal
operation, (i.e., 4.5 volts minimum). These two requirements can

be met by the circuit shown in Figure 9. In this circuit, the silicon
diodes perform a smooth transfer of power from the system Vccto
the battery backed Vcc and vice-versa. The diode to Vcc is not
strictly required because of the FET switch; however, it can reduce
the switching transient when the FET turns on by reducing the volt-
age that must be switched, assuming that Vo comes up slowly
before the FET turns on.

The P-channel power FET is usedto reduce the drop across the
diode to 0.10 volt during normal operation so that the RAM array
Ve is kept within specifications. The IDT74FCT240A inverting
driver is used to drive the gate of the P-channel power FET. When
the power down signal is high, indicating normal system operation,
the IDT74FCT240A output is low and the P-channel FET is on.
When the power down signal is low, indicating that the power
is going down or isalready down, the IDT74FCT240A drives the
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differ depending on system requirements. For example, a PNP
transistor or an N-channel FET with a gate drive to + 12 volts could
be used instead of the P-channel FET.

P-channel FET gate high to turn it off. When the battery is supply-
ing the ¢, the FET gate will be driven to the most positive voltage
on either of its two terminals, ensuring that it will be off. Note that
the circuit of Figure 1 is a typical example only —actual designs will

SYSTEM Ve
P-CHANNEL
POWER FET +
SILICON .
DIODES -
1N5400, .
ETC.
POWER DOWN BATTERY
LITHIUM OR
NICAD
IDT74FCT240A 3.6 VOLTS
INVERTING DRIVER V
Vce TO RAM ARRAY
Figure 9. Battery Power Switch Clrcult
CONCLUSION

CMOS RAMs have the capability of high speed and low power.
In this application note, some of the possibilities for using these ca-
pabilities have been explored in the hope that the designer may
use them to good advantage in new designs.

7.3
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STATIC RAM TIMING

APPLICATION

©)d NOTE
Integrated Device Technology. Inc. AN-20
by SRAM Applications
INTRODUCTION The timing parameters are divided into two groups: those that

This application note is about timing parameters involved in the
use of static RAMs. The application note describes these
parameters, their individual meanings and their uses.

Optimum performance can be accomplished by understanding
the timing of the memory element. A system which is designed
using this knowledge will be fast and will not consume a lot of
power.

The timing parameters are actually the reflection of the internals
of the static RAMs. These internals will be discussed and the
relationship between the timing at the celi level and the timing at
the component level will become clear.

are involved with common /O parts and those that are involved
with the separate 1/0 parts. -

In order to show the different aspects of the timing problem in
static RAMs, two IDT 16K static RAMs will be used as examples.

The RAM Cell

In order to better represent the different timing parameters
involved inread or write operations in static RAMs, we will start with
the basic memory cell. The basic memory cell of Integrated Device
Technology is the four transistor cell (4T Cell shown in Figure 1).

SUPPLY VOLTAGE
A

PULL-UP RESISTOR

PULL-UP RESISTOR

Q1

Q4

X

\/

BIT-LINE

ROW SELECT

BIT-LINE

Figure 1. Four Transistor Cell

In the four transistor ceil of Figure 1, transistors Q2 and Q3
constitute a latch. When Q2 is on, it keeps Q3 off, and when Q3 is
on, itkeeps Q2 off. A zero (0) bit is accomplished by Q2 onand Q3
off. A one (1) bit is accomplished by Q3 on and Q2 off.

WRITING INTO THE CELL

To write a one (1) into the cell, Row Select becomes active.
Transistors Q1 and Q4 turn on. Bit-Line is forced high and Bit-Line
is forced low. Transistor Q2 will turn off and transistor Q3 will turn
on. Therefore, the contents of the latch becomes a “1”.

READING FROM THE CELL

To read the contents of the cell, Row Select becomes active.
Transistors Q1 and Q4 turn on. The state of the drains of transistors
Q2 and Q3 becomes available on Bit-Line and Bit-Line. One of the
two Bit-Lines will be pulled down through Q1Q2 or Q3Q4. If
Bit-Line is high and Bit-Line is low, the contents of the latchisa “1”.

RAM

A RAM is a RAM cell together with some logic interface for read
or write operations. Figure 2 shows a one-bit RAM with some logic
interface in order to operate it.

© 1989 Integrated Device Technology, Inc.

Printed In the U.S.A. 01/89
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SUPPLY VOLTAGE
PULL-UP RESISTOR PULL-UP RESISTOR

3 :
L1

ETED QR —
|

ROW SELECT
Y
BIT-LINE BIT-LINE
WRITE AMPLIFIER READ AMPLIFIER
QUTPUT DRIVER

> ;

LOGIC CIRCUITRY
FOR CS, WE, OE

Dy r T T Dour

Cs WE OE

Figure 2. One-Bit RAM

WRITING TO THE ONE-BIT RAM
The writing operations of the one-bit RAM are performed in the
following order:
e Force Bit-Line high and Bit-Line low (to write a “1”)
Row Select goes high to select the cell to be written
Q1 and Q4 turn on
Q2’s drain is pulled high towards the supply
Q3's drain is pulled down to ground level
Q2's gate will be low, therefore Q2 is OFF
Q3's gate will be high, therefore Q3 is ON

As shown in Figure 2, in order to write, the control logic has to
enable the differential write amplifier that is placed in the path of
Din. When a data bit has to be written into the latch, D is put
through that differential amplifier which will charge up one of the bit
lines and will charge down the other. The Row Select line has
already selected .the appropriate latch, and finally, the data is
written into the cell.

READING FROM THE ONE-BIT RAM

The reading operations of the one-bit RAM are performed in the

following order:

e Row Select becomes active

Q1 and Q4 turn on

Bit-Line will charge to the value of the drain of Q2

Bit-Line will charge to the value of the drain of Q3

Read amplifier will evaluate the two Bit-Lines and will output the
logic value corresponding to the content of the latch.

While reading fromthe latch, Row Select selects the appropriate
latch. The control logic will enable the appropriate sense ampilifier.
The sense amplifier will sense the bit lines and output a value that
will represent the content of the latch in question.

In Figure 2, the read amplifier is a differential amplifier that
senses which bit line is being pulled low. Both bit lines start high
and are pulled low by Q1Q2 or by Q3Q4. By sensing the movement
of the bit line being pulled low, the time spent to determine the
content of the latch is reduced.

A 2 x 2 RAM ARRAY

Before showing the general picture, let us examine the inner
connections of four cells arranged as a 2-word-by-2-bit RAM.
Figure 3 shows the configuration of this memory array. This array
could be extended in both directions.

AQ selects the particular row that interest the user. If AQ is low,
RS0 becomes active, and if it is high, RS1 becomes active. A1
selects the particular column that interest the user. If A1is low, CS0
becomes active, and if it is high, CS1 becomes active.

In the manner described above, if the user would like to access
the latch placed on the top left part of the Figure 3A, A1A0 = 00.

Latch (0,0) --> A1A0 = 00

Latch (1,0) --> A1A0 = 10

Latch (0,1) --> A1A0 = O1

Latch (1,1) --> A1A0 = 11
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Figure 3. A 2 x 2 Array
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A REAL PART

Before going into detail about the different aspects and
trade-offs of the various approaches of reading or writing, let us
take a look at Figure 4 which represents an actual part. This part

has 16K of memory and is arranged in a 16K x 1-bit manner
(IDT6167). It is similar to the array shown in Figure 3 but has been
expanded from 2 x 2 to 128 x 128.

Ao—[b

ROW

[<— Vec

k— GND

A —{3—
b — .
Ay —3—] sELeCT | - 128 x 128
J MEMORY ARRAY
Ay~
A12—&: —
A3
. . O] I
Cs - '{>'T — COLUMN 1/0
D ———_{>— Dour
COLUMN SELECT
»_:D__ Ay Ao Ag Ag A7 Ag Ag
WE

" Figure 4. Functional Block Dlagram of IDT6167 16K x-Bit

The selection of a particular row is done using address lines
AD---A4, A12 and A13. The selection of a particular column is
done using address lines A5---A11. The chip select line (CS),
enables the row select logic and the write/read signal. Data In and
Data Out paths are controlled by CS and the WE signal. If CSand
WE are are active, the path for Data In becomes valid. If CS is active
and WE high, the path for Data Out becomes active. If CS is not
active, both paths are turned off.

WRITING METHODS: WE vs. CS CONTROLLED
WRITE

There are also two different ways for executing a write, i.e.
the WE-controlled or the CS-controlled write. For the
WE-controlled write, the basic steps that one should consider are:
Bring the address bits to the address pins
Wait for the address pins to settle
Select the chip

Strobe the Write Enable pin: This will turn on the write amplifier
switches

e Bring the data bits to the data pins

o Terminate the strobe

e Keep the data bits stable for a while

Chip Select controlled write uses a slightly different set of steps :
e Bring the Write Enable low (enabled)

Bring the. address bits to the address pins of the IC

Wait for the address pins to settle

Strobe the Chip Select: This will turn on the bit and row select
switches

Bring the data bits to the IC data pins
e Terminate the strobe

e Keep the data bits stable for a while '

READING FROM THE RAM ARRAY

During a read operation, the WE signal is high, disabling the
write amplifiers and enabling the output drivers. In Figure 4, since
the part is a by one (x1) part, there is only one output driver and one
write amplifier.

Once the sense amplifier is active, the address lines (using the
row and column select logic) enable a particular memory cell. The
state of the cell is sensed by the sense amplifier (read amplifier)
which in turn will output the corresponding logic level.

The user has to wait a certain amount of time for the read
amplifier to sense the value of the latch. This amount of time will
correspond to the access time of the device.

Here are some steps representing a read operation:

e Select the device (CS low)

e Enable the read amplifier or sense amplifier { WE high): This will
actually turn on the driver at the output of the sense amplifier
(see Figure 2)

e Wait for the access time

e Read the data bit out of the data bus

COMMON I/O AND SEPARATE /O

What we have discussed is called a Separate 1/0 part. Separate
1/0 means that you have separate input and output paths. As far as
the user is concerned, it means that, at the device level, the parthas
different pins for the Data In and Data Out bits.

A 2 x 2 COMMON I/O RAM ARRAY

There are also other memory parts that are called Common 1/O
RAMs. A common |/O part has only one path for the data bits and
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this path is bidirectional. At the cell leve! in a common I/O part, the the idea of a common I/O part at the cell level. Itrepresentsa 2 x 2
Dy line is connected directly to the Dour line. Figure 5 illustrates common I/O array of RAM.
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ROW L—_L[o
SELECT W 10 b 'j_[ H X é
RS1 I l
O i HE t
B | M T —
€ Ccs1
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DRIVER
Dy > Dour
*
DATA
T
WE L/
Figure 5. A 2 x 2 Common I/O ARRAY
If the user decides to execute a write on a common /O part, turning off the output driver, enabling the input differential amplifier
there will be one extra step to take compared to our previous set of and finally executing a write into the array.

steps illustrated for a separate 1/0 part. This extra step is just
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A REAL COMMON 1/O PART

Let us now take a look at another actual part from Integrated
Device Technology. Figure 6 shows the functional block diagram
of a 4K x 4-bit memory device, the IDT6168.

Ao [ : [«— Vec
A — —
A D «— GND
2
Ay —De—] .Row 128 x 128
3 SELECT MEMORY ARRAY
Ag —D:
As ——{}: —
Ag _—D:
|
1704 i |P — COLUMN 1/0
110, k?— |iju'|' COLUMN SELECT
ATA
110, CONTROL
10, i>—
A7 Ag Ag Ay Agy r—ﬁ‘
o <
WE

Figure 6 Functional Block Diagram of 4K x 4-Bit Common I/O Memory

In order to understand the different timing parameters involved
in the read/write operation of the memory elements in general, let
us examine Figure 6 in more detail.

WRITING METHODS: WE vs. CS CONTROLLED
WRITE
Writing is achieved using two different techniques. Similar to the
previous section, a write can be achieved by either strobing the
chip select or strobing the write pulse. Here is the sequence to
follow if the WE (Write Pulse) controlled write is used:
e Bring the address bits to the IC address pins
Select the IC by enabling Chip Select
Wait for the address pins to settle
Start the Write Pulse: This will turn off the output drivers and
enable the input differential amplifier
Bring the data bits to the IC data pins
e Turn off the write pulse
¢ Keepthedata bits stable for a while after the Write pulse: Thisis
required hold time for the cells to settle
The other way of writing is the Chip Select controlled write. The
steps that follow are very similar to the steps taken for the separate
1/O part. Here is the sequence:
e Bring the address bits to the IC address pins

e Wait for the address pins to settle

o Keep the Write Enable pin low: This will keep the output drivers
off and allows the input differential amplifier to get enabled as
soon as the CS goes low

e Bring the data bits to the IC data pins

e Strobe the Chip Select: This will enable the input differential
amplifier for writing

e Bring the Chip signal high again: This will disable the input
differential amplifier

e Keep the data bus stable for a while after the Chip Select pulse
goes high: This is the required hold time for the cells to settle

READING FROM THE COMMON 1/O ARRAY

Again, reading the common I/O part is not very different from
reading the separate I/0 part. If the user decides to continuously
read an entire block sequentially, the Chip Select signal should be
kept low and the Write Enable signal high. In this way, the output
drivers are enabled and the concerned memory cells are selected.
The steps to follow are described below:

e Bring the address bits to the pins of the IC
o Select the IC by bringing the CS signal low

* Turn the outputs on by bringing the WE signal high: This step
and the two above can be executed together
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e Wait for a while for:
The concerned cells to be selected
The output drivers to be enabled (t.z)
The data bits to be valid (tacs)
e Read the Data Out of the IC after the above wait

Data will be available after Taa (address access time) from the
last time the address changed or after tacs (chip select access
time) from the time CS became active, whichever is longer.

WHAT DID WE TALK ABOUT SO FAR?

We have talked about latches and how they work. We have
described the structure of an array and then shown that there are

two different sorts of array. We have shown that the difference is not
a big one {Separate 1/0 vs. Common I/0) and that the parts are not
only similar in their base structure, but also similar in the way they
work.

Then the description of the necessary steps to take for a write or
a read operation was given. In order to finalize the idea about
memory parts, and before going into further detail about the timing
parameters and what they mean, Figure 7 shows a general block
diagram representing a memory part.

BIT LINE PULLUPS"

DECODERS FOR
ROW SELECT
ADDRESS ———» AND FOR
COLUMN
SELECT
RIW ——»
CS ——» CONTROL
OE —*

SENSE AMPLIFIERS AND WRITE
CIRCUITRY

i

DATA IN-DATA OUT
COMMON OR SEPARATE 1/0

Figure 7. Block Diagram for a Static RAM Memory Device

TIMING

Atthis point let us divide the timing parameters into two different
categories: those involved with common 1/0 and those involved
with separate [/O. To have a better understanding of these
parameters, let us take a look at various timing diagrams taken
from actual devices that Integrated Device Technology produces.

WRITING TO SEPARATE I/0 SRAM

To start, let us take a look at the 16K x 1-bit part (separate l/0),
the IDT6167. As the reader remembers, there are two ways of
accomplishing a write. Figure 8 illustrates the Write Enabled
controlled write for the mentioned memory IC.
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WRITE ENABLED CONTROLLED WRITE

R ®
twe
ADDRESS ‘)( ><
tew
s AN / )
taw twr
© t ®
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w9 MM 4
e tas (EP @
! tow ton
DATA : DATA |y VALID
! T
|<— twz q tow —=
HIGH IMPEDANCE
DATAGuT DATA UNDEFINED

/

Figure 8. Timing Dlégram for WE Controlled Write, IDT6167

Figure 8 shows the timing for Write Enabled controlled write and

the steps described below relate to that Figure:

Bring the address bits at the IC address pins. (At this point the
user should keep the address bits stable throughout the write
operation.) The Write Cycle time is twc during which the address
must remain constant. .

Select the chip. At this point the chip is selected and tcw is the
chip selectto end of write { WE signal) time. Thisis the minimum
amount of time that the IC has to remain in a selected mode.

Wait a while for the address pins to settle. The address set-up
time is tas. During that particular time the user is giving the
memory some time for the concerned cells to be selected with
the row and column select logic.

Strobe the Write Enable pin. This will enable the write differential
amplifiers (since CS is active already). The write pulse width
is twe. This is the minimum amount of time necessary for the WE
signal to be active in order to give enough time for the cells to
change state.

Bring the data bits to the IC data pins. The data bits should be
stable by the celis for at least tow, which is the data valid to end
of write time. The set-up time is tow for the latches of the IC.
Terminate the strobe. At this point, the WE signal is deactivated
and the strobing is done.

Keep the data bits stable for a while. This corresponds to the
hold time for the latches of the IC, to. By holding the data bits
stable during this time, the user is giving the cells a chance to
settle at the correct logic state while the write switches turn off.
This is the end of the cycle. At this point, the user can make an
address transition for the next operation but remember, CS or
WE must be high during address transition. If the CS or the
WE signals are not held high during an address transition, the
address decoders can glitch when addresses change, and
therefore, cause random cells to be written:

Figure 9 shows the timing for chip select controlled write and the

steps described below relate to this Figure:

Keep the Write Enable low (enabled). During a Chip Select
controlled write, the Write Enable signal is low during the the
Chip Select pulse. It should be active for at least the minimum.
The write pulse width is twe.

Bring the Address bits at the IC address pins.The user must
keep the address bits stable throughout the write operation. The
Write Cycle time is twc during which the address must remain
constant.

Wait for the address pins to settle. The address set-up time
is tas. During that time, the user is giving the memory time for the
cells to be selected by the row and column select logic.

Strobe the Chip Select. This will turn on the bit and row select
switches and will bring the cells to a situation where they are
ready to be written into. tew is the chip selectto end of write time.
This is the minimum width of the CS strobe.

Bring the data bits at the IC data pins. The Data bits should be
stable at the cells for at least tow, which is the data valid to end of
write time. The set-up time tow is for the latches of the IC.

Terminate the strobe. At this point the CS signal is deactivated
and the strobing is done.

Keep the data bits stable for a while. This corresponds to the
Hold time for the latches of the IC. ton is the data hold time. By
holding the data bits stable during this time, the user is giving
the cells a chance to settle at the correct logic state while the
select lines turn off.

This the end of the cycle. At this point the user can make an
address transition for the next operation but remember, CS or
WE must be high during address transition. If the CS or the
WE signals are not held high during an address transition, the
address decoders can glitch when addresses change and,
therefore, cause random cells to be written.
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CHIP SELECT CONTROLLED WRITE

Q)
twe
) &
ADDRESS
X /
—— tag ! tew
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twe
- \ /
@ '! tDW DH
L
DATA DATAy VALID
i
}4- twz j
DATAour DATA UNDEFINED /l HIGH IMPEDANCE

Figure 9. Timing Diagram for CE Controlled Write, IDT6167

TIMING FOR CONTINUOUS READ

Let us now take a look at the timing for a read cycle. Let us
assume that the user wants to constantly read the IC. The WE

TIMING WAVEFORM OF READ CYCLE NO. 1

®

signal is high and the CS signal is low, continuously. The timing
that will apply is shown in Figure 10.

®

tre
ADDRESS \(
o ©
p————— tCH -——.I
DATAout PREVIOUS DATA VALID DATA VALID

Figure 10. Timing Waveform for Read Cycle No.1

During this read cycle, the Write Enable (WE) is high (therefore
disabled) and the Chip Select line is low (CS, therefore enabled).
The output drivers are turned on while the chip is selected, putting
the IC in a constant read mode. The amount of time that the
previous data will still be valid after an address transition has
occurred is ton. Finally, after Taa has passed since the address
transition, the valid data bits are available. Since Taa-ton is
changing, data from the 1C is not valid during this time.

Let us go through Figure 10 step by step:

e Bring the address bits to the IC address pins. The read cycle

time parameter during which the address must remain constant

istge .

At this point the previous data is still valid on the bus. This data is

going to stay valid for ton, which is the output hold from address

change time.

e At this point the valid data will appear at the pins. Taa is the IC
access time and is the amount of time that has to pass since the
address transition for the valid data to appear at the pins.
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e At this point the IC is ready for a new address.

TIMING FOR CS CONTROLLED READ

Figure 11 shows the timing of a chip select continuous read
operation.

TIMING WAVEFORM OF READ CYCLE NO. 2

®
s X

® —

tacs

2 ® ©

@@

DATAouT

DATA VALID

Figure 11. Timing Waveform for Read Cycle No.2

In Figure 11, it is assumed that the WE signal is high and that the
address transition has occurred and the address is valid prior tothe

CS transition to a low state:

e The CS signal makes a high-to-low transition, therefore
becoming active. tac is the read cycle time and represents the
amount of time that this signal has to stay active.

e The Chip Select to Output in low Impedance state is t.z. This
shows that t .z time after the CS high-to-low transition the output
drivers will be on.

e The Chip Select access time is tacs . This shows the amount of
walt necessary after the high-to-low transition of the CS signal
before the valid data will appear at the output pins.

¢ Terminate the strobe. This will start turning off the output drivers.
At this point the CS signal will become inactive.

e Fromthis point on, the outputdrivers are turning off and the valid
data will be present for only tkz time after this point. twz is the
Chip Deselect to output in high impedance time parameter.

~ WRITING TO COMMON 1/0 SRAM

Let us take a look at the 4K x 4-bit part (Common 1/0), the
IDT6168. Figure 12illustrates the Write Enabled controlied write for
the common /O RAM.
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WRITE CYCLE NO. 1
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Figure 12. Timing Diagram for WE Controlled Write, IDT6168

TIMING FOR WE CONTROLLED WRITE

The steps described below relate to Figure 12:

Bring the address bits to the IC address pins. At this point, the
user must keep the address bits stable throughout the write
operation. The Write Cycle time during which the address must
remain constant is twc.

Wait for the address pins to settle. The address set-up time
is tas. During that time, the user is giving the memory time for
the cells to be selected with the row and column select logic.

Select the chip by enabling Chip Select. At this point the chip is
selected and Tew is the chip select to end of write (WE signal)
time. This is the minimum amount of time the IC has to remain
selected.

Strobe the Write Enable pin. This will enable the write differential
amplifiers (since CS is active already). The minimum write pulse
width is twe. This is part of the amount of time necessary for the
WE signal to be active in order to give enough time to the cells to
change state. On the data out graph in Figure 12 (bottom), the

user should notice that at this time, the output drivers start toturn
off and, in twz time, they will be completely in the high
impedance state.

Bring the data bits to the IC data pins. The data bits should be
“seen” by the cells for at least tow, which is the data valid to end
of write time. Tha Set-up time is tow for the latches of the IC.
Terminate the strobe. At this point the WE signal is deactivated
and the strobing is done.

Keep the data bits stable for a while. This corresponds to the
Hold time for the latches of the IC. The data hold time is ton. By
holding the data bits stable during this time, the user is giving
the cells a chance to settle at the correct logic state.

This is the end of the cycle. At this point, the user can make an
address transition for the next operation. Remember, CS or
WEmust be high during address transition. By keeping them
inactive, the user is preventing the row and column select logic
to expose the cells to the address bus while it is in transition.
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WRITE CYCLE NO. 2
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Figure 13. Timing Diagram for CS Controlled Write, IDT6168

TIMING FOR CS CONTROLLED WRITE

The steps described below refer to Figure 13.

Keep the Write Enable low (enabled). During a Chip Select
controlled write, the Write Enable signal is supposed to be
active for at least the write pulse width amount of time. The time
that the WE signal is enabled-should correspond to the time
where the IC is selected for at least the width of the write pulse.
From the moment that WE becomes active, twz is the amount of
time after which the output drivers are turned off and reach high
impedance state.

Bring the address bits to the IC address pins. The user should
keep theaddress bits stable throughout the write operation. The
Write Cycle time is twe during which the address must remain
constant.

Wait for the address pins to settle. The address set-up time is
tas. During that time, the user is giving the memory time for the
cells to be selected with the row and column select logic.
Strobe the Chip Select. This will turn on the bit and row select
switches and bring the caells to a situation where they are ready
to be written into. The chip select to end of writa time is tcw. This
is the minimum width of the CS strobe.

Bring the data bits to the IC data pins. The Data bits should be
“seen” by the cells for at least tow, which is the data valid to end
of write time. The Set-up time is tow for the latches of the IC.
Terminate the strobe. At this point, the CS signal is deactivated
and the strobing is done.

Keep the data bits stable for a while. This corresponds to the
Hold time for the latches of the IC. The data hold time is tow. By
holding the data bits stable during this time, the user is giving
the cells a chance to settle at the correct logic state.

e This the end of the cycle. At this point the user can make an
address transition for the next operation. Remember, CS or
- WEmust be high during address transition. By keeping them
inactive, the user is preventing the row and column select logic

to expose the cells to the address bus while it is in transition.

SOME POINTS TO NOTICE IN COMMON 1/O
SRAMs

1. WE vs. CS Controlled Write on Common 1/O
SRAMs

One more detail about common /O is that it is possible to
improve the speed of operation of the system by intelligently
choosing what signal will be strobed during a write:

ifthe user decides to strobe the WE signal, he would have to wait

for at least: '

— Twz+Tow (Write Enable to output in high Z+ data valid to

end of write)

if the user decides to strobe the CS signal, he would have to wait

only for:

— Twe (Write Pulse width)

— And generally ----~-- >Twz + Tow [ Twe

2. WE Controlled Write
An additional timing requirement is to wait for the drivers to turn
off at the beginning of the write.

3. CS Controlled Write

In a Chip Select controlled write, the designer does not have to
wait for the drivers to turn off.
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TIMING FOR CONTINUOUS READ

Let us now take a look at the read cycles of a common /O
device. Again, they are not really different from the separate I/O
case. Figure 14 shows the read cycle for continuous enabled write.

TIMING WAVEFORM OF READ CYCLE NO. 1

®

Inthis cycle, it is assumed that the IC is continuously selected and
that the addresses are changing at a certain rate. The data is being
read after an appropriate wait after each address transition.

®

tac
ADDRESS )<
tan {
©
DATAGuT PREVIOUS DATA VALID > DATA VALID

Figure 14. Timing Waveform for Read Cycle No. 1

In a continuously enabled read cycle, CS isactive, therefore the

IC is selected and WE signal is high—putting the IC in the read

“mode” by turning off the output drivers. Let us examine Figure 14

step by step:

e Bring the address bits to the IC address pins. The read cycle
time is tac parameter during which the address remains
constant.

e Atthis point the previous data is still valid onthe bus. This data is
going to stay valid for ton, which is the output hold from address
change time.

TIMING WAVEFORM OF READ CYCLE NO. 2

e At this point the valid data will appear at the pins. Taa is the IC
access time and is the amount of time that has to pass since the
address transition for the valid data to appear at the pins.

o At this point the IC is ready for a new address.

TIMING FOR CS CONTROLLED READ

Let us now take a look at Figure 15, which shows the timing of a
single read operation.

Ccs

N

/

tacs

e 1,—©
Y
Q

DATAqur i l

tacs

B ®
HIGH IMPEDANCE
DATA VALID

WE ®

Ye

Figure 15. Timing Waveform of Read Cycle No. 2

e WE goes high, putting the IC in a read “mode”. The read
command set-up time is tres . At this point the IC is ready to turn
on the output drivers as soon as the CS (Chip Select) signal
becomes active.

e The CS signal makes a high-to-low transition, therefore
becoming active. The read cycle time is tac and represents the
amount of time that this signal has to stay active.

e The Chip Select to Output in low impedance state is t.z . This
shows that tiztime after the CS high-to-low transition, the output
drivers will be on.

e The Chip Select access time is tacs. This shows the amount of
wait necessary after the high-to-low transition of the CS signal
before the valid data will appear at the output pins.
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o Terminate the strobe. This will startturning off the output drivers.
At this point the CS signal will become inactive. The valid data
will be present for only tyz time, the Chip Deselect to Output in
High Impedance time is t1z parameter.

e From this point on, the output drivers are turned off.

CONCLUSION

To get a better understanding of the timing for read or write
operations, this application note went through an overview
covering a range of subjects.

To start, a RAM cell and its operation was presented. Then, the
way of achieving an array of RAM by interconnecting the different
RAM cells was shown.

There are two different sorts of RAMs: Separate /O and
Common /0. The application note went through a complete
explanation of read and write operations for these different types
with concrete examples.

There are two different ways of writing into the memory: Chip
Select controlled Write and Write Enabled controlied write.

While writing toa common I/0 device, itis generally faster to use
the Chip Select controlled write.

The use of all RAMs is very similar and generally, if the
guidelines of this paper are followed, the operations will be
accomplished successfully.
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By Satyanarayana Simha
INTRODUCTION

The reduced instruction set computer (RISC), the IDT79R3000,
has allowed for simplicity in hardware and synergy between
architecture and compilers. To further increase the throughput ofa
computer system, direct-mapped cache memory is implemented
on systems using the R3000. The availability of a wide variety of
high-speed static RAMs from IDT gives the designer the flexibility
of selecting the proper part for his application. It is necessary,

CACHE DESIGN

however, to know the critical timing parameters governing the
design of a cache subsystem. This article is divided into three
parts. The first part shows a general cache system with a
description of the clock inputs. The second section details the
equations used to calculate the critical parameters. Itis followed by
anexample of an {DT7198 static RAM used as a cache RAM for the
R3000.

IRd1*
1 IWr1*

15 X WE*
IDT7198
(16K x 4)

AdrLo

DRd1*

DWr1*
IDT79R3000

PROCESSOR

DClk

AND TAG

Figure 1. 64KB Instruction/Data Cache Configuration

A simplistic block diagram implementation of a 64KB separate
instruction cache and data cache is shown in Figure 1. The design
of a cache subsystem such as the one above depends on the four
input clocks to the R3000 processor. These clock inputs are twice
the frequency of the output clock i.e., SysOut. By adjusting the
timings of these clocks, the designer can accommodate a wide
variety of static RAMs by properly considering specific parameters
such as set-up and hold times. The clocks themselves can be
adjusted using tap settings on a delay line or by using delay logic.
The clock inputs are described below.

1) Clk2xSyS: Determines the position of SysOut with respect to the
data, tag, and address buses. It is positioned so that devices in

the cache/bus interface clocked by SysOut meet the set-up and
hold time requirements.
2) Cik2xSmp: Is used by the R3000 to capture external data onto
data bus and control inputs.
3) Clk2xRd: Is used to delay the enable of data bus drivers.
4) Clk2xPhi: Is used to determine all R3000 outputs i.e., data,
address, and tag buses.
Figure 2 shows the timing relationships between the four clocks.
All the timing equations for cache design depend on the phase
relationship between these clocks. Tsmp is the Clk2xSmp to
Clk2xPhi delay, Trd is the Clk2xRd to Clk2xPhi delay, and Tsys is
the Clk2xSys to Clk2xPhi delay.

© 1989 Integrated Device Technology, Inc.
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CLK2xSYS

Figure 2. Timing Relationships Between the Four 2x Clock Inputs

In the cache implementation scheme, instruction references
begin their reference during phase 2 and transfer data during the
following phase 1. Data references begin during phase 1 and
transfer data during phase 2. Thus, data and instruction references

| FCT373A

15x
IDT7198

IDT79R3000
PROCESSOR

(16K x 4)

DATA
AND TAG

can take place in different phases of the same clock cycle. See
Figures 3a and 3b. This is animportant factor to consider in order to
prevent contention between instruction and data caches.

FCT373A

15 x
IDT7198
(16K x 4)

Figure 3a. Data and Instruction Caches During Phase 1
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: : AdrLo
FCT373A IClk

IDT79R3000
PROCESSOR

DATA
AND TAG

FCT373A

15 x
IDT7198
(16K x 4)

Figure 3b. Data and Instruction Caches During Phase 2

Specific factors such as access time, set-up time, hold time,
enable and disable times, and the deration factor are key in
choosing the proper static RAM and in setting the phase delays in
the clocks. The next section discusses the timing equations
needed for selecting a static RAM for cache design.

Equations Governing the Critical Parameters in
RAM Selection:

Figure 4 shows the timing of the relevant signals for a 25MHz
(40ns) R3000. The numbers represent the equations that are
critical in determining the selection of the static RAMs. The timing
is given for the worst case condition i.e., a STORE followed by a
LOAD. An explanation of the equations is given below.

Internal Sample to Phi: This timing parameter reqmremem
guarantees that the processor internal sample to Phi is met.
tsmp2 508 —--m--mm—mmeomooooeeoo ) (1)

Address Access to Data Sample: This timing parameter
requirement guarantees that the cache RAMs have sufficient
access time. This caiculation assumes that the address delay
through the FCT373 is limited by its propagation delay.

RAM%4 < t oy tsmp - AdrLo %- 373pp - t g5~ (2)

Cache Enable to Sample: This timing parameter requirement
guarantees that the cache RAMs are enabled soon enough to meet
the processor’s input set-up specification. )

RAMog9< Teye/2 - t smp-rd - R e (3
Minimum Read Pulse Width: This timing parameter requirement

guarantees that the read pulse generated by the processor is at
least as long as the cache RAM output enable time.

RAM%E <t cyc/2- tsys-rd

Read Write I-Cache Data Bus Contention: This timing parameter
requirement guarantees that no contention will occur between the
instruction cache and the processor on a store.

RAMyz <tgys- Rd dy Den ----- (5)

Processor Data Set-up to End of Write: This timing parameter
requirement guarantees that the cache RAMs have adequate data
set-up time when being written into by the processor.

RAMSD < toyo/a* tsmp- DVal 9+ Wrd----- (6)

Data Hold from End of Write: This timing parameter requirement
guarantees that the data hold from end of write specification of the
cache RAMs is met when either the processor or the read buffer.is
writing to the RAMs.

RAMyp - RAM, 7z  <tsmp-rg = = -———----- (7)

Data Set-Up to SysClk: This timing parameter rec_juirement
guarantees that the set-up time into an external register is met ona
processor store.

SetUpsys < teyeja- teys - (DVal 9+ - Sys 9- 240 pp)-- (8)-

< tsmp-rd

Data Hold from SysClk: This guarantees that the hold time
specification of an external register is met on a processor store.
The data holds on the bus until a subsequent read drives new data.

Holdsys < tsys-rg- Sys 9- 240 pp+ RAM |7+ Rd 9- (9)

Equations 1 to 9 are sufficient for the purpose of selecting the
proper RAMs for use as cache memory. To illustrate the point
further, an IDT RAM device, the IDT7198 (16K x 4), is chosen asan
example.

*d: Deration due to additional load. 1ns per 25pF.
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Figure 4. IDTR3000 40ns (25MHz) Cycle Timing

CALCULATION OF TIMING PARAMETERS
An example of a cache subsystem designusingan IDT7198 i.e.,
a 16 K x 4 static RAM follows. All the numbers used in the
calculations have been taken from the IDT Data Book' and the
R3000 Interface Manual. The numbers are presented in Figure 6.
The deration factor has been taken into account for DIPs. Surface
mount would decrease the deration factor.
The following factors have been taken into account for
calculating the deration factor?.
1) The SSl logic and cache RAM propagation delays are derated
by 1ns per 25pF of additional load.
2) Cache RAM input capacitance is 5pF.
3) Cache RAM output capacitance is 7pF.
4) Trace capacitance is estimated at 2pF per inch.
5) Data and trace tag buses are 6 inches.
6) Address buses are 2 x 5 inches.
7) SysOut loading is SO0pF.
8) Test value of 30pF to be subtracted.

Deration Calculations:

Address Capacitance: 12 x 2pF = 24pF; (factors 4,5, and 6) 5
Devices = 5§ x 10pF = 50pF; Test value = -30pF; Total
capacitance = 45pF; At 1ns per 25pF, total deration of address
bus = 2ns.

Data Bus Deration: Is approximately the same i.e., 2ns. Read
control capacitance for IDT7198 will be about 10 inches of trace
and 8 devices at 7pF each. Therefore, Read control deration =
(76-30)pF/25pF/ns = 2ns.

In Figure 5, the circled numbers are the equations previously
described. The number in parentheses is the allowable worst case
timing. The adjacent number is the total time taken using the
IDT7198. The numbers for the IDT7198 with the R3000 running at
different frequencies and the FCT373A are shown in Table 1 and
Table 2 respectively.

The first value for each parameter in Table 1 shows the
maximum allowable worst case rating and the second value shows
the timing using the IDT7198 RAM.
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R3000 Clock Frequencies
Parameter Load Symbol Min. 16MHz Max. Min. 20MHz Max. Min. 25MHz  Max.
(pF) (ns) (ns) (ns) (ns) (ns) (ns)
A ta Valid 30 t 3 2 19
ddress to Data Vali AA 29 25 19
: 17 13 10
Output enable to Data Valid 30 tooe
15 13 10
) . . 14 12 2 8
Output Disable time HZ 12 10 7
) ) 2 2 2
Output Enable Time Lz 5 5 3
N 43 36 27
tUp to End of Write AW
Address SetUp to End o =0 20 13
14 13 11
Data SetUp to End of Write tos
13 13 8
55 47 37
Write Pulse Width tPwe
20 20 13
0 0 0
Data Hold from End of Write tho
0 0 0
) 0 0 0
Address Hold from End of Write tHA 5 5
0

Table 1. Cache RAM Parameters. RAM Specifications vs. IDT7198 Specifications.

Parameter (b?‘?g) Symbol mlsr; 'gf;;
FCT373A Propagation Delay 50 373 PD 52
FCT373A Latch Enable Delay 50 tars e 2 8.5
FCT373A Latch Enable Hold 50 373 Hid © 18
FCT240A Prop Delay 50 ta40 P 15 48

Table 2. Parameters for Latches and Buffers

Figure 6 shows a block diagram of tap settings on a delay line for
the four clock input signals. By varying the phase delay between
these signals, the designer can select the proper static RAMs for
cache memories and the operating frequency of the R3000. Table
3 shows suggested tap settings on the delay line for the R3000
running at different frequencies.

DELAY l

OsC. l DELAY l
Clk2xPhi -

Clk2xsys Clk2xSmp
Clk2xRd

Figure 6. Tap Settings for the Clock Inputs

Parameter 16.67MHz 20MHz 25MHz
Clk2xSys 0 0 0
Clk2xRd 6 6 6
Clk2xSmp 6 6 6
Clk2xPhi 16 14 12

Table 3. Delay Line Setting Summarization

The designer can use a DDU-7F-20* chip for the delay line. The
clock is the input to the device and the outputs at various points can
be chosen with the appropriate phase delays.

CONCLUSION

The IDT R3000 RISC processor allows an efficient cache system
to be implemented with standard architecture static RAMs. To
design a cache subsystem, it is essential to know only the critical
equations mentioned above and their relation to the four input
clocks. The tap settings provide further control of the cache
subsystem design for different operating frequencies of the R3000.

REFERENCES
1. IDT Data Book, pp 4-74 -- 4-83, pp 10-72 -- 10-75.

2. MIPS R3000 Processor Interface Manual, pp 105.
*d: deration due to additional load. 1ns per 25 pF.

*Available from Data Delay Devices (201) 772-1106

75 5



THE COMPLETE HIGH
PERFORMANCE CACHE
SYSTEM FOR THE 80386

APPLICATION
NOTE
AN-30

Integrated Deviceechnologylnc || \JCROPROCESSOR
by SRAM Applications
INTRODUCTION stores the main memory page addresses of the data that is stored

The design of microprocessor systems, today, requires an
extensive knowledge of the principles of cache controller and
cache memory design—for it is the cache that enables the
microprocessor to achieve its maximum throughput. For example,
the Intel 25MHz 80386 (using main memory DRAMs with a cycle
time of 250ns), without a cache, israted at 2 MiPs (peak). However,
with a well designed cache, the system performance can reach
125 MIPs (peak). Similarly, for the Motorola 68030, the
performance can be increased from 2 MIPs to 10 MIPs (again with
250ns DRAMs as the main memory element).

Besides increasing the throughput of a microprocessor system,
the inclusion of a cache decreases the system bus traffic, making it
an ideal element for use in the design of muitiprocessing and
multi-master based systems. A well designed cache for coherent
multiprocessing and multi-master systems.

Central to a cache design, is the coherency architecture
employed. This application note discusses the design of a unique
cache controller which uses two cache tags to achieve coherency.
This dual cache tag design for the 80386 microprocessor offers
greater speed than the more common time multiplexed cache tag
design in addition to simplifying the system bus interface and
timing requirements.

CACHE DEFINITION AND OPERATION

A cache may be defined as a high speed memory element that
serves as a high speed memory buffer between slower main
memory and the microprocessor. The design of the cache is such
that it has an effective cycle time that is less than the cycle time of
main memory. This, of course, is because the design of the cache
dictates that the data or code needed most often is usually in the
cache memory.

The cache memory can not be too large in size because of cost
and board space considerations. The main memory will therefore
be divided into pages equal in size to the cache memory size. The
size of a page will depend on the total size of the cache and the
degree of associativity of the cache implementation.

The general operation of a cache based system can be
understood by examining its interaction with the microprocessor
and main memory during program execution. When a
microprocessor issues a read instruction, the microprocessor’s
address’s page field is compared against the page address stored
in the cache tag. If the cache tag page address matches the
microprocessor address's page field, a hit occurs, and the
microprocessor reads the associated data from the data cache
SRAM. On the other hand, if the microprocessor page address is
not in the cache tag a cache miss occurs. In the latter case, the
microprocessor will retrieve the data from main memory and
update the cache memory and cache tag with the required main
memory address and data i.e. a cache read miss cycle.

CACHE ARCHITECTURE OVERVIEW

A cache system consists of a cache memory which may be
divided into two parts; the dictionary or cache tag (a cache tag
SRAM) and the cache memory {a data SRAM). The cache tag

in the cache memory. Besides the cache tag and cache memory, a
complete cache system for a microprocessor incorporates; a
cache controller to instigate and respond to local and system bus
states; system and local bus control logic to interface to external
system bus masters and the local microprocessor; coherency
logic to assure system coherency in multi-master based systems.
Faster caches include a write buffer to allow for zero wait state
posted writes.

CACHE TIMING PARAMETERS

When designing a cache system using cache tag and data
cache SRAMs, you have to consider the cycle time of the
‘microprocessor used, the match time of the cache tag and the
access time of the data cache SRAM. For the Intel 80386 (25MHz
version), the cycle time is 40ns. This allows nearly 80ns for the
cache tag address to be compared against the microprocessor
address and the data cache SRAM to be accessed (a minimum of
two cycles are required for the read instruction). IDT's cache tag
SRAMs and data cache SRAMs can be used to meet the timing
requirements of most microprocessors. The IDT7174 8K x 8 cache
Tag SRAM features a match time of 20ns (maximum) while IDT's
7164 8K x 8 has a cycle time of 20ns (maximum). When both the
cache memory and cache tag are accessed simultaneously, valid
data can be placed onto the microprocessor address bus in nearly
20ns (address to match time of the cache tag (20ns) is equal tothe
access time of the cache memory (20ns) in the above). Here, the
controller will start the cycle as if the data is in the cache memory, if
later during the cycle it was determined that the data is missing
from the cache, the controller will float the 1/Os of the cache
memory and accesses the main memory.

EFFECTIVE CYCLE TIME

The effective cycle time of a microprocessor based system is
the average amount of time that is required to access memory. For
a system without a cache, the effective cycle time is equal to the
cycle time of main memory (today’s 1Mbit DRAMs feature cycle
times between 100 and 400ns). However, for a microprocessor
system based on a cache, the effective cycle time is a function of
the cycle time of main memory, the cycle time of the cache and the
hit ratio of the cache, i.e. :

terr = hteaene+ (1-h) tmain

where tett = Effective Cycle Time
h = Hit Ratio
1-h = Miss Ratio
tmain = Main Memory Cycle Time
tcache = Cache Cycle Time

A normalized graph showing the effective cycle time for a
varying hit rate with a constant main memory cycle time of 200ns
on acache that allows zero wait states operation, is given in Figure
1. From the graph, it can be seen how dramatically the hit rate
affects the effective cycle time of the system e.g. for a decrease in
the hit rate from 99% to 89%, the effective cycle time of the cache
will almost double. o

© 1989 Integrated Device Technology, Inc.
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Effective Cycle Time
of the system in ns

] ] | |

The slope of this line is the
Cache cycle time minus the
main memory cycle time:

Slope = Tcache - Tmain

{ ! | |

1 1 | T I
10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Hit Ratio of the System

Figure 1. Effective Cycle Time vs. Hit Rate

CACHE ASSOCIATIVITY

Associativity, the number of unique cache memory banks of a
cache design, is fundamental to the design of a cache system. The
associativity determines the cache architecture, affects, to a
degree, the overall performance of the system, plays a role in the
selection of the replacement algorithm (pertains to the method
used to update the cache memory), and indirectly sets the page
size.

Associativity and Cache Architecture

After the designer decides on a cache memory size, he or she
must then decide on the associativity so as to obtain the optimized
cost/performance ratio. The architecture of the cache memory is
dictated by its associativity. For example, if the designer selected a
cache memory size of 32Kbytes, the direct mapped cache
memory will be one 8K bank of 32 bit words. A 32Kbytes two-way
setcache will have two 4K banks of 32 bit words. Finally a 32Kbytes
four way set design will have four 2K banks of 32 bit words.
Associativity and Page Size

Because of the different architectures for caches of different
associativity, the page size for a given sized cache will vary withthe
degree of associativity. For the direct mapped 32Kbytes cache,
given above, the page size will be 8K doublewords. Similarly, the
two-way set associative design will have a page size of 4K
doublewords and the four-way set associative will have a page size
of 2K doublewords. Since the size of the page is smaller for caches
of higher degrees of associativity, the number of main memory
pages will also vary with associativity (See Figure 3).

Associativity and Mapping Cache To Main Memory

The 80386’s 32-bit address field to be viewed as two fields, a
page field (given by the tag) and a line offset field (See Figure 5).
Since the page size of main memory is dictated by the size of the
cache a direct mapped cache with a cache memory size of
32Kbytes will have a main memory page size of 32Kbytes (or 8K
32-Bit words). Since the page size of main memory is the same size
as the cache memory, every address in cache memory directly
maps to the associated line in a page of memory i.e. line 5 of the
cache maps to line 5 of the main memory page (Figure 2). In this
example we will use a line length of 8 bytes. The address 17635

matches the tag 1763X, X refers to an octal digit from 0 to 7. The
data associated with the tag 1763X have addresses from 17630 to
17637. Therefore the address 17635 refers to the sixth element in
that line. The corresponding data is 72.

CACHE MEMORY

TAG DATA
1763X 12,78,90,65,37,72.44,10 |y
4736X 22,34,35..... RE
9876X 68,99.56.......
0000X 89,76,35......

[ ase3x |—441020.......

A 4

7]

DATA

17635

ADDRESS

Figure 2. Mapping to Main Memory

Since the page size is affected by the associativity of the cache,
the addressing scheme for fixed sizedcaches of different
associativity will also be affected. As shown in Figure 3, the page
field for a direct mapped cache is 17 bits while the line offset field is
13 bits. This contrasts to a four way set which has a page field of
19 bits and a line offset field of 11 bits.

The addressing scheme for a cache based on the Intel 80386 is
also determined by the size of the cache. If the cache size is
32Kbytes (8K x 32) the 13 LSBs of the 80386 microprocessor
address bus will be needed to address each four byte line in the
cache. This leaves 17 bits to define the number of pages in main
memory i.e. 217 = 128K pages. In summary, an 8K doubleword
cache divides main memory into 128K pages of 8K doublewords
each.
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ADDRESS BUS OF THE 80386 MICROPROCESSOR
f [

[ so[zo] e[ o] o] e[ elre] 52| e] o] o] o] 2]

17 BITS 13 BITS

ceemerecmenaannane. DIRECT MAPPED
18 BITS 12 BITS

eso0eccccocncnssce TWO WAY SET ASSOCIATIVE
19 BITS 11 BITS

coeeoeecccoccccocce FOUR WAY SET ASSOCIATIVE

Solid Lines :  Address bits that are used to Address the Tag Memory
Dashed Lines: Address bits that are stored in the Tag Memory

Direct Mapped

Two way set

Four way set

To address the Tag memory

A(2:14) ->13 bits

A(2:13) ->12 bits

A(2:12) - >11 bits

To store In the Tag memory

A(15:31) ->17 bits

A(14:31) -> 18 bits

A(13:31) - >19 bits

Page Size 8K 4K 2K
Number of pages 128K 256K 512K
Number of cache memory banks 1 Bank 2 Banks 4 Banks
Absolute size of the cache memory 1x8K 2x4K 4 x 2K

Figure 3. A Tativity, Archl ire, Addressing, and Page Size for a fixed size cache. In the iImplementation that follows the cache size is 32
KBytes. Figure 3 shows how the address bus of the 80386 should be divided for different associativity of the same size cache (32 KBytes).

7.6



THE COMPLETE HIGH PERFORMANCE CACHE

SYSTEM FOR THE 80386 MICROPROCESSOR APPLICATION NOTE AN-30
MAIN MEMORY .
DWord 8191 T
L ]
®
PAGE 131071 . 8K
DWord 2
DWord 1
DWord 0O 1
DWord 8191
L]
[ ]
PAGE 131070 . 8K
Word 2
Word 1
DWord 0 - TAG DATA
[ ] ——
. Page 6 DWord 8191
. Page 10001 DWord 8190
. Page 14 DWord 8189
[ ) L] L ]
[ ] ® [ ]
[ ] L ] ® BK
[ ) L L
. Page 0 DWord 2
hd Page 2 DWord 1
hd Page 212 DWord 0 _
DWord 8191
° CACHE TAG + MEMORY
PAGE 0 .
8K
Word 2
Word 1
DWord 0

TOTAL MEMORY = Number of Pages x Page Size x DWord

128K x BK x 4Bytes
4 GigaBytes

Figure 4A. Direct Memory Mapped representation of a 32 KBytes Cache
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MAIN MEMORY
DWord 4095
.
.
PAGE 262143 .

DWord 2
DWord 1

Word 0
DWord 4095

.
]
PAGE 262142 -

DWord 2
DWord 1
DWord 0

DWord 4095

[ )
PAGE 0 .

DWord 2
DWord 1
DWord 0

4K
4K
BANK A
TAG DATA
Page 32 DWord 4095
age 51 DWord 4094
Page 24 DWord 4093
Page 653 DWord 0
4K BANK B

TOTAL MEMORY = Number of Pages x Page Size x DWord -
= 256K x 4K x 4Bytes

= 4 GigaBytes

Figure 4B. Two-Way Set Assoclative Memory Map for a cache with a total size of 32 KBytes

The operation of comparison for the cache tag, for the latter
example, uses the 13 LSBs of the microprocessor address bus to
address the cache tag and compares this accessed address to the
17 MSBs of the microprocessor address bus (Figure 5).
Additionally, the valid bit(s) is(are} also examined. If a match
occurs the cache memory is enabled and the microprocessor
reads the data from cache memory.

Byte Enable Bits
AD 0-1

17-Bit Page Field Addresses 13-Bit Line Field
217 Pages i.6.128K Pages 23 Doublewords

A I S N N 00 O O O A N O A A O O A |

<4— AD 31-15 —Dl‘— AD 2-14 '——PI

Figure 5. Local Address Bus For 80386 Direct Mapped Design

Performance as a Function of Associativity

The differences in the architectural structure of caches of
different associativity results in different performance levels for
equivalent program. If one examines the direct mapped
architecture, one will notice that it will not permit more than one
page/line offset conflict in its cache i.e. page 1/line 2 and page

2/line 2 can not coexist in cache memory. For a two-way set, one
will notice that the design will not permit more than two page/offset
line conflicts i.e. page 1/line 2 and page 2/line 2 can exist in the
cache concurrently, but page 1/line 2, page 2/line 2 and page
3/line 2 can not. Similarly, a four way set will not permit more than
4 page/line offset conflicts.

Thrashing

Because of the existence of page/line offset conflicts, certain
programs may result in a situation coined as thrashing—which
results in a significant increase in the miss rate. As anexample of a
program which results in thrashing, consider a direct mapped
cache design where the microprocessor must process two lines of
code in a repetitive loop e.g. the microprocessor must first read the
code on page 2/line 1, then read the code onpage 3/line 1 andthen
go back and read the code on page 2/line 1. For a direct mapped
design, such a code structure (or trace) will result in consecutive
misses.

Although thrashing occurs most often in direct mapped
systems, it can also occur in two-way set or four way set designs.
This, of course, is due to the fact that the number of page/line offset
conflicts supported by these designs is also limited.

In this example a smaller line size in a direct mapped cache
reduces thrashing more than the more common approach of a
bigger line size in a two way set associative cache.
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REPLACEMENT ALGORITHMS

Replacement algorithms for caches pertain to the method used
to update the cache memory. The replacement algorithm is
important in that it will affect the hit rate of the system which in turn
alters the effective cycle time of the system (and hence the MiPs
rating) Replacement algorithms, are designed such that the cache
is updated with data or code that will be most frequently used by
the microprocessor. Conversely, replacement algorithms are also
designed to delete data or code that is least frequently used.

There are several types of replacement algorithms used for
caches. Three of these are the least recently used (LRU) algorithm,
the First In First Out (FIFO) algorithm and the random replacement
algorithm. The least recently used algorithm, ona cache read miss,
replaces the data/code in the cache that in relation to the other
code/data was not used last. The random replacement algorithm
replaces data/code in the cache by random selection. Finally, the
FIFO algorithm replaces data that entered the cache first i.e. the
oldest data in the cache.

The associativity of the cache, i.e. direct mapped, two-way set,
or four way set, often dictates the replacement algorithm chosen.
For direct mapped caches, for example, there is no need to
consider a replacement algorithm. This is because the direct
mapped hardware design requires that the cache be updated, ona
miss, with the corresponding page/line address from main
memory.

For the two-way set cache, because of its design, one has the
option, on a cache miss, to update either of two cache addresses
(in one of the two ways). The LRU algorithm is often used here
because it only requires one memory bit in the cache tag to
determine which way of the cache was accessed last. On a cache
miss, the LRU bit is checked, and, for example, if it is set, the data in
way 1 is replaced. On the other hand, if it is reset, the data in way
2 is updated. .

For caches with associativity greater than or equal to 4, a
random replacement algorithm is often used. This is because it
offers a hit rate comparable to that of other algorithms and requires
a pseudorandom number generator to implement.

LINE SIZE SELECTION

Line size is a term used in cache design that refers to the unit of
transfer (in Bytes) between the cache and main memory. For the
majority of 32-bit systems, the line size is often chosen to be 4 bytes
A line size of 4 bytes simplifies controller logic and problems
associated with byte boundaries. The line size, however, has an
affect on the overall performance of a system. As one increases the
line size, the effective hit rate of the system goes up (for a fixed size
cache) which increases the overall MIPs performance of the
system. On the other hand, a larger line size will result in an
increase in the amount of system bus traffic. Which is, of course,
due to the greater number of bytes transferred on a cache miss.

Depending on the type of system design, the size of the line
chosen will affect the overall system performance. For
multiprocessing systems, where it is desirable to keep system bus
traffic to a minimum, a small line size is often opted for.

Table 1 illustrates the affect of line size for different size caches
onthe overall system throughput, where “a” is the marginal transfer
time per byte and “b” is the overhead per miss.

Cache Size | a = 15 ns/byte | a = 15 ns/byte

(bytes) b = 360ns b = 160ns b = 600ns
32 4-16 4-8 8-16
64 8-16 4-16 8 -32
128 8-16 4-16 8-32
256 8-32 8-16 16 - 32
512 8-32 8-16 16 - 64
1024 8-32 8-16 16 - 64
2048 16 - 32 8-32 16 - 128
4096 16 - 64 8-32 32-128
8192 16 - 64 8 -64 >= 64
16384 16 - 128 8-128 >=64
32768 16 - 128 8-128 > =64

Table 1. Optimized Line Size vs. Cache Size and Delays. This table
was taken from A. Smith’s paper on cache memories.

COHERENCY —
DEFINITION AND COMPONENTS OF

Coherency is defined as the capability of cache memory to
replicate in real time the current contents of main memory. Cache
coherency is necessary in all cache based microprocessor
designs where an external device can control the bus and write to
main memory. If a system has a DMA device, more than one
microprocessor, or memory mapped 1/O devices, coherency logic
must be considered.

WRITE COHERENCY HARDWARE

Write operations require special considerations in cache
design. For a microprocessor write operation to main memory, in
order to maintain local cache and main memory coherency, the
local cache memory must be updated along with main memory.

In order to ensure write coherency, there are a number of
hardware techniques. The three most popular design techniques
are the copy-back, write-through, and buffered write through
schemes. Each of these techniques offers different advantages.
The copy-back and buffered write through schemes feature
increased system throughput. On the other hand, the write-through
scheme offers minimized support logic.

For a write-through based cache design, every time the
microprocessor write occurs the code/data is written
simultaneously to the cache and main memory. Because of the fact
that main memory is slower than cache memory, the time to
implement a write is governed by the cycle time of main memory.
This, of course, puts a limitation on the effective cycle time of a
cache system based on a write through scheme.

A hardware modification to the write-through design that allows
for a reduction in the effective cycle time is a high speed buffer.
This design, often referred to as a buffered write-through or posted
write, improves the performance by allowing the microprocessor to
operate out of the cache, at cache speeds, after a microprocessor
write operation. This is in direct contrast to the write-through which
requires that the microprocessor wait for the completion of the
main memory write cycle. In a buffered write-through cache
system, when a write occurs, the cache and buffer are updated with
the write data, allowing the microprocessor to read from the cache
again. During this time, the buffered write-through logic takes
control of the system bus and updates main memory by
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downloading the file buffer. Adding a buffer, of course, increases
the number of components for the cache module.

A copy back system operates on the use of a dirty bit that is
stored along with the cache tag address. For a copy-back scheme,
when a cache write hit occurs, the associated dirty bit is set which
indicates that the data in the cache is no longer coherent with main
memory. When another bus master requests control of the bus,
before releasing the bus, the cache controller will update all the
locations in the main memory that are not coherent with the content
of the cache memory as a result of cache write hits. A cache write
miss will occur when the microprocessor attempts to write to a
location that was not cached earlier.

The disadvantage of a copy-back system becomes apparentin
the design of multiprocessor and multi-master based systems. In
these systerns, any external read from main memory requires that
all caches in the system be checked to see if the dirty bit has been
set for each address written. If the dirty bit has been set, the
associated data entry in the cache must be downloaded to main
memory before an external device accesses that address.

Although, the buffered write through has a somewhat lower
performance than a copy-back (because of main memory traffic
during write misses), write-through and buffered write through are
often preferred to use in multiprocessing systems. This is because,
as mentioned above, there are a number of coherency issues that
must be dealt with for a copy-back scheme.

COHERENCY LOGIC -
FOR DMA AND MULTIPROCESSOR SYSTEMS

In order to maintain coherency for multiprocessing and DMA
applications, a cache design needs to be able to monitor the
system bus for external device writes to main memory. If a write to
main memory occurs from an external device, it is necessary to
inform the cache memory of the address written to so that the
cache controller can decide whether or not to invalidate the cache
memory contents (either by flushing the entire cache or by clearing
the associated valid bit of the entry).

Architectures for Cache Coherency

There are two common architectures used to achieve
coherency in microprocessor based systems; a time-multiplexed
cache tag architecture and a dual cache tag architecture. For the
multiplexed cache tag architecture, the cache is time multiplexed
between the system address bus and the local address bus. This
permits the controller to check if the system address location
written to is in the cache memory. For the dual cache tag system,
one cachetag is used to monitor the local address bus and another
cache tag {the SNOOP tag) is dedicated solely to monitoring the
system address bus.

Dual Cache Tag vs. Time-Multiplexed Cache Tag
Architecture

The advantages of a dual cache fag system over a
time-muitiplexed cache system are seen when one examines the
timing requirements of the two, i.e. the dual cache tag design can
work with @ much shorter microprocessor cycle time. The
time-multiplexed scheme uses the same physical tag memory to
tag the addresses present in the cache memory (tag) and checks
the main memory's address bus activity (SNOOP). When the
processor requests data of any address, the page field of its
address bus is compared against the one stored in the tag
memory, if they match a hit occurs else a miss is issued. The
remaining part of the cycle, the tag memory acts as a SNOOP
memory i.e. it monitors the main memory’s address bus activity for
any write to an address with a matching page field. Inthe latter case

aSNOOP hitis issued and the controller could either invalidate that
particular entry or flush the content of the entire cache.

As can be seen from the above, the time-multiplexed scheme
requires two sequential cache tag comparisons, i.e. the CPU
address bus is compared against the contents of the cache tag and
then the system bus is compared against the contents of the cache
tag. This, of course, results in a delay time equal to the time it takes
to perform two accesses to cache tag memory plus the time it takes
to multiplex between the system bus and the CPU bus.

The dual cache tag scheme when compared to the
time-multiplexed scheme permits a significant reduction in the
microprocessor cycle time. This is because, as opposed to the
time-multiplexed scheme, the dual cache tag scheme allows for
the system bus address tags (SNOOP tag) and the CPU address
bus tag (cache tag) to function at the same time. On the instigation
of a system bus transfer, the system address bus page field (ortag)
is compared against the page field stored in the SNOOP tag. Atthe
same time, the CPU bus page field is compared against the page
field stored in the CPU bus cache tag. If the SNOOP tag page
address does not match the system bus page address, the
controller continues onto its next cycle. If, on the other hand, the
SNOOP tag did match the system address page field, the
associated valid bit of both cache tags are cleared or both cache
tags will be reset.

This means, of course, that the microprocessor cycle time
required for the dual cache scheme (equal to the time it takes to
perform one cache tag access and comparison) is less than
one-half of that required by the time multiplexed scheme (e