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Alpha-Numerical Index

DM5488/DM7488 256-Bit (32 x 8) Open-Collector Mask Programmable ROM .................... 7-1
DM5489/DM7489 64-Bit (16 x 4) Open-Collector RAM. . . ... ittt it i iee s 2-1
DM54187/DM74187 1024-Bit (256 x 4) Open-Collector Mask Programmable ROM . ............... 7-5
DM54L187A/DM74L187A 1024-Bit (256 x 4) Low Power Open-Collector Mask Programmable ROM ..  7-8
DM54S187/DM74S187 1024-Bit (256 x 4) Open-Collector Schottky Mask Programmable ROM. ... ... 7-11
DM54S188/DM74S188 256-Bit (32 x 8) Open-Collector Schottky PROM . . ......... ... ... .. ... 5-2
DM54L.S189/DM74L5189 64-Bit (16 x 4) TRI-STATE®, Low Power Schottky RAM . .............. 2-4
DM54S189/DM74S189 64-Bit (16 x 4) TRI-STATE® Schottky RAM . . .. ... ... i iiiiiin, 27
DM54S200/DM74S5200 256-Bit (256 x 1) TRI-STATE® Schottky RAM. .. ...... .. . i, 2-1
DM54S206/DM745206 256-Bit (256 x 1) Open-Collector Schottky RAM . .......... ... oot 2-15
DM545270/DM745270 2048-Bit (512 x 4) Open-Collector Schottky ROM .. ............ ... ... .. 7-13
DM54S271/DM745271 2048-Bit (256 x 8) Open-Collector Schottky ROM . .................. we.. 7415
DM54S287/DM745287 1024-Bit (256 x 4) TRI-STATE® Schottky PROM. .. ... ... ... vt 5-4
DM545288/DM74S5288 256-Bit (32 x 8) TRI-STATE® Schottky PROM . .. ... ..., 52
DM54L.5289/DM74LS289 64-Bit (16 x 4) Open-Collector, Low Power Schottky RAM. ............. 2-19
DM54S289/DM745289 64-Bit (16 x 4) Open-Collector Schottky RAM . .. ....... .o, 2-22
DM545370/DM74S370 2048-Bit (512 x 4) TRI-STATE® Schottky ROM. ..............covn..t. 7-13
DM54S371/DM74S371 2048-Bit (256 x 8) TRI-STATE® Schottky ROM. . ......... .. ... ..ot 7-15
DM54S387/DM74S387 1024-Bit (256 x 4) Open-Collector Schottky PROM . ............ ... ... ... 54
DM54S470/DM74S470 2048-Bit (256 x 8) Open-Collector Schottky PROM . . ........... ... ... .. 59
DM54S471/DM74S5471 2048-Bit (256 x 8) TRI-STATE® Schottky PROM. ....... ... ... ...t 5-9
DM54S472/DM745472 4096-Bit (512 x 8) TRI-STATE® Schottky PROM. . ... ... ... ... oot 5-11
DM54S473/DM74S473 4096-Bit (512 x 8) Open-Collector Schottky PROM . ... .................. 511 -
DM54S570/DM74S570 2048-Bit (512 x 4) Open-Collector Schottky PROM . . .. ....... .. ..ottt 5-13
DM54S571/DM74S571 2048-Bit (512 x 4) TRI-STATE® Schottky PROM . .......... ... intatn 5-13
DM54S572/DM74S572 4096-Bit (1024 x 4) Open-Collector Schottky PROM . . ................... 5-18
DM54S573/DM74S573 4096-Bit (1024 x 4) TRI-STATE® Schottky PROM. . ............... e 5-18
DM75528/DM85528 8192-Bit (1024 x 8) TRI-STATE® Schottky ROM. ... ... ... . i 7-17
DM75529/DM85S29 8192:Bit (1024 x 8) Open-Collector Schottky ROM. .. ..................... 7-17
DM7575/DM8575 Programmable LOGIC Array . .. ..ot ittt e et e 7-19
DM7576/DM8576 Programmable LOGIC Array ... ....couuuive et ittt et iieenennn 7-19
DM7577/DM8577 256-Bit (32 x 8) Open-Collector PROM. . . ... .. ittt it e 5-20
DM7578/DM8578 256-Bit (32 x 8) TRI-STATE® PROM. .. ...ttt ittt 5-23
DM7597/DM8597 1024-Bit (256 x 4) TRI-STATE® Mask Programmable ROM ... ................ 7-26
DM75S97/DM85S97 1024-Bit (256 x 4) TRI-STATE® Schottky Mask Programmable ROM. . ........ 7-11
DM7598/DM8598 256-Bit (32 x 8) TRI-STATE® Mask Programmable ROM ..................... 7-29
DM7599/DM8599 64-Bit (16 x 4) TRI-STATE® RAM. . ... . ittt e et et en i 2-29
DM8678 64-Character (5x 7 or 7 x 9) Character Generator. . .. ........uuveereuneneeeennnennnn 7-35
DM761L97/DM86L97 1024-Bit (256 x 4) TRI-STATE® Low Power Mask Programmable ROM. . .. ... 747
DM77S201/DM87S201 2048-Bit (256 x 8) Open-Collector Schottky ROM with Latches ............ 7-50
DM77S202/DM87S202 2048-Bit (256 x 8) TRI-STATE® Schottky ROM with Latches ............. 7-50
DM77S221/DM87S221 2048-Bit (256 x 8) Open-Collector Schottky PROM with Latches ........... 5-26
DM77S5222/DM87S222 2048-Bit (256 x 8) TRI-STATE® Schottky PROM with Latches . ........... 5-26
DM77S5228/DM87S228 8192-Bit (1024 x 8) TRI-STATE® Schottky PROM. ... .................. 5-28
DM77S229/DM87S229 8192-Bit (1024 x 8) Open-Collector Schottky PROM .. .. ....... ..o vunt.. 5-28
DM77S5295/DM87S925 4096-Bit (512 x 8) Open-Collector Schottky PROM. .. ...........covvnnn. 5-30
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Alpha-Numerical Index (continued)

DM775296/DM875296 4096-Bit (512 x 8) TRI-STATE® Schottky PROM. . ..................... 5-30

DM93415, DM93415A 1024-Bit (1024 x 1) TTL, Fully Decoded RAM. ... ... ... iievinin.. 2-33
DM93425, DM93425A 1024-Bit (1024 x 1) TTL, Fully Decoded RAM. . ... ... ... i iviivan.n.. 2-34
DS0025/DS0025C 2-Phase. MOS Clock Driver. . . ..o it e it it ettt ettt eeee s 101
DS0026 5 MHz 2-Phase MOS Clock Driver . . ... i it e i ettt e e ieen 10-2
DS0056 5 MHz 2-Phase MOS Clock Driver . . . .o ot it ettt et et ettt it eeeeeeennns 10-2
DS1603/DS3603 Dual MOS Sense Amplifier .. ... ...ttt i e ettt e 10-3
DS3604 Dual MOS Sense Amplifier . ... it e e e e 10-3
DS1605/DS3605 High Speed Hex MOS Sense Amplifier. . . ... ... . it 104
DS1606/DS3606 High Speed Hex MOS Sense Amplifier. . . ... ... ..ttt iaenn. 104
DS1607/DS3607 High Speed Hex MOS Sense Amplifier. . . .. ...ttt 104
DS1608/DS3608 High Speed Hex MOS Sense Amplifier. . ... ... .. i i n 104"
DS3625 Dual High Speed MOS Sense Amplifier. .. ... i i 105
DS3629 Memory Driver with Decode Inputs. . .. . ... ottt it e it 10-6
DS1640/DS3640 Quad TRI-SHARET™ MOS Driver. . .. ov vt ittt ittt e e i i et e e iaaeeanenn 10-7
DS1642/DS3642 Dual Bootstrapped MOS Clock Driver. .. .......v ittt 10-8
DS3643 Decoded Quad MOS CloCK Driver . . ..o vttt e e et ettt i ettt 10-9
DS1644/DS3644 Quad MOS Clock Driver . ... ... o o i e i anas 10-10
DS1645/DS3645 Hex TRI-STATE® MOS Latch/Driver .. .....vueitit it eennnnn. 10-11
DS1646/DS3646 6-Bit TRI-STATE® MOS Refresh Counter/Driver. . .........ciuiuiiiinnnain. 10-12
DS1647/DS3647 Quad TRI-STATE® Memory 1/O Register. . .. ... vuvtnt e i et ieaneannns 10-13
DS1648/DS3648 TRI-STATE® MOS Multiplexer/Driver . . ... .v vttt ittt et e i ce i eaens 10-14
DS1649/DS3649 Hex TRI-STATE® MOS Driver .. .o vttt ittt et et e s it teaeaneenean 10-15
DS3651 Quad High Speed MOS Sense Amplifier. ... ...t i i i i et 10-16
DS3653 Quad High Speed MOS Sense Amplifier. . . ... .. i ... 10-16
DS1670/DS3670 Quad TRI-SHARE™ MOS Driver. . ........... R 10-7
DS1671/DS3671 2-Phase Bootstrapped MOS Clock Driver. . .. ... .. ittt 10-17
DS1672/DS3672 Dual Bootstrapped MOS Clock Driver. . . ...t iiae e 10-8
DS3673 Decoded Quad MOS Clock Driver......... e e e e e e e 109
DS1674/DS3674 Quad MOS CloCK DFIVEE . . o vttt it ettt ettt et e et n e “10-10
DS1675/DS3675 Hex TRI-STATE® MOS Latch/Driver. . ..o v v ittt e e e e iiae e eaannn 10-11
DS1676/DS3676 6-Bit TRI-STATE® MOS Refresh Counter/Driver. . ........c.uuueiineeiinnen... 10-12
DS1677/DS3677 Quad TRI-STATE® MOS Memory I/O Register . .........cuviie . 10-13
DS1678/DS3678 TRI-STATE® MOS Multiplexer/Driver . . .. .ottt it e n i aenns 10-14
DS1679/DS3679 Hex TRI-STATE® MOS Driver . .....coiviit i e 10-15
DS16147/DS36147 Quad TRI-STATE® MOS Memory I/O Register . ........covuiiiirneneenann. 10-13
DS16149/DS36149 Hex MOS Driver ... v ittt it ittt ettt e e et et aee e inenn 10-18
DS16177/DS36177 Quad TRI-STATE® MOS Memory I/O Register . ........ouuuniiirninnennnnn 10-13
DS16179/DS36179 Hex MOS DFiver ...\ttt ittt ittt ettt ittt et e e et enniannns 10-18
DS55107/DS75107 Dual Line ReCeIVEr . . oot v ittt it e ettt e et e et e e 10-3
DS55108/DS75108 Dual Line Receiver . ..., L 10-3
DS55109/DS75109 Dual Line Driver . ... oottt e ettt et et e e et 10-19
DS55110/DS75110 Dual Line Driver . . ..ot v it ettt ettt et et et e et 10-19
DS55121/DS75121 Dual Line Driver ... ..ttt ittt e et it e ettt et et 10-20
DS55122/DS75122 Triple Line RECOIVEr ... .o\ttt e st it e et ie e 10-21
DS75123 Dual Line Driver . . ..ottt ittt et et it et e e e s 10-22
DS75124 Triple Line RECEIVEI . . o\t vttt ittt ettt e et et e e et e et ae e eannns 10-23
DS75150 Dual Line Driver . . oot ittt ittt et e et e e e et e e 10-24
DS75154 Quad Line RECEIVEN . . . .t v ittt e i it et et e e e e 10-25
DS75207 Dual Line ReCBIVEr . . ..ottt ittt ettt et et e e e st e ettt i 103
DS75208 Dual Line ReCBIVEr . . ..ottt ittt et ettt et e e e ettt e 10-3
DS75324 Memory Driver with Decode Inputs. . ....... e e e 10-26
DS55325/DS75325 Memory Driver ... oottt e e e e e 10-27
DS75361 Dual TTL to MOS Driver. . ..o i ottt et e it e e e e et ettt ee e 10-28
DS75362 Dual TTL to MOS DriVer. . oottt i e e ettt e ettt et inanns 10-29
DS75364 Dual MOS Clock DIiVer . . . oot ii e e e et e e e ettt e e e e e 10-30
DS75365 Quad TTL to MOS Driver . ..o vttt ettt ettt e e e 10-31
DS7803/DS8803 2-Phase Oscillator/Clock Driver. .. ... ...ttt ittt i e e 10-32
DS7807/DS8807 2-Phase Oscillator/Clock Driver. . ... vttt ettt ettt e iienee 10-33
DS8813 2-Phase Oscillator/Clock Driver ......... e P 10-32




Alpha-Numerical Index (continued)

DS8817 2-Phase Oscillator/Clock Driver. . ... ... ittt ittt et e e et aaa e 10-33
MM1101 256-Bit (256 x 1) Static RAM .. ... ..t i ittt st et et ee e SRR 1-1
MM1101A 256-Bit {256 X 1) Static RAM . . . ...ttt ittt ettt et e st caaeaans 1-1
MM1101A1 256-Bit (256 X 1) Static RAM . . . ..o i it it i it e ce et et st i e 1-1
MM1101A2 256-Bit (256 x 1) Static RAM . . .. .. .. ittt i it e ettt e s e 1-1
MM11011 256-Bit (256 x 1) Static RAM . . ...ttt ittt ettt et et e 1-1
MM1402A Quad 256-Bit Dynamic Shift Register . . ... ... ittt i e 8-1
MM 1403A Dual 512-Bit Dynamic Shift Register. . . ... ... it i i i it e i e 8-1
MM1404A 1024-Bit Dynamic Shift Register. . .. .. ..ottt i it ettt e et 81
" MM1702A 2048-Bit (256 x 8) Electrically Programmable and Erasable ROM. ..................... 41
MM 1742 2048-Bit (256 x 8) Electrically Programmable ROM .. ...... ... ... ... .. o iua.. ... 61
MM2101 1024-Bit (256 x 4) Static RAM with Separate 1/O .. ... ... it e, 1-b
MM2101-1 1024-Bit (256 x 4) Static RAM with Separate 1/0 ........... P S R S TPt 1-b
MM2101-2 1024-Bit (256 x 4) Static RAM with Separate 1/0 ... ... .. ... it 1-5
MM2102 1024-Bit (1024 x 1) Static RAM ...ttt it it st e et i it e i ennn 1-8
MM2102A, MM2102AL Family 1024-Bit (1024 x 1) Static RAM .. ... .. .o i i i 1-12
MM2102MD 1024-Bit (1024 x 1) Static RAM, Military Temperature Range ...................... 1-15
MM2102-1 1024-Bit (1024 x 1) Static RAM. . .. ... it i ittt e 1-8
MM2102-2 1024-Bit (1024 x 1) Static RAM. .. . .ot e e e et e e s i s 1-8
MM2102-2MD 1024-Bit (1024 x 1) Static RAM, Military Temperature Range. .. ... ............... 1-15
MM2111 1024-Bit (256 x 4) Static RAM with Common Data I/O ............... i iinenin. 1-19
MM2111-1 1024-Bit (256 x 4) Static RAM with CommonDatal/O...........ccvvnieiann.. 1-19
MM2111-2 1024-Bit (256 x 4) Static RAM with CommonDatal/O............... ... ...civutn. 1-19
MM2112 1024-Bit (256 x 4) Static RAM withCommon Datal/O ........ ... .o, 1-22
MM2112-2 1024-Bit (256 x 4) Static RAM with Common Datal/O............ ... ..c.ciiiiinnn. 1-22
MM2316A 16,384-Bit (2048 x 8) Mask Programmable ROM ... ... ... ... i 6-12
MM2704 4096-Bit (512 x 8) UV Erasable and Electrically Programmable ROM. ...... e 4-7
MM2708 8192-Bit (1024 x 8) UV Erasable and Electrically Programmable ROM................... 4-7
MM4016/MM5016 512-Bit Dynamic Shift Register .. .......... ...ttt inreitiiinsienenns 8-5
MM5024A 1024-Bit Dynamic Shift Register. . . .. ... it it i it e e aee s 81
MM4025/MM5025 Dual 1024-Bit Dynamic Shift Register . . ... ... ...ttt et 8-8
MM4026/MM5026 Dual 1024-Bit Dynamic Shift Register . ............. R 8-8
MM4027/MM5027 2048-Bit Dynamic Shift Register . ........ e e e e 88
MM4052/MM5052 Dual 80-Bit Static Shift Register. . . ... ... vttt et it ii e 8-13
MM4053/MM5053 Dual 100-Bit Static Shift Register. . ... ..ottt 813
MM5054 Dual 64/72/80-Bit Static Shift RegiSter . . . ... v ittt it e et ieieneinan 8-16
MM4055/MM5055 Quad 128-Bit Static Shift Register . ... ... .ttt iiiecieeennn 8-19
MM4056/MM5056 Dual 256-Bit Static Shift Register. . . ...... ..ottt it ii i 8-19
MM4057/MM5057 512-Bit Static Shift Register. . .. .. ... i ittt it iie s iieieieraannnns 8-19
MM5058 1024-Bit Static Shift Register. . .. ... oot ittt ittt ia e 8-24
MM5060 Dual 144-Bit Mask Programmable Static Shift Register . ... .......... ... .ciiue ... 8-27
MM5061 Quad 100-Bit Static Shift Register. .. .. ... ittt ittt iee e e 8-30
MM4104/MM5104 Multiple Length, Electrically Adjustable Shift Register. ... .................... 8-33
MM4203/MM5203 2048-Bit (256 x 8 or 512 x 4) Electrically Programmable and Erasable ROM. .. .... 4-12
MM4204/MM5204 4096-Bit (512 x 8) Electrically Programmable and Erasable ROM ... ............ 4-17
MM4210/MM5210 1024-Bit (256 x 4) Mask Programmable ROM . ... ... . it 6-16
MM4211/MM5211 1024-Bit (256 x 4) Mask Programmable ROM . .......... .. ... . i 6-19
MM5212 12,288-Bit (1k x 12) Mask Programmable ROM. . . . ... ... ... . .. iiitriiinnennn.. 6-22
MM4213/MM5213 2048-Bit (256 x 8 or 512 x 4) Mask Programmable ROM. .. ................... 6-24
MM4214/MM5214 4096-Bit (512 x 8) Mask Programmable ROM . ... ... .. ... ... . it 6-26
MM5215 12,288-Bit (1k x 12) Mask Programmable ROM. . . . ... ... . ittt it 6-28
MM4220/MM5220 1024-Bit (128 x 8 or 256 x 4) Mask Programmable ROM. . ................ ... 6-30
MM4220AP/MM5220AP BCDIC to ASCII Code Converter. . . ... ..ot in it ieieeeeee i 6-34
MM4220BM/MM5220BM Sine Look-Up Table. .. ... oo ittt it ittt i ieeene e 6-36
MM4220DF/MM5220DF “Quick Brown Fox' Generator. . . . .....uueuen et eemeneneaninnnenns 6-40
MM4220EK/MM5220EK BCDIC to EBCDIC/ASCII to EBCDIC Code Converter. . .. ............... 6-42
MM4220LR/MM5220LR BCDIC to ASCII-7/ASCII-7 to BCDIC Code Converter. . ... ....c.couu...: 6-45
MM4221/MM5221 1024-Bit (128 x 8 or 256 x 4) Mask Programmable ROM. . ... ................. 6-48
MM4221RR/MM5221RR ASCII-7 to EBCDIC Code Converter ... ...t vn e ineinnnennnnann 6-52
MM4230/MM5230 2048-Bit (256 x 8 or 512 x 4) Mask Programmable ROM. ... .................. 6-65
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Alpha-Numerical Index (continued)

MM4230B0/MM5230B0O Hollerith to ASCII Code Converter. .. .....voei i et seennnnnn. 6-59
MM4230KP/MMb5230KP ASC11-7 to Selectric Code CONVerter. . . . ...ovv et vne e aenrnnnnnn. 6-61
MM4231/MM5231 2048-Bit (256 x 8 or 512 x 4) Mask Programmable ROM. . .................... 6-64
MM4231CMU/MM5231CMU Hollerith to ASCIl Code Converter. . ......ovviininieee s, 6-59
MMA4231RP/MM5231RP EBCDIC to ASCII-7 Code Converter. .. ..........ovveeenennnn.. e 6-68
MM4232/MM5232 4096-Bit (512 x 8 or 1k x 4) Mask Programmable ROM. ...................... 6-73
MM4232AEI/MM5232AE| Sine Look-Up Table. . ... .ottt it et it e 6-76
MM4232AEJ/MM5232AEJ Sine Look-Up Table. .. ............. e e 6-76
MM4232AEK/MMb5232AEK Sine Look-Up Table. . .. ................ ... e e e 6-76
MM4240/MM5240 2560-Bit (64-8 x 5) Static Character Generator .............c.vuuvuunnn. 6-79, 11-23
MM4240AA/MM5240AA ASCII-7 Upper Case, Horizontal Scan Character Generator ROM .. ... 6-79, 11-22
MM4240ABU/MM5240ABU Hollerith Character Generator. . . ..........vvuiriueennnnnenn 6-83, 11-23
MM4240ABZ/MM5240ABZ EBCDIC-8 Character Generator . . . .. .. ....vevuueueenennasns 6-85, 11-23
MM4240ACA/MM5240ACA EBCDIC Character Generator . .. ....vuveeveenenneeadennens 6-86, 11-23
MM4240AE/MM5240AE ASCII-7 Lower Case, Horizontal Scan Character Generator ROM. . . . .. 6-79, 11-22
MM4241/MM5241 3072-Bit (64 x 6 x 8) Mask Programmable ROM . ...................... 6-87, 11-24
MM4241ABL/MM5241ABL ASCII-7 Vertical Scan Character Generator ROM ............ ... 6-87, 11-24
MM4241ABV/MM5241ABV ECMA-7 Scandinavian Vertical Scan Character Generator ROM .... 6:87,11-24
MMA4241ABW/MM5241ABW ECMA-7 German Vertical Scan Character Generator ROM........ 6-87, 11-24
MM4241ABX/MM5241ABX ECMA-7 European Vertical Scan Character Generator ROM. ... ... 6-87, 11-25
MM4241ABY/MM5241ABY ECMA-7 Spanish Vertical Scan Character Generator ROM .. ...... 6-87, 11-26
MM4242/MM5242 8192-Bit (1024 x 8) Mask Programmable ROM .. ............... . oo, 6-90
MM4243/MM5243 2048-Bit (256 x 8 or 512 x 4) Electrically Programmable ROM . . ............... 6-5
MM4244/MM5244 4096-Bit (512 x 8) Electrically Programmable ROM. ... .................... .. 68
MM4246/MM5246 16,384-Bit (2048 x 8) Mask Programmable ROM. ........................... 6-94
MM4247/MM5247 16,384-Bit (4096 x 4) Mask Programmable ROM . . ........ ... ... ... iceun.n.. 6-94
MM4250 256-Bit (256 x 1) Static RAM, Military Temperature Range . .. .........cuvirvenrernens 1-1
MM5269 1024-Bit (256 x 4) Static RAM with On-Chip Registers. . ... ......covuiinnnnennnn. 1-26
MM4270 4096-Bit (4096 x 1) TRI-SHARE™ Port, Dynamic RAM. . ........... P i 1-28
MM5270 4096-Bit (4096 x 1) TRI-SHARE™ Port, Dynamic RAM. . . ... ...ttt 1-33
MM5270A 4096-Bit (4096 x 1) Dynamic RAM .. ... ... . it e ittt .. 138
MM5270-5 4096-Bit (4096 x 1) TRI-SHARE™ Port, Dynamic RAM . ....... ... ... 1-44
MM5271 4096-Bit (4096 x 1) Fully TTL Compatible RAM . . .. ... ... i i i iiiinnnn 1-46
MM5271A 4096-Bit (4096 x 1) TRI-SHARE™ Port, Dynamic RAM . ... ... ... ... ..o vunn. 1-51
MMA4280 4096-Bit (4096 x 1) Dynamic RAM. . .. .. . it ittt e e et 1-56
MM5280 4096-Bit (4096 x 1) Dynamic RAM. .. ... .. i ittt it ittt it i e inannnnns 1-60
MM5280A 4096-Bit (4096 x 1) Dynamic RAM . ............... P 1-64
MM5280-5 4096-Bit (4096 x 1) Dynamic RAM ... .. .. ittt i it e i it e i eeaens 1-70
MM5281 4096-Bit (4096 x 1) Fully TTL Compatible Dynamic RAM. . ....... .. ..ot iennnn.. 1-72
MM5290 16,384-Bit (16,384 x 1) Dynamic RAM. . .. .. it ittt i et it ettt aiennes 1-76
MMb54C89/MM74C89 64-Bit (16 x 4) TRI-SSTATE® CMOS RAM .. .. ... ...t i 31
MM54C200/MM74C200 256-Bit (256 x 1) TRI-STATE® CMOSRAM ... ......ciiiniiniinnnnn.. 3-5
MM54C910/MM74C910 256-Bit (256 x 1) TRI-STATE® CMOS RAM .. ... ... 3-8
MM54C920/MM74C920 1024-Bit (256 x 4) Static SiliconGate RAM .. ... iut i innrinn.. 3-12
MM54C921/MM74C921 1024-Bit (256 x 4) Static SiliconGate RAM ... ....... ... .. iiiiiannn 312
MM54C929/MM74C929 1024-Bit (1024 x 1) Static Silicon Gate RAM .. .......... ... ... ....... 3-19
MM54C930/MM74C930 1024-Bit (1024 x 1) Static Silicon Gate RAM ...... .. e 3-19
NS3-1 Bulk Storage Memory. . . ... v ettt it et et e ettt e ettt et e e s 9-3
N R I BT T T Y=Y T 9-5
NST1/03 MemoOry Card. . ..o vvt ittt it et e ettt e e et e e e e e e it ettt 9-6
NS2T Memory Card. . . ...ttt e e ettt et e e e e 9-7
NS32Memory Card. . ... ..o i i i e e e . 9-8
- NS400-C Series Memory Cards . . . ... .ottt ittt it ettt 910
NS400-N Series Memory Cards . . ... v v vttt ittt ettt st ettt e et s 9-9
NS3000-1T MemoOry Card . ..o ivr ettt ettt it e et ettt e et ettt a ettt 9-11
SKO0003 Sine/Cosine Look-Up Table. . .. vu vttt et e et s e et et e 6-114, 11-1
370-Add-On Memory Systems. . . .\ ot it ittt ettt e e e e 9-1

12




BIPOLAR RAMs ' MOS RAMs

€l

OTHER SOURCE __NATIONAL OTHER SOURCE ___NATIONAL OTHER SOURCE __ NATIONAL _ OTHER SOURCE __ NATIONAL __ OTHER SOURCE _ NATIONAL
AMD Mmi . AMD Fairchild Signetics
AM27LS0DC DM745200 5630 DMB4S206 AM1101A MM1101A 2102 MM2102:2 21F02 MM2102A
AM27LS00M DM54S200 5631 DM54S200 AM1101A1 MM1101A1 21L02 MM2102A6L  21F02:2 MM2102A-2
AM27LS01C DM745206 5560 DM545289 AM1101ATM MM4250 21021 MM2102a-4  21F024 MM2102A-4
AM27LS01M DM54S206 5661 DM545189 AM2101 MM2101 21L02A MM2102A4L 2102 MM2102
AM27LS02C DM74LS289 6530 DM745206 AM2102 MM2102 210028 MM2102A-L 21021 MM2102-1
AM27LS02M DM54LS289 6531 DM74S200 AM2111 MM2111 2102F . MM2102A 2102:2 MM2102-2
AM72L503C DM74LS189 6560 DM745289 AM2112 MM2112 2102F2 MM2102A2 210021 MM2102A-L
AM27LS03M DM54LS189 6661 DM745189 AMIO060C MM5280-5 \ntel 21L02:3 MM21024-2L
AM27502C DM745289 L5560 DM54L5289 AM2060D MM5280 11014 MM1101A 2501 MM1101A1
AM27502M DM545289 L5561 DM54LS189 AMOO060E MMS280 1011 MM1101A.1 2680 MM5280
AM27503C DM745189 L6560 DM74L5289 AM9101A MM2101-1 21014 MM2101A° 2680-1 MM5280-5
AM27S03M DM54S189 L6561 DM7415189 AM91018 MM210TA"  5io1as2 MM2101A2° 2613 MM5257
AM3101 DM7489 AM9101C MM2101A2" 515007, MM2I01Ag 2614 MM2114
AM3101A DM745289 Signetics AM9101D MM2101A2" 5104 V2101
AM31L01C DM74L5289 8225 OM7489 AM3102 MM2102A6 5101 NIM5269
AM31LOTM DMB4L5289 N82506 DM745200 AM91LO2 MM2102:6L 59914 MM2101-1 Texas Instruments
L N82507 DM745206 AM9102A MM2102-4 21012 MM2101-2 TMS4033 MM2102A-4
Fairchild NB2510 DM93415 AM91L02A MM2102A-4L - 59000 MM2102A TMS4034 MM2102-2
93403 DM745289 N82516 DM745200 AM91028 MM2102A 2102A2 MM2102A2  TMS4035 MM2102
gg:: :v(\:/! gm;:gggg N82517 DM745206 :mz:g%f‘ mm:g;ﬁ:; 210244 MM2102A-4  TMS4039 MM2101
POt D viosess N82521 DM86S21 amor02e MMal0aA2 | 2102AL MM2102AL TMS4039-1 MM2101-2
pERA o N82525 DM745289 Amo1L02 MM2102A2L  2102AL2 MM2102AL-2  TMS4039.2 MM2101A-4
oaarc PA4200 N825116 DM745200 AMo1020 WMal0an2  2102AL4 MM2102AL-4  TMS4042 MM2111
i phpperes N825117 DM745206 AMe 1028 202 21078 MM5280 TMS4042-1 MM2111-2
82506 DM545200 i 2107B-4 MM5280-5 TMS4042-2 MM2101A-4
ntel $82507 DM545206 e e age 21114 MM2111A® TMS4043 MM2112
3101 DM7489 $82816 DM545200 AM8111D MM2111A.2° 2111A-2 MM2111A-2* TMS4043-1 MM2112-2
HO1A OAya998 582517 DM54S206 A BN 21114 MM2111A4*  TMS40432° MM2112A.4
$82825 DM545289 . ’ 2111 MM2111 TMS4060 - MM5280-5
M3101 DM5489 AM9T12B MM2112A 21111 MM2111-1 TMS4060-1 MM5280
M3101A DMS45289 AM9112C TOMM2112A2Y 500, MM2111-2 TMS4060-2 MM5280
3106 DM74S5200 Texas Instruments AMS112D MM2112A-2* "
3106A DM745200 SN5489 DM5489 21124 MM2112A7
3107 DM745206 SN7489 DM7489 2112A:2 MM2112A-27
3107A DM745206 SN545189 DM545189 2112A-4 MM2112A-4"  cpos RAMS
SN545201 DM545200 | AMS 2112 MM2112 Intersil
Intersil SN545280 DM545289 AMS6003 MM5262 2112:2 MM2112-2 IMEB51 MM74C921
IMB501C DM7489 SN54S301 DM545206 AMS7270 MMS270 214 MM2114 |M6508 MM74C929
IM5501M DM5489 SN745189 DM745189 AMS7270-5 MM5270-5 MM IMBE18 MM746930
IM5523C DM745200 SN745201 DM745200 AMS7271 MMS271 2170 MM5270 .
IM5523M DMS545200 SN745289 DM745289 AMS7280 MM5280 2171 MM5271 e ronibta: Chack
IM5533C DM745206 SN745301 DM745206 AMS7280.5 MMB280-5 2180 MM5280 National dats sheets for specification
1M5533M DM54S206 SN745309 DM93415 AMS7281 MM5281 2181 MM5281 details.
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Bipolar RAM Cross Reference Guide

NATIONAL AMD F.S.C. INTEL | INTERSIL MM SIGNETICS Tl
SIZE AND OUTPUT
ORGANIZATION MIL/COM M=MIL | M=MIL [M=MIL | M=MIL -| MIL/COM s=MIL MIL/COM
C=COM | C=COM |P=COM | P=COM N =COM
64-Bit (16 x 4) oc DM5489/DM7489 AM3101 3101 | ImM5501 8225 |SN5489/7489
TS DM7599/DM8599 '
High Speed oc DM545289/DM 745289 AM27502 93403 3101A 5560/6560 82525 |SN545289/745289
64-Bit (16 x 4) TS DM545189/DM745189 AM27503 5561/6561 SN545189/745189
Low Power oc DM541L5289/DM74LS289 | AM27LS02 L5560/L6560
64-Bit (16 x 4) TS DM54LS189/DM74LS189 | AM27LS03 L5561/L6561
File Reg. (16 x 4) TS DM75568/DM85S68
256-Bit (256 x 1) oc DM545206/DM745206 AM27501 93411 3107 | IM5533A | 5530/6530 82507 |SN545301/745301
93411A 3107A 82517
825117
TS DM545200/DM745200 AM27S00 93421 3106 | IM5523A | 5531/6531 82506 |SN54200/74200
93421A 3106A 82516 |SN545200/745200
825116 |SN545201/745201
1024-Bit (1024 x 1) | OC DM93415AM/DM93415AC 93415 IM5508 82510 |SN545309/745309
93415A IM5508A
TS | DM93425AM/DM93425AC 93425 IM5518 82511  [SN545209/745209
93425A IM5518A




Sl

, NATIONAL AMD |FAIRCHILD| -HARRIS | INTEL [INTERSIL MM SIGNETICS Tl
SIZE AND , .
ORGANIZATION OUT?UT MiL/COM M=MIL | M=MIL 2=MIL [M=MIL| M=MIL MIL/COM S=MIL MiL/cOM
c=coM | c=coM | 5=com [P=CcOM| C=COM |-1=SCHOTTKY| N=COM
256-Bit " oc DM7577/DM8577 AM27508 HM1.7602 IM5600 5330/6330 8223 SN54188A/74188A
(32x8) _ HM1-8256 82523 | SN545188/745188
_16-Pin TS DM7578/DM8578 AM27509 HM1.7603 IM5610 5331/6331 825123 | SN54S288/745288

1024-Bit oc DM545387/DM745387 | AM27S10 | 93417 | HM1-7610 | 3601-1 | IM5603 5300/6300 825126 | SN54S387/745387
{256 x 4) 93416 - | HM1-1024A | 3601 ,

16-Pin TS DM54S287/DM745287 | AM27S11 | 93427 | HM1.7611 | 3621 | IM5623 5301/6301 825129 | SN545287/745287

93426  |HM1-1024

2048-Bit oc DM54S570/DM74S570 93436 |HM1-7620 | 3602 | IM5604 5305/6305 825130

(512 x 4) "

16-Pin TS DM54S571/DM748571 93446  |HM1-7621 | 3622 | IM5624 5306/6306 825131

4096-Bit oc DM775295/DM875295 93438 |HM1.7640 | 3604 | IM5605 5340/6340 825140 | SN54S474/748474
{512 x 8) ‘

24.-Pin CTS DM775296/DM875296 93448 | HM1-7641 | 3624 IM5625 5341/6341 825141 - | SN545475/745475
2048-Bit oc DM54S470/DM745470 5308/6308 SN545470/745470
(256 x 8) ' -

20Pin - TS DM545471/DM74S471 5309/6309 SN545471/745471
4096-Bit oc DM545473/DM745473 5348/6348 SN545473/745473
(512.x 8) :

20-Pin TS DM545472/DM745472 5349/6349 SN54S472/745472

Note: All manufacturer’s PROMs program differently.
*Future products
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Bipolar PROM/ROM Selection Guide

PART NUMBER TEMPERATURE MAXIMUM ADDRESS MAXIMUM SUPPLY
TOTAL BITS BROM oW ORGANIZATION NUMBER OF PINS RANGE ACCESS (tap) CURRENT( fcc)
256 DM7577 DM5488 32x8 QC 16 -55°C to +125°C 70 110
. DM8577 DM7488 32x8 0OC 16 0°C to +70°C 50 110
DM7578 .DM7598 32x8 TS 16 -55°C to +125°C 70 110
DM8578 DM8598 32x8 TS 16 0°C to +70°C 50 110
1024 DM545387 DM54S187 256x4 OC 16 -55°C to +125°C 60 130
DM74S8387 DM745187 256x4 OC 16 0°C to +70°C 50 130
DM545287 DM75597 256x4 TS 16 -55°C to +125°C 60 130
DM745287 DM85S97 256x4 TS 16 0°C to +70°C 50 130
2048 DM548570 DM54S270 512x4 OC 16 -55°C to +125°C 70 130
DM74S570 DM74S270 512x4 OC 16 0°C to +70°C 55 130
DM54S571 DM54S370 512x4 TS 16 -55°C to +125°C 70 130
DM74S571 DM74S370 512x4 TS 16 0°C to +70°C 55 130
4096 DM54S572 kx4 OC 18 -55°C to +125°C 75 140
DM7458572 kx4 OC 18 0°C to +70°C 60 140
DM548573 kx4 TS 18 -55°C to +125°C 75 140
DM74S573 kx4 TS 18 0°C to +70°C 60 140
4096 DM775295 DM77595 512x8 OC 24 -65°C to +125°C 80 170
DM875295 DM87595 512x8 OC 24 0°C to +70°C 65 170
DM77S296 DM77S96 512x8 TS 24 -55°C to +125°C 80 170
DM875296 DM87596 512x8 TS 24 0°C to +70°C 65 170
8192 DM775229 DM75S29 1kx8 OC 24 -65°C to +125°C 90 170
DM87S229 DM85S29 - 1kx8 OC 24 0°C to +70°C 70 170
DM775228 DM75528 1kx8 TS 24 -55°C to +125°C 90 170
DM875228 DM85528 1kx8 TS 24 0°C to +70°C 70 170
2048 DM775221 DM775201 256x8 OC 20 -55°C to +125°C 75 150
DM875221 DM875201 256x8 OC 20 0°C to +70°C 60 150
DM77S222 | DM77S202 256x8 TS 20 -55°C to +125°C 75 150
DM875222 DM875202 256x8 TS 20 0°C to +70°C 60 150
2048 DM545470 DM545271 256x8 OC 20 -55°C to +125°C 75 150
DM745470 DM745271 256x8 OC 20 0°C to +70°C 60 150
DM545471 DM54S371 256x8 TS 20 -55°C to +1256°C 75 150
DM745471 DM74S371 256x8 TS 20 0°C to +70°C 60 150
4096 DM545473 512x8 OC 20 -55°C to +125°C 80 165
DM7458473 512x8 OC 20 0°C to +70°C 65 165
DM545472 512x8 TS 20 -55°C to +125°C 80 165
DM745472 512x8 TS 20 0°C to +70°C 65 165

Note. All PROMS are direct equivalents to their respective ROMS.




National
Semiconductor

MOS RAMs

MM1101, MM11011, MMT101A, MM1T101A1, MM1101A2, MM4250
256-bit fully decoded static random access memory

general description

The MM 1101 family of fully decoded 256 word x
1-bit random access memories are monolithic MOS
integrated circuits using silicon gate low threshold
technology to achieve bipolar compatibility. They
are static, require no. clocks, and hold information
indefinitely, subject to the integrity of the power
supply voltages. :

features

® Fast access times MM1101A2 500 ns max
MM11011, MM1101A1 1.0 us max

MM1101, MM1101A 1.5 us max

" MM4250 650 ns max

® |mproved speed/power product MM1101A2
1/3 of 1101A
® Low power operation 1.5 mW/bit

® Fewer system components - bipolar compatible
input and output

& Second source flexibility - MM1101, MM1101A
MM11011, MM1101A1 second sources avail-
able’ :

» TRI-STATE™ output - wired OR capability

m Specified ambient temperature 0°C to +70°C,,
for MM1101 family; -55°C to +125°C for
MM4250

applications

® High speed buffer memories
® | ocal memory store

block and connection diagrams

Dual-In-Line Package

256 BIT
RAM
PLANE

po——
10
A==t XINPUT X ADDRESS
9] BUFFERS DECODE
A comnnsand
s 11
pata__13 SENSE

out CIRCUIT

QUTPUT
BUFFER

DATA 14 INPUT
our BUFFER
1
Bt 1

Vec =PING
Vp=PIN4
Vop =PIN8

Y ADDRESS
DECODE

Y INPUT
BUFFERS

A As A A

INPUT Ag=l] 16, chmseTecT
INPUT A, =2 LEpAry—
INPUT A,-i{ : r‘-'-m our
Voo . Bovataour
Ve 12 param
INPUT A g 11 A
INPUT A =} 2 iput a,
Voo =4 [ ivpuT A,
TOP ViEW
Order Number MM1101D,
MM1101AD, MM1101A1D,
MM1101A2D, MM11011D
or MM4250D
See Package 3
Order Number MM1101N,

MM1101AN, MM1101A1N,
MM1101A2N or MM11011N
See Eackpga 15
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MM1101, MMT1011, MMTO1A,

MM101A1, MMTI01A2, MM4250

absolute maximum ratings

+ All Input o; Output Voltages with Respect to the Most Positive Supply

Voltage, Vsg +0.3V to -20V
Supply Voltages Vpp and Vp with -16V
Respect to Vgg
Power Dissipation at Room Temperature 700 mW
Operating Temperature
MM1101 Family 0°C to +70°C ambient
MM4250 -55°C to +125 °C ambient
Storage Temperature -66°C to +160°€. .
Lead Temperature (Soldering, 10 sec) 300°C

dc characteristics
Ta =0°Cto +70°C for MM1101 Family, T = -55°C to +125°C for MM4250;

Vs = +5V 6%, V= Vpp = -9V 5% for MM4250, MM1101A, MM1101A1, MM1101A2;

Vgs = +5V 5%, Vg = -10V 6%, Vo = -7V 5%, for MM 1101, MM11011 (unless otherwise specified).

)

SYMBOL TEST CONDITIONS MO FAMILY Mazs UNITS
MIN TP MAX MIN TYP MAX
T Input Load Current Vin =00 0.001 05 10 WA
(All Input Pins)
o Ouitput Leakage Current Vour = 0.0V, CS = Vgs -~ 2.0V 0.001 05 1.0 uA
oo Power Supply Current, Voo Ta=25C 13.0 19.0 130 19.0 mA
Moo | oo Power Supply Current, Voo | Ta=0°C g“m":"':;“:‘ 25,0 250 mA
mm:g::; o Power Supply Current, Vp Ta=25C | loL=00mA 120 180 120 180 mA
o Power Supply Current, Vg Ta=0C 24,0 24.0 mA
Vie Input LOW Voltage Vgs - 10 Vss-4.2 Vgs - 10 Vss-42 v
Vin Input HIGH Voltage Ves =20 Ves+0.3 Ves-20 Vs +0.3 v
lou Output Sink Current Vour = +0.45V, T, = 25°C 30 80 30 8.0 mA
lou Output Sink Current Vour = +0.45V, T, = 70°C 20 ) 20 mA
;CF Qutput Clamp Current Vour = -1.0V, T =0°C 6.0 13.0 6.0 130 mA
low Output Source Current Vour =00V, Ta = +25°C -30 -8.0 -30 -8.0 mA
lon Output Source Current Vour = 0.0V, T4 = +70°C -2.0 ~7.0 -20 -7.0 mA
Vou Output HIGH Voltage low = -100 uA 35 49 35 a9 v
Cin Input Capacitance (Note 3) Vin = Ves 70 10.0 7.0 100 oF
(Al Input Pins)
Cour | Output Capacitance Vour=Vss{ f=1MHz 70 100 7.0 100 oF
cy Vo Power Supply Vo = Vss 20.0 35.0 200 350 oF
Capacitance
M1101 | Ioo Power Supply Current, Vpop | Ta = 25°C 8‘:";’:‘0“:’ 14.0 18.0 mA
MM11011 I Power Supply Current, Vi Ta=26°C | lo =0.0mA 17.0 20.0 . mA
ac characteristics
Ta =0°Cto +70°C for MM1101 Family, T, = -65°C to +125°C for MM4250;
Vgs = +6V 6%, Vp = Vpp = -9V +5% for MM4250, MM1101A, MM1101A1, MM1 101A2
Vgg = +6V 6%, V = -10V 5%, Vpp = -7V 5%, for MM 1101, MM11011 (unless otherwise specified).
SYMBOL TEST MIN TYP MAX UNITS
(Note 2} :
tre Read Cycle MM1101, MM1101A , 1.5 : us
MM11011, MM1101A1 1.0 us
MM1101A2 500.0 ns
MM4250 650.0 ns
tac Address to Chip Select Delay
MM1101, MM1101A, 12 {Note 4) us
MM11011, MM1101A1 0.7 (Note 4) us
MM1101A 0.2 (Note 4) Ms
MM4250 0.35 (Note 4) us
T, Access Time MM1101, MM1101A 0.85 1.5 s
MM11011, MM1101A1 0.65 1.0 us
MM1101A2 400.0 500.0 ns
© MM4250 400.0 650.0 ns
toh Previous Read Data Valid 50.0 ns

Note 1: All'voltage measurements are referenced to ground.

Note 3: Capacitances are measured periodically only.

Note 4: Maximum value for tac measured at minimum read cycle.

‘Note 2: Typical values are at Tp = +25°C and nominal supply voltages

1-2




ac characteristics (con’t)

WRITE CYCLE (MM1101, MM11011, MM1101A, MM1101A1, MM1101A2)

SYMBOL TEST . MIN (JD z:z) MAX UNITS
twe Write Cycle 0.8 us
twp Address to Write Pulse Delay 03 us
twe Write Pulse Width 0.4 us
tow Data Set up Time 0.3 us
toH Data Hold Time 01 us

WRITE CYCLE (MM4250)

22
E
T Y
28
ot
2
23
29
33
>
N
2
<3
22
X
N
(4)]
©

twe Write Cycle 1.0 Ms
twd Address to Write Pulse Delay 0.35 us
twp Write Pulse Width 0.50 us
taw Data Set-up Time 0.35 us
tan Data Hold Time 0.15 us
CHIP SELECT AND DESELECT (MM1101, MM11011, MM1101A, MM1101A1, MM1101A2, MM4250)-
tew Chip Select Pulse Width 0.4 us
tes Access Time Through Chip 0.2 0.3 us
Select Input
tep Chip Deselect Time 0.1 0.3 Hs
Note 1: All voltage measurements are referenced to ground.
Note 2: Typical values are at Tp = +25°C and nominal supply voltages.
Note 3: Capacitances are measured periodically only.
Note 4: Maximum value for tzc measured at minimum read cycle.
typical performance characteristics
MM1101A, MM1101A1,
Typical Access Time vs Typical Access Time vs MM1101A2, MM4250
Voltage . Temperature Operating Region
T 1 T —
w I RH =l
NN
_ -r—— Voo =4V |— 1200 ¢, =20pF 18
E 0 I é_:,w:,,,_ 1 [1TLLORD o\ .
= T Voo -0 R = MM1101A1 2
E 700 juwirorai [2 > = \ Jr B [ ]
3 SN = 800 = TYPICAL OPERATIN
2 cop |wenea, Voo VSN 2 T 1\ = . Ktl:lllli
u Ma250[5 @ so0 — 2 AT V7J
g pr g > 1 ” TEEDD ]
2 L Voom 0] ] - 8 1 A __|OPERATING
|- Voo = -10V ;\‘ < 400 > 7 REGION
L1 —— 12
Voo= -8V 1 N MM1101A2, MMA250
0 T TN m n
e T T I I I
-1 -8 -9 -10 -1 -30 -10 10 30 50 70 8 10 12 12 16
Vo (V) TEMPERATURE (°C) Vss - Voo (V)

ac test circuit
Test Setup for MM1101A and MM1101A Speed Measurement

+HV

MM1101/

MM1101A otTruT

ANY
TTL GATE
CONDITIONS OF TEST —
Input pulse amplitudes: OV to +5.0V.
Input pulse rise and fall times < 10 ns.

Speed measurements are referenced to the 1.5V level (unless otherwise noted);
at the output of the TTL gate (ty < 10 ns) C_ < 20 pF.
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MM1101, MMT1011, MMTO01A,
MM101A1, MM1101A2, MM4250

switching time waveforms

Read Cycle Chip Select and Deselect

X X e X

e > 1000 ]
! tes tep
READ/WRITE 1
[] oUTPUTS
jj "
1
1,
oUTPUTS ton
0 o= - —— .
Write Cycle Power Switching For Reduced Power Appli

e D, G

Vss

|
i
g

[] Vp AND &5 LEAD
—aw=! >100ns |fe-— Vo

READ/WRITE 1

OUTPUTS

1
DATAIN v
<oy
- oo = -8V 5%
]
=1 ton

Note 1: All inputs of the MM1101A accept standard TTL outputs with Vo = +5.0V 25%.
Note 2: Maximum value for tac measured at minimum read cycle.
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National
Semiconductor

'MOS RAMSs

MM2101, MM2101-1, MM2101-2 1024-bit (256 x 4) static MOS RAM

with separate I/0

general description

The National MM2101 is a 256 word by 4 bit static
random access memory element fabricated using N-
Channel enhancement mode Silicon Gate technology.
Static storage cells eliminate the need for refresh and
the additional peripheral circuitry associated with refresh.
The data is read out nondestructively and has the same
polarity as the input data.

The 2101 is directly TTL compatible in all respects:
inputs, outputs, and a single +5 V supply. Two chip-
enables allow easy selection of an individual package
when outputs are OR-tied. An output disable is provided
so that data inputs and outputs can be tied for common
1/0 systems. The features of this memory device can be
combined to make a low cost, high performance, and
easy to manufacture memory system.

National’s silicon gate technology also provides protec-
' tion against contamination, and permits the use .of low
cost Epoxy B packaging.

features

Organization 256 Words by 4 Bits

Access Time — 0.5 to 1.0 us Max.

Single +5 V Supply Voltage

Directly TTL Compatible — All Inputs and Outputs
Static MOS — No Clocks or Refreshing Required
Simple Memory Expansion — Chip Enable Input

Low Cost Packaging — 22 Pin Epoxy B Dual-In-Line
Configuration

Low Power — Typically 150 mW

" Tri-State ® Output — OR-Tie Capability

Output Disable Provided for Ease of Use in Common
Data Bus Systems

block and connection diagrams

' )\ 4
4 22 —— —/
A ____._.x 20 vie A3 1 2 cc
P ™ 8 ' Az —d 2 21 b A
4 — O GND
2 - ROW CELL ARRAY Ar—3 20 [— RW
Ay ——— SELECT 32 ROWS ag —| 4 19 f— ¢E1
1 32 COLUMNS as—] s N
A3
L__ﬁ: | Ag —1 6 17 e CE2
h LY B 16 f—— D04
" | 1 GND i 8 15 feme DIg
AW —— i COLUMN 1/0 CIRCUITS oy — g 14 fm DO3
o~ oy — 10 13— o3
" - NPT COLUMN SELECTOR o1y = 11 2 002
or ——% DATA .
. CONTROL
DI e
15 PIN NAMES
o 5A GA 7A Dl,-Dly  DATA INPUT
1 5 Ag A7 Ag- Ay ADDRESS INPUTS
G — R/W READ/WRITE INPUT
1 CE1,CE2  CHIP ENABLE
cE2 op OUTPUT DISABLE
1 DO¢- DO4 DATA OUTPUT
L] Vee POWER (+5V)
Order Number MM2101D,
MM2101-1D or MM2101-2D
See Package 5

Order Number MM2101-N,
MM2101-1N or MM2101-2N
See Package 17
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MM2101, MM2101-1, MM2101-2

absolute maximum ratings
Ambient Temperature Under Bias
Storage Temperature

Voltage on Any Pin With Respect to Ground

Power Dissipation

0°C to +70°C
-65°C to +150°C

-0.5Vto+7V

1 Watt

dc electrical characteristics Ta=0°Cto+70°C, Vcc = 5 V * 5% unless otherwise specified.

Symbol Parameter Min. | Typ.[1]| Max. Unit Test Conditions
N Input Current 10 uA Vin=01t5.25V
ILOH 1/0 Leakage Current!2] 15 HA CE1=22V,VoyT=40V
ILoL 1/O Leakage Current(2] -50 HA CE1=22V,VoyT=045V
Icct Power Supply Current 30 60 mA VIN=5.25V,I0=0mA
Ta=25°C
lcc2 Power Supply Current 70 mA VIN=5.25V,I0=0mA
Ta=0°C
ViL Input “Low” Voltage -0.5 +0.65 \% ’
ViH Input ““High”” Voltage 2.2 vVee \
VoL Output “Low” Voltage +0.45 \ loL=2.0mA
VOH Qutput “High” Voltage 2.2 \" loH = =150 uA
Note 1:  Typical values are for T = 25°C and nominal supply voltage.
Note 2: Input and Output tied together.
capacitance Ta=25°C, f=1MHz
Limits (pF)
Symbol Test Tye. Max.
CiN Input Capacitance (All Input Pins) VN =0 V 8
CouT Output Capacitance VoyT =0V 12

switching time waveforms

@] <1001
0D (COMMON 1/0) {tonw
k{

Note 1:
Note 2:
Note 3:

READ CYCLE (R/W="1")

tRCY

ADDRESSDL

E1

| tC ) —]

CE2

«—1C00 —»

-~ A
—— - ———
DATA oUT

— e ————

I

DF{1)|e—p

DATA OUT VALID

—
|~

WRITE CYCLE(2]

ADDRESSDL C
|-t W ————>]
cn—_\ _
I:Ez__/

00 _/

DATAIN

— AW |t tyyp |

| ‘{ ,

tpF is with respect to the trailing edge of C_E1, CEZ2, or OD, whichever occurs first.
During the write cycle, OD is a logical 1 for common 1/O and ‘‘don’t care’’ for separate |/O operation.
0D should be tied low for separate 1/0 operation.

tDF [w——tDW——i]

DATA IN STABLE
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ac elec_trical characteristics Ta=0°Cto +70°C, Ve =5V + 5%, unless otherwise specified.

MM2101
Symbol I Parameter I Min. l Typ. ‘ Max. l Unit | Test Conditions
READ CYCLE
trRCY Read Cycle 1,000 ns Input Pulse Levels: +0.65 to +2.2 V
tA Access Time 1,000 ns Input Pulse Rise and Fall Times:
tco Chip Enable to Output 800 ns 20 ns
toD Output Disable to Output 700 ns Timing Measurement Reference
tpgt Data Output to High Z State 0 200 ns Level: 1.5V
tOH- Previous Data Read Valid after 0 ns 0”3"“_ Lﬁﬁ;j: '1: TTL Gate and
change of Address L= p
WRITE CYCLE
twey Write Cycle 1,000 ns Input Pulse Levels: +0.85 to +2.2 V
AW Write Delay 150 ns Input Pulse Rise and Fall Times:
tcw Chip Enable to Write 900 ns 20 ns
tDw Data Setup + 700 ns Timing Measurement Reference
tDH Data Hold 100 ns Level: 1.5V
twp Write Pulse 750 ns Output Load: 1 TTL Gate and
- tWR Write Recovery 50 ns Cp =100 pF
MM2101-1 (500 ns Access Time)
Symbol 1 Parameter I Min. I Typ. { Max. | I Unit | Test Conditions
READ CYCLE '
tRCY Read Cycle 500 ns Input Pulse Levels: +0.65 to +2.2 V
A Access Time 500 ns Input Pulse Rise and Fall Times:
tco Chip Enable to Output 350 ns 20ns
toD Output Disable to Output 300 ns Timing Measurement Reference
tpg!Y Data Output to High Z State 0 150 ns Level: 1-5.\’
tOH Previous Data Read Valid after 0 ns Ouéput—li%aod. :: TTL Gate and
change of Address L= P
WRITE CYCLE
wey Write Cycle 500 ns Input Pulse Levels: +0.65 to +2.2 V
tAW Write Delay 100 ns Input Pulse Rise and Fall Times:
tcw Chip Enable to Write 400 ns 20 ns
tbw Data Setup 280 ns Timing Measurement Reference -
tDH Data Hold 100 ns Level: 1.5V }
twe Write Pulse 300 ns Output Load: 1 TTL Gate and
tWR Write Recovery 50 ns CL =100 pF
MM2101-2 (650 ns Access Time)
Symbol | Parameter 7 Min. ] Typ. I Max. I Unit l Test Conditions
READ CYCLE .
tRCY Read Cycle 650 ns Input Pulse Levels: +0.65 to +2.2 V
tA Access Time 650 ns Input Pulse Rise and Fall Times:
tco Chip Enable to Output 400 ns 20 ns
toD Output Disable to Output 350 ns Timing Measurement Reference
tpg!! Data Output to High Z State 0 150 ns Level:' 1.5V
toH Previous Data Read Valid after 0 ns Output Load: 1 TTL Gate and
change of Address CL =100 pF
WRITE CYCLE
twey Write Cycle 650 ns Input Pulse Levels: +0.65 to +2.2 V
tAW Write Delay 150 ns Input Pulse Rise and Fall Times:
tcw Chip Enable to Write 550 ns 20 ns .
tpw Data Setup 400 ns Timing Measurement Reference
tDH Data Hold 100 ns Level: 1.5 V.
twe Write Pulse 400 ns Output Load: 1 TTL Gate and
tWR Write Recovery 50 ns C =100 pF
Note 1: tpF is with respect to the trailing edge of CE1, CE2, or OD, whichever occurs first.

1-7
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MM2102, MM2102-1, MM2102-2

National
Semiconductor

MM2102, MM2102-1, MM2102-2

MOS RAMs

1024-bit fully decoded static random access memories

general description

The MM2102 family of 1024 word by one bit static
random access read write memories are manufactured
using N-channel enhancement mode silicon gate tech-
nology. Static storage cells eliminate the need for clocks
and refresh. Data in and data out have the same polarity
and the read operation is nondestructive.

Low threshold silicon gate N-channel technology allows
complete DTL/TTL compatibility of all inputs and
outputs as well as a single +5V supply. The separate
chip enable input (CE)} controlling the TRI-STATE®
output allows easy memory expansion by OR-tying
individual devices to a data bus.

The simple interface and high performance make the
MM2102 family ideally suited for those applications,
for large and small storage capacity, where cost is an
important design consideration.

features

® Single +5V supply
® All inputs and output directly DTL/TTL compatible

m Static operation—no clocks or refreshing required

= low power 150 mW typ

® Fast access )
MM2102 1us
MM2102-1 500 ns
MM2102-2 650 ns

8 TRI-STATE output for bus interface

& Chip enable allows simple memory expansion
® On chip address decode

| All inputs protected against static discharge

® Low cost 16-pin Epoxy B package

block and connection diagrams

8 O -
Dual-In-Line Package
B % €0 Ve
CELL
5 ROW ARRAY 9 As i U 18
Az SELECTOR 32 ROWS 4—O GND 4
32 COLUMNS 2 15
6 A5 = S A
ha O_E _ 3 1
R/W =t — Ay
7
wo 3] ot o
| 1 A= 2 paTa out
R O—JE wor COLUMN 1/0 CIRCUITS 12_pata Ay LI
DATA - out ) “
N Olm conTROL COLUMN SELECTOR As— — Voo
[] 9
) | Ao —GND
ol - 1
y TOP VIEW
2 [ ] ]
N N © Order Number MM2102D,
s A A A A MM2102-1D or MM2102-2D
See Package 3
Order Number MM2102N,
MM2102-1N or MM2102-2N
See Package 15




absolute maximum ratings (Note 1)

Voltage at Any Pin

Operating Temperature Range
Storage Temperature Range
Power Dissipation

Lead Temperature (Soldering, 10 seconds)

dc electrical characteristics
(Ta within operating temperature range, Ve = 5V 5%, unless otherwise noted.)

—0.5V to +7.0V
0°C to +70°C
—65°C to +150°C
w

300°C

C-ZOLZWW ‘L-ZOLZWIN ‘COLZNIN

PARAMETER CONDITIONS MIN TYP MAX UNITS
Logical “1” Input Voltage (V) 2.2 Vee \
Logical /0" Input Voltage (V,_) -0.5 0.65 \Y
Logical 1’ Output Voltage (Von) lon = —100uA 2.2 \
Logical 0" Output Voltage (Vo) loL =1.9mA 0.45 \%
Input Load Current (1) Vn =0 to 5.25V 10 uA
Output Leakage Current (I on) CE = 2.2V, Vour = 4.0V 10 HA
Output Leakage Current (I, o) CE =2.2V, Vout =045V -100 uA
Power Supply Current {Icc.) All Inputs = 5.25V, Data Out Open, 30 60 mA
Ta =25°C
Power Supply Current (lcc2) All Inputs = 5.26V, Data Out Open, 70 mA
Ta =0°C
ac electrical characteristics
(Ta within operating temperature range, Ve = 5V 5%, unless otherwise specified.)
See ac test circuit and switching time waveforms.
PARAMETER l CONDITIONS | v | Tve | max | units
READ CYCLE
Read Cycle (tge) _
MM2102 R/\LV =Viy 1000 ns
MM2102-1 R/W =V 500 ns
MM2102-2 R/W =V, 650 ns
Access Time (tp)
MM2102 1000 ns
MM2102-1 500 ns
MM2102-2 650 ns
Chip Enable to Output Time (teo)
MM2102 500 ns
MM2102-1 350 ns
MM2102-2 400 ns
Previous Read Data Valid with 50 ns
Respect to Address (tgyq)
Previous Read Data Valid with 0 ns
Respect to Chip, Enable (tgy2)




MM2102, MM2102-1, MM2102-2

ac electrical characteristics {(con’t)

PARAMETER | CONDITIONS | wn | tve | omax | uwits
WRITE CYCLE
Write Cycle (twe)
MM2102 1000 ns
MM2102-1 500 ns
MM2102-2 650 ns
Address to Write Set-up Time (taw)
MM2102 200 ns
MM2102-1 150 ns
MM2102-2 200 ns
Write Pulse Width (typ)
MM2102 750 ns
MM2102-1 300 ns
MM2102-2 400 ns .
Write Recovery Time (twg) 50 ns
Data Set-up Time (tow)
MM2102 800 ns
MM2102-1 330 ns
MM2102-2 450 ns
Data Hold Time (tpy) 100 ns
Chip Enable to Write Set-up Time (tcw)
MM2102 900 ns
MM2102-1 400 ns
MM2102-2 550 ns
CAPACITANCE
Input Capacitance (All Inputs) (C\n) | Vin =0V, T4 =25°C, f=1.0 MHz 3.0 5.0 pF
(Note 4) (Note 2)
Output Capacitance (Coyt) (Note 4) | Vour =0V, T =25°C, f=1.0 MHz 7.0 10.0 pF
(Note 2)

Note 1: ““Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for '“Operating
Temperature Range’” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics’’
provides conditions for actual device operation.

Note 2: Capacitance is guaranteed by periodic testing.
Note 3: Positive true logic notation is used: Logical ‘1" = most positive voltage level, Logical “0’" = most negative voltage level.

Note 4: Typical values are for Tp = 25°C and

nominal supply voltage.

switching time waveforms

Read Cycle

Write Cycle

Vin
ADDRESS >
Vi

Rk

[P p—
CHIP
ENABLE
\
tonz ——

cHip
ENABLE
e
ta b taw oy ——————
Vou Vi
DATA READ/ u
out WRITE 7
Vou Vi
—o Lot L | ton
v
DATA DATA CAN BATASTABLE DATA CAN
Note: Al times messorod with respect to 1.5V evel IN  CHANGE o CHANGE
with t, and t, < 20 ns. Voo




ac test circuit

) ANY TTL GATE
DATA OUT*

= o
™

*Delay times measured at MM2102 output.

typical performance characteristics

C-COLZWI ‘L-ZOLZWIN ‘COLZNIN

Power Supply Current vs Output Source Current Output Sink Current
Temperature vs Temperature vs Temperature
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MM2102A, MM2102AL Family

National
Semiconductor

MM2102A, MM2102AL family

MOS RAMs

1024-bit (1024 x 1) static random access memories

general description

The MM2102A family of high speed 1024 x 1-bit static
random access read/write memories are manufactured
using N-channel depletion-mode silicon gate technology.
Static storage cells eliminate the need for clocks or
refresh circuitry and the resultant cost associated with
them.

Low threshold silicon gate N-channel technology allows
complete DTL/TTL compatibility of all inputs and
outputs as well as a single 5V supply. The separate
chip enable input (CE) controlling the TRI-STATE®
output allows easy memory expansion by OR-tying
individual devices to a data bus. Data in and data out
have the same polarity.

In addition to the MM2102A, a low power version,
the MM2102AL, is also available. This selection offers

a maximum operating current of 33 mA and a guar-
anteed standby mode down to a power supply voltage
of 1.5V.

features
® Single 5V supply

= All inputs and outputs directly DTL/TTL compatible
® Static operation—no clocks or refresh

u TRI-STATE output for bus interface

®  All inputs protected against static charge

8 Access time down to 250 ns

block diagram

connection diagram
Dual-In-Line Package

0 olm a6 = U LY
Al —
A5 "2"‘ 'E' A8
ki 10 '/ = 3 14
At e 4O Vg RIW =] L
RAY 4 13—
AZO—SE SEL"E%"T'OR :énnnws +>oam A== = CE
s 32 COLUMNS A2 _5. —‘z—DATA out
A3
o l X a3 = L patain
7
wo T H w LI
| 1 a0 = L cno
AW O— - COLUMN 1/0 CIRCUITS 12
w NPUT DATA
. DATA out
DATA o1 CONTROL COLUMN SELECTOR TOP VIEW
T Order Ni : Order Number:
_ 13 L MM2102AJ-2L MM2102AN-2L
ce MM2102AJ-2  MM2102AN-2
MM2102AJ-L MM2102AN-L
A 1 T T MM2102AJ MM2102AN
MM2102AJ4L MM2102AN-4L
A5 A6 A7 AB A9 MM2102AJ-4 MM2102AN-4
MM2102AJ-6L MM2102AN-GL
MM2102AJ-6 MM2102AN-6
See Package 10 See Package 15
truth table logic symbol
A0
— M D
CE R/W Din Dout MODE — Az W
- —{ a3
H X X Hi-Z Not selected o
L L L L Write “0” s
L L H H Write 1" —1 A8
- A7
L H X DouT Read I Dout =
=A% RpW TE




absolute maximum ratings (Note 1)

operating conditions

Voltage at Any Pin —0.5V to +7V MIN MAX UNITS
. . \"
Voltage at Any Pin ~0.5V 10 +7V Supply Voltage (Vcc) 478 525 .
Storage Temperature —65°C to +150°C Ambient Temperature (Tp) 0 +70 (o]
Power Dissipation 1w Input Low Voltage -0.5 0.8 v
Lead Temperature (Soldering, 10 seconds) 300°C Input High Voltage 20 Vee v
dc electrical characteristics Ta =0°Cto +70°C, Vg = 5%, unless otherwise specified.
MM2102A, MM2102A-L,
MM2102A-2, MM2102A-2L, :
SYMBOL PARAMETER CONDITION MM2102A-4, MM2102A-4L, UNITS
MM2102A-6 MM2102A-6L_
MIN MAX MIN MAX
IN] Input Load Current VIN =0 to 5.25V 10 10 HA
ILOH Output Leakage Current CE =2V, VouT = 2.4V 5 5 A
ILoL Output Leakage Current CE =2V, VoyTt = 0.4V =10 -10 MA
lee Power Supply Current All Inputs = 5.25V, 45 31 mA
Data Output Open,
Ta=25°C
Icc Power Supply Current All Inputs = 5.25V, 50 33 mA
Data Output Open,
Ta=0°C
VoL Output Low Voltage loL=32mA 0.4 0.4
VOH Output High Voltage 1QH = —200 uA 24 24

~

Note 1: “Absolute Maximum Ratings’’ are those values beyond which the device may be permanently damaged. They do not mean the device

may be operated at these values,

ac electrical characteristics (With standard load) Ta =0°C to +70°C, VoC = 5V 5% unless otherwise specified.

‘ MM2102A-2, MM2102A, MM2102A-4, MM2102A-6,
SYMBOL PARAMETER MM2102A-2L MM2102A-L MM2102A-4L MM2102A-6L UNITS
MIN | MAX MIN l MAX MIN l MAX MIN [ MAX
READ CYCLE (Figure 1)
tRC Read Cycle 250 350 450 650 ns
A Access Time 250 350 450 650 ns
tCco Chip Enable to Output 100 150 200 200 ns
Time
tOH1 Previous Read Data Valid 40 40 40 50 ns
with Respect to Address
tOH2 Previous Read Data Valid 0 0 0 0 ns
with Respect to Chip
Enable
WRITE CYCLE (Figure 2)
twe Write Cycle 250 350 450 650 ns
taw ‘| Address to Write Set-Up 20 20 20 20 ns
twp Write Pulse Width 100 150 200 200 ns
twR Write Recovery Time 0 o0 0 0 ns
tpw | Date Set-Up Time 85 126 175 175 ns
tDH Data Hold Time 0 0 0 0 ns
tow Chip Enable To Write 100 150 200 200 ns
Set-Up '

Alwed TvZOoLZWIN ‘'YZOLZWIN



MM2102A, MM2102AL Family

ac electrical characteristics Ta=25°C, f=1MHz

ac test circuit

Vv
k

SYMBOL PARAMETER
CAPACITANCE 2
CiN Input Capacitance (All Inputs VN = 0V)
CouTt Output Capacitance, Vo = 0V

Note 2: This parameter is guaranteed by periodic testing

switching time waveforms

X

tRC

LIMIT (pF)
TYP MAX 1.24
3 5
1.13k Cy =100 pF
4 6

cc
- -

tog ——»=

FIGURE 1. Read Cycle

Note (D :

we |
Vin
< ADDRESS :)@
Vi
b tow WR
Vm——-gR
CHIP THIP
ENABLE ENABL
ViL j': Vi .

toH2 - AW wp
Vin
READ/
WRITE
viL j
l

I
oH1 tow DH
Vin
DATA DATACAN DATA CAN
IN  CHANGE DATA STABLE CHANGE

ViL

FIGURE 2. Write Cycle

Input reference level for timing is 1.5V.

Note @ :
Note ) :

VQH = 2V is reference level for output high.
VoL = 0.8V is reference level for output low.

Note @) :
standby characteristics Ta=0°Cto+70°C

Input rise and fall times are 10 ns.

MM2102A, MM2102A-2, MM2102A-L, MM2102A-2L,
SYMBOL PARAMETER CONDITIONS MM2102A-4, MM2102-6 MM2102A-4L, MM2102A-6L UNITS
MIN TYP(3) MAX MIN TYP(3) MAX
VPD Ve in Standby 15 1.5. v
VCES CE Bias in Standby 2 < Vpp < VGEMAX 2.0 2.0
VCES CE Bias in-Stand-by 1.5<Vpp<2 Vpp VPD %
IpD1 Standby Current All Inputs = Vpp = 1.5V 28 23 mA
IpD2 Standby Current All Inputs = Vpp =-2V 38 28 mA
tGP Chip Deselect to 0 0 ns
Standby Time
tR Recovery Time tRC tRC ns
(Note 4)
Note 3: Typical values at Tp = 25°C.
Note 4: tg=tRc = read cycle time.
standby waveforms
\/
ce 475V 415
tcp— R
G sV 2V 4 v

DV = e e o s e e e e e e e e e o S
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National
Semiconductor

MOS RAMs

MM2102MD, MM2102-2MD military temperature range
1024-bit fully decoded static random access memories

general description

The MM2102 family of 1024 word by one bit static
random access read write memories are manufactured
using N-channel enhancement mode silicon gate tech-
nology: Static storage cells eliminate the need for clocks
and refresh. Data in and data out have the same polarity
and the read operation is nondestructive.

Low threshold silicon gate N-channel technology allows
complete DTL/TTL compatibility of all inputs and
outputs as well as a_single +5V supply. The separate
chip enable input (CE) controlling the TRI-STATE®
output allows easy memory -expansion by OR-tying
individual devices to a data bus.

The simple interface and high performance make the
MM2102 family ideally suited for those applications,
for large and small storage capacity, where cost is an
important design consideration.

features

& Single +5V §upp|y
= All inputs and output directly DTL/TTL compatible

®m Static operation—no clocks or refreshing required

% |ow power 150 mW typ.
= Fast Access
MM2102 Tus
MM2102-2 650 ns

® TRI-STATE output for bus interface

® Chip enable allows simple memory expansion
L] On‘ chip address decode

®  All inputs protected against static discharge

® —55°C to +125°C Operation

block and connection diagrams

A0 -
Al
CELL
AOW ARRAY
32 ROWS
32 COLUMNS
A3
m -

COLUMN 1/0 CIRCUITS

CONTROL COLUMN SELECTOR

=137
T3]
“o_s‘m SELECTOR
3]
=3
T3

RERER

AS A6 A7 A8 A8

Dual-In-Line Package

N )
1 16
9 A6 — 1= a7
<4—O N 2 5
A5 =1 l— A8
_ 14
R = — A9
13
Al 1 b— CE
a2 = 112 patA oUT
] 11
12 pata A3~ r— DATA IN
out 7 10
AL ——1 .—Vcc
8
A0 — L ono
TOP VIEW

Order Number MM2102MD
or MM2102-2MD
See Package 3
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MM2102MD, MM2102-2MD

absolute maximum ratings (Note 1)

Voltage at Any Pin —0.5V to +7.0V
Operating Temperature Range —55°C to +125°C
Storage Temperature Range -65°C to +150°C
Power Dissipation 1w

Lead Temperature (Soldering, 10 seconds) 300°C

dc electrical characteristics
(T o within operating temperature range, Ve = 5V £10%, unless otherwise noted.)

PARAMETER CONDITIONS ‘ MIN TYP MAX UNITS
Vin Logical 1" Input Voltage 2.2 Vee \%
ViL Logical 0" Input Voltage -0.5 0.65 \Y
Vou Logical ““1"" Qutput Voltage lonw = —100pA 2.2 \Y
Voo Logical *0"" Output Voltage lop =2.1mA 0.45 \
Iy Input Load Current Vin =0to 5.5V 10 MA
Ilon  Output Leakage Current CE=22V, Vout = 4.0V 10 MA
lior  Output Leakage Current CE =22V, Vourt = 0.45V -50 HA
leer Power Supply Current All Inputs = 5.5V, Data Out.Open, 25 45 mA
Ta = 25°C, (Note 4)
leca Power Supply Current All Inputs = 5.5V, Data Out Open, 55 mA
Ta =-55°C to +125°C
ac electrical characteristics
(T o within operating temperature range, Vcc = 5V £10%, unless otherwise specified.)
See ac test circuit and switching time waveforms.
PARAMETER CONDITIONS I MIN ] TYP l MAX l UNITS

READ CYCLE
tre Read Cycle

MM2102 R/W =V, 1000 ns

MM2102-2 R/W=V,y 650 ns
ta Access Time

MM2102 ; 1000 ns

MM2102-2 650 ns
tco Chip Enable to Output Time

MM2102 : 500 ns

MM2102-2 400 ns
toH1 Previous Read Data Valid with 50 ns

Respect to Address
tonz - Previous Read Data Valid with 0 ns
Respect to Chip, Enable




ac electrical characteristics (con’t)

PARAMETER I CONDITIONS [ v | rve | wmax | uwits

WRITE CYCLE '
twe Write Cycle

MM2102 1000 ns

MM2102-2 650 ns
taw Address to Write Set-Up Time

MM2102 200 ns

MM2102-2 200 ns
twp Write Pulse Width

MM2102 750 ns

MM2102-2 400 ns
twRr Write Recovery Time 50 ns
tow Data Set-Up Time

MM2102 800 ns

MM2102-2 450 ns
toH Data Hold Time 100 ns
tew Chip Enable to Write Set-Up Time

MM2102 900 ns

MM2102-2 550 ns
CAPACITANCE
Cin Input Capacitance (All Inputs) Vin =0V, T, =25°C, f=1.0MHz 3 5 pF

(Notes 2 and 4)
Cout Output Capacitance Vour =0V, T, =25°C, f=1.0MHz 7 10 pF
{Notes 2 and 4)

Note 1: ““Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘‘Operating
Temperature Range’’ they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics’’

provides conditions for actual device operation.
Note 2: Capacitance is guaranteed by periodic testing.

Note 3: Positive true logic notation is used: Logical “1”" = most positive voltage level, Logical ‘0" = most negative voltage level.

Note 4: Typical values are for Ta = 25°C and nominal supply voltage.

switching time waveforms
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Vi et
CHIP
ENABLE
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Write Cycle
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MM2102MD, MM2102-2MD

ac test

circuit

ANY TTL GATE
DATA QUT*

[

-I- 100 pF

mmz102

*Defay times measured at MM2102 output

typical performance characteristics
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MOS RAMs

MM2111, MM 2111-1, MM21M-2 1024 -bit (256 x 4) static MOS RAM
with common 1/0 and output disable

general description

The National MM2111 is a 256 by 4 static random
access memory element  fabricated using N-channel
enhancement mode Silicon Gate technology. Static
storage cells eliminate the need for refresh- and the
peripheral circuitry associated with refresh. The data is
read out nondestructively and has the same polarity as
the input data. Common Data Input/Output pins are
provided.

The 2111 is directly TTL in all respects: inputs, outputs
and a single +5 V supply. The two Chip-enables allow
easy selection of an individual package when outputs
are OR-tied. The features of this memory device can be
combined to make a low cost, high performance, and
easy to manufacture memory system.

National’s silicon gate technology provides excellent
protection against contamination and permits the use of
low cost Epoxy B packaging.

features

Organization 256 Words by 4 Bits

Common Data Input.and Output

Single +5 V Supply Voltage

Directly TTL Compatible — Al Inputs and Outputs
Static MOS — No Clocks or Refreshing Required
Access Time — 0.5 to 1.0 us Max.

Simple Memory Expansion — Chip Enable Input

Low Cost Packaging — 18 Pin Epoxy B Dual-In-Line
Configuration

Low Power — Typically 150 mW
® Tri-State ® Output — OR-Tie Capability

block and connection diagrams

4 18 Ay —— 1 ~ 18 v
Ag ~-———0 Vge 3 — Vce
3 ] Ap—12 17 p— Ag
A e—— ~——0 GND A )
2 ROW MEMORY ARRAY A\t = 16 f— RW
Az ——Ik SELECT 32 ROWS ag— 4 15 b— 5
32 COLUMNS
A3 1_.._ Ag == 5 14 p= 1/04
17 Ag = 6 13 = 1/03
A -
) Ay —— 7 12 p— 1/0;
6 1 1 GND ——f 8§ 11 = 1101
! —
RMW I%— COLUMN 1/0 CIRCUITS 00— 10 b— TEz
1
1701 ) ’
12 WPUT COLUMN SELECT
1/02 DATA
a CONTROL
103 PIN NAMES
1/0, “ 5 6 7 Ag-Az ADDRESS INPUTS
¥ A oD OUTPUT DISABLE
hs A A R/W READ/WRITE INPUT
l CE1 CHIP ENABLE 1
J CE2 CHIP ENABLE 2

15

1/Q4-1/04 DATA INPUT/OUTPUT

Order Number MM2111D,
MM2111-1D or MM2111-2D
See Package 4

Order Number MM2111N,
MM2111-1N or MM2111-2N
See Package 16
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MM2111, MM2111-1, MM2111-2

absolute maximum ratings

Ambient Temperature Under Bias 0°C to +70°C
Storage Temperature -65°C to +150°C
Voltage On Any Pin With Respect to Ground = -0.5 V to +7 V
Power Dissipation 1 Watt

dc electrical characteristics

TA= 0°C to +70°C, Ve = 5 V 15%, unless otherwise specified.

Symbol Parameter Min. | Typ.(1]| Max. Unit Test Conditions

Iy Input Current 10 uA VIN=01t05.25 V

ILOH 1/0 Leakage Current(2] 15 uA CE=22V,Vyj0=4.0V

ILoL 1/0 Leakage Current(2) -50 uA CE=22V,V|j0=0.45V

Icct Power Supply Current 30 60 mA VIN=5.25V, l}/0o =0 mA

Ta=25°C
lcc2 Power Supply Current 70 mA VIN=56.25V, ljj0=0mA
Ta=0°C

ViL Input “Low" Voltage -0.5 +0.65 \%

ViH Input “High”” Voltage 2.2 Vce \

VoL Output “Low’’ Voltage +0.45 \ loL=2.0mA

VOH Qutput “High” Voltage 2.2 \% IoH = -150 uA
Note 1: Typical values are for Tp = 25°C and nominal supply voltage.
capacitance Tp = 25°C, f=1MHz ;

‘ Limits (pF)

Symbol

ymbo Test Typ. Max.
CiNn Input Capacitance (All Input Pins) ViN =0 V 4 8
Ci/0 1/0O Capacitance V/0 =0V 10 15
switching time waveforms

READ CYCLE (R/W ="1") WRITE CYCLE

tRCY

ADnRESSD( aC
«—tco—»]
] |« tg 0| L
OUTPUT DISABLE ) * { tOH—>] |
1

A pF(1)-»|

DATA /O )t DATA OUT VALID

CE1, CE2

Note 1:

ADDRESS >

@

tE1, CE2,
OUTPUT DISABLE /
DATA 1/O

READ/WRITE

1w

N

| M

— 1D F |t (DY ———]

): DATA IN STABLE

DH

tpF is with respect to the trailing edge of CE1, ‘CE2, or OD, whichever occurs first.

f——— tyyp ———>

_._.Aw_.J\___J

t—tyWR >
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ac electrical characteristics

Ta=0°Cto+70°C, Ve =5 V * 5%, unless otherwise specified.

MM2111 i
Symbol l Parameter ' l Min. l Typ. l Max. | Unit I Test Conditions
READ CYCLE
tRCY Read Cycle 1,000 ns Input Pulse Levels: +0.65 to +2.2 V
tA Access Time 1,000 ns Input Pulse Rise and Fall Times:
1co Chip Enable to Output 800 ns 20.ns
toD Output Disable to Output 700 ns Timing Measurement Reference
tpr(! Data Output to High Z State 200 ns Level: 1.5V
toH Previous Data Read Valid after Output Load: 1 TTL Gate and
change of Address ns CL =100 pF
WRITE CYCLE
Cwey Write Cycle 1,000 ns Input Pulse Levels: +0.65 to +2.2 V
AW Write Delay 150 ns Input Pulse Rise and Fall Times:
tcw Chip Enable to Write 900 ns 20 ns
tDW Data Setup 700 ns Timing Measurement Reference_
tDH Data Hold 100 ns Level: 1.5V
twP Write Pulse 750 ns Output Load: 1 TTL Gate and
tWR Write Recovery . 50 ns Ci =100 pF
MM2111-1 (500 ns Access Time)
Symbol I Parameter l Min. l Typ. ' Max. l Unit J " Test Conditions
READ CYCLE
tRCY Read Cycle 500 ns “Input Pulse Levels: +0.65 to +2.2 V
tA Access Time 500 ns Input Pulse Rise and Fall Times:
tco Chip Enable to Output 350 ns 20 ns
toD Output Disable to Qutput 300 ns Timing Measurement Reference
tpfl1! Data Output to High Z State 150 ns Level: 1.5V
toH - Previous Data Read Valid after ns Output Load: 1 TTL Gate and
change of Address ) CL =100 pF
WRITE CYCLE
twey Write Cycle 500 ns Input Pulse Levels: +0.65 to +2.2 V
tAw Write Delay 100 ns Input Pulse Rise and Fall Times:
tcw Chip Enable to Write 400 ns, 20 ns
tDW Data Setup 280 ns Timing Measurement Reference
tDH Data Hold 100 ns Level: 1.5V
tWwe Write Pulse 300 ns Qutput Load: 1 TTL Gate and
tWR Write Recovery 50 ns Cp =100 pF
MM2111-2 (650 ns Access Time)
Symbol I Parameter ] Min. l Typ. rMax. l Unit I Test Conditions
READ CYCLE . )
tRCY Read CV‘}W 650 ns Input Pulse Levels: +0.65 to +2.2 V
tA Access Time 650 ns Input Pulse Rise and Fall Times:
tCo Chip Enable to Output 400 ns 20 ns
toD Output Disable to Output 350 ns Timing Measurement Reference
tpg 1! Data Output to High Z State 150 ns Level: 1.5 V
tOH Previous Data Read Valid after ns Output Load: 1 TTL Gate and
change of Address CL =100pF
WRITE CYCLE )
twey \\xr?te (El)yfle ?gg ns Input Pulse Levels: +0.65 to +2.2 V
tAW rite Delay . ns Input Pulse Rise and Fall Times:
tcw Chip Enable to Write 550 ns 20 ns
tpw Data Setup 400 ns Timing Measurement Reference
tDH Data Hold 100 ns Level: 1.5V
twp Write Pulse 400 ns Output Load: 1 TTL Gate and
tWR Write Recovery 50 ns CrL = 100 pF
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MM2112, MM2112-2

National
Semiconductor

MOS RAMs

MM2112, MM2112-2 1024-bit (256 x 4) static MOS RAM

with common data 1/0

general description

The National MM2112 is a 256 by 4 static random
access memory element fabricated using N-Channel
enhancement mode Silicon Gate technology. Static
storage cells eliminate the need for refresh and the
peripheral circuitry associated with refresh. The data is
read out nondestructively and has the same polarity as
the input data. Common Data Input/Output pins are
provided.

The MM2112 is directly TTL in all respects: inputs,
outputs and a single +5 V supply. The Chip-enabie
allows easy selection of an individual package when
outputs are OR-tied. The features of this memory device
can be combined to make alow cost, high performance,
and easy to manufacture memory system.

National’s silicon gate technology provides excellent
protection against contamination and permits the use of
low cost Epoxy B packaging.

features

Organization 2‘56 Words by 4 Bits

Common Data Input and Output

Single +5 V Supply Voltage

Directly TTL Compatible — All Inputs and Outputs
Static MOS — No Clocks or Refreshing Required
Access Time — 0.65 to 1 us Max.

Simple Memory Expansion — Chip Enable Input

Low Cost Packaging — 16 Pin Epoxy B Dual-In-Line
Configuration

® | ow Power — Typically 150 mW
® Tri-State® Output — OR-Tie Capabjlity

block and connection diagrams

———
o s I 16 vee A —eeed 1 16 }— vee
3 - 8 Ay = 2 15 e Ag
[Yp-A—— «———0 GND
) oW MEMORY ARRAY A 3 14— W
Az —_—|3_4 SELECT 32 ROWS Ag— 4 13 p— CE
' 32COLUMNS !
A 1 Ag =t § 12 p— 1/04
15 — Ag ==y 6 11 e 1/03
" e
A7 = 7 10 = 1/02
. | GND — 8 9 b— oy
104 — COLUMN 1/0 CIRCUITS
10
1/02 INPUT
" DATA COLUMN SELECT
1103 x CONTROL
12
vos -5
PIN NAMES
KL Ag-A7  ADDRESS INPUTS
As  Re A7 R/W READ/WRITE INPUT
] ! CE CHIP ENABLE INPUT
4 A 1/04-1/04 DATA INPUT/OUTPUT
Vee POWER (+5 V)
13
CE Order Number MM2112D
or MM2112-2D
See Package 3
14 Order Number MM2112N
RIW —— or MM2112-2N

See Package 15
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absolute maximum ratings

Ambient Temperature Under Bias . 0°Cto +70°C
Storage Temperature -65°C to +150°C
Voltage On Any Pin With Respect to Ground -0.5V to+7V
Power Dissipation - 1 Watt

C-CUZWI ‘ZTUZNIN

dc electrical characteristics T4 =0°Cto +70°C, Vg = 5 V £ 5% unless otherwise specified.

Symbol Parameter Min. | Typ.[']] Max. Unit Test Conditions

[IT] Input Current 10 uA ViIN=0t05.25V

ILOH 1/0 Leakage Current 15 HA CE=22V,V|jp=40V

ILoL 1/0 Leakage Current -50 HA CE=22V,V|p=045V

Icct Power Supply Current ’ 30 60 mA VIN=5.25V, Ijy0 =0 mA
TA=25°C

Ilcca2 | Power Supply Current 70 mA VIN=5.25V, l1/0=0mA
Ta=0°C

ViL Input “Low’ Voltage -0.5 +0.65 V

ViH Input ""High”" Voltage 2.2 vee \%

VoL Output ““Low” Voltage +0.45 \Y% loL=2mA

VOH Output ““High’’ Voltage 2.2 \ I0H = -150 uA

Note 1: Typical values are for Tp = 25°C and nominal supply voltage.

capacitance Tp=25°C, f=1MHz

Limits (pF) '
bol
Symbo Test Tve. Max.
CIN Input Capacitance (All Input Pins) VN =0 V 4 ) 8
Ci/o 1/0 Capacitance V|/0 =0 V 10 18
switching time waveforms
READ CYCLE (R/W="1")
tRCY
AmmsssJC X
|- tCO |
]
—»{ [|=ton tco
INPUT/OUTPUT Q2NN Hi2)
WRITE CYCLE #1 WRITE CYCLE #2
tweys —tweyz

ADDRESSjL X ) ‘ Aonnsss)( )C '

—»] Je—tcs1  |«—>ftoHl - 052 1cH2)
43 h CE
oW1 —»| |« tpW2 |
DATA IN
INPUT/QUTPUT STABLE * INPUT/QUTPUT DATA IN
toHi{1) —] twpz—»| |e— —| |e—1py2(?)
— — —
READ/WRITE \ [ READMWRITE \ ( :
—»{ AW |e—typ1—|— tyR1 ] ’ <tawz | - |« tWR2 -»-|

Note 1: Data Hold Time (Top) is referenced to the trailing edge of CHIP ENABLE (CE) or READ/WRITE (R/W) whichever comes first.
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MM2112, MM212-2

ac electrical characteristics Ta=0°Cto+70°C, Vcc = 5 V 5% unless otherwise specified.

MM2112
Symbol ] Parameter L Min. [ Typ. l Max. l Unit I Test Conditions

READ CYCLE

tRCY Read Cycle 1,000 ns Input Puise Levels: +0.65 to +2.2 V

tA Access Time 1,000 ns Inpua rF::S.ulse Rise and Fall Times:

tCo Chip Enable to Output Time 800 ns Timing Measur t Ref

tcD Chip Enable to Output Disable Time 0 200 ns : ﬂ:‘?eh 1a.5u\7men eterence

tOH Previous Read Data Valid After 50 ns Output Load: 1 TTL Gate and
Change of Address CpL =100 pF

WRITE CYCLE #1

twey1 Write Cycle 850 ns

tAW1 Address to Write Setup Time 150 ns Input Pulse Levels: +0.65 to +2-.2 v

tDwi Write Setup Time 650 ns lnp;é rF::Ise Rise and Fall Times:

twe1 Wr!te Pulse Width . 650 ns Timing Measurement Reference

tCS1 Chip Enable Setup Time 0 100 ns Level: 1.5V

tCcH1 Chip Enable Hold Time 0 ns Output Load: 1 TTL Gate and

tWR1 Write Recovery Time 50 ns CL = 100 pF

tDH1 Data Hold Time 100 ns

WRITE CYCLE #2

tWwCy2 Write Cycle 1,050 ns

tAW2 Address to Write Setup Time 150 ns Input Pulse Levels: +0.65 to +2.2 V

tDW2 Write Setup Time 650 ns Input Pulse Rise and Fall Times:

twD?2 Write to Output Disable Time 200 ns 20 ”SM R

1cs2 Chip Enable Setup Time 0 ns TIT:\?eI’ e1as5u\r/ement eference

tCH2 Chip Enable Hold Time 0 ns Output ll.oe;d: 1 TTL Gate and

tWR2 Write Recovery Time 50 ns CL = 100 pF

tDH2 Data Hold Time 100 ns
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ac electrical characteristics (Continued) Ta =0°Cto+70°C, Vg = 5 V £ 5% unless otherwise specified,

MM2112-2 (650 ns Access Time)

Symbol ' Parameter I Min. I Typ. ] Max. ] Unit I Test Conditions

READ CYCLE
tRCY Read Cycle 650 ns Input Pulse Levels: +0.65 to +2.2 V
tA Access Time 650 ns Input Pulse Rise and Fall Times:

i ; 20 ns
tco Chip Enable to Output Time 500 ns .2
tcD Chip Enable to Qutput Disable Time 0 150 ns i rrl\::‘?eallgla.ssuvment Reference
tOH Previous Read Data Valid After 50 ns Output Load: 1 TTL Gate and

Change of Address Cp =100 pF

WRITE CYCLE #1
tWeY1 Write Cycle 500 ns
tAW1 Address to Write Setup Time 100 ns Input Pulse Levels: +0.65 to +2.2 V
tpw1 Write Setup Time 350 ns Input Pulse Rise and Fall Times:
two1 Write Pulse Width 350 ns 20ns
tCS1 Chip Enable Setup Time 0 50 ns T‘"I‘_'"g ll\{leia;ucement Reference
tCH1 Chip Enable Hold Time 0 ns avel: 1. .
tWR1 Write Recovery Time 50 ns 0uté>ut=l.1<(>)a6:f. ’1: TTL Gate and
tDH1 Data Hold Time 50 ns L P
WRITE CYCLE #2
twCy2 Write Cycle 700 ns
tAW2 Address to Write Setup Time 100 ns Input Pulse Levels: +0.65 to +2.2 V
tpW2 Write Setup Time 350 ns Input Pulse Rise and Fall Times:
twD2 Write to Output Disable Time 200 ns . 29 ns
tcs2 Chip Enable Setup Time 0 ns Tlmng ll\/leiassu\r/ement Reference

. ) evel: 1.
CH2 Chfp Enable Hold.Tlme 0 ns Output Load: 1 TTL Gate and
tWR2 Write Recovery Time 50 ns CL = 100 pF
tDH2 Data Hold Time 50 ns
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MM5269

National
Semiconductor

MOS RAMs

MM5269 1024-bit (256 x 4) fully decoded static RAM

with on chip registers

general description

The National MM5269 is a 256 word x 4 bit Static
Random Access Memory device fabricated using N-
Channel enhancement mode Silicon Gate technology.
Static storage cells eliminate the need for refresh and
the additional peripheral circuitry associated with refresh.
Data in and data out have the same polarity.

The MM5269 is fully TTL compatible including inputs,
outputs and power supply. The chip enable input allows
memory expansion and the address latch feature elim-
inates the need for external address registers. The output
enable is provided for systems which use a common
input/output data bus. All of the features of this
memory device can be combined to make a low cost,
high performance and easy to manufacture memory
system. System design costs are also minimized because
of the ease-of-use of the MM5269.

National’s Silicon Gate process provides protection
against contamination and permits the use of low cost
Epoxy B packaging.

features

Organization 256 Words by 4 Bits

Access Time — 0.5 to 1.0 us

On Chip Address and Chip Enable Registers
Directly TTL Compatible — All Inputs and Outputs
Single +5 V Power Supply

Tri-State ® Qutput — OR-Tie Capability

Output Enable for Common Data Bus Systems
Static Memory — No Refresh Required

- Packaged in a 22 Pin Epoxy B Dual-in-Line

block and connection diagrams

4
A —

3
A —

2 ROW ROW MEMORY ARRAY
A2 ———i ADDRESS SELECT 32 ROWS

| REGISTER 32 COLUMNS

A3

Al e

oig 15 k)
13 L e 1/0 CIRCUITS
Di3 -—-I') INPUT
n ~ DATA
DIy =——vq > CONTROL
1 e . COLUMN SELECT
oy -—--l')_ '

COLUMN
ADDRESS

2 Rz'g_grzn REGISTER
P el s| sf 1]
LATCH —L)' A5 Ag A7

E] — T

22 A3 —— 1 ~ 22 Vi
O Vg 3 [ Ve
8 Az = 2 21 = Ag
) GND
Ap— 3 20 p—— WE
Ag— 4 19 p— CE
Ag =~ § 18 foeme OE
Ag— 6 17 f—— LATCH
Ay — 7 16— 004
16 6ND — 8 15 = Dig
DOg
Dl = 9 14 p—— D03
1 0oy — 10 13 DIz
fee DO3
Dig = 11 12 = D07
12
— 002
Order Number MM5269D
10 See Package 5
f— D01 Order Number MM5269N
See Package 17
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absolute maximum ratings

Voltage at Any Pin
Operating Temperature
Storage Temperature
Power Dissipation

Lead Temperature (10 s)

dc electrical characteristics

05Vto+7.0V
0°Cto +70°C
-65°C to +150°C
1 Watt

300°C

(Vec=5.0 V.2 5%, 0°C<Ta <+70°C)

Symbol Parameter Min. Typ. Max. Unit Test Conditions
VIH _ Logic “1"" Input Voltage 2.2 vee \4
ViL | Logic “0” Input Voltage -0.56 0.65 \%
VOH Logic ““1” Output Voltage 2.2 N loH = -160 uA
VoL Logic 0" Output Voltage 0.45 \% loL = 2.0 mA
It Input Load Current 10 MA 0OVSV|NS5EO0V
ILOH Output Leakage Current 15 uA CE=22V,Vp=40V
ILoL Output Leakage Current -50 MA CE=2.2V,Vp=045V
lce Power Supply Current 70 mA VIN=5.25V,Ig=0mA, Ta= 0°c

ac electrical characteristics (voc=5.0V * 5%, 0°C < Ta <+70°C)

Symbol ] Parameter [ Min. l Typ.J Max. l Unit l Test Conditions
"READ CYCLE
tRCY Read Cycle 1,000 ns
ta or Access Time 1,000 ns Input Pulse Levels: +0.65 to +2.2 V
) Input Pulse Rise and Fall Times:

tACL . 20 ns
tOE Qutput Enable to Output Time 500 ns Timing Measurement Reference
tLP Latch Pulse Width 200 ns Level: 1.5 V
tAS ADD & CE to Latch Setup Time 100 ns Output Load: 1 TTL Gate and
tAH ADD & CE to Latch Hold Time 100 ns Cp = 100 pF
WRITE CYCLE
tWCY Write Cycle 1,000 ns
tAW Address and CE to Write Setup 200 ns

Time : :

. . Input Pulse Levels: +0.65 to +2.2 V

twp Write Pulse Width 650 ns - oo
tWR Write Recovery Time '50 ns Inp;‘; rl:;:lse Rise and Fall Times:
0D Write to Output Disable Time 400 ns Timing Measurement Reference
tpw Data Setup Time 350 ns Level: 1.5 V
DH Data Hold Time 100 ns Output Load: 1 TTL Gate and
tcw Chip Enable to Write 750 ns CL = 100 pF
tLP Latch Pulse Width 200 ns
tAS Add & CE to Latch Setup Time 100 ns
tAH Add & CE to Latch Hold Time 100 ns

switching time waveforms

READ CYCLE (WE =""0")

WRITE CYCLE

LATCH Ne—tep

WE

K vaLp

DATA OUT

| wey.
WY
LATCH \E‘Lr——/ A /
LY, //MAY CHANGE
oaraw ] WAy chane X STABLE NGiAY CHANGE
[~ tAW— L—lnw—-—‘l |~—ton
twe \_—'ws
[~——t00—] g
INVALID X TRISTATE

69ZSNIN




MM4270

National
Semiconductor

MOS RAMs

MM4270 TRI-SHARE ™" extended temperature range
4096-bit dynamic random access read/write memory

general description

The MM4270 is a 4096-bit dynamic random access
memory with TRI-SHARE. Because of this unique
design feature, National is able to package a 4k device
in an 18-pin dual-in-line package. The device is manu-
factured using N-channel silicon gate technology with a
single transistor cell which provides higher density on a
monolithic chip and thus lower cost.

The TRI-SHARE Port (TSP) is a multifunction input
that, along with a common input/output, allows National
to manufacture an 18-pin version of a 4k RAM. The
functions controlled by the TSP are read/write, VG,
and logical chip select. In order to understand how the
TSP works, consider the timing diagrams. The state of
the TSP at the leading edge of the chip enable clock
determines whether the device is selected. If it is at a
TTL high level, the chip is selected and the device goes
into a read mode after chip enable goes high. This high
level also performs a Vg function in that it enables
a reference voltage for a TTL high output. The supply
for the output buffer is Vpp, not the TRI-SHARE Port;
thus, no special driver is required. In order to perform a

write, the TSP must be pulsed low after the minimum
hold time and the appropriate data placed on the 1/0O.
When the MM4270 goes into write, the output circuit is
disabled. If the TSP is low at the start of the cycle, the
memory is not selected but it will be refreshed if the
chip enable clock is pulsed.

features

® 4096 x 1 bit organization

® Access time 270 ns maximum

® Cycle time 470 ns minimum

® TRI-SHARE port

® High memory density—18-pin package

® TTL compatible inputs {except chip enable)
u TRI-STATE® common input/output

® Registers on chip for addresses and chip select
® Two power supplies, +12V, -5V

® Simple read-modify-write operation

block and connection diagrams

‘LDO:?;OLI

Dual-In-Line Package

_l_
5P (5) s

LATCH
—

CHIP

POy p—— Vss A8 A7 A6 Vpp ENABLE AS A4 A3
A10(3) e In 17 % |15 u |3 12 fn lm
AI(2) m—] s -
AB(17) ey =
A7 (16) w— 2
PRI p— 6
2 v
A (12) wm—t i .
s . 1/0 o
Ad(11) w——t o $§ COLUMN DECODER (1:63) h’l}urriﬂ Ii—b ®)
A3(10) = 6
A2(9) e SENSE AMPLIFIERS (64)
A1 (3) =—l A
A (7) emned 3
t 2 MEMORY
6 ] ARRAY 1 2 3 0 s 6 7 8 ]
& 4096 BITS
g Vgg A9 A0 Al TSP 10 A0 Al Az
TIMING 3
€t | & TOP VIEW
CONTROL
Order Number MM4270D
Vpp (14) e +12V See Package 4
VS (18) = OV .
(7T p— Pin Names
AO0—-A11  Address Inputs* Vv Power (-5V)
CE Chip Enable Vpp Power (+12V)
TSP TRI-SHARE Port Vgs  Ground
1/0 Din/Dourt

*Refresh Addess AO—A5




erit absolute maximum ratings

OLZYWIN

Operating Temperature Range —55°C to +85°C
- Storage Temperature —65°C to +150°C
i All Input or Output Voltages with Respect —0.3V tp +25V
— to the Most Negative Supply Voltage, VBB
Supply Voltages Vpp and Vgs with —0.3V to +20V
Respect to Vg ‘
Power Dissipation 1.0W

ac electrical characteristics
TA =—55°C to +85°C, Vpp = 12V +5%, VR (Note 2) = —5V £10%, Vgs = OV, unless otherwise noted

SYMBOL PARAMETER _CONDITIONS MIN TYP(3) MAX UNITS
-—_ It input Load Current VN = 0V to V4 max, (All Inputs Except CE) 0.01 10 HA
IL.c Input Load Current VIN = 0V to V|4 max 0.01 | 10 uA
pfo| Lol Qutput Leakage Current Up CE= ViLc. VO = 0V to 5.25V 0.01 10 ‘ uA
For High Impedance State E
IDD1 Vpp Supply Current During CE = —1V to +0.6V, (Note 4) ' 110 200 uA
CE “OFF""
IDD2 Vpp Supply Current During CE =V|qc TA=25°C 20 50 mA
CE "“ON"
IDD AV1 Average Vpp Current Ta = 25°C, Cycle Time = 470 ns, tcE = 300 ns 35 70 mA
BB VBg Supply Current Average 5 100 MA
ViL Input Low Voltage t1 = 20 ns, (Figure 4) ' -1.0 0.6 v
VIH Input High Voltage 2.2 Veett \
ViLC CE Input Low Voltage -1.0 1.0 \%
”_.: ViHC CE Input High Voltage . Vpp-1 Vpp+1 Vv o
VoL Output Low Voltage . loL=2.0mA 0.0 0.45 \
VOH Output High Voltage IoH = —2.0 mA 2.4 \'

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “‘Operating
— Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics’
provides conditions for actual device operation.

- cote 2: The only requirement for the sequence of applying voltage to the device is that Vpp or Vgg should never be 0.3V more negative than
—y NEZS: Typical values are for Tp = 25°C and nominal power supply voltages.
/ Note 4: The Ipp current is to Vgg. The Igp current is the sum of all leakage currents.
ac electrical characteristics Ta=-55°Cto+85°C, Vpp = 12V 6%, Vg =5V £10%
SYMBOL l PARAMETER CONDITIONS ’ I MIN l TYP l MAX I UNITS
- READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE
tREF Time Between Refresh 1 ms
- tAC Address to CE Set-Ub Time _ tAC is Measured From End of Address Transition 0 ) ns
- tAH Address Hold Time 100 ‘ ns
tce CE “OFF" Time 130 : ns
- tT CE Transition Time 10 40 ns
tCF CE “OFF" to Output High o] ns
Impedance State
tTC TRI-SHARE Port to CE Set-Up 0 ns
) Time
is tl
is th tTH TRI-SHARE Port Hold Time 50 ns
v READ CYCLE
|s: tcy Cycle Time 470 ns
tcE CE “ON" Time T =20 ns 0 | | 3000 ns
tco CE Output Delay CLOAD = 50 pF, Load = One TTL Gate } 250 ns
tACC Address to Output Access Ref 1= 2.0V, Ref 0 = 0.8V 270 ns
tTL CE to TSP tACC = tAC +tCO + tT o] ' ns
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MMA4270

switching time wave

Vin
ADDRESS
viL

ADDRES:
CAN |
CHANG
I

‘Al:
ViHe

CE

ViLp —

ViH  me———

TSP CAN
TSP CHANGE

V| em—

Dour
VDL_ —

Vin
ADDRESS
Vi

——

ADDRE
CAN

CHANC

ac
Vi ————

CE

VILC e

tTi
ViH
T
Vi ——=
VoH —— —
Dour
Vo — —

Note 1: For Refr
entire taH period.

Note 2: V| MAX
Note 3: ‘VlH MIN'
Note 4: Vgg+2.0
Note 5: Vpp —2'
Note 6: Vgg+2.C
Note 7: Vgg+ 0.8

MM4270

ac electrical characteristics (Continued) Ta =—55°C to +85°C, Vpp

SYMBOL ] PARAMETER I CONDITIONS I |
READ/MODIFY/WRITE CYCLE
tRWC Read Modify Write (RMW) €

Cycle Time

tCRW CE Width During RMW 4
we TSP to CE “ON" tT=20ns C
w2 TSP to CE “OFF"" CLOAD = 50 pF, Load = One TTL Gate Z
twp TSP Pulse Width Ref 1=2.0V, Ref 0 = 0.8V 13
tp DN to CE “’OFF” TACC=tAC +1CO +1tT 1
tDH DN Hold Time C
tco éE to Output Delay
tACC Access Time
twD TSP to Output High Impedance
tm Modify Time C

CAPACITANCE (Note 1)

CAD
Cce’
Ci/0
CiN

Address Capacitance, cs
CE Capacitance
Data 1/O Capacitance

TSP Capacitance

ViN = Vss
VIN = Vss
VouTt =0V
VIN = Vss

Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the e
equal to a constant 20 mA,

switching time waveforms (Continued)

Read Modify Write Cycle

TRWE(650)
"
M oomess (©)
ADDRESS _ CAN ADDRESS CAN CHANGE
v, _CHANGE Z
i
[~=-tAH(100) (20) ) e
tAC(0) ~mnrt {CRW(470) ———————a|
Vine 6)
cE
v ®) Ten—=|  |=—twaiz00 —|
1ILc e —
T | twpise) e 1EC(130) =
ViH
LA TSP CAN CHANGE
ViL v
1 —— ——
m(0) <'n(|5m>‘ |
| | tgH)
Vin
Dy oy can chance] D >< Oy STABLE Dyy CAl
ViL
10 == 1C0(250) - = tWD(50) MAX
VOl —— o | —— <) — s ————
Tour HIGH IMPEDANCE ‘ o) HIGH- IMPEDANCE
Vg =— — —_—— e . —— o - —
ACC(270)——=]

Note 1: |f Dy is forced prior to DgUT becoming high impedance (tyyg
then maximum ambient temperature should be derated by Tov/TcycL
Where Ty is time between forcing D) and Doyt becoming TRI-STA’
Note 2: V)_mAX is the reference level for measuring timing of the
Tsp and Dy.

Note 3: V|4 miN is the reference level for measuring timing of the :
Tgpand Dy.

Note 4: Vgg + 2.0V is the reference level for measuring timing of CE.
Note 5: Vpp — 2V is the reference level for measuring timing of CE.
Note 6: Vgg + 2.0V is the reference level for measuring timing of D¢
high output.

Note 7: Vgg + 0.8V is the reference level for measuring timing of D¢
low output.

Note 8: For minimum cycle, tpg = O, for test purposes tpg = 10 ns.
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absolute maximum ratings

Operating Temperature Range
Storage Temperature

All Input or Output Voltages with Respect

—55°C to +85°C
—65°C to +150°C
—0.3V tp +25V

to the Most Negative Supply Voltage, VBB
Supply Voltages Vpp and Vgg with
Respect to VBB
Power Dissipation

—0.3V to +20V

1.0W

ac electrical characteristics
TA=-55°C to +85°C, Vpp = 12V 6%, VB (Note 2) = —5V +10%, Vsg = OV, unless otherwise noted

SYMBOL PARAMETER CONDITIONS MIN TYP(3) MAX UNITS
[IN] Input Load Current VN = 0V to V| max, (All Inputs Except CE) 0.01 10 MA
ILc Input Load Current VIN =0V to V|HC max 0.01 10 HA
Lol Output Leakage Current Up CE=V)Lc. VO =0V to 5.25V 0.01 10 HA

For High Impedance State -
IpD1 Vpp Supply Current During CE = —1V to +0.6V, (Note 4) 110 200 MA
CE “OFF""
IDD2 Vpp Supply Current During CE=V)Hc. Ta =25°C 20 50 mA
CE “ON"
iDD AV1 Average Vpp Current TA = 25°C, Cycle Time = 470 ns, tce = 300 ns 35 70 mA
BB Vgg Supply Current Average 5 100 HA
ViL Input Low Voltage tT =20 ns, (Figure 4) -1.0 0.6 v
ViH Input High Voltage 2.2 Veett v
ViLc CE Input Low Voltage -1.0 1.0 \
VIHC CE Input High Voltage Vpp—1 Vpp+1 \
VoL Output Low Voltage loL =2.0mA 0.0 0.45 \Y
VOH Output High Voltage I0H = —2.0 mA 2.4 \

Note 1: *‘Absolute Maximum Ratings’ are those values beyond which the safety of the device cannot be guaranteed. Except for ‘“Operating
Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics’’
provides conditions for actual device operation.
Note 2: The only requirement for the sequence of applying voltage to the device is that Vpp or Vgg should never be 0.3V more negative than

VgB.

Note 3: Typical values are for Tp = 25°C and nominal power supply voltages.
Note 4: The Ipp current is to Vgg. The Igg current is the sum of all leakage currents.

ac electrical characteristics Ta=-55°C to +85°C, Vpp = 12V 6%, Vgg = —5V £10%

symeoL | PARAMETER | CONDITIONS [miv | tve | max | units

READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE

tREF Time Between Refresh 1 ms

tAC Address to CE Set-Up Time ~ tac is Measured From End of Address Transition 0 ns

tAH Address Hold Time 100 ns

tce CE “OFF"” Time 130 ns

tT CE Transition Time 10 40 ns

tcF CE “’OFF"’ to Output High 0 ns
Impedance State

tTe TRI-SHARE Port to CE Set-Up 0 ns
Time

tTH TRI-SHARE Port Hold Time 50 ns

READ CYCLE

tcy Cycle Time 470 ns

tCE CE ““ON’’ Time tT=20ns 300 3000 ns

tco CE Output Delay CLOAD =50 pF, Load = One TTL Gate 250 ns

tACC Address to Output Access Ref 1= 2.0V, Ref 0=0.8V 270 ns

tTL CEto TSP tACC = tAC + 1CO *+tT 0 ns
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switching time waveforms

Read Cycle
Tey(a70)
Vid .
™ Rooress \ /(D ®
ADDRESS CAN ADDRESS CAN CHANGE
v, —CHANGE \® [©)
|-~=tAH(100) T(20) —wm  fme— t7(20)
tAC(0) TeE(300)
ViHe ©)
CE
Vie O)
[~=—tCC(130) >~
—— —-—t’rc(n)
Vik I
TSP CAN ®
TSP CHANGE // <
Vi
c0(250) —w—i =171 ()
Vo"——-.—-—-J-——_ . — —— — —
Tour HIGH IMPEDANCE ﬁ % HIGH IMPEDANCE
VOL____—__— — e — —
taCc(270) >
—= [~=— CF(0)
Refresh Cycle @
Tey(az0)
v
M~ RooRess (©)
ADDRESS CAN ADDRESS CAN CHANGE
v, —CHANGE @
|~—tAR(50) t1(20) — ~——17(20)
tac(o) tCE(300)
Vine 0)
CE
ViLe @‘
[~ tcc(130)—>|
TH(50) —>|
Y TSP CAN
TSP CHANGE ® TSP CAN CHANGE X
Vi -
’ |
VO = e o e o o — - — — — — — — — — — —
Bout HIGH IMPEDANCE

VoL == o= o= e e e e e e e e - — — — — — —

Note 1: For Refresh cycle, row and column addresses must be stable before taoc and remain stable for
entire toAH period.

Note 2: V) mAaX is the reference level for measuring timing of the addresses, Tgp and D|y.

Note 3: V| MmN is the reference level for measuring timing of the addresses, Tgp and D|.

Note 4: Vgg + 2.0V is the reference level for measuring timing of CE.

Note 5: Vpp — 2V is the reference level for measuring timing of CE.

Note 6: Vgg + 2.0V is the reference level for measuring the timing of Doyt for a high output.

Note 7: Vgg + 0.8V is the reference level for measuring timing of DoyT for a low output.




ac electrical characteristics (Continued) Ta =—55°C to +85°C, Vpp = 12V 5%, VRR = =5V +10%

OLeYWWN

SYMBOL | PARAMETER I CONDITIONS T wv [ vve | wmax Junirs
WRITE CYCLE
tcy Cycle Time N 470 ns

. tCE CE “ON" Time 300 3000 ns
twi TSP to CE “OFF” ) ) 150 ns
tcw CEto TSP 1T =20 n§ . 85 ns
tp DN to CE “OFF” 150 ns
tDH Din Hold Time 0 ns

- twp TSP Pulse Width ' 50 ns

switching time waveforms (Continued)

Write Cycle @
Tey(500)
ViH ©)
ADDRESS ) ® ADDRESS CAN CHANGE X
v \2 9
I
“"AH(WD)‘-I 7(20) | et t7(20)
tAC(0) - tCE(300)
ViHe " ®
CE
e tW1(150) | ;
ViLe @,
tTC(0) —-| - Wp(100) —= ot [eat— tCC(130) —»=|
= tCW(85)(MAX) —>]
v L -
" TSP ) )(
TSP CAN TSP CAN CHANGE
CHANGE 1l
i [~ TH(50)

—)—’tﬂﬂ(ﬂ)
D(150) }4——
Vin 1
DN Dy CAN CHANGE Dy STABLE Dy CAN CHANGE

viL

1/0

VOH == o o o e e o e e e mm e e o o — — — —

Dout HIGH IMPEDANCE

VgL == = e o e e o = e e o — ——

Note 1: If tcyy(MAX) is greater than 85 ns, then memory operation is like Read/Modify/Write cycle.
Note 2: V| mAX is the reference level for measuring timing of the addresses, Tgp and D .

Note 3: V| MmN is the reference level for measuring timing of the addresses, Tgp and DN

Note 4: Vgg + 2.0V is the reference level for measuring timing of CE.

Note 5: Vpp — 2V is the reference level for measuring timing of CE.
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ac electrical characteristics (Continued) Ta = —55°C to +85°C, Vpp = 12V 5%, Vgg = —5V +10%

SYMBOL l PARAMETER l CONDITIONS I MIN [ TYP l MAX I UNITS
READ/MODIFY/WRITE CYCLE
tRWC Read Modify Write (RMW) 650 ns
Cycle Time
tCRW CE Width During RMW 480 3000 ns
twe TSP to CE “ON” tT =20 ns 0 ns
w2 TSP to CE “OFF" CLOAD =50 pF, Load = One TTL Gate 200 ns
twp TSP Pulse Width Ref 1=2.0V, Ref 0 = 0.8V 50 ns
15} DiN to CE “OFF"" tACC = tAC +tCO +tT 150 ns
tDH DN Hold Time 0 ns
tco CE to Output Delay 250 ns
tACC Access Time 270 ns
twpD TSP to Output High Impedance 50 ns
tMm Modify Time 0 ns
CAPACITANCE (Note 1)
Cap Address Capacitance, CS VIN = Vss 2 6 pF
Cce’ CE Capacitance VIN = Vgs 15 25 pF
Ci/0 Data 1/0 Capacitance VouTt = 0V 8 10 pF
CIN TSP Capacitance VIN = Vss 5 6 pF
Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the eq 1 C = [At/AV with the current
equal to a constant 20 mA.
switching time waveforms (Continued)
Read Modify Write Cycle
TRWG(E50)
Vi ADDRESS X'@ X
ADDRESS _ CAN ADDRESS CAN CHANGE
V), —CHANGE @) :
|<-tan(o0) g -] el |t
Vine TAC(0) =i CRW(470)
[€]
3
Vit ®) ) w0 = \
C(0) — |l twe(sn) === tee(130) =1
Vin
LA TSP CAN CHANGE X
Il
ViL .
(o —= =t {150)
S DH(D)
Vin
Dy oy can cHange] (D >( Dyy STABLE i Dypy CAN CHANGE
iu
"o - 160 (250) —=-| —% ==~ WD(50) MAX
VO == e | e e | e = — e —— —
Bout HIGH IMPEDANCE < % HIGH IMPEDANCE
Voo — — _—— e —_— -

tACC(270) —|

Note 1: |f Dy is forced prior to Doyt becoming high impedance (twp(MAX))-
then maximum ambient temperature should be derated by Tov/TcycLE (35°C).
Where Tqy is time between forcing Dy and DQUT becoming TRI-STATE.

Note 2: V|| MAX is the reference level for measuring timing of the addresses,
Tgp and D|N.

Note 3: V|4 MIN is the reference level for measuring timing of the addresses,
Tgp and DN

Note 4: Vgg + 2.0V is the reference level for measuring timing of CE.

Note 5: Vpp — 2V is the reference level for measuring timing of CE.

Note 6: Vgg + 2.0V is the reference level for measuring timing of Doy for a
high output.

Note 7: Vgg + 0.8V is the reference level for measuring timing of Doy for a
low output.

Note 8: For minimum cycle, tpg = 0, for test purposes tpg = 10 ns.
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National
Semiconductor

MOS RAMs

MM5270 TRI-SHARE™ 4096-bit fully decoded
dynamic random access read/write memory

general description

The MM5270 is a 4096-bit dynamic random access
memory with, TRI-SHARE. Because of this unique
design feature, National is able to package a 4k device
in an 18-pin dual-in-line package. The device is manu-
factured using N-channel silicon gate technology with a
single transistor cell which provides higher density on a
monolithic chip and thus lower cost.

The TRI-SHARE Port (TSP) is a multifunction input
that, along with a common input/output, allows National
to manufacture an 18-pin version of a 4k RAM. The
functions controlled by the TSP are read/write, V¢c,
and logical chip select. In order to understand how the
TSP works, consider the timing diagrams. The state of
the TSP at the leading edge of the chip enable clock
determines whether the device is selected. If it is at a
TTL high level, the chip is selected and the device goes
into a read mode after chip enable goes high. This high
level also performs a Vcc function in that it enables
a reference voltage for a TTL high output. The supply
for the output buffer is Vpp, not the TRI-SHARE Port;
thus, no special driver is required. In order to perform a

write, the TSP must be pulsed low after the minimum
hold time and the appropriate data placed on the 1/0.
When the MM5270 goes into write, the output circuit is
disabled. If the TSP is low at the start of the cycle, the
memory is not selected but it will be refreshed if the chip
enable clock is pulsed.

features

4096 x 1 bit organization

Access time 200 ns maximum

Cycle time 400 ns minimum

TRI-SHARE port '

High memory density—18-pin package

TTL compatible inputs (except chip enable)
TRI-STATE® common input/output
Registers on chip for addresses and chip select
Two power supplies, +12V, -5V

Simple read-modify-write operation

block and connection diagrams

] CO:‘IT'IWLI

6 Dual-In-Line Package
‘":;: Vs A8 AT AE Vg AR A5 A6 A3
0
‘:, @ lu LLA CCO N CCON CE N RO I Iu
a0 ¢
=
A7(18) k4
a5 05) 3 /—c\
A1) 2 L4
As(11) 8 COLUMN DECODER (1:64) 4——>l eren ]4—» -
asqo) s
az(s) $ | senseameuricas o
A1(®)
Ann g
t g MEMORY
i ‘1 s || 2 N O G 7 s Is
8
z Vea A9 AN AN TSP 4O A0 Al A2
CE{13) & =
CONTROL TOP VIEW
Voo (14) e 412V Order Number MM5270D
Vs (18) e OV See Package 4
Voo (1) -V Pin Names
AO-A11  Address Inputs” Vgg Power (-5V)
CE Chip Enable Vpp Power (+12V)
TSP TRI-SHARE Port Vgs = Ground
/0 Din/Dour

*Refresh Addess AO—-AS
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absolute maximum ratings (Note 1)

Operating Temperature Range 0°C to +70°C.
Storage Temperature —65°C to +150°C
All Input or Qutput Voltages with Respect -0.3V to +25V
to the Most Negative Supply Voltage, Vgg *
Supply Voltages Vpp and Vgg with —0.3V to +20V
Respect to Vgg
Power Dissipation 1.0W

dc electrical characteristics
Ta =0°Cto +70°C, Vpp = +12V £5%, Vgg (Note 2) = —5V £5%, Vg = OV, unless otherwise noted

SYMBOL PARAMETER CONDITIONS MIN TYP (3) MAX UNITS
[ input Load Current Vin = 0V to V), max, (All Inputs 0.01 10 HA
Except CE)

lie Input Load Current Vin =0V to Ve max 0.01 10 HA

Lo Output Leakage Current Up CE =V, c. Vo =0V t0 5.25V 0.01 10 HA
For High Impedance State

lop1 Vpp Supply Current During CE =-1V to +0.6V, (Note 4) 110 HA
CE “OFF"”

lpp2 Vpp Supply Current During CE=Vpyc. Ta = 25°C 20 mA
CE “ON”"

Iop avi Average Vg Current Ta = 25°C, Cycle Time = 400 ns, tce = 230 ns 35 mA

lop av2 Average Vpp Current Ta = 25°C, Cycle Time = 1000 ns, tce = 230 ns . 15 mA

lgs Vgg Supply Current Average 5 100 HA

Vi Input Low Voltage tt = 20 ns, (Figure 4) -1.0 0.6 \

Viy Input High Voltage 24 Veetl v

Vite CE Input Low Voltage -1.0 1.0 \

Viue CE Input High Voltage Vpp—1 Vpp+1 v

VoL Output Low Voltage lor =2.0mA 0.0 0.45 \

Vou "1 Output High Voltage lon = —2.0mA 24 v

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

Note 2: The only requirement for the sequence of applying voltage to the device is that Vpp or Vgg should never be 0.3V more negative than
VBB

Note 3: Typical values are for Tp = 25°C and nominal power supply voltages.

Note 4: The Ipp current is to Vgs. The Igp current is the sum of all leakage currents.

ac electrical characteristics T, =0°Cto +70°C, Vpp, = 12V £5%, Vgg = -5V 5%

symeoL | PARAMETER ] CONDITIONS [ min T 7ve | max | units

READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE

tRer Time Between Refresh 2 ms

tac Address to CE Set-Up Time tac is MeasuredFrom End of Address Transition o] ns

taH Address Hold Time 50 ns

tee CE “OFF" Time 130 ns

tr CE Transition Time 10 40 ns

tce CE “OFF" to Output High 0 ns

Impedance State
trc TRI-SHARE Port to CE Set-Up 0 ns
Time

trh TRI-SHARE Port Hold Time 50 ns

READ CYCLE

tey Cycle Time 400 ns
tr=20ns

tce CE “ON" Time . 230 3000 ns
CLoap =50 pF, Load = One TTL Gate

teo CE OQutput Delay . 180 ns

X Ref 1= 2.0V, Ref 0= 0.8V

tacc Address to Output Access 200 ns
tacc = tac *lco *ir

tro CE to TSP (] ns
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switching time waveforms

VIH
ADDRESS

Viue

CE

Viee

le
ADDRESS
Vie

CE

Ve

Vin
TSP
Vi

Vou
Dour

Read Cycle
L__ Teviaoo)
ADDRESS
CAN @ @ ADDRESS CAN CHANGE
chance / \@ @)
~— tan(s0) r(20) — 3| e trizo)
tacio) - Tt.tq{aul
== tcc(130) —m]
— |—e— trcio)
TSP CAN / ®
CHANGE /
tconiso)
HIGH IMPEDANCE ) % HIGH IMPEDANCE
tAcc(200)
e [~— tcF (o)
-Refresh Cycle @

Tevao0)

ADDRESS \ f(3)
CAN ADDRESS CAN CHANGE

CHANGE

@

Tacio) tee230)

|==e—tanso) triz0) — = e -~ 17(20)

TSP CAN
CHANGE

®

= tccizo —»=
e |tt—— LT 1 (50) ——=

@ : TSP CAN CHANGE X

— — — — — o— — — — — — — — t—— — —— —— a_—

HIGH IMPEDANCE

VOL__—_——_—_-——-‘—_—'_——-——-_—

. Note1:

For Refresh cycle, row and column addresses must be stable before tac and remain stable for

entire tay period.

Note 2:
Note 3:
Note 4:
Note 5:
Note 6:
Note 7:

Vi max is the reference level for measuring timing of the addresses, Tgp anﬁ Din.
Vi min is the reference level for measurinig timing of the addresses, Tgp and D,y
Vss + 2.0V is the reference level for measuring timing of CE.

Vpp — 2V is the reference level for measuring timing of CE.

Vss + 2,0V is the reference level for measuring the timing of Doy for a high output.
Vss + 0.8V is the reference level for measuring timing of Doy for a low output.
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MM5270

ac electrical characteristics (con‘t) T, =0°Cto +70°C, Voo

=12V 5%, Vgg =5V +5%

symsoL | PARAMETER | CONDITIONS l min | Tve | max | uniTs
WRITE CYCLE

tey Cycle Time 400 ns
tee CE "ON* Time 230 3000 ns
tw TSP to CE “OFF" 150 ns
tew CE to TSP tr=20ns 85 ns
to Dy to CE “OFF" 150 ns
toH Dy Hold Time 0 ns
twe ’ TSP Pulse Width 50 ns

switching time waveforms (con’t)

Write Cycle

Teviaoo)

Vi -
ADDRESS @ @ ADDRESS CAN CHANGE X
v @ ©)
w
~— taH(50) o) —| | tri20)
tacwo) tce230)
Vine ®
CE .
@ - 1 (150) 2|
Vite
treio) —m| — twp(s0) —m=| ee— tcc(130) —=—]
~=—— tcw(ss) max) —
Vin A
TSP
TSP CAN TSP CAN CHANGE X
CHANGE |
Vi |-t— LTH(50) —=| ? l
—! tDH(0)
toso)
Viu L
Din Dy CAN CHANGE Dy STABLE Dy CAN CHANGE
Vi -

1/0

Vo == e e e e e o e e - e e e o— —

Dout

HIGH IMPEDANCE

Vo == e mm e e o —— e . — —— . —— == —— —

Note'1: For Refresh cycle, row and column addresses must be stable before tac and remain stable for

entire tay period.

Note 2: Vi max is the reference level for measuring timing of the addresses, Tgp and Dyy.
Note 3: Vi mn is the reference level for measuring timing of the addresses, Tgp and Dyy.
Noted: Vgg + 2.0V is the reference level for measuring timing of CE.
Note 5:- Vpp - 2V is the reference level for measuring timing of CE.

Note 6: Vgg + 2.0V is the reference level for measuring the timing of Doyt for a high output.

Note 7: Vgg + 0.8V is the reference level for measuring timing of Doy for a low output.

1-36 -




ac electrical characteristics (con’t) T, =0°Cto 4+70°C, Vpp = 12V 5%, Vg = —5V 5%

SYMBOL 1 PARAMETER I CONDITIONS rMIN l TYP I MAX I UNITS
READ/MODIFY/WRITE CYCLE

OLZSWIN

trwe Read Modify Write (RMW) 580 ns
Cycle Time }
teaw CE Width During RMW i 410 3000 ns
twe TSP to CE “ON" ty =20ns 0 ns
twa TSP to CE "OFF" CLoap =50 pF, Load = One TTL Gate 200 ns
twe - TSP Pulse Width Ref 1-2.0V, Ref 0 = 0.8V 50 ns
to Dy to CE “OFF” tace =tac tlco ttt 150 ns
ton Dy Hold Time - 0 ns
- tco CE to Output Delay ) 180 ns
tacc Access Time 200 ns
two TSP to Output High Impedance 50 ns
twm Modify Time 0 ns
CAPACITANCE (Note 1)
Cabn Address Capacitance, CS Vin = Vss 2 pF
Cce CE Capacitance Vin = Vss 15 pF
Cio Data I/0 Capacitance Vout =0V 8 pF
Cin TSP Capacitance Vin = Vss 5 pF

Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = 1At/AV with the current equal to a
constant 20 mA.

switching time waveforms (con‘t)
Read Modify Write Cycle

Tawcisso)

ADDRESS CAN CHANGE *

tans0) tr(z0— -—’J tren

Vi

ADDRESS \ A3
ADDRESS CAN
v, —CHANGE (€

|

off

t tcrRw(a10)
vIMD
CE
@ trizo) | w2200} —w=
Viee
& tec(130) —m=|
TCl0) —3=—| ——— . tweiso)
Vin

TSP CAN
TSP CHANGE TSP CAN CHANGE ><
Vll.
o) —r]
we |~ 1D (150) 3=
touio

Din IDin CAN CHANGE @ )( Din STABLE Dyn CAN CHANGE

1/0 [~ tco1a0)—=| —= = twpiso) MAX

Voy = v | e — @ e - o — — — — — —
Dour HIGH IMPEDANCE ‘ @ HIGH IMPEDANCE

Vo = = — — —— (s s — i — —— — — —

tacc(200 ——==

Note 1: If Dyy is forced prior to Doyy becoming high i (twpmmax)), then i amhbient
temperature should be derated by Toy/Tcycre (35°C). Where Toy is time between forcing Dyy and Doyt
hecoming TRI-STATE.

Note 2: V,,_max is the reference level for measuring timing of the addresses, Tgp and Dyy.
Note 3: Vi mun is the reference level for measuring timing of the addresses, Tgp and Dy .
Note 4: Vgg + 2.0V is the reference level for measuring timing of CE.

Note 5: Vpp — 2V'is the reference level for measuring timing of CE.

Note 6: Vg + 2.0V is the reference level for measuring the timing of Doyy for a high output.

Note 7: Vg + 0.8V is the reference level for measuring timing of Doy for a low output.
Note 8: For minimum cycle, ty = 0, for test purposes ty = 10 ns.
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National
Semiconductor

MOS RAMs

MM5270A 4096-Bit Dynamic Random Access Memory

General Description

The MM5270A is a 4096-bit dynamic random access
memory with TRI-SHARE®. Because of this unique
design feature, National is able to package a 4k device
in an 18-pin dual-in-line package. The device is manu-
factured using N-channel silicon gate technology with a
single transistor cell which provides higher density on a
monolithic chip and thus lower cost.

The TRI-SHARE Port (TSP) is a multifunction input
that, along with a common input/output, allows National
to manufacture an 18-pin version of a 4k RAM. The
functions controlled by the TSP are read,” write and
logical chip select. In order to understand how the TSP
works, consider the timing diagrams. The state of the
TSP at the leading edge of the chip enable clock deter-
mines whether the device is selected. If it is ata TTL
high level, the chip is selected and the device goes into a
read mode after chip enable goes high. This high level
also enables a reference voltage for a TTL high output.
The supply for the output buffer is Vpp, not the
TRI-SHARE Port: thus, no special driver is required. In
order to perform a write, the TSP must be pulsed low
after the minimum hold time and the appropriate data
placed on the 1/0. When the MM5270A goes into write,
the output circuit is disabled. If the TSP is low at the
start of the cycle, the memory is not selected, but it will
be refreshed if the chip enable clock is pulsed.

The RAM must be refreshed every 2 ms. This can be
accomplished by performing a cycle at each of the 64
row addresses (AO—AB).

Addresses (A6—A11) must have a stable address during
the refresh cycle. Any address is satisfactory as long as

the address set-up and hold times are met. The chip
select input can be either high or low for refresh.

Features

® Pin compatible with MM5270
= Standard power supplies, 12V, 5V, —5V
Easy system interface
One high level input—chip enable
All other pins TTL compatible
TRI-STATE® output
Organized 4096 x 1
Inputs protected against static charge
Simple Read-Modify-Write operation
Address and chip select registers on-chip
Industry standard 22-pin DIP
Non-latching DN input simplifies write and RMW
timing
® Access time
MM5270A: 150 ns
MM5270A-12: 125 ns
MM5270A-10: 100 ns
Cycle time, Read, Write, Read-While-Write
MM5270A: 280 ns
MM5270A-12: 245 ns
MM5270A-10: 210 ns
Cycle time, Read-Modify-Write
MM5270A: 330 ns
MM5270A-12: 285 ns
MM5270A-10: 240 ns

Connection Diagram

Dual-In-Line Package

Logic Symbol

Vee 4 U o Vss
~{n0
as -2 17 ns Y
a0 1E a7 -t A2
4 15 Order Number MM5270AD ~—{A3
AT :“ See Package 4 —{as
1p ] %voo  Order Number MM5270AJ —s .
] 13 See Package 10A ~4as —
o= [—ce Order Number MM5270AN —ar
T 2 s See Package 16 ~—iA8
8 1 —ae
M_g L‘_u“ —1an
A2 — A3 —dAll cE TP
: L
TOP VIEW
Pin Names
*A0—-A11  Address Inputs Ve Power (—5V)
CE Chip Enable VpD Power (12V)
TSP TRI-SHARE Port Vss Ground
/0 DiN/DouTt

*Row address AO—AS
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Absolute Maximum Ratings (Note 1)

Operating Temperature Range 0°Cto +70°C Voltage on Any Pin Relative to Vgg -0.3V to +20V
Storage Temperature -65°C to +150°C (Vss — VBB > 4.5V)
Power Dissipation 1.25W Lead Temperature (Soldering, 10 seconds) 300°C

DC Electrical Characteristics
Ta =0°C to +70°C, Vpp = 12V +5%, VBB (Note 4) = —BV *5%, Vg5 = OV, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN | TYP(2)[ MAX UNITS

VBB = =5V, VN = OV to V|q Max,
I Input Leakage BB IN IH 0.01 | 10 uA
Pins Not Under Test = OV

Output Leakage for High
Lo SR L CE = VjLc, VOUT = 0V to 5.25V 0.01 | 10 2A
Impedance State

Vpp Supply Current During

1 CE= -1V R 1 A
DD1 CE OFF to 0.6V 00 o
VpD Shpply Current During
IbD2 CE ON CE=VIHC 10 mA
MM5270A 37 45

) Minimum Cycle Timing,
IDDAV1 Average Vpp Current : v g

(Note 3] MM5270A-12 40 50 mA
MM5270A-10 44 56

IDDAV2 Average Vpp Current Tcy =400 ns, Min tcg and tT, (Note 3) 24 32 mA
IDDAV3 |Average Vpp Current Tcy = 1000 ns, Min tcg and tT, (Note 3) 10 13 mA
IBB Average VBB Current 5 100 HA
ViL Input Low Voltage (Note 4) -1.0 0.6 \%
ViH Input High Voltage (Note 4) 24 Vet Vv
ViLe CE Input Low Voltage (Note 4) -1.0 1.0 \
VIHC CE Input High Voltage (Note 4) Vpp—1 Vpp+1 v
VoL Output Low Voltage loL=2mA, (Note 4) 0.0 0.45 \%
VOH Output High Voltage ‘| IoH = -2 mA, (Note 4) 24 Vee v

Note 1: ‘‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘“Operating
Temperature Range’’ they are not meant to imply that the devices should be operated at these limits. The table of ‘’Electrical Characteristics’’
provides conditions for actual device operation.

Note 2: Typical values are at 25°C, typical power supply voltage.

Note 3: The equation for defining Ipp(AVE) is:

teE +tT 1
(Max) IppD(AVE) = (—————) 15.0 +(
(ave Tey Tey

where tcg, tT and Tcy are expressed in nanoseconds and the resultant Ipp(AVE) is expressed in milliamps.
Note 4: All voltages referenced to Vgg. When applying voltages to the device Vpp or Vgg should never be 0.3V more negative than Vgg.

)10.0x1o3
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AC Electrical Characteristics

Ta=0°C to +70°C, Vpp = 12 5%, Vg = —5 +5% (Note 4), Vgg =0, tT = 10 ns

SYMBOL PARAMETER CONDITIONS :“n':ﬁz?n‘:;; n':n: 270::;)2( MTIT 5|27,8|':x UNITS
COMMON TO ALL CYCLES
tREF Time Between Refresh | (Note 5) 2 2 2 ms
tAC Address to CE Set-Up 0 0 ] ms
Time
tAH Address Hold Time 40 40 40 ns
Tce CE OFF Time 80 90 100 ns
tT CE Transition Time (Note 6) 5 40 10 40 10 40 ns
tCF CE OFF to Open Output 0 ns
tTe TSP to CE Set-Up Time 10 0 0 ns
tTH TSP Hold Time 40 40 40 ns
READ CYCLE
tcy Cycle Time 210 245 280 ns
tCE CE ON Time 110 | 3000 | 135 | 3000 | 160 | 3000 ns
tco CE to Output Access (Note 7) 90 115 140 ns
tACC Address to Output (Notes 7 and 8) 100 125 150 ns
Access
tTL CE to TSP 0 0 0 ns

Note 5: For Refresh Cycle, Row and Column Addresses must be stable before ta¢ and remain stable for entire toH period.
Note 6: For test purpose, input levels should swing between OV and 3V. ViyMiN) and V|_(MAX) are reference levels for measuring transition

times and timing of input signals.

Note 7: VgH = Vgs + 2.0V and Vo = Vgg + 0.8V are the reference levels for measuring timing of tcg and tacc-

Note 8: toCC = tco *tT + tac. For test purposes t1 = 10 ns.

Switching Time Waveforms

Read Cycle

Tey

sooness m{ Y/

]

e

e

r

e

tco

1 OPEN
e e _<

VALID

1-40




AC Electrical Characteristics (Continued) §
Ta =0°C to +70°C, Vpp = 12 £5%, V@R = —5 5%, (Note 4), Vgg = 0, tT = 10 ns N
~
MM5270A-10 | MM5270A-12 MM5270A o
SYMBOL PARAMETER CONDITIONS MIN l AxX | WiN J MAX | WiN ] MAX UNITS | D>
WRITE AND READ-WHILE-WRITE CYCLE
ey Cycle Time 210 245 280 ns
tCE CE ON Time 110 3000 135 3000 160 3000 ns
tw TSP to CE OFF 30 40 50 ns
twp TSP Pulse Width 30 40 50 ns
D DN to CE OFF Set-Up Time 30 40 . 50 ns
tDH DN Hold Time 0 . 0 0 ns
READ-MODIFY-WRITE CYCLE
TRWC Read-Modify-Write Cycle (Note 9) 240 285 330 ns
Time
TCRW Read-Modify-Write CE ON 140 3000 175 | 3000 | 210 | 3000 ns
Time
twp TSP Pulse Width . 30 40 50 ns
tw TSP to CE OFF 30 40 50 ns
tD DN to CE OFF Set-Up Time 30 40 50 ns
tDH DN Hold Time 0 0 0 ns
tco CE to Output Access (Note 7) 90 115 140 ns
tACC Address to Output Access (Notes 7 and 8) 100 125 150 ns
tWD TSP to Open Output 10 30 10 30 10 40 ns
REFRESH CYCLE
tcy Cycle Time 210 245 280 ns
tCE CE ON Time 110 | 3000 135 | 3000 160 | 3000 ns
tce CE OFF Time 80 90 100 ns
tAC Address to CE Set-Up 0 0 0 ns
Time
tAH Address Hold Time 40 40 40 ns
tT CE Transition Time (Note 6) 5 40 10 40 10 40 ns
Capacitance (Note 10) Ta=25°C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
CAD Address Capacitance, CS VIN = Vss 2 pF
CcE CE Capacitance VIN = Vss 15 pF
Cout Data Output Capacitance . VouTt =0V : 5 pF
CIN DN and WE Capacitance VIN = Vss 4 pF
Note 9: For minimum cycle time, tp = 10 ns.
Note 10: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = |At/AV with the current
equal to a constant 20 mA.
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Switching Time Waveforms (Continued)
Write Cycle

R

|e—1tp

Read-Modify-Write Cycle (Notes 9 and 10) .

TRwe

e TS| Wmmmmmmminiv, S

%
*—*m—-*l

tac ~ =1 1CRW r —'1
— / b tr \
7 Tee

I co I wo

OPEN OPEN
oot e T ~ b —— _— _—
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Refresh Cycle (Note 5)
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| Block Diagram

MEMORY INVERTS DATA

TSP (5)

f A1)

A10(3)
A9 (2)
A8 (17)
AT {16}
AB (15)
A5 (12)
Aa(11)
A3 (10
A2(9)
A1 {8)
AT}

Lottt

b

anr

ADDRESS LATCH

N

T |

CE (13) s

TIMING

EONTROL

Vpp (18) s +12V

Vgg (18) ——
Vg (1) e

o
-5V,

%] COLUMN DECODER (1:64)

1o
| BUFFER

J' SENSE AMPLIFIERS (63)
g
2 MEMORY
6 a ARRAY
e 4096 BITS
H
=
3
2

1
® .
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MM5270-5

2 National " MOS RAMSs
Semiconductor

‘MM5270—5 TRI-SHARE™4096-bit random access read/write memory

general description ‘ features
The MM5270-5 is a slower speed version of National's m Access time—270 ns
MM5270 dynamic RAM. Please refer to the MM5270 = Cycle time—470 ns

specification for pin configuration, block diagram and
switching time waveforms.

absolute maximum ratings (Note 1)

Operating Temperature Range . 0°Cto +70°C Order Number MM5270D-5
Storage Temperature - —65°C to +150°C See Package 4
All Input or Output Voltages with Respect -0.3V to +256V
to the Most Négative Supply Voltage, Vgg
Supply Voltages Vpp and Vgg with —0.3V to +20V
Respect to Vg
Power Dissipation ‘ 1.0W

dc electrical characteristics
T, =0°Cto +70°C, Vpp = +12V £5%, Vg (Note 2) = =5V 5%, Vgg = OV, unless otherwise noted

SYMBOL PARAMETER CONDITIONS MIN TYP (3) MAX UNITS
Iy Input Load Current Vin =0V to Vi max, (All Inputs 0.01 10 A
Except CE)

Ie Input Load Current Vin =0V to V.H;; max 0.01 10 MA

ol Output Leakage Current Up CE =V, ¢, Vo =0V to 5.25V 0.01 10 MA
For High Impedance State

lop Vpp Supply Current During CE =-1V to +0.6V, (Note 4) 110 MA
CE “OFF”

Ibo2 Vpo Supply Current During CE=Vpe, Ta =25°C 20 mA
CE "ON" .

b avi Average Vpp Current Ta =25C, Cycle Time =470 ns, tce = 300 ns 35 mA

lop ava2 Average Vpp Current Ta = 25°C, Cycle Time = 1000 ns, tcg = 300 ns 15 mA

lge Vgg Supply Current Average 5 100 uA

ViL input Low Voltage tr =20 ns -1.0 0.6 \%

Vin Input High Voltage 2.4 Veett v

Ve CE Input Low Voltage -1.0 1.0 \2

Viue CE Input High Voltage Vpp-—1 Vpp+1 \%

VoL Output Low Voltage loL =2.0mA 0.0 0.45 \%

Vou Output High Voltage lon = —2.0mA 2.4 \4

Note . 1: "Absblute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating
Temperature Range’ they are not meant to imply that the devices should be operated at these limits. The table of ‘‘Electrical Characteristics’”
provides conditions for actual device operation.

Note 2: The only requirement for the sequence of applying voltage to the device is that Vpp or Vgg should never be 0.3V more negative than
Vgge-

Note 3: Typical values are for Tp = 25°C and nominal power supply voltages.

Note 4: The Ipp current is to Vgg. The Igg current is the sum of all leakage currents.
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ac electrical characteristics

T =0°Cto+70°C, Vg = 12V £6%, Vgg = -5V 5%
A DD BB

symBoL |-

PARAMETER

[ ‘ CONDITIONS

MIN L TYP | MAX Lumrs

READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE

tRer Time Between Refresh 2 ms
tac Address to CE Set-Up Time tac is MeasuredFrom End of Address Transition ] ns
tan Address Hold Time 50 ns
tee CE "OFF"* Time 130 ns
tr CE Transition Time 10 40 ns
tce CE “OFF"’ to Output High 0 ns
impedance State
tre TRI-SHARE Port to CE Set-Up 0 ns
Time
tThH TRI-SHARE Port Hold Time 80 ns
READ CYCLE
tey Cycle Time 470 : ns
ty =20 ns
tce CE “ON” Time 300 3000 ns
o CE Output Delay CrLoap = 50 pF, Load = One TTL Gate 250 s
tace Address to Output Access Ref 1 =20V, Ref 0=0.8V 2?0 ns
Tty CE to TSP fack " tac tgo ¥ir 0 ns
WRITE CYCLE
toy Cycle Time 470 ns
tce CE “ON" Time 300 3000 ns
Ty TSP to'CE “"OFF "’ 150 ﬁs
tew CE to TSP tr =20ns 115 ns
tp D,y to CE “OFF” 150 ' ns
toH D,y Hold Time 0 ns
twe TSP Pulse Width 50 ns
READ/MODIFY/WRITE CYCLE
trwe Read Modify Write (RMW) 650 ns
Cycle Time
teRW CE Width During RMW 480 3000 ns
twe TSP to CE “ON”’ ty =20ns 0 ns
twa TSP to CE “OFF"" Cioap =50 pF, Load = One TTL Gate 200 . ns
twe TSP Pulse Width Ref 1-2.0V, Ref 0 = 0.8V 50 ns
to Diy to CE “OFF" tace = tac * teo + 7 150 - ns
ton D)y Hold Time 0 ns
tco CE to Output Delay 180 ns
tacc Access Time 270 ' ns
two TSP to Output High Impedance 250 ns
tv Modify Time o} ns
CAPACITANCE (Note 1)
Cap Address Capacitance, CS Vin = Vss 2 pF
Cce CE Capacitance Vin = Vss 15 pF
Cio Data 1/O Capacitance Vout =0V 8 pF
Cin TSP Capacitance Vin = Vss 5 pF

Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = |At/AV with the current equal to a

constant 20 mA.
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MM5271

National
Semiconductor

MM5271 TRI-SHARE'"4096-bit fully TTL compatible
dynamic random access read/write memory

general description:

The MM5271 is a fully TTL compatible 4096-bit dynamic
random access memory with TRI-SHARE. Because of
this unique design feature, National is able to house a
4k device in an 18-pin dual-in-line package. The device
is manufactured using N-channel silicon gate technology
with a single transistor cell which provides higher density
on a monolithic chip and thus lower cost.

The TRI-SHARE Port (TSP) is a multifunction input
that, along with a common input/output, allows National
to manufacture an 18-pin version of a 4k RAM. The
functions controlled by the TSP are read/write, Ve,
and logical chip select. In order to.understand how the
TSP works, consider the timing diagrams. The state of
the TSP at the leading edge of the chip enable clock
determines whether the device is selected. If it is at a
TTL high level, the chip is selected and the device goes
into a read mode after chip enable goes high. This high
level also controls the V¢ function in that it enables
a reference voltage for a TTL high output. The supply
for the output buffer is Vpp, not the TRI-SHARE Port;
thus, no special driver is required. In order to perform a

MOS’ RAMs

write, the TSP must be pulsed low after the minimum
hold time and the appropriate data placed on the 1/0.
When the MM5271 goes into write, the output circuit is
disabled. If the TSP is low at the start of the cycle, the
memory is not selected but it will be refreshed when the
chip enable clock is pulsed.

features

4096 x 1 bit organization

Access time 250 ns maximum

Cycle time 400 ns minimum

TRI-SHARE port

High rnemor'y density—18-pin package

TTL compatible inputs

TRI-STATE® common input/output
Registers on chip for addresses and chip select
Two power supplies, +12V, -5V

Simple read-modify-write operation

block and connection diagrams

] DO:C’!‘WL'

Dual-In-Line Package
5P (5) ;
- _CAR
Vs A8 A7 A6 Vop EWNABLE A5 Al A3
AN @) \ I I
18 17 j. s AL L5 12 |n 10
A10(3)
a9(2)
6
A8 (17} .
A7 (16) 2
26 (15) b 6
4 vy
As (12} g
A () 8 »] coLumn nsconznu:wﬂ—»l aubreR Iq—»'(;‘}
A3(10) 3
Az(9) SENSE AMPLIFIERS (64)
A
Atig)
as(n 3
t 2 MEMORY 1 2 3 s 5 6 7 0 Is
3 [ H ARRAY
E 4096 BITS Vea AD A0 AN TSP /0 AO A1 A2
_ TIMING H TOP VIEW
TE (13) =] =
CONTROL
Order Number MM5271D
Vpp (14) e 412V See Package 4
Vss (18) mmwmms gV
Vg (1) w5V
Pin Names
AO—A11 Address Inputs® Vgg Power (-5V)
CE Chip Enable Voo  Power (+12V)
TSP TRI-SHARE Port Vgs  Ground
1/0 Din/Dour

*Refresh Addess AO-AS5
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absolute maximum ratings (Note 1)

LLZSNIN

Operating Temperature Range 0°C to +70°C
Storage Temperature -65°C to +150°C
All Input or OQutput Voltages with Respect —0.3V to +25V
to the Most Negative Supply Voltage, Vgg }
Supply Voltages Vpp and Vgg with —0.3V.to +20V
Respect to Vgg '
Power Dissipation 1.0W

dc electrical characteristics
T =0°Cto +70°C, Vpp = +12V £5%, Vgg (Note 2) = =5V £5%, Vg = OV, unless otherwise noted

SYMBOL PARAMETER CONDITIONS MIN TYP (3) MAX UNITS

I Input Load Current Vin =0V to V,y max 0.01 10 UA

ool Output Leakage Current Up CE = V,,y, Vo =0V t0 5.25V 0.01 10 UA
For High Impedance State

oot Vpp Supply Current During CE =V, (Note 4) 1 mA
CE “OFF"

lop2 Vppo Supply Current During CE=V, ,Ta= 25°C . 20 mA
CE “ON"

Ibp Av1 Average V5p Current T4 = 25°C, Cycle Time = 400 ns, teg = 240 ns 35 mA

Ibb ava Average Vpp Current Ta = 25°C, Cycle Time = 1000 ns, teg = 240 ns 15 mA

Igg Vgg Supply Current Average 5 100 uA

Vio Input Low Voltage tr = 10 ns, (Figure 4) -1.0 0.6 \

Vg Input High Voltage 24 Vet \

Vor Output Low Voltage log =2.0mA 0.0 0.45 A

Vou Output High Voltage low = —2.0mA 24 \

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

Note 2: The only requirement for the sequence of applying voltage to the device is that Vpp or Vgg should never be 0.3V more negative than
VBB

Note 3: Typical values are for Tp = 25°C and nominal power supply voltages.

Note 4: The Ipp current is to Vgg. The Igg current is the sum of all leakage currents.

ac electrical characteristics T, =0°Cto +70°C, Vg = 12V 5%, Vgg = —5V £5%

symeoL | PARAMETER | CONDITIONS [ mn T 1ve T max T units
READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE
tREF Time Between Refresh ' 2 ms
tac Address to CE Set-Up Time tac is MeasuredFrom End of Address Transition 0 ns
tan Address Hold Time 100 ns
tee CE “OFF" Time 140 ns
tr CE Transition Time ) ‘ 40 ns
ter CE "OFF"" to Output High 50 ns
Impedance State
tre TRI-SHARE Port to CE Set-Up . 0 s
Time : '
trH TRI-SHARE Port Hold Time 100 ns
READ CYCLE
le Ti
tey (i\:ce ime tr =10ns 400 ns
t CE “ON" Time 240 s
ce . CLoap = 50 pF, Load = One TTL Gate 3000 "
tco CE Output Delay 250 ns
Ref 1=2.0V, Ref 0= 0.8V
tace Address to Qutput Access 250 ns
_ t =tac +t
tre CE 1o TSP ace ™ tac T ico 0 ns
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switching time waveforms

Read Cycle
Tev (400)
[=—1an (100}
Vi =AooREss {0) ®
ADDRESS CAN ADDRESS CAN CHANGE

v, CHANGE (@

nw

tac (0)—= Tee (240) = t¢(10) le—ty (10)
Vin __—.__—.L—\ /
CHIP ENABLE

v D 7 \

8

,i tre (0) = l~—tec (140)
VIH
TSP Tsecan A1 ) TSP CAN
CHANGE CHANGE :
Vie
teo (250) -—-lﬂ -ty (0)
Vop e o o | e e e e f@ —— — — ——
m HIGH IMPEDANCE X HIGH IMPEDANCE
T b o o c— — —
tacc (250) = tcr (50)

Refresh Cycle (See Note 1)

Tey (400)

~=~— tan (100) —=

Vi —rooRESS Y
ADDRESS CAN ADDRESS CAN CHANGE
v, —CHANGE @ ®@;

tac (0) teg (240) ety (10)
Vin @
CHIP ENABLE \‘ ®
Vi e
try (100)
‘IIH
sp zﬁiﬁ‘éﬁ' ©) TSP CAN CHANGE )(
1w
VoH —e e s o e o e —— — — — — — —— — — — —
Dour HIGH IMPEDANCE

VoL = e e e iy o — ——- — — — — — — — — — —

Note 1: For Refresh cycle, row and column addresses must be stable before tac and remain stable for
entire tay period.

Note 2: Vi max is the reference level for measuring timing of the addresses, Tsp and Dyy and CE.

Note 3: Vi my is the reference level for measuring timing of the addresses, Tsp and D,y and CE.

Note 4: Vgg + 2.0V is the reference level for measuring the timing of Doyt for a high output.

Note 5: Vgg + 0.8V is the reference level for measuring fiming of Dour for a low output.
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ac electrical characteristics (con’t) T, =0°Cto +70°C, Vpp = 12V £5%, Vg = —5V +5%

symeoL | PARAMETER ] CONDITIONS I MIN [ TYL[ MAX | UNITS

LLZSNIN

WRITE CYCLE

tey Cycle Time 400 ns
tee CE “ON" Time 240 3000 ns
tw) TSP to CE ““OFF" 100 ns
tew CE to TSP tr = 10 ns, (Note 4) 130 ns
to D,y to CE “OFF" 70 ns
ton Dy Hold Time 50 ns
twe TSP Pulse Width 50 ns

switching time waveforms (con’t)

Write Cycle {See Note 4)

TCV (Aﬂl\\
~—tan (100)
VIH
ADDRESS (%) % ADDRESS CAN CHANGE X
Vie
—»{tac (0) tce (240) ~=— 7 (10)
V|H @
CHIP ENABLE \
v 2 ———
n
tre (u)——| ~——— tewmax (13—
Vin 55 ]
TSP CAN TSP cAN CHANGE

v CHANGE X

s

«— tyy (100) |~=— tpy (50)
Vi
D D,y CAN CHANGE Din STABLE Din CAN CHANGE
vlL
10 to (70) I«—
Vo = e o e e o o— — — — — — — — —— — — — —
Dour HIGH IMPEDANCE

VoL = = e e o e o e o —— s — — — — —

Note 1: For Refresh cycle, row and column addresses mus! be stable hefore tac and remain stable for
entire tay period.

Note 2: V_max is the reference level for measuring timing of the addresses, Tgp and Dy and CE.
Note 3: Vyy pun is the ref Tevel for ing timing of the add! Tsp and Dyy and CE.
Note 4: If tewmax is greater than 130 ns then memory operation is like Read/Modify/Write cycle.
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ac electrical charas

symeoL | PARAN

READ/MODIFY/WRITE CYCI

trwe Read Modify V
Cycle Time

teaw CE Width Duri

twa TSP to CE “0!

twe TSP Pulse Wid

to D,y to CE “Ol

toH D)y Hold Tim¢

tco CE to Output |

tacc Access Time

two TSP to Output‘

tm Modify Time '

CAPACITANCE (Note 1)

Cap Address Capaci

Cee CE Capacitanc;; - )

Cio Data /0 Capac . i

Cin TSP Capacitani

Note 1: Capacitance measured w
constant 20 mA.

switching time wa'

CHIP ENABLE
Vi -

1/0

2

MM5271A

Absolute Maximum Ratings (Note 1)

Operating Temperature Range 0°C to +70°C Voltage on A
Storage Temperature -65°C to +150°C (Vss — VBB

Power Dissipation

1.0W Lead Temper

DC Electrical Characteristics T4 -0°c to +70°C, Vpp = 12 5%

SYMBOL PARAMETER

CONDITIONS

IR} Input Leakage

Ve = -5V, V|N = 0V to V|H Max, Pir
Not Under Test = OV

Output Leakage for High

CE = V|H, VOUT = 0V to 5.25V

|
Lo Impedance State
VpD Supply Current —
'DD1 During CE OFF CE=ViH
\% Supply Current —
DD supply CE=V|L

I —
DD2 During CE ON

IDDAV1 | Average Vpp Current

Minimum Cycle Timing, | MM5271A
(Note 3) MM5271A-1

IDDAV2 | Average Vpp Current

Tcy = 400 ns, Min tcg and t;, (Note 3

IDDAV3 | Average Vpp Current

Tcy = 1000 ns, Min tcg and t,, (Note:

IBB Average Vg Current

ViL Input Low Voltage (Note 4)

VIH Input High Voltage (Note 4)

VoL Output Low Voltage loL = 2mA, (Note 4)
VOH Output High Voltage I0H = =2 mA, (Note 4)

AC Electrical Characteristics Ta-0°c to +70°C, Vpp = 12 £59

SYMBOL PARAMETER CONDITIONS MI:\\:‘MEZH
COMMON TO ALL CYCLES
tREF Time Between Refresh (Note 5)
tAC Address to CE Set-Up Time -15
tAH Address Hold Time 70
tce CE OFF Time 100
t, Transition Time (Note 6) 3
tCF CE OFF to Open Output 25
tTC TSP to CE Set-Up Time =15
tTH TSP Hold Time 70
READ CYCLE
Tey Cycle Time 260
tCE CE ON Time 150
tco CE Output Delay (Note 7)
tACC Address to Qutput Access (Notes 7, 8)
TL CE to TSP 0
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ac electrical characteristics (con‘t) T, =0°Cto +70°C, Vpp = 12V £5%, Vgg = —5V £5%

SYMBOL ] PARAMETER [ CONDITIONS | MIN l TYP | max [ UNITS

LLZSWIN

WRITE CYCLE

tey Cycle Time 400 ns
tee CE “ON" Time 240 3000 ns
twi TSP to CE "OFF” 100 ‘ ns
tew CE to TSP tr =10 ns, (Note 4) 130 ns
to Dy to CE “OFF" 70 ns
tou D, Hold Time 50 ns
twe TSP Pulse Width 50 ns

switching time waveforms (con’t)

Write Cycle {See Note 4)

TCV {Illlﬂ\
[=—tay (100)
Vi
ABDRESS 8 g ADDRESS CAN CHANGE x
VIL
—=ltac (0} tee (240) [~—ty (10)
Vin @ = tw, (100)
CHIP ENABLE \k®
™ —
tre (D)———‘ ~— tewmax) (130)——= twp (5}0)
Vv s T
TSP CAN TSP CAN CHANGE
v, —CHANGE \
L
—~— try (100) |~— top (50)

Vin
Din Dy CAN CHANGE Din STABLE Dy CAN CHANGE
Vie
1/0 tp (70)

Von————'—————'—'————_'—"—""‘—

Dour HIGH IMPEDANCE

Vo = o o o e —— —— — — — — — — — — — t— —

\
Note 1: For Refresh cycle, row and column addresses must be stable before toc and remain stable for
entire tay period.

Note 2: V_ max is the reference level for measuring timing of the addresses, Tsp and Dy and CE.

Note 3: Vg man is the ref level for ing timing of the Tgp and Dy and CE.

Note 4: If tewimax) is greater than 130 ns then memory operation is like Read/Modify/Write cycle,
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ac electrical characteristics (con’t) T, =0°Cto +70°C, Vpp = 12V 5%, Vgg =5V 5%

svmeoL | PARAMETER | CONDITIONS ] [ Tve | max | units
READ/MODIFY/WRITE CYCLE
tawe Read Modify Write (RMW) 560 ns
Cycle Time
teaw CE Width During RMW tr = 10ns 400 3000 ns
tw2 TSP to CE “OFF" CLoap = 50 pF, Load = One TTL Gate 150 ns
twp TSP Pulse Width Ref 1- 2.0V, Ref 0 = 0.8V 50 ns
o Dy to CE “OFF" tace = tac * lco 70 ns
toH D)y Hold Time : 50 ns
tco CE to Output Delay 250 ns
tace Access Time . 250 ns
twp TSP to Output High Impedance 50 ns
tm Modify Time 0 ns
CAPACITANCE (Note 1)
Cap Address Capacitance, CS Vin = Vs 2 pF
Cce CE Capacitance Vin = Vgg 5 pF
Cio Data 1/0 Capacitance Vout = 0V 8 pF
Cin TSP Capacitance Vin = Vss 5 pF

Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C =
constant 20 mA.

switching time waveforms (con‘t)
Read Modify Write Cycle

1At/ AV with the current equal to a

Tawe (660) ——— ]
| tay (100) —>]
o 3K X
ADDRESS CAN ADDRESS CAN CHANGE
V. —CHANGE @4
] teaw (400) - = t7 (10) b ty (10)
Vi --_—\ tw (150)—=] |
CHIP ENABLE
Vi XO) — \
—I e (0 fe—  tr(10) tap (500 | fa tec (140)
vIH
TSP s oan L TSP CAN CHANGE X
Vi
ta (0) 1o ml)—l F—'nu (50)
Vin ©) g
Dy Dyy CAN CHANGE Q) X &) 0w STABLE K Dy CAN CHANGE
Vi /

1o [=—tco (250) —=| = F=— twpmax) (50)
_Vou———'——— (®———————————'
Dour HigH weepance Xl (= HIGH IMPEDANCE

Vo == = o — — o —— — — — — —
le—— tacc (250)

Note 1: For Refresh cycle, row and column addresses must be stable hefore tac and remain stable for
entire tyy period.

Note 2: Vy_max is the level for timing of the add: Tsp and Dy and CE.

Note 3: Vi p is the level for timing of the add Tsp and D,y and CE.

Note4: Vgg + 2.0V is the reference level for measuring the timing of Doyt for a high output.

Note 5: Vgg + 0.8V is the reference level for measuring timing of Doyy for a low output.

Note 6: For minimum cycle, ty = 0, for test purposes ty = 10 ns.

Note 7: 1f Dyy is forced prior to Doyt ing high imped: [{ ), then

ambient temperature should be derated by Tw/T evere (35°C). Where Toy is time

between forcing Dy and Doyt becoming TRISTATE.

ofe
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National
Semiconductor

MOS RAMs

MM5271A TRI-SHARE™ 4096-Bit Fully TTL Compatible
Dynamic Random Access Read/Write Memory

General Description

The MM5271A is a 4096-bit dynamic random access
memory with TRI-SHARE. Because of this unique
design feature, National is able to package a 4k device
in an 18-pin dual-in-line package. The device is manu-
factured using N-channel silicon gate technology with a
single transistor cell which provides higher density on a
monolithic chip and thus fower cost.

The TRI-SHARE Port (TSP) is a multifunction input
that, along with a common input/output, allows National
to manufacture an 18-pin version of a 4k RAM. The
functions controlled by the TSP are read, write,
and logical chip select. In order to understand how the
TSP works, consider the timing diagrams. The state of
the TSP at the leading edge of the chip enable clock
determines whether the device is selected. If it is at a
TTL high level, the chip is selected and the device goes
into a read mode after chip enable goes high. This high
level ‘also enables a reference voltage for a TTL high
output. The supply for the output buffer is Vpp, not
the TRI-SHARE Port; thus, no special driver is required.
In order to perform a write, the TSP must be pulsed low
after the. minimum hold time and the appropriate data
placed on the 1/0. When the MM527 1A goes into write,
the output circuit is disabled. If the TSP is low at the

start of the cycle, the memory is not selected, but it
will be refreshed if the chip enable clock is pulsed.
The RAM must be refreshed every 2 ms. This can be
accomplished by performing a cycle at each of the 64
row addresses (AO—AS).
Addresses (A6—A11) must have a stable address during
the refresh cycle. Any address is satisfactory as long as
the address set-up and hold times are met. The chip
select input can be either high or low for refresh.
Features
w. 4096 x 1 bit organization
m Access time—115 ns max MM5271A-1
140 ns max MM5271A
Cycle time—215 ns min MM5271A-1
260 ns min MM5271A

TRI-SHARE port

High memory density—18-pin package

All pins TTL compatible

TRI-STATE@ common input/output
. Registers on chip for addresses and chip select

Two power supplies, +12V, -5V
Simple read-modify-write operation

Block Diagram

MEMORY INVERTS DATA

RW
CONTROL

4

TSP (5}

At
A0 (3)
A8 (2)
As (17}
AT018)
A6 {15)

A5 (12}
As(i}
A3 (10}

ADDRESS LATCH

A28
A
a0

MEMORY
ARRAY
4096 BITS

TIMING,
)
CONTROL
Voo (1) e +12V
T p—

ROW DECODED (1:64)

CEO)

Vg (1) w5V

Pin Names
*A0-A11  Address Inputs Vga Power (-5V)
CE Chip Enable Voo Power (+12V)
TSP TRI-SHARE Port Vgs  Ground
1/0 Din/Dour

*Row aﬁdress AO0—A5

5
/g\
vy
¥ 110
COLUMN DECODER (1:64) ¢__>l soren
]
SENSE AMPLIFIERS (64)

Connection Diagram

Dual-In-Line Package

| U #
Order Number MM5271AD Ve ] = Vs
See Package 4 P L%
Order Number MM5271AJ 3 16
See Package 10A Aln— [— A
Order Number MM5271AN 4 LW
See Package 16 5 u
- TSP e Voo
b 13—
/o 10— [ CE
6) e =
M—" i‘—'ll
9 10
A2~ = A3
TOP VIEW
Logic Symbol
et AD
— AY
— A2
—i{ A3
— Ad
—1 A5 —
—as DI/D =
f”-—- A7
- A8
— A8
—qA10
1.1 B
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MM5271A

Absolute Maximum Ratings (Note 1)

Operating Temperature Range
Storage Temperature

0°Cto +70°C
—65°C to +150°C

Voltage on Any Pin Relative to Vg
(Vss — VBB >4.5V)

-0.3v

to +20V

Power Dissipation 1.0W Lead Temperature (Soldering, 10 seconds) 300°C
DC Electrical Characteristics Ta-0°Cto+70°C, Vpp = 12 5%, Vgg = =5 5% (Note 4), Vgg = 0
SYMBOL PARAMETER CONDITIONS MIN | TYP(2) | MAX UNITS
L Input Leakage \ngfsn;jrv'll'e\:t”: ;\?V 0 ViH Max, Pins 0.01 10 uA
ILo ?n‘:;‘::;:j;:::ef"r Hioh | & - Vi, VouT = OV t0 5.25V 001 | 10 pA
o0z | o Geon | TV 0 A
ooav1 | Average VDD'Cu"em Minimum Cycle Timing, | MM5271A 36 45 mA
(Note 3) MM5271A-1 42 55 mA
IDDAV?2 | Average Vpp Current Tcy = 400 ns, Min tcg and t,, (Note 3) 24 32 mA
IDDAV3 | Average Vpp Current Ty = 1000 ns, Min tcg and t;, (Note 3) 10 13 mA
IBB Average Vgp Current 5 100 HA
ViL Input Low Voltage (Note 4) -1.0 0.6 \
ViH Input High Voltage (Note 4) 2.4 Welosa! \Y
VoL Output Low Voltage oL =2mA, (Note 4) 0.0 0.45 \Y
VOH Output High Voltage I0H = —2 mA, (Note 4) 24 Y,
AC Electrical Characteristics Ta=0°C t0+70°C, Vpp = 12 £5%, Vgg = —5 5% (Note 4), Vgg = 0
SYMBOL PARAMETER CONDITIONS VMs271A MMS271A 1 UNITS
MIN | MAX MIN MAX
COMMON TO ALL CYCLES
tREF Time Between Refresh (Note 5) 2 2 ms
tAC Address to CE Set-Up Time -15 =15 ns
tAH Address Hold Time 70 70 ns
tcc CE OFF Time 100 80 ns
t, Transition Time (Note 6) 3 50 3 35 ns
tcF CE OFF to Open Output 25 25 ns
tTC TSP to CE Set-Up Time =15 =15 ns
tTH TSP Hold Time 70 70 ns
READ CYCLE
Tcy Cycle Time 260 215 ns
tCE (ﬁiON Time 150 3000 125 3000 ns
tco CE Output Delay (Note 7) 150 . 125 ns
tACC Address to Output Access (Notes 7, 8) 140 115 ns
L CE to TSP 0 0 ns




AC Electrical Characteristics (continued)
TA = 0°C to +70°C, Vpp = 12 5%, VBB = —5 +5%, (Note 4), Vgg = 0

VILZSNIN

MM5271A MM5271A-1
SYMBOL PARAMETER CONDITIONS MIN AR WiN l MAX UNITS
WRITE CYCLE o
Tcy Cvcie Time 260 : 215 ‘ ns
tckE CEON Time 150 © 3000 125 3000 ns
w TSP to CE OFF 40 30 ns
twp - TSP Pulse Width 40 30 ns
D DN to (:E OFF Set-Up Time 0 o 0 ns
tDH Dyn Hold Time 40 30 ns
twD TSP to Open Output 10 40 10 30 ns

Switching Time Waveforms

Read Cycle

tac Tey
-tAH »i

X
1
tr P CE |1,
CHIP ENABLE Qs ’f 5<
e —| | |4+— tce
I 7L
— OPEN
Doyt ——— —_—————

cF

*tacc=tco * tr+tac

Write Cycle

the —>| —Tey
le—taAH »I

'74 ‘—‘BE—‘_—M_‘: [~ tr -
e r‘tn—’ I——-luu

ow i @;vmn uArAw W

L I e
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MM5271A

AC Electrical Characteristics (continued)
Ta = 0°C to +70°C, Vpp = 12 £5%, Vg = —5 5% (Note 4), Vgs = 0

MMW5271A

MM5271A-1

SYMBOL PARAMETER CONDITIONS MIN MAX N I MAX UNITS

READ-MODIFY-WRITE CYCLE
TRWC | Read-Modify-Write Cycle Time (Note 9) 305 250 ns
TCRW CE ON Time in RMW Cycle 195 3000 160 3000 ns
tw TSP to CE OFF 40 30 ns
twp TSP Pulse Width 40 30 ns
D DN to CE OFF Set-Up Time 0 0 ns
tDH DN Hold Time 40 30 ns
twD fSP to Open OQutput 10 40 10 30 ns
1co CE Output Delay (Note 7) 150 125 ns
tACC Address to Output Access (Notes 7, 8) 140 115 ns

Switching Time Waveforms (continued)

Read-Modify-Write Cycle (Note 10}

AL —>

[~ tAH

TRwe

sooness 0K

Xl

tr

Y

CHIP ENABLE N

1CRW

e —»|
TSP

Din

/0 I

o ' twp .
o <
tacc” ~| vALD

*tacc=tco *tr ttAC
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AC Electrical Characteristics (continued)
Ta =0°C to +70°C, Vpp = 12 +5%, VBB = —5 *5% (Note 4), Vg5 = 0

MM5271A MM5271A-1

SYMBOL PARAMETER CONDITIONS MIN TAX N ] MAX UNITS
REFRESH CYCLE
Tcy Cycle Time 260 | 215 ns
tCE CE ON Time 150 3000 125 3000 ns
tee CE OFF Time 100 . 80 ns
tAC Address to CE Set-Up Time: -15 -15 ) ns
tAH Address Hold Time 70 70 ns
tTe - TSP to CE Set-Up Time -15 —15 ns
tTH TSP Hold Time 70 70 ns

Capacitance T, - 25°c, (Note 1) .

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
CAD Address Capacitance, CS VIN = Vss 2 pF
CcEe CE Capacitance VIN = Vss 15 i ’ pF
ci/o Data 1/0 Capacitance VouT = 0V i 8 pF
CIN TSP Capacitance - VIN = Vss 5 pF

Note 1: ““Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot be guaranteed. Except for “Opera-
ting Temperature Range’ they are not meant to imply that the devices should be operated at these limits. The table of ‘‘Electrical
Characteristics’’ provides conditions for actual device operation.

Note 2: Typical values are at 25°C, typical power supply voltage.
Note 3: The equation for defining Ipp(AVE) is:

tCEt 1 1 3
IpD(AVE) = [——L] 15.0 + [——) 10.0x 10
DD{AVE) Tey Tey

where tcE, ty and T¢y are expressed in nanoseconds and the resultant Ipp(AVE) is expressed in milliamps.

Note 4: All voltages referenced to Vgg. When applying voltages to the device Vpp or Vgg should never be 0.3V more negative than
'VBB- ‘

Note 5: For Refresh Cycle, Row and Column Addresses must be stable before tpc and remain stable for entir“e taH Period.
'Note 6: For test purpose, inputs levels should swing between OV and 3V VjH(miN) and V|| (MAX) are reference levels for measuring
transition times and timing of input signals.

Note 7: Vop =Vgg +2Vand Vg = Vgg + 0.8V are the reference levels for measuring timing of tco and tacc-

Note 8: taocc = tco * tr + tac. For test purposes t; = 5 ns.

Note 9: For minimum cycle time, tpmop < 35 ns. )

Note 10: If Dy is forced prior to Doyt becoming high impedance (typ(mAX)), then maximum ambient temperature should be
derated by {Tgy/TcycLE)(35°C). Where Tgy is time between forcing Dy and Doyt becoming TRI-STATE™.

Note 11: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = |At/AV with the current
equal to a constant 20 mA.

Switching Time Waveforms (continued)

Refresh Cycle (Note 5)

tac —»| Tey
- (50) |
tAH
wons K], —
: |
(B) t7 ——2~] “ce) [t (5)
___ 125)
ABLE . . N
CHIP ENAB N
(-20) (80)
e —»| jdt— [e——toc—>
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MM4280

‘ National
Semiconductor

MOS RAMs

MM4280 4096-bit dynamic random access read/write memory

with extended temperature range
general description

National's MM4280 is a 4096 word by 1 bit dynamic
RAM. It incorporates the latest memory design features
and can be used in a wide variety of applications, from
those which require very high speed to ones where low
cost and large bit capacity are the prime criteria.

The MM4280 must be refreshed every 1 ms. This can be

"~ accomplished by performing a read cycle at each of the

64 row addresses (AO—AS5). The chip select input can
be either high or low for refresh. Addresses (A6—A11)
must have a stable address during the refresh cycle.
Any address is satisfactory as long as the address set-up
and hold times are met. The chip select input can be
either high or low for refresh.

The MM4280 has been designed with minimum produc-
tion costs as a prime criterion. It is fabricated using
N-channel silicon gate MOS technology, which is an ideal
choice for high density integrated circuits. The MM4280
uses a single transistor cell to minimize the device area.

The single device cell, along with unique design features
in the on-chip peripheral circuits, yields a high perfor-
mance memory device.

features

Extended temperature range: —55°C to +85°C
Organization: 4096 x 1

Access time 270 ns maximum

Cycle time 470 ns minimum

Easy system interface

® One high voltage input—chip enable
® TTL compatible—all other inputs and outputs
Address registers on-chip

Simple read-modify-write operation

[ ]
s TRISTATE® output
n
-

Industry standard pin configuration

block diagram

RW
l CONTROL

WeG2)
=3
L LATCH)
A1 (8) ]
A1 (3) =t
LY p—
5
AB(21) et
AT 2 e & /\
AG{19) eeed =i 6
AS (15) e g \Ad
A4 (14) mmnnend 5 »{ coLumn DECODER (1:64) 4—>I auls/g:n I
A3 (13) =mmeee] ]
A2 (10) — SENSE AMPLIFIERS (64) T 1
A1 (9) emm— o Dour
AD (8) et g @&
t g MEMORY
b 6 S ARRAY
g 4096 BITS
TIMING g
CE(ID & E— =
CONTROL
Vpp (18) e 412V
Vgs (22) smmmmnm OV
Vg {1) e 5V
veg (1) 5V
Memory Inverts From Data In to Data Out
Pin Numbers
AO—A11 Address Inputs * VBB Power (—5V)
CE Chip Enable Vee Power (+5V)
cs Chip Select VpD Power (+12V)
DiN Data Input Vss Ground
DouT Data Output WE Write Enable
NC Not Connected

* Refresh Address AO—AS

connection diagram
Dual-In-Line Package

Vgp i .lz.vss
2
A9~ b— a8
]
mo— }— a7
1!
A= LY
/
18
[ 2 vop
o < F e
16
g0t - —ne
- 1S a5
Ryl LW
YRl L2 0
11 12
Voo — }—we
TOP VIEW
Order Number MM4280D
See Package 5A

logic symbol

AD
Al
A2
A3
A4
A5
AB
A7
A8
A3
A10
Al

€S CE WE

Dy

HEEEEENEENE

156




absolute maximum ratings (Note 1) : '

08ZYNIN

Operating Temperature Range —55°C to +85°C

Storage Temperature —65°C to +150°C

Voltage on any Pin Relative to Vgg —0.3V to +20V
(Vgs —Vpg > 45V) :

Power Dissipation 1.25W

dc electrical characteristics
Ta =-55°C to +85°C, Vpp = 12V 5%, Vcc = 5V 5%, Vgp (Note 2) = -5V +10%, Vss = OV, unless otherwise noted.

PARAMETER | CONDITIONS MIN TYP MAX UNITS
[N} Input Load Current - VN = 0V to VjH max, (All Inputs 0.01 10 MA
- Except CE) o
e Input Load Current VN = 0V to Vg max : 0.01 10 LA
Lol Output Leakaée Current Up For | CE = Vi cor CS=V|H, Vo =0V to 525V 0.01 10 HA
High Impedance State
IpD1 VppD Supply Current During CE= -1V 10 0.6V, (Note 4) i 110 200 LA
CE “OFF” '
IpD2 VpD Supply Current During CE = V|HC. Ta = 25°C i - 20 50 mA
CE “ON"
IDDAV1 Average Vpp Current Cycle Time = 470 ns, tcg = 300 ns 35 70 mA
lcct VG Supply Current During CE = V¢ or CS = V|H (Note 5) 0.01 10 HA
CE “OFF"
IsB VB Supply Current Average 5 100 HA
ViL Input Low Voltage tT=20ns -1.0 0.6 \
ViH Input High Voltage ' 22 Veett \
VviLe CE Input Low Voltage ‘ -1.0 1.0 \Y
VIHC CE Input High Voltage Vpp-1 Vpp+1 \
VoL Output Low Voltage loL=2mA 0 0.45 \
VOH Output High Voltage IoH =—2 mA 24 Vee \

Note 1: “'Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating
Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics’”
provides conditions for actual device operation. )

Note 2: All voltages referenced to Vgg and Vgg must be applied before and removed after other supply voltages.

Note 3: Typical values are for Ta= 25°C and nominal power supply voltages.

Note 4: The Ipp and Icc currents flow to Vgs. The Igp current is the sum of all leakage currents.

Note 5: During CE “ON" V¢ supply current is dependent on output loading, Vg is connected to output buffer only.

ac electrical characteristics Ta =-55°C to +85°C, Vpp = 12V 6%, VcC = 5V 5%, Vg =—5V £10%

PARAMETER CONDITIONS | mwv [ e [ max | uwits

READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE

tRefF  Time Between Refresh 1 ms

tAC Address to CE Set-Up Time tAC is Measured From End of Address Transition 0 ‘ ns

tAH Address Hold Time : 100 ns

tce CE “OFF” Time ' 130 ' ns

tT CE Transition Time 10 40 ns

tCF CE "“OFF" to Output High 0 ns

impedance State

READ CYCLE

ey Cycle Time 470 ns

tCE CE “ON"" Time 300 3000 ns
CLOAD =50 pF, Load =1 TTL Gate, Ref =2V,

tco CE Output Delay A 250 ns
tACC =tACcttico+1 t

tACC  Address to Qutput Access CceTtactico T 270 ns

twL  CEtoWE i 0 ns

twe WE to CE “ON" 0 . ns
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MM4280

ac electrical characteristics (Continued)

PARAMETER CONDITIONS I MIN l TYP [ MAX | UNITS

WRITE CYCLE

tey Cycle Time 470 ns
tCE CE ““ON” Time 300 3000 ns
w WE to CE “OFF” 150 ‘ns
tcw  CEtoWE tT=20ns 130 ns
tp DN to CE Set-Up 150 ns
tDH DN Hold Time 0 ns
twp WE Pulse Width 50 ns

switching time waveforms

ADDRESS
ANDTS

CE

WE

Dout

ADDRESS
AND TS

CE

WE

Note 1:
Note 2:
Note 3:
Note 4:
Note 5:
Note 6:

Read and Refresh Cycle @

| tey (470)
Yy \ )
Vi ~\ S5 + \
5ADDRESS VALID :X ADDRESS CAN CHANGE XM DRESS VALID
ViL
: [=ta (100) (20) -] fu—e  —=] [ty (20)
tac (0) an 1001 tog (300) il i
Vine ®
ViLe ® ]
_” - — [=—r1gg (130)
ViH
WE CAN
v cm\n.J
IL —
teg (250) —=
VOH == f= = ® —
HIGH T
v—’l k IMPEDANCE VA"'"ﬂI— MPEDANCE
oL = — MPEDANC
tacc (270) = tcF (0}
Write Cycle
Vi | n tgy (470)
ADDRESS vmnx ADDRESS CAN CHANGE X
viL
<ty (100 —] |ty (20
tag (0) an (100)—] tge (300) T e
Vi 5
‘ ® ty (150) \-
ViLe i I B
I tew (130) —| tog (130) j=—
Viy — WW(5Q -
WE CAN CHANGE WE CAN CHANGE
viL tpy (0
tp (150) = I'_ OH
Y D)y CAN CHANGE X Dy VALID Dyy CAN
N N IN J\ CHANGE
viL |
VUH - —-— ———
| HIGH . HIGH_,_
VoL b — \upenance / UNDEFINED FREDANGE| \
I—-—tcp {0)

For refresh cycle, row and column addresses must be stable before toc and remain stable for entire toH period.
VL max is the reference level for measuring timing of the address, CSand DIN-

V|H min is the reference level for measuring timing of the addresses, CS and Djp.

Vgg + 2V is the reference level for measuring timing of CE.
Vpp — 2V is the reference level for measuring timing of CE.
Vgg + 2V is the reference level for measuring the timing of DoyT for a high output.
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ac electrical characteristics (Continued) Ta = —55°C to +85°C,Vpp = 12V #5V 5%,V gg = -5V £10%

08ZYWI

PARAMETER | CONDITIONS | min [ rve | wmax | uwits

READ/MODIFY/WRITE CYCLE

tRWC Read/Modify/Write (RMW) B 590 - ns

Cycle Time

tCRW CE Width During RMW 420 . 3000 ns
twe  WE to CE “ON” 0 ns
w WE to CE "OFF" ‘ 150 ns
W WE Pulse Width 1T =20 ns, C 0AD = 50 pF, Load = 1 TTL Gate, 50 ns

Ref =2V, tacc =tACc +tcO+ 11T

. tD Din to CE Set-Up 150 ns
tDH DN Hold Time 0 ns
tco CE to Output Delay » A 250 ns
wo  WE to Doyt Invalid : 0 ns
tACC  Access Time ) . 270 ns
CAPACITANCE (Note 1) TA = 26°C .

CAD  Address Capacitance, CS VIN = Vss 2 6 pF
Cce CE Capacitance VIN = Vss 15 25 pF
CouyT ' Data Output Capacitance VouyTt =0V 5 ‘ 10 pF
CIN - 'D)n and WE Capacitance VIN = Vss ‘ 4 6 . pF

" Note 1: Capacitance measured with Boonton Meter or effective capacitance caliculated from the equation C = 1At/AV with the current
equal to a constant 20 mA.

switching time waveforms (Continued)

Read Modify Write Cycle
" g 00 :
i :x ADDRESS VALID ADDRESS CAN CHANGE X
Viu
J=—tp {100)—~|
tAC (0 =T AH (a20). | o t7 201 —] 20) — :
Vike 26) L [~ T Note 1: WE must be high until end of tco.
ce ] Note 2: V|| max is the reference level for measuring
O p— timing of the address, CS, Dy and WE.
ViLe i © ' B Note 3: 'V min is the reference level for measuring
o T e [~ twp (50 [~ tec (130~ timing of the address, CS, D) and WE.
w N WE CAN CHANGE Note 4: Vgg +2V is the reference level for measuring
Vi ; — timing of CE.
in tp 150) o Note 5: Vpp — 2V is the reference level for measuring
L Dyy CAN CHANGE X Dy VALID K- O ean timing of CE. '
viL . Note 6: Vgg + 2V is the reference level for measuring
v ' the timing of Doy for a high output.
S ) ; her o o
C HIGH
o “|v bl W TMPEDANTE | &
Acc (270)——| ter @




MM5280

National
Semiconductor

MOS RAMs

MM5280 4096-bit dynamic random access memory

general description

National’s MM5280 is a 4096 word by 1 bit dynamic
RAM. It incorporates the latest memory design features
and can be used in a wide variety of applications, from
those which require very high speed to ones where low
cost and large bit capacity are the prime criteria.

The MM5280 must be refreshed every 2 ms. This can be
accomplished by performing a read cycle at each of the
64 row addresses (A0O—AbB). The chip select input can
be either high or low for refresh.

The MM5280 has been designed with minimum produc-
tion costs as a prime criterion. It is fabricated using
N-channel silicon gate MOS technology, which is an ideal
choice for high density integrated circuits. The MM5280
uses a single transistor cell to minimize the device area.
The single device cell, along with unique design features

in the on-chip peripheral circuits, yields a high perfor-
mance memory device.

features

® QOrganization: 4096 x 1

B Access time 200 ns maximum
® Cycle time 400 ns minimum
[]

Easy system interface
@ One high voltage input—chip enable
® TTL compatible—all other inputs and output

Address registers on-chip
TRISTATE® output

Simple read-modify-write operation
Industry standard pin configuration

block and connection diagrams

- [Tom I
Weu2) ] controL

s lACTSCH
P Dual-In-Line Package
ATl (8) e
S Vs A8 A7 A6 Vpp CE NC A5 A4 A3 WE
49(2) el
A8 (21) e ¢ [zz 21 Joo Jis Jiu Jir fis fis fa fus qu
AT (20) e &
LT p— 6
25 (15 ——o] £ A
s )
A4 (14) e E] ] COLUMN DECODER (1:64) Q—’l BUFFER l
A3 (13) ——t s
AZ(10) =] SENSE AMPLIFIERS (64)
A {9) e— O Dour
AD (8) =t g ©
] =
t 2 MEMORY
3 6 3 ARRAY
2 4096 BITS
2 1 Z |3 |« 5 s |7 |8 J¢ [u |
TIMING §
cetm contRoL Ve A3 A0 AIl E§  Dn Oog; A0 AT A2 Ve
Vo (18) w412V . TOP VIEW
e Order Number MM5280D
e . See Package 5
[T p——
Pin Names
AO0—A11  Address Inputs™ Vgg Power {—5V)
CE Chip Enable Vee Power (+5V)
cs Chip Select Vop Power (+12V)
Din Data Input Vgs Ground
Dout Data Output WE Write Enable
NC Not Connected

*Refresh Address AO—A5
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absolute maximum ratings (Note 1)

Operating Temperature Range 0°C to +70°C Supply Voltages Vpp, Vg and Vgg with —0.3V to +20V
Storage Temperature —65°C to +150°C Respect to Vgg
All Input or Output Voltages with Respect —0.3V to +25V Power Dissipation 1.25W

to the Most Negative Supply Voltage, Vg

dc electrical characteristics
Ta =0°Cto +70°C Vpp = +12V 5%, Ve = +5V £5%, Vgg (Note 2) = =5V £5%, Vgg = OV, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
[ Input Load Current Vin =0V to Vyy max, (All Inputs . 0.01 10 HA
Except CE) ‘

e Input Load Current Vin =0V to V¢ max 0.01 10 MA

ol Output Leakage Current Up For | CE =V, ¢ or CS =V, Vo = 0V to 6.25V 0.01 10 HA
High Impedance State

lop1 Vpp Supply Current During CE ==1V to +6V, Note 4 110 MA
CE “OFF”

lop2 Voo Supply Current During CE=V e, Ta=25°C 20 mA
CE “ON"

lop av1 Average Vpp Current Th =25°C Cycle Time = 400 ns, tcg = 230 ns 35 mA

Ipp av2 Average Vpp Current Cycle Time = 1000 ns, tcg = 230 ns 15 mA

leer Ve Supply Current During CE=V, cor Cs = V u.(Note 5) 0.01 10 uA
CE “OFF"”

lgs Vgg Supply Current Average 5 100 HA

Vie Input Low Voltage tr =20 ns (Figure 4) -1.0 0.6 v

Vin Input High Voltage 2.4 Veet! Vv

Vie CE Input Low Voltage -1.0 1.0 \

Vine CE Input High Voltage Vpp—1 Vpp+1 A"

VoL Output Low Voltage loL =2.0mA 0.0 0.45 \

Vou Output High Voltage . low =—2.0mA 2.4 Vee \

Note 1: ““Absolute Maximum Ratings’” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Tem-
perature Range’ they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics’’ provides
conditions for actual device operation.

Note 2: The only requirement for the sequence of applying voltage to the device is that Vpp, Ve, and Vgs should never be 0.3V more negative
than Vgg.

Note 3: Typical values are for T = 25°C and nominal power supply voltages.

Note 4: The Ipp and I currents flow to Vgg. The Igg current is the sum of all leakage currents.

Note 5: During CE “ON" V¢ supply current is dependent on output loading, V¢ is connected to output buffer only.

ac electrical characteristics T, =0°C to +70°C, Vpp = 12V 5%, Ve = 5V £5%, Vg = —5V 5%

symeoL | PARAMETER | CONDITIONS [ mn [ 1ve [ max [ unis
READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE
tRer Time Between Refresh 2 ms
tac Address to CE Set-Up Time tac is Measured From End of Address Transition 0 ns
tan Address Hold Time 50 ns
tec CE "“OFF" Time 130 ns
tr CE Transition Time 10 40 ns
ter CE ““OFF" to Output High 0 ns
Impedance State
READ CYCLE
tey Cycle Time 400 ns
tce CE “ON" Time 230 3000 ns
teo CE Output Delay CLoap =50 pF, Load =1 TTL Gate, Ref = 2.0V, 180 ns
tacc Address to Output Access face = tac *teo F1tr 200 - ns
twi CE to WE 0 ns
twe WE to CE “ON” 0 s
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ac electrical characteristics (con’t)

Ta =0°Cto +70°C, Vpp = 12V +5%, Ve = 5V 6%, Vgg = —5% 5%

svmeoL | PARAMETER [ CONDITIONS [ min T vve | wax | units

WRITE CYCLE
tev Cycle Time 400 ns
tee CE ““ON" Time 230 3000 ns
tw WE to CE “OFF” 150 ns
tew - CE to WE tr=20ns 100 ns
1o D,y to CE Set-Up 150 ns
ton D,y Hold Time 0 ns
twe WE Pulse Width 50 ns

switching time waveforms

Read and Refresh Cycle®

| tcy (400)
Vi ) ;
A o :X ADDRESS VALID K ADDRESS CAN CHANGE XA[DRESSVAI.ID
Vi 3
Lt (50 tr (20 tr (20
e 0 ety (50) e 20 r 20— |e— ] |ty (20)
Vine ®
cE
Viee ® ) B
— le—rtcc (130) .
v — [ tac @ | '
WE "WE CAN WE CAN
v, CHANGE CHANGE
1L —
teo (180) | =tw @
Vou = fm = = —
— \- HicH . HIGH
T ! IMPEDANCE VALID—AD, | [TWPEDANCE |
o et MPEDANC
tacc (200) = |=tcr (0)
Write Cycle
| - ey (400)
VIH
ADDRESS ADDRESS VALID ADDRESS CAN CHANGE X
ANDCS ©) )(
: tan (50 ~—1r (20)
tac (O] (7120 ] tce (230) - T et 200
c
© .
e (150)
t (150
Vie ._'l'®
I tew (100) —| e (130) e
Vi = twe (60) [~ -
WE WE CAN CHANGE WE CAN CHANGE
ViL T
to (150) "y f*— o
Vi Dy CAN
By : Din CAN CHANGE Dy VALID CHANGE
VIL I
Vou = == = — —_———
Tom  — HIGH / UNDEFINED HIGH_,
o b TMPEDANCE IMPEDANCE
] feter (0)

Note 1: For refresh cycle, row and column addresses must be stable before tac and remain stable for entire ta, pevihd.
Note 2: Vy_ max is the reference level for measuring timing of the address, TS and D,y
Note 3: Vyyy min is the reference level for measuring timing of the addresses, CS and Dy

Note 4: Vgg + 2.0V is the reference level for measuring timing of CE.
Note 5: Vpp - 2V is the reference level for measuring timing of CE.

Note 6: Vgg + 2.0V is the reference level for measuring the timing of Doy for a high output.
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ac electrical characteristics (con‘t)
Ta =0°Cto +70°C, Vpp = 12V 5%, Ve = 5V 5%, Vgg =~5% +5%

08CSWNWIN

symsoL | PARAMETER | CONDITIONS [ min | vve | wmax | units
READ/MODIFY/WRITE CYCLE .
tawe Read Modify Write (RMW) 520 ns
Cycle Time
terw CE Width During RMW 350 3000 ns
twe WE to CE “ON” 0 ns
tw WE to CE “OFF” . 150 ns
_ tr =20ns, C oap =50 pF, Load = 1 TTL Gate,
twe WE Pulse Width Ref = 2.0V, taoo = tac + teg + 1ty 50 ns
tp Dy to CE Set-Up ' 150 ns
ton D,y Hold Time 0 ns
tco -CE to Output Defay 180 ns
two WE to 6:;,'- Invalid 4]
tace Access Time 200 ns
CAPACITANCE (Note 1) . Ta =25°C
Cap Address Capacitance, CS Vin = Vss 2 pF
Cce CE Capacitance Vin = Vss 15 pF
Cout Data Output Capacitance Vour =0V 5 pF
Cin D,y and WE Capacitance Vin = Vss 4 pF

Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = |At/AV with the current
equal to a constant 20 mA.

switching time waveforms (con‘t)

Read Modify Write Cycle

“'i'mf% X!;/ ADDRESS VALIDX ADDRESS CAN CHANGE X
i %
b tay (50—
tac ()] [4=tan (50) | teaw (350) [~ tr (20— [~—tr (20)
Vine ®
CE v X
tyw (150)
Vie ® i i
—d-l —twc (0) ~=twe (50 = tec (1301
vIH

WE / ®\ WE CAN CHANGE
VIL r

{ 1o (150) | e @
Vi >( Dy CAN
Din Din CAN CHANGE Dy VALID ClllNANGE
Vi )
teo (180) twoio
VoH ma e -
5 HIGH 6 HIGH
D ALID UNDEFINED r—o —=]
Rl y :k IMPEDANCE j VAL IMPEDANCE
OL = == = - —
tace (200) — fe—tcr (0)

"Note 1: WE must be high until end of tco.

Note 2: V;, max is the reference level for measuring timing of the address, €S, Djy and WE.
Note 3: Vyy, min is the reference level for measuring timing of the address, CS, Dy, and WE.
Note 4: Vgg + 2.0V is the reference level for measuring timing of CE.

Note 5: Vpp — 2V is the reference level for measuring timing of CE.

Note 6: Vss + 2.0V is the reference level for measuring the timing of Doyr for a high output.
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MM5280A

National
Semiconductor

MOS RAMs

MM5280A 4096-Bit Dynamic Random Access Memory

General Description

National’'s MM5280A is a 4096 word by 1 bit dynamic
RAM. It incorporates the latest memory design features
and can be used in a wide variety of applications, from
those which require very high speed to ones where low
cost and large bit capacity are the prime criteria.

The RAM must be refreshed every 2 ms. This can be
accomplished by performing a cycle at each of the 64
row addresses (AO—ADB).

Addresses (A6—A11) must have a stable address during
the refresh cycle. Any address is satisfactory as long as
the address set-up and hold times are met. The chip
select input can be either high or low for refresh.

The MM5280A has been designed with minimum pro-
duction costs as a prime criterion. It is fabricated using
N-channel silicon gate MOS technology, which is an ideal
choice for high density integrated circuits. The MM5280A
uses a single transistor cell to minimize the device area.
The single device cell, along with unique design features
in the on-chip peripheral circuits, yields a high perfor-
mance memory device,

In every cycle where Chip Select is active (CS low),
regardless of when or if the Write pulse occurs, previous
data contained by the addressed cell will appear on
DOUT at tacc. This unique feature allows Read-While-
Write cycles to be performed using minimum Write
cycle timing.

Features

B Pin compatible with MM5280

® Standard power supplies, 12V, 5V, -5V
m Easy system interface

One high level input—chip enable
All other pins TTL compatible

TRI-STATE® output

Organized 4096 x 1

Inputs protected against static charge

Simple Read-Modify-Write operation
Read-While-Write capability

Address and chip select registers on-chip

Industry standard 22-pin DIP

Non-latching Dy input simplifies write and RMW
timing

= Access time
MM5280A: 150 ns
MM5280A-2: 125 ns
MM5280A-1: 100 ns

Cycle time, Read, Write, Read-While-Write
MM5280A: 280 ns
MM5280A-2: 245 ns
MM5281A-1: 210 ns

Cycle time, Read-Modify-Write
MM5280A: 330 ns
MM5280A-2: 285 ns
MMS5280A-1: 240 ns

Connection Diagram and Logic Symbol

Dual-In-Line Package

1
Vg — Vss —dn0
21 et A1
e = — A2
Mu..}. |20 AT — s O p—
3 19 i
At L 16 Order Number MM5280AD o
See Package 4 A7
5 18 Order Number MM5280AN - e
— —v —
w 0o See Package 17 -1 A8 Pout
17 Order Number MM5280AJ —] AG
DN —— b—CE See Package 10B —Ja10
JR— — A1
Sgut ~ r1—6-m: ] clc wls
AD—E‘ iﬁ AS
Pin N
A]—g— -]i " 1IN Names
10 1 *A0—A11 Address Inputs VBB Power (—5V)
Az = A3 CE Chip Enable Vee Power (5V)
Cs Chip Select VDD Power (12V)
1 12 __
Voo — — WE Din Data input Vss Ground
DouT Data Output WE Write Enable
TOP VIEW NC Not Connected

*Row address AO—AS
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Absolute Maximum Ratings (Note 1)

Operating Temperature Range 0°C to +70°C Voltage on Any Pin Relative to VBB ~0.3V to +20V
Storage Temperature —65°C to +150°C (Vss — VBB > 4.5V) .
Power Dissipation 1.25W Lead Temperature (Soldering, 10 seconds) 300°C

VO8ZSWN

DC Electrical Characteristics ,
Ta = 0°C to +70°C, Vpp = 12V 6%, VcC = 5V 5%, Vg (Note 4) = —5V +5%, Vgg = OV, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN | TYP(2)] MAX UNITS /
I} input Leakage \I:E?Jn;:rv"":s,t": ;\?V to VIH Max, Pins 0.01 { 10 HA
o ?r:::::n':a:::°' High ! G- VL VouT - OV 10525V 001 | 10 A
IpD1 XE g:;’pp'y Current D”fi"g CE= -1V t0 0.6V ‘ 100 | - A
1502 ZEDgSupply Current During CE = ViHe 10 mA
Minimum Cyﬁle Timing, MM5280A 37 35
!DDAV1 Average Vpp Current (Note 3) MM5280A-2 40 50 mA
MM5280A-1 44 56
IDDAV?2 Average Vpp Current Tcy =400 ns, Min tcg and tr, (Note 3) 24 32 mA
IDDAV3 Average Vpp Current Tgy = 1000 ns, Min tcg and t7, (Note 3) 10 13 mA
IBB Average Vg Current 5 100 uA
ViL Input Low Voltage (Note 4) -1.0 0.6 v
VIH Input High Voltage (Note 4) 24 Voot Vv
ViLe CE Input Low Voltage (Note 4) -1.0 1.0 \Y
VIHC CE Input High Voltage {Note 4) Vpp-1 Vpp+1 \
VoL Output Low Voltage loL =2 mA, (Note 4) 0.0 0.45 \Y
VoH Output High Voltage 10H = —2 mA, (Note 4) 24 Vce \%
AC Electrical Characteristics
Ta=0°Cto +70°C, Vpp = 12 6%, VB = —5 +5% (Note 4), Vs =0, tT = 10 ns
MM5280A-1 MM5280A-2 MM5280
SYMBOL PARAMETER QONDITIONS N 2I MAX MIN ' l\:AX MIN l MAX UNITS
COMMON TO ALL CYCLES.
tREF Time Between Refresh (Note 5) 2 2 2 ms
tAC Address and Chip Select (1] 0 0 ns
to CE Set-Up Time
tAH Address and Chip Select 40 40 40 ns
Hold Time
Tce CE OFF Time 80 90 100 ns
T CE Transition Time (Note 6) 5 40 10 40 10 40 ns
tCF CE OFF to Open Output 0 0 0 ns
READ CYCLE
tcy Cycle Time 210 245 280 ns
tCE CE ON Time 110 3000 135 | 3000 160 3000 ns
tco CE to Output Access (Note 7) 0 115 140 ns
tACC Address to Output Access (Notes 7 and 8) | 100 125 150 ns
twi - CE OFF to WE 0 0 0  ons
twe WE to CE ON 0 0 0 ns
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MM5280A

AC Electrical-Characteristics (continued)
TA=0°C to +70°C, Vpp = 12+56% Vgg = —5 +5% (Note 4) Vgg=0, tT = 10 ns

SYMBOL PARAMETER CONDITIONS MI5280A1 MIM5280A 2 MIM=280 UNITS
miN [ max | min | max | min | max

WRITE AND READ-WHILE-WRITE CYCLE

ey Cycle Time 210 245 280 ns
tCE CE ON Time 110 3000 135 3000 160 3000 ns
tow CE ON to WE 50 60 70 ns
w WE to CE OFF 30 40 50 ns
twp WE Pulse Width 30 40 50 ns
tD ’ DN to CE OFF Set-Up Time 30 40 50 ns
tDH D|N Hold Time 0 0 0 ns

Switching Time Waveforms Read Cycle

— tacc

ADDRESS
AND TS

7%

Sy

\

— ity

Tey
fe—tan j
CE tce
/ A

S

~

tco

—={uwy

WY

ADDRESS -
ANDTS

El,

/L ow | |- Do —\
VALID OPEN
tace — o
Write and Read-While-Write Cycle
Tey
____,A"_Q{@
teE Tce
A& Z
7 fow - 7

t__.
) e

f

— D,
LT _\

co

Vi

Doyt
VALID

tacc

|
|
1




AC Electrical Characteristics (Continued)
TA=0°C to +70°C, Vpp = 12 £5%, VBR = —5 +5% (Note 4) Vgg =0, tT = 10 ns

VO8ZSWWIN

SYMBOL PARAMETER CONDITIONS MM5280A-1 MM5280A-2 MMS5280 UNITS
min | max | min ] max | miN | max
READ-MODIFY-WRITE CYCLE
TRWC Read-Modify-Write Cycle Time | {(Note 9) 240 285 330 ns
TCRW Read-Modi’fy-Write CE ON Time 140 3000 175 3000 210 3000 ns
oW CE ON to WE 50 - 60 70 ns
tWwp WE Pulse Width 30 40 50 ns
W WE to CE OFF 30 40 50 ns
D DN to CE OFF Set-Up Time ' 30 40 50 ns
tDH DN Hold Time 0 0 0 ns
tCO CE to Output Access (Note 7) 20 115 ’ 140 ns
tACC Address to Output Access (Notes 7 and 8) 100 125 ‘ 150 ns
Capacitance (Note 10) Ta =25°C
SYMBOL ) PARAMETER CONDITIONS MIN TYP ‘MAX UNITS

CAD Address Capacitance, CS VIN = Vss 2 pF

Cce CE Capacitance ViN = Vss 15 pF

CouTt Data Qutput Capacitance VouT =0V . 5 pF

CIN DN and WE Capacitance VN = Vss 4 pF

Switching Time Waveforms (Continued)

Read-Modity-Write Cycle (Note 9)

ft——— tAH ———|

ce

cRW

CE . Sty

" 7 Ve i 00007

| tp ~—en]

tco D

Bour OPEN _—\ / Dgut VALID OPEN :

tace CF
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AC Electrical Characteristics (continued)
Ta =0°Cto +70°C, Vpp = 12 5%, VgB = —5 *5% (Note 4) Vgg = 0, tT = 10 ns

SYMBOL PARAMETER CONDITIONS |—— 528041 MM5280A 2 MM5280 UNITS
) MIN | MAX MIN MAX mIN | max

REFRESH CYCLE

tcyY Cycle Time 210 245 280 ns
tCE CE ON Time 110 3000 135 3000 160 3000 ns
tce CE OFF Time 80 Q0 100" ns
tAC Address and Chip Select to 0 0 0 ns

) CE Set-Up Time
tAH Address and Chip Select Hold 40 40 40 ns
Hold Time
T CE Transition Time (Note 6) 5 40 10 40 10 40 ns

Note 1: ‘*Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot be guaranteed. Except for *Opera-
ting Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of “’Electrical
Characteristics’ provides conditions for actual device operation.

Note 2: Typical values are at 25°C, typical power supply voltage.

Note 3: The equation for defining Ipp (AVE) is:

1 + t 1
{Max) IDD(AVE) =(—°;EEY—’) 150 + (ch

where tcEg, t; and Tgy are expressed in nanoseconds and the resultant Ipp (AVE) is expressed in millamps.

Note 4: All voltages referenced to Vgg. When applying voltages to the device Vpp or Vgg should never be 0.3V more negative than Vgpg.
Note 5: For Refresh Cycle, Row and Column Addresses must be stable before tpc and remain stable for entire taoy period.

Note 6: For test purpose, input levels should swing between OV and 3V. V|4(mIN) and Vi (MAX) are reference levels for measuring
transition times and timing of input signals.

Note 7: VoH = Vgg + 2.0V and Vg = Vgg + 0.8V are the reference levels for measuring timing of tcg and tacc-

Note 8: taoCc = tco *tr + tag- For test purposes t; = 10 ns.

Note 9: For minimum cycle time, tpy = 10 ns.

Note 10: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = |At/AV with the current
equal to a constant 20 mA,

)10.0x103

Switching Time Waveforms (continued)

Refresh Cycle (Note 5)

tac Tey

N
ADDRESS

fe—— AR ——‘

tcE tce
.
CE
—“——_"_ fa———tAH C——]
[ E— —lty




Block Diagram

_ . WE BW
WE(12) ===, aTcH ] contror
£y
cs
B LATCH|
——
A1 (4) e
A0 () —— -
Jr Y pu—
[
AB (21) =t
Yy p— E
AG (19) md = 6 .
2 AA A4
A5 (15) e "
&
A4(10) i B COLUMN DECODER (1:64) 4—o| aumnl .
A3(13) ——— 6
A2 (10) ——op 4 | sense ampuiricns s T
A1(8) —— By Doyt
A0 (8) —— 3 ® o
t 2 MEMORY
b 5 5 ARRAY
2 4096 BITS
8
TIMING g
CE (17) e —_— 2
CONTROL
Vpp (18) +2v

Vs (22) —— v
Vgg (1) e 5V
veg (1)

+5V

Memory inverts from Data In to Data Out

Pin Names

*A0—-A11 Address Inputs
CE Chip Enable
Cs Chip Select
Din Data Input
DouTt Data Output
NC Not Connected
VBB Power (—5V)
Vee Power (5V)
Vpp Power (12V)
Vss Ground
WE Write Enable

*Row address AO—AS
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MM5280-5

National MOS RAMs
Semiconductor

MM5280-5 4096-bit dynamic random access read/write memory

general description features
The MM5280-5 is a slower speed version of National’s ® Access time—270 ns
MM5280. Please refer to the MM5280 specification ® Cycle time—470 ns

for pin configuration, block diagram and switching
time waveforms. )

absolute maximum ratings (Note 1)

Operating Temperature Range 0°C to +70°C Order Number MM5280D-5
Storage Temperature —65°C to +150°C See Package 5
All Input or Output Voltages with Respect —0.3V to +25V
to the Most Negative Supply Voltage, Vgg
Supply Voltages Vpp, Vg and Vgg with ~0.3V to +20V
Respect to Vgg
Power Dissipation 1.25W

dc electrical characteristics ‘ .
Ta =0°Cto +70°C Vpp = +12V £5%, Ve = +6V 156%, Vgg (Note 2) = =5V £5%, Vgg = OV, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
[IN] Input Load Current VN =0V to V,y max, (All Inputs 0.01 10 HA
Except CE)

lie Input Load Current Vin =0V to Ve max 0.01 10 MA

ol Output Leakage Current Up For | CE =V, ¢ or CS = V4, Vg = OV to 5.25V 0.01 10 KA
High Impedance State

oo Vpp Supply Current During CE=-1V to +6V, Note 4 . 110 MA
CE "“OFF" :

loo2 Vpp Supply Current During CE =V e, Ta =25°C 20 mA
CE ""ON"

Ipp Av1 Average Vpp Current T, =25°C Cycle ‘!‘ime =400 ns, tcg = 230 ns 35 mA

lop av2 Average Vpp Current Cycle Time = 1000 ns, tcg = 230 ns 15 mA

leet Ve Supply Current\During CE =V, ¢ or CS =V ,(Note 5) 0.01 10 uA
CE "OFF"

lgs Vgg Supply Current Average 5 100 HA

Vi input Low Voltage tr=20ns -1.0 0.6 v

Vi " Input High Voltage 24 Vet \Y

ViLe CE Input Low Voltage -1.0 1.0 \2

Vine CE Input High Voltage Vpp—1 Vppt+1 \

Vou Output Low Voltage lo, =2.0mA 0.0 0.45 v

Von Output High Voltage lop =—2.0mA 24 Vee \

Note 1: “‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘’Operating Tem-
perature Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics’’ provides
conditions for actual device operation. .

Note 2: The only requirement for the sequence of applying voltage to the device is that Vpp, Vg, and Vgg shouid never be 0.3V more negative
than Vgg.

Note 3: Typical values are for T = 25°C and nominal power supply voltages.

Note 4: The Ipp and I¢c currents flow to Vgg. The Igg current.is the sum of all leakage currents.

Note 5: During CE “ON"" V¢ supply current is dependent on output loading, Vg is connected to output buffer only.
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ac electrical characteristics
Ta =0°Cto +70°C, Vpp = 12V 5%, Ve = 5V £5%, Vgg = —5V 6%

G-08ZSNN

symeoL | PARAMETER ] CONDITIONS [ min | 1ve | wmax | unirs
READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE '
ther Time Between Refresh ' 2 ms
tac ' Address to CE Set-Up Time tac is Measured From End of Address Transition 0 ns
tAn Address Hold Time 50 ns
tee CE “OFF" Time 130 ' ns
tr CE Transition Time 10 40 ns
ter CE “OFF" to Output High 0 ns
Impedance State

READ CYCLE
tey Cycle Time . 470 ns
tce CE "“ON" Time - 300 " 3000 ns
teo CE Output Delay CLoap =50 pF, Load =1 TTL Gate, Ref = 2.0V, 250 ns
tace Address to Output Access tace Ztac Fleo T 1tr 270 ns
twi CE to WE : ‘ ‘ 0 ns
twe WE to CE “ON" 0 ns
WRITE CYCLE
tey Cycle Time 470 ns
tee CE “ON" Time ‘ 300 3000 ns
tw WE to CE "OFF” 150 ns
tew CE to WE ty'=20ns 130 ns
tp Dyn to CE Set-Up ) 150 ns
ton DN Hold Time ) ’ 0 ns
typ WE Pulse Width o 50 Cns
READ/MODIFY/WRITE CYCLE

T tawe Read Modify Write (RMW) ‘ 590 s

Cycle Time .
terw © CE Width During RMW ‘ 420 3000 ns
twe WE to CE "ON" . o ns
tw WE to CE "OFF" ‘ 150 ns
twe WE Pulse Width :e:fglgi/' Ct'AOC‘;D: jff f':c:’fdi : TTL Gere, 50 ns
I Dn to CE Set-Up 150 s
ton Dy Hold Time ' . 0 ) ns
tco CE to Output Delay i L 250 ns
two WE to Do—uT Invalid R . o
tace Access Time . 270 ns
CAPACITANCE (Note 1) Ta=25C

Cap " Address Capacitance, CS ‘Vin = Vgs 2 pF
Cee CE Capacitance Vin = Vgs 15 pF
Cour Data Outx;ut Capacitance Vour =0V . 5 pF
Cin D,y and WE Capacitance Vin = Vas ) ‘ 4 pF

Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = |At/AV with the current
equal'to a constant 20 mA.




MM5281

National
Semiconductor

MM5281 4096-bit fully TTL compatible dynamic random access memory

general description

National’s MM5281 is a 4096 word by 1 bit fully TTL
compatible dynamic RAM. It incorporates the latest
memory design features and can be used in a wide variety
of applications, from those which require very high
speed to ones where low cost and large bit capacity are
the prime criteria.

The MM5281 must be refreshed every 2 ms. This can be
accomplished by performing a read cycle .at each of the
64 row addresses (AO—AB). The chip select. input can
be either high or low for refresh.

The MM5281 has been designed with minimum produc-
tion costs as a prime criterion. It is fabricated using
N-channel silicon gate MOS technology, which is an ideal
choice for high density integrated circuits, The MM5281
uses a single transistor cell to minimize the device area.

MOS RAMs

The single device cell, along with unique design features
in the on-chip peripheral circuits, yields a high perfor-
mance memory device.

features

Organization: 4096 x 1

Access time 250 ns maximum
Cycle time 400 ns minimum

TTL compatible

Address registers on-chip
TRI-STATE® output

Simple read-modify-write operation

Industry standard pin configuration

block and connection diagrams

WE [ em I
WE(12) ] contRoL
—cs— Dual-In-Line Package
T8 =1 aren Vs AB AT A6 Voo TE NG A5 A4 A3 WE
AT (4) e Lzz 21 f20 s fis fiz e Jis fia fas lIZ
A10(3) et
XYt p—
A8 (21) wmemmree 8
-
A7(20) ] S )
[ p— 5
A5 (15) s é \A A4
-] . . 1/0
A4 (19) 2 P COLUMN (1:64) Q—bI BUFFEH—I
A3 (13) =t 6
A2 (10) =eee} d | sense ampLirieas o T l
A1(9) O Dour
AD(8) =t 3 ® 0
—t = T 12 I3 P[5 s 7 I8 |° Qo [
t MEMORY
4 8 RaY Vea A3 A0 ANl B D Oogr A0 Al A2 Ve
TIMING § TOP VIEW
a7 conmoL I Order Number MM5281D
See Package 5
Viop (1) s +12V
Vs (18) s OV
Vaa (1) mmm—— -5V
Pin Names
AO-A11  Address Inputs® Vag Power (-5V)
CE Chip Enable Vee Power (+5V)
cs Chip Select Voo Power (+12V)
Din Data Input Vgg Ground
Dout Data Output WE Write Enable
NC Not Connected

*Refresh Address AO—A5




absolute maximum ratings (Note 1)

Operating Temperature Range
Storage Temperature
All Input or Output Voltages with Respect
to the Most Negative Supply Voltage, Vgg

dc electrical characteristics
Ta =0°Cto +70°C Vpp = +12V 5%, Ve

0°C to +70°C
-65°C to +150°C
0.3V to +25V

Power Dissipation

Supply Voltages Vpp, Ve and Vgg with
Respect to Vgg

—0.3V to +20V

=+5V £5%, Vgg (Note 2) = =5V +5%, Vg = 0V, unless otherwise noted.

1.25W

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
I Input Load Current Vin = OV to Vg max 0.01 10 uA
o! Output Leakage Current Up For | CE =V, or CS = V,y, Vo = OV to 5.25V 0.01 10 HA

High Impedance State
lop1 Voo Supply Current During CE= Vin, 1 mA
CE “OFF"
loo2 Vpp Supply Current During CE=V, ,Ta=25°C 20 mA
CE “ON"
Ipp Aav1 Averaqe Vpp Current T, =25°C Cycle Time = 400 ns, tcg =240 ns 35 mA
Iop av2 Average Vo Current Cycle Time = 1000 ns, tcg = 240 ns 15 mA
lee Ve Supply Current During CE =V, or C5=V,,, (Note 5) 0.01 10 uA
CE "OFF"”
I'BB Vgg Supply Current Average 5 100 uA
Vi Input Low Voltage tt =10 ns (Figure 4) -1.0 0.6 \Y
Vin Input High Voltage 2.4 Veett Vv
Voo Output Low Voltage loL =2.0 mA 0.0 0.45 \
Vou Output High Voltage low =—2.0mA 2.4 Vee \Z

Note 1: “Absolute Maximum Rat‘ings" are those values beyond which the safety of the device cannot be guaranteed. Except for ““Operating Tem-
perature Range” they are not meant to imply that the devices should be operated at these limits. The table of “’Electrical Characteristics’’ provides

conditions for actual device operation.

Note 2: The only requirement for the sequence of appiying voltage to the device is that Vpp, Vg, and Vgg should never be 0.3V more negative

than Vgg.

Note 3: Typical values are for Tp = 25°C and nominal power supply voltages.

Note 4: The Ipp and Icc currents flow to Vgg. The Igg current is the sum of all leakage currents.
Note 5: DuringE_E."ON" Vg supply current is dependent on output loading, V¢ is connected to output buffer only.

ac electrical characteristics T, =0°Cto0 +70°C, Vpp = 12V 5%, Vo = BV 5%, Vgg = —5V £5%

symeor | PARAMETER ]

CONDITIONS

[ v [ 1ve [ max [ units

READ, WRITE, READ/MOD|FY/WRITE, AND REFRESH CYCLE

trer Time Between Refresh 2 ms
tac: Address to CE Set-Up Time tac is Measured From End of Address Transition 0 ns
tA‘H Address Hold Time ) 100 ns
tec CE “OFF" Time 140 ns
tr CE Transition Time 40 ns
ter CE “OFF"" to Output High 50 ns
Impedance State

READ CYCLE

tey Cycle Time 400 ns
tee CE "ON" Time 240 3000 ns
teo CE Output Delay CiLoap = 50 pF, Load =1 TTL Gate, Ref = 2.0V, 250 ns
tace Address to Output Access tace = tac Ttco 250 ns
twi CE to WE 0 ns
twe WE to CE “ON"* 0 ns
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MM5281

ac electrical characteristics (con’t)
Ta =0°Cto +70°C, Vpp = 12V 5%, Ve = BV 5%, Vgg = —5% *5%

symBoL | PARAMETER | CONDITIONS | min v | max | units

WRITE CYCLE -
tev Cycle Time 400 ns
tee CE “ON" Time 240 3000 ns
tw WE to CE “OFF” 100 ns
tew CE to WE tr=10ns 150 ns
1o Dy to CE Set-Up 100 ns
toH Dy Hold Time 50 ns
twe WE Pulse Width 50 ns

switching time waveforms

Read and Refresh Cycle (See Note 1)

tey (400)
Fa— ta (100)—>]
Vin
p
ADDRESS @, DDRESS VALID ADDRESS CAN CHANGE RESS VALID
AND 5 @
Vi =
~atac (0) tee (240} |e—tr (10)
VI" — D
" o
Vi N—
——’ | tyye (0)
Vin
. WE CAN f
CHANGE
V) et
tco (250) -
Von = == e} — I
Bour HIGH ’ VALIlJ@;( HIGH ____|
our IMPEDANCE IMPEDANCE
oL = e e ———
tace (250) et (50)
Write Cycle
tey (400)
e tap (100)—>]
Viy
AD
prig ® poress vaLin X ADDRESS CAN CHANGE . X
v“.
tac (0} tce (240) tr (10) =ty (10)
Vi _—\C> tw (100)
T @
tew (150) tec (140)
Vl" -
Wwe WE CAN CHANGE \ / WE CAN CHANGE
Va X 2
twp (50)->]
[iwe | f—ton (50)
Vi ' \
D D, CAN CHANGE Dy VALID Diy CAN
L N\ cHance
Vi
. o (100)
Vo = == e o ) -—— —
— HIGH HIGH
Bour IMPEDANCE ’\ / UNDEFINED IMPEDANCE
Vo = = - —
—] e (50)

Note 1: For refresh cycle, row and column addresses must be stable before tac and remain stable for entire tay period.
Note 2: V;_ max is the reference level for measuring timing of the address, CSand D,y.

Note 3: Vyy, min is the reference level for measuring timing of the addresses, CS and Dy .

Note 4: Vgg + 2.0V is the reference level for measuring the timing of Doyt for a high output.
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ac electrical characteristics (con’t)
Ta =0°Cto +70°C, Vpp = 12V £5%, Ve = BV £5%, Vgg =—5% 5%

L8ZSWN

symeoL | PARAMETER [ CONDITIONS ] [ mn ] 1ve | max ] uwnits
READ/MODIFY/MWRITE CYCLE
thwe Read Modify Write (RMW) R 510 ns
-Cycle Time
teRw CE Width During RMW 350 3000 ns
twe WE to CE “"ON" 0 ns
tw WE to CE “OFF" ) 100 ns
_ tr =10ns, CLoap = 50 pF, Load = 1 TTL Gate, : :
twe WE Pulse Width Ref = 2.0V, tace = tac * teo 50 ns
to Dy to CE Set-Up . 100 ) ns
ton Dy Hold Time 50 ns
tco CE to Output Delay 250 ns
two WE to Doy Invalid . ‘0
tace Access Time . 250 ns
CAPACITANCE (Note 1) Ta=25°C
Cap Address Capacitance, cs Vin = Vss 2 pF
Cce CE Capacitance Vin = Vss 5 pF
Cout Data Qutput Capacitance " Vout =0V 5 pF
Cin Din andm Capacitance Vin = Veg 4 pF

Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = |At/AV with the current
equal to a constant 20 mA.

switching time waveforms (con‘t)

Read Modify Write Cycle

: tawe (510)
o t— tan (100)
Vi -
ADRESS | X% ADDRESS VALID ADDRESS CAN CHANGE X
. Vi - )
@ e (350) ety 110) —1 - tr (10)

o _ND t (100) Vi

43
Vi ‘® Jz N

_.! | tyic (0) |~=twe (50) [=tcc (140)

Vin

WE f ®\ WE CAN CHANGE
[T— iaaany

| 1p (100) )

VIN

D Dy CAN CHANGE Diy VALID g;;‘Af&':
VIL

tco (250) twoo) - l" ton (50)
Vou == == wm| cme o -
o it \ O T i\
Voo == o= o] -0
tacc (250)

Note 1: WE must be high until end of tco.

Note 2: V,,_ max is the reference level for measuring timing of the address, €S, Dyy and WE.
Note 3: Vi min is the reference level for measuring timing of the address, €S, Dy and WE.
Note 4: Vgg + 2.0V is the reference level for measuring the timing of Doyt for a high output.




MM5290

National
Semiconductor

MM5290 16,384 x 1 Bit Dynamic RAM

General Description

The MM5290 is a 16,384 x 1 bit dynamic RAM. It
features a multiplexed address input with separate row
and column strobes. This added flexibility allows the
MM5290 to be used in page mode operation.

The MM5290 must be refreshed every 2 ms. This can be
accomplished by performing any cycle which brings the
Row Address Strobe active including an RAS-only
cycle at each of the 128 row addresses.

N-channel double-poly silicon gate technology, developed
by National, is used in the manufacture of the MM5290.
This process combines high density and performance
with reliability. Greater system densities are achievable

MOS RAMs

by the use of a 16-pin dual-in-line package for the
MM5290.

Features

Access times: 150 ns, 200 ns, 300 ns
Low power:462 mW max

TTL compatible: all inputs and output
Gated CAS—noncritical timing

Read, Write, Read-Modify-Write and RAS-only
Refresh cycles

Page mode operation
Industry standard 16-pin configuration

Block and Connection Diagrams

v v v, v
A — (1] cc ss 88

Al —
A2 —— 12v 5V GND -5V

A3 ——
A =—
A5 w—
AG =

ROW
CLOCKS

ROW ROW
TIMING CLOCKS

‘ WRITE !
CLOCKS Y

COLUMN COLUMN
CLOCKS ADDRESS LATCH

DATA-IN
LATCH

'

COLUMN DECODER (1:128) =

COLUMN
CLOCKS

COLUMN
TIMING

ROW
ADDRESS LATCH
ROW DECODER (1:128)

WRITE
CLOCKS

WRITE
TIMING

COLUMN
MEMORY ARRAY CLOCKS

64X 128

v

SENSE AMPLIFIERS (128)

10 DATA-QUT Do
CONTROL BUFFER

MEMORY ARRAY
64X 128

Dual-In-Line Package

Vg - U LAY
o4 1= oas

we = L Do

RAS i LW

A L

a2 L
o 0 s
Voo 4 - vec

TOP VIEW
Order Number MM5290J
See Package 10

COLUMN DECODER (1:128)

Pin Names

RAS Row Address Strobe
CAS Column Address Strobe

WE Write Enable
AO0—A6 Address Inputs
DI Data Input
DO Data Output
Vbp Power (12V)

Vee Power (5V)
Vss Ground
\Z:1:] Power (—5V)

1-76




Absolute Maximum Ratings (note 1) .
Operating Temperature Range - 0°C to +70°C Voltage on Any Pin Relative to Vg —0.3V to +20V

06ZSNIN

Storage Temperature —65°C to +150°C (Vss — Vg > 4.5V)

Power Dissipation 1w Lead Temperature {Soldering, 10 seconds) 300°C

Recommended DC Operating Conditions

SYMBOL PARAMETER MIN MAX UNITS NOTES

TA Ambient Temperature 0 70 °c i
VDD Supply Voltages 10.8 13.2 \Y 2,3
\Zole} 45 5.5 \ 2,3
Vss 0 0 A\ 2,3
VBB -45 -5.5 v 2.3
ViHC Input High Voltage, RAS, CAS, WE 2.7 7.0 v 2
ViH Input High Voltage, AO—AS, DI 24 7.0 A% 2
ViL Input Low Voltage, All Inputs ‘ -1.0 058 v 2

DC Electrical Characteristics
Ta =0°C to +70°C, Vpp = 12V +10%, V¢ = 5V £10%, VBB = —5V £10%, Vss = 0V, (Notes 2 and 3)

SYMBOL PARAMETER MIN MAX UNITS NOTES
IDD1 Operating Current 35 mA 4
Ice Average Power Supply Operating Current i » 5
1BB1 (RAS, CAS Cycling; trc = 375 ns) 200 A
IpD2 Standby Current . .15 mA
Icc2 Power Supply Standby Current (RAS = V{HC, -10 10 uA
Igg2 © 'DO= High Impedance) 100 uA
IDD3 Refresh Current 25 ’ mA 4
lce3 Average Power Supply Current, Refresh Mode -10 10 HA
IBB3 (RAS Cycling, CAS = V|HC: tRC = 375 ns) ) 200 HA
IDD4 Pagé Mode Current 27 mA
Icca Average Power Supply Current, Page Mode 5
1884 (RAS = V|, CAS Cycling; tpg = 225 ns) 200 . uA
L) Input Leakage . -10 10 HA

Input Leakage Current, Any Input
(Vg = =5V, 0V < VN < 7V, All Other
Pins not Under Test = OV)

lo¢L) Output Leakage =10 10 KA
Output Leakage Current (DO is Disabled,
oV <Vgoyt <£5.5V)

Output Levels

VOH Output High Voltage (IgyT = —5 mA) 24 \Y
VoL Output Low Voltage (IgyT = 4.2 mA) 0.4 Vv

CAPACITANCE
Cy . Input Capacitance AO—AG6, DI 5 pF | 6
Ccc Input Capacitance RAS, CAS, WE 10 : pF 6
Co Output Capacitance, DO . 7 pF 6

Note 1: ‘‘Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating
Temperature Range’ they are not meant to imply that the devices should be operated at these limits. The table of “Recommended DC Operating
Conditions” provides conditions for actual device operation. .

Note 2: All voltages referenced to Vgg. When applying voltages to the device, Vpp, Vg orVgs should never be 0.3V more negative than Vgpg.
Note 3: Several cycles are required after power-up before proper device operation is achieved. Any 8 RAS cycles are adequate for this purpose.
Note 4: Ipp1.Ipp3. and Ipp4 depend on cycle rate. :

Note 5: | depends on output load.

Note 6: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = |At/AV. Capacitance is guaranteed
by periodic testing.
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AC Electrical Characteristics
Ta =0°C to +70°C, Vpp = 12V *10%, Vg = 5V +10%, VB = —5V +10%, Vss = 0, (Notes 2 and 3)

X MM5290-2 MM5290-3 MM5290-4
SYMBOL PARAMETER MIN MAX MIN MAX WIN MAX UNITS NOTES
tRC Random Read or Write Cycle Time 375 375 475 ns 7
tRWC Read-Write Cycle Time 375 375 550 ns 7
tpC Page Mode Cycle Time 170 225 330 ns
tRAC Access Time from RAS 150 200 300 ns | 810
tCAC Access Time from CAS 100 135 200 ns 9,10
tOFF Output Buffer Turn-Off Delay 0 40 0 50 0 70 ns 1
T Transition Time (Rise and Fall) 3 35 3 50 3 50 ns
trp RAS Precharge Time 100 120 165 ns
tRAS RAS Pulse Width 150 | 32,000 200 | 32,000 300 | 32,000 ns
tRSH RAS Hold Time 100 135 200 ns
tCAS CAS Pulse Width 100 10,000 135 10,000 200 10,000 ns
tRCD RAS to CAS Delay Time © 20 50 25 65 35 100 ns
tCRP CAS to RAS Precharge Time —20 =20 -20 ns
tASR Row Address Set-Up Time 0 0 ’ 0 ns
tRAH Row Address Hold Time 20 25 35 ns
TASC Column Address Set-Up Time =10 -10 .—~10 ns
tCAH Column Address Hold Time 45 55 75 ns
tAR Column Address Hold Time Referenced to RAS 95 120 175 ns
tRCS Read Command Set-Up Time 0 0 0 ns
tRCH Read Command Hold Time (¢} 0 0 ns
tWCH Write Command Hold Time 45 55 75 ns
tWCR Write Command Hold Time Referenced to RAS 95 120 178 ns
[ Write Command Pulse Width 45 55 75 ns
tRWL Write Command to RAS Lead Time 60 80 120 ns
tCWL Write Command to CAS Lead Time 60 80 120 ns
tDS Data-In Set-Up Time 0 0 0 ns 12,13
1DH Data-In Hold Time 45 55 75 ns 12,13
tDHR Data-In Hold Time Referenced to RAS 95 120 175 ns
tcp CAS Precharge Time (for Page Mode 60 80 120 ns
Cycle Only)
tREF Refresh Period 2 2 2 ms
twes WE to CAS Set-Up Time -40 -40 -40 ns 13
tCWD CAS to WE Delay 70 95 150 ns 14
tRWD RAS to WE Delay 120 160 250 ns 14

Note 7: The specifications for tRg(MIN) and tRWC(MIN) are used only to indicate cycle time at which proper operation over the full tempera-
ture range is guaranteed.

Note 8: Assumes row-limited access, i.e., tRCD < tRCD(MAX)-

Note 9: Assumes column-limited access, i.e., tRCD > tRCD(MAX)-

Note 10: Equivalent load is 2 standard TTL inputs plus 100 pF.

Note 11: Cﬁgoing high disables the Data Output. toFF is the delay to the high impedance state.

Note 12: These parameters are referenced to the negative edge of CAS in an early-write cycle and to the negative edge of WE in a Read-Modify-
Write cycle. (See Note 12, below).

Note 13: If tcs > twes(MIN). the Data Qutput is guaranteed to remain in the high impedance state for the duration of the cycle. This is the
“early-write’’ cycle.

Note 14: If towp > tcwD(MIN) and tRWD > tRWD(MIN). the Data Output will contain the original data in the selected cell. This is the Read-
Modify-Write cycle. If either of these conditions is not satisfied, the output will be indeterminate unless the early-write condition of Note 12is met.
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Switching Time Waveforms

06CSININ

Read Cycle
Re
tRAS tRp
AR
—_—
s ViHe— \ !r
ViL— N 7
RCD tRSH [~——tCRP—
cas |
ViHe— y '4
s IHC \\ /
ViL— A
tASR = [=—TASC.
—{ tRAH f=— l— teA—=|
Vin ROW 3

A0-AS

- LUMN .
VL — ADDRESS DRESS W / %

“'i tRes [ tRCH;
__ Viue—
ViL—

>0

tcAC
tRAC —=1 OFF [~

VoH— . f VALID ’P —
0o OPEN
VoL— X DATA ;

Write Cycle (Early Write)

RC

tRAS 'RP

Vine— i

1RSH
tRCD tcas tcRP—™

o N 1/

tasR —=| tRAH —~1 = tasc

Av-as T ROW . ) " | coLumN
ViL— ADDRESS | ADDRESS

twes — =— wen—
tewl
Vine —
we Vme % twp — %
ViL—
tRWL
WeR

o Vm- % VALID W
ViL— DATA /

—‘I —tos |~ toy—
DHR

VoH—
o ° OPEN
VoL—




MM5290

Switching Time Waveforms (continued)

Al-AB

0o

o

Read-Write Cycle, Read-Modify-Write Cycle

tRwe
TRAS Rp
AR
Vine — !\ { \
iL— N
tASH
RCD tcas ~—tcRP —
Vike — 3 \ 4
ViL— \ X /
= tRAH ] L
wilnss-l— [=—tasc
-
Vin— 7 ROW COLUMN
ViL— ADDRESS ADDRESS 7
tRWD fowe
-—l tRes |=— owp tawL
Ving — / j\
ViL— %
f=— twp
tcac toFF,
Von — OPEN V VALID >__
VoL — Y DATA
TRAC —{ tpy l—
"1 tos
Vi — DATA
RAS-Only Refresh Cycle
Re
tRAS | tRP
ViHe — y { !
L \
viL— —
"—_'RAH |
——-1 tASR
ViH— y
n0-as M ROW
Vi — ADDRESS ]
v, -
po OM
VoL—
Note. CAS = Vg, WE = don‘t care

1
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Switching Time Waveforms (continued)

06C2SWIN

Page Mode Read Cycle

RAS Rp——
pa——— tg g ———|

A YMe—
ViL— N J

'n-)r!
~— tRcp CAS | ~=tep—| [~ tcas [~ tcas tcRp
o Vo= , }( !\ ) f“ /z
viL— X
=1 [=—tCAH TCAH teAn

——l =~ tasc ——1 tase |
nooas VT ROW coL ) coL ) coL /
iL— ADD ADD ADD ° Aop ]

VY =

tcAC teac — F=—tcAc—""|
tRaC ™ [~ toFF -~ [~ toFF 1 l-'—ton
Vou — /
o OPEN } J >_, .,
VoL — . x|/ 3 AN

t=— tpcs

.—1 l=— tpcs tRCH —=1 !<- ) —_ ?‘-mc"
i
Ving — / W
We
ViL—

Page Mode Write Cycle

tRAS TRP ——
taR :
Vine —
g Ve )
ViL— X . y,
tpe RSH
[~—trcp cas 10p— cas tcas ﬁ tepp—
o Ve~ 3 \ / \ /
viL— ) i 3 7 X Z/
—={ AR |~ [—tcan tcAH ‘ tcAH
—‘—i I‘-'asn"usc‘l ~ 'Asc'fi ~ ‘ASC"‘ la—
pong UM ROW ) coL coL \ coL
Vi — ADD ADD ADD ADD
—{ twen = tweH == ‘ (~— tweH —]
o towL — . — towL —| towe
Vine — } N
o e N QS v
ViL— y. y
o — twp —| ) o twp —= | twp —|
e tWeR 0§ [=— . —’1 tps [=—
Vin— VALID "~ | vau y \ VALID
LT DATA p DATA A DATA
4" lns {—-— '———(n"—bl ‘———'D"—.l
le— tpy ——= I tRWL
‘DHR
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fiming Flow Chart

ACTIVE

CONVERT LOW LEVEL RAS
TO HIGH LEVEL ROW CLOCKS

v

CLOCK AD-AG INTO ROW
ADDRESS LATCH. GENERATE
HIGH LEVEL ROW ADDRESSES

CONVERT LOW LEVEL CAS
TO HIGH LEVEL COLUMN CLOCKS

v

v

CONVERT LOW LEVEL WE
TO HIGH LEVEL WRITE CLOCKS

'

DECODE SELECTED ROW ADDRESS

CLOCK AO-AG INTO COLUMN
ADDRESS LATCH. GENERATE
HIGH LEVEL COLUMN ADDRESSES.

'

v

ENABLE SELECTED ROW
IN MEMORY ARRAY

DECODE SELECTED
COLUMN ADDRESS

v

LATCH SENSE AMPLIFIERS
REFRESH DATA IN ALL CELLS
ON SELECTED ROW

PRECHARGE

TRANSFER DATA FROM SELECTED
COLUMN IN MEMORY ARRAY

CLOCK DI INTO DATA-IN LATCH
GENERATE HIGH LEVEL DATA

'

TRANSFER DATA FROM DATA-
IN LATCH ONTO 1/0 LINES

“»

TO 1/0 LINES IN READ MODE
AND VICE VERSA IN WRITE MODE

'

TRANSFER DATA FROM I/0 LINES
INTO DATA-QUT BUFFER.
ENABLE DATA OUTPUT.

|
wl

.

'

DISABLE

PRECHARGE ROW ADDRESS LATCH,

. DISABLE SELECTED ROW.
ROW DECODER AND MEMORY ARRAY

DATA OUTPUT,

DISABLE SELECTED COLUMN.

PRECHARGE COLUMN ADDRESS
LATCH AND COLUMN DECODERS

PRECHARGE DATA-IN LATCH
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National Bipolar RAMs
Semiconductor

DM5489/DM7489 (SN5489/SN7489)
64-bit random access read/write memory

68YLINA/68VSING

general description

The DM5489/DM7489 is a fully decoded 64-bit Memory Enable input is in the logical 1" state,
RAM organized as 16 4-bit words. The memory is the outputs will go to the logical “*1°" state.
addressed by applying a binary number to the four

Address inputs. After addressing, information may

be either written into or read from the memory. features

To write, both the Memory Enable and the Write

Enable inputs must be in the logical ‘0" state. s Series 54/74 compatible

lnformation_ appli_ed to the four Write inp}Jts will ® Organized as 16 4-bit words

then _be wnttfen into the addressed location. To = Typical access from chip enable 23 ns

read information from the memory the Memory . Tuoi 3

Enable input must be in the logical 0" state and .ypfcal access 5"5 )

the Write Enable input in the logical 1" state. ® Typical power dissipation 400 mW

Information will be read as the complement of: ® QOpen collector outputs to permit “‘wire OR”
what was written into the memory. When the capability

block diagram

DATA
INPUTS

»
N A,
. o
Ao A
P
N 1 1
A 3
_ A
ADDRESS izaF/
S A
INPUTS . s i ! ! ! !
= B H | 1 1 1
A ' ! i ' !
1 1
™ '
] MEMORY
A 16-2 18- CELL
o
=D,
A
m__.___j::
—D
SENSE
03 3 OUTPUTS

__D—S:
1
1
P—D— N

connection diagram truth table

Dual-In-Line Package

Ios 15 " LEN I3 " 0 |-

MEMORY | WRITE
T Order Number DM5489. EnasLe |enagLe | OPERATION | - OUTPUTS
or DM7489J 0 0 Write Logical “1" State
A 5 See Package 10 4] 1 Read Complement of Data
Order Number DM7489N Stored in Memory
ME we 0, S, 02 Sz See Package 15 1 X Hold Logical “1” State

oD
TOP VIEW
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DM5489/DM7489

absolute maximum ratings (Note 1)

Supply Voltage
Input Voltage
Output Voltage

Operating Temperature Range

DM5489
DM7489
Storage Temperature Range

Lead Temperature (Soldering, 10 sec)

A"
5.5V
5.5V

-55°C to +125°C
0°C to +70°C
-65°C to +150°C
300°C

electrical characteristics (Note 2)

PARAMETER CONDITIONS MIN TYP MAX ‘UNITS
e DM5489 Ve = 4.5V
Logical “1” Input Voltage DMI7489 W 20 v
e DM5489 | Vgc=4.5V
Logical “0” Input Voltage DM7489 Vee = 475V 0.8 \
e DM5489 Vce = 5.5V _ 100 HA
Logical “1"” Qutput Current DMI7489 Voo =525V Vo = 5.25V 20 A
ial g DM5489 Vee = 4.5V _
Logical 0" Output Voltage DM7489 Vee =475V lo=12mA 0.4 v
i DM5489 Vee = 5.5V _ )
Logical 1" Input Current DM7489 | Vo =525V Vin = 2.4V 40 HA
DM5489 Ve = 5.5V _
DM7489 | Voo =525V  VINT55V ! mA
st gy DM5489 Vee =5.5V
Logical ‘0" Input Current DM7489 Ve =595V -1.6 mA
DM5489 Vee = 5.5V
Supply Current DM7489 Ve 5.5V All Inputs at GND 80 120 mA
DM5489 Vce = 4.5V _ Vee
Input Clamp Voltage DM7489 Voc= 475V hny=-12mA 15 \2
switching characteristics (Over recommended operating ranges of Vg and Ta)
DMm5489 DM7489
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
tPLH 34 80 34 60 ns
Access Time From Address
tPHL 35 80 35 60 ns
tpLH Disable Time From Memory Enable 23 55 23 40 ns
tPHL Enable Time From Memory Enable 23 55 23 40 ns
tgeTup | Setup Time Address to Write 0 14 0 14 ns
Enable
Data to Write Enable Ry = 3002 0 -15 0 -15 ns
Memory Enable To
, R =6002 | 0 -10 0 -10 ns
Write Enable C, =300F
tHoLp | Hold Time Address From Write L P
5 -7 5 -7 ns
Enable
Data From Write 0o -4 o -4 ns
Enable
Memory Enable
0 -10 0 =10
From Write Enable "
twp Write Pulse Width 50 20 40 20 ns
tsR Sense Recovery Time 31 65 31 55 ns

Note 1: “Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot
be guaranteed. Except for “Operating Temperature Range'’ they are not meant to imply that the
devices should be operated at these limits. The table of “’Electrical Characteristics” provides conditions

for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature
range for the DM5489 and across the 0°C to 70°C range for the DM7489. All typicals are given for

Vce = 5.0V and Tp = 25°C.
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\ g
typical performance characteristics g ‘
[0}
Delay from Memory Enable e
Delay from Address to Output to Output (w]
80 — 80 T
Ve = 5.0V Vee = 5.0V S
70 - 70 ~
: B
60 60 o]
z 50 = 50 ©
£ to £
T b % a0
@ - @
S w3 o S 3 —— trun
20 20 TonL T
10 10
] [
-75 50 -25 0 25 50 75 100 125 -75 -50 -25 O 25 50 75 100 125
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DM54LS189/DM741L5189

National
Semiconductor

Bipolar RAMs

DM54LS189/DM74LS189 low power 64-bit
random access memories with TRI-STATE® outputs

general description

These 64-bit active-element memories are monolithic
Schottky-clamped transistor-transistor logic (TTL) arrays
organized as 16 words of 4 bits each. They are fully
decoded and feature a chip enable input to simplify
decoding required to achieve the desired system organi-
zation. This device is implemented with low power
Schottky technology resulting in one-fifth power while
retaining the speed of standard TTL.

The TRI-STATE output combines the convenience of
an open-collector with the speed of a totem-pole output;
it can be bus-connected to other similar outputs, yet it
retains the fast rise time characteristics of the TTL
totem-pole output. Systems utilizing data bus lines with

‘a defined pull-up impedance can employ the open-

collector DM541.5289.

Write Cycle: The complement of the information at the
data input is written into the selected location when
both the chip enable input and the read/write input are
low. While the read/write input is low, the outputs are in
the high impedance state. When a number of the
DMB4LS189 outputs are bus-connected, this high
impedance state will neither load nor drive the bus line,

but it will allow the bus line to be driven by another
active output or a passive pull-up if desired.

Read Cycle: The stored information (complement of
information applied at the data inputs during the write
cycle) is available at the outputs when the read/write
input is high and the chip enable is low. When the chip
enable input is high, the outputs will be in the high
impedance state. ’

features

= Schottky-clamped for high speed applications
Access from chip enable input—40 ns typ
Access from address inputs—60 ns typ
m TRI-STATE outputs drive bus-organized systems
and/or high capacitive loads
B | ow power—75 mW typ
m DM54LS189 is guaranteed for operation over the full
military temperature range of —55°C to +125°C v

® Compatible with most TTL and DTL logic circuits
® Chip enable input simplifies system decoding

connection diagram truth table
Dual-In-Line and Flat Package INPUTS
SELECT INPUTS mm ouTUT mm P FUNCTION CHIP READ/| OUTPUT
—t e
Vee Ya va ENABLE | WRITE
16 15 14 13 12 In 10 9 Write L L Hz
(Store Complement of Data)
Read L H Stored Data
Inhibit H X Hz
H = high level
L = low level
X = don’t care
T Order Number DM54LS189J or DM74L.S189J
1 2 3 4 5 6 7 8 See Package 10
SECECT  ctiP Order Number DM741.S189N

READ/ DATA OUTPUT DATA OQUTPUT GND
2

INPUT A ENABLE WRITE  INPUT y1 INPUT A
1 2

TOP VIEW

See Package 15
Order Number DM541LS189W
See Package 28
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absolute maximum ratings (Note 1)

operating conditions

MIN MAX
Supply Voltage, Vcc v’ Supply Voltage (V¢g)
Input Voltage 5.5V DM54L5189 4.5 5.5 v
Output Voltage 5.5V DM74L5189 4.75 5.25 Vv
Storage Temperature Range —65°C to +150°C Temperature (TA)
Lead Temperature (Soldering, 10 seconds) 300°C DM541.5189 55 +125 °c
DM74L5189 0 +70 °c
electrical characteristics
Over recommended operating free-air temperature range (unless otherwise noted) (Notes 2 and 3)
PARAMETER CONDITIONS MIN | TYP | MAX UNITS
ViH High Level Input Voltage ) 2 \
ViL Low Level Input Voltage 0.8 \
\'/ High Level Output Volt; I0H =-2 mA 4 .4
OH igh Level Qutput Voltage Ve = Min OH m 2 3 v
24 3.2
VoL  Low Level Output Voltage ) loL=4mA DM54LS189 0.45
Vce = Min \Y
loL=8mA DM74LS5189 0.5
hH High Level Input Current Vee = Max, V=27 10 MA
] High Level Input Current at Maximum Voltage | V¢c = Max, V| = 5.5V 1.0 mA
L8 Low Level Input Current Ve = Max, V| =0.45V -100 MA
10s Short-Circuit Output Current (Note 4) Ve = Max, Vg = 0V =30 —100 mA
Icc Supply Current (Note 5) Vce = Max 15 29 mA
Vic Input Clamp Voltage Vce = Min, 1) = =18 mA -1.2 \
lozH TRI-STATE Output Current, High Level Vee = Max, Vg = 2.4V 40 MA
Voltage Applied
lozL  TRI-STATE Output Current, Low Level Vce = Max, Vg = 0.45V 40 uA
Voltage Applied

switching time waveforms

CHIP ENABLE W= / .
INPUT 1.5V /-— 15v ADDRESS
(SEE NOTE 3) o N INPUTS
[~ ez i ™ ez
A5V
WAVEFORM 1 05V {
(SEE NOTE 1) \k'r 0.5V ml::;:
Vo 1
SR—— ‘
b 7 :
WAVEFORM 2 AN 05V CHIP-EN
-ENABLE
(SEE NOTE 1) /s I INPUT
=1.!
f — teuz
Enable and Disable Time From Chip Enable READMRITE
INPUT
Aophess WAVEFORM 1
(NOTE 2) (NOTE 1)
2
(ST OPEN,
ouTPUT 2 CLOSED)
(NOTE 1)
Access Time From Address Inputs Write Cycle
FIGURE 1

Note 1: Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the output

with internal conditions such that the output is high except

Note 2. When measuring delay times from address inputs, the chip enable input is low and the read/write input is high.
Note 3: When measuring delay times from chip enable input, the address inputs are steady -state and the read/write input is high.

when disabled.

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: t, < 2.5 ns, ty < 2.5 ns, PRR < 1 MHz, and

ZpoyT =~ 50%2.
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DM54LS189/DM741LS189

switching characteristics

Over recommended operating ranges of TA and VG (unless otherwise noted)

DM54L.8189 DM74L5189
PARAMETER CONDITIONS UNITS
MIN |TYP(1)| MAX MIN | TYP(1) | MAX )
tAA Access Times From Address 60 100 60 80 ns
tczyd  Output Enable Time to ) 40 80 40 60 ns
High Level Access Times From
Ti Chip Enabl 4 4
tczL  Output Enable Time to ip Enable . CL=30pF, RL=1kS, 0 80 0 60 ns
Low Level
twzH Output Enable Time to 60 100 60 80 ns
" High Level Sense Recovery Times .
twzL  Output Enable Time to From Read/Write 60 100 ! 60 80 ns
Low Level
tcHz  Output Disable Time . : 40 80 40 60 ns
From High Level Disable Times From
tcLz  Output Disable Time Chip Enable 40 80 40 60 ns
From Low Level CL=5pF, RL=1kQ, ‘ '
twHz Output Disable Time ' 40 40 ns
From High Level Disable Times From
twLz Output Disable Time Read/Write 40 . 40
From Low Level ' '
WP Width of Write Enable Pulse (Read/Write Low) 80 . 60 ns
tasw  Set-Up Time | Address.to Read/Write 0 0
tpSwW Data to Read/Write 100 80
ns
tcsw Chip Enable to 0 0
Read/Write
tAHwW Hold Time Address From Read/Write 10 5
tDHW o Data From Read/Write 0 0
- ns
tCHW Chip Enable From 0 0
Read/Write

Note 1: “Absolute Maximum Ratings’ are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating
Temperature Range’’ they are not meant to imply that the devices should be operated at these limits. The table of ‘‘Electrical Characteristics’”
provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to +125°C temperature range for the DM54L.5189 and across the 0°C
to +70°C range for the DM74LS189. All typicals are given for Vee =5V and TA 25°C.’

Note 3: All currents into device pins shown as positive, out of device pins as negatlve, all voltages referenced to ground unless otherwise noted. All
values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note 5: Igc is measured with all inputs grounded, and the outputs open.

2-6




National
Semiconductor

Bipolar RAMs

DM54S189/DM74S189 64-bit random access

memories with TRI-STATE® outputs

general description

These 64-bit active-element memories are monolithic
Schottky-clamped transistor-transistor logic (TTL) arrays
organized as 16 words of four-bits each. They are fully
decoded and feature a chip-enable input to simplify
decodingrequired to achieve the desired system organiza-
tion. The memories feature PNP input transistors that
reduce the low level input current requirement toa
maximum of —0.25 mA, only one-eighth that of a
DM54S/DM74S standard - load factor. The chip-enable
circuitry is implemented with minimal delay times to
compensate for added system decoding.

The TRI-STATE output combines the convenience of
an open-coliector with the speed of a totem-pole output;
it can be bus-connected to other similar outputs, yet it
retains the fast-rise-time characteristics of the TTL
totem-pole output. Systems utilizing data-bus lines with
a defined pull-up impedance can employ the open-
collector DM54S5289.

Write Cycle: The complement of the information at the
data input is written into the selected location when both
the chip-enable input and the read/write input are low.
While the read/write input is low, the outputs are in the
high-impedance state. When a number of the DM545189
outputs are bus-connected, this high-impedance state
will neither load nor drive the bus line, but it will allow
the bus line to be'driven by another active output or a
passive pull-up if desired.

Read Cycle: The stored information (complement of
information applied at the data inputs during the write
cycle) is available at the outputs when the read/write

input is high and the chip-enable is low. When the chip-
enable input is high, the outputs will be in the high-
impedance state.

The fast access time of the DM54S189 makes it
particularly attractive for implementing high-performance
memory functions requiring access times on the order
of 25 ns. The high capacitive-drive capability of the
outputs permits expansion without additional output
buffering. The unique functional capability of the
DM54S189 outputs being at a high impedance during
writing combined with the data inputs being inhibited
during reading means that both data inputs and outputs
can be connected to the data lines of a bus-organized
system without the need for interface circuits.

features

® Schottky-clamped for high-speed applications:
access from chip-enable input 12 ns typ
access from address inputs 25 ns typ

8 TRI-STATE outputs drive bus-organized systems
and/or high capacitive loads

® DM54S289, DM74S289 are functionally equilva-
lent, have open-collector outputs, and are compat-
ible with Intel 3101A in most applications

® DM54S189 is guaranteed for operation over the full
military temperature range of —55°C to +125°C

® Compatible with- most TTL and DTL logic circuits
® Chip-enable input simplifies system decoding

connection diagram
Dual-In-Line Package

SELECT INPUTS DATA DATA
INPUT  QUTPUT INPUT OQUTPUT
Vee Ya Y3
16 15 14 13 12 | " 10 I 9
[¢] [o] [e] ©
1 2 ‘3 a 5 6 17 8
SELECT  CHiP READ/  DATA OUTPUT DATA OUTPUT GND
INPUTA ENABLE WRITE  INPUT A INPUT Y2
1 2
TOP VIEW

truth table

INPUTS
FUNCTION CHIP READ/ QUTPUT
ENABLE | WRITE
Wirite L L High Impedance
(Store Complement of Data)
Read L H Stored Data
Inhibit H X High Impedance

H - High Leve!
L = Low Level
X.= Don't Care

. -Order Number DM54S189J or DM74S189J
See Package 10
Order Number DM74S189N
See Package 15
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DM545189/DM74 5189

absolute maximum ratings (Note 1)

operating conditions

MIN MAX UNITS
Supply Voltage, Voo 7.0v Supply Voltage (Vce)
Input Voltage 5.5V DM545189 4.5 5.5 Y
QOutput Voltage 5.5V DM74S189 475 5.25 v
Storage Temperature Range —65°C to +150°C Temperature (Ta)
A o
Lead Temperature (Soldering, 10 seconds) 300°C DM54S189 55 +125 °c
DM745189 o +70 °c
electrical characteristics
over recommended operating free-air temperature range (unless otherwise noted) (Notes 2 and 3)
LIMITS
PARAMETER CONDITIONS UNITS
MIN TYP MAX
Vin High Level Input Voltage 2
Vio Low-Level Input Voltage 0.8
Vou High-Level Output Voltage . lon =—2.0 mA, DM548189 2.4 3.4
Veée = Min \
lon =—6.5mA, DM745189 2.4 3.2
VoL  Low Level Output Voltage ) DM545189 0.5
Vee =Min, | =16 mA \%
ce T fou T IR MR T hM7as189 0.45
™ High Level Input Current Vee =Max, V, =27 25 HA
I High Level {input Current at Maximum Voltage Vee = Max, V, =55V 1.0 mA
TR Low Level Input Current Vee = Max, V| =045V —-250 MA
los Short Circuit Output Current (Note 4) Ve =Max, Vg =0V =30 —100 mA
Ice Supply Current (Note 5) Vee = Max 75 110 mA
Vic Input Clamp Voitage Vee =Min, I} =-18 mA -1.2 \
lozu  TRI-STATE Output Current, High Level Voltage Vee = Max, Vg =24V 50 HA
Applied
loz  TRI-STATE Qutput Current, Low Level Voltage Vee = Max, Vg =0.45V —50 MA
Applied
switching characteristics
over recommended operating ranges of T, and V. (unless otherwise noted)
LIMITS
PARAMETER CONDITIONS DM545189 DM745189 UNITS
' MIN | TYP(1)| MAX | MIN| TYP(1)| MAX
taa Access Times From Address 25 50 25 35 ns
tczd  Output Enable Time to 12 25 12 17 ns
High Level Access Times From
tczL  Output Enable Time to Chip Enable C, = 30pF, R, = 280, 12 25 12 17 ns
Low Level (Figure 1)
twzn  Qutput Enable Time to 22 40 22 35 ns
High Level Sense Recovery Times
twzL  Output Enable Time to From Read/Write 22 40 22 35 ns
Low Level
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switching characteristics (con’t)

LiMmiTs
PARAMETER CONDITIONS DM545189 DM745189 UNITS
MIN | TYP(1) | MAX | MIN | TYP{1) [ MAX

tcyz .~ Output Disable Time 12 25 12 17 ns
From High Level Disable Times From )
tcrz  Output Disable Time Chip Enable 12 25 12 17 ns
From Low Level C_=5pF, R =280
twnz Output Disable Time (Figure 1) 12 12 ns
From High Level Disable Times From
twez Output Disable Time . Read/Write 12 12 ns
From Low Level
twe Width of Write-Enable Pulse (Read/Write Low) 25 25 ‘ ns
tasw = Set-Up Time (Figure 1) Address to Read/Write 1o . 0
tpsw Data to Read/Write 25 25 ns
tosw Chip-Enable to 0 0
Read/Write
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