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Introduction

Here is National’s newest MOS handbook containing information on the largest standard MOS
product line in the industry. Extra copies of this handbook, plus those on our other major
product lines — digital, linear and transistors — are also available. To receive your handbooks,
contact a National sales office, representative or distributor.

NATIONAL
Mos

STANDARD
PRODUCTS

COMPLEX ANALOG SHIFT
Pn(g)ms “(‘:':)5 STANDARDS “‘(‘5""5 SWITCHES RegisTens | - CALCULATOR e
20) ) 19) (a0) )
CODE CHARACTER 54c/74¢ 2600
converTens | [GENERATORS ST&I": D":;)M'c s{fg)'” e SERIES SERIES
(0) (18) @1 19)

cusTom —

TOTAL CAPABILITY

MICROPROCESSORS r—J

|

PROTO-
S%zfrwzge TYPING CARDS DEVICES
SYSTEMS

MOS INTERFACE
CIRCUITS
SENSE CcLOCK
COMPARATORS AMPS DRIVERS

Note: Numbers in parentheses are device types presently available.

ii




NN Table of Contents

Edge Index by Product Family . . ... ... .. e e e i

Product Line. . . oot e e e e e e e ii
Alpha-Numerical Index . . . . ... e e e e e e vii
MOS Selection GUIdE . . . . . ot it e e e e e e xi

DYNAMIC SHIFT REGISTERS — SECTION 1

MM400/MM500 Dual 25-Bit Dynamic Shift Register . .. ... .. ...ttt 11
MM401/MM501 Dual 25-Bit Dynamic Shift Register . . ... ... ... ...ttt 1-1
MM402/MM502 Dual 50-Bit Dynamic Shift Register . .. ... ...... ... tuiuminnenennnnn.. 1-1
MM403/MM503 Dual 50-Bit Dynamic Shift Register . . .. ... .. .. ...ttt 1-1
MM406/MM506 Dual 100-Bit Dynamic Shift Register ... ... ... ... ...t iiiininennnnen.. 1-1
MM407/MM507 Dual 100-Bit Dynamic Shift Register . ... ........ ...« .. tiuuinnnunee... 1-1
MM1402A 1024-Bit Dynamic Shift Register . . . . . ... i ittt it et e e e 1-5
MM1403A 1024-Bit Dynamic Shift Register . . . .. .. ...ttt 1-5
MM1404A 1024-Bit Dynamic Shift Register . . . . . .. ... ittt et 1-56
MM4001A/MM5001A Dual 64-Bit Dynamic Shift Register . .. .. ........ ...t ennnnnn.. 1-9
MM4006A/MM5006A Dual 100-Bit Shift Register . . . .. ...t e e 1-12
MM4007/MM5007 Dual 100-Bit Mask Programmable Shift Register . .. ...................... 1-12
MM4010A/MM5010A Dual 64-Bit AcCUMUIETOr . . . . ottt e e e e e e e e e 1-9
MM4013/MM5013 1024-Bit Dynamic Shift Register/Accumulator .. ... .........uvvuunenn.. 1-15
MM4015A/MM5015A Triple 60 + 4-Bit Accumulator/Register . . . ... ..o v i it e e 1-19
MM4016/MM5016 512-Bit Dynamic Shift Register .. .. ... .. ...t 1-22
MM4017/MM5017 Dual 512-Bit Dynamic Shift Register . . . . ... ..ottt 1-25
MM4019/MM5019 Dual 256-Bit Mask Programmable Shift Register ... ...................... 1-12
MM5023 Quad 80-Bit Dynamic Shift Register . .. ... ... .. ...ttt 1-28
MM5024A 1024-Bit Dynamic Shift Register . . . . . . oottt e e e e et e e 1-5
MM4025/MM5025 Dual 1024-Bit Dynamic Shift Register . . . . .. .. ..ot iiuneeeeeennnn... 1-31
MM4026/MM5026 Dual 1024-Bit Dynamic Shift Register . . . . . ... ..o vttt enn. 1-31
MM4027/MM5027 2048-Bit Dynamic Shift Register. . . . . . .o vt i it e e e e et e e ee 1-31
MM4104/MM5104 Dynamic Shift Register . .. ... ... ..ttt e 1-36

STATIC SHIFT REGISTERS — SECTION 2

MM404/MM504 Dual 16-Bit Static Register . . . .. ..o vttt et e e e e i e 2-1
MM405/MM505 Dual 32-Bit Static Register . . . ... ... u ittt ettt it ettt e eiee e 21
MM4040/MM5040 Dual 16-Bit Static Shift Register . .. .. ... ... .ttt 24
MM4050A/MM5050A Dual 32-Bit Static Shift Register . . ... .. .......uuiiiunennennnenn.. 2-7
MM4051A/MM5051A Dual 32-Bit Static Shift Register-SplitClock . . ....................... 2-7
MM4052/MM5052 Dual 80-Bit Static Shift Register . ... ... .. ...ttt it 2-10
MM4053/MM5053 Dual 100-Bit Static Shift Register . . . . .. .. ... i ittt it e e e 2-10
MM5054 Dual 64/72/80-Bit Static Shift Register . . . ... .. ..ottt 2-13
MM4055/MM5055 Quad 128-Bit Static Shift Register . . ... ..... ...ttt eeeeennn .. 2-16
MM4056/MM5056 Dual 256-Bit Static Shift Register . . . . ... ..ttt i e e eee e 2-16
MM4057/MM5057 512-Bit Static Shift Register .. . ... ... ...ttt 2-16
MM5058 1024-Bit Static Shift Register . ... ... ..ttt e e e et 2-21
MM5060 Dual 144-Bit Mask Programmable Static Shift Register . .. ... ...... ... ........... 2-24
MM5061 Quad 100-Bit Static Shift Register . . . . . . . .. ... it it e e e 2-27

PROMS/ROMS — SECTION 3

MM3501 1024-Bit Read-Only Memory . . . ..o ittt e e et e e e e e e e e e 31
MMS5202A Electrically Programmable 2048-Bit Read Only Memory (PROM) ... ................ 33
MM4203/MM5203 2048-Bit Electrically Programmable Read-Only Memory (PROM) . ... ......... 38
MM5204 Electrically Programmable 4096-Bit Read Only Memory (PROM) ... ................ 3-13
MM4210/MM5210 1024-Bit Read-Only Memory . .. .. .ottt e e e e 318
MM4211/MM5211 1024-Bit Read-Only Memory .. . ..o ii vttt e it e eeeee s 3-21
MM5212 12,288-Bit Read-Only Memory . . . . .. ... i e e e e 324
MM4213/MM5213 2048-Bit Read-Only Memory . .. ..o vttt ittt e e e e e et e e ee e ns 3-26
MM4214/MM5214 4096-Bit Read-Only MemMOrY . . . ..ottt et et e e e e e e ee e 3-28




ROMs — SECTION 3 (Cont.)

MM5215 12,288-Bit Read-Only Memory . ... ...... I 3-30
MM4220/MM5220 1024-Bit Read-Only Memory . . ... ..ot it e e e e e e e et 3-32
MM4221/MM5221 1024-Bit Read-Only Memory . . .. ittt it e e e e e e e et et e e as 3-36
MM4229/MM5229 3072-Bit Read-Only Memory (OpenDrain) .. ... ... ... .. ..., 3-40
MM4230/MM5230 2048-Bit Read-Only Memory . . . .. ..ottt e e e e e e 342
MM4231/MM5231 2048-Bit Read-Only Memory . . ... ..ottt et et e 3-46
MM4232/MM5232 4096-Bit Static Read-Only Memory . .. .. ...ttt 3-50
MM4233/MM5233 4096-Bit Read-Only Memory . .. .. ...ttt e e e e e 353
MM4240/MM5240 2560-Bit Static Character Generator . . . .. ... ...t nenenennenn. 3-55
MM4241/MM5241 3072-Bit Static Read-Only Memory . ......... N 3-59

RAMs — SECTION 4

MM 1101 256-Bit Fully Decoded Static Random Access Memory ... ...........uiiunuennnnn. 4-1
MM11011 256-Bit Fully Decoded Static Random Access Memory ... .. ..... ... uuienennn. 41
MM1101A 256-Bit Fully Decoded Static Random Access Memory . ..................c..... 4-1
MM1101A1 256-Bit Fully Decoded Static Random AccessMemory . ... ... ...........uou... 41
MM1101A2 256-Bit Fully Decoded Static Random Access Memory . .. ...............uu.u... 4-1
MM2102 1024-Bit Fully Decoded Static Random Access MemMOry .. ... ........c..ooiuueenn .. 4-5
MM4250 256-Bit Fully Decoded Static Random Access MEMOry . . ... .. vov v i e iin e, 4-1
MM4262/MM5262 2048-Bit Fully Decoded Dynamic Random Access Read/Write Memory . ........ 4-9

CLOCK DRIVERS — SECTION 5

MHO0007/MHO0007C DC Coupled MOS Clock DFiver . ... ... .ueuut et en e 51
MHO0009/MHO0009C DC Coupled Two Phase MOS Clock Driver . .. ........iuiiinennn .. 5-3
MHO0012/MH0012C High Speed MOS Clock DFiver .. .. .. ...t 5-5
MHO0013/MHO0013C Two Phase MOS Clock DFIVEr . . . . oottt e ittt et e et e e i e e i e e e 5-7
MHO0025/MH0025C Two Phase MOS Clock DFiver . . . ..o vi it e e e e e e e 5-11
MHO0026/MH0026C 5 MHz Two Phase MOS Clock Driver .. ....... ..., 5-14
MH7803/MH8803 Two Phase Oscillator/Clock Driver . . ... ... .. ..t 5-23
MH8808 Dual High Speed MOS Clock Driver . . .. .. .. ...ttt et et e e e 5-27

ANALOG SWITCHES — SECTION 6

MM450/MM550 Dual Differential Analog SWitch . .. ... ... ittt e e i 6-1
MM451/MM551 Four-Channel Analog SWitch . .. . ... ittt it et e e 6-1
MM452/MM552 Four MOS Transistor Package . . ... ...t u ettt eeeeee e 6-1
MM454/MM554 Four-Channel COmMMULAtOr . . . . . ot ottt it e e it e ettt et et e e it e iee e e 6-5
MM455/MM555 Three MOS Transistor Package . . ... .. .. ..o v uttine i, 6-1
AHO0014/AH0014C DTL/TTL Compatible DPDT AnalogSwitCh . . .. ... ... ..t nnn.. 6-8
AH0015/AH0015C Quad DTL/TTL Compatible SPST Analog Switch ... .................... 6-8
AHO0019/AH0019C DTL/TTL Compatible Dual DPST Analog Switch . ... ................... 6-8
AHO0120 Series High Level Analog Switches . ... . ... ... .ttt e e e et eee e 6-12
AHO0130 Series High Level Analog SWitches . . ... ... ...t e eian e 6-12
AHO0140 Series High Level Analog SWitches . . .. . ... ... ..ttt et et e e 6-12
AHO150 Medium Level Analog SWIitChes . . . . ..ottt i it ittt e et e et et 6-12
AHO160 Medium Level Analog SWitChes . . . . . .. ittt i e e e e e e e 6-12
AH2114/AH2114C DPST Analog SWItch . . . . o ottt ettt e e e e e e et e e 6-21
AM1000 Silicon N-Channel High Speed Analog Switch . ... ...... ... ..., 6-23
AM1001 Silicon N-Channel High Speed Analog Switch . ... ... ...... ...t irirnennn... 6-23
AM1002 Silicon N-Channel High Speed Analog Switch .. ............ .0ttt enunn .. 6-23
AM2009/AM2009C Six-Channel MOS Multiplex Switch . .. . ... ... ... it 6-25
AM3705/AM3705C Eight-Channel MOS Analog Multiplexer . ... .........'uuuineeennnnn... 6-27

ROM CHARACTER GENERATORS — SECTION 7

MM4220NP/MM5220NP 7x9 Horizontal Scan Display Character Generator .. . ... .............. 7-1
MM4230NN/MM5230NN 7x9 Horizontal Scan Display Character Generator .. ................. 741
MM4230NO/MM5230NO 7x9 Horizontal Scan Display Character Generator . ... ............... 7-1
MM4240AA/MM5240AA 7x5 Horizontal Scan ASCII-7 Character Generator . . . ............. 3-55, 14-21
MM4240AE/MM5240AE ASCII-7 and Lower Case Character Generator . ..................... 14-21




ROM CHARACTER GENERATORS — SECTION 7 (Cont.)

MM4240ABU/MM5240ABU Hollerith Character Generator . . . . . ..o .v vt i it enn 7-3, 14-21
MM4240ABZ/MM5240ABZ EBCDIC-8 Character Generator .. ... ..........uueueennn.. 7-5, 14-21
MM4240ACA/MM5240ACA EBCDIC Character GENerator . . . ... ..o vvvevneeinneennn.. 7-6, 14-21
MM4241ABL/MM5241ABL Vertical Scan ASCII-7 Character Generator . . .................... 14-21
MM4241ABV/MM5241ABV Vertical Scan ECMA-7 (Scandinavian) Character Generator ... ........ 14-21
MM4241ABW/MM5241ABW Vertical Scan ECMA-7 (German) Character Generator .. ............ 14-21
MM4241ABX/MM5241ABX Vertical Scan ECMA-7 (French, British, Italian) Character Generator . . . . . 14-21
MM4241ABY/MM5241ABY Vertical Scan ECMA-7 (Spanish) Character Generator . .. .. .......... 14-21

For information on the following character generators contact National, Santa Clara:
MM4240AD/MM5240AD Katakana Alphabet Character Generator
MM4240AF/MM5240AF 5x7 ASCII-6 with Low True Outputs Character Generator
MM4240AH/MM5240AH 5x7 ASCII-6 with High True Outputs Character Generator
MM4240AK/MM5240AK 5x7 ECMA-6 (French, British, Italian) Character Generator
MM4241AAN/MM5241AAN ASCII Vertical Scan Character Generator

ROM CODE CONVERTERS — SECTION 8

SKO0003 Sine/Cosine Look-Up Table Kit . .. ... .. .. et et i e e 8-1

MM4220AE/MM5220AE ASCII-7 to Hollerith Code Converter . ................uuueun.... 8-3

MM4220AP/MM5220AP BCDIC to ASCII Code Converter. . ... ... ovviv i e 8-6

MM4220BL/MM5220BL Baudot to ASCIlI Code Converter. . . . ... .. ...uviinvtunnuennnn.. 8-8

MM4220BM/MM5220BM Sine Look-Up Table . . . .. ..ot e 8-10
MM4220BN/MM5220BN Arctangent Look-Up Table. . . .. .. ... i i 814
MM4220DF/MM5220DF “Quick Brown Fox’ GEnerator . .. .. .. ... ....uuueueunennennnn. 8-16
MM4220EK/MM5220EK BCDIC-to-EBCDIC and ASCII-to-EBCDIC Code Converter . ............ 8-18
MM4220LR/MM5220LR BCDIC to ASCII-7/ASCII-7 to BCDIC Code Converter . .............. 8-21
MM4221RQ/MM5221RQ ASCII-7 to EIA RS244A/EIA RS244A to ASCII-7 Code Converter . .. .. .. 8-24
MM4221RR/MM5221RR ASCII-7 to EBCDIC Code Converter . ..............uuuuuunnennn 8-27
MM4230BO/MM5230BO Hollerith to ASCII Code CONVErter . . . . ... .ov vt v e e 8-30
MM4230F E/MM5230FE Selectric-to-EBCDIC/EBCDIC-to-Selectric Code Converter . ............ 8-32
MM4230JT/MM5230JT BCDIC to EBCDIC/EBCDIC to BCDIC Code Converter . .............. ' 8-37
MM4230KP/MM5230KP ASCII-7 to Selectric Code Converter ... ... ......oouiniee .. 8-43
MM4230QW/MM5230QW Hollerith to EBCDIC Code Converter . . . . ... ...ovvvnee .. 8-46
MM4230QX/MM5230QX EBCDIC-8-t0-ASCII-8 Code Converter . . . ... ... .ovuvun e nnnenn.. 8-48
MM4230QY/MM5230QY ASCII-8-t0-EBCDIC-8 Code Converter. . . .. ......ovuununonee... 8-50
MM4230RS/MM5230RS Binary to Modulo-n Divider Code Converter . .. .. .................. 8-562
MM4231RP/MM5231RP IBM 1130 EBCDIC to ASCII-7 Code Converter . ... ................. 8-54
MM4232/MM5232 AEI, AEJ, AEK Sine Look-Up Table ... ....... .. ... ... 8-59

For information on the following code converters contact National, Santa Clara:
MM3501TL ASCII to Baudot, Baudot to ASCII Code Converter
MM4213UW/MM5213UW EBCDIC-8 to Hollerith Code Converter
MM4221TM/MM5221TM ASCIH to Baudot, Baudot to ASCII Code Converter
MM4230JP/MM5230JP ASCII to MDS Code Converter
MM4230SQ/MM5230SQ ASCII-8 to Hollerith Code Converter

CUSTOM MOS/LSI — SECTION 9. .. ... ... . i 9-1
COMPLEX STANDARDS — SECTION 10

MM5307 Baud Rate Generator/Programmable Divider ... ........ ... ... 0. . 10-1
MMB5309 Digital CIOCK . . . . o ottt e e e e e 10-4
MMB311 Digital Clock . . . . . .o e e 10-10
MMB312 Digital ClOCK . . . . oottt e e e e 10-10
MMB313 Digital Clock . . . . . o o e e 10-10
MMB314 Digital ClOCK . . . . oottt e e e 10-10
MMB315 Digital CloCK . . . . ottt e 10-4
MM5316 Digital Alarm Clock . . .. . ..o 10-15
MM4320/MM5320 TV Camera Sync Generator . ... ... .covieviin e 10-20
MM5370 Digital Alarm Clock . . . ... e e e 10-26

MM5371 Digital Alarm Clock . . . . . . o e e e 10-26




COMPLEX STANDARDS — SECTION 10 (Cont.)

MM5375AA/AB/AC/AD/AE Digital Alarm Clock .. .. oottt e 10-33
MMB554 Frequency Divider . . .. ..o e e e 10-38
MM5555 Chromatic Frequency Generator . ... ... ... u i tnu ittt et 10-40
MM5556 Chromatic Frequency Generator . .. ... ... ...t ittt 10-40
MM5725 One Chip Calculator . . . . ... vttt e e e e e e e e e e e e e e 10-42
MM5736 MOS/LSI Six-Digit Calculator. . . . . ..o ittt 10-54
MM5738 MOS/LSI Eight-Digit Calculator . . .. .. ... v ittt e it 10-59
MM5739 MOS/LSI Eight-Digit Calculator . . ... ..ottt e 10-71
MM5740 90-Key Keyboard Encoder . ... ... ... ..t 10-76
MM5740AAE 90-Key Keyboard Encoder . ... .. ...t 10-76
MM5740AAF 90-Key Keyboard Encoder . .. ... ...ttt 10-76

INTERFACE CIRCUITS — SECTION 11

DM7800/DM8800 Dual Voltage Translator . . . ... ... ..v vt e ettt ittt a 11-1
DM7802/DM8802 High Speed MOS to TTL Level Converter . .. ........ ...t . 11-4
DM7806/DM8806 High Speed MOS to TTL Level Converter ... ...... ... uiiinneennnnn. 11-4
DM7810/DM8810 Quad 2-Input TTL-MOS Interface Gate . . . .. .. ... i ittt in e 11-9
DM7811/DM8811 Quad 2-Input TTL-MOS Interface Gate . . . .. ... ..o i e it 11-9
DM7812/DM8812 TTL-MOS Hex INVerter . . .. .. ... ittt ittt et e ee e e 11-9
DM8861 MOS-to-LED 5-Segment Driver . . . .. oottt e e e e e e e 11-11
DM8863 MOS-to-LED 8-Digit Driver . .. . ..ottt e e e e e e e 11-11
DM8885 MOS to High Voltage Cathode Buffer . ....... ... ... .. .. ... .. ... i, 11-15
DM75491 MOS-to-LED Quad Segment Driver . .. ... .ottt i et et e e e e 11-17
DM75492 MOS-to-LED Hex Digit Driver . .. .. ... i e e e 11-17
DM88L12 TTL-MOS Hex Inverter/Interface Gate . . . . . .. .. v ittt ettt e e i e e e e e 11-20
LM139/LM239/LM339 Quad CoOmMParator . . .. ... ..ouvum ettt et et e et e 11-22
LM163/LM363 Dual Line RECEIVEr. . . . . ottt it e e e e e e e e e e e et e e 11-30
LM363A Dual MOS Sense Amplifier . . ... ... e 11-30
LM55107A/LM75107A Dual Line ReCeiver. . . . .. oottt e et e e e 11-30
LM55108A/LM75108A Dual Line RECEIVEr . . . . o o it ittt et e et et et e e e et 11-30
LM75207 Dual MOS Sense Amplifier . . . ..o e e e 11-30
LM75208 Dual MOS Sense Amplifier . . . . .. i e e 11-30
MICROPROCESSORS — SECTION 12
Microprocessor IMP-Series Product Description List . . ... ... ...ttt 1241
*MM5750 MOS/LS! Register and Arithmetic Logic Unit (RALU) . . .. .. .......... ... uunn.. 12-6
**MM5751 MOS/LSI Control and Read Only Memory Unit (ROM) . . ... .. ...t itieeeenn. 12-14
APPLICATION NOTES/BRIEFS — SECTION 13
AN-40 The Systems Approach to Character Generators . . . . . .. .. oo v vt i it i i e 13-1
AN-44 High Voltage Shift Registers Move Display . ... ... ... ... .. .. i, 13-13
AN-55 Low Frequency Operation with Dynamic Shift Registers. . . ... .. ................... 13-17
AN-57 American and European Fonts in Standard Character Generators . .. .................. 13-21
AN-76 Applying Modern Clock Drivers to MOS Memories . . . . . .. oottt e a et 13-27
AN-80 MOS Keyboard Encoding ... ... ... ... .. .. 13-39
AN-85 Saving ROMs in High-Resolution Dot-Matrix Displays and Printers . . ................. 13-51
AN-86 A Simple Power Saving Technique for the MM5262 2K RAM . . ... ... .. ........... 13-59
AN-100 Custom ROM Programming ......... e e 13-63
MOS Brief 10 Trig Function Generators . . . . . . ... oottt it ittt e et e e et e et e e e 1371
MOS Brief 14 Mask Programming Specializes MOS Shift Register Designs . ... ................ 13-73
MOS Brief 16 Double-Clocking Cuts Standard Registers to Non-Standard Sizes. . ... ............ 13-75

DEFINITION OF TERMS/PHYSICAL DIMENSIONS — SECTION 14

*IMP-00H/520
**IMP-16A/521, IMP-16A/522, IMP-8A/520

vi




N

~N Alpha-Numerical Index

AH0014/AH0014C DTL/TTL Compatible DPDT Analog SWitch. . . .. ... ...ttt 6-8
AHO0015/AH0015C Quad DTL/TTL Compatible SPST Analog Switch . ... ................... 6-8
AH0019/AH0019C DTL/TTL Compatible Dual DPST Analog Switch . .. .................... 6-8
AHO0120 Series High Level Analog Switches. . . ... ... ... . .. .. .. . . . . . 6-12
AHO0130 Series High Level Analog Switches. . .. . .. ... . . i it e et 6-12
AHO140 Series High Level Analog Switches. . ... ... .. .. ... .. .. . . i 6-12
AHO0150 Medium Level Analog SWIitChes . . . . . . . . ... .t 6-12
AHO160 Medium Level Analog SWitChes . . . .. .. oottt et e 6-12
AH2114/AH2114C DPST Analog SWItCh . . .. .ottt e e e e e e e e e 6-21
AM1000 Silicon N-Channel High Speed Analog Switch . .. ....... ... ... .. ... .. ... ... .... 6-23
AM1001 Silicon N-Channel High Speed Analog Switch . . ... ... ... .. .. . ... 6-23
AM1002 Silicon N-Channel High Speed Analog Switch . . . .. ... .. ... ... . i, 6-23
AM2009/AM2009C Six-Channel MOS Multiplex Switch . .. ... ...ttt i 6-25
AM3705/AM3705C Eight-Channel MOS Analog Multiplexer . ... ...... .. ... ... 6-27
DM7800/DM8800 Dual Voltage Translator . .. ... ..ottt e e et 111
DM7802/DM8802 High Speed MOS to TTL Level Converter . .. ... ....ouuiiineunnnenn .. 11-4
DM7806/DM8806 High Speed MOS to TTL Level Converter . ... ........vviuneunnnnen .. 11-4
DM7810/DM8810 Quad 2-Input TTL-MOS Interface Gate . . . . . .. ..ottt 11-9
DM7811/DM8811 Quad 2-Input TTL-MOS Interface Gate . . . . .. . ..ot vt i e 11-9
DM7812/DM8812 TTL-MOS Hex Inverter . .. .. .. ...ttt it et 11-9
DM8861 MOS-to-LED 5-Segment Driver . . . . . oo i it e e e e e 11-11
DMB8863 MOS-to-LED 8-Digit Driver . . .. ... e e 11-11
DM8885 MOS to High Voltage Cathode Buffer ... ...... .. ... ... ... ... ... .... e 11-15
DM75491 MOS-to-LED Quad Segment Driver . ... ... ...ttt et 11-17
DM75492 MOS-to-LED Hex Digit Driver . . . . . ... e e e 11-17
DM88L12 TTL-MOS Hex Inverter/Interface Gate. . . .. .. ..ot vttt it et e 11-20
LM139/LM239/LM339 Quad ComParator . ... .. ... .u v vt et et e 11-22
LM163/LM363 Dual Line Receiver . .. . ... e e 11-30
LM363A Dual MOS Sense Amplifier .. .. ... ... e 11-30
LM55107A/LM75107A Dual Line ReCeiVer . . . . . . oottt e e e e e e e 11-30
LM55108A/LM75108A Dual Line Receiver. . . . ... i e e e it e e e 11-30
LM75207 Dual MOS Sense Amplifier . . .. oot e e e 11-30
LM75208 Dual MOS Sense Amplifier . . .. ... e e e e 11-30
MHO0007/MHO007C DC Coupled MOS Clock Driver . .. ... ... i ittt 5-1
MHO0009/MHO0009C DC Coupled Two Phase MOS Clock Driver ... ...........uiiiinnen.an. 5-3
MHO0012/MHO0012C High Speed MOS Clock Driver . ... ... ...ttt ettt 5-5
MHO0013/MHO0013C Two Phase MOS Clock Driver . ... ...ttt e i e a s 5-7
MHO0025/MHO0025C Two Phase MOS Clock Driver .. ... .. .ttt et 5-11
MH0026/MHO0026C 5 MHz Two Phase MOS Clock Driver . . ... .. ..ot itiiiiiiineeneenn 5-14
MH7803/MH8803 Two Phase Oscillator/Clock Driver . .. .. ... ... e 5-23
MH8808 Dual High Speed MOS Clock Driver . .. .. .. ...t it et e 5-27
MM400/MM500 Dual 25-Bit Dynamic Shift Register. . . .. .. ... i i 1-1
MM401/MM501 Dual 25-Bit Dynamic Shift Register. . . ... ... ...t ii i 1-1
MM402/MM502 Dual 50-Bit Dynamic Shift Register. . . .. .. ... ... . i 1-1
MM403/MM503 Dual 50-Bit Dynamic Shift Register. . ... ... ... ... . 11
MM404/MM504 Dual 16-Bit Static Register. . . . . ...ttt et et it et e i e 21
MM405/MM505 Dual 32-Bit Static Register. . . . . .. ..o e e 2-1
MM406/MM506 Dual 100-Bit Dynamic Shift Register . ... ......... ... i, 1-1
MM407/MM507 Dual 100-Bit Dynamic Shift Register . ... ... .. ... ...t 11
MM450/MM550 Dual Differential Analog Switch . .. .. . ... . e 6-1
MM451/MM551 Four-Channel Analog Switch . .. .. ... ... i 6-1
MM452/MM552 Four MOS Transistor Package. . . . . .. oo ittt e et e i e 6-1
MM454/MM554 Four-Channel Commutator. . . . ..o vttt et et e it et e e e s 6-5
MM455/MM555 Three MOS Transistor Package . . . . ... oottt e et e e 6-1
MM1101 256-Bit Fully Decoded Static Random Access Memory . . ................. ....... 4-1

vii



MM1101A 256-Bit Fully Decoded Static Random Access Memory ... ...................... 4-1

MM1101A1 256-Bit Fully Decoded Static Random Access Memory . .. ........... .. ........ 4-1
MM1101A2 256-Bit Fully Decoded Static Random Access Memory .. ...................... 4-1
MM1402A 1024-Bit Dynamic Shift Register. . . .. ... ... . e .. 15
MM1403A 1024-Bit Dynamic Shift Register. . . .. . ... .. i i e 1-5
MM1404A 1024-Bit Dynamic Shift Register. . . .. .. .o it i e e et e e 1-5
MM2102 1024-Bit Fully Decoded Static Random Access Memory . .. ................c..o... 4-5
MM3501 1024-Bit Read-Only Memory . .. ..o it ittt et it et e et e e et et e e e 3-1
MM4001A/MM5001A Dual 64-Bit Dynamic Shift Register. . . . . ... . ... ... . 19
MM4006A/MM5006A Dual 100-Bit Shift Register . ... ... .ottt i 1-12
MM4007/MM5007 Dual 100-Bit Programmable Shift Register . ..... ... ... ..., . 1-12
MM4010A/MM5010A Dual 64-Bit AcCumulator . ... ... ...ttt e 1-9
MM4013/MM5013 1024-Bit Dynamic Shift Register/Accumulator . ........... .. ... ouu... 1-15
MM4015A/MM5015A Triple 60+4-Bit Accumulator/Register . . . ... .. ... . 1-19
MM4016/MM5016 512-Bit Dynamic Shift Register .. ... e e e e e e e e 1-22
MM4017/MM5017 Dual 512-Bit Dynamic Shift Register ... ... ... ...t itiinennennn . 1-26
MM4019/MM5019 Dual 256-Bit Mask Programmable Shift Register .. ...................... 1-19
MM4025/MM5025 Dual 1024-Bit Dynamic Shift Register . . ... ........ e, 1-31
MM4026/MM5026 Dual 1024-Bit Dynamic Shift Register . . ... .. ... ...ttt ... 1-31
MM4027/MM5027 2048-Bit Dynamic Shift Register . . . . .. ..ottt i 1-31
MM4040/MM5040 Dual 16-Bit Static Shift Register . . . . ... oottt e i 2-4
MM4050A/MM5050A Dual 32-Bit Static Shift Register. . . .. ...ttt 2-7
MM4051A/MM5051A Dual 32-Bit Static Shift Register-Split Clock . . . . ... ..o v it i 2-7
MM4052/MM5052 Dual 80-Bit Static Shift Register . ... ... ... it 2-10
MM4053/MM5053 Dual 100-Bit Static Shift Register . .. .. .. ... ..ttt 2-10
MM4055/MM5055 Quad 128-Bit Static Shift Register . .. ... .. ... ..., 2-16
MM4056/MM5056 Dual 256-Bit Static Shift Register . .. ... ... ...ttt tneennnennn 2-16
MM4057/MM5057 512-Bit Static Shift Register .. ... ... ...t 2-16
MM4104/MM5104 Dynamic Shift Register . .. .. ... .ttt it et et e iie e e 1-36
MM4203/MM5203 2048-Bit Electrically Programmable 2048 Read-Only Memory (PROM) ... ...... 3-8
MM4210/MM5210 1024-Bit Read-Only Memory . . ... ..ottt ittt i it 3-18
MM4211/MM5211 1024-Bit Read-Only Memory . .. .. ...ttt e e e i es 321
MM4213/MM5213 2048-Bit Read-Only Memory . . ... ..o uuit ittt it et i 3-26
MM4214/MM5214 4096-Bit Read-Only MemOry . .. ..ottt ittt it et e it e e 3-28
MM4220/MM5220 1024-Bit Read-Only MemOry . .. ..ot i ettt ittt i e e 3-32
MM4220AE/MM5220AE ASCII-7 to Hollerith Code Converter ... .. ..........uuinuenen.. 83
MM4220AP/MM4220AP BCDIC to ASCII Code Converter. . . ..o v v v vt vt i it e e e i ia e e 8-6
MM4220BL/MM5220BL Baudot to ASCII Code CONVerter. . . ... .cv v v iu v it i 88
MM4220BM/AM5220BM Sine Look-Up Table . . . . ... vttt i e e et 8-10
MM4220BN/MM5220BN Arctangent Look-Up Table. . . . ... ... . i i i 8-14
MM4220DF/MM5220DF ““Quick Brown Fox' Generator . ... ... ......euueeuneunnennn.. 8-16
MM4220EK/MM5220EK BCDIC-to-EBCDIC and ASCIi-to-EBCDIC Code Converter. . ... ......... 818
MM4220LR/MM5220LR BCDIC to ASCII-7/ASCIHI-7 to BCDIC Code Converter . .............. 821
MM4220NP/MM5220NP 7x9 Horizontal Scan Display Character Generator .. ................. 7-1
MM4221/MM5221 1024-Bit Read-Only MemMOry . .. .. v vttt ittt e et e e e 3-36
MM4221RQ/MM5221RQ ASCII-7 to EIA RS244A/EIA RS244A to ASCII-7 Code Converter . . ... .. 8-24
MM4221RR/MM5221RR ASCII-7 to EBCDIC Code CONVerter . .. ..........oveuunenneennn. 8-27
MM4229/MM5229 3072-Bit Read-Only Memory (Open Drain) ... ... ... 3-40
MM4230/MM5230 2048-Bit Read-Only Memory .t ... .ottt i e e 3-42
MM4230BO/MM5230B0O Hollerith to ASCII Code Converter . .. .. ... .o ut it 8-30
MM4230FE/MM5230FE Selectric-to-EBCDIC/EBCDIC-to-Selectric Code Converter . ............ 8-32
MM4230JT/MM5230JT BCDIC to EBCDIC/EBCDIC to BCDIC Code Converter . .............. 8-37
MM4230KP/MM5230KP ASCII-7 to Selectric Code Converter .. ... .......o.vueeeuununnnn. 8-43
MM4230NN/MM5230NN 7x9 Horizontal Scan Display Character Generator . . . .. .............. 7-1
MM4230NO/MM5230NO 7x9 Horizontal Scan Display Character Generator . . . ... ............. 7-1
MM4230QW/MM5230QW Hollerith to EBCDIC Code CONVerter . . ... ..o vv vt inniieeenn ... 8-46
MM4230Q0X/MM52300X EBCDIC-8-t0-ASCII-8 Code Converter . . . .. .. vt ittt e 8-48
MM4230QY/MM5230QY ASCII-8-t0-EBCDIC-8 Code Converter . . ... ..o vvvvn e neennn .. 8-50
MM4230RS/MM5230RS Binary to Modulo-n Divider Code Converter . .. ..:................. 8-54
MM4231/MM5231 2048-Bit Read-Only Memory .. ... i ittt ittt e e it 3-46

viii




MM4231RP/MM5231RP EBCDIC to ASCII-7 Code Converter . .......................... 8-54

MM4232/MM5232 4096-Bit Static Read-Only Memory . . ... .. ... ... ... . . .. 3-50
MM4233/MM5233 4096-Bit Read-Only Memory . .. ..ottt e e 3-51
MM4240/MM5240 2560-Bit Static Character Generator. . . . .. ... ...ttt 3-55
MM4240AA/MM5240AA 7x5 Horizontal Scan ASCII-7 Character Generator .. ........... 3-53, 14-21
MM4240AE/MM5240AE ASCHI-7 and Lower Case Character Generator ... .................. 14-21
MM4240ABU/MMS5240ABU Hollerith Character Generator .. ... ... ... ... 7-3, 14-21
MM4240ABZ/MM5240ABZ EBCDIC-8 Character Generator .. ................c.oouuu... 7-5, 14-21
MM4240ACA/MM5240ACA EBCDIC Character Generator. . . .. .. ..ot 7-6, 14-21
MM4241/MM5241 3072-Bit Static Read-Only Memory . ... ... ... ... .. .. ... 3-59
MM4241ABL/MM5241ABL Vertical Scan ASCII-7 Character Generator .. ................... 14-21
MM4241ABV/MM5241ABYV Vertical Scan ECMA-7 (Scandinavian) Character Generator. . .. ... .. .. 14-21
MM4241ABW/MM5241ABW Vertical Scan ECMA-7 (German) Character Generator ... .......... 14-21
MM4241ABX/MM5241ABX Vertical Scan ECMA-7 (French, British, Italian) Character Generator . . .. 14-21
MM4241ABY/MM5241ABY Vertical Scan ECMA-7 (Spanish) Character Generator . ............ 14-21
MM4262/MM5262 2048-Bit Fully Decoded Dynamic Random-Access Memory . .. .............. 413
MM4320/MM5E320 TV Camera Sync GENerator . .. .. ..o o vun et i 10-20
MM5023 Quad 80-Bit Dynamic Shift Register . . . .. ... ... .. . 1-28
MMB5024A 1024-Bit Dynamic Shift Register . .. .. .. ... e 1-5
MM5054 Dual 64/72/80-Bit Static Shift Register . . . .. . . ... . e 2-13
MMB5058 1024-Bit Static Shift Register . . . .. .. .ottt i et e e e 2-21
MM5060 Dual 144-Bit Mask Programmable Static Shift Register. . . . ........... .. ... ...... 2-24
MM5061 Quad 100-Bit Static Shift Register . .. . . . . . e e e 2-27
MM5202A Electrically Programmable 2048-Bit Read-Only Memory (PROM) ... ............... 3-3
MM5204 Electrically Programmable 2048-Bit Read-Only Memory (PROM). .. .. ... ........... 3-13
MM5212 12,288-Bit Read-Only Memory (Open Drain) . .. ... ... ... .. 3-40
MM5215 12,288-Bit Read-Only Memory . . . .« oottt e e 3-30
MM5307 Baud Rate Generator/Programmable Divider ... .. ... .. .. . ... .. .. ... 10-1
MMB309 Digital CloCK . . . v vt e e e e e e e e e 10-4
MMB311 Digital CIOCK . . . o vttt et e e et e e e e et e e 10-10
MMB312 Digital CIOCK .+« v v e et e e e e e e e e e e e e 10-10
MMB313 Digital CIOCK . . . . v vttt et e e e et e e e e 10-10
MMB314 Digital CIOCK . . . . vt et e e e et e e e e e e 10-10
MM5316 Digital Alarm Clock .. .o ot e 10-15
MMB319 Digital CIOCK . . o . v v e e e e e e e e e e e e 10-4
MMB5370 Digital Alarm Clock . . . ..o 10-26
MM5B371 Digital Alarm ClocK . . . . oot e 10-26
MMB5375AA/AB/AC/AD/AE Digital Alarm Clock . . . o v it 10-33
MMB554 Frequency Divider . . . ... e e 10-38
MMB555 Chromatic Frequency Generator . ... ... .. ... ...ttt 10-40
MMB556 Chromatic Frequency Generator .. .. ... .. ..ttt ittt 10-40
MM5725 One Chip Calculator . . . . .. e 10-42
MM5736 MOS/LSI Six-Digit Calculator . . .. ... ... e e 10-54
MM5738 MOS/LSI Eight-Digit Calculator . .. . ... e 10-59
MM5739 MOS/LSI Eight-Digit Calculator . .. . ... .. . 10-71
MM5740 90-Key Keyboard Encoder . . .. .. ... . e 10-76
MM5740AAE 90-Key Keyboard Encoder ... .. ... .. . 10-76
MM5740AAF 90-Key Keyboard Encoder .. ... .. it e 10-76
MM5750 MOS/LS! Register and Arithmetic Logic Unit (RALU). . .. ... ... ... .. 121
MM5751 MOS/LSI Control and Read Only Unit (CROM) ... ..... ... . ... ... .. 12-9
SKO0003 Sine/Cosine Look-Up Table Kit . . . ... . e e e 81

ix






MOS

Dynamic Shift Registers

MM400/MM500 Dual 25-Bit Dynamic Shift Register
MM401/MM501 Dual 25-Bit Dynamic Shift Register
MM402/MM502 Dual 50-Bit Dynamic Shift Register
MM403/MM503 Dual 50-Bit Dynamic Shift Register
MM406/MM506 Dual 100-Bit Dynamic Shift Register

MM407/MM507 Dual 100-Bit Dynamic Shift Register
MM1402A 1024-Bit Dynamic Shift Register

MM1403A 1024-Bit Dynamic Shift Register

MM1404A 1024-Bit Dynamic Shift Register
MM4001A/MM5001A Dual 64-Bit Dynamic Shift Register

MM4006A/MMS5006A Dual 100-Bit Dynamic Shift Register
MM4007/MM5007 Dual 100-Bit Mask Programmable Shift Register
MM4010A/MM5010A Dual 64-Bit Accumulator
MM4013/MM5013 1024-Bit Register/ Accumulator
MM4015A/MM5015A Triple 60 + 4-Bit Register/Accumulator

MM4016/MM5016 512-Bit Dynamic Shift Register
MM4017/MM5017 Dual 512-Bit Dynamic Shift Register
MM4019/MM5019 Dual 256-Bit Mask Programmable Shift Register
MM5023 Quad 80-Bit Dynamic Shift Register

MM5024A 1024-Bit Dynamic Shift Register

MM4025/MM5025 Dual 1024-Bit Dynamic Shift Register
MM4026/MM5026 Dual 1024-Bit Dynamic Shift Register
MM4027/MM5027 2048-Bit Dynamic Shift Register
MM4104/MM5104 Dynamic Shift Register

Static Shift Registers

MM404/MM504 Dual 16-Bit Static Register

MM405/MM505 Dual 32-Bit Static Register

MM4040/MM5040 Dual 16-Bit Static Shift Register
MM4050A/MM5050A Dual 32-Bit Static Shift Register
MM4051A/MM5051A Dual 32-Bit Static Shift Register-Split Clock

MM4052/MM5052 Dual 80-Bit Static Shift Register
MM4053/MM5053 Dual 100-Bit Static Shift Register
MM5054 Dual 64/72/80-Bit Static Shift Register
MM4055/MM5055 Quad 128-Bit Static Shift Register
MM4056/MM5056 Dual 256-Bit Static Shift Register

MM4057/MM5057 512-Bit Static Shift Register

MM5058 1024-Bit Static Shift Register

MM5060 Dual 144-Bit Mask Programmable Static Shift Register
MM5061 Quad 100-Bit Static Shift Register

PROMs/ROMs

MM3501 1024 -Bit Read-Only Memory

MM5202A Electrically Programmable 2048-Bit PROM
MM4203/MM5203 2048-Bit Electrically Programmable PROM
MM5204 Electrically. Programmable 4096-Bit PROM
MM4210/MM5210 1024-Bit Read-Only Memory

MM4211/MM5211 1024-Bit Read-Only Memory
MM5212 12,288-Bit Read-Only Memory
MM4213/MM5213 2048-Bit Read-Only Memory
MM4214/MM5214 4096-Bit Read-Only Memory
MM5215 12,288-Bit Read-Only Memory

MM4220/MM5220 1024-Bit Read-Only Memory
MM4221/MM5221 1024-Bit Read-Only Memory
MM4229/MM5229 3072-Bit Read-Only Memory (Open Drain)
MM4230/MM5230 2048-Bit Read-Only Memory
MM4231/MM5231 2048-Bit Read-Only Memory

MM4232/MM5232 4096-Bit Static Read-Only Memory
MM4233/MM5233 4096-Bit Read-Only Memory

MM4240/MM5240 2560-Bit Static Character Generator
MM4241/MM5241 3072-Bit Static Read-Only Memory

RAMs

MM1101 256-Bit Fully Decoded Static Random Access Memory
MM11011 256-Bit Fully Decoded Static Random Access Memory
MM1101A 256-Bit Fully Decoded Static Random Access Memory
MM1101A1 256-Bit Fully Decoded Static Random Access Memory
MM1101A2 256-Bit Fully Decoded Static Random Access Memory

MM2102 1024-Bit Fully Decoded Static Random Access Memory
MM4250 256-Bit Fully Decoded Static Random Access Memory
MM4262/MM5262 2048-Bit Fully Decoded Dynamic R/W Memory

*Vee

Selection

Max Freq
or Min
Access Time

1.0 MHz
1.0 MHz
1.0 MHz
1.0 MHz
1.0 MHz

1.0 MHz
5.0 MHz
5.0 MHz
5.0 MHz
2.5 MHz

2.5 MHz
2.5 MHz
2.5 MHz
2.5 MHz
2.5 MHz

2.5 MHz
2.5 MHz
2.5 MHz
2.5 MHz
5.0 MHz

3.0 MHz
3.0 MHz
3.0 MHz
2.5 MHz

1.0 MHz
1.0 MHz
2.2 MHz
1.6 MHz
1.6 MHz

1.6 MHz
1.6 MHz
2.2 MHz
1.5 MHz
1.5 MHz

1.5 MHz
1.5 MHz
1.5 MHz
1.6 MHz

4.0 us
1.0 us
1.0 us

650 ns

950 ns
5.0 us
750 ns
1.0 ps
3.0 ps

650 ns
950 ns
1.4 ps
725 ns
950 ns

1.0 us
1.0 us
600 ns
900 ns

1.5 us
1.0 us
1.5 us
1.0 us
500 ns

1.0 us
650 ns
365 ns

Vss

+10
+10
+10
+10
+10

+10

+5.0
+5.0
+5.0
+5.0

+5.0
+5.0
+5.0
+5.0
+5.0

+5.0
+5.0
+5.0
+5.0
+5.0

+5.0
+5.0
+5.0
+5.0

+10
+10
+5.0
+5.0
+5.0

+5.0
+5.0
+5.0
+5.0
+5.0

+6.0
+5.0
+5.0
+5.0

+5.0
+5.0
+5.0
+12

+5.0
+5.0
+5.0
+5.0
+12

+12
+5.0
+5.0
+12
+5.0

+5.0
+5.0
+12

+5.0

+5.0
+5.0
+5.0
+5.0
+5.0
+5.0
+5.0
+5.5

Vpbp

GND
GND
GND
GND
GND

GND
5.0
5.0
5.0

None

None
None
None
None
None

None
None
None
GND

5.0

GND
GND
GND
None

GND
GND
GND
GND
GND

GND
GND
GND
GND
GND

GND
GND
GND
GND

-13
=12
-12
=12
=12

-12
-12
-12
-12

ov

-12
-12
-12
-12
-12

-12
-12
-12
-12

-7.0
-7.0
9.0
-9.0
-9.0
None
-5.0
-15

Guide

Vpp2
or
Vaea

None
None
None
None
None

None
None
None
None
-12

12
-12
12
-12
-12

12
12
12
12
None

-12
12
12
12

-6.0

6.0
12
12
12

-12
12
12
-12
-12

-12
-12
-12
-12

=27

12
-12
-12
-12

-12
-12
=12
-12
-12

=12
-12
-12
-12
12

-12
-12
-12
-12

-10
-10
-9.0
-9.0
-9.0
None
-9.0
+8.6%

Clock
Swing

16
16
16
16
16

16
17
17
17
17

17
17
17
17
17

17
17

TTL
17

17
17
17
17

16
16

17
17

17
17
TTL
TTL
TTL

TTL
TTL
TTL
TTL

None
None
None
None
None

None
None
None
None
None

None
None
None
None
None

None
None
None
None

None
None
None
None
None
None

None
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A

general description

The National Semiconductor line of dynamic shift
registers are built on a single silicon chip utilizing
MOS P channel enhancement mode transistors.
Designed to operate over a wide frequency spec-
trum, these devices can be used in any sequential
digital system that employs a two phase clocking
system. The low threshold transistors used permit
operation with a Vpp supply voltage of -10V and
a -16V clock amplitude to obtain these device
features:

® Direct DTL or TTL compatibility

® High Frequency

Operation 1 MHz guaranteed

® Low Power

Consumption 0.8 mW/bit @ 1 MHz

Dynamic Shift Registers

*MM400/MM500 series dynamic shift registers

® Minimum Operating

Frequency Guarantee 600Hz @ 25°C

® Military and Commercial Temperature Ranges
MM400 Series -55°C to +125°C
MM500 Series 0°C to +70°C

® | ow Output Impedance (Vgy) 500 ohms

® Clock inputs directly compatible with MH0009,
two phase clock driver

The power dissipation of the device decreases as
the operating frequency is decreased; at 10 kHz
typical dissipation is. 6 uW/bit. The minimum
operating frequency is also reduced substantially
at lower temperatures; typical minimum frequency
of operation at 25°C is 100 Hz.

schematic and connection diagrams

Metal Can Package

-Voo

v |
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|
|

o

oata 17

INPUT
|
|
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|

4

LRERE

INPUT A o o INPUT B
- (] H W
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> 234 B »
> OUTPUT A o 5 B ° ouTPUT B
~ 3 o«

28 pata
outPUT CLOCK &, CLOCK 0y
Vss
Note: Pin 4 connected to case.
TOP VIEW
Order Number MM400H,

MMS00H, MM401H, MM501H,

* * See chart
below

lo——- ONE BIT DELAY

CLOCK ¢ ON PIN 5 CLOCK ¢, ONPIN3

typical applications

FIGURE 1 — TTL/MOS Interface— Low Frequency
(see clock timing graph for detail)
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CLOCK Voy, o, REQUIREMENTS WITH Vsg =+5V gy
CLOCK REP. RATE 650 kHz TYP.

LOGIC “0” (Vss) = +4.5V

LOGIC "1 (Vss — Voo ) = =10V

Waveforms for Applications

Vss
CLOCK Oy y__y, | I l I L| U lJ
|
vsﬁ l—-l m r—l r—l r
Vss- Vo \

CLOCK o,

(Vs -25V) =

P—
TYPICAL DATAIN \
(Vs 45V ;
|
| —
TYPICAL DATA OUT w \ l ‘
(e -s0)_NBIT DELAY

1STAGE ———=+e—— OUTPUT BUFFER —
| |

MM402H, MM502H, MM403H,
MM503H, MM406H, MM506H,
MM407H or MM507H
See Package 23

FIGURE 2 — TTL/MOS Interfaces

Vss

N, BIT REGISTER

_ < <
M 1 8% 3
|
|

Ng BIT REGISTER s 4

|
1‘““ iEJsK JsKL 1_ ’

CLOCK Voq, 0, REQUIREMENTS WITH Vg =
LOGIC 0" (Vss) = +9.5V
LOGIC 1" (Vss — VoL ) = -6.0V

sovTye U

Standard Register Configurations t

OPEN DRAIN OUTPUT | 20 KQ OUTPUT
CONFIGURATION I e e | -25°Cto |-85°Cto | -25°C 1o
+125°C +70°C | +125°C | +70°C
Dual 25 bit MM400 MMS00 | MM401 | MMSO01
Dual 50 bit MM402 MMS02 | MM403 | MMS503
* Dual 100 bit MM406 MM506 | MM407 | MMS507

tFor other length registers consult your National representative.
*For New Designs, See MM4006A/MMS5006A Data Sheet.
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MM400/MM500 Series

absolute maximum

Drain Voltage (—Vpp)

Clock Inputs (Vé,, Vo,)

Data Inputs

Power Dissipation (Note 1)

Operating Temperature
MMA400 Series
MM500 Series

Storage Témperature

ratings

+0.5V to —25V
+0.5V to —25V
+0.5V to —25V

500 mW

-55°C to +125°C
—-25°C to +70°C
—65°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C
electrical characteristics (Note 2)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Clock Repetition Rate See Fig. 2 See Note 5 1.0 MHz
See Fig. 1 See Note 5 0.5 MHz
Clock Input Capacitance f = 1.0 MHz, OV Bias
(Pins 3 & 5) MM400, 401, 500, 501 22 40 pF
MM402, 403, 502, 503 40 60 pF
MM406, 407, 506, 507 85 100 pF
-20V Bias
MM400, 401, 500, 501 18 25 pF
MM402, 403, 502, 503 32 40 pF
MM406, 407, 506, 507 55 65 pF
Data Output Voltage Levels
MOS to MOS Vb = -10V, Vgg = GND
Logic “0" (Von) freq = 1 MHz max. Vgs -1.5 \Y
Input (d.c.)
Logic “1” (Vo) Vgs -8.0V v
MOS to TTL (Fig. 1) Vpp = GND, Vgg = +10V
freq =1 MHz max.
Input (d.c.)
Logic “0” (Vou) I.=25mA 25 \Y
Logic “1" (Vo) I, =-16mA } see Note & 04 v
MOS to TTL (Fig. 2) Vop = -5V, Vgg = +5V
(Vgs = 4.75 min)
freq = 0.5MHz max.
Logic “0” (Vou) I, =25mA 25 Y
Logic “1” (Vay) IL=-16 mA} See Note 6 0.4 v
Breakdown Voltage 1.0 uA Test Current
Ta =25°C
On Pin 1 GNDonPins2,3,4,5,6,7 -25 \Y
-8V onPin8
On Pin 2 (Note 3) GNDonPins1,4,6,7,8 -25 \Y
-8VonPins 3,5
On Pin 6 (Note 3) GNDonPins1,2,4,7,8 -25 A\
-8V on Pins 3,5
OnPin7 GNDonPins1,2,3,4,5,6 -25 \%
-8V on Pin 8
Leakage Current Ta =25°C
Pin 1 VvV, =-18V, Vg = -8V 05 MA
All Other Pins at GND
Pin 2 (Note 4) V,=-18V, Vy3 = Vg = -8V 05 MA
All Other Pins at GND
Pin 6 (Note 4) Vg = -18V, V3 = Vg = -8V 05 uA
All Other Pins at GND
Pin7 V,; =-18V, Vg = -8V 0.5 MA
All Other Pins at GND
Pin 8 (Note 4) Vg = -8V 05 HA
All Other Pins at GND
Power Supply Current Drain Outputs at Logic ‘1"
1 MHz Operations, T = 25°C
(¢, =0.4 s, p5 = 0.2 us)
MM400,401,500,501 4.5 9.0 mA
MM402,403,502,503 9.0 14.0 (Average)
MM406,407,506,507 18.0 30.0




electrical drive requirements

PARAMETER CONDITIONS MIN TYP MAX UNITS
Clock Pulse Width See Timing Diagram
¢4 Clock pw 0.4 10.0 us
¢, Clock pw 0.2 10.0 us
Clock Delay, ¢4 See Definition 0.1 us
Clock Pulse Transition t,4, tg 1MHz, ¢p =0.2 us 0.05 us
100 kHz, ¢o = 0.2 us 0.5 us
10 kHz, ¢ = 10 s 5.0 us
Clock Input Level (Vy)
Logic 0" (Vg ) Vgs -0.5 | Vgs -1.5 \Y
Logic “1"”" (Vg ) Vgs -145 | Vgg -16.0 | Vgs -18.0 \
Data Pulse Width tq,, 04 us
Data Setup Time tyg 0.1 us
Data Input Voltage Levels
MOS to MOS
Logic “0” (V) Vpp =-10V, Vgg = GND 20 A
Logic “1” (V) freq = 1 MHz max. -7.0 \Y
TTL to MOS (Fig. 1)
Logic 0" (V) Vpp = GND, Vgg = +10V Vgs 2.0 \Y
Logic “1" (V) freq = 1MHz max. Vgs -7.0 \
TTL to MOS (Fig. 2)
Logic 0" (V) Vpp = -5V, Vgg = +5V Vss 1.5 \
Logic “1" (V) (Vgs = 4.75 min)
freq = 0.5 MHz max. Vgs 4.2 \

Note 1: For operating at elevated temperatures, the device must be derated based on a +150°C maximum junction temperature and a thermal
resistance of +150°C/W junction to ambient. The full rating app'ies for case temperatures to +125°C for MM400 Series and +70°C for

MM500 Series units.

Note 2: These specifications apply over the indicated operating temperature ranges for Vgg = OV and ~11V < Vpp < -9.5V and 20 k2
connected between pins 2 and 8 and between pins 6 and 8 without measurement load of less than 10 pF in parallel with 10 M2 to ground
unless otherwise specified. On the MM401/MM501, MM403/MM503, and MM407/MM507 optional versions which include 20 kQ pull-up
resistors internal to package, the external 20 k{2 resistors are not used in measurement circuits.

Note 3: For the odd number devices, MM401, MM403 and MM407, the output of pins 2 and 6 will exhibit a resistance when measured with

the following bias conditions: pins 1, 6 and 8 = GND: pins 3 and 5 = =16V, pin 4 = open; measure pins 2 and 6 = 25k < RoyT < 15 kQ.

Note 4: Not for internal resistor devices.
Note 5: See minimum operating frequency graph.

Note 6: In the logic 0" (Von) level the MOS register output will be sourcing 2.5 mA into the load combination of the pull-down resistors
and the gate leakage current. In the logic 1" Vo level I represents the current that the pull-down resistor and the internal 20k resistor
combination will sink in order to insure current sinking capability for one gate.

operation

Each bit of delay shown in the circuit schematic consists
of two inverters T1 and T4 accompanied by clocked load
resistors T2 and T5 and two coupling devices T3 and T6.
The circuit functions as follows: When ¢, goes negative
(one state) the coupling unit TA and the load resistor
T2 are clocked ON allowing information at the input to
be transferred to node A turning T1 ON or OFF depend-
ing on the state of the input. For example, if a negative
potential (near -V level) is transferred from the input
to the gate to source capacitance at node A, then T1

-Vbp

turns ON allowing node F to be at . When ¢, re-

turns to its zero state (ground level) T2 turns OFF allow-
ing node F to discharge to zero volts. When ¢ goes nega-
tive (one state) the coupling unit T3 and the load re-
sistor TS5 are clocked ON allowing information at node F
to be transferred to node B. T4 is held OFF if node F was
at ground potential and is turned ON if node F had been
at -Vpp potential. Continuing the example above, T4 is
held OFF and node G is at -V pp since T5 is ON during
¢4 clock pulse. When ¢4 returns to its zero state, node G
maintains a ~-Vpp voltage level. This voltage level is
maintained at node G until the ¢5 clock appears. The
bit delay demonstrated in this example is repeated
through each half of the dual register.

timing diagram

I
bt T |
W | Yo —ef bt |
o —V«»u AN
el 10% |
ov
NS PV M
ik
-ty |
DATA OV—y ) {
INPUT Ve berd ™\ A VA
— o |
|
NODEAS/M S\ T\ —
| |
1 |
| H
NODEB | / \/ { / '
|
' i
!
NODEC | \ / \ W 4 \
I i '
I |
| | |
DATA |
ouTRUT | N BIT DELAY —"‘\___/_—\_

1-3

S OOSWIN/OOYININ

saue




MM400/MM500 Series

performance characteristics
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Dynamic Shift Registers

MM1402A/MM1403A/MM1404A/MM5024A
1024 -bit dynamic shift registers

general description

The MM1402A/MM1403A/MM1404A/MM5024 A
1024-bit dynamic shift registers are MOS mono-
lithic integrated circuits using silicon gate tech-
nology to achieve bipolar compatibility. 56 MHz
data rates are achieved by on-chip multiplexing.
The clock rate is one-half the data rate; i.e.,
one data bit is entered for each ¢, and ¢, clock
pulse.

All devices in the family can operate from +5V,
-5V, or +5V, -9V power supplies.

features

® Guaranteed 5 MHz operation

m  Low power dissipation .1 mW/bit at 1 MHz
8 DTL/TTL compatible
® Low clock capacitance 125 pF
® Low clock leakage <1uA
®  |nputs protected against static charge

®» QOperation from 456V, -6V or +5V, -9V power
supplies

® Seven standard configurations

MM1402AD Quad 256-bit
MM1402AN Quad 256-bit
MM1403AH Dual 512-bit
MM1403AN Dual 512-bit
MM1404AH Single 1024-bit
MM1404AN Single 1024-bit
MM5024 AH Single 1024-bit with
internal pull-down resistor
applications
= Radar and sonar processors
® CRT displays
® Terminals
® Desk top calculators
® Disk and drum replacement
= Computer peripherals
= Buffer memory
® Special purpose computers—signal processors,
digital filtering and correlators, receivers, spec-
tral compressors and digital differential analyzers
= Telephone equipment

» Medical equipment

connection diagrams
Metal Can Package

TOP VIEW

Order Number MM1403AH
See Package 23

Dual-In-Line Package

Metal Can Package

Voo

Vss

TOP VIEW

Order Number MM1404AH
See Package 23

Dual-In-Line Package

Metal Can Package

INTERNAL
RESISTOR

TOP VIEW

Order Number MM5024AH
See Package 23

Dual-In-Line Package
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TOP VIEW
Order Number MM1402AD
See Package 3

Order Number MM1402AN
See Package 15

TOP VIEW

Order Number MM1403AN
See Package 12

ToP VIEW

Order Number MM1404AN
See Package 12
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absolute maximum ratings

Data and Clock Input Voltages and Supply

Voltages with Respect to Vgg

Power Dissipation

Operating Temperature Range

Storage Temperature Range

Lead Temperature (Soldering, 10 sec)

+0.3V to —20V
600 mW at T, = 25°C
0°C to +70°C

-65°C to +160°C
300°C

electrical characteristics
Ta =—25°C to +70°C, Vgg = 5V 5%, Vpp = —5V 5% or —9V 5%, unless otherwise specified.

MM1402A/MM1403A/
MM1404A/MM5024A

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical Low Level (V,_) Vgs - 10.0 Vgs - 4.2 v
Logical High Level (V) Vss - 1.7 Vss +0.3 v
Data Input Leakage Current Vn = =15V, T, = 25°C, All Other Pins GND <10 500 nA
Input Capacitance Vin = Vss 5 10 pF
Clock Input Levels Vop = -5V * 5%
Logical Low Level (Vg ) Vgs = 17 Vgg - 156 \
Logical High Level (Vg ) Vsgs -1 Vss +0.3 \"
Logical Low Level (Vg ) Vpp = -9V 5% Vgs - 14.7 Vgs - 12.6 v
Logical High Level (V) Vgs -1 Vgs +0.3 v
Clock Leakage Current Min Vg, Ta =25°C 10 1000 nA
Clock Capacitance Vs =Vss 920 125 pF
Data Output Levels
Logical Low Level (Vo ) Ry 1=3k to Vpp, lo, = 1.6 MA, Vpp = -5V £ 5% -0.3 0.5 v
Logical High Level (Vou) Ryq1 =3k to Vpp, lon = 100 uA 24 35 \%
Logical Low Level (Vo) Ry1=4.7k to Vpp, loL = 1.6 mA, Vpp = -9V £ 5% -0.3 05 \Y
Logical High Level (Vo) Ry =4.7k to Vpp, lon = 100 uA 24 35 A\
Logical High Level (Vou) Ry 2=4.7k to Vpp, Vpp = -5V £ 5% Vss - 19 Vgs -1 \"
Logical High Level (Vou) R 2=6.2k to Vpp, Vpp = -9V + 6% Vss - 1.9 Vgs -1 \
Ry 3 =39k to Vgg
Power Supply Current (Ipp) Ta=25°C, Vpp = -5V £5% 35 50 mA
Output Logic “0”, 5 MHz
Data Rate, 33% Duty Cycle,
Continuous Operation, V= Vgg — 17V
Ta=0C 56 mA
Ta=25°C, Vpp = -9V £5% 30 40 mA
Output at Logic 0", 3 MHz
Data Rate, 26% Duty Cycle,
Continuous Operation, V4= Vgg — 14.7V
Tp=0°C 45 mA
Data Output Leakage Current Vourt =00V, T4 = 25°C, Vg1 = Vg2 = Vgs - 10V, <10 1000 nA
All Other Pins +5V
Internal Resistor (MM5024A) Ta=25°C 3.7 4.7 5.2 kQ
Output Capacitance Vout = Vss. f=1MHz 5 10 pF
ac characteristics 1, =-0°C to +70°C, Vg = 5V £5%
=_BV + =9Vt
PARAMETER Voo = -5V * 5% Vop = 9V * 5% UNITS
MIN MAX MIN MAX
Clock Frequency (¢¢) Note 1 25 Note 1 15 MHz
Data Frequency 5.0 3.0 MHz
Clock Pulse Width (¢pw) 0.130 10 0.170 10 us
Clock Phase Delay Times (¢q, #4) 10 Note 1 10 Note 1 ns
Clock Transition Times (¢t,, dtg) 1000 1000 ns
Data Input Delay Time {ty) 30 60 ns
Data Input Hold Time (tgy) 20 20 ns
Data Output Propagation Delay 90 110 ns

Note 1: Minimum clock frequency is a function of temperature and clock phase delay times, ¢gq and ‘Fd as shown by the ¢¢
versus temperature and ¢gq, $d versus temperature curves. The lowest guaranteed clock frequency can be attained by making
¢d equal to ¢4. The minimum guaranteed clock frequency is:

¢¢(min) = 1/(¢g + dg) for the condition (¢t = ¢ty << ppy << Py or dg), where the variables may not exceed the guaranteed

maximums.

Note 2: Capacitance is guaranteed by periodic testing.




typical application

DTL/TTL to MOS Interface

+5V
K
Vss ss R Load Resistor Value
Vee Vee for Different Vpp Supplies
MM1402A/3A/4A ouT N MM1402A/3A/44 out
*MMS5024A MM5024A
DTLATL oL Vss =5V Vss =5V
% Vop 3. 4 2 Voo .3 Voo = -5V | Vpp = -9V
== * QP SRy, -
< 9 Ris 3.0k 4.7k
R 37K 6.8k
Ry3 | Notrequired | Not required
Voo
& 92
Vou Ve
v,L‘|—|— Uv.x
*A 4.7 ke resistors is included on the chip in the MM5024A
and is connected between Pin 6 and Vpp.
performance curves
Guaranteed Maximum Data Guaranteed Minimum Data
Phase Delay Times vs Frequency vs Temperature
= Temperature (Note 1) (Note 1)
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switching time waveforms
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Shown is a simplified illustration of the timing of a 4-bit multiplexed register showing
input output relationships with respect to the clock. |f data enters the register at ¢,
time, it exists at ¢, time. (Beginning on ¢, negative going edge and ending on the
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MM1402A/MM1403A/
MM1404A/MM5024 A

timing diagram
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Dynamic Shift Registers

MMA4001A/MM5001A dual 64-bit dynamic shift register
MM4010A/MM5010A dual 64-bit accumulator

general description

The MM4001A/MM5001A dual 64-bit dynamic
shift register is a monolithic MOS integrated cir-
cuit utilizing P-channel enhancement mode low
threshold technology. The device consists of two
64-bit registers with independent two phase clocks
and is guaranteed to operate at a 2.5 MHz operat-
ing frequency for CRT display applications.

The MM4010A/MM5010A is a dual accumulator
function capable of operating at very high fre-
quency. The device is also constructed on a single
siticon chip utilizing MOS P-channel enhancement
transistors. With the recirculate control line at an
MOS logic ‘0" state, the device functions as an
accumulator. A logic ‘1" state at the recirculate
control line allows external information to enter
the register serially. It is important to note that
recirculation of data is performed internally, inde-
pendent of the output circuit thus making it
insensitive to output loading.

features

3.3 MHz typ
m | ow power consumption 0.4 mW/bit at 1 MHz

® DTL/TTL compatibility +5V, =12V power
supplies, push-pull
output stage

® High frequency operation

guaranteed
250 Hz at 25°C

"“Split clock”” opera-
tion, independent
control of each
register for
MM4001A/MM5001A

® Minimum operating frequency

®m  Application versatility

applications
Business machine
CRT refresh memory
Delay line memory
Arithmetic operations

connection diagrams

Metal Can Package

Voo

INPUT A 0 (o) weurs
ont (2) (5) oms
coura (3) () ovreuts
oureut a {(2) (6) sour®

Vss
Note: Pin 5 connected to case.
TOP VIEW

Order Number MM4001AH
or MM5001AH
See Package 24

or MM5010AH
See Package 24

typical applications

MM4001A/MM5001A TTL/MOS Interface

NAA
L

w0 & Odourt =
B

Metal Can Package

Note: Pin 5 connected to case.
TOP VIEW

Order Number MM4010AH

load control truth table

MM4010A/MM5010A

LOGICAL HIGH LEVEL
(Vien)

LOGICAL LOW LEVEL
(Vied)

Recirculates “old” data Loads “new’’ data

MM4010A/MM5010A TTL/MOS Interface
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Vee[10 ]2 T6 =

2V an vour
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MM4001A/MMS5001A,
MM4010A/MM5010A

absolute maximum ratings

Voltage at Any Pin
Operating Temperature Range

MM4010A/MM4001A
MM5010A/MM5001A

Storage Temperature Range
Lead Temperature (Soldering, 10 sec)

electrical characteristics

Vgg + 0.3V to Vgg — 22V

-55°C t0.+125°C
0°C to +70°C
-65°C to +150°C
300°C

T within operating temperature range, Vgg = +5.0V 6%, Vgg = ~12.0V £10%, unless otherwise stated.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical HIGH Level (V) Vss - 2.0 Vgs + 0.3 v
Logical LOW Level (V) Vss - 18.5 Vss - 4.2 v
Data Input Leakage Vin = -20V, Tp = 25°C 0.01 05 A
All Other Pins GND
Data Input Capacitance Vin = 0.0V, f=1MHz, 3.0 5.0 pF
All Other Pins GND
Note 2
Load Control Input Levels
Logical HIGH Level (V| cy) Vgs - 2.0 Vg + 0.3 v
Logical LOW Level (V ¢,) Ves - 185 Vs - 4.2 v
Load Control Input Leakage Vin = =20V, T = 25°C 0.01 0.5 A
All Other Pins GND
Load Control Input Capacitance Vin = 0.0V, f=1MHz, 3.0 5.0 pF
All Other Pins GND
Note 2
Clock Input Levels
Logical HIGH Level (V) Ves - 1.5 Vss + 0.3 v
Logical LOW Level (V) Ves - 18.5 Ves - 14.5 v
Clock Input Leakage Vg =-20V, Tp = 25°C, 0.05 1.0 MA
All Other Pins GND
Clock Input Capacitance Vg =00V, f=1MHz,
All Other Pins GND
MM4001A/MM5001A Note 2 17 20 pF
MM4010A/MM5010A 34 40 pF
Data Output Levels
Logical HIGH Level (Vop) lsource = -0.5 MA 24 Vss v
Logical LOW Level (Vg ) Isink = 1.6 mA 04 \%
Power Supply Current
e Ta =25°C, Vgg = -12V,
Ppw = 160 ns, Vgg = 5.0V,
Vg, = -12V, Data=0-1-0-1
0.01 MHz < ¢ < 0.1 MHz 20 3.0 mA
= 1MHz 3.0 45 mA
¢¢ = 2.6 MHz 5.0 7.0 mA
Clock Frequency (¢) ot = ¢t; = 20 ns, Note 1 0.01 33 25 MHz
Clock Pulsewidth (@py) Ot + dpw + o1, < 10.5 s 0.15 10 us
Clock Phase Delay Times (¢4, 3g) Note 1 10 ns
Clock Transition Times (¢t,, pt) Pte+ dpw + O, < 105 us 1 us
Partial Bit Times (T) Note 1
Input Partial Bit Time (Ty) 0.20 100 us
Output Partial Bit Time (Toyt) 0.20 100 us
Data Input Setup Time (tqe) 80 30 ns
Data Input Hold Time (tgp) 20 0 ns
Load Control Input Setup Time 80 30 ns
(tecs)
Load Control Input Hold Time 20 0 ns
{teen)
Data Qutput Propagation Delay
From ¢out See ac test circuit
Delay to HIGH Level (tpgp) 150 200 ns
Delay to LOW Level (tq,) 150 200 ns

Note 1: Minimum clock frequency is a function of temperature and partial bit times, TiNand TouT,
as shown by the ¢ versus temperature and Ty, TQUT versus temperature curves. The lowest guar-
anteed clock frequency for any temperature can be attained by making T|N equal to TouT. The

minimum guaranteed clock frequency is:
1

B(min) TN+ TouT

where Ty and ToyT may not exceed the guaranteed maximums.
Note 2: Capacitance is guaranteed by lot sample testing.




performance characteristics

MINIMUM CLOCK FREQUENCY (kHz)

Guaranteed Minimum Clock
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Guaranteed Maximum T
and ToyT vs Temperature
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general description

The MM4007/MM5007 and MM4019/MM5019 are
monolithic dual 100-bit and dual 256-bit dynamic
shift registers utilizing P-channel enhancement
mode technology to achieve bipolar compatibility.
The length of the registers may be varied at manu-
facture by the altering of the metal mask providing
custom length of both registers. Additional connec-
tion between registers may be accomplished at the
metal mask to provide single shift register lengths
of up to 200 or 512-bits, with or without an
appropriate tap provided at the juncture. The
MM5006A is an MM5007 programmed as a dual
100-bit shift register.

For the MM4007/MM5007 N = 20 to 100 bits
For the MM4019/MM5019 N = 40 to 256 bits

STANDARD LENGTHS:

MM4006A Dual 100-bit
MM4007/AA Dual 80-bit
MM4019 Dual 256-bit

CUSTOM LENGTHS:

The programmed shift registers are assigned a letter
code for each option. These are designated by a
pair of letters after the number code but before
the package designation such as

MM5007/AA/H

which is a 0°C to +70°C dual 80-bit dynamic
shift register in the TO-99 package. Pattern codes

Dynamic Shift Registers

MM4006A/MM5006A dual 100-bit shift register
MM4007/MM5007 dual 100-bit mask programmable shift register
MM4019/MM5019 dual 256-bit mask programmable shift register

are assigned by National upon initial order entry.
See MOS Brief 14 for a more detailed description
of the custom mask.

features

m Bipolar compatibility Standard +5V, -12V

power supplies

® Mask programmable length

MM4007/MM5007 dual 20-100 bits
MM4019/MM5019 dual 40-256 bits

® | ow clock capacitance
MM4007/MM5007 65 pF max
MM4019/MM5019 125 pF max
®  Standard clock frequency 250 Hz min —
typical at 25°C
2.5 MHz max —

guaranteed over temp

®m Full temperature range
MM4007,MM4019
MM5007,MM5019

-55°C to +125°C
0°C to +70°C

\

applications

® Custom shift registers
® CRT recirculate display

connection diagrams

Dual-In-Line Package

e 1 —]

INPUT A 2 mennd

1 Voo
—13nc

OUTPUT A 3 ~—ncd f—12INPUT B

Nea — f— 11 0UTPUT B

M R [—10NC

Nes —]
Vs 7=

N-BIT REGISTER
N-BIT REGISTER

|—9nC

Vss
TOP VIEW

8 00ur

Note: Pin 4 connected to case.
TOP VIEW

Note: Pin 7 connected to case. Standard Connection

ordering information

Metal Can Packages

OPTION A OUTPUT 8 CONNECTED TO INPUT A OPTION B: OUTPUT A CONNECTED TO INPUT B

TAPouy

TOP VIEW
Note: Pin 4 connected to case.

TOP VIEW
Note: Pin 4 connected to case.

Optional Connections

DUAL DUAL DUAL DUAL PROGRAMMABLE PROGRAMMABLE SEE

80-BIT 100-BIT 100-BIT 256-BIT 20 to 100 Bits 40 to 256 Bits PACKAGE
MM4007AA/D MM4006AD | MM4007D | MM4019D MM4007XX/D MM4019XX/D 2
MM4007AA/H MM4006AH | MM4007H | MM4019H MM4007XX/H MM4019XX/H 23
MM5007AA/D MMS006AD | MM5007D [ MM5019D MM5007XX/D MM5019XX/D 2
MM5007AA/H MMB5006AH | MM5007H | MM5019H MM5007XX/H MMS5019XX/H 23




absolute maximum ratings 2=
. Ny
Voltage at Any Pin Vgs + 0.3V to Vgg - 22V o000
Operating Temperature Range ‘.—6 o0
MMA4006A,MM4007, MM4019 -55°C to +125°C g i o
MMB5006A,MM5007, MM5019 0°C to +70°C 22 >
Storage Temperature Range -65°C to +150°C 2 3 E
[ %) <
=37
electrical characteristics ©3 8
T within operating temperature range, Vgs = 5.0V ¥5%, Vgg = -12.0V £10%, unless otherwise noted. -
PARAMETER CONDITIONS MIN TYP MAX UNITS ?
Data Input Levels
Logical HIGH Level (V) Vgs - 2.0 Vgs + 0.3 v
Logical LOW Level (V,.) Vgg - 18.5 Vgs ~ 4.2 \
Data Input Leakage Vin = =20V, Tp = 25°C, 0.01 0.5 HA
All Other Pins GND
Data Input Capacitance Vin = 0.0V, f=1MHz, 3.0 5.0 pF
All Other Pins GND
(Note 1)
Clock Input Levels
Logical HIGH Level (V) Vgs - 1.5 Ves + 0.3 v
Logical LOW Level (V) Vgs - 18.5 Vs - 145 v
Clock Input Leakage Vo =-2.0V, Ty = 25°C, 0.05 1.0 HA
All Other Pins GND
Clock Input Capacitance V4= 0.0V, f=1MHz,
All Other Pins GND
(Note 1)
MM4006A/MMS006A &
MM4007/MM5007 50 65 pF
MM4019/MM5019 95 125 pF
Data Output Levels
Logical HIGH Level (Vo) lsource = -0.5 mA 24 Vss v
Logical LOW Level (Vo) Isink = 1.6 mA 0.4 \%
Power Supply Current
lag Ta=25°C, Vgg = -12V,
dpw = 150 ns
Vgs = 5.0V, Vg = =12V,
Data = 0-1-0-1
MM4006A/MM5006A &
MM4007/MM5007 0.01 MHz < ¢¢ < 0.1 MHz 20 3.0 mA
MM4019/MM5019 25 3.5 mA
MM4006A/MMS006A &
MM4007/MM5007 ¢¢=1.0 MHz 4.0 6.0 mA
MM4019/MM5019 5.0 7.0 mA
MM4006A/MM5006A &
MM4007/MM5007 ¢¢= 2.5 MHz 6.0 9.0 mA
MM4019/MM5019 9.0 120 mA
Clock Frequency (¢ ¢t, = ¢t;= 20 ns .01 33 25 MHz
Clock Pulsewidth (@py) Pt + Ppw + 01, < 105 us 0.15 10 us
Clock Phase Delay Times (¢, dq) {Note 2) 10 ns
Clock Transition Times (¢t,, ¢t¢) Ots + Ppw + 91, < 105 us 1.0 us
Partial Bit Times (T) (Note 2)
Input Partial Bit Time (T ) 0.20 100 us
Output Partial Bit Time (Toyuy) 0.20 100 Ms
Data Input Setup Time (ty,) 80 30 ns
Data Input Hold Time (tgn) 20 0 ns
Data Output Propagation Delay
from ¢out (See ac test circuit)
Delay to High Level (togy) 150 200 ns
Delay to Low Level (t,q ) 150 200 ns

Note 1: Capacitance is guaranteed by periodic testing.

Note 2: Minimum clock frequency is a function of temperature and partial bit times (TN and ToyT) as shown by the ¢¢
versus temperature and Ty, TOUT versus temperature curves. The lowest guaranteed clock frequency for any temperature
can be attained by making Ty equal to ToyT. The minimum guaranteed clock frequency is:

_1t
Tin + TouT
Note 3: Minimum clock frequency and partial bit time curves are guaranteed by testing at a high temperature point.

Of(min) = , where Ty and ToyT do not exceed the guaranteed maximums.
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performance characteristics

Guaranteed Minimum Clock
Frequency vs Temperature

Guaranteed Maximum T
and ToyT vs Temperature

Typical Data Output Source

(Note 2) (Note 2) Current vs Voltage
10 100 — 6 T
z =======" 56 VeV
s 1 5 - A N A
> 1 Tin or Tour =200 ns 3 _ t 4
£ - Ta =25°C-
5 10 310 - 4
g == - = z Vo d
& 2T H < / /
. - = € 3 Tp—
% 7t s E] 4 126°C
H Tin = Tour El © / Pd
s VY 2 p e |
o o = R === g 2 A
= = = = ~ E] |
2 = 2 Vss = 5.0V
H] 1 Vgg =-12.0V ]
= Vg =-12.0V
0.01 0.1 0 ‘0'-
60 -20 20 60 100 140 =20 20 60 100 140 5 4 3 2 1 0 A
AMBIENT TEMPERATURE (°C) TEMPERATURE (°C) Vour (V)
Typical Power Supply Current vs
Typical Data Output Sink Voltage MM4006A/MM5006A Typical Power Supply Current
Current vs Voltage MM4007/MM5007 vs Voltage MM4019/MM5019
12 10 10
0 o= 1.0MHz
N("'"“ ¢ ’7 9 9 | opw=150ms [
10 Vss = 5.0V
N Ta=25°C 8 8 [y -lnov T -55°C —
5 \\\(/\ 7 7 foata- 01—y ]
s < = R -55°C — e —
g 4 ~~~ SRS H 5 1 g 5 Ta=25C_LA—1
« | 2 Ta=25C LA 2
3 70°C 2 -1 A=25°C_ 8
H ’ N~ N 4 T = 4 = ——
£ A 3 ] 3
5 1 125°C -~ A+—T L~ 125°C
Vss = 5.0V 2 = 125°C 2
2 Fvgg=-12.0V 1= L1 1
Vg = -12.0V [ 1
0 2 0 0
5 4 3 2 1 [] -1 19 15 16 17 18 19 14 15 16 17 18 19
Vour (V) Vss-Vga (V) Vss - Vgg (V)
Typical Power Supply Current Typical Power Supply Current vs Clock
vs Clock Frequency MM4019/ Frequency MM4006A/MM5006A/
MM5019 MM4007/MM5007
10.0 10.0
-56°C
3.0 30
< <
£ £
8 2
03 03
Vg =-12.0V
[ Voo =-120v
01 01 DATA = 0-1-0-1
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DATA
ouTPUT

1-14




N

A2

Dynamic Shift Registers

MM4013/MM5013 1024-bit dynamic shift register/accumulator

general description

The MM4013/MM5013 1024-bit dynamic shift
register/accumulator is an MOS monolithic inte-
grated circuit using P-channel enhancement mode
low threshold technology to achieve direct bipolar
compatibility. There is on-chip logic to load and
recirculate data, and a read control for enabling the
bus-ORable TRI-STATE™ push pull output stage.

features

Standard +5V, -12V
power supplies

No pull down or
pull up resistors

® Bipolar compatibility

required

® Package option TO-99 or
molded 8-pin mini-DIP

® |ow clock capacitance 160 pF max

¢¢ min =400 Hz @
25°C typ

¢¢ max = 2.6 MHz

over temp. guaranteed
Exclusive-OR and
recirculate loop on-chip
Allows wire-OR bus
structure on output

® Wide frequency range

® Built-in recirculate
m TRI-STATE output

®  Full temperature operation
MM4013
MM5013

-55°C to +125°C
0°C to +70°C

applications

® “Silicon Store” replacement for drum and disc
memories

® File memories

® CRT refresh

connection diagrams

Metal Can Package

Order Number MM4013H
or MM5013H
See Package 24

() Reno controL

Vss

TOP VIEW

typical applications
TTL/MOS Interface

Dual-In-Line Package

WRITE — )_ Vo
controL ! "™ Order Number MM4013D
oaTA ] |, neao or MM5013D
" conTRoL See Package 1
sour :——1 e }l—:s ourrur  Order Number MM5013N
See Package 12
Ve & —5 on
TOP VIEW
truth table

BUS LINE

L MMD1IMMS013 g

-12v, s10%

(Positive Logic)
Logic “1”" = V,, = Logical HIGH Level
Logic 0" = V,_ = Logical LOW Level

WRITE | READ FUNCTION

Recirculate
Output Disabled

0 0

Recirculate
Output Enabled
Write Mode
Output Disabled
Write Mode
Output Enabled

0 1
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™
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o . .
) absolute maximum ratings
E Voltage at Any Pin Vgs +0.3 to Vgg - 22
E Operating Temperature Range MM4013 -55°C to +125°C
J MM5013 0°C to +70°C
Storage Temperature Range -65°C to +150°C
g_’ Lead Temperature (Soldering, 10 sec) °
= . L
< electrical characteristics
S Ta within operating temperature range, Vgs = +5.0V 5%, Vg = =12.0V +10%, unless otherwise noted.
E PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical HIGH Level (V) Vgs - 2.0 Vss +0.3 v
Logical LOW Level (V) Vss -18.5 Vsg - 4.2 V.
Data Input Leakage Vin = =20.0V, T, = 25°C, 0.01 0.5 HA
All Other Pins GND
Data Input Capacitance Vin=0.0V, f=1MHz, 3.0 5.0 pF
All Other Pins GND
Control Input Levels (Note 1)
Logical HIGH Level (Vi) Vss - 2.0 Vss +0.3 \%
Logical LOW Level (V) Vgs - 185 Vss -4.2 \
[ Control Input Leakage Vin = -20.0V, T4 = 25°C, 0.01 0.5 HA
: All Other Pins GND
Control Input Capacitance Vin =00V, f=1MHz, 3.0 5.0 oF
All Other Pins GND
Clock Input Levels {Note 1)
Logical HIGH Level (Vgy) Vss - 1.6 Vss +0.3 v
Logical LOW Level (V) Vgg - 185 Vss - 14.5 \Z
Clock Input Leakage Ve =-200V, Ty = 25°C, 0.05 1.0 HA
All Other Pins GND
Clock Input Capacitance Vo =00V, f=1MHz 140 190 oF
All Other Pins GND
Data Output Levels (Note 1)
Logical HIGH Level (Voy) lsource = ~0-5 MA 24 Vss v
Logical LOW Level (Vo) lsink = 1.6 MA 0.4 v
Data Output Leakage Vour =-5.0V, Ta = 25°C 10.0 KA
Output in HighImpedance State
Power Supply Current Ta=25°C, Vgg = -12V,
lge ¢pw = 150 ns, Vss = 6.0V,
VgL = -12V, Data = 0-1-0-1
0.01 MHz < ¢ < 0.1 MHz 1.60 3.0 mA
¢¢= 1.0 MHz 53 8.0 mA
¢ = 2.6 MHz 103 15.0 mA
Clock Frequency (¢) @t, = ¢te = 20 ns, (Note 2) 0.01 33 25 MHz
Clock Pulsewidth (¢pw) Pty + dpy + 01, < 10.5 us 0.15 10 us
Clock Phase Delay Times (¢, ¢q) (Note 2) 10.0 ns
Clock Transition Times (¢t,, ¢t;) Pte+ dpw + 61, < 105 us 1.0 Hs
Partial Bit Times (T) (Note 2)
Input Partial Bit Time (Ty) 0.2 100 us
Output Partial Bit Time (Toyr) 0.2 100 us
Data Input Setup Time (tys) 80 30 ns
Data Input Hold Time (tgp) 20 [} ns
Write Setup Time (tg,) 80 30 ns
Write Hold Time (tgp) 20 ) ns
Read Setup Time (tgg) 0 ns
Read Hold Time (tgp) 0 ns
Data Output Propagation Delay
from ¢out (see ac test circuit)
Delay to HIGH Level (tpgq) 150 200 ns
Delay to LOW Level (tyqo) 150 200 ns
Propagation Delay From
Read Control Disable to
HIGH Impedance State:
Delay From HIGH Level (ty4) 150 200 ns
Delay From LOW Level (tg) 150 200 ns
Propagation Delay From
Read Control Enable to
LOW Impedance State:
Delay to HIGH Level (ty4) 150 200 ns
Delay to LOW Level (tyq) 150 200 ns
Note 1: Capacitance is guaranteed by periodic testing. o
Note 2: Minimum clock frequency is a function of temperature and partial bit times (Tyy and ToyT) as shown by the ¢¢
versus temperature and TN, ToUT versus temperature curves. The lowest guaranteed clock frequency for any temperature
can be attained by making T) equal to ToyT. The minimum guaranteed clock frequency is:
1
Of(min) = ——————, where TyN and ToyT do not exceed the guaranteed maximums.
Tin + Tout
Note 3: Minimum clock frequency and partial bit time curves are guaranteed by testing at a high temperature point.

1-16



performance characteristics

Guaranteed Minimum Clock
Frequency vs Temperature
(Note 2)

T

2
2

g
L
z

MINIMUM CLOCK FREQUENCY (Hz)

-20 20 60 100
AMBIENT TEMPERATURE (°C)

Typical Power Supply Current

vs Voltage
9.0 T
| |
8.0
!
/’
- —
H T_125°C |
2 Z"L 5 =1 MHz
= “ opw=150ns
20 Vgs = 5.0V
Voo = —12.0V
20 Vg =35V
10 DATA =0-1-0-1
15 16 1 18 19
Vss = Vga (V)

ac test circuit

5y

S 25K

DATA
oureur ©

'Il—-”—<
2

1d-ld-id

1€

O

MINIMUM Ty, Tour (ns)

SOURCE CURRENT (mA)

OUTPUT CAPACITANCE (pF)

100

Guaranteed Maximum Ty
and ToyT vs Temperature
(Note 2)

AMBIENT TEMPERATURE (°C)

Typical Data Output Source
Current vs Data Output
Voltage

BT/

Ta=25 6\7 /lzsﬂc_
/

/!

~ 10°C
| T
[
|
Vss = 5.0V
Vgg = -12.0V
Vo= —120V
Vo =35V

N
\\\

Typical Tri-State Data Output
Capacitance vs Voltage

. Ta=25°C

Test freq. = 1 MHz

Al Other Pin‘s GND
i

5 4 3 2 1 0 -1
Vour (V)

100 =

10
<
£
o
L
10
0.1
0001  0.01 0.1 1.0 100
CLOCK FREQUENCY, ¢; (MHz)
Typical Data Output Sink
Current vs Data Output
Voltage
12 T
—55°C
1 Y
£ N
NN
= 125°C
g >
3 0°c
=]
< &
z
©w
2
0 1

truth table

Typical Power Supply Current

Vour (V)

DELAY | s1 s2 | R c1
[ Closed | Closed | 35K | 20 pF
tot Closed | Closed [ 35K | 20 pF
ton Closed | Closed [2.5K | 5pF
Ty Closed | Closed | 25K | 5pF
tho Closed | Open [ 35K | 20pF
ths Open | Closed | 35K | 20 pF

1-17

ELOSINWIN/ELOYININ




MM4013/MM5013

switching time waveforms

#out CLOCK

Vs — 1.5V N\

Vss = 145V —

READ

Vgg - 2.0V
Vgs — 4.2V /

ouTPUT

——

tho
—_————
15V

—— e ) o e e e

0.5V

—={ ton
o~ J—
)
0.5V

The level of the output when it is in the high impedance state is determined by the external circuitry. The correct
data will always appear, after some propagation delay, when the read control is enabled. The guaranteed delay from
the high impedance state to the low impedance state requires that the read control is enabled on or before the

leading edge of ¢out.

DATA INPUT/WRITE INPUT

Sour CLOCK

vss-stl

Vs - 145V

DATA OUTPUT

WITH READ CONTROL
ENABLED

1.5V

TRANSITION
PERIOD
tan tas
o PW
Tour
oty

-
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Dynamic Shift Registers

MMA4015A/MMb015A triple 60+4 bit accumulator/register

general description

The MM4015A/MM5015A triple 60+4 bit dynamic ® Low frequency operation 250 Hz at 25°C
accumulator is a monolithic MOS integrated cir- guaranteed
cuit utilizing P-channel enhancement mode low | ow power consumption 0.4 mW/bit

threshold technology. The device consists of three
independent shift registers with logic to control
the entry of external data or to recirculate the
data stored in that register. A common two phase
clock is required to operate the device.

features

m Direct DTL and TTL compatibility No pull-up
or pull-down
resistors required

®m High frequency operation 2.5 MHz guaranteed

typically at 1 MHz
Recirculate logic on-chip
BCD correction look ahead tap

applications

Data storage registers in BCD arithmetic appli-
cations

Basic accumulator functions

Business machine memory applications
Recirculating delay line

connection diagram

Dual-In-Line Package

INPUT 1 1~
LOAD CONTROL 1 2 =~

OUTPUT 18 3 ——

INPUT2 4 ——f———)

LOAD CONTROL 2 § ==y

0UTPUT 2B 6~

INPUTS 7 ~—

’— 16 Voo

{—— 15 OUTPUT 1A
[~ 14 OUTPUT 27
b— 13 0UTPUT 3A
=12 dour
r—" oI
}— 10 ouTPUT 38

9 LOAD CONTROL3

Vs 8~

VSLOSWIN/VSLOYININ

Note: Pin 8 connected to case.
TOP VIEW
Order Number MM4015AD or MM5015AD
See Package 3

typical applications

TTL/MOS Interface

450V

Vee
- TTUOTL

L_.JT__._I L___._i._.__..'i_____y_“___

o dour

Load Control
Logical Low — Data is Loaded
Logical High — Data 1s Recirculated

Ve
r
|
|

Typical Arithmetic Configuration

BCD BIT
o SERIAL
5 ADDER

SUB -
TRACTER

ouT

The above circuit will generate the function:
A+C-~B

B-~C
A-A
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MM4015A/MM5015A

absolute maximum ratings

Voltage at Any Pin Vgs + 0.3V to Vgg - 22.0V
Operating Temperature Range MM4015A -565°C to +125°C

MM5015A 0°C to +70°C
Storage Temperature Range -65°C to +150°C

electrical characteristics

T a within operating temperature range, Vgg = 5.0V 5%, Vgg = -12.0V £10%, unless otherwise stated

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical HIGH Level (V) Vgs - 2.0 Vgs +0.3 v
Logical LOW Level (V) Vgs - 18.56 Vgs - 4.2 \
Data Input Leakage Vin = =20.0V, T, = 25°C, 0.01 05 KA
All Other Pins GND
Data Input Capacitance Vin = 0.0V, f=1MHz, 3.0 5.0 pF
All Other Pins GND
See Note 2
Load Control Input Levels
Logical HIGH Levet (V) Vgs - 2.0 Vgs +0.3 \
Logical LOW Level (V) Vss - 18.5 Vs - 4.2 v
Load Control Input Leakage Vin = =20.0V, T, = 25°C, 0.01 0.5 HA
All Other Pins GND
Load Control Input Capacitance Vin=0.0V, f=1MHz, 3.0 5.0 pF
All Other Pins GND
See Note 2
Clock Input Levels
Logical HIGH Level(Vg) Vgs - 1.5 Vgs +0.3 \2
Logical LOW Level (Vg ) Vgs - 18.5 Vgs - 14.5 \
Clock Input Leakage Vo =-20V, Ta = 25°C, 0.05 1.0 HA
All Other Pins GND
Clock Input Capacitance V¢ = 0.0V, f =1 MHz, 45.0 60.0 pF
All Other Pins GND
See Note 2
Data Output Levels
Logical HIGH Level (Vou) Isource = -0.5 mA 24 Vss 2
Logical LOW Level (Vo) Isink = 1.6 mA 0.4 \2
Power Supply Current
laa Ta =25°C, Vgg = -12V,
dpw = 150 ns, Vgg = +5.0V,
V¢ =-12V,Data=0-1-0-1
0.01 MHz < ¢¢ < 0.1 MHz 22 3.0 mA
¢s= 1MHz 4.5 5.5 mA
¢¢ = 2.6 MHz 7.0 85 . mA
Clock Frequency (¢s) ¢t, = oty = 20 ns, Note 1 0.01 33 25 MHz
Clock Pulsewidth (dpy) Ot + Ppw + o1, < 10.5 us 0.15 10.0 us
Clock Phase Delay Times (¢4, #a) | Note 1 10 ns
Clock Transition Times (¢t,, ¢tg) Pt + Ppw + ¢t, < 10.5 us 1.0 us
Partial Bit Times (T) Note 1
Input Partial Bit Time (Ty) 0.20 100 us
Output Partial Bit Time (ToyT) 0.20 100 Hs
Data Input Setup Time (tys) 80 30 ns
Data Input Hold Time (tgn) 20 0 ns
Load Input Setup Time (t)) 80 30 ns
Load Input Hold Time (ty,) 20 0 ns
Data Output Propagation Delay
From ¢out
Delay to HIGH Level (tyan) 150 200 ns
Delay to LOW Level (tyq.) 150 200 ns

Note 1: Minimum clock frequency is a function of temperature and partial bit times (T)y and TouT) as shown by the ¢¢

versus temperature and TyN, TOUT versus temperature curves. The lowest guaranteed clock frequency for any temperature

can be attained by making T|N equal to TQoyUT. The minimum guaranteed clock frequency is:

Of(min) = -———1———, where Ty and ToyT do not exceed the guaranteed maximums.
Tin + Tout

Note 2: Capacitance is guaranteed by periodic testing.




performance characteristics

MINIMUM CLOCK FREQUENCY (kHz)

lgg (mA)

Typical Minimum Clock
Frequency vs Temperature
(Note 1)

s o s
e i — ra
) M R ——

Tin or Toyr = 200 ns —

A4
7 4 N
LA A——
Tin = Tout

01

0.01

-0 -20 20 60 100

AMBIENT TEMPERATURE (°C)

140

Power Supply Current
vs Voltage

6.0

¢¢=1MHz
dpw = 150 ns

5.0

/'\’(snc
STaez

125°C

4.0

=,
|~

[l

SOURCE CURRENT (mA)

|~
-

3.0

20

Vsg - Vg (V)

MAXIMUM Ty, Touy TIME (ms)

100

o

switching time waveforms

Vss - 1.8V

DATA INPUT

o CLOCK

Yy

Typical Maximum Partial
Bit Times vs Temperature
(Note 1)

N

-20 20 60 100
AMBIENT TEMPERATURE (’C)

140

Data Output Source
Current vs Voltage

Voo = -1z.nv//// 7
Vg = 120V
/
/ -55°C
i Ta=25°C—]
/)

70°C
125°C

Ves = +5.0V

5 4 3 2 1 [

OUTPUT VOLTAGE (V)

Igg (mA)

SINK CURRENT (mA)

Power Supply Current vs
Clock Frequency

Vae = Voo = Ves -12.0V
pw =150 ns.

DATA PATTERN: 1-0-1
LOAD CONTROL = Vgg

03

01

0.001 0.01 0.1

1.0
CLOCK FREQUENCY, ¢, (MHz)

10.0

Data Output Sink
Current vs Voltage

12
10
8 e ]
R
5 ===
—~ 1~ —
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4 e >~§
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0

OUTPUT VOLTAGE (V)

ac test circuit

ANY MMAD15A
OUTPUT

dour CLOCK

DATA OUTPUT
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MM4016/MM5016

NN

MM4016/MM5016 512-bit dynamic shift register

general description

The MM4016/MM5016 512-bit dynamic shift reg-
ister is a monolithic MOS integrated circuit utiliz-
ing P channel enhancement mode low threshold
technology to achieve bipolar compatibility. An
input tap provides the option of using the device
as either a 500 or 512-bit register.

features

® Bipolar compatibility +5V, -12V operation
No pull-up or pull-down

resistors required.
TO-100 or choice of two

Dual-In-Line Packages

® Package option

Clock line
capacitance of
100 pF typ
300 Hz guaranteed min.
operating frequency at 25°C.
500 or 512-bit register length.

m  Fewer clock drivers required

® System flexibility

m Military and Commercial
MM4016
MM5016

® Low power dissipation

applications

Dynamic Shift Registers

Temperature Ranges
-55°C to +125°C
0°C to +70°C

< 0.17 mW/bit

at 1 MHz max.

< 30 uW/bit

at 100 kHz typ.

® Glass and magnetostrictive delay line replace-

ment.
® CRT refresh memory.

® Radar delay line.

® Drum memory storage (silicon store)

® | ong serial memory.

connection diagrams

Metal Can Package

Dual-In-Line Package

1

Ly

2

NC ey
Ne=Y

4

OUTPUT meny
5

o=
o]

7
NC =y

8
Vg g mmd

Note: Pin 5 connected to case.

Dual-In-Line Package

16 e
15 ) s
_VGG NC p——Vss
14
WPUT
13 2 7
INPUT ouTPUT 512-INPUT
12
p——NC
1 o] 5
e NC " = 500-INPUT
oy )
9 Vss = sour
b sour

TOP VIEW

TOP VIEW

Order Number MM4016H
or MM5016H
See Package 24

typical application

Note: Pin 8 connected to case.
TOP VIEW

Order Number MM4016D
or MM5016D
See Package 3

TTL/MOS Interface

+5V

Order Number MM5016N
See Package 12

Note: The unused input pin must be connected to Vgs.

-
1
1
!
|
|
i
|
|
1
|
|
|
|
|
-l

_ mmanssote_ |
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absolute maximum ratings

Voltage at Any Pin
Operating Temperature Range

Storage Temperature Range

Vss + 0.3V to Vgg -22V

MM4016
MM5016

-55°C to +125°C
0°C to +70°C

-65°C to +150°C

Lead Temperature (Soldering, 10 sec)

electrical characteristics

T A within operating temperature range, Vgg = +5.0V *5%, Vgg = -12.0V £10%, unless otherwise specified.

300°C

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical HIGH Level (V) Vgg - 2.0 Vgs +0.3 \
Logical LOW Level (V,,) Vss - 185 Vgs - 4.2 v
Data Input Leakage Vin == 20V, Tx = 25°C, 0.01 05 uA
All Other Pins GND
Data Input Capacitance Vin = 0.0V, f=1MHz,
All Other Pins GND, (Note 2) 3.0 5.0 pF
Clock Input Levels
Logical HIGH Level (Vyp) Vgs - 1.5 Vgs + 0.3 \"
Logical LOW Level (Vg ) Vgs - 18.5 Vgs - 14.5 Vv
Clock Input Leakage Vg =-20V, Ta = 25°C, 0.05 1.0 HA
All Other Pins GND
Clock Input Capacitance V¢ =0.0V, f=1MHz, 100 120 pF
All Other Pins GND, (Note 2)
Data Output Levels
Logical HIGH Level (Vo) Isource = -0.5 mA 24 Vss \%
Logical LOW Level (Vo) Isink = 1.6 mA 0.4 \
Power Supply Current
lee Ta=25°C, Vgg = -12V,
¢pw = 150 ns
Vss = 6.0V, Vg = -12V,
Data = 0-1-0-1
0.01 MHz < ¢¢< 0.1 MHz 1.0 2.0 mA
¢¢= 1 MHz 35 5.0 mA
¢¢ = 2.5 MHz 7.0 10.0 mA
Clock Frequency (¢¢) ¢t = ¢ts = 20 ns, (Note 1) 0.01 33 25 MHz
Clock Pulsewidth (¢pw) ot = ppw + Ot, < 10.5 us 0.15 10 us
Clock Phase Delay Times (¢g, ¢g) (Note 1) 10 ns
Clock Transition Times (¢t,, ¢t ot + ppw + O, < 10.5 us 1 s
Partial Bit Times (T) (Note 1)
Input Partial Bit Time (T,y) 0.20 100 us
Output Partial Bit Time (ToyT) 0.20 100 us
Data Input Setup Time (tge) 80 30 ns
Data Input Hold Time (tgy,) 20 0 ns
Data Output Propagation Delay See ac test circuit.
from ¢out
Delay to HIGH Level (tyqn) 150 200 ns
Delay to LOW Level (tyq, ) 150 200 ns

Note 1: Minimum clock frequency is a function of temperature and partial bit times (Ty and ToyuT) as shown by the ¢
versus temperature and Ty, TOQUT versus temperature curves. The lowest guaranteed clock frequency for any temperature
can be attained by making T equal to ToyT. The minimum guaranteed clock frequency is:

1

PHlemin) = TiN + TouT

Note 2: Capacitance is guaranteed by periodic testing.

, where T|y and TQyT do not exceed the guaranteed maximums.
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MM4016/MM5016

performance characteristics

Typical Minimum Clock
Frequency vs Temperature
(Note 1)

N = Tour —]
—

[ Tin or Tour =200 ns

MINIMUM CLOCK FREQUENCY, ¢y (Hz)

-60 -20 20 60 100 140
TEMPERATURE (°C)

Typical Power Supply
Current vs Voltage

50—
#=1MHz | Vg =-12V
45 } opw=150ns+ DATA=D-I-D-I)P<
Vss = 5.0V
4.0 —
T -s5°C
_ 35 +
N - l -
g Ta=25C L~
= 25 ;
20 ,4/
125°C L~
15 2 j
1.0 -t /[
15 16 17 18 19
Vss - Vag (V)

MAXIMUM Ty, Toyr (ms)

SOURCE CURRENT (mA)

100
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20
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2.0
1.0
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0.2
01

switching time waveforms

DATA INPUT

ow CLOCK

Typical Maximum TN
and ToyT vs Temperature

(Note 1)
MM5016 MM4016
PN
-60 -20 20 60 100 140
TEMPERATURE (°C)

Typical Data Output Source

Current vs Voltage

T
[ -55°C

/
Tet? 7
Ta=25C5—
Iy 1///
// Z//_Z 125°C
) /22
\‘Is =5.0V
Vgg =-12.0V ]
Vg, =-12.0V
5 4 3 2 1 0 -1

Vour (V)

—=1 %
#out CLOCK
Ve 13vY

DATA OUTPUT

Typical Power Supply
Current vs Clock Frequency

0.1
0.001 (1] 0.10

— Vo =-12.0V
Vg =-12.0V
DATA = 0-1-0-1

1.0
CLOCK FREQUENCY, ¢¢ (MH2)

100

Typical Data Output Sink

Current vs Voltage

N
|
;
g |
a
I
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/'
/
g

T N
SRS
\

|
70°C
]

S

SINK CURRENT (mA)
£y

Vss=5.0V

~

[ Vgg=-12.0V
Vg =-12.0V

5 4 3 2 1

Vour (V)

ac test circuit

DATA
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10pF

1
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Dynamic Shift Registers

MM4017/MM5017 dual 512-bit dynamic shift register

general description

The MM4017/MM5017 dual 512-bit dynamic shift
register is a monolithic MOS integrated circuit
utilizing P channel enhancement mode low thres-
hold technology to achieve bipolar compatibility.

® System flexibility 400 Hz guaranteed
min. operating frequency
at 25°C. 500 or

512-bit register length.

An input tap provides the option of using either 8 Military and Commercial Temperature Ranges

register in a 500-bit or 512-bit configuration. MM4017 _B5°C to +125°C
MM5017 0°C to +70°C

® Low power dissipation <0.17 mW/bit

features at 1 MHz max.
< 30 uW/bit at

® Standard +5V, -12V supplies Bipolar com- 100 kHz typ.

patibility. No pull-up . .
or pull-down applications
resistors required. m Glass and magnetostrictive delay line replace-

. ment
® Package option TO-100 or Dual-In-Line Package.

® CRT refresh memory
= Fewer clock Clock line ® Radar delay line .
drivers required capacitance of ® Drum memory storage (silicon store)
140 pF typ. ® Long serial memory
connection diagrams
Metal Can Package Dual-In-Line Package
sooarr 1]
soair WPU ": 3 Order Nulclnh:ga I.:Il7|\g40170
X X or
Weors  Order Number MM4017H 1:31:’5—] See Package 3
or _—
outeur A (3) B F (1) outeute See Package 24 oureur A Order Number MM5017N
(5 ¢our croek ot See Package 15
ﬂn—7
vs-!w
TOP VIEW

TOP VIEW

typical applications
1000 or 1024 Bit Accumulator

RECIRCUL

TTL/MOS Interface

45V 2 6%

I S (S

1
Hl

|
NMAD1MMS01T
L ey

18] Voo

|
HC

= 12V 1% =

Note: Unused input(s) should be tied to Vss.
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MM4017/MM5017

absolute maximum ratings

Voltage at Any Pin Vsgs+ 0.3 to Vgg - 22
Operating Temperature MM4017 -55°C to +125°C

MM5017 0°C to +70°C
Storage Temperature -65°C to 150°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics
Ta within operating temperature range, Vgs = +5.0V 5%, Vgg = —12.0V £10%, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical HIGH Level (V) Vgs - 2.0 Vgs +0.3 Vv
Logical LOW Level (V) Vss -18.5 Vgs - 4.2 \"
Data Input Leakage Vin = =20V, T, = 25°C, 0.01 0.5 HA

All Other Pins GND

Data Input Capacitance Vin=0V, f=1MHz, 3.0 5.0 pF
All Other Pins GND

Clock Input Levels

Logical HIGH Level (V) Vgs - 1.5 Vgs +0.3 \%
Logical LOW Level (V) Vgs -18.5 Vgs- 145 V
Clock Input Leakage Vg =-20V, Tp = 25°C, 0.05 1.0 uA

All Other Pins GND

Clock Input Capacitance Vg =0V, f=1MHz, 140 160 pF
All Other Pins GND

Data Output Levels

Logical HIGH Level (Vo) Isource = -0.5 mA 24 Vss v
Logical LOW Level (Vo) lsink = 1.6 mA 0.4 v
Power Supply Current
laa Ta=25°C, Vgg = =12V, dpw = 150 ns
Vgs = 5.0V, Vg = =12V,
Data = 0-1-0-1
0.01 MHz < ¢:< 0.1 MHz 2.1 3.2 mA
¢¢= 1MHz 7.0 10.5 mA
¢¢ = 2.5 MHz 10.0 14.0 mA
Clock Frequency (¢5) ot, = ¢t¢ = 20 ns, Note 1 0.01 3.3 25 MHz
Clock Pulsewidth (¢py) Ots + Ppy + Bt < 10.5 us 0.15 10 us
Clock Phase Delay Times (¢4, $4) | Note 1 10 ns
Clock Transition Times (¢t,, ¢ts) Pty + ppw + ¢, < 10.5 us 1.0 us
Partial Bit Times (T)
Input Partial Bit Time (T ) 0.20 Note 1 us
Output Partial Bit Time (ToyT) 0.20 Note 1 us
Data Input Setup Time (ty) 80 30 ns
Data Input Hold Time (tg,) 20 0 ns
Data Output Propagation Delay See ac test circuit
from ¢ouTt
Delay to HIGH Level (tygn) 150 200 ns
Delay to LOW Level (tyq,) 150 200 ns

Note 1: Minimum clock frequency is a function of temperature and partial bit times (Tyn and ToyuT) as shown by the ¢
versus temperature and TN, TQUT versus temperature curves. The lowest guaranteed clock frequency for any temperature
can be attained by making T equal to ToyT. The minimum guaranteed clock frequency is:

S
Tin + Tout
Note 2: The curves are guaranteed by testing at a high temperature point.

Pf(min) = . where T|y and ToyT do not exceed the guaranteed maximums.

Note 3: Capacitance is guaranteed by periodic testing.




performance characteristics

Guaranteed Minimum Clock
Frequency vs Temperature
(Notes 1 and 2)

00k

MINIMUM CLOCK FREQUENCY (H2)
MINIMUM Ty, Tour (ns)

AMBIENT TEMPERATURE (°C)

Typical Power Supply
Current vs Voltage

8.0 — 6
Ta=25°C L
8.0
-55°Cq A" \,/ - = 5
70 =X E
60 -2 = | 125°C_| £ 4
7 | A g
E 50 : £ 3
8 ¢¢=1MHz e
- 40 dpw = 150 ns 2 2
30 Vss =50V H
Vo =-12.0V 2,
2.0 Vou=35V
DATA = 0-1-0-1
1.0 — 0
15 16 17 18 19
Vss - Vgg (V)

switching time waveforms

DATA INPUT

Guaranteed Maximum

TN and TouT
(Notes 1 and 2)

AMBIENT TEMPERATURE (°C)

Typical Data Output Source
Current vs Data Output Voltage

T
-55°C

|
| Ta=25°C
| {70°cS

//

Vour (V)

our CLOCK

Vss-15V

Ves- 145V

DATA OUTPUT

Vo = -12.0V
Von = 35V
5 4 3 2 1 0 -

SINK CURRENT (mA)

0.1

12

10

Typical Power Supply
Current vs Clock Frequency

Vg = -12.0V
Vg = -12.0V
Vg = 35V
DATA = 0-1-0-1

0.001 0.01 0.1 1.0

CLOCK FREQUENCY, ¢, (MHz)

Typical Data Output Sink
Current vs Data Output Voltage

T
-55°C
S~/
Ta=25°C
\\- \\ \A‘ /.
)
70°C N~
125°C Vos = 5.0V
Vog = 120V |
Vg =120V
Vg = 35V

5 4 3 2 1 0 A
Vour (V)
t

ac test circuit
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MM5023 quad 80-bit dynamic shift register

general description

Dynamic Shift Registers

The MM5023 quad 80-bit dynamic shift register ® Single phase TTL level clock
is @ monolithic MOS integrated circuit using ion ® 2.5 MHz clock rate
mplante% Z-channe:‘ :ec!)nf)logy.hPull-ll.:p resistors m Internal pull-up resistors on all logic inputs
are provided on each logic input thus all inputs are . L . . .
. . ad and recirculate logic on each register
directly TTL/DTL compatible. Push-pull output ° e e odie 8
buffers can drive TTL/DTL directly. ® Input protection against static charge
Each register has logic to load and recirculate data. li .
All four registers operate from a common single- applications
phase clock. .
® Delay lines
features m Buffer data storage
®m CRT display systems
® TTL compatibility on all inputs and outputs m Digital filters
= +5V, =12V power supplies ® Terminals
logic and connection diagrams
Vs Voo Voo Dual-In-Line Package
u cLOCK 1
cLock © GENERATOR o I B
2 S OUTPUT A = U 16 f==Vss
REA 1
O OUTPUTA REA—] 15 [ INPUT D
3 INPUT A ==t 14 p== RE D
INPUT A
OUTPUT B === 13 == OUTPUT D
¢ RE B = 12 p==Vgs
REB - B INPUT 8 = 11 p==CLOCK
> O OUTPUT B’ QUTPUT C === 10 == INPUT C
INPUT B & Voo =1 9 F_REE
[ TOP VIEW
9
REC 7
Order Number MM5023D
O outRuTe See Package 3
WUTE O Order Number MM5023N
See Package 15
RED O 13
O OUTPUTD

1
INPUTD O




absolute maximum ratings

Supply Voltage, Vpp
Supply Voltage, Vgg
Voltage at Any Input or Output

Operating Free-Air Temperature Range

Storage Temperature

Lead Temperature (Soldering, 10 seconds)

Vgs — 10V
Vgs — 20V
Vss + 0.3 to Vgg — 10V

0°C to +75°C

—55°C to +150°C

300°C

electrical characteristics vgg = +5.0vV 5%, Vpp = GND,

Vgg =12V £5%. T o within operating temperature range unless otherwise stated.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data, RE, and Clock Input Levels (Note 2)
Logical High Level (V) Vgs — 1.6 +5.0 Vgs +0.3 \
Logical Low Level (V, ) 0 0.8 \Y
Data, RE, and Clock Input Leakage Vin = Vgs ~ 5.0V, T, = 25°C 1.0 MA
All Other Pins GND
Data and RE Input Capacitance Vin = Vss, f= 1.0 MHz, All Other Pins 4.0 6.0 pF
GND {Note 1)
Clock Input Capacitance Vg = Vgs, f = 1.0 MHz, All Other Pins 16 25 pF
GND (Note 1)
Data, RE, and Clock Input Current
Logical 1" Vin = Vss 10 HA
Logical “0" Vin = Vgs — 5.0V 0.6 1.1 16 mA
Data Output Levels
Logical High Level (Vo) Isource =—0.1 mA Vgs = 1.0 Vss \%
Logical Low Level (Vg ) lsink = 1.6 mA 0.4 v
Power Supply Current Ta =25°C, Vgg = —12.6V, dpyw = 180 ns
Vgg = +5.0V, DATA = 0-1-0-1, Vpp = OV
lea 0.01 MHz < ¢¢ < 0.1 MHz 75 " mA
¢¢ = 1.0 MHz 95 12 mA
¢¢ = 2.5 MHz 12 15 mA
loo 0.01 MHz < $¢ = 0.01 MHz 24 35 mA
¢¢ = 1.0 MHz 24 35 mA
¢¢ = 2.6 MHz 24 35 mA
Clock Frequency (¢¢) ot = ¢ty =10ns 0.01 2.5 MHz
Clock Pulsewidth (¢pw , Pow) ot, = ¢ty = 10 ns 0.180 100 us
Clock Transition Times {¢t,, ¢t¢) 5.0 us
Data Input Setup Time (ty) 150 ns
Data Input Hold Time (tqn) 0 ns
RE Control Setup (t,¢) 150 ns
RE Control Hold (t,) 0 ns
Data Output Propagation Delay From ¢ 15 pF Output Capacitance
Delay to High Level (t,gn) 100 200 ns
Delay to Low Level! (tde) 100 200 ns

Note 1: Capacitance is guaranteed by periodic testing.
Note 2: Pull-up resistors to 5.0V are provided internally.
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MM5023

typical performance characteristics

Mini o/ ing Frequency
vs Temperature Sink Current Power vs Frequency
10k a0 T 12 I
3 = t,.- 180ns 2 Ves= 4475V Vs = 45,25V ,
x — ~ 38 - s Vgg = -13.6V
~ — ~ Vg = ~10.4V 1 [Vos |
2 7 z 30 S
2 g0k 3 \\
3 = E N z 10
& - £, A= HION\Ta = +25°C g PR
E /' o= I’}
S 8 N 2 g
3 100 ] x Y
H A Ta = 11000
H 3 1 \ A /ﬂ a m
: AN 0 i
z 50 & L1
H] A Y T
10 70
20 0 20 40 60 8 100 ] 10 20 30 40 50 0.01 0.1 10 10
AMBIENT TEMPERATURE (C) Vss - Vour (V) CLOCK FREUQENCY (MHz2)
Source Current IgG vs Voltage
8.0 r 10 .
R 1= 1.0MHz
0 Vg = -104v S = 500 ns
2 60 /. DATA PATTERN 0-0-0
£ Ta= 25"(/ V
S 50 g = Ta = +25°C
g a0 ‘// Y ——— 7
3 1= o
3 // Ta=+70 8 / /
g 7 Ta=+75C
3 20 /
2
10
8.0
] 20 40 60 80 16 17 18
Vs - Vour (V) Vea

switching time waveforms

e
LOAD DATA !

ctoek mmd LJ J A

o [T
tas ———-l i<—tan
RE-—————I

-

Dour

RECIRCULATE DATA

oy S

-

o LI 1L 1

RE

1
e

Oour —\ /——-\—_—-

Note: All timing relationships are referenced to the 50% point, except for
clock rise and fall times which are measured to the 10% and 0% point.

truth table

Positive Logic Load/Recirculate Function
logic “1" = V4 = Logical High Level (Vgg) 1 Recirculate
logic 0" = V;_= Logical Low Level (Vpp) 0 Load Data
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Dynamic Shift Registers

MM4025/MM5025 dual 1024-bit dynamic shift register
MM4026/MM5026 dual 1024-bit dynamic shift register
MM4027/MM5027 2048-bit dynamic shift register

general description

These 2048-bit dynamic shift registers are MOS
monolithic integrated circuits using P-channel sili-
con gate technology. They employ a push-pull
output for bipolar compatability and on-chip
muitiplexing to achieve a 6 MHz data rate. The
clock rate is one-half the data rate, i.e., one data
bit is entered for each ¢, and ¢, clock pulse.

The MM4025/MM5025 and MM4027/MM5027
have on-chip logic to load and recirculate data.
The MMA4026/MM5026 has an individual logic-

select line to load one of the two inputs on each
of the 1024-bit registers.

features

® Bipolar compatibility Standard +5V, -12V
power supplies
6 MHz

guaranteed

® High frequency of operation

= |Low power dissipation 120 uW/bit
at 1 MHz ¢ rate 0°C, guaranteed

® | ow clock capacitance 190 pF max

®  Wide operating temperature range
MM4025,MM4026,MM4027 -55°C to +125°C
MM5025,MM5026,MM5027 0°C to 70°C

applications

m “Silicon store” replacement for drum and disc
memories

® CRT displays

m Buffer memories

logic and connection diagrams

Military Temperature Range
Dual-In-Line Package

1
ouTPUT At ouTPuT A

0

g

INPUT,
SELECTA™]

Dual-In-Line Package

Flat Package

1
N —
2

01

10AD__3,
coNTROL™

NG

ToP ViEW
Order Number MM4025D
or MM5025D
See Package 3

Commercial Temperature Range

Dual-In-Line Package

10

P Voo

ouTRUT A

2

o —2

L0AD __ 3!
CONTROL ]

4

INPUT

Vs ——

TOPVIEW

Order Number MM5025N
See Package 13

| LB Y

INPUT

INPY’
SELECT 8
INPUT 18:

TOP VIEW
Order Number MM4026D
or MM5026D
See Package 3

Dual-In-Line Package

16
f——nc.

15
Voo
I

1
ouTPUT A=—]
2

61—t

PUT
SELECT AT "
eyt

13
Voo
12

weuT,
SELECT 8 " »
wpuT e

TOP VIEW

Order Number MM5026N
See Package 15

0AD 3
CONTROL

4

Ne —]

5

NG —

[

e —

7
Vs =

|8 oara
ouTPUT

00 ViEw
Order Number MM4027F
or MM5027F
See Package 26

Dual-In-Line Package

8
b—— Voo

1__DATA

INPUT

01 ]

oap __ 2
CONTROL ™1
3

5
Vs = Ve

oATA __ 4
ouTPUT

TOP VIEW

Order Number MM5027N
See Package 12
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absolute maximum ratings

Voltage at Any Pin With Respect to Vgg

Operating Ambient Temperature Range
MM4025,MM4026,MM4027
MM5025,MM5026, MM5027

Storage Temperature Range

Lead Temperature (Soldering, 10 sec.)

+0.3 to -20.0V

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

electrical characteristics Vgs=+5.0V £ 5%, Vpp = GND, Vg = -12.0V £10%
Ta within operating temperature range unless otherwise stated.

MM4025/MM5025,
MM4026/MM5026,
MM4027/MM5027

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical High Level (V) Vgs - 1.7 Vss +0.3 v
Logical Low Level (V) Vgs — 10 Vgs - 4.2 \
Data Input Leakage Vin==-10V, Ty = 25°C, Ali other pins GND 0.01 0.5 HA
Data Input Capacitance Vin = 0V, f=1MHz, All other pins GND (Note 1) 25 5.0 pF
Load/Select Input Levels
Logical High Level (V) Vgg - 1.7 Vgg +0.3 \
Logical Low Level (V) Vgs — 10 Vgs -4.2 \%
Load/Select Input Leakage Vi = =10V, T = 25°C, All other pins GND 0.01 0.5 UA
Load/Select Input Capacitance Vn = 0V, f= 1 MHz, All other pins GND (Note 1) 40 7.0 pF
Clock Input Levels
Logical High Level (V) Vgs ~ 1.0 Vss +0.3 v
Logical Low Level (V) Vgs - 18,5 Vgs - 145 \2
Clock Input Leakage Vp==~15V, Ty = 25°C, All other pins GND .05 1.0 UA
Clock Input Capacitance Vg =0V, f = 1 MHz, All other pins GND (Note 1) 165 190 pF
Data Output Levels '
Logical High Level (Vo) Isource = 0.5 mA 24 Vss v
Logical Low Level (Vo) lsink = 1.6 mA 0.0 0.4 v
Power Supply Current
lge Ta=25°C,Vgg =-12.0V, dpyy = 116 ns
Vgs = 5.0V, Vg = -12.0V, DATA = Note 4
Vpp = 0.0V
0.01 MHz ¢4 < 0.1 MHz 2 35 mA
¢¢= 1.0MHz 2 35 mA
¢s= 3.0 MHz 2 3.5 mA
Ipo 0.01 MHz ¢; < 0.1MHz 8 15 mA
¢¢= 1.0 MHz 22 32 mA
¢¢= 3.0 MHz 48 70 mA
Clock Frequency (¢¢)
MM4025,MM4026,MM4027 0.06 2.0 1.0 MHz
4 4 t, = ¢ty = 20 ns (Note 2, Note 3 & Note 5,
MM5025,MM5026,MM5027 ot = o (Note 2, No 4 0.01 40 30 MHz
Clock Pulsewidth (¢pw)
MM4025,MM4026,MM4027 0.115 8.0 Ms
MM5025,MM5026,MM5027 @t = @t;= 20 ns, Data Rate = 24, 0.115 10 us
Clock Phase Delay Times (¢g,6q) See Curves 10 ns
Clock Transition Times (¢t,, ¢t¢) 0.5 us
Partial Bit Times (T) {Note 2, Note 3)
T, Partial Bit Time
MM4025,MM4026,MM4027 0.165 16.5 s
MM5025,MM5026,MM5027 0.165 100 us
T, Partial Bit Time
MM4025,MM4026,MM4027 0.165 16.5 Hus
MM5025,MM5026,MM5027 0.165 100
Data & Load/Select Input Setup Time (tgs) 35 ns
Data & Load/Select Input Hold Time (tyy) 20 ns
Data Output Propogation Delay from ¢
Delay to High Level (tyqy) 15 pF Output Capacitance 80 ns
Delay to Low Level (tpq,) 80 ns

Note 1: Capacitance is guaranteed by periodic testing.

Note 2: Minimum clock frequency is a function of temperature and partial bit times (T and Tp) as shown by ¢¢ versus
temperature and T4, Tp versus temperature curves. The lowest guaranteed clock frequency for any temperature can be
attained by making T1 equal to Tp. The minimum guaranteed clock frequency: ¢f (min) = 1/(T1 + T2) where T1 and T2 do

not exceed the guaranteed maximum.

Note 3: Minimum clock frequency and partial bit time curves are guaranteed by testing at a high temperature point.
Note 4: For data pattern of 1111000011110000 etc.
Note 5: Maximum frequency limited by maximum package power dissipation for MM4025, MM4026 and MM4027.




guaranteed performance characteristics

Guaranteed Minimum Clock

Frequency vs Temperature

(Note 2)
100k
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typical performance characteristics

Power Supply Current
vs Data Rate

100

MINIMUM Ty, Tour (ns)
s

01

Power Supply Current vs

10 e o |
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MM4025/MM5025,
MM4026/MM5026,
MM4027/MM5027

typical performance characteristics (con‘t)

Typical Data Output Source
Current vs Data Output

Maximum Data Rate vs Vpp Typical Sink Current vs VGG Voltage
. 24 12 T ey
100 T 1771 Vpp = Vss - 5.0V Vss = 5.0V
[ [ Ta=+28c] Voo = Vss -14.5V |
= 22 } = qo | Voo T Vss 14
S 95 z | Ta=85C > 3 Vg = Vs -14.5V P
N L1 ERTY RN P 0 85 7 s + o
S e T [Ta=t25CI Y T g | _Ta=*25°
= ] >3 7 < Ta = +85° 57/ 7
3 w0 £ 18 /’/’ 3 —Ta=+25425
g H] A, w |
] 6

< dow = B0 ns : 15 A Vs =5V £ |
S 85 Vgg =-15.5V | A Voo =iV ] H L Vo = Vs - 5.0V —|
3 Vgs = GND v oo ) Vgg = Vs -12.0V

Vp=-145V | 14 15 Vo= Vss - 14.5V Vo< Vs 120

Ta =+25°C Vour =04V Ta=125°C ]

8.0 1 1.2 N — 2
-45 -5.0 -55 6.0 10 12 14.0 4 3 2 1 0
Vop (V) Vss - Voo Vour
typical applications
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truth tables

Positive Logic

Logic “1"” =V, = Logical High Level Input Select A Function
Logic "0’ = V,_ = Logical Low Level 1 Select Input 2A
0 Select Input 1A
Input Select B Function
Write/Recirculate Function 1 Select Input 28
1 Recirculate 0 Select Input 1B
0 Load Data

switching time waveforms
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enters the register at ¢, time, it exits at ¢, time,
(beginning on ¢4-s negative going edge and ending

Shown is a simplified illustration of the timing of
a 4-bit multiplexed register showing input output

relationships with respect to the clock. If data on the succeeding ¢, negative going edge).
timing diagram

| are | w12 | 1 ew L I L1

| | | | | BIT1 | BIT2

b Vou
(75 St
v\»:————dr_.k |
| Fa——| 1 g
\ : %7 ! | !
— 1 =k 0% LD S Vou
| | h
)
I
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i
je~————— CLOCK PERIOD ————
i
| |

|
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Y-~ — T 0 Vou
| |
o | | |
CLOCK gy —wy [ \ |
| == 90% ! == Wt
[ i i | : ! Vou
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! ! —=| opw I=—DATAPERIOD—] I \
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INBITY INBIT2 [ _.: :‘_ _.“ = toar
- = - \r v,
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MM4104/MM5104

N

MM4104/MM5104 dynamic shift register

general description

~N Dynamic Shift Registers

The MM4104/MM5104 360/359, 228/287, 40/32 ® Multiple length registers Electrically adjustable
bit dynamic shift register is a monolithic MOS 360/359, 288/287, 40/32 bit
integrated circuit utilizing p-channel enhancement registers
mode |(.)V\{ .threshold tef:hnology to achieve bipolar = Wide frequency range 250 Hz min. guar.
compatibility. The register lengths are |lengthened at 25°C
or shortened by hard wiring the length select line 2.5 MHz max. guar.

to Vgg or Vgs. The lengths available are: 40,
288, 328, 360, 400, 560, 688; or 32, 287, 319,
359, 391, 446, 678.

over temp.

features

® DTL/TTL compatibility +5V, -12V power
supply. No pull-up

or pull-down ® CRT displays
resistors required ® Business machine

applications

®m Data store

connection diagram
Metal Can Package

Voo

DATA INPUT 2

(40, 32 IN)

DATA OUTPUT 2
(40/32 0UT)

rencrhseLect (3) DATA INPUT 1A

(360, 288 IN)
DATA OUTPUT 1 DATA INPUT 1B
(360/359, 288/287 OUT) (359, 287 IN)

OF¥6
Vss
TOP VIEW

Order Number MM4104H
or MM5104H
See Package 24

typical applications

TTL/MOS Interface

+5V

, ' I
Loy L e 4 =
3 { III"‘VGG g'r aI
- -1
(suonr)oj (LONG) 2 o
Ve ?Vss
5V

Note: Vg on pin 3 results in a 288-hit register between pin 7 and pin 4 and a 287-bit register between pins 6 and 4.
The unused input (6 or 7) must be returned to Vgs. Also, there is a 32-hit register between pins 1 and 2.

Vgs on pin 3 results in a 360 bit register between pin 7 and pin 4 and a 359-bit register between pins 6 and 4. The
unused input (6 or 7) must be returned to Vgg. Also, there is a 40-hit register between pins 1 and 2.

Py
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absolute maximum ratings N
Voltage at Any Pin Vgg + 0.3V to Vgg - 22V o
Operating Temperature Range MM4104 -55°C to 125°C t
MM5104 -25°C t0 70°C 2
Storage Temperature Range -65°C to 150°C
Lead Temperature (Soldering, 10 sec) 300°C g
(3]
electrical characteristics o
(T o within operating temperature range, Vgg = +5.0V, 5%, Vgg = -12.0V £10%, unless otherwise specified.) H
PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical HIGH Level (V) Vgg - 2.0 Vgg + 0.3 \Y
Logical LOW Level (V,,) Vgs - 185 Vgg -4.2 v
Data Input Leakage Vin = -20.0V, T, = 25°C, 0.01 0.5 MA
All Other Pins GND
Data Input Capacitance Vin = 0.0V, f=1MHz, 3.0 5.0 pF
All Other Pins GND, (Note 3)
Length Select Input Levels
Logical HIGH Level (V gy) Vss Vss +0.3 Vv
Logical LOW Level (Vg ) Vgs - 18.5 Vso \
Length Select input Leakage Vin = -20V, T, = 25°C, 0.01 0.5 HA
All Other Pins GND
Length Select Input Capacitance Vin = 0.0V, f=1MHz, 6.0 9.0 pF
All Other Pins GND, (Note 3)
Clock Input Levels
Logical HIGH Level (V) Vs - 1.6 Vss + 0.3 \
Logical LOW Level (V) Vgs -18.5 Vgs - 145 Vv
Clock Input Leakage V4 =-20V, Tp = 25°C, 0.05 1.0 A
All Other Pins GND
Clock Input Capacitance Vg =0.0V, f=1MHz, 85 100 pF
All Other Pins GND, (Note 3)
Data Output Leveis
Logical HIGH Level (Vo) Isource = -0.5 mA 24 Vss v
Logical LOW Level (Vo) Ising = 1.6 mA 0.4 Y
Power Supply Current
lce Ta =25°C, Vg = =12V, ¢pw = 150 ns
Vgs = 5.0V, V= -12V, Data = 0-1-0-1
0.01 MHz < ¢¢ < 0.1 MHz 1.5 2.5 mA
¢ = 1MHz 35 5.0 mA
¢s = 2.5 MHz 7.0 10.0 mA
Clock Frequency (¢5) ¢t = ¢t: = 20 ns, (Note 1) 0.01 3.3 25 MHz
Clock Pulsewidth (¢>PM Ot + Ppw + Ot < 10.5 us 0.15 10 us
Clock Phase Delay Times (¢4, $4) | (Note 1) 10 ns
Clock Transition Time (¢t,, ¢ts) Ote + dpyy + 1, < 105 us 1 us
Partial Bit Times (T) (Note 1)
Input Partial Bit Time (Ty) 0.20 100 us
Output Partial Bit Time (ToyT) 0.20 100 us
Data Input Setup Time (ty,) 80 30 ns
Data Input Hold Time (typ) 20 0 ns
Data Output Propagation Delay
from ¢out See ac test circuit.
Delay to HIGH Level (tyqn) 150 200 ns
Delay to LOW Level (tyq, ) 150 200 ns
Note 1: Minimum clock frequency is a function of temperature and partial bit times (Tyn and ToyT) as shown by the ¢¢
versus temperature and TyN, ToyUT versus temperature curves. The lowest guaranteed clock frequency for any temperature
can be attained by making TyN equal to ToyT. The minimum guaranteed clock frequency is:
Of(min) = — 1 . where Ty and ToyT do not exceed the guaranteed maximums.
Tin + TouTt
Note 2: The curves are guaranteed by testing at a high temperature point.
Note 3: Capacitance is guaranteed by periodic testing.




MM4104/MM5104

lgg (mA)

performance characteristics

Guaranteed Maximum T
and ToyT vs Temperature
(Notes 1, 2)
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Typical Power Supply
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switching time waveforms
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AN Static Shift Registers

*MM404/MMb504 dual 16 bit static register
*MM405/MM505 dual 32 bit static register

general description

The National Semiconductor line of MOS static
shift registers are monolithic integrated circuits
utilizing P-channel enhancement mode transistors.
The use of a low threshold technology permits
operation with a Vpp supply voltage of ~10 volts
and a Vgg supply and clock amplitude voltage of
less than —16 volts. These registers require only a
single clock input to operate from DC to 1 MHz

Additional features include:

® Bipolar compatibility

® Single phase clock input

® High frequency operation 1.0 MHz
® Low power consumption 1.7 mW/bit typ
® Qutput impedance (Vgou) 50092 typ
® Military and commercial temperature ranges

in either synchronous or asynchronous systems. MM404. MM405 -55°C to +125°C
Each register cell is designed specifically to avoid MM504. MM505 0°C to +70°C
race conditions during latching, thus insuring '
operation under all conditions specified in the
electrical characteristics.
connection diagram Metal Can Package
Voo
INPUT A o o INPUT B
ourrura (2) Eé §§ (5)oururs

Vs
Note: Pin 4 connected to case

TOP VIEW

Order Number MM404H, MM504H,
MM405H or MM505H
See Package 23

typical applications
TTL/MOS interface

+gv
+5V +5V
- S :: ‘

M 7 i' b vss |
O—'—D‘, ! N, BIT REGISTER ! %
| [ | |

!

o.—tQ;J Ng BIT REGISTER { LD-j—O

>
$ S -
Voo |Vae 36k ask |

Tve. T

CLOCK Vo,, REQUIREMENTS WITH Vgg = +10V -8V
LOGIC “0" = Vgg ~1.5V
LOGIC "1” = Vg -16V

Single 2N Bit Register

p==DATA OUTPUT

JIIS
I

¢ Voo Vee

*For New Designs, see MM4040/MM5040, MM4050A/MM5050A.

2N Bit Johnson Counter

2
CLEAR INPUT—Jl‘

Note: Clear register to all “0" before Vao
counting by applying “1” to clear input
and clocking through 2N clock cycles.

Waveforms for Applications

ow
CLOCK I I I t I I I I | I

¢ -6V

-25V K
TYPICAL DATAIN Tov
~1.5V

TYPICAL DATA OUT N BIT DELAY

-Sov

DIVIDE BY
2N QUTPUT

21

SOSWIN/SOYININ "YOSIWIN/YOYININ




MM404/MM504, MM405/MM505

absolute maximum ratings

Drain Voltage (Vpp)

Gate Voltage (Vgg)
Clock Input (V4q)
Data Inputs

Power Dissipation (Note 1)

Operating Temperature MM404, MM405

Storage Temperature

MM504, MM505

+0.5V to -25V
+0.5V to -25V
+0.5V to -25V
+0.5V to -25V
300 mW

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

electrical drive requirements (Note 1)

PARAMETER CONDITION MIN TYP MAX UNITS
Clock pulse Width
61 Clock, B1pw 0.4 10 us
Clock Pulse Risetime, t,¢ 1 MHz with ¢, = 0.4 us 0.05 us
Falltime, tgy 100 kHz with ¢, = 2 us 0.6 Hs
10 kHz with ¢, = 10 us 20 us
Clock Input Level
Logic “Ver" Vgs -05 | Vs -15 v
Logic "V " Vss 145 Vgs -16.0 | Vss -18.0 v
Data Input Voltage Levels
Logic “V,, " Vgs =25 v
Logic "V, " Vss =70 A
Data Setup Time, tg 0.2 Hs
Data Hold Time, tgp 0.03 us
electrical characteristics (Note 2)
PARAMETER CONDITION MIN TYP MAX UNITS
Clock Repetition Rate Fan-Out “1” dc 1.0 MHz
Data Output Voltage Levels
Logic “Vou " Vgs -1.5 v
Logic “Vo, " Ves -8.0 v
Data Input Capacitance f=1MHz 15 3.0 pF
(Each input) Vin =0V
Clock Line Capacitance f=1MHz, -20V Bias MM404, MM504 95 15 pF
MM405, MM505 18 30 pF
0V Bias MM404, MM504 15.0 20 pF
MM405, MM505 25 40 pF
Output Impedance Outputs at Logic ‘0" 05 1.0 k$2
Input Leakage Current Ta=25°C
Pin1 VN =-18V 05 HA
Ali Other Pins at GND
Power Supply Current Drain Outputs at Logic 0"
(Vop) 1 MHz Operation
Ta=25°C
MM404, MM504 55 10.0 mA
MM405, MM505 100 15.0 mA

Note 1: For operating at elevated temperatures, the device must be derated based on a +150°C maximum junction
temperature and a thermal resistance of +150°C/W junction to ambient. The full rating applies for case temperatures

to +125°C.

Note 2: These specifications apply over the specified temperature ranges for —11V < Vpp < 9.5V, and —18V < VGG
< —14.5V and clock repetition rate of 10 kHz with output measurement load of less than 10 pF in parallel with 10 MQ to
ground unless otherwise specified.
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performance characteristics

Power Dissipation vs Vpp

Power Dissipation vs VGG

Power Dissipation vs Temp.

| Vog AWV
£ 30 s 30 £ 30 66 -
z oo - Z B 3 Vpp -1V
= = = Vg =-16V—]
o = =) -
2 "1 | S = Vpp =-10V
2 2 Bl S 20 25 & 2 \\\
g LT 25°C s A | T e g N
2 2 v I a —_—
3 "1 . E " 3
= 10 Ves =0V e 10 Vss=OV z 10
= Vog = -16V g Vop = -10V g Vg -18V
2 V,=-16V e Vo=Voo e Vpp -9V
FREQ = 10 kHz [ ] |
L i |
-9 -10 -1 -14 -16 -18 -55 25 125
Voo Voo TEMPERATURE °C
VouT vs Load Current Max. Frequency vs Supply Voltages
16 22
] F o2
12 s f .
T A~ §
P S 16
z 3 2
g / £ 14
ER H V= 0.8 usec @ 1 MHz
. g 12 Vg = 0.3 usec @ 1.5 MHz —
x Vg = 0.2 usec @ 2.0 MHz
K ExTER g -
N | = 10 Vpp = -10V —
2 AL Loap (SINK) r" I I I
0 -1 -2 -3 4-5 -6 -7-8 -9 -14 -16 -18 -20
Vour Vg & Vo (Volts)
operation

A diagram of a one-bit static register employing
two clock phases (¢, ¢) is shown in the schematic.
The register requires only one external clock phase
(¢) since the second clock (@) is generated internal-
ly by Ty and 15K; this configuration simplifies
the input drive requirements.

The basic cell functions as follows. Each bit of
delay consists of three inverters T,, T4, and Tg in
conjunction with three MOS load resistors T3, Ts,
and T, followed by three coupling devices T,, T,
and T,. The timing diagram shows the sequence of
operation. Assume the input is at a logic ‘1"’ level
during t; time. When the clock (¢) goes to a logic
“1" level, two operations take place simultaneous-
ly. First, transistor T, turns “ON", transferring
the input data (logic ‘1" level) to the gate to
source capacitance (C;) of T,. The voltage stored
on C, is sufficient to turn T, ““ON" discharging
node B. With the gate to source capacitance (C,)
of T4 discharged, T4 turns “OFF’’ placing a logic
“1"” level at node C. Concurrently ¢ turns T,q
“ON" generating the complement of ¢, that is ¢
and in turn ¢ is used to turn T and T, “OFF".
This action allows the register’s previous informa-
tion to be temporarily stored on the gate to source
capacitance C; of Tg. The output at node E dur-
ing this timing sequence remains unchanged. How-
ever, during t, time, clock ¢ returns to ground;
concurrently @ goes to a logic “1” level turning T,
“OFF" allowing T¢ and T, to turn “ON". The
information which was previously stored on the
gate of Tg discharges to a logic “0” level causing
the output at node E to switch to a logic ‘1" level
thereby obtaining the required one-bit of delay.

Likewise the information at node C is fed back to
node A latching T, in the “ON"’ state.

When a logic ‘0" level is presented at the register
input, the sequence is once again repeated. The bit
delay demonstrated in this example is repeated for
each half of the dual static register.

timing diagram

i
NODE € {
|

1
——=lONE BIT DELAYI——
|
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MM4040/MM5040

NN Static Shift Registers

MM4040/MM5040 dual 16-bit static shift register

general description

The MM4040/MM5040 dual 16-bit static shift ® High frequency operation 2.2 MHz guaranteed
register is a monolithic integrated circuit utilizing
P channel enhancement mode low threshold tech-
nology to achieve direct bipolar compatibility on
the inputs and outputs. The device requires only

& Singie phase clock

a single phase clock. applications
features = Static data buffer
. - ®m Serial memory storage
® Bipolar compatibility +5, -12V operation .
No pull-up or pull- = Printer memory
down resistors needed ® Telemetry systems and data sampling

connection diagram

Metal Can Package

TOP VIEW

Order Number MM4040H or MM5040H
See Package 23

typical application

——-l: b———' 16-BIT SR, ——-{6 : b'—:
| I 5[Vee 8] Voo | I |
1 . 1

ANY DTL/TTL DEVICE ,,29,,‘ ANY DTL/TTL DEVICE

1
1 2 | 1
—-I Jo——  esrsa —l Yo——
| | |
|
1
Jd
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absolute maximum ratings

Voltage at Any Pin

Operating Temperature Range MM4040
MM5040

Storage Temperature Range

Lead Temperature (Soldering, 10 sec)

Vgs + 0.3V to Vgg - 22
-55°C to +125°C

0°C to +70°C

-65°C to +150°C
300°C

electrical characteristics

Ta within operating temperature range, Vgg = +5.0V £6%, Vgg - Vpp = 9V to 18.5V, Vgg = =12V £10%, unless otherwise specified

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical High Level (V,y) Vgs - 2.0 Vgs + 0.3 \%
Logical Low Level (V) Vgs - 18.5 Vss - 4.2 Vv
Data Input Leakage Vin = =20V, Ta = 25°C, 0.5 A
All Other Pins GND
Data Input Capacitance Vin = 0.0V, f=1MHz, 25 5.0 pF
All Other Pins GND (Note 1)
Clock Input Levels
Logical High Level (V) Vgs - 1.6 Vsg + 0.3 \
Logical Low Level (V) Vgs - 18.5 Vgs - 14.5 \
Clock Input Leakage V¢ =-20V, Ta = 25°C, 1.0 MA
All Other Pins GND
Clock Input Capacitance V¢ = 0.0V, f=1MHz, 19 22 pF
All Other Pins GND (Note 1)
Data Output Levels
Logical High Level (Voy) Isource = -0.5 mA 24 \
Logical Low Level (Vg ) Ising = 1.6 mA 0.4 \
Power Supply Current Ta=+25°C, Vgg = -12V,
¢pw = 200 ns, Vgg = 5V,
Vpp =-12V, Vg = -12V,
Data = 0-1-0-1
lea 0.01 MHz < ¢4 < 0.1 MHz 1.0 2.0 mA
¢¢ = 1.0 MHz 1.8 3.0 mA
¢¢ = 2.0 MHz 3.0 4.0 mA
loo 0.01 MHz < ¢s < 0.1 MHz 5.0 9.0 mA
¢¢ = 1.0 MHz 5.1 9.0 mA
¢¢= 2.0 MHz 5.2 9.0 mA
Clock Frequency (¢} ot = ¢ts= 20 ns’ DC 3.0 2.2 MHz
Clock Pulsewidth (¢pw) ot + dte + Ppw < 10.5ns .200 .100 10.0 us
Clock Transition Times (¢t, + ¢t¢) o, + ot + Ppyy < 10.5 ns - 1.0 us
Data Input Setup Time (ty,) 120 60 ns
Data Input Hold Time (tyn) 20 0 ns
Data Output Propagation Delay from ¢ | See test circuit
Delay to High Level (tyqn) 200 300 ns
Delay to Low Level (tyq.) 200 300 ns

Note 1: Capacitance values are guaranteed by statistical lot sample testing.

2-5
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MM4040/MM5040

guaranteed performance characteristics

Data Input Levels vs

Supply Voltage 1.0 MHz Operating Curve 2.0 MHz Operating Curve
T 9 1000 500
Vgs = +5.0V —[ Vi MIN ] ot, = otg=20ns Vi =08V
10 GUARANTEED_ 4= 2.0 MHz Vi =3.0V
N TYPICAL T 800 [—IMAX o F 400 | Ta=-85°C10+125°C Vg, = 2.5V —
9 < - = /*/‘ ot =te=20ns = Vgs = +5.0V
< \L\ P —t— A\ S w00 ¢¢=1.0MHz E 100 _=t"T max oow |
20 |hsc =i H Th =-56°C to +126°C H
5 ! \ [— 4 Vgs = +5.0V a
2 fra=e5C E s 08 E
E] -.':5 ” & 400 Vi =08V s 200 WMIN
) 8 Vi = 3.0V 8 ™ o
a o Vou =35V =
s Vi, MAX S 0 u S 100
UARANTEED—] ] MINIwm
. L1 . \
12 13 14 15 16 17 18 19 12 13 14 15 16 17 18 19 20 15 16 1 18 19
Vss ~ VgL = Vss - Vpp = Vss - Vg (V) Vss - Voo = Vss - Vaa = Vss - Vo (V) Vss - Voo = Vss - Vaa = Vss = Vo (V)
typical performance characteristics
Data Output Source Data Output Sink Power Supply Current
Current vs Voltage Current vs Voltage vs Voltage
6 — 12 T 100 -
z -55°C = | _ssoc I ] ¢=1.0 MHz
E 5 |r,- L E qp 4 dens = 400 ns
§ Ta 'Iz5 ¢ ‘/ '_é: N = Tas Lk E 80 [ DATA=1-0-1-0
R LY g, NN Tt | Vs AT
£ = ~S & 50 | Vou =3.5V A
a '/ a ™~ \< o~ \ € > | Y 7
8 3 B ——~ = S, svc A A
£ / / y & 125°C N~ ~J 840 <
2 £ // ] 5 4k, ! w AT~ 7T Ta= w25
2 2 Vpp = -12.0V 2 4 I Vpp=-120V . /// < i
é Vss =5.0V 3 Vss=5.0v £ 50 T _1 I~ +126°C
51 Vgg =-~12.0V 2 | Vgg=-12.0V S
° Vou = <120V Vo= -120V
0 0 . - 0
5 4 3 2 1 0 -1 § 4 3 2 1 0 -1 12 14 16 18 20
Vour (V) Vour (V) Vss = Vg = Vss - Voo = Vss - Ve (V)
Power Supply Current
vs Operating Frequency Power Supply Current Power Supply Current
5.0 ™ 5.0 8.0 T ~r T T
om=200ns | ] M 55— [ Voo = -12.0V Ves = +5.0V
z [ves=+5.0v T[] ||| I Tp = +26°C —! = DATA=1-0-1-0 V4 =-12.0V
oo fveenov ] i == 70 fomet Va3
L bvg=-120v 2 T |t =
- ] - —— g
& 30 [Vpu=3SV g < 30 £ 60 55°C
3 DATA = 1-0-1-0 I 2 l/‘//)’/ g / — l
© 1 @ I S
REY) I-’ss"c H = 20 o=20MHz 250 TTT
§ e T ] dpw = 200 ns I /
g iy Taz¥25C £ DATA = 1-0-1-0 | S .
g H25°C i z Vss = +5.0V g +25°C
T |
o A [] — 30
10 100 1000 10,000 14 16 18 20 8 10 12 14 16 18 20
OPERATING FREQUENCY (kHz) Vss - Vgu = Vss - Vgg (V) Vss - Vpp (V)
switching time waveforms test circuit
DATA
INPUT
+5.0V
4.0k

Vs - 145V

DATA
ouTPUT

il
i
o
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Static Shift Registers

N

A

MM4050A/MM5050A dual 32-bit static shift register
MM4051A/MM5051A dual 32-bit static shift register—split clock

general description

The MM4050A/MM5050A and MM4051A/
MM5051A dual 32-bit static shift registers are
monolithic MOS integrated circuits utilizing P
channel enhancement mode low threshold tech-
nology to achieve bipolar compatibility. Operation
to 2.2 MHz is achieved with a single phase clock.
The MM4051A/MM5051A is a bonding option
of the MM4050A/MM5050A to provide indepen-
dent clock control of each register.

features

® Bipolar compatibility +5V, -12V operation
No pull-up or pull-

down resistors needed

High frequency operation dc to 2.2 MHz

Single phase clock

Improved drive capability Push-pull outputs

Military and commercial temperature ranges
MM4050A, MM4051A  -55°C to +125°C
MM5050A, MM5051A 0°C to +70°C

applications

Serial memory storage

Printer memory
Telemetry systems and data sampling

VISOSWW/VLSOYWIN
‘VOSOSWW/VOSOYWIN

logic and connection diagrams

Dual-in-Line Package

Metal Can Package

Metal Can Package

Voo

OUTPUT B

Vss
TOP VIEW

TOP VIEW

1 14
N =] voo
2 13
INPUT A b NC
3 12
OUTPUT A= b— INPUT B
z 3
4, al |& 1
NG ] £ E f— OUTPUT B
5/ 8 & 10
CLOCK ¢ ==t f—nC
4 ;
NC b NC
7
vss —1 — Voo
TOP VIEW
Order Number MM4050AD or
MM5050AD

See Package 2

typical applications

Order Number MM4050AH or
MM5050AH
See Package 23

TTL/MOS Interface

+5V.

Vss

Order Number MM4051AH
or MMS5051AH
See Package 23

TTL/MOS Interface

—o0¢

=1 o

32-BIT REGISTER

JR
r L -|

32-8IT REGISTER

5 8
Voo

| —
I

ANY DTL/TTL
DEVICE
-12v

L_I_J

ANT DTL/TTL
DEVICE

ANY DTL/TTL
DEVICE

MM4050A/MMS5050A

| -

Vss
: r

32-BIT REGISTER

32-BIT REGISTER

Voo

v ANY DTLATL

DEVICE

MM4051A/MM5051A

27



MM4050A/MM5050A,
MM4051A/MM5051A

absolute maximum ratings

Voltage at Any Pin

Vgs + 0.3V to Vgg - 22V

Operating Temperature Range MM4050A/MM4051A -55°C to +125°C

Storage Temperature Range

MMS5050A/MMS5051A 0°C to +70°C
-65°C to +150°C

Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics

T within operating temperature range, Vgg = +5.0V 5%, Vgs -~ Vpp = 9V to 18.5V, Vgg = =12V £10%, unless otherwise stated.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical HIGH Level (V) Vgs -2.0 Vgs + 0.3 \"
Logical LOW Level (V) Vgs - 185 Vgs - 4.2 \
Data Input Leakage Vin =-20V, Tp = 25°C, 0.5 A
All Other Pins GND
Data Input Capacitance V\n = 0.0V, f=1MHz, All Other Pins GND 25 5.0 pF
(Note 1)
Clock Input Levels
Logical HIGH Level (V4 ) Vgs = 1.5 Vgs + 0.3 \2
Logical LOW Level (V) Vgs - 18.5 Vgs =14.5 \
Clock Input Leakage Vg =-20V, Tp = 25°C, All Other Pins GND 1.0 MA
Clock Input Capacitance Vg = 0.0V, f= 1 MHz, All Other Pins GND 25 35 pF
(Note 1)
Data Output Levels
Logical HIGH Level (Vo) Isource = -0.5 mA 24 v
Logical LOW Level (Vo) Ising = 1.6 MA 0.4 \%
Power Supply Current
laa Ta =+25°C, Vgg = -12.0V, dpw = 200 ns
Vgs = +5.0V, V= ~12.0V, Data = 0-1-0-1
Vpp = -12.0V
0.01 MHz < ¢: < 0.1 MHz 1.6 3.5 mA
¢¢ = 1.0 MHz 3.8 8 mA
¢¢ = 2.0 MHz 4.6 11.0 mA
lop 0.01 MHz < ¢¢< 0.1 MHz 2.7 5.0 mA
¢¢< 1.0 MHz 29 5.0 mA
¢¢ < 2.0 MHz 3.1 5.0 mA
Clock Frequency (¢5) ot, = Pts = 20 ns DC 3.0 2.2 MHz
Clock Pulsewidth (¢pw) ot + ots + ppyy < 10.5 us 0.2 0.100 10.0 us
Clock Transition Times (¢t,, ¢tg) | ot + dts + Ppyy < 10.5 us 1.0 us
Data Input Setup Time (tys) 80 50 ns
Data Input Hold Time (tqp) 20 0 ns
Data Output Propagation Delay
From ¢
Delay to HIGH Level (tyqn) L 150 300 ns
Delay to LOW Level (tq ) | S°¢ 2 test circuit 150 300 ns

Note 1: Capacitance values are guaranteed by periodic testing.
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guaranteed performance characteristics

Data Input Voltage vs Supply 1.0 MHz Operating Curve

Vs - 6.0V T Vi MIN | 1000
20 GUARANTEED
s ~ TYRICAL | Z 800 —IMAX opu =
@ = - L x ot =0t = ns
w = -
> " n’_~_¥‘\\_/ ; 600 1 | o= 1.0 l\{l’lh )
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5 [ ~—] a Ves = 45.0V
2 |ra-ese| 3
z ot 2 am vy, = 0.8V
a 8 Vi = 3.0V
g = 3 Vn =35V
s Vi MAX S 200 F— el
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]

0
12 13 14 15 16 17 18
Vss - Voo = Vss - Vag = Vss - Vou (V)

12 13 14 15 16 17 18 19
Vss - Vor = Vss - Vpop = Vss - Vg (V)

19 20

typical performance characteristics

Data Output Source Output Sink Current

Current vs Voltage vs Voltage
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E 5 | N AN A E L
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0 el 0 A
5 4 3 2 1 0 A 5 4 3 2 1 0 -
Vour (V) Vour (V)
Power Supply Current
vs Voltage Power Supply Current
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switching time waveforms
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MM4052/MM5052,
MM4053/MM5053

N

N

Static Shift Registers

MM4052/MM5052 dual 80 bit static shift register
MM4053/MM5053 dual 100-bit static shift register

general description

The MM4052/MM5052 dual 80-bit and MM4053/
MMS5053 dual 100-bit static shift registers are
monolithic integrated circuits utilizing P channel
enhancement mode low threshold technology to
achieve direct bipolar compatibility on the inputs
and outputs. The devices require only a single
phase clock.

features

® Bipolar compatibility +5, =12V operation
No pull-up or pull-

down resistors needed

® High frequency operation 1.6 MHz guarantee
®m Single phase clock

® |mproved drive capability push-pull outputs

applications

® Static data buffer
® Serial memory storage
| Printer memory

®m Telemetry systems and data sampling

connection diagram

Metal Can Package

TOP VIEW

Order Number MM4052H, MM5052H,
MM4053H or MM5053H
See Package 24

typical application

+5V

Vec
r=—7/1

Vss

ER =

N-BITSR.

o

N-BITSR.

L_.I_._I

ANY DTL/TTL DEVICE

Vae

-12v

ANY DTL/TTL DEVICE




absolute maximum ratings

Voltage @ Any Pin
Operating Temperature Range
MM4052/MM4053

MM5052/MM5053
Storage Temperature Range

Lead Temperature (Soldering, 10 sec)

electrical characteristics

Vs +0.3V to Vgg ~22V

-55°C to +85°C (Ambient)
-55°C to +125°C (Case)
0°C to +70°C (Ambient)

-65°C to +150°C

300°C

Ta within operating temperature range, Vsg = +5.0V 5% and Vgg = -12V £10%, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical High Level (V) Vgs - 2.0 \%
Logical Low Level (V, ) Vgs - 185 Vgg - 4.2 Vv
Data Input Leakage Vin =-20V, T4 = 25°C .01 05 uA
All other pins GND
Data Input Capacitance Vin = 0.0V, f=1.0 MHz 30 5.0 pF
All other pins GND
Clock Input Levels
Logical High Level (V) Vsgs - 1.5 Vss \
Logical Low Level (V) Vgs - 18.5 Vgs - 14.5| \
Clock Input Leakage Vi =20V, T4 = 26°C 1.0 uA
All other pins GND
Clock Input Capacitance Vin =00V, f =10 MHz 22 28 pF
All other pins GND
Data Output Levels
Logical High Level (Vo) Isource = =500 nA 2.4V 48 Vss Y
Logical Low Level (Vg ) Isink = 1.6 mA -3.0 0.4 \
Logical High Level (Vgy) Isource = —-10 KA Vgs - 1.0 Vss Vss \
Logical Low Level (Vg ) Isink = 10 A Vgs - 120 | Vgg - 7.0 \
Power Supply Current Ta= 25°C
¢¢ = 1.6 MHz
(lgg) MM4052/MM5052 Vgg = Vss - 17V 9.5 12,5 mA
VgL = Vgs - 17V
(lgg) MM4053/MM5053 12.0 16.0 mA
Propagation Delays from Clock
Propagation Delay to a High (togn) See waveform 200 300 ns
Propagation Delay to a Low (tpq, ) See waveform 200 300 ns
Clock Frequency (¢¢) See operating curves 0 1.6 MHz
Clock Pulse Width (dpw) See operating curves 0.25 10 us
Ot + ppw + ¢t < 10.5us
Clock Transition Times
Risetime (¢t,) Ote + Ppyy + ot, <105 us 5 us
Falltime (¢t¢) oty + dpw + ot < 10.5 us 5 us
Data Input Setup Time (ty) 80 50 ns
Data Input Hold Time (ty,) 20 0 ns

€G0SNIN/ESOYININ
‘CSOSWN/ZSOYNIN



MM4052/MM5052,
MM4053/MM5053

guaranteed performance characteristics

Maximum Data Input Low

1.0 MHz Operating Curve 1.6 MHz Operating Curve Level vs Supply Voltage
1000 500 s 22
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T t E 400 ;
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2 w0 Vi = 3.0V 2 200 |yg=50v g
= ot =ty =20 ns x B2 1.6 MHz | E 12
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NN

Static Shift Registers

MM5054 dual 64/72/80-bit static shift register

general description

The MM5054 dual 80-bit static shift register is a
monolithic MOS integrated circuit utilizing silicon
gate low threshold technology to achieve complete
bipolar compatibility. The device has input and
output taps that also provide register lengths of
64 or 72 bits.

The single phase bipolar compatible clock lines
may be driven by any conventional DTL or TTL
circuit. The registers may be operated as a dual
register by connecting the clock lines A and B
together, or as two independent registers. Two
clock control lines provide independent logical
control of the shift register clock lines.

features
® Complete bipolar compatibility DTL/TTL
input/output and
clock line compatibility
without additional
components

+5.0V, 12V
DC to 3.0 MHz typ

DTL/TTL compatible
on-chip clock driver

® Standard supplies
® High freq. operation
® Single phase clock
® Low clock line capacitance 8.0 pF max

® System flexibility Split clock or common

clock operation. Logical
control of clock lines

®  Low power dissipation <600 uW/bit typ

applications

Teletype data buffers
Printer memory — 80, 128, 136, 144 bit lengths
Telemetry and data sampling systems

]
[]
[
& Serial memory storage

logic diagram

DATA

DATA

INPUT

ol

CLOCK
CONTROL
6,10

4,12

outpPuT
8-BIT 313

The unused data inputs and clock controls should be connected to Vs to ensure proper operation.

Logic diagram shows 1/2 of the unit.

connection diagram
Dual-In-Line Package

INPUT-A-72/80 1 === — 16 Voo

INPUT-A-64/72 2 =—d e INPUT-B-72/80

OUTPUT-A-72/80 3 == P~ 14 INPUT-B-64/72

OUTPUT-A-64/72 4 == —

@

OUTPUT-B-72/80

NC 5 =i —

=

OUTPUT-B-64/72

CLOCK CONTROL A 6 =

b— 11

Voo
CLOCK A 7 == p—= 10 CLOCK CONTROL B

Vss 8 ==y p=— 9 CLOCKB

TOP VIEW

Order Number MM5054D
See Package 3
Order Number MM5054N
See Package 15

truth table

Positive Logic

CLOCK
CONTROL cLock
Low Inhibited
High Active
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MM5054

absolute maximum ratings

Voltage at Any Pin

Operating Ambient Temperature Range

Storage Temperature Range

Vss + 0.3V to Vgg — 20V

0°C to +70°C

-65°C to +150°C

Lead Temperature (Soldering, 10 seconds)

Power Dissipation

300°C

600 mW @ 25°C

dc electrical characteristics

Ta within operating range, Vgg =12V £10%, Vpp = GND, Vgg = 5.0V #5%, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data, Clock Control, and Clock Levels
Logical High Level (V) Vgs — 1.5 Vgs +0.3 \2
Logical Low Level (V) Vss — 4.2 \
Input Leakages Viny =—10V, T = 25°C 0.5 HA
All Other Pins GND
Data Input Capacitance Vin =0V, f=1.0MHz 45 6.0 pF
All Other Pins GND (Note 1)
Clock and Clock Control Vin =0V, f=10MHz 6.0 8.0 pF
Capacitance (Note 1)
Data Output Levels (Figure 1)
Logical High Level (Vo) lsource = 0.5 mA 24 Vss \
Logical Low Level (Vo) Ising = 1.6 mA 0.15 04 \2
Power Supply Current G =15MHz, Ty = 25°C
(lee *loo =lss)  laa Vgs = 5.0V, Vpp = GND 7.0 10 mA
Iop Vg =12V 5.0 8.0 mA

ac electrical characteristics
T, within operating range, Vgg =—12V £10%, Vpp = GND, Vgg = 5.0V 5%, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS

Clock Frequency (¢¢) ot,, ¢ty <10 ns (Note 2) DC 3.0 1.5 MHz
Clock Pulsewidth (¢pyy)

o ot, = ¢ty <10 ns 0.26 0.180 10 us

Pew o1, = ¢t; <10 ns 0.38 s
Clock Transition Times

Clock Risetime (¢t,) 500 ns

Clock Falltime (¢t¢) 500 ns
Clock Control Setup Time (tcg) (Figure 1) ¢t, = ¢t; = 10 ns 0 ns
Clock Control Hold Time (t,) (Figure 1) ¢t, =¢t; = 10 ns 0 ns
Data Input Setup Time (tq) (Figure 1) ¢t, = ¢t; = 10 ns 60 30 ns
Data Input Hold Time (tgy,) (Figure 1) ¢t, = ¢t; = 10 ns 40 20 ns
Data Qutput Propagation Delay (Figures 1 and 2)
From Clock ¢t =ty =10 ns

Delay to Output High Level (toqy) 200 300 ns

Delay to Output Low Level (tyq ) 200 300 ns

Note 1: Capacitance is guaranteed by periodic testing.
Note 2: For static operation clock must remain at V| .
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typical performance characteristics

Typical Data Output Source
Current vs Data Output Voltage

Typical Data Output Sink
Current vs Data Output Voltage
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switching time waveforms
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Note: All times measured with respect to 50% points.

FIGURE 1

Typical Power Supply
Current vs Vgg

9.0
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Vop = GND
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7.0 | DATA=1-0-1-0
#=1.0MHz
Ta=+25°C
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Typical Input Levels
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Typical Data Output Sink
Current vs VgG
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7
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ac test circuit
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MM4055/MM5055,
MM4056/MM5056,
MM4057/MM5057

NN

Static Shift Registers

MM4055/MM5055 quad 128-bit static shift register
MM4056/MM5056 dual 256-bit static shift register
MM4057/MM5057 512-bit static shift register

general description

The MM4055/MM5055, MM4056/MM5056,
MM4057/MM5057 512-bit static shift registers are
MOS monolithic integrated circuits using silicon
gate technology to achieve bipolar compatibility.
They have a guaranteed operating frequency of
1.0 and 1.5 MHz respectively, and an on chip clock
generator allows TTL level clock driver for com-
plete TTL compatibility.

features

® Guaranteed operation
1.5 MHz 0°C to +70°C
1.0 MHz -55°C to +125°C

® Single TTL compatible clock, on chip clock
generator

= Low clock capacitance 10 pF (typ)
m QOperates from +5.0V, GND, and —12V
® Three configurations

MM4055/MM5055 Quad 128 bit
MM4056/MM5056 Dual 256 bit
MM4057/MM5057 Single 512 bit

® [nternal recirculate

applications

® CRT displays

® Terminals

& Disk and drum replacements
8 Buffer memory

connection diagrams

Dual-In-Line Package Dual-In-Line Package

RECIRCULATE = U 13 Voo U
INPUT A —z -‘-‘- NC INPUT A —'—
= 2 oureura oureura—2 Voo
ouTPuT 8= 2 et s 3 s
5 12 INPUT B =1 = NC
INPUT C wed b= OUTPUT C
NC —l- l-‘- INPUT D OUTPUT B -—‘- L—Vog
outeut 0 2 Ve vee ] s ..,
v o
TOP VIEW
TOP VIEW
Order Number MM4055D Order Number MM5056N
or MM5055D See Package 13
See Package 3
Order Number MM5055N

See Package 15

logic diagram

12 RecincutaTe

Dual-In-Line Package Metal Can Package

f | l 3 RECIRCULATE
RECIRCULATE —— = Voo
eyt = L
5
outeur =4 b— Voo

5
Ve =] L.

TOP VIEW

TOP VIEW

Order Number MM4057D Order Number MM4056H
or MM5057D or MM5056H
See Package 1 See Package 24
Order Number MM5057N
See Package 12

RECIRCULATE
conTRoL ©

INPUT

DATA
ouTPUT




absolute maximum ratings (Note 1)

Data and Clock Input Voltages and

Supply Voltages with Respect to Vgg

Power Dissipation

Operating Temperature Range
MM5055, MM5056, MM5057
MM4055, MM4056, MM4057

+0.3V to -20V
600 mW @ T, = 25°C

0°C to 70°C
-55°C to 125°C Case

Storage Temperature Range

Lead Temperature (Soldering, 10 seconds)

-65°C to 160°C

300°C

electrical characteristics (Mm4055, MM4056, MM4057)

Ta =—55°C to +125°C, Vgg = 5.0V 5%, Vgg =12V 5%, Vpp = 0V, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data, Recirculate and Clock Input Levels
Logical High Level (V) Ves — 1.0 Vgs +0.3 v
Logical Low Level (V) Vgs — 156 Vgs —4.2 v
Data, Recirculate and Clock Input Viy ==10V, T4 =25°C 0.01 0.5 MA
Leakage All Other Pins GND
Data Input Capacitance Vin =0V, f=1MHz 45 6.0 pF
All Other Pins GND (Note 2)
Recirculate Input Capacitance Vin =0V, f=1MHz 3.0 6.0 pF
All Other Pins GND (Note 2)
Clock Capacitance Vin =0V, f=1MHz 10 14 pF
All Other Pins GND (Note 2)
Data Output Levels
Logical High Level (Vgoy) Isource = 0.5 mA 24 Vss \%
Logical Low Level (Vo) Isink = 1.6 mA Voo 0.4 v
Power Supply Current Ta =25°C, Vgg = —12V, Vgg = 5.0V
Vop = 0V, @y = 230 ns
Data=0-1-0-1 - - -
loa $¢ < 0.1 MHz 65 9.0 mA
¢¢ < 1.6 MHz 105 155 mA
Ipo (Note 4) ¢¢ < 0.1 MHz 13 18 mA
¢¢ < 1.6 MHz 15 20 mA
Clock Frequency (¢¢) e Ors < 10 ns (Note 5) 2.2 1.0 MHz
Clock Pulse Width
{Ppw) Ore, Drs < 10 ns (See ac Test Circuit) -400 0.280 10 us
{Pew) rr. Grs < 10 ns (See ac Test Circuit) —-400 0.160 dc us
Data Input Setup Time (tg) 260 ns
Data Input Hold Time (tgy) 120 ns
Recirculate Setup Time (ty,) 260 ns
t,t,<10ns
Recirculate Hold Time (tq) For Load Conditions See ac Test Circuit | 120 ns
Data Output Propagation Delay
Delay to High Level (tyqn) 350 700 ns
Delay to Low Level (toqi ) 350 700 ns
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electrical characteristics (con’t) (vms0s5, MM5056, MM5057)
Ta =0°C to +70°C, Vgg = 5.0V 5%, Vg =—12V 5%, Vpp = 0V, unless otherwise noted.

MM4057/MM5057

MM4055/MM5055,
MM4056/MM5056,

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data, Recirculate and Clock Input Levels
Logical High Level (V) Vgs — 1.5 Vgs +0.3 v
Logical Low Level (V, ) Vss — 15 Vss —4.2 v
Data, Recirculate and Clock Input Vin =—10V, T, = 25°C 0.01 05 HA
Leakage All Other Pins GND
Data Input Capacitance Vin =0V, f=1MHz, 45 6.0 pF
All Other Pins GND (Note 2)
Recirculate Input Capacitance Vin =0V, f=1MHz, 30 6.0 pF
All Other Pins GND (Note 2)
Clock Capacitance Vin =0V, f=1MHz, 10 14 pF
All Other Pins GND (Note 2)
Data Output Levels
Logical High Level (Vou) Isource = -0.5 mA 24 Vss v
Logical Low Level (Vo) Isink = 1.6 MA Voo 04 \'Z
Power Supply Current Ta =25°C, Vgg =12V, Vgg = 5.0V
Vop =0V, ¢pw =230 ns
Data=0-1-0-1+ - *
lge ¢¢ <0.1 MHz 6.5 9.0 mA
¢¢ < 2.2 MHz 13 19 mA
lop (Note 4) ¢¢ <0.1 MHz 13 18 mA
6¢<2.2 MHz 15 20 mA
Clock Frequency (¢¢) Ger. Pes < 10 ns (Note 5) 3.0 1.5 MHz
Clock Pulse Width .
(9ow) Ger, s < 100 0.230 0.100 100 us
(Bpw) Gr, 04 <10 ns 0.300 0.100 dc us
Data Input Setup Time (ty;) 110 ns
Data Input Hold Time (tgy) 40 ns
Recirculate Setup Time (t, 110 ns
P Time (tac) t, t; < 10ns
Recirculate Hold Time (tgn) For Load Conditions See Test Circuit 40 ns
Data Output Propagation Delay
Delay to High Level (toqu) 250 345 ns
Delay to Low Level (toq.) 250 345 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: Capacitance is guaranteed by periodic testing.
Note 3: Positive true logic notation is used:

Logic ‘1" = most positive voltage level

Logic “0" = most negative voltage level
Note 4: Outputs not loaded when measuring Ipp. Add 1.6 mA to Ipp for each TTL load to compute worst case power.
Note 5: For static operation clock must remain at V.
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typical performance characteristics

30

20

30

20

Typical Ipp vs Clock

Frequency
LT
|

H o | [T 1l
e 1l
i i
2
DATA = 1-0-14
Vgs = 5.0V
Vpp =0V
Vgg =12V
il 4l
10k 100k ™M 10M

¢ — CLOCK FREQUENCY (Hz)

Typical Input Levels vs Vgg

L T

Vs = +5.0V

Voo = GND
22 ") Tetock
T, =125

¢ =1.0MHz
¢t, =gt =10ns
V). =08V

Vin = 3.5V

Ta=+25°

l
Ta=-55C

—

P —
[~~~
—

[/

CLOCK PULSEWIDTH (ns)

—

13 14 15 16 17 18 19
(Vss = Vga) (V)

Typical Data Output Sink
Current vs Vgg

T T ——
Tp = -56°C
1
e AT
e A G
" "
1 Ta=+125C
Voo = GND
Ves= +5.0V
Vour= 04V
i
12 13 14 15 16 17 18 19

(Vss ~Vag) (V)

lgg (mA)

SINK CURRENT (mA)

4.0

30

2.0

Typical Igg vs Clock
Frequency

[ Ta=+25°C

ARAY
N T
v

N

100k ™ 1M

Typical 1.0 MHz Operating

Curve
—r—T—T

Vss = +6.0V ] [
Vpp = GND 11
i MAX ony T

i

1 T
—65°C <Tp <+125°C T,
Vi =08V
Vi =3.5V
#t, = ¢t=10ns

N

T

i

(Vss = Vga) (V)

Typical Output Sink
Current vs Data Output

Voltage
/4
/ Voo =-12V_|
Vop = GND
l Vgs = +5.0V 7]
41
0.2 04 06 08 1.0
Vour (V)

Igg (mA)

CLOCK PULSEWIDTH (ns)

SOURCE CURRENT (mA)

9.0

6.0

30

400

300

200

100

220

Typical Power Supply
Current vs Vgg
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Typical Data Output Source
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MM4055/MM5055,
MM4056/MM5056,
MM4057/MM5057

test circuit

+5.0V
4k
DATA OUTPUT
10 pF
switching time waveforms
e 0P e oW
Vin ‘r——'—‘—'—-‘
cLock 7
Vi
tas tas
o — -
— e taH - tan
Vin ———\
DATA INPUT ‘ ]
vy ———+
Vin
RECIRCULATE INPUT g\ ]/
Vi
ot toal ] et toaH

Vou

DATA OUTPUT
Vou

t,, t <10 ns ALL TIMES MEASURED FROM 50% POINTS
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Static Shift Registers

MM5058 1024 -bit static shift register

general description

The MM5058 is a monolithic 1024-bit static shift
register utilizing a low threshold P-channel silicon
gate technology to achieve bipolar compatibility.
"Stream select”’ logic on the chip chooses between
two inputs, facilitating external recirculate opera-
tion. This in addition to an internal clock-driver,
thus providing a single external TTL/DTL clock,
makes this device flexible and convenient to
integrate into existing TTL/DTL or MOS systems.

features
® Bipolar All inputs, outputs, and clock
compatibility interface directly with

standard TTL/DTL circuits with
no external components

On chip clock driver provides
single TTL/DTL level clock with
low input capacitance

® Single phase
clock

= High frequency DC to 1.5 MHz

operation guaranteed
® Standard power supplies +5.0V and —12V
® Small package 8-pin mini DIP
® Low power consumption 250uW/bit typ
® Stream select for easy external recirculate
applications

® Sequential access memories
® Static buffer memories

® CRT refresh

® Delay lines

® Drum memory replacement

logic and connection diagrams

omn O
CLOCK
INPUT 1 GENERATOR
01 02 03

1024-BIT |> ’ o

REGISTER
STREAM
SELECT l
INPUT 2 '

L — — _uwwesconpenee

ac test circuit

INPUT 1

CLOCK —D ~> x

INPUT 2 MM5058 7L

STREAM
SELECT

*PROPAGATION DELAYS MEASURED AT MMS5058 QUTPUT.

Dual-In-Line Package

outeut —o © O LIRS
Voo = L inpuT2
STREAM _3 ] LI,
SELECT
Voo = L. INPUT 1

TOP VIEW

Order Number MM5058N
See Package 12

truth table

STREAM SELECT FUNCTION
LOGIC 0" INPUT 1
LOGIC 1" INPUT 2
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MM5058

absolute maximum ratings (Note 1)

Data and Clock Input Voltages and Supply
Voltages with Respect to Vgg

Power Dissipation

Operating Temperature Range

Storage Temperature

Lead Temperature (Soldering, 10 seconds)

+0.3V to -20V
535 mW @ T, =25°C
0°C to +70°C Ambient
-65°C to +150°C
300°C

dc electrical characteristics

Ta within specified operating temperature range, Vgg = +5.0V £56%, Vgg = ~12V 6%, Vpp = 0V, unless otherwise specified.

TYP
PARAMETER CONDITIONS MIN (Note 4) MAX UNITS
Input Levels
Logical High Level (V) Vgs — 1.5 Vgs +0.3 \%
Logical Low Level (V,_) Vss = 10 Vgs —4.2 \
Input Leakage Vi = =10V, T4 = 25°C 0.05 0.5 MA
(All Inputs) All Other Pins GND
Input Capacitance (Note 2) Viny =0V, f=1.0MHz (Note 1) 3.0 7.0 pF
All Other Pins (GND)
Data QOutput Levels, TTL Load
Logical High Level (Vou) lsource =—0.5 mA 24 35 \
Logical Low Level (Vo) lsing = 1.6 MA Voo 0.4 \
Power Supply Current DATA =0-1-0-1
lga ¢¢ = 1.6 MHz Continuous Operation 8.0 13 mA
Iss DATA =0-1-0-1
@ = 1.6 MHz Continuous Operation 38 60 mA

ac electrical characteristics

Ta within specified operating temperature range, Vgg = +5.0V 5%, Vgg =—12V 6%, Vpp = 0V, unless otherwise specified.

YP
PARAMETER CONDITIONS MIN T MAX UNITS
(Note 4)

Clock Frequency (¢¢) ot = oty = 10 ns 3.0 1.5 MHz
Clock Pulse Width

Ppw ot = ¢t =10 ns 0.350 0.100 100 us

Pow #t, = ¢t = 10 ns 0.250 DC us
Clock Pulse Transition (t,, t;) 1.0 us
Data Input Setup Time (tpg) 100 ns
Data Input Hold Time (tpw) t,=t<10ns 30 ns

. See AC Test
150

Stream Select Setup Time (tgg) Circuit for Load ns
Stream Select Hold Time (tgy) Conditions 30 ns
Data Output Propagation Delay From ¢,

Delay to High Level (tyqy) 200 300 ns

Delay to Low Level (toa.) 200 300 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: Capacitance is guaranteed by periodic testing.
Note 3: Positive true logic notation is used: Logic ““1’" = most positive voltage level; Logic ‘0"’ =most negative voltage level.
Note 4: Typical values apply for Vgg = 5.0V, Vgg = =12V, Vpp =0V, and Tp = 25°C.
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typical performance characteristics

Typical Power Supply Current
vs Temperature

Typical Power Supply Current
vs Supply Voltage

Guaranteed Power Consumption
vs Temperature

50 | 0 e ToAs T T e L 1000 TPUT LOAD = 1 TTL INP!
T o 1:;;»1:5 —t % 900 |—— OUTPUT LOAD = las":l.1 I;\I'lv’ll}!.'i
« « dow - 3331 | | lss - E -
gz 40 s gz 40 |UDATAIN=T010 . . -~ = 800 0v_w =333ns
g ¥ = gE 2 DATAIN=1010 ...
- = 1.5 MH; = B
2E w0l iZ w = 600 Vss =525
S dpw = 333 ns od ECIFIED a Vop =0V
[ Vgs = +6.0V, Vgg = ~12V E = OPERATING RANGE : 500 - Vg = ~12.6V
58 w fVop-0v — [ o 400
82 OUTPUT LOAD =1 TTLINPUT __ | | 27 § 300
53 DATA=1010 ... 53 bt
g2 10 1 | 8o 10 = 20
- - oo o =
! = les 2 100
[P PP PTd o |
0 10 20 30 40 50 60 70 80 90 100 W15 18 17 18 19 0 10 20 30 40 50 60 70 80 90 100
Ta — AMBIENT TEMPERATURE (°C) Vss —Vgg (V) Ta — AMBIENT TEMPERATURE (°C)
Typical Clock Pulse Width Typical Clock Pulse Width Typical Maximum Frequency
vs Ambient Temperature vsVGgg vs Ambient Temperature
Z 1000 Z 1000 —r—r— 5.0
T ggp | & T1SMHz = #=1.5MHz = |
=4 Vpp =0V g Vgs = 5.0V =
E 800 Fyg=50v S 800 fyyp=0v s 4o ]
8 100 | Voo =-12v w Ta =25°C 2 — Sy
= = =
2 gop | OUTPUTLOAD=1TTLINPUT _ | | S oo fOUTPUT LOAD =1TTL GATE EREY) <t
> w -~
S s ax) T 3 (MAX) & =
S am 3 a0 S 20 0% ———————
= a0 3 E | Vpp =12V
< £ 200 2 g flenBOV
= MIN) - = (MIN] 7 0 I Vpp =0V
L 100 ! & I OUTPUT LOAD =1 TTL GATE
i i [ 1 L1l 11
0 10 20 30 40 50 60 70 80 90 100 16 -118 -12 122 -124 0 10 20 30 40 50 G0 70 80 90 100
Ta — AMBIENT TEMPERATURE (°C) Vea (V) Ta (°0)
switching time waveforms
dow o
Vou
N \ -
Vou | SO ——
|ttty |t o pg —e |- top
Viu
DATA INPUT
Viu
KS—-»‘—[S," g [ gy -
Vin
STREAM SELECT dﬂ
Vi
IS — bty
Vou
DATA OUTPUT //
Vou

NOTE 1: TIMES MEASURED AT 50% POINTS WITH t,, t < 10 ns.

NOTE 2: FOR DC STORAGE CLOCK MUST REMAIN AT V.
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MM5060
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Static Shift Registers

MM5060 dual 144-bit mask programmable

static shift register

general description

The MM5060 is a monolithic dual 144-bit static
shift register/accumulator utilizing a silicon gate
low threshold P-channel enhancement mode tech-
nology to achieve complete bipolar compatibility.
The device can be programmed by metal mask
option to custom lengths from 125 to 144-bits
in one bit increments.

Standard Lengths:

MM5060AA

Dual 128-Bit Shift Register/Accumulator
MM5060AB

Dual 132-Bit Shift Register/Accumulator
MM5060AC

Dual 133-Bit Shift Register/Accumulator
MM5060AD

Dual 144-Bit Shift Register/Accumulator

Custom Lengths:

The programmed shift registers are assigned a letter
code for each option. These are designated by a
pair of letters after the number code but before
the package designation such as MM5060AD/D
which is a 0°C to +70°C dual 144-bit shift

register/accumulator in an 8-lead cavity dual-in-
line package. Pattern codes are assigned by Na-
tional upon entry of order.

features

® Complete bipolar compatibility — input/output
and clock input completely DTL/TTL compati-

ble without additional components
® Standard Supplies +5V, —12V

® High frequency operation — DC to 3.0 MHz
typical

® Single phase clock — DTL/TTL compatible on
chip clock

® Low clock line capacitance 6.0 pF max.

applications

® Printer memory — any length from 125 to
144-bits per line

® Telemetry systems and data sampling

®m Serial memory storage

logic and connection diagrams

Dual-In-Line Package

wot| L1 ey
CONTROL
12 LI
NeiTs [ 3 V1=
LOAD —O ouT1
conTROL O . .
INTO- 21 21 B8 0UT 1 = —o0uT2
o O 5 OGENERATOR
7 v 4 5,
IN2 O— [o:]2. ] 66 =] [ ow
]
uT2
nars |00 TOP VIEW
—Do_q Order Number MM5060AA/D,
MM5060AB/D, MM5060AC/D,
MM5060AD/D or MM5060XX/D
See Package 1
Order Number MM5060AA/N,
MM5060AB/N, MM5060AC/N,
MM5060AD/N or MM5060XX/N
See Package 12
truth table
LOAD CONTROL | INPUT | FUNCTION
0 0 Recirculate
1 Recirculate
1 0 0" is written
1 1 “1"" is written
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absolute maximum ratings

Data and Clock Input Voltages and Supply

Voltages with respect to Vgg

Power Dissipation

Operating Temperature Range
MM5060

Storage Temperature

Lead Temperature (Soldering, 10 sec)

+0.3V to —20V

600 MW @ T, = 25°C

0°C to +70°C (Ambient)
-65°C to +150°C

electrical characteristics

300°C

Ta within specified operating temperature range, Vgg = 5.0V +5%, Vgg —12.0V 5%, unless otherwise specified.

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Data Input Levels
Logical High Level (V) Vgs — 1.5 Vgg +0.3 Vv
Logical Low Level (V) Vgs — 10.0 Vgs — 4.2
Data Input Leakage Vin =—-10V, Ty = 25°C 0.01 0.5 HA
All Other Pins GND
Data Input Capacitance Vin =0.0V, f=1MHz 3.0 5.0 pF
All Other Pins GND
Load Control Input Levels (Note 1)
Logical High Level (V) Vgs — 1.5 Vgs +0.3 \
Logical Low Level (V) Vss — 10.0 Vgs — 4.2 \
Load Control Input Leakage Vin ==10V, T4 = 25°C 0.01 0.5 MA
All Other Pins GND
Load Control Input Capacitance Vin =0.0V, f=1MHz 3.0 5.0 pF
All Other Pins GND
Clock Input Levels (Note 1)
Logical High Level (V) Vgs— 1.5 Vgs +0.3 v
Logical Low Level (V) Vgs — 10.0 Vgs — 4.2 v
Clock Input Leakage Vg =-10.0V, T, = 25°C 0.01 0.5 HA
All Other Pins GND
Clock Input Capacitance Vg =0.0V, f=1MHz 35 6.0 pF
All Other Pins GND
Data Output Levels TTL Load (Note 1)
Logical High Level (Vo) Isource =—0.5mA 3.0 35 \
Logical High Level MOS Load (Vo) Isource =—0.01 mA 4.0 45 Vv
Logical Low Level (Vg ) lsink = 1.6 MA 0.4 \
Power Supply Current (lgg) Ta =25°C, Vgg =12V
¢pw = 300 ns, Vgg = +5.0V
Data = 0-1-0-1
0.01 MHz < ¢¢ < 0.1 MHz 20.0 24.0 mA
¢¢ = 1.0 MHz 21.0 25.0 mA
¢¢ = 1.5 MHz 220 26.0 mA
Clock Frequency (¢¢) ot =¢t=10ns, Tp = 25°C DC 3.0 15 MHz
Clock Pulsewidth (pw) o _ oo 0.300 0.100 100 s
o) ¢t =ty =10ns, T =25°C 0.200 bC s
Clock Pulse Transition (¢t,, ¢t,) 1 us
Data Input Setup Time (ty,) Ta=25C, t,,t,=10ns 70 ns
Data Input Hold Time (tgp) Ta =25°C, t,,t;=10ns 50 ns
Load Control Setup (tg,) Ta =25°C, t, t;=10ns 70 ns
Load Control Hold (tgp,) Ta=25°C, t,t;=10ns 50 ns
Data Output Propagation Delay from ¢ in Ta =25°C, t,, t;=10ns
Delay to High Level (togy) 250 350 ns
Delay to Low Level (t,q, ) 250 350 ns

Note 1: Capacitance is guaranteed by periodic testing.
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MM5060

typical performance characteristics
Guaranteed 1.5 MHz Guaranteed Input Voltage Typical Igg vs Clock
Operating Curve Levels vs Supply Voltage Frequency Under TTL Load
600 T e ase 40 v 26 T
A e s H =
Yoz oy E MIN GUARANTEED 3 vzsa = -120 Nl
o i 1 o I t 28 |épw = 300ns L4
500 o 1778 Gane —y > 30 Vss = +5.0V Data = 1-0-1-0
I LT 1 ] o = LOMHz F ot = ote=10ns 1
=11 ' = ! 7ge g —f— v = 300w 3' N%'_" )
z L = TMAXIMUM ¢y, PW : E TYPICAL 10? clat, = otg=10ns E 22 r-vo._ ; v::-:35 (H
F: 400 b1 ; 1 220 Pl TYPICAL +25°C > C e ’__g
J ] 1 | R — = RPN 1
MINIMUM 6,,PW ! a " 17
/s | = = [ Ta =+70°C Ta =0°CTTT]
300 s Z0 ] " d )
L | | x Vie 1 Ta = +25°C
GUARANTEED 4| 8 MAX GUARANTEED - TRy
POWER SUPPLY LIMITS 2 || [TYeicALre |
200 L Fiiaiabh 16
-16.0 -16.0 -17.0 ~18.0 -16.0 -17.0 -18.0 10 kHz 100 kHz 1MHz 10 MHz
Vss - Vgg (V) Vss - Vge (V) ¢ (MHz)
Typical Power Supply Current Typical Output Sink Current Typical Output Source
vs Voltage Under TTL Load vs Output Voltage Current vs Output Voltage
25 7.0 a0
1T IR I - Vgs = +5.0V
Vgs = +6.0V ss .
2 60 NN Vou = -120V 35 !T ] n°|.} Vog = -12.0v
Ta =0°C 1 - A=
s 5o \Q\‘ | I T 20 —
EY by | Ty =#25°C -
z 2 = | = 25
£ : g a0 Ta = +70°C g
ki |—{ Ta = +25°C g:n =t — gz.n 5
bl . N Ta = +25°C
20 e \ =l 815 270 TN
2 1 ' e =T
19 @20 3 10 [ Ta=0C —
18 10 T 05 1
" 0 1 . T
-160 -165 170 175 180 +40 +20 0 -20 -40 -60 0 1.0 20 30 40 50
Vss — Vg (V) OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V)
switching time waveforms
[t g -t oW o
You /5% 0% 0%
on /
Vo, 10% 10% 4 10%
N T o
Vi 90% 90% 0%
DATA
™ 10% N 10% #
Vi
Vu
LOAD o k
CONTROL 1o X Y
A
Vou
DATA 15V
ouTPUT
Vou
—— tpan
Ya
Note: DC storage is accomplished during ¢py time.
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MM5061 quad 100-bit static

N

general description

The MM5061 quad 100-bit static shift register is a
MOS monolithic integrated circuit using silicon
gate technology to achieve bipolar compatibility.
It has a guaranteed operating frequency of 2.2
MHz and an on chip clock generator.

features

® Guaranteed 2.2 MHz operation

® Single TTL compatible clock on chip clock
generator

Static Shift Registers

shift register

® | ow clock capacitance 10 typ, 14 max.
m Qperates from +5V, GND, and -12V

® Configuration Quad 100-bit
® Internal recirculate

applications

® CRT displays

® Terminals

® Disk and drum replacements
= Buffer memory

logic and connection diagrams

Dual-In-Line Package

U s,

RECIRCULATE —I—-

RECIRCULATE
controt ©

DATA
INPUT

test circuit

+5V

ANY
MM5061
ouTPUT

10pF

weut A =24 S
e 2 outeura
0UTPUT B — 12 weurs
D o DATA eyt ¢ 2 L2 ureurc
oueet ne = L weuto
outPuT 0 10 Ve
Vss. g g— Om
TOP VIEW

Order Number MM5061D
See Package 3
Order Number MM506 1N
See Package 15

truth table

RECIRCULATE
NCTION
CONTROL FUNC
1 Data Recirculates
Register Accepts
0
Input Data

L90SNIN




MM5061

absolute maximum ratings (Note 1)

Data and Clock Input Voltages and +0.3V to —20V
Supply Voltages with Respect to Vgg

Power Dissipation 600 mW @ T, = 25°C

Operating Temperature Range 0°Cto +70°C

Storage Temperature Range —65°C to +160°C

Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics

Ta within operating temperature range, Vgg = +5V 5%, Vg = —12V £10%, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Level
Logical High Level (V) Vgs — 1.5 Vgs +0.3 \
Logical Low Level (V) Vgs — 10 Vgs —4.2 \
Data Input Leakage Vin = =10.0V, T, = 25°C, 0.01 0.5 HA
All Other Pins GND
Data Input Capacitance Vin = 0.0V, f= 1 MHz, 45 6.0 pF
(Note 2) All Other Pins GND
Recirculate Input Levels
Logical High Level (V) Vgs — 1.6 Vgs + 0.3 \
Logical Low Level {V) Vgs — 10 Vgs — 4.2 \
Recirculate Input Leakage Vin =100V, Tp = 25°C, 0.01 0.5 MA

All Other Pins GND

Recirculate Input Capacitance Vin =0.0V, f=1MHz, 3.0 6.0 pF
All Other Pins GND

Clock Input Levels

Logical High Level (Vo) Vgs - 1.0 Vgg + 0.3 \
Logical Low Level (Vo) Vgs - 10.0 Vss — 4.2 v
Clock Input Leakage Ve =-10.0V, Ty = 25°C, 0.01 0.5 MA
All Other Pins GND
Clock Capacitance (Note 2) 10.0 14.0 pF
Data Output Levels
Logical High Level (Vo) Isource = ~3.0 mA 2.85 Vss \
Logical Low Level (Vo) Isink = 1.6 mA 0.4 \2
Power Supply Current (Igg) Ta =25°C, Vgg = -12.0V, ¢pw = 160 ns
Vss = +6.0V, Vo = 0.8V, Data = 0-1-0-1
Voo = 0.0V
¢¢ < 0.1 MHz 6.5 9.0 mA
¢5 = 2.2 MHz 13.0 19.0 mA
(Ipp }{Note 4) ¢¢ <0.1 MHz 13.0 18.0 mA
¢ < 2.2 MHz 15.0 20.0 mA
Clock Frequency ¢¢ ot = ¢t; < 10 ns 3.0 2.2 MHz
Clock Pulse Width ¢py oty =ot; <10 ns 0.230 0.100 10.0 us
[ ot =¢t, < 10ns 0.200 DC us
Data Input Setup Time (tyg) 3 100 ns
Data Input Hold Time (tgy) 40 ns
Recirculate Setup (tyg) 4.t <10ns 100 ns
Recirculate Hold (typ) » For Load Conditions see 40 ns
Data Output Propagation Delay Test Circuit
from ¢
Delay to High Level (toqn) 250 350 ns
Delay to Low Level (tpq, ) J 250 350 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: Capacitance is guaranteed by periodic testing.
Note 3: Positive true logic notation is used: Logic ‘“1”’ = most positive voltage level; Logic 0" = most negative voltage level.

Note 4: Outputs not loaded when measuring Ipp therefore Ipp will increase by 1.6 mA for each TTL load (TTL “0" level
output).
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N PROMs/ROMs

MM3501 1024 -bit read-only memory

LOSENIN

general description

The MM3501 is a 1024-bit read-only memory pro- ® 115 mW typical static operation
grammed in a 128 word by 8 bit format. It is an
MOS monolithic integrated circuit utilizing P- ) .
channel enhancement mode technology. The fixed ® Bipolar compatible outputs
program memory is specified by the customer and
customized by modifying one mask in the fabrica-
tion process. This results in a fast turn-around, low
cost custom memory.

® | ow power consumption

applications

® Microprogramming

features = Code conversion
m Chip select ® Table lookup
® 1.5 us typical access time 8 Control logic
logic and connection diagrams Dual-In-Line Package
Voo ==q 1 28 e CHIP SELECT READ
Voo =q 2 23 == INPUT §
[T £ 22 = INPUT 6 MSB.
NC =—{a 21 == QUTPUT 0 LSB
? o j MEMORY NC == 5 ZBFQU'PUT 1
2 E :> NC =G 19— 0uTPUT 2
INPUTS 3 g u LSB INPUT 0 ==y 7 18/ r—ﬂUY!UYl
: € INPUT 1 =4 8 17 == QUTPUT &
N BUFFERS p CHIP SELECT READ* U el oureurs
INPUT 3 weed 10 15 p== QUTPUT 6
INPUT 4 —d 11 14 foee QUTPUT 7 MSB
Vgs =412 13 fomm Vg
*When chip select read is at Vg the ;—Y_—J TOP VIEW
outputs are floating. OUTPUTS

Order Number MM3501J
See Package 11

Order Number MM3501N
See Package 18

switching time waveforms

Access and Chip Select Times

|
v l ‘ T=810
INPUT ADDRESS { =810us
.15v—-—;\____,'| 10% Rise and fall time ~ 50 ns

| |
ov | -
LoGIC 0" ':‘ 7 : \/ s i
OUTPUT X tandard load R, = 1 Ms2
LOGIC “1” | | €, = 10pF
—/ 7 N
e —T |
- H ——, Ta 'q—

Note: The logic “0,” “1” levels may be taken to be (~1.0V, —10V) or
(~2.0V, —8.0V) respectively. Guaranteed limits are at —1.0V and —10V.

Note: For programming information see AN-100.
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MM3501

absolute maximum ratings

All Voltages and Data Input Lines with Respect to Vgg

Power Dissipation

Storage Temperature Range
Operating Temperature Range
Lead Temperature (soldering, 10 sec.)

electrical characteristics
Ta within operating temperature range Vpp = =13V £1.0V, Vgg =—27V £2.0V, Vg =—27V *2.0V, Vgg = 0V (GND),

unless otherwise noted.

-30V to +0.3V
250 mW

-65°C to +125°C
0°C to +70°C
300°C

CHARACTERISTIC CONDITIONS MIN TYP MAX UNITS
Input Logic Levels
Logic “0" Vgs—2.0 Vss \"
Logic “1" Vgs—9.0 \
Input Capacitance (Note 4) 7.0 15 pF
Input Leakage Vn =15V (Note 5) 1.0 HA
Output Logic Levels
Logic “0" I, =—10uA Vgs—1.0 Vss Vv
Logic “1” I, =+10pA Vss—10 \
Access Time (Ta) RL =1.0MQ,C_ =10pF 1.5 4.0 us
(Notes 2 and 3, See Waveform)
Output Current )
Logic “1"” VouTt =—4.6V (Forced) (Vg = Vpp) 1.6 mA
Logic “0"” VouTt =—1.0V (Forced) (Note 6) -0.15 -0.24 mA
Logic ‘1" Vout =10V (Forced) (Note 6) 0.30 0.85 mA
Supply Current Drain
lop Vpp =—14V, Vgg =29V 6.5 mA
lee (Note 2) 4.0 mA
Power Consumption (Notes 1 and 2) 115 215 mW

Note 1: Exclusive of Ig (load current)

Note 2: Tp = +25°C.
Note 3: Sample tested.

Note 4: Guaranteed by design.
Note 5: Address and chip select inputs all pins grounded except the one under test
Note 6: Vpp = 12V, Vgg = —-25V (worst case condition of measurement)
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MM5202A electrically programmable

2048-bit read only memory (PROM)

general description

The MM5202A is a 2048-bit static read only
memory which is electrically programmable and
uses silicon gate technology to achieve bipolar
compatibility. The device is a non-volatile memory
organized as a 256-8-bit words. Programming
of the memory contents is accomplished by
storing a charge in a cell location by program-

ming that location with a 50V pulse.
features

® Field programmable

B Bipolar compatibility +5.0V, —9.0V operation
® High speed operation 1.0us max access time
® Pin compatible with INTEL 1602A, 1702A

during read operation only

Program on an approved MM5203 programmer
Static operation — no clocks required

Common data busing (TRI-STATE® output)
Q" quartz lid version erasable with short wave
ultra-violet light (i.e. 253.7 n.m.)

Chip select output control

256 x 8

applications

Code conversion
Random logic synthesis
Table look-up
Character generator
Microprogramming

block and connection diagrams

101 /o8

&, CONTROL QUTPUT
s CIRCUIT BUFFERS

2048 BIT
Y ROM
o ks
256x8
Av A5 A X
DECODER

Ro A Az A3 Ag

Note: For programming information see AN-100.

Dual-In-Line Package

1 24
4y = F Voo
2 23
A — Vs
Ay 3
58— |— PROGRAM
*DATAOUT 1 4 21
e — 2L o,
5 20
*DATA OUT 2 ~— — A,
*DATAOUT3 —ﬁ _”- As
7 18
*DATA OUT 4 —if LA
8 17
“DATA QUT 5 =i — A,
9 16
“DATA 0UT 6 ~— = Voo
10 15
“DATA QUT 7 = = Vec
*pATAOUTS 11} |14 =
msB s
12 13
Vee -4 RERp

TOP VIEW

*This pin is the data input lead during programming.

Order Number MM5202AD
See Package 6

Order Number MM5202AQ
See Package 21
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MM5202A

absolute maximum ratings

All Input or Output Voltages with Respect

to Vgg Except During Programming

Power Dissipation
Operating Temperature Range
Storage Temperature Range

Lead Temperature (Soldering, 10 seconds)

+0.5V to —20V
1.0W

0°C to +70°C
—-65°C to +125°C
300°C

electrical characteristics
T =0°Cto +70°C, Vgg = +5.0V 25%, Vpp =—9.0V +5%, Vgg = PROGRAM = Vgg unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Current (1) Vin =0V 1.0 HA
Output Leakage (o) Vout =0V, CS = Vgg —2.0 1.0 uA
Power Supply Current (Iss) TS =Ves—20 25 35 mA
Input LOW Voltage (V) Vgs — 10 Vgg —4.0 \%
Input HIGH Voltage (V) Vgs —2.0 Vss +0.3
Output LOW Voltage (Vo ) 1.6 mA Sink 0.40
Output Clamp Current (Igg) Vpp ==12.6V, Vour =—1.0V, T5 =0°C 8.0 14.0 mA
Output HIGH Voltage (Vou) 0.5 mA Source 24 \%
Data Hold Time (Tou) (Min Access Time) Figures 1 & 2 100 ns
Access Time (Tacc) Figures 1 & 2 (Note 6) 1.0 us
Chip Select Time (T¢o) Figures 1 & 3 500 ns
Chip Deselect Time (Tgp) Figures 1 & 3 500 ns
Allowable Chip Select Delay (tcs) Figures 1 & 2. Allowable delay in selecting 100 ns
ghip after c!'\ange of address without affect-
ing access time.
Input Capacitance (Cyn) Vin = Vss, f=1.0 MHz (Note 1) 8.0 15 pF
Output Capacitance (Coyr) Vour = Vss. f=1.0 MHz (Note 1) 8.0 15 pF
CS =Vgs—20
programming characteristics (see Note 2 and Figure 4)
Ta =25°C, Vgs =0V, Vgg = +12V £10%, CS = OV unless otherwise noted.
PARAMETER CONDITIONS MIN TYP MAX UNITS
Address and Data Input Load Current (I p) Vin =50V 0 10 mA
Program Load Current (I p) Vin =-50V 0 10 mA
Vgg Supply Load Current (I, g) 0 10 mA
Peak Ipp Supply Load Current (I pp)(Note 3) Vop = Verocram =50V 650 mA
Input High Voltage (V,yp) -2.0 +0.3 \%
Address and Data Input Low Voltage (V. p) -50 -40 \
Pulsed Input Low Voltage:
Vpp. and Program, Vp, p -50 —48 \
Vpp Pulse Duty Cycle 20
Program Pulse Width (tpy ) (Note 4) Voo = Verogram =50V 20 ms
Data and Address Set Up Time (tpw) 1.0 us
Data and Address Hold Time (tpy) [ Hs
Pulsed Vpp Supply Overlap (tgs) 1.0 100 s
Pulsed Vpp Supply Overlap (tgy) 0.1 3.0 ms
Vpp, Program, Address, and Input Rise 1.0 Hs
and Fall Times

Note 1: Capacitances are not tested on a production basis but are periodically sampled.

Note 2: The MM5202A should be programmed only on an approved MM5203 programmer.
Note 3: Ippp flows only during program period tpyyp. Average power supply current || pp is typically 15 mA at 2% duty

cycle.

Note 4: Maximum duty cycle of tpyy should not be greater than 2% of cycle time so that power dissipation is minimized. To
guarantee long term memory retention the program cycle should be repeated ten times with tpyy = 20 ms or the equivalent
thereof, i.e., 20 cycles of tpyy = 10 ms.

Note 5: Tocc = 1000 ns + 25 (N—1) where N is the number of chips wired-OR together.

Note 6: Measured under continuous operation.




operation of the MM5202A in program mode

Initially, all 2048-bits of the MM5202A are in
the HIGH state. Information is introduced by
selectively programming LOWS in the proper bit
locations.

Word address selection is done by the same decod-
ing circuitry used in the Read mode. The eight
output terminals are used as data inputs to deter-
mine the information pattern in the 8-bits of each
word. A LOW data input level (-50V) will leave a
HIGH and a HIGH data input level will allow
programming of a LOW. All 8-bits of one word
are programmed simultaneously by setting the
desired bit information patterns on the data input
terminals. The duty cycle of the Vpp pulse
(amplitude and width as specified on page 4)
should be limited to 2%. The address should be
applied for at least 1.0us before application of

inputs 1 — 8 are pins 4 — 11 respectively. Chip
select should be disabled (HIGH).

Positive logic is used during the read mode for
addresses and data out. Address 0 corresponds to
all address inputs at V, and address 255;¢
corresponds to all address inputs at V4. A ““1” or
a P at a data output corresponds to Vgu. A “0”
or an N at a data output corresponds to Vg, .
Positive logic is also used during the programming
mode for addresses. Address O corresponds to all
address inputs at V, p and address 255, corre-
sponds to all address inputs at V qp.

Negative logic is used during the programming
mode for data in. A “1" or a P at a data input
corresponds to V, p. A “0"" or an N at a data

VZO0ZSWIN

the Program pulse. In programming mode, data input corresponds to V up.

DATA AND ADDRESS LINES —
MODE Vss Veg Voo PROGRAM cs
HIGH Low
Read Vs - 2.0 Vss - 4.0 +5.0 Vss 90 Vss Vss — 4.0V
Program Vgs -2.0 Vss - 40 GND +12 -48 -48 GND
(Pulse) (Pulse)

preferred tape format

The custom patterns may be sent in on a Telex or
submitted as a paper tape in a 7-bit ASCIl code

from model 33 teletype or TWX. The paper tape
should be as the following example.

Carriage return line feed
allowed betweeen F and B.

Data Field* MSB (Pin 11) LSB (Pin 4)

Trailer: Rubout for
TWX or letter Key
for telex (at least
25 frames.)

Start Ch Stop Ch
Leader: Rubout for ‘

TWXorletter Ky BPPPNPPNNFBNNPPNNPPF...BNPNPNNNNF
for telex (at least -

25 frames.) Word 0 Word 1 Word 255
——— ———
All Address Inputs HIGH

All Address Inputs LOW

*Data Field: Must have only P’s or N's typed between B and F. No nulls or rubouts. Must have exactly eight P and N
characters between B and F. Any characters except B and F may be typed between the F stop character and the B start
character. If an error is made in preparing a tape the entire word including the B and F start and stop characters must
be rubbed out. Data for exactly 256 words must be entered, beginning with word 0.

alternate format (Punched Tape (Note 1) or Cards]

MMS5202A
Positive Logic
2 Spaces ——————‘
A0OO

00000000~ 0
A001  000D000NN O
a002 oonoooon‘n\
AD03 01010101 4 L\18‘)“8
ANO4 00111111 6
A00S  00N11100
AODD6  NNNNDONN
A207 00111100
AODDR  0NONONDO

N~——————
A255 01010101 4
TBA 140 +—— Note 4

TB7 150
TB6 250
TBS 40
T84 01n
TB3 100
TB2 125

TB|t|97
+——1 Space

P MSB (Pin 11)
by, LSB (Pin 4)

T Note 3 Note 1: The code is a 7-bit ASCII code on 8 punch tape. The tape

should begin and end with 25 or more “RUBOUT" punches.

Note 2: The ROM input address is expressed in decimal form and is
preceded by the letter A.

Note 3: The total number of 1" bits in the output word.

Note 4: The total number of 1"’ bits in each output column or bit "~
position.

orow
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MM5202A

typical performance characteristics

Maximum Supply Current Igg

as a Function of Temperature
%0 900
(NOTE 6)
w 800
70 - 0
z 70
60 w600
] H
3 50 ; 500
40 u 0
. N T RLMA g
30 i N < 300
N~
2 Tve - += 200
10 i I[ mi ] 100
0
-50 -25 0 25 S0 75 100 125 0
Ta (°C)

access time diagrams

INPUT

Typical Access Time vs
Temperature

1TTL LOAD ~ 20 pF _|

Vee =+5.0V

Voo = 9.0V
L1 11

10 20 30 40 50 60 70 80 90
AMBIENT TEMPERATURE (°C)

+5.0V +5%

o d M

VAL
Time Under Bias as a Function
of Temperature

=
Vs = +5.0V £5%
Vop = -9.0V 5%
- 2
e
= s ==
- =
= ¥
£
3
g 20
] 1.0 ==
2 05
-1}
o Ll il
10 25 8 200
CONTINUOUS AMBIENT TEMPERATURE
UNDER BIAS (°C)

o
9.0V +5%
FIGURE 1.
f Vss-2.0V
ADDRESS E
‘ Vs - 4.0V
— Tes
CHIP SELECT |\ Vs - 20V o
‘ l Ves-4.0V
DATA OUT N f;nﬁ,{ﬁu,
VALID /TnoT vaLin
NOT VAL

DATA 0UT///
NOT VALID

DATA OUT
0 }.f—— Tace

FIGURE 2.

CHIP SELECT

]

\Z

Vs - 4.0V

Too l.‘

55 - 2.0V

H
DATA OUT

wnwn i
FIGURE 3.
program waveforms
Vine
oADoRESS 8 2/ WAY CHANGE Z INPUT STABLE EM“:" “":‘:":G:‘: Z
Viee
e o
o
|
By -+
Vine
\ /o
Voue
tow
FIGURE 4.
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typical application

256 x 8 pROM Showing TTL Interface

v 1
NC —]13 12 p—<
t TH J—Do_
seveer M N4,
15 10 ——————-——-|By Yo—
16 9 |—8s
Voo
I
A =17 8 f—8s ! DTL/TTL LOGIC
1
Ag —18 1}—8, |
D MMS5202A :
As—]19 [} ==rs |
1
As i
20 5|8, |
I
|
D B s ————‘—-‘a‘ Yo—
PROGRAM
TTL GATES A 2 ib-a,
V,
LI P N
v
L Veo [, 1= a,
4 - 4
l 1THE OUTPUTS ARE ENABLED WHEN A LOGIC

LOW IS APPLIED TO THE CHIP SELECT LINE.

+5V
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MM4203/MM5203

NN

PROMs/ROMs

MM4203/MM5203 electrically programmable

2048-bit read only memory (PROM)

general description

The MM4203/MM5203 is a 2048-bit static read-
only memory which is electrically programmable
and uses silicon gate technology to achieve bipolar
compatibility. The device is a non-volatile memory
organized as a 256-8-bit words or 512-4-bit words.
Programming of the memory contents is accom-
plished by storing a charge in a cell location by
programming that location with a 50 volt pulse.
Separate output supply lead is provided to reduce
internal power dissipation in the output stage
(Vo).

features

® Field programmable
+5V, —12V operation
Tus max access time

® Bipolar compatibility
®m High speed operation

® Pin compatible with MM5213, MM5231 mask
programmable ROMs

® Static operation — no clocks required
® Common data busing (TRI-STATE® output)

®m Q" quartz lid version erasable with short wave
ultra-violet light (i.e. 2563.7 n.m.)

® Chip select output control
® 256 x 8 or 512 x 4 organization

applications

8 Code conversion

® Random logic synthesis
® Table look-up

® Character generator

®  Microprogramming

block and connection diagrams

1/08
A F T
& CONTROL ouTPUT
CIRCUIT BUFFERS
coNT

; 2008 BIT

ROM

PROGRAM DECODER .
2568

X

DECODER.

1701
A A A3 A Ay

As As As

typical applications

FIGURE 1. Power Saver for
Small Memory Arrays

Vo

=777

| |

[ |

! | Assume [l Vy ii min=11-3V I|

| | Vgg = Vo min =R (1.6 mA) (N)
T o hinhi

Note: For programming information see AN-100.

Dual-In-Line Package

Ay 1 — Vi
Ay 2 —d f— 23 Vgg

188 A, 3 =i b 22 PROGRAM
By 4 e b 21 A,
5 5 —f b 20 A
Ll MM4203/ =1 A
N MM5203 w

ouTPUT B

B 8 — — 17 A
B 9 =i — 16 Voo
87 10— — 5 'c‘::rsnm
Bg 11 o r—- 18 Ts
Vgs 12 [~ 13 no mss

TOP VIEW
Order Number MM4203D or MM5203D
See Package 6
Order Number MM4203Q or MM5203Q
See Package 21

FIGURE 2. Power Saver for
Large Memory Arrays
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absolute maximum ratings

All Input or Output Voltages with Storage Temperature Range -65°C to 125°C
Respect to Vgg Except During Programming +.3V to 20V Lead Temperature (Soldering, 10 sec) 300°C
Power Dissipation w
Operating Temperature Range MM4203 -55°C to 85°C

MM5203 0°Cto 70°C

electrical characteristics Ta within operating temperature range,
Vgs = +6V 6%, Vpp = V| = -12V, 5%, Vgg = PROGRAM = Vgg unless otherwise noted.

€0ZSNIN/EOZYININ

PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Current, I Vin =0V 1 MA
Output Leakage, | o Vour =0V CS = Vgg - 2.0 1 MA
Power Supply Current, lgg Ta =25°C TS = Vgs - 2.0 35 55 mA
Input LOW Voltage, V,_ Vpp- 10 Vgs — 4.2 \2
Input HIGH Voltage, V4 Vgg = 1.6 Vgs +.3 \
Output LOW Voltage, Vo 1.6 mAsink -12.6V <V <-3V .40 \%
Output imo Current s | g 10 (oor T A AT O 20 | wo | ma
Output HIGH Voltage, Vo 0.8 mA source 24 \Y
Data Hold Time, Ton (Min Access Time) Figures 1 & 2 100 ns
Access Time, Tacc Ta =25°C Figures 1 & 2 (Note 6) .700 1 Ms
Chip Select Time, Teo Figures 1 & 3 500 ns
Chip Deselect Time, Top Figures 1 & 3 500 ns
Allowable Chip Select Delay, tcg | Figures 1 & 2 100 ns

Allowable delay in selecting chip after change
of address without affecting access time.

Input Capacitance, C Vin=V 8 15 F
Ox?(put (‘:pacitance, glou-r _V_l:l‘.T =S\ZS } f= 1.0MHz (Note 2) 8 15 zF
CS = Vs - 2.0
programming characteristics (see Figure 4)
Ta =25°C, Vgg = 0V, Vgg = +12V +10%, CS = OV unless otherwise noted
PARAMETER CONDITIONS MIN TYP | MAX UNITS

Address and Data Input Load Current, | o Vi =50V 0 10 mA
Program Load Current, | p Vin =—50V 0 10 mA
Vgg Supply Load Current, | g 0 10 mA
Peak |pp Supply Load Current || pp (Note 3) Voo = Vorogram = ~50V 650 mA
Input High Voltage, V yp -2 +.3 \
Address and Data Input Low Voltage, V, p -50 -40 \%
Pulsed Input Low Voltage:

Vpp. and Program, Vg p —50 -48 \Y

Vi (Note 5) -50 0 %
Vpp Pulse Duty Cycle 2 %
Program Pulse Width, tpyy (Note 4) Voo = Vorogram = 50V 20 ms
Data and Address Set Up Time, tpw 1 us
Data and Address Hold Time, tpn 0 us
Pulsed Vpp Supply Overlap, tgg 1 100 us
Pulsed Vpp Supply Overlap, tgy -1 3 ms
Vob. Prograrf\, Address, and Input Rise 1 s

and Fall Times

Note 1: During programming, data is always applied in the 256 x 8 mode, regardless of the logic state of Ag and mode control.
Note 2: Capacitances are not tested on a production basis but are periodically sampled.

Note 3: Ippp flows only during program period tspwp. Average power supply current Ippp is typically 15 mA at 2% duty
cycle.

Note 4: Maximum duty cycle of typw should not be greater than 2% of cycle time so that power dissipation is minimized.

To guarantee long term memory retention the program cycle should be repeated five times with ToPW = 20 ms or the equiv-
alent thereof, i.e. 10 cycles of typyy = 10 ms.




MM4203/MM5203

operation of the MM4203/MM5203 in program mode

Initially, all 2048 bits of the MM4203/MM5203 gramming mode, data inputs 1—8 are pins 4—11
are in the HIGH state. Information is introduced respectively regardless of the logic state of Ag and
by selectively programming LOWS in the proper mode control. Chip select should be disabled
bit locations. (Note 1) (HIGH).

Word address selection is done by the same decod-
ing circuitry used in the Read mode. The eight
output terminals are used as data inputs to deter-
mine the information pattern in the eight bits of
each word. A LOW data input level (-50V) will
leave a HIGH and a HIGH data input level will

Positive logic is used during the read mode for
addresses and data out. Address O corresponds to
all address inputs at V,_ and address 25549 cor-
responds to all address inputs at V. A “1” or a
P at a data output corresponds to V. A 0" or
an N at a data output corresponds to Vg . Posi-

allow programming of a LOW. All eight bits of one tive logic is also used during the programming mode
word are programmed simultaneously by setting for addresses. Address O corresponds to all address
the desired bit information patterns on the data inputs at V, p and address 255, corresponds to
input terminals. The duty cycle of the Vpp pulse all address inputs at V up.
(amplitude and width as specified on page 4)
should be limited to 2%. This can be increased to Negative logic is used during the programming mode
4% if forced air cooling is used to cool the package. for data in. A ““1”" or a P at a data input corres-
The address should be applied for at least Tus ponds to V  p. A “0" or an N at a data input
before application of the Program pulse. In pro- corresponds to V,up.
DATA AND ADDRESS LINES .
MODE Vgs Vgs Voo PROGRAM cs \/
HIGH Low
Read Vgs -2.0 Vs -4.0 +5 Vss -12 Vss Vgs — 4V -3V to—12V
Program Ves 2.0 - Vgs - 40 GND +12 -48 -48 GND GND to -50V
(Pulse) (Pulse)

preferred tape format

The custom patterns may be sent in on a Telex or from model 33 teletype or TWX. The paper tape
submitted as a paper tape in a 7 bit ASC!l code should be as the following example:

Carriage return line feed
allowed between F and B.

Start Character Stop Character Data Field* MSB (Pin 11)  LSB (Pin 4)
Le_ragls;: Rubout for | ' * '_Il'_zav?(er: Rubon:(t for
or letter Key or letter Key
for telex (at least BPPPNPPNNFBNNPPNNPPF...BNPNPNNNNF for telex (at least
frames.) 25 frames.)
Word 0 Word 1 Word 255
———
All Address Inputs LOW All Address Inputs HIGH

*Data Field: Must have only P’s or N's typed between B and F. No nulls or rubouts. Must have exactly eight P and N
characters between B and F. Any characters except B and F may be typed between the F stop character and the B start
character. If an error is made in preparing a tape the entire word including the B and F start and stop characters must
be rubbed out. Data for exactly 256 words must be entered, beginning with word 0.

alternate format [Punched Tape (Note 1) or Cards]

bg, MSB (Pin 11)

MM4203
Positive Logic

A0DO T 000000007

o
ADO1  NNNO0OONN Note 1: The code is a 7-bit ASCII code on 8 punch tape. The tape
An02 00000000 should begin and end with 25 or more “"RUBOUT"" punches.

by, LSB (Pin 4)
2 Spaces

2?‘22 gé?:?:?: 2 ™1 Space Note 2: The ROM input address is expressed in decimal form and is
ADOS 00N11100 3 preceded by the letter A.
ADDG6  NNNONO0N O Note 3: The total number of ““1"" bits in the output word.
ADOT 00111100 4 Note 4: The total number of 1" bits in each output column or bit
ADOR 00900000 0 iti
position.
A511 01010101 4
TBR 140 +———————+——Note 4
TB7 150
186 250
TBS 40N
T84 010
83 100
TB2 299

TB!1 197
+——1 Space




access time diagrams

INPUT

DATA OUT

L DM7400

Figure 1
l Ves - 2.0V
Annnzssx x
L Vs - 4.0V
CHIP SELECT Vss-20V Ton |=—
L 1 Ves - 4.0V
DATA 0UT/ DATA OUT Y GATAOUT
D

NOT VALID, VALID -‘I/W‘I‘II‘YA‘[I

DATA OUT
Tace

Figure 2

CHIP SELECT

—fro

Ves- 20V
Vs - 4.0V

Teo

H
7, DATA OUT

DATA OUT %
DATAVALID %mﬂ VALID7/

Figure 3

program waveforms

ADDRESS & ZzZZZZZ
oATA INPUTS 7/ MAY CHANGE

7 Vine
INPUT STABLE EMAV CHANGE /;

S—

=

Voo
tes f—

Veroo

= -
—

Voue

€0CSNIN/EOZYININ




MM4203/MM5203

typical applications

256 x 8 PROM Showing TTL Interface

-12v
+5V I o
ta v I
9 13 2 ss
o | | —{
seecr " L o S
15 10 _"’—Do_
t  MODE
CONTROL .
16 9}—8s
Voo N L W
I
Ag—417 8f—8; I DTL/TTL LOGIC
I
I
A7 — 18 7h—84 |
|
|
D As—] 18 6 =83 1
I
As |
| Jo- 2 5f—8; |
1
A |
j > j‘— 21 4B,y :
PROGRAM !
TTL GATES 22 3l=a, :
|
Ves -
LN P 2 f—n, !
Vi |
2] 1A ;
l

$

tSee operating mode notes.

Operating Modes

256 x 8 ROM connection (shown)

Mode Control — HIGH (Vgg)

Ag —Low

512 x 4 ROM connections

Mode Control — LOW (GND or Vpp)

Ag — Logic HIGH enables the odd (B1, B3 ... B7) outputs
— Logic LOW enables the even (B, By ... Bg) outputs

The outputs are enabled when a logic LOW is applied to the Chip

Select line.

Programming is accomplished in 256 x 8 mode only.

+5V
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PROMs/ROMs

MM5204 electrically programmable
4096 -bit read only memory (PROM)

TENTATIVE DATA

general description

The MM5204 is a 4096-bit static Read Only
Memory which is electrically programmable and
uses silicon gate technology to achieve bipolar
compatibility. The device is a non-volatile memory
organized as 512 words by 8 bits per word. Pro-
gramming of the memory is accomplished by
storing a charge in a cell location by applying a
50V pulse. A logic input, “Power Saver,” is pro-
vided which gives a 5 to 1 decrease in power when
the memory is not being accessed.

+5.0V, —12V

® Static operation—no clock required

® Easy memory expansion—TRI-STATE® output
Chip Select input (CS)

m Q" quartz lid version erasable with short wave
ultra-violet light (i.e., 2563.7 nm)

m "Power Saver’”’ control for low power appli-
cations

® Standard power supplies

applications
features m  Code conversion
. Field bl ® Random logic synthesis
iel rogrammable
prog = Table look-up
® Fast program time 5 minutes for 4096-bits ® Character generator
B Fast access time 750 ns typ ®» Microprogramming
® DTL/TTL compatibility ®  Electronic keyboards
block and connection diagrams
Dual-in-Line Package
Ao <« ver L] 2,
Ay o ) »
7 4096-BIT 1 POWER SAVER =~ Voo
* 8 TN et nEc;BER :> r::vo»:lx 12 - 3] 2
As BUFFERS 621 x8 ——Vss CHIP SELECT =87
A‘_g—’ QLPRBGRAM PRIIGRAMA -2—‘85
e Ao s,
i U " o .
. 4—-‘3—1\5 a ] MM5200 L .
POWER SAVER ———) — ¥ DECODER C:.J s [
LCE Ay = il 8,
s {J n e
s S 5,
LR > OUTPUT BUFFERS FPRLE LY
12 13
ulTslﬂfllmlzululzz Vss =] [— "
Bo By By By B4 Bs Bg By TOP VIEW
Order Number MM5204D
See Package 6
Order Number MM5204Q
See Package 21
Note: For programming information see AN-100.
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MM5204

absolute maximum ratings (Note 1)

All Input or Output Voltages with

Respect to Vgg Except During Programming

Power Dissipation

Operating Temperature Range

Storage Temperature Range

Lead Temperature (Soldering, 10 seconds)

dc electrical characteristics

+0.3V to —20V
1.0W

0°C to +70°C
—65°C to +125°C
300°C

Ta within operating temperature range, Vgg = 5.0V £6%, Vpp = —12V #5%, V, | = 0V, Vgg = PROGRAM = Vgg, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Inputs
Input Low Voltage (V) ) Vgs — 14 Vgs —4.2 \
Input High Voltage (V) Vgs — 1.5 Vgs +0. \2
Input Current (1) Vi =0V 1.0 KA
Outputs
Output Low Voltage (Vo ) loL = 1.6 mA Vio 0.4 \
Output High Voltage (Voy) lon =—0.8 A, 24 Vss \2
Output Leakage Current (I, o) Vout =0V, CS= V4 1.0 HA
Power Supply Current Ta =0°C, CS = V,y, Power Saver = V,_ 28 mA
T =0°C, CS=V,,, Power Saver = V 6.0 mA

ac electrical characteristics

Ta within operating temperature range, Vgg = 5.0V 5%, Vpp = ~12V #5%, V| = 0V, Vgg = PROGRA

M = Vgg, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Access Time (tpcc) Ta =70°C (Figure 1) (Note 4) 0.75 us
Power Saver Setup Time (tpg) (Figure 1) 70 ns
Chip Select Delay (tcs) Allowable delay in selecting device after 300 ns
address change without degrading Tacc
(Figure 1)
Data Hold Time (toy) (Figure 1) 150 ns
Chip Select or Power Saver (Figure 2) 300 ns
Setup Time (tco)
Chip Select or Power Saver (Figure 2) 300 ns
Deselect Time (top)
Input Capacitance (Cy) Vin = Vgs, f= 1.0 MHz (Note 2) 8.0 15 pF
(All Inputs)
Output Capacitance (Coy) Vour = Vss. C5 = V ., f= 1.0 MHz (Note 2) 8.0 15 pF
(All Qutputs)
electrical programming characteristics
(See Figure 3)(Note 5) T, = 25°C, Vgg = CS =0V, Vg = 12V £5%, V| | =0V to —14V, unless otherwise specified.
PARAMETER CONDITIONS MiIN TYP MAX UNITS
Address and Data Input Load Vin =12V 0 mA
Current (1, o)
Program Load Current (I p) VN = —50V —45 mA
Vgg Load Current (I _gg) 10 mA
Ipp Load Current (I pp) Vpp = PROGRAM = -50V -20 mA
Address, Data and Power Saver -2.0 03 \
Input High Voltage (V,p)
Address Data and Power Saver -14 -1 \4
Input Low Voltage (V. p)
Vpp and Program High Voltage —2.0 0.5 Vv
(Voue)
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electrical programming characteristics (con‘t)

(See Figure 3)(Note 5) T, = 25°C, Vgg = CS = OV, Vgg = 12V 5%, V| |_ = OV to ~14V, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Vpp and Program Low -50 ~-48 \
Voltage (Vpp)
Vgg Low Voltage (Vg p) 0 0.4 \%
Vgg High Voltage (Vgp) 1.4 12.6 \Y
Vpp Pulse Duty Cycle 25 %
Program Pulse Width (tpy) 25 5.0 ms
Data and Address Setup 40 Ms
Time (tps)
Data and Address Hold 0 s
Time (ton)
Pulsed Vpp Setup Time (tgg) 40 100 s
Pulsed Vpp Hold Time (tgy) 0 Ms
Pulsed Vgg Setup Time (tgg) 1.0 Hs
Pulsed Vgg Hold Time (tgy) 0 us
Power Saver Setup Time (tpgg) 1.0 Hs
Power Saver Hold Time (tpgy) ] Ms
Vpp. Program, Address and Data 1.0 Hs
Rise and Fall Time (t,, t¢)

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:

Logic 1" = most positive voltage level

Logic “0" = most negative voltage level

Note 4: Tacc = 1500 ns + 25(N—1) where N is the number of devices wire-OR’ed together.
Note 5: Each address location, selected by inputs Ag through Ag, must be programmed as shown in the timing diagram
(Figure 3) for a minimum of 32 cycles at tpyy = 5.0 ms, or equivalent (i.e. 64 cycles at tpyy = 2.5 ms).

ac test circuit typical application

CHIP =
5.0V “5% SELECT cs

>
1

Vss Vgg PROGRAM

.
ADDRESS .

MM5204 INPUTS
*TYPICAL °

MM5204
TYPICAL O—‘ QUTPUT

.
.
.
Ag-A
et o fo=Bs A TTL JO=—OB,
DM7400 s °

12V +5% O] V00
Voo Vi

Vss
é & E Ves
-12V +5% ov +5.0V 5% PROGRAM

OV O v, POWER
SAVER

oo Yo

*tacc, ton. tco. and top measured at output of MM5204.
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MM5204

operation of the MM5204 in program mode

There are two methods of programming the the device effectively becomes a RAM with
MM5204 pROM: The first method is to ship units the 512 word locations selected by address inputs
with all 4096 bits programmed to the logic 0" Ag through Ag, data inputs are By through Bg and
state, allowing the customer to selectively program write operation is controlled by pulsing the
logic ““1's"" in the desired bit locations. The second PROGRAM input. Since the pROM is initially
method is to submit to National Semiconductor programmed with all “0''s a V, p on any data
the desired bit pattern, in either of the formats input By through Bg will leave the stored “0"''s
shown below, and the pROM’s will be prepro- undisturbed and a V|yp on any data input By
grammed prior to shipment. In addition National through Bg will write a logic “1” into that
distributors have programming capabilities available. location.

The table of programming electrical characteristics Table | describes the voltage conditions for opera-
and Figure 3 give the conditions for the program- ting the pROM in the read only mode and the
ming of the MM5204. In the programming mode program mode.

TABLE I.

) POWER SAVER, DATA
MODE AND ADDRESS LINES Vss Vgs Voo PROGRAM Vi cs

LOGIC “1” | LOGIC “0"

~12V 45% 5.0V +5%

+59 +
Read Only Vi Vie 5.0V #5% |1 50V 5% 1) o6ic 17 | Loaic o0~ | Logic “1 | Loaic <o~ | OV | Vi
Program Ve Vie ov 12V 5% | Voue Vorr Vone Vour ‘3\1/4'\‘/’ ov

alternate format

The custom patterns may be sent in on a Telex or submitted as a paper tape in a 7 bit ASCII code from
model 33 teletype or TWX. The paper tape should be as the following example:

Carriage return line feed
allowed between F and B.

Start Character Stop Character Data Field* MSB (Pin 11) LSB (Pin 4)

Leader: Rubout for Trailer: Rubout for
TWX or letter Key TWX or letter Key
for telex (at least BPPPNPPNNFfNNPPNNPPF"‘BNPNPNNNNF for telex (at least

25 frames). s v / g 4 \ -

v 25 frames).
Word 0 Word 1 Word 511
All Address Inputs LOW All Address Inputs HIGH
*Data Field: Must have only P’s or N's typed between B and F. No nu!ls or rubouts. Must have exactly eight P and N characters between B and F.
Any characters except B and F may be typed between the F stop and the B start . If an error is made in preparing a tape the
entire word including the B and F start and stop characters must be rubbed out. Data for exactly 512 words must be entered, beginning with
word 0.

preferred format [Punched Tape (Note 1) or Cards]

- bg, MSB (Pin 11)
MM5204
Positive Logic by, LSB (Pin 4)
2 Spaces —————}
annn 1 afinannnn™n Note 3
AnN1 NNAnaNNn 0
annz - 0nnnnnny T~ | Note 1: The code is a 7-bit ASCII code on 8 punch tape. The tape
AN NITIINT 4 ™1 Space should begin and end with 25 or more “RUBOUT"" punches.
l::n,‘; ,T,‘,: ], ‘l,l,,\ '; Note 2: The ROM input address is expressed in decimal form and is
A6 (000NN N preceded by the letter A.
AR "r:“ “ Note 3: The total number of 1" bits in the output word.
an annnannn A )
e ' Note 4: The total number of 1" bits in each output column or bit
position.
Note 4
{——1 Space




switching time waveforms

Vin

ADDRESS >< )(
Vi
lpg f=-—r
Vin
POWER SAVER
Vi
— tcs
Vin
CHIPSELECT
Vi
b —— —tacc ———‘ ton
Vou
OATA OUT NOT VALID “Vaun ' Kuot vato
Vou
FIGURE 1. Access Time From Address to Data Out
Vin
ADDRESS AI{bRESS — STABLE
Vi

Vi __.__\
POWER SAVER

=
e

Vin -—____._\
CHIP SELECT \
—]

Vi
tco too "—
Von
N X
W DATA OUT. DATA QUT DATA DUT\)
DATAOUTPUT X\ NOT VALID VALID &‘um VALID
Voo

FIGURE 2. Access Time From Power Saver or Chip Select to Output

programming waveforms

Vane
Ves
Vae

Vonp

. |
T

Vore

tpss th-— —{ tsu
Vine
POWER
SAVER
Vie
lps  |ea— —= lpsH -
Vine
ADDRESS INPUTS STABLE
AND DATA
Viee
tow ton

e | / s B

FIGURE 3. Programming Waveforms

Voue
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MM4210/MM5210
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PROMs/ROMs

MM4210/MM5210 1024 -bit read only memory

general description

The MM4210/MM5210 is a 1024-bit static read
only memory. It is a P-channel enhancement mode
monolithic MOS integrated circuit utilizing low
threshold technology. The device is a non-volatile
memory organized as 256-4 bit words. Program-
ming of the memory contents is accomplished by
changing one mask during device fabrication. Cus-
tomer programs may be supplied in a tape, card, or
pattern selection format.

features
m Bipolar compatibility

® High speed operation 500 ns typ

no clocks required

output wire AND
capability

B Static operation
8 Common data busing

® Chip enable output control.

applications

® Code conversion

® Random logic synthesis
® Table look-up

® Character generators

®  Microprogramming.

block and connection diagrams

Dual-In-Line Package

INPUT Ag =1 16}=Vop
INPUT Ay =42 15 b= INPUT A4
SENSE
INPUTS t
wse A AMPLIFIERS ouTPuTS LSB INPUT A, ~{3 18} INPUT A
' - > 1(L58)
. L__r_/ LSB OUTPUT B, —{4 13} INPUT Ag
p———f ]
Ay o] MEMORY ] MEMORY { > [ OUTPUT B, =15 12=INPUT A, MSB
ST 1| AoDRess [ 0__]:—/
: DECODER } —\ N /nuwur B3 =46 Mp=Vgo
| I
| [ S 0__5—/ MSB OUTPUT B, —{7 10fe CHIP
ENABLE
a ! ] ™\
: ;_/ Ves—1® 9f—INPUT Ag
S TOP VIEW
CHIP = TThe outputs are connected to

Order Number MM4210J or MM5210J
See Package 10
Order Number MM5210N
See Package 15

*The output is Enabled by applying
alogic 1" to the Chip Enable line.

ENABLE Vo, through an internal MOS

resistor when Disabled.

typical application
256 x 4 Bit ROM Showing TTL Interface

~12v.
+1,
- -
>
; :: 3.0 8
$ v < 5V
< <
3K CHIP
ENABLE By
ENABLEY,, 7 -
<
INPUTS g
3
:: 30K ::m oUTPUTS
A7 B,
] 12 5 5
MM4210/MM5210 Soax
DM8810 0R DMss12 | s, >

TTL GATE: 13 4
|
| DTL/TTL LOGIC
| 14 3
|
| 15 2
|

v,

| 22416 1
|
|
!

1

*Resistor value can vary from 75002
to 30 k<2 depending on speed requirements.

—e

Note: For programming information see AN-100.




absolute maximum ratings

Vgg Supply Voltage Vgs—30V
Vpp Supply Voltage Vgs—15V
Input Voltage (Vgs -20)V < V,n < (Vgg +0.3)

Storage Temperature -65°C to +150°C
Operating Temperature MM4210 -55°C to +125°C

MM5210 0°Cto +70°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics

Ta within operating temperature range, Vgg =+12V 5% and Vgg = -12V 5%, unless otherwise specified.

PARAMETER CONDITION MIN TYP MAX UNITS
Output Voltage Levels

MOS to MOS

Logical 1" Vgs -9.0 \%

Logical “0" 1 M to GND Load Ve =1.0 v
MOSto TTL

Logical 1" 6.8 kQ2 to Vg Plus One +0.4 \

Logical 0" Standard Series 54/74 Gate Input +2.4 \Y

Input Voltage Levels

Logical 1" Vss -8.0 \Y

Logical “0" Vgg -2.0 Y
Power Supply Current Ta=25°C

Vss 19 25 mA

Vgg (Note 1) 1 MA
Input Leakage Vin = Vgg =12V 1 uA
Input Capacitance =1.0 MHz Vin =0V 5 pF
Access Time (Notes 2, 3) Ta=25°C

Taccess (See Timing Diagram) 150 500 650 ns

Vgs = +12V Vgg = 12V
. MOS Load 3

Output AND Connection TTL Load 8

Note 1: The VGG supply may be clocked to reduce device power without affecting access time.
Note 2: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate.

See Timing Diagram.

Note 3: The access time in the TTL load configuration follows the equation: TACCESS = the specified time + (N — 1) (50) ns

where N = number of AND connections.

3-19
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MM4210/MM5210

performance characteristics

Guaranteed Access Time vs
Supply Voltages

T _|
1000 L_Ta =1257C
Ta=70°
800 s
z Ta = 25°¢
% 600 ———
g
< .
" 400
200
108 12.0 132
Vgs & Vgg (V)
Power Supply Current vs
Voltage
T 7w
24 || GUARANTEED
<
2 L~
R L TYPICAL +—
amn V-
-
16
14
108 12.0 132
Vs & Vg (V)

timing diagram/address time

+12!

'

<

<
+5V 30K
<

Typical Access Time vs
Supply Voltages

1000
_ 800
_2_ .
]  —— B
§ oo =ESE
<
= a0 125°C r+

I I° | +

200 05
257 ¢ |
INERE
108 120 132
Vss & Vg (V)

Power Supply Current vs

Temperature
N Vs = +12.0V
N Voo =-12.0V
26 N 1 Il
N \\ [ |
GUARANTEED
32 AN ~
E A
o
£ 8 N
TYPICALY
18 B

-50 -25 0 25 50 75 100 125

(1%

Ey

MBS0 o 10pF

Ve INPUT Ay
jDo—o———E MIMA210/MM5210
rd

OUTPUT By

DMm8812 | '

P 10 pF
68K &
b3

+12v §
EITHER
o 1
En '<—Tmzs
+12v
R

Vss - 2.0
j“_—
o

—e

L
<

TEMPERATURE (°C)

+5V

Eour

ANY DTL/TTL 15 pF
GATE

time
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PROMs/ROMs

MM4211/MM5211 1024-bit read only memory
general description

The MM4211/MM5211 is a 1024-bit static read m Common data busing output wire AND
only memory. It is a P-channel enhancement mode capability
monolithic MOS integrated circuit utilizing low
threshold technology. The device is a non-volatile
memory organized as 256-4 bit words. Program-
ming of the memory contents is accomplished by applications
changing one mask during device fabrication.

LWZSWIN/LLIZYWIN

® Chip enable output control

f t ® Code conversion
eatures ® Random logic synthesis
= Bipolar compatibility +5V, -12V operation ® Table look-up
® High speed operation < 700 ns typ ® Character generators
® Static operation no clocks required ® Microprogramming
. . Dual-In-Line Package
block and connection diagrams
INPUT Az =41 16p=Vpp
SENSE INPUT A, =42 15 p=INPUT A,
INPUTS AMPLIFIERS 0UTPUTS '
(Lss) A LSB INPUT A, =43 145=INPUT A,
! I ) 8, (Lsg) ! °
At k=== __Ll_/ LSB OUTPUT B, —{4 13}=INPUT A
MEMORY [ MEMORY B, OUTPUT B, =5 12p=INPUT A, MSB
R =71 aooness [ ‘é—/ : 7
: DECODER : —\ . OUTPUT B;—{6 1=V
3
' ! [ Y
| I * MSB OUTPUT By —{7 10 j CHIP
ENABLE
pypu— ! f > &, B
‘Pj-/ Vgs™18 9|—INPUT Ay
*The output is Enabled by applying a Logic ““1” to the Chip Enable line. TOP VIEW
TThe outputs are connected to Vpp through an internal MOS resistor CHIP * Order Number MM4211J
when Disabled. ENABLE or MM5211J

See Package 10

Order Number MM5211N
See Package 15

typical application
256 x 4 Bit ROM Showing TTL Interface

-12v

L S T §
< < < <

[ap Vss 6.8k 6.8K $6.8K S6.8K
‘) () 1) ‘P

CHIP

ENABLE By
10 7
INPUTS
Voo 8:
0UTPUTS
A 8,
12 5

ANY DTL/TTL MMa211/ MM5211
LoGIC

ANY DTL/TTL
LoGIC

e - - - —— - - - ——
]
~

—>

"—
q

Note: For programming information see AN-100.




MM4211/MM5211

absolute maximum ratings

Vg Supply Voltage Vgs - 20V
Vpp Supply Voltage Vgs - 20V
Input Voltage (Vgs — 20)V <V < (Vgg +0.3)V
Storage Temperature -65°C to +150°C
Operating Temperature MM4211 -55°C to +125°C

MM5211 0°C to +70°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics

Ta within operating temperature range, Vgg = +5V 5%, Vgg = Vpp = -12V 5%, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Levels
MOS to TTL

Logical “1” 6.8K £5% to Vg Plus One +0.4 Vv

Logical “0"" Standard Series 54/74 Gate +2.4 Vv
Output Current Capability

Logical “0” Vour = 2.4V 2.5 mA
Input Voltage Levels

Logical 1" Vss -4.2 \%

Logical “0"” Vgs - 2.0 Y
Power Supply Current Ta=25°C

Iop Vgs = +5V 6.5 12.0 mA

lgg (Note 1) Vgg = Vpp = -12V 1 MA
Input Leakage Vin = Vgs - 12V 1 uA
Input Capacitance (Note 4) f=1.0MHz, Viy =0V 5 pF
Vg Capacitance (Note 4) = 1.0 MHz, V|y = 0V 15 25 pF
Address Time (Note 2) See Timing Diagram

T ACCESS . Ta =25°C, 700 950 ns

Vgs = 5V
Vgg = Vpp = -12V

Output AND Connection 6.8K 5% to Vgg Plus One 8

(Note 3) Standard Series 54/74 Gate

Note 1: The Vgg supply may be clocked to reduce device power without affecting access time.

Note 2: Address time is measured from the change of data on any input or Chip Enable line to the
output of a TTL gate. (See Timing Diagram.) See curves for guaranteed limit over temperature.
Note 3: The address time in the TTL load configuration follows the equation:

TACCESs = The specified limit + (N ~1) (560) ns

Where N = Number of AND connections.

Note 4: Capacitance guaranteed by design.




performance characteristics

WZSWIN/LLZYININ

Power Supply Current vs Power Supply Current vs
Power Supply Voltages Ambient Temperature
16 16
Voo = Vee N Vgs = +5.0V
18 Ta=25°C 14 Voo = Vgg = 7.2V
12 eanl 12
MAXIMUM - maximum T
g 10 = 10
] £ 3
a 2 TYPICAL
6 -6
TYPICAL —
a 4
2 2
0 0
16.0 1.0 18.0 -50 -25 0 25 S50 75 100 125
Vss - Vg (V) AMBIENT TEMPERATURE (°C)
Typical Access Time vs Guaranteed Access Time vs
Power Supply Voltages Power Supply Voltages
1400 T T 1400 T
Vpp = Vga Voo :‘V?s
- - 1200
g™ E LT 28]
= = et by
% 1000 % 1000 = :7222_
8 7 — 3 8
& son |70 Camd T +125°C = 800
w o w
) 27 L
- -
@ @
2 2
§ 400 é‘ 400
<
= 200 200
0 0
16.0 17.0 18.0 16.0 1.0 18.0
Vss - Vgg (V) Vss - Vg (V)

timing diagram/address time

+5V
+5V l +5V

[

v INPUT Ay OUTPUT By,
MMAa211/MM5211 Eour
nv—I I-— [ Ted -
ANY TTLOTL 10pF J RITE ANYTTL/OTL 15 pF
GATE S GATE
T s I T
*
-12v
Vs - 20V
EITHER
Vgs - 82

Em |‘*Ucce§
+5V
VAN S
o
43V

15V
15V
o

time
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MM5212 12,288-bit read only memory

general description

The MM5212 12,288-bit read only memory is a
P-channel enhancement mode monolithic MOS
integrated circuit utilizing a low threshold voltage
technology and ion-implanted resistors. Open drain
outputs provide a TTL compatible wire OR capa-
bility with the addition of a 6.8 k2 resistor. The
ROM is organized in a 1024 word by 12-bit
organization.

features

% Open drain outputs Wire OR capability

® Static operation No clocks

® TTL compatible inputs and outputs
applications
& Character generator

® Random logic synthesis
u Microprogramming

m Standard supplies +5.0V, -12V = Table look-up
schematic diagram
iy
] ] ]
Y DECODER
(MSB) A; Ot —— —
— ——v
T ] P10 0, (MsB)
Ao O—g— : ; oo
H ! 4—00:0
20— ; : ey
H H tt—O 05
MEMORY
A, 04— xoecooen | MATRIX Vol ooumur Lo,
H 1 DRIVER
' 1024 X 12 ' L1 oo,
A0 i f ——o0 05
1 ' 00,
01 i : ——00,
i ! 00,
L8 Moo= —— = ——0 0, wse)
1 —q
1

*The output is enabled by applying a Logic High te the Chip Enable.

connection diagram

*CHIP ENABLE

Dual-In-Line Package

wsg
NC Voo Oz Oy Og

0
lzo sz Izs lzs Iza [23

CHIP
0 05 ENABLEO, 0; O

05 O
Izz I2| Izn 119 lm |17 lm I1

.| [z |1 [a ls Iﬁ

Vs NC NC A Ay A,

Note: For programming

information see AN-100. Order Number MM5212AD
See Package 7

Iz |s ly |w |n llz ln ]u
Az Az A A Ay Ag A Oy
LSB MSB LSB
TOP VIEW
Order Number MM5212AN
See Package 19
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absolute maximum ratings

CLZSNIN

Voltage at Any Pin Vggs + 0.5V to Vgg — 22V
Power Dissipation at 25°C Ambient 800 mW
Operating Temperature 0°C to +70°C
Storage Temperature —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics
Ta within operating temperature range, Vgg = +5.0V 5%, Vpp =—12V 5%, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Data Input Levels (Note 1)
Logical High Level (V) +2.8 \%
Logical Low Level (V) +0.8 \Y
Data Output Levels (Note 1)
Logical High Level (Vqop) 6.8 k€2 5% to Vpp Plus One | +2.4 \Y
Logical Low Level (Vg ) Standard Series 54/74 Gate +0.4 \%
Output Current Capability
Logical High Level (V) Vour = 2.4V 25 mA
Power Supply Current Ta =25°C, Vgg = +5.0V
lop Vpp =12V 6.0 10.0 mA
Standby Power Dissipation Vgs =+5.0V, Vpp = —12V 170.0 mW
Chip Enable LOW
Input Leakage Vin = Vgs —10V 1.0 HA
Address Time See Timing Diagram
Taccess Ta =25°C, Vgg = +5.0V .25 35 5.0 us
Vpp =—12V

Note 1: Positive logic definition.

switching time waveforms

ADDRESS X X

DATA OUTPUT 1.5V 7£ \
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MM4213/MM5213

N
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PROMs/ROMs

MM4213/MMb5213 2048-bit read only memory

general description

The MM4213/MM5213 is a 2048-bit static read
only memory. It is a P-channel enhancement mode
monolithic MOS integrated circuit utilizing low
threshold voltage technology. The device is a non-
volatile memory organized as a 256-8 bit words or
512-4 bit words. Programming of the memory
contents is accomplished by changing one mask
during the device fabrication.

features

® Bipolar compatibility +5V, —12V operation
® High speed operation 600 ns typ

® Pin compatible with MM5203 pROM

B Static operation No clocks required
® Common data busing Output wire AND
capability

& Chip enable output control
s TRI-STATE output

applications

® Code conversion

® Random logic synthesis
® Table look-up

m Character generator

® Microprogramming

block and connection diagrams

SENSE
AMPLIFIERS

Dual-In-Line Package

As

CHIP

(C8 — ?32’,,‘
J yu— - - — - -
= -} D— 8,
INPUTS - - - =
] i .
| ' P— s
. e tate 4
O M H MEMORY D—- B,
DECODER I —————— QUTPUTS
) P— 5
| D
' L
R 4
— ] D_ B

ENABLE

MODE CONTROL

typical applications

FIGURE 1. Power Saver for
Small Memory Arrays

INPUT A3 1 20V g
INPUT A, =4 2 23pe—NC
LSB INPUT A, wed 3 2fne
LSB QUTPUT B, =g 4 21 = INPUT Ay
OUTPUT B, == § 20fmes INPUT A5
QUTPUT B, ==t & 18 e INPUT Ag
OUTPUT B, wed 7 18 e INPUT A;
OUTPUT B =g 8 17 INPUT Ag MSB
QUTPUT By =g 8 16 fpme Vop
MODE
OUTPUT 8, =d 10 1) Tl
MSB OUTPUT B, o CHIP
OUTPUT By mumed 11 14| ENABLE
Vsgmd 12 13 fpmem INPUT A
TOP VIEW
Order Number MM4213J
or MM5213J
See Package 11
Order Number MM5213N

See Package 18

FIGURE 2. Power Saver for
Large Memory Arrays

Voo

ASSUME 11V, IMIN = 113V [

Vg - Vi MIN = R (1.6 mA) (N) where N

= 7for§x 7 font.

N = 8for6x8font.

Note: For programming information see AN-100.




absolute maximum ratings

VL Supply Voltage

Vpp Supply Voltage

Input Voltage

Storage Temperature

Operating Temperature MM4213
MM5213

Vgs - 20V
Vg — 20V

(Vgs = 20) V < Vi < (Vgg + 0.3) V

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

Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics (Note 1)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Current Capability
Logical 1" VouT = 2.4V 200 HA
Logical 0" Vour = 0.4V -1.6 mA
Input Voltage Levels
Logical "'0"” Vss - 4.0 \
Logical 1" Vgs - 2.0 \%
Power Supply Current Ta=25C
lss (Note 2) Vgg = +6V 20 35 mA
Vi L=Vpp=-12V
Input Leakage Vi = -12V 1 HA
Input Capacitance (Note 5) f=1.0MHz, V,y =0V 5 pF
Address Time See Timing Diagram
Taccess Ta=25°C, Vgg = +5.0V 600 850 ns
Voo - Vop = -12.0V
Output AND Connections {(Note 4) 10

*See operating mode notes.

Note 1: These specifications apply for Vgg = +5.0V 5%, V| | =—12V, and Tp =—55°C to +125°C (MM4213), Tp = -25°C to
+70°C (MM5213) unless otherwise specified.

Note 2: Qutputs open.

Note 3: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate.
Note 4: The address time in the TTL load configuration follows the equation: TACCESS = The specified limit + (N — 1) (25)

ns. Where N = Number of AND connections.

Note 5: Capacitances are measured on a lot sample basis only.

typical applications (con’t)

-12v

sv i -

tehip
ENABLE

— s

‘MODE
CONTROL

Voo

Ag =t 17

j ) an—ig 19
INPUTS l ".‘, L 20
D sl

Ne —f 22

Vi

'
" —-/lz l )

o s D

DTL/TTLLOGIC

$

|
1
'
1
|
|
|
l
|
1
I
|
i
I
=38, 1
|
|
|
i
|
|
|
|
|
|
L

I—e

B;

Operating Modes

256 x 8 ROM connection {shown)
Mode Control — Logic "0
Ag — Logic "1
512 x 4 ROM connection
Mode Control — Logic 1"
Ag — Logic 0" Enables the odd
(81, B3 ... Bg) outputs
— Logic 1" Enables the even
(Bp, Bg ... Bg) outputs.

The outputs are ““Enabled’’ when a logic 1" is
applied to the Chip Enable line.

Logic levels are negative true MOS logic.

Mode Control should be “hard wired" to V|
{Logical "1") or Vgg (Logical "“0").
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MM4214/MM5214

NN

PROMs/ROMs

MM4214/MM5214 4096-bit static read only memory

general description

The MM4214/MM5214 4096-bit static read only
memory is a P-channel enhancement mode mono-
lithic MOS integrated circuit utilizing a low thresh-
old voltage technology to achieve bipolar com-
patibility. TRI-STATE® outputs provide wire
ORed capability without loading common data
lines or reducing system access times. The ROM
is organized in a 512 word x 8-bit memory
organization.

Customer programs may be submitted for produc-

features
® Pin compatible with MM5204 PROM

® Bipolar compatibility No external
components required
® Standard supplies +5.0V, -12Vv

Bus ORable output
®m Static operation

TRI-STATE outputs
No clocks required

applications
® Character generator
Random logic synthesis

[]
® Microprogramming
| |

tion in a paper tape or punched card format. Table look-up
logic and connection diagrams
Ao Ay Az
Dual-In-Line Package
Y DECODE NC 1 = b= 24 ncC
NG 2 —— 23 v
______ CHIPSELECT 3 memd b—22 8,
NG 4 b 21 8
Ry 5 = b— 20 B,
A; O—1 ; —b@ﬂa Ay 6 e 10 8,
A, O— ] = B A 7= b— 18 B,
. ] tqa, Az 8 p— 17 B,
o— I MEMORY b'_o"’ A 9 —f — 16 8,
g O] DECODE : ARRAY o as 10— — 15 B
] =0 A 11 =i T
A7 0 1 c'—oaG Vss 12 =g —13 &,
As O—— l —0 8; TOP VIEW
X
[ Order Number MM4214J
CHIP SELECT O or MM5214J
See Package 11
Order Number MM5214N
See Package 18
timing diagram/address time
Vss -4
oy +5.0V Ew | EITHEROR
1 7lvs-z
7Z145
Eour
Sv.s
™E

Note: For programming information see AN-100.
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absolute maximum ratings

Operating Temperature Range

Vpp Supply Voltage Vgg — 20V MM4214 -55°C to +125°C
Input Voltage (Vgs —20) V<V,y < (Vgs +0.03) V MM5214 —-25°C to +70°C
Storage Temperature Range -65°C to +150°C Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics

Ta within operating temperature range, Vgg = +5.0V 5%, Vpp = —12V £5%, unless otherwise noted.

PICSWW/VLIZYWIN

PARAMETER CONDITIONS MIN TYP MAX UNITS

Output Voltage Levels

Logical Low Level (V,_) I =1.6 mA Sink 0.4 v

Logical High Level (V) I = 100uA Source 24 A\
Input Voltage Levels

Logical Low Level (V) Vss—4.0 A

Logical High Level (V) Vgs—2.0 \%
Power Supply Current Vgs = 5.0V, Vpp =12V, T4 = 25°C 23 37 mA

(lss) (Note 4)
Input Leakage Vin = Vgs — 10V 1.0 MA
Input Capacitance (Note 2) f=1.0MHz, V\y =0V 5.0 10 pF
Output Capacitance (Note 2) f=1.0MHz, V| =0V 4.0 10 pF
Address Time (Taccess) (Note 1) Vpp =—12V, Vgg = 5.0V, T, = 25°C 150 1000 ns
Output AND Connections (Note 3) 20

Note 1: Capacitances are measured periodically only.
Note 2: Address is measured from the change of data on any input or chip enable line to the output of a TTL gate. (See
Timing Diagram.)

Note 3: The address time follows the following equation: ToAcCcESs = The specified limit + (N—1) x 25 ns where N = Number
of AND connections.

Note 4: Outputs open.
Note 5: Positive true logic notation is used. Logic 1" = most positive voltage level. Logic ‘0’ = most negative voltage level.

typical performance characteristics

Guaranteed Access Time Typical Access Time
vs Supply Voltage vs Supply Voltage
1600 TTT 1600
o0 [
=125°L ~
1200 f1,=70°C =
=25°CI
g 1000 = =
= 800 =
600
400 400
200 200
0 0
16.2 17.0 178 16.2 17.0 118
Vgs + IVpp! (V) Vss + IVppi(V)
Power Supply Current Power Supply Current
vs Temperature vs Voltage
80 T T T 80 T
Vss = 5.0V Ta=25°C—|
7 Vpp = —12V 70
60 60
ZE 50 E 50
3 40 ] mn:||||I B 3 40 - m Il
30 = I 30 TYPICAL
TYPICAL
20 20
10 10
-50 -25 0 25 50 75 100 125 16.2 170 178
TEMPERATURE (°C) Vss + IVpp! (V)
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MM5215

N

L

PROMs/ROMs

MM5215 12,288-bit read only memory

general description

The MM5215 12,288-bit static read only memory
is a P-channel enhancement mode monolithic
MOS integrated circuit utilizing low threshold
voltage technology and ion-implanted resistors.
TRI-STATE® outputs provide wire-OR capability
without loading common data lines or reducing
system access times. The ROM is organized in a
1024 x 12 bit word configuration. The Vgg supply
may be brought to OV to reduce internal power
dissipation in the non-enabled mode to 10uW/bit.

Customer programs may be submitted on Hollerith

features

Static operation

TRI-STATE outputs

No clocks required

+12V and —12V supplies

Pin compatible with E.A. 3800

applications

® Character generator
Random logic synthesis
Microprogramming

coded punched cards. ® Table look-up
schematic diagram -

il
1

Y DECODER

4,0

s O—+—

A5 O=p—t

MEMORY
MATRIX
1024 X 12

AsO=T—1 X DECODER
A3 Ot—i
2,0

LB Ay Omrtmrd

]

[0 0., MsB
O 0,y
=
=00,
O 0g
—O00;
O 06
O 05
—~O 0,
—O 03
—O 0,
t—O 0, LsB

ouTPUT
DRIVER

| —|
HEEEERENEEE

I

*The output is enabled by applying a Logic High to the Chip Enable.

connection diagram

*CHIP ENABLE

Dual-In-Line Package

msg
Voo Voo 02 O 0O 0o

0 0,
lzs Izv lzﬁ Izs |za L] lg ,l”

CHIP
Os 05 ENABLEO, 03

[
o o Lo Lo L |

FPPFTrTTT

Vss NC NG As A; A, Ay A,

MSB  LSB

TOP VIEW
Note: For programming
information see AN-100. Order Number MM5215AD

See Package 7

Ia ]m ]u I 12 '13 I 1
Ao A A Ag A, Dy
L8

Order Number MM5215AN

See Package 19
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absolute maximum ratings

SLZSWIN

Vgg Supply Voltage Vgs +0.5V to Vgg —30V
Input Voltage Vsg 0 5V to Vgg —30V
Power Dissipation at 256°C Ambient 800 mW
Operating Temperature 0°C to +70°C
Storage Temperature -65°C to +160°C
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics

T within operating temperature range Vgg = +12V £1.0V, Vpp =0V, Vgg = —12V 1.0V unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Voltage Levels
Logical 1" (Note 1) Vgs —9.0 \%
Logical 0" (Note 1) Vgs — 2.0 \%
Output Voltage Levels
Logical “1"" No Load Voo \%
Logical 0" No Load Vss \%
Output Current
Logical 1"’ Vo = Vgs 25 mA
) Vo = Vss - 6.0V 0.7 mA
Logical "0 Vo = Vgg — 12V -2.0 mA
Vo = Vgg — 6.0V -5 mA
Power Supply Current
Iss Vss = +13V, Vpp =0V,
Vgg =—13V 30 mA
lca Vgs = +13V, Vpp =0V,
Vgg =13V 15 mA
Standby Power Dissipation Vgs = +12V, Vpp = 0V
Vgg =0V, Ta =25°C 150 mw
Vss = +12V, Vpp =0V
Vgg =12V, T4 =25°C 300 mwW
Address Time
Taccess Ta= 25°C 3.0 Ms

Note 1: Positive logic definition.

switching time waveforms

ADDRESS X X
CHIP ENABLE—_—-\\‘.EV /—

— DATA NOT VALID

DATA OUTPUT N&

TRI-STATE® TRI-STATE®
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MM4220/MM5220
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PROMs/ROMs

MM4220/MM5220 1024 -bit read only memory

general description

The MM4220/MM5220 is a 1024-bit static read
only memory. It is a P-channel enhancement mode
monolithic MOS integrated circuit utilizing low
threshold voltage technology. The device is a non-
volatile memory organized as 128-8-bit words or
256-4-bit words. Programming of the memory con-
tents is accomplished by changing one mask during
the device fabrication. Customer programs may be
supplied in a tape, card, or pattern selection format.

features
® Bipolar compatibility

® High speed operation 500 ns typ

m Static operation no clocks required

® Common data busing output wire AND

capability
m Chip enable output control.

applications

® Code conversion
Random logic synthesis
Table look-up

Character generators

Microprogramming

block and connection diagrams

SENSE AMPLIFIERS

INPUTS

oUTPUTS
LS8

Dual-in-Line Package

[T ——
A
A3 e} |
1
| I
i [
I I
1 | MEMORY
| MEMORY
H ADDRESS L
H DECODER :
1
1
S N S g
I
1
[ S,
| =
1]
1
[ I SR, . r
1
L

JOUDIIE

04

INPUT A; = 1 UV
B3
INPUT A, =f 2 23 NC
N LS INPUT Ay =g 3 22 NT
3
LSB OUTPUT B, =4 4 21 INPUT A,
8
OUTPUT B, =med § 20 INPUT A5
B 0UTPUT B; ==y § 18 INPUT Ag
OUTPUT B, ==y 7 18 fm INPUT A,
8
QUTPUT B == 8 1= Vsg
MODE
B OUTPUT B ==ed § 16} ConTRoL
o CHIP
0UTPUT 8, =410 15p=—ChNaLe
MSB OUTPUT Bg e 11 14 s INPUT Ay MSB
cHIP Vssomnd 12 13fe NE
ENABLE

Note: For programming information see AN-100.

TOP VIEW

Order Number MM42204
or MM5220J
See Package 11
Order Number MM5220N
See Package 18
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absolute maximum ratings

OCZZSWIN/O0ZZYWIN

Vgg Supply Voltage Vgs—30V
Vpp Supply Voltage Vgs—15V
Input Voitage (Vgs —20)V <V, < (Vgg +0.3)V
Storage Temperature -65°C to +150°C
Operating Temperature MM4220 -55°C to +125°C

MM5220 0°C to +70°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics
T within operating temperature range, Vgg = +12V 5% and Vgg = -12V £5%, unless otherwise specified.

PARAMETER CONDITION MIN TYP MAX UNITS
Output Voltage Levels

MOS to MOS

Logical “1" Vgs -9.0 \Y

Logical “0" 1 MS2 to GND Load (Note 1) Vas 1.0 v
MOS to TTL

Logical “1" 6.8 k2 to Vg Plus One +0.4 \Y

Logical “0" Standard Series 54/74 Gate Input +2.4 \%

Input Voltage Levels

Logical ""1” Vgs -8.0 \Y)

Logical 0" Vgg -2.0 Vv
Power Supply Current Ta= 25°C

Vss 19 25 mA

Vgg (Note 1) 1 MA
Input Leakage Vin = Vg -12V 1 KA
Input Capacitance f=1.0 MHz Vin = 0V 5 pF
Access Time (Notes 2, 3) Ta=25C

Taccess (See Timing Diagram) 150 500 650 ns

Vgs = +12V Vgg = -12V
. MOS Load 3

Output AND Connection TTL Load 8

Note 1: The Vg supply may be clocked to reduce device power without affecting access time.

Note 2: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate.
See Timing Diagram.

Note 3: The access time in the TTL load configuration follows the equation: TACCESS = the specified time + (N — 1) (50) ns
where N = number of AND connections.
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MM4220/MM5220

performance characteristics

Guaranteed Access Time vs
Supply Voltages

[HEEE
SR
1000 A =125°C
Ta = 759
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—
2 600 =
g
" 400
200
108 12.0 132
Vss & Vg (V)

Power Supply Current vs

Voltage
T s
24 |1 GUARANTEED,
<
2 -
R A TYPICAL1
R rd
16
1
108 12,0 132
Vs & Vg (V)

timing diagram/address time

Typical Access Time vs
Supply Voltages
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typical application

128-8 Bit ROM Showing TTL Interface

0CZSWIN/O0ZZYWIN

-12v
v
' R
i 12 p—d :;ux
<
td N, { Do
B 68k
>
+ 8
cHIP__]
enasLe " 0 ] D)— ouTPUTS
* mooe 8, s
contRoL ' o "M_.JL____T_D,._
v 1
= [y 1 oTUTTLLoGe
1
1
S Ay =418 ] =Y \
D 3 MMA220/MM5220 :
D s O sp—s, |
Sk 1
1 |
NPUTS | )o- LI sp—s, H
3
ok i
1 “,-_1 n af—s, 1
|
|
DMB8810 OR DM8312 -2 ] S |
TIL GATES i
|
-2 2f—n I
Voo |
2 1Ay i
$ | 4
!
*See operating mode notes. =

*R values can vary from 740 to 30 k<2 depending on speed requirements.

OPERATING MODES

128x8 ROM connection
Mode Control — Logic 0"
As — Logic “1”

256x4 ROM connection
Mode Control — Logic ‘1"
Ag — Logic “’0" Enables the odd
(B; ... B;)outputs
— Logic ““1'* Enables the even
(B, ... Bg) outputs.

The outputs are “Enabled” when a logic 1" is
applied to the Chip Enable line.

The outputs are connected to Vpp through an
internal MOS resistor when “’Disabled.”

The logic levels are in negative voltage logic notation.
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MM4221/MM5221
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PROMs/ROMs

MM4221/MM5221 1024-bit read only memory

general description

The MM4221/MM5221 is a 1024-bit static read
only memory. It is a P-channel enhancement mode
monolithic MOS integrated circuit utilizing low
threshold voltage technology. The device is a non-
volatile memory organized as 128-8-bit words or
256-4-bit words. Programming of the memory
contents is accomplished by changing one mask
during the device fabrication.

features

® Bipolar compatibility +5V, =12V operation

® High speed operation <700 ns typ

® Static operation no clocks required

® Common data busing output wire AND

capability
8 Chip enable output control

applications

Code conversion
Random logic synthesis
Table look-up
Character generators
Microprogramming.

block and connection diagrams

INPUTS

(LsB) A,

SENSE AMPLIFIERS

ouTPUTS

Dual-In-Line Package

INPUT Ay = 1

INPUT A, == 2

LSB INPUT A, =—f 3

MEMORY
ADDRESS
DECODER

LS8 OUTPUT B, =4 4
OUTPUT B, =i 5

OUTPUT By =4 §

OUTPYT B, =i
8 OUTPUT B; =1 8

OUTPUT Bg =g 9

OUTPUT B, ==d 10
MSB OUTPUT By amed 11

Vssmed 12

b Voo

b—nc

b nc

b= npuT A,

b nPUT A,

b neuT A,

b= INPUT &, MsB

b= Vac
MoDE

[ controL
chip

[ enasLe

b NPT A

f— nc

CHIP
ENABLE

TOP VIEW

MODE CONTROL _———L—D—l

Order Number MM4221J
or MM5221J
See Package 11
Order Number MM5221N
See Package 18

Note: For programming information see AN-100.
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absolute maximum ratings

Vgg Supply Voltage
Vpp Supply Voltage
Input Voltage

Storage Temperature

Operating Temperature MM4221
MM5221

Vgs - 20V
Vgs - 20V

(Vss - 20)V <V < (Vgg +0.3)V
-65°C to +150°C

Lead Temperature (Soldering, 10 sec)

electrical characteristics

Ta within operating temperature range, Vgg = +5V 5%, Vgg = Vpp = -12V 5%, unless otherwise specified.

-55°C to +125°C
0°C to +70°C

300°C

LZZSWW/LZZYWIN

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Levels
MOS to TTL
Logical 1" 6.8 kQ2 £5% to Vgg Plus One +0.4 Y
Logical "0" Standard Series 54/74 Gate +2.4 \Y
Output Current Capability
Logical 0"’ VouT = 2.4V 25 mA
Input Voltage Levels
Logical ‘1" Vgs - 4.2 \Y
Logical 0" Vgs - 2.0 Y,
Power Supply Current Ta=25°C
lob Vgs = +5V 6.5 12.0 mA
lgg (Note 1) Vee = Vpp = -12V 1 MA
Input Leakage Vin = Vgs - 12V 1 MA
Input Capacitance f=1.0MHz, V, = 0V 5 pF
Vg Capacitance (Note 4) f=1.0MHz, V|5 = 0V 15 25 pF
Address Time (Note 2) See Timing Diagram
TAccess Ta = 25°C, 700 950 ns
Vgg = 5V
Vgg = Vpp =-12V
Output AND Connections 6.8 k2 5% to Vgg Plus One 8

(Note 3)

Standard Series 54/74 Gate

Note 1: The Vg supply may be clocked to reduce device power without affecting access time.

Note 2: Address time is measured from the change of data on any input except mode control or Chip
Enable line to the output of a TTL gate. (See Timing Diagram). See curves for guaranteed limit

over temperature.

Note 3: The address time in the TTL load configuration follows the equation:
TAcCCESs = The specified limit + (N - 1) (50) ns
Where N = Number of AND connections.

Note 4: Capacitance guaranteed by design.
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MM4221/MM5221

performance characteristics

Power Supply Current vs
Power Supply Voltages
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timing diagram/address time
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typical application

128-8 Bit ROM Showing TTL Interface
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MMA221/MMS221
D a~—q1s ] 1N

T

|
|

'

|

|

ANY DTL/TTLLOGIC Ay =18 78 \
|

1

1

|

|

|

» sp—s,

D — 2 s,

$

|
!
1
!
|
-2 )r—-A. 1
'
|
!
|
i
1
1
|

See operating mode notes.

W—e

OPERATING MODES

128x8 ROM connection
Control — Logic “0”
Ag — Logic ‘1"
256x4 ROM connection
Control — Logic “1”
Ag — Enables the odd (B; ...B,) oreven
(B, ...Bg) outputs.

The outputs are “‘Enabled’’ when a logic ‘1" is
applied to the Chip Enable line.

The outputs are connected to ground through an
internal MOS resistor when ““Disabled.”’

Logic levels are negative true MOS logic.

Mode control should be “hard wired” to either
Vpp (logical “1”) or Vgg (logical “0").

The logic levels are in negative voltage logic notation.
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MM4229/MM5229

NS PROMs/ROMs

MM4229/MM5229 3072-bit read only memory (open drain)

general description

The MM4229/MM5229 is a 3072-bit static read ® Programmable chip select inputs
only memory. It is a P-channel enhancement

o . PR ® Typical 1.0us access time
mode monolithic MOS integrated circuit utilizing P M :

low threshold technology. The device is a non- ® Open drain outputs allow wire-OR of up to
volatile memory organized in a 256 x 12 bit 8 devices

word configuration.

Customer programs may be supplied on Hollerith applications

coded punched cards.

® Code conversion

features ® Random logic synthesis
® TTL compatible ® Table look-up
® | ow standby power ® Microprogramming
block diagram

1 2 3 4 5 6 71 8 9 10 1N 12

T T 0
CHIP SELECT INPUT  f==p>] OUTPUT DRIVERS

[TTTTITITIT]

¥ >
DECODER SELECT MATRIX
AND
PROGRAMMABLE
B} MEMORY
DECODER > | L I

connection diagram

Dual-In-Line Package

OUTPUT 12 1 —] b— 28 nC
QUTPUT 11 2 —] =21 A,
OUTPUT 10 3 —d 2 a,
OUTPUTS 4 =i L— 2 a,
OUTPUT S § =i .
OUTPUT7 6 — f— 23 vs
OUTPUTG 7 =i |— 22 4,
OUTPUTS 8 = = 21 A,
ouUTPUT4 9 —di |— 20 &,
OUTPUT 3 10 = f— 19 A
QUTPUT 2 11 = |— 18 nc
OUTPUT 1 12 =t pee 17 CE
Vop 13 == b— 16 CS,
€53 14 = |— 15 cs.
TOP VIEW
Note: For programming Order Number MM4229D  Order Number MM5229N
information see AN-100. ;:;v'xsz;";g See Package 19
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absolute maximum ratings

All Inputs or Outputs with Respect to the

6CZSNIN/6ZZYININ

Most Positive Voltage Vgg (Substrate) +0.3V to 20V
Supply Voltage Vpp and Vp with Respect

to Vgg (Substrate) +3.0V to 20V
Operating Temperature Range

MM4229 -55°C to +125°C

MM5229 —25°C to +70°C
Storage Temperature Range —65°C to +125°C
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics (Note 1)
Ta within operating temperature range, Vpp = =12V £10%, Vgg = +5V 5%, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS

Data Input Levels

Logical High Level (V) Vgs = +4.75V +2.4 \

Logical Low Level (V) Vgg = +4.75V +0.8 A\
Data Output Levels

Logical High Level (Vou) 6.8 k2 5% to Vpp Plus One +2.4 Y

Logical Low Level (Vg ) Standard Series 54/74 Gate +0.4 \
Output Current Capability

Logical “'0” Vour =24V 25 mA
Data Input Leakage (Ig,) Vin — Vgs =5V 20 MA
Data Output Leakage (Igo) VouTt — Vss =5V (Note 1) 2.0 HA
Data Input Capacitance (Cyy) Vin — Vgs =0V 5.0 pF
Data Output Capacitance (Coyt) Vout — Vss =0V 8.0 pF
Access Time (Tp)

Address Response (taa) C_ =20pF 1.0 14 us

C Inhibit Response (tac) C_ =20pF 0.8 1.2 us
Active Power Supply

Vpp Supply (Ipp) Vgs = +5V, V,; =0V 25 32 mA

Vgs Supply (lgs) Vpp = 12V, T = 25°C 25 32 mA
Data Input Currents

Logical High Level (1,4) Vin = Vgs =24V 2.0 MA

Logical Low Level (1, ) Vin — Vgs =5V 2.0 MA
Standby Power Supply

lop Vgs = +5V, V4 =0V 12 18 mA

Iss Vpp ==12V, T =25°C 12 18 mA

Note 1: Chip inhibited or de-selected.
Note 2: The above logic levels are indicated in negative logic notation.

switching time waveforms

__xlk/ —————————-
1.5V |
/ t

| ! =t
| |
-—-——-f—————\\l |,,-————
; e .____1___-11 e

Definitions:

Access Time: Represents the total propagation delay through input translation decode for memory selection and output sense amplification of the
memory signal and is measured from the last input transition through 1.5V to the last output transition through 1.5V.

Chip Enable: The output source and sink transistors are turned off in the chip inhibit and chip de-select mode to allow OR-tieing of output for easy
memory expansion.

Chip Select: The outputs are enabled and data from the selected memory location will appear at the outputs. The chip select and chip enable inputs
are programmable for decoderiess word expansion.
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MM4230/MM5230

NS PROMs/ROMs

MM4230/MM5230 2048-bit read only memory

general description

The MM4230/MM5230 is a 2048-bit static read ®  Static operation no clocks required
only memory. It is a P-channel enhancement mode

® Common data busing output wire AND
monolithic MOS integrated circuit utilizing low

iz capability
threshold voltage techn.ology. The devnf:e is a non- ® Chip enable output control.
volatile memory organized as 256-8 bit words or
512-4 bit words. Programming of the memory con- A .
tents is accomplished by changing one mask during appllcatlons
the device fabrication. Customer programs may be )
supplied in a tape, card, or pattern selection format. ®= Code conversion
® Random logic synthesis
features ® Table look-up
® Bipolar compatibility ® Character generators
= High speed operation 500 ns typ ® Microprogramming.
block and connection diagrams
INPUTS Sinjsiwms nu::)s' Dual-In-Line Package
sB) Aymme—eo | ___l—'—/ INPUT A3 ==d 1 20—y,
I\
A - 23f=—=ne
l / INPUT A,
Az l" _______ I'——\ B LSB INPUT A, =med 3 22| }'—"C
I' _______ B -...—b_/ LSB OUTPUT B, =i 4 21 = INPUT A4
1 |
;‘E:“:‘g II | _'“‘—'-‘“_"'_ B 1 / ' OUTPUT B, = 5 20fbeme INPUT A5
DECODER : [ \ OUTPUT By =g 6 19 fm INPUT Ag
Ay |: ——————— 1 '% QUTPUT B, =d 7 18 jme INPUT A,
: ________ T * OUTPUT By === § 17 e INPUT A5 MSB
] l—-—ﬁ
: 8 OUTPUT B, ==d 8 16 = Vo
[ ittt Fb MODE
4'1 "——\ . OUTPUT B, =g 10 '5'—EBNTII0I.
l—J‘f MSB OUTPUT Bg w11 i —g:':m

Vsgmad 12 13 o INPUT A
Q TOP VIEW
N cHip
h ENABLE Order Number MM4230J
or MM5230J
MODE CONTROL

See Package 11
Order Number MM5230N
See Package 18

Note: For programming information see AN-100.
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absolute maximum ratings

Vg Supply Voltage Vgs—30V
Vpp Supply Voltage Vgs—15V
Input Voltage (Vgs -20)V < V,n < (Vgg 10.3)V
Storage Temperature -65°C to +150°C
Operating Temperature MM4230 -55°C to +125°C

MM5230 0°C to +70°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics

T a within operating temperature range, Vgg = +12V 5% and Vgg = -12V 5%, unless otherwise specified.

PARAMETER CONDITION MIN TYP MAX UNITS
Output Voltage Levels

MOS to MOS

Logical "1 1M to GND Load (Note 1) Vss 90 v

Logical “0" Vgg -1.0 \Y
MOS to TTL

Logical “1” 6.8 k2 to Vg Plus One +0.4 \

Logical ‘0" Standard Series 54/74 Gate Input +2.4 \%

Input Voltage Levels

Logical 1" Vgg -8.0 Y,

Logical ‘0" Vgg -2.0 \
Power Supply Current Ta=25°C

Vss 24 40 mA

Vgg (Note 1) 1 MA
Input Leakage Vin = Vgs =12V 1 MA
Input Capacitance =1.0 MHz Vin =0V 5 pF
Access Time (Notes 2, 3) Ta=25°C

Taccess (See Timing Diagram) 150 500 725 ns

Vgs =+12V Vgg =-12V
MOS Load 3
o .
utput AND Connection TTL Load 8

Note 1: The Vgg supply may be clocked to reduce device power without affecting access time.

Note 2: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate.
See Timing Diagram.

Note 3: The access time in the TTL load configuration follows the equation: TAoCCESS = the specified time + (N — 1) (50) ns
where N = number of AND connections.

Note 4: The above logic levels are indicated in negative logic notation.
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MM4230/MM5230

performance characteristics

1000

Taccess (ns)

400

200

40

36
2

Ipp (mA)

28
2

20

Guaranteed Access Time
vs Supply Voltages

1]
e~ TA=125'°,»
T 7g
{Ta = 20g

108 120 132
Vss & Vgg (V)

Power Supply Current

vs Voltages
T T
[T.=25C Jl IL
MAX
!
YPICAL
v
-
108 120 132
Vss & Vgg (V)

timing diagram/address time

o

1000

600

Taccess (ns)

200

40

30

Ipp (mA)

20

oi\l
L 4
<
8V 3K
<
INPUT Ay
MM4230/MM5230
(¥l
DMBB10 = 10pF <
68K
‘P
= ?
-12v

+12v
EITHER
w Vgs -9.0

+Hav

En Taccess

Vos - 20

o
3V

Eour

+3V

Typical Access Time vs
Supply Voltages

=
oy
3 =i
S== %E
R 125.¢ ‘_J>
0°C
i |
RRaan
108 12.0 132
Vss & Vgg (V)
Power Supply Current
vs Temperature
1T
Vss = +12.0V
Vog =-12.0V |
VAX
—
TYPicAL ]
<]

-50 -25 0 25 50 75 100 125 150
TEMPERATURE (°C)

+5V

OUTPUT By ‘
S 10pF I 15 pF

ANY DTL/TTL
GATE

time
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typical application

256 x 8 Bit ROM Showing TTL Interface

-v

0EZSWI/0ECYININ

v

-

Ves S I
T Ao 13 12 bl
<

'
b D—

enaste — " L S sax

>
t 8;
MODE J
contRoL "] "8 10 D)— ouTPUTS
<

>
b
Voo >
“ D I
Ag =] 17 ab—s, OTLTL LOGIC
S Ay~ 18 7}—s
D MM4230/MMS5230
By A 13 6~

2 3.0K
b3

As
INPUTS 2 sp—2s,

>
Saoke
<

D ~ 21 L] SN

DM8810 N.C.m~d 22 k]
TTL GATES
NC— 23 2 fm
Voo

4

W

1See operating mode notes.
*R values can vary from 74052 to 30 ks2.

OPERATING MODES

128x8 ROM connection
Mode Control — Logic ‘0"
Ag — Logic 1"

256x4 ROM connectign
Mode Control — Logic “‘1”
Ag — Logic “0” Enables the odd
(B, ... B;) outputs
— Logic ““1'" Enables the even
(B, ... Bg) outputs.

The outputs are “Enabled” when a logic 1" is
applied to the Chip Enable line.

The outputs are connected to Vyp through an
internal MOS resistor when ““Disabled.”

The logic levels are in negative voltage logic notation.
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MM4231/MM5231

N

N

PROMs/ROMs

MM4231/MM5231 2048-bit read only memory

general description

The MM4231/MM5231 is a 2048-bit static read
only memory. It is a P-channel enhancement mode
monolithic MOS integrated circuit utilizing low
threshold voltage technology. The device is a non-
volatile memory organized as a 256-8 bit words or
512-4 bit words. Programming of the memory
contents is accomplished by changing one mask
during the device fabrication.

features

® Bipolar compatibility
® High speed operation

+5V, =12V operation
640 ns typ.

m Static operation No clocks required
Output wire AND

capability

® Common data busing

® Chip enable output control

applications

Code conversion
Random logic synthesis
Table look-up
Character generator
Microprogramming

block and connection diagrams

INPUTS

SENSE AMPLIFIERS

Dual-In-Line Package

TR Yym—

Az

A3

MEMORY
ADDRESS
DECODER

It

Ubwbwb?b

MODE CONTROL ﬁ)oj

1The outputs are connected to Vpp through an internal MOS resistor when Disabled.
*The output is enabled by applying a Logic ““1” to the Chip Enable line.

Note: For programming information see AN-100.

ourputst
INPUT Ay e 1 24f—Vo0
INPUT A, = 2 23fnC
B;
LSB INPUT A, =g 3 2f—ne
B LSB OUTPUT B, =44 21 = INPUT A,
OUTPUT B, = 5 20 r— INPUT Ag
outPuT 8, {6 19 = INPUT Ag
By
outuTs, —7 18 = INPUT &,
By OUTPUT 8; =~ 8 17} INPUT A, MSB
OUTPUT B =4 8 16— Voo
MODE
QUTPUT B, =410 15} FonTRoL
|__ CHiP
J MSB OUTPUT B mf 11 0 St
Vs wd 12 13 o INPUT Ag
TOP VIEW
cHIP
ENABLE" Order Number MM4231J
or MM5231J
See Package 11
Order Number MM5231N

See Package 18
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absolute maximum ratings

Vgg Supply Voltage
Vpo Supply Voltage
Input Voltage

Storage Temperature

Operating Temperature MM4231

Vgs - 20V
Vgs - 20V

(Vgg = 20)V < V| < (Vgg + 0.3)V
-65°C to +150°C

-55°C to +125°C

MM5231 0°C to +70°C
Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics
PARAMETER CONDITIONS MIN TYP MAX UNITS

Output Voltage Levels

MOS to TTL

Logical “1" 6.8 k2 £56% to Vpp Plus One +0.4 \Y
Logical “0" Standard Series 54/74 Gate 2.4 Y

Output Current Capability

Logical ‘0" VouTt = 2.4V 25 mA
Input Voltage Levels

Logical “1" Vgs - 4.2 \Y

Logical 0" Vgs - 2.0 \Y
Power Supply Current Ta=25°C

lop Vgg = +5V 15 30 mA

lgg (Note 1) Vge = Vpp = ~12V 1 HA
Input Leakage Vin = -12V 1 MA
Input Capacitance f=1.0MHz, V| =0V pF
Vg Capacitance f=1.0MHz, V,y =0V 15 pF
Address Time (Note 2) See Timing Diagram

Taccess Ta=25C Vgg = +5.0V 640 950 ns

Vgg = Vpp = -12.0V

Output AND Connections 6.8 k§2 £5% to Vpp Plus One 8

(Note 3) Standard Series 54/74 Gate

Note 1: These specifications apply for Vgg = +5V 6%, VGG = Vpp = -12V, £5%, and T p = -55°C
to +125°C (MM4231), T a = -25°C to +70°C (MM5231) unless otherwise specified.

Note 2: The Vgg supply may be clocked to reduce device power without affecting access time.

Note 3: Address time is measured from the change of data on any input or Chip Enable line to the
output of a TTL gate. (See Timing Diagram.) See curves for guaranteed limit over temperature.
Note 4: The address time in the TTL load configuration follows the equation:

TACCESS = The specified limit + (N - 1) (50) ns.

Where N = Number of AND connections.

Note 5: Capacitances are measured on a lot sample basis only.
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MM4231/MM5231

performance characteristics

1400

1200

1000

Ta (ns)

400

200

Ipp (mA)

timing diagram/address time

Guaranteed Access Time (Ta)

ov:

vs Power Supply Voltage vs Power Supply Voltage
——— 1400 ——TT
Voo =IVG‘G 1 1200 Voo = Vo
- — +?115t°‘;
C T 10 1000
+25°C ——
z 800 - 125°C
< e
= 600 425°C
400
200
0
16.0 1.0 18.0 16.0 1.0 18.0
Vss - Vgg (V) Vss - Vgg (V)
Power Supply Current vs Power Supply Current vs
Power Supply Voltage Ambient Temperature
— 40 TT T 1T
H =TT, = 25°C * Ves = +5.0V
MAXIMUM 2 Voo = Vog = 12V
GUARANTEED ™ 11
" maximom 1]
H % GUARANTEED | | |
- < 2
b 8 ™
1 TYPICAL = . S=ug
12
s TvpicaL | [ ] |
16.0 17.0 18.0 50 -25 0 +25 +50 +75 +100+125
Vss - Vga (V) Ta °C)
fw ‘——hccsss
VA —
15V
15V \
time
+5V *slvvss +5V
‘ INPUT Ay OUTPUT By ‘
MM4231/MM5231 Eour
enT
ANY TTL/DTL 10 pF S 10pF ANY TTL/DTL 15 pF
GATE T Voo Voo 68K s: 1 GATE 'I_

Typical Access Time (Tp)
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typical application

-1V

256 x 8 Bit ROM Showing TTL Interface

-9

[ De—

D__ MMAZ31/MMS231
ag—q 13 sb—s,

As

wrs (T o

TTL GATES

0 s,
:D . i af—5
NC = 22 A,
NC =—d 23 2b—n,

Voo
u L )

3

A, V. >
3 ss
1" 12 ::s.n
b
T OCHIP ety 1t S
ENABLE | B e
>
8 p
T MODE " 3
CONTROL b
$
16 Y =
Ve
Ay =17 8 =8,
Ay et 18 ok}

D— oUTPUTS

OTL/TTL LOGIC

*See operating mode notes.

Operating Modes

256 x 8 ROM connection (shown)
Mode Control — Logic ‘0"’
Ag — Logic “1”
512 x 4 ROM connection
Mode Control — Logic ‘1"
Ag — Logic 0" Enables the odd
(B4, B3 ... Bg) outputs
— Logic 1" Enables the even
(B, By .. . Bg) outputs.
The outputs are “’Enabled’’ when a logic 1" is
applied to the Chip Enable line.

Logic levels are negative true MOS logic.

Mode Control should be “‘hard wired”' to Vpp
(Logical ““1) or Vgg (Logical “0").

The logic levels are in negative voltage logic notation.
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MM4232/MM5232

NN

MM4232/MM5232 4096-bit static read-only memory

general description

The MM4232/MM5232 4096-bit static read-only
memory is a P-channel enhancement mode mono-
lithic MOS integrated circuit utilizing a low thresh-
old voltage technology to achieve bipolar compati-
bility. TRI-STATE™ outputs provide wire ORed
capability without loading common data lines or
reducing system access times. The ROM is organ-
ized in a 512 word x 8-bit or 1024 word x 4-bit
memory organization that is controlled by the
mode control input. Programmable Chip Enables
(CE4 and CEj) provide logic control of up to 16K
bits without external logic. A separate output
supply lead is provided to reduce internal power
dissipation in the output stages.

features

® Bipolar compatibility

Standard supplies
Bus ORable output
Static operation

Muitiple ROM control

applications

Character generator

Random logic synthesis

Microprogramming
Table look-up

PROMs/ROMs

No external
components required

+5V, -12V
TRI-STATE outputs

No clocks required

Two-programmable
Chip Enable lines

logic and connection diagrams

Ay Az A3

| Y DECODE I

A, 0— —‘boh

As Ot

As O— MEMORY

Y
DECODE ARRAY

A; O—dg

As O—

Ay O'—J'

MODE |
conTroL ©@

[1 3. S T
ENABLE

} efififefifet

—O &,
—O0s;
—O 8.
—Q 8,
wma
o8,

—O 8;

CE; Qm—————————————d  ARRAY

Note: For programming information see AN-100.

MODE CONTROL
CE,

CE;

A

LSB A

Az

As
A4
As
As

A
Vss

Dual-In-Line Package

1

2—
1
4 —
i
-
=
8 —
-
10—t

11—

12 =

-2
— 22
b 21
b 20
— 19
L— 1
— 17
b— 16
— 15
— 14

— 13

TOP VIEW

Order Number MM4232J
or MM5232J

See Package 11

Order Number MM5232N

See Package 18

85 MSB
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absolute maximum ratings

Vg Supply Voitage Vgs — 20V
V. Supply Voltage Vgg — 20V
Input Voltage (Vgs —20) V<V )y < (Vgg +.03)V
Storage Temperature Range -65°C to +150°C
Operating Temperature Range MM4232 -55°C to +125°C

MM5232 0°C to +70°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics POSITIVE LOGIC

Ta within operating temperature range, Vgg = +5.0V £5%, Vgg = Vpp =—12V +5%, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS

Output Voltage Levels

Logical 0", Vo I, = 1.6 mA Sink 4 v

Logical “1”, Vou I, = 100 uA Source 24 v
Input Voltage Levels

Logical ‘0", V. Vea Vgs - 4.0 v

Logical ‘1", V iy Vgs - 2.0 Vgs +0.3 \s
Power Supply Current

Iss (Note 4) Vgs =5, Vgg =-12, Vi = =12, T, = 25°C 23 37 mA

Iss (Note 4) Vgs = 5, Vgg = =12, VL = -3, To = 125°C 12 20 mA
input Leakage Vin = Vgs - 10V 1 HA
Input Capacitance (Note 1) f=1.0MHz, V\y =0V 5 15 pF
Output Capacitance (Note 1) f=1.0MHz, Vi =0V 4 10 pF
Address Time (Note 2) To=25°C,Vgs =5 150 1000 ns

Taccess Vg = Vi =-12V
Output AND Connections (Note 3) 20

Note 1: Capacitances are measured periodically only.

Note 2: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate.
(See Timing Diagram.)

Note 3: The address time follows the following equation: TACCESS = the specified limit + (N — 1) x 25 ns where N = Number
of AND connections.

Note 4: Outputs open.

timing diagram/address time

v

Ew EITHER OR [

7 Vss-2

Eour

7
%‘ 15
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MM4232/MM5232

performance characteristics

Guaranteed Access Time vs
Supply Voltage

T
II{ Vi = Vee
1400 [

126°CIR
1200 fr,=70°CS -
°C g

= 1000 |——25C

= 800

1600
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400
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Power Supply Current vs
Temperature

Ves = 5.0V
70 Voo = Vi =-12V
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30
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typical applications

TTL/MOS Interface

Vss
A 8,
Az [
Az Bs

Ay

2 /
MMaz32

Al mms2z |5

A;

Ag

*— Jo—o
&——-D—‘ﬁ' ANY TTL/OTL
ANY TTL/DTL ol DEVICE
DEVICE
[
MODE
CONTROL Vaa
+5V

(13, SO —
CE Qe

Vi

512 x 8 ROM connection
Mode Control = V|
A10=ViL

third state when disabled.

Typical Access Time vs
Supply Voitage

Vi =Vae

125°C|
=70°C
25°C

i

16.2 1.0 1.8
Vss+IVge | (V)

Power Supply Current vs

Voltage
T
ra=25°C
n Vl.l.'VeG_1
60
— 50
3 ® IMUM
2 a 1171
30 TYPICAL
20
10

16.2 17.0 178
Vss+IVgal! (V)

FIGURE 1. Power Saver for
Small Memory Arrays

FIGURE 2. Power Saver for
Large Memory Arrays

Vi Voo

R m——-—="
| | | = |
[ | | |
| ! | |
I | | |

Veo Voo
L — — | I

ASSUME 1V, IMIN= 13V Il
Vgg - Vi MIN = R (1.6 mA) () where N = 7 for 5 x 7 font.
. N=8for 6x 8 font.
Operating Modes

1024 x 4 ROM connection
Mode Control = V|
A40 = V|L enables the odd (Bq ... B7) outputs
V|H enables the even (B3 . . . Bg) outputs

Note: Both chip enables may be programmed to provide any of four combinations. Example if CEq =1 and CEg =1
outputs (Positive Logic) would be enabled only when device pins 2 and 3 are Logic *’1”’. The outputs will be in the
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MM4233/MM5233 4096-bit read

general description

The MM4233/MM5233 4096-bit static read only
memory is a monolithic MOS integrated circuit
utilizing P-channel ion-implanted enhancement
mode low threshold technology to achieve bipolar
compatibility. The ROM is organized in a 512
word x 8-bit format.

Four programmable chip selects provide logic con-
trol of the TRI-STATE® outputs, allowing wire
OR capability of up to 16 ROM’s without loading
common data lines or reducing systems access
times. A separate output supply lead Vpp is pro-
vided to reduce internal power dissipation in the
output stages.

features

® Pin for
3514

pin compatible with the Fairchild

PROMs/ROMs

only memory

® Bipolar compatible No external components

required

® Standard supplies +5.0V, —12V

m TRI-STATE outputs Bus ORable outputs

= Static operation No clocks required

8 Multiple Four programmable

ROM control chip select lines
applications

= Code conversion
® Microprogramming
® Control logic

® Table look-up

logic and connection diagrams

Y DECODE

—

MSB Ag Ot
Ay O

Ay O—] | MEMORY

X
DECODE ARRAY

LYY, —
Ay O]
LSB Ag Q]

¢, 0 CHIP

SELECT
ARRAY

Note: For programming information see AN-100.

Dual-In-Line Package

Ls8 msB
Vss €S €S Ay A, A, Ay Ay As Ag A, Ag

24 23 J22 |2 20 J19 18 |17 16 15 |14 13

1 2 3 L] 5 6 7 8 8 10

n II
Ve CS; C€S3 0, 0, O, O, o s s 7 Voo

LSB msB
TOP VIEW

Order Number MM4233J  Order Number MM5233N
or MM5233J See Package 18
See Package 11
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MM4233/MM5233

absolute maximum ratings

Voltage at Any Pin

electrical characteristics

Vss + 0.5V to Vgg — 20V

Power Dissipation at 25°C Ambient 0.8W
Operating Temperature
MM4233 -55°C to +125°C
MM5233 0°C to +70°C
Storage Temperature —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Vsg = +5.0V 5%, Vpp =0V, Vgg = —12V 5%, T =—55°C to +125°C, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Levels

Logical Low I, =2.4 mA Sink 0.4 \Y)

Logical High I = 0.5 mA Source 2.4 \)
Input Voltage Levels

Logical Low Vgs — 4.0 \

Logical High Vgs — 1.0 v
Power Supply Current Ta =25°C

Iss (Note 1) 21 30 mA

Iop 1.0 mA

lag 21 30 mA
Input Leakage Vin = Vgs =10V 1.0 MA
Input Capacitance _ _
(Note 2) f=1MHz, V| = Vgs 5.0 pF
Qutput Capacitance _ _
(Note 2) f=1MHz, VoyTt = Vss 9.0 pF
Address Time Ta =25°C

Taccess (Note 3 and Note 4) 1000 ns
Select Time Ta =25°C

TseLecT (Note 3 and Note 4) 800 ns

Note 1: Outputs open.

Note 2: Capacitances are measured periodically only.
Note 3: See timing diagram.

Note 4: 1.5 TTL load, C_ = 20 pF.

switching time waveforms

ADDRESS INPUT

ouTPUT

CHIP SELECT INPUT

OUTPUT
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MM4240/MM5240 2560-bit static character generator

general description

The MM4240/MM5240 2560-bit static character
generator is a P-channel enhancement mode
monolithic MOS integrated circuit utilizing a low
threshold voltage technology. Six character ad-
dress and three row address input lines provide
access to 64-8 x 5 characters. Customer-generated
single or multiple package character fonts are easily
programmed by completing a pattern selection
form. A standard 7 x 5 raster scan font is available by
ordering the MM4240AA/MM5240AA.

The MM4240/MM5240 may be used as a
512 x 5-bit read only memory for applications
other than character generation.

features

® Bipolar compatibility

High speed operation—500 ns max

12 volt power supplies

Static operation—no clocks required

Multiple ROM logic application—chip enable
output control

®m Standard fonts available—off-the-shelf delivery

applications

m Character generation

® Random logic synthesis
® Microprogramming

® Table look-up

connection diagram

Dual-In-Line Package

Ly =1 28 e
ADDRESS ( L, =42 23 e NC
INPUTS
LSB| Lo===t3 22| }—-NE
NC ] 4 21} ns Order Number MM4240J
vods ol or MM5240J
‘ See Package 11
NG ] 6 [l ol Order Number MM5240N
pore See Package 18
LSB( By =—q 7 18— A,
By =8 17] . Ay
numprr: Bymmf 9 16§ Ao J LSB
By =t 10 16 = Vo
B~ R ol ﬁﬁfm
Vs mued 12 13 o NC
TOP VIEW
typical application
v
-1V
Jvea
15 8
SERIAL
" DATA

CONTROL
L0IC (TTL)
CONTROL
LOBIC (TTL)

out

Jn‘
2

[

R=63K

szaT

LOAD/RECIRCULATE MMEDISs | 0AD/RECIRCULATE Ms001's
CONTROL CONTROL

PAGE REFRESH LINE REFRESH
MEMORY MEMORY

Note: For additional information refer to AN-40.

Note: For programming information see AN-100.

ik

Vee  CLOCK
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MM4240/MM5240

absolute maximum ratings

Storage Temperature
Operating Temperature MM4240

Vg Supply Voltage Vss - 30V
Vpp Supply Voltage Vss - 15V
Input Voltage (Vgs = 20)V < VN < (Vgg +0.3)V

-65°C to +150°C
-55°C to +125°C

MM5240 0°Cto +70°C
Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics (Note 1)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Levels
MOS to MOS
Logical ““1"” IMQ to GND Vgs - 9.0 Vv
Logical ‘0" Vgs - 1.0 \
MOSto TTL )
Logical 1" 6.8 k2 to Vgg Plus One +0.4 \
Logical 0" Standard Series 54/74 Gate | +2.5 \
Output Current Capability
Logical ‘0" Vout = Vss - 6.0V 25 mA
Input Voltage Levels
Logical ““1" Vgs - 8.0 Vv
Logical ‘0" Vgs - 2.0 \
Power Supply Current Ta =25°C
Iop MOS Load 25 40 mA
lgg (Note 2) 1 MA
Input Leakage Vin = Vgs - 12V 1 MA
Input Capacitance (Note 5) f=1.0MHz, V| =0V 5 8 pF
Vga Capacitance (Note 5) f=1.0MHz, V|5 =0V 25 40 pF
Address Time (Note 3) See Timing Diagram :
Taccess Ta=25°C 150 425 500 ns
Output AND Connection MOS Load 4
(Note 4) TTL Load 10

TacCess = The specified limit + (N — 1) (50) ns
Where N = Number of AND connections.

level. .

Note 5: Guaranteed by design.

Note 1: These specifications apply for Vgg =+12V 15%, Vgg =-12V 5%, and Tp =-55°C to
+125°C (MM4240) Tp = 0°C to +70°C (MM5240) unless otherwise specified.
Note 2: The VG supply may be clocked to reduce device power without affecting access time.

Note 3: Address time is measured from the change of data on any input or Chip Enable line to the
output of a TTL gate. (See Timing Diagram). See curves for guaranteed limit over temperature.

Note 4: The address time in the TTL load configuration foilows the equation:

The number of AND ties in the MOS load configuration can be increased at the expense of MOS ‘0"
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performance characteristics

lop (mA)

Guaranteed Access Time (Tp)
vs Supply Voltage

1000
.
N
800 NG T = +125°C
.\ L
600 T ST, = #70°C
400
Ty = +25°C
200
0
10 " 12 13 14
Vss & - Vgg (V)

Power Supply Current vs

Typical Access Time (Tp) vs

Supply Voltage
1200
1000
800
z Q. 70°C
= L
< 2 ==
a0 1 e
f11]
20 25°C
I
N I
108 120 13.2

Vss & -Vgg (V)

Vpp Power Supply Current vs

Voltage Temperature
60 T
Ta=25°C ] ‘L Vss = 1120V ]
50 50 FMAX Vgg =-12.0V |
‘Q
a0 MAX et a0 P
= TYPICAL —
= T ] ~d -
B TYPICAL = £ w ~—|
s
i .
2 = 2 =3
10 10
0
108 120 132 -50 -25 0 25 50 75 100 125 150
Vss & -Vgg (V) TEMPERATURE (°C)
timing diagram/address time
12y
EITHER !
ov } ves - 00
Ew et Taccess
+12v ‘w
w ]
o
3V
15V
[}
. EOU'
v
o 15v
time.
GEV
&
P >
+5V g3k 5V
<
e INPUT Ay OUTPUT By
l I MMA240/MM5260 Eour
oV, [od
DM8810 10pF > 10pF ANY DTL/TTL 159F
(179 3 GATE
< = =
T
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MM4240/MM5240

MM4240AA/MM5240AA character font

. ceoe e_ ecece
. oo S8
o ; 3 See oo o0
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§ » §38 e
ROW OUTPUTS L] 0 o o L] (11} :.
ADDRESS By B;B3B4 85 20 2 22 2 2% 25 2 )
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\ PROMs/ROMs

MM4241/MM5241 3072-bit static read-only memory

general description features

The MM4241/MM5241 3072-bit static read-only ® Bipolar compatibility No external
memory is a P-channel enhancement mode mono- components required
lithic MOS integrated circuit u.ti|izir?g alow thresh- = Standard supplies +5V, —12V
old voltage technology to achieve bipolar compati-

bility. TRI-STATE™ outputs provide wire ORed ® Bus ORable output TRI-STATE outputs
capability without loading common data lines or = Static operation No clocks required
reducing system access times. The ROM is organ- = Multiple ROM control Two programmable

ized in a 64 x 6 word by 8-bit memory organiza-
tion. Programmable Chip Enables (CE4 and CE,)
provide logic control of multiple packages without applications
external logic. A separate output supply lead is
provided to reduce internal power dissipation in
the output stages.

Chip Enable lines

® Character generator

® Random logic synthesis
® Microprogramming

® Table look-up

logic and connection diagrams

' Dual-In-Line Package

Ay Az A

NC 1 ——y P 24V

CEy 2 = =23 Voo
¥ DECODE CE; 3 =med b—22 8,
NC 4 = P21 8,
_______ Ay 5= —20 86
Az 6 w—— P19 Bs
A 0—f ; X0 = :x ] C" :,
As O—p : —k_—‘—clz Ay 9 ——f =15 8,
s O— v 1 MEMORY }.__h_t:::, he 10 e
N : e _o'; v: :‘z: ::: ::

wo—] i ey
[}
12 0— — —h—os.
Order Number MM4241J
or MM5241J
See Package 11
13- S Order Number MM5241N
e ensaLe See Package 18
typical applications
TTL/MOS Interface FIGURE 1. Power Saver for FIGURE 2. Power Saver for
Vs Small Memory Arrays Large Memory Arrays

T Vo

™ —_ -
P — — r A
1 A s \ | |
H " : ! I !
e T el :
! T 2 \ | |
1 Ly

[ | |

ANY TTL/OTL Ve
ANY TTLOTL DEVicE I
oEvicE

Vi
ce.———J Voo ASSUME 11V IMIN = 11-3V |

Vgg - Vo MIN = B (1.6 mA) (N) where N = 7 for 5 x 7 font
CEz N = 8for6x8 font.

Note: Both chip enables may be programmed to provide any of four combinations. Example: If CE4 = 1 and CE = 1 outputs
(Negative Logic) would be enabled only when device pins 2 and 3 are negative (Logic “1"'). The outputs will be in the third state
when disabled. L, L1 and Lo (device pins 11, 13 and 14) are in positive logic (1 = most positive voltage levels = Vg — 2V; 0 =
most negative voltage level = Vgg — 4V).

Note: For programming information see AN-100.
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MM4241/MM5241

absolute maximum ratings

Ve Supply Voltage Vgs - 20V
VL Supply Voltage Vgs - 20V
Input Voltage (Vgs - 20) VSV )y < (Vg +.03)V
Storage Temperature Range -65°C to +150°C
Operating Temperature Range MM4241 -55°C to +125°C

MM5241 -25°C to +70°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics NEGATIVE LOGIC (Note 5)

Ta within operating temperature range, Vgg = +5.0V 5%, Vgg = Vpp = —12V #5%, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS

Output Volitage Levels

Logical ‘1" I, = 1.6 mA sink 4 \

Logical 0" I, = 100 uA source 24 \"
Input Voltage Levels

Logical 1" Vss - 4.0 \

Logical “0" Vgs - 2.0 v
Power Supply Current

Iss (Note 4) Ves =5, Vgg =-12, V= -12, To =25°C 23 37 mA

Iss (Note 4) Vgs =5, Vgg =-12, VL = -3, To=125°C 20 mA
Input Leakage V)n = Vss - 10V 1 HA
Input Capacitance (Note 1) f=1.0MHz, V|5 =0V 5 15 pF
Output Capacitance (Note 1) f=1.0MHz, V|5 =0V 4 10 pF
Address Time (Note 2) Tao=25C,Vgs=5 150 700 9200 ns

Taccess Ve =ViL=-12v
Output AND Connections (Note 3) 20

Note 1: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate.

(See Timing Diagram.) See curves for guaranteed limit over temperature.
Note 2: Capacitances are measured periodically only.

Note 3:. The address time follows the following equation: TACCESS = the specified limit + (N — 1) x 26 ns where N = Number

of AND connections.
Note 4: Outputs open.

Note 5: All addresses and outputs are in negative true logic with the exception of Lo, Lq,and L which are in positive logic.
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performance characteristics

LYZSWIN/LYZYININ

Typical Access Time vs Guaranteed Access Time vs
Supply Voltage Supply Voltage
1400 T 1600 T
Vi = Vo Vi =Vee
1200 1400
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— Ta=10°C] __ 1000 25°C ] e
EB00 | 5ol TN z =
= = < 800
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600
400 00
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Power Supply Current Power Supply Current
vs Temperature vs Voltage
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MM1101/MM11011/ MM1101A/MM1101A1T/MM1101A2, MM4250
256-bit fully decoded static random access memory

general description

The MM1101 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
s TRI-STATE™ output - wired OR capability
® Specified ambient temperature 0°C to +70°C,
for MM1101 family; -56°C to +125°C for
MM4250

applications

® High speed buffer memories

® |ocal memory store

block and connection diagrams

Dual-In-Line Package

, INPUT Ag mend LN THIP SELECT
Jyp— 2 15
INPUT A [— READWRITE
10 7 —
a—— xiweur [ avoress] o INPUT Age 2
Ay 3 BUFFERS ) PLANE A=t |— DATA 0UT
N Vot 1= oata out
LY |
1 12 oata i
6 11
INPUT A g e INPUT A
oATA__13 [ sense | Y ADDRESS - ’: :
out CIRCUIT INPUT Ag =l b= npuT A,
8 []
QUTPUT V, INPUT A,
BUFFER nn'—‘ — :
DATA __ 14 CHIP INPUT TOP VIEW
outr SELECT BUFFER
S | Order Number MM1101D,
15 MM1101AD, MM1101A1D,
RW MM1101A2D, MM11011D
oATA IN—2 or MM4250D
zcc =PII"I“N45 See Package 3
o =
Vpp =PIN 8 Order Number MM1101N,

MM1101AN, MM1101A1N,
MM1101A2N or MM11011N
See Package 15
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MM1101A2, MM4250

MM1101/ MM11011/MM1101A/MM1101A1/

absolute maximum ratings

All Input or Output Voltages with Respect to the Most Positive Supply
+0.3V to -20V

Voltage, Vgg

Supply Voltages Vpp and Vp with
Respect to Vgg

Power Dissipation at Room Temperature

Operating Temperature
MM1101 Family

MM4250

Storage Temperature .
Lead Temperature (Soldering, 10 sec)

dc characteristics

Ta =0°Cto +70°C for MM1101 Family, Ta = -55°C to +125°C for MM4250;
Vgs = +6V 5%, Vp = Vpp = -9V +5% for MM4250, MM1101A, MM1101A1, MM1101A2;
Vgs = +5V 5%, Vp = -10V 5%, Vpp = -7V £56%, for MM1101, MM11011 (unless otherwise specified).

-16V

700 mW

0°C to +70°C ambient
-55°C to +125 °C ambient
-66°C to +160°C

300°C

symsoL TEST CONDITIONS NMTI0 FAMILY azee uNITS
MIN TYP MAX MIN TYP MAX
[ Input Load Current Vin =0.0 0.001 05 1.0 A
(All tnput Pins)
o Output Leakage Current Vour = 0.0V, CS = Vgg - 2.0V 0.001 05 10 uA
Ioo Power Supply Current, Voo | Ta=25°C 130 19.0 130 190 mA
aooa 100 | Power Supply Current, Voo | Ta=0°C Gontinuous 250 250 mA
] 1o Power Supply Current, Vg Ta=25°C i:L Tooma 120 180 120 180 mA
o Power Supply Current, Vg Ta=0°C 240 240 mA
Vi Input LOW Voltage Ves - 10 Ves-4.2 Vss - 10 Ves -4.2 v
Vin Input HIGH Voltage Ves - 20 Ves + 03 Ves - 20 Ves +0.3 v
lou Output Sink Current Vour = 4045V, T, = 25°C 30 8.0 30 80 mA
foL Output Sink Current Vour = +0.45V, T, = 70°C 20 20 mA
Ice Output Clamp Current Vour =-1.0V, T4 =0°C 6.0 13.0 6.0 130 mA
[ Output Source Current Vour =00V, Ta = +25°C -30 -80 -30 -8.0 mA
lon Output Source Current Vour = 0.0V, Ta = +70°C -20 -7.0 -20 -7.0 mA
Von Output HIGH Voltage low = ~100 uA 35 49 35 49 v
Cn tnput Capacitance (Note 3) Vin = Vss 70 100 7.0 100 oF
(Al Input Pins)
Cour | Output Capacitance Vour=Vss| f=1MHz 70 100 7.0 100 oF
cy Vo Power Supply Vp = Vss 20,0 35.0 200 35.0 oF
Capacitance
1101 ] loo Power Supply Current, Vpp | Ta=25°C g‘;::l’:‘:"“s 14.0 18.0 mA
MM11011 ] Io Power Supply Current, Vg, Ta=25°C ) o =00mA 17.0 200 mA
ac characteristics
Ta =0°C to +70°C for MM1101 Family, T = -65°C to +125°C for MM4250;
Vss = +5V 5%, Vp = Vpp = -9V 5% for MM4250, MM1101A, MM1101A1, MM1101A2;
Vgs = +5V 6%, Vp = -10V $5%, Vpp = -7V £5%, for MM1101, 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, 1.2 (Note 4) s
MM11011, MM1101A1 0.7 (Note 4) us
MM1101A 0.2 (Note 4) us
MM4250 0.35 (Note 4) Iy
t, Access Time MM1101, MM1101A 0.85 1.5 us
MM11011, MM1101A1 0.65 1.0 us
MM1101A2 400.0 500.0 ns
MM4250 400.0 650.0 ns
ton Previous Read Data Valid 50.0 ns

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 tyc measured at minimum read cycle.




ac characteristics (con’t) § §
-
WRITE CYCLE (MM1101, MM11011, MM1101A, MM1101A1, MM1101A2) 9 9
v >3
SYMBOL TEST MIN Now 2y MAX UNITS (x4
twe Write Cycle 0.8 Ms g §
twp Address to Write Pulse Delay 03 Ms g 5
ey
twe Write Pulse Width 04 ps S 2
tow Data Set up Time 0.3 us (3] g
o
toH Data Hold Time 0.1 us g
-
=y
WRITE CYCLE (MM4250) o
-
twe Write Cycle 1.0 Ms 2
twd Address to Write Pulse Delay 0.35 us g
twp Write Pulse Width 0.50 us §
-
tow Data Set-up Time 0.35 us (=)
-
tah 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
teo Chip Deselect Time 0.1 0.3 us

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
3 o;nl:m:r :[’ vlp -]uw 1400 | Ta = 25°
1000 <+ Tt Vec =5.0V
N R
N 4— Voo =-9V 1200 €y =20pF 18
E I N A Z ygo [1TTLLOAD T MTIA n
£ 00 [t T § A = Z o
= TN 4 ) S s00 \\‘ 2 TYPICAL OPERATIN
§ 600 | Mmitonaz, Nop =9V b 2 - Ea 15 71 REGION
] 8 600 > 1 4%
2 =4V =3 1 fl 4 EE"b _J
400 L Voor HV 2 8 1 /| OPERATING.
S 400 1|———- = ) 7 REGION
200 f N 200 MM1101A2, MMA4250 . 2
1 1 T o 7 NS N 1
T Voo &V 1Y I T 11T T
-1 -8 -9 -1 -1 -30 -10 10 30 50 70 8 10 12 14 16
Vo (V) TEMPERATURE (°C) Vss - Vpp (V)

ac test circuit
Test Setup for MM1101A and MM1101A Speed Measurement

+5V +$V

ADDRESS
INPUT

MM1101/

MMIT01A outeuT

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 (t,q < 10 ns) €, < 20 pF.
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MM1T101A2, MM4250

MM1101/MM11011/MMT101A/MM1101A1/

switching time waveforms

Read Cycle

ADDRESSES

READ/WRITE

' Y v
t
o __/l/— -
0= ——— -

Write Cycle

e X XC

]
T

— -l > 10005 fe—

. tigp————m\

DATAIN F
tow—w=]
0 OW’

= toy

READ/WRITE

ADDRESSES

OUTPUTS

Power

ADDRESSES

Vss

Vp AND 5 LEAD

Vo

OUTPUTS

Vpp = -8V 8%

Chip Select and Deselect

tow

ing For R d Power A

.

Note 1: All inputs of the MM1101A accept standard TTL outputs with Vg = +5.0V £5%.

Note 2: Maximum value for taoc measured at minimum read cycle.




NS RAMs

MM2102 1024-bit fully decoded static random access memory

general description features

The MM2102 is a 1024 word by one bit static ® Single +5.0V supply

random access read write memory manufactured

using N-channel enhancement mode silicon gate ® All inputs and output directly DTL/TTL
technology. Static storage cells eliminate the need compatible

for clocks and refresh. Data in and data out have X i i
the same polarity and the read operation is ® Static operation — no clocks or refreshing
nondestructive. required

Low threshold silicon gate N-channel technology = Low power 150 mW typ
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
Z"fa”;w" by OR-tying individual devices to a ® Chip enable allows simple memory expansion
ata bus.

® High speed 500 ns typ

® TRI-STATE output for bus interface

® On chip address decode
The simple interface and high performance make

the MM2102 ideally suited for those applications, ® All inputs protected against static discharge
for large and small storage capacity, where cost is
an important design consideration. ® Low cost 16-pin Epoxy B package

block and connection diagrams

Dual-In-Line Package

8
notP3 L J, U sls
Ag == [’ / O p=—A;
4 10
Ay o—w: O Ve 2] - & I1_5_
CELL =y L I Ae
5 ARRAY g _ g 4
he O—E seLecTon 32 Rows 4O R = /&4* 4%
32 COLUMNS 4 ! 13
NS AR
; Ay 12 oata out
As 1 .
6] . 1
Ay 1 - patamn
| |
3 and LI
AW o__m wur COLUMN 1/0 CIRCUITS 2 oATa =t b= Vcc
DATA 8] o 9
pate o-"-w: CONTROL COLUMN SELECTOR hoq ¢ GND
o +— I
i TOP VIEW
4 £ Order Number MM2102D
2 1] .} sl  See Package 3
As A A, Ag Ay Order Number MM2102N

See Package 15
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MM2102

absolute maximum ratings (Note 1)

Voltage at Any Pin —0.5V to +7.0V
Operating Temperature Range 0°C to +70°C
Storage Temperature Range -65°C to +150°C

Power Dissipation 1.0W
Lead Temperature (Soldering, 10 seconds) 300°C

dc electrical characteristics
(T A within operating temperature range, V¢c = 5.0V 5%, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
(Note 4)
Logic 1" Input Voltage (V) 2.2 Vee \
Logic “0 Input Voltage (V) -0.5 0.65 \2
Logic ““1" Output Voltage (Vo) low = —100uA 22 Vv
Logic “0” Output Voltage (Vo) loL =19 mA 0.45 v
Input Load Current (1) Vin =01t05.25V 10 KA
Output Leakage Current (I on) CE =2.2V, Vour = 4.0V 10 A
Output Leakage Current (I o) CE =2.2V, Vour =045V -100 A
Power Supply Current (Icc+) All Inputs = 5.25V, 30 60 mA
Data Out Open
Ta =25°C
Power Supply Current (lcco) All Inputs = 5.26V 70 mA
Data Out Open
Ta =0°C

ac electrical characteristics

(T within operating temperature range, Vec = 5.0V £5%, unless otherwise specified.)
See ac test circuit and switching time waveforms.

PARAMETER CONDITIONS MIN Tve MAX UNITS
(Note 4)
READ CYCLE
Read Cycle (tgc) RW =V, 1000 ns
Access Time (ta) 500 1000 ns
Chip Enable to Output Time 500 ns
(tco)
Previous Read Data Valid With 50 ns
Respect to Address (top 1)
Previous Read Data Valid With [ ns
Respect to Chip, Enable (to2)
WRITE CYCLE
Write Cycle (twc) 1000 ns
Address to Write Set Up Time 200 ns
(taw)
Write Pulse Width (typ) 750 ns
Write Recovery Time (twg) 50 ns
Data Set Up Time (tpw) 800 ns
Data Hold Time (tpy) 100 ns
Chip Enable to Write Set Up 900 ns
Time (tcw)
CAPACITANCE
Input Capacitance (All Inputs) Vin =0V, Th = 26°C, 3.0 pF
(Cin) f=1.0 MHz, (Note 2)
Output Capacitance (Coyt) Vour =0V, T4 =25°C, 7.0 pF
= 1.0 MHz, (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; Logic ‘1"’ = most positive voltage level; Logic ‘0’ = most negative voltage level.
Note 4: Typical values are for Tp = 25°C and nominal supply voltage.




typical performance characteristics
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typical application

MM2102
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MM4262/MM5262 2048-bit fully decoded
dynamic random access read/write memory

general description

The MM4262/MM5262 is a fully decoded 2048
word by 1 bit dynamic read/write random access
memory fabricated using National Semiconductor’s
proprietary silicon gate low threshold technology.
All inputs except the clocks are TTL compatible.
The output provides a current pulse allowing
a large number of devices to be bussed together
without compromising system performance due
to capacitive loading. The current pulse output
is converted to TTL levels by means of a sense
amplifier.

features

MM4262 MM5262
®m Fast access time 470 ns (max) 365 ns (max)
® Fastcycle time

Short Read 565 ns (min) 475 ns (min)
Read/Write 750 ns (min) 635 ns (min)
Write 750 ns (min) 635 ns (min)

® Refresh cycle 1.0ms 2.0ms

u | ow power MM4262 MM5262
Operating 360 mW (max) 400 mW (max)
Standby 2.5 mW (max) 2.5 mW (max)

® Power supplies +5.0V, +8.5V, —15V

Low overhead Fully decoded with internal
circuits memory address register

® System oriented design
Bipolar compatible except for clocks
Current sense output
Chip Select for easy memory expansion

® Package 22 pin DIP (Cavity and Molded)
® Device protection All inputs and outputs
protected against static charge

applications

® Core memory replacement

® Mainframe memory

m Buffer storage

® Non-volatile memory using battery back up

block and connection diagrams
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MM4262/MM5262

Voltage at Any Pin

absolute maximum ratings (Note 1)
Vgg + 0.3V to Vgg — 27V (Note 16)

Power Dissipation 1.0W
Operating Temperature Range
MM4262 (Tcase) -55°C to +125°C
MM5262 (T amsienT) 0°C to +70°C
Storage Temperature Range ~65°C to +150°C
Lead Temperature {Soldering, 10 seconds) 300°C

dc electrical characteristics MM4262 (-55°C < Tcase <+125°C, Vgg = 5.0V £0.25V,
Vgg — Vss = 3.5V £0.5V, Vpp =—15V *1.0V, unless otherwise noted)

PARAMETER CONDITIONS MIN Noehe | max UNITS
Inputs (Notes 14, 15)
(Chip Select, Read/Write,
Addresses, Data In)
Voltage
Logical “1” (V) Vgs = 1.6 Vgg + 1.0 A
Logical “0" (V) Vgs = 10 Ves 4.2 v
Current 0< Vin < Vgg 1.0 HA
Clock Inputs
Voitage
Logical “1” (Vgu) Ves = 1.0 Vgs + 1.0 v
Logical 0" (Vg ) Voo = 1.0 Voo + 1.0 v
Current Vin =16V 50 MA
OQutputs (Note 15)
Current
Logical “0” (Ig,) Voyr = 0V 100 HA
Logical “1” (lon) Vour = 1.2V, TS = 0.4V 6.0 mA
Vour = 1.8V, TS = 0.4V 500 LA
Leakage Current Vour = 0V, CS = 35V 10 HA
(Note 17)
= 0, - = =
Power Supply Current Ta =25°C, Vgg — Vgs =35V, Vgg = 5.0V,
Vbp =-15V, Voyt = 1.2V, Reading 1's at
(loo) Tevere =750 ns 12 18 mA
(lgg) Operating 150 UA
Standby (No Clocks) 100 MA

ac electrical characteristics MM4262 (Al times
see ac test circuit and timing diagram, conditions under dc electrical characteristics apply.)

measured from 50% points, t,, t¢ < 20 ns,

PARAMETER CONDITIONS MIN AL MAX UNITS
¢, Clock Pulse Width (Typy) (Note 4) 115 70 ns
¢, Clock Pulse Width (Tpw) (Note 6) 275 160 400 ns
¢35 Clock Pulse Width (T3pw) (Note 8) 110 60 ns
@1 Clock to ¢, Clock Delay (T45) (Note 5) 110 60 ns
¢, Clock to ¢3 Clock Delay (To3) {Note 7) 65 10 ns
¢3 Clock to ¢ Clock Delay (T34) (Note 9) 75 40 ns
Chip Select and Address Set 100 60 ns
Up Time (Tas)

Chip Select and Address Hold 110 50 ns
Time (Tan)

Read/Write Read Set Up Time 85 30 ns
(TrRwsa) .

Read/Write Read Hold Time 65 30 ns
(TRwha)

Read/Write Write Set Up Time 95 30 ns
(Taws1)

Read/Write Write Hold Time 25 0 ns
(TRwosa)

Logical ““1” Data In Set Up (Note 10) 180 60 . ns
Time (Tpgq)

Logical “0” Data In Set Up (Note 10) 75 30 ns
Time (Tpsa)

Data In Hold Time (Tpuq) 70 20 ns
Read Access Time (Taccz) 150 260 ns
Read Access Time (Tacc1) Tacct =Tas + T12 + Tacc2 300 470 ns
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ac electrical characteristics (con’t) mma2e2

PARAMETER CONDITIONS MIN AL MAX UNITS
Read Only Cycle (TsporT/READ) (Note 11) 565 ns
Read, Write, Read Modify Write 750 ns
Cycle (Tevere)
Refresh Time (Note 12) 1.0 ms
Output Hold Time (Tgoy) (Note 13) 1000 ns
Chip Select, Address, Read/Write, 7.0 pF
Data In, Data Out Capacitance (Cx) (Note 2)
' P x Vgs — Vgs = 3.5V, Vgg = 5.0V
¢4 Clock Capacitance (C) Vregst = 5.0 Vpe With 50 pF
<15 mV RMS at
i S 2
@, Clock Capacitance (C5) ~ 1 MHz 5 pF
¢3 Clock Capacitance (C3) 25 pF
Clock Rise/Fall Time 100 ns
Input Rise/Fall Time 50 ns
dc electrical characteristics mMm5262 0°C < T, <+70°C, Vgg = 5.0V £0.25V,
Vgg — Vgs = 3.6V 0.5V, Vpp =—15V £1.0V, unless otherwise noted.
PARAMETER CONDITIONS MIN Nehe | max UNITS
Inputs (Notes 14 and 15)
(Chip Select, Read/Write,
Addresses, Data In)
Voltage
Logical “1” (Vi) Vgs — 1.5 Vgs + 1.0 v
Logical 0" (V) Vss — 10 Vgs —4.2 \2
Current oV < Viy < Vss 1.0 uA
Clock Inputs
Voltage
Logical “1” (Vgn) Vgs — 1.0 Vgs + 1.0 v
Logical “0" (V) Voo~ 1.0 Vop +1.0 v
Current Vin =16V 50 kA
Output (Note 15)
Current
Logical “0” (lo.) Vour =0V 100 kA
Logical “1" (lon) Vour = 1.2V, CS = 0.4V 6.0 mA
Vout = 1.8V, CS = 0.4V 600 HA
Leakage Current Vour = 0V, CS = 35V 10 A
(Note 17)
Power Supply Current Ta = 25°C, Vgg ~ Vs = 3.5V, Vs =5.0V,
Vpp =-=15V, Voyrt = 1.2V, Reading 1's at
T =635ns
(Ipp) evere 13 20 mA
(lgs) Operating 150 MA
Standby (No Clocks) 100 uA

ac electrical characteristics MM5262 (All times measured from 50% poi

see ac test circuit and timing diagram, conditions under dc electrical characteristics apply.)

nts, t,, tt <20 ns,

TYP
PARAMETER CONDITIONS MI‘N (Note 13) MAX UNITS

¢4 Clock Pulse Width (Tqpw) (Note 4) 95 70 ns
9, Clock Pulse Width (T pw) (Note 6) 240 160 400 ns
¢35 Clock Pulse Width (Tzpw) (Note 8) 100 60 ns
¢, Clock to ¢, Clock Delay (T45) (Note 5) 90 60 ns
9, Clock to ¢3 Clock Delay (T3) (Note 7) 50 10 ns
¢3 Clock to ¢4 Clock Delay (T34) (Note 9) 60 40 ns
Chip Select and Address Set Up 80 60 ns
Time (Tas)

Chip Select and Address Hold 90 50 ns
Time (Tan)

Read/Write Read Set Up Time 70 30 ns
(Trwsa)

Read/Write Read Hold Time 65 30 ns
(Tawwa)

Read/Write Write Set Up Time 75 30 ns
(TRws1)
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MM4262/MM5262

ac electrical characteristics (con‘t) mms262

PARAMETER CONDITIONS MIN | (nae e MAX UNITS
Read/Write Write Hold Time 25 0 ns
(Tawoa)

Logical “1” Data In Set Up Time (Note 10) 120 60 ns
(Tos1)

Logical 0" Data In Set Up Time (Note 10) 60 30 ns
(Tos2)

Data In Hold Time (Tpu1) 50 20 ns
Read Access Time (Tacc2) 150 195 ns
Read Access Time (T acc1) Tacct = Tas + T12 + Tacez 300 365 ns
Read Only Cycle (TsHorT/READ) (Note 11) 475 ns
Read, Write, Read Modify Write 635 ns
Cycle (Teyere)

Refresh Time (Note 12) 20 ms
Output Hold Time (Toy) (Note 13) 1000 ns
Chip Select, Address, Read/Write, (Note 2) 7.0 pF
Data In, Data Out Capacitance (Cx) Vge — Vs = 3.5V, Vgs =5.0V

¢4 Clock Capacitance (C,) Vrest = 5.0 Vpc With 50 pF
¢2 Clock Capacitance (C5) §=13;&/H2Ms at 25 pF
¢3 Clock Capacitance (C3) 25 pF
Clock Rise/Fall Time 100 ns
Input Rise/Fall Time 50 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: Capacitance is guaranteed by periodic testing.
Note 3: Positive true logic notation is used: Logic 1" = most positive voltage level
Logic “0” = most negative voltage level
Note 4: Tqpyy, ¢1 clock — used to change input logic address and chip select.
Note 5: Tq9, interval between clock 1 and 2 — for decode.
Note 6: Topy, ¢2 clock — cell access.
Note 7: T3, interval between clock 2 and 3 — decision time.
Note 8: T3pw, ¢3 clock — write or refresh clock.
Note 9: T34, write recovery time.
Note 10: If a ““1"" is being written then data in must go high Tpgq before the end of ¢ and remain in that state until Tpp1
after ¢3 goes low. If a “’0” is being written, data in must go low at least Tpg2 before ¢3, and remain in that state until TpH1
after ¢3 goes low.
Note 11: For a short read cycle, 3 may be inhibited and the next cycle may begin To3 after ¢o.
Note 12: Addresses Ag through A4 are the row addresses. To accomplish a refresh, at least one location in each row must be
accessed during any 2 ms period for the MM5262 and 1 ms for the MM4262. The row will refresh when reading or writing with
the chip disabled or enabled as long as ¢3 is applied.
Note 13: During a read cycle the output will remain valid until the next @1 or ToH whichever is less. During a read modify
write or write cycle the output will remain valid until ¢3 time.
Note 14: The chip is enabled when chip select is at a logic ‘0.
Note 15: If a logic 1" (3.5V) is written, when it is read the output will source more than 600uA.
Note 16: Under power turn on conditions care must be taken to insure that Vgg is always the most positive potential in the
system or large transient currents could result, causing permanent damage.
Note 17: An approximate relationship for Ipp is:

Tipw Tapw 1000 ns where: A = 20@25°C A = 23@0°C A = 32@-55°C
IDDmax = A +B—— +C B = 45@25°C B = 52@0°C B = 72@-55°C
Teye Teye Teye C = 10@25°C C = 10@0°C C = 12@-55°C

Note 18: Typical values for Ta = 25°C, Vgg = 5.0V, Vgg =8.5V, and Vpp = —15V.
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timing and operation

The MM4262/MM5262 has four basic modes of
operation: (1) read, (2) write, (3) read modify
write and (4) refresh. Each, of these modes, is
commonly used in memory systems. To make the
timing and control considerations perfectly clear
each mode will be discussed separately.

READ OPERATION

The read operation consists of reading previously
stored data out of randomly selected address
locations. The read operation may be performed
in one of two ways.

The first method is by use of the Read/Write
control. As indicated in Figure 1, if the Read/
Write input goes low, for at least the time specified
by Trwsz *+ Trwwna, the information will be
read out of the selected memory location. The
output will remain valid for Ton (max) OF until the
next ¢4 clock pulse, whichever is less.

The second method involves gating the ¢5 clock
pulse. A write operation can only occur when the
¢5 clock is present. Thus by applying a logical
1" to the Read/Write control (write mode) and
not applying the ¢3 clock, the memory will read
out information from the selected location. In
other words the memory will be operating in the
read mode. There are advantages in gating the ¢
clock. First, since ¢3 clock is a high level signal,
power will be reduced. Second, since in the read
mode ¢3 has been eliminated, ¢, may be applied
after the To3 delay. This will shorten the read
cycle by the Tgpy + T34 interval. The short read
cycle is then:

TsrorT Reap = Tevere ~ (Tapw + Taq)
= (635 — 160) ns = 475 ns for MM5262
= (750 — 185) ns = 565 ns for MM4262

WRITE OPERATION

The write operation consists of storing new infor-
mation into randomly selected address locations.
Just as in the case of the read mode, write may be
performed by using the Read/Write control or by
gating the ¢3 clock. The ¢3 clock is essential to
the write operation and unless it is present, a write
will not occur regardless of the state of the
Read/Write control.

READ MODIFY WRITE OPERATION

The read modify write operation consists of reading
information out of a randomly selected memory
location and then writing new information into
this same location. The important point to remem-
ber in understanding this mode is that information
is always read out of the selected address location
regardiess of the state of the Read/Write control.
In this sense, the Read/Write control may be
thought of as a write inhibit control.

Then, in the write mode, information will be
output Tacco after the leading edge of the ¢,
clock and held until the start of the ¢3 clock.
The write operation procedes in a normal manner
and new information, present on the Data In line,
will be written into the selected memory location.

If the Data In and Data Out lines are interfaced to
a common data 1/0 bus, the T3 interval must be
increased a sufficient amount to transfer the read
data onto the common 1/O bus and to change the
1/0 bus to the new information to be written.
This, of course, will increase Tcyc by the same
amount that To3 is increased.

REFRESH OPERATION

Because the storage mechanism of a dynamic RAM
is charge retention on a capacitor, and leakage
paths exist, these capacitors must be recharged or
“refreshed’’ periodically. For the MM5262 the
maximum time between refresh intervals must be
less than or equal to 2.0 ms. For the MM4262 the
maximum refresh interval is 1.0 ms.

The MM4262/MM5262 refreshes on a row basis.
Thatis, when any location within a row is refreshed
all locations in that row are refreshed. There are
32 rows in the RAM matrix, corresponding to
addresses Ag through Ag4.

Refresh is accomplished within a row whenever
the ¢3 clock is applied. It does not matter if the
memory is in read mode, write mode, selected or
not selected. The most common method of refresh-
ing the memory is to place CS at V,4 and sequence
the clocks through a normal read or write cycle
with the ¢ clock applied. Note that if, during
normal system operation, each row is written into
or read out of at an interval of 2.0 ms (1.0 ms for
the MM4262) or less, refresh is not required as a
separate operation.

Now that the four modes of operation have been
defined a step by step description of a write cycle
will serve to further clarify the operation of the
MM4262/MM5262 RAM.

Any cycle is initiated by the leading edge of the
¢, clock. For a device to be selected it must
receive a ¢, clock and CS must be at V,_ for the
interval specified by Tag and Tan. Note that the
¢4 clock must be applied to deselect a device also
(see block diagram). When a device is not selected,
the output buffer assumes a high impedance state
and the input buffer inhibits input data.

In addition to gating CS information into the
device, the ¢, clock also gates in address informa-
tion (see block diagram). Address inputs, Ag
through Ajg, must be stable for the interval
specified by Tas and Tay.
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MM4262/MM5262

timing and operation (con’t)

Assuming the read/write operation is to be con-
trolled by the Read/Write input, this input must
be at Vi for an interval of Tgysq prior to the
trailing edge of ¢, clock, and remain at V until
Trwps after the trailing edge of the ¢; clock.
Note that if the Read/Write input is low, during
the Trwsa Plus Trwh3 interval the write operation
is internally inhibited, allowing only a refresh to
occur.

The ¢, clock gates the information corresponding
to the selected address through the output buffer
(see block diagram) to the Data Out pin. The delay
from leading edge of the ¢, clock to valid data
out is Taccz, Read Access Time. Note that even
though the memory is in the write mode, data is
being read out. Data out will remain valid only
until the start of the ¢5 clock, because Read/Write
isat Viy.

The actual write operation, as stated previously,

is controlled by the ¢3 clock. The amount of time
Data In must be stable is dependent on whether a
logical ““1”" or a logical 0" is to be written. If a
logical 1" is to be written, Data In must be stable
Tos1 prior to the trailing edge of the ¢, clock
and remain stable until Tpy, after the leading
edge of the ¢3 clock. If a logical “0" is to be
written, Data In must be stable Tpgy prior to the
leading edge of the ¢3 clock and remain stable
until Tpy ¢ after the leading edge of the ¢5 clock.

Taq after the trailing edge of the ¢3 clock another
¢, clock may be applied to initiate the next
cycle. Note that if the next address location is in
another device the ¢, clock must still be applied
to deselect the current device. This becomes
important when clock decoding is used to reduce
power consumption in a memory system (see
Application Note AN-86).

ac test circuit and switching time waveforms
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MHO0007/MHO0007C dc coupled MOS clock driver

S Clock Drivers

general description features

The MHO0007 is a voltage translator and power ® 30 volts (max) output swing
booster designed for interfacing between conven-

tional TTL or DTL voltage levels and those levels ® Standard 5V power supply

associated with inputs or clocks of MOS FET type ® Peak currents in excess of £300 mA available
devices. The design allows the user a wide latitude m Compatible with all MOS devices

in selection of supply voltages, and is especially . . .

useful in normallyp'Pto" app?ications, since power ® High speed: 5 MHz with nominal load
dissipation is typically only 5 milliwatts in the ® External trimming possible for increased per-
“off" state. formance

schematic and connection diagram
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typical applications
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MH0007/MHO0007C

absolute maximum ratings

Ve Supply Voltage 8.0V
V~ Supply Voltage —40V
v* Supply Voltage +28V
{(v* = V") Voltage Differential 30V
Input Voltage 5.5V
Power Dissipation (T = 256°C) 800 mW
Peak Output Current 500 mA
Storage Temperature Range ~65°C to +150°C
Operating Temperature Range MH0007 —55°C to +125°C
MH0007C 0°C to +85°C
Lead Temperature (Soldering, 10 seconds) 300°C
electrical characteristics (Note 1)
. TYP
PARAMETER CONDITIONS MIN (Note 2) MAX UNITS
Logical “1” Input Voltage | Ve = 4.5V 2.2 \
Logical “0” Input Voltage Vee = 4.5V 0.8 \Y
Logical “1"” Input Current | Ve =5.5V, V= 5.5V 100 HA
Logical “0” Input Current | Vg = 5.5V, V= 0.4V 1.0 1.5 mA
Logical “1"” Output Voltage | Vcc = 5.5V, loyr =30 mA, Vi = 0.8V | V' - 4.0 \
Vee=5.5V, lour = 1mA, Vi = 0.8V | V' -2.0 v
Logical “0” Output Voltage | Ve = 4.5V, loyt = 30 mA, V) = 2.2V VT +20| V
Transition Time to
Logical “0"" Output C_ =200 pF (Note 3) 50 ns
Transition Time to
Logical “1"" Output C_ = 200 pF (Note 3) 75 ns

Note 1: Min/max limits apply across the guaranteed range of —55°C to +125°C for the MH0067, and from 0°C to +85°C for
the MHOOO07C, for all allowable values of V~and V*.

Note 2: All typical values measured at Tp = 25°C with Vgg = 5.0V, V™= =25V, V* = OV.

Note 3: Transition time measured from time VN = 50% value until VouT has reduced 80% of final value.’

™M Power Dissipati Allowable Values for V™ and V*
v
vouts [ 40
12 L
)
1
= CASE L
E 08 - 20
£ L
& N -
g 06
a N -
o« AMBIENT v -4
g 04 vouts -0
14 ™~ \
0.2 -10
OPERATING
REGION -
0 L2
0 25 50 75 100 125 150

TEMPERATURE (°C)
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NN Clock Drivers

MHO0009/MHO0009C dc coupled two phase MOS clock driver

J6000HW/6000HIN

general description features

The MHO009/MHO0009C is high speed, DC coupled, = DC logically controlled operation
dual MOS clock driver designed to operate in .
conjunction with high speedg|ine drivers such as ® Output Swings — to 30V

the DM8830, DM7440, or DM7093. The transition ® Qutput Currents — in excess of £500 nA
from TTL/DTL to MOS logic level is accomplished
by PNP input transistors which also assure accurate
control of the output pulse width. ® Low standby power

® High rep rate — in excess of 2 MHz

schematic and connection diagrams

Metal Can Package

4/ 81AS 01 INPUT A

—“Tn 01 OUTPUT
s

a3 >
4 21
Y i: 20 }1 ShK
v L nyv
<:m g

4 b3 Sk
0 INUTB 6 < /
_ﬁz 26 62 INPUT A
A TOP VIEW

6 10 ¢, OUTPUT

Order Number MH0009G

42 BIAS 52 INPUT A or MHO009CG
See Package 25

91 INPUTB 4

7.]_-‘51: A 2
[P &/ =R_$

>

<
L

p A3

typical application

[ 1/2 DM7830/0M8830

FIGURE 1
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MHO0009/MH0009C

absolute maximum ratings

V™ Supply Voltage: Differential (Pin 5 to Pin 3) or

(Pin 5 to Pin 7) -40V

V*Supply Voltage: Differential (Pin 11 to Pin 5) 30V

Input Current: (Pin 2, 4,6 or 8) +75 mA

Peak Output Current +500 mA

Power Dissipation (Note 2 and Figure 2) 1.5W

Storage Temperature -65°C to +150°C

Operating Temperature: MHO0009 -55°C to +125°C

MH0009C 0°C to 85°C

Lead Temperature (Soldering, 10 Sec.) 300°C
electrical characteristics (Note 1)

PARAMETER CONDITIONS MIN TYP MAX UNITS
ton Cin =.0022 uF  C, =.001 uF 10 35 ns
tyise Cin =.0022 uF  C_=.001uF 40 50 ns
Pulse Width (50% to 50%) Cyn = 0022 uF  C_=.001 uF 340 400 440 ns
tean Cin =.0022 uF  C_ =.001 uF 80 120 ns
tdelay Cn = 600 pF C_ =200 pF 10 ns
trise Cin = 600 pF C_ =200 pF 15 ns
Pulse Width (50% to 50%) C\n = 600 pF C, =200 pF 40 70 120 ns
teall C)n = 600 pF C_ =200 pF 40 ns

Note 1: Characteristics apply for circuit of Figure 1. With V™= -20V; V' = 0V; V¢ = 5.0V. Minimum and maximum limits

apply from ~55°C to +125°C for the MM0O09 and from 0°C to +85°C for the MH0009C. Typical values are for Tp = 25°C.

Note 2: Transient power is given by P = fC_ (V*— V2 watts, where: f =repetition rate, Cr = load capacitance, and (V' — V)=

output swing.

Note 3: For typical performance data see the MH0013/MHO0013C data sheet.

1.50

3z
=125

POWER DISSIPATIO

0.25

1.0

0.75

05

0 25

50 75 100 125 150
TEMPERATURE (°C)

FIGURE 2. Maximum Power Dissipation
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Clock Drivers

MHO0012/MHO0012C high speed MOS clock driver

general description

The MHO0012/MH0012C is a high performance
clock driver that is designed to be driven by the
DM7830/DM8830 or other line drivers or buffers
with high output current capability. It will pro-
vide a fixed width pulse suitable for driving MOS
shift registers and other clocked MOS devices.

features

® High output voltage swings—12 to 30 volts

® High output current drive capability—1000 mA
peak

= High repetition rate—10 MHz at 18 volts into
100 pF

® Low standby power—less than 30 mW

schematic and connection diagrams

Metal Can Package

RY <
meg

comp

INPUT 1

INPUT 2

comp

—_————
¥ DM7830/DMEB30

I
|
|
L

V=20V

X\

\mm'uT

TOP VIEW

Order Number MH0012G
or MH0012CG
See Package 25

timing diagram
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MHO0012/MHO0012C

absolute maximum ratings

V7~ Supply Voltage: Differential (Pin 1 or 2 to

Maximum Output Load -See Figure 2

Pin5 -40V Power Dissipation—See Figure 1 1.5W
o o
V* Supply Voltage: Differential (Pin 8 or 9 Storage Temperature ‘650(: to +"500C
to Pin 1 or 2) 3o0v Operating Temperature: MH0012 -55"Cto +125°C
Input Current: (Pin 3 or 7) 75 mA MHO0012C 0°C to "85;5
Peak Output Current +1000 mA Lead Temperature (Soldering, 10 sec) 300°C
dc electrical characteristics (Note 1)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Logic "1 Input Voltage V' -V =20V, Vour <V + 2V 1.0 20 v
(Pins 7 and 3)
Logic “0” Input Voltage V' -V =20V, Vour >vh sy 0.4 0.6 \
(Pins 7 and 3)
Logic 1" Output Voltage V' -V =20V, Igur = TMA, VT +1.0 VT +20 \
Vin = 2.0V
Logic "‘Q"" Output Voltage V' -V =20V, loyr = - TmA, vto1s vt o7 v
Vin = 0.4V
Ipc (V™ Supply) V' -VT=20V,V, =20V 34 60 mA
ac electrical characteristics
PARAMETER CONDITIONS (Note 3) MIN TYP MAX UNITS
Turn-On Delay (ton) 10 15 ns
. - V7 =20V, Ve = 5.0V
1
Rise Time (1,) Co =200 pF, f= 1.0 MHz 5 0 ns
Turn-Off Delay (tore) Ta=25"C 35 50 ns
Fall Time (ty) 35 45 ns

Note 1: Characteristics apply for circuit of Figure 1. Min and max limits apply from -55°C to +125°C
for the MH0012 and from 0°C to +85°C for the MH0012C. Typical values are for Tp = 25°C.
Note 2: Due to the very fast rise and fall times, and the high currents involved, extremely short con-
nections and good by passing techniques are required.

Note 3: All conditions apply for each parameter.

Power Dissipation

Maximum Output Load
vs Voltage Swing vs Rise Times

Rise and Fall Times vs
Load Capacitance

LI
C, = Ipeak t,
15 LT - v
» 30
2
s 2
2 s
g 0
€ 7
o
o ET
0 25 50 75 100 125 150 175 0 400 800 1200 1600
AMBIENT TEMPERATURE (°C) MAXIMUM OUTPUT LOAD (pF)
Figure 1. Figure 2.
applications information
Power Dissipation Considerations Where: ON Ti
ime
The power dissipated by the MH0012 may be DC = Duty Cycle = m=—=——p =re
divided into three areas of operation = ON, OFF ON Time & OFF Time
and switching. The OFF power is approximately o Vin - Vges .
30 mW and is dissipated by R, when Pin 3 isin ' 1S 9Ven by —po and equation (1)
the logic 1" state. The OFF power is neglibleand  pecomes:
will be ignored in the subsequent discussion. The ~ R 2
ON power is dissipated primarily by Q3 and Rg _ | Vin - VeeshVTE (VT -VT)
o Pon = + DC (2)
and is given by: 1 Ro

Pon = [Nl ] bc

vh-vo?
+ % (1)

For Vin=2.5V, Vgea = 0.7V, V¥ =0V, V™ = 20V,
and DC = 20%, Poy = 200 mW.

40
TTH

35 1

By oy 20v
20 |_Ta=25

o

RISE TIME & FALL TIME (ns)

. — T

7 I

200 400 600 800
LOAD CAPACITANCE, C, (pF)

1000

The transient power incurred during switching is
given by:

Pac = (VI -V)2 CLf (3)
For V¥ = OV, V7 = =20V, C_ = 200 pF, and
f = 5.0 MHz, Poc = 400 mW.

The total power is given by:
Py = Pac + Pon
Pr < Pmax
For the above example, Py = 600 mW.

(4)
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MHO0013/MHO0013C two phase MOS

general description

The MHO0013/MH0013C is a general purpose clock L
driver that is designed to be driven by DTL or

TTL line drivers or buffers with high output cur-

rent capability. It will provide fixed width clock

pulses for both high threshold and low threshold ]
MOS devices. Two external input coupling capa-
citors set the pulse width maximum, below which
the output pulse width will closely follow the
input pulse width or logic control of output pulse
width may be obtained by using larger value input
capacitors and no input resistors.

Clock Drivers

clock driver

features

High Output Voltage Swings—up to 30V

High Output Current Drive Capability—up to
500 mA

High Repetition Rate—up to 5.0 MHz
Pin Compatible with the MH0009/MH0009C

*“Zero’" Quiescent Power

schematic and connection diagrams

INPUT A,

INPUT A, 4

INPUT B, 6

8
INPUT B,

typical applications

1/2 DM7830/DM8830

ik
1

Metal Can Package

INPUT A,

OUTPUT A

OUTPUT B

INPUT B,
TOP VIEW

Order Number MH0013G
or MH0013CG
See Package 25

P— SouT

- O

SHIFT REG. |

INPUT
PULSE

oUTPUT

PULSE

INPUT

PULSE ___[_J__—._L__—r——

OUTPUT |
PULSE

|
|

u

i
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MH0013/MH0013C

absolute maximum ratings

(v* — V) Voltage Differential 30v Storage Temperature —65°C to +150°C
Input Current (Pin 2, 4, 6 or 8) +75 mA Operating Temperature MH0013 —55°C to +125°C
Peak Output Current 600 mA MHO0013C 0°C to +85°C
Power Dissipation (Figure 7) 1.5W Lead Temperature (Soldering, 10 seconds) 300°C
electrical characteristics (Note 1 and Fiaure 8)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Logical ‘0" Output Voltage lout ==50mA I,y =1.0mA v'-30 vt-1.0 v
lout=-10mA |y =10mA VvV -0.7 vt-0.5 v
Logical 1" Output Voltage loyT=50mA Iy =10mA V' +15 V™ +20 \
\2
Power Supply Leakage Current (V¥ -Vv7)=30v 1.0 100 MA
lout =lin =0mA
Negative Input Voltage Clamp Iin ==10mA vV -1.2 vV -08 v
taon 20 35 ns
trise 35 50 ns
Note 2 Cin = 0.0022 uF 30 60
t (Note 2) ns
d OFF Rix = 002
tean (Note 2) Cy = 0,001 4F 40 50 80 ns
tian (Note 3) 40 70 120 ns
Pulse Width (50% to 50%) (Note 3) 340 420 490 ns
trise Cyn =500 pF 15 ns
tan Ryn = 092 20 ns
Pulse Width (50% to 50%) (Note 3) C_ =200pF 110 ns
Positive Output Voltage Swing Vvt -0.7v \
Negative Output Voltage Swing VT +0.7V A

Note 1: Min/max limits apply over guaranteed operating temperature range of —55°C to +125°C for MH0013 and 0°C to +85°C
for MH0013C, with V-=—20V and V* = OV unless otherwise specified. Typical values are for 25°C.

Note 2: Parameter values apply for clock pulse width determined by input pulse width.

Note 3: Parameter values apply for input pulse width greater than output clock pulse width.

TABLE I. Typical Drive Capability of One Half MHO0013 at 70°C Ambient

(vV3-Va) FREQUENCY PULSE WIDTH TYPICAL Ry TYPICAL Cy OUTPUT DRIVE RISE TIME
VOLTS MHz ns Q pF CAPABILITY IN pF' LIMIT ns?
28 50 -

20 4.0 100 0 750 200 7
16 350 10
28 100 5
20 20 200 10 1600 400 14
16 700 19
28 400 19
20 1.0 200 0 2300 1000 34
16 1700 45
28 2800 130
20 05 500 10 4000 5500 183
16 9300 248

Note 1: Output load is the maximum load that can be driven at 70°C without exceeding the package rating under the given

conditions.

Note 2: The rise time given is the minimum that can be used without exceeding the peak transient output current for the full

rated output load.

performance characteristics

FIGURE 1. Output Load vs Voltage

FIGURE 2. Transient Power vs Rep.

Swing RatevsC
| 700 sy | oogpr | V-V = 16V
0 {l.\= lltlns % w0 , ]‘ 7 / 75:.(“,
§ § 500 ,/
AN St
10 ) Zl;ns SEns 40 ns 50 ns 60 ns| E ::: / / ) |]uar
NN ] |

1000 2000

MAXIMUM QUTPUT LOAD (pF)

0 10 20 30 40 50 60 7.0
REPETITION RATE (MHz)

FIGURE 3. Transient Power vs Rep.

Ratevs C|_

700 _Im.r[ | (V*-v7)=20v
£ -/ s |/ -
E P
£ s /] /[ L/
g a0 [ / 200 pF
] /

Y SO ARP=
E 0 v /j 100 pF
- 100 // 7
i
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performance characteristics (con’t)

FIGURE 4. Average Internal Power vs
Output Swing vs Duty Cycle

FIGURE 5. Typical Clock Pulse Variations
vs Ambient Temperature

FIGURE 6. Ry vs Cypy vs Pulse Width

[ —[ ! ! o0 HEERE Veg = 8V [ | DMB8830 DRIVER
20% = TEST CIRCUIT (FIG. 8) _ -0
£ LI A g Cun = 2200 pF 4 % | Bmctoder| |
s // / C[/* E - €, = 1000 pF A = A = 102 7<
) T 2 g
I 7 E < _ 4
7 51'// i 4 - 5 om0 |3 {@974\, 1
= <
2 / A 2 a0 | ’7 - Ry = 4102 2 ‘// P
4 x — =3 7, -
0 8 | FOR TYPICAL APPLICATION - 5 ] '/ 9‘/ R=91Q
3 DM7830/8830 DRIVER — & 1000 7
200 |—] G = 4300 pF ] = | |
| C, = 1000 pF
0 B N S 1 1 0
100 200 300 400 65 -35 -15 5 25 45 65 85 105125 100 200 300 490

AVERAGE POWER (mW)

FIGURE 7. Package Power Derating

POWER (W)

0 25 50 75 100 125 150 175
AMBIENT TEMPERATURE (°C)

circuit operation

Input current forced into the base of Q1 through
the coupling capacitor C,y causes Q1 to be driven
into saturation, swinging the output to
V™ + Ve (SAT) + Vpiope.

When the input current has decayed, or has been
switched, such that Q1 turns off, Q2 receives base
drive through R2, turning Q2 on. This supplies
current to the load and the output swings positive
to V' - VBE-

It may be noted that Q1 always switches off
before Q2 begins to supply current; hence, high
internal transient currents from V* to V™ cannot
occeur.

ac test circuit

2N2389

Vin = 0 to 5.0V pulse, f = 500 kHz, DC = 50%, t, and t, < 10 ns.

Figure 8

AMBIENT TEMPERATURE (°C)

PULSE WIDTH (ns)

pulse width

Maximum output pulse width is a function of the
input driver characteristics and the coupling
capacitance and resistance. After being turned on,
the input current must fall from its initial value
I,n peak to below the input threshold current
Iy min =~ Vge/R1 for the clock driver to turn
off. For example, referring to the test circuit of
Figure 8, the output pulse width, 50% to 50%, is
given by

1
PWouT E(trise +tan)

| k
ﬂ =400 ns.

+ RoCin In
lyn min

For operation with the input pulse shorter than
the above maximum pulse width, the output pulse
width will be directly determined by the input
pulse width.

1
PWouT = PWiN + taorF + taon + 5 (tan * trise)
Typical maximum pulse width for various C,y and

R|n values are given in Figure 6.

timing diagram

A. Input pulse width Ve
> clock pulse
width [
5V
8. Input pulse width 9% .
setsclock pulse 100, i
width [
Clock pulse Va=ov
output
vz =-16V

59
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MH0013/MH0013C

fan-out calculation

The drive capability of the MHOO13 is a function
of system requirements, i.e., speed, ambient tem-
perature, voltage swing, drive circuitry, and stray
wiring capacity.

The following equations cover the necessary calcu-
lations to enable the fan-out to be calculated for
any system condition. Some typical fan-outs for
conditions are given in Table 1.

Transient Current

The maximum peak output current of the MHO013
is given as 600 mA. Average transient current re-
quired from the driver can be calculated from:

CL (VT -V))

I = T (1)

This can give a maximum limit to the load.
Figure 1 shows maximum voltage swing and
capacitive load for various rise times.

1. Transient Output Power
The average transient power (P,c) dissipated is
equal to the energy needed to charge and discharge
the output capacitive load (C_) multiplied by the
frequency of operation (F).

Pac=CL x (V -V7)2xF 2)
Figures 2 and 3 show transient power for two dif-
ferent values of (V' — V7) versus output load and
frequency.

2. Internal Power

“0” State
Negligible (<3 mW)
17 State
(vt -v7)?
PinT = ___Rz— x Duty Cycle. (3)

Figure 4 gives various values of internal power
versus ouptut voltage and duty cycle.

3. Input Power

The average input power is a function of the input
current and duty cycle. Due to input voltage
clamping, this power contribution is small and can
therefore be neglected. At maximum duty cycle of
50%, at 25°C, the average input power is less than
10 mW per phase for R;yC,;n controlled pulse
widths. For pulse widths much shorter than
RinCin. and maximum duty cycle of 50%, input
power could be as high as 30 mW, since |, peak is

maintained for the full duration of the pulse
width.

4. Package Power Dissipation

Total Average Power = Transient Output Power +

Internal Power + Input
Power
Typical Example Calculation for One Half
MHO0013C

How many MMS506 shift registers can be driven by
an MH0013C driver at 1 MHz using a clock pulse
width of 400 ns, rise time 30-50 ns and 16 volts
amplitude over the temperature range 0-70°C?

Power Dissipation

From the graph of power dissipation versus tem-
perature, Figure7, it can be seen that an
MHO0013C at 70°C can dissipate W without a heat
sink ; therefore, each half can dissipate 500 mW.

Transient Peak Current Limitation

From Figure 1 (equation 1), it can be seen that
at 16V and 30 ns, the maximum load that can be
driven is limited to 1140 pF.

Average Internal Power

Figure 4 (equation 3) gives an average power of
102 mW at 16V 40% duty cycle.

Input power will be a maximum of 8 mW.

Transient Output Power
For one half of the MHO013C
500 mW = 102 mW + 8 mW

+ transient output power
390 mW = transient output power
Using Figure 2 (equation 2) at 16V, 1 MHz and
390 mW, each half of the MH0013C can drive a
1520 pF load. This is, however, in excess of the
load derived from the transient current limitation
(Figure 1, equation 1), and so a maximum load
of 1140 pF would prevail.
From the data sheet for the MM506, the average
clock pulse load is 80 pF. Therefore the number
of devices driven is 1—;39 or 14 registers.

For nonsymmetrical clock widths, drive capability
is improved.
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Clock Drivers

MH0025/MH0025C two phase MOS clock driver

general description

The MH0025/MH0025C is monolithic, low cost,
two phase MOS clock driver that is designed to be
driven by TTL/DTL line drivers or buffers such as
the DM932, DM8830, or DM7440. Two input
coupling capacitors are used to perform the level
shift from TTL/DTL to MOS logic levels. Optimum
performance in turn-off delay and fall time are
obtained when the output pulse is logically con-
trolled by the input. However, output pulse widths
may be set by selection of the input capacitors
eliminating the need for tight input pulse control.

features

8-lead TO-5 or 8-lead dual-in-line package

® High Output Voltage Swings—up to 30V

High Output Current Drive Capability—up to
1.5A

® Rep. Rate: 1.0 MHz into > 1000 pF

Driven by DM932, DM8830, DM7440(SN7440)
"“Zero" Quiescent Power

connection diagrams

Metal Can Package

v
outeuta (1) © () oureute
!; ;’
© )
O
v

INPUT A INPUT B

Note: Pin 4 connected to case.
TOPVIEW

Order Number MH0025H
or MH0025CH
See Package 23

typical application

ac test circuit

Input waveform-
PRR = 0.5 MHz £ VecTSV
Vo p =50V k-
=1 <10ns

Pulse width:
A 10ps
B. 200ms

MHO025

Cin

I——IO Vour 1
[

L
1000 pF
V=0V

- g - Co
1000 pF

*Q1 is a selected high speed NPN switching transistor.

Dual-In-Line Package

L]

NE. 1~ —38 nC
INPUTA 2 ——Do————— 7 ouTPUTA

V3 e —5 v*
INPUTB 4 D‘ 5 OUTPUTB

TOP VIEW
Order Number MHO025CN
See Package 12

timing diagram

5V
A. Input pulse width v,
> clock pulse "
width o

sV

90%

8. Input pulse width

width

Clock pulse
output

O0G200HWN/SZO0HI




MHO0025/MH0025C

absolute maximum ratings

(V" = V7) Voltage Differential 30V
Input Current 100 mA
Peak Output Current 1.6A
Power Dissipation See Curves
Storage Temperature -65°C to +150°C
Operating Temperature MH0025 -55°C to +125°C

MHO0025C 0°C to +85°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics (Note 1) See test circuit.

PARAMETER CONDITIONS MIN TYP MAX UNITS

Taon A 15 30 ns
Trise Cin = .001 uF 25 50 ns
Tagre (Note 2) (R =00 30 60 ns
Tian (Note 2) C_ = .001 uF 60 90 120 ns
Ttan (Note 3) 100 150 250 ns
P.W. (50% to 50%) (Note 3) W, 500 ns
Positive Qutput Voltage Swing | Vin = 0V, lgut = -1 mA vf-1.0 vt -0.7v \Y
Negative Output Voltage Swing {ljy = 10 mA, Iyt =1 mA VT+0.7V [V +156V

Note 1. Min/Max limits apply across the guaranteed operating temperature range of -55°C to +125°C
for MH0025 and 0°C to 85°C for MH0025C. Typical values are for +25°C.

Note 2. Parameter values apoly for clock pulse width determined by input pulse width.

Note 3. Parameter values apply for input pulse width greater than output clock pulse width.

performance characteristics

Package Power Derating Transient Power vs Rep. Rate DC Power (Ppc) vs Duty Cycle
T— 400 160 —
s —« < MHO025H & MHO025CH STILL AIR e Teme - 10005 v -v= 20y, X
H s |
= 14 [ MH0025CN SOLDERED INTO PC V e rsor s 140 / I\
2 ., BOARD WITH 8 Cu CONDUCTORS | = 0 y. ARV E V-V = 16V,
g 202, .03 IN.WIDE i. / | z /
g 10 w .. = 500 pF Z 100 A
: ey di pd
© 08 f—p = 200 7 i 2 80 4 7
~, =2 _ 2
§ 0.6 N F /// . S 6 Vv =12v—]
< N 2 7, 7 = "4
H ™N = 1/ A H /4
g 04 y & 100 1 S 7
= N v, | T o 1r g Y A
g 02 ——t 0 7
V-V =16V
0 L
-25 0 25 50 75 100 125 150 0 5 1.0 15 20 0 10 20 30 40 50 60 70 g5
TEMPERATURE (°C) PULSE REPETITION RATE (MHz) DUTY CYCLE (%)
- -2 +_y2
Pac=(V" -VFfC, FDC=‘_V+(D°’
Maximum Load Capacitance Output P.W. Controlled by Cyy
o | e N
;-; FOR INPUT PULSE <65 + R,Cin m:!M frbed
= i
o 2800 \\ 900 JouTPUT PULSE WIDTH = INPUT PULSE WIDTH 1
3 2400 'g PLUS 90 ns. /7
E £
2, 700
£ 200 \ £
> 1600 ;\ § DM932 DRIVER , :;u::
< w500
E 1200 ANURAN 2
a N \ NN 2 -
< 800 300
S N7 /f  5092PUI luT
400 L1/ T
NEREE ’T‘ 100 ]
02 0.4 06 08 10 1.2 14 16 1.8 20 200 600 1000 1400 1800 2200
FREQUENCY (MHz) Cin (pF)
o < (Pmax) (1K) - (V' - V)2 (DC) _ (1) (t.) Imax = Peak current delivered by driver
ST o v T vove T = (Ve /RT) = (0.6/1K)
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applications information

Circuit Operation

Input current forced into the base of Qq through the
coupling capacitor C,y causes Q4 to be driven into
saturation, swinging the output to V™ + Vcg(sat) +
VDiode'

When the input current has decayed, or has been
switched, such that Qq turns off, Q, receives base
drive through R,, turning Q, on. This supplies
current to the load and the output swings positive
to V' - Vge.

It may be noted that Q; must switch off before
Q, begins to supply current, hence high internal
transients currents form V™ to V' cannot occur.

-3

< ouTPUT

INPUT 02

a3 1:»'1‘1

& OV’

FIGURE 1. MHO0025 Schematic (One-Half Circuit)

Fan-Out Calculation

The drive capability of the MH0025 is a function
of system requirements, i.e. speed, ambient tem-
perature, voltage swing, drive circuitry, and stray
wiring capacity.

The following equations cover the necessary cal-

example calculation

How many MM506 shift registers can be driven by
an MHOO025CN driver at 1 MHz using a clock pulse
width of 200 ns, rise time 30-50 ns and 16V am-
plitude over the temperature range 0-70°C?

Power Dissipation:

At 70°C the MHOO025CN can dissipate 630 mW
when soldered into printed circuit board.

Transient Peak Current Limitation:

From equation (1), it can be seen that at 16V and
30 ns, the maximum load that can be driven is
limited to 2800 pF.

Average Internal Power:

Equation (3), gives an average power of 50 mW at
16V and a 20% duty cycle.

culations to enable the fan-out to be calculated
for any system condition.

Transient Current

The maximum peak output current of the MH0025
is given as 1.6A. Average transient current required
from the driver can be calculated from:

C v
- Gty v o

Typical rise times into 1000 pF load is 25 ns
For V¥ -V~ =20V, | =0.8A.
Transient Output Power

The average transient power (P,.) dissipated, is
equal to the energy needed to charge and discharge
the output capacitive load (C) multiplied by the
frequency of operation (f).

Pac=CLx (V =V xf (2

For V¥ - V™ =20V, f = 1.0 MHz, C_ = 1000 pF,
Pac = 400 mW.

Internal Power

“0"" State Negligible (<3 mW)
1" State
2
\VARSS Yoy
Pint = _—( " )— x Duty Cycle (3)
2

= 80 mW for V* - V™ =20V, DC = 20%

Package Power Dissipation

Total average power = transient output power +
internal power

For one half of the MH0025C, 630 mW + 2 can be
dissipated.

315 mW = 50 mW + transient output power
265 mW = transient output power

Using equation (2) at 16V, 1 MHz and 250 mW,
each half of the MHOO25CN can drive a 975 pF
load. This is, less than the load imposed by the
transient current limitation of equation (1) and
so a maximum load of 975 pF would prevail.

From the data sheet for the MM506, the average
clock pulse load is 80 pF. Therefore the number

. . . 975 .
of devices driven is 80 °" 12 registers.

5-13

OGZ00HWN/SZOOHW




MHO0026/MH0026C

NN

Clock Drivers

MH0026/MH0026C 5 MHz two phase MOS clock driver

general description

The MH0026/MH0026C is a low cost monolithic
high speed two phase MOS clock driver and inter-
face circuit. Unique circuit design along with
advanced processing provide both very high speed
operation and the ability to drive large capacitive
loads. The device accepts standard TTL/DTL out-
puts and converts them to MOS logic levels. It may
be driven from standard 54/74 series gates and
flip-flops or from drivers such as the DM8830 or
DM7440. The MH0026 is intended for applications
in which the output puise width is logically con-
trolled: i.e., the output pulse width is equal to the
input pulse width.

features

® Fastrise and fall times—20 ns with 1000 pF load
® High output swing—20V

® High output current drive—*1.5 amps

m TTL/DTL compatible inputs

® High rep rate—5 to 10 MHz depending on load

® Low power consumption in MOS “O" state—
2 mwW

® Drives to 0.4V of GND for RAM address drive

The MH0026 is intended to fulfill a wide variety of
MOS interface requirements. As a MOS clock driver
for long silicon gate shift registers, a single device
can drive over 10k bits at 5 MHz. Six devices pro-
vide input address and precharge drive for a 8k by
16 bit MM 1103 RAM memory system. Information
on the correct usage of the MH0O026 in these as well
as other systems is included in the Application
Section. A thorough understanding of its usage
will insure optimum performance of the device.

The device is available in 8-lead TO-5, one watt
copper lead frame 8-pin mini-DIP, and one and a
half watt TO-8 packages.

connection diagrams

Metal Can Package Dual-In-Line Package

L]

Ne 1 —] F—8 ne

INPUT A

INPUTB 4 ==t
Note: Pin 4 connected to case.
TOP VIEW

TOP VIEW

Order Number MHO026H
or MH0026CH
See Package 23

Order Number MH0026J
or MH0026CJ
See Package 9

schematic diagram
(1/2 of Circuit Shown)
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absolute maximum ratings (Notes 1 & 2) 8
Vv* -V~ Differential Voltage 22V g
Input Current 100 mA g
Input Voltage (V,ny — V™) 5.5V g
Peak Output Current 1.5A T
Power Dissipation See curves o
Operating Temperature Range MH0026 -55°C to +125°C o
MH0026C 0°Cto 85°C N

Storage Temperature Range -65°C to +150°C o
Lead Temperature (Soldering, 10 sec) 300°C o

dc electrical characteristics

PARAMETER CONDITIONS LIMITS UNITS
MIN TYP MAX
Logic "“1" Input Voltage Vout =V~ +1.0V 25 15 \
Logic “1"" Input Current Vin -V =258V, Voyur =V +1.0V 10 15 mA
Logic ““0’* Input Voltage Vout =V - 1.0V 0.6 0.4 \Y
Logic ‘0" Input Current Vin =V =0V, Voyr=V" =10V -0.005 -10 uA
Logic “‘0”” Output Voltage V' =450V, V™ = -12.0V
Vin =-116 4.0 4.3 \Y
Logic 0’ Output Voltage Vin - V™ =04V vt-10]| vt -07 \Y
Logic ‘1" Output Voltage V¥ =450V, V™ =-12.0V
Vin =-9.5V -115 -11.0 Y,
Logic “1"" Output Voltage Viy -V7=25V V™ +0.5 V' +1.0 \)
“ON"’ Supply Current V¥ -VT=20V,V )y -V =25V 30 40 mA
“OFF"” Supply Current VY -VT=20V,Vy -V =00V 10 100 MA
ac electrical characteristics (Notes1 & 2, AC test circuit)
Turn-On Delay (ton) 5.0 7.5 12 ns
Turn-Off Delay (toee) 5.0 12 15 ns
Rise time (t,) — Note 3 V* -V~ =17V, C_ =250 pF 12 ns
V* -V~ =17V, C_ = 500 pF 15 18 ns
C, = 1000 pF 20 35 ns
Falltime (t;) — Note 3 VY -V™ =17V, C_ = 250 pF 10 ns
VY -V~ =17V, C_ =500 pF 12 16 ns
C_ = 1000 pF 17 25 ns

Note 1: These specifications apply for V' — V™= 10V to 20V, C|_ = 1000 pF, over the temperature range —55°C to +125°C
for the MH0026 and 0°C to +85°C for the MH0026C.

Note 2: All typical values for the Tp = 25°C.

Note 3: Rise and fall times are given for MOS logic levels; i.e., rise time is transition from logic ‘0"’ to logic ‘1" which
is voltage fall. See waveforms.




MH0026/MH0026C

POWER DISSIPATION (W)
=
o

900
800
700
600
500
400
300
200
100

TRANSIENT POWER (mW)

25

20

RISE TIME (ns)
&

TURN-ON & TURN-OFF TIMES (ns)

TO-5 & DIP Power Ratings

— v T
MHO0026CN SOLDERED TO PC
BOARD WITH 8 CU. CONDUCTORS

A< 202, .03 IN. WIDE

. ,
I— MHO026H AND MHO026CH
\ INSTILL AIR WITH CLIP
\ 'S, ON HEAT SINK
\\
MHoDZ6H & MH0025CH 7 | \

INSTILL AIR

| |

25 50 75 100 125 150
AMBIENT TEMPERATURE (°C)

Transient Power (Ppc) vs
Frequency

€, =2000 pF[

.

.

/9 d
1

0 20 3.0 4.0 6.0
FREQUENCY (MHz)

Rise Time vs Load Capacitance

N

Y Ro = 500 |
Ta=25C
J

0 200 400 60O 800 1000 1200

LOAD CAPACITANCE (pF)

Turn-On & Turn-Off Time
vs Temperature

T T 17
- v -v =208
| Cw=Co=1000pF Phd

Ro = 5052 7

s A

ton

\ A

~

1

OFF \\

I ™~~~
75 -50 -25 0 25 50 75 100 125

TEMPERATURE ( C)

FALL TIME (ns) SUPPLY CURRENT (mA) POWER DISSIPATION (W)

RISE TIME (ns)

8.5

8.0

6.5

typical performance characteristics

TO-8 Package Power Rating

MH0026G AND MH0026CG IN
STILL AIR WITH CLIP-ON
HEAT SINK (THERMALLOY
——-\TVPE 215'—1.9 OREQUIV.)

N
NN

MHO0026G AND _—;
MHO0026CG IN STILL AIR

N

25 50 75 100 125 150
AMBIENT TEMPERATURE (“C)

Supply Current vs Temperature

| buTY CVCLE = 20%
f=1MHz |
[c.=0 |
Vi V= 20V
Vv =17V

-75 -50 -26 0 25 50 75 100 125

25

20

25

20

0

-75 -50 -25 0 25 50 75

TEMPERATURE (°C)

Fall Time vs Load Capacitance

T T T T
V' — V" =15V to 20V

P
r=d
e
// Ro = 500
T =25°C
L1

0 200 400 600 800 1000

LOAD CAPACITANCE (pFi

Rise Time vs Temperature

| V- V=20V
€, = 1000 pF .

C, =500 pF

100 125
TEMPERATURE ( C)

INPUT CURRENT (mA) POWER (mW)

OUTPUT PULSE WIDTH (ns)

FALL TIME (ns)

700
600
500
400
300
200
100

25

20

DC Power (Ppc) vs

Duty Cycle
Ta=25C | J 1A
c, - T 74
I
Vo v =20V —] /
vi-v=1v Y/
VoV =12V v
A\ r/
/L
/
-
S/ w-v)?
Poc - o oo

10 20 30 40 50 60
DUTY CYCLE (%)

70 80

Input Current vs Input Voltage

Ta=25C
|- v*=20v
V= ov

/
//

7

L

05 1.0 15 20 25
INPUT VOLTAGE (V)

Opti fnputC i} vs
Output Pulse Width

VF V=20V
C, = 1000 pF
Ta=257C

N
AN

1

200 400 600 800 1000 1200
INPUT CAPACITANCE, Cyy (pF)

Fall Time vs Temperature

T T
LV v = 20v
I

€, 1000 pF ]
Jz);/ L

C, = 500 pF 1
=7

C =0 /7

-75 -50 -25 0 25 50475 100 125

TEMPERATURE (°C)




typical applications

AC Coupled MOS Clock Driver
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MH0026/MH0026C

typical applications (con’t)

Precharge Driver for MOS RAM Memories

t=y<10ns

application information

1.0 Introduction

The MHO0026 is capable of delivering 30 watts
peak power (1.5 amps at 20V needed to rapidly
charge large capacitative loads) while its package is
limited to the watt range. This section describes
the operation of the circuit and how to obtain
optimum system performance. If additional design
information is required, please contact your local
National field application engineer.

2.0 Theory of Operation

Conventional MOS clock drivers like the MH0013
and similar devices have relied on the circuit

Y a——
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ac test circuit switching time waveforms
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configuration in Figure 1. The AC coupling of an
input pulse allows the device to work over a wide

FIGURE 1. Conventional MOS Clock Drive
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application information (con‘t)

range of supplies while the output pulse width
may be controlled by the time constant -R; X C;.

D, provides 0.7V of dead-zone thus preventing Q,
and Q, from conducting at the same time. In
order to drive large capacitive loads, Q; and Q,
are large geometry devices but C,, now limits
useful output rise time. A high voltage TTL output
stage (Figure 2) could be used; however, during
switching until the stored charge is removed from
Q;, both output devices conduct at the same time.
This is familiar in TTL with supply line glitches in
the order of 60 to 100 mA. A clock driver built
this way would introduce 1.5 amp spikes into the
supply lines.

EXTERNAL

FIGURE 2. Alternate MOS Clock Drive

Unique circuit design and advanced semiconductor
processing overcome these clasic problems allow-
ing the high volume manufacture of a device, the
MHO0026, that delivers 1.5A peak output currents
with 20ns rise and fall times into 1000pF loads. In

a simplified diagram, D (Figure 3) provides 0.7V
dead zone so that Q3 is turned ON for a rising
input pulse and Q, OFF prior to Q; turning ON a
few nanoseconds later. D, prevents zenering of the
emitter-base junction of Q, and provides an initial
discharge path for the load via Q3. During a falling
input, the stored charge in Q3 is used beneficially
to keep Q3 ON thus preventing Q, from conduct-
ing until Q,; is OFF. Q; stored charge is quickly
discharged by means of common-base transistor

The complete circuit of the MH0026 (see sche-
matic on page 130 basically makes Darlingtons out
of each of the transistors in Figure 3.

vt

EXTERNAL

wo o oy

out

—O V-

Rt
D1
Dy
T
<
RIS
[

FIGURE 3. Simplified MH0026

When the output of the TTL input element (not
shown) goes to the logic ‘1" state, current is
supplied through C,y to the base of Q, and Q,
turning them ON, and Q; and Q4 OFF when the
input voltages reaches 0.7V. Initial discharge of
the load as well as E-B protection for Q; and Q4
are provided by D; and D,. When the input
voltage reaches about 1.5V, Qg and Q, begin to
conduct and the load is rapidly discharged by Q.
As the input goes low, the input side of C, goes
negative with respect to V™~ causing Qg and Qg to
conduct momentarily to assure rapid turn-off of
Q, and Q; respectively. When Q; and Q, turn
OFF, Darlington connected Q; and Q4 rapidly
charge the load toward V™ volts. Rg assures that
the output will reach to within one Vg of the
vt supply.

The real secret of the device’s performance is
proper selection of transistor geometries and resis-
tor values so that Q4 and Q; do not conduct at
the same time while minimizing delay from input
to output.

3.0 Power Dissipation Considerations

There are four considerations in determining
power dissipations.

1. Average DC power

2. Average AC power

3. Package and heat sink selection

4. Remember—2 drivers per package

The total average power dissipated by the MH0026
is the sum of the DC power and AC transient
power. The total must be less than given package
power ratings.

P

piss =P ac T Poc = Puax

Since the device dissipates only 2mW with output
voltage high (MOS logic “0"), the dominating
factor in average DC power is duty cycle or the
percent of time in output voltage low state (MOS
logic ““1""). Percent of total power contributed by
P is usually neglible in shift register applications
where duty cycle is less than 26%. P, . dominates
in RAM address line driver applications where
duty cycle can exceed 50%.

3.1 DC Power (per driver)
DC Power is given by:
Poc=(VF-vIxq ) X
pc S(Low)

( ON time )
OFF time—ON time

or Py = (Output Low Power) X (Duty Cycle)

. + - VS
where: lg(| ow) = ls@V" -V" = S0V

D9Z00HW/9Z00HW




MH0026/MH0026C

application information (con’t)

Example 1: (V¥ =+8V, V™ =-12V)
a) Duty cycle = 25%, therefore
Ppc = 17V X 40mA X 17/20 X 25%
Pp ¢ = 1456mW worst-case, each side
Ppc = 109mW typically
b) Duty cycle =5%
Poc =21mW

c) See graph.

The above illustrates that for shift register applica-
tions, the minimum clock width allowable for the
given type of shift register should be used in order
to drive the largest number of registers per clock
driver.
Example 2: (V' = +17V, V™= GND):
a) Duty cycle = 50%
Py = 290mW worst-case
Pye =218mW typically
b) Duty cycle = 100%
Py = 580mW
Thus for RAM address line applications, package

type and heat sink technique will limit drive
capability rather than AC power.

3.2 AC Transient Power (per driver)
AC Transient power is given by:

Pac=(VT-v7)2xixc,
where: f = frequency of operation

C_ = Load capacitance (including all
strays and wiring)
Example 3: (V= +5V, V" =-12V)
Pac =17 X 17 X f(MHz) X 10° X
C,(nF) X 107°
P ac = 290mW per MHz per 1000pF
Thus at 5MHz, a 1000pF load will cause any driver
to dissipate one and one half watts. For long shift
registers, a driver with the highest package power

rating will drive the largest number of bits for the
lowest cost per bit.

3.3 Package Selection

Power ratings are based on a maximum junction
rating of 175°C. The following guidelines are
suggested for package selection. Graphs illustrate
derating for various operating temperatures.

3.31 TO-5 (“H”) Package: Rated at 600mW still
air (derate at 4.0mW/°C above 25°C) and 900mW
with clip on heat sink (derate at 6.0mW/°C above
25°C). This popular hermetic package is recom-
mended for small systems. Low cost (about 10¢)
clip-on-heat sink increases driving capability by
50%.

3.32 8Pin (“N”) Molded Mini-DIP: Rated at
600mW still air (derate at 4.0mW/°C above 25°C)
and 1.0 watt soldered to PC board (derate at
6.6mW/°C). Constructed with a special copper
lead frame, this package is recommended for
medium size commercial systems particularly
where automatic insertion is used. (Please note for
prototype work, that this package is only rated at
600mW when mounted in a socket and not one
watt until it is soldered down.)

3.33 TO-8 (“G") Package: Rated at 1.5 watts
still air (derate at 10mW/°C above 25°C) and 2.3
watts with clip on heat sink (Thermalloy type
2156-1.9 or equivalent—derate at 15mW/°C).
Selected for its power handling capability and
moderate cost, this hermetic package will drive
very large systems at the lowest cost per bit.

3.4 Summary—Package Power Considerations

The maximum capacitative load that the MH0026
can drive is thus determined by package type, heat
sink technique, ambient temperature, AC power
(which is proportional to frequency and capacitive
load) and DC power (which is principally deter-
mined by duty cycle). Combining equations pre-
viously given, the following formula is valid for
any clock driver with negligible input power and
negligible power in output high state:

-3
C_ (max in pF) = Er:— X

Prmax(mw)(TaPka) X R.q = (VT = V)2 X (De) X 10°
(VT = V7)? X Req X f(MHz)

C, (max in pF) = 5X 107 X
3
P ax (MW) X 500 - Vg2 X De X 10
Vg? X 500 X f(MHz)

Where: n = number of drivers per pkg. (2 for
the MH0026)

Pmax(mw)(TA, pkg) = Pe_\ckage power
rating in milliwatts for given package,
heat sink, and max, ambient tempera-
ture (See graphs)
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application information (con’t)

Req = equivalent internal resistance

Req = (vt - V) (L ow) = 500 ohms (worst
case over temperature for the MH0026 or
660 ohms typically)

Vg = (vt - v7) = total supply voltage across
device

Dc = Duty Cycle =

Time in output low state

Time in output low + Time in output high state

Table | illustrates MH0026 drive capability under
various system conditions.

4.0 Pulse Width Control

The MH0026 is intended for applications in which
the input pulse width sets the output pulse width;
i.e., the output pulse width is logically controlled
by the input pulse. The output pulse width is given
by:
t +t
(PW) oyt = (PW),+ " F=PW, +25ns

Two external input coupling capacitors are re-
quired to perform the level translation between
TTL/DTL and MOS logic levels. Selection of the
capacitor size is determined by the desired output
pulse width. Minimum delay and optimum per-
formance is attained when the voltage at the input
of the MHO0026 discharges to just above the
devices threshold (about 1.5V). If the input is
allowed to discharge below the threshold, to e
and t; will be degraded. The graph on page 132
shows optimum values for C;y vs desired output
pulse width. The value for C\ may be roughly
predicted by:
Cin=(2X 107%) (PW)gut

For an output pulse width of 500ns, the optimum
value for C, is:

Cn = (2X 107%)(500 X 10~°) = 1000pF
5.0 Rise & Fall Time Considerations(Note 3)

The MH0026's peak output current is limited to
1.5A. The peak current limitation restricts the
maximum load capacitance which the device is
capable of driving and is given by:

l1=c, P<15a

The rise time, t, for various loads may be
predicted by:

t, = (AV)(250 X 10712 + c.)
Where: AV = The change in voltage across C_

=vt_v-
C_ = The load capacitance
For VT -V~ =20V, C_ = 1000pF, t, is:

t, = (20V)(250 X 1072 +107'2)
= 25ns

For small values of C_, equation above predicts
optimistic values for t,. The graph on page 132
shows typical rise times for various load capaci-
tances.

The output fall time (see Graph) may be predicted
by:

t;=2.2R(Cg +C )
Pee +4

6.0 Clock Overshoot

The output waveform of the MH0026 can over-
shoot. The overshoot is due to finite inductance of
the clock lines. It occurs on the negative going
edge when Q- saturates, and on the positive edge
when Q; turns OFF as the output goes through
V' -V_,. The problem can be eliminated by
placing a small series resistor in the ouput of the
MHO0026. The critical valve for R, = 24/LCL where

TABLE 1. Worst Case Maximum Drive Capability for MH0026*

J9Z00HIN/9Z00HIN

TO-8 WITH MINI-DIP TO-5 AND MINI-DIP
PACKAGE TYPE HEAT SINK FREE AIR SOLDERED DOWN FREE AIR
Max.
Max. Ambient
Operating Temp. | 60°C 85°C 60°C 85°C 60°C 85°C 60°C 85°C
Frequency | ¢ 2
Duty Cycle
100kHz 5% 30 k 24 k 19 k 15 k 13 k 10k 7.5k 5.8k
500kHz 10% 6.5k 5.1k 4.1k 3.2k 2.7k 2k 1.5k 1.1k
1MHz 20% 2.9k 2.2k 1.8k 1.4k 1.1k 840 600 430
2MHz 25% 1.4k 1.1k 850 650 550 400 280 190
5MHz 25% 620 470 380 290 240 170 120 80
10MHz 25% 280 220 170 130 110 79 - -

*Values in pF and assume both sides in use as non-overlaping 2 phase driver;
each side operating at same frequency and duty cycle with (V¥ —v-) =17V.
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application information (con’t)

L is the self-inductance of the clock line. In
practice, determination of a value for L is rather
difficult. However,R, is readily determined emper-
ically, and values typically range between 10 and
51 ohms. R, does reduce rise and fall times as

iven by:
g v t, =t = 2.2RgC_

7.0 Clock Line Cross Talk

At the system level,voltage spikes from ¢, may be
transmitted to ¢, (and vice-versa) during the

transition of ¢; to MOS logic 1", The spike is
due to mutual capacitance between clock lines and
is, in general, aggravated by long clock lines when
numerous registers are being driven. Transistors
Q3 and Q4 on the ¢, side of the MH0026 are
essentially “OFF" when ¢, is in the MOS logic
"“0" state since only micro-amperes are drawn
from the device. When the spike is coupled to ¢,,
the output has to drop at least 2 Vg before Q;

and Q4 come on and pull the output back to vt
A simple method for eliminating or minimizing
this effect is to add bleed resistors between the
MHO0026 outputs and ground causing a current of
a few milliamps to flow in Q4. When a spike is
coupled to the clock line Qg is already “ON’" with
a finite h,. The spike is quickly clamped by Q4.
Values for R depend on layout and the number of
registers being driven and vary typically between
2k and 10k ohms.

8.0 Power Supply Decoupling

Power supply decoupling is a widespread and
accepted practice. Decoupling of vtiov- supply
lines with at least 0.1 uF noninductive capacitors
as close as possible to each MH0026 is strongly
recommended. This decoupling is necessary
because otherwise 1.5 ampere currents flow during
logic transition in order to rapidly charge clock
lines.
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MH7803/MH8803 two phase oscillator/clock driver

general description features

The MH7803 is a self contained two phase ® Two phase non-overlapping outputs
oscillator/clock driver. It requires no external o .
components to generate one of three primary ® No external timing components required

oscillator frequencies and pulse widths. Other
frequencies can easily be obtained by programming
input voltages. Three sets of outputs are provided:
damped and un-damped MOS outputs and TTL

® Frequency adjustable from 100 kHz to 500 kHz

® Pulse width adjustable from 260 ns to 1.4us

monitor outputs. The MOS outputs easily drive ® Damped and un-damped MOS outputs
500 pF loads with less than 150 ns rise and fall
times. In addition the outputs have current limiting = TTL monitor outputs

to protect against momentary shorts to the supplies.

The MH7803 and MH8803 are available in a 14 m
lead cavity DIP. The MHB8803 is also available in :
a 14 pin molded DIP.

block and connection diagrams
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) Vee
[’:It 10
oK 0 OTiLa INHIBIT ~=n U E v
WIDTH _2 3
FF CONTROL ":' i-‘:nsr
FREQUENCY
. LI MOS DAMPED o, == = tonThe,
. Mos o, =4 L vee
aND
Ro - MOS DAMPED o, = LS
10
AAA—-0 Mos oAMPED o, MOS o, =4 Erree,
Ro
10 ? [}
AAA- £ wos DawpED o Voo = [ oo
2 oMo, TOP VIEW
(]
f— 0 Moo Order Number MH7803J or MH8803J
See Package 9
gu gz &u g
Order Number MH7803N
Vs Voo TEST  INHIBIT See Package 14
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MH7803/MH8803

absolute maximum ratings

Vss = Voo 22v Operating Temperature Range
Vee — GND 7.0V MH7803 -55°C to +125°C
Pulse Width Adjust Voltage Vgs + 0.5V MH8803 0°C to +70°C
Frequency Adjust Voltage Vgs + 0.5V Storage Temperature Range -65°C to +150°C
Vss = Vpp Minimum 14v Lead Temperature (Soldering, 10 seconds) 300°C
Test and Inhibit Input Volitages Vss
electrical characteristics (Note 1)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Frequency Pin 12at 17V, Ta = 25°C 300 500 600 kHz
Pin 12 Open, T = 25°C 175 300 350 kHz
Pin 12 at OV, T = 25°C 60 100 150 kHz
Frequency Change from 25°C
MH7803 Pin 12 at 17V +20 +30 %
MH8803 Pin 12 at 17V +10 +15 %
Pulse Width (Note 2) Pin 2at 17V, Ta = 25°C 0.2 0.26 0.4 us
Pin 2 Open, T4 = 25°C 0.5 0.75 1.3 us
Pin2atOV, Ty = 25°C 1.0 1.4 26 us
Pulse Width Change from 25°C
MH7803 Pin 2 at 17V +20 +30 %
MH8803 Pin 2at 17V +10 +15 %
MOS Vou lon = —100uA Vgs—1.1 Vgs—0.8 v
MOS Vo loL =20mA Vpp+0.15 Vpp+0.5
TTL Von lon = —200uA 2.4 3.7 \
TTL VoL
MH7803 loL =2.0mA 0.17 0.3 \
MH8803 loL =3.2mA 0.2 04 \2
TTL log 3.0 8.0 15 mA
MOS Output Current Limit 70 mA
Iss Pins 2,12, 13 at 0V, and 10 17 mA
Pin 1 at —0.3V
lec Pins 2, 12, at OV, and 0.75 1.1 mA
Pin 1 at —0.3V
Ro
MH7803 7.0 10 13 Q
MH8803 5.0 10 15 Q
MOS tg, t CL =500pF, Ta =25°C 100 150 ns
CL=50pF, T, =25"C 20 30 ns

FREQUENCY (kHz)

Note 1: These specifications apply for the MH7803 at Vgg — Vpp = 17V +10% and over —55°C to +125°C; for the MH8803
at Vgg — Vpp = 17V 5% and over 0°C to +70°C unless otherwise specified.

Note 2: The duty cycle can not physically exceed 50% at any output. At high frequencies the frequency adjust pin will affect
the pulse width by limiting the duty cycle to slightly less than 50%. Under this condition the pulse width spec does not apply.

typical performance characteristics
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Frequency and Pulse Width
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typical performance characteristics (con’t)

Frequency and Pulse
Width vs Vgs—Vpp

Maximum Package Dissipation

Total Transient Power
vs Frequency vs Total Cy_
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applications information

TTL MONITOR OUTPUTS

The TTL outputs are extra functions provided for
monitor or synchronization applications. In some
systems these outputs may not be required. For
these cases the Ve pin may be left open and the
TTL circuitry power consumption will be virtually
zero.

The TTL outputs are slaved to the MOS outputs.
Thus the TTL outputs start to switch when the
MOS outputs cross the TTL threshold voltage
(about 1.5V above ground). Figure 1 depicts the
effect of different supply voltages on the TTL
waveform when the MOS outputs are driving
capacitive loads.

DAMPED MOS OUTPUTS

An extra set of MOS outputs provides a 10 ohm
resistor in series with each output line. These
resistors give the output pulses an R-C rolloff
which tends to minimize ringing or peaking
problems associated with board layout.

INHIBIT AND TEST INPUTS
The INHIBIT and TEST inputs are designed to

facilitate testing of the device. They were not
included in the IC for system use.

TEMPERATURE (°C)

FREQUENCY (kHz)

Icc vs Duty Cycle

0.9
0.8
N

3 ~.
= 07
5 \\

06 I~

0.5

0 10 20 30 40 50
DUTY CYCLE (%)
" mos

3= 1.5V THRESHOLD w!?s

-8.0—
MOS
02

1.5V
THRESHOLD

L
0
0=
= [ m& m
0 —_— o2

OUTPUT WAVEFORMS OUTPUT WAVEFORMS
WITH +17V, +5.0V, OV SUPPLIES. WITH +5.0V, ~12V, OV SUPPLIES.

T

g

(A) (B)

FIGURE 1.
Typically they perform as follows:

INHIBIT Input: in the low state prevents pulses
from being initiated on either phase output.

High Level Input:
Vin 2 Vpp + 2.0V
Low Level Input:

Voo + 0.2V > VL > Vpp — 0.5V

€088HW/EC8LHW




MH7803/MH8803

applications information (con‘t)
TEST Input: in the low state forces a ONE state
on all outputs. The test input should only be used
with the INHIBIT input also in the low state.
High Level:

Vip > Vpp + 8.0V
Low Level:

Vpp + 0.5V 2V, > Vpp

A pull-up resistor is connected from the TEST
pin to Vgg internally.

POWER CONSIDERATIONS

Internal power dissipation is affected by three
factors:

® dc power
® ac power
® package dissipation capability

The total average power dissipation is the summa-
tion of the dc power and ac power. This sum
must be less than the maximum package dissipa-
tion capability at the particular operating tempera-
ture to insure safe operation, i.e.:

Poiss = Pac + Poc <Pmax

Where

Pac =PactrL * Pacmos

Pac = [(Vee =GND)Zx fx CL] 1
+ [(Vss = Vop )2 x fx CLImOs
And
Poc = (lcc) x (Ve — GND) + (Iss)
x (Vss — Vpp)

for Icc and lgg selected at the appropriate duty
cycle.

For practical cases the P5oc v1. can be neglected
as being very small compared to Pac mos-

Thus Ppiss is the sum of the MOS transient
power (total for both sides of the MH7803) and
the standby power of the TTL and MOS sections
of the MH7803.

DECOUPLING

It is recommended that each device be decoupled
with a 0.1uF capacitor from Vgg to Vpp. If there
is noise on the supply lines, better frequency and
pulse width stability can be obtained by connecting
a 0.001uF capacitor from the frequency control
pin to Vpp and another 0.001uF capacitor from
the pulse width control pin to Vpp.
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Clock Drivers

MH8808 dual high speed MOS clock driver

general description

The MH8808 is a high speed dual MOS clock
driver intended to drive the two phases of a
memory array of 500 pF per phase at rates up to
4.0 MHz. The design includes output current
limiting for controlled rise and fall times. Two
DTL/TTL compatible status outputs monitor clock
outputs and provide a corresponding TTL logic
level for status indication. Both direct and inter-
nally damped outputs are available for each phase
to suite the particular application. It is ideally
suited for driving MM5262 2.0k RAMs.

features

High Speed: 18 ns typ delay and 20 ns typ rise
and fall times with 500 pF load

Current limited outputs 450 mA typ
TTL compatible status outputs

Direct and damped outputs available
1W dissipation capability at 25°C T
16 pin cavity dual-in-line package

Output high level clamped to +5V

connection diagram

Dual-In-Line Package

DAMPED Voo DAMPED
Vss OUT  OUT  —a—u  QuT OUT NC
I1s |15 14 13 12 11 10 9
>
& <
>
[19] T (' 6Q
4
p <
1 2 3 4 5 6 |7 Ia
*  STATUS IN  ‘“=————— IN STATUS GND
[ Ves ouT

(TTL)

(TTL)

8088HW

*DO NOT CONNECT TO THISPIN.
TOP VIEW

Order Number MH8808J
See Package 10




MH8808

absolute maximum ratings

Vss
Ves - Vbb

Total Power Dissipation (Note 1)
Operating Temperature Range

electrical characteristics
The following apply for Vgg = +8.0V, Vgg = +5.0V, Vpp = —15V, T4 = 25°C unless otherwise stated.

+7V

26V

1w

0°C to +70°C

PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Current Vin = —9.0V (Note 2) 10 mA
Output Low Voltage loyt =+1.0mA, V,y =10V —-14 \Y
(Note 2)
Output High Voltage lout =—1.0mA, V| =—14V 45 55
Status 1" Voltage lout =—250uA, V |y =—14V 3.0
Status ‘0" Voltage lout =20 mA, V| =—10V 0.5
(Note 2)
Output Damping Resistor (Igg) Vin =115V, Vgg = +5.8V, 37 mA
Vop =~17.5V, Vgg = +8.5V
(Note 2)
Output Damping Resistor (lgg) Vin =115V, Vgg = +5.8V, 24 mA
Vpp =—17.5V, Vgg = +8.5V
(Note 2)
Output Damping Resistor (Ipp) Vin =115V, Vgg = +5.8V, -56 mA
Vpp =-17.6V, Vgg = +8.5V
(Note 2)
Output Rise Time C_ =500 pF 26 ns
Qutput Fall Time C_ =500 pF 26 ns
Delay to Negative-Going Output C, =500 pF 7.0 22 ns
Delay to Positive-Going Output C_ =500 pF 10 30 ns

Note 1: Maximum junction temperature is 110°C. For operation above 25°C derate at 85°C/W 6 j for still air.
Note 2: Test only one input high (more positive) at a time.
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MM450/MM550, MM451/MM551

Analog Switches

MM452/MM552, MM455/MM555 MOS analog switches

general description

The MM450, and MM550 series each contain
four p channel MOS enhancement mode transis-
tors built on a single monolithic chip. The four
transistors are arranged as follows:

MM450, MM550 Dual Differential
Switch
Four Channel

Switch

MM451, MM551

MM452, MM552
tor Package
MM455, MM555
sistor Package

These devices are useful in many airborne and
ground support systems requiring multiplexing,
analog transmission, and numerous signal routing
applications. The use of low threshold transistors

Four MOS Transis-

Three MOS Tran-

(V1 = 2 volts) permits operations with large ana-

log input swings (+ 10 volts) at low gate voltages

(—20 volts). Significant features, then, include:

® Large Analog Input Swing +10 Volts

® | ow Supply Voltage VguLk = +10 Volts
Vgg = —20 Volts

® Low ON Resistance Vi = —10V 15082
VN = +10V 75Q
® |ow Leakage Current 200 pA @ 25°C

® |nput Gate Protection
® Zero Offset Voltage

Each gate input is protected from static charge
build-up by the incorporation of zener diode pro-
tective devices connected between the gate input
and device bulk.

schematic and connection diagrams

Metail Can Package

BULK

ToP view
Note: Pin 5 connected to case and device bulk.
Order Number MM450H
or MM550H
See Package 24

Flat Package

1 " .

s U [
DRAIN 1 ‘_an .
w1 ELW.N.
SOURCE U 3
5 10
DRAIN 2 o cares
] 9
care z—-—' ——oRAIN 3
s
SOuRCE - T X

TOPVIEW

Note 1: Pins 1 and 8 connected to case and
device bulk. Drain and Source may be
interchanged. MM452F, MM552F .

Note 2: MM4520 and MM552D (dual-in-line
packages) have same pin connections as
MM452F and MM552F shown above.

Order Number MM452D
or MM552D
See Package 2
Order Number MM452F
or MM552F
See Package 26

Metal Can Package

(SOURCE)

GATE GATE®

INPUT &
(DRAIN 1) (DRAIN &)
INPUT 2
(DRAIN2)

INPUT 3
(DRAIN 3)

GATEZ GATE3

BULK

TOP VIEW
Note: Pin 5 connected to case and device bulk.
Order Number MM451H
or MM551H
See Package 24

Metal Can Package

GATE2

ORAIN2
SOURCE 1

(1) cater

ol ]

BULK
TOP VIEW

Note: Pin 5 connected to case and device bulk.
Drain and Source may be interchanged.

Order Number MM455H
or MM555H
See Package 24
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MM450/ MM550, MM451/MM551,
MM452/MM552, MM455/MM555

absolute maximum ratings .50 umas1, MV4s2, MMA4S5  MMIS50, MMB51, MMS52, MMS55

Gate Voltage (Vgg) +10V to -30V +10V to -30V
Bulk Voltage (Vg k) +10V +10V
Analong Input (Vy ) +10V to -20V +10V to -20V
Power Dissipation 200 mw 200 mwW
Operating Temperature -55°C to +125°C 0°C to +70°C
Storage Temperature -65°C to +150°C -65°C to +150°C

electrical characteristics
STATIC CHARACTERISTICS (Note 1)

PARAMETER CONDITION MIN| TYP [ MAX | UNITS
Analog Input Voltage +10 \
Threshold Voltage (Vgs() Vpg=0,lp=1uA 1.0 22 3.0 \%
ON Resistance Vin =-10V 150 600 Q
ON Resistance Vin = Vss 75 200 Q
OFF Resistance 10'° Q
Gate Leakage Current (Iggg) Vgs=-25V, Vgg =0, Ta =25°C 20 pA
Input (Drain) Leakage Current
MM450, MM451, MM452, MM455 Ta=25°C 0.025| 100 nA
Tao=85°C 0.002 1.0 wA
Ta=125°C 0.025 1.0 pA
Input (Drain) Leakage Current
MM550, MM551, MM552, MM555 Ta=25°C 0.1 100 nA
Ta=70°C 0.030 1.0 wA
Output (Source) Leakage Current
MM450, MM451, MM452, MM455 TaA=25°C ) 0.040| 100 nA
Output (Source) Leakage Current
MM450 TA=85°C 1.0 uA
MM451 TA=85°C 1.0{ WA
MM452, MM455 Ta=85°C 1.0| pA
MM450, MM451, MM452, MM455 Ta=125°C 1.0] upA
Output (Source) Leakage Current
MM550 Ta=70°C 1.0 A
MM551 T, =70°C 1.0 uA
MM552, MM555 Ta=70°C 1.0] wA

DYNAMIC CHARACTERISTICS

Vps=-10V, Ip = 10 mA

Large Signal Transconductance 4000 umhos
f=1kHz
CAPACITANCE CHARACTERISTICS (Note 2)
PARAMETER ~ DEVICETYPE MIN | TYP MAX | UNITS
Analog Input (Drain) Capacitance (Cpg) ALL 8 10 pF
MM450, MM550 1 14 pF
. MM451, MM551 20 24 pF
Output (Source) Capacitance (Cgg) MM452, MM552 75 1 oF
MM455, MM555 75 1 pF
MM450, MM550 10 13 pF
. MM451, MM551 5.5 8 pF
Gate Input C t; C
ate Input Capacitance (Cag) MM452, MM552 55 9 | pF
MM455, MM555 5.5 9 pF
Gate to Output Capacitance (Cgg) ALL 3.0 5 pF

Note 1: The resistance specifications apply for —-55°C < Ta < +85°C, VGG = —20V, VgyLk = +10V, and a test current of
1 mA. Leakage current is measured with all pins held at ground except the pin being measured which is biased at —25V.

Note 2: All capacitance measurements are made at OV bias at 1 MHz.
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typicaldynamic input characteristics (ta = 25°C Unless Otherwise Noted)

CONDITION 1:
ANALOG INPUT VOLTAGE
AT+1OVOLTS Ron vs VGG Dynamic Rgp
_ 10,000 10
Vag = +10V P g [Vos =110V _Vour - 110 4
= Tp = [ Vi =10V ] 4
T ~Tac2scC 6 '
To=85C 4 YA
Vin 5 ' - Vgag = +10V T / 7'
0 Vour € 7 s Ves 3 z 2 (G ||
+H0V = Vi = +10V ] T 0 / | _‘/
= L - B ) B = .--n-/ )
< \ T2 Voo = +wvx"’J
100 e I ONNS
e 4 A/ Vaa =0
D=veg =5
— 6 | /- <3 GG
Vgg =-10
8 A —1—
v, Vg = -20
Ge 10 10
+8 0 -8 -6 -2 10 -06 -02 +02 06 +10
Vgg (V) Vi (V)
CONDITION 2:
ANALOG INPUT VOLTAGE .
ATOVOLTS Ron Vs VGG Dynamic Rgp,
10,000 10
Vag+1OV =i = Vgg = +10V l I Vour = OV
8 vy W]
5t
Voo = -4V
v 1000 Ta=85°C | 4 \ 128 ',,/
N - =Ta =25°C ~Vec = —6V _#F 4
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I NG £ o0& -
> N . - F
I ° NS = 2
= 100 = L+
s A
5§ i
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v
ce 10 L 10
0 -4 -8 -12 -16 -20 S10 -06 02 +02 406 +0
Vgg (V) AV, (V)
CONDITION 3:
ANALOG INPUT VOLTAGE .
AT —10 VOLTS Ronvs VGG Dynamic Rop
100,000 p—p— 10 -
Vgg +10V Voo = 10V s | Vgg = +10V i Vour = -10V
FVin = =10V 6 LV —‘“{V Tl
4 = Vgg = —16V
Vin —-8 Vour 5 e 2 = Voo =17V
-1V £ < =1
= E 0 et
< z - > |
£ Z 2 = f—t—1
1000 o EERAN Ve = -18v
\\; Vg = ~19V
6 FVgg = —20V
8 VI —
Voo 100 10 [ [T
-16 16 06 -02 02 +06 0
Vgg (V) AVin (V)
Drain Current vs
Ron vs VGG Typical Drain Characteristics Gate To Source Voltage
10,000 80 T T 0 T
Voo -5V 45 }—Vgs= -|5v// gs = OV - Vos = -20V — /
/7tVag =15V a0 1 1y L B0 [Ves=OV
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[ o -6l 1
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10 0 0
] -4 -8 12 -6 -0 0 20 -40 -60 -80 -100 0 -10 -20 -30 -40 -50
Voo (V) Vps - DRAIN TO SOURCE VOLTAGE - VOLTS Vgs - GATE TO SOURCE VOLTAGE - VOLTS
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MM450/MM550, MM451/MM551,
MM452/MM552, MM455/MM555

typical input capacitances

MM450, MM550

MM451, MM551 MM452, MM552 , MM455, MM555
Cinvs Vin Cinvs VN CinvsVin
=== === =
50 Vgg = +10V 50 Vgg =+10V 50 Vgg = +10V
40 40 Voo =201 +——t 4
30 30 F /'35 . 30
20 fygg =-20V=< 20 4 2
Iy S8 1 = Evge=-1ove T Vgg = —20V
" ;SN " === =" ot
K +—+—+—1F & e T 5 Vag = —10V
F—vge =0V T se” L - i I
s B s T s At
; ; b | 4 1T Veg =0V 1
=+10v ] =+10V 3
2 B9 Voo =10V 2 = Voo 2 V- 2 = ——'B‘ /
1] T
1 1 1 (-
-0 -8 -2 42+ +0 0 -6 -2 42 46 410 S0 -6 -2 42+ 410
Vin (V) Vin (V) Vin (V)
typical applications
SWITCH #2 SWITCH #
EQUIVALENT INPUTS INPUTS
CIRCUIT
 ws0 - - T
...I ] (g~~~ .
ANALOG OR o
2o e
TOBGLE & —
INPUT O I_.q. | |1 |
| o br——t
: T | oumur
SWITCH #1 SWITCH #2 AORD +
outPuT O oureur O :;Tl — | INTELLIGENCE
DPDT Analog Switch I
VB0 [ T g 1o VmEo
wera O] T QUTPUT #1
ViDED — VIDED
INPUT 2 | —I_,— +0 OUTPUT 2
|
| e |
[0 S ]
[
4-Channel Muitiplexer*
' o TOGGLE
[ INPUT *Expansion in the number of data input lines
is possible by using multiple level series
switches allowing the same decode gates to
T be used for all lower rank decoding.

DPST High-Frequency Switch
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MMA454/MM554 four-channel commutator
general description

N Analog Switches

YSSWW/VYSYININ

The MM454/MM554 is a four-channel analog com- = Low Leakage Current (T, = 25°C) 200 pA
mutator capable of switching four analog input (Ta =85°C) 50 nA
channels sequentially onto an output line. The ® All Channel Blanking input provided

device is constructed on a single silicon chip using ® Reset capability provided

MOS P Channel enhancement transistors; it con- ® | ow ON Resistance 20052
tains all the digital circuitry necessary to sequen- In addition, the MM454/MM554 can easily be

tially turn ON the four analog switch transistors

. ' ¢ . applied where submultiplexing is required since a
permitting multiplexing of the analog input data.

4:1 clock countdown signal is provided which can

The device features: drive the clock input of subsequent MM454/MM554
® High Analog Voltage Handling +10V units.
® High Commutating Rate 500 kHz

logic and connection diagrams

ANALOG
INPUTS

3 I ANALOG
r oUTPUT

HL

ALt channel T M m

BLANKING
IN g

o P 0A a ouTPUT
A CPg a:1
_ COUNTDOWN
-

RESET
Flat Package
1 18
NO 1 [ Voo
2 13
[T— OUTPUT 4:1 COUNTDOWN
CLOCK INPUT _].r_. COUNTER 112 N0 1 ANALOG INPUT
AND ""
DECODER
RESET —-‘-r— ,—-—AL NO.2 ANALOG INPUT
L
ALL CHANNEL 8L -] ” L4% o 3 anaLoG weuT
G I [
o connecrion —H _ [ NO.4 ANALOG INPUT
BULK T
Vs 1 j L & ANALOG OUTPUT

TOP VIEW
Note: Pin 7 connected to case and to device bulk. Nominal Operating Voltages: Vg = —24V; Vpp = 0V;
Vgs = +12V, RESET BIAS = +12V (OV for RESET), ALL CHANNEL BLANKING BIAS = +12V (0V for
BLANKING)
Order Number MM454F
or MM554F
See Package 26
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MM454/MM554

absolute maximum ratings (Note 1)

Gate Voltage (Vgg) +10V to -30V

Bulk Voltage (Vgg) +10V

Analog Input (V) +10V to -20V

Power Dissipation 200 mW

Operating Temperature MM454 -55°C to +125°C
MM554 0°C to +70°C

Storage Temperature

-65°C to +150°C

static characteristics (note2)

PARAMETER CONDITION MIN TYP MAX UNITS
Analog Input Voltage +10 \
ON Resistance Viny =-10V 170 600 Q
ON Resistance Vin = Vgs 9 200 Q
OFF Resistance 10'° Q
Analog Input Leakage Current MM454 Ta=25°C 0.050 100 nA
MM454 Ta = 85°C 0.006 1.0 MA
MMS554 Ta=25C 0.0001 | 100 nA
MMS554 Ta =70°C 0.030 1.0 A
Analog Output Leakage Current MM454 Ta =25°C 0.100 100 nA
MM454 Ta =85°C 30 1.0 kA
MM554 Ta =25°C 0.0001 100 nA
MM554 T, =70°C 0.030 1.0 KA
Vgs Supply Current Drain Vgs = +12V 3.8 55 mA
Vg Supply Current Drain Vgg = -24V 24 35 mA
capacitance characteristics
PARAMETER CONDITION MIN TYP MAX UNIT
Analog Input Capacitance Channel OFF Iin =0 4 6 pF
Analog Input Capacitance Channel ON Iy =0 20 24 pF
Analog Output Capacitance In=0 20 24 pF
Clock Input Ve = +12V 20 pF
Reset Input Vgeset = 112V 20 pF
Blanking Input VeiLank = +12V 20 pF
clock characteristics (Note3)
PARAMETER CONDITION MIN TYP MAX UNIT
Clock Input (HIGH)(*) Vgs - 2 Vss \Y
Clock Input (LOW) -5 0 +5 \%
Clock Input Rise Time (POS GOING) No requirement
Clock Input Fall Time (NEG GOING) 20 usec
Countdown Output (POS) Vo Vgs -2 Vss \
Countdown Output (NEG) Vo, 0 \Y
Maximum Commutation Rate 05 20 MHz
Vss +10.0 +12 +14 Y

Note 1: Maximum ratings are limiting values above which the device may be damaged. All voltages referenced to Vpp = 0.
Note 2: These specifications apply over the indicated operating temperature range for Vgg =—24V, Vpp = 0V, Vsg = +12V,
VRESET = +12V. ON resistance measured at 1 mA, OFF resistance and leakage measured with all analog inputs and output
common. Capacitance measured at 1 MHz.

Note 3: Operating conditions in Note 2 apply. Vgs to Vpp (0V) voltage is applied to counting and gating circuits. VGG is
required only for analog switch biasing. All logic inputs are high resistance and are essentially capacitive.

Note 4: Logic input voltage must not be more positive than Vgs.




typical performance characteristics

RoN Vs Analog Voltage
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13
s
—% 12
2
z
3 n
@
>
10
+9
+9

V,,» MAXIMUM POSITIVE GOING
ANALOG EXCURSION (V)

timing diagram

CLOCK 0

CH1

CH2

CH3

CH4

OUTPUT
COUNTDOWN

N1
oN
OFF
ON
OFF
oN
OFF
ON
OFF

g
e

11 1

ANALOG SWITCH INPUT CAPACITANCE

Cin (pF)

Vgg (V)

30
28
26
24
22
20
18
16
14
12
10
8
6
4
2
0

Cinvs VN
A
A
l“ANNEL“lF”;
-

-10 -8 -6 -4 -2 0 +2 +4 +6 +8 +10

-30
-28

V,, ANALOG INPUT VOLTAGE (V)

Minus V (max) vs Vgg

T T 1
-
°C

|| T, =485

Ta = +25°C—

T
FT~Ta = -55°C—

0 -2 -4 -6 -8 -10 -12-14 -16 -18 -20

V.n MAXIMUM NEGATIVE
ANALOG EXCURSION (R,, = 1.0 k<2) (V)

1
]
1a

1

| | I—

NOTE: “0” LEVEL =+12V
“1” LEVEL= 0V (GND)
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AHO0014/AH0014C, AH0015/AH0015C, AHO0019/AH0019C

N

N

Analog Switches

AHO0014/AH0014C* DPDT, AHO015/AH0015C quad SPST,
AHO0019/AH0019C* dual DPST-TTL/DTL compatible

MOS analog switches

general description

This series of TTL/DTL compatible MOS analog
switches feature high speed with internal level
shifting and driving. The package contains two
monolithic integrated circuit chips: the MOS ana-
log chip is similar to the MM450 type which
consists of four MOS analog switch transistors;
the second chip is a bipolar 1.C. gate and level
shifter. The series is available in both hermetic
dual-in-line package and flatpack.

features
® | arge analog voltage switching +10V
® Fast switching speed 500 ns

® QOperation over wide range of power supplies

200§2
10'"'Q

= | ow ON resistance
m High OFF resistance
®m Fully compatible with DTL or TTL logic

®m Includes gating and level shifting

These switches are particularly suited for use
in both military and industrial applications such
as commutators in data acquisition systems, multi-
plexers, A/D and D/A converters, long time
constant integrators, sample and hold circuits,
modulators/demodulators, and other analog signal
switching applications. For information on other
National analog switches and analog interface ele-
ments, see listing on last page.

block and connection diagrams

| I |
IZI l
ANALOG IN A1 la
IJ' ! ANALOG OUT 1
ANALOG IN B1 e : 1
o ] |
ANALOG IN A2 e e+ | |
| T~~0—————ANALOG 0UT2
1
ANALOG IN B2 et | |
1 LI
I P
| |: Vee
| GND
| — ———
LoGIC Note: All Inglulllnpvl'lts
" shown at logic “1.

LoGIC

Order Number AHOO014F
or AHOO14CF
See Package 26

Quad SPST
12
ANALOG IN 1 -——1———————:| o2 anatos our 1
[
]
anatog 2 —22 o & avatos out2
) 1 I
I i
7 ' 8
ANALOG IN + ’\rc -+ + ,L ANALOG OUT 3
H 1
5| t ! ]
ANALOG IN 4 l ANALOG OUT 4
1
1

ll‘—-vm
’—EMD

o

LOGIC& LOGIC3 LOGIC2 LOGICT

Note: All logic inputs shown at logic “1."

Order Number AH0015D
or AH0015CD
See Package 2

*Previously called NHO014/NH0014C and NHO019/NH0019C

| it |
o i
ANALOG IN A1 —'——-——1'\0_—-:_‘1_
] ANALOG OUT 1
ANALOG IN 51——91—‘ : |
|

ANALOG IN A2

I
7
| |
|
U] —
ANALOG IN B2 | ]

ANALOG 0UT 2

: 1 v
| o
F—vcc
| [E—
| S —_d
2] Note: All logic inputs
‘“:": shown at logic “1.”
LOGIC
B

Order Number AH0014D
or AH0014CD
See Package 2

Dual DPST
s
ANALOG IN A1 ]
N Iy
ANALOG IN B \ ANALOG 0UT 1
[ | |
L |
ANALOG IN A2 ] | N
[] 110

ANALOG IN

06 0UT2

Vcc
l._.mn
e Note: Pi identical
ote: Pin connections are identical
M SSC] o 0P and Flatpack. AN lagic

Lomc Loml; inputs are shown at logic “1.”

[ e

Order Number AH0019D  Order Number AHO019F
or AH0019CD or AHOO19CF
See Package 2 See Package 26
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absolute maximum ratings

Vce Supply Voltage

V™ Supply Voltage

vt Supply Voltage

v Voltage Differential

Logic Input Voltage

Storage Temperature Range

Operating Temperature Range
AH0014, AH0015, AH0019
AH0014C, AH0015C, AH0019C

Lead Temperature (Soldering, 10 sec)

7.0V
-30V

+30V

40V

5.5V

-65°C to +150°C

-55°C to +125°C
-25°Cto +85°C
300°C

electrical characteristics (Notes 1 and 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Logical “1" Input Voltage Vce = 4.5V 2.0 \
Logical “0"’ Input Voltage Vee = 4.5V 0.8 Vv
Logical “1” Input Current Vee = 5.5V Vin = 2.4V MA
Logical “1" Input Current Vee = 5.5V Vin = 5.5V 1 mA
Logical “0" Input Current Vee = 5.5V Vin = 0.4V 0.2 0.4 mA
Power Supply Current Logical 1" Vee = 5.5V Vin = 4.5V 0.85 16 mA
Input — each gate (Note 3)
Power Supply Current Logical ‘0"’ Vee = 5.5V Vin =0V
Input — each gate (Note 3)
AH0014, AH0014C 15 3.0 mA
AH0015, AH0015C 0.22 0.41 mA
AHO0019, AH0019C 0.22 0.41 mA
Analog Switch ON Resistance — each gate | V|5 (Analog) = +10V 75 200 Q
Vin (Analog) = ~10V 150 600 Q
Analog Switch OF F Resistance 10" Q
Analog Switch Input Leakage Current — Vin = -10V
each input (Note 4)
AH0014, AH0015, AH0019 Ta=25°C 25 200 pA
Ta=125°C 25 200 nA
AH0014C, AH0015C, AH0019C Ta =25°C 0.1 10 nA
Ta=70°C 30 100 nA
Analog Switch Output Leakage Vout = -10V
Current — each output (Note 4)
AHO0014, AH0015, AH0019 Ta=25°C 40 400 pA
Ta=125°C 40 400 nA
AHO0014C, AH0015C, AH0019C T =25°C 0.05 10 nA
Ta =70°C 4 50 nA
Analog Input (Drain) Capacitance 1 MHz @ Zero Bias 8 10 pF
Output Source Capacitance 1 MHz @ Zero Bias 1" 13 pF
Analog Turn-OFF Time — togg See test circuit; To = 25°C 400 500 ns
Analog Turn-ON Time — ton See test circuit; To = 26°C
AH0014, AH0014C 350 425 ns
AH0015, AH0015C 100 150 ns
AHO0019, AH0019C 100 150 ns

Note 1: Min/max limits apply across the guaranteed temperature range of —55°C to +125°C for AH0014, AH0015, AH0019
and —25°C to +85°C for AH0014C, AH0015C, AHO019C. V- = —20V. V* = +10V and an analog test current of 1.0 mA unless

otherwise specified.

Note 2: All typical values are measured at T = 25°C with Vg = 5.0V. v+ =1+10V, V- =-22V.
Note 3: Current measured is drawn from Vg supply.
Note 4: All analog switch pins except measurement pin are tied to V*.

6-9
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AHO0014/AH0014C, AHO015/AH0015C, AHO019/AH0019C

analog switch characteristics (Note2)

RoN vs Temperature

RonN vs Temperature

RoN vs Temperature

25
L L z r
= Vin = Vour = +10V Vin = Vour = OV Vin = Vour = =10V
- 100 7 100 z 200
£ £ E
£ s £
) = )
w75 -~ g 5 8 o1
Q 2 2
S g g
5 =
7 - 2 @
a 50 & 50 2 150
2 x «
N = i 7
E3 =
g » € £ s >
0 0 100
-55°C  -15°  25°  g&°  108° -65° 18 28°  65°  105° -55°  -15°  26°  68°  108°
g ATURE (°C
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE ()
CinvsVIN Leakage vs V| (Channel “OFF") Driver Gate V| vs Vou T
75 T T _ o ] —
MRE=E=S=E=== e B Ve = 5.0V
50— e e s ™ V7= NO EFFECT # o45 — V=22V
“*F CHANNEL “ON" — CHANNEL “ON" — < N K 125°C V= 8.0V
WPy =-20v — V=0V - 2% N s 0 I
o \4 @ > 25°C -] | | -55°C
-] y: A} g w
z < \__\ 2 -5
S y I o o e T I D z
E + z N g -1
3 5 e ER ] E
H b < 3 -5
\ 17 S 5 H
2 FFCHANNEL “ON* —t— CHANNEL “OFF" - £ 20
V- =-10V Vo =-20V 2
. Aliriad N 75 -25
-10 -8 -6 4 -2 0 +2 +4 +6 +8 +10 +10 0 -10 0 05 10 15 20 25 30 35
ANALOG Vy (V) ANALOG V,y (V) INPUT VOLTAGE (V)

Schematic (Single Driver Gate
and MOS Switch Shown)

ANALOG
W

ANALOG
out

selecting power supply voltage

The graph shows the boundary conditions which
must be used for proper operation of the unit.
The range of operation for power supply V™ is
shown on the X axis. It must be between --25V
and -8V. The allowable range for power supply
V* is governed by supply V™. With a value chosen
for V-, V¥ may be selected as any value along a
vertical line passing through the V™ value and
terminated by the boundaries of the operating
region. A voltage difference between power sup-
plies of at least BV should be maintained for
adequate signal swing.

Analog Switching Time Test Circuit

ooV

00% Nt Ao (€L + Cour)
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typical applications

Integrator

Vour

analog switch data sheets

For additional applications information, see the
following:

AN-28 High-Speed MOS Commutators, Mrazek
AN-33 Analog-Signal Commutation, Wollesen
AN-38 MOS Analog Switches, Stump/Wollesen

For information on other National analog switches
and interface circuits, see the following data sheets:

MOS Analog Switches

Dual Differential — MM450/MM550

Triple — MM455/MM555

Quad — MM452/MM552

Four Channel — MM451/MM551

Four Channel with Commutator — MM454/MM554
Six Channel — AM2009/AM2009C

TTL/DTL Compatible MOS
Eight Channel MUX — AM3705/AM3705C

TTL/DTL Compatible J-FET

Dual DPST

Dual SPST

Dual DPDT (Diff)
SPDT (Diff)

AHO0100/AH0100C Series

Reset Stabilized Amplifier

—-G-—-o-@ ReseT
1
T L

High Level Compatible J-FET
DPST — AH2114/AH2114C
Ultra High Speed J-FET

+10V; 302 — AM1000
£15V; 5092 — AM1001
£10V; 10022 — AM1002

N-Channel Discrete J-FET Switches

5 Ohm — 2N5432*
7 Ohm — 2N5433
10 Ohm — 2N5434

Analog Switch Drivers

TTL Dual Level Translator — DM7800/DM8800
TTL Dual High Speed Translator — DH0034/

DHO0034C
Analog Comparator/Level Translator — LM111
Series

Sample and Hold Circuits
Low Drift Precision — LH0023/LH0023C
High Speed — LH0043/LH0043C

Plus a complete line of amplifiers, comparators, and
voltage regulators.
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AHO0120/AH0130/AH0140/AH0150/AH0160 Series

NN

Analog Switches

AHO0120/AH0130/AH0140/AH0150/AH0160

series analog switches

general description

The AHO100 series represents a complete family

of junction FET analog switches. The inherent

flexibility of the family allows the designer to

tailor the device selection to the particular appli-

cation. Switch configurations available include dual

DPST, dual SPST, DPDT, and SPDT. ryson) ranges

from 10 ohms through 100 ohms. The series is

available in both 14 lead flat pack and 14 lead

cavity DIP.

features

® TTL/DTL and RTL compatible logic inputs

® Up to 20V p-p analog input signal

® ryqon) less than 1022 (AHO0140, AHO141,
AHO0145, AHO0146)

® Analog signals in excess of 1 MHz

“OFF"” power less than 1 mW

® Gate to drain bleed resistors eliminated

® Fast switching, ton is typically .4 us, togg is
1.0 us

® QOperation from standard op amp supply volt-
ages, £15V, available (AH0150/AH0160 series)

® Pin compatible with the popular DG 100 series.

The AHO0100 series is designed to fulfill a wide
variety of analog switching applications including
commutators, multiplexers, D/A converters, sample
and hold circuits, and modulators/demodulators.
The AHO100 series is guaranteed over the tempera-
ture range -55°C to +125°C; whereas, the
AHO0100C series is guaranteed over the temperature
range -25°C to +85°C.

logic and connection diagrams

DUAL DPST
v
TH
L] ../(A L
o oA Losw,
ot :
1
2 o A —Osw,

w0 »D—D _________ -
10 lﬂ
>

Va(ENABLE)

HIGH LEVEL (:10V) MEDIUM LEVEL (£7.5V)

AHO140 (1092) AH0153 (159)
AHO0129 (3092) AHO0154 (5092)
AHO0126 (80Q)
DPDT (Diff)
-
Tﬂ
: —oTh Zosw,
14 1
ik
ot o Sosw,
° o/r A 205w,
]
]
Ny 2 :
]
1 !
MO A== SWTCH STATES ARE FOR
Vint = LOGIC “1” INPUT AND
Viuz = 25V BIAS
l‘o lu
Va(ENABLE) v

DUAL SPST

v
"

10 lu
v

V (ENABLE)

HIGH LEVEL (+10V) MEDIUM LEVEL (:7.6V)

AH0141 (102) AHO151 (159)
AH0133 (30%2) AH0152 (500)
AH0134 (8092)
SPDT (Diff)
v
T"
ot f(ll o
]
ot 4 oA Losw,
1 H
1
9 H :
N, O + N - - '
1]
1
;02 . a
SWITCH STATES ARE FOR
Vi1 = LOGIC “1” INPUT AND
Vinz = 25V BIAS
L !
Vg (ENABLE) v

HIGH LEVEL (:10V)
AH0145 (1002)
AHO0139 (3002)
AH0142 (80%2)

MEDIUM LEVEL (+7.5)

AHO0163 (15Q)
AH0164 (50%2)

Order Number AHOXXXD
See Package 2

HIGH LEVEL (£10V)

AHO0146 (10Q2)
AHO0144 (30Q)
AH0143 (80Q2)

Order Number AHOXXXF
See Package 26

MEDIUM LEVEL (+7.5V)

AHO161 (15Q)
AH0162 (5052)




absolute maximum ratings

High Medium
Level Level
Total Supply Voltage (V' - V7) 36V 34V
Analog Signal Voltage (V* -V or V5 - V) 30V 25V
Positive Supply Voltage to Reference (V' - Vg) 25V 25V
Negative Supply Voltage to Reference (Vg - V™) 22V 22V
Positive Supply Voltage to Input (V' — Vin) 25V 25V
Input Voltage to Reference (V |y - Vg) 6V 6V
Differential Input Voltage (V| - Vin2) 6V 6V
Input Current, Any Terminal 30 mA 30 mA
Power Dissipation See Curve
Operating Temperature Range AHO0100 Series -55°C to +125°C
AH0100C Series 0°C to +85°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics for “HIGH LEVEL" Switches (Note 1)

S 09LOHV/0SLOHVY/0tYLOHVY/0ELOHV/0ZLOHY

DEVICE TYPE CONDITIONS LIMITS
PARAMETER SYMBOL | pua | puau | oeor | seor V* =120V, V™ = -18.0V, Vg = 0.0V TYP | MAX s
OPST SPST | (DIFF) | (DIFF) i S TR
Logic “1” - Ta=25C 2.0 60 BA
i
Input Current Iinom Al Cireuits Note 2 Over Temp, Range 120 uA (_DI
Logic “0” - Ta=25°C .01 A A -
1]
Input Current linore) Al Circuits Note 2 Over Temp. Range 20 HA 8
Positive Supply Current | . - . To=26°C 2.2 3.0 mA
Switch ON 1" ony All Circuits One Driver ON Note 2 Over Temp. Range 33 A
Negative Supply - - X Ta=25°C -1.0 -1.8 mA
Current Switch ON o Al Circuits One Driver ON Note 2 Over Temp. Range 20 mA
Reference Input A . Ta=25°C -1.0 -1.4 mA
(Enable) ON Current | 'R(ON) Al Circuits One Driver ON Note 2 Over Temp. Range 16 | mA
Positive Supply + - _ _ Ta=25C 1.0 10 HA
Current Switch OFF orr) Al Circuits Vint = Vinz = 0.8V Over Temp. Range 25 A
Negative Supply - - _ _ Ta=25C -10 | -10 HA
Current Switch OFF iorr) Al Circuits Ving = Vinz = 08V Gver Temp. Range L uA
Reference Input - _ _ Ta=25°C -1.0 ] -10 HA
(Enable) OFF Current | 'R©FF) Al Circuits Ving = Vinz = 0.8V Over Temp. Range 25 WA
. ) Vp =10V Ta=25°C 45 80 Q
tch D A
Switch ON Resistance | rason) AHO126 | AHO134 | AHO142 | AHO143 o= 1mA Over Temp. Range 150 a
. . Vp = 10V Ta=25°C 25 30 Q
tch o A
Switch ON Resistance | ragon) AHO129 | AHO133 | AHO139 | AHO144 o= 1mA ver Tomm Fonge 5 o
. . Vp = 10V Ta=25°C 8 10 Q
Switch ON Resistance | fasion) AHO140 | AHO141 | AHO145 | AHO146 o= 1mA e Tomp Fonge 3 o)
N . v . Ta=25°C .01 1 nA
Driver Leakage Current { (lp + Ig)on All Circuits Vp=Vg=-10V Over Temp, Range 760 oA
Switch Leakage Isiorr) OR | AHO126 | AHO0134 | AHO142 | AHO143 Voo = £20V Ta=25°C 0.8 1 nA
Current Io(0FF) AHO0129 | AH0133 | AH0139 | AHO144 os = Over Temp. Range 100 nA
Switch Leakage IsorF) OR . Ta=26°C 4 10 nA
Current o) AHO0140 | AHO141 | AHO145 | AHO146 Vps = £20V Cuar Tomo Fonge O T
) . AHO0126 | AHD134 | AHO142 | AHO143 See Test Circuit
Switch Turn-ON Time | ton AH0129 | AHO133 | AHO139 | AHO144 Va=£10V  Th=25°C 05 08 s
i i See Test Circuit
Switch Turn-ON Time ton AHO0140 | AHO141 | AHO0145 | AHO146 VA=#0V  Tp-=25°C 0.8 1.0 Hs
X : AHO126 | AHO134 | AHO142 | AHO143 See Test Circuit
Switch Turn-OFF Time | torr AH0129 | AHO133 | AHO139 | AHO144 Va=$10V T =25°C 09 el ms
. . See Test Circuit
Switch Turn-OFF Time | toer AHO140 | AHO141 | AHO145 | AHO146 VA=10V  Th=25°C 1.1 25 us

Note 1: Unless otherwise specified these limits apply for ~55°C to +125°C for the AH0100 series and —26°C to +85°C for the
AHO0100C series. All typical values are for Tp = 25°C.
Note 2: For the DPST and Dual DPST, the ON condition is for V| = 2.6V; the OFF condition is for V|y = 0.8V. For the
differential switches and SW1 and 2 ON, VN2 = 2.5V, VN1 = 3.0V. For SW3 and 4 ON, VN2 = 2.5V, VN1 = 2.0V.




AHO0120/AH0130/AH0140/AH0150/AH0160 Series

electrical characteristics for “MEDIUM LEVEL" Switches (Note 1)

DEVICE TYPE CONDITIONS LIMITS
PARAMETER SYMBOL DUAL DUAL DUAL SPOT V' = +15.0V. V- = 15V, Ve = OV e | max UNITS
DPST SPST DPDT (DIFF) o + YR
Logic “1” P Ta=25°C 20 60 HA
Input Current Iniom) Al Cireuits Note 2 Over Temp. Range 120 LA
Logic “0” - Ta=25°C 01 0.1 uA
Input Current !N(oFF) All Circuits Note 2 Over Temp. Range 2 HA
Positive Supply N - . Ta=25°C 22 3.0 mA
Current Switch ON om Al Cirouits One Driver ON Note 2 Over Temp. Range 33 mA
Negative Supply - - . Ta=25°C -1.0 -1.8 mA
Current Switch ON om Al Circuits One Driver ON Note 2 Over Temp. Range -2.0 mA
Reference Input - Ta=25°C -1.0 -1.4 mA
(Enable) ON Current | 'R(ON) Al Cireuits One Driver ON Note 2 Over Temp. Range 76 | mA
Positive Supply B i eui _ _ Ta=25°C 1.0 10 HA
Current Switch OFF "torF) All Circuits Vini = Vinz = 0.8V Over Temp, Range 2% A
Negative Supply - - _ _ Ta=25°C -1.0 | -10 WA
Current Switch OFF torr) All Cireuits Ving = Vinz = 0.8V Over Temp. Range -25 HA
Reference Input ) _ _ Ta=25°C -10 | -10 uA
(Enable) OFF Current | 'R(OFP) Al Cireuits Ving = Vinz = 08V Over Temp, Range 25 ey
. . Vp = 7.5V Ta =25°C 10 15 Q
Switch ON Resistance TasON) AH0153 | AHO151 | AH0163 | AHO161 Io=1mA Over Temp. Range 30 9}
. . Vp = 7.5V Ta=25°C 45 50 Q
Switch ON Resistance Tas(ON) AHO0154 | AHO152 | AHO164 | AH0162 Ip=1mA Over Temp, Range 700 Q
. . Cy o Ta=25°C .01 2 nA
Driver Leakage Current | (lp + Islon All Circuits Vp = Vg =-7.5V Over Temp. Range 500 A
Switch Leakage IoorF) OR . Ta=25°C 5 10 nA
Carrent e AH0153 | AHO151 | AHO163 | AHO161 Vps = 15V O Tone R 0 A
Switch Leakage Ioiorr) OR . Ta=25°C 1.0 2.0 nA
Current IsioFe) AHO0154 | AHO152 | AHO164 | AHO162 Vps +15.0v Over Temp. Range 200 PYY
See Test Circuit
Switch Turn-ON Time ton AH0153 | AHO151 | AHO163 | AHO161 Va =275V 08 1.0 us
Ta=25C
See Test Circuit
Switch Turn-ON Time ton AHO0154 | AHO152 | AHO164 | AH0162 Va =%7.5V 05 08 us
Ta=25°C
See Test Circuit
Switch Turn-OFF Time | toge AHO0153 | AHO0151 | AHO163 | AHO161 Va=%7.5V 1.1 25 us
Ta=25°C
See Test Circuit
Switch Turn-OFF Time | toge AHO0154 | AHO152 | AHO0164 | AH0162 Va =175V 0.9 15 us
Ta=25°C

Note 1: Unless otherwise specified these limits apply for -55°C to +125°C for the AH0100 series and —25°C to +85°C for the
AHO100C series. All typical values are for Ta = 25°C.
Note 2: For the DPST and Dual DPST, the ON condition is for Vj = 2.5V; the OFF condition is for V| = 0.8V. For the
differential switches and SW1 and 2 ON, VN2 = 2.6V, V1 = 3.0V. For SW3 and 4 ON, VN2 = 2.5V, VN1 = 2.0V.
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typical performance characteristics

Power Dissipation
vs Temperature
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AHO0120/AH0130/AH0140/AH0150/AHO160 Series

applications information

1. INPUT LOGIC COMPATIBILITY
A. Voltage Considerations

In general, the AH0100 series is compatible with
most DTL, TTL, and RTL logic families. The ON-
input threshold is determined by the Vgg of the
input transistor plus the V¢ of the diode in the
emitter leg, plus | x Ry, plus Vg. At room
temperature and Vi = 0V, the nominal ON thres-
hold is:0.7V+0.7V+0.2V,=1.6V.Over temperature
and manufacturing tolerances, the threshold may
be as high as 2.5V and as low as 0.8V. The rules
for proper operation are:

Vin = VR > 2.5V All switches ON
Vin - Vg < 0.8V All switches OFF

B. Input Current Considerations

linon), the current drawn by the driver with
Vin = 2.5V is typically 20 uA at 25°C and is guar-
anteed less than 120 uA over temperature. DTL,
such as the DM930 series can supply 180 uA at
logic “1" voltages in excess of 2.5V. TTL output
levels are comparable at 400 uA. The DTL and
TTL can drive the AHO100 series directly. How-
ever, at low temperature, DC noise margin in the
logic “1"" state is eroded with DTL. A pull-up re-
sistor of 10 k{2 is recommended when using DTL
over military temperature range.

If more than one driver is to be driven by a DM930
series (6K) gate, an external pull-up resistor should
be added. The value is given by:

1
Rp = N-d forN>2
where:

Rp = value of the pull-up resistor in k2

N = number of drivers.

C. Input Slew Rate

The slew rate of the logic input must be in excess
of 0.3V/us in order to assure proper operation of
the analog switch. DTL, TTL, and RTL output
rise times are far in excess of the minimum slew
rate requirements. Discrete logic designs, however,
should include consideration of input rise time.

2. ENABLE CONTROL

The application of a positive signal at the Vg

terminal will open all switches. The Vg (ENABLE)
signal must be capable of rising to within 0.8V of
Vin(on) in the OFF state and of sinking lgon)
milliamps in the ON state (at Vinon) = VR >
2.5V). The VR terminal can be driven from most
TTL and DTL gates.

3. DIFFERENTIAL INPUT CONSIDERATIONS

The differential switch driver is essentially a differ-
ential amplifier. The input requirements for proper
operation are:

Ving = Vinzl > 0.3V
2.5 < (Vin1 0 Ving) = VR < BV

The differential driver may be furnished by a DC
level as shown below. The level may be derived
from a voltage divider to V' or the 5V V¢ of
the DTL logic. In order to assure proper operation,
the divider should be “stiff” with respect to I;y2.
Bypassing R1 with a 0.1 uF disc capacitor will
prevent degradation of toy and togg.

v
BM7400 T 19K A2
25V —J_

=+ l o1eE Sk v
v =
R

L

=

Alternatively, the differential driver may be driven
from a TTL flip-flop or inverter.

i i
R s

DM5470 1/6 DM5404

_:vk l : l

v v

Connection of a 1 mA current source between Vg
and V™ will allow operation over a £10V common
mode range. Differential input voltage must be less
than the 6V breakdown, and input threshold of
2.5V and 300mV differential overdrive still prevail.

B e
CM RANGE

18V

SR—
w118 16K

et




4. ANALOG VOLTAGE CONSIDERATIONS

The rules for operating the AHO100 series at
supply voltages other than those specified essen-
tially breakdown into OFF and ON considerations.
The OFF considerations are dictated by the maxi-
mum negative swing of the analog signal and the
pinch off of the JFET switch. In the OFF state,
the gate of the FET is at V™ + Vgg + Vgat OF
about 1.0V above the V™ potential. The maximum
Vp of the FET switches is 7V. The most negative
analog voltage, V5, swing which can be accomo-
dated for any given supply voltage is:

WVAl<IVTI= Vp = Vgg = Vgar or
IVAl<IVT1-8.0 or IVTI>IV A 1+8.0V

For the standard high level switches, V5 <|- 18l
+8 = —10V. The value for V* is dictated by the
maximum positive swing of the analog input volt-
age. Essentially the collector to base junction of
the turn-on PNP must remain reversed biased for
all positive value of analog input voltage. The base
of the PNP is at V© = Vgat - Vge or V' - 1.0V.
The PNP’s collector base junction should have at
least 1.0V reverse bias. Hence, the most positive
analog voltage swing which may be accommodated
for a given value of V' is:

Va <V~ Vgat - Vge - 1.0V or

typical applications

Va<VH=2.0Vor V">V, + 2.0V

For the standard high level switches, Vo =12 -
2.0V = +10V.

5. SWITCHING TRANSIENTS

Due to charge stored in the gate-to-source and
gate-to-drain capacitances of the FET switch, tran-
sients may appear in the output during switching.
This is particularly true during the OFF to ON
transition. The magnitude and duration of the
transient may be minimized by making source
and load impedance levels as small as practical.

ANALOG
NPUT

—A
Furthermore, transients may be minimized by
operating the switches in the differential mode;
i.e., the charge delivered to the load during the

ON to OFF transition is, to a large extent, can-
celled by the OFF to ON transition.

| P

Programmable One Amp Power Supply

AN
| o I

=

124K 1%
AAA
VWA

H

=

AHO151 7

+15V

-15V.

i

-

POLARITY

TTL/DTL BCD INPUTS

A l‘ 100K 1%
]

49.9K 1%

Eour

|
|
|
|
|
1
I_
|
_J

Vgur = (*Polanty) x (BCD Code) x Vger
lout - 2.0A peak, 1.0A contiuous
Vour Range — 12V

Full Scale Acquisition Time — 8.0us
DISABLE
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AHO0120/AH0130/AH0140/AH0150/AHO0160 Series

typical applications (con’t)

Four to Ten Bit D to A Converter (4 Bits Shown)

v O—4g
i 2ZERO ADJUST
K

O ANALOS
OUTPUT

Setting Time: 1.0us
Accuracy: 0.2%

TTLINPUT *Note: All resistors are 0.1%

Four Channel Differential Transducer Commutator

Y o

TRANSDUCER I 1 '
NO.1 5 als
| I
raansoucen | & - :{'/A : ' "2
!
no.2 ° zl 4,( A ] 3 N 2
— — | T W
ot Mo Aj ] | 7
TRANSDUCER ! : ] i 1 ™ 3
0.3 ot A 1 | 5
Lo 0 Lo
‘ B3 1 A ] I ] 1 ™ e
TRANSDUCER H 1 ] ]
no.a o zl 1A | | 1 3 2ZER0
ADJUST
1 1 I 1
BV 11 11

|
|
~15vo—"—l } ‘lo g:::;nizlation Rate: 500 kHz
|
I

4 x 4 Cross Point Analog Switch
5V ~15V
_t " saans

8-AH0152 DUAL SPST 1
SWITCHES -_l
1 I
i T

L };'* N

-} 2) o o Switching Time: 800 ns
“ON" Resistance: 469

“B" CHANNELS
“OFF" Resistance: 10702
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typical applications (con’t)

Delta Measurement System for Automatic Linear Circuit Tester

10| AH0IG2

TYPICAL DEVICE | A A
l T TEST ADAPTER ’ | 1 | A5V
1 I 6V
I ' | 1 : 1| ln 12
’ DT, 2 s ] 4l N 100K 2
7 e | ! NHouZ3 MW\ - 0 A/D CONVERTER
I VOLT. REG ) l H | SAMPLE AND 5 —
- 1000 0 | | 1 | LJ HOLD 3 LK70A Eour
: 100K
l '=[' = (s sl _..: [ 1l 0 M- + AT
| L] | | ' 01 uF
o1
2 (R | l ‘I‘ RN ™ 9
| NHOO17CN 7 I g L | = = =
I HI CURRENT DRIVE | | 0 2 - = -
= =
R P | SV H5Y s1
/ " Analog fnput Range: '7.5V

1
Note: S1 must be open for 50us min to take first reading with I, = 50 mA. Second reading is taken with S2 closed. =
With $1 and other set-up forcing functions under computer control, system will measure hine and load regulation

on voltage regulators, voltage gain, offset current, CMRR and PSRR on ap amps as well as other circuits requiring
measurement of the change of a parameter with the change of a forcing function.

Precision Long Time Constant Integrator with Reset

© (LOW LEAKAGE)

A
\

|
1

-1
cour= 75 f “owor

O cour

<n
Stom

|
INTEGRATE 1 ]
[Lal8) a
RESET |
a1 I =

L AH0164
VR
I Integration Internal: 10 sec
HOLD v v-  *Integration Error: 1004V
(my

*Note: Vos adjusted to zero. Reset Time: 30us

Four Channel Commutator

SV -18V +5V 15V

ANALOG -
NPUTS AHD1S3

CHANNEL 1

r— —'I r— ANDTSS —!
o E—

1

]

CHANNEL -; 1
CHANNEL :o—{—{——:———l—}-(r A :
1 | 1 J,/( 6] ANALOG
CHANNEL 4 +—1 Tt “'—"—‘ QUTPUTS
1 1 |
| i | s
n
| [N} | smiose :_D“ " L
| [} | voos -
| [N} |
[N - i Iy - ~ *Cg = Polystyrene Dielectric
ALLCNAHN(LC
INHIBIT (TTL) l l l h
Analog Signal Range: 15 Vp-p

Sample Rate: 1.0 MHz
Acquisition Time: 25us
Dnift Rate: 0.5 mV/sec

CHANNEL
SELECT (TTL)

Eour = 10x (Analog Input 2 — Analog Input 1)
Error Rate: 0.01% F.S./sec
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AHO0120/AH0130/AH0140/AH0150/AHO0160 Series

schematic diagrams

DUAL DPST and DUAL SPST

M= |~~~ w7
| -0, |
' e
I -b 14 s I
! i
I i
== _'__1: ______ |

w, 02—t w2

™ )

4 I 4{_: .
10 | d {
5& | 08 |
(ENABLE} | S |
3 |

[ T |

Note: Dotted line portions are nat applicable v
to the dual SPST.

DPDT (diff.) and SPDT (diff.)

y
10 b—a—e—1v

\ »l-eo
(en:u) L] sw2
0
B
705
I

L/ —

Note: Dotted line portions are not applicable
to the SPDT (differential).

Ed
1l AAA. I
j'._'_——_._l
b
& &
| |

-2

6-20




N

AH2114 /AH2114C DPST analog switch
general description

The AH2114 is a DPST analog switch circuit com- L]
prised of two junction FET switches and their
associated driver. The AH2114 is designed to fulfill
a wide variety of high level analog switching appli-
cations including multiplexers, A to D Converters,
integrators, and choppers.

N

features

Analog Switches

Large output voltage swing, typically £10V

Powered from standard op-amp supply voltages
of £15V

® Input signals in excess of 1 MHz
® Turn-ON and turn-OFF times typically 1 us

The AH2114 is guaranteed over the temperature

range -55°C to +125°C whereas the AH2114C is

®m Low ON resistance, typically 75682

guaranteed over the temperature range 0°C to

® High OFF resistance, typically 10''Q +85°C.
schematic and connection diagrams
Qu S Metal Can Package
8 O—-4g 4
ci 7
ouT,
3
Ny
R3
et ] "
o & e
“ 10.8K o <E:‘.:4“
Vew
S A2
188K
i :
on o2 TOP VIEW
vt A

Ving 18V

Vour

FIGURE 1.

Order Number AH2114G
or AH2114CG
See Package 25

Eum. R = 600:2

Vours Py

|
9V
Vours ———'@E&DQ
-av

Enex

|

FIGURE 2.
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AH2114/AH2114C

absolute maximum ratings

Vplus Supply Voltage +25V
Vminus Supply Voltage -25V
Vplus—Vminus Differential Voltage 40V
Logic Input Voltage 25V
Power Dissipation 1.36W
Operating Temperature Range
AH2114 -55°C to +125°C
AH2114C 0°C to +85°C
Storage Temperature Range -65°C to +125°C
Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics (Notes 1and 2)
AH2114 AH2114C
PARAMETER CONDITIONS UNITS
MIN TYP MAX | MIN TYP MAX
Static Drain-Source lp=1.0mA, Vgs =0V, Tp= 25°C 75 100 75 125 Q
“On" Resistance Ip = 1.0mA, Vgg = 0V 150 160 Q
Drain-Gate Vps =20V, Vgg = -7V, Ta = 25°C 02 10 02 50 nA
Leakage Current 60 60 nA
FET Gate-Source lg = 1.0 uA 35 35 \%
Breakdown Voltage Vps =0V
Drain-Gate Vpg =20V, Is =0 40 5.0 40 50 pF
Capacitance f=1.0MHz, To=25°C
Source-Gate Vpe =20V, Ip =0 4.0 5.0 4.0 5.0 pF
Capacitance f=1.0MHz, T =25°C
Input 1 Turn-ON Time |V N1 = 10V, T4 =25°C 35 60 3.5 60 ns
(See Figure 1)
Input 2 Turn-ON Time |V y2 = 10V, T4 = 25°C 1.2 1.5 1.2 1.2 us
(See Figure 1)
Input 1 Turn-OFF Time|V,ny = 10V, T4 = 25°C 0.6 0.75 0.6 0.75 us
(See Figure 1)
Input 2 Turn-OFF Time| Vinz = 10V, T4 = 25°C 50 80 50 80 ns
(See Figure 1)
DC Voltage Rar;ge Ta=25C 9.0 £10.0 +9.0 #10.0 \
(See Figure 2)
AC Voltage Range Ta=25°C 9.0 *+10.0 +9.0 *10.0 \Y
(See Figure 2)

Note 1: Unless otherwise specified these specifications apply for pin 12 connected to +15V, pin 2 connected to ~15V, ~55°C

t0 +125°C for the AH2114, and 0°C to +85°C for the AH2114C.

Note 2: All typical values are for T = 25°C.
Note 3: Derate linearly at 100°C/W above +25°C.
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Analog Switches

AM1000,AM1001,AM1002 silicon N-channel

high speed analog switch

general description

The AM1000 series are junction FET integrated cir-
cuit analog switches. These devices commutate
faster and with less voltage spiking than any other
analog switch presently available. By comparison,
discrete JFET switches require elaborate drive cir-
cuits to obtain reasonable performance for high
toggle rates. Encapsulated in a four pin TO-72
package, these units require a minimum of circuit
board area. Switching transients are greatly reduced
by a monolithic integrated circuit process. The
resulting analog switch device provides the follow-
ing features:

309
100 MHz

® L ow ON Resistance
® High Analog Signal Frequency

® High Toggle Rate 4 MHz
® Low Leakage Current 250 pA
® [arge Analog Signal Swing +15V
® Break Before Make Action

The AM1000 series of analog switches are particu-
larly suitable for the following applications:

High Speed Commutators
Multiplexers

Sample and Hold Circuits
Reset Switching

Video Switching

schematic diagram
TO-72 Package

Voaive
O

TOP VIEW
Order Number AM1000H,
AM1001H or AM1002H
See Package 22

typical applications
+10 Volt Swing Analog Switch 0.5% Accuracy

==

ANALOG
INPUTS

CHANNEL
SELECT
INPUTS

|omrson Transtaton . |

-20v

equivalent circuit

BIAS

ANALOG
INPUT

ANALOG
O——0—T»0—0 et
1 O

V DRIVE

EXTERNAL
DIODE REQUIRED DIODE REQUIRED
FOR DRIVERS
WITH PULLUP
CIRCUIT

BIAS

+15 Volt Swing Analog Switch

ANALOG
ouTPUT

r——
ANALOG 7¢_°_'_’°_¢‘ ANALOG
INPUT H QuTPUT

1}

CHANNEL nota

SELECT —dg

INPUT
<

<
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AM1000, AM1001, AM1002

absolute maximum ratings
AM1000 Power Dissipation @ T, = 25°C 300 mw
AM1001 AM1002 Linear Derating Factor 1.7 mW/°C
Vin (Note 1) +50V +40V Power Dissipation @ T¢ = 126°C 150 mW
Linear Derating Factor 6 mW/°C
Vour (Note 1) +50V +40V o |
Maxi Junction Operating T -55°C to +150°C
Vorive (Note 1) -50V -40v o
Storage Temperature +200°C
Vgias (Note 1) +50V +40V _ o
Lead Temperature (Solding, 10 sec) +300°C
electrical characteristics
ON CHARACTERISTICS (Note 2)
PARAMETER CONDITION MIN TYP MAX UNITS
Ron Vorive = +15V, Vgias = ~15V AM1001 20 40 50 Q
Iin=1mA, Vour =0V
Ron Vorive = +10V, Vgiag = 10V AM1000 20 25 30 Q
lin = 1 mA, Vour = OV AM1002 20 50 100 Q
OFF CHARACTERISTICS
AM1000
AM1002
PARAMETER CONDITION AM1001 UNITS
min [ TYP [ max MIN | TYP | MAX
louT (oFF) Vorive = =20V, Vgjas = 10V
Vin = = 10V, Vour = +10V
Ta=+25°C .05 .25 05 1 nA
Ta=+125°C 025 | .25 0.2 1 HA
louT (0FF) Vorive = -20V, Vgjas = -10V
Vin = +10V, Vour = -10V
Ta=+25°C .05 25 0.5 1 nA
Ta=+125°C .05 .25 0.2 1 A
DRIVE CHARACTERISTICS (Note 3)
PARAMETER CONDITION MIN TYP MAX UNITS
loRive Vprive = ~20V, Vgias = -10V  AM1000, 1001, 1002 5 10 mA
(Switch OFF) Vin = 210V, Vour = 10V
SWITCHING CHARACTERISTICS
AM1000 AM1001 AM1002
PARAMETER CONDITION MAX MAX MAX UNITS
fon See Switching Time 100 150 200 s
torr Test Circuit 100 100 100 ns

Note 1: The maximum voltage ratings may be applied between any pin or pins simultaneously. Power dissipation may be
exceeded in some modes if the voltage pulse exceeds 10 ms. Normal operation will not cause excessive power dissipation even
in a “DC" switching application.

Note 2:

All parameters are measured with external silicon diodes. See electrical connection diagram for proper diode placement.

Note 3: Igjas (Switch OFF) is equal to IpRyvE (Switch OFF). I(gjag) (Switch ON), is equal to external diode leakage.

Note 4:

switching time test

-1ov

Voave

Rise and fall times of VpR|vE shall be 15 ns maximum for switching time testing.

circuit and waveforms

1
o e

+ov

6-24




N

AM2009/AM2009C six channel MOS multiplex switch

general description

The AM2009/AM2009C is a six channel multiplex ® 10V typical large analog voltage range
switch constructed on a single silicon chip using low ® Zero inherent offset voltage

threshold P-Channel MOS process. The gate of each
MOS device is protected by a diode circuit.

~N Analog Switches

® Normally off with zero gate voltage

The AM2009/AM2009C is designed for applications
such as time division multiplexing of analog or

digital signals. Switching speeds are primarly deter-
features ) ' mined by conditions external to the device such
® 150 ohms typical low “ON" resistance as signal source impedance, capacitive loading and
® 100 pA typical low "OFF"’ leakage the total number of channels used in parallel.

schematic diagram

&0 suk
o |y L
1 e +
T % x A X /'

13

" o"——_"I Y
-T-

12

03 O- 11w
—_ Lo sounce

11

04 O— 1l ¢
-

10
05 O- 11 v
06 O 2

11y
3 ] ‘
&' & o s & l‘
61 62 63 G4 65 66
Order Number AM2009D or AM2009CD Order Number AM2009F or AM2009CF
See Package 2 See Package 26
typical applications
TTL Compatible 6 Channel MUX 32 Channel MUX
ANALOG INPUTS cuAr:m; 16 .

1
] EEERERERT) 6
2 DM7800 ,

3
u ANALOG |
WPUTS 2 DM7800 AMZ009/AMZ003C  fomm FHAZES
INPUT 7= 6
5 CHANNELS I I I I I
!

ADDRESS SELECT ADDRESS SELECT
1-6 7-12

|___ ANALOG

1

|

) | Awaoos/amzoosc OUTPUT
|
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AM2009/AM2009C

absolute maximum ratings (vgy « =0V)

Voltage on Any Source or Drain -30V Total Power Dissipation (at Ty = 25°C) 900 mW
Voltage on Any Gate -35V Power Dissipation — each gate circuit 160 mW
Positive Voltage on Any Pin +0.3V Operating Temperature Range  AM2009 ~55°C to +125°C
Source or Drain Current 50 mA AM2009C -25°C to +85°C
Gate Current (forward direction of zener clamp) 0.1 mA Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics (Note 1)
LIMITS
PARAMETER CONDITIONS UNITS
MIN TYP MAX
Threshold Voltage Vs = Vps. lps = -TUA -1.0 -3.0 %
DC ON Resistance Vgs =-20V, Ipg = -100 uA,
Ta=25°C 150 250 Q
DC ON Resistance Vgs = =10V, Vgg = =20V,
Ips = =100 pA, Tp = 25°C 500 1250 Q
DC ON Resistance Vgs = =20V, Ipg = 100 uA 325 Q
DC ON Resistance Vgs =-10V, Vgg = =20V,
lps = =100 pA 1500 Q
Gate Leakage Vgs = =20V, Note 2 1.0 MA
Vgs = -20V, Note 2, T, = 25°C 100 pA
Input Leakage Vps = =20V, Note 2 1.0 MA
Vps = ~20V, Note 2, T, = 25°C 100 pA
Output Leakage Vgp = -20V, Note 2 3.0 HA
Vgp = =20V, Note 2, T = 25°C 500 pA
Gate-Bulk Breakdown Igg = =10 4A, Note 2 -35 \
Voltage
Source-Drain Breakdown Isp = =10 KA, Vgp =0,
Voltage Note 2 -30 \
Drain-Source Breakdown lps = =10 UA, Vs = 0,
Voltage Note 2 -30 Vv
Transconductance 4000 mhos
Gate Capacitance Note 3, f = 1 MHz 4.7 8 pF
Input Capacitance Note 3, f = 1 MHz 4.6 8 pF
Output Capacitance Note 3, f =1 MHz 16 20 pF

Note 1: Ratings apply over the specified temperature range and VBy|K = 0, unless otherwise

specified.

Note 2: All other pins grounded.
Note 3: Capacitance measured on dual-in-line package between pin under measurement to all other
pins. Capacitances are guaranteed by design.

typical performance characteristics

700

500

Ron ($2)

300

200

“ON" Resistance vs Gate-to-

Source Voltage

T
| tos=
Ta=

T
-100 A
25°C

T
Vs = 420V
Vgs=+10V

Vgs = +5V | %

Vas=0V ]

1

=30 -25

-20 -15 -0 -5 0

Vgs (V)

““ON"" Resistance vs T

Temperature
500

400

Prd

A

300

Vgs = -1

Ron (€2)

V; Vgg = +20V

200 =

100

i Ves

=0V —|

—1

-25 0 25 50
TEMPERATURE

-50
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100 125

Input Leakage Current vs
Temperature

LEAKAGE CURRENT (pA)

TEMPERATURE ( C)
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Analog Switches

AM3705/AM3705C 8-channel MOS analog multiplexer

general description

The AM3705/AM3705C is an eight-channel MOS
analog multiplex switch. TTL compatible logic
inputs that require no level shifting or input
pull-up resistors and operation over a wide range
of supply voltages is obtained by constructing the
device with low threshold P-channel enhancement
MOS technology. To simplify external logic re-
quirements, a one-of-eight decoder and an output
enable are included in the device.

Important design features include:

m TTL/DTL compatible input logic levels

® Qperation from standard +5V and - 15V supplies
® Wide analog voltage range — *5V

® One-of-eight decoder on chip

Output enable control

Low ON resistance — 15082
Input gate protection

Low leakage currents — 0.5 nA

The AM3705/AM3705C is designed as a low cost
analog multiplex switch to fulfill a wide variety of
data acquisition and data distribution applications
including cross-point switching, MUX front ends
for A/D converters, process controllers, automatic
test gear, programmable power supplies and other
military or industrial instrumentation applications.

For information on other National analog switches,
see listing on last page of this data sheet.

block diagram (miL-sTD-8068B)

DATA INPUT

CHANNEL NO.'S
Si0S, S5 S S S S S

DATA OUTPUT

TTTTTIT

ONE-OUT-OF EIGHT DECODER

2 2 22 ouTPUT
ENABLE

LOGIC INPUT

*Both Vgg lines are internally connected; erther
one or both may be used.

connection diagram
Dual-in-Line and Flat Package

0F 1=~ 16 22
Vss 2 =i —15 2’
ouT 3 i —1a 2°
Vss & —i F—13 Voo
Sy 5 ~— —1 s,
s, 6 —f b—11 s,
So 7~ b—10 s,
s 8 —f F—s9 s

TOP VIEW

Order Number AM3705D
or AM3705CD
See Package 3

truth table

LOGIC INPUTS CHANNEL
2° 2! 22 OE OoN
L L L H S,
H L L H S,
L H L H Sy
H H L H Sa
L L H H Ss
H L H H Se
L H H H S,
H H H H Sg
X X X L OFF

typical applications

Buffered 8-Channel Multiplex, Sample and Hold

15V

i

LHD023
SAMPLE & HOLD

fo l =
ennn
T 8
= Analog Signal Range: :5.0V
Acquisition Time: 25 ns
Drft Rate: 0.5 mV/sec
Aperture Time: 250 ns

ANALOG
=2 oureut

ANALOG
INPUTS

® S LOGIC
™o

CHANNEL
SELECT
T

*Polystyrene Dielectric

Wide Input Range Analog Switch

v sy
Re20Ke:
2| 1
2 sy
awatog | PR |
WPUTS ]
s
-ANALOG
RS100K: —0 qureut
n1|5 ul|
I o FNABLE
e Analog Input Range: *25V
CHANNEL = asv Slew Rate: 5.0V/us

SELECT
it}
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AM3705/AM3705C

absolute maximum ratings

Positive Voltage on Any Pin (Note 1) +0.3V
Negative Voltage on Any Pin (Note 1) -35V
Source to Drain Current +30 mA
Logic Input Current 0.1 mA
Power Dissipation (Note 2) 500 mW
Operating Temperature Range AM3705 -55°C to +125°C
AM3705C -25°C to +85°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics (Note 3)
LIMITS
P,
ARAMETER SYmBOL CONDITIONS MIN P MAX UNITS
ON Resistance Ron Vin = Vssi lout = 100 KA 80 250 Q
ON Resistance Ron Vin = -5V; loyt = -100 LA 160 400 Q
ON Resistance Ron Vin = -5V, loyt = -100 uA
AM3705 Ta=+125°C 400 Q
AM3705C Ta=+70°C 400 Q
ON Resistance Ron Vin = +5V; Vpp = -15V;
lout = 100 uA 100 Q
ON Resistance Ron Vin =0V, Vpp = -15V,
lout = —100 A 150 Q
ON Resistance Ron Vin =-5V; Vpp =-15V;
louT = —100 A 250 Q
OFF Resistance Rorr 1010 Q
Output Leakage Current lLo Vss - Vout = 15V 0.5 10 nA
AM3705 o Vss - VouT = 15V; Ta = 125°C 150 500 nA
AM3705C Lo Vss = Vour = 15V; Ta = 70°C 35 500 nA
Data Input Leakage Current Lol Vss = Vi = 15V 0.1 3.0 nA
AM3705 ILoi Vgs = Vin = 15V; Ta = 125°C 25 500 nA
AM3705C Lot Vss - Vin = 15V; T = 70°C 0.5 500 nA
Logic Input Leakage Current [ Vss = Viogicin = 15V .001 1 HA
AM3705 I Vss = Viogicin = 15V; T = 125°C .05 10 MA
AM3705C L Vss = Viogen = 16V; T4 = 70°C 05 10 HA
Logic Input LOW Level ViL Vgs = +56.0V 0.5 1.0 Vv
Logic Input LOW Level Vio Voo Vgs - 4.0 \
Logic Input HIGH Level Vin Vgs = +56.0V 3.0 3.5 \
Logic Input HIGH Level Viy Vgs - 2.0 Vgs +0.3 \
Channel Switching Time-Positive t* l Switching Time 300 ns
Channel Switching Time-Negative | - | Test Circuit 600 ns
Channel Separation f=1kHz 62 dB
Output Capacitance Cab Vss - Voutr =0;f=1MHz 35 pF
Data Input Capacitance Cy Vss = Vpip=0;f=1MHz 6.0 pF
Logic Input Capacitance Ceq Vss = Viogicin = 0; f= 1 MHz 6.0 pF
Power Dissipation Po Vpp =-31V, Vgg = 0V 125 175 mw

Note 1: All voltages referenced to Vgg.

Note 2: Ratingapplies for ambient temperatures to +25°C, derate linearly at 3.0 mW/°C for ambient temperatures above +25°C.
Note 3: Specifications apply for Ta = 25°C, —24V < Vpp £ —20V, and +5.0V < Vgg < +7.0V; unless otherwise specified

(all voltages are referenced to ground).
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typical performance characteristics w
~
ON Resistance vs Analog ON Resistance vs ON Resistance vs Vpp 8
Input Voltage Ambient Temperature Supply Voltage N
300 — >
Vop =20V | o | Voo~ 200 \ Taezsc | 2
TEST POINT |{— Vss =47V | Vss = +7V 250 Vs = +5V
250 g TEST POINT |1 Vs =274 350 | lour = -1004A i ? lour = -100 4 | &l,
200 loyr = -100 A | 300 TESTPOINTS || 200 \\ \\ ] o
S | _ 250 Ll = ™ R Vour -5V ]
= 150 PN TEST POINT—4 g Vineur = -5V | | 4] = 150 o)
3 N 2 200 K
o« & LT
100 e 150 =
™~ -1 L
100 mm——
50 T 50 =T Vineut = +7V u
0 0 |
5 -3 -1 041 43 45 4] 75 -50 25 0 25 50 75 100 125
INPUT (V) TEMPERATURE (°C) Vpp SUPPLY (V)
Output Leakage Current vs switching time test circuit
Ambient Temperature
108 by Vinz
E Vour - Vss = 15V b—

S
— l v | 0 Vi,
105 TEST POINTS oo -

I T 1 | — 1 [ b —o WUt
l:—-o Vinz = 45V
10° L3 -0
Ve b— I Vina = -5V

TEMPERATURE ('C)

OUTPUT LEAKAGE CURRENT (pA)
g

E \ <
2
H

typical applications (con’t.)

Differential Input MUX 16-Channel Commutator
w ey 15V -15V
zT uT
s w2y
cames {1 | awans
LS i 12 ANALOG OUTPUT
8 °_1_
12 [ !
V| oaweres e
16)1s]af 1 1s
o3
CHANNEL ANALOG v
SELECT (TTL) INPUTS
) " .
ENABLE (TTL) ’ e S
16 f1s | 1a ) AM3705 s OM54L93
5 " I [ T
Now. ( Or—] 100K R R o—L BINARY
INVERTING 1 15V 15V COUNTER
INPUT AM3705 2 13
cmxunzg = Voltage Gain: 200 [ l
Differential Input Resistance: 10102 sV
CMRR: 100 dB cLock
Input Current: 0.5 nA neuT

8-Channel Demultiplexer with Sample and Hold

INPUT BUFFER

5 sV

LHoo33 100 mA
6] 1 ouTPUT
ANALOG o H o1uF
NPUT CHANNEL | Qi amanss | ! T
SELECT AND 1" 1 =
S enasLe (rry) | O— | =
o— 7
T 10v
“5mA
ouTPUT
v 20y
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AM3705/AM3705C

schematic diagram
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analog switch data sheets

For specifications on other National analog
switches and analog interface circuits, see the
following data sheets:

MOS Analog Switches

Dual Differential — MM450/MM550

Triple — MM455/MM555

Quad — MM452/MM552

Four Channel — MM451/MM551

Four Channel with Commutator — MM454/MM554
Six Channel — AM2009/AM2009C

TTL/DTL Compatible MOS

DPDT — AHO0014/AH0014C
Quad SPST — AH0015/AH0015C
DPST — AHO019/AH0019C

TTL/DTL Compatible J-FET
Dual DPST
Dual SPST
Dual DPDT (Diff)
SPDT (Diff)
High Level Compatible J-FET
DPST — AH2114/AH2114C
Ultra High Speed J-FET
+10V; 3092 — AM1000
+15V; 5052 — AM1001
+10V; 10082 — AM1002
N-Channel Discrete J-FET Switches
5 Ohm — 2N5432
7 Ohm — 2N5433
10 Ohm — 2N5434

AHO0100/AH0100C Series

Ty
|

ANALOG SWITCH DRIVERS
TTL Dual Level Translator — DM7800/DM8800
TTL Dual High Speed Translator — DH0034/
DH0034C
Analog Comparator/Level Translator — LM111
Series
SAMPLE AND HOLD CIRCUITS

Low Drift Precision — LH0023/LH0023C
High Speed — LH0043/LH0043C

Plus a complete line of amplifiers comparators
and voltage regulators.

6-30




MOS dynamic shift registers, and the TTL control

typical application

7x9 Character Generator System

=<
(N ROM Character Generators |33
‘ NN
WN
£
2
MM4220NP/MM5220NP, MM4230NN/MM5230NN, o
~
MM4230NO/MM5230NO0, 7x9 horizontal scan 2=
: S
display character generator c;n ]
R
general description ‘c’,’ o
22
The MM4220NP/MM5220NP is a 1024-bit read-only techniques are similar to those described in Appli- (o)
memory and the MM4230NN/MM5230NN and cation Note AN-40. Designs for vertical-scan fonts, °
MM4230NO/MM5230NO are 2048-bit read-only printer character generators, and designs for fonts 2
memories programmed to generate a font of 64 larger than 7x9 are also outlined in AN-40. g
7x9 dot-type raster or horizontal-scan characters. For full electrical, environmental and mechanical 3
The typical application shows the ASCll-address details, refer to the MM4220/MM5220 and w
system. The display refresh memory, built with MM4230/MM5230 data sheets. g
2
N
<
<
(3}
N
w
o
2
2

[1

2

00K O]
» semaL
Ll 9 ) DATA OUT
080 0—f ¢ ok,
W uwes e
wr Il T
v
1
[ R
1| v
= CCRT 0 T o_t M RO
n u n

L—E n 230 N n ws2iono u S22 e
= "

1l ofb—
I—-m n 8 20 2 IR R nwsaww
x

B = "

~

TreErerr— | | " ToaeT

b Lii” 3 IIIII 8 I||||

—ad

we

R,

=
Loamd Y
m"t:f: \:;:MA!( MO8 s m“t.:znt :ﬂl:lLlﬂ MMS001's  DMBO0O's " x* ot b A v
PAGE REFRESH LINE REFRESH by 2K
ey L w
Note: For additional information refer to AN-40.
rE-t-1-4-—+t-1—
- ° e ralals :
" ° x
Ms230 NN @ o H L F-T- - -
[ J [
% o 1 -
MM5230 NO oo r ‘ @_ nows
- s A

Order Number MM4220NP/J, MM5220NP/J,
MM4230NN/J, MM5230NN/J, MM4230N0/J,
or MM5230N0/J
See Package 11
Order Number MM5220NP/N, MM5230NN/N,
or MM5230NO/N
See Package 18
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MM4230NO/MM5230NO

MM4220NP/MM5220NP, MM4230NN/MM5230NN,

character font

3

02 0 o
010 000 110 000 001 000

0 )
oo eoe0e eooe .

[ 08 09 10 " 12 13 "* 15
111000 000 100 100 100 010 100 110100 001 100 101 100 011 100 111 100

s
i .
H
. i
16 17 18 19 20 21 2 2 24 25 26 21 28 29 30 n
000 010 100 010 010 010 110 010 001 010 101 010 011010 11010 000 110 100 110 010 110 110 110 001 110 101 110 011 110 1110

L

*

.
3
H R
.

2 3 35 36 37 39 a0 4 aQ 4 “ a5 @

000 001 010 001 110 001 001 001 101 001 011 001 111 001 000 101 100 101 010 101 1o 001 101 101101 0110 AR L
L .
8
. .
.
L) 50 51 52 53 55 56 57 58 59 60 61 62 63
100 011 010 011 1noom 001 011 101 011 mon 000 111 100 1M 0191 1mom 001 111 10111 o1 111 1nm

Note: Input addresses are in six bit ASCII code and are shown in the sequence Ag, A, ... As.




N

N

ROM Character Generators

MMA4240ABU/MM5240ABU hollerith character generator

general description

The MM4240ABU/MM5240ABU is a 64 x 8 x 5
read-only memory programmed to display a 64-
character subset of the Hollerith 12-line code,
normally used in punching 80 column cards. Com-
pression from 12 lines to the six needed to make

up a 64-character set may be accomplished as
shown in the typical application.

For electrical, environmental and mechanical de-
tails, refer to the MM4240/MM5240 data sheet.

typical application

SERIAL
DATA

our

LINE
AND
PAGE

STORE
(SEE ANAD)

HOLLERITH
CODE

INPUT

MMA24088U/
MMS240A8U Oowssto

o

R=68K

12=A5- A,
1=A,
0=A,
9=A;- Ay
8=A;

1_

Note: Hold present gives closure to GND.

“2v Vee cLock

LINE
COUNTER

Order Number MM4240ABU/J or MM5240ABU/J

See Package 11

Order Number MM5240ABU/N

See Package 18
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MM4240ABU/MM5240ABU

code table

HOLLERITH
INPUT CODE
(NON-COMPRESSED)

©
NOO D WN =

© ®omo®
NOO A WN

[
0 1
0 2
0 3
0 a4
o 5
0 6
[ 7
0 8
09
0 8 2
0 8 3
0o 8 4
o 8 5
o 8 6
[ 8 7
1
1 1
1 2
1 3
n 4
1 5
" 6
1 7
1 8
1 9
1" 8 2
1 8 3
n 8 4
" 8 5
n 8 6
1 8 7
12
12 1
12 2
12 3
12 4
12 5
12 6
12 7
12 8
12 9
12 8 2
12 8 3
12 8 4
12 8 5
12 8 6
12 8 7

OCTAL
SEQUENCE
00
01
02

S8KRY

10
n
12
13
14
15
16
17
20
21
22
23
24
25
26
27
28
30
31
32
33

35
36
37

40
41
42
43
a4
45
a6
47

51
52
53
54
55
56
57

60
61
62
63

65
66
67
70
7
72

74
75
76
77

GRAPHIC
DISPLAY
(space)

1

DpvOZETrAC N<Xs<cHn>o ©CONO TS WN

“—IOTMOO®>

. (period)

character font

MM4240ABU/MM5240ABU

L)
0 000
00 01 02 04 06 07
000000 000001 000010 000011 000100 000101 000110 000 111

o
3 19
001 011 001 100

e
[ [ 3 L3
:: 3
: L] o

23 24
010011 010 100

33
o1 on

§.'”
a3

100000 100 001 100010 100 011

L L] g.”
46

45 a7
100 101 100110 100 111

o
50 52 53 54
101000 101 001 101010 101011 101 100

L] LJ
000 o000
60 61 63 64
110000 110001 110010 110011 110100

H ® ° L] L]

L]
70 n 14 K& 74 75 76 n
111000 111001 111010 111011 111100 11101 11110 11111
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ROM Character Generators

MMA4240ABZ/MM5240ABZ EBCDIC-8 character generator

general description

The MM4240ABZ/MM5240ABZ is a 64 x 8 x 5
read only memory that has been programmed to
display the 64 character graphic subset of EBCDIC-
8, an Extended Binary Coded Decimal Interchange
Code with character assignments and locations con-
forming to the American Standard x 3.26-1970
(see MM5230QX data sheet for full EBCDIC-8
table).

Compression of the eight bits of EBCDIC-8 to the

six needed for a 64-character subset is accom-
plished by simply ignoring the two most significant
EBCDIC bits, bit 0 and bit 1.

The octal character address digits are then formed
as shown below.

For electrical, environmental and mechanical de-
tails, refer to the MM4240/MM5240 data sheet.

character font

soeee o
05

00 0 4 06
000 000 000 001 000 010 000 011 000 100 000 101 000 110
° (1) o °
° ° ° °
° . ° °
o0 ° . ° [

° o . .
° ° ° o0 () (]
. o00 ooe oe L] °

"

10 15
001000 001001 001010 001 101

2
010 010
ooe

°

010 001 010 011

°
[T
32 33
01011

011 010

[T 1Y ° [ H
. . o °
°
a4 43
100 001 100 011
o ° seece .
° ° °
L)

40
100 000

°

°

°

13

50
101 000

6
110110

1 1 7% 76
11011 111100 111101 111110

72
111010

1
11000 111001

Order Number MM4240ABZ/J or MM5240ABZ/J
See Package 11

37
o
°
.

a
100 111

n
mm

EBCDIC BITS

MSB 234 567 LSB
N ~
MsD 1 2 LSD

OCTAL DIGITS

OUTPUTS
B,B,B;B, By
000 @

ROW 011 @
ADDRESS 100 @

101 @
100
m

Order Number MM5240ABZ/N
See Package 18
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MM4240ACA/MM5240ACA

NN

ROM Character Generators

MM4240ACA/MM5240ACA EBCDIC character generator

general description

The MM4240ACA/MM5240ACA is a 64 x 8x 5
read only memory that has been programmed to
display the 64 character graphic subset of EBCDIC,
an Extended Binary Coded Decimal Interchange
code typically used in IBM systems.

Compression of the eight bits of EBCDIC to the
six needed for a 64-character subset is accom-

plished by simply ignoring the two most significant
EBCDIC bits, bit zero and bit one.

The octal character address digits are then formed
as shown below.

For electrical, environmental and mechanical de-
tails, refer to the MM4240/MM5240 data sheet.

character font

o0 S000, 000 sece
° ° °
° [
] 3 o o L) o =
e 3 300e® %000’ 3000’ 3000e &
00 0 02 03 0 05
000000 000001 000010 000011 0OD100 00O 101 000 110
o eoe ° °
e o Q Q °
e o o ° ° ]
occee o o ° oo00e
o o o ° . °
e o o e ° . °
o o oo
10 1 12 13 L 15 16
001000 001001 001010 001011 001100 001101 001 110
. ee oo °
oe e o o o
o e $8,° o H
g o oo
[30K) eoe o °
0 o0 o o °
e 000 o o eecee o
20 21 2 2 2
010011 010100

33 34

011011
0000

011 100

a

100 001 100 010

0000 :
L) ..:..

o
0000

52
101 010

6

110001 110010 110011

7 75
1m0 nn

® e
2 3
11010 11101

n
111001

Order Number MM4240ACA/J or MM5240ACA/J
See Package 11

76
1o

57
1011

67
1o 1

n
mim

EBCDIC BITS

mMsB 234 567 LSB
~ N

mMsD 1 2 LSD

OCTAL DIGITS

OUTPUTS
B, B, B, B, B

000 @
g,
10

ROW o111 @ [ ]

ADDRESS 100 @
0@
10@
m

Order Number MM5240ACA/N
See Package 18
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ROM Code Converters

SKO0003 sine/cosine look-up table kit

general description

The SK0003 Sine/Cosine Look-Up Table Kit con-
sists of four MOS ROMs: three MM4210/MM5210°s
and one MM4220/MM5220-1024 bit static read
only memories. They are P-channel enhancement
mode monolithic MOS integrated circuits utilizing
a low threshold technology.

THE SINE FUNCTION

The SK0003 implements the equation sinf = sin
M cos L + cos M sin L. Cos L was assumed to be
1 in the equation. However, it is a variable between
1 and 0.99998 and is a function of round off error.
Worst case error is 1-5/8 bits in LSB at address
1415 (62.25°). The error increases from zero to
.002% every 8 bits, therefore, the MM4220/
MM5220 provides the error correction factor
cos(M — 2.81°)sin L in the equation sinf = sinM +
cos (M — 2.81°)sin L. The circuitry to perform this
function is shown in Figure 1. Additional informa-
tion is available in MOS Brief 10.

THE COSINE FUNCTION

To generate the cosine function cosf = sin(6 —
90°), the input must be complemented and a
logical 1" added. Figure 2A is a logic diagram
of the circuitry used to provide the cosine func-
tion, as well as providing both sine and cosine
functions in the same system. 11-bit resolution
and 12-bit accuracy *1-5/8-bits is achieved in this
configuration.

A reduction in logic can be achieved as shown in
Figure 2B if a loss in resolution of 1/2-bit in an
11-bit input or 1/4-bit in a 10-bit input is accept-
able.

ELECTRICAL CHARACTERISTICS

Refer to the appropriate data sheet for each
device shown in the figures. The devices noted are:
MM4210/MM5210, MM4220/MM5220, DM5483/
DM7483, DM7812/DM8812 and DM5486/DM7486.

logic diagram

GATES v
DMBB125

36K S R =(TO EACH INPUT)

VoV

amss

BINARY

Order Number SK0003C

Yov

\

or
Order Number SKO003M

ANEXTMSB

omM7483

J:Amlv INPUT

R = (T0 EACH OUTPUT)

'.I«.l. ~J=]- =|

Ise

A—-0 -12v
51K

FIGURE 1. SKO0003 Logic Diagram (Kit Includes ROMs Only). This Circuit Provides 11-Bit Resolution and 12-Bit

Accuracy in a 0 to Sin 0 Converter.
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SK0003

logic diagram

+12v
CARRY
a0 GATES € S .S <
et omgz;  SRSRSA SR
ro—_j 16 15 »
By oin
— As -
o‘j ) > 4
Four J D i 2
MSB'S A "'—| ) .
O—::)D“_v ': om74s3 2
HR T D
A
D5 -
~ h
13[ CARRY — 2
= N
<
- ::ni:n::n: R 2
D>— D> —
[ $K0003 L——z‘
sl D
FOUR < ;
e 1
eEs O—:jD ° omrasy x:;:.g
S P = —
DH -
= D
. [ 2
CARRY < < <
14 our :‘a Sh ::n "
+D—f D -
THREE —a A,
L5B'S 07:)’ > 5 _—D m
o A
:)i > a: DM7483 "
SINE/COSINE | } —
ENABLE Ay
SIGNAL - ne 20K
“0" = Sine. b_. A
“1"= Cosine
CARRY
r N

FIGURE 2A. Sine/Cosine Conversion Provides 11-Bit Resolution, 12-Bit +1-5/8 Bit Accuracy.

+av
EX-ORGATES  GATES
DM7486s OM8812s x
]
———t
+H2v
3K 2
NEXT po—— 2
55 O— 2]
[ fre 23
+H2v K 24
Oo— 3
e 25
[} 4 SK0003
| — ROMS S—T
] 5] AND
] | 3 R S—
1 —{  Aooens
| 1 +2v - — 2¢
: : = .
LS8 ™
i}
SINE/ 0 = Sine 2"
COSINE “1" = Cosine
SIGNAL

FIGURE 2B. Sine/Cosine Conversion with Cosine Approximated. (Cosine Conversion has 10-Bits Input Resolution

and 12-Bit +1-5/8-Bit Accuracy.)
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N ROM Code Converters

MM4220AE/MM5220AE ASCI1l-7 to hollerith code converter

general description

The MM4220AE/MM5220AE 1024-bit read-only The typical application shows a recommended
memory has been programmed to convert the circuit for re-expansion of the Hollerith code to
128 entries of the American Standard Code for twelve lines.

Information Interchange in seven bits (ASCI11-7) to

Hollerith code (compressed to eight bits). The For electrical, environmental and mechanical de-
conversion performed follows the recommendation tails, refer to the MM4220/MM5220 data sheet.

of American National Standard ANSI x 3.26—
1970, Hollerith punched card code.

typical application

- - PUNCH
I DMBB10 —- vy
or DM8812 Voo 9
A v,
n,_D— q, = 7 p=—
0
A, r
.,_& 2, upt
- 11\ FANOUT AVAILABLE
~ . 1TTL LOAD
7
ASCI? ,,,___D; <1 PY of _
INPUTS
MMA220AE/
MMS5220AE L]
Do '
) 0
A 8 ]
— e o ) I b
50— 2
A L3 I ¢ o—
v " ¢ owaz  ° :
i 1 . FAN QUT AVAILABLE
wl L . . o— 10TTL LOADS
TYPICAL @~ — @ 5 I 2 N
TLINES < < 10— ¢
Ves % A
r ijo—1
v 4
T 333333
3 > $ S S
3 3 b: 3 3 g
| R IR IR IR IR AR HOLLERITH PUNCH COMMANDS.
| -12v (ACTIVE LEVEL. LOW = PUNCH)
*CHIP ENABLE =}

*Chip Enable = Logic “1” to obtain outputs.
Logic Levels:
DTL/TTL (except at MOS/ROM interface). Logic “1,” +5.0V, NOM, Logic “0" ground, NOM.
MOS/ROM inputs and outputs. Logic “1,” more negative, Logic “’0,” more positive.

Order Number MM4220AE/J or MM5220AE/J
See Package 11
Order Number MM5220AE/N
See Package 18

83

IVOZZSWIN/IVOZZYINWIN




MM4220AE/MM5220AE

code conversion tables

b, 0 0 0 0 1 1 1 1
bg 0 0 1 1 0 0 1 1
bg 0 1 0 1 0 1 0 1
coL
bg bz by by RO 0 1 2 3 4 5 6 7
NUL DLE SP 0 @ P \ p
0000 0 12-0-9-8-1( 12-11-9-8-1| NOPCH| 0 8-4 1-7 8-1 12-11-7
SCH DC1 ! 1 A Q a q
0001 1 12-9-1 11-9-1 12-8-7 1 12-1 1 11-8 12-0-1 12-11-8
STX DC2 v 2 B R b r
0010 2 12-9-2 11-9-2 8-7 2 12-2 | 11-9 12-0-2 12-11-9
ETX DC3 # 3 C S c s
0011 3 12-9-3 11-9-3 8-3 3 12-3 | 0-2 12-0-3 11-0-2
ECT DC4 $ 4 D T d t
0100 4 9-7 9-8-4 11-8-3 4 12-4 | 0-3 12-0-4 11-0-3
ENQ NAK % 5 E V] e u
0101 5 0-9-8-5 9-8-5 0-8-4 5 12-5 | 0-4 12-0-5 11-0-4
ACK SYN & 6 F Vv f v
0110 6 0-9-8-6 9-2 12 6 12-6 | 0-5 12-0-6 11-0-5
BEL ETB ' 7 G w g w
0111 7 0-9-8-7 0-9-6 8-5 7 12-7 | 0-6 12-0-7 11-0-6
BS CAN ( 8 H X h X
1000 8 11-9-6 11-9-8 12-8-5 8 12-8 | 0-7 12-0-8 11-0-7
HT EM ) 9 | Y i y
1001 9 12-9-5 11-9-8-1 11-8-5 9 12-9 | 0-8 12-0-9 | 11-0-8
IF SuUB * : J P4 j z
1010 10 0-9-5 9-8-7 11-8-4 8-2 11-1 {0-9 12-11-1 |} 11-0-9
vT ESC + ; K [ k {
101 1 12-9-8-3 0-9-7 12-8-6 11-8-6 | 11-2 | 12-8-2 | 12-11-2 | 12-0
FF FS , < L \ 1 :
1100 12 12-9-8-4 11-9-8-4 0-8-3 12-8-4 | 11-3 | 0-8-2 12-11-3 | 12-11
CR GS - = M ] m }
1101 13 12-9-8-5 11-9-8-6 11 8-6 1-4 1 11-8-2 | 12-11-4 | 11-0
SO RS . > N A®D|n ~
1110 14 12-9-8-6 11-9-8-6 12-8-3 0-8-6 11-5 | 11-8-7 | 12-11-5 | 11-0-1
SI us / ? (o] - o DEL
mn 15 12-9-8-7 11-9-8-7 0-1 0-8-7 11-6 | 0-8-5 12-11-6 | 12-9-7
@ maybe””
@ may be “7"
@ The top line in each entry to the table represents an assigned character (Columns O to 7).

The bottom line in each entry is the corresponding card hole-pattern.
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MM4220AP/MM5220AP

BCDIC-to-ASCIl code converter

general description

The MM4220AP/MM5220AP is used for the con-
version of the Binary Coded Decimal Interchange
Code(BCDIC) to the American Standard Code for
Information Interchange (ASCIl).

The input is a seven-bit BCDIC code with the
exception of the parity (check) bit (pin 18) which
is returned to +12V dc. The alternate set of input
symbols is also shown in the Conversion Table for
reference.

ROM Code Converters

The output is a seven-bit ASCII code, with an
eighth bit generated for even parity.

device characteristics

For full electrical, environmental, and mechanical
details, refer to the MM4220/MM5220 1024-bit
read only memory data sheet.

typical application connection diagram

Dual-In-Line Package

At A\ 2 Voo
v - o ’—
; = Ap=——q2 23 N.C.
GATES DMBSIO OR DwBstz Voo v > 6K
| ) aa —— D TYPICAL,
'-‘D 3 = $7 7 Psumes ) Ard 3 22} n.c.
GATES DW7400
1—-[),L "z AL b By =4 21 f—aq
By 5 20} A,
A,
8 By =] 6 19 fpm Ag
] 2n by
= Boeef? 18 Ay
I )C As 8, w
A 20 MM4220AP/ 7 D—. g -
MM5220AP “ § L 17 = Voo
s
A Bs MODE
By =d 10 15 frmn CHIP
C(NOT USED) 221 L D_ b ENABLE
a8 L . By =~ 11 14 pg
TYPICAL, Q——— a Dy_,,,
TUNES @ Ves =g 12 13fm NG
v,
+Hav =1 W 1 L D—umn TOP VIEW
I OTL/TTL LOGIC
e Order Number MM4220AP/J or MM5220AP/J
*CHIP ENABLE

See Package 11

Order Number MM5220AP/N
See Package 18

1TMODE CONTROL

tMode Control = Logic “0,” Ag = Logic “1.”
*Chip Enable = Logic “1” to obtain outputs.
Logic Levels:
DTL/TTL (except at MOS/ROM interface). Logic “1,” +5.0V, NOM. Logic “0,” ground, NOM.
MOS/ROM mputs and outputs. Logic “1,” more negative. Logic “0,” more positive.
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MM4220BL/MM5220BL

A
MM4220BL/MM5220BL baudot-to-ASCIl code converter
general description

The MM4220BL/MM5220BL is used for conversion
of the Communications Set Baudot code to the
American Standard Code for Information Inter-
change (ASCII).

The Baudot and ASClI codes have different for-
mats. ASCIl has a unique code combination for
each alphabetic, numerical, or control character.
The correct interpretation of a five bit Baudot is
dependent upon knowing its previous history;
whether upper or lower case was /ast selected. In
effect a sixth-bit, which can be called the Case Bit,
is required to uniquely identify the Baudot input.
The latch circuit shown in the typical application
can store this information and will generate the
Case Bit. If the bit is externally supplied, the

ROM Code Converters

feedback and latch circuits can be deleted (as
shown with the X's).

The accompanying table is applicable for the code
conversion scheme as shown (or its alternate)
rather than for the device itself. The input and
output codes are defined at the TTL gates with the
logic trues high (Logic ‘1" = +5 volts, nominal;
Logic “0"” = Ground, nominal).

device characteristics
For full electrical, environmental, and mechanical

details, refer to the MM4220/MM5220 1024-bit
read only memory data sheet.

typical application and connection diagram

Baudot to ASCII

e 12V de

L
<

BAUDOT  (ALLIOKIQ 3

INPUTS. 4 Ves Voo Ve

i
mv&—D 3 =

>

A; B,

INPUT GATES  BIT

ARE DM8812

ar2 MMa2208L 7

Do
Do
IS

OUTPUT GATES
DMB00O SERIES

E)} A MM52208L 5
BIT

OPTIONAL SIXTH BIT

18 1
11415
<
(ALL 6.K) €
-12v

GATES: DM8000 SERIES Vss

“1” = +5.0V Nominal

“0" = Ground, Nominal

Logic Levels

1" More Negative Output

Dual-In-Line Package

Ay =] 2}mVoo
A2 23f—nC

A =3 2f—ne

B, =4 21f—As

8, =5 20} Ay
86 19} Ag
B—7 18— A,
e 17— Aq

B =9 16— Voo
o et
e 14 ERaLe
Vssme 12 13 Ay

TOP VIEW

“0" More Positive Qutput

Order Number MM4220BL/J or MM5220BL/J

See Package 11

Order Number MM5220BL/N
See Package 18

Logic Levels of Input and Qutput Codes.
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