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DATA CLASSIFICATION

Product Preview

This heading on a data sheet indicates that the device is in the formative
stages or in design (under development). The disclaimer at the bottom of
the first page reads: ‘“This document contains information on a product
under development. Motorola reserves the right to change or discontinue
this product without notice.”

Advance Information

This heading on a data sheet indicates that the device is in sampling,
preproduction, or first production stages. The disclaimer at the bottom of
the first page reads: ‘' This document contains information on a new product.
Specifications and information herein are subject to change without notice.”

Fully Released

A fully released data sheet contains neither a classification heading nor a
disclaimer at the bottom of the first page. This document contains infor-
mation on a product in full production. Guaranteed limits will not be changed
without written notice to your local Motorola Semiconductor Sales Office.

BurstRAM, DSPRAM, ParityRAM, and QuickRAM are trademarks of Motorola, Inc.
SPARC is a trademark of Sun Microsystems.
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MEMORIES

Prepared by
Technical Information Center

Motorola has developed a broad range of reliable memories for virtually any digital
data processing system application. Complete specifications for the individual circuits
are provided in the form of data sheets. In addition, a selector guide is included to
simplify the task of choosing the best combination of circuits for optimum system
architecture.

New Motorola memories are being introduced continually. For the latest
releases, and additional technical information or pricing, contact your nearest
authorized Motorola distributor or Motorola sales office.

Motorola reserves the right to make changes without further notice to any products herein to improve reliability,
function or design. Motorola does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.
Motorola products are not designed, intended, or authorized for use as components in systems intended for
surgical implant into the body, or other applications intended to support or sustain life, or for any other application
in which the failure of the Motorola product could create a situation where personal injury or death may occur.
Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer
shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly,
any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim
alleges that Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are
registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.
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ALPHANUMERIC INDEX

Device Number Organization | Address Access Comments Page
/Cycle Time

MCMBG0L256A-C 32Kx8 100 ns Industrial temp range (—40 to +85° C}), Low power 4-8
MCM6OL256A-V 32K x8 100 ns Extended temp range (~40 to +105° C), Low power 4-16
MCM2018A 2Kx 8 35/45/55 ns 4-3
MCM3264 64K x 32 20/25/30 ns 6-3
MCM4180 4K x4 18/20/25 ns Cache Tag 7-3
MCM6205 32K x 9 15/17/20/25/35 ns 5-3
MCM6205C 32K x 9 15/17/20/25/35 ns 5-9
MCMe6206 |32Kx 8 15/17/20/25/35 ns 5-15
MCM6206C 32Kx8 16/17/20/25/35 ns 5-21
MCM6207 256K x 1 15/20/25 ns 5-27
MCMe6207C 256K x 1 10/12ns 5-33
MCMe62L07 256K x 1 20/25/35 ns Low Current Standby Mode 5-39
MCM6208 64K x 4 15/20/25 ns 5-45
MCMe6208C 64K x 4 15,20,25 ns 5-51
MCMs62L08 64K x 4 20/25/35 ns Low Current Standby Mode 5-57
MCM6209 64K x 4 15/20/25 ns 5-63
MCM6209C 64K x 4 15,20,25 ns 7 5-69
MCM62L09 64K x 4 20/25/35 ns Low Current Standby Mode 5-57
MCM6226 128K x 8 25/30 ns 5-75
MCM6226A 128K x 8 20/25/30 ns 5-82
MCM6229 256K x 4 25/30 ns 5-89
MCM6229A 256K x 4 20/25/30 ns 5-95
MCMe6246 512Kx 8 25/30/35 ns 5-102
MCM6249 iMx4 25/30/35 ns 5-108
MCM6264 8Kx8 15/20/25/35 ns 5-114
MCMe6264C 8Kx8 12/16/20/25/35 ns 5-120
MCMe6265 8Kx9 15/20/25 ns 5-126
MCMe6265C 8Kx9 12/15/20/25/35 ns 5-132
MCM6268 4Kx 4 20/25/35/45/55 ns 5-138
MCMé6269 4Kx 4 25/356 ns Fast Chip Select 5-138
MCM6270 4Kx 4 20/25/35 ns Output Enable 5-144
MCMe6287 64K x 1 12/15/20/25/35 ns 5-150
MCM6288 16K x4 12/16ns 5-156
MCMe6288B 16K x 4 20/25/35 ns 5-162
MCMe6288C 16K x 4 12/15/20/25/35 ns 5-168
MCM6290 16K x 4 12/15ns Output Enable 5-174
MCM6290B 16K x 4 20/25/35 ns Output Enable 5-156
MCMe6290C 16K x 4 10/12/15/20/25/35 ns | Output Enable 5-180
MCM6293 16K x 4 20/25 ns Synchronous, Output Registers 7-13
MCM6294 16K x4 20/25ns Synchronous, Output Registers, Output Enable 7-23
MCM6295 16K x 4 25/35 ns Synchronous, Output Enabl 7-32
MCM6706 32K x 8 10/12ns BiCMOS 5-186
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ALPHANUMERIC INDEX (Continued)

Device Number Organization | Address Access Comments Page
/Cycle Time

MCM6706A 32K x 8 8/12ns BiCMOS 5-192
MCM6708 64K x4 10/12ns BiCMOS 5-198
MCM6708A 64K x 4 10/12ns BiCMOS 5-204
MCM6709 64K x4 10/12ns BiCMOS, Output Enable 5-198
MCM6709A 64K x 4 12/15 ns BICMOS, Output Enable 5-204
MCMe6726 256K x 4 10/12ns BiCMOS 5-210
MCM6727 iMx1 10/12ns BiCMOS 5-215
MCMé6728 256K x 4 10/12ns BiCMOS 5-220
MCM6729 256K x 4 10/12ns BiCMOS 5-225
MCM8256 256K x 8 20/25/30 ns 6-10
MCM32100 1M x 32 80/100 ns Fast page mode cycle time = 40/45/55 ns 3-3
MCM32130 1M x 32 70/80/100 ns Low height version of MCM32100 3-156
MCM32200 2M x 32 80/100 ns Fast page mode cycle time = 40/45/55 ns 3-27
MCM32230 2M x 32 70/80/100 ns Low height version of MCM32200 3-39
MCM32256 256K x 32 70/80/100 ns Fast page mode cycle time = 40/45/55 ns 3-51
MCM32257 256K x 32 20/25 ns 6-17
MCM32512 512K x 32 70/80/100 ns Fast page mode cycle time = 40/45/55 ns 3-63
MCM36100 1M x 36 80/100 ns Fast page mode cycle time = 40/45/55 ns 3-75
MCM36200 2M x 36 80/100 ns Fast page mode cycle time = 40/45/55 ns 3-87
MCM36232 2x32Kx36 |15/20ns 6-24
MCM36256 256K x 36 70/80/100 ns Fast page mode cycle time = 40/45/55 ns 3-99
MCM36512 512K x 36 70/80/100 ns Fast page mode cycle time = 40/45/55 ns 3-111
MCM40100 1M x 40 70/80/100 ns Same as MCM36100, for error correction applications 3-123
MCM40200 2M x40 70/80/100 ns Same as MCM36200, for error correction applications 3-135
MCM40256 256K x 40 70/80/100 ns Same as MCM36256, for error correction applications 3-147
MCM40512 512K x 40 70/80/100 ns Same as MCM36512, for error correction applications 3-159
MCM54100A 4Mx 1 60/70/80 ns Fast page mode cycle time = 40/45/55 ns 23
MCM54100A-C 4aMx1 70/80 ns Industrial temp range (—40° to +85°C) 2-22
MCMS54101A 4Mx1 60/70/80 ns Nibble mode cycle time = 40/40/40 ns 2-41
MCM54102A 4Mx1 60/70/80 ns Static column mode cycle time = 35/40/45 ns 2-60
MCM541708 256K x 16 70/80/100 ns Fast page mode — 1 CAS, 2 Write Enables 2-82
MCM5L4170B 256K x 16 70/80/100 ns Battery Backup 2-82
MCMS5V4170B 256K x 16 70/80/100 ns Self Refresh 2-82
MCM54190B 256K x 18 70/80/100 ns Fast page mode — 1 CAS, 2 Write Enables 2-84
MCMS5L4190B 256K x 18 70/80/100 ns Battery Backup 2-84
MCM5V4190B 256K x 18 70/80/100 ns Self Refresh 2-84
MCM54260B 256K x 16 70/80/100 ns Fast page mode — 2 CAS, 1 Write Enables 2-86
MCM5L42608 256K x 16 70/80/100 ns Battery Backup 2-86
MCM5V42608 256K x 16 70/80/100 ns Self Refresh 2-86
MCM542808 256K x 18 70/80/100 ns Fast page mode — 2 CAS, 1 Write Enables 2-88
MCMS5L42808 256K x 18 70/80/100 ns Battery Backup 288
MCMS5V4280B 256K x 18 70/80/100 ns Self Refresh 2-88
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ALPHANUMERIC INDEX (Continued)

Device Numb Organizati Add A Comments Page
/Cycle Time

MCMS54400A 1iMx4 60/70/80 ns Fast page mode cycle time = 40/45/55 ns 2-90
MCMS54400A-C iMx4 70/80 ns Industrial temp range (~40°C to +85°C) 2-11
MCMS54402A iMx4 60/70/80 ns Static column mode cycle time = 35/40/45 ns 2-131
MCMS54410A iMx4 60/70/80 ns Fast page mode cycle time = 45/45/50 ns, Write Per Bit 2-154
MCM54800A 512Kx 8 70/80/100 ns Fast page mode cycle time = 45/50/60 ns 2-175
MCMS5L4800A 512K x 8 70/80/100 ns Battery Backup 2-175
MCM5V4800A 512K x 8 70/80/100 ns Self Refresh 2-175
MCMS54900A 512Kx 9 70/80/100 ns Fast page mode 2-195
MCMS5L4900A 512Kx 9 70/80/100 ns Battery Backup 2-195
MCM5V4900A 512K x 9 70/80/100 ns Self Refresh 2-195
MCMS56824 8K x 24 25/30/35 ns DSPRAM 7-41
MCM56824A 8Kx 24 20/25/35 ns DSPRAM 7-49
MCMe62110 32Kx9 15/17/20 ns Synchronous, Dual I/O, Parity Checker 7-56
MCMe62157 16K x 16 15/17/24 ns Sparc Cache, Synchronous 7-66
MCM62350 4Kx 4 18/20/25 ns Cache Tag, Programmable Match Level 7-71
MCM62351 4Kx 4 18/20/25 ns Cache Tag, Programmable Match Level 7-81
MCMe62486 32Kx9 14/19/24 ns 486 Processor Cache Synchronous BurstRAM 7-91
MCM62486A 32Kx9 14/19/24 ns 486 Processor Cache Synchronous BurstRAM 7-100
MCM62820 8K x 20 23/30 ns Latched Address 5-230
MCM62820A 8K x 20 17/23 ns Latched Address 5-236
MCM62940 32K x9 14/19/24 ns 68040 Cache Synchronous BurstRAM 7-110
MCM62940A 32K x 9 14/19/24 ns 68040 Cache Synchronous BurstRAM 7-118
MCM62950 32K x9 20/25 ns RISC-CISC Cache, Synchronous 7-127
MCM62950A 32K x9 15/20/25 ns RISC-CISC Cache, Synchronous 7-133
MCM62960 32Kx9 17/20/24 ns Synchronous, Output Registers 7-140
MCM62960A 32K x9 15/17/24 ns Synchronous, Output Registers 7-146
MCMe62963 4Kx 10 30ns Synchronous, Output Registers 7-153
MCM62963A 4K x 10 30ns Synchronous, Output Registers 7-158
MCM62973 4K x 12 18/20 ns Synchronous, Output Registers 7-163
MCM62973A 4K x 12 18/20 ns Synchronous, Output Registers 7-168
MCM62974 4Kx 12 18/20 ns Synchronous, OQutput Registers, Output Enable 7-173
MCM62974A 4Kx 12 18/20 ns Synchronous, Output Registers, Output Enable 7-177
MCM62975 4Kx 12 25/30 ns Synchronous, Output Enable 7-181
MCM62975A 4Kx 12 25/30 ns Synchronous, Output Enable 7-186
MCM62980 64K x 4 15/20 ns Synchronous 1 Stage Pipeline 7-191
MCM62981 4x64Kx 1 15/20 ns Parity RAM, Synchronous 1 Stage Pipeline 7-197
MCM62082 64K x 4 12/15 ns Synchronous, Output Registers, 2 Stage Pipeline 7-203
MCMe62983 4 x64Kx 1 12/15ns Parity RAM, Synch., Ouiput Registers 2 Stage Pipeline 7-208
MCM62990 16K x 16 17/20/25 ns Latched Address, Asynchronous 7-213
MCM62990A 16K x 16 15/20/25 ns Latched Address, Asynchronous 7-219
MCM62995 16K x 16 17/20/25 ns Latched Address, Asynchronous 7-226
MCM62995A 16K x 16 12/15/20 ns Latched Address, Asynchronous 7-237

MOTOROLA MEMORY DATA
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ALPHANUMERIC INDEX (Continued)

Device Numb Organizati Add A Comments Page
: ICycle Time

MCM62996 16K x 16 12/15/20/25 ns 7-249
MCM67282 256K x 4 10/12ns BiCMOS 5-242
MCM81000 1iMx8 70/80/100 ns Fast page mode cycle time = 40/45/55 ns 3-171
MCM8L1000 1Mx8 70/80/100 ns Fast page mode with low power battery backup 3-171
MCM81000A 1Mx8 70/80/100 ns Low cost derivative of MCM81000 —
MCMS8L1000A iMx8 70/80/100 ns Low cost derivative of MCM8L 1000 —
MCM81001 iMx8 70/80/100 ns Nibble mode cycle time = 35/35/40 ns —
MCM81002 iMx8 70/80/100 ns Static column mode cycle time = 40/45/55 ns —
MCM81430 1Mx8 60/70/80/100 ns Two chip derivative of MCM81000S 3-183
MCM8L1430 iMx8 60/70/80/100 ns Two chip derivative of MCM8L1000S 3-183
MCM84000 4Mx 8 80/100 ns Fast page mode cycle time = 50/60 ns 3-195
MCM84000A 4Mx 8 60/70/80/100 ns '3-207
MCM8L4000 4M x 8 80/100 ns Fast page mode with low power battery backup 3-195
MCM84256 256K x 8 70/80/100 ns Fast page mode cycle time = 40/45/55 ns 3-219
MCM8L4256 256K x 8 70/80/100 ns Fast page mode cycle time = 40/45/55 ns, low power 3-219
MCM91000 1iMx9 70/80/100 ns Fast page mode cycle time = 40/45/55 ns 3-231
MCMS9L1000 1Mx9 70/80/100 ns Fast page mode cycle time = 40/45/55 ns, low power - 3-231
MCM91000A 1iMx9 70/80/100 ns' Low cost derivative of MCM91000t —
MCMOL1000A 1Mx9 70/80/100 ns Low cost derivative of MCMSL1000 —
MCM91001 1Mx9 70/80/100 ns Nibble mode cycle time = 35/35/40 ns —
MCM91002 1Mx9 70/80/100 ns Static column mode cycle time = 40/45/55 ns —
MCM91430 1Mx9 70/80/100 ns Three chip derivative of MCM91000S 3-243
MCM9L1430 iMx9 70/80/100 ns Three chip derivative of MCM9L1000S 3-243
MCM94000 4Mx9 80/100 ns Fast page mode cycle time = 50/60 ns 3-255
MCM89L4000 4Mx9 80/100 ns Fast page mode cycle time = 50/60 ns, low power 3-255
MCM94000A 4Mx9 60/70/80/100 ns Low height 4Mx9 using MCM54100AN DRAM 3-267
MCMB9L4000A 4Mx9 60/70/80/100 ns Low height 4Mx9 using MCM54100AN DRAM, low power 3-267
MCM94256 256K x 9 70/80/100 ns Fast page mode cycle time = 40/45/55 ns 3-279
MCMeoL4256 256K x 9 70/80/100 ns Fast page mode cycle time'= 40/45/55 ns, low power | 3-279
MCM94256A 256K x 9 70/80/100 ns Fast page mode cycle time = 40/45/55 ns 3-291
MCM9L4256A 256K x 9 70/80/100 ns Fast page mode cycle time = 40/45/55 ns, low power 3-291
MCM101510 iMx 1 10/12ns ECL '7-254
MCM101514 1Mx 1 10/12ns ECL 7-260
MCM511000A 1iMx1 70/80/100 ns Fast page mode cycle time = 40/45/55 ns 2-197
MCM51L1000A 1Mx1 70/80/100 ns Fast page mode with low power battery backup 2-197
MCM5110008 iMx1 60 ns Fast page mode cycle time = 40 ns 2-212
MCM511001A iMx 1 70/80/100 ns Nibble mode cycle time = 35/35/40 ns 2-227
MCM511002A iMx1 70/80/100 ns Static column mode cycle time = 40/45/55 ns 2-242
MCM514256A 256K x 4 70/80/100 ns Fast page mode cycle time = 40/45/55 ns 2-257
MCMS51L4256A 256K x 4 70/80/100 ns Fast page mode with low power battery backup 2-257
MCM514256B 256K x 4 60 ns Fast page mode cycle time = 40 ns 2-272
MCM51L4256B 256K x 4 60ns Fast page mode with low power battery backup 2-272
MCM514258A 256K x 4 70/80/100 ns Static column mode cycle time = 40/45/55 ns 2-287
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SELECTOR GUIDE

DYNAMIC RAMs
Org Motorola Package Information Address Low ind
Part Number Access Current | Power | Temp
300-Mil DIP | 100-Mil ZIP | 300-Mil SOJ | 350-Mil SOJ | (ns Max) | (mA Max)
(Pins) {Pins) (Pins) (Pins)
iMx1 | MCM511000A-70 18 20 20/26 70 80
MCM511000A-80 18 20 20/26 80 70
MCM511000A-10 18 20 20/26 100 60
MCMS511000A-C70 18 20 20/26 70 85 .
MCM511000A-C80 18 20 20/26 80 75 .
MCM511000A-C 10 18 20 20/26 100 65 .
MCM51L1000A-70 18 20 20/26 70 80 .
MCMS51L1000A-80 18 20 20/26 80 70 .
MCMS51L1000A-10 18 20 20/26 100 60 .
MCM51L1000A-C70 18 20 20/26 70 85 . .
MCMS51L1000A-C80 .18 20 20/26 80 75 . .
MCM51L1000A-C10 18 20 20/26 100 65 . .
MCM511000B-60 20 20/26 60 90
MCMS51L1000B-60 20 20/26 60 90 .
MCM511001A-70 18 20 20/26 70 80
MCM511001A-80 18 20 20/26 80 70
MCM511001A-10 18 20 20/26 100 60
MCM511002A-70 18 20 20/26 70 80
MCM511002A-80 18 20 20/26 80 70
MCM511002A-10 18 20 20/26 100 60
256K x4 | MCM514256A-70 20 20 20/26 70 80
MCM514256A-80 20 20 20/26 80 70
MCMS514256A—10 20 20 20/26 100 60
MCM514256A-C70 20 20 20/26 70 85 .
MCM514256A-C80 20 20 20/26 80 75 .
MCM514256A-C10 20 20 20/26 100 65 .
MCM51L4256A-70 20 20 20/26 70 80 .
MCM51L4256A-80 20 20 20/26 80 70 .
MCM51L4256A-10 20 20 20/26 100 60 .
MCM51L4256A-C70 20 20 20/26 70 85 . .
MCM51L4256A-C80 20 20 20/26 80 75 . .
MCM51L4256A-C10 20 20 20/26 100 65 . .
MCM514256B-60 20 20/26 60 90
MCM51L4256B-60 20 20/26 60 90 .
MCM514258A-70 20 20 20/26 70 80

1-2
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SELECTOR GUIDE

DYNAMIC RAMs (Continued)
Org Motorola Package Information Address Op Low Ind
Part Number Access Current | Power | Temp
300-Mil DIP | 100-Mil 2IP | 300-Mil SOJ | 350-Mil SOJ | (ns Max) | (mA Max)
(Pins) (Pins) (Pins) (Pins)
256K x4 | MCM514258A-80 20 20 20/26 80 70
(Cont.) MCM514258A-10 20 20 20/26 100 60
4Mx1 | MCM54100A-60 20 20/26 20/26 60 120
MCMS54100A-70 20 20/26 20/26 70 100
MCM54100A-80 20 20/26 20/26 80 85
MCM54100A-C70 20 20/26 20/26 70 100 .
MCM54100A-C80 20 20/26 20/26 80 85 .
MCM5L4100A-60 20 20/26 20/26 60 120 o
MCMSL4100A-70 20 20/26 20/26 70 100 .
MCMS5L4100A-80 20 20/26 20/26 80 85 °
MCM54101A-60 20 20/26 20/26 60 120
MCM54101A-70 20 20/26 20/26 70 100
MCM54101A-80 20 20/26 20/26 80 85
MCM54102A-60 20 20/26 20/26 60 120
MCMS54102A-70 20 20/26 20/26 70 100
MCM54102A-80 20 20/26 20/26 80 85
iMx4 | MCM54400A-60 20 20/26 20/26 60 120
MCM54400A-70 20 20/26 20/26 70 100
MCM54400A-80 20 20/26 20/26 80 85
MCM54400A-C70 20 20/26 20/26 70 100 °
MCMB54400A-C80 20 20/26 20/26 80 85 .
MCM5L4400A-60 20 20/26 20/26 60 120 -
MCMS5L4400A-70 20 20/26 20/26 70 100 °
MCM5L4400A-80 20 20/26 20/26 80 85 .
MCM54402A-60 20 20/26 20/26 60 120
MCM54402A-70 20 20/26 20/26 70 100
MCM54402A-80 20 20/26 20/26 80 85
MCM54410A-60 20 20/26 20/26 60 120
MCM54410A-70 20 20/26 20/26 70 100
MCM54410A-80 20 20/26 20/26 80 85

MOTOROLA MEMORY DATA
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SELECTOR GUIDE

DYNAMIC RAMs (Continued)
Org Motorola Package Information Address Configuration Battery Self
Part Number Access Backup | Refresh
100-Mil ZIP | 400-Mil SOJ 400-Mil TSOP (ns Max) (mA Max)
(Pins) (Pins) (Pins)

256K x 16 | MCM54170B-70 40 40 40/44 70 1CAS,2W
MCM54170B-80 40 40 40/44 80 1CAS,2W
MCM54170B-10 40 40 40/44 100 1CAS,2W
MCMS5L4170B-70 ° 40 40 40/44 70 1CAS,2W .
MCMS5L4170B-80 40 40 40/44 80 1CAS,2W .
MCM5L4170B-10 40 40 40/44 100 1CAS,2W .
MCM5V4170B-70 40 40 40/44 70 1CAS,2W .
MCMS5V4170B-80 40 40 40/44 80 1CAS,2W .
MCM5V4170B-10 40 40 40/44 100 1CAS,2W .
MCM54260B-70 40 40 40/44 70 2CAS, 1 W
MCM54260B-80 40 40 40/44 80 2CAS, 1 W
MCM542608-10 40 40 40/44 100 2CAS, 1 W
MCM5L4260B-70 40 40 40/44 70 2CAS, 1 W .
MCM5L4260B-80 40 40 40/44 80 2CAS, 1 W .
MCM5L4260B-10 40 40 40/44 100 2CAS, 1 W .
MCM5V4260B-70 40 40 40/44 70 2CAS, 1 W -
MCM5V4260B-80 40 40 40/44 80 2CAS, 1W .
MCM5V4260B-10 40 40 40/44 100 2CAS, 1 W .

256K x 18 | MCM54190B-70 40 40 40/44 70 1CAS,2W
MCM54190B-80 40 40 40/44 80 1CAS,2W
MCM54190B-10 40 40 40/44 100 1CAS,2W
MCM5L4190B-70 40 40 40/44 70 1CAS,2W .
MCMSL4190B-80 40 40 40/44 80 1CAS,2W .
MCM5L4190B-10 40 40 40/44 100 1CAS,2W .
MCM5V4190B-70 40 40 40/44 70 1CAS,2W .
MCM5V4190B-80 40 40 40/44 80 1CAS,2W .
MCM5V4190B-10 40 40 40/44 100 1CAS,2W .
MCM54280B-70 40 40 40/44 70 2CAS, 1 W
MCM54280B-80 40 40 40/44 80 2CAS, 1 W
MCM54280B-10 40 40 40/44 100 2CAS, 1 W
MCMS5L4280B-70 40 40 40/44 70 2CAS, 1W .
MCM5L4280B-80 40 40 40/44 80 2CAS, 1 W .
MCM5L4280B-10 40 40 40744 100 2CAS, 1 W .
MCM5V4280B-70 40 40 40/44 70 2CAS, 1W .

MOTOROLA MEMORY DATA
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SELECTOR GUIDE

DYNAMIC RAMs (Continued)

Org Motorola Package Information Address Configuraiton Battery Self
Part Number Access Backup | Refresh
100-Mil ZIP | 400-Mii SOJ 400-Mil TSOP (ns Max) (mA Max)
(Pins) (Pins) (Pins)
256K x 18 | MCM5V4280B-80 40 40 40/44 80 2CAS, 1 W .
(Cont) | MCMS5V4280B-10 40 40 40/44 100 2CAS, 1 W .
512Kx8 | MCM54800A-70 28 28 70
MCM54800A-80 28 28 80
MCMS54800A-10 28 28 100
MCMSL4800A~-70 28 28 70 .
MCMS5L4800A-80 28 28 80 .
MCMSL4800A-10 28 28 100 .
MCMSV4800A-70 28 28 70 .
MCM5V4800A-80 28 28 ‘ 80 .
MCM5V4800A-10 28 28 100 ) ‘ .
512Kx9 | MCM54900A-70 28 28 70
MCMS54900A-80 28 28 80
MCM54900A-10 28 28 100
MCM5L4900A-70 28 28 70 »
MCMS5L4900A-80 28 28 80 .
MCMS5L4900A-10 28 28 100 .
MCMSV4900A-70 28 28 70 .
MCM5V4900A-80 28 28 80 .
MCMS5V4900A~10 28 28 100 .
MOTOROLA MEMORY DATA
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SELECTOR GUIDE

DYNAMIC RAM MODULES
Org Motorola Part Package Information Address op Low
Number Access Current Power
Pin No S L LH SG SH SHG r4 (ns Max) (mA Max)

iMx8 MCM81000-70 30 ° . . ) 70 640
MCM81000-80 30 o | o | o 80 560
MCM81000-10 30 ° ° ° 100 480
MCM8L.1000-70 30 . ° ' 70 640 .
MCMB8L1000-80 30 . . 80 560 .
MCM8L1000-10 30 ° . 100 480 °
MCM81000A-70 30 ° 70 640
MCM81000A-80 30 ° 80 560
MCM81000A-10 30 ° 100 480
MCM81430-60 30 ° 60 240
MCM81430-70 30 ° 70 200
MCM81430-80 30 ° 80 170
MCM81430-10 30 s 100 150
MCMBL1000A-70 30 . 70 640 °
MCMBL1000A-80 30 ° 80 560 °
MCM8L1000A~10 30 . 100 480 .
MCMB8L1430-60 30 ° ' 60 240 .
MCM8L1430-70 30 . 70 200 .
MCMB8L1430-80 30 . 80 170 °
MCMB8L1430-10 30 . 100 150 .

1iMx9 MCM91000-70 30 . ° . ° 70 720
MCM91000-80 30 ° ° ° ° 80 630
MCMg91000-10 30 . . . . 100 540
MCMgL1000-70 30 . ° ° 70 720 .
MCMoL1000-80 30 R . R 80 630 R
MCM9L1000-10 30 ° ° ° 100 540 °
MCM91000A-70 30 ° 70 720
MCM91000A-80 30 ° 80 630
MCM91000A-10 30 ° 100 540
MCM91430-70 30 . 70 280
MCM91430-80 30 . 80 240
MCM91430-10 30 . 100 210
MCM9L1000A-70 30 . 70 720 .
MCMSL1000A-80 30 ° 80 630 °

MOTOROLA MEMORY DATA
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SELECTOR GUIDE

DYNAMIC RAM MODULES (Continued)
Org Motorola Part Package Information Address Op Low
Number Access Current Power
Pin No S L LH SG SH SHG r4 (ns Max) (mA Max)

iMx9 MCM9L1000A-10 30 ° 100 540 °

(Cont.) MCM9L1430-70 30 . 70 280 °
MCM9L1430-80 30 ° 80 240 .
MCMoL1430-10 30 ° 100 210 °

256K x8 | MCMB84256-70 30 . 70 160
MCMB84256-80 30 . 80 140
MCM84256-10 30 ° 100 120
MCM8L4256-70 30 ° 70 160 °
MCM8L4256-80 30 . 80 140 °
MCMBL4256-10 30 ° 100 120 P

256K x9 | MCM94256-70 30 ° 70 225
MCM94256-80 30 . 80 195
MCM94256-10 30 . 100 165
MCMo9L4256-70 30 . 70 225 -
MCM9L4256-80 30 ° 80 195 °
MCMoL4256-10 30 ° 100 165 °
MCM94256A-70 30 . 70 240
MCM94256A-80 30 o 80 210
MCM94256A-10 30 . 100 180
MCMSL4256A-70 30 . 70 240 .
MCM9L4256A-80 30 ° 80 210 °
MCM9L4256A-10 30 . 100 180 P

4Mx 8 MCM84000-80 30 ° ° ° 80 800
MCM84000-10 30 . ° ° 100 680
MCM8L4000-80 30 . ° . 80 800 .
MCMBL4000-10 30 . . . 100 680 .
MCMB84000A-60 30 . 60 960
MCM84000A-70 30 . 70 800
MCM84000A-80 30 . 80 680
MCM84000A-10 30 ° 100 600
MCMB8L4000A-60 30 . 60 960 R
MCMBL4000A-70 30 . 70 800 °
MCMB8L4000A-80 30 . 80 680 R
MCMB8L4000A~-10 30 ° 100 600 .

MOTOROLA MEMORY DATA
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SELECTOR GUIDE

DYNAMIC RAM MODULES (Continued)

Org Motorola Part Package Information Address Op Low
Number Access Current Power
Pin No S L LH SG SH SHG (ns Max) (mA Max)
4Mx 9 MCM94000-80 30 o | o 80 900
MCM94000-10 30 . . 100 765
MCM3L4000-80 30 . . 80 900 .
MCM8SL4000-10 30 . . 100 765 .
MCM94000A-60 30 60 1080
MCM94000A-70 30 70 900
MCM94000A-80 30 80 765
MCM94000A-10 30 100 675
MCMSL4000A-60 30 60 1080 .
MCM9L4000A-70 30 70 900 .
MCM9L4000A-80 30 80 765 .
MCM9L4000A-10 30 100 675 .
256K x 32 | MCM32256-70 72 . 70 640
MCM32256-80 72 ° 80 560
MCM32256-10 72 . 100 480
MCM32L.256-70 72 . 70 640 .
MCM32L.256-80 72 . 80 560 .
MCM32L256-10 72 . 100 480 .
512Kx 32 | MCM32512-70 72 ° 70 656
MCM32512-80 72 . 80 576
MCM32512-10 72 . 100 496
MCM32L512-70 72 . 70 656 °
MCM32L512-80 72 . 80 576 .
MCM32L512-10 72 . 100 496 .
1Mx32 | MCM32100-80 72 . 80 840
MCM32100-10 72 . 100 720
MCM32L100-80 72 . 80 840 .
MCM32L100-10 72 . 100 720 .
MCM32130-60 72 . . 60 960
MCM32130-70 72 . . 70 800
MCM32130-80 72 . . 80 680
MCM32130-10 72 . . 100 600
MCM32L130-60 72 . . 60 960 .
MCM32L130-70 72 . . 70 800 °

MOTOROLA MEMORY DATA
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SELECTOR GUIDE

DYNAMIC RAM MODULES (Continued)
Org Motorola Part Package Information Address Op Low
Number Access Current Power
Pin No S L LH SG SH SHG r4 (ns Max) (mA Max)
1Mx 32 MCM32L130-80 . 72 . ° 80 680 .
(Cont.) MCM32L130-10 72 . ° 100 600 .
2M x 32 MCM32200-80 72 . . 80 856
MCM32200-10 72 . ° 100 736
MCM32L200-80 72 . ° 80 856 °
MCM32L200-10 72 . ° 100 736 °
MCM32230-60 72 R . 60 976
MCM32230-70 72 . R 70 816
 MCM32230-80 72 . ° 80 696
MCM32230-10 72 ° . 100 616
MCM32L230-60 72 . R 60 976 R
MCM32L230-70 72 ° ° 70 816 °
MCM32L.230-80 72 R R 80 696 R
MCM32L230-10 72 . . 100 616 .
256K x 36 | MCM36256-70 72 ° . . 70 940
MCM36256-80 72 . . 80 820
MCM36256-10 72 ° . 100 700
MCM36L256-70 72 . R 70 940 .
MCM36L256-80 72 ° . 80 820 .
MCM36L256-10 72 ° ° 100 700 .
512Kx 36 | MCM36512-70 72 . ° 70 964
MCM36512-80 72 . . 80 844
MCM36512-10 72 . . 100 724
MCM36L512-70 72 . . 70 964 .
MCM36L512-80 72 . . 80 844 °
MCM36L512-10 72 . . 100 . 724 °
1Mx 36 MCM36100-80 72 ° . 80 1120
MCM36100-10 72 . - 100 960
MCM36L100-80 72 . ° 80 1120 °
MCM36L.100-10 72 . . 100 960 .
2Mx 36 | MCM36200-80 72 . . 80 1144 '
MCM36200-10 72 . ° 100 984
MCM36L200-80 72 ° ° 80 1144 .
MCM36L200-10 72 ° . 100 984 .

MOTOROLA MEMORY DATA

19



- SELECTOR GUIDE
L

DYNAMIC RAM MODULES (Continued) _
Org Motorola Part Package information Address Op Low
Number . Access Current Power
. PinNo | S L | LH | sG SH SHG (ns Max) | (mA Max)
256K x 40 | MCM40256-70 72 . 70 800
MCM40256-80 72 . 80 700
‘| MCM40256-10 72 ° 100 600
MCM40L256-70 72 . 70 800 .
MCM40L256-80 72 . 80 700 .
MCM40L256-10 72 . 100 600 °
512K x 40 | MCM40512-70 72 . 70 820
MCM40512-80 72 ° 80 720
MCM40512-10 72 ° 100 620
MCM40L512-70 72 ° 70 820 °
MCM40L512-80 72 . 80 720 °
MCM40L512-10 72 ° 100 620 °
1M x 40 MCM40100-60 72 ° 60 © 1200
MCM40100-70 72 . 70 1000
MCM40100-80 72 ° 80 850
MCM40100-10 72 ° 100 750
MCM40L100-60 72 . 60 1200 °
MCM40L100-70 72 ° 70 1000 .
MCM40L100-80 72 . 80 850 .
MCM40L100-10 72 ° 100 750 °
2Mx40 | MCM40200-60 72 . 60 1220
MCM40200-70 72 ° 70 1020
MCM40200-80 72 . 80 870
MCM40200-10 72 . 100 770
MCM40L200-60 72 . 60 1220 .
MCMA40L200-70 72 . 70 1020 .
MCM40L200-80 72 . 80 870 R
MCM40L200-10 72 ° 100 770 °
S = SIMM
L=SIP
LH = Low Height SIP
SG = Gold Pad SIMM
SH = Low Height SIMM
SHG = Low Height Gold Pad SIMM
2Z = Zig—Zag Leaded Module
MOTOROLA MEMORY DATA
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SELECTOR GUIDE

A ERH
AL
FAST STATIC RAMs g2| 3|38 |&s
Org Motorola Part Package Information Cycle Op Features
Number Time Current
Pin No PDIP | SOJ | ZIP | PLCC | (nsMax) | (mA Max)
2Kx8 MCM2018A-45 24 . 45 135
MCM2018A-65 24 ° 45 135
4K x4 MCM6268-20 20 . 20 110
MCM6268-25 20 ° 25 110
MCM6268-35 20 . 35 110
MCM6268—45 20 . 45 80
MCM6268-55 20 . 55 80
MCM6269-20 20 . 20 110
MCM6269-25 20 . 25 110
MCM6269-35 20 . 35 110
MCM6270-20 24/22 . . 20 110 .
MCM6270-25 24/22 . . 25 110 'S
MCM6270-35 24/22 . . 35 110 *
MCM4180-18 24/22 . o 18 140 ol o
MCM4180-20 24/22 . . 20 140 ol o
MCM4180-25 24/22 ° . 25 140 * .
MCM62350-18 24 . . 18 140 IS
MCM62350-20 24 ° ° 20 140 IS
MCM62350-25 24 . . 25 140 .
MCMe62351-18 24 . . 18 140 .
MCM62351-20 24 . . 20 140 .
MCM62351-25 24 . . 25 140 .
4Kx 10 MCM62963-30 44 . 30 140 Y Py
MCMB2963A-30 44 . 30 140 . .
4Kx 12 MCM62973-18 44 . 18 170 . .
MCM62973-20 44 . 20 160 N .
MCM62973A-18 44 o 18 170 . .
MCM62973A-20 44 o 20 160 . .
MCM62974-18 44 o 18 170 . o | o

MOTOROLA MEMORY DATA
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SELECTOR GUIDE

] .§ e |8 §
28| | 255
£l 2|5 |88
Eels| 2|29
FAST STATIC RAMs oc| 3 [3 |5
Org Motorola Part Package Information Cycle Op Features
Number Time Current
Pin No PDIP | SOJ | ZIP | PLCC | (nsMax) | (mA Max)
4KX12 | MCM62974-20 a4 . 20 170 N ol o
(Cont) | MCMe2974A-18 44 . 18 180 . ol o
MCM62974A-20 44 . 20 170 . ol o
MCM62975-25,30 44 . 25,30 160,150 | o o | o
MCM62975A-25 44 . 25 160 . ol o
MCM62975A-30 44 . 30 150 . ol o
8K x8 MCM6264-15 28 . . 15 140 .
MCM6264-20 28 . . 20 130 .
MCM6264-25 28 . . 25 120 R
MCM6264B-35 28 . . 35 110 *
MCM6264C—12 28 . . 12 150 .
MCM6264C—-15 28 . . 15 140 .
MCM6264C-20 28 . . 20 130 IS
MCM6264C-25 28 . . 25 120 IS
MCM6264C-35 28 . . 35 110 .
MCM6764-8,10 28 . 8,10 78D New BiCMOS (1992)
8Kx9 MCM6265-15 28 . . 15 140 .
MCM6265-20 28 . . 20 130 .
MCM6265-25 28 . ° 25 100 IS
MCM6265C—-12 28 . . 12 150 .
MCM6265C—15 28 . . 15 140 .
MCM6265C—20 28 ° ° 20 130 .
MCM6265C-25 28 . ° 25 120 *
MCM6265C-35 28 . . 35 110 *
16K x 4 MCM6288-12 22 . 12 150
MCMe6288-15 22 ° 15 140
MCM6288B20,25,35 22 ° 20,25,35 | 120,120,110
MCM6288C—-12 22 ° 12 120
MCM6288C-15 22 . 15 120
MCM6288C-20 22 . 20 110

MOTOROLA MEMORY DATA
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SELECTOR GUIDE

F
°
Brlp 983
EP| S| B |29
FAST STATIC RAMs a2|3[8|s3
Org Motorola Part Package Information Cycle Op Features
Number Time Current
Pin No PDIP | SOJ | ZIP | PLCC | (nsMax) | (mA Max)
16K x 4 MCM6288C-25 22 . 25 110
(Cont.) MCM6288C—35 22 . 35 110
MCM6290-12 24 . . 12 150 IS
MCM6290-15 24 . . 15 140 Y
MCM6290B20,25,35 24 . ° 20,25,35 | 120,120,110 S
MCM&290C-10 24 . . 10 120 .
MCM6290C-12 24 e ° 12 120 .
MCM6290C-15 24 . . 15 120 *
MCM6290C—20 24 . . 20 110 .
MCM6290C-25 24 . . 25 110 Py
MCM6293-20 28 . . 20 140 *
MCM6293-25 28 ° . 25 140 .
MCM6294-20 28 . . 20 140 IS .
MCM6294-25 28 . . 25 140 S .
MCM6295-25,30 28 . . 25,30 140 Y *
MCMé6788-8,10 22 . 8,10 175,165 New BiCMOS (1992)
MCMe790-8,10 28 . 8,10 TBD New BiICMOS (1992)
8KX24 | MCM56824-25 52 ° 25 250 Y Y
MCMS56824-30 52 . 30 210 S .
MCM56824-35 52 . 35 180 . .
MCMS56824A-20 52 . 20 280 * *
MCMS56824A-25 52 . 25 250 * °
MCM56824A-35 52 . 35 180 . .
8K X 20 MCM62820-23,30 52 . 23,30 240,185 : S . *
MCM62820A-17 52 . 23 280 S . *
MCM62820A-23 52 . 30 240 . . .

MOTOROLA MEMORY DATA
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- SELECTOR GUIDE
1

i
1
@ 2 |S§
HAH:
HHEL
FAST STATIC RAMs ac2| 3|8 |&s
Org Motorola Part Package Information Cycle Op Features
Number Time Current
Pin No PDIP SOJ | ZIP | PLCC | (nsMax) | (mA Max)
16KX 16 | MCM62157-15 52 . 20 360 . ol o
MCM62157-17 52 . 20 360 . ol o
MCM62157-24 52 o 30 360 . ol o
MCM62990-17 52 . 17 360 o | o ° *
MCM62990-20 52 . 20 360 ol o * *
MCM6740-8,10 8,10 TBD New BICMOS (1992)
MCM62990-25 52 . 25 360 2K K
MCM62990A-12 52 . 15 360 I BEKREIK
MCM62990A-15 52 . 15 360 o | o . *
MCM62990A-20 52 . 20 360 o | o . .
MCM62990A-25 52 . 25 360 eloeloloe
MCM62995-17 52 o 17 360 ol ol e
MCM62995-20 52 . 20 360 . N N
MCM62995-25 52 . 25 360 ol ol o
MCM62995A~12 52 " 15 360 ol el o
MCM62995A-15 52 . 17 360 ol ol o
MCM62995A-20 52 . 20 360 Py . N
MCM62995A-25 52 o 25 360 ol ol e
MCM62996-12 52 ° 15 360 *
MCM62996-15 52 ° 17 360 *
MCM62996-20 52 . 20 360 .
MCM62996-25 52 . 25 360 'S
64K x 1 MCM6287-12 22/24 ° ° 12 150
MCM6287-15 22/24 . . 15 140
MCM6287-20 22/24 . Iy 20 130
MCM6287B-25 22/24 . . 25 120
MCM6287B-35 22/24 . . 35 110

MOTOROLA MEMORY DATA
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SELECTOR GUIDE

Processor Bus Protocol

§
HIEIL:
£y & g
HHE
FAST STATIC RAMs e8| 3 (3|85
Org Mo:‘c:lr:‘l;.l:-ﬂ Package Information C“ﬁl: cu(:,p. ot Features
Pin No PDIP | SOJ | ZIP | PLCC | (nsMax) | (mA Max)
32Kx 8 MCM6206-15 28 . . 15 165 S
MCM6206-17 28 . . 17 155 S
MCM6206-20 28 . . 20 ’150 .
MCM6206-25 28 . . 2 140 .
MCM6206B-35 28 . . 35 135 S
MCM6206C-15 28 . . 15 165 *
MCM6206C-17 28 . . 17 155 .
MCM6206C—20 28 o o 20 150 .
MCM6206C-25 28 . . 25 140 *
MCM6206C—35 28 . . 35 135 P
MCM6706-10 28 . 10 185 IS
MCM6706—-12 28 ° 12 175 *
MCM6706A-8 28 . 8 185 .
MCM6706A-10 28 . 10 175 IS
MCM6706A~12 28 . 12 175 *
32K X9 MCM6205-15 32 . - 15 170 *
MCM6205-17 32 . . 17 160 'S
MCM6205-20 32 . . 20 185 .
‘MCM6205-25 32 . . 25 145 *
MCM62058-35 32 . ° 35 140 S
MCM6205C-15 32 . . 15 170 *
MCM6205C-17 32 . . 17 160 *
MCM6205C—-20 32 . . 20 155 .
MCM6205C-25 32 . . 25 145 .
MCM6205C-35 32 . . 35 140 .
MCM62940-14 44 . 20 180 . ol e
MCM62940-19 44 o 25 180 . o | o
MCM62940-24 44 . 30 180 . o | o
MCM62940A-14 44 o 20 180 . ol e
MCM62940A-19 44 . 25 180 . (K]

MOTOROLA MEMORY DATA
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SELECTOR GUIDE

c
} £l 2| & |g@
FAST STATIC RAMs _ o] 3|3 |&5
Org Motorola Part Package Information Cycle Op Features
Number Time Current
Pin No PDIP SOJ | ZIP | PLCC | (nsMax) | (mA Max)
32KX9 | MCM62940A-24 44 . 30 180 . o | o
(Cont) | MCM62950-20 44 . 20 195 . .
MCM62950-25 44 o 25 185 . .
MCM62950A-15 44 . 15 195 . .
MCM62950A-20 44 o 20 195 . .
MCM62950A-25 44 . 25 195 . .
MCM62960-17 44 . 20 180 . .
MCM62960-20 44 N 25 180 . .
MCM62960-24 44 . 30 175 . .
MCM62960A-15 44 . 20 175 . .
MCM62960A—17 44 R 25 175 R .
MCM62960A-24 44 . 30 175 . | .
MCM62486-14 44 . 20 180 . o | o
MCM62486-19 44 . 25 180 . o | o
MCM62486-24 44 o 30 180 . o | o
MCM62486A-14 44 o 20 180 . o | e
MCM62486A-19 44 o 25 180 . o | o
MCM62486A-24 44 . 30 180 . K
MCM62110-15 52 . 15 250 ol ool e
MCM62110-17 52 . 17 250 ol ol ol o
MCM62110-20 52 . 20 250 ol o]l o] e
MCM6705-8,10 32 o 8,10 175,165 New BiCMOS (1992)
64Kx4 | MCM6208-15 24 . o 15 155
MCM6208-20 24 . o 20 145
MCM6208-25 24 o . 25 135
MCM6208C-15 24 . . 15 155
MCM6208C-20 24 o . 20 145
MCM6208C-25 24 . o 25 135
MCM62L08-20 24 . . 20 120 .
MCM62L08-25,35 24 . R 2535 | 120,110 R

MOTOROLA MEMORY DATA
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SELECTOR GUIDE

HEREREE
2a AE
AL
€D 2| & g9
FAST STATIC RAMs o] 3 ]38 |as
Org Motorola Part Package Information Cycle Op Features
Number Time Current
Pin No PDIP SOJ | ZIP | PLCC | (nsMax) | (mA Max)
64K x 4 MCM6209-15 28 . . 15 155 Y
(Cont.) MCM6209-20 28 . . 20 145 .
MCM6209-25 28 . o 25 135 .
MCM6209C-15 28 o . 15 155 .
MCM6209C-20 28 ° ° 20 145 .
MCM6209C-25 28 . . 25 135 .
MCM62L09-20 28 . ° 20 120 . .
MCM62L09-25 28 . . 25 120 . *
MCM62L.09-35 28 . . 35 110 S .
MCM62980-15 28 . 15 170 . .
MCM62980-20 28 . 20 170 N °
MCM62981-15 32 . 15 170 . . N
MCM62981-20 32 . 20 170 . ° *
MCM62982-12 28 . 12 170 . . *
MCM62982-15 28 . 15 170 N . N
MCM62983-12 32 . 12 170 IS . .
MCM62983-15 32 . 15 170 S . .
MCM6708-10 24 . 10 175
MCMe708-12 24 . 12 165
MCM6708A-8 24 . 8 185
MCM6708A—-10 24 . 10 175
MCM6708A-12 24 . 12 165
MCM6709-10 28 . 10 175 S
MCM6709-12 28 . 12 165 *
MCM6709A-8 28 . 8 185 *
MCM6709A-10 28 . : 10 175 °
MCM6709A-12 28 . . 12 165 .

MOTOROLA MEMORY DATA

1-17



n SELECTOR GUIDE

253 |2 |33
HERERL
FAST STATIC RAMs o3 |8 &5
Org Motorola Part Package Information . Cycle Op Features
Number Time Current
Pin No PDIP SOJ | ZIP | PLCC | (nsMax) | (mA Max)
256K x 1 MCM6207-15 24 . ° 15 150
MCM6207-20 24 ° . 20 140
MCM6207-25 24 . ° 25 130
MCM6207C—-15 24 ° ° 15 150
MCM6207C-20 24 ° ° 20 140
MCM6207C-25 24 . . 25 130
MCM62L07-20 24 . ° 20 120 *
MCM62L.07-25 24 . . 25 120 : .
MCM62L07-35 24 . . 35 110 o .
128Kx8 | MCM6226-25 32 o 25 150 ' R
MCM6226-30 32 . 30 140 .
MCM6226A-20 32 ° 20 155 .
MCM6226A-25 32 ° 25 135 .
MCM6226A-30 32 . 30 115 .
MCM6726-10 32 . 10 175 .
MCM6726-12 32 . 12 165 IS
256K X 4 MCM101514-10 32 o* 10 180 min ECL
MCM101514-12 32 : P 12 180 min ECL
MCM6229-25 28 . : 25 170 .
MCM6229-30 28 . 30 165 *
MCM6229A-20 28 ° 20 140 'S
MCM6229A-25 28 o 25 120 .
MCM6229A-30 28 o 30 100 .
MCM6726-10,12 28 . . 10,12 165,155
MCM6728-10,12 28 ° 10,12 165,155
MCM67282-10 32 ° 10 165
MCM67282-12 32 . 12 155
MCMé6729-10 32 ° 10 165 IS
MCM6729-12 32 . 12 1565 .
* Flatpack

MOTOROLA MEMORY DATA
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SELECTOR GUIDE

g5
k] o |8 E
FE L
c @ c |65
25| g | %W 8%
S2| £ | & 8
Y IERE g @
FAST STATIC RAMs #2| 3|38 |85
Org Motorola Part Package Information Cycle Op Features
Number Time Current
Pin No PDIP SOJ | ZIP | PLCC | (nsMax) | (mAMax)
1IMX1 MCM101510-10 28 °* 10 166 min ECL
MCM101510-12 28 ot 12 164 min ECL
MCM6727-10 28 . 10 155 *
MCM6727-12 28 . 12 145 N
512Kx 8 MCM6246-25 36 . 25 160
MCM6246-30 36 ° 30 150
MCM6246-35 36 . 35 140
1Mx 4 MCM6249-25 32 . 25 160 *
MCM6249-30 32 . 30 150 *
MCM6249-35 32 . 35 130 *
64K X32 | MCM3264Z-15 64 . 15 1240 IS . Y *
MCM3264Z-20 64 . 20 1160 * S S Y
256K X8 | MCM82562-15 60 . 15 1200 * S . .
MCMB8256Z-30 60 . 30 1040 * Y * *
256K X 32 | MCM32257Z2-20 64 . 20 1120 * S * .
MCMB322572-25 64 ° 25 960 * S * *
2X 32K X 36 | MCM36232Z-15 64 . 15 880 . 'S . .
MCM36232Z-20 64 . 20 800 * Y Py °
* Flatpack

MOTOROLA MEMORY DATA
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CROSS REFERENCE

DYNAMIC RAMs
HITACHI ' MOTOROLA MITSUBISHI MOTOROLA
DENSE-PAC MOTOROLA (Cont.) {Cont.)
| VE6C100 MCM511000A HB56D1368 MCM36100 "M5M4C 1001 MCMS511001A
DPD1MX8 MCM81000A HB56D25636 MCM36256 M5M4C1002 MCM511002A
DPD1MX9 MCM91000A HB56D51236 MCM36512 MH1MO8A MCM81000A
VMS5C104K36 MCM36256A MH1MO9A MCM21000A
VM55C1042K3 MCM36512A INTEL MOTOROLA |
' P21010 MCM511000A NEC MOTOROLA
[ FUJITSU MOTOROLA P21014 MCM514256A APD421000 MCM511000A
'MBE1C1000 MCMS11000A P21040 MCMS54100A PD421001 MCMS511001A
MB81C1001 MCM511001A SM21019 MCM91000A 4PD421002 MCMS511002A
MB81C1003 MCM51002A PD424256 MCM514256A
MB81C4256 MCM514256 MICRON MOTOROLA 1PD424258 MCM514258A
MB81C4258 MCM514258 MT4C1004 MCM54100A MC—421000A36 | MCM36100
MB814100 MCM54100A MT4C1005 MCM54101A MC—421000A40 | MCM40100
MB814400 MCM54400A MT4C1006 MCMS4102A MC-421000A8 MCM81000A
MB85230 MCM81000A MT4C1024 MCM511000A MC—421000A9 MCM91000A
MB85235 MCM91000A MT4C1025 MCM511001A MC—422000A36 | MCM36200
i v MT4C1026 MCM511002A MC-422000A40 | MCM40200
[~ GOLDSTAR MOTOROLA MT4C4001 MCMS4400A MC-424100A8 MCM84000A
GM71C1000 | MCM511000A | MT4C4003 MCM54402A MC—424100A9 MCM84000A
GM71C4256 MCM514256A MT4C4256 MCM514256A MC-424256A36 | MCM36256
GM71C4100A MCM54100A MT4C4258 MCM514258A MC-424512A36 | MCM36512
GM71C4400A MCM54400A MT8C36256 MCM36256 MC-424512AA40 | MCM40512
) MT8C36512 . | MCM36512 uPD424100 MCM54100A
[~ HITACHI MOTOROLA MT8C8024 MCM81000A 4PD424101 MCM54101A
AM511000 MCM511000A MT8C9024 MCM91000A 4PD424102 MCM54102A
HM511001 MCM511001A 1PD424400 MCM54400A
HM511002 MCM511002A _""‘"“unsusls"m —ugronou PD424402 MCM54402A
HM514100 MCMS4100A M5M44 100 MCM54100A 4PD424410 MCM54410A
HM514101 MCM54101A M5M44101 MCM54101A
| HM514256 MCM514256A M5M44102 MCMS54102A NMB MOTOROLA
HM514258 MCM514258A M5M44400 MCM54400A AAATM104 MCM514256A
HM514400 MCMS54400A M5M44402 MCMS4402A AAA4M100 MCMS4100A
HM514410 MCM54410A M5M44C256 MCM514256A
MOTOROLA MEMORY DATA



CROSS REFERENCE

PANASONIC MOTOROLA
MN41C1000 MCM511000A
MN41C4000 MCM54100A
MN41C4001 MCMS54101A
MN41C4002 MCM54102A
MN41C41000 MCMS54400A
MN41C41002 MCM54402A
MN41C4256 MCMS514256A

SAMSUNG MOTOROLA
KM41C 1000 MCMS511000A
KM41C1001 MCM511001A
KM41C1002 MCM511002A
KM41C4000 MCMS54100A
KM41C4001 MCM54101A
KM41C4002 MCM54102A
KM44C 1000 MCMS54400A
KM44C256 MCM514256A
KM44C258 MCM514258A
KMM36256 MCM36256
KMM36512 MCM36512
KMMS581000 MCM81000A
KMM591000 MCM91000A

SIEMENS MOTOROLA
HYB514100 MCM54100A
HYB514256 MCMB514256A
HYB514400 MCMS54400A
HYM910005 MCM91000A

Tl MOTOROLA
[TMS44C256 | MCM514256A
TMS4C1024 MCM511000A
TMS4C1025 MCMS511001A
TMS4C1027 MCMS511002A

Tl MOTOROLA
(Cont.)
TMS44100 MCM54100A
TMS44101 MCM54101A
TMS44400 MCMS54400A
TMS44410 MCM54410A
TMO24EAD9 MCM91000A
TMO024GADS MCM81000A
TM124BBK32 MCM32100
TM124MBK36 MCM36100
TM256BBK32 MCM32256
TM256KBK36 MCM36256
TM4100EBD9 MCM94000A
TM4100GBD8 MCM84000A
TM512CBK32 MCM32512
TM512LBK36 MCM36512
TOSHIBA MOTOROLA

TC511000 MCM511000A
TC511001 MCMS511001A
TC511002 MCM511002A
TC514100 MCM54100A
TC514101 MCMS54101A
TC514102 MCM54102A
TC514256 MCM514256A
TC514258 MCM514258A
TC514400 MCM54400A
TC514402 MCM54402A
TC514410 MCM54410A
THM3625600A MCM36256
THM365120A MCM36512
THM81000A MCM81000A
THM91000A MCM91000A

MOTOROLA MEMORY DATA

121




CROSS REFERENCE

FAST STATIC RAMs
CYPRESS MOTOROLA CYPRESS MOTOROLA FUJITSU MOTOROLA
(Cont.)

CY7C106-25 MCM6229AWJ25 CY7C194-25VC | MCM6208CJ25 MB81C68A-25P | MCM6268P25
CY7C107-25 MCM6227AWJ25 CY7C196-25PC | MCM6209CP25 MB81C69A-25P | MCM6269P25
CY7C108/9-25 | MCM6226AWJ25 CY7C196-25VC | MCM6209CJ25 MB81271A-15P | MCM6287CP15
CY7C164-12PC | MCM6288P12 CY7C197-20PC | MCM6207CP20 MB81271A-15PJ | MCM6287CJ15
CY7C164—-12PC | MCM6288P12 CY7C198-12 MCM6706AJ12 MB81271A-20P | MCM6287CP20
CY7C164-12PC | MCM6288P12 CY7C199-20 MCM6206CP20 MB81271A-20J | MCM6287CJ20
CY7C164-15PC | MCM6288P15 MB81C71A-15P | MCM6287CP15
CY7C164-20PC | MCM6288P20 MB81C71A-15PJ | MCM6287CJ15
CY7C164-25PC | MCM6288P25 MB81C71A-20P | MCM6287CP20
CY7C166-12PC | MCM6290P12 MB81C71A-20PJ | MCM6287CJ20
CY7C166-12VC | MCM6290J12 MB81C71A-25P | MCM6287CP25
CY7C166-15PC | MCM6290P15 MB81C71A-25PJ | MCM6287CJ25
CY7C166-15VC | MCM6290J15 MB81C74-15P | MCM6288CP15
CY7C166-20PC | MCM6290P20 MB81C74-20P | MCM6288CP20
CY7C166-20VC | MCM6290J20 MB81C74-25P | MCM6288CP25
CY7C166-25PC | MCM6290P25 MB81C75-15P MCM6290CP15
CY7C166-25VC | MCM6290J25 MB81C75-15PJ | MCM6290CJ15
CY7C168A-20PC | MCM6268P20 MB81C75-20P [ MCM6290CP20
CY7C168A-25PC | MCM6268P25 MB81C75-20PJ | MCM6290CJ20
CY7C169A—-20PC | MCM6269P20 MB81C75-250 | MCM6290CJ25
CY7C169A-25PC | MCM6269P25 MB81C75-25P | MCM6290CP25
CY7C170A-20PC | MCM6270P20 MB81C75-20P MCM6290CP20
CY7C170A-20VC | MCM6270J20 MB81C75-15P MCM6290CP15
CY7C170A-25PC | MCM6270P25 MB8288-25P MCM6205CP25
CY7C170A-25VC | MCM6270J25 MB82B88-15P MCM6206CP15
CY7C185-15PC | MCM6264P15* MB82B88-20P | MCM6206CP20
CY7C185-15VC | MCM6264NJ15*
CY7C185-20PC | MCM6264P20*
CY7C185-20VC | MCM6264NJ20*
CY7C185-25PC | MCM6264P25*
CY7C185-25VC | MCM6264NJ25*
CY7C187-20PC | MCM6287P20
CY7C187-20VC | MCM6287J20
CY7C187-25PC | MCM6287P25
CY7C187-25VC | MCM6287J25
CY7C194-25PC | MCM6208P25

MOTOROLA MEMORY DATA
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CROSS REFERENCE

HITACHI MOTOROLA HITACHI MOTOROLA
(Cont.)
HM6268P-25 MCM6268P25 HM62832UH20 | MCM6206CJ20
HM6707AJP-15 | MCM6207CJ15 HM62832UH20 | MCM6206CP20
HM6707AJP-20 | MCM6207CJ20 HM62832UH25 | MCM6206CJ25
HM6707JP-25 MCM6207CJ25 HM62832UH25 | MCM6206CP25
HM6707AP-15 MCM6207CP15 HM621100AJP20 | MCM6227WJ20
HM6707AP-20 MCM6207CP20 HM621100AJP25 | MCM6227WJ25
HM6707P-25 MCM6207CP25 HM624256AJP20 | MCM6227AWJ20
HM6708AJP-15 | MCM6208CJ20 HM624256AJP25 | MCM6227AWJ20
HM6708AJP-20 | MCM6208CJ20
HM6708JP-25 MCM6208CJ25
HM6708AP-15 MCM6208CP20
HM6708P-20 MCM6208CP20
HM6708JP-25 MCM6208CP25
HM6787AHJP-12 | MCM6287CJ12
HM6787AHJP-15 | MCM6287CJ15
HM6787AHJP-20 | MCM6287CJ20
HM6787AHJP-12 | MCM6287CP12
HM6787AHJP-15 | MCM6287CP15
HM6787AHJP-20 | MCM6287CP20
HM6787HP-25 MCM6287CP25
HMe6787JP-25 MCM6206CJ25
HMe6787JP-25 MCMe6287CJ25
HM6787P-25 MCM6206CP25
HM6788AHJP-12 | MCM6288CP12
HM6788AHJP-15 | MCM6288CP15
HM6788AHJP-20 | MCM6288CP20
HM6788P-25 MCM6288CP25
HM6789AHJP-12 | MCM6290CJ12
HM6789AHJP-15 | MCM6290CJ15
HM6789AHJP-20 | MCM6290CJ20
HM6789AHJP-12 | MCM6290CP12
HM6789AHJP-15 | MCM6290CP15
HM6789AHJP-20 | MCM6290CP20
HM6789JP-25 MCM6290CJ25
HM6789P-25 MCM6290CP25
HM62832UH15 MCM6206CJ15
HM62832UH 15 MCM6206CP15

DT MOTOROLA
IDT61B298S15P | MCM6209CP 15
IDT61B298S15Y | MCM6209CJ15
IDT61298S20P | MCM6209CP20
IDT61298S20Y | MCM6209CJ20
IDT61298S25P | MCM6209CP25
IDT61298S25Y | MCM6209CJ25
IDT6168SA20P | MCM6268P20
IDT6168SA25P | MCM6268P25
IDT61970S20P | MCM6270P20
IDT61970S20Y | MCM6270J20
IDT61970S25P | MCM6270P25
IDT61970S25Y | MCM6270J25
IDT61B98S10P | MCM6290CP10
IDT61B98S10Y | MCM6290CJ10
IDT61B98S12P | MCM6290CP12
IDT61B98S12Y | MCM6290CJ12
IDT6198S15P MCM6290CP 15
IDT6198815Y MCM6290CJ15
IDT6198S20P MCM6290CP20
IDT6198S20Y MCM6290CJ20
IDT6198S25P MCM6290CP25
IDT6198S25Y MCM6290CJ25
IDT71B024S20Y | MCM6226AWJ20
IDT71024S25Y | MCM6226AWJ25
IDT71B028S20Y | MCM6229AW.J20
IDT71028S25Y | MCM6229AWJ25
IDT71B256S15P | MCM6206CJ15
IDT71256S20P | MCM6206CJ20
IDT71256S20P | MCM6206CP20
IDT71256S25P | MCM6206CJ25
IDT71256S25P | MCM6206CP25
IDT712575S20P | MCM6207CP20
IDT712575S20Y | MCM6207CJ20
IDT712575S25P | MCM6207CP25
IDT712675S25Y | MCM6207CJ25

MOTOROLA MEMORY DATA
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CROSS REFERENCE

MOTOROLA

DT MICRON MOTOROLA MICRON MOTOROLA
(Cont,) (Cont,)
IDT71B258S15P | MCM6208CP15 MT5C1001DJ20 | MCM6227WJ20 MT5C640-20 MCM6287P20
IDT71B258S15Y | MCM6208CJ15 MT5C1001DJ25 | MCM6227WJ25 MT5C6401-12 | MCM6287P12
IDT71B258S20P - | MCM6208CP20 MT5C1001DJ20 | MCMB226WJ20 MT5C6401-15 | MCM6287P15
IDT71258520Y | MCM6208CJ20 MT5C1001DJ25 | MCM6226WJ25 MT5C6401-25 | MCM6287P25
IDT71258525P | MCM6208CP25 MT5C1004DJ20 | MCMB229AWJ20 MT5C6401DJ-2 | MCM6287J12
IDT71258825Y | MCM620C8J25 MT5C1001DJ25 | MCM6229AWJ25 MT5C6401DJ-5 | MCM6287J15
IDT71B259S15Y | MCM6205CJ15 MT5C1604-20 | MCM6268P20 MT5C6401DJ-0 | MCM6287J20
IDT71B259S20Y | MCM6205CJ20 MT5C1604-20 | MCM6268P20 MT5C6401DJ-6 | MCM6287J25
IDT71259825) | MCM6205CJ25 - MT5C1604-20 | MCM6268P20 MT5C6404-12 MCM6288P12
IDT71B259S15P | MCM6205CP15 MT5C1604-25 MCM6268P25 MT5C6404-15 MCM6288P15
IDT71B259S20P | MCM6205CP20 MT5C1605-20 | MCM6270P20 MT5C6404-20 | MCM6288P20
IDT71269S825P | MCM6205CP25 MT5C1605-25 | MCM6270P25 MT5C6404-25 | MCM6288P25
IDT71B64S15P | MCM6264CP15 MT5C1605DJ-0 | MCM6270J20 MT5C6405-12 MCM6290P12
IDT7164S20P | MCM6264CP20 MT5C1605DJ-5 | MCM6270J25 MT5C6405-15 | MCM6290P15
IDT7164520Y | MCM6264CJ20 MT5C2561DJ-15 | MCM6207J15 MT5C6405-20 | MCM6290P20
IDT7164S25P | MCM6264CP25 MT5C2561-15 | MCM6207P15 MT5C6405DJ—12 | MCM6290J12
IDT7164S25Y | MCM6264CJ25 MT5C2561-20 | MCM6207P20 MT5C6405DJ-15 | MCM6290J15
IDT7B69S12Y | MCM6265CJ12 MT5C2561-25 | MCM6207P25 MT5C6405DJ-20 | MCM6290J20
IDT7B69S12P | MCM6265CP12 MT5C2561DJ-0 | MCMB207J20 MT5C6405DJ-25 | MCM6290J25
IDT7B69S1SY | MCM6265CJ15 MT5C2561DJ-5 | MCM6207J25 MT5C6408DJ-12 | MCM6264J12
IDT7B69S15P | MCM6265CP15 MT5C2564DJ-15 | MCMB208CJ15 MT5C6408DJ-15 | MCM6264J15
IDT7B69S20Y | MCM6265CJ20 MT5C2564-15 | MCM6208CP15 MT5C6408-15 | MCM6264P15
IDT7B69S20P | MCM6265CP20 MT5C2564-20 | MCM6208P20 MT5C6408DJ-20 | MCM6264J20
IDT7187S15P | MCM6287CP15 MT5C2564-25 | MCM6208P25 MT5C6408-20 | MCM6264P20
IDT7187S15Y | MCM6287CJ15 MT5C2564DJ-0 | MCM6208J20 MT5C6408DJ—25 | MCM6264J25
IDT7187S20P | MCM6287CP20 MT5C2564DJ-25 | MCM6208J25 MT5C6408-25 | MCM6264P25
IDT7187S20Y | MCM6287CJ20 MT502565D.15 | MCME209015
IDT7187S25P | MCM6287CP25 MTSC2565-15 | MCME209P15
:gg:ggzgz mgm&”g‘fs MTSC2565-20 | MCM6209P20
1 6268CP15 MT5C2565-25 | MCM6209P25
IDT71B88S10P | MCM6288CP10
MT5C2565DJ-0 | MCM6209J20
:gg::gg?‘ﬁp mmez&scmz MT5C2565D-5 | MCM6209J25
5 6288CP15 MT5C2568DJ-15 | MCM6206CJ15
IDT7188S20P | MCM6288CP20 MT502563-20 | MOMG2060P20
IDT7188S25P | MCM6288CP25 MT502568-25 | MOME206NP25
MT5C2568DJ-0 | MCM6206NJ20
MT5C2568DJ-5 | MCM6206NJ25
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CROSS REFERENCE

MITSUBISHI MOTOROLA MITSUBISHI MOTOROLA PARADIGM MOTOROLA
(Cont.)

MSM178AJ-15 | MCM6264CJ15 MSMS5259BJ-15 | MCM6209CJ15 :gm:;s&’ ;2 mmxgj;z

M5M178AJ-20 | MCM6264CJ20 M5M5259BJ-20 | MCM6209CJ20 PDM 4125855 J_J 25 | MoMe20sGI25

M5M178AJ-25 MCM6264CJ25 M5M5259BP-15 | MCM6209CP15 PDM41258P-15 | MCM6208CP15

MSM178AP-15 | MCM6264CP15 M5M5259BP-20 | MCM6209CP20 PDM41258P-20 | MCM6208CP20
M5M178AP—20 | MCM6264CP20 M5M52780-15 | MCM6206CJ15

PDM41258P-25 | MCM6208CP25

MSM178AP—25 | MCM6264CP25 MSM52780-20 | MCM6206CJ20 ggm::::j:;z :‘Agmgxgj;g

M5M179AJ-15 | MCM6265CJ15 M5M5278J-25 | MCM6206CJ25 PDM412500-25 | MCM6208CJ25

M5M179AJ-20 | MCM6265CJ20 M5M5278P-20 © | MCM6206CP20 PDM41259P-15 | MCM6209CP 15
M5M179AP-15 | MCM6265CP15 M5M5278P—25 | MCM6206CP25

M5M179AP—20 | MCM6265CP20 M5M5279-15 | MCM6205CJ15 PDM41259P-20 | MCM6209CP20

PDM41259P-25 | MCM6209CP25

PDM51256J-15 | MCM6206CJ15

M5M5187BJ-15 | MCM6287CJ15 M5M52790-20 | MCM6205CJ20 PDMa1256020 | MOME2060,20

M5M5187BJ-20 | MCM6287CJ20 M5M5279J-25 | MCM6205CJ25 POMS1256P-20 | MOMB206GP20
M5M5187AJ-25 | MCM6287CJ25 M5MS5279P-15 | MCM6205CP15

M5M5187BP-15 | MCM6287CP15 M5M5279P—20 | MCM6205CP20 PDM51256P-25 | MCM6206CP25

M5MS5187BP-20 | MCM6287CP20 M5MS5279P-25 | MCM6205CP25 PDM4157J-15 | MCM6207CJ15

PDM4157J-20 MCM6207CJ20
PDM4157J-25 MCM6207CJ25

M5M5187AP-25 | MCM6287CP25
Mo18 PDM4157P-15 MCM6207CP 15

M5M5188BP-15 | MCM6288CP15
M5M5188BP-20 | MCM6288CP20 - PDM4157P-20 | MCM6207CP20
M5M5188AP-25 | MCM6288CP25 PDM4157P-25 | MCM6207CP25
M5M5189BJ-15 | MCM6290CJ15

M5M5189BJ-20 | MCM6290CJ20
M5M5189AJ-25 | MCM6290CJ25
M5M5189BP-15 | MCM6290CP15
M5M5189BP-20 | MCM6290CP20
M5M5189AP-25 | MCM6290CP25

M5M5257BJ-15 | MCM6207CJ15
M5M5257BJ-20 | MCM6207CJ20
M5M5257AJ-25 | MCM6207CJ25
M5M5257BP-15 | MCM6207CP 15
M5M5257BP-20 | MCM6207CP20

M5M5257AP-25 | MCM6207CP25
M5M5258BJ-15 | MCM6208CJ15
M5M5258BJ-20 | MCM6208CJ20
M5M5258AJ-25 | MCM6208CJ25
M5M5258BP-15 | MCM6208CP15

M5M5258BP-20 | MCM6208CP20
M5M5258AP-25 | MCMé6208CP25
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CROSS REFERENCE

PERFORMANCE MOTOROLA PER?&?I{?NCE MOTOROLA SAMSUNG MOTOROLA
n

P4C1256-20JC MCM6206CJ20 P4C187-20PC MCMé6287P20 KM61257P25 MCM6207CP25
P4C1256-20PC MCM6206CP20 P4C187-25JC MCMe6287J25 KM61257J25 MCM6207CJ25
P4C1256-25JC MCM6206CJ25 P4C187-25PC MCMé6287P25 KM6165J25 MCM6287J25
P4C1256-25PC MCM6206CP25 P4C188-12PC MCMe6288CP12 KM6165P25 MCM6287P25
P4C1257-20C MCM6207CJ20 P4C188-15PC MCM6288CP15 KM64257P25 MCM6208CP25
P4C1257-20PC MCM6207CP20 P4C188-20PC MCMé6288CP20 KM64257J25 MCMé6208CJ25
P4C1257-25JC MCM6207CJ25 P4C188-25PC MCMé6288CP25 KMé64B65P10 MCM6288CP10
P4C1257-25PC MCM6207CP25 P4C198-12JC MCMé6290CJ12 KM64B65P12 MCMé6288CP12
P4C1258-20JC MCM6208CJ20 P4C198-12PC MCMé6290CP12 KM64B65P15 MCMé6288CP15
P4C1258-20PC MCM6208CP20 P4C198-15JC MCM6290CJ15 KM64B65P20 MCM6288CP20
P4C1258-25JC MCM6208CJ25 P4C198-15PC MCM6290CP15 KM6465P25 MCM6288CP25
P4C1258-25PC MCMé6208CP25 P4C198-20JC MCMé6290CJ20 KM64B66J10 MCMé6290CJ10
P4C1298-20JC MCM6209CJ20 P4C198-20PC MCM6290CP20 KM64B66J12 MCM6290CJ12
P4C1298-20PC MCM6209CP20 P4C198-25JC MCMé6290CJ25 KM64B66J15 MCMé6290CJ15
P4C1298-25JC MCM6209CJ25 P4C198-25PC MCM6290CP25 KMé64B66J20 MCMé6290CJ20
P4C1298-25PC MCM6209CP25 KM64B66P10 MCMé6290CP10
P4C163-20JC MCM6265CJ20 KM64B66P12 MCM6290CP12
P4C163-20PC MCM6265CP20 KMé64B66P15 MCM6290CP 15
P4C164-15JC MCM6264CJ15 KM64B66P20 MCM6290CP20
P4C164-15PC MCM6264CP15 KM68B65J12 MCMé6264CJ12
P4C164-20PC MCM6264CP20 KM68B65J15 MCM6264CJ15
P4C164-20JC MCM626CJ20 KM68B65J20 MCM6264CJ20
P4C184-25JC MCM6264CJ25 KM68B65P12 MCM6264CP 12
P4C164-25PC MCM6264CP25 KMé68B65P15 MCM6264CP15
P4C168-20PC MCM6268P20 KMé68B65P20 MCMé6264CP20
P4C168-25PC MCM6268P25

P4C169-20PC MCM6269P20

P4C169-25PC MCM6269P25

P4C170-20PC MCMé6270P20

P4C170-25PC MCM6270P25

P4C170-25PC MCM6270P25

P4C187-12JC MCM6287J12

P4C187-12PC MCM6287P12
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CROSS REFERENCE

SGS THOMPSON MOTOROLA SONY MOTOROLA TOSHIBA MOTOROLA
IMS1605E-15 MCM6287J15 CXK5164J15 MCM6287J15 Ig:gg:j:g mgmzm"scc J"g
IMS1605E-20 MCM6287J20 CXK5164J20 MCM6287J20 TC55328J-25 MCMB206CJ25
IMS1605E-25 MCMe6287J25 CXK5164J25 MCMe287J25 TC55328P-17 MCM6206CP17
IMS1605D3-15 | MCM6287P15 CXK5164P15 MCM6287P15 TC55328P-20 MCM6206CP20
IMS1605D3-20 | MCM6287P20 CXK5164P20 MCM6287P20
TC55328P-25 MCM6206CP25
IMS1605D3-25 | MCM6287P25 CXK5164P25 MCM6287P25 7055329-20 MCM6205C.J20
TC553294-17 MCM6205CJ17
IMS1625D3-15 | MCM6288CP15 CXK5464AP15 MCM6288CP15 TO55328-20 MCMB2050J20
IMS1625D3-20 MCM6288CP20 CXK5464AP20 MCM6288CP20 TC55329P-17 MCM6205CP17
IMS1625D3-25 | MCM6288CP25 CXK5464AP25 MCM6288CP25
IMS1629E-15 MCM6290CJ15 CXK5465J15 MCM6290CJ15 TC55329P-20 MCM6205CP20
TC55329P-25 MCM6205CP25
IMS1629E-20 MCME290CJ20 ox 20 MCM6290C.J20 TC55416P-15H MCM6288CP15
IMS1629E K5465.) TC55416P-20H MCM6288CP20
1629E-25 MCM6290C.J25 CXK5465J25 MCM6290CJ25 TCS5416P-25H | MCM6288CP25
IMS1629D3-15 | MCM6290CP15 CXK5465P15 MCM6290CP15
IMS1635E-15 MCM6264CJ15 CXK5465P20 MCM6290CP20 TC55B417J-10H | MCM6290CJ10
IMS1635E-20 MCM6264CJ20 CXK5465P25 MCM6290CP25 TC55417J-12H MCM6290CJ12

TC55417J-15H MCM6290CJ15

IMS1635E-25 MCM6264CJ25 CXK58255AJ25 MCM6206CJ25 TC55417J-20/J-2H | MCM6290CJ20
IMS1635D3-15 | MCM6264CP12 CXK58255AP25 | MCM6206CP25 TOS5417)-25 MCMe290CJ25
IMS1635D3-20 | MCM6264CP20 CXK5863AJ15 MCM6264CJ15 TC55417P-10 MCM6290CP10
IMS1635D3-25 | MCM6264CP25 CXK5863AJ20 MCM6264CJ20 TC55417P-12 MCM6290CP12
IMS1695E-15 MCMe6265CJ-15 CXKS5863AP15 MCM6264CP15 TC55417P-15 MCM6290CP15
TC55417P-20/P-2H | MCMB290CP20
IMS1695E-20 MCM6265CJ—20 CXKS863AP20 MCM6264CP20 TC55417P-25 MCM6290CP25
IMS1695D3-15 | MCM6265CP-15 CXK5863J25/AJ25 | MCM6264CJ25 TCS5464-20 MCME208CJ20
IMS1695D3-20 | MCM6265CP-20 CXK5863P25/AP25 | MCM6264CP25 TC55464-25 MCM6208CJ25
IMS1800D3-25 | MCM6207CP-25 TC55464P—20 MCMB208CP20
IMS1820E-25 MCM6208CJ25 TC55464P-25 MCM6208CP25
TC55465J-20 MCM6209CJ20
IMS1820D3-25 | MCM6208CP25
IMS1824E-25 MCM6209CJ25 TC55465)-25 MCM6209CJ25
IMS1824D3-25 | MCM6209CP25 Iggﬁg:g xgmxz:zg
MK41HE8N20 MCMe268P20 TC5588J-12 MCM6264CJ12
MK41H68N25 MCM6268P25 TC5588J-15 MCM6264CJ15
MK41HB9N20 MCM6269P20 TC5588J-20 MCM6264CJ20
MK41HE9N25 MCM6269P25 TCS588J-25 MCM6284CJ25
MK41H80 MCM4180 TC5588P-12 MCM6264CP12
TC5588P— P15
MK62486Q MCMe2488 T65588P-;g mgm:zgpzo
MK62940Q MCM62940
TC5588P-25 MCM6264CP25
MK62960Q MCM62960 TC5589J-15 MCM6265CJ15
TC5589J-20 MCM6265CJ20
TC5589P-15 MCM6265CP15
TC5589P-20 MCM6265CP20
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MOTOROLA

== SEMICONDUCTOR
TECHNICAL DATA

Advance Information MCM5L4100A
4M x 1 CMOS Dynamic RAM
Fast Page Mode
The MCM54100A is a 0.7y CMOS high-speed, dynamic random access memory. It N PACKAGE
is organized as 4,194,304 one-bit words and fabricated with CMOS silicon-gate pro- 300-MIL SOJ
cess technology. Advanced circuit design and fine line processing provide high per- CASE 822
formance, improved reliability, and low cost.
The MCM54100A requires only 11 address lines; row and column address inputs
are multiplexed. The device is packaged in a standard 300-mil J-lead small outline
package, and a 100-mil zig-zag in-line package (ZIP).
e Three-State Data Output 2 z ::Eg.agE
o Fast Page Mode N ZIG-ZAG IN-LINE
o Test Mode N CASE 836
e TTL-Compatible Inputs and Outputs
e RAS Only Refresh
e CAS Before RAS Refresh
¢ Hidden Refresh PIN NAMES
e 1024 Cycle Refresh: MCM54100A = 16 ms
MCM5L4100A=128ms | AD-A10.............. Address Input
e FastAccess Time(tRac) D Data Input
MCM54100A-60 and MCM5L4100A-60 =60 ns (Max) [ Qeiviiiiinn, Data Output
MCM54100A-70 and MCM5L4100A-70 = 70 ns (Max) s : h?ﬁi\dﬂgfs g't‘::gz
MCMSMOOA-BO ‘an(.:i MQM.5L41 00A-80 = 80 ns (Max) CAS .. ... Column Address Strobe
® Low Active Power Dissipation: .. Power Supply (+ 5 V)
MCM54100A-60 and MCM5L4100A-60 =660 mW (Max) | Vaa oo Ground
MCM54100A-70 and MCM5L4100A-70 =550 mW (Max) | NC ...ooveeee . No Connection
MCM54100A-80 and MCM5L4100A-80 = 468 mW (Max)
e Low Standby Power Dissipation:
MCM54100A and MCM5L4100A = 11 mW (Max, TTL Levels) PIN ASSIGNMENT
MCM54100A = 5.5 mW (Max, CMOS Levels)
MCMS5L4100A = 1.1 mW (Max, CMOS Levels) 100-MIL ZiP
Aol 4=
300-MIL SOJ . s 2 AS
=1,
Em 26 1 Vgg s || vss
wie 25 [1a Di==]| ¢ .
RS [ 24 [ TAS w5l 1. '8'
NC4 23 fINC g |==|A10
NC| ==
A0ls 22 [l A9 10
0 11 |==|NC
o [
A2| ==
A0o 18 [1 A8 Wins
1
A0 17 A7 Vee = 16
A2 ] 11 16 1 A6 KA I
sl 12 15 [1 A5 o [F¥] %
veo13 14 fIwe M2 e

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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- MCMb54100A* MCMS5L4100A

BLOCK DIAGRAM
W -
v j } DATAIN
55 J BUFFER  [*—D
#2 CLOCK D;JQF%%T > Q
GENERATOR
COLUMN A
N| ADDRESS
:3 — BUFFERS (11) q DCE%%JE')@R
o REFRESH
" CONTROLLER
2 SENS AMP
[ e 0 GATING
A6 — COUNTER (10
A7 ——
A ROW > t X8
Ag— L—N
Ao —1 ADDRESS ROW | « MEMORY
—V|_BUFFERS (11) 1/|DECODER , ARRAY
i :l_J 24
[
s #1CLOCK
——| GENERATOR SUBSTRATE BIAS [«— VcC

" ABSOLUTE MAXIMUM RATING (See Note)

GENERATOR

[<— Vss

thi

it

thi

Rating Symbol Value Unit
Power Supply Voltage Vee -1t0+7 \
Voltage Relative to Vgg for Any Pin Except Voo Vin: Vout =110 +7 \
Data Out Current lout 50 mA
Power Dissipation Pp 700 mwW
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range ng -55t0+150 | °C

NOTE: Permanentdevice damage may occurif ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.

This device contains circuitry to protect
e inputs against damage due to high

static voltages or electric fields; however,

is advised that normal precautions be

taken to avoid application of any voltage
higher than maximum rated voltages to

is high-impedance circuit.
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MCM54100A*MCMS5L4100A

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Ve =5.0 V+10%, Tp = 0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit | Notes
Supply Voltage (Operating Voltage Range) Vee 45 5.0 55 \ 1
Vss 0 0 0
Logic High Voltage, All Inputs ViH 2.4 —_ 6.5 \ 1
Logic Low Voltage, All Inputs ViL -1.0 — 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
Ve Power Supply Current Icct mA 2,3
MCM54100A-60 and MCM5L4100A-60, tRg = 110 ns — 120
MCM54100A-70 and MCM5L4100A-70, tpg = 130 ns — 100
MCM54100A-80 and MCM5L4100A-80, tRc = 150 ns — 85
Ve Power Supply Current (Standby) (RAS = CAS = V|y) lcc2 — 2.0 mA
Ve Power Supply Current During RAS Only Refresh Cycles (CAS = V|) lcca mA 2,3
MCM54100A-60 and MCM5L.4100A-60, tRc = 110 ns — 120
MCM54100A-70 and MCM5L4100A-70, tpc = 130 ns — 100
MCM54100A-80 and MCM5L.4100A-80, tc = 150 ns — 85
V¢ Power Supply Current During Fast Page Mode Cycle (RAS = V| ) lcca mA 2,3
MCM54100A-60 and MCM5L4100A-60, tpg = 45 ns — 60
MCM54100A-70 and MCM5L4100A-70, tpg = 45 ns — 70
MCM54100A-80 and MCM5L4100A-80, tpc = 50 ns — 60
Vg Power Supply Current (Standby) (RAS = CAS = V|4-0.2 V) Iccs
MCM54100A — 1.0 mA
MCM5L4100A — 200 HA
Ve Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM54100A-60 and MCM5L4100A-60, tgc = 110 ns — 120
MCM54100A-70 and MCM5L4100A-70, trc = 130 ns — 100
MCM54100A-80 and MCM5L.4100A-80, trg = 150 ns — 85
Vg Power Supply Current, Battery Backup Mode—MCM5L4100A Only lcc7 pA 2,4
(tRc = 125 ps; CAS = CAS Before RAS Cycling or 0.2 V; W = Vec-02V;
Din=Vcc—0.2Vor0.2Vor OPEN; A0-A10 = Voo —0.2Vor0.2 V)
tRAS =300 nsto 1 pus
tRAS = Min to 300 ns — 400
— 300
Input Leakage Current (0 V < Vi, <6.5V) likg(l) -10 10 WA
Output Leakage Current (CAS = V|, 0 V< V54 <5.5V) likg(0) -10 10 pA
Output High Voltage (Io = — 5 mA) VoH 2.4 — \"
Output Low Voltage (Ig = 4.2 mA) VoL — 0.4 \
CAPACITANCE (f = 1.0 MHz, Tp = 25°C, Vg = 5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit | Notes
Input Capacitance A0-A10,D Cin 5 pF 5
RAS, CAS, W 7
1/O Capacitance (CAS = V| to Disable Output) Q Cout 7 pF 5
NOTES: ,

1. All voltages referenced to Vgg.

2. Current is a function of cycle rate and output loading; maximum currents are specmed cycle time (mlnlmum) with the output open.
3. Column address can be changed once or less while RAS = V_and CAS = V).

4. tgas (max) = 1 ps is only applied to refresh of battery-back up. tgag (max) = 10 ps is applied to functional operating.

5. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAVAV.
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MCM54100A*MCMS5L4100A

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vo =5.0 V£10%, T = 0 to 70°C, Unless Otherwise Noted)

READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)

54100A-60 54100A-70 54100A-80
Symbol 5L4100A-60 5L4100A-70 5L.4100A-80
Parameter Std. Alt. Min Max Min Max Min Max | Unit | Notes
Random Read or Write Cycle Time tRELREL RC 110 — 130 —_ 150 — ns 5
Read-Write Cycle Time tRELREL | tRWC 140 — 155 — 175 — ns 5
Fast Page Mode Cycle Time {CELCEL tpc 45 — 45 — 50 — ns
Fast Page Mode Read-Write Cycle tCELCEL | tPRWC 65 — 70 — 75 - ns
Time
Access Time from RAS tRELQV | RAC — 60 — 70 — 80 ns | 6,7
Access Time from CAS tceLQv | tcac — 20 — 20 — 20 ns | 6,8
Access Time from Column Address tavQv tAA — 30 — 35 — 40 ns 6,9
Access Time from Precharge CAS tCEHQV tcPA — 40 — 40 — 45 ns 6
CAS to Output in Low-Z tGELQX tcLz 0 — 0 — 0 — ns 6
Output Buffer and Turn-Off Delay {CEHQZ tOFF 0 20 0 20 0 20 ns 10
Transition Time (Rise and Fall) tr tr 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL tRP 45 — 50 — 60 — ns
RAS Pulse Width {RELREH {RAS 60 10k 70 10k 80 10k ns
RAS Pulse Width (Fast Page Mode) tRELREH | tRASP 60 200 k 70 200 k 80 200k | ns
RAS Hold Time tCELREH tRSH 20 — 20 — 20 — ns
CAS Hold Time tRELCEH | tCSH 60 — 70 — 80 — ns
CAS Precharge to RAS Hold Time {CEHREH | tRHCP 40 — 40 — 45 — ns
CAS Pulse Width tCELCEH tCAS 20 10k 20 10k 20 10k ns
RAS to CAS Delay Time IRELCEL | RcD 20 40 20 50 20 60 ns 11
RAS to Column Address Delay Time {RELAV {RAD 15 30 15 35 15 40 ns 12
CAS to RAS Precharge Time tCEHREL tCRP 5 —_ 5 — 5 — ns
CAS Precharge Time tCEHCEL | tcp 10 — 10 — 10 — ns
Row Address Setup Time tAVREL tASR 0 — 0 — 0 — ns
Row Address Hold Time tRELAX tRAH 10 — 10 — 10 — ns
(continued)
NOTES:

1. Vi min and V) max are reference levels for measuring timing of input signals. Transition times are measured between V| and V).

2. Aninitial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V| and V)_ (or between V);_and Vj) in a monotonic manner.

. AC measurements tT = 5.0 ns.

. The specifications for tgc (min) and tgrywc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C < Tp <70°C) is assured.

. Measured with a current load equivalent to 2 TTL (— 200 pA, + 4 mA) loads and 100 pF with the data output trip points set at Vo = 2.0 V
and VoL = 0.8 V.

. Assumes that trcp < trcp (Mmax).

. Assumes that trcp 2 tRcD (max)

. Assumes that "‘BAD = tF}

. toFF (max) defines the time at wh«ch the output achieves the open circuit condition and is not referenced to output voltage levels.

. Operation within the trcp (max) limit ensures that tRoc (Max) can be met. trcp (max) is specified as a reference pomt only; if trep is
greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac-

12. Operation within the tRap (max) limit ensures that tRac (max) can be met. tRop (max) is specified as a reference point only; if trap is

greater than the specified tgap (max) limit, then access time is controlled exclusively by taa.

o (S0

-
- QW oo~
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MCM54100A* MCM5L4100A

READ, WRITE, AND READ-WRITE CYCLES (Continued)

54100A-60 54100A-70 54100A-80
Symbol 5L4100A-60 5L4100A-70 5L4100A-80
Parameter Std. Alt. Min Max Min Max Min Max | Unit | Notes
Column Address Setup Time tAVCEL tASC 0 — 0 — 0 — ns
Column Address Hold Time tCELAX tCAH 15 — 15 — 15 — ns
Column Address to RAS Lead Time tAVREH tRAL 30 — 35 — 40 s ns
Read Command Setup Time tWHCEL tRcS 0 — 0 — 0 — ns
Read Command Hold Time Referenced | tcEHWX tRCH 0 —_ 0 - 0 - ns 13
to CAS :
Read Command Hold Time Referenced | tREHWX tRRH 0 —_ 0 — 0 — ns 13
to RAS
Write Command Hold Time Referenced | tcgLwH tWCH 10 - 15 - 15 — ns
to CAS
Write Command Pulse Width tWLWH wp 10 — 15 — 15 —-— ns
Write Command to RAS Lead Time tWLREH tRWL 20 — 20 — 20 — ns
Write Command to CAS Lead Time tWLCEH tcwL 20 — 20 - 20 — ns
Data in Setup Time tDVCEL tps 0 — 0 — 0 — ns 14
Data in Hold Time tCELDX tDH 15 — 15 — 15 — ns 14
Refresh Period tRVRV tRFSH ms
MCM54100A — 16 — 16 - 16
MCM5L4100A — 128 — 128 -~ 128
Write Command Setup Time tWLCEL twes 0 —_ 0 — 0 — ns 15
CAS to Write Delay tCELWL tcwD 20 — 20 - 20 —_ ns 15
RAS to Write Delay RELWL tRWD 60 — 70 — 80 — ns 15
Column Address to Write Delay Time tAVWL tAWD 30 — 35 — 40 — ns 15
CAS Precharge to Write Delay Time tcEHWL | tcPwD 40 —_ 40 — 40 — ns 15
(Page Mode)
CAS Setup Time for CAS Before RAS tRELCEL SR 5 — 5 — 5 —_ ns
Refresh
CAS Hold Time for CAS Before RAS tRELCEH {CHR 15 — 15 — | 15 — ns
Refresh
RAS Precharge to CAS Active Time tREHCEL tRPC 0 — 0 — 0 — ns
CAS Precharge Time for CAS Before {CEHCEL tcPT 30 — 40 — 40 — ns
RAS Counter Time
Write Command Setup Time (Test WLREL twTs 10 — 10 - 10 — ns
Mode)
Write Command Hold Time (Test Mode) | tRELWH WTH 10 — 10 — 10 — ns
Write to RAS Precharge Time (CAS tWHREL tWRP 10 — 10 — 10 — ns
Before RAS Refresh)
Write to RAS Hold Time (CAS Before tRELWL tWRH 10 - 10 - 10 - ns
RAS Refresh)
NOTES:

13. Either tyrH or tRcH must be satisfied for a read cycle.

14. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in read-write cycles.

15. twcs: tRWD- tcwD: tAWD. and tcpwp are not restrictive operating parameters. They are included in the data sheet as electrical character-
istics only; if tyycs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout
the entire cycle; if tcwp 2 tcwp (min), tRwD 2 tRwD (Min), tawD 2 tawp (min), and tcpwp 2 tcpwD (min) (page mode), the cycle is
aread-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition
of the data out (at access time) is indeterminate.
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MCM54100A*MCM5L4100A

READ CYCLE
tRC
tRAS tRp >
T
AR v':_ N\ / \__
tosH [t cCRP—
tCRP—‘-H tRCD tRSH v —'|
Vi— [ tcas —>
—
oS _/ \ \ / / \_
VIL - N
—tgap tRAL o
tASR—> e asc [*tcan—™]
ViH— ROW COLUMN
T B WX XXXX
- tRAH— 1 *~tRCH ]
tres _H fa— F——tRRH
W M
vy — N lcac ™
fe——1tm
tolz r—toFF —*|
tRAC
b (pATA QUT) OH ™ {
( oun HIGH Z VALID DATA
Vo— i
EARLY WRITE CYCLE
tRe
tRAS tRp >
= VIH— b
s N\ AN
tRCD tRSH [t crP—>1
toRP—=-> tesH fter ™
Vi — . < lcas —™
H
CAS /
ViL—
tRAD tRAL
tASR —| | tasc [*—tcaH—>
Vig— ROW COLUMN
ADDRESSES ViL— XX ADDRESS ADDRESS
F=-tpan—> fowe >
tWCS [ tweH—™]
t
ViL—
tRWL ='J
tpg—] fe— L"‘DH“’

V —_—

VoH—
D (DATAOUT) HIGHZ
VoL—
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MCM54100A*MCM5L4100A

READ-WRITE CYCLE
tRwe
tRAS tRp —
= VIH— 3
RS \
ViL— \___
tRSH
F—'taco P tcRp
t tcAs >
o I tRwL e —.1
i O [\
ViL—
t
CSH PR
i [*—'RAD " tRAL
y ASR—> 1= ASC_*tcAH ™
H— ROW COLUMN
'RAH tawp
tRWD
1—1CWD—> re-tywp
" XXX \ XXRXXHXXXK)
ViL—
T
[ tpy —
tRCS oH
—> m—tpg
ViH—
D (DATA IN) Vi VALID DATA
- |
[etcac
L— Y I toFF
tRac
Vou— g
D (DATA OUT) HIGH Z VALID DATA }——
VoL— _
tCLz—H
FAST PAGE MODE READ CYCLE
tRASP tRp
s ViH— N [*—— tRHCP —*Z
ViL—
tesH r———fpc tRSH >
| —tRCD tcas tcas tcas|
CHP'I‘_’ ) top tep [—— tcp —]
w7 NN RN
L= e C e
tCAH tCAH toaH
. tasc — r tASC —» ’4- tasc 1+ '4—
ASR | tRALT ™
ADDRESSES ' H ™  ROW COLUMN COLUMN ] 7 COLUMN ><>O<><><><><>
Vi — . ADDRESS | ADDRESS | ADDRESS \ ADDRESS
tRAH |- I"“_IRRH
<—tRAD —™ tRCH— ]-4 tRCH—'I‘-
' tRCS 1= > ~—tpcs ™{trcs tRCH
— V=
e XXX \Y
L tcac tcac toac
A taA tAA
tRAC <—'cra < tcPa
VoH— VALID { VALD ) (" VALID ]
Y/ 57
D (DATA OUT) Vo— DATA >—— | DATA | . DATA
toFF > toFF —e— le—>t~torF
tCLZ — toLz —™ torz —™
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MCM54100A* MCM5L4100A

FAST PAGE MODE EARLY WRITE CYCLE

tRASP tRP
ars VHT X [ tRHCP —™
s ViL— \
< trRep—™ e—1tpc [~ tRSH >
tcas tcas tcas
t | +
v or 1~ n—ied tcp) — tep
= VH—
® ] N SN N
ViL—= 3 S
tasc tASC T tRAL—>"
tRAH 'ASC — [—
tAsR tcAH toAH tCAH
ViH— { ROW COLUMN COLUMN A COLUMN
ADDRESSES ViL— er ADDRESS ADDRESS ADDRESS [ ADDRESS X><>O<><><><><>
r*—tRAD —™ twes tweH
twes = tweH twes tweH
ViH— e—twp — [t \yp ] T twp
w
- OO0 T[] - AXXXHXXXX
FDS"I tps tps— fe—
v tDH tDH tpy
—_— -
D (DATAIN) V': _ ><><>O<><>< VALID DATA >®§L VALID DATA VALID DATA X><><><><><><><>
V, —_
D (DATAOUT) OH HIGHZ
VoL—
FAST PAGE MODE READ-WRITE CYCLE
]ﬂ—ﬂ—l
- -\-\ tRASP f R
RAS
ViL— K
(v E—— [*—tprwc —>] & tRsH —™
tep tep —tcp
tcrp *—tRcD —T"‘CAS"T [—tcas —> *—ICAs—ﬂ
— Vig— /
N \ /N /N /
[« tRAL
tASR tasc—> re— —> M-tasc *’I etasc
tRAH LA tcaH toAH
ViH— ROW COLUMN COLUMN COLUMN
ADDRESSES | Xx ADDRESS | ADDRESS X}zx ADDRESS _X}ZX ADDRESS _XXM}
[ N
—tRaD =™ | ™ [*towp tcwp t<|:wc> -'F tRWL
tRCS = towL towL - oWl
tAwD tawp | [ tawp > |
i SRR T N AT x
W
ViL— h
ips —ﬂ - lDIS t|DS
lae——t ST twp T twp| twp
RWD r<—tcpwp —* tCPWD — ’
v > le—tpy| | 1 ety | 'DH
H— { VALI CVALI AVALI
A
DOATAN -\ " X, DATA mtw X DAT
Lz l:‘—ﬂ- oLz oLz
lCAcl “CAC_’ t tcAC—>|
—1Ap —™ AA M 1ax
v < tRAC [e—tcPa tcPa
OH— VALD ) A VALID Y VALID
D (DATAOUT) VoL— DATA _)___‘gzxr DATA 5—__ DATA
{OFF —e—> {OFF —te——n {OFF ~fe——>"
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MCM54100A*MCM5L4100A

RAS ONLY REFRESH CYCLE

(W and A10 are Don’t Care)
t
RC FE—
___ Vy— g tRAS
AAS X N
ViL—
{CRP —j=—> tRPC
ViL—
tRAH
tASR—>|  |e—
ViR—  ROW
AOTOR ‘ZXX ADDRESS
V, -
p(pATAQUT) OH HIGHZ
Vo=
CAS BEFORE RAS REFRESH CYCLE
(A0 to A10 are Don’t Care)
tRC
. [t —™
—_ VH— RAS f
RAS \
ViL—
tcsR
tRPC ]
tc
V- ¥ tCHR
tAs M \ /
ViL— —_— 4

twap—'ﬂ—b <—>I—IWRH
! ViL—
toFF —L——

_——

V, —_
D(DATAOUT) OH
Vo= e A

HIGH Z

Ll
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MCMb54100A*MCM5L4100A

HIDDEN REFRESH CYCLE (READ)

R le—— tRAS ——
tRAS tRP
V=T 3 j‘_‘—'—\ /—_
RAS
Ve N N ]
tcRp re——tRCD ——>{=—tRgH —> = ICHR “lcp
— VIH— B
TAS \
V|L - _/
<—tRAD tRAL—>
t ASR —-I et} — ‘_tCAH —»
tRAH — ‘r— tasc
ADDRESSES ViH—  ROW { COLUMN
Vi — \_ ADDRESS | ADDRESS

'Rcs—t—-’l lnnH——I [~ 'WRP‘}‘—’I l-—*rtwnn |
" o OO

tcac

tAa =™

—toFF

tRaC

VoH— &
D (DATA OUT) VALID DATA }—
VoL— ~

torz —

HIDDEN REFRESH CYCLE (EARLY WRITE)

tRe tRAs — >
|e—————— tpag ——————> tRp —
msVH- T\ X VA
ViL — \ \t .
{CRP—=-> | =——1ReD ——*{=—tpgy —> 'CHR top
m V|H - \
ViL — J
—tRAD [ tRAL ™
tagR—>  e— [ asc
tRAH tcAH

ViH— (" ROW COLUMN
s XX KOO B 000X XXX KKK
""“'RWL—'I

*—twcH —™

Vi — twes
ViL— 3

twp —

twrp tWRH

tps r—tpy —>]
Vi — s
L - e
Vay —
D (DATAQUT) OH HIGHZ
VoL —
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MCMb54100A*MCM5L4100A

ViH—
ADDRESSES
ViL—

READ CYCLE

V, .
Q(ATAOUT)  OH
Vo

—VIH—
ViL—

EARLY WRITE CYCLE

Vg —
a(paTAouT) OH

VoL—

V=

ViL—

ViH™
iL—

D (DATAIN)

READ-WRITE CYCLE

Vy —
Q(ATAQUT) OF
VOL-—

—ViH—
ViL—

ViH—

D (DATAIN)
ViL—

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tRAS tRp
\1 [ tRSH —™ Z
tcsR tCHR p 'CPT —» oAy
tasc <-tCAH >
A
><><><><><><><><>§ COLUMN ADDRESS
N
< tcac ™
tRAL
taa—> tOFF
'S
HIGHZ i VALID DATA —
toz — bt tRRH
twap > twaH f*—tRcs —] [ "RCH ]
Q] XXX XX
HIGH Z
tRWL
N \ towL
WRP —"_’ "”— WRH = twes —™ [ —twcH —™
Q0| O[T HXRKCKRXHRY
4—-—103——- ‘_'DH* I | l
-
M VALID DATA
,
[*tcac ™
foLz torF
"
HIGHZ VALID DATA —
—™ tWRH tan —> “*cwr'I
t [ t — [ o
WRP -—-| ) AWD RWL .
Q0 XX QOO0
r—lcwp —> twp

VALID DATA >§

XXXXXXXXLQOOINHAX

I"'—'—toH
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MCM54100A*MCM5L4100A

DEVICE INITIALIZATION

On power-up an initial pause of 200 m|croseconds is re-
quired for the internal substrate generator to establish the cor-
rect bias voltage. This must be followed by a minimum of eight
active cycles of the row address strobe (clock) to initialize all
dynamic nodes within the RAM. During an extended inactive
state (greater than 16 milliseconds or 128 milliseconds in case
of low power device, with the device powered up), a wakeup
sequence of eight active cycles is necessary to ensure proper
operation.

ADDRESSING THE RAM

The eleven address pins on the device are time multiplexed
atthe beginning of a memory cycle by two clocks, row address
strobe (RAS) and column address strobe (CAS), into two sep-
arate 11-bit address fields. A total of twenty-two address bits,
eleven rows and eleven columns, will decode one of the
4,194,304 bit locations in the device. RAS active transition is
followed by CAS active transition (active = V|, trgp mini-
mum) for all read or write cycles. The delay between RAS and
CAS active transitions, referred to as the multiplex window,
gives a system designer flexibility in setting up the external ad-
dresses into the RAM.

The external CAS signal is ignored until an internal RAS sig-
nal is available. This “gate” feature on the external CAS clock
enables the internal CAS line as soon as the row address hold
time (tRAH) specification is met (and defines trcp minimum).
The multiplex window can be used to absorb skew delays in
switching the address bus from row to column addresses and
in generating the CAS clock.

There are three other variations in addressing the 4M RAM:
RAS only refresh cycle, CAS before RAS refresh cycle,
and page mode.

READ CYCLE

The DRAM may be read with four different cycles: “normal”
random read cycle, page mode read cycle, read-write cycle,
and page mode read-write cycle. The normal read cycle is out-
lined here, while the other cycles are discussed in separate
sections.

The normal read cycle begins as described in ADDRESS-
ING THE RAM, with RAS and CAS active transitions latching
the desired bit location. The write (W) input level must be high
(VIH), tRcs (minimum) before the CAS active transition, toen-
able read mode.

Both the RAS and CAS clocks trigger a sequence of events
which are controlled by several delayed internal clocks. The
internal clocks are linked in such a manner that the read ac-
cess time of the device is independent of the address multiplex
window; however, CAS must be active before or attrc p maxi-
mum to guarantee validdata out (Q) attgAc (access time from
RAS active transition). If the tgcp maximum is exceeded,

read access time is determined by the CAS clock active transi- -

tion (t

The RAS and CTAS clocks must remain active for a minimum
time of tyag and tcag respectively, to complete the read
cycle. W must remain high throughout the cycle, and for time
tRRH or tRcH after RAS or CAS inactive transition, respec-
tively, to maintain the data at that bit location. Once RAS transi-
tions to inactive, it must remain inactive for a minimum time of
trp to precharge the internal device circuitry for the next active
cycle. Qs valid, but not latched, as long as the CAS clock is
active. When the CAS clock transitions to inactive, the output
will switch to High Z (three-state).

WRITE CYCLE

The user can write to the DRAM with any of four cycles: early
write, late write, page mode early write, and page mode read-
write. Early and late write modes are discussed here, while
page mode write operations are covered elsewhere.

A write cycle begins as described in ADDRESSING THE
RAM. Write mode is enabled by the transition of W to active
(VL) Early and late write modes are distinguished by the ac-
tive transition of W, with respect to CAS. Minimum active time
tRAS and to s, and precharge time typ apply to write mode,
as in the read mode. -

An early write cycle is characterized by W active transition at
minimum time t\ALC_S_before CAS active transition. Data in n(D)
is referenced to CAS in an early write cycle. RAS and CAS
clocks must stay active for tgyy andtcw, respectively, after
the start of the early write operation to complete the cycle.

Q remains in three-state condition throughout an early write
cycle because W active transition precedes or coincides with
CAS active transition, keeping data-out buffers disabled. This
feature can be utilized on systems with acommon I/O bus, pro-
vided all writes are performed with early write cycles, to pre-
vent bus contention.

A late write cycle occurs when W active transition is made
after CAS active transition. W active transition could be
delayed for almost 10 microseconds after CAS active transi-
tion, (tRcD +tcwb + tRWL + 2tT) <tRAS, if other timing mini-
mums (trcD. tRWL, and tT) are maintained. D is referenced to
W active transition in a late write cycle. Output buffers are en-
abled by CAS active transition but Q may be indeterminate—
see note 15 of ac operating conditions table. RAS and CAS
must remain active for tgyy| and toyy, respectively, after W
active transition to complete the write cycle.

READ-WRITE CYCLE

A read-write cycle performs a read and then a write at the
same address, during the same cycle. This cycle is basically a
late write cycle, as discussed in the WRITE CYCLE section,
except W must remain high for toyyp minimum after the CAS
active transition, to guarantee valid Q before writing the bit.

PAGE MODE CYCLES

Page mode allows fast successive data operations at all
2048 column locations on a selected row of the 4M dynamic
RAM. Read access time in page mode (tcac) is typically half
the regular RAS clock access time, trac. Page mode opera-
tion consists of keeping RAS active while toggling CAS be-
tween V|4 and V|| . The row is latched by RAS active transi-
tion, while each CAS active transition allows selection of a new
column location on the row.

A page mode cycle is initiated by a normal read, write, or
read-write cycle, as described in prior sections. Once the tim-
ing requirements for the first cycle are met, CAS transitions to
inactive for minimum of tgp, while RAS remains low (V|). The
second CAS active transition while RAS is low initiates the first
page mode cycle (tpc ortprwe)- Either aread, write, or read-
write operation can be performed in a page mode cycle, sub-
ject to the same conditions as in normal operation (previously
described). These operations can be intermixed in consecu-
tive page mode cycles and performed in any order. The maxi-
mum number of consecutive page mode cycles is limited by
tRASP- Page mode operation is ended when RAS transitions
to inactive, coincident with or following CAS inactive transition.

MOTOROLA MEMORY DATA
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MCM54100A* MCMS5L4100A

REFRESH CYCLES

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge will tend to de-
grade with time and temperature. Each bit must be periodically
refreshed (recharged) to maintain the correct bit state. Bits in
the MCM54100A require refresh every 16 milliseconds, while
refresh time for the MCM5L4100A is 128 milliseconds.

This is accomplished by cycling through the 1024 row ad-
dresses in sequence within the specified refresh time. All the
bits on a row are refreshed simultaneously when the row is ad-
dressed. Distributed refresh implies a row refresh every 15.6
microseconds for the MCM54100A, and 124.8 microseconds
for the MCM5L4100A. Burst refresh, a refresh of all 1024 rows
consecutively, must be performed every 16 milliseconds on
the MCM54100A and 128 milliseconds on the MCM5L4100A.

A normal read, write, or read-write operation to the RAM will
refresh all the bits (4096) associated with the particular row de-
coded. Three other methods of refresh, RAS-only refresh,
CAS before RAS refresh, and hidden refresh are available
on this device for greater system flexibility.

RAS-Only Refresh

RAS-only refresh consists of RAS transition to active, latch-
ing the row address to be refreshed, while CAS remains high
(V) throughout the cycle. An external counter is employed to
ensure all rows are refreshed within the specified limit.

CAS Before RAS Refresh

CAS before RAS refresh is enabled by bringing CAS active
before RAS. This clock order activates an internal refresh
counter that generates the row address to be refreshed. Exter-
nal address lines are ignored during the automatic refresh
cycle. The output buffer remains at the same state itwas in dur-
ing the previous cycle (hidden refresh). W must be inactive for
time tyyrp before andtime tyRH after RAS active transition to
prevent switching the device into test mode.

CAS BEFORE RAS
REFRESH CYCLE

MEMORY CYCLE

Hidden Refresh

Hidden refresh allows refresh cycles to occur while main-
taining valid data at the output pin. Holding CAS active at the
end of a read or write cycle, while RAS cycles inactive for tgp
and back to active, starts the hidden refresh. This is essentially
the execution of a CAS before RAS refresh from a cycle in
progress (see Figure 1). W is subject to the same conditions
with respect to RAS active transition (to prevent test mode
entry) as in CAS before RAS refresh.

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh counter of this device can be tested with
a CAS before RAS refresh counter test. This test is per-
formed with a read-write operation. During the test, the internal
refresh counter generates the row address, while the external
address supplies the column address. The entire array is re-
freshed after 1024 cycles, as indicated by the check data writ-
ten in each row. See CAS before RAS refresh counter test
cycle timing diagram.

The test can be performed after a minimum of 8 CAS before
RAS initialization cycles. Test procedure:

1. Write “0”s into all memory cells with normal write mode.

2. Select a column address, read “0” out and write “1” into
the cell by performing the CAS before RAS refresh
counter test, read-write cycle. Repeat this operation
1024 times.

3. Readthe “1”s which were written in step 2in normal read
mode.

4.  Using the same starting column address as in step 2,
read “1” out and write “0” into the cell by performing the
CAS before RAS refresh counter test, read-write
cycle. Repeat this operation 1024 times.

5. Read “0”s which were written in step 4 in normal read
mode.

6.  Repeat steps 1 to 5 using complement data.

CAS BEFORE RAS
REFRESH CYCLE

CAS

s

Q —HIGHZ—

VALID DATA-OUT

= o/ 7/ /|
T\
__<

>
|

Figure 1. Hidden Refresh Cycle
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MCMB54100A*MCM5L4100A

TEST MODE

The internal organization of this device (512K x 8) allows it
to be tested as if it were a 512K x 1 DRAM. Nineteen of the
twenty two addresses are used when operating the device in
test mode. Row address A0, and column addresses A0 and
A10 are ignored by the device in test mode. A test mode cycle
reads and/or writes data to a bit in each of eight 512K blocks
(BO-B7) in parallel. External data out is determined by the in-

ternal test mode logic of the device. See the following truth
table and test mode block diagram.

W, CAS before RAS timing puts the device in “Test Mode”
as shown in the test mode timing diagram. ACAS before RAS
or a RAS only refresh cycle puts the device back into normal
mode. Refresh is performed in test mode by using a W, CAS
before RAS refresh cycle which uses internal refresh address
counter. ‘

TEST MODE TRUTH TABLE

D BO B1 B2 B3 B4 BS B6 B7 Q

0 0 0 0 0 0 0 0 0 1

1 1 1 1 1 1 1 1 1 1

— Any Other 0

TEST MODE
AC OPERATING CONDITIONS AND CHARACTERISTICS
(Ve =5.0 V£10%, TA =0 to 70°C, Unless Otherwise Noted)
READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)
54100A-60 54100A-70 54100A-80
Symbol 5L4100A-60 5L4100A-70 5L4100A-80
Parameter Std. Alt. Min Max Min Max Min Max | Unit | Notes
Random Read or Write Cycle Time {RELREL tRC 115 — 135 — 155 — ns 5
Fast Page Mode Cycle Time {CELCEL tpC 50 — 50 — 55 — ns
Acgess Time from RAS tRELQV tRAC — 65 — 75 — 85 ns 6,7
Access Time from CAS tcELQv_ | tcac - 25 — 25 — 25 [ ns | 68
Access Time from Column Address tavav tAA — 35 — 40 — 45 ns 6,9
Access Time from Precharge CAS {CEHQV tCPA — 45 — 45 —_ 50 ns 6
RAS Pulse Width tRELREH | tRAS 65 10k 75 10k 85 10k | ns
RAS Pulse Width (Fast Page Mode) tRELREH | tRASP 65 200 k 75 200 k 85 200k | ns
RAS Hold Time {CELREH tRSH 25 —_ 25 — 25 —_ ns
CAS Hold Time tRELCEH tCSH 65 - 75 —_ 85 — ns
CAS Precharge to RAS Hold Time tCEHREH | tRHCP 45 — 45 — 50 — ns
CAS Pulse Width tCELCEH tCAS 25 10k 25 10k 25 10k ns
Column Address to RAS Lead Time tAVREH tRAL 35 — 40 — 45 - ns
NOTES:

1. Vi min and V|| max are reference levels for measuring timing of input signals. Transition times are measured between V|4 and V).

2.
3.

An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must

transition between Vi and V)_ (or between V)|_and V) in a monotonic manner.

4. AC measurements tT = 5.0 ns.
range (0°C < Tp <70°C) is ensured.

and Vo =0.8 V.
. Assumes that tRcp < trcp (Mmax).
. Assumes that tRcp 2 trep (max).
. Assumes that tRAD 2 tRAD (max).

© o~

. The specifications for tgc (min) and tryc (min) are used only to indicate cycle time at which proper operation over the full temperature

. Measured with a current load equivalent to 2 TTL (- 200 uA, + 4 mA) loads and 100 pF with the data output trip points set at Vo = 2.0 V

MOTOROLA MEMORY DATA.
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MCM54100A

RAS ViH —
ViL

tAs Vi —
ViL

oV —
w VM
ViL —

\') —
Q(oataout) OH
VoL —

__/[_—'\

“ X

MCM5L4100A

WRITE, CAS BEFORE RAS REFRESH CYCLE (TEST MODE ENTRY)

(D and A0-A10 are Don't Care)
tRC

RAS ; tRp ——>

— ICHR

= tcp

tcsr

XXX

~

e— tWTH

MWWW

e ‘0ng

—
N

HIGHZ

—
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MCM54100A* MCM5L4100A

TEST MODE - READ CYCLE

tRe

le——— tRp———|

_ VH— tRAS R
s, N / \
tcsH t
Vg tCRp-Idﬁ l&—————— tRCD %——:gi: - :— CRP—>|
CAS vy \ / /
<—tRAD tRAL —»{
tasR il FAH e e tCAH ———

Vig—
H ROW
ADDRESSESV“_._><><>§ ADDRESS ><X>§ COLUMN ADDRESS WWW
L—l
tRos —1»| e RCH

'RRH

v VIH‘XXW —— toag ———>
w
ViL— tcac M

-ty ) ————
oz toFF
VoL — tRac 7 R
Q (DATA OUT) . HIGHZ XXX VALID DATA ) am—
loH—
TEST MODE - EARLY WRITE CYCLE
tRC
'4—— tRp ——»|
V- tRAS
RES | \ \
IL—
tRCD . tRSH
tCRP == CSH {cRP —
V= -~ oA ———» il
N ——
IL—
e——1RAD {RAL
{ASR—» tRAH—>] tASC le——tCAH ——»
aooResses M~ | ROW COLUMNADDRESS |
vy — ADDRESS \
) towL
Ve WCS e twch R
Vi — N
tRWL =|,
Vi—
D (DATAIN) v VALID DATA
L= 3
tDS—-—. l-— l-— t DH ———»

Vo —

Ol
Q (DATA OUT) HIGHZ
oL~
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MCM54100A* MCM5L4100A

TEST MODE - FAST PAGE MODE READ CYCLE

2

'RASP thp
V= v
RAS \ tpc /
ViL— g
e tpap — l,CSH fep [ tRsH —>
RCD top 'RHCP
| t
CRP et - t
Vpy— J‘/ ; \ CAS e tcas re—toas—> o
S / \ / %
® ViL— \- '
RAL
tRAH 1> te— tcAH tCAH toaH
TASR—y  lep|  —»f le—p-ASC tasc tasc
Vi — 4
1H ROW COLUMN COLUMN COLUMN
ADDRESSE
SES Vi — ADD | ADDRESS | ADDRESS _| ADDRESS __|
tRes 4 le—ftRes oy bl thes ke tan
-t gap—> tRCH — hE tRCH —> T 'RCH
@ Vig— -\< \>7 ‘\< §< zg
ViL— M
le—t Ap — le—tpn —> t AL —>f
tcac = teac e cAC
v 'RAC re—"cPa tora
a(ataout) O VALID VALID VALID >
VoL — DATA OUT DATA OUT DATAQUT |
t — t — — t
CLz tOFF—L-h CcLz ‘OFF_L_. CL.z L—.— torF

TEST MODE — FAST PAGE MODE EARLY WRITE CYCLE

tRASP tgp
_ V-
RAS |, \ tRHCP
L=
tcrp tpo le——tpgy —
le——tRop — l-—‘CP—» - 1CP >
- e—"!cas —tcAs NV
oS \\_ N\ N\
ViL— lel-tAsR
_.I 'RaL
tRAH—»] e toaH tcaH ‘ tcaH
—» le—}tasc tasc tasc

ADDRESSESVIH‘ / Row "\ COLUMN /| COLUMN COLUMN
v __ADD ADDRESS ADDRESS | ADDRESS __|

L= o
t —!
RAD tweH Bini tweH B tweH
twes ™ twes wes
T T T IOOOO0KK
ViL— . ) = »
'ps toy  lps toH tps 'DH
Vi, —
H VALID VALID VALID
QOATAIN Vi — /><><>O<><_ DATA IN DATA IN DATAIN
v,
loH—
Q (DATA OUT) HIGH Z
VoL —
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MCM54100A* MCMS5L4100A

TEST MODE BLOCK DIAGRAM
ADDRESSES
00000
A f Vee
512K BLOCK [—
] BO A
NORMAL © [
—e
8 TEST MODE
512K BLOCK [= \
—] B B a)
)
~+—{ sixsLock [ ,_)
— B2 e
" ADDRESSES
o—1
o—— D
O~
Ju 512K SSLOCK 5
Oy
Lo $—Dour
NORMAL ¢
DiN “1— 512K BLOCK {=
B4 E
TEST MODE
512KBLOCK |- )
ol B [F ]
J
4
G ]
512K BLOCK [ 7
&> B6 G
S
ADDRESSES ~ TESTMODE Q I
B0 A10R, A10C, AOC H
B1 A10R, A10C. AOC 512K BLOCK 1~ NORMAL @
B2 A10R, A10C. AOC - B7 H
saanh |
10R, A10C,
B5 A10R. A10C. ACG 00000000
B6 A10R, A10C. AOC :
B7 A10R, A10C, AOC
ADDRESSES
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MCM54100A*MCM5L4100A

ORDERING INFORMATION
(Order by Full Part Number)

MCM 54100Aor 514100A X XX XX

Motorola Memory Prefix T———— Shipping Method (R2 = Tape & Reel, Blank = Rails)

Part Number : Speed (60 = 60 ns, 70 = 70 ns, 80 = 80 ns)

Package (N = 300-mil SOJ, Z = 100-mil Plastic ZIP)

Full Part Numbers— MCM54100AN60 MCM54100AN60R2  MCM54100AZ60
MCM54100AN70 MCM54100AN70R2  MCM54100AZ70
MCM54100AN80 MCM54100AN80OR2  MCM54100AZ80

MCMS5L4100AN60  MCMSL4100AN60R2  MCM5L4100AZ60
MCMS5L4100AN70  MCMS5L4100AN70R2  MCMS5L4100AZ70
MCMS5L4100AN80  MCMS5L4100ANSOR2  MCMS5L4100AZ80

MOTOROLA MEMORY DATA
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MOTOROLA
m SEMICONDUCTOR —
TECHNICAL DATA

Advance Information
4M x 1 CMOS Dynamic RAM
Page Mode
The MCM54100A-C is a 0.7p CMOS high-speed, dynamic random access memory. ;‘O?nﬁfggﬁ
It is organized as 4,194,304 one-bit words and fabricated with CMOS silicon-gate CASE 822
process technology. Advanced circuit design and fine line processing provide high
performance, improved reliability, and low cost.
The MCM54100A-C requires only 11 address lines; row and column address in-
puts are multiplexed. The device is packaged in a standard 300-mil and a 100-mil
zig-zag in-line package (ZIP).
e Three-State Data Output Z PACKAGE
o Fast Page Mode P PLASTIC
g 2IG-ZAG IN-LINE
o Test Mode CASE 836
e TTL-Compatible Inputs and Outputs
e RAS Only Refresh
o CAS Before RAS Refresh
e Hidden Refresh PIN NAMES
¢ 1024 Cycle Refresh: MCM54100A-C = 16 ms AO-A10 . ovon . Address Input
e Fast Access Time (tRAC) Do Data Input
MCM54100A-C70 = 70 ns (Max) Q. Data Output
MCM54100A-C80 = 80 ns (Max) W Read/Write Enable
¢ Low Active Power Dissipation: RAS........ Row Address Strobe
MCM54100A-C70 = 550 mW (Max) UAS -+ Coumn Address Strobe
MCMS54100A-C80 = 468 mW (Max) CC-evveee ower Supply (+ 5 V)
VES i ivviiiiiiiiiiain Ground
L NC.............. No Connection
e Low Standby Power Dissipation:
MCM54100A-C = 11 mW (Max, TTL Levels)
MCM54100A-C = 5.5 mW (Max, CMOS Levels) PIN ASSIGNMENT
100-MIL ZIP
A9 A=
300- AND 350-MIL SOJ s 2l
o 2% v ™
D ( [ Vss s <= [vss
wile2 25 fa Df== _
s [fs 2 [1TRS a2
NC 4 23 fINC 9 |==|A10
Ao ls 22 [1 A9 NCT==149
0 11 |==|NC
"*12
" 13]== Al
Al 18 1 A8 1l
At 010 7 a7 vee| %] 46
A fl 1 16 [1 A6 sl M
w12 15 145 w0 | |46
vee1s 4 flae M2 |

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MCM54100A-C

BLOCK DIAGRAM
W _\
J— DATAIN
TAS |/ BUFFER [+ D
# CLOCK Cren  =a
GENERATOR
> CoLumn N
N| ADDRESS
:? ] BUFFERS (10, DCE%LCL,’[“,‘ENR
A2 — REFRESH
A3 — CONTROLLER
A4 —— SENS AMP
A5 ——i REFRESH 1/0 GATING
A6 — COUNTER (10
A7 —
A8 ROW t .40'%.
A9 — |
A10 — BS%DRESSSH '\ ROW . MEMORY
L]
_ll / DECODER| 1024 ARRAY
[
RS #1 CLOCK
GENERATOR | SUBSTRATE BIAS Vee
GENERATOR Vss
ABSOLUTE MAXIMUM RATING (See Note)
. This device contains circuitry to protect
Rating Symbol Value Unit the inputs against damage due to high
Power Supply Voltage Vee —1t0+7 \ static voltages or electric fields; however,
Voltage Relative to Vgg for Any Pin Except V. Vin, V. —to+7 | V it is advised that normal precautions be
g S8 Y P Tec i out ki taken to avoid application of any voltage
Data Out Current lout 50 mA higher than maximum rated voltages to
Power Dissipation Pp 700 mwW this high-impedance circuit.
Operating Temperature Range TA —-40to+85| °C
Storage Temperature Range Tstg —-55to °C
+150

NOTE: Permanentdevice damage may occurif ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.
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MCMb54100A-C

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vo =5.0V+10%, Tp =—40 to 85°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit | Notes
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.5 \ 1
Vgs 0 0 0
Logic High Voltage, All Inputs ViH 2.4 — 6.5 v 1
Logic Low Voltage, All Inputs ViL -1.0 — 0.8 A 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
V¢ Power Supply Current lcct mA 2,3
MCMS54100A-C-70, tR¢ = 130 ns — 100
MCM54100A-C-80, trc = 150 ns — 85
V¢ Power Supply Current (Standby) (RAS = CAS = V|y) Icce — 2.0 mA
V¢ Power Supply Current During RAS Only Refresh Cycles (CAS = V) lcca mA 2,3
MCM54100A-C-70, trc = 130 ns — 100
MCM54100A-C-80, tRc = 150 ns —_ 85
V¢ Power Supply Current During Fast Page Mode Cycle (RAS = V) Icca mA 2,3
MCM54100A-C-70, tpc = 45 ns —_ 60
MCM54100A-C-80, tpc = 50 ns — 50
Ve Power Supply Current (Standby) (RAS = CAS = V| —0.2V)  MCM54100A-C Iccs — 1.0 mA
Ve Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCMB54100A-C-70, tRg = 130 ns — 100
MCMS54100A-C-80, trg = 150 ns — 85
Input Leakage Current (0 V< Vi, <6.5V) 'l(gﬂ) -10 10 pA
Output Leakage Current (CAS = V|4, 0 V< Vg4 <5.5 V) 'll(g(O) -10 10 HA
Output High Voltage (Iop = — 5 mA) VOH 2.4 — \
Output Low Voltage (Ig| = 4.2 mA) VoL — 0.4 )
CAPACITANCE (f = 1.0 MHz, Tp = 25°C, Vo = 5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit | Notes
Input Capacitance A0-A10,D Cin 5 pF 5
RAS, CAS, W 7
1/O Capacitance (CAS = V| to Disable Output) Q Cout 7 pF 5

NOTES:
1. All voltages referenced to Vgg.
2. Current is a function of cycle rate and output loading; maximum currents are specified cycle time (minimum) with the output open.
3. Column address can be changed once or less while RAS = Vj_and CAS = V|.
4. tRAS (max) = 1 us is only applied to refresh of battery-back up. trag (max) = 10 ps is applied to functional operating.
5. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAVAV.

MOTOROLA MEMORY DATA
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MCMb54100A-C

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =5.0V£10%, Tp =—40 to + 85°C, Unless Otherwise Noted)

READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)

54100A-C70 54100A-C80
Symbol
Parameter Std. Alt. Min Max Min Max Unit Notes

Random Read or Write Cycle Time tRELREL tRC 130 — 150 — ns 5
Read-Write Cycle Time tRELREL tRWC 155 — 175 — ns 5
Fast Page Mode Cycle Time tCELCEL tpc 45 — 50 — ns

Fast Page Mode Read-Write Cycle Time tCELCEL tPRWC 70 — 75 — ns

Access Time from RAS tRELQV tRAC — 70 — 80 ns 6,7
Access Time from CAS tCELQV tCAC — 20 — 20 ns 6,8
Access Time from Column Address tavQv tAA — 35 — 40 ns 6,9
Access Time from Precharge CAS {CEHQV tcPA — 40 — 45 ns 6
CAS to Output in Low-Z tCELQX oLz 0 — 0 — ns 6
Output Buffer and Turn-Off Delay t{CEHQZ tOFF 0 20 0 20 ns 10
Transition Time (Rise and Fall) T tr 3 50 3 50 ns

RAS Precharge Time tREHREL tRP 50 — 60 — ns

RAS Pulse Width tRELREH tRAS 70 10,000 80 10,000 ns

RAS Pulse Width (Fast Page Mode) tRELREH tRASP 70 200,000 80 200,000 ns

RAS Hold Time t{CELREH tRSH 20 — 20 — ns

CAS Hold Time tRELCEH tCSH 70 — 80 — ns

CAS Precharge to RAS Hold Time {CEHREH tRHCP 40 — 45 — ns

CAS Pulse Width tCELCEH tCAS 20 10,000 20 10,000 ns

RAS to CAS Delay Time tRELCEL tRCD 20 50 20 60 ns 11
RAS to Column Address Delay Time tRELAV tRAD 15 35 15 40 ns 12
CAS to RAS Precharge Time tCEHREL tCRP 5 — 5 — ns

CAS Precharge Time tCEHCEL tcp 10 — 10 — ns

Row Address Setup Time tAVREL tASR 0 — 0 — ns

Row Address Hold Time tRELAX RAH 10 — 10 — ns

(continued)

NOTES:
1. V|y min and V|_max are reference levels for measuring timing of input signals. Transition times are measured between V| and V)i .
2. Aninitial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V| and Vy;_(or between V|_and V) in a monotonic manner.
. AC measurements tT = 5.0 ns.
. The specifications for tyc (min) and tryc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C < Tp < 70°C) is assured.
. Measured with a current load equivalent to 2 TTL (~ 200 pA, + 4 mA) loads and 100 pF with the data output trip points set at Vo =2.0 V
and VoL =0.8 V.
. Assumes that trcp <trcp (max).
. Assumes that tycp 2 tRcD (max)

. Assumes that tgaAD 2 tRAD (Max).
. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

. Operation within the tgcp (Max) limit ensures that tgac (max) can be met. trop (Mmax) is specified as a reference point only; if tggp is
greater than the specified tygp (max) limit, then access time is controlled exclusively by tcac.

12. Operation within the tgap (max) limit ensures that tRac (Max) can be met. tRap (Max) is specified as a reference point only; if tRap is

greater than the specified trap (max) limit, then access time is controlled exclusively by taAA.

[0 %

o

-
- 00w o~

MOTOROLA MEMORY DATA

2-25



MCMB54100A-C

READ, WRITE, AND READ-WRITE CYCLES (Continued)

Symbol 54100A-C70 54100A-C80
Parameter Std. Alt. Min Max Min Max Unit Notes
Column Address Setup Time tAVCEL tASC 0 — 0 — ns
Column Address Hold Time tCELAX tCAH 15 — 15 — ns
Column Address to RAS Lead Time tAVREH tRAL 35 — 40 — ns
Read Command Setup Time tWHCEL tRCS 0 — 0 — ns
Read Command Hold Time Referenced to CAS tCEHWX tRCH 0 —_ 0 — ns 13
Read Command Hold Time Referenced to RAS tREHWX tRRH 0 — 0 — ns 13
Write Command Hold Time Referenced to CAS tCELWH tWCH 15 — 15 — ns
Write Command Pulse Width WLWH twp 15 — 15 — ns
Write Command to RAS Lead Time tWLREH tRWL 20 — 20 — ns
Write Command to CAS Lead Time tWLCEH towL 20 — 20 — ns
Data in Setup Time tDVCEL tbs 0 — 0 — ns 14
Data in Hold Time tCELDX tDH 15 — 15 — ns 14
Refresh Period tRVRV tRFSH ms
MCM54100A — 16 — 16
Write Command Setup Time tWLCEL twes 0 — 0 -— ns 15
CAS to Write Delay tCELWL tCWD 20 — 20 — ns 15
RAS to Write Delay tRELWL tRWD 70 — 80 — ns 15
Column Address to Write Delay Time tAVWL tAWD 35 — 45 — ns 15
CAS Precharge to Write Delay Time (Page tCEHWL tcPWD 40 — 45 — ns 15
Mode)
CAS Setup Time for CAS Before RAS Refresh tRELCEL tCSR 5 — 5 — ns
CAS Hold Time for CAS Before RAS Refresh {RELCEH {CHR 15 — 15 —_ ns
RAS Precharge to CAS Active Time tREHCEL tRPC 0 — 0 — ns
CAS Precharge Time for CAS Before RAS tCEHCEL topT 40 — 40 - ns
Counter Time
Write Command Setup Time (Test Mode) tWLREL WTS 10 — 10 — ns
Write Command Hold Time (Test Mode) {RELWH WTH 10 — 10 — ns
Write to RAS Precharge Time (CAS Before RAS | twHREL twRP 10 — 10 - ns
Refresh)
Write to RAS Hold Time (CAS Before RAS tRELWL twRH 10 — 10 - ns
Refresh)
NOTES:

13. Either tyRH or trcH must be satisfied for a read cycle.

14. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in read-write cycles.

15. twcs: tRWD: tcwDs tAwD: and tcpwp are not restrictive operating parameters. They are included in the data sheet as electrical character-
istics only; if tyycs 2 tywcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout
the entire cycle; if towp 2 towp (min), tRwD 2 tRwD (Min), tawp = tawp (min), and tcpwp 2 tcpwp (Min) (page mode), the cycle is
aread-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition
of the data out (at access time) is indeterminate.
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MCM54100A-C

READ CYCLE
tre
tRAS tRp —™
= VIH— 3 Z N\
ViL—
tesH [t CRP—]
tcRp tReD tRSH < tcp '—'l
Vig— e——toAS —
w7 N
ViL—
[ tRAD tRAL =||
tASR—> (e tAsc [*—tcAH—™]
VIH— ROW ( COLUMN
ADDRESSES Vi — X>§r ADDRESS L ADDRESS X
- tRAH—™ ’ ‘_IRCH >
tRcs ———I -— tRRH
Vi — < tcac ™
taA
teiz r—t OFF —*]
v tRAC
OH— 7
D (DATA OUT) Vo HIGHZ ﬁ_:XX VALID DATA 1}——
EARLY WRITE CYCLE
tRC
tRAS tRp — >
= VIH— 3
RAS \
ViL— \__
tRcD tRSH [t cRP—>
tcRp 1csH e
G ViH— j \\ tcas > / / \-
ViL— 3
—1tRAD tRAL
I e o tAsc [ tcaH ™
ViH— ROW 5 COLUMN
AODRESSES | XX ADDRESS ADDRESS X
b trar— tow ——
twes [ tweH—™]
t
ViL—
tRWL =[.
tpg— te— G—QDH—D‘
ViH—
D(DATAN) VALID DATA
L= K +
VAu —
D (paTAOUT) OH HIGH Z
VoL—
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MCM54100A-C

READ-WRITE CYCLE
tRWC X
tRAS trp
= VH— 3
RS \ ) N
e - tRSH
tRCD e topg ——> tCRP
tcRp ; —tcp —-l
tRWL
e O [T\
L= -
tesH
G—ICWL—D
—tRAD — tRAL
tASR— 4— tasc M toay >
ViH— f ROW COLUMN
tRAH tawD
tRWD
H—tcwo —» retyp
XXX \
ViL— :
[-— lDH —
t
RCS o et
ViH— '
ViL— X
H—KCAC —
L— Y I toFF
tRaC
b (DATAOUT) "OH ™
(DATAOUT) HIGHZ VALID DATA —
VoL— !
cLz—>
FAST PAGE MODE READ CYCLE
tRASP '—'r— tRP
V- _A-\ tRHCP Z X
ViL—
tCSH tpc . [ tRSH >
tRCD tCAS CAS tCAS|
{cRp = . tcp tcp 4 tecp—>
— Viy— \ '3 C \ ' X \ i
TAS
w-_/ N/ N NLA \
tcAH tCAH ey tcAH
. tasc — I-— tAsci —» '4‘ tasc T ]4—
“'ASR ] t -
1 RAL
ADDRESSES VH ™ ROW COLUMN COLUMN A COLUMN
Vi — ADDRESS ADDRESS ADDRESS N ADDRESS
tRAH i"’— tRRH
[—tgap —™ tRCH — lq—l tRCH —» |t
v tRCS 1 ™ ~=—tpcs ™|=—trcs tRCH
V) —
L teac toac teac
= taa tAA I‘_‘AA
tRAC tcpa < fcpa
VoH— VALID i VALD X VALID
D (DATA E—
(PATACUD VoL— DATA L DATA ,2_ {_DATA
fOFF—ld—-D ‘OFF""""—’ ’1——’— tOFF
ICLZ — tCLZ — 1CLZ —
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MCM54100A-C

FAST PAGE MODE EARLY WRITE CYCLE

tRASP tRP 2
e —“‘—\ < tRHCP —™]
ViL— S
—trReD—* tpe [~ tRSH >
tCAS tcas tcas
t
CRP‘,‘_" Ftop topl e tcp—
s VT \\ \\ X \ f
ViL— . i .
tasc tASC T . tRAL—™
tRAH ASC—™ <
tasR tcAH tCAH tcaH
ViR— f ROW COLUMN ) COLUMN A COLUMN
ADDRESSES Vi — er ADDRESS ADDRESS ADDRESS | | ADDRESS _><><><>O<><>O<>
r—tRAD —™ twes tweH
_ twes [T tweH twes tweH
7 OO0 T AT TN T 0000
ViL— P 4 X
tpg> tps Ipg— e
v tpH tpH tpH
— -
oA 7 VALID DATA VALID DATA XXX VALID DATA X><><><><><>O<>
V, —_
D (pATAOUT) OH HIGH Z
VoL—
FAST PAGE MODE READ-WRITE CYCLE
l‘—’f—'l
Vi — y tRASP RP
s /
ViL—
tesH tPRWC [ tRSH — ™
tep tcp *—tcp
tcap—r——— re——tpop ——™re-toAS le—tcag — e—tcAs —>
— VH— \ 25
w\ ] \ /N /N 7
= tRAL
tASR tasc—] [ — riasc —'r ~rtasc
tRAH tean toaH toaH
Vig— ROW 7 " COLUMN COLUMN ] COLUMN -
ADDRESSES Vi— Xx ADDRESS _XXX( ADDRESS | ADDRESS | ADDRESS |
—trap —™ | > [*—tcwD WD fown dtaw
tRCS >towL towL =T oWl
tAWD tawp | [ !'AWD
v 27 TXRRXT \ x
ViL— b
tpg —p| e tD[S —7 e~ lle
4 T twp T twp twp
RWD =—topwp —2 tcPwD t_. ‘
v = feqbp| | ™ ety | | DH-
H— A VALID'} fVALID) FVALI
D (DATAIN) Vi — ><>0<>O<><><><><><>Sr DATA X\ DA, AL DA,
tcLz t_—-r tcLz 1|7
chC,A-L‘:’_, T ICAC ] .
—tap A e—tan
v < tRAC e tcPa < tcPa
OH— VALD X f VALID y VALD
D (DATA OUT, —§ §_ >_
(DATAOUT) Vo DATA / @g DATA \ DATA
{OFF —e— tOFF —e— {OFF —fe——
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MCM54100A-C

RAS ONLY REFRESH CYCLE
(W and A10 are Don’t Care)
t
RC ]
V- tRAS
RAS vI,H N
L—
{CRP —j=— {RPC
= R
ViL—
tRAH
tAsR—  |e— :
ViH— ROW
VA —
D (DATA OUT) V°” HIGH Z
o—
CAS BEFORE RAS REFRESH CYCLE
(AO to A10 are Don’t Care)
tRC
. L A
V- RAS
RAS
ViL— \ \_
'csR
tRPC™

— VH—
CAS :
ViL— _/ X

tcp

tcHR ™ /

twnp—l‘—b

<—>I— tWRH

W YH—
ViL—

Ve —
D (DATAOUT)  OH
VoL—

toFF —-I-———

—_—

N2

————

HIGHZ
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MCM54100A-C

HIDDEN REFRESH CYCLE (READ)

tRC je——— tRAS ——»
tRAS tRp ——*
ms \ / \ /
viL— X
teRp [*——tRCD ——{=—tRgH—*] *—tcHR —tcp
V- L
=7 \
L= 7
*—tRAD tRAL—™
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W
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V-
RAS
ViL—

V-
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ViL—

ViH—
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ViL—

READ CYCLE
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EARLY WRITE CYCLE
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_ViH—
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READ-WRITE CYCLE
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DEVICE INITIALIZATION

On power-up an initial pause of 200 microseconds is re-
quired for the internal substrate generator to establish the cor-
rect bias voltage. This must be followed by a minimum of eight
active cycles of the row address strobe (clock) to initialize all
dynamic nodes within the RAM. During an extended inactive
state (greater than 16 milliseconds with the device powered
up), a wakeup sequence of eight active cycles is necessary to
ensure proper operation.

ADDRESSING THE RAM

The eleven address pins on the device are time multipiexed
atthe beginning of a memory cycle by two clocks, row address
strobe (RAS) and column address strobe (CAS), into two sep-
arate 11-bit address fields. A total of twenty-two address bits,
eleven rows and eleven columns, will decode one of the
4,194,304 bit locations in the device. RAS active transition is
followed by CAS active transition (active = V), tggp mini-
mum) for all read or write cycles. The delay between RAS and
CAS active transitions, referred to as the multiplex window,
gives a system designer flexibility in setting up the external ad-
dresses into the RAM.

The external CAS signal is ignored until an internal RAS sig-
nal is available. This “gate” feature on the external CAS clock
enables the internal CAS line as soon as the row address hold
time (tRAH) specification is met (and defines tgcp minimum).
The multiplex window can be used to absorb skew delays in
switching the address bus from row to column addresses and
in generating the CAS clock.

_ There are three other variations in addressing the 4M RAM:
RAS only refresh cycle, CAS before RAS refresh cycle,
and page mode.

READ CYCLE

The DRAM may be read with four different cycles: “normal”
random read cycle, page mode read cycle, read-write cycle,
and page mode read-write cycle. The normal read cycle is out-
lined here, while the other cycles are discussed in separate
sections.

The normal read cycle begins as described in ADDRESS-
ING THE RAM, with RAS and CAS active transitions latching

the desired bit location. The write (W) input level must be high
(VH), tRCs (minimum) before the CAS active transition, to en-
able read mode.

Both the RAS and CAS clocks trigger a sequence of events
which are controlied by several delayed internal clocks. The
internal clocks are linked in such a manner that the read ac-
cess time of the device is independent of the address multiplex
window; however, CAS mustbe active before or attgp maxi-
mumto guarantee valid dataout (Q) attRAC (access time from
RAS active transition). If the tgcp maximum is exceeded,
read access time is determined by the CAS clock active transi-
tion (1 )

The RAS and CAS clocks must remain active for aminimum
time of tRas and tcas respectively, to complete the read
cycle. W must remain high throughout the cycle, and for time
tRRH or tRcH after RAS or CAS inactive transition, respec-
tively, to maintain the data at that bit location. Once RAS transi-
tions to inactive, it must remain inactive for a minimum time of
tRrp to precharge the internal device circuitry for the next active
cycle. Qis valid, but not latched, as long as the CAS clock is
active. When the CAS clock transitions to inactive, the output
will switch to High Z (three-state).

WRITE CYCLE

The user can write to the DRAM with any of four cycles: early
write, late write, page mode early write, and page mode read-
write. Early and late write modes are discussed here, while
page mode write operations are covered elsewhere.

A write cycle begins as described in ADDRESSING THE
RAM. Write mode is enabled by the transition of W to active
(V|L). Early and late write modes are distinguished by the ac-
tive transition of W, with respect to CAS. Minimum active time
tRAS and toas, and precharge time tpp apply to write mode,
as in the read mode.

An early write cycle is characterized by W active transition at
minimum time tycg before CAS active transition. Data in (D)
is referenced to CAS in an early write cycle. RAS and CAS
clocks must stay active for tyyy| and to\yL, respectively, after
the start of the early write operation to complete the cycle.

Qremains in three-state condition throughout an early write
cycle because W active transition precedes or coincides with
CAS active transition, keeping data-out buffers disabled. This
feature can be utilized on systems with a common I/0 bus, pro-
vided all writes are performed with early write cycles, to pre-
vent bus contention.

A late write cycle occurs when W active transition is made
after CAS active transition. W active transition could be
delayed for almost 10 microseconds after CAS active transi-
tion, (tRCD +tcwD + RWL + 2tT) <tRAs, if other timing mini-
mums (tRcD, tRWL, and tT) are maintained. D is referenced to
W active transition in a late write cycle. Output buffers are en-
abled by CAS active transition but Q may be indeterminate —
see note 15 of ac operating conditions table. RAS and CAS
must remain active for trw and towL, respectively, after W
active transition to complete the write cycle.

READ-WRITE CYCLE

A read-write cycle performs a read and then a write at the
same address, during the same cycle. This cycle is basically a
late write cycle, as discussed in the WRITE CYCLE section,
except W must remain high for toyyp minimum after the CAS
active transition, to guarantee valid Q before writing the bit.

PAGE MODE CYCLES

Page mode allows fast successive data operations at all
2048 column locations on a selected row of the 4M dynamic
RAM. Read access time in page mode (tcac) is typically half
the regular RAS clock access time, tRac. Page mode opera-
tion consists of keeping RAS active while toggling CAS be-
tween V| and Vy; . The row is latched by RAS active transi-
tion, while each CAS active transition allows selection of a new
column location on the row.

A page mode cycle is initiated by a normal read, write, or
read-write cycle, as described in prior sections. Once the tim-
ing requirements for the first cycle are met, CAS transitions to
inactive for minimum oftcp, while RAS remains low (V) ). The
second CAS active transition while RAS is low initiates the first
page mode cycle (tpc or tprwc)- Either aread, write, or read-
write operation can be performed in a page mode cycle, sub-
ject to the same conditions as in normal operation (previously
described). These operations can be intermixed in consecu-
tive page mode cycles and performed in any order. The maxi-
mum number of consecutive page mode cycles is limited by
tRASP- Page mode operation is ended when RAS transitions
toinactive, coincident with or following CAS inactive transition.
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REFRESH CYCLES

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. Fhis charge will tend to de-
grade with time and temperature. Each bit must be periodically
refreshed (recharged) to maintain the correct bit state. Bits in
the MCM54100A-C require refresh every 16 milliseconds.

This is accomplished by cycling through the 1024 row ad-
dresses in sequence within the specified refresh time. All the
bits on a row are refreshed simultaneously when the row is ad-
dressed. Distributed refresh implies a row refresh every 15.6
microseconds for the MCM54100A. Burst refresh, a refresh of
all 1024 rows consecutively, must be performed every 16 milli-
seconds on the MCM54100A.

Anormal read, write, or read-write operation to the RAM will
refresh allthe bits (4096) associated with the particular row de-
coded. Three other methods of refresh, RAS-only refresh,
CAS before RAS refresh, and hidden refresh are available
on this device for greater system flexibility.

RAS-Only Refresh

RAS-only refresh consists of RAS transition to active, latch-
ing the row address to be refreshed, while CAS remains high
(V|H) throughout the cycle. An external counter is employed to
ensure all rows are refreshed within the specified limit.

CAS Before RAS Refresh

CAS before RAS refresh is enabled by bringing CAS active
before RAS. This clock order activates an internal refresh
counter that generates the row address to be refreshed. Exter-
nal address lines are ignored during the automatic refresh
cycle. The outputbuffer remains atthe same state itwas indur-
ing the previous cycle (hidden refresh)ﬂnust be inactive for
time tyyRrp before and time tyyr after RAS active transition to
prevent switching the device into a test mode cycle.

CAS BEFORE RAS
REFRESH CYCLE

MEMORY CYCLE

Hidden Refresh

Hidden refresh allows refresh cycles to occur while main-
taining valid data at the output pin. Holding CAS active at the
end of a read or write cycle, while RAS cycles inactive for typ
andbacktoactive, starts the hidden refresh. Thisis essentially
the execution of a CAS before RAS refresh from a cycle in
progress (see Figure 1). W is subject to the same conditions
with respect to RAS active transition (to prevent test mode
cycle) as in CAS before RAS refresh.

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh counter of this device can be tested with

a CAS before RAS refresh counter test. This test is per-

formed with aread-write operation. During the test, the internal

refresh counter generates the row address, while the external

address supplies the column address. The entire array is re-

freshed after 1024 cycles, as indicated by the check data writ-

ten in each row. See CAS before RAS refresh counter test

cycle timing diagram.

__Thetestcan be performed after a minimum of 8 CAS before

RAS initialization cycles. Test procedure:

1. Write “0”s into all memory cells with normal write mode.

2. Selecta column address, read “0" out and write “1” into
the cell by performing the CAS before RAS refresh
counter test, read-write cycle. Repeat this operation
1024 times.

3. Read the “1”s which were written in step 2in normal read
mode.

4.  Using the same starting column address as in step 2,
read “1” out and write “0” into the cell by performing the
CAS before RAS refresh counter test, read-write
cycle. Repeat this operation 1024 times.

5.  Read “0"s which were written in step 4 in normal read
mode.

6.  Repeat steps 1 to 5 using complement data.

TAS BEFORE FAS
REFRESHCYCLE

[

O}
|
(7%

[\

= N/ /S /S

Vam

Q —HIGH Z——<

VALID DATA-OUT

Figure 1. Hidden Refresh Cycle
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TEST MODE

The internal organization of this device (512K x 8) allows it
to be tested as if it were a 512K x 1 DRAM. Nineteen of the
twenty-two addresses are used when operating the device in
test mode. Row address AQ, and column addresses AQ and
A10 are ignored by the device in test mode. A test mode cycle
reads and/or writes data to a bit in each of eight 512K blocks
(B0-B7) in parallel. External data out is determined by the in-

ternal test mode logic of the device. See following truth table
and test mode block diagram.

W, CAS before RAS timing puts the device in “Test Mode”
as showninthe test mode timing diagram. A CAS before RAS
or a RAS only refresh cycle puts the device back into normal
mode. Refresh is performed in test mode by using a W, CAS
before RAS refresh cycle which uses internal refresh address
counter.

TEST MODE TRUTH TABLE
BO B1 B2 B3 B4 BS B6 B7 Q

0 0 0 0 0 0 0 0 0 1

1 1 1 1 1 1 1 1 1 1

— Any Other 0

TEST MODE
AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vog =5.0V£10%, Tp = —40 to + 85°C, Unless Otherwise Noted)
READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)
Symbol 54100A-C70 54100A-C80
Parameter Std. Alt. Min Max Min Max Unit Notes

Random Read or Write Cycle Time tRELREL tRC 135 — 155 — ns 5
Fast Page Mode Cycle Time tCELCEL tpc 50 — 55 — ns
Access Time from RAS tRELQV tRAC — 75 — 85 ns 6,7
Access Time from CAS tCELQV tCAC — 25 — 25 ns 6,8
Access Time from Column Address tavQv tAA — 40 — 45 ns 6,9
Access Time from Precharge CAS tCEHQV tCPA — 45 — 50 ns 6
RAS Pulse Width tRELREH tRAS 75 10k 85 10 k ns
RAS Pulse Width (Fast Page Mode) tRELREH tRASP 75 200 k 85 200 k ns
RAS Hold Time t{CELREH tRSH 25 — 25 — ns
CAS Hold Time tRELCEH tCSH 75 — 85 — ns
CAS Precharge to RAS Hold Time tCEHREH tRHCP 45 — 50 — ns
CAS Pulse Width {CELCEH tCAS 25 10 k 25 10k ns
Column Address to RAS Lead Time tAVREH tRAL 40 — 45 — ns

NOTES:

1.
2.
3.

4.
5.

0 o~

V|H min and V) max are reference levels for measuring timing of input signals. Transition times are measured between V| and Vj..
An initial pause of 200 ys is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.

The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V)4 and V)i_(or between V|_and V|) in a monotonic manner.

AC measurements t1 = 5.0 ns.

The specifications for tyc (min) and trywc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C < T < 70°C) is ensured.

. Measured with a current load equivalent to 2 TTL (~ 200 pA, + 4 mA) loads and 100 pF with the data output trip points setat Vo =2.0 V

and Vo =0.8V.

. Assumes that tRcp < tRcp (Max).
. Assumes that tRcp 2 tRcp (max).
. Assumes that tRAp 2 tRAD (Mmax).
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W, CAS BEFORE RAS REFRESH CYCLE (TEST MODE ENTRY)

(D and A0-A10 are Don’t Care)

tRe

tRAS

tRP
— Viu— \
RAS /j \
ViL— ’X A
tRPC -— tohR
[ tcp lcsR
V-
= X0
ViL—
twTs — tWTH
ViL— ‘
le—st— torr
V, R —
QaTAOUT) OH }
Voom —

TEST MODE - READ CYCLE

tRC
|e——— tRp——»
Vi — tRAS -
S H \ / .
v \
L —
tesH
v loppem) [+ 'ROD :cﬂzig =—cRp—>
_ V- 7
Y \ Y,
vy — X
L
tRAD tRAL »| )
{
SR sl M taso 1CAH ' B
Vi —
H ROW
-
tRCs _"I - tRRH RCH
oV —
@ Vi
Vi — e toac >
lq—— tAA —]
—— torz —> ¢
Vor — tRac : | OFF
a@aToun HIGHZ {XX VALID DATA —
loH—
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TEST MODE - EARLY WRITE CYCLE

tRC
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V- tRAS
RAS \ \
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TEST MODE - FAST PAGE MODE EARLY WRITE CYCLE

RSP 'Rp
VW= T
RAS |, \ [e————tRucp ———>
L= :
tcRP tpg fe——tgy —>
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TEST MODE BLOCK DIAGRAM
ADDRESSES
000000
A Vee
512KBLOCK [
B0 A
] NORMAL [
—
TEST MODE
512K BLOCK | \
O -V B 9
)
(o] 1
1 512KBLOCK [ ‘q
-— B2 C
ADDRESSES
'o——
o—— D
o K
. 512 BE!3LOCK 5
O—
o0 JP— Dout
NORMAL .
DiN “— 512KBLOCK [
B4 E
TEST MODE
512K BLOCK |- | )
! B F ]
]
1\
G )
512K BLOCK [ !
‘ B6 G
'——
ADDRESSES TEST MODE Q l
B0 A10R, A10C, AOC H
B1 A10R, A10C, AOC S12KBLOCK I NORMAL @
B2 A10R, A10C, AOC — &
B3 A10R, A10C, AOC
B4 A10R, A10C, AOC

ADDRESSES
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MCM

Motorola Memory Prefix ——I—

Part Number

ORDERING INFORMATION
(Order by Full Part Number)

54100A X XX XX

Full Part Numbers

MCM54100ANC70
MCM54100ANC80

T—— Shipping Method (R2 = Tape & Reel, Blank = Rails)
Speed (70 = 70 ns, 80 = 80 ns)

"Plastic (N = 300-mil SOJ, Z = 100-mil Plastic ZIP)

MCM54100ANC70R2 MCM54100AZ70
MCM54100ANC80R2 MCM54100AZ80
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MOTOROLA

== SEMICONDUCTOR
TECHNICAL DATA

Advance Information

4M x 1 CMOS Dynamic RAM
Nibble Mode

MCM54101A

N PACKAGE
The MCM54101A is a 0.7u CMOS high-speed, dynamic random access memory. It 300-MIL SOJ
is organized as 4,194,304 one-bit words and fabricated with CMOS silicon-gate pro- CASE 822
cess technology. Advanced circuit design and fine line processing provide high per-
formance, improved reliability, and low cost. The fast nibble mode feature allows
high-speed serial access of up to 4 bits of data.
The MCM54101A requires only 11 address lines; row and column address inputs
are multiplexed. The device is packaged in a standard 300-mil and small outline Z PACKAGE
package, and a 100-mil zig-zag in-line package (ZIP). PLASTIC
e Three-State Data Output \ ZIGCZ ::E|:3:'NE
¢ Nibble Mode
e Test Mode
e TTL-Compatible inputs and Outputs
o RAS Only Refresh
o CAS Before RAS Refresh PIN NAMES
e Hidden Refresh L A0-A10......... Address Input
e 1024 Cycle Refresh: MCM54101A=16ms | D ... Data Input
o Fast Access Time (tRAC): e Data Output
MCM54101A-60 = 60 ns (Max) -+ Read/Write Enable
MCM54101A-70 = 70 ns (Max) -----. Row Address Strobe
MCM54101A-80=80ns Max) | CS Chip Select
e Low Active Power Dissipation: Power Supplyc(;r- SXC)'
MCM54101A-60 = 660 mW (Max) | JsSeee No 5(;nnez;‘i°n
MCM54101A-70 =550 MW Max)
MCM54101A-80 = 468 mW (Max)
o Low Standby Power Dissipation: PIN ASSIGNMENT
MCM54101A = 11 mW (Max, TTL Levels)
MCM54101A = 5.5 mW (Max, CMOS Levels) 100-MIL ZIP
300-MIL SOJ noldel |
3 == | CAS
D[4 26 [1Vgs al==|,
Wi s 0a ol &7 [ Vss
RAS 3 24 [1TAS , Slw
NG []4 23 INC 118 o
A0 l5 2 [1 a9 nel 2- ©
i |== NC
Aol ==y a
13 |°°
Al 18 {1 A8 A==,
A1 10 17 [ a7 N T el
CC1=" 118
A2} 11 16 [1 A6 7 |== e
a0 12 15 1 A5 M1==s 5
Voo [ 18 14 1 aa 7|2
==|A8

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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" MCMB54101A

BLOCK DIAGRAM
w
w ) DATAIN
- J BUFFER [+ D
DATA OUT
NO. 2 CLOCK BUFFCI)E% —Q
GENERATOR
COLUMN )
N| ADDRESS
20 BUFFERS (11 v [?EOCI#[;AE':%
" REFRESH
o CONTROLLER
" SENS AMP
h— . - 1/O GATING
e —1 COUNTER (10)
AT —
g oo, 1
A9 — :y -
. ADDRESS N row | ¢ MEMORY
BUFFERS (11 JJ DECODER|, =, ARRAY
MS—— | No.1cLock
GENERATOR SUBSTRATE BIAS [<— VeC
GENERATOR Vg

ABSOLUTE MAXIMUM RATIN! N
u G (See Note) This device contains circuitry to protect the

Rating Symbol Value Unit inputs against damage due to high static volt-
Power Supply Voltage Voo -1t0+7 Vv ages or electric fields; however, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-

Voltage Relative to Vgg for Any Pin Except Voo Vin, Vout -110+7 \

Data Out Current lout 50 mA mum rated voltages to this high-impedance
Power Dissipation Pp 700 mw circuit.
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg - 5155 (tJo °C
+

NOTE: Permanentdevice damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.
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DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =5.0 V£10%, Tp = 0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit | Notes
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 55 \ 1
Vss 0 0 0
Logic High Voltage, All Inputs V4 2.4 — 6.5 \ 1
Logic Low Voltage, All Inputs ViL -1.0 — 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
Vg Power Supply Current lcct mA 2,3
MCM54101A-60, tyc = 110 ns — 120
MCM54101A-70, tyc = 130 ns — 100
MCM54101A-80, tyg = 150 ns — 85
Ve Power Supply Current (Standby) (RAS=CAS=V ) Icc2 — 2.0 mA
Vg Power Supply Current During RAS Only Refresh Cycles (CAS=V|y) lcca mA 2,3
MCM54101A-60, tyc = 110 ns — 120
MCM54101A-70, tg = 130 ns - 100
MCM54101A-80, tc = 150 ns — 85
Ve Power Supply Current During Nibble Mode Cycle (RAS = V) Icca mA 2,3
MCM54101A-60, tyG =40 ns — 50
MCM54101A-70, tG = 40 ns — 50
MCM54101A-80, G =40 ns — 50
Ve Power Supply Current (Standby) (RAS=CAS=Vc-0.2 V) Iccs — 1.0 mA
Ve Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM54101A-60, tyc = 110 ns — 120
MCM54101A-70, tgg = 130 ns — 100
MCM54101A-80, trc = 150 ns — 85
Input Leakage Current (0 V<V, <6.5V) likg(l) -10 10 LA
Output Leakage Current (CAS = Vi, 0 V< Vot <55V) likg(0) -10 10 HA
Output High Voltage (IoH = —5 mA) VOH 2.4 — \
Output Low Voltage (Ip = 4.2 mA) VoL — 0.4 \]
CAPACITANCE (f = 1.0 MHz, Tp = 25°C, Vg = 5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit | Notes
Input Capacitance A0-A10,D Cin 5 pF 4
RAS, CAS, W 7
Output Capacitance (CAS = V| to Disable Output) Q Cout 7 pF 4

NOTES:
1. Al voltages referenced to Vgg.
2. Current is a function of cycle rate and output loading; maximum currents are specified cycle time (minimum) with the output open.
3. Column address can be changed once or less while RAS = V)_and CAS = V.
4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAVAV.
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =5.0V £10%, Ta =0 to 70°C, Unless Otherwise Noted)

READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)

Symbol 54100A-60 54100A-70 54100A-80
Parameter Std. Alt. Min Max Min Max Min Max | Unit | Notes
Random Read or Write Cycle Time tRELREL tRC 110 — 130 — 150 — ns 5
Read-Write Cycle Time tRELREL | tRWC 135 — 156 — 175 — ns 5
Nibble Mode Cycle Time tCEHCEH NG 40 — 40 — 40 — ns
Nibble Mode Read-Write Cycle Time {CELCEL | INRWC 65 — 65 — 65 — ns
Access Time from RAS tRELQV tRAC — 60 — 70 — 80 ns 6,7
Access Time from CAS tCELQV tcac | — 20 — 20 — 20 ns 6,8
Access Time from Column Address tavQv tAA — 30 — 35 — 40 ns 6,9
Nibble Mode Access Time tCELQV INCAC —_ 20 — 20 — 20 ns 6
CAS to Output in Low-Z tCELQX tcLz 0 — 0 — 0 — ns 6
Output Buffer and Turn-Off Delay tcEHQz | tOFF 0 20 0 20 0 20 ns”| 10
Transition Time (Rise and Fall) tr tT 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL tRP 40 —_ 50 —_ 60 — ns
RAS Pulse Width {RELREH tRAS 60 10k 70 10k 80 10k ns
RAS Hold Time tCELREH tRSH 20 — 20 — 20 — ns
CAS Hold Time tRELCEH tCSH 60 — 70 — 80 — ns
CAS Pulse Width tCELCEH tCAS 20 10k 20 10k 20 10k. ns
RAS to CAS Delay Time | 'RELGEL tRCD 20 40 20 50 20 60 ns 1
RAS to Column Address Delay Time {RELAV tRAD 15 30 15 . 35 15 40 ns 12
CAS to RAS Precharge Time tCEHREL | CRP 5 —_ 5 - 5 — ns
CAS Precharge Time {CEHCEL tcp 10 — 10 —_ .10 — ns
Row Address Setup Time tAVREL tASR 0 — 0 — 0 — ns
Row Address Hold Time tRELAX tRAH 10 — 10 — 10 — ns
) (continued)
NOTES:
1. V| min and V)_max are reference levels for measuring timing of input signals. Transition times are measured between Vi and V).
2. Aninitial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V4 and V|_ (or between V_and V|y) in a monotonic manner.
4. AC measurements tT = 5.0 ns.
5. The specifications for tyc (min) and tgyc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C < Tp < 70°C) is ensured.
6. Measured with a current load equivalent to. 2 TTL (— 200 A, + 4 mA) loads and 100 pF with the data output trip points set at Vo =2.0 V
and VoL =0.8V.
7. Assumes that tRcp <trcp (max).
8. Assumes that tRop 2 tRcp (Mmax).
9. Assumes that tRap 2 tRAD (Max).
10. tofF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
11. Operation within the tyop (max) limit ensures that tRac (max) can be met. tygp (max) is specified as a reference point only; if trop is
greater than the specified tgcp (max) limit, then access time is controlled exclusively by tcac.
12. Operation within the tgap (max) limit ensures that tRac (max) can be met. tgap (max) is specified as a reference point only; if tRap is

greater than the specified tgAp (max) limit, then access time is controlled exclusively by tAA.
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READ, WRITE, AND READ-WRITE CYCLES (Continued)

Symbol 54101A-60 54101A-70 54101A-80
Parameter Std. Alt. Min Max Min Max Min Max | Unit | Notes

Column Address Setup Time tAVCEL tASC 0 — 0 — 0 — ns

Column Address Hold Time {CELAX {CAH 15 — 15 — 15 — ns

Column Address to RAS Lead Time tAVREH tRAL 30 — 35 — 40 — ns

Read Command Setup Time tWHCEL tRCS 0 — 0 — 0 — ns

Read Command Hold Time tCEHWX tRCH 0 - 0 —_ 0 — ns 13

Referenced to CAS

Read Command Hold Time tREHWX tRRH 0 - 0 — 0 — ns 13

Referenced to RAS

Write Command Hold Time tCELWH twCH 10 — 15 —_ 15 —_ ns

Referenced to CAS

Write Command Pulse Width - tWLWH twp 10 —_ 15 —_ 15 — ns

Write Command to RAS Lead Time tWLREH | tRWL 20 — 20 — 20 — ns

Write Command to CAS Lead Time tWLCEH | towL 20 — 20 — 20 — ns

Data in Setup Time tDVCEL tps 0 — 0 — 0 — ns 14

Data in Hold Time {CELDX iDH 15 — 15 — 15 — ns 14

Refresh Period tRVRV tRFSH — 16 - 16 - 16 ms

Write Command Setup Time tWLCEL twes 0 — 0 —_ 0 — ns 15

CAS to Write Delay {CELWL tcwD 20 — 20 — 20 — ns 15

RAS to Write Delay tRELWL | tRWD 60 — 70 — 80 — ns 15

Column Address to Write Delay Time tAVWL tAWD 30 — 35 — 45 — ns 15

CAS Setup Time for CAS Before RAS | tRELGEL tcSR 5 — 5 _ 5 — ns

Refresh

CAS Hold Time for CAS Before RAS tRELGEH | tCHR 15 — 15 — 15 — ns

Refresh

RAS Precharge to CAS Active Time tREHCEL tRPC 0 — 0 —_ 0 — ns

CAS Precharge Time for CAS Before | tcEHCEL | tCPT 30 — 40 — 40 — ns

RAS Counter Test

(continued)

NOTES:

18.  Either tgriH or tRcH Must be staisfied for a read cycle. _

14. These two parameters are referenced to CAS leading edge in early write cycles and to W leading edge in read-write cycles.

15.  twcs, tRwD: tcwD: tawD, and topwp are notrestrictive operating parameters. They are included in the data sheet as electrical character-
istics only; if twcs 2 twes (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout
the entire cycle; if towp = tcwp (min), trwb 2 trwp (min), tawp = tawp (min), and topwp 2 tcpwp (min) (page mode), the cycle is
aread-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition
of the data out (at access time) is indeterminate.
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READ, WRITE, AND READ-WRITE CYCLES (Continued)

. Symbol 54101A-60 54101A-70 54101A-80 J
Parameter Unif Notes
Std. Alt. Min Max Min Max Min Max
Nibble Mode Pulse Width tCELCEH | INCAS 20 —_ 20 _— 20 - ns
Nibble Mode CAS Precharge Time tCEHCEL | NCP 10 — 10 - 10 - ns
Nibble Mode RAS Hold Time {CELREH | INRSH 20 - 20 - 20 — ns
Nibble Mode CAS to Write Delay Time tcELwL | tNewD 20 — 20 - 20 - ns
Nibble Mode Write Command to RAS tWLREH | NRWL 20 —_— 20 - 20 —_ ns
Lead Time
Nibble Mode Write Command to CAS tWLCEH | tNewL 20 — 20 — 20 —_ ns
Lead Time
Write Command Setup Time (Test tWLREL twTs 10 - 10 —_ 10 —_ ns
‘Mode) '
Write Command Hold Time (Test tRELWH WTH 10 — 10 — 10 - ns
Mode)
Write to RAS Precharge Time (CAS tWHREL tWRP 10 — 10 — 10 - ns
Before RAS Refresh)
Write to RAS Hold Time (CAS Before tRELWL tWRH 10 - 10 —_ 10 - ns
RAS Refresh)
MOTOROLA MEMORY DATA
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READ CYCLE
tRe
tRAS tRp — ™
—  ViH— 3
ARS V': ~ N / N
tosH [t crRP-*
tcRp tRecD tRSH [ tcp— 'I
Vin— e——tcas —> A
== VH
TS j \ \ / / \_
ViL— I
—tRaD 'RAL o
tASR—>] e tasc [*—tcan—>
Vig— ROW COLUMN
ADDRESSES Vi — Xx ADDRESS ADDRESS X><><><><><><><><><><><>O<><
[ tRAH—> ~tRCH ™
tRcs —-| fe— < tRRH
Vi — t < tcac —™
fe——ta
tez I—t OFF —
v tRAC
Q (DATA OUT) v%’:_ HIGHZ {Xx VALID DATA >————
EARLY WRITE CYCLE
tRe .
tRAS tRp
— ViH— 3
RAS Vllt _ \ \__
tReD tRSH [t cRP—>1
tcRp tosH T lep
Vi — [ 1tcAs —™
<= VH
R\ / / AN
ViL—
tRAD tRAL
tASR—| e tasc [*—tcan—™]
Vig— ROW COLUMN
soDRESSES ||~ XX ADDRESS ADDRESS §O<
Fe-tpaH—> tow ——>1
twes tweH
t
ViL—
tRWL =||
tps—> e le—tpy—>
ViH—
D (DATAIN) VALID DATA
ViL—
V, —
Q(ATAOUT) OH HIGH Z
VoL—
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READ-WRITE CYCLE

tRwe 5
tRAS tRP
—ViH— h
RAS \ [
ViL— \.___
[ tRgH ———>
tRCD t tcRp
tcRP CAS ~—tcp —>]
tRWL
AS \\,/lH -7 \ \ / / \_
L=
t
: o
<—tRAD RAL
tASR —> L— <> tasc tcAH
ViH— ROW COLUMN
ADDRESSES \ — XX: ADDRESS ADDRESS
RAH tAwD
tRWD
< towp—> ~'wi
ViL—
-— tDH —
t
RCS L tns
VIH - B
DEATAN) | >O<>< VALID DATA X><><><><
| - 7
tcac ™
Lﬁ tAn _tOFF
v tRaC
Q (DATA OUT) VOH HIGH Z VALID DATA }—
~ —
ICLz—D
NIBBLE MODE READ CYCLE
tRAS tRp
__Vp— T f
s | N /
L= S
t
csH o™ INRSH
1cRp 1= = 'RCD CAS
ViH— X R
% 0w N/ Y NV
tRAH — lt— t
tCAH NCAS
'ASR | letasc| = 'NcP
s 1~ YO X} X000
Vi — | ADDRESS /X /Y. ADDRESS|
tcac —-‘ j tNCAC
4 l«— tOFF
oLz — = torF °
le—— tRAC
Von— " VALID {* VALID} VALID VALID
aowmoun HIGHZ Lo DATA7§—< DATA>_< VALID
el — tAA—>
re— IRCS tRRH —>
tRes f— tRCH—’ tRCH —!
T XXX W N XXX
ViL—
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NIBBLE MODE EARLY WRITE CYCLE

tRAS tRP
— ViH— 3
RAS
ViL— Xr
tesH le— t\g —— — INRSH
{oRP 1= =—IRCD tcAs
— VIH— B b
CAS
ViL— jRAD \ -/ x /
tRAH tNGP
tCAH
tAsR —> %~ 1tasC tNCAs
ViH— - ROW A COLUMN Y
ADDRESSE
S v — XXr ApDRESS AL ADDRESS /
tWes—»] tal— e — twes tNowL —q———l .
ke tWCH — tweH NRWL
" QOO || KX A RO LOOOXXX
ViL— !
twp .
CWL
Vi 8 f
D (DATA IN) W W VALID DATA | VALID DATA VALID DATA VALID DATA
p— .
05— H:—u t0s-fe—> L—» tDH
- t | -
Q (DATA OUT) VoH— il
Vo HIGH Z
NIBBLE MODE READ-WRITE CYCLE s
t
V- 'RAS FP
RAS \
ViL— -~ 7
tomp fesH e INRWC
= 'Re0—* - INRSH
TAS ViH— R = 1CAS— s :\ f \
ViL— / tRAH - 7
tCAH INCAS
t
ASR —»{ [el—tasc tNep
ViH— C ROW ) * COLUMN
ADDRESSES
Vi — er ADDRESS,| | ADDRESS |
] et
tRAD towL tNoWD NCWL tNCWL I“ t
t —> — INRWL
RWD 1 twp twp
= VU~
Vi — tawp
towp ——> e
tps e —> 'ps
T+ [=T'DH e— 1DH
Vig— VALID VALID ALID VALID
D (DATA IN
{ ) Vi — Q<>< L DATA.XXXXt DATA >< DATA " >< DATA ‘ ><
cac
tAA — INCAC
re——tRAC toFF
VoH— VALID 1 " VALID VALD \ / VALD \
Q (DATA OUT) HIGH Z >—< >—<
VoL— t DATA DATA DATA / \ DATA /
CLz —
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ﬁEONLY REFRESH CYCLE
(W and A10 are Don’t Care)
tRe :

—_ Viy— p tRAS N is
s N 1Y \

e == {RPC
X7 X7

ViL—
tRAH
tASR — l—

ViH— ROW
ATOR - {XX ADDRESS

VAy —
Q (DATAOUT) v°” HIGH Z
o—

CAS BEFORE RAS REFRESH CYCLE

(AO to A10 are Don’t Care)
tRC
tRAS tRP
— VH— 7‘; X
RAS
ViL— \
tcsR
top tRPC ]
— Vig— + [ tCHR
AS /
ViL— - E
twrp -I-—-— <—T tWRH

HIGHZ

Ml

Ve —
a(atAouT) OH
Voo — 7
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HIDDEN REFRESH CYCLE (READ)
tRe tRAS
tRAS fe—— tRp —™
== VH— 3
WS | N Z \r /
tcRP [*——tRCD ——*{=~thsH—™ *—1tcHR —tcp
V- y
RS V'“ 7 N
L=
*— 'RAD tRAL—™
tASR ——D1 F— re—tcAH >
tRAH —> le—tagc
ViH—  ROW © COLUMN
ADDRESSES \, ' A/ ApoRESS \__ADDRESS
tRCs N tRRH = ‘WRP‘|<—" !"“'—tWRH |
= VH— 7
Y= teac
'm L———:
e taac , OFF
VoH— 3
Q(ATAOUT) VALID DATA }——————
oL— k.
toLz —™

HIDDEN REFRESH CYCLE (EARLY WRITE)

- tRc tRAS
tRAS tRP —

mAs H— —_’\ : N /

ViL — X

tcRp [*——tRCD ——*t=- tpsy —>| 'CHR top
— VIH —
AS 7
¢ ViL — \
~ tRaD ™) RAL
tASR—  re— ™ I tasc
tRAH tcAH
ViH = ' ROW 7" COLUMN
ADDRESSES Vi — Xx ADDRESS A ADDRESS x ><><><><><><><><><><><><><
tRWL —-I \ \
e tyon — WRP WRH
W
ViL —
twp
tps r—tpy —™

Viy —

Vi — 3

V, —_

Q(DATA OUT) vOH HIGH Z
oL—
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tRAS tRp
Vy— — X% [ tRgy —————>
s \ AN\
L=
o] [*—tCcHR—™ topy —* [e——tcas ——
V= c o
s M N /
L= ;e
tasc [etcan >
ViH Vi
ADDRESSES ><>O<><><>O<><>< COLUMN ADDRESS
. X -
‘ tcac
tRAL
READ CYCLE tan —>] tOFF
v, : ‘
Q(DATA OUT) VOH HIGH Z VALID DATA }———
oL— ;
toLz ™ st tRRH
twrp (> twRH [*—tRcs ] < tReH—
ViL— .
EARLY WRITE CYCLE
VoH
Q(OATAOUT) HIGH Z
tRwL
\ ' I towL
WRP 1= [ > typy et twos = Fe—tyen —>]
ST 00 i 00
ViL—
[*1-tps —>] [* ton—>] '
—
oo 4~ STXXXCCOOCC]_moomn KXXXXOOOOD
L=
1. [*tcac™
READ-WRITE CYCLE toLz — 1oFF
QAT OUT) "OH ™ D
HIGH Z VALID DATA
Vou— , £
- tWRH taa —* *lc,wr’l
‘WRP re— tawp — > < tRwL—>
tRcs —>
. e—tcwD —™ <——-—-——|-— twp

D (DATAIN)

- mwxwmowxx

VALID DATA >§

'ps ?'——I I‘—""DH, )
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DEVICE INITIALIZATION

On power-up an initial pause of 200 microseconds is re-
quired for the internal substrate generator to establish the cor-
rect bias voltage. This must be followed by a minimum of eight
active cycles of the row address strobe (clock) to initialize all
dynamic nodes within the RAM. During an extended inactive
state (greater than 16 milliseconds or 128 milliseconds in case
of low power device, with the device powered up), a wakeup
sequence of eight active cycles is necessary to ensure proper
operation.

ADDRESSING THE RAM

The eleven address pins on the device are time multiplexed
atthe beginning of amemory cycle by two clocks, row address
strobe (RAS) and column address strobe (CAS), into two sep-
arate 11-bit address fields. A total of twenty-two address bits,
eleven rows and eleven columns, will decode one of the
4,194,304 bit locations in the device. RAS active transition is
followed by CAS active transition (active = Vi, tygp mini-
mum) for all read or write cycles. The delay between RAS and
CAS active transitions, referred to as the multiplex window,
gives a system designer flexibility in setting up the external ad-
dresses into the RAM.

The external CAS signal is ignored until an internal RAS sig-

nal is available. This “gate” feature on the external CAS clock
enables the internal CAS line as soon as the row address hold
time (trAH) specification is met (and defines trcp minimum).
The multiplex window can be used to absorb skew delays in
switching the address bus from row to column addresses and
in generating the CAS clock.
__There are three other variations in addressing the 4M RAM:
RAS only refresh cycle, CAS before RAS refresh cycle,
and nibble mode. All three are discussed in separate sec-
tions that follow.

READ CYCLE

The DRAM may be read with four different cycles: “normal”
random read cycle, nibble mode read cycle, read-write cycle,
and nibble mode read-write cycle. The normal read cycle is
outlined here, while the other cycles are discussed in separate
sections.

The normal read cycle begins as described in ADDRESS-
ING THE RAM, with RAS and CAS active transitions latching
the desired bit location. The write (W) input level must be high
(VIH), trcs (minimum) before the CAS active transition, to en-
able read mode.

Both the RAS and CAS clocks trigger a sequence of events
which are controlied by several delayed internal clocks. The
internal clocks are linked in such a manner that the read ac-
cess time of the device is independent of the address multiplex
window; however, CAS must be active before or attgcp maxi-
mum to guarantee valid data out (Q) attRAc (access time from
RAS active transition). If the tygp maximum is exceeded,
read access time is determined by the CAS clock active transi-
tion (tcac)-

The RAS and CAS clocks must remain active for aminimum
time of tras and tcags respectively, to complete the read
cycle. W must remain high throughout the cycle, and for time
tRRH of tRCH after RAS or CAS inactive transition, respec-
tively, to maintain the data at that bitlocation. Once RAS transi-
tions to inactive, it must remain inactive for a minimum time of

tRp to precharge the internal device circuitry for the next active
cycle. Q is valid, but not latched, as long as the CAS clock is
active. When the CAS clock transitions to inactive, the output
will switch to High Z (three-state).

WRITE CYCLE

The user can write to the DRAM with any of four cycles: early
write, late write, nibble mode early write, and nibble mode
read-write. Early and late write modes are discussed here,
while nibble mode write operations are coveredin another sec-
tion.

A write cycle begins as described in ADDRESSING THE
RAM. Write mode is enabled by the transition of W to active
(V|L)- Early and late write modes are distinguished by the ac-
tive transition of W, with respect to CAS. Minimum active time
tRAS and tcas, and precharge time typ apply to write mode,
as in the read mode.

An early write cycle is characterized by W active transition at
minimum time tyycg before CAS active transition. Data in (D)
is referenced to CAS in an early write cycle. RAS and CAS
clocks must stay active for tgyy| and towy, respectively, after
the start of the early write operation to complete the cycle.

Qremains in three-state condition throughout an early write
cycle because W active transition precedes or coincides with
CAS active transition, keeping data-out buffers disabled. This
feature can be utilized on systems with a common I/O bus, pro-
vided all writes are performed with early write cycles, to pre-
vent bus contention.

A late write cycle occurs when W active transition is made
after CAS active transition. W active transition could be
delayed for almost 10 microseconds after CAS active transi-
tion, (tRcD + tcwD + tRWL + 2tT) <tRAS, if other timing mini-
mums (tRc D, tRWL, and tT) are maintained. D is referenced to
W active transition in a late write cycle. Output buffers are en-
abled by CAS active transition but Q may be indeterminate—
see note 15 of ac operating conditions table. RAS and CAS
must remain active for tryy|_ and toyy, respectively, after W
active transition to complete the write cycle.

READ-WRITE CYCLE

A read-write cycle performs a read and then a write at the
same address, during the same cycle. This cycle is basically a
late write cycle, as discussed in the WRITE CYCLE section,
except W must remain high for ‘CWD minimum after the CAS
active transition, to guarantee valid Q before writing the bit.

NIBBLE MODE CYCLES

Nibble mode allows fast successive serial data operations
attwo, three, or four bits of the 4M dynamic RAM. Read access
time in nibble mode (tNGAC) is considerably faster than the
regular RAS clock access time, tRac.- Nibble mode operation
consists of keeping RAS active while toggling CAS between
V)H and V) . The address of the first nibble bit is latched by
RAS and CAS active transitions. Each subsequent CAS ac-
tive transition increments the row and column addresses inter-
nally to access the next bitin binary fashion. After the fourth bit
is accessed, the nibble pattern repeats itself (0,0) (0,1) (1,0)
(1,1)(0,0)(0,1) (1,0) (1,1).... The A10 address determines the
starting point of the 4-bit nibble, with row address A10 the least
significant of the (column, row) ordered pair. External ad-
dresses are ignored after the first nibble bit is selected.
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A nibble mode cycle is initiated by a normal read, write, or
read-write cycle, as described in prior sections. Once the tim-
ing requirements for the first cycle are met, CAS transitions to
inactive for minimum of tycp, while RAS remains low (V) ).
The second CAS active transition while RAS is low initiates the
first nibble mode cycle (tnc or tyrwC)- Either a read, write, or
read-write operation can be performed in a nibble mode cycle,
subject to the same conditions as in normal operation (pre-
viously described). These operations can be intermixed in
consecutive nibble mode cycles and performed in any order.
The maximum number of consecutive nibble mode cycles is
limited by tgas. Nibble mode operation ends when RAS tran-
sitions to inactive, coincident with or following a CAS inactive
transition.

REFRESH CYCLES

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge will tend to de-
grade with time and temperature. Each bit must be periodically
refreshed (recharged) to maintain the correct bit state. Bits in
the MCM54101A require refresh every 16 milliseconds.

This is accomplished by cycling through the 1024 row ad-
dresses in sequence within the specified refresh time. All the
bits on a row are refreshed simultaneously when the row is ad-
dressed. Distributed refresh implies a row refresh every 15.6
microseconds for the MCM54101A. Burst refresh, a refresh of
all 1024 rows consecutively, must be performed every 16 milli-
seconds on the MCM54101A.

A normal read, write, or read-write operation to the RAM will
refresh allthe bits (4096) associated with the particular row de-
coded. Three other methods of refresh, RAS-only refresh,
CAS before RAS refresh, and hidden refresh are available
on this device for greater system flexibility.

RAS-Only Refresh

RAS-only refresh consists of RAS transition to active, latch-
ing the row address to be refreshed, while CAS remains high
(VIH) throughout the cycle. An external counter is employed to
ensure all rows are refreshed within the specified limit.

CAS Before RAS Refresh

CAS before RAS refresh is enabled by bringing CAS active
before RAS. This clock order activates an internal refresh
counter that generates the row address to be refreshed. Exter-
nal address lines are ignored during the automatic refresh
cycle.

CAS BEFORE RAS
REFRESH CYCLE

MEMORY CYCLE

The output buffer remains at the same state it was in during
the previous cycle (hidden refresh). W must be inactive for
time tyyRrp before and time tyyrH after RAS active transition to
prevent switching the device into test mode.

Hidden Refresh

Hidden refresh allows refresh cycles to occur while main-
taining valid data at the output pin. Holding CAS active at the
end of a read or write cycle, while RAS cycles inactive typ and
back to active, starts the hidden refresh. This is essentially the
execution of a CAS before RAS refresh from a cycle in prog-
ress (see Figure 1). W is subject to the same conditions with
respect to RAS active transition (to prevent test mode) as in
CAS before RAS refresh.

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh counter of this device can be tested with

a CAS before RAS refresh counter test. This test is per-

formed with a read-write operation. During the test, the internal

refresh counter generates the row address, while the external

address supplies the column address. The entire array is re-

freshed after 1024 cycles, as indicated by the check data writ-

ten in each row. See CAS before RAS refresh counter test

cycle timing diagram.

The test can be performed after aminimum of 8 CAS before

RAS initialization cycles. Test procedure:

1. Write “0"s into all memory cells with normal write mode.

2. Selectacolumn address, read “0” out and write “1” into
the cell by performing the CAS before RAS refresh
counter test, read-write cycle. Repeat this operation
1024 times.

3. Readthe “1"s which were writtenin step 2in normal read
mode,

4.  Using the same starting column address as in step 2,
read “1” out and write “0” into the cell by performing the
CAS before RAS refresh counter test, read-write
cycle. Repeat this operation 1024 times.

5.  Read “0”s which were written in step 4 in normal read
mode.

6.  Repeat steps 1 to 5 using complement data.

CAS BEFORE RAS
REFRESH CYCLE

TN

S

CAS

e

=

VALID DATA-OUT

Figure 1. Hidden Refresh Cycle
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TEST MODE

The internal organization of this device (512K x 8) allows it
to be tested as if it were a 512K x 1 DRAM. Nineteen of the
twenty-two addresses are used when operating the device in
test mode. Row address A10, and column addresses A0 and
A10 are ignored by the device in test mode. A test mode cycle
reads and/or writes data to a bit in each of eight 512K blocks
(B0-B7) in parallel. External data out is determined by the in-

ternal test mode logic of the device. See the following truth
table and test mode block diagram.

W, CAS before RAS timing puts the device in “Test Mode”
as shown in the test mode timing diagram. A CAS before RAS
or a RAS only refresh cycle puts the device back into normal
mode. Refresh is performed in test mode by using a W, CAS
before RAS refresh cycle which uses internal refresh address
counter.

TEST MODE TRUTH TABLE

D B0 B1 B2 B3 B4 B5 B6 B7 Q

0 0 0 0 0 0 0 0 0 1

1 1 1 1 1 1 1 1 1 1

—_ Any Other 0

TEST MODE
AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vce =5.0 V£10%, Tp = 0 to 70°C, Unless Otherwise Noted)
READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)
Symbol 54101A-60 54101A-70 54101A-80
Parameter Std. Alt. Min Max Min Max Min Max | Unit | Notes
Random Read or Write Cycle Time {RELREL tRC 115 — 135 — 155 — ns 5
Access Time from RAS tRELQV tRAC —_ 65 —_ 75 — 85 ns 6,7
Access Time from CAS tCELQV iCAC — 25 — 25 — 25 ns 6,8
Access Time from Column Address tAvQv tAA — 35 — 40 — 45 ns 6,9
RAS Pulse Width tRELREH tRAS 65 10k 75 10k 85 10k ns
RAS Hold Time {CELREH tRSH 25 — 25 — 25 — ns
CAS Hold Time {RELCEH tCSH 65 — 75 - 85 — ns
CAS Pulse Width t{CELCEH tCAS 25 10k 25 10k 25 10k ns
Column Address to RAS Lead Time tAVREH. tRAL 35 — 40 — 45 — ns
NOTES:

1. Viy min and V) max are reference levels for measuring timing of input signals. Transition times are measured between V| and V..

2.
3.

An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must

transition between V| and V||_(or between V|_and V) in a monotonic manner.

. AC measurements tT = 5.0 ns.

(SN

range (0°C < Tp < 70°C) is ensured.

and VoL =0.8 V.
. Assumes that trcp < trcp (max).
. Assumes that trcp 2 trep (max).
. Assumes that tRAD 2 tRAD (Max).

© o~

. The specifications for tgc (min) and tgywc (min) are used only to indicate cycle time at which proper operation over the full temperature

. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 100 pF with the data output trip points setat Vo =2.0 V
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MCM54101A

ViL

Ve —
Q(ATAOUT) OH
VoL —

WRITE, CAS BEFORE RAS REFRESH CYCLE (TEST MODE ENTRY)

(D and A0-A10 are Don’t Care)

tRAS tRp ——
RAS Vi — 7[ X K
tRPC

tRC

r— 1CHR

< fcp

IcSR

XXX

twrs >

XTI XTIXIY

e torF

HIGHZ
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MCM54101A

TEST MODE - READ CYCLE

tRc
tRp——>
Vv tH‘ - =
_ VH-— AS
TN 1\
tesH
topp e [+ 'RCD tRSH —cRp—>]
— Vh-— \ toas ——= 7
TAS \ /
ViL — A /
——tRaD tRAL |
taSR il AR g fe——tcaH ———
Vi —
L= 3 .
t —
thes —] L, i I‘_ RCH
RCS .1 e gy — >

" OO0
V) — ¢ ——
L
l‘———tM R ——
h——— tCLZ — ‘
Vo _ tRaC OFF
Q (DATA OUT) HIGH Z { VALID DATA }—
Vo — 3
TEST MODE - EARLY WRITE CYCLE
tRC
t
fe—'Rp —>
V- tRAS
s \ v \
v
IL—
tRCD tRSH
tcRp -Iq-— tcsH topp —
_ Vm— toAS ———» s
s, \\r / /F
IL—
tRAD tRAL
'ASR—»] tRaH—»] tAsC le——{CAH——»]
aooResses M ROW COLUMN ADDRESS
vy — ADDRESS
twes towL
= Vy— twen
vIL — L Z
tRWL =||

Viy—
L=

tDS—- l<- L—tDH—D
Vo

Q (DATA OUT) HIGH Z
VoL —
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MCM54101A

TEST MODE BLOCK DIAGRAM
ADDRESSES
n‘m} 0000
A Vee
512K BLOCK [=
] BO A
NORMAL © [
—eo
8 TEST MODE
512K BLOCK [— N
¢ B1 B \
/
)
c \
1 512KBLOCK [
— B2 C v_}
ADDRESSES
o—— D
o 512K BLOCK [—
o— D
° *~— B3
O—: — Doyt
NORMAL .
DiN ~T— 512KBLOCK =
B4 E
TEST MODE
512K BLOCK |- | )
¢ B |F ]
]
1\
G )
7
512K BLOCK [
*— B6 G
|—
ADDRESSES TESTMODE O |
B0 A10R, A10C, AOC H
B1 A10R, A10C, AOC 512K BLOCK h NORMAL ©
B2 A10R, A10C, AOC L} B7
B3 A10R, A10C, AOC
B4 A10R, A10C, AQC 00000000
B5 A10R, A10C, AOC
B6 A10R, A10C, AOC ‘\?
B7 A10R, A10C, AOC

ADDRESSES
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MCM54101A

ORDERING INFORMATION
(Order by Full Part Number)

MCM 54101A X XX XX

Motorola Memory Prefix Shipping Method (R2 = Tape & Reel, Blank = Rails)

Part Number —4m8 ———— Speed (60 = 60 ns, 70 = 70 ns, 80 = 80 ns)
Package (N = 300-mil SOJ, Z = 100-mil Plastic ZIP)
Full Part Numbers— MCM54101AN60  MCM54101AN60R2  MCM54101AZ60

MCM54101AN70 MCMS54101AN70R2  MCM54101AZ70
MCMS54101AN80  MCMS54101ANBOR2  MCM54101AZ80
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MOTOROLA

= SEMICONDUCTOR
TECHNICAL DATA

Advance Information
4M x 1 CMOS Dynamic RAM

MCM54102A

Static Column N PACKAGE
The MCM54102A is a 0.7u CMOS high-speed, dynamic random access CASE 822

memory. It is organized as 4,194,304 one-bit words and fabricated with
CMOS silicon-gate process technology. Advanced circuit design and fine line
processing provide high performance, improved reliability, and low cost. The
static column mode feature allows column data to be accessed upon the
column address transition when RAS and CS are held low, similar to static
RAM operation.

"l\ ~ ZPACKAGE

The MCM54102A requires only 11 address lines; row and column ) z.g_%s;:img
address inputs are multiplexed. The device is packaged in standard 300-mil CASE 836
J-lead small outline package and a 100-mil zig-zag in-line package (ZIP).

e Three-State Data Output

e Static Column Mode

* Test Mode PIN NAMES

e TTL-Compatible Inputs and Outputs

e RASOnlyRefresh [ A-A10......... Address Input
o CS Before RAS Refresh | b DDatalnput

D N ¢ ata Output
¢ Hidden Refresh ... Read/Write Enable
e 1024 Cycle Refresh: MCM54102A = 16 ms ..... Row Address Strobe
e FastAccess Tmetrac): | TS......... Chip Select

MCM54102A-60 = 60 ns (Max) Power Supply (+ 5 V)
MCM54102A-70=70ns(Max) VGG e Ground
MCM54102A-80=80ns(Max) [ NC............ No Connection
e Low Active Power Dissipation:
MCM54102A-60 = 660 mW (Max)
MCM54102A-70 = 550 mW (Max) PIN ASSIGNMENT
MCM54102A-80 = 468 mW (Max)
e Low Standby Power Dissipation: 100-MIL ZIP
MCM54102A = 11 mW (Max, TTL Levels) 1
MCM54102A = 5.5 mW (Max, CMOS Levels) 300-MIL SOJ Mi==l g =
D1 26 I Vsg Q i
Wiz 2 1a ol 5|7 |Vss
RAS[3 24 [1TS 7 Llw
Ne []4 23 [INC RAS|==| g At
s |-
A005 22 [1 A9 NG| ==14q
ao |l o
13 2
Ao 18 [1 A8 A2 ==,
a1l 10 17 1 A7 15 |M
Vee| == 16
A1 16 [1 A6 17177 |
A3l 12 15 [ A5 5 =- 18 |6
Vool 13 14 a4 ar| e "
== | A8

This document contans information on a new product  Specifications and information heremn are subject to change without notice
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MCM54102A

BLOCK DIAGRAM
W
— DATAIN
cs BUFFER [+ D
NO. 2 CLOCK DQJ‘F\F%%T r’ Q
GENERATOR
COLUMN >
N ADDRESS COLUMN
:‘1’ / BUFFERS (1) DECODER
A2 — REFRESH -
A3 —— CONTROLLER
A — SENS AMP
A5 —— REFRESH 1/0 GATING
A6 — COUNTER (10)
A7 —
7 — T |
A9 — ROW \ ]
L) s FIE O row 5T o
_B.UEEFS.LUJ_ —' DECODERY , 54 ARRAY
- -
AAS NO. 1 CLOCK
GENERATOR SUBSTRATE BIAS Vee
GENERATOR Vss
ABSOLUTE MAXIMUM RATING (See Note) ) ) N
Rati Symbol val Uni This device contains circuitry to protect
ating ymbo alue nit the inputs against damage due to high
Power Supply Voltage Vee -1t0+7 \Y static voltages or electric fields; however,
" - - — it is advised that normal precautions be
Voltage Relative to Vgg for Any Pin Except Voo Vin. Vout 110 +7 \ taken to avoid application of any voltage
Data Out Current lout 50 mA higher than maximum rated voltages to
Power Dissipation Pp 700 mwW this high-impedance circuit.
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg ~55t0+150 | °C

NOTE: Permanentdevice damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.
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MCM54102A

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =5.0 V£10%, Tp = 0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit | Notes
Supply Voitage (Operating Voltage Range) Vee 45 5.0 55 \ 1
Vss 0 0 0
Logic High Voltage, All Inputs VIH 24 — 6.5 \" 1
Logic Low Voltage, All inputs ViL -1.0 — 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
Vcc Power Supply Current Icct mA 2,3
MCM54102A-60, trc = 110 ns — 120
MCMS54102A-70, tpc = 130 ns - 100
MCM54102A-80, trc = 150 ns - 85
Vi Power Supply Current (Standby) (RAS = CS = Vi) lcce — 2.0 mA
Ve Power Supply Current During RAS Only Refresh Cycles (CS = Vi) lccs mA | 2,3
MCM54102A-60, tgc = 110 ns — 120
MCM54102A-70, trc = 130 ns — 100
MCM54102A-80, trc = 150 ns —_ 85
Ve Power Supply Current During Static Column Mode Cycle (RAS = CS = V) ) Icca mA 2,3
MCM54102A-60, tgc = 35 ns - 85
MCM54102A-70, tgc = 40 ns — 75
MCM54102A-80, tgc = 45 ns — 65
Ve Power Supply Current (Standby) (RAS = CS = Vgc—0.2 V) Iccs —_ 1.0 mA
Vg Power Supply Current During CS Before RAS Refresh Cycle Icce mA 2
MCM54102A-60, tpg = 110 ns - 120
MCMS54102A-70, tpc = 130 ns — 100
MCM54102A-80, trc =150 ns —_ 85
Input Leakage Current (0 V<V <6.5V) kg (1) -10 10 MA
Output Leakage Current (CS = Vjy, 0V < Vout£5.5V) 'M.(.O) -10 10 HA
Output High Voltage (loH = -5 mA) | VoH 24 — \
Output Low Voltage (I = 4.2 mA) VoL — 0.4 v
CAPACITANCE (f = 1.0 MHz, Tp = 25°C, Vg = 5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit | Notes
Input Capacitance AO0-A10,D Cin 5 pF 4
RAS,CS, W 7
Output Capacitance (CS = Vj to Disable Output) Q| Cou 7 pF 4

NOTES:

1. Ali voltage referenced to Vgg.
2. Currentis a function of cycle rate and output loading; maximum currents are specified cycle time (minimum) with the output open.
3. Column address can be changed once or less while RAS = V)i_and CS = V).
4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAVAV.
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MCM54102A

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =5.0V£10%, Ta = 0to 70°C, Unless Otherwise Noted)

READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)

Symbol 54102A-60 54102A-70 54102A-80
Parameter Std. Alt. Min Max Min Max Min Max | Unit | Notes

Random Read or Write Cycle tRELREL tRC 110 - 130 — 150 — ns 5

Time
Read-Write Cycle Time tRELREL tRWC 135 - 156 —_ 175 —_ ns 5
Static Column Mode Cycle Time tAVAV tSC 35 —_— 40 — 45 — ns
Static Column Mode Read-Write tAVAV tSRWC 60 - 70 — 80 — ns

Cycle Time
Access Time from RAS tRELQV tRAC — 60 — 70 — 80 ns 6,7
Access Time from CS {CELQV tCAC — 20 — 20 — 20 ns 6,8
Access Time from Column Address tavav tAA — 30 — 35 — 40 ns 6,9
Access Time from Last Write twLQv tALW e 55 — 65 — 75 ns 6,10
CS to Output in Low-Z tCELQX toLz 0 — 0 — 0 — ns 6
Output Buffer and Turn-Oft Delay {CEHQZ {OFF 0 20 0 20 0 20 ns 1
Data Out Hold from Address tAxQX tAOH 5 - 5 —_ 5 —_ ns

Change
Data Out Enable from Write tWHQV tow — 20 — 20 — 20 ns
Data Out Hold from Write WHQX tWOH 0 — 0 — 0 — ns
Transition Time (Rise and Fall) T T 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL tRp 40 — 50 — 60 — ns
RAS Pulse Width tRELREH tRAS 60 10k 70 10k 80 10k ns
RAS Pulse Width (Static Column IRELREH | IRASC 60 200k 70 200 k 80 200k | ns

Mode)
RAS Hold Time tCELREH | 'RSH 20 — 20 — 20 — ns
CS Hold Time tRELCEH tCSH 60 — 70 — 80 — ns
CS Pulse Width tCELCEH tcs 20 10k 20 10k 20 10k | ns
CS Pulse Width (Static Column {CELCEH tcsc 20 200 k 20 200 k 20 200k | ns

Mode)
RAS to CS Delay Time tRELCEL tRCD 20 40 20 50 20 60 ns 12
RAS to Column Address Delay tRELAV tRAD 15 30 15 35 15 40 ns 13

Time
CS to RAS Precharge Time tcEHREL | tcmrP 5 — 5 — 5 — ns

(continued)
NOTES:

1. Vi min and V| max are reference levels for measuring timing of input signals. Transition times are measured between V| and V), .
2. Aninitial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V| and V|_(or between V)_and V) in a monotonic manner.
. AC measurements ty = 5.0 ns.
. The specifications for trc (min) and trywc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C < T < 70°C) is ensured.
. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 100 pF with the data output trip points set at Vo = 2.0
VandVg =08V.
. Assumes that trcp < tRcp (max).
. Assumes that tRcp 2 tRrep (max).
. Assumes that tRap = tRAD (max).
. Assumes that t| wAD 2 twAD (max).
11. tofFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
12. Operation within the trcp (max) limit ensures that tgac (max) can be met. trgp (max) is specified as a reference point only; if tcp is
greater than the specified trop (max) limit, then access time is controlled exclusively by tcac.
13. Operation within the tRAp (max) limit ensures that tgac (max) can be met. tyap (Max) is specified as a reference point only; if tRap is
greater than the specified tRap (max), then access time is controlled exclusively by taA.

o [0 -3

-
o 0w~
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MCMb54102A

READ, WRITE, AND READ-WRITE CYCLES (Continued)

Symbol 54102A-60 54102A-70 54102A-80
Parameter Std. Alt. Min Max Min Max Min Max | Unit | Notes
CS Precharge Time (Static tCEHCEL tcp 10 — 10 — 10 - ns
Column Mode)
Row Address Setup Time {AVREL tASR 0 — 0 — 0 — ns
Row Address Hold Time tRELAX tRAH 10 — 10 — 10 — ns
Column Address Setup Time tAVCEL tASC 0 — 0 — 0 — ns
Column Address Hold Time tCELAX tCAH 15 — 15 — 15 — ns
Column Address Hold Time tRELAX tAR 70 — 80 — 90 — ns
Referenced to RAS
(Read Cycle) )
Column Address to RAS Lead tAVREH tRAL 30 — 35 — 40 — ns
Time
Column Address Hold Time tREHAX tAH 5 - 5 — 5 — | ns 14
Reference to RAS High
Write Command to CS Lead Time WLCEH | towL 20 — 20 — 20 — ns
Last Write to Column Address tWLAV tLWAD 20 25 20 30 20 35 ns 15
Delay Time
Last Write to Column Address tWLAX tAHLW 55 — 65 - 75 — ns
Hold Time
Read Command Setup Time tWHCEL tRCS 0 — 0 — 0 — ns
Read Command Hold Time tCEHWX tRCH 0 - 0 - 0 — ns 16
Referenced to CS
Read Command Hold Time tREHWX tRRH 0 - 0 — 0 - ns 16
Referenced to RAS
Write Command Hold Time tCELWH twCH 10 —_ 15 — 15 — ns
Referenced to CS
Write Command Pulse Width tWLWH twp 10 — 15 — 15 —_ ns
Write Command Inactive Time tWHWL twi 10 — 10 — 10 — ns
Write Command to RAS Lead tWLREH tRWL 20 — 20 — 20 — ns
Time
Data in Setup Time {DVCEL DS 0 — 0 — 0 — ns 17
Data in Hold Time {CELDX tDH 15 — 15 — 15 — ns 17
Refresh Period tRvRV | RESH | — 16 — 16 — 16 | ms
Write Command Setup Time tWLCEL | twes 0 — 0 — 0 — ns 18
CS to Write Delay tceLwL | towp 20 | — 20 — 20 — ns 18
RAS to Write Delay tRELWL tRWD 60 — 70 — 80 — ns 18
Column Address to Write Delay tavwL tAwD 30 — 35 - 40 - ns 18
Time
(continued)
NOTES:

14.  taH must be met for a read cycle.

15.  Operationwithin the t| wap (max) limit ensures thatta yy can be met. t) waD (max) is specified as a reference point only; ift waAp is greater

than the specified t ywap (max) limit, then access time is controlled exclusively by taA.

16. Either tRrH or tRcH Must be satisfied for a read cycle.

17. These parameters are referenced to CS leading edge in early write cycles and to W leading edge in read-write cycles.

18.  twcs: tRwD, tcwD: tawD, and tcpwp are notrestrictive operating parameters. They are included in the data sheet as electrical character-
istics only; if twcs = twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout
the entire cycle; if tcwp 2 tocwp (min), tRwD = tRwp (min), tawp = tawp (min), and topwp 2 tcpwp (min) (page mode), the cycle is
aread-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition
of the data out (at access time) is indeterminate.
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MCM54102A

READ, WRITE, AND READ-WRITE CYCLES (Concluded)

Symbol 54102A-60 54102A-70 54102A-80
Parameter Std. Alt. Min Max Min Max Min Max | Unit | Notes

CS Setup Time for CS Before tRELCEL | tCSR 5 — 5 — 5 — ns
RAS Refresh

CS Hold Time for CS Before tRELCEH tCHR 15 —_ 15 — 15 — ns
RAS Refresh

RAS Precharge to CS Active tREHCEL | RPC 0 — 0 — 0 — ns
Time

CS Precharge Time for CS tCEHCEL tcPT 30 — 40 — 40 — ns
Before RAS Counter Test ’

Write Command Setup Time tWLREL twTs 10 - 10 —_ 10 - ns
(Test Mode)

Wirite Command Hold Time tRELWH WTH 10 — 10 — 10 — ns
(Test Mode)

Write to RAS Precharge Time tWHREL tWRP 10 - 10 - 10 — ns
(CS Before RAS Refresh)

Write to RAS Hold Time tRELWL tWRH 10 — 10 — 10 — ns
(CS Before RAS Refresh)
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MCM54102A

READ CYCLE
tRC
tRAS tRp

= Vin— )
AAS AN

ViL— \ [

. tesH
ASR— fe— _ >
= tRa—> RAL b
ViH— f  ROW ) r COLUMN X
ADDRESSES \/ — :ZX ADDRESS ADDRESS _)><>O<><><><><><
{RAD [*—tRsH *"
tcnp—].—. tReD > < tcRp >

& Vi — j \ tcs Z(

viL— X.

tRCH
tres {RRH
v —_—
ViL— e tos —s
tan CAC >~ 10FF
v tRAC
Q (DATAOUT) v%:_ HIGHZ VALID DATA OUT —
tcLz
EARLY WRITE CYCLE
tRC

Vi — {RAS i
TN / -

tcsH

tASR—™ e
[ tRAH ™

Vin— f ROW COLUMN
s 1~ X o0 YOO 508 XXX
<t —
Id— RAD——> CAH tRSH

“-‘- cRP asC (CRP———>]

_ [e— {cg——>
TS \\IIIH J \ j‘

L S
-« tRCD oL

tRWL

o 1 XXX, | v TXXXXKRIXX

tos—™ [
ViH— \
ViL— 7
Vo —
a(aTaouT) OH HIGH Z
VoL—
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MCM54102A

— ViH—
RAS
ViL—

ViH—
ADDRESSES
ViL—

Viu— i
D (DATAIN) XXW
ViL— 3

V, —
a(ataour) OH
VoL—

READ-WRITE CYCLE
tRwWC
tRAS tpp >
TN N
7!
T tRWL —
 ROW COLUMN
XX e OO ot XXOOOOOOOOXXX
— ICRP
e <— tcrp—
|«— traD tRAL
- tcs
_/ " *Z
Cs [ towp—™
< tawp—— [T fow
o N | KXXKXXRRRRX
o
tcSH !
= tpg —> IpH

VALID DATA IN

IUOOOOKHKXXXXN

HIGHZ

I‘-‘i = loac ,L >
I~ 1AA
tRAC <*— tAOH —™
VALID DATA OUT
—J tCLZ

STATIC COLUMN MODE READ CYCLE

WOH

< tOFF >

XOO——

1RASC > [t
T
RAS
ViL— \ j
— - —F [
- taaH > < Isc tRAL
ViH— ROW COLUMN Y~ COLUMN - COLUMN \
ADDRESSES ViL— Xx ADDRESS X><><>< ADDRESS 1 j& ADDRESS 2 X* ADDRESSN WXX
*—— tpAp——> 'CRP_’I
R - =P (< RSH T
Vi— N tcsC - 1csC
w | \
L tRCS >~ RRH
l«———— trep — tRCH—T™] 1RCH
- tcsH ~*’| ™ tRCS
o .
" KX | [ X
ViL— A0 el 1
tcac M AA le— 1OFF —»
tAA - = tcAC—>
) toFF
v RAC r I \ I
Q (DATA OUT) v%H HIGHZ  / >_ DATAOUT 5—'-
-
toLz— / oLz —
VALIDDATAOUT ~ VALID DATA OUT
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MCMb54102A

STATIC COLUMN MODE EARLY WRITE CYCLE (A)

tRASC

/t:‘ b
== VIH—
AS \
ViL—
el tRAH
wer—> |<—-- 1cAH >
ViH— \f RowW " COLUMN COLUMN COLUMN
ADDRESSES \/ _ ZXr ADDRESS | | ADDRESS 1 | ADDRESS 2 ADDRESS NX><><><><><><><
4
tASC e tRSH—>
r<—— tpAD > < e — tcrp >
— VIH—
s N\
ViL— j L/
N tweH tweH t
tRCD B e twes t CWL
WeS— 1= tw RWL
ViL— | 2 ' ! X
'ouﬂ’l < ™ 'oH
tpgT= tps
ViH— VALID VALID VALID
DOATAN) ><>O<><>< ><X DATAIN DATAIN DATAIN

VA —
a(aTaout)  OH
VoL—

HIGHZ

STATIC COLUMN MODE EARLY WRITE CYCLE (B)

tRASC

F' P
— VIH—
RAS \
ViL—
e RAH ) ,
| s - -
1ASR—™ — "_. tCAH CAH RAL
ViH— ROW COLUMN COLUMN ] COLUMN
L N
tAsC
< tRAD—™ ricPR —
V-
o VM
ViL— .
RCD o et |*
AsC  WITT >
WCS™™ [ty tsc > towL
L < tRwL ™
- 3 < twp —
_Vig— \ W _\ —
ViL—
DH—™ [ ™ tDH
tps tps
ViH— VALID VALID VALID
oowmm '~ OO ot ot XOOOOOXX

V, —_
a(pataouT)  OH
Vo

HIGH Z
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MCM54102A

STATIC COLUMN MODE READ-WRITE CYCLE

oy —— 1RASC «—tpp
— VH—
AAS
ViL— x y
I e tgp———>
tRAH _’] (e—1ICAH | 1SRWC :
< tRw —»
nooresses M (X[, FOW COLUMN ) COLUMN
Vi — \/\__ ADDRESS ADDRESS _, ADDRESS
|+ tgap —> T waD > ‘CRP"““’“
cwp
= YH~ £
[ /
ViL—
tRes T
AWD tAWD ) E—
- tRWD > twp
—VIH— \
T XOOQOOOQOYT | NI/ \__/
'ps
« tRCD tle
ViH— N7 vaLD VALID ><><><><
wommm = )OO s, HKAXPOOK_ s, XXX
]
tCAb \w H—.‘ *S'tAA-h
taA e "o '& T tow > {OFF —
< tRAC tALW—>

VAy —
a(ataoun) OH
VoL—

—
{ VALD )  VAD
HiGHZ | DATAOUT 1§<><><>§[ DATA OUT WE——
toLz — -
|a— READ-WRITE—s|a———— READ-WRITE ———»]
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MCM54102A

STATIC COLUMN MODE READ/WRITE MIXED CYCLE
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D
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RAS ONLY REFRESH CYCLE
(W and A10 are Don’t Care)
'R
tpp ——
S ViH— \ 'RAS
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=AY W
ViL—
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tASR > e
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HIDDEN REFRESH CYCLE (READ)
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE
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DEVICE INITIALIZATION

On power-up an initial pause of 200 microseconds is re-
quired for the internal substrate generator to establish the cor-
rect bias voltage. This must be followed by a minimum of eight
active cycles of the row address strabe (clock) to initialize all
dynamic nodes within the RAM. During an extended inactive
state (greater than 16 milliseconds with the device powered
up), a wakeup sequence of eight active cycles is necessary to
ensure proper operation.

ADDRESSING THE RAM

The eleven address pins on the device are time multiplexed
at the beginning of a memory cycle by the row address strobe
(RAS) clock, into two separate 11-bit address fields. A total of
twenty-two address bits, eleven rows and eleven columns, will
decode one of the 4,194,304 bit locations in the device. RAS
active transition latches the row address field. Column ad-
dresses are not latched, hence the “static column” designa-
tion of this device. Chip select (CS) active transition (active =
V|L, trcp minimum) follows RAS on all read, write, or read-
write cycles and is independent of column address. The static
column feature allows greater flexibility in setting up the exter-
nal column addresses into the RAM.

There are three other variations in addressing the 4M RAM:
RAS only refresh cycle, CS before RAS refresh cycle, and
Static Column mode. All three are discussed in separate
sections that follow.

READ CYCLE

The DRAM may be read with four different cycles: “normal”
random read cycle, static column mode read cycle, read-write
cycle, and static column mode read-write cycle. The normal
read cycle is outlined here, while the other cycles are dis-
cussed in separate sections.

The normal read cycle begins as described in ADDRESS-
ING THE RAM, with RAS active transition latching the desired
row. The write (W) input level must be high (V) trcs (mini-
mum) before the CS active transition, to enable read mode. A
valid column address can be provided at any time (trap mini-
mum), independent of the CS active transition.

Both the RAS and CS clocks trigger a sequence of events
which are controlled by several delayed internal clocks. The
internal clocks are linked in such a manner that the read ac-
cess time of the device is independent of the address multiplex
window. However, CS must be active and column address
must be valid by trcp and tgap maximums, respectively, to
guarantee valid data out (Q) at tac (access time from RAS
active transition). If either trc p or tRAp Maximum is exceed-
ed, read access time is determined by the CS clock active
transition (tcac) and/or valid column address (taa)-

The RAS and CS clocks must remain active for a minimum
time of tyag and tcg respectively, to complete the read cycle.
The column address must remain valid for ta after RAS inac-
tive transition to complete the read cycle. W must remain ain high
throughout the cycle, and for time trRH or trcH after RAS or
CS inactive transition, ion, respectively, to maintain the data at that
bit location. Once RAS transitions to inactive, it must remain
inactive for a minimum time of typ to precharge the internal
device circuitry for the next active cycle. Q is valid, but not
latched, as long as the CS clock is active. When the CS clock
transitions to inactive, the output will switch to High Z (three-
state).

WRITE CYCLE

The user can write to the DRAM with any of four cycles: early
write, late write, static column mode early write, and static col-
umn mode read-write. Early and late write modes are dis-
cussed here, while static column mode write operations are
covered in another section.

A write cycle begins as described in ADDRESSING THE
RAM. Write mode is enabled by the transition of W to active
(V)L)- Early and late write modes are distinguished by the ac-
tive transition of W, with respect to CS leading edge. Minimum
active time tRas and tcg, and precharge time trp apply to
write mode, as in the read mode. _

An early write cycle is characterized by W active transition at
minimum time tycg before CS active transition. Column ad-
dress set up and hold times (tpAsc, tcAH), and data in (D) set
up and hold times (tps, tpH) are referenced to CSinanearly
write cycle. RAS and CS clocks must stay active for tryy|_and
towL. respectively, after the start of the early write operation to
complete the cycle.

Qremains in three-state condition throughout an early write
cycle because W active transition precedes or coincides with
CS active transition, keeping data-out buffers disabled. This
feature can be utilized on systems with acommon 1/O bus, pro-
vided all writes are performed with early write cycles, to pre-
vent bus contention.

A late write cycle occurs when W active transition is made
after CS active transition. W active transition could be delayed
for almost 10 microseconds after CS active transition, (tRcp +
tcwD + tRWL + 2tT) <tRAS, if other timing minimums (tRcp.
tRwL, and t7) are maintained. Column address and D timing
parameters are referenced to W active transition in a late write
cycle. Output buffers are enabled by CS active transition but Q
may be indeterminate—see note 18 of ac operating conditions
table. Parameters tgw( and tcwL also apply to late write
cycles.

READ-WRITE CYCLE

A read-write cycle performs a read and then a write at the
same address, during the same cycle. This cycle is basically a
late write cycle, as discussed in the WRITE CYCLE section,
except W must remain high for towp and/or tayyp minimum,
to guarantee valid Q before writing the bit.

STATIC COLUMN MODE CYCLES

Static column mode refers to multiple successive data oper-
ations performed at any or all 2048 column locations on the se-
lected row of the 4M dynamic RAM during one RAS cycle.
Read access time of multiple operations (toa or tcac) is con-
siderably faster than the regular RAS clock access time tRaC.
Multiple operations can be performed simply by keeping RAS
active. CS may be toggled between active and inactive states
at any time within the RAS cycle.

Once the timing requirements for the initial read, write, or
read-write cycle are met and RAS remains low, the device is
ready for the next operation. Operations can be intermixed in
any order, at any column address, subject to normal operating
conditions previously described. Every write operation must
be clocked with either CS or W, as indicated in static column
mode early write cycle timing diagrams A and B. Column ad-
dress and D timing parameters are referenced to the signal
clocking the write operation.
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CS must be toggled inactive (tgp) to perform aread opera-
tion after an early write operation (to turn output on), as indi-
cated in static column mode read/write mixed cycle timing
diagram. The maximum number of consecutive operations is
limited to tRagC- The cycle ends when RAS transitions to in-
active.

REFRESH CYCLES

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge will tend to de-
grade with time and temperature. Each bit must be periodically

refreshed (recharged) to maintain the correct bit state. Bits in

the MCM54102A require refresh every 16 milliseconds.

This is accomplished by cycling through the 1024 row ad-
dresses in sequence within the specified refresh time. All the
bits on a row are refreshed simultaneously when the row is ad-
dressed. Distributed refresh implies a row refresh every 15.6
microseconds for the MCM54102A. Burst refresh, a refresh of
all 1024 rows consecutively, must be performed every 16 milli-
seconds on the MCM54102A.

Anormal read, write, or read-write operation to the RAM will
refresh allthe bits (4096) associated with the particular row de-
coded. Three other methods of refresh, RAS-only refresh,
CS before RAS refresh, and hidden refresh are available on
this device for greater system flexibility.

RAS-Only Refresh

RAS-only refresh consists of RAS transition to active, latch-
ing the row address to be refreshed, while CS remains high
(V1) throughout the cycle. An external counter is employed to
ensure all rows are refreshed within the specified limit.

CS Before RAS Refresh

CS before RAS refresh is enabled by bringing CS active be-
fore RAS. This clock order activates an internal refresh count-
erthatgenerates the row address to be refreshed. External ad-
dress lines are ignored during the automatic refresh cycle.

CS BEFORE RAS
REFRESH CYCLE

MEMORY CYCLE

The output buffer remains at the same state it was in during
the previous cycle (hidden refresh). W must be inactive for
time tywRp before and time tygr after RAS active transition to
prevent switching the device into test mode.

Hidden Refresh

Hidden refresh allows refresh cycles to occur while main-
taining valid data at the output pin. Holding CS active the end of
a read or write cycle, while RAS cycles inactive for tgp and
back to active, starts the hidden refresh. This is essentially the
execution of a CS before RAS refresh from a cycle in progress
(see Figure 1). W is subject to the same conditions with re-
spect to RAS active transition (to prevent test mode cycle) as
in CS before RAS refresh.

CS BEFORE RAS REFRESH COUNTER TEST
Theinternal refresh counter of this device can be tested with

aCSbefore RAS refresh countertest. This testis performed

with a read-write operation. During the test, the internal refresh

counter generates the row address, while the external address

supplies the column address. The entire array is refreshed af-

ter 1024 cycles, as indicated by the check data written in each

row. See CS before RAS refresh counter test cycle timing

diagram.

The test can be performed after a minimum of 8 CS before

RAS initialization cycles. Test procedure:

1. Write “0”s into all memory cells with normal write mode.

2.  Select a column address, read “0” out and write “1” into
the cell by performing the CS before RAS refresh
counter test, read-write cycle. Repeat this operation
1024 times.

3.  Readthe “1”s which were written in step 2 in normal read
mode.

4.  Using the same starting column address as in step 2,
read “1” out and write “0” into the cell by performing the
CS before RAS refresh counter test, read-write
cycle. Repeat this operation 1024 times.

5.  Read “0” which were written in step 4 in normal read
mode.

6. Repeat steps 1 to 5 using complement data.

CS BEFORE RAS
REFRESH CYCLE

P

Q —HIGH Z—

« N\ /N SN S
—\
___<

VALID DATA OUT /——

Figure 1. Hidden Refresh Cycle
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TEST MODE

The internal organization of this device (512 x 8) allows it to
be tested as if it were a 512K x 1 DRAM. Nineteen of the
twenty-two addresses are used when operating the device in
test mode. Row address A10, and column addresses AO and
A10 are ignored by the device in test mode. A test mode cycle
reads and/or writes data to a bit in each of eight 512K blocks
(B0-B7) in parallel. External data out is determined by the

internal test mode logic of the device. See following truth table
and test mode block diagram.

W, CS before RAS timing puts the device in “Test Mode”,
as shown in the test mode timing diagram. A “CS before
RAS” refresh cycle or a“RAS only” refresh cycle puts the de-
vice back in normal mode. Refresh is performed in test mode
by using a “W, CS before RAS” refresh cycle which uses the
internal refresh address counter.

TEST MODE TRUTH TABLE
D B0 B1 B2 B3 B4 B5 B6 B7 Q
0 0 0 0 0 0 0 0 0 1
1 1 1 1 1 1 1 1 1 1
— Any Other 0
TEST MODE
AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vce =5.0 V£10%, Tp = 0 to 70°C, Unless Otherwise Noted)
READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)
Symbol 54102A-60 54102A-70 54102A-80
Parameter Std. Alt. Min Max Min Max Min Max | Unit | Notes
Random Read or Write Cycle tRELREL tRC 115 —_ 135 - 155 — ns 5
Time
Static Column Mode Cycle Time tAVAV tsc 40 — 45 — 50 — ns
Access Time from RAS tRELQV tRAC — 65 — 75 — 85 ns 6,7
Access Time from CS tCELQV tCAC — 25 — 25 — 25 ns 6,8
Access Time from Column tavav tAA — 35 — 40 _ 45 ns 6,9
Address
RAS Pulse Width tRELREH tRAS 65 10k 75 10k 85 10k ns
RAS Pulse Width (Static Column tRELREH | tRASC 65 200 k 75 200 k 85 200 k ns
Mode)
RAS Hold Time tCELREH tRSH 25 — 25 — 25 — ns
CS Hold Time tRELCEH tcSH 65 —_ 75 ~— 85 - ns
CS Pulse Width tCELCEH tcs 25 10k 25 10k 25 10k | ns
CS Pulse Width (Static Column {CELCEH tcsc 25 200 k 25 200 k 25 200k | ns
Mode)
Column Address to RAS Lead tAVREH tRAL 35 — 40 — 45 — ns
Time
NOTES:

1. V|4 min and V|_max are reference levels for measuring timing of input signals. Transition times are measured between V| and Vj; .

2. Aninitial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V|4 and Vyj_(or between V)_ and V) in a monotonic manner.

. AC measurements t = 5.0 ns.

. The specification for tyc (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < Tp <
70°C) is ensured.

. Measured with a current load equivalent to 2 TTL (— 200 pA, + 4 mA) loads and 100 pF with the data output trip points set at Vop = 2.0
Vand Vg =0.8 V.

. Assumes that trcp < tRep (Mmax).

. Assumes that trcp 2 trop (max).

. Assumes that tRaD 2 tRAD (Max).

(S0

0w~
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W, CS BEFORE RAS REFRESH CYCLE (TEST MODE ENTRY)

(D and AO-A10 are Don't Care)
tRe
tRAS Lz ——
S ViH— x K
ViL— -
tRPC - toHR
- tcP 1csR

_ Vy—
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Vo= — 4
TEST MODE - READ CYCLE
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ViL— \ /
tesH >
tASR—1 e = S T taH

N

ViH— ROW COLUMN
ADDRESSES Vi — XXL' ADDRESS X><><><X ADDRESS X><><><><><><><
tRAD "*‘“'RSH___'" 44
tcnp—‘-—— tRCD = = o
s Vh- j N e J
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t >
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= VIH—
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Q (DATAOUT) V(:),:— HIGH Z VALID DATA OUT —

tcz

v

tRCH
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TEST MODE - EARLY WRITE CYCLE
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TEST MODE - STATIC COLUMN MODE EARLY WRITE CYCLE (A)
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):' P
==V~ N
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TEST MODE - STATIC COLUMN MODE EARLY WRITE CYCLE (B)
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TEST MODE BLOCK DIAGRAM
ADDRESSES
000000
A ? Vee
512K BLOCK [+
— B0 A
NORMAL © [
—e
s TEST MODE
512K BLOCK [— \
*— B1 B )
]
c A
T 512KBLOCK [~ )
*— B2 c
ADDRESSES
o
o— D
O
p 512KBLOCK |~
° *— B3 D
o S
o —Dour
NORMAL
o L E
lN_‘\\C 512K BLOCK [
B4 E
TEST MODE
]
F
512KBLOCK [—— )
q 85 F ]
)
)
G 7
512KBLOCK [~
*— B6
|_
ADDRESSES TESTMODE Q
B0 A10R, A10C, H
B1 A10R, Am,%% 512KBLOCK | NORMAL Q
B2 A10R, A10C, AOC L] B7 H
i [l
356 1 2 A} ,g}%g 000 006
B7 ATOR, A10G, AGG \?
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ORDERING INFORMATION
(Order by Full Part Number)

MCM 54102A X XX XX

Motorola Memory Prefix —_l_ T——— Shipping Method (R2 = Tape & Reel, Blank = Rails)

Part Number Speed (60 = 60 ns, 70 = 70 ns, 80 = 80 ns)

Package (N = 300-mil SOJ, Z = 100-mil Plastic ZIP)

Full Part Numbers— MCM54102AN60 MCM54102AN60R2  MCM54102AZ60
MCM54102AN70  MCM54102AN70R2  MCM54102AZ70
MCM54102AN80  MCM54102AN80OR2  MCM54102AZ80
MCM54102AN10  MCM54102AN10R2  MCM54102AZ10
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MOTOROLA
R SEMICONDUCTO R /55000
TECHNICAL DATA

Product Preview I\’I/ICCI\lI\II|55If‘41177OOBB
256K x 16 CMOS Dynamic RAM
Fast Page Mode — 1 CAS, 2 Write Enables MCM5V4170B

The MCM54170B is a 0.6u CMOS high-speed, dynamic random access memory. It
is organized as 262,144 sixteen-bit words and fabricated with CMOS silicon-gate pro-
cess technology. Advanced circuit design and fine line processing provide high per-
formance, improved reliability, and low cost.

The MCM54170B requires only 10 address lines; row and column address inputs
are multiplexed. The device is packaged in a standard 400-mil SOJ plastic package,
a 100-mil zig-zag in-line package (ZIP), and a 400-mil thin-small-outline-package
(TSOP).

e Three-State Data Output
o Fast Page Mode
e TTL-Compatible Inputs and Outputs
o RAS Only Refresh
o CAS Before RAS Refresh
o Hidden Refresh
o Self Refresh (MCM5V4170B only)
* 1024 Cycle Refresh:
MCM54170B = 16 ms
MCMS5L4170B and MCM5V4170B = 128 ms
e Fast Access Time (tRAC)
MCM54170B-70, MCM5L4170B-70, and MCM5V4170B-70 = 70 ns (Max)
MCM54170B-80, MCM5L4170B-80, and MCM5V4170B-80 = 80 ns (Max)
MCM54170B-10, MCM5L4170B-10, and MCM5V4170B-10 = 100 ns (Max)
* Low Active Power Dissipation:
MCM54170B-70, MCM5L4170B-70, and MCM5V4170B-70 = 385 mW (Max)
MCM54170B-80, MCM5L4170B-80, and MCM5V4170B-80 = 330 mW (Max)
MCM54170B-10, MCM5L4170B-10, and MCM5V4170B-10 = 303 mW (Max)
o Low Standby Power Dissipation:
MCM54170B, MCM5L4170B, and MCM5V4170B = 5.5 mW (Max, TTL Levels)
e Battery Backup Power Dissipation:
MCM5L4170B = 1.7 mW (Max, battery backup mode, tyc =125 ps)
o Self Refresh Power Dissipation:
MCM5V4170B = 1.1 mW (Max, self refresh mode)

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MCM54170B* MCM5L4170B*MCM5V4170B

PIN ASSIGNMENTS - MCM541708
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256K X 16 DRAM 256K X 16 DRAM 256K X 16 DRAM
40-Pin 400-mil SOJ 40-Pin 475-mil 2IP 40/44-Pin 400-mil TSOP
PIN NAMES
AO-A7, A8R, A9R .. Address Input Veg coeenes Power Supply (+ 5 V)
DQO-DQ15 .... Datalnput/Output | VGG «oonvvverniniennnen Ground
....... Read/Write Enable . No Connection
.. Row Address Strobe Output Enable
Column Address Strobe
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MOTOROLA
mm SEMICONDUCTOR —
TECHNICAL DATA

Product Preview #5%53219:0%
256K x 18 CMOS Dynamic RAM
Fast Page Mode — 1 CAS, 2 Write Enables MCM5V4190B

The MCM54190B is a 0.6 CMOS high-speed, dynamic random access memory. It
is organized as 262,144 eighteen-bit words and fabricated with CMOS silicon-gate
process technology. Advanced circuit design and fine line processing provide high
performance, improved reliability, and low cost.

The MCM54190B requires only 10 address lines; row and column address inputs
are multiplexed. The device is packaged in a standard 400-mil SOJ plastic package,
a 100-mil zig-zag in-line package (ZIP), and a 400-mil thin-small-outline-package
(TSOP).

o Three-State Data Output
e Fast Page Mode
e TTL-Compatible Inputs and Outputs
o RAS Only Refresh
o CAS Before RAS Refresh
¢ Hidden Refresh
o Self Refresh (MCM5V4190B only)
e 1024 Cycle Refresh:
MCM54190B = 16 ms
MCM5L4190B and MCM5V4190B = 128 ms
o Fast Access Time (tRaC)
MCM54190B 70, MCM5L4190B -70, and MCM5V4190B -70 = 70 ns (Max)
MCM54190B - 80, MCM5L4190B — 80, and MCM5V4190B - 80 = 80 ns (Max)
MCM54190B -10, MCM5L4190B -10, and MCM5V4190B —10 = 100 ns (Max)
o Low Active Power Dissipation:

MCM54190B -70, MCM5L4190B -70, and MCM5V4190B ~70 = 385 mW (Max)

MCM54190B ~ 80, MCM5L4190B — 80, and MCM5V4190B — 80 = 330 mW (Max)

MCM54190B -10, MCM5L4190B -10, and MCM5V4190B —10 = 303 mW (Max)
Low Standby Power Dissipation:

MCM54190B, MCM5L4190B, and MCM5V4190B = 5.5 mW (Max, TTL Levels)
o Battery Backup Power Dissipation:

MCM5L4190B = 1.7 mW (Max, battery backup mode, tgrc =125 ps)
o Self Refresh Power Dissipation:
MCM5V4190B = 1.1 mW (Max, self refresh mode)

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MCM54190B*MCM5L4190B* MCM5V4190B

PIN ASSIGNMENTS - MCM54190B
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256K X 18 DRAM 256K X 18 DRAM 256K X 18 DRAM
40-Pin 400-mil SOJ 40-Pin 475-mil ZIP 40/44-Pin 400-mil TSOP
PIN NAMES
AO0-A7, A8R, A9R .. Address Input VoG covveee Power Supply (+ 5 V)
DQO-DQ17 .... Data Input/Output VS tivviiiiiieaias Ground
LW, UW....... Read/Write Enable NC ...t No Connection
RAS ........ Row Address Strobe [N Output Enable
CAS..... Column Address Strobe
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MOTOROLA
R SEMICOND U CTO R /5
TECHNICAL DATA

Product Preview MCM542608

i MCM5L4260B
256K x 16 CMOS Dynamic RAM
Fast Page Mode — 2 CAS, 1 Write Enable MCM5V4260B

The MCM542608B is a 0.6y CMOS high-speed, dynamic random access memory. It
is organized as 262,144 sixteen-bit words and fabricated with CMOS silicon-gate pro-
cess technology. Advanced circuit design and fine line processing provide high per-
formance, improved reliability, and low cost.

The MCM54260B requires only 9 address lines; row and column address inputs
are multiplexed. The device is packaged in a standard 400-mil SOJ plastic package,
a 100-mil zig-zag in-line package (ZIP), and a 400-mil thin-small-outline-package
(TSOP).

e Three-State Data Output

Fast Page Mode

TTL-Compatible Inputs and Outputs
RAS Only Refresh

CAS Before RAS Refresh

Hidden Refresh

Self Refresh (MCM5V4260B only)
512 Cycle Refresh:

MCM54260B = 8 ms
MCM5L4260B and MCM5V4260B = 64 ms
Fast Access Time (tRAC)
MCM54260B ~70, MCM5L4260B ~70, and MCM5V4260B —70 = 70 ns (Max)
MCM54260B — 80, MCM5L4260B — 80, and MCM5V4260B — 80 = 80 ns (Max)
MCM54260B —10, MCM5L4260B —10, and MCM5V4260B —10 = 100 ns (Max)
Low Active Power Dissipation:
MCM54260B —70, MCM5L4260B —70, and MCM5V4260B —70 = 550 mW (Max)
MCM54260B — 80, MCM5L4260B — 80, and MCM5V4260B — 80 = 468 mW (Max)
MCM54260B -10, MCM5L4260B —10, and MCM5V4260B —10 = 413 mW (Max)
Low Standby Power Dissipation:
MCM54260B, MCM5L4260B, and MCM5V4260B = 5.5 mW (Max, TTL Levels)
Battery Backup Power Dissipation:
MCM5L4260B = 1.7 mW (Max, battery backup mode, trg =125 us)
Self Refresh Power Dissipation:
MCM5V4260B = 1.1 mW (Max, self refresh mode)

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MCM54260B * MCM5L4260B » MCM5V4260B
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256K X 16 DRAM

40-Pin 400-mil SOJ

PIN ASSIGNMENTS ~ MCM54260B
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40-Pin 475-mil ZIP
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256K X 16 DRAM

40/44-Pin 400-mil TSOP

PIN NAMES
AO-A8 ............... Address Input VGG cvvvvenns Power Supply (+ 5 V)
DQO-DQ15 Data Input/Output | Vgg ... ..o.ovvvivininiinn. Ground
Wi, Read/Write Enable . No Connection
BAS ........... Row Address Strobe Output Enable
LCAS,UCAS . Column Address Strobe
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MOTOROLA
EE SEMICONDUCTO R 5mmmmm
TECHNICAL DATA

Product Preview #g#;:‘“zzssooBB
yJl 256K x 18 CMOS Dynamic RAM
- Fast Page Mode — 2 CAS, 1 Write Enable MCM5V42808B

The MCM54280B is a 0.6 CMOS high-speed, dynamic random access memory. It
) is organized as 262,144 eighteen-bit words and fabricated with CMOS silicon-gate
process technology. Advanced circuit design and fine line processing provide high
performance, improved reliability, and low cost.

The MCM54280B requires only 9 address lines; row and column address inputs
are multiplexed. The device is packaged in a standard 400-mil SOJ plastic package,
a 100-mil zig-zag in-line package (ZIP), and a 400-mil thin-small-outline-package
(TSOP).

e Three-State Data Output
e Fast Page Mode
e TTL-Compatible Inputs and Outputs
¢ RAS Only Refresh
o CAS Before RAS Refresh
e Hidden Refresh
e Self Refresh (MCM5V4280B only)
e 512 Cycle Refresh:
MCM54280B = 8 ms
MCM5L4280B and MCM5V4280B = 64 ms
o Fast Access Time (tRAC)
MCM54280B -70, MCM5L4280B 70, and MCM5V4280B 70 = 70 ns (Max)
MCM54280B — 80, MCM5L4280B — 80, and MCM5V4280B — 80 = 80 ns (Max)
MCM54280B —10, MCM5L4280B —10, and MCM5V4280B —10 = 100 ns (Max)
® Low Active Power Dissipation:
MCM54280B -70, MCM5L4280B 70, and MCM5V4280B —70 = 550 mW (Max)
MCM54280B — 80, MCM5L4280B — 80, and MCM5V4280B — 80 = 468 mW (Max)
MCM54280B —10, MCM5L4280B —10, and MCM5V4280B —10 = 413 mW (Max)
¢ Low Standby Power Dissipation:
MCM54280B, MCM5L4280B, and MCM5V4280B = 5.5 mW (Max, TTL Levels)
o Battery Backup Power Dissipation:
MCM5L4280B = 1.7 mW (Max, battery backup mode, tg =125 ps)
e Self Refresh Power Dissipation:
MCM5V4280B = 1.1 mW (Max, self refresh mode)

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MCM54280B  MCM5L4280B » MCM5V4280B

PIN ASSIGNMENTS - MCM54280B
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256K X 18 DRAM 256K X 18 DRAM 256K X 18 DRAM
40-Pin 400-mil SOJ 40-Pin 475-mil ZIP 40/44-Pin 400-mil TSOP
PIN NAMES
AO-A8 ............... Address Input VeG cevvenns Power Supply (+ 5 V)
DQO-DQ17 .. . Datainput/Output | Vg ....vvvviveiivennenn.. Ground
W .. Read/Write Enable . No Connection
RAS ........... Row Address Strobe | G .................. Output Enable
LCAS, UCAS Column Address Strobe
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MOTOROLA
mm SEMICONDUCTOR —
TECHNICAL DATA

MCM54400A
Advance Information MCM5L4400A

1M x 4 CMOS Dynamic RAM
Fast Page Mode

The MCM54400A is a 0.7u CMOS high-speed, dynamic random access memory. It

is organized as 1,048,576 four-bit words and fabricated with CMOS silicon-gate pro- ;‘oz:;fg%ﬁ
cess technology. Advanced circuit design and fine line processing provide high per- CASE 822
formance, improved reliability, and low cost.
The MCM54400A requires only 10 address lines; row and column address inputs
are multiplexed. The device is packaged in a standard 300 J-lead small outline pack-
age, and a 100-mil zig-zag in-line package (ZIP).
o Three-State Data Output z prfgﬁgE
e Fast Page Mode ZIG-ZAG IN-LINE
e Test Mode CASE 836
e TTL-Compatible Inputs and Outputs
o RAS Only Refresh
o CAS Before RAS Refresh
e Hidden Refresh PIN NAMES
e 1024 Cycle Refresh: MCMb54400A = 16 ms
MCM5L4400A = 128 ms AO-AD .......cciieinn Address Input
o Fast Access Time (tRAC) DQo-DQ3 ... Data Input/Output
MCM54400A-60 and MCM5L4400A-60 = 60 ns (Max) G Output Enable
MCMS54400A-70 and MCM5L4400A-70 = 70 ns (Max) W.... - Read/Write Enable
MCM54400A-80 and MCMS5L4400A-80 = 80 ns (Max) RAS ... .. Row Address Striobe
X N CAS... Column Address Strobe
e Low Active Power Dissipation: Ve . Power Supply (+ 5 V)

MCM54400A-60 and MCM5L4400A-60 = 660 mW (Max) VS8 e Ground

MCM54400A-70 and MCM5L4400A-70 = 550 mW (Max)

MCM54400A-80 and MCM5L4400A-80 = 468 mW (Max)
® Low Standby Power Dissipation:

MCM54400A and MCM5L4400A = 11 mW (Max, TTL Levels) PIN ASSIGNMENT
MCMB54400A = 5.5 mW (Max, CMOS Levels) 100-MIL ZIP
MCM5L4400A = 1.1 mW (Max, CMOS Levels) s[d
300-MIL SOJ RS
DQ2| ==
DQo 1 26 []Vss 5 |==|Das
Vss|==| g
pat |2 25 [1 D03 5 |== oo
wis 24 []DQ2 DQt[==] g W
mqél 23 [1TAS RAS S "
ABHS 2 16 11 |==]A9
A==,y
13 |==|M
nls 18 [1 A8 it 7% a
a1 g0 17 vee| P | 6
== | A
A 16 1 A6 A °
A3[] 12 15 [ A5 19 == |76
A7| ==
Vee 13 14 [ A4 2 48

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MCMBb54400A s MCM5L4400A

BLOCK DIAGRAM
_ DQo-DQ3
w
\ DATA IN 7
41 J BUFFER
s NO. 2 CLOCK DATAOUT _
CAS GENERATOR [+ BUFFER G
o ——o ) jooiss N
Al > BUFFERS (10) Y
e — REFRESH ‘
A3 71024 x 4
At —— 70} | CONTROLLER [ 1024 x4
P Y —— COUNTER(10) | SENGE AP
A8 N 1/0 GATING
2; I ROW ADDRESS
I BUFFERS (10) ) 1
A9 ——> ;V\ f ;§ 1024 x 4
[o1e]
O
- & MEMORY
=== NO. 1 CLOCK ST
RAS—— — 1024] ARRAY
GENERATOR L 1024x1024 x4
SUBSTRATE -—y
BIAS ce
GENERATOR <-—\Vgg
ABSOLUTE MAXIMUM RATING (See Note) . ’ N
R s val Uni This device contains circuitry to protect the
ating ymbol alue nit inputs againstdamage due to high static volt-
Power Supply Voltage Vee -110+7 v ages or electric fields; however, it is advised
" ; ) _ that normal precautions be taken to avoid
Voltage Relative to Vgg for Any Pin Except Voo Vin» Vout 110 +7 \ application of any valtage higher than maxi-
Data Out Current lout 50 mA mum rated voltages to this high-impedance
Power Dissipation Pp 700 mw circuit.
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg -551t0+150 | °C

NOTE: Permanentdevice damage may occurif ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.
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MCMb54400A * MCM5L4400A

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Ve =5.0 V£10%, Tp = 0to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit | Notes
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 5.0 \ 1
Vss 0 0 0
Logic High Voltage, All Inputs ViH 2.4 — 6.5 Vv 1
Logic Low Voltage, All Inputs ViL -1.0 — 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
Vcc Power Supply Current Icct mA 2,3
MCM54400A-60 and MCM5L4400A-60, trc = 110 ns — 120
MCM54400A-70 and MCM5L4400A-70, trc = 130 ns - 100
MCM54400A-80 and MCM5L4400A-80, tgc = 150 ns — 85
Vcc Power Supply Current (Standby) (RAS=CAS=V|) lcc2 — 2.0 mA
Ve Power Supply Current During RAS Only Refresh Cycles (CAS = V) Icca mA 2,3
MCM54400A-60 and MCM5L4400A-60, tyg = 110 ns — 120
MCM54400A-70 and MCM5L4400A-70, tg = 130 ns — 100
MCM54400A-80 and MCM5L4400A-80, tgc = 150 ns — 85
Ve Power Supply Current During Fast Page Mode Cycle (RAS = V) lcca mA 2,3
MCM54400A-60 and MCM5L.4400A-60, tpi = 45 ns — 70
MCM54400A-70 and MCM5L4400A-70, tpc = 45 ns —_— 70
MCM54400A-80 and MCM5L4400A-80, tpc = 50 ns — 60
Vcc Power Supply Current (Standby) (RAS = CAS = Vg~ 0.2 V) Iccs
MCM54400A — 1.0 mA
MCMS5L4400A — 200 MA
Ve Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM54400A-60 and MCM5L4400A-60, tg = 110 ns — 120
MCM54400A-70 and MCM5L4400A-70, trc = 130 ns — 100
MCM54400A-80 and MCM5L4400A-80, tRg = 150 ns —_ 85
Ve Power Supply Current, Battery Backup Mode—MCMS5L4400A Only Icc7 — 300 HA 2,4
(tRc = 125 us; CAS = CAS Before RAS Cyclingor 0.2 V; G, W=Vcc-0.2V;
A0-A9 =V —-0.2Vor0.2V; DQO-DQ3 = Vg —0.2Vor 0.2V or OPEN;
tRAS = Min to 1us)
Input Leakage Current (0 V < Vi, <6.5V) likg(l) -10 10 MA
Output Leakage Current (CAS = Vi, 0 V< Vo4 <5.5V) likg(O) -10 10 uA
Output High Voltage (o =— 5 mA) VoH 2.4 — v
Output Low Voltage (Io) = 4.2 mA) VoL — 0.4 \
CAPACITANCE (f = 1.0 MHz, Tp = 25°C, Vg = 5 V, Periodically Sampled Rather Than 100% Tested)
Parameter | Symbol Max Unit | Notes
Input Capacitance A0-A9 Cin 5 pF 5
G, RAS, CAS, W 7
1/0 Capacitance (CAS = V) to Disable Output) DQ0-DQ3 Cyo 7 pF 5
NOTES:
1. Allvoltages referenced to Vgg.
2. Current is a function of cycle rate and output loading; maximum currents are specified cycle time (minimum) with the output open.
3. Column address can be changed once or less while RAS = V) _and CAS = V|4.
4. tRAs (max) =1 us is only applied to refresh of battery-back up. tgag (max) = 10 us is applied to functional operating.
5. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAVAV.
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MCM54400A * MCM5L4400A

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vce =5.0V£10%, Tp = 0 to 70°C, Unless Otherwise Noted)

READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)

54400A-60 54400A-70 54400A-80
Symbol 5L4400A-60 5L4400A-70 5L4400A-80
Parameter Std Alt Min Max Min Max Min Max | Unit | Notes
Random Read or Write Cycle Time tRELREL tRC 110 — 130 — 150 — ns 5
Read-Write Cycle Time tRELREL tRWC 165 — 185 — 205 — ns 5
Fast Page Mode Cycle Time {CELCEL tpc 45 — 45 — 50 — ns
Fast Page Mode Read-Write Cycle tCELCEL | tPRWC 95 — 100 - 105 — ns
Time
Access Time from RAS tRELQV tRAC — 60 — 70 — 80 ns 6,7
Access Time from CAS tCELQV tCAC — 20 — 20 — 20 ns 6,8
Access Time from Column Address tavQv tAA — 30 — 35 — 40 ns 6,9
Access Time from Precharge CAS {CEHQV tCPA — 40 — 40 — 45 ns 6
CAS to Output in Low-Z tCELQX tcLz 0 — 0 — 0 — ns 6
Qutput Buffer and Turn-Off Delay t{CEHQZ tOFF 0 20 0 20 0 20 ns 10
Transition Time (Rise and Fall) T T 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL tRp 40 — 50 — 60 - ns
RAS Pulse Width tRELREH | tRAS 60 10 k 70 10k 80 10k | ns
RAS Pulse Width (Fast Page Mode) tRELREH | !RASP 60 | 200k | 70 | 200k | 80 | 200k | ns
RAS Hold Time tCELREH tRSH 20 - 20 — 20 — ns
CAS Hold Time tRELCEH | tCSH 60 — 70 — 80 — ns
CAS Precharge to RAS Hold Time tCEHREH | RHCP 40 — 40 — 45 - ns
CAS Pulse Width tCELCEH | !CAS 20 10k 20 10k 20 10k | ns
RAS to CAS Delay Time tRELCEL | 'RCD 20 40 20 50 20 60 ns 11
RAS to Column Address Delay Time tRELAV tRAD 15 30 15 35 15 40 ns 12
CAS to RAS Precharge Time tCEHREL | tCRP 5 — 5 — 5 — ns
CAS Precharge Time tCEHCEL tcp 10 — 10 — 10 — ns
(continued)
NOTES:
1. Viy min and V| _max are reference levels for measuring timing of input signals. Transition times are measured between Vi and V), .

2. Aninitial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V(i and V|_ (or between V|_and V) in a monotonic manner.

4. AC measurements tT = 5.0 ns.

5. The specifications for tgc (min) and tryyc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C < Tp < 70°C) is assured.

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 100 pF with the data output trip points setat Vo =2.0 V

and Vo =08V.
. Assumes that trcp < trcp (max).
. Assumes that tycp 2 trcp (Mmax).

. Assumes that tgAD 2 tRAD (Max).
. toFF (max) and/or gz (max) define the time at which the output achieves the open circuit condition and is not referenced to output voltage

levels.

11. Operation within the tgcp (max) limit ensures that tRac (max) can be met. tgop (Max) is specified as a reference point only; if tcp is
greater than the specified tycp (max) limit, then access time is controlled exclusively by tcac.

12. Operation within the tyap (max) limit ensures that trac (max) can be met. tgap (Max) is specified as a reference point only; if tRap is
greater than the specified tgap (max) limit, then access time is controlled exclusively by taa.
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READ, WRITE, AND READ-WRITE CYCLES (Continued)

54400A-60 54400A-70 54400A-80
Symbol 5L4400A-60 5L4400A-70 5L4400A-80
Parameter Std Alt Min Max Min Max Min Max | Unit | Notes
Row Address Setup Time tAVREL tASR 0 — 0 — 0 — ns
Row Address Hold Time tRELAX tRAH 10 - 10 — 10 — ns
Column Address Setup Time tAVCEL tASC 0 — 0 - 0 — ns
Column Address Hold Time {CELAX {CAH 15 — 15 — 15 — ns
Column Address to RAS Lead Time tAVREH tRAL 30 — 35 — 40 — ns
Read Command Setup Time tWHCEL tRCS 0 — 0 — 0 — ns
Read Command Hold Time tCEHWX tRCH 0 - 0 — 0 — ns 13
Referenced to CAS
Read Command Hold Time tREHWX tRRH 0 - 0 — 0 — ns 13
Referenced to RAS
Write Command Hold Time tCELWH twCH 10 — 15 — 15 - ns
Referenced to CAS .
Write Command Pulse Width tWLWH twp 10 — 15 — 15 — ns
Write Command to RAS Lead Time tWLREH tRWL 20 — 20 — 20 — ns
Write Command to CAS Lead Time WLCEH | towL 20 — 20 — 20 — ns
Data in Setup Time tDVCEL tps 0 — 0 _ 0 — ns 14
Data in Hold Time tCELDX tDH 15 - 15 —_ 15 — ns 14
Refresh Period MCM54400A tRVRV tRFSH —_ 16 - 16 — 16 ms '
MCMS5L4400A —_ 128 — 128 - 128
Write Command Setup Time WLCEL twcs 0 — 0 — 0 — ns 15
CAS to Write Delay tcELwWL | towD 50 — 50 — 50 — ns 15
RAS to Write Delay tRELWL tRWD 90 — 100 — 110 —_ ns 15
Column Address to Write Delay Time tAVWL tAWD 60 — 65 — 70 — ns 15
CAS Precharge to Write Delay Time tCEHWL | tcPwD 70 - 70 —_ 75 — ns 15
(Page Mode)
CAS Setup Time for CAS Before RAS | trelcEL | !CSR 5 — 5 — 5 — ns
Refresh
CAS Hold Time for CAS Before RAS | tReLCEH | tCHR 15 - 15 — 15 - ns
Refresh .
RAS Precharge to CAS Active Time tREHCEL | tRPCc | O — 0 — 0 — ns
CAS Precharge Time for CAS Before | tcEHCEL | tCPT 30 — 40 — 40 — ns
RAS Counter Time
RAS Hold Time Referenced to G tGLREH | 'ROH 10 — 10 — 10 — ns
G Access Time tgLQV 1GA — 20 — 20 — 20 ns
G to Data Delay tGLHDX tGD 20 — 20 — 20 — ns
Output Buffer Turn-Off Delay Time tGHQZ Gz 0 20 0 20 0 20 ns 10
from G
(continued)
NOTES:

13. Either tgrH or tRcH must be satisfied for a read cycle. _

14. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in late write or read-write cycles.

15. twes: tRWD: tcwD- tAWD, andtcpwp are notrestrictive operating parameters. They are included in the data sheet as electrical character-
istics only; if tyycg 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout
the entire cycle; if towp = towp (min), tRwD 2 tRwD (min), tawp 2 tawp (min), and topwp = topwp (min) (page mode), the cycle is
aread-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition
of the data out (at access time) is indeterminate.
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READ, WRITE, AND READ-WRITE CYCLES (Continued)

54400A-60 54400A-70 54400A-80
Symbol 5L4400A-60 5L4400A-70 5L4400A-80
Parameter Std Alt Min Max Min Max Min Max | Unit | Notes

G Command Hold Time tWLGL tGH 20 — 20 — 20 — ns
Write Command Setup Time (Test tWLREL twTs 10 — 10 — 10 - ns
Mode)
Write Command Hold Time (Test RELWH tWTH 10 —_ 10 — 10 — ns
Mode)
Write to RAS Precharge Time (CAS tWHREL tWRP 10 —_ 10 — 10 — ns
Before RAS Refresh)
Write to RAS Hold Time (CAS Before tRELWL tWRH 10 —_ 10 — 10 — ns
RAS Refresh)
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G CONTROLLED WRITE CYCLE
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FAST PAGE MODE READ CYCLE

v trp
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FAST PAGE MODE READ-WRITE CYCLE
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RAS ONLY REFRESH CYCLE
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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DEVICE INITIALIZATION

On power-up an initial pause of 200 microseconds is re-
quired for the internal substrate generator to establish the cor-
rect bias voltage. This must be followed by a minimum of eight
active cycles of the row address strobe (clock) to initialize all
dynamic nodes within the RAM. During an extended inactive
state (greater than 16 milliseconds or 128 milliseconds in case
of low power device with the device powered up), awakeup se-
quence of eight active cycles is necessary to ensure proper
operation.

ADDRESSING THE RAM

The ten address pins on the device are time multiplexed at
the beginning of a memory cycle by two clocks, row address
strobe (RAS) and column address strobe (CAS), into two sep-
arate 10-bit address fields. A total of twenty address bits, ten
rows and ten columns, will decode one of the 1,048,576 bit lo-
cations in the device. RAS active transition is followed by CAS
active transition (active = Vyi , tycp minimum) for all read or
write cycles. The delay between RAS and CAS active transi-
tions, referred to as the multiplex window, gives a systemde-
signer flexibility in setting up the external addresses into the
RAM.

The external CAS signal is ignored until an internal RAS sig-
nal is available. This “gate” feature on the external CAS clock
enables the internal CAS line as soon as the row address hold
time (trAH) specification is met (and defines tgp minimum).
The multiplex window can be used to absorb skew delays in
switching the address bus from row to column addresses and
in generating the CAS clock.

There are three other variations in s in addressing the 1M x 4
RAM: RAS only refresh cycle, CAS before RAS refresh
cycle, and page mode. All three are discussed in separate
sections that follow.

READ CYCLE

The DRAM may be read with four different cycles: “normal”
random read cycle, page mode read cycle, read-write cycle,
and page mode read-write cycle. The normal read cycle is out-
lined here, while the other cycles are discussed in separate
sections.

The normal read cycle begins as described in ADDRESS-
ING THE RAM, with RAS and CAS active transitions latching
the desired bit location. The write (W) input level must be high
(VIH), tRcs (minimum) before the CAS active transition, to en-
able read mode.

Both the RAS and CAS clocks trigger a sequence of events
which are controlled by several delayed internal clocks. The
internal clocks are linked in such a manner that the read ac-
cesstime of the device is independent of the address multiplex
window. Both CAS and output enable (G) control read access
time: CAS must be active before or at tgop maximum and G
must be active tRac-tGA (both minimum) after RAS active
transition to guarantee valid data out (Q) at tRAC (access time
from RAS active transition). If the trcp maximumis exceeded
and/or G active transition does not occur in time, read access
time is determined by either the CAS or G clock active transi-
tion (tcac or tg A)-

The RAS and CAS clocks must remain active for a minimum
time of tRas and tcag respectively, to complete the read
cycle. W must remain high throughout the cycle, and for time
tRRH or tRcH after RAS or CAS inactive transition, respec-
tively, to maintain the data at that bit location. Once RAS transi-

tions to inactive, it must remain inactive for a minimum time of
tRp to precharge the internal device circuitry for the next active
cycle. Q is valid, but not latched, as long as the CAS and G
clocks are active. When either the CAS or G clock transitions
toinactive, the output will switch to High Z (three-state) toFr or
tgz after the inactive transition.

WRITE CYCLE

The user can write to the DRAM with any of four cycles: early
write, late write, page mode early write, and page mode read-
write. Early and late write modes are discussed here, while
page mode write operations are covered in a separate section.

A write cycle begins as described in ADDRESSING THE
RAM. Write mode is enabled by the transition of W to active
(V|L)- Early and late write modes are distinguished by the ac-
tive transition of W, with respect to CAS. Minimum active time
tRAS and tcAs, and precharge time trp apply to write mode,
as in the read mode.

An early write cycle is characterized by W active transition at
minimum time tWQ_S_before CAS active transition. Data in n (D)
is referenced to CAS in an early write cycle. RAS and CAS
clocks must stay active for tgy and towL, respectively, after
the start of the early write operation to complete the cycle.

Qremains in three-state condition throughout an early write
cycle because W active transition precedes or coincides with
CAS active transition, keeping data-out buffers and G dis-
abled.

A late write cycle (referred to as G-controlled write) occurs
when W active transition is made after CAS active transition.
W active transition could be delayed for almost 10 microsec-
onds after CAS active transition, ({Rcp + tcWD + tRWL + 2tT)
< tRAS, if other timing minimums (trcp. tRwL. and t1) are
maintained. D is referenced to W active transition in a late write
cycle. Output buffers are enabled by CAS active transition but
outputs are switched off by G inactive transition, which is re-
quired to write to the device. Q may be indeterminate—see
note 15 of ac operating conditions table. RAS and CAS must
remain active for tryy|_and tow, respectively, after W active
transition to complete the write cycle. G must remain inactive
for tgH after W active transition to complete the write cycle.
READ-WRITE CYCLE

A read-write cycle performs a read and then a write at the
same address, during the same cycle. This cycle is basically a
late write cycle, as discussed in the WRITE CYCLE section,
except W must remain high for to\yyp minimum after the CAS
active transition, to guarantee valid Q before writing the bit.
PAGE MODE CYCLES

Page mode allows fast successive data operations at all
1024 column locations on a selected row of the 1M x 4 dynam-
ic RAM. Read access time in page mode (tcac) is typically
half the regular RAS clock access time, tyoc. Page mode op-
eration consists of keeping RAS active while toggling CAS be-
tween Vi and V) . The row is latched by RAS active transi-
tion, while each CAS active transition allows selection of anew
column location on the row.

A page mode cycle is initiated by a normal read, write, or
read-write cycle, as described in prior sections. Once the tim-
ing requirements for the first cycle are met, CAS transitions to
inactive for minimum tgp, while RAS remains low (V). The
second CAS active transition while RAS is low initiates the first
page mode cycle (tpc ortprwc)- Eitheraread, write, or read-
write operation can be performed in a page mode cycle, sub-
ject to the same conditions as in normal operation (previously
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described). These operations can be intermixed in consecu-
tive page mode cycles and performed in any order. The maxi-
mum number of consecutive page mode cycles is limited by
tRASP- Page mode operation is ended when RAS transitions
toinactive, coincident with or following CAS inactive transition.

REFRESH CYCLES

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge will tend to de-
grade with time and temperature. Each bit must be periodically
refreshed (recharged) to maintain the correct bit state. Bits in
the MCM54400A require refresh every 16 milliseconds, while
refresh time for the MCM5L4400A is 128 milliseconds.

This is accomplished by cycling through the 1024 row ad-
dresses in sequence within the specified refresh time. All the
bits on a row are refreshed simultaneously when the row is ad-
dressed. Distributed refresh implies a row refresh every 15.6
microseconds for the MCM54400A, and 124.8 microseconds
for the MCM5L4400A. Burst refresh, a refresh of all 1024 rows
consecutively, must be performed every 16 milliseconds on
the MCM54400A and 128 milliseconds on the MCM5L4400A.

Anormal reéad, write, or read-write operation to the RAM will
refresh all the bits (4096) associated with the particular row de-
codes. Three other methods of refresh, RAS-only refresh,
CAS before RAS refresh, and hidden refresh are available
on this device for greater system flexibility.

RAS-Only Refresh

RAS-only refresh consists of RAS transition to active, latch-
ing the row address to be refreshed, while CAS remains high
(VIH) throughout the cycle. An external counter is employed to
ensure all rows are refreshed within the specified limit.

CAS Before RAS Refresh

CAS before RAS refresh is enabled by bringing CAS active
before RAS. This clock order activates an internal refresh
counter that generates the row address to be refreshed. Exter-
nal address lines are ignored during the automatic refresh
cycle. The outputbuffer remains atthe same state itwas indur-

CAS BEFORE RAS
REFRESH CYCLE

MEMORY CYCLE

ing the previous cycle (hidden refresh). W must be inactive for
time tyyrp before and time tyyrH after RAS active transition to
prevent switching the device into a test mode cycle.

Hidden Refresh

Hidden refresh allows refresh cycles to occur while main-
taining valid data at the output pin. Holding CAS active at the
end of a read or write cycle, while RAS cycles inactive for trp
andback to active, starts the hidden refresh. This is essentially
the execution of a CAS before RAS refresh from a cycle in
progress (see Figure 1). W is subject to the same conditions
with respect to RAS active transition (to prevent test mode
entry) as in CAS before RAS refresh.

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh counter of this device can be tested with

a CAS before RAS refresh counter test. This test is per-

formed with a read-write operation. During the test, the internal

refresh counter generates the row address, while the external

address supplies the column address. The entire array is re-

freshed after 1024 cycles, as indicated by the check data writ-

ten in each row. See CAS before RAS refresh counter test

cycle timing diagram. -

The test can be performed after a minimum of eight CAS be-

fore RAS initialization cycles. Test procedure:

1. Write “0”s into all memory cells with normal write mode.

2. . Select acolumn address, read “0” out and write “1” into
the cell by performing the CAS before RAS refresh
counter test, read-write cycle. Repeat this operation
1024 times.

3. Readthe “1"s which were written in step 2in normal read
mode.

4.  Using the same starting column address as in step 2,
read “1” out and write “0” into the cell by performing the
CAS before RAS refresh counter test, read-write
cycle. Repeat this operation 1024 times.

5.  Read “0”s which were written in step 4 in normal read
mode.

6.  Repeat steps 1 to 5 using complement data.

CAS BEFORE RAS
REFRESH CYCLE

DQO-DQ3 — HIGH Z =

= N/ /]
1\
—

VALID DATA OUT

Figure 1. Hidden Refresh Cycle
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TEST MODE

The internal organization of this device (512K x 8) allows it
to be tested as if it were a 512K x 4 DRAM. Nineteen of the
twenty addresses are used when operating the device in test
mode. Column address AO is ignored by the device in test
mode. A test mode cycle reads and/or writes data to a bit in
each of eight 512K blocks (B0O-B7) in parallel. External data
out is determined by the internal test mode logic of the device.

See following truth table and test mode block diagram.

W, CAS before RAS timing puts the device in "Test Mode”
as shown in the test mode timing diagram. A CAS before RAS
or a RAS only refresh cycle puts the device back into normal
mode. Refresh is performed in test mode by using a W, CAS
before RAS refresh cycle which uses internal refresh address
counter.

TEST MODE TRUTH TABLE
D B0,B1 | B2,B3 | B4,B5 | B6,B7 Q
0 0 0 0 0 1
1 1 1 1 1 1
— Any Other 0
TEST MODE

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vo =5.0 V+10%, Ta = 0 to 70°C, Unless Otherwise Noted)

READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)

54400A-60 54400A-70 54400A-80
Parameter Symbol 5L4400A-60 5L4400A-70 5L4400A-80 Unit | Notes
Std Alt Min Max Min Max Min Max
Random Read or Write Cycle Time tRELREL tRC 115 — 135 — 155 — ns 5
Fast Page Mode Cycle Time {CELCEL tpC 50 — 50 — 55 — ns
Access Time from RAS tRELQV tRAC — 65 — 75 — 85 ns 6,7
Access Time from CAS tCELQV tCAC — 25 -— 25 — 25 ns 6,8
Access Time from Column Address tavav tAA — 35 — 40 — 45 ns 6,9
Access Time from Precharge CAS {CEHQV tcPa - 45 — 45 — 50 ns 6
RAS Pulse Width {RELREH tRAS 65 10k 75 10k 85 10k ns
RAS Pulse Width (Fast Page Mode) tRELREH | tRASP 65 200 k 75 200 k 85 200k | ns
RAS Hold Time {CELREH tRSH 25 — 25 — 25 — ns
CAS Hold Time tRELCEH tCSH 65 — 75 - 85 — ns
CAS Precharge to RAS Hold Time tCEHREH | tRHCP 45 -_— 45 - 50 — ns
CAS Pulse Width {CELCEH 1CAS 25 10k 25 10k 25 10k ns
Column Address to RAS Lead Time tAVREH tRAL 35 — 40 — 45 — ns
NOTES:
1. V|4 min and V_max are reference levels for measuring timing of input signals. Transition times are measured between Vi and V| .
2. Aninitial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V) and Vy)_ (or between Vy_and V) in a monotonic manner.
4. AC measurements tT = 5.0 ns.
5. The specifications for tgc (min) and tyyyc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C < Tp <70°C) is ensured.
6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 100 pF with the data output trip points setat Vol =2.0 V
and Vo =0.8 V.
7. Assumes that trep < tRcp (max).
8. Assumes that trcp 2 tRep (Max).
9. Assumes that tRAD = tRAD (max).
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RAS Viy —
ViL

CAS ViH—

WRITE, CAS BEFORE RAS REFRESH CYCLE (TEST MODE ENTRY)

- X0

[ tRPC

(G and A0-A9 are Don’t Care)

tRC

tRAS g tRp ———>1

[ tcp

A

XAX

— tWTH

HIGHZ

R TXTRCTXIITR

MOTOROLA MEMORY DATA

2-106



MCM54400A e MCM5L4400A

TEST MODE-READ CYCLE

(G =Low)
tRe
tRAS tRP———
R
FAS H \
vy — i \
tesH
tcRP —I-—- tRCD tRsH le—tcpp —f
__Vm— ‘te—— tcag
Sve-_/ L /[
Vg —
IL le—tpAD —
tRAL
tAsR tASC—  |je—
tRAH — tCAH
ADDRESSES M / ROW COLUMN
Vi — ADDRESS | ADDRESS
- F—t RCH
'Ros —= 'RRH
= ViH—
", XX/ NOOCOOOKX
L= tan
<————'CAC B tOFF
tRac
Vou —
DQO-DQ3  —— L T — VALID DATA OUT }——————————
Yo l-—tcLz
TEST MODE-EARLY WRITE CYCLE
tre
tRAS tRP ———
— — —_—
mas ' \ N
ViL —
- tosH
'oRp —fe—={ (= 'RCD ——>je——— RsH r—'cnp —
CRP cl ,
J— VIH —_ CAS ——»
TAS 7 \\ / 7‘
ViL— tRAH —to  j—o
'RAL
tASR - LASC [ tCAH
ApoResses M [ Row COLUMN | ><><
vy — ADDRESS ADDRESS
I-—-t RAD —»|
towL
—» twes e tweH
RS t
T _ XN 1 T XOOOOOIXXIOXHKX
VIL —_ N _l
tRwL >
% o~ OO
ViL— I-—
g —
—» t[)s — DH
paooas M~ { VALD N HIGHZ
VIL _ \ DATAIN y
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TEST MODE-FAST PAGE MODE READ CYCLE

(G = Low)
tRASP thp
Vg v
WS, \ 'pc /
t
s tep [— tpgy —
[~ RCD—™ tep tRHCP ——™
Vig— L oo oA —> = tcAs e toAS >
o N N A /
ViL—
{RAL
tRAH |l e oaH oaH tcAH
e e tasc tasc tasc
Vig — . 4
IH ROW COLUMN COLUMN COLUMN
ADDR
DDRESSES Vi _<X>< ADD ADDRESS _| ADDRESS _| ADDRESS
tRes 1o e—ItRes — o kel tRes }4-—_ tRRH
<t RAD—>] YRoH — ’4— YRoH — fr 'RoH
wE ‘W
= 2 SRR VIV
Vy —
L
e— 1 AA — e—tan —— le——t AA ——
toac teac et cAC >
' 'Rac o —"cpa
a(ataour) "~ VALID }_ / VALD VALID
VoL — ‘J DATA OUT, DATA OUT \_ DATAOUT |
towz tOFF_'L'- torz ™™ IOFF_L’ - toz L——D—IOFF
TEST MODE-FAST PAGE MODE EARLY WRITE CYCLE
tRASP 'rp
_ Y= .
FAS \ RHCP
vy —
tcRp ————— tpg e——1tpgH —
re——!RCD icp-» | torp
Vy— tcAs —» e—T'cas re— tcAs —
oA, /
L= le-tASR T
tosH RAL
tRAH | e -1 CAH tean tcaH
- tasc tasc tasc
ADDRESSESVIH_ [ ROwW COLUMN COLUMN COLUMN
Vi — ADD ADDRESS ADDRESS | ADDRESS |
t —D‘
—tpap—> owL ———-—‘ t CWL—'I tgm:
twes > 1 wes [T wes [T
WV‘“ - twp— mm—dwp—— i t yyp —]
Vi - = K
tweH tweH tweH
5 - OOOCKX
Vy —
IL
tDs——<—>| l<——>— toH lDS——<——I !——n— toH tbs —<—>I l-——— toy
Vi — N
Qo H=/ VALID VALID VALID
bes Vi — >O<><><>< DATAIN DATA IN DATA IN
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TEST MODE BLOCK DIAGRAM

Aoc
‘0—! Vee
NORMAL

Agc
512KBLOCK | A \
BO _
Aog [ A TEST
NORMAL B X
O 512KBLOCK | B
TEST 1

AY
B )) TEST
4
T NORMAL
Aoc
Aoc
‘0—! Vee
NORMAL

Aoc
512K BLOCK | C _):Do—(o—l :ﬂ
_o- B2 _
oo 1T TEST
D
o NORMAL > pQt
512KBLOCK | D \
TEST B3 1) TEST
7
T NORMAL
Aoc
Aoc
Aoc VCC
]JNORMAL
512KBLOCK | E _)_DO—(O_I
B4 ~
Aoc L E TEST
NORMAL F DQ2
S 512BLOCK | F \
TEST B5 T) TEST
7
j’ NORMAL
Aoc
Aoc
Aoc 'O'j Voo
NORMAL
512K BLOCK | G
B6 _
Ao (G ¢ TEST
D03 NORMAL H D03
512K BLOCK | H \
TEST B7 )
7

) TEST
TNOHMAL |
Aoc
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ORDERING INFORMATION
(Order by Full Part Number)

MCM 54400A or SL4400A X XX XX

T— Shipping Method (R2 = Tape & Reel, Blank = Rails)

Speed (60 = 60 ns, 70 = 70 ns, 80 = 80 ns)

Motorola Memory Prefix

Part Number

Package (N = 300-mil SOJ, Z = 100-mil Plastic ZIP)

Full Part Numbers— MCM54400AN60 MCM54400AN60R2 MCMS54400AZ60
MCMB54400AN70 MCMB54400AN70R2 MCMB54400AZ70
MCMS54400ANS0 MCMS54400AN80OR2 MCM54400AZ80
MCMSL4400AN60 MCMS5L4400AN60R2  MCMSL4400AZ60
MCMS5L4400AN70 MCMSL4400AN70R2  MCMSL4400AZ70
MCMS5L.4400AN80 MCM5L4400ANBOR2  MCMB5L4400AZ80
MOTOROLA MEMORY DATA
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mm SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

Advance Information

1M x 4 CMOS Dynamic RAM
Fast Page Mode
Operating Temperature — 40°C to + 85°C

The MCM54400A is a 0.7u CMOS high-speed, dynamic random access memory. It
is organized as 1,048,576 four-bit words and fabricated with CMOS silicon-gate pro-
cess technology. Advanced circuit design and fine line processing provide high per-

MCM54400A-C

formance, improved reliability, and low cost.

The MCMB54400A requires only 10 address lines; row and column address inputs

are multiplexed. The device is packaged in standard 300-mil small outline J-lead
(SOJ) and 100-mil zig-zag in-line (ZIP) package.

L]
L]
L
L]
L]

Three-State Data Output

Fast Page Mode

Test Mode

TTL-Compatible Inputs and Outputs

RAS Only Refresh

CAS Before RAS Refresh

Hidden Refresh

1024 Cycle Refresh: MCM54400A = 16 ms

Fast Access Time (tRAC)

MCM54400A-C70 = 70 ns (Max)
MCM54400A-C80 = 80 ns (Max)

Low Active Power Dissipation:
MCM54400A-C70 = 550 mW (Max)
MCM54400A-C80 = 468 mW (Max)

Low Standby Power Dissipation:
MCM54400A = 11 mW (Max, TTL Levels)

N PACKAGE
300-MiL SOJ
CASE 822

Z PACKAGE

> PLASTIC
ZIG-ZAG IN-LINE

CASE 836

PIN NAMES

AO-A9 ............... Address Inputs
DQO-DQ3 . ... Data Input/Output
[ U Output Enable
W...... .... Read/Write Input
RAS ... Row Address Strobe
CAS Column Address Strobe
Ve - .. Power Supply (+ 5V)
VSS toiveieiiiiii Ground

MCM54400A = 5.5 mW (Max, CMOS Levels) 300-MIL SOJ

DQo i1 26 [1Vss

pat {2 25 (] DQ3
w3 24 1 DQ2

RAS[]4 23 [1 CAS
Aflls 2 1G
ale 18 [1A8
a1 10 17 [ A7
A2 11 16 [] A6
A3 q 12 15 [1 A5

vee [ 13 14 1 A4

PIN ASSIGNMENT

100-MIL ZIP
&l d- .
3 |7 CAS
DQ2| ==
5 |==1DQ3
Vss| == g
5 |==|poo
Dat|==| g |
m _9 == |W
110
ol == | A9
Tl12
X 1-3 == | Al
21== 114
== |A3
15
Vee| == ] 14g
1777 M
A5l ==
1 == | A6
A7l ==
2 lns

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MCMb54400A-C

BLOCK DIAGRAM
_ DQo-DQ3
w DATAIN TZ
BUFFER
=EE. NO.2 CLOCK DATA OUT _
CAS————————"| GENERATOR [+ BUFFER G
T ]
Al —— BUFFERS (10) y
" — REFRESH
A3 1024 x
A4 — 70)| conTROLLER [ 1024 x4
AS COUNTER (10) [*]
AG ———» SENSE AMP |~
N 1/0 GATING
ﬁ; —> ROW ADDRESS
—> |____\| BUFFERS(10) ) b
A9 —>| i 1024 x 4
S| 28
- o MEMORY
=%z, NO. 1 CLOCK eI
RAS—————————> ] 1024 ARRAY
S GENERATOR I 10241024 x4
SUBSTRATE -y,
BIAS cc
GENERATOR <«——Vgg
ABSOLUTE MAXIMUM RATING (See Note) Thisdevi tains circuitry to protectth
- is device contains circuitry to protect the
Rating Symbol Value Unit inputs againstdamage due to high staticvolt-
Power Supply Voltage Vee -1to+7 \" ages or electric fields; however, it is advised
" : ) . that normal precautions be taken to avoid
Voltage Relative to Vgg for Any Pin Except Voo Vins Vout 110 +7 \ application of any voltage higher than maxi-
Data Out Current lout 50 mA mum rated voltages to this high-impedance
Power Dissipation Pp 700 mwW circuit.
Operating Temperature Range TA -40t0+85 | °C
Storage Temperature Range Tsjg -55t0+150 | °C

NOTE: Permanentdevice damage may occurif ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.
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MCMb54400A-C

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vce = 5.0V £10%, Tp = — 40 to 85°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit | Notes
Supply Voltage (Operating Voltage Range) Vee 45 5.0 5.0 \" 1
Vss 0 0 0
Logic High Voltage, All Inputs VIH 2.4 — 6.5 \ 1
Logic Low Voltage, All Inputs ViL -1.0 — 0.8 \2 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
Vcc Power Supply Current Ilcct mA 2,3
MCM54400A-C70, tgc = 130 ns - 100
MCMS54400A-C80, tpc = 150 ns — 85
Ve Power Supply Current (Standby) (RAS=CAS=V ) Icc2 — 2.0 mA
Vc Power Supply Current During RAS Only Refresh Cycles (CAS=V) lcca mA 2,3
MCM54400A-C70, trc = 130 ns — 100
MCMS54400A-C80, trc = 150 ns — 85
Ve Power Supply Current During Fast Page Mode Cycle (RAS = Vy) Icca mA | 2,3
MCM54400A-C70, tpc = 45 ns — 70
MCMS54400A-C80, tpg = 50 ns — 60
Vi Power Supply Current (Standby) (RAS = CAS = Vo —0.2V)  MCM54400A-C lccs — 1.0 mA
Ve Power Supply Current During CAS Before RAS Refresh Cycle Iccs mA 2
MCMS54400A-C70, trc = 130 ns —_ 100
MCM54400A-C80, trc = 150 ns - 85
Input Leakage Current (0 V<V, <6.5V) likg(l) -10 10 uA
Output Leakage Current (CAS = V|4, 0 V< V4 <5.5V) likg(O) -10 10 uA
Output High Voltage (IoH = -5 mA) VoH 24 — \
Output Low Voltage (Iog = 4.2 mA) VoL — 0.4 \
CAPACITANCE (f = 1.0 MHz, Tp = 25°C, VoG = 5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit | Notes
Input Capacitance AO-A9 Cin 5 pF 5
G, RAS, CAS, W 7
1/O Capacitance (CAS = V) to Disable Output) DQ0-DQ3 Cyo 7 pF 5
NOTES:
1. All voltages referenced to Vgg.
2. Currentis a function of cycle rate and output loading; maximum currents are specified cycle time (minimum) with the output open.
3. Column address can be changed once or less while RAS =V and CAS = V).
4. tRas (max) = 1 us is only applied to refresh of battery-back up. tgag (max) = 10 ps is applied to functional operating.
5. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAVAV.

MOTOROLA MEMORY DATA
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MCMB54400A-C

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vo =5.0 V£10%, Tp = — 40 to 85°C, Unless Otherwise Noted)

READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)

Symbol MCM54400A-C70 MCM54400A-C80 .
Parameter P Alt Min Max in Max Unit | Notes
Random Read or Write Cycle Time tRELREL tRC 130 — 150 — ns 5
Read-Write Cycle Time tRELREL | tRWC 185 — 205 — ns 5
Fast Page Mode Cycle Time tCELCEL tpC 45 — 50 — ns
Fast Page Mode Read-Write Cycle Time t{CELCEL | tPRWC 100 — 105 — ns
Access Time from RAS tRELQV | 'RAC — 70 — 80 ns | 67
Access Time from CAS tceLQv | tcac — 20 — 20 ns | 6,8
Access Time from Column Address tavav tAA — 35 — 40 ns 6,9
Access Time from Precharge CAS t{CEHQV fcPA — 40 — 45 ns 6
CAS to Output in Low-Z tceELax | tolz 0 — 0 — ns 6
Output Buffer and Turn-Off Delay {CEHQZ tOFF 0 20 0 20 ns 10
Transition Time (Rise and Fall) tr tT 3 50 3 50 ns
RAS Precharge Time tREHREL | 'RP 50 — 60 — ns
RAS Pulse Width tRELREH | 'RAS 70 10,000 80 10,000 ns
RAS Pulse Width (Fast Page Mode) tRELREH | tRASP 70 200,000 80 200,000 | ns
RAS Hold Time tCELREH | 'RSH 20 —_ 20 — ns
CAS Hold Time tRELCEH [ !CSH 70 — 80 — ns
CAS Precharge to RAS Hold Time tCEHREH | tRHCP 40 — 45 — ns
CAS Pulse Width tCELCEH | !CAS 20 10,000 20 10,000 | ns
RAS to CAS Delay Time tRELCEL | RCD 20 50 20 60 ns 11
RAS to Column Address Delay Time tRELAV tRAD 15 35 15 40 ns 12
CAS to RAS Precharge Time tCEHREL | tCRP 5 — 5 — ns
CAS Precharge Time {CEHCEL tcp 10 — 10 — ns
Row Address Setup Time tAVREL tASR 0 — 0 — ns
Row Address Hold Time tRELAX tRAH 10 — 10 — ns
Column Address Setup Time tAVCEL tASC 0 — 0 — ns
Column Address Hold Time {CELAX tCAH 15 — 15 — ns
Column Address to RAS Lead Time tAVREH | tRAL 35 — 40 — ns
Read Command Setup Time twHCEL | tRcs 0 — 0 — ns
(continued)

NOTES
- V|4 min and Vy_max are reference levels for measuring timing of input signals. Transition times are measured between Vi and V).

2.
3.

(S

o

An initial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between Vi and Vy|_ (or between V|_and V|) in a monotonic manner.

. AC measurements tT = 5.0 ns.
. The specifications for tgc (min) and tgyc (min) are used only to indicate cycle time at which proper operation over the full temperature

range (—40°C < Tp < 85°C) is assured.

. Measured with a current load equivalent to 2 TTL (— 200 uA, + 4 mA) loads and 100 pF with the data output trip points setat Vo =2.0V

and Vo =08 V.

. Assumes that tycp <tRrcp (Mmax).
. Assumes that trcp 2 tRcp (max).

. Assumes that tgap 2 t (max).

. toFF (max) ancﬁ T

rtGz (max) define the time at which the output achieves the open circuit condition and is not referenced to output voltage
levels.

. Operation within the tgcp (max) limit ensures that tgac (max) can be met. trop (Max) is specified as a reference point only; if trgp is

greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac.

. Operation within the tRAp (max) limit ensures that tgac (max) can be met. tap (Max) is specified as a reference point only; if trap is

greater than the specified tgap (max) limit, then access time is controlled exclusively by tpa.

MOTOROLA MEMORY DATA
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READ, WRITE, AND READ-WRITE CYCLES (Continued)

Parameter Symbol MCM54400A-C70 MCM54400A-C80 Unit | Notes
Std Alt Min Max Min Max
Read Command Hold Time Referenced to CAS tCEHWX | 'RCH 0 — 0 — ns 13
Read Command Hold Time Referenced to RAS tREHWX | 'RRH 0 — 0 — ns 13
Write Command Hold Time Referenced to CAS tCELWH | 'WCH 15 — 15 — ns
Write Command Pulse Width WLWH twp 15 — 15 — ns
Write Command to RAS Lead Time tWLREH | tRwL 20 — 20 — ns
Write Command to CAS Lead Time tWLCEH | towL 20 — 20 — ns
Data in Setup Time tDVCEL DS 0 — 0 — ns 14
Data in Hold Time tCELDX tDH 15 — 15 — ns 14
Refresh Period MCM54400A-C | tRvRv tRFSH — 16 - 16 ms
Write Command Setup Time tWLCEL | twes 0 — 0 — ns 15
CAS to Write Delay tCELWL tcwD 50 —_ 50 _ ns 15
RAS to Write Delay tRELWL | tRWD 100 — 110 — ns 15
Column Address to Write Delay Time tavwL tAWD 65 — 70 — ns 15
CAS Precharge to Write Delay Time (Page Mode) tCEHWL | tcPwD 70 -_ 75 —_ ns 15
CAS Setup Time for CAS Before RAS Refresh tRELCEL | CSR 5 — 5 — ns
CAS Hold Time for CAS Before RAS Refresh tRELCEH | tCHR 15 — 15 — ns
RAS Precharge to CAS Active Time tREHCEL | tRPC 0 —_ 0 —_ ns
CAS Precharge Time for CAS Before RAS Counter | tceHCEL | tCPT 40 — 40 — ns
TEST
RAS Hold Time Referenced to G {GLREH | tROH 10 — 10 — ns
G Access Time tGLQV 1GA — 20 —_ 20 ns
G to Data Delay tGLHDX | tGD 20 — 20 — ns
Output Buffer Turn-Off Delay Time from G tGHQZ Gz 0 20 0 20 ns 10
G Command Hold Time tWLGL 1GH 20 — 20 — ns
Write Command Setup Time (Test Mode) tWLREL | WTs 10 — 10 — ns
Write Command Hold Time (Test Mode) tRELWH | tWTH 10 — 10 — ns
Write to RAS Precharge Time (CAS Before RAS twHREL | 'WRP 10 — 10 — ns
Refresh)
Write to RAS Hold Time (CAS Before RAS Refresh) | treiwi | twRH 10 — 10 — ns
NOTES:

13. Either tarp or tRcH Must be satisfied for a read cycle. _

14. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in late write or read-write cycles.

15. twcss tRWD. tcwD: tAwD, and tcpwp are notrestrictive operating parameters. They are included in the data sheet as electrical character-
istics only; if tywcs 2 twes (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout
the entire cycle; if towp = towp (min), trRwD 2 tRwD (Min), tawD = tawp (min), and tcpwp 2 tcpwD (min) (page mode), the cycle is
aread-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition
of the data out (at access time) is indeterminate.
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READ CYCLE
tRe

Viw— h

" \ 'RAS _/‘ N

tesH
e —r—— «——tRCD tRsH l«—t cRP —

RAS

V- tcas =
s M 7 \\ /
Y- — t RAD .
tRAL
tAsR tASC—> re—
t RAH> -— tcaH
Vi — ] ]
H ROW COLUMN
RE
re—!t RCH
tRes ‘|= YRRH
L XX NXOXXXXX
= XXXXXXXXY ,
je———RoH ——
tan
f—t ) —
Vi — GA
% £ XOOXXXXXXX
ViL—
teac le—>—torr
tRAC laz
Vou —
DQO-DQ3 HIGH Z VALID DATA OUT >———
Vo — le—!cLz

EARLY WRITE CYCLE
tRe

'Rp——
Vy— ——— t
Vi RA
RAS \ ¥ N
Vi — =
tesH

t t t [Pe—
CRP—"—. RCD RSH [‘_ CRP
V- < le———1tcAs ——
CAS / \ / /
VIL - ‘RAH — f——

'RAL
tASR tASC ) fe— tCAH

Vi — §
H ROW COLUMN
ADDRESSES v — ><><><>< ADDRESS ADDRESS | ><><>Q<><><><><><><><><><:
|<—‘ RAD —>

towL
twes . twew
ViL—
tRwL
5 WXXXXWWXWXXWXXW
Vi —
tps —»f ket
Vi — i
poo-oaz M | vauDDATAIN N HIGH Z
vy — /
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RAS

CAS

Vg —
ADDRESSES '™

=l

G CONTROLLED WRITE CYCLE

tRC
tRAS tpp ——>
Vig— —_‘—ﬂ—\
ViL— ~
tosH
tcRp tReD tRSH le——!cRp —
Vip— \r———— tcas / /
ViL— le— ! RAD —» - =
RAL
tASR tasc — le— X
! Rl CAH
ROW COLUMN
vy — ADDRESS ADDRESS
et oW, ——»
tRWL
Vi — 3

== aH
NUXKXXXIKKIAXXIKXAXANR)

Vg —
— "HH
5 4y~ QOO
L= teo| | ton 5
tps
V — - —4
Vi —
READ-WRITE CYCLE
tRwe
tRas Rp —»~
V= T
= TN \
L=
teosH
le—— tRcD tRSH torp
| 1 R
CRP "f‘"
T ' tcas
0 -
ViL—
tASR tasc
! RAH toaH
Vi — 7
IH ROW COLUMN
ADDRESSES
Vi — Z>§\_ ADDRESS ADDRESS
‘ tawp —t oW —>]
re—{ RAD —» : tewo t
RWD “—t— AL ——>
" AT
vy — ” !
LA
# o~ Q0000000 |/
Vi letap
o e—toac .
|——————— 'RAC | DS
6z —DH >
iy Nox — A VALD VALID
boe-pas - DATA OUT DATAIN
L NoL oz 3
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FAST PAGE MODE READ CYCLE

t
RP
S Vin— \ tRASP
Vi — m tRHCP - \_
2
'cRP tpc ——tRgH —>
e—tRCD . =-tcp- X : tcRP
CcAS — —1cAS — re—toas
- Vi — \ — i
ViL— -!RAD > ‘ - .
tesH N . RAL ——»
tRAH o] fe— H caH CAH toaH
tASR—> | —> <—FA—SEH tasc tasc
Vi — p
H ROW COLUMN COLUMN COLUMN
ADDRESSES v __<X>< ADD | ADDRESS _| ADDRESS ADDRESS _X><><Z<><><><:
1
4-‘ l—thes 44-] | —tRes —*l L—rlRCS tReH—
t t
RCH —| t=— RCH—> et
|t rmalin
TV o
Vi 'RRH
le—tAA — le——tan — le——tAA —
tap e— | ten re— | tGA e—
{(
‘ / X%
v A
L . } ¢ .
|t cac] I*‘ CAC— foAc >
le————"RAC ——> > {:-‘OFF 4w etoFF toFF —»  e—
——l o @ etz
teiz oLz toiz
Vor— VALID VALID VALID
poo-os DATA OUT DATA OUT > § DATAOUT
FAST PAGE MODE EARLY WRITE CYCLE
! RASP . thp
Vg — =
— 'H
RES |, \ [«—— 'RHeP — / \_
[L - {(
b
"—CEtRCD — top-» e Rt tcrp
t t
V- Je—tcas —» \<— CAS i [ tcAg —
TAS \ _ \ \
‘i —= e las 4
togH ———— 'RAL
LRAH| — e toaH LCAH - tcAH
—» |e—tiasc 'ASC 'AsC
Vi — - L
H ROW COLUMN COLUMN COLUMN
ADDRESSESVIL _ XX ADD 2@{ ADDRESS X><><X ADDRESS | ADDRESS |
t _.__.I
- tRap—»> tow, —] t o — tom
twes — (e twes — [e— LWCS—f |t
" OO0 IO T IOOORAK
ViL— 5 A
tweH tweH tweH
(¢
= VH—
Y- 4§
tog —asl |e—op-on  tos—fanl st ton | tps—te—s] beofto
Viyg —
H VALID VALID VALID
oaro0s 7 XXX ot XXXXH oran o X XXX
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FAST PAGE MODE READ-WRITE CYCLE

V— — tRASP
S \
Vy — 4
IL
t trp
CsH . tPRWC tRsH
le—tRcD —> cP tep tCRP —»
Vig— 4 (e loas —> —f 1< lcas ™ re—— oA ——»
o \ \ /N
ViL — 'Rap
tRAH . 'RAL
| tASR tCAH CAH tcaH
> le—tasc tasc > tasc
|
Vi — = 2 =
ADDRESSES H RO! COLUMN coL COL
Vi — ADD ADDRESS] ADD ADD
tawp L_ le—towp — .« towp—sy [FiRWL
Lol
t t t
RCS J= le— towp —= CPWD m:__ B oo ——>1 1 tom
@ i \ ' N
ViL— tAWD ——»f = |let—tawp —> T tawp —= F
tAn twp 1 twp 1o — twp
1 GA — le— tGA — 1A
Ve .
_ Vi \
5 /
L=
tap - | | re—|tcPa—> tcp
. 0 ‘ — eh) oR Heo)
lCAC CAC 1 l— N o5 ‘g;c
GZ AA
tos oz Pl re—t'AA 1 e tDS
tRAC > etpH — i tps lem—tpy
Vi Mow — v x §
DQO-DQ3 _— >—
ViL NoL— \ o \ \ \
torz — \ toLz—= \ torz —» \
VALD  VALID VALID VALID VALID VALID
DATAOUT  DATAIN DATAOUT  DATAIN DATAQUT ~ DATAIN
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RAS ONLY REFRESH CYCLE
(W and G are Don’t Care)

tRC
tRAS trp

Vi — i
Vi \
RAS vy — / \
t t
CRP RPC—»
Vip —

tRAH — > |je—

tASR — l—

Vi 1 ROW

CAS BEFORE RAS REFRESH CYCLE

(G and A0-A9 are Don’t Care)
tRC
«— 'Rp —> . tRas tRp —>
Vg —
H
s, N\ | \_
tRPC -
tcsR
tep {CHR
Vi — i
\ /
L= L
twrP <—‘WRH
o W WOOOOOO(WXXXWM
V||. -
e—toFF
Vo 3
DQO-DQ3 } HIGH Z
oL — o
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HIDDEN REFRESH CYCLE (READ)

tRC tRC
[e——tpp —— r—t P>
VIH _ -\ 'RAS tRAS N
RAS \ f \.
Vi~ .
CRP tRep 'RSH tCHR e tepp ™
Yy — 3 I
TAS \
Vi - |t —
'RAD
TASR—> |- —> le—tpge
— et RAH -t CAH
Vg —
IH A ROW COLUMN "}
ADDRESSES = X ADD ADDRESS _)
t —1——-—4
tRcs . WRP
RRH—>]  [— 'waH
ViL—
| s
V, —
iL
t _ICAC _’I < toFF
CLZ_’| -
< !mac ez
Vo™ 8 N
DQO-DQ3 VALID DATA OUT )
Vv — x
oL
HIDDEN REFRESH CYCLE (EARLY WRITE)
tRe 'RC
. ~—trp—™] t tRp
e —————
V- y RAS = RAST ™ -
RAS _ \_
ViL -
—tpop—>] ——1tcHR
L t t — t —J
Vi | CRP ~ RSH ‘ CRP
e I N
vy, —
L tRAD a '
tasp—> le— — T tasc
; — '_tRAI- tCAH
L ROW COLUMN
ADDRESSES
Vi — ZZX ADD Al ADDRESS
twes—™ (= twap —=—>] tWRH
V- ~ tweH ™
N i NOOOOXXXHX XXX
L
_Vm—
G
ViL—

IDS —H—-—bl ld*—tDH —
-

DQo-DQ3

W XX,

VALID DATA IN

X XQOOQOQOOQOOXXXXX
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

et HP—'I
___Viy— tRAS
s | _ N
YCSR “_ lcp‘r —» ‘HSH
 Vy— *—!CHR tcas 2
oS | N /
L= 1 K
tRAL
t:‘\SC ‘_tCAH —
v
ADDRESSES le COLUMN ADDRESS
- \u
twRP tAA tRRH
READ CYCLE
twRH tRCS *—tcac —™ tRcH
_Vi— -XyL X ‘Q ;Z :
i- ‘ tROH
5 - OO | WXXX
ViL— ’ X
— toFF
telz ‘ ‘-—‘g;z—ﬂ
Vo — s n
DQO-DO3 VOH HIGH Z @ VALID DATA OUT 4>—
oL— X
tRWL o
WRITE CYCLE tWRP-—Iq——b <——>]—— twRH twes
-———1t
ViL— | X 2 I [
ViL—
tps —I "——tDH -
Vi —
DQO-DA3 V:r_ HIGHZ VALID DATA N )
4 towL
READ-WRITE CYCLE tAwD e— tRwL —>
> tway tRCS towp—> twp
W W N__OOOOKXXX
V|L — X =
J{c]
V H— s
t
“'—'tDS
tcac
—» |t
tez — oz toH
VinNon— £ VALD \
DQO-DQ3 VoL — HIGHZ Y DATAIN _{/
VALID —/
DATA OUT
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DEVICE INITIALIZATION

On power-up an initial pause of 200 microseconds is re-
quired for the internal substrate generator to establish the cor-
rectbias voltage. This must be followed by a minimum of eight
active cycles of the row address strobe (clock) to initialize all
dynamic nodes within the RAM. During an extended inactive
state (greater than 16 milliseconds with the device powered
up), a wakeup sequence of eight active cycles is necessary to
ensure proper operation.

ADDRESSING THE RAM

The ten address pins on the device are time multiplexed at
the beginning of a memory cycle by two clocks, row address
strobe (RAS) and column address strobe (CAS), into two sep-
arate 10-bit address fields. A total of twenty address bits, ten
rows and ten columns, will decode one of the 1,048,576 bit lo-
cations in the device. RAS active transition is followed by CAS
active transition (active = V|, trcp minimum) for all read or
write cycles. The delay between RAS and CAS active transi-
tions, referred to as the multiplex window, gives a system de-
signer flexibility in setting up the external addresses into the
RAM.

The external CAS signal is ignored until an internal RAS sig-
nal is available. This “gate” feature on the external CAS clock
enables the internal CAS line as soon as the row address hold
time (tRAH) specification is met (and defines tgcp minimum).
The multiplex window can be used to absorb skew delays in
switching the address bus from row to column addresses and
in generating the CAS clock.

There are three other variations in addressing the 1M x 4
RAM: RAS only refresh cycle, CAS before RAS refresh
cycle, and page mode. All three are discussed in separate
sections that follow.

READ CYCLE

The DRAM may be read with four different cycles: “normal”
random read cycle, page mode read cycle, read-write cycle,
and page mode read-write cycle. The normal read cycle is out-
lined here, while the other cycles are discussed in separate
sections.

The normal read cycle begins as described in ADDRESS-
ING THE RAM, with RAS and CAS active transitions latching
the desired bit location. The write (W) input level must be high
(VIH), tRcs (minimum) before the CAS active transition, to en-
able read mode.

Both the RAS and CAS clocks trigger a sequence of events
which are controlled by several delayed internal clocks. The
internal clocks are linked in such a manner that the read ac-
cess time of the device is independent of the address multiplex
window. Both CAS and output enable (G) control read access
time: CAS must be active before or at trep maximum and G
must be active tgac-tgA (both minimum) after RAS active
transition to guarantee valid data out (Q) at tRAC (access time
from RAS active transition). If the tgc p maximum is exceeded
and/or G active transition does not occur in time, read access
time is determined by either the CAS or G clock active transi-
tion (tcAC or tGA)-

The RAS and CAS clocks must remain active for aminimum
time of tgag and tcag respectively, to complete the read
cycle. W must remain high throughout the cycle, and for time
tRRH or tRcH after RAS or CAS inactive transition, respec-
tively, to maintain the data at that bit location. Once RAS transi-
tions to inactive, it must remain inactive for a minimum time of

tRp to precharge the internal device circuitry for the next active
cycle. Q is valid, but not latched, as long as the CAS and G
clocks are active. When either the CAS or G clock transitions
toinactive, the output will switch to High Z (three-state) toFF or
tgz after the inactive transition.

WRITE CYCLE

The user can write to the DRAM with any of four cycles: early
write, late write, page mode early write, and page mode read-
write. Early and late write modes are discussed here, while
page mode write operations are covered in a separate section.

A write cycle begins as described in ADDRESSING THE
RAM. Write mode is enabled by the transition of W to active
(V|L)- Early and late write modes are distinguished by the ac-
tive transition of W, with respect to CAS. Minimum active time
tRAS and tcas, and precharge time tgp apply to write mode,
as in the read mode.

An early write cycle is characterized by W active transition at
minimum time t before CAS active transition. Data in (D)
is referenced to CAS in an early write cycle. RAS and CAS
clocks must stay active for tryy| and tow, respectively, after
the start of the early write operation to complete the cycle.

Q remains in three-state condition throughout an early write
cycle because W active transition precedes or coincides with
CAS active transition, keeping data-out buffers and G dis-
abled.

A late write cycle (referred to as G-controlled write) occurs
when W active transition is made after CAS active transition.
W active transition could be delayed for almost 10 microsec-
onds after CAS active transition, ({Rcp +towD + tRWL +2tT)
<1tRAs: if other timing minimums (trcp, tRwL, and tt) are
maintained. D is referenced to W active transition in a late write
cycle. Output buffers are enabled by CAS active transition but
outputs are switched off by G inactive transition, which is re-
quired to write to the device. Q may be indeterminate—see
note 15 of ac operating conditions table. RAS and CAS must
remain active for tgyy|_ and towy , respectively, after W active
transition to complete the write cycle. G must remain inactive
for tgH after W active transition to complete the write cycle.
READ-WRITE CYCLE

A read-write cycle performs a read and then a write at the
same address, during the same cycle. This cycle is basically a
late write cycle, as discussed in the WRITE CYCLE section,
except W must remain high for toyyp minimum after the CAS
active transition, to guarantee valid Q before writing the bit.
PAGE MODE CYCLES

Page mode allows fast successive data operations at all
1024 column locations on a selected row of the 1M x 4 dynam-
ic RAM. Read access time in page mode (tcac) is typically
half the regular RAS clock access time, trac. Page mode op-
eration consists of keeping RAS active while e toggling CASbe-
tween V| and Vy; . The row is latched by RAS active transi-
tion, while each CAS active transition allows selection of a new
column location on the row.

A page mode cycle is initiated by a normal read, write, or
read-write cycle, as described in prior sections. Once the tim-
ing requirements for the first cycle are met, CAS transitions to
inactive for minimum tcp, while RAS remains low (V). The
second CAS active transition while RAS is low initiates the first
page mode cycle (tpc ortprwe)- Either aread, write, orread-
write operation can be performed in a page mode cycle, sub-
ject to the same conditions as in normal operation (previously
described). These operations can be intermixed in consecu-
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tive page made cycles and performed in'any order. The maxi-
mum number of consecutive page mode cycles is limited by
tRASP- Page mode operation is ended when RAS transitions
toinactive, coincident with or following CAS inactive transition.

REFRESH CYCLES

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge will tend to de-
grade with time and temperature. Each bit must be periodically
refreshed (recharged) to maintain the correct bit state. Bits in
the MCM54400A-C require refresh every 16 milliseconds.

This is accomplished by cycling through the 1024 row ad-
dresses in sequence within the specified refresh time. All the
bits on a row are refreshed simultaneously when the row is ad-
dressed. Distributed refresh implies a row refresh every 15.6
microseconds for the MCM54400A-C. Burst refresh, arefresh
of all 1024 rows consecutively, must be performed every 16
milliseconds on the MCM54400A-C.

A normal read, write, or read-write operation to the RAM will
refresh all the bits (4096) associated with the particular row de-
coder. Three other methods of refresh, RAS-only refresh,
CAS before RAS refresh, and hidden refresh are available
on this device for greater system flexibility.

RAS-Only Refresh

RAS-only refresh consists of RAS transition to active, latch-
ing the row address to be refreshed, while CAS remains high
(V)H) throughout the cycle. An external counter is employed to
ensure all rows are refreshed within the specified limit.

CAS Before RAS Refresh

CAS before RAS refresh is enabled by bringing CAS active
before RAS. This clock order activates an internal refresh
counter that generates the row address to be refreshed. Exter-
nal address lines are ignored during the automatic refresh
cycle. The outputbuffer remains at the same state itwas indur-
ing the previous cycle (hidden refresh). W must be inactive for

CAS BEFORE RAS
REFRESH CYCLE

MEMORY CYCLE

time tyRp before andtime tyyrH after RAS active transition to
prevent switching the device into a test mode cycle.

Hidden Refresh

Hidden refresh allows refresh cycles to occur while main-
taining valid data at the output pin. Holding CAS active at the
end of a read or write cycle, while RAS cycles inactive for trp
andback to active, starts the hidden refresh. This is essentially
the execuition of a CAS before RAS refresh from a cycle in
progress (see Figure 1). W is subject to the same conditions
with respect to RAS active transition (to prevent test mode
cycle) as in CAS before RAS refresh.

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh counter of this device can be tested with

a CAS before RAS refresh counter test. This test is per-

formed with a read-write operation. During the test, the internal

refresh counter generates the row address, while the external

address supplies the column address. The entire array is re-

freshed after 1024 cycles, as indicated by the check data writ-

ten in each row. See CAS before RAS refresh counter test

cycle timing diagram.

The test can be performed after a minimum of eight CAS be-

fore RAS initialization cycles. Test procedure:

1. Write “0”s into all memory cells with normal write mode.

2. Select a column address, read “0” out and write “1” into
the cell by performing the CAS before RAS refresh
counter test, read-write cycle. Repeat this operation
1024 times.

3. Read the “1”s which were written in step 2 in normal read
mode.

4.  Using the same starting column address as in step 2,
read “1” out and write “0” into the cell by performing the
CAS before RAS refresh counter test, read-write
cycle. Repeat this operation 1024 times.

5.  Read “0”s which were written in step 4 in normal read
mode.

6.  Repeat steps 1 to 5 using complement data.

CAS BEFORE RAS
REFRESH CYCLE

CAS

DQO-DQ3 — HIGHZ

=\ W/ /[
\ | /]
e >

VALID DATAOUT

Figure 1. Hidden Refresh Cycle
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TEST MODE )

The internal organization of this device (512K x 8) allows it
to be tested as if it were a 512K x 4 DRAM. Nineteen of the
twenty addresses are used when operating the device in test
mode. Column address AO is ignored by the device in test
mode. A test mode cycle reads and/or writes data to a bit in
each of eight 512K blocks (B0-B7) in parallel. External data

See following truth table and test mode block diagram.

W, CAS before RAS timing puts the device in “Test Mode”
as shown in the test mode timing diagram. A CAS before RAS
or a RAS only refresh cycle puts the device back in normal
mode. Refresh is performed in test mode by using a W, CAS
before RAS refresh cycle which uses internal refresh address
counter.

out is determined by the internal test mode logic of the device.

TEST MODE TRUTH TABLE
D BO,B1 | B2,B3 | B4,B5 | B6,B7 Q
0 0 0 0 0 1
1 1 1 1 1 1
—_ Any Other 0
TEST MODE

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Voo = 5.0V £10%, Tp =—40 to 85°C, Unless Otherwise Noted)

READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)

Parameter Symbol MCM54400A-C70 MCM54400A-C80 Unit | Notes
Std Alt Min Max Min Max

Random Read or Write Cycle Time tRELREL tRC 135 — 156 — ns 5
Fast Page Mode Cycle Time {CELCEL tpc 50 — 55 — ns

Access Time from RAS tRELQV | tRAC — 75 — 85 ns | 6,7
Access Time from CAS tceLav | tcAc - 25 — 25 ns | 68
Access Time from Column Address tavQv tAA — 40 — 45 ns 6,9
Access Time from Precharge CAS tCEHQV | tcPA — 45 — 50 ns 6
RAS Pulse Width tRELREH | 'RAS 75 10k 85 10k ns

RAS Pulse Width (Fast Page Mode) tRELREH | RASP 75 200 k 85 200 k ns

RAS Hold Time tCELREH | tRSH 25 —_ 25 — ns

CAS Hold Time tRELCEH | tCSH 75 — 85 — ns

CAS Precharge to RAS Hold Time tCEHREH | tRHCP 45 — 50 - ns

CAS Pulse Width tCELCEH | CAS 25 10k 25 10k ns

Column Address to RAS Lead Time tAVREH tRAL 40 — 45 — ns

NOTES:

1. V|4 min and V) max are reference levels for measuring timing of input signals. Transition times are measured between V| and V).

2. Aninitial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between Vi and V|_(or between V)_and V) in a monotonic manner.

4. AC measurements t = 5.0 ns.

5. The specifications for tgc (min) and tryc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (— 40°C < Tp < 85°C) is ensured.

6. Measured with a current load equivalent to 2 TTL (— 200 pA, + 4 mA) loads and 100 pF with the data output trip points set at Vo =2.0 V

and Vo =0.8V.

. Assumes that tgcp < tRrcp (Mmax).

. Assumes that tgcp 2 tRep (Mmax).

.~ Assumes that tRAp 2 tRAD (Max).

© o~
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WRITE, CAS BEFORE RAS REFRESH CYCLE (TEST MODE ENTRY)
(G and A0-A9 are Don’t Care)

RC

N e | L — *_'\—

YT L MWWW

YR, UK KX

) HIGH Z
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TEST MODE-READ CYCLE

(G = Low)
'Re
'RAS fe——1 RP——————
Vy — |
ms M N N\
Vi —
tcsH
ey — tRCD URSH e—1tcRP —
_ V- toas —— =
AS \\ /
ViL— la— t —» -4
RAD .
RAL
‘{\sn tASC—o  fe— .
RAH — CAH
ADDRESSES ' H ROW COLUMN
Vi — ADDRESS | ADDRESS
—»{  pe—"RCH
Res — 'RRH
Lo XX NOXXXXXX
ViL— t
AA ——>
1—————‘CAC — tOFF
tRac
VoH —
DQV-DQ3 HIGH Z VALID DATA OUT
VoL~ ~—cLz
TEST MODE-EARLY WRITE CYCLE
tre
tRAS 'Rp ———
—_— —_—y
fas Vi \ \\
ViL— =
tesH
'cRp —fe—f [ tReo tRgH I-—‘CRP —
Vig— 3 toas
CAS 7 \\ / /
ViL— tRAH — | je— -
RAL
tASR —»{ TASC [ tCAH
vy — ADDRESS ADDRESS |
I-—-' RAD —
towe
—> twes e tweH
—ViH— t
T~ XOOOOOOOO— " moooooooooooooow
V"_ —_ X
'RWL
e WXWXXXMWWXXX
Vy —
IL
ld— tDH_’
—»{1pg le—
pao-oas ' VALID
vy — 4 DATA IN s HIGH Z

MOTOROLA MEMORY DATA

2-127




MCMS54400A-C

RAS

CAS

ADDRESSES

v
a(ataout) M

Vi
ADDRESSES

DQo-DQ3

TEST MODE-FAST PAGE MODE READ CYCLE

(G = Low)
t
RASP t
Vin —'—\ _2“\%
t
P /
vy — i
: teosH top [e— tpgy —
o 't— RCD — tep tRHCP
Vi — J/ CRP \<—‘0As —-/ \4— tcas j \<—10Asj "
vy — \ \_ \_ n
RAL
tRAH Lol e tCAH tean tcaH
TASR—> fel-| —f tasc tasc ASC
Vin— / ROW COLUMN /~ COLUMN COLUMN
Vi — ADD | ADDRESS _| ADDRESS _| ADDRESS
tRes > le—!tRes Loy kel tRes k>t thay
et pap—> YRCH —= il 'RCH —» T YRCH
" TRRRXY VIV T
Vi —
fe—tAp —f e——tpn — e AA —>
‘* CAC > teac e CAC >
SR {cp {cpa
/| VALD VALID VALID
VoL — DATA OUT DATA OUT DATA OUT
to 7 — tey 7~ — t
CLz tOFF_L" CL.z tOFF—l-- CLz L——— tOFF
TEST MODE-FAST PAGE MODE EARLY WRITE CYCLE
tRASP - trP
Vi — ’\ \
RHCP \_
Vi —
tcRp tpg ——1tpgH —>
le——tReD icp-» +!cRP
Vi — oas —> \“-t CAS —> —tcas —>
VlL - la-t ASR - - Z
tosH RAL
tRAH ] e— oA toAH tcaH
— tasc tAsc tasc
(" ROW N COLUMN COLUMN COLUMN
Vi — ADD ADDRESS ADDRESS | ADDRESS
t —b‘
<—tRap—>" towL e t CWL—’l t m'[ _,‘
twes ™ [ wes ] [ twes ([T~
"o 200000 T JOOONT ] T LOOOOKKX
ViL— 3
tweH tweH tweH
. ><><><W><><><><><><>O<><><><><><><X
VlL -
os—tenl femt- toH s fon fos == - ton
Vin — VALID VALID VALD N
Vi — DATAIN DATAIN | DATA IN
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TEST MODE BLOCK DIAGRAM

Vee

Aoc
" lNORMAL

512KBLOCK | A \ d
B
0 Bl TEST
. EN
512KBLOCK | B \
B TEST
T o—= |
L— o j’ NORMAL
Aoc
Aoc
Aoc Vee
—_— »© lNORMAL
512KBLOCK | C A
_o- B2 —
Aoc 1 C ¢ TEST
NORMAL D DQt
512K BLOCK | D N
B3 ﬂ TEST
4
L0 T NORMAL
Aoc
Aoc
Aoc ‘0—1 Voo
—\ NORMAL
512K BLOCK | E \
B4 __E_ y TEST
F DQ2
512KBLOCK | F
B5 TEST
T NORMAL I
Aoc
Aoc
Aoc VCC
lNOFIMAL
512KBLOCK | G ’_D_(O_I
o= B6 B
AoG & TEST
H
o NORMAL . D03
512K BLOCK | H
TEST B7 TEST

))

1

T NORMAL
Aoc
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ORDERING INFORMATION
(Order by Full Part Number)

MCM 54400A XX X XX XX

Motorola Memory Prefix ________J_ | L Shipping Method (R2 = Tape & Reel, Blank = Rails)

Part Number Speed (70 = 70 ns, 80 = 80 ns)

Temperature Range (C = — 40 to 85°C)

Package (N = 300-mil SOJ, Z = 100-mil Plastic ZIP)

Full Part Numbers— MCM54400ANJ70 MCM54400ANJ70R2 MCM54400AZ70
MCM54400ANJ80 MCM54400ANJ8BOR2 MCM54400AZ80
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== SEMICONDUCTOR
TECHNICAL DATA

Advance Information
1M x 4 CMOS Dynamic RAM
Static Column N PACKAGE
The MCM54402A is a 0.7u CMOS high-speed, dynamic random access 300-MIL SOJ
memory. It is organized as 1,048,576 four-bit words and fabricated with CASE 822
CMOS silicon-gate process technology. Advanced circuit design and fine line
processing provide high performance, improved reliability, and low cost. The
static column mode feature allows column data to be accessed upon the
column address transition when RAS and CS are held low, similar to static
RAM operation. N Z PACKAGE
The MCM54402A requires only 10 address lines; row and column > PLASTIC
address inputs are multiplexed. The device is packaged in a standard 300-mil ZIG-ZAG IN-LINE
J-lead small outline package, and a 100-mil zig-zag in-line package (ZIP). CASE 836
e Three-State Data Output
e Static Column Mode
e Test Mode
e TTL-Compatible Inputs and Outputs PIN NAMES
e RAS Only Refresh
hhia, kb AO-A9 .......... A I
e CS Before RAS Refresh Doo-?)oa d déeafz Qﬁﬂ:
o Hidden Refresh [ Output Enable
o 1024 Cycle Refresh: MCM54402A = 16 ms W Read/Write Input
e Fast Access Time (tRAC): RAS ...... Row Address Strobe
MCM54402A-60 = 60 ns (Max) CS . Chip Select
MCM54402A-70 = 70 ns (Max) Veg - Power Supply (+ 5 V)
MCM54402A-80 = 80 ns (Max) VSS - oveenieiin Ground
e Low Active Power Dissipation:
MCM54402A-60 = 660 mW (Max)
MCM54402A-70 = 550 mW (Max)
MCM54402A-80 = 468 mW (Max) PIN ASSIGNMENT
e Low Standby Power Dissipation: 100-MIL ZIP
MCM54402A = 11 mW (Max, TTL Levels)
- =1
MCM54402A = 5.5 mW (Max, CMOS Levels) 300-MIL SOJ Gl4- 0l
3 |°F CcS
DQof]1 2 [l Vsg D2| =) 4 08
pai 2 25 [ pa3 Vss 5 6
wis 24 1 D@2 oot 717 bao
RAS [4 23 [1T8 o |2
nls 2 & RAS | == 49
1 (== (A9
AO| ==
||
Allo 18 1 A8 A==y "
Al 10 17 [1 A7 voo | > "
A2l 11 16 1 A6 as| 7| A4
A3 [ 12 15 [1 A5 w0 | ¥ 06
Ve[ 13 14 0 ATI== 120 a8

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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BLOCK DIAGRAM
DQO-DQ3
W DATAIN 4
BUFFER
= NO. 2 CLOCK DATA OUT -
[E— |t—
s GENERATOR [ BUFFER G
COLUMN
:J> P DECODER
— BUFFERS (10, ‘
ﬁ? — o j 1024x4 t
A2 —»
REFRESH =
ﬁz ) 10) | CONTROLLER/ SENS AMP
A5 COUNTER (10) feg 1/O GATING
Ap —>
AT —> ROW \ I 1024 % AI
A8 — ADDRESS ) i
no —» =N surrers (10) i MEMORY
v =8l ARRAY
T 38| 1024 1024x 1024 x4
— x w
S NO. 1 CLOCK e
GENERATOR SUBSTRATE BIAS [«— VcC
GENERATOR  (e—
) )
ABSOLUTE MAXIMUM RATING (See Note) : ) o -
Rati Symbol val Unit This device contains circuitry to protect
ating ymbo alue the inputs against damage due to high
Power Supply Voltage Vee -1to+7 \ static voltages or electric fields; however,
" N y _ it is advised that normal precautions be
Voltage Relative to Vgg for Any Pin Except Vo Vin: Vout 1t0+7 \ taken to avoid application of any voltage
Data Out Current lout 50 mA higher than maximum rated voltages to
Power Dissipation Pp 700 mwW this high-impedance circuit.
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg -55t0+150 | °C

NOTE: Permanentdevice damage may occurif ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended

periods of time could affect device

reliability.
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MCM54402A

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =5.0V£10%, Tp =0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit | Notes
Supply Voltage (Operating Voltage Range) Vee 4.5 5.0 55 \ 1
Vgs 0 0 0
Logic High Voltage, All Inputs ViH 2.4 —_ 6.5 \ 1
Logic Low Voltage, All Inputs ViL -1.0 —_ 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
Ve Power Supply Current Icct mA 2,3
MCM54402A-60, trc = 110 ns — 120
MCM54402A-70, tgc = 130 ns — 100
MCM54402A-80, trc = 150 ns —_ 85
Ve Power Supply Current (Standby) (RAS = CS = Vjy) lcc2 — 2.0 mA
V¢ Power Supply Current During RAS Only Refresh Cycles (CS = V) lcca mA 2,3
MCM54402A-60, trc = 110 ns — 120
MCMB54402A-70, tpc = 130 ns — 100
MCM54402A-80, trc = 150 ns — 85
V¢ Power Supply Current During Static Column Mode Cycle (RAS = CS = V)) Icca mA 2,3
MCM54402A-60, tgc =35 ns — 95
MCM54402A-70, tgc = 40 ns — 85
MCMS54402A-80, tG = 45 ns — 75
Vg Power Supply Current (Standby) (RAS = CS = Vg - 0.2 V) lccs — 1.0 mA
V¢ Power Supply Current During CS Before RAS Refresh Cycle Icce mA 2
MCM54402A-60, trc = 110 ns - 120
MCM54402A-70, tgc = 130 ns — 100
MCM54402A-80, tgc = 150 ns - 85
Input Leakage Current (0 V<V, <6.5V) lkg(l) -10 10 pA
Output Leakage Current (CS = V|, 0 V< Vo <5.5 V) likg(O) -10 10 HA
Output High Voltage (IoH =—5 mA) VoH 24 — Vv
Output Low Voltage (Iop_ = 4.2 mA) VoL — 0.4 \
CAPACITANCE (f = 1.0 MHz, Tp = 25°C, Vg = 5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit | Notes
Input Capacitance A0-A9 Cin 5 pF 4
G,RAS,CS, W 7
1/0 Capacitance (CS = Vy to Disable Output) DQ0-DQ3 Cio 7 pF 4

NOTES:
1. Alivoltage referenced to Vgg.
2. Current is a function of cycle rate and output loading; maximum currents are specified cycle time (minimum) with the output open.
3. Column address can be changed once or less while RAS = V)i and CS = V.
4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAVAV.
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MCMb54402A

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Ve =5.0V£10%, Tp =0 to 70°C, Unless Otherwise Noted)

READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)

Symbol 54402A-60 54402A-70 54402A-80
Parameter Std. Alt. Min Max Min Max Min Max | Unit | Notes

Random Read or Write Cycle tRELREL tRc 110 — 130 — 150 — ns 5

Time

Read-Write Cycle Time {RELREL tRWC 165 — 185 — 205 — ns 5
Static Column Mode Cycle Time tAVAV tsc 35 — 40 — 45 — ns
Static Column Mode Read-Write tavAV ISRWC 90 — 100 — 110 — ns

Cycle Time
Access Time from RAS tRELQV tRAC — 60 — 70 — 80 ns 6,7
Access Time from CS tCELQV tCAC — 20 — 20 — 20 ns 6,8
Access Time from Column Address tavQv tAA — 30 — 35 — 40 ns 6,9
Access Time from Last Write wLQv tALW — 55 — 65 — 75 ns 6, 10
CS to Output in Low-Z tCELQX toLz 0 — 0 — 0 — ns 6
Output Buffer and Turn-Off Delay {CEHQZ tOFF 0 20 0 20 0 20 ns 1
Data Out Hold from Address tAXQX tAOH 5 - 5 —_ 5 — ns

Change
Data Out Enable from Write tWHQV tow — 20 — 20 — 20 .ns
Transition Time (Rise and Fall) T T 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL tRP 40 — 50 — 60 — ns
RAS Pulse Width tRELREH | tRAS 60 10k 70 10k 80 10k | ns
RAS Pulse Width (Static Column tRELREH | tRASC 60 200 k 70 200k 80 200k | ns

Mode)
RAS Hold Time {CELREH | tRSH 20 — 20 — 20 — ns
CS Hold Time tRELCEH {CSH 60 — 70 -— 80 — ns
CS Pulse Width tCELCEH tcs 20 10k 20 10k 20 10k ns
CS Pulse Width (Static Column {CELCEH tcsc 20 200 k 20 200 k 20 200k | ns

Mode) .
RAS to CS Delay Time tRELCEL | 'RCD 20 40 20 50 20 60 ns 12
RAS to Column Address Delay tRELAV tRAD 15 30 15 35 15 40 ns 13

Time
CS to RAS Precharge Time tCEHREL | tCRP 5 — 5 — 5 — ns

: (continued)
NOTES:
1. V|y min and Vy_max are reference levels for measuring timing of input signals. Transition times are measured between Vi and V..

2. Aninitial pause of 200 s is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V| and V|_(or between V)_and V) in a monotonic manner.
. AC measurements tT = 5.0 ns.
. The specifications for tyc (min) and trwc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0 °C < Tp <70°C) is ensured.
. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 100 pF with the data output trip points setat Vo =2.0 V
and Vo =08 V.
. Assumes that trcp < tRcp (max).
. Assumes that trcp 2 tRep (Mmax).
. Assumes that tRap 2 tRAD (Max).
. Assumes that t \wAD = tLwAD (max).
. toFF (max) and/or tgz (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage
levels.
12. Operation within the tgcp (max) limit ensures that trac (max) can be met. trcp (max) is specified as a reference point only; if trep is
greater than the specified tgcp (max) limit, then access time is controlled exclusively by tcac-
13. Operation within the tRAp (Max) limit ensures that tgAc (Max) can be met. tRAp (Max) is specified as a reference point only; if tap is
greater than the specified tgap (max), then access time is controlled exclusively by taa.

[ o s

-
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MCMb54402A

READ, WRITE, AND READ-WRITE CYCLES (Continued)

Symbol 54402A-60 54402A-70 54402A-80
Parameter Std. Alt. Min Max Min Max Min Max | Unit | Notes
CS Precharge Time tCEHCEL tcp 10 — 10 — 10 — ns
Row Address Setup Time tAVREL tASR 0 —_ 0 — 0 — ns
Row Address Hold Time tRELAX tRAH 10 — 10 — 10 — ns
Column Address Setup Time tAVCEL tASC 0 — 0 - 0 — ns
Column Address Hold Time {CELAX tCAH 15 — 15 — 15 — ns
Column Address Hold Time tRELAX tAR 70 —_ 80 — 90 — ns
Referenced to RAS
(Read Cycle)
Column Address to RAS Lead tAVREH tRAL 30 — 35 — 40 - ns
Time
Column Address Hold Time tREHAX tAH 5 - 5 _ 5 - ns 14
Reference to RAS High
Last Write to Column Address twLAV tLWAD 20 25 20 30 20 35 ns 15
Delay Time
Last Write to Column Address WLAX tAHLW 55 — 65 — 75 — ns
Hold Time
Read Command Setup Time tWHCEL tRCS 0 — 0 — 0 — ns
Read Command Hold Time {CEHWX tRCH 0 — 0 — 0 — ns 16
Referenced to CS
Read Command Hold Time tREHWX tRRH 0 —_ 0 — 0 — ns 16
Referenced to RAS
Write Command Hold Time {CELWH WCH 10 —_ 15 — 15 _ ns
Referenced to CS
Write Command Pulse Width tWLWH twp 10 — 15 - 15 — ns
Write Command Inactive Time TWHWL twi 10 — 10 — 10 — ns
Write Command to RAS Lead tWLREH tRWL 20 — 20 — 20 - ns
Time
Write Command to CS Lead tWLCEH | towL 20 — 20 - 20 — ns
Time
Data in Setup Time tDVCEL tps 0 — 0 — 0 — ns 17
Data in Hold Time {CELDX iDH 15 — 15 — 15 — ns 17
Refresh Period tRVRV tRFSH — 16 — 16 — 16 ms
Write Command Setup Time tWLCEL twes 0 —_ 0 — 0 — ns 18
CS to Write Delay tcELWL | tcwp 50 — 50 — 50 — ns 18
RAS to Write Delay tRELWL tRWD 90 — 100 — 110 — ns 18
Column Address to Write Delay tAVWL tAWD 60 - 65 - 70 _ ns 18
Time
CS Setup Time for CS Before tRELCEL {cSR 5 — 5 — 5 - ns
RAS Refresh
CS Hold Time for CS Before tRELCEH | tCHR 15 — 15 — 15 — ns
RAS Refresh
(continued)
NOTES:

14.  taH must be met for a read cycle.

15.  Operation within the t) waD (max) limit ensures that to| w (max) can be met. t waD (max) is specified as a reference point only; if t{ waD
is greater than the specified t \wap (max) limit, then access time is controlled exclusively by taa.

16. Either trRH or trcH must be satisfied for a read cycle.

17.  These parameters are referenced to CS leading edge in early write cycles and to W leading edge in read-write cycles.

18. twcs. tRwD: tcwD, tawD, and tcpwp are notrestrictive operating parameters. They are included in the data sheet as electrical character-
istics only; if tyycs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout
the entire cycle; if tcwp 2 tcwp (min), tRwp 2 tRwD (Min), tawp = tawp (min), and topwp 2 tcpwp (min) (page mode), the cycle is a
read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition
of the data out (at access time) is indeterminate.
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MCMb54402A

READ, WRITE, AND READ-WRITE CYCLES (Concluded)

Symbol 54402A-60 54402A-70 54402A-80
Parameter Std. Alt. Min Max Min Max Min Max | Unit | Notes
RAS Precharge to CS Active tREHCEL tRPC 0 - 0 - 0 — ns
Time
CS Precharge Time for CS tCEHCEL tcpPT 30 — 40 — 40 — ns
Before RAS Counter Test
RAS Hold Time Referenced to G tGLREH | tROH 10 - 10 - 10 — ns
G Access Time taLQv tGA — 20 — 20 — 20 ns
G to Data Delay tGLHDX tGD 20 — 20 —_ 20 —_ ns
Output Buffer Turn-Off Delay tGHQZ Gz 0 20 0 20 0 20 ns 1
Time from G
G Command Hold Time tWLGL tGH 20 - 20 — 20 - ns
Write Command Setup Time tWLREL twTts 10 - 10 — 10 — ns
(Test Mode)
Write Command Hold Time {RELWH WTH 10 - 10 — 10 — ns
(Test Mode)
Write to RAS Precharge Time WHREL tWRP 10 — 10 — 10 - ns
(CS Before RAS Refresh)
Write to RAS Hold Time tRELWL tWRH 10 - 10 - 10 — ns
(CS Before RAS Refresh)
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ADDRESSES

ViH —
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‘ EARLY WRITE CYCLE
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READ-WRITE CYCLE 1
RWC
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— VH— T L
RAS
ViL— \_
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