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IMPORTANT NOTICE 

Micron Technology, Inc. reserves the right to change products or specifications 
without notice. Customers are advised to obtain the latest versions of product 
specifications, which should be considered in evaluating a product's appropriate
ness for a particular use. There is no assurance that Micron's semiconductors are 
appropriate for any application by a customer. 

MICRON TECHNOLOGY, INC. MAKES NO WARRANTIES EXPRESSED OR 
IMPLIED OTHER THAN COMPLIANCE WITH MICRON'S SPECIFICATION 
SHEET FOR THE COMPONENT AT THE TIME OF DELIVERY. ANY CLAIM 
AGAINST MICRON MUST BE MADE WITHIN NINETY (90) DAYS FROM THE 
DATE OF SHIPMENT FROM MICRON, AND MICRON HAS NO LIABILITY 
THEREAFTER. ANY MICRON LIABILITY IS LIMITED TO REPLACEMENT OF 
DEFECTIVE ITEMS OR RETURN OF AMOUNTS PAID FOR DEFECTIVE ITEMS 
(AT THE BUYER'S ELECTION). 

MICRON'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COM
PONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS 
WRITTEN APPROV AL OF THE PRESIDENT OF MICRON TECHNOLOGY, INC. 
AS USED HEREIN: 

A. LIFE SUPPORT DEVICES OR SYSTEMS ARE DEVICES OR SYSTEMS WHICH 
(1) ARE INTENDED FOR SURGICAL IMPLANT INTO THE BODY, OR (2) SUP
PORT OR SUSTAIN LIFE AND WHOSE FAILURE TO PERFORM WHEN PROP
ERL Y USED IN ACCORDANCE WITH INSTRUCTIONS FOR USE PROVIDED IN 
THE LABELING CAN BE REASONABLY EXPECTED TO RESULT IN A SIGNIFI
CANT INJURY TO THE USER. 

B. CRITICAL COMPONENT IS ANY COMPONENT OF A LIFE SUPPORT 
DEVICE OR SYSTEM WHOSE FAILURE TO PERFORM CAN BE REASONABLY 
EXPECTED TO CAUSE THE FAILURE OF THE LIFE SUPPORT DEVICE OR 
SYSTEM OR TO AFFECT ITS SAFETY OR EFFECTIVENESS. 



1'II1C:I=lC?,~ CONTENTS OVERVIEW 

The MOS Data Book has been organized into 11 sections and includes complete 
detailed specifications on our growing, high-performance CMOS and NMOS 
product line. 

Sections 1 through 8 cover individual product families. Each section contains a 
product selection guide followed by data sheets. Three different types of data sheets 
are used: Advance Information, which contains initial descriptions of products still 
under development; Preliminary Information, which contains initial device charac
terization limits that are subject to change upon full characterization of production 
devices; and Final Information, which contains minimum and maximum limits 
specified over the complete power supply and temperature range for production 
devices. 

Section 9 contains application and technical information. 

Section 10 contains selected information about Micron's growing Defense Electronics 
product offering. 

Section 11 contains packaging information. 

Section 12 contains ordering information, product quality and reliability informa
tion and a list of sales representatives and distributors by geographical location for 
the North American Continent, Europe and Asia. 

Additional or updated information on any Micron product is available from: 

MICRON TECHNOLOGY, INC. 
Marketing Department 
2805 East Columbia Road 
Boise, Idaho 83706 
Telephone: (208) 368-3900 
FAX: (208) 368-4617 
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DRAM PRODUCT SELECTION GUIDE 
Memory Optional Part Access Power Oiss/pation Package and Number 01 Pins 
Configuration Access Cycle Number Time (ns) Standby Active POIP ZIP PLCC SOJ CDIP TSOP Process 

64K x 1 PM MT4264 100, 120, 150 15mW 75mW 16 - - - 16 - NMOS 

256K x 1 PM MT1259 100,120, 150 15mW 150mW 16 16 18 - 16 - NMOS 

1 Meg x 1 FPM MT4Cl024 70,80,100 3mW 175mW 18 20 - 20 18 · CMOS 

1 Meg x 1 SC MT4C1026 70,80,100 3mW 175mW 18 20 - 20 18 · CMOS 

1 Meg xl FPM, LP MT4Cl027 70,80,100 lmW 150mW 18 20 - 20 18 · CMOS 

4 Meg xl FPM MT4Cl004 60,70,80 3mW 225mW - 20 - 20 18 · CMOS 

4 Meg x 1 SC MT4Cl006 60,70,80 3mW 225mW - 20 - 20 18 · CMOS 

16 Meg x 1 FPM MT4Cl0016 50,60,70,80 3mW 250mW - 24 - 24 · · CMOS 

16 Meg x 1 SC MT4Cl0017 50,60,70,80 3mW 250mW - 24 - 24 · · CMOS 

64K x4 PM MT4067 100,120,150 15mW 150mW 18 20 18 - 18 - NMOS 

256K x 4 FPM MT4C4256 70,80,100 3mW 175mW 20 20 - 20 20 · CMOS 

256K x4 SC MT4C4258 70,80,100 3mW 175mW 20 20 - 20 20 · CMOS 

256K x 4 FPM,aCp MT4C4259 70,80,100 3mW 175mW 20 20 - 20 20 · CMOS 

256K x 4 FPM, LP MT4C4260 70,80,100 lmW 150mW 20 20 - 20 20 · CMOS 

1 Megx4 FPM MT4C4001 60,70,80 3mW 225mW - 20 - 20 20 · CMOS 

1 Meg x 4 SC MT4C4003 60,70,80 3mW 225mW - 20 - 20 20 · CMOS 

1 Megx4 FPM,aCp MT4C4004 60,70,80 3mW 225mW - 20 - 20 20 · CMOS 

1 Meg x 4 FPM, WPB MT4C4005 60,70,80 3mW 225mW - 20 - 20 20 · CMOS 

4 Meg x 4 FPM MT4C40004 50,60,70,80 3mW 250mW - 20 - 20 20 · CMOS 

4Megx4 SC MT4C40005 50,60,70,80 3mW 250mW - 24 - 24 · · CMOS 

512K x 8 FPM MT4C8512 70,80,100 3mW 350mW - - - 24 · · CMOS 

512K x 8 FPM, WPB MT4C8513 70,80,100 3mW 350mW - - - 28 - · CMOS 

64K x 16 FPM,DW MT4C1664 70,80,100 3mW 225mW - 40 - 40 - · CMOS 

64K x 16 FPM, WPB MT4C1665 70,80,100 3mW 225mW - 40 - 40 - · CMOS 

64K x 16 FPM,LP, DW MT4C1668 70,80,100 2mW 200mW - 40 - 40 - · CMOS 

64K x 16 FPM, LP, WPB MT4C1669 70,80,100 2mW 200mW - 40 - 40 - · CMOS 

64K x 16 SC,DW MT4C1670 70,80,100 3mW 225mW - 40 - 40 - · CMOS 

64K x 16 SC, WPB MT4C1671 70,80,100 3mW 225mW - 40 - 40 - · CMOS 

64K x 16 FPM, DC MT4C1672 70,80,100 3mW 350mW - 40 - 40 - · CMOS 

256K x 16 FPM, DW MT4C16256 70,80,100 3mW 350mW - · - 40 - · CMOS 

256K x 16 FPM, DW, WPB MT4C16257 70,80,100 3mW 350mW - · - 40 - · CMOS 

256K x 16 FPM, DC MT4C16258 70,80,100 3mW 350mW - · - 40 - · CMOS 

256K x 16 FPM,DC, WPB MT4C16259 70,80,100 3mW 350mW - · - 40 - · CMOS 

PM = Page Mode, FPM = Fast Page Mode, SC = Static Column, LP = Low Power, QCP = Quad CAS Parity, WPB = Write Per Bit, DW = Dual WE, DC = Dual CAS 
'Consult factory on availability of TSOP packages 
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DRAM 

FEATURES 
• Industry standard pinout, functions and timing 
• Single +5V ±10% power supply 
• Low power, 15mW standby; 75mW active, typical 
• Common I/O using EARLY-WRITE 
• Q held indefinitely by CAS 
• 256-cycle refresh in 4ms 
• Fully compatible with MT1259 (256K) 
• Optional PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

lOOns access -10 
120ns access -12 
150ns access -15 
200ns access -20 

• Packages 
Plastic DIP None 
Ceramic DIP C 

GENERAL DESCRIPTION 
The MT4264 is a randomly accessed solid-state memory 

containing 65,536 bits organized in a xl configuration. 
During READ or WRITE cycles, each bit is uniquely ad
dressed through the 16 address bits, which are entered 8 
bits (AO-A7) at a time. RAS is used to latch the first 8 bits 
and CAS the latter 8 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling edge of WE orCAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle. If WE goes LOW 
after data reaches the output pin(s), data out (Q) is activated 
and retains the selected cell data as long as CAS remains 
LOW (regardless of WE or RAS). This late WE pulse results 
in a READ-WRITE cycle. 

PAGE MODE operations allow faster data operations 

MT4.264 
REV. 1/91 1-1 

64K x 1 DRAM 
PAGE MODE 

PIN ASSIGNMENT (Top View) 

NC 
D 

WE 
RAS 

AD 
A2 
A1 

Vee 

16-Pin DIP 
(A-1, B-1) 

VSS 
CAS 
Q 

A6 
A3 
A4 
A5 
A7 

(READ, WRITE or READ-MODIFY-WRITE) within a row 
address (AO-A7) defined page boundary. The PAGE MODE 
cycle is always initiated with a row address strobed-in by 
RAS followed by a column address strobed-in by CAS. 
CAS may be toggled-in by holding RAS LOW and strobing
in different column addresses, thus executing faster memory 
cycles. Returning RAS HIGH terminates the PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y or HIDDEN RE
FRESH) so that all 256 combinations of RAS addresses (AO
A7) are executed at least every 4ms, regardless of sequence. 

Micron 'Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 
PAGE MODE 

WE 0-------<>., 
C~ r--------------~~ 

RAS 0------1 
~~~F===--------------~ 

TRUTH TABLE 

Addresses 
Function 'RAS" ~ WE 

tR te 

Standby H X X X X 

READ L L H ROW COL 

WRITE L L L ROW COL 
(EARL V-WRITE) 

READ-WRITE L L H-L-H ROW COL 

PAGE-MODE L H-L-H H ROW COL 
READ 

PAGE-MODE L H-L-H L ROW COL 
WRITE 

PAGE-MODE L H-L-H H-L-H ROW COL 
READ-WRITE 

RAS-ONLV L H X ROW nfa 
REFRESH 

HIDDEN L-H-L L H ROW COL 
REFRESH 

CAS-BE FORE- H-L L X X X 
RAS REFRESH 

1-2 

High Impedance 

Data Out 

Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data Out 

Valid Data In, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

Valid Data Out 

High Impedance 

D 

Q 



ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to +150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device atthese or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 4, 6) (O°C :<; T A :<; 70°C; Vee = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE 
Input leakage current, any input (OV :<; VIN :<; Vee); I II -10 10 j.tA 
all other pins not under test = OV 

OUTPUT LEAKAGE 
Output leakage current (0 is disabled; loz -10 10 j.tA 
OV :<; VOUT:<; Vee) 

OUTPUT LEVELS VOH 2.4 V 
Output High (Logic 1) Voltage (lOUT = -5mA) 1 
Output Low (Logic 0) Voltage (lOUT = 5mA) VOL 0.4 V 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 
STANDBY CURRENT 
(RAS = CAS = VIH Icc1 4 mA 
after 8 RAS cycles) 

OPERATING CURRENT Icc2 30 mA 2 
(RAS and CAS Cycling) 

RAS-ONL Y REFRESH CURRENT lec3 20 mA 2 
(CAS = VI H) 

PAGE MODE CURRENT Icc4 30 mA 2 
(RAS = VIL; CAS = Cycling) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A7, D CI1 5 pF 18 

Input Capacitance: RAS, ~, WE CI2 8 pF 18 

Output Capacitance: 0 Co 8 pF 18 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 17, 18) (O°C ~ T A ~ 70°C; Vee = 5.0V ±1 0%) 

A.C. CHARACTERISTICS -10 -12 -15 -20 
PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time IRC 195 230 260 330 ns 6, 7 

READ-MODIFY-WRITE cycle time IRWC 220 255 295 370 ns 
PAGE-MODE cycle time IpC 90 100 120 170 ns 6, 7 

Access time from RAS IRAC 100 120 150 200 ns 7,8 

Access time from CAS ICAC 50 60 75 120 ns 7,9 
RAS pulse width IRAS 100 10,000 120 10,000 150 10,000 200 10,000 ns 

RAS hold time IRSH 50 60 75 100 ns 

RAS precharge time IRP 80 20,000 90 20,000 100 20,000 120 20,000 ns 
CAS pulse width ICAS 50 10,000 60 10,000 75 10,000 120 10,000 ns 
CAS hold time ICSH 100 120 150 200 ns 

CAS precharge time ICPN 25 25 30 35 ns 19 
CAS precharge time (PAGE MODE) tcp 30 30 35 40 ns 

RAS to CAS delay time IRCD 25 50 25 60 25 75 30 80 ns 13 

Row address setup time IASR 0 0 0 0 ns 
Row address hold time IRAH 15 15 20 25 ns 
Column address setup time IASC 0 0 0 0 ns 
Column address hold time ICAH 20 20 25 50 ns 
Column address hold time IAR 70 80 100 130 ns 
referenced to RAS 

READ command setup time IRCS 0 0 0 0 ns 
READ command hold time IRCH 0 0 0 0 ns 14 
referenced to CAS 
READ command hold time IRRH 0 0 0 0 ns 
referenced to RAS 

Output buffer turn-off delay toFF 0 30 0 30 0 35 0 40 ns 12 

WE command setup time twcs 0 0 0 0 ns 16 
WRITE command hold time twCH 35 40 45 60 ns 
WRITE command hold time twCR 85 100 120 140 ns 
referenced to RAS 

WRITE command pulse width IWp 35 40 45 50 ns 
WRITE command to RAS lead time IRWL 35 40 45 55 ns 

WRITE command to CAS lead time tcWL 35 40 45 55 ns 
Data-in setup time IDS 0 0 0 0 ns 15 

Data-in hold time IDH 35 40 45 55 ns 15 

Data-in hold time IDHR 85 100 120 135 ns 
referenced to RAS 

CAS to WE delay tcWD 40 50 60 100 ns 16 

"FiAS to WE delay IRWD 90 110 135 180 ns 16 
Transition time (rise. or fall) IT 3 100 3 100 3 100 3 100 ns 5,17 

Refresh period (256 cycles) IREF 4 4 4 4 ms 
CAS to RAS setup time ICRP 10 15 20 20 ns 

1-4 
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NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the Bms refresh 
requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VlH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input Signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VlH). 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (DoC::; T A::; 70°C) is assured. 

7. Measured with a load equivalent to 2 TTL gates and 
100pF. 

B. Assumes that IRCD < lRCD (MAX). If lRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that tRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ lRCD (MAX). 
10. If CAS = VlH, data output is high impedance. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. IOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

1-5 

13. Operation within the tRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

14. tRCH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in late 
WRITE or READ-WRITE cycles. 

16. twcs, IRWD and leWD are restrictive operating 
parameters in late READ-WRITE and READ
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARL Y -WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If leWD ~ ICWD (MIN) and lRWD ~ 
tRWD (MIN), the cycle is a READ-WRITE and the 
data output will contain data read from the selected 
cell. If neither of the above conditions are met, the 
state of Q (at access time and until CAS goes back to 
VIH) is indeterminate. 

17. In addition to meeting the transition rate specifica
tion, all input signals must transit between VlH and 
VIL (or between VIL and VIH) in a monotonic manner. 

18. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt / dv with dv = 3V and Vee = SV. 

19. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ICPN. 

.. 
C 
::D 
l> 
s: 



-C :a » s:: 

1'II1C:l=Ig~ MT 4264 

READ CYCLE 

tRC 

tRAS tRP 

RAS 
VIH -
VIL _ 

tcsH 

tASH tRRH 

ICRP tACO tCAS 

CAS VIH -
VIL -

ADDR 
VIH 
VIL 

WE 

Q 

EARLY-WRITE CYCLE 

tRC 

ICRP 

ADDA ~:~ ROW ROW 

lOS tOH 

D ~:~ VALID DATA 

Q ~g~: OPEN--------------------------------------

1-6 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RWC 

tRAS tRP I 
II J 
~ 

tCSH 

'I. . tRSH 

tCRP , . tRCD , tCAS , 
I' 

J 
tAR ~ 

I , tASR , 1 >RAH ~I I~ I 
ADDR ~:r _~_R--.OW ___ '---<=-=--rC_OLU-.-MN_bl,J,JI,J,J,J,JI,J,J,J,J,J,0('--_RO_W _ 

tRWD I I tCWL I I 
tRCs.1 I' tCWD 

WE ~:r I tDS tDH 

D ~:~ lI///////////////~:W////////////////////////////j"///~~~D DATA k///~lWI!/////////////////h 
I I..... tCAC I .. tRAe: tOFF ~ . ~ ~ 

Q ~g~='---------OPENI---------' VALID DATA OPEN--

PAGE-MODE READ CYCLE 

'cSH 

tcp ~ I~,_tc",-P __ I 

:----OPEN------{ 
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PAGE-MODE EARLY-WRITE CYCLE 

~ ____ ----------------------~tR~A~S------------------------------~~ 

~--------------------------------------OPEN----------------------------------------

teRP 

ADDR ~:~ ROW 

'FiAS"-ONL Y REFRESH CYCLE 
(ADDR = Ao - A7) 

ROW 

DO ~g~ --------------------------------------- OPEN---------------------------------------
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DRAM 

FEATURES 
• Industry standard pinout, timing and functions 
• All inputs, outputs, and clocks are fully TTL compat-

ible 
• Single +5V±10% power supply 
• Low power, 15mW standby; 150mW active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 256-cycle refresh in 4ms 
• Optional PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

lOOns access -10 
120ns access -12 
150ns access -15 

• Packages 
Plastic DIP None 
Ceramic DIP C 
Plastic ZIP Z 
PLCC EJ 

GENERAL DESCRIPTION 
The MT1259 is a randomly accessed solid-state memory 

containing 262,144 bits organized in a xl configuration. The 
18 address bits are entered 9 bits at a time using RAS to latch 
the first 9 bits and CAS the latter 9 bits. If the WE pin goes 
LOW prior to CAS going LOW, the output pin remains open 
until the next CAS cycle. If WE goes LOW after data reaches 
the output pin, the output pin is activated and retains the 
selected cell data as long as CAS remains LOW (regardless 
of WE or RAS). This late WE pulse results in a READ
MODIFY-WRITE cycle. Data-in (D) is latched when WE 
strobes LOW. 

By holding RAS LOW, CAS may be toggled to execute 
several faster READ, WRITE, LATE-WRITE or READ
MODIFY-WRITEcycleswithintheRASaddressdefinedpage 
boundary. Returning RAS HIGH terminates the memory 

MT1259 
REV. 1/91 1-9 

256K x 1 DRAM 
PAGE MODE 

PIN ASSIGNMENT (Top View) 

16-Pin DIP 
(A-1,B-1) 

A8* Vss 
D CAS 

WE Q 
RAS A6 

AO A3 
A2 A4 
A1 A5 

Vee A7 

16-Pin ZIP 
(C-1 ) 

A6 1 '-' 
'- 2 Q CAS 3 '-' 
'- 4 Vss A8* 5 '-' '-' 6 D 

WE 7 L, 
'-' 8 RAS AO 9 '-' 
'- 10 A2 A1 11 '-' 
'- 12 Vee A7 13 '-' 
'- 14 A5 

A4 15 '-' 
'- 16 A3 

18-Pin PLCC 
(D-1 ) 

to ml~ 0«>0 
<Xl ..... 

C\l-r--r--r-

WE 3 16 Q 
RAS 4 15 A6 

NC 5 14 NC 
AD 6 13 A3 
A2 7 12 A4 

co cn 0..-

• Address not used for RAS-ONL Y refresh 

cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing a RAS (refresh) 
cycle so that all 256 combinations of RAS addresses are ex
ecuted at least every 4ms (regardless of sequence). Micron 
recommends evenly spaced refresh cycles for maximum 
data integrity. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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WE 

CAS 

FUNCTIONAL BLOCK DIAGRAM 
PAGE MODE 

NO.1 CLOCK J I I 
RAS 0-0 ---L...:.G:.EN.::E...:.RA...:.TO...:.RJF:--J=="--_________ ----' 

TRUTH TABLE 

Addresses 
Function lUrn" ~ WE 

tR tc 

Standby H X X X X High Impedance 

READ L L H ROW COL Data Out 

WRITE L L L ROW COL Data In 
(EARLY-WRITE) 

READ-WRITE L L H->L->H ROW COL Valid Data Out, 
Valid Data In 

PAGE-MODE L H->L->H H ROW COL Valid Data Out, 
READ Valid Data Out 

PAGE-MODE L H->L->H L ROW COL Valid Data In, 
WRITE Valid Data In 

PAGE-MODE L H->L->H H->L->H ROW COL Valid Data Out, 
READ-WRITE Valid Data In 

RAS-ONLY L H X ROW n/a High Impedance 
REFRESH 

HIDDEN L->H->L L H ROW COL Valid Data Out 
REFRESH 

CAS-BE FORE- H->L L X X X High Impedance 
RAS REFRESH 

1-10 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1W 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under" Absolute Maxi- .. 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the C 
device at these or any other conditions above those indicated ::IJ 
in the operational sections of this specification is not implied. l> 
Exposure to absolute maximum rating conditions for ex-
tended periods may affect reliability. :s:: 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 4, 6) (O°C ~ T A ~ 70°C; Vee = S.OV ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE 
Input leakage current, any input (OV ~ VIN ~ Vee), II -10 10 ~ 
all other pins not under test = OV 

OUTPUT LEAKAGE 
Output leakage current (Q is disabled, loz -10 10 ~ 
OV ~ VOUT ~ Vec) 

OUTPUT LEVELS VOH 2.4 V 
Output High (Logic 1) Voltage (lOUT = -SmA) 1 

Output Low (Logic 0) Voltage (lOUT = SmA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -10 -12 -15 UNITS NOTES 

STANDBY CURRENT: TTL input levels Icct 5 5 5 mA 
(RAS = CAS = VIH after 8 RAS cycles) 

OPERATING CURRENT: Random READIWRITE Icc2 55 55 45 mA 2 
(RAS and CAS = Cycling; IRC = IRC (MIN)) 

OPERATING CURRENT: PAGE MODE Icc3 55 55 45 mA 2 
(RAS = VIL; CAS = Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y Icc4 40 40 35 mA 2 
(RAS = Cycling; CAS = VIH; IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS Iccs 55 55 45 mA 2,20 
(RAS and CAS = Cycling; IRC = IRC (MIN)) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A8, D Cit 5 pF 18 

Input Capacitance: RAS, CAS, WE CI2 8 pF 18 

Output Capacitance: Q Co 7 pF 18 

1-11 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 17, 18) (O°C ~ T A ~ 70°C; Vee = 5.0V ±10%) 

A.C. CHARACTERISTICS -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 190 220 260 ns 6, 7 
READ-MODIFY-WRITE cycle time tRWC 220 255 295 ns 
PAGE-MODE cycle time tpc 90 100 120 ns 6, 7 

Access time from RAS tRAC 100 120 150 ns 7,8 

Access time from CAS tCAC 50 60 75 ns 7,9 
RAS pulse width tRAS 100 10,000 120 10,000 150 10,000 ns 

RAS hold time tRSH 50 60 75 ns 

~ precharge time tRP 80 90 100 ns 
CAS pulse width tCAS 50 10,000 60 10,000 75 10,000 ns 

CAS hold time tCSH 100 120 150 ns 

CAS precharge time tCPN 25 25 30 ns 19 

CAS precharge time (PAGE MODE) tcp 30 30 35 ns 

RAS to CAS delay time tRCD 25 50 25 60 25 75 ns 13 

CAS to RAS setup time tCRP 15 20 20 ns 
Row address setup time tASR 0 0 0 ns 

Row address hold time tRAH 15 15 15 ns 

Column address setup time tASC 0 0 0 ns 
Column address hold time tCAH 20 20 25 ns 

Column address hold time tAR 70 80 100 ns 
referenced to "RAS' 
READ command setup time tRCS 0 0 0 ns 

READ command hold time tRCH 0 0 0 ns 14 
referenced to CAS 
READ command hold time tRRH 0 0 0 ns 
referenced to "RAS' 
Output buffer turn-off delay toFF 0 30 0 30 0 35 ns 12 
WE command setup time twcs 0 0 0 ns 1 

WRITE command hold time twCH 35 40 45 ns 

WRITE command hold time twCR 85 100 120 ns 
referenced to RAS 

WRITE command pulse width twp 35 40 45 ns 

WRITE command to RAS lead time tRWL 35 40 45 ns 
WRITE command to CAS lead time tcWL 35 40 45 ns 

Data-in setup time tDS 0 0 0 ns 15 

Data-in hold time tDH 35 40 45 ns 15 
Data-in hold time tDHR 85 100 120 ns 
referenced to "RAS' 
CAS to WE" delay tcWD 40 50 60 ns 16 

"RAS to WE" delay tRWD 90 110 135 ns 16 

Transition time (rise or fall) tr 3 100 3 100 3 100 ns 5,17 

Refresh period (256 cycles) tREF 4 4 4 ms 21 
CAS hold time tcHR 20 25 30 ns 20 
(CAS-BEFORE-~ refresh) 

CAS setup time tCSR 15 20 20 ns 20 
(CAS-BEFORE-RAS) refresh 

RAS to CAS precharge time tRPC 0 0 0 ns 20 

1-12 



NOTES 
1. All voltages referenced to Vss. 
2. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100J.ls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 4ms refresh 
requirement is exceeded. 

4. AC characteristics assume l'f = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :::; T A:::; 70°C) is assured. 

7. Measured with a load equivalent to 2 TTL gates and 
100pF. 

8. Assumes that IRCD < !RCD (MAX). If !RCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ !RCD (MAX). 
10. If CAS = VIH, data output is high impedance. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. IOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
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specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

14. IRCH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in early WRITE cycles and to the WE leading 
edge in LATE-WRITE or READ-MODIFY-WRITE 
cycles. 

16. IWCS, ICWD and !RWD are restrictive operating 
parameters in READ-WRITE and READ-MODlFY
WRITE cycles only. If IWCS ~ twcs (MIN), the cycle 
is an EARLY-WRITE cycle and the data output will 
remain an open circuit throughout the entire cycle. If 
ICWD ~ ICWD (MIN) and IRWD ~ IRWD (MIN), the 
cycle is a READ-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of Q (at access 
time and until CAS goes back to VIH) is indeterminate. 

17. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

18. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt/ dv with dv = 3V and Vee = SV. 

19. If CAS is LOW at the falling edge ofRAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ICp. Note 8 applies to determine 
valid data out. 

20. On-chip refresh and address counters are enabled. 
21. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 

.. 
C 
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READCVCLE 

'RAS 

RAS 
VIH -
VIL _ 

ICSH 

'cAP 

CAS 
VIH -
VIL -

ADDR 

WE 

Q 

EARL V-WRITE CVCLE 

'AC 
IRAS 

RAS 
V,H -
V,L 

'cSH 

tRSH 

'cAP tRCD 'cAS 

CAS VIH -
V,L 

ADDA V,H 
V,L 

Q ~g~-~------------------------------------QPEN--------------------------------------
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RAS 
VIH -
VIL _ 

tCSH 

'I, tRSH 

teRP tRCO teAs 

CAS VIH -
VIL _ 

tASR tRAH I. 'CAH : 

ADDR VIH 
ROW COLUMN VIL ROW 

'RCS, 1 I' 'CWD 

WE ~:t I I 'DS 'DH 

D ~:t $;1/$/$;!;1Y;!/ff;//;//@;/;/;W;1;//;/;1/ffJ--:D::-krj/;1/;/$;@I;/;1;1/;1& 

Q ~gt--_-----I-'--oern I. :::1 """M" ~oe,"--

CAS 

ADDR 

PAGE-MODE READ CYCLE 

I _____________ ~'R~AS~ _____________ I~ 
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PAGE-MODE EARL V-WRITE CVCLE 

IOSH 

tpc -I IRSH 

~ 1~'~ ____ -="-+~_I~-"tC",AS"-_II_--,tc",P __ ~II~r--'tC",A"-S __ II_--,tc,,,-P_~~II.~tC",A,,-S __ 1 

ADD A 

WE ~:~ 

D VIH VALID DATA VALID DATA VALID DATA VIL ~ULLULU~ULLULU~·~ ______ ~C,,"UJ~ ______ -fi·~LI~ ______ ~~~ULLULU~ULLU 

Q ~:~ -.---------------------OPEN---------------------
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V'H RAS VIL _ 

I 
:--.! 

'CRP 

"RAS"-ONL Y REFRESH CYCLE 
(ADDR = AO - A7; AS and WE = DON'T CARE) 

, 
tRAS 'RP 

1 
, ~I 

'--------I 

'I 
I 

'ASR tRAH . . I. , 

ADDR ~:~ _~-RO-W ---,k/////////////////$$$/////II!!$/#;X~-RO-W --

Q ~g~ -,------------------OPEN---------------

RAS ~:~:: 

CAS-BEFORE-RAS REFRESH CYCLE 
(AO - As and WE = DON'T CARE) 

'RAS 

CAS ~:~:: ~~ _ _i ____ ~~~~~~ ______________ L_ ___ 

Q ~g~ -'---------------OPEN--------------

~ 
'RCD 

J 
'AR 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 21 

(READ) 

'RAS 

'RSH 

I 
t 

'RP 

I 
t 

r 
I~ 'RAH ~II~ 
Ir---

COLUMN RO~ 
I, 

(REFRESH) 

tRAS 

tCHR 

V 
1 

I 'RAC 'I I l,
t
cAe ~ -. --- -toopFEF

N
_ 

Q ~g~ -'-------OPEN'-------~.. VALID DATA . 
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DRAM 

FEATURES 
• Industry standard xl pinout, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single +5V±1O% power supply 
• Low power, 3mW standby; 175mW active, typical 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• 512-cycle refresh in Sms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• Optional FAST PAGE MODE access cycle 

OPTIONS 
• Timing 

70ns access 
SOns access 
lOOns access 

• Packages 
Plastic DIP (300mil) 
Ceramic DIP (300mil) 
Plastic ZIP (350mil) 
Plastic SOJ (300mil) 
Plastic TSOP (***) 

• Operating Temperature, TA 
Commercial (O°C to +70°C) 
Industrial (-40°C to +S5°C) 

MARKING 

- 7 
- S 
-10 

None 
C 
Z 
DJ 
VG 

None 
IT 

GENERAL DESCRIPTION 
The MT4C1024 is a randomly accessed solid-state mem

ory containing 1,04S,576 bits organized in a xl configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A lo~HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pin, data out (Q), 
remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, Q is activated and 
retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

MT4C1024 
REV. 1/91 1-19 

1 MEG x 1 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

18-Pin DIP 20-Pin ZIP 
(A-3, B-2) (C-2) 

D ~vss A9" 1"'-
CAS 

WE 2 17 Q Q 3 '.:It:. 2 
Vss 

D 
'- 4 

RAS JCAS 
5 r..;-, 

WE 3 16 RAS 
'- 6 

7 '-' 
HTF 4 15 Ago 

NC 9''';- 8 TF" 

AO 5 14 A8 AO 11 ,;- 10 NC 

A1 6 13 A7 A2 
~ 12 A1 

A2 7 12 ~A6 Vee 
13 '"':_ 14 A3 
15 '-' 

A4 
A3 8 11 A5 A5 17 r~ ~: A6 

Vcc ~A4 A7 19~ 20 A8 
20-Pin SOJ 

(E-1 ) 
-

D l' 26 Vss 
WE 2 25 Q 

;;AS 3 2'~= 
"TF • ~~~;. NC 5 

AO 9 :~ ~ ~~ Al 10 
A2 11 16 PA6 
A3 12 15 A5 

V'" 13 
" 

A4 
L---

'Address not used for RAS-ONLY refresh 
HTF = Test Function, V,N must not exceed Vcc+ 1 V for normal operation 
"'Consult factory on availability of TSOP packages 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RASfollowed by a column address strobed
in by CAS. CAS may be toggled by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS, or HID
DEN REFRESH) so that all 512 combinations of RAS ad
dresses (AO -AS) are executed at least every Sms, regardless 
of sequence. The CAS-BEFORE-RAS refresh will increment 
the refresh counter for automatic RAS addressing. 

Mf<:ron Technology, Inc., reserves the right to change products or specifications without notice. 

-C 
:::D 
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1'JI1C=l=Iq~ MT 4C1 024 

TRUTH TABLE 

Function 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARLY-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS 
REFRESH 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

'NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 

Address DATA 

~ ~ WE tR tc D (Data In) Q (Data Out) 

H X X X X Don't Care High-Z 

L L H ROW COL Don't Care Data Out 

L L L ROW COL Data In High-Z 

L L H---L ROW COL Valid Data In Valid Data Out 

L H---L H ROW COL Don't Care Valid Data Out 

L H---L H nfa COL Don't Care Valid Data Out 

L H---L L ROW COL Valid Data In High-Z 

L H---L L nfa COL Valid Data In High-Z 

L H---L H---L ROW COL Valid Data In Valid Data Out 

L H---L H---L nfa COL Valid Data In Valid Data Out 

L H X ROW nfa Don't Care High-Z 

L ---H---L L H ROW COL Don't Care Valid Data Out 

L ---H---L L L ROW COL Valid Data In High-Z 

H---L L X X X Don't Care High-Z 

1-20 



ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -55°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation ...................................................... 600mW 
Soldering Temperature (soldering 10 sec) ................. 260°C 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under" Absolute Maxi- _ 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the C 
device at these or any other conditions above those indi- :JJ 
cated in the operational sections of this specification is not » 
implied. Exposure to absolute maximum rating conditions :::-
for extended periods may affect reliability. :=. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -2.0 0.8 V 1,25 

INPUT LEAKAGE CURRENT 
any input (OV:O; VIN:O; 6.5V, II -2 2 IlA 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV :0; VOUT:O; 5.5V) loz -10 10 IlA 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 

STANDBY CURRENT: (TTL) Icc1 2 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 1 1 1 mA 24 
(RAS = CAS = Vee -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current Icc3 80 70 60 mA 3,4 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 60 50 40 mA 3,4 
(RAS = VIL; CAS, Address Cycling: tpc = tpc (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Iccs 80 70 60 mA 3 
(RAS Cycling; CAS=VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Icc6 80 70 60 mA 3,5 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

1-21 
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_ CAPACITANCE 

C 
::D » s:: 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9, 0 CI1 5 pF 2 

Input Capacitance: RAS, CAS", WE CI2 7 pF 2 

Output Capacitance: Q Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time IRC 130 150 180 ns 

READ-WRITE cycle time IRWC 155 175 205 ns 

FAST-PAGE-MODE READ IpC 40 45 55 ns 
or WRITE cycle time 

FAST-PAGE-MODE READ-WRITE IpRWC 65 70 85 ns 
cycle time 

Access time from RAS IRAC 70 80 100 ns 14 
Access time from CAS ICAC 20 20 25 ns 15 
Access time from column address lAA 35 40 50 ns 

Access time from CAS precharge ICPA 40 45 50 ns 

RAS pulse width IRAS 70 100,000 80 100,000 100 100,000 ns 

"FiAS pulse width (FAST PAGE MODE) IRASP 70 100,000 80 100,000 100 100,000 ns 

"FiAS hold time IRSH 20 20 25 ns 

"FiAS precharge time IRP 50 60 70 ns 

CAS pulse width teAS 20 100,000 20 100,000 25 100,000 ns 

CAS hold time ICSH 70 80 100 ns 
CAS precharge time ICPN 10 10 15 ns 16 
CAS precharge time (FAST PAGE MODE) ICp 10 10 10 ns 

RAS to CAS delay time IRCD 20 50 20 60 25 75 ns 17 
CAS to RAS precharge time ICRP 5 5 5 ns 

Row address setup time IASR 0 0 0 ns 

Row address hold time IRAH 10 10 15 ns 

RAS to column IRAD 15 35 15 40 20 50 ns 18 
address delay time 

Column address setup time IASC 0 0 0 ns 

Column address hold time ICAH 15 15 20 ns 

Column address hold time IAR 55 60 70 ns 
(referenced to RAS) 

Column address to IRAl 35 40 50 ns 
"FiAS lead time 

Read command setup time IRCS 0 0 0 ns 

Read command hold time IRCH 0 0 0 ns 19 
(referenced to CAS) 

Read command hold time IRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in low-Z telZ 0 0 0 ns 

Output buffer turn-off delay toFF 0 20 0 20 0 20 ns 20 
WE command setup time twcs 0 0 0 ns 21 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time twCH 15 15 20 ns 

Write command hold time twCR 55 60 75 ns 
(referenced to RAS) 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tcWL 20 20 25 ns 

Data-in setup time tDS 0 0 0 ns 22 

Data-in hold time tDH 15 15 20 ns 22 

Data-in hold time tDHR 55 60 75 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 70 80 100 ns 21 

Column address tAWD 35 40 50 ns 21 
to WE delay time 

CAS to WE delay time tcWD 20 20 25 ns 21 

Transition time (rise or fall) IT 3 50 3 50 3 50 ns 9, 10 

Refresh period (512-cycles) tREF 8 8 8 ms 

RAS to CAS precharge time tRPC 0 0 0 ns 

CAS setup time tCSR 10 10 10 ns 5 
(CAS-BEFORE-RAS refresh) 

CAS hold time tCHR 15 15 15 ns 5 
(CAS-BEFORE-RAS refresh) 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = I d'/ dv with dv = 3V and Vee = SV. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on OUtplit loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOl1s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the Bms refresh 
requirement is exceeded. 

B. AC characteristics assume tr = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VlL (or between VIL 
and VIH). 

to. In addition to meeting the transition rate specifica
tion, all input signals must transit between V1H and 
VlL (or between VlL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. . 
14. Assumes that ~CD < ~CD (MAX). If ~CD is greater 

than the maximum recommended value shown in this 
table, ~C will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ;::: ~CD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tePN. 

17. Operation within the IRCD (MAX) limit ensures that 
~C (MAX) can be met. ~CD (MAX) is specified as 
a reference point onlYi if IRCD is greater than the 
specified ~CD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

lB. Operation within the ~D (MAX) limit ensures that 
~CD (MAX) can be met. ~D (MAX) is specified as 
a reference point onlYi if ~D is greater than the 
specified ~D (MAX) limit, then access time is 
controlled exclusively by IAA. 

19. Either ~CH or IRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IA WD and teWD are restrictive 
operating parameters in LATE-WRITE, and READ
MODIFY-WRITE cycles only. If twCS;::: twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If~WD;::: ~WD (MIN), IAWD;::: IAWD 
(MIN) and teWD ;::: teWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions are met, the cycle is a LATE-WRITE and 
the state of Q is indeterminate. (at access time and 
until CAS goes back to VIH) 

1-24 

22. These parameters are referenced to CAS leading edge 
in EARLY -WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. All other inputs equal Vcc -0.2V. 
25. The device shall meet all functional requirements 

when a -2.0 signal is applied provided the signal is 
not more negative than -1.SV for a period of less than 
20ns and the signal's total duration is 2Sns or lessi or a 
-D.3V signal of any duration is presented (DC). 
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READ CYCLE 

RC 

IRAS IRP 'J 

RAS V'H 
V,L 

-I 
- \ 

ICSH 

IRSH tRRH 

ICRP IRCO teAS 

~ 
CAS 

V,H 
V,L =-' 

AOOA 
V,H 
V,L 

WE V,H 
V,L 

IAR 

I • tAAD , tRAL 

l~r=-:I ~ ~ -= ~ 

Wlffllllfflll/ff/llll/U'}( 71111J( ROW WIIII~ COLUMN ROW 

~ 1 tRCS c=t 
:1//////////////////////////////// VlIIIIIIIIIIIIIIIIIII/' 

I IAA 

tRAC 

teAC 
teFF :1 

~ - OPEN VALID DATA OPEN---

EARL Y-WRITE CYCLE 

lAC 

IRAS 

RAS 
VIH -
VIL _ 

teSH 

lASH 

tCRP tACO teAs 

CAS VIH -
VIL _ 

IAR 

ADDA VIH 
VIL ROW 

'los tOH 

o ~:t VALID DATA 

Q ~gr OPEN----------------
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ADDR ~:~ 

RAS V1H -
VIL _ 

CAS 

ADDR V,H 
v" 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'RWe 

tcsH 

teRP 

FAST-PAGE-MODE READ CYCLE 

~ ____________________ -2~~S~P ______________________ ~~ 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

liAs V,H 
VIL 

I~ 
-

tRP 

leSH tpe IRSH 

CAS V,H 
VIL 

ADOR V,H 
VIL 

t~ tRCD teAS ~ tCAS _te_p __ 
~ r--I 

tAR ~ ~ =J j 

II 
.IRAD 

~I I~ 
tRAL 

I' IASA ~ I~ leAH ~I I~II teAH _
1 

:///Ji ROW W//Ji COLUMN COLUMN COLUMN ROW 

We V,H 
VIL 

--'=--1 I~ ~II ::~H __ I ~II ::~H ""I twp 

I I ~ ~ II I 

I !CWL II tewL II tCWL 

II 

[ 
'WeR tRwe I ! I IOHA 

I~[[~I I~ ~I I~~I 
VALID DATA Y@ffi VALID DATA lW/m VAlID DATA 

Q ~:r -'----------------OPEN----------------

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

a ~8t -:------OPEN-----IlK~iD:-----<mK~D--_1~K:~Q 

-Ipe is for LATE-WRITE only. 
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teRP 

ADDR ~l~ 

~-ONL Y REFRESH CYCLE 
(ADDR = AO - A8 ; Ag and WE = DON'T CARE) 

ROW ROW 

Q ~g~ -:----------------OPEN---------------

~-BEFORE-~ REFRESH CYCLE 
(Ao - Ag and WE = DON'T CARE) 

CAS ~:~ =:...t..LLIL_----''--____ ....LJ.:.LLL..LLLLLLtL-_'''"--_______________ L-_ 

Q ~g~-~----------------OPEN-----------------

ADDR 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 23 

(READ) 
'RAS 

(REFRESH) 

'RAS 

'CHR 

--'oFF 

Q ~g~ =-------QPEN------~~K=====~V~AL~ID~D~A~TA~===j OPEN--
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RAS VIH-
VIL-

tCRP 

CAS VIH-
VIL_ 

AOOR ~i~::: 

HIDDEN REFRESH CYCLE 
(WE = LOW) 

(WRITE) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

L tos tDH 

o ~g:<:V$#/$#f.W#&&J!--:'::::.P'###$##$#/;/#$$#$##$###$a 
~ DON'TeARE 

~ UNDEFINED 

1-29 

-C 
:lJ » s: 



-C 
::0 » 
3: 

I"IIC:I=U;:!N MT4C1024 

1-30, 



I"IIC:I=IC;~~ MT 4C1 026 

DRAM 

FEATURES 
• Industry standard xl pinout, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single +5V±10% power supply 
• Low power, 3mW standby; 175mW active, typical 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• 512-cycle refresh in Sms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• Optional STATIC COLUMN access cycle 

OPTIONS 
• Timing 

70ns access 
SOns access 
lOOns access 

• Packages 
Plastic DIP (300mil) 
Ceramic DIP (300mil) 
Plastic ZIP (350mil) 
Plastic SOJ (300mil) 
Plastic TSOP (***) 

• Operating Temperature, TA 

MARKING 

- 7 
- S 
-10 

None 
C 
Z 
DJ 
VG 

Commercial (DoC to +70°C) None 
Industrial (-40°C to +S5°C) IT 

GENERAL DESCRIPTION 
The MT4C1026 is a randomly accessed solid-state mem

ory containing 1,04S,576 bits organized in a xl configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while alogic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of WE orCAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pin, data out (Q) 
remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, Q is activated and 
retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

MT4C1026 
REV.1!91 1-31 

1 MEG x 1 DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

18-Pin DIP 
(A-3, B-2) 

D Vss 
WE Q 

RAS CAS 

**TF AS" 

AD A8 

A1 A7 

A2 A6 

A3 AS 

Vee A4 
20-Pin SOJ 

(E-1 ) 

D V,S 
WE Q 

20-Pin ZIP 
(C-2) 

A9" 1 ~_ 2 CAS 
Q 3 r~_ 

4 Vss 
D 5 ~_ 

6 WE 
RAS 7 r=:_ 

NC 9 r~_ 
8 TF" 

AO 11 r-=:.: 
10 NC 
12 AI 

A2 13 "';_ 
14 A3 

Vcc 15 r..-:..: 
16 A4 

A5 17 '"';_ 
18 A6 

A7 19 ~ 20 A8 

RAl! CAS" 
''"TF NC 

NC A9' 

AO M 
A1 A7 
A2 A6 

'" M 
Vee A4 

"Address not used for RAS-ONL Y refresh 
""TF = Test Function, V,N must not exceed Vcc+ 1 V for normal operation 
"""Consult factory on availability of TSOP packages 

STATIC COLUMN operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A9) defined page boundary. The STATIC 
COLUMN cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed
in by CAS. CAS may be toggled by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
STATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS, or HID
DEN REFRESH) so that all 512 combinations of RAS ad
dresses (AO-AS) are executed at least every Sms, regardless 
of sequence. The CAS-BEFORE-RAS refresh will increment 
the refresh counter for automatic RAS addressing_ 

Micron Technology. Inc., reserves the right to change products or specifications without notice. 
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TRUTH TABLE 

Function 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

STATIC COLUMN 1st Cycle 
READ 2nd Cycle 

STATIC COLUMN 1st Cycle 
EARLY-WRITE 2nd Cycle 

STATIC COLUMN 1st Cycle 
READ-WRITE 2nd Cycle 

"RAS"-ONL Y REFRESH 

HIDDEN READ 
REFRESH WRITE 

W\S-BEFORE-RAS 
REFRESH 

FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

"NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 

Address DATA 

~ ~ WE tR tc D (Data In) Q (Data Out) 

H X X X X Don't Care High-Z 

L L H ROW COL Don't Care Data Out 

L L L ROW COL Data In High-Z 

L L H-+L ROW COL Valid Data In Valid Data Out 

L L H ROW COL Don't Care Valid Data Out 
L L H nfa COL Don't Care Valid Data Out 

L L L ROW COL Valid Data In High-Z 
L L H-+L nfa COL Valid Data In High-Z 

L L H-+L ROW COL Valid Data In Valid Data Out 
L L H-+L nfa COL Valid Data In Valid Data Out 

L H X ROW nfa Don't Care High-Z 

L-+H-+L L H ROW COL Don't Care Valid Data Out 
L-+H-+L L L ROW COL Valid Data In High-Z 

H-+L L X X X Don't Care High-Z 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................. -55°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation ...................................................... 600m W 
Soldering Temperature (soldering 10 sec) ................. 260°C 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -2.0 0.8 V 1,25 

INPUT LEAKAGE CURRENT 
any input (OV :<;; VIN :<;; 6.5V, II -2 2 ~ 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV :<;; VOUT :<;; 5.5V) loz -10 10 ~ 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 

STANDBY CURRENT: (TTL) Icc1 2 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 1 1 1 mA 24 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 80 70 60 mA 3,4 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: STATIC COLUMN 
Average power supply current Icc4 60 50 40 mA 3,4 
(RAS = VIL; CAS, Address Cycling: IpC = tpc (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Iccs 80 70 60 mA 3 
(RAS Cycling; CAS = VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Icc6 80 70 60 mA 3,5 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 
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PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9, D CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE CI2 7 pF 2 

Output Capacitance: Q Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vce = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time 'RC 130 150 180 ns 

READ-WRITE cycle time 'RWC 155 175 205 ns 

STATIC-COLUMN READ 'sc 40 45 55 ns 
or WRITE cycle time 

STATIC-COLUMN READ-WRITE 'SRMC 70 80 100 ns 
cycle time 

Access time from RAS 'RAC 70 80 100 ns 14 
Access time from CAS 'CAC 20 20 25 ns 15 
Access time from column address 'M 35 40 50 ns 

Access time from CAS precharge tePA 40 45 50 ns 

RAS pulse width 'RAS 70 100,000 80 100,000 100 100,000 ns 
RAS pulse width (STATIC COLUMN) 'RASC 70 100,000 80 100,000 100 100,000 ns 

RAS hold time tRSH 20 20 25 ns 

RAS precharge time tRP 50 60 70 ns 

CAS pulse width tCAS 20 100,000 20 100,000 25 100,000 ns 

CAS hold time tCSH 70 80 100 ns 

CAS precharge time tCPN 10 10 15 ns 16 
CAS precharge time (STATIC COLUMN) tcp 10 10 10 ns 

RAS to CAS delay time 'RCD 20 50 20 60 25 75 ns 17 
CAS to RAS precharge time 'CRP 5 5 5 ns 
Row address setup time 'ASR 0 0 0 ns 

Row address hold time 'RAH 10 10 15 ns 

RAS to column 'RAD 15 35 15 40 20 50 ns 18 
address delay time 

Column address setup time tASC 0 0 0 ns 

Column address hold time· 'CAH 15 15 20 ns 

Column address hold time 'AR 55 60 70 ns 
(referenced to RAS) 

Column address to 'RAL 35 40 50 ns 
RAS lead time 

Read command setup time 'RCS 0 0 0 ns 

Read command hold time tRCH 0 0 0 ns 19 
(referenced to CAS) 

Read command hold time 'RRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in Low-Z tell 0 0 0 ns 

Output buffer turn-off delay 'OFF 0 20 0 20 0 20 ns 20 
WE command setup time 'WCS 0 0 0 ns 21 

1-34 



1'II1C:F=:I1;~~ MT 4C1 026 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time 'WCH 15 15 20 ns 

Write command hold time 'WCR 55 60 75 ns 
(referenced to RAS) 

Write command pulse width IWp 15 15 20 ns 

Write command to RAS lead time IRWL 20 20 25 ns 
Write command to CAS lead time ICWL 20 20 25 ns 

Data-in setup time IDS 0 0 0 ns 22 
Data-in hold time tDH 15 15 20 ns 22 
Data-in hold time tDHR 55 60 75 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 70 80 100 ns 21 

Column address tAWD 35 40 50 ns 21 
to WE delay time 

CAS to WE delay time teWD 20 20 25 ns 21 
Transition time (rise or fall) tT 3 50 3 50 3 50 ns 9, 10 

Refresh period (512 cycles) IREF 8 8 8 ms 

RAS to CAS precharge time IRPC 0 0 0 ns 
CAS setup time ICSR 10 10 10 ns 5 
(CAS-BEFORE-RAS refresh) 

CAS hold time teHR 15 15 15 ns 5 
(CAS-BEFORE-RAs refresh) 

Write inactive time 'WI 10 10 10 ns 

Last WRITE to column address ILWAD 20 30 20 35 25 45 ns 
delay time 

Last WRITE to column address IAHLW 65 75 95 ns 
hold time 

RAS hold time referenced to OE IROH 10 10 10 ns 

Output data hold time from tAOH 5 5 5 ns 
column address 

Output data enable from WRITE tow tAA tAA tAA ns 
Access time from last WRITE tALW 65 75 95 ns 

Column address hold time tAH 5 5 10 ns 
referenced to RAS HIGH 

CAS pulse width in ICSC teAS ICAS tCAS ns 
STATIC-COLUMN mode 

Output data hold from WRITE 'WOH 0 0 0 ns 
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NOTES 
1. All voltages referenced to V ss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = Jdt/dvwithdv = 3V and Vee = SV. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

S. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the Sms refresh 
requirement is exceeded. 

S. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAc will increase by the amount that IRCD 
exceeds the value shown. 

IS. Assumes that IRCD <'= IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ICPN. 
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17. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAC. 

IS. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and leWD are restrictive 
operating parameters in LATE-WRITE, and READ
MODIFY-WRITE cycles only. If twcs <'= twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. IfIRWD <'= IRWD (MIN), tAWD <'= IAWD 
(MIN) and leWD <'= ICWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions are met, the cycle is a LATE-WRITE and 
the state of Q is indeterminate. (at access time and 
until CAS goes back to VIH) 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. All other inputs equal Vcc -0.2V. 
2S. The device shall meet all functional requirements 

when a -2.0 signal is applied provided the signal is 
not more negative than -l.5V for a period of less than 
20ns and the signal's total duration is 2Sns or less; or a 
-O.3V signal of any duration is presented (DC). 



READ CYCLE 
Re 

tRAS IRP 

IL-
IAR 

IRAD IRAl ~ 

ADDR 
1== ~I ,~'---

='l'§IM ROW J'!!I!!!j COLUMN ROW 

ICSH 

teRP IRCD leAS tCRP 

I 
:~ 

J tRCS IRSH IRRH ~I 
1 I 

- ~ 
'cAe 

IAA 

~I ~ 
- OPEN VALID DATA OPEN -

IRAe 

EARLY-WRITE CYCLE 

IRe 

ADDA 
V,H 
V,l 

teRP 

teAs 

CAS 
VIH -
VIL -

tCWl 

tAWL 

V IH JT.rrT77777TT77T.rrn77777Trm'77777777\ 

V,l ~ -'-''LLL=='LLI.:LLf=ILL<'LLI.:LLL=UL1~_-+I-___ -¥,'LLLLl.L='.Lil'LLLLl.L==:LLLLLL 

Q ~g~ :'---------------OPEN--------------
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RAS 

ADDR 

CAS 

We 

OE 

DO 

ADDA 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

VtH -
VIL _ 

V,H 
VIL 

VIH -
Vil -

VIH _ 
VIL _ 

VIH -
VIL _ 

VIOH -
VIOL -

tRwe 
tRAS tRP 

tRAL 

COLUMN 

tACO 

teRP teSH 

teAs 

leWD tCWL 

tAWD 

tRWD 

STATIC-COLUMN READ CYCLE 

�--------------------~'A~A~SC~--------------------I--'-A-P--

'SC 'SC 

COLUMN COLUMN 

II 'CAS 

II 

" I I'M I~ 
I~ ~ 
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ADDR 

STATIC-COLUMN EARLY-WRITE CYCLE 
(CAS Controlled) 

a ~gt-:---------- OPEN -------------------

ADDR 

STATIC-COLUMN EARLY-WRITE CYCLE 
(WE Controlled) 

a ~g~ ;..-_________ _ 
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STATIC-COLUMN READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRCD 

_ vIH_--.J:=====~1 
CAS VIL- 1-'~flC~S 1--ff--+t--t--;----;-------4"1 

tRWO, twp ~I =':=AW::::D ::.lI--'CWL~==:!lI___-
WE ~:r- I I I~II~ I 

D ~:r::ij'/////$I$$II_/I~III//$~!1///ffff$//IM 

I 'CAe I II ,l~ I 
~ClZ ~ ~F 

a ~gr::--+--+~~~~dW1bvA~LID~DA~TA=:J~~-

ADDR ~:r 

~-ONL Y REFRESH CYCLE 
(ADDR = AO - AS; Ag and WE = DON'T CARE) 

'RAS _'L 'RP 

- J>t \ -
teRP ~I 

=~ "---.I 
'ABR 'RAtI 

-:qjffffi ROW RDW 

a ~~ ='------------OPEN---------

~-BEFORE-lU(S" REFRESI1 CYCLE 
(AO - Ag and WE = DON'T CARE) 

Q ~['::----------OPEN--------

1-40 

~ DON'T CARE 

~ UNDEFINED 



I'IIIC:F::U;~~ MT 4C1 026 

ADDR 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 23 

(READ) (REFRESH) 

...... tOFF 

Q ~g~ :::------OPENI------m .........,~L ____ ...:V~A~LlD~D~AT~A ____ Jt-- OPEN-

'RCD 

ADDR ~:r::: 

HIDDEN REFRESH CYCLE 
(WE = LOW) 

(WRITE) 
tRAS 

(REFRESH) 
tRAS 

tcHR 

1 'os 'OH 
Q ~gr -w//!$i/&{//!///!/&A VALI:::fw//II!///////!III!;'l'//i//////$//$;'l'////////$M 

~ DON'T CARE 

~ UNDEFINED 
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DRAM 

FEATURES 
• Industry standard xl pinout, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single +5V±10% power supply 
• Low power, 1.0mW standby; 150mW active, typical 
• All inputs, outputs and clocks are fully TIL and 

CMOS compatible 
• 512-cycle refresh in 64ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• Optional FAST PAGE MODE access cycle 
• Low CMOS STANDBY CURRENT, 200ILA maximum 

OPTIONS 
• Timing 

70ns access 
SOns access 
lOOns access 

• Packages 
Plastic DIP (300mil) 
Ceramic DIP (300mil) 
Plastic ZIP (350mil) 
Plastic SOJ (300mil) 
Plastic TSOP (***) 

• Operating Temperature, TA 
Commercial (DoC to + 70°C) 
Industrial (-40°C to +S5°C) 

MARKING 

- 7 
- S 
-10 

None 
C 
Z 
DJ 
VG 

None 
IT 

GENERAL DESCRIPTION 
The MT4C1027 is a randomly accessed solid-state mem

ory containing 1,04S,576 bits organized in a xl configura
tion. During READ or WRiTE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRiTE mode. 
During a WRiTE cycle, data in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pin, data out (Q), 
remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, Q is activated and 
retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

MT4C1027 
REV. 1191 1-43 

1 MEG x 1 DRAM 
LOW POWER, FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

18-Pin DIP 
(A-3, B-2) 

D Vss 
Q 

CAS 
Ago 

A8 
A7 
A6 
A5 

A1 
A2 
A3 

Vee A4 
20-Pin SOJ 

(E-1 ) 

0 l' 26 V'" 
WE 26 a - 24 CAS 

uTF 23 NC 
NC 22 A9' 

AO 9 18 A8 
A1 10 17 A7 
A2 11 16 A6 

"" 12 15 AS 
Vee 13 " A. 

"Address not used for "RAS-ONL Y refresh 

20-Pin ZIP 
(C-2) 

A9° 1 '~_ 2 CAS 
Q 3 '~_ 

4 Vss 
0 5 ~_ 

6 WE 
RAS 7 =:._ 

NC 9 '-;_ 
8 TF"" 

AO 11 ~_ 10 NC 

A2 13 ~_ 
12 AI 

Vee 15 ~_ 
14 A3 
16 A4 

A5 17 ~_ 
18 A6 

A7 19 -;_ 
20 A8 

"TF = Test Function, V,N must not exceed Vcc+1V for normal operation 
"'Consult factory on availability of TSOP packages 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row address (AO-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RASfollowed by a column address strobed
in by CAS. CAS may be toggled by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS, or HID
DEN REFRESH) so that all 512 combinations of RAS ad
dresses (AO-AS) are executed at least every 64ms, regardless 
of sequence. The CA5-BEFORE-RAS refresh will increment 
the refresh counter for automatic RAS addressing. 

Micron Technology. Inc., reserveslhe right to change products or specifications without notice. 
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TRUTH TABLE 

Function 

Standby 

READ 

EARL V-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARL V-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL V REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS 
REFRESH 

FUNCTIONAL BLOCK DIAGRAM 
LOW POWER, FAST PAGE MODE 

·NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 

Address DATA 

RE ~ WE IR Ie o (Data In) Q (Data Out) 

H X X X X Don't Care High-Z 

L L H ROW COL Don't Care Data Out 

L L L ROW COL Data In High-Z 

L L H-L ROW COL Valid Data In Valid Data Out 

L H-L H ROW COL Don't Care Valid Data Out 

L H-L H nfa COL Don't Care Valid Data Out 

L H-L L ROW COL Valid Data In High-Z 

L H-L L nfa COL Valid Data In High-Z 

L H-L H-L ROW COL Valid Data In Valid Data Out 

L H-L H-L nfa COL Valid Data In Valid Data Out 

L H X ROW nfa Don't Care High-Z 

L-H-L L H ROW COL Don't Care Valid Data Out 

L-H-L L L ROW COL Valid Data In High-Z 

H-L L X X X Don't Care High-Z 
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ABSOLUTE MAXIMUM RATlNGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -SSOC to + ISO°C 
Storage Temperature (Plastic) .................... -SsoC to + ISO°C 
Power Dissipation ...................................................... 600mW 
Soldering Temperature (soldering 10 sec) ................. 260°C 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1 , 3, 4, 6, 7) (Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vce+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -2.0 0.8 V 1,25 

INPUT LEAKAGE CURRENT 
any input (OV ~ VIN ~ 6.5V, II -2 2 ItA 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ~ VOUT ~ 5.5V) loz -10 10 J..lA 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 
STANDBY CURRENT: (TTL) Icc! 2 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 1 1 1 mA 24 
(RAS = CAS = Vee -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current Icc3 75 65 60 mA 3,4 
(RAS, CAS, Single Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 55 45 40 mA 3,4 
(RAS = VIL; CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Icc5 200 200 200 ItA 3 
(RAS Cycling; CAS=VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Iccs 75 65 60 mA 3,5 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

BATTERY BACKUP REFRESH CURRENT 
Average power supply current during battery backup refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) of Icc? 200 200 200 ItA 5 
1 J..lS; WE, AO-A9 and D in = Vcc -0.2V or 0.2V (D in may be left 
OPEN), IRC = 125J..ls (512 rows at 125J..lS = 64ms) 
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PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9, 0 CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE CI2 7 pF 2 

Output Capacitance: Q Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7,8,9, 10, 11, 12, 13) (Vcc = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 ·8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 130 150 180 ns 

READ-WRITE cycle time tRWC 155 175 205 ns 

FAST·PAGE·MODE READ tpc 40 45 55 ns 
or WRITE cycle time 

FAST·PAGE·MODE READ-WRITE tpRWC 65 70 85 ns 
cycle time 

Access time from RAS tRAC 70 80 100 ns 14 
Access time from CAS tCAC 20 20 25 ns 15 
Access time from column address tAA 35 40 50 ns 

Access time from CAS precharge tCPA 40 45 50 ns 

RAS pulse width tRAS 70 100,000 80 100,000 100 100,000 ns 

RAS pulse width (FAST PAGE MODE) tRASP 70 100,000 80 100,000 100 100,000 ns 

RAS hold time tRSH 20 20 25 ns 

RAS precharge time tRP 50 60 70 ns 

CAS pulse width tCAS 20 100,000 20 100,000 25 100,000 ns 

CAS hold time tCSH 70 80 100 ns 

CAS precharge time tCPN 10 10 15 ns 16 
CAS precharge time (FAST PAGE MODE) tcp 10 10 10 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 17 
CAS to RAS precharge time tCRP 5 5 5 ns 

Row address setup time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

RAS to column· tRAD 15 35 15 40 20 50 ns 18 
address delay time 

Column address setup time tASC 0 0 0 ns 

Column address hold time tCAH 15 15 20 ns 

Column address hold time tAR 55 60 70 ns 
(referenced to RAS) 

Column address to tRAl 35 40 50 ns 
RAS lead time 

Read command setup time tRCS 0 0 0 ns 

Read command hold time tRCH 0 0 0 ns 19 
(referenced to CAS) 

Read command hold time tRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in low·Z tClZ 0 0 0 ns 

Output buffer turn-off delay toFF 0 20 0 20 0 20 ns 20 
WE command setup time twcs 0 0 0 ns 21 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time 'WCH 15 15 20 ns 

Write command hold time 'WCR 55 60 75 ns 
(referenced to RAS) 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 
Write command to CAS lead time tCWL 20 20 25 ns 

Data-in setup time tDS 0 0 0 ns 22 
Data-in hold time tDH 15 15 20 ns 22 
Data-in hold time tDHR 55 60 75 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 70 80 100 ns 21 
Column address tAWD 35 40 50 ns 21 
to WE delay time 

CAS to WE delay time tcWD 20 20 25 ns 21 
Transition time (rise or fall) ty 3 50 3 50 3 50 ns 9, 10 
Refresh period (512-cycles) tREf 64 64 64 ms 

RAS to CASprecharge time tRPC 0 0 0 ns 
CAS setup time tesR 10 10 10 ns 5 
(CAS'BEfORE-RAS refresh) 

CAS hold time tCHR 15 15 15 ns 5 
(CAS·BEfORE-RAS refresh) 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = I d'/dvwithdv =3V and Vc£ =5V. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100~s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 64ms 
refresh requirement is exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that tRCD ;:: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 
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17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, tA WD and tcWD are restrictive 
operating parameters in LATE-WRITE, and READ
MODIFY-WRITE cycles only. If twCS;:: twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. IftRWD;:: IRWD (MIN), tAWD;:: tAWD 
(MIN) and tcWD ;:: tCWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions are met, the cycle is a LA TE-WRITE and 
the state of Q is indeterminate. (at access time and 
until CAS goes back to VIH) 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. All other inputs equal Vcc -02V. . 
25. The device shall meet all functional requirements 

when a -2.0 signal is applied provided the signal is 
not more negative than -l.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (IX). 



READ CYCLE 

IRC 

IRAS IRP 

RAS 
VIH -
VIL _ 

leSH 

IRSH tRAH 

'cRP tRCO ICAS 

CAS 

ADOR 

EARLY-WRITE CYCLE 

RAS 
VIH -
Vil _ 

leSH 

'cRP 

CAS VIH -
VIL _ 

ADDR V,H 
V" ROW 

Q ~gt OPEN----------------
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'AWC 

teSH 

tCRP tCAS 

Q ~g~==--------OPEN------imc=~VA~LI~DD~AT~A==> OPEN-

FAST-PAGE-MODE READ CYCLE 

~ ________ ~tR~AS~P __________ II~ 

_ V1H _,------"11.1 
RAS VIL - ll-----:-------:-tpe---------:-:-----'tl 

tcp 

Q ~g~ :-------OPEN----4~~fl--_mK]~t---~OC~} 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

RAs' V,H 

RASP 

I~ ---
I P 

Vil -
tCSH IpC tRSH 

CAS V,H 
Vil 

ADDR V,H 
Vil 

I~ tRCD teAS tep ICAS ~IC_p __ 
~ ~I 

IAR ~ ~ - ! 

II 
lRAD 

I~l l~ 
tRAL 

I~ tRAH "
1 

I- tASC I~ I~II~I 
::/'/,1;t ROW w/,1;t COLUMN COLUMN COLUMN ROW 

1------++--''''-----1 I I 
WE V,H 

Vil 

Q ~l~ -:----------------OPEN----------------

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

*lpC is for LATE-WRITE only. 
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ICRP 

fij\S-ONL Y REFRESH CYCLE 
(ADDR = AO - AS; Ag and WE = DON'T CARE) 

ADDR ~i~ ROW ROW 

Q ~g~ -:----------------OPEN---------------

~-BEFORE-"RAS REFRESH CYCLE 
(Ao - Ag and WE = DON'T CARE) 

C~ ~:~:-~UL_~L_ ____ _ULULUliLL-_3_ ________________ L_ ___ 

ADDR 

~----------------OPEN-----------------

'RCD 

HIDDEN REFRESH CYCLE 
(WE = HIGH)23 

(READ) 

'RAS 

'RSH 

(REFRESH) 

'RAS 

'CHR 

--'oFF 

Q ~g~ :-------- OPEN------~m~------;vIAAliiLlD);D;;;A::;;TA;__---_) OPEN--
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RAS VIH-
VIL_ 

tCRP 

CAS VIH-
VIL_ 

HIDDEN REFRESH CYCLE 
(WE = LOW) 

(WRITE) (REFRESH) 

1--___ ----'-tR=AS~ __ : tRAS 

tRCD tCHR 

tAR 

tRAD 

• :tASC'II~ • 

ADDR ~:~:: COLUMN 1 tDS tDH 

Q :~ -W//,!$/,!,Mt'IY&@/ '~'::.r#$/#$/$$/#ff$$$#/$#//,!#/$$a 
~ DON'T CARE 

~ UNDEFINED 
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DRAM 

FEATURES 
• Industry standard xl pinout, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single +5V±1O% power supply 
• Low power, 3mW standby; 225mW active, typical 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• 1024-cycle refresh distributed across 16ms 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 

(CBR), and HIDDEN 
• FAST PAGE MODE access cycle 
• 300 and 350 mil wide SOJ packages 
• Two CBR options: CBR with WE a don't care (1 Meg 

compatible) and CBR with WE a HIGH (JEDEC test 
mode capable via WCBR) 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Ceramic DIP (300mil) 
Ceramic DIP (400mil) 
Plastic ZIP (350mil) 
Plastic SOJ (300mil) 
Plastic SOJ (350mil) 
Plastic TSOP (**) 

• CAS-BEFORE-RAS refresh 
CBR with WE a don't care 
CBR with WE a HIGH 

MARKING 

-6 
-7 
-8 

CN 
C 
Z 
DJ 

DJW 
TG 

None 

GENERAL DESCRIPTION 
The MT4C1004 is a randomly accessed solid-state mem

ory containing 4,194,304 bits organized in a xl configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 11 
bits (AO-AlO) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the faIling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the outpu~n remains open 
(High-Z) until the next CAS cycle. If WE goes LOW after 

MT4C1004 
REV. 1/91 1-55 

4 MEG x 1 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

18-Pin CDIP 
(8-2, 8-3) 

0 Vss 
WE Q 

RAS 3 CAS 
A9 
AS 

A1 A7 
A2 A6 

A5 
A4 20-Pin SOJ 

(E-1, E-2) 
D l' 26 V" 

WE 2 25 a 

""" 3 2. "..-
NC • 23 NC 

'A10 5 22 A9 

AO 9 18 AS 
A1 10 17 A7 
A2 11 16 AS 

'" 12 15 At; 

V'" 13 ,. M 

• Address not used for RAS-ONL Y refresh 

20-Pin ZIP 
(C-3) 

"Consult factory on availability of TSOP packages 

data reaches the output pin, data out (Q) is activated and 
retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row address (AO-A10) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed-in 
by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID
DEN REFRESH) so that all 1024 combinations of RAS ad
dresses (AO-A9) are executed atleast every 16ms, regardless 
of sequence. The CAS-BEFORE-RAS cycle will invoke the 
refresh counter for automatic RAS addressing. 

Micron Technology, Inc., reserves the right to change products Of specifications without notice. 
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TRUTH TABLE 

Function 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

FAST-PAGE- 1st Cycle 

MODE READ 2nd Cycle 

FAST-PAGE- 1st Cycle 

MODE WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

"RAS"-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

~-BEFORE- Standard 

RAS" REFRESH "J" Option 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

"NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 

Address DATA 

It(S" ~ we- IR Ie o (Data In) Q (Data Out) 

H X X X X Don't Care High Impedance 

L L H ROW COL Don't Care Data Out 

L L L ROW COL Data In High Impedance 

L L H--L ROW COL Valid Data In Valid Data Out 

L H--L H ROW COL Don't Care Valid Data Out 

L H--L H nla COL Don't Care Valid Data Out 

L H--L L ROW COL Valid Data In High Impedance 

L H--L L nla COL Valid Data In High Impedance 

L H--L H--L ROW COL Valid Data In Valid Data Out 

L H--L H--L nla COL Valid Data In Valid Data Out 

L H X ROW nla Don't Care High Impedance 

L--H--L L H ROW COL Don't Care Valid Data Out 

L--H-L L L ROW COL Valid Data In High Impedance 

H-L L X X X Don't Care High Impedance 

H-L L H X X Don't Care High Impedance 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ....... -l.OV to +7.0V 
Operating Temperature, TA(Ambient) ........ O°C to +70°C 
Storage Temperature (Ceramic) .............. -6SoC to + IS0°C 
Storage Temperature (Plastic) .................. -SsoC to + IS0°C 
Power Dissipation ............................................................ 1 W 
Short Circuit Output Current .................................... SOmA 

'Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ~ T A ~ 70°C; Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
any input (OV ~ VIN ~ 6.5V, II -2 2 I1A 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ~ VOUT ~ 5.5V) loz -10 10 !1A 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 
PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 
STANDBY CURRENT: (TTL) Icc1 2 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 1 1 1 mA 24 
(RAS = CAS = Vec -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current ICC3 110 100 90 mA 3,4 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 80 70 60 mA 3,4 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Icc5 110 100 90 mA 3 
(RAS Cycling, CAS=VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Iccs 110 100 90 mA 3 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 
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PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A 10, D Cit 5 pF 2 

Input Capacitance: RAS, CAS, WE CI2 7 pF 2 

Output Capacitance: Q Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -6 -7 -8 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 110 130 150 ns 

READ-WRITE cycle time tRWC 135 155 175 ns 

FAST-PAGE-MODE tpc 40 40 45 ns 
READ or WRITE cycle time 

FAST-PAGE-MODE tpRWC 60 65 70 ns 
READ-WRITE cycle time 

Access time from RAS tRAC 60 70 80 ns 14 
Access time from CAS tCAC 15 20 20 ns 15 
Access time from column address tAA 30 35 40 ns 

Access time from CAS precharge tePA 40 40 45 ns 25 
RAS pulse width tRAS 60 100,00 70 100,00 80 100,000 ns 

RAS pulse width (FAST PAGE MODE) tRASP 60 100,00 70 100,00 80 100,000 ns 

RAS hold time tRSH 15 20 20 ns 
RAS precharge time tRP 45 50 60 ns 

CAS pulse width tCAS 15 100,000 20 100,000 20 100,000 ns 
CAS hold time tCSH 60 70 80 ns 

CAS precharge time tCPN 10 10 10 ns 16 
CAS precharge time (FAST PAGE MODE) ICp 10 10 10 ns 

RAS to CAS delay time IRCD 15 45 20 50 20 60 ns 17 
CAS to RAS precharge time tCRP 5 5 5 ns 

Row address setup time IASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

HAS to column tRAD 15 30 15 35 15 40 ns 18 
address delay time 

Column address setup time tASC 0 0 0 ns 

Column address hold time ICAH 10 15 15 ns 

Column address hold time tAR 50 55 60 ns 
(referenced to RAS) 

Column address to IRAL 30 35 40 ns 
RAS lead time 

Read command setup time IRCS 0 0 0 ns 
Read command hold time tRCH 0 0 0 ns 19 
(referenced to CAS) 

Read command hold time tRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in Low-Z tell 0 0 0 ns 

Output buffer turn-off delay IOFF 0 20 0 20 0 20 ns 20 
WE" command setup time twcs 0 0 0 ns 21 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -6 -7 -8 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time WCH 10 15 15 ns 

Write command hold time WCR 45 55 60 ns 
(referenced to RAS) 

Write command pulse width twp 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to CAS lead time tCWL 15 20 20 ns 

Data-in setup time tDS 0 0 0 ns 22 
Data-in hold time tDH 10 15 15 ns 22 
Data-in hold time tDHR 45 55 60 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 60 70 80 ns 21 
Column address tAWD 30 35 40 ns 21 
to WE delay time 

CAS to WE delay time tCWD 15 15 20 ns 21 
Transition time (rise or fall) tT 3 50 3 50 3 50 ns 9,10 

Refresh period (1024 cycles) tREf 16 16 16 ms 

RAS to CAS precharge time tRPC 0 0 0 ns 
CAS setup time tCSR 10 10 10 ns 5 
(CAS-BEfORE-RAS" refresh) 

CAS hold time tCHR 15 15 15 ns 5 
(CAS-BEfORE-RAS refresh) 

WE hold time WRH 10 10 10 ns 24 
(CAS-BEfORE-RAS refresh) 

WE setup time WRP 10 10 10 ns 24 
(CAS-BEfORE-RAS refresh) 

WE hold time twTH 10 10 10 ns 24 
(WCBR test cycle) 

WE setup time twTS 10 10 10 ns 24 
(WCBR test cycle) 
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1. 
2. 

3. 
4. 

5. 
6. 

7. 

All voltages referenced to Vss. 
This parameter is sampled. Capacitance is calculated 
from the equation C = I d'/ dv with dv = 3Vand Vee = SV. 
Icc is dependent on cycle rates. 
Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 
Enables on-chip refresh and address counters. 
The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :::; T A :::; 70°C) is assured. 
An initial pause of lOOl1s is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the 16ms refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns. 
9. Vru (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vru and VIL (or between VIL 
and Vru). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between Vru and 
VIL (or between VIL and Vru) in a monotonic manner. 

11. If CAS = Vru, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TfL gates and 

100pF. 
14. Assumes that tRCD < ~CD (MAX). If ~CD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that ~CD 
exceeds the value shown. 

15. Assumes that tRCD ~ ~CD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 
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17. Operation within the ~CD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if ~CD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the ~D (MAX) limit ensures that 
tRCD (MAX) can be met. ~D (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either ~CH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, ~WD, tAWD and tcWD are restrictive 
operating parameters in late WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If twcs ~ 
twcs (MIN), the cycle is an early WRITE cycle and 
the data output will remain an open circuit through
out the entire cycle. If ~WD ~ ~WD (MIN), tAWD ~ 
tAWD (MIN) and tCWD ~ tCWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions are met, the cycle is a LATE-WRITE and 
the state of data out is indeterminate. (at access time 
and until CAS goes back to Vru) 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in late 
WRITE or READ-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. twTs and twTH are set up and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 



READCVCLE 

'RC 
'RAS 'RP 

RAS 
VIH -
VIL _ 

'CSH 
tRSH tRRH 

ICRP tRCD 'CAS 

CAS 
VIH -
VIL -

'AR 

ADDR 

WE 

Q 

EARL V-WRITE CVCLE 

RAS 
V,H -
V,L 

'cSH 

ICAP tACO tCAS 

CAS V,H -
V,L 

ADDR ~:r -LLL.C;'L ___ .,--___ 1'a.'-LL11I. __ ,_,~=::_'r'-'..u..£.£.<T'"fL'<..U..u..£.£.<~ '-___ R_O_W ___ _ 

Q ~gr:~--------------------OPEN---------------------
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'RWC 

'CSH 
'I 'RSH 

teRP 'RCO teAS 

'ASR 'RAH 

ADDR ~:r ROW 

Q ~ge::---------OPEN-------~~~==~VA~L~'D~D~AT~A===:j 

FAST-PAGE-MODE READ CYCLE 

FiAS VIH -
VIL _ 

CAS 

ADDR V,H 
V,L 

WE 
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ROW 
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FAST-PAGE MODE EARLY-WRITE CYCLE 

o V1H VALID DATA 
VIL -:L/.'.LLJ.ilLLLLlLLUL..'.LLJ.:LI1'--_____ -" VALID DATA 

Q ~it -'-------------------OPEN------------------

AODR ~:t 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

a ~g~ '-------
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ADDR 

~·ONL Y REFRESH CYCLE 
(ADDR = Ao - Ag; A10 and WE = DON'T CARE) 

'RAS 

_ V,H _:--------il 
RAS V,L - 11------------""1 

teRP 

ROW 

Q ~g~ -'-------------OPENI------------

~·BEFORE·~ REFRESH CYCLE 
(Ao - A10 = DON'T CARE) 

'RP 

CAS ~:~ :~L---"----tt----'-''-L..LI..<r..t..I..L<..LL.__..,..:!!---tt---''----------
a 

WE ~:~ :wlI!/!//$r jll!lI!!l!/lI!!/I!MWf/I/I!I//I/I/I//////III!$12 

tRCD 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 23 

(READ) 

tRAS 

(REFRESH) 

tRAS 

Q ~g~::..------aPENI-----~~t====~V~AL~ID~DA~TA~==:j OPEN-

1-64 

~ DON'TeARE 

~ UNDEFINED 



4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 1 
Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and 
providing for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 
The most commonly used refresh mode of the 1 Meg is 

the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR 
for the 1 Meg specifies the WE pin as a don't care. The 
4 Meg, on the other hand, specifies the CBR REFRESH 
mode to be a WCBR, which is CBR with the WE pin held 
at a logical HIGH level. 

The reason for WCBR instead ofCBR on the 4 Meg is that 
a CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). In contrast, the 1 Meg 
test mode is entered by applying a HIGH signal to the test 
pin (pin 40n DIP, pin 5 on SOJ and pin 8 on ZIP). This 
HIGH signal is usually a "supervoltage" (V in ~ 7.5V) so 
normal TTL or CMOS HIGH levels will not cause the part 
to enter the test mode. 

POWER-UP 
The 4 Meg WCBR constraint may also introduce an

other problem. The 1 Meg POWER-UP cycle requires a 
100~s delay followed by any 8 RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that 8 RAS-ONL Y orCBR 
REFRESH ( WE held HIGH) cycles must be used. The 

'RAS 

restriction is needed since the 4 Meg may power-up in the 
JEDEC specified test mode and must exit out of the test mode. 
The only way to exit the 4 Meg JEDEC test mode is with either 
a RAS-ONL Y or a WCBR REFRESH cycle. 

SUMMARY 
1. The optional 1 Meg test pin is the AI0 pin on the 4 Meg . 
2. For optional test mode, the 1 Meg requires a valid HIGH 

on the test pin while the 4 Meg requires a CBR cycle with 
WE LOW. 

3. The 1 Meg CBR REFRESH allows the WE pin to be "don't 
care" while the 4 Meg CBR requires WE to be HIGH 
(WCBR). 

4. The 8 RAS wake-up cycles on the 1 Meg may be any valid 
RAS cycle while the 4 Meg may only use RAS-ONL Yor 
WCBR REFRESH cycles. 

SPECIAL FEATURE 
A memory system currently using 1 Meg DRAMs with WE as 

a don't care during CBR REFRESH does not allow for direct 
upgrading to 4 Meg DRAMs. Micron, realizing some appli
cations will have this situation, provides a special feature on 
its 4 Meg DRAM, that requires "supervoltage" to access the 
4 Meg JEDEC WCBR test function. This allows the Micron 
4 Meg DRAM to be refreshed in the same manner as any 
1 MEG DRAM. Note that the eight power-up cycles should 
only be refresh cycles in order to guarantee that any 4 Meg 
DRAM, including Micron's, does not inadvertently power
up in the test mode. 

CAS ~:~: UUL-__ ~ __ _#----~~~il---~--_#----~---------------

__________ ?_ ~g~ ~C.-_-_-_-_-_ -__ -_-_-_-_-_-_+t-__ -_-_-_-_-_-_-_ -__ -_-_-_-_-_-__ O:~N_-_-_-_++-_ -_ -__ -_-_-_-_-_-_ -__ -_-_-_-_-_-_-_ -__ -_-_-_-_-__ . 

{

WCBR TEST MODE: WE 

4MEG 
DRAM 

WeBR REFRESH: WE 

'WTH 

'WRP 'w H ;WRf ;WRtf 

~:~ :wj-- W////!i//IIII//!//!O W//!/&'//!§;///$//!//!I§h 

b~~3 { eBR REFRESH: WE ~:~ 111111&'/111/11/1/ //I!l//III II 1111111/11/1111;///11111111///// //Jl ~ DON'T CARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 
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DRAM 

FEATURES 
• Industry standard xl pinout, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single +5V±10% power supply 
• Low power, 3mW standby; 225mW active, typical 
• All inputs, outputs and clocks are fully TIL and 

CMOS compatible 
• 1024-cycJe refresh distributed across 16ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS 

(CBR), and HIDDEN 
• STATIC COLUMN access cycle 
• 300 and 350 mil wide SOJ pa~es 
• Two CBR options: CBR with WE a don't care (1 Meg 

compatible) and CBR with WE a HIGH (JEDEC test 
mode capable via WCBR) 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 

-6 
-7 
-8 

Ceramic DIP (300mil) C 
Ceramic DIP (400mil) CN 
Plastic ZIP (35Omil) Z 
Plastic SOJ (300mil) DJ 
Plastic SOJ (350mil) DJW 
Plastic TSOP (**) TG 

• CAS-BEFORE-RAS refresh 
CBR with WE a don't care None 
CBR with WE a HIGH J 

GENERAL DESCRIPTION 
The MT4Cl006 is a randomly accessed solid-state mem

ory containing 4,194,304 bits organized in a xl configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 11 
bits (AO-AI0) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRlTEmode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the outpu~n remains open 
(High-Z) until the next CAS cycle. If WE goes LOW after 

MT4C1006 
AEV.1191 1-67 

4 MEG x 1 DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

18-Pin CDIP 
(8-2,8-3) 

D Vss 
WE Q 

RAS CAS 
*A10 A9 

AO AS 
A1 A7 

A6 
A3 A5 

Vee A4 

20-Pin SOJ 
(E-1, E-2) 
D l' 26 V" 

WE 2 25 a -3 2' as 
NO 23 NO 

·A10 22 A9 

AO 9 ,. A8 
A1 10 17 A7 
A2 11 16 A6 
AS 12 15 AS 

Voo ~ A. 

20-Pin ZIP 
(C-3) 

A91~2CAS 
Q 3~:4 Vss 
~ 5-0_ 6 WE 

R~~ ~;, 8 A10' 
AO 11 _~- 10 NC 
A2 13;'- 12 A1 

Vee 15~: ~: :! 
AS 17 -,_ 18 A6 
A7 19 -,_ 20 A8 

'Address not used for RAS-ONL Y refresh 
"Consult factory on availability of TSOP packages 

data reaches the output pin, data out (Q) is activated and 
retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

STATIC COLUMN operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A 10) defined page boundary. The STATIC 
COLUMN cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed
inbyCAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the 
STATIC COLUMN operation. . 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS ONLY, CAS-BEFORE-RAS, or HID
DEN REFRESH) so that all 1024 combinations of RAS ad
dresses (AO-A9) are executed at least every 16ms, regardless 
of sequence. The CAS-BEFORE-RAS cycle will invoke the 
refresh counter for automatic RAS addressing. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

WE~~============~==~===+;1=>-------1 CAS 0-
1--------0 D 

TRUTH TABLE 

Function 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

STATIC COLUMN 1st Cycle 

READ 2nd Cycle 

STATIC COLUMN 1st Cycle 

WRITE 2nd Cycle 

STATIC COLUMN 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE- Standard 

RAS REFRESH "J" Option 

"NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 

Address DATA 

mm- "CAS" WE tR tc o (Data In) Q (Data Out) 

H X X X X Don't Care High Impedance 

L L H ROW COL Don't Care Data Out 

L L L ROW COL Data In High Impedance 

L L H-L ROW COL Valid Data In Valid Data Out 

L L H ROW COL Don't Care Valid Data Out 

L L H n/a COL Don't Care Valid Data Out 

L L L ROW COL Valid Data In High Impedance 

L L H-L n/a COL Valid Data In High Impedance 

L L H-L ROW COL Valid Data In Valid Data Out 

L L H-L n/a COL Valid Data In Valid Data Out 

L H X ROW n/a Don't Care High Impedance 

L-H-L L H ROW COL Don't Care Valid Data Out 

L-H-L L L ROW COL Valid Data In High Impedance 

H-L L X X X Don't Care High Impedance 

H-L L H X X Don't Care High Impedance 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Ceramic) ................. -6SoC to + lS0°C 
Storage Temperature (Plastic) .................... -SSoC to + lS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections ofthis specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (DoC::; T A::; 70°C; Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
any input (OV ::; VIN ::; 6.5V, It -2 2 ~ 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ::; VOUT ::; 5.5V) loz -10 10 ~ 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 
PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) Icc1 2 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 1 1 1 mA 24 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current ICC3 110 100 90 mA 3,4 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: STATIC COLUMN 
Average power supply current Icc4 80 70 60 mA 3,4 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Iccs 110 100 90 rnA 3 
(RAS Cycling, CAS=VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current ICC6 110 100 90 rnA 3 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 
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PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A10, D Cit 5 pF 2 

Input Capacitance: RAS, CAS, WE CI2 7 pF 2 

Output Capacitance: Q Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -6 -7 -8 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 110 130 150 ns 

READ-WRITE cycle time tRWC 135 155 175 ns 

STATIC-COLUMN tsc 40 40 45 ns 
READ or WRITE cycle time 

STATIC-COLUMN tSRMC 65 70 75 ns 
READ-WRITE cycle time 

Access time from RAS tRAC 60 70 80 ns 14 
Access time from CAS tCAC 15 20 20 ns 15 
Access time from column address tAA 30 35 40 ns 

Access time from CAS precharge tCPA 40 40 45 ns 25 
RAS pulse width tRAS 60 100,00 70 100,00 80 100,000 ns 

RAS pulse width (STATIC COLUMN) tRASC 60 100,00 70 100,00 80 100,000 ns 

RAS hold time tRSH 15 20 20 ns 

RAS precharge time tRP 45 50 60 ns 

CAS plJlse wirlth teAS 15 inn nnn 20 100,000 20 100,000 ns .... "', ... "'.., 

CAS hold time tCSH 60 70 80 ns 

CAS precharge time tCPN 10 10 10 ns 16 
CAS precharge time (STATIC COLUMN) tep 10 10 10 ns 

RAS to CAS delay time tRCD 15 45 20 50 20 60 ns 17 
CAS to RAS precharge time tCRP 5 5 5 ns 

Row address setup time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

RAS to column tRAD 15 30 15 35 15 40 ns 18 
address delay time 

Column address setup time tASC 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time tAR 50 55 60 ns 
(referenced to RAS) 

Column address to tRAl 30 35 40 ns 
RAS lead time 

Read command setup time tRCS 0 0 0 ns 

Read command hold time tRCH 0 0 0 ns 19 
(referenced to CAS) 

Read command hold time tRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in low-Z telZ 0 0 0 ns 

Output buffer turn-off delay 'oFF 0 20 0 20 0 20 n!> 20 
WE command setup time twcs 0 0 0 ns 21 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -6 -7 -8 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Write command hold time twCH 10 15 15 ns 

Write command hold time tWCR 45 55 60 ns 
(referenced to RAS) 

Write command pulse width twp 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to CAS lead time ICWL 15 20 20 ns 

Data-in setup time IDS 0 0 0 ns 22 

Data-in hold time tDH 10 15 15 ns 22 
Data-in hold time tDHR 45 55 60 ns 
(referenced to RAS) 

RAS to WE delay time IRWD 60 70 80 ns 21 

Column address IAWD 30 35 40 ns 21 
to WE delay time 

CAS to WE delay time 'CWO 15 15 20 ns 21 
Transition time (rise or fall) IT 3 50 3 50 3 50 ns 9,10 

Refresh period (1024 cycles) tREF 16 16 16 ms 

RAS to CAS precharge time tRPC 0 0 0 ns 
CAS setup time ICSR 10 10 10 ns 5 
(CAS-BEFORE-RAS refresh) 

CAS hold time ICHR 15 15 15 ns 5 
(CAS-BEFORE-RAS refresh) 

WE hold time twRH 10 10 10 ns 24 
(CAS-BEFORE-RAS refresh) 

WE setup time twRP 10 10 10 ns 24 
(CAS-BEFORE-RAS refresh) 

WE hold time twTH 10 10 10 ns 24 
(WCBR test cycle) 

WE setup time IWTS 10 10 10 ns 24 
(WCBR test cycle) 

Write inactive time twl 10 10 10 ns 

Last WRITE to column address ILWAD 15 25 20 30 20 35 ns 
delay time 

Last WRITE to column address IAHLW 55 65 75 ns 
hold time 

. RAS hold time referenced to OE tROH 10 10 10 ns 
Output data hold time from tAOH 5 5 5 ns 
column address 

Output data enable from WRITE tow 20 20 20 ns 

Access time from last WRITE tALW 55 65 75 ns 

Column address hold time IAH 5 5 10 ns 
referenced to RAS HIGH 

CAS pulse width in tcsc tCAS tCAS tCAS ns 
STATIC-COLUMN mode 

Output data hold from WRITE twOH 0 0 0 ns 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = I d'j dv with dv = 3Vand Vee = SV. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (DOC ~ TA ~ 70°C) is assured. 

7. An initial pause of lOOl1s is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the 16ms refresh requirement is 
exceeded. 

8. AC characteristics assume ty = Sns. 
9. VIR (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIR and VIL (or between VIL 
and VIR). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIR and 
VIL (or between VIL and VIR) in a monotonic manner. 

11. If CAS = VIR, data output is high impedance. 
12. If c...~S = VII .. , data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

l00pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 
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17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IAWD and !CWD are restrictive 
operating parameters in late WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If twcs ~ 
twcs (MIN), the cycle is an early WRITE cycle and 
the data output will remain an open circuit through
out the entire cycle. If IRWD ~ IRWD (MIN), IAWD ~ 
tA WD (MIN) and tCWD ~ ICWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions are met, the cycle is a LATE-WRITE and 
the state of data out is indeterminate. (at access time 
and until CAS goes back to V lH) 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in late 
WRITE or READ-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. twTS and twTH are set up and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. . 



READ CYCLE 

'AC 

'AAS ,"p 

1'----
'AA 

tRAD IRAl 'AH 

V,H 
ADOR VrL 

'ASA 

~I I- n--::w0t AOW l0'llla COLUMN 

teSH 

teAP IRCD teAS ICRP 

I 
~-.I 

lACS IRSH tRRH t:==1 
I I 

- ~ 
tcAc 

'M 

~ ~ -
Opt" VALID DATA OPEN -

'AAe 

EARLY-WRITE CYCLE 

ADDR 
v,H 
VIl 

tRSH 

ICRP tCSH 

'CAS 

CAS 
VJH -
VIL -

tCWL 

tRWl 

twcs .IWCH 

twP 

a ~gr :::-------------OPEN-------------
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'RAS 

V,H _:-------il 
VIL _ 

ADDR 
V,H .J7777:,.k-----'-'---------,lm'.k-------------'------,LITrTT,'7n'7T7>. 
VIL COLUMN 

'CAS 

STATIC-COLUMN READ CYCLE 

___________ 'R~A~S~C ___________ ·II~ 

'sc 'RAL 'AH 

ADDR COLUMN COLUMN COLUMN 

tRSH 

II 'CAP II 'CAS ~ 

II 
, 

II ,tRCS 

I~ 
tCAC 

a ~g~:----'--------+-IX)I)J 
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ADDR 

STATIC-COLUMN EARLY-WRITE CYCLE 
(CAS controlled) 

Q ~g~ :-----------opEN --------------------

ADDR ~:~ 

D 

STATIC-COLUMN EARLY-WRITE CYCLE 
(WE controlled) 

Q ~ge-:--------------OPEN----------------------
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STATIC-COLUMN READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RAS ~:t= -
tRAD 

tASR tRAH tAWD II 
I~--:I 

ROW _ COLUMN ADDR ~:t= 

I tRCD tewD 

I 

tRCS 

tRWD 

11111111111111jf 
I I tDS 

tCAC 

tCLZ 

-.6, 
1W'. 

::~~I 

tRASC tRP 

'--
tSRWC tRAL 

tLWAD 
I 

tRWL 

&ll!llJ COLUMN WIIIIIIIIIIIIIIIIIIIIIII// 

tCAH -

twp I 1AWD 

~ ~ I 

I 
I~ 

tow 

~ 

-I 
~ 

VALID 
DATA 

~I 
tCWL 

Y(/ I I I I I I I I IIIIIIIIIIII;! 

'OFF 
-I 

VALID DATA ~ VALID DATA 

I 'AOH 

tAl'" 
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"RAS"-ONL Y REFRESH CYCLE 
(ADDR = AO - Ag; A10 and WE = DON'T CARE) 

tRAS tAP 

1 
. 

\ 
I' 

leRP . I~ 
CAS ~:t _ :---.-/ ~ 

iASR , tRAH . 
ADDR ~:r _r-----Ro- W --kr#I$/IIIII//IIIII//$//////$III///)0<r----RO-W --

Q ~gr -:-------------OPEN.------------

Q 

ADDR ~Ir= 

----1 

~I 

~-BEFORE-RAS" REFRESH CYCLE 
(AO - A10 = DON'T CARE) 

tRP tRAS tRP tRAS 

J } 
1··tcPfi II~ ~l ~~ ~I 

"!IIIII ~ 

~ 

JlIIIIIIIIII , f 
OPEN 

!WRtI ~~ 
WIII/IIIIIIIIIII//i//l ~//ii//IIII/////I/III///ii////h 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 23 

(READ) 

tRAS 

(REFRESH) 

tRAS 

-\oFF 

a ~gt-'------OPENI----~W1L ___ '!!.vA:':'-"LlD~DA~TA~ __ J OPEN-
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The 4 Meg DRAM introduces two potential incompati
bilities compared to the previous generation 1 Meg DRAM. 
The incompatibilities involve refresh and power-up. Un
derstanding these incompatibilities and providing for them 
will offer the designer and system user greater compatibil
ity between the 1 Meg and 4 Meg. 

REFRESH 
The most commonly used refresh mode of the 1 Meg is 

the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBRfor 
the 1 Meg specifies the WE pin as a don't care. The 
4 Meg, on the other hand, specifies the CBRREFRESH mode 
to be a WCBR, which is CBR with the WE pin held at a 
logical HIGH level. 

The reason for WCBR instead of CBR on the 4 Meg is that 
a CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). In contrast, the 1 Meg 
test mode is entered by applying a HIGH signal to the test 
pin (pin 4 on DIP, pinSonSOJ and pin 8 on ZIP). This HIGH 
signal is usually a·"supervoltage" (V in ~ 7.5V) so normal 
TTL or CMOS HIGH levels will not cause the part to enter 
the test mode. 

POWER-UP 
The 4 Meg WCBR constraint may also introduce another 

problem. The 1 Meg POWER-UP cycle requires a 1()()l!sdelay 
followed by any 8 RAS cycles. The4 Meg POWER-UP is more 
restrictive in that 8 RAS-ONL Y or WCBR REFRESH (WE 
held HIGH) cycles must be used. The restriction is needed 

since the 4 Meg may power-up in the JEDEC specified test 
mode and must exit out of the test mode. The only way to 
exit the 4 Meg JEDEC test mode is with either a RAS-ONL Y 
or a WCBR REFRESH cycle. 

SUMMARY 
1. The optional 1 Meg test pin is the A10 pin on the 4 Meg . 
2. For optional test mode, the 1 Meg requires a valid 

HIGH on the test pin while the 4 Meg requires a CBR 
cycle with WE LOW. 

3. The 1 Meg CBR REFRESH allows the WE pin to be "don't 
care" while the 4 Meg CBR requires WE to be HIGH 
(WCBR). 

4. The 8 RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may onlyuse RAS-ONLY 
or WCBR REFRESH cycles. 

SPECIAL FEATURE 
Amemorysystemcurrentlyusing 1 Meg DRAMs with WE as 

a don't care during CBR REFRESH does not allow for direct 
upgrading to 4 Meg DRAMs. Micron, realizing some com
panies will have this situation, provides a special feature on 
its 4 Meg DRAM, that requires "supervoltage" to access the 
4 Meg JEDEC WCBR test function. This allows the Micron 
4 Meg DRAM to be refreshed in the same manner as any 1 
MEG DRAM. Note that the eight power-up cycles should 
only be refresh cycles in order to guarantee that any 4 Meg 
DRAM, including Micron's, does not inadvertently power
up in the test mode. 

CAS ~:~: 
ULU---~~--~----~~~~--~----H-~ __ ~ ______________ __ 

.......... ? .~~~ ~:-.-.-. -. -.. -.-.-.-.-.-. -. +t-.. -.-.-.-.-.-. -. -.. -.-.-.-.-.-.. O:':N. . .. . .......................... . 

{

WCBR TEST MODE: WE 

4MEG 
DRAM 

WeBR REFRESH: WE 

VIH -
VIL -LLU:..t...l..O~-++ ____ -"-''_LLI.~LLU'_LLI..LLI..t..Li1>o __ -+l-______ .IJl..Lj'_LLI.~LLU'-U..l..LLI..LLU:.t..LLL 

!WRf tWRH 

WI$I!$IIIII§#/;) --W$$I$I§'IIII!/I§'II§'Ih/ 

b~~~ { CBR REFRESH: WE ~:~ :J//I! 11111 $/ 11$// II /1111 //II!II 11//11 II§' I! II! III $/ 1!/2 ~ DON'T CARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 
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DRAM 

FEATURES 
• Industry standard xl pinout, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single power supply: +5V±1O% or +3.3V±10% 
• Low power, 3mW standby; 250mW active, typical 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS 

(CBR), and HIDDEN 
• 4096-cycle refresh distributed across 64ms 

OPTIONS MARKING 
• Timing 

SOns access -5 
60ns access -6 
70ns access -7 
80ns access -8 

• Packages 
Plastic ZIP (475mil) Z 
Plastic SOJ (400mil) DJ 
Plastic TSOP (*) TG 

• Refresh Period 
4096 cycles @ 64ms None 

• Operating Temperature, TA 
Commercial (O°C to +70°C) None 
Industrial (-40°C to +85°C) IT 

• Power Supply 
+5V±10% None 
+3.3V±10% V 

GENERAL DESCRIPTION 
The MT4C10016/7 are randomly accessed solid-state 

memories containing 16,777,216 bits organized in a xl 
configuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 24 address bits, which are 
entered 12 bits (AO-A1l) at a time. RASis used to latch the 
first 12 bits and CAS the latter 12 bits. A READ or WRITE 
cycle is selected with the WE input. A logic HIGH on WE 
dictates READ mode while a logic LOW on WE dictates 
WRITE mode. During a WRITE cycle, data in (D) is latched 
by the falling edge of WE or CAS, whichever occurs last. If 
WE goes LOW prior to CAS going LOW, the output pin 

MT4C1001617 
REV. 1191 1-79 

16 MEG x 1 DRAM 
FAST PAGE MODE: 
STATIC COLUMN: 

MT4C10016 
MT4C10017 

PIN ASSIGNMENT (Top View) 

24-Pin SOJ 24-Pin ZIP 
(E-7) 
~ A9 1" 

v"" ,. 28 VSS 
CAS 3 ~ 2 NC 

D 2 27 Q , 4 NC 
NC 3 26 NC Q 5 ~ 6 Vss WE 4 25~= Vee 7 ~ 

RAS 5 24PNC 8 D 
A11 6 23 A9 

NC 9 ~ 10 WE 
RAS 11 ~ 12 A11 
A10 13 ~ 14 AO A1D 9 ~~ ~ ~~ A1 15 ~ 

AD 10 16 A2 
A1 11 18 A8 A3 17 ~ 18 Vee 
A2 12 17 ~ A5 Vss 19 ~ 20 A4 
A3 13 16 ~M A521~22A6 

Vee 14 15 P Vss A7 22 ~ 24 '------- A8 

'Consull factory on availablily of TSOP packages 

remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, data out (Q) is 
activated and retains the selected cell data as long as CAS 
remains LOW (regardless of WE or RAS). This late WE pulse 
results in a READ-WRITE cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -All) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed-in 
byCAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CBR), or 
HIDDEN REFRESH) so that all 2048/4096 combinations of 
RAS addresses (AO-A10/ All) are executed at least every 
32ms/64ms, regardless of sequence. The CBR refresh cycle 
will invoke the refresh counter for automatic RAS ad
dreSSing. 

The MT4C1 0016 /7 are available with either 2048 cycles or 
4096 cycles of refreshing. If CBR refresh is used, the 2048-
cycle version will work in either a 2048 or a 4096 cycle 
application. 

Micron Technology, Inc., reserves the right to change products 01 specifications without notice. 
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DRAM 

FEATURES 
• Industry standard pinout, timing and functions 
• All inputs, outputs, and clocks are fully TTL 

compatible 
• Single +5V±1O% power supply 
• Low power, 15mW standby; 150mW active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 256-cycle refresh in 4ms 
• Optional PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

lOOns access -10 
120ns access -12 
150ns access -15 

• Packages 
Plastic DIP None 
Ceramic DIP C 
Plastic ZIP Z 
PLCC EJ 

GENERAL DESCRIPTION 
The MT4067 is a randomly accessed solid-state memory 

containing 262,144 bits organized in a x4 configuration. The 
16 address bits are entered 8 bits at a time usingRAS to latch 
the first 8 bits and CAS the latter 8 bits. If the WE pin goes 
LOW prior to CAS going LOW, the output pin remains open 
until the next CAS cycle. If WE goes LOW after data reaches 
the output pin, the output pin is activated and retains the 
selected cell data as long as CAS remains LOW (regardless 
of WE or RAS). This late WE pulse results in a READ
MODIFY-WRITE cycle. Data-in (D) is latched when WE 
strobes LOW. 

By holding RAS LOW, CAS may be toggled to execute 
several faster READ, WRITE, READ-WRITE or READ-

MT4067 
REV. 1191 1-81 

64Kx4 DRAM 
PAGE MODE 

PIN ASSIGNMENT (Top View) 

18-Pin DIP 
(A-2,8-2) 

20-Pin ZIP 
(C-2) 

OE 
DQ1 
DQ2 
WE 

RAS 
A6 
A5 
A4 

Vcc 
'-----' 

VSS 

DQ4 
CAS 
DQ3 
AD 
A1 
A2 
A3 
A7 

D03 
D04 
OE 

D02 
RAS 

NC 
A5 

1 '-' 
3 ,_~- 2 
5 ,_~- 4 
7 ,_~- 6 
9 ,_~- 8 

11 ,_~- 10 

Vss 
D01 
WE 
NC 

'- 12 A6 
13 '-;._ 14 A4 

Vee 15 '-;._ 16 A7 
A3 17 '-' 
A1 19 ,_~- 18 A2 

'- 20 AO 

18-Pin PLCC 
(D-1 ) 

DQ2 3 
WE 4 

RAS 5 
A6 6 
AS 7 

~ .... 0lwo :go o >0 

16 CAS 
15 DQ3 
14 AO 
13 A1 
12 A2 

MODIFY-WRITE cycleswithintheRASaddress defined page 
boundary. Returning RAS HIGH terminates the memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS HIGH time. Memory cell data is retained in its correct 
state by maintaining power and executing a RAS (refresh) 
cycle so that all 256 combinations of RAS addresses are 
executed at least every 4ms (regardless of sequence). Micron 
recommends evenly spaced refresh cycles for maximum 
data integrity. 

Micron TecI'nology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 
PAGE MODE 

C~ ~----------------~~ 

TRUTH TABLE 

Addresses 

Function RAS ~ WE OE 'R iC 

Standby H X X X X X 

READ L L H L ROW COL 

WRITE L L L X ROW COL 
(EARLY-WRITE) 

READ-WRITE L L H--L--H L--H ROW COL 

PAGE-MODE L H--L--H H L ROW COL 
READ 

PAGE-MODE L H--L-+H L H ROW COL 
WRITE 

PAGE-MODE L H-+L-+H H-+L-+H L-+H ROW COL 
READ-WRITE 

RAS-ONLY L H X H ROW n/a 
REFRESH 

HIDDEN L-+H-+L L X H ROW COL 
REFRESH 

CAS-BEFORE- H-+L L X H X X 
RAS REFRESH 
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MEMORY 
ARRAY 

High Impedance 

Data Out 

Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data Out 

Valid Data In, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

Valid Data Out 

High Impedance 

DOl 
D02 
D03 
DQ4 



ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Ceramic) ................. -6SoC to + lS0°C 
Storage Temperature (Plastic) .................... -Ssoc to + lS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification isnotimplied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1,2,3,4,6) (O°C ::; TA ::; 70°C; Vee = 5.0V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE 
Input IJ:lakage current, any input (OV ::; VIN ::; Vee), II -10 10 ~ 
all other pins not under test = OV 

OUTPUT LEAKAGE 
Output leakage current (0 is disabled, loz -10 10 J.LA 
OV ::; VOUT::; Vee) 

OUTPUT LEVELS VOH 2.4 V 
Output High (Logic 1) voltage (lOUT = -5mA) 1 

Output Low (Logic 0) voltage (lOUT = 5mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -10 -12 -15 UNITS NOTES 

STANDBY CURRENT: TTL input levels Icct 5 5 5 rnA 
(RAS = CAS = VIH after 8 RAS cycles) 

OPERATING CURRENT: Random READIWRITE Icc2 55 55 45 rnA 2 
(RAS and CAS = Cycling: IRC = tRC (MIN)) 

OPERATING CURRENT: PAGE MODE ICC3 55 55 45 rnA 2 
(RAS = VIL; CAS = Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y ICC4 40 40 35 rnA 2 
(RAS = Cycling; CAS = VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS Iccs 55 55 45 rnA 2,22 
(RAS and CAS = Cycling: IRC = tRC (MIN)) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-AS Cit 5 pF 18 

Input Capacitance: RAS, CAS, WE, OE CI2 8 pF 18 

InpuVOutput Capacitance: DO Cia 7 pF 18 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 17, 18) (O°C S; T A S; 70°C; Vee = 5.0V ±10%) 

A.C. CHARACTERISTICS -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time IRC 190 220 260 ns 6, 7 
READ-MODIFY-WRITE cycle time IRWC 250 295 345 ns 
PAGE-MODE cycle time IpC 90 100 120 ns 6, 7 

Access time from RAS IRAC 100 120 150 ns 7,8 
Access time from CAS ICAC 50 60 75 ns 7,9 
Output Enable toE 25 30 40 ns 

RAS pulse width IRAS 100 10,000 120 10,000 150 10,000 ns 
RAS hold time IRSH 50 60 75 ns 

RAS precharge time IRP 80 90 100 ns 

CAS pulse width teAS 50 10,000 60 10,000 75 10,000 ns 
CAS hold time ICSH 100 120 150 ns 
CAS precharge time ICPN 25 25 30 ns 19 

CAS precharge time (PAGE MODE) ICp 30 30 35 ns 
RAS to CAS delay time IRCD 25 50 25 60 25 75 ns 13 
CAS to RAS setup time ICRP 15 20 20 ns 

Row address setup time IASR 0 0 0 ns 
Row address hold time IRAH 15 15 15 ns 
Column address setup time IASC 0 0 0 ns 

Column address hold time ICAH 20 20 25 ns 
Column address hold time IAR 70 80 100 ns 
referenced to RAS 
READ command setup time IRCS 0 0 0 ns 

READ command hold time IRCH 0 0 0 ns 14 
referenced to CAS 

READ command hold time IRRH 0 0 0 ns 
referenced to RAS 

Output buffer turn-off delay toFF 0 30 0 30 0 35 ns 12 

Output Disable too 30 30 35 ns 
WE command setup time twcs 0 0 0 ns 16 
WRITE command hold time twCH 35 40 45 ns 
WRITE command hold time twCR 85 100 120 ns 
referenced to RAS 

WRITE command pulse width IWp 35 40 45 ns 

WRITE command to RAS lead time IRWL 35 40 45 ns 

WRITE command to CAS lead time ICWL 35 40 45 ns 
Data-in setup time IDS 0 0 0 ns 15 
Data-in hold time IDH 35 40 45 ns 15 
Data-in hold time referenced to RAS IDHR 60 65 70 ns 
CAS to WE delay teWD 70 90 110 ns 16 
RAS to WE delay IRWD 120 150 185 ns 16 
Transition time (rise or fall) IT 3 100 3 100 3 100 ns 5, 17 
Refresh period (256 cycles) IREF 4 4 4 ms 22 

CAS hold time ICHR 20 25 30 ns 21 
(CAS-BEFORE-FiAS refresh) 

CAS setup time ICSR 15 20 20 ns 21 
(CAS-BEFORE-RAS) refresh 

RAS to CAS precharge time IRPC 0 0 0 ns 21 
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NOTES 
1. All voltages referenced to Vss. 
2. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100/-1s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 4ms refresh 
requirement is exceeded. 

4. AC characteristics assume l'f = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (DOC :s; T A :s; 70°C) is assured. 

7. Measured with a load equivalent to 2 TTL gates and 
100pF. 

8. Assumes that tRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

9. Assumes that tRCD;?: IRCD (MAX). 
10. If CAS = VIH, data output is high impedance. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the tRCD (MAX) limit ensures that 
lRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

14. tRCH is referenced to the first rising edge of RAS or 
CAS. 
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15. These parameters are referenced to CAS leading edge 
in early WRITE cycles and to the WE leading edge in 
late WRITE or READ-MODIFY-WRITE cycles. 

16. twcs, tRWD, tAWD and tcWD are restrictive 
operating parameters in LATE-WRITE, and READ
MODIFY-WRITE cycles only. If tWCS;?: twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit through out the 
entire cycle. If tRWD;?: IRWD (MIN), tAWD;?: tAWD 
(MIN) and tcWD ;?: tCWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. (at access time and until CAS or DE" 
goes back to VIH) 

17. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

18. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt / dv with dv = 3V and Vee = SV. 

19. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tcP. Note 8 applies to determine 
valid data out. 

20. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, (VIH) Q goes open. If OE is 
tied permanently LOW, a READ-MODIFY-WRITE 
operation is not possible. 

21. On-chip refresh and address counters are enabled. 
22. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 
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READ CYCLE 

RAS 
VIH -
VrL _ 

teSH 

teRP 'RCD teAS 

CAS 
VIH -
V1L -

ADDR ROW 

WE 

DO VrOH -
VIOL OPEN --------:-:-------cp~~=t--OPEN---

DE ~It -Wl/I_III/I/!/JII!//I11!//IIII!II!//I11!/J 

EARLY-WRITE CYCLE 

tRC 

tRAS 
11-; ---------'''''''-----11--'''---1 

teSH 

tRSH 

'cRP tRCD teAS 

ADOR ~l~ ROW 

DQ ~lgt VALID DATA 

DE ~1~::1/1 II! /I!/J /I 1// /II ///III /I//Ii/l/l!/J 1// /II /I /I !/J//// /I /I ///II! /I /!/J /II /I!II!IIII //II /I!/J //1/1/_ 
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RAS VIH -
VIL -

CAS 

ADDR VIH 
VIL 

WE 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'ASH 

PAGE-MODE READ CYCLE 

1 __________________________ -2IAA~S~ __________________________ ~~ 
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PAGE-MODE EARLY-WRITE CYCLE 

IRP 

i'iAS VIH -
VIL _ 

leSH 

CAS 

AllOR V,H 
V,L 

WE V,H 
V,L 

DO VICH 
V,OL 

OE 
.---------'---------OPEN-----------------VtH -

VIL _ 

ADDR 

PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'csH 
Ipc 

ICWO 

ICAcJ 
10H 

lOS 1 __ 

OPEN--

loe-j :1 -too loe-+! 1:1 100 10E-1 1-1-100 

OE ~Lrn:W,lj77T1I,lj7T711f7T7W,lj777%TT7W,lj777W,lj777W777W,lj777W7771fi777W~ J 'ljc-------U,..-----
~ DON'T CARE 

~ UNDEFINED 
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'cRP 

~-ONL Y REFRESH CYCLE 
(ADDR = AO - A7; WE = DON'T CARE) 

ROW 

DO ~g~ -:--------------OPEN---------------

~-BEFORE-~ REFRESH CYCLE 
(AO - A7, WE, OE = DON'T CARE) 

- V'H-
CAS V,L --...L.LL4--_-:!~ ____ <..Ll..<OLLI..LLLL.Il....._--"-______________ _'__ 

DO ~gr :~--------------OPEN---------------

ADDR 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 22 

(READ) (REFRESH) 

DO :-------OPENI--------1=:===~VA~LI~D~DA~TA=:===~ OPEN-

~
toE 

1'77<rTT77TT7777777TTT;rTT7"T7T77TJ777TTTl'77 toRD 

DE ~ir :!!/!I///I/!!!!!!!!!!!//////!!///!!!!IIF~ 
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DRAM 

FEATURES 
• Industry standard x4 pinout, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single +5V±10% power supply 
• Low power, 3mW standby; 175mW active, typical 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• 5l2-cycle refresh in 8ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• Optional FAST PAGE MODE access cycle 

OPTIONS 
• Timing 

70ns access 
80ns access 
lOOns access 

• Packages 
Plastic DIP (300mil) 
Ceramic DIP (300mil) 
Plastic ZIP (350miI) 
Plastic SOJ (300mil) 
Plastic TSOP (*) 

• Operating Temperature, TA 

MARKING 

- 7 
- 8 
-10 

None 
C 
Z 
DJ 
VG 

Commercial (O°C to +70°C) None 
Industrial (-40°C to +85°C) IT 

GENERAL DESCRIPTION 
The MT4C4256 is a randomly accessed solid-state mem

ory containing 1,048,576 bits organized in a x4 configura
tion. During READ or WRITE cycles each bit is uniquely 
addressed through the 18 address bits which are entered 9 
bits (AO-AS) ata time. RASisused to latch the first 9 bits and 
CAS the latter 9 bits. A READ or WRITE cycle is selected 
with the WEinput.Alo~GHon WE dictates READ mode 
while a logic LOW on WE dictates WRITE mode. During a 
WRITE cycle, data in (D) is latched by the falling edge of 
WE or CAS, whichever occurs last. If WE goes LOW prior 
to CAS going LOW, the ou~pin(s) remain open (High-Z) 
until the next CAS cycle. If WE goes LOW after data reaches 
the output pin, data out (Q) is activated and retains the 
selected cell data as long as CAS remains LOW (regardless of 
WE or RAS). This late WE pulse results in a READ-WRITE 
cycle. The four data inputs and four data outputs are routed 

MT4C4256 
REV. 1/91 1-91 

256Kx4DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

20-Pin DIP 
(A-5, B-4) 

D01 l' 20 Vss 
D02 2 19 D04 
WE 3 18 D03 

RAS 4 17 CAS 
NC 5 16 OE 
AO 6 15 A8 
A1 7 14 A7 
A2 8 13 A6 
A3 9 12 AS 

Vee 10 11 A4 

20-Pin SOJ 
(E-1 ) 

DQl l' 2. V" 
D02 2 25 DO< 
WE 2' DQ' 

liAS 23 CAS" 
NC 22 TIE" 

AO 9 18 AS 
Al 10 17 A7 
A2 11 ,. AS 
A3 12 " AS 

Va; ~ A4 

20-Pin ZIP 
(C-2) 

DE 1-' 
D03 3 ,~~ 2 CAS 

'- 4 D04 
Vss 5 ~_ 6 D01 

D02 7~_B WE 
RAS 9 -: 10 NC 

AO 11 '~ 12 A1 
A2 13 ~_ 14 A3 

Vee 15-' 
AS 17 ~,~ 16 A4 

A7 19 ~~= ~~ ~; 

'Consult factory on availability of TSOP packages 

through four pins using common IIO, and pin direction is 
controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row address (AO-AS) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RASfollowed by a column address strobed-in by 
CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE cycle. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CA5-BEFORE-RAS, or HID
DEN refresh) so that all 512 combinations ofRAS addresses 
(AO-AS) are executed at least every Sms, regardless of 
sequence. The CA5-BEFORE-RAS refresh will increment 
the refresh counter for automatic RAS addressing. 

Micron Technology, Inc., reservas the rIght to change products or specifications wHhout natlce. 
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1'II1f::F=lgl\;I MT 4C4256 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

WE:==~===============t====~==t===;r=>-----1~~~~~~"~D01 CAS D02 

TRUTH TABLE 

Function 

Standby 

READ 

EARL V-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARL V-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

"RAS"-ONL V REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-"RAS" 
REFRESH 

D03 
DQ4 

'NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 

Address DATA INI OUT 

mm ~ WE tR te "OE" DQ1·4 (10) 

H X X X X X High-Z 

L L H ROW COL L Valid Data Out 

L L L ROW COL X Valid Data In 

L L H-+L ROW COL L-+H Valid Data Out, Data In 

L H-+L H ROW COL L Valid Data Out 

L H-+L H n/a COL L Valid Data Out 

L H--L L ROW COL X Valid Data In 

L H-+L L n/a COL X Valid Data In 

L H-+L H-+L ROW COL L-+H Valid Data Out, Data In 

L H-+L H-+L n/a COL L-+H Valid Data Out, Data In 

L H X ROW n/a X High-Z 

L-+H-+L L H ROW COL L Valid Data Out 

L-+H-+L L L ROW COL X Valid Data In 

H--L L X X X X High-Z 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -SsoC to + lS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

"Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, S, 7) (Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs V,H 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs V,L -2.0 0.8 V 1,28 

INPUT LEAKAGE CURRENT 
any input (OV S; Y,N S; S.5V, II -2 2 IlA 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT: (Q is disabled; OV S; VOUT S; 5.5V) loz -10 10 IlA 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 
PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 
STANDBY CURRENT: (TIL) Icc1 2 2 2 mA 
(RAS = CAS = V, H) 

STANDBY CURRENT: (CMOS) Icc2 1 1 1 mA 25 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current Icc3 80 70 SO mA 3,4 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 SO 50 40 mA 3,4 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Icc5 80 70 SO mA 3 
("RA$" Cycling, CAS=V,H: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Iccs 80 70 SO mA 3,5 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 
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_ CAPACITANCE 

C 
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PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A8 CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

-Input/Output Capacitance:.DO CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vec = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time IRC 130 150 180 ns 
READ-WRITE cycle time IRWC 185 205 245 ns 
FAST-PAGE-MODE READ or WRITE IpC 40 45 55 ns 
cycle time 

FAST-PAGE-MODE READ-WRITE IpRWC 95 100 115 ns 
cycle time 

Access time from RAS IRAC 70 80 100 ns 14 
Access time from CAS teAC 20 20 25 ns 15 
Output Enable toE 20 20 25 ns 
Access time from column address IAA 35 40 50 ns 

Access time from CAS" precharge ICPA 40 45 50 ns 
RAS pulse width IRAS 70 100,000 80 100,000 100 100,000 ns 
RAS" pulse width (FAST PAGE MODE) IRASP 70 100,000 80 100,000 100 100,000 ns 
RAS" hold time IRSH 20 20 25 ns 

RAS" precharge time IRP 50 60 70 ns 
CAS" pulse width teAS 20 100,000 20 100,000 25 100,000 ns 
CAS hold time ICSH 70 80 100 ns 
CAS precharge time ICPN 10 10 15 ns 16 
CAS precharge time (FAST PAGE MODE) tep 10 10 10 ns 
RAS to CAS delay time IRCD 20 50 20 60 25 75 ns 17 
CAS to RAs precharge time ICRP 5 5 5 ns 
Row address setup time IASR 0 0 0 ns 
Row address hold time IRAH 10 10 15 ns 
RAS" to column IRAD 15 35 15 40 20 50 ns 18 
address delay time 

Column address setup time IASC 0 0 0 ns 

Column address hold time ICAH 15 15 20 ns 

Column address hold time IAR 55 60 70 ns 
(referenced to RAS) 

Column address to IRAl 35 40 50 ns 
"RAS lead time 

Read command setup time IRCS 0 0 0 ns 

Read command hold time IRCH 0 0 0 ns 19 
(referenced to CAS) 

Read command hold time IRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in low-Z telZ 0 0 0 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Output buffer turn-off delay 'oFF 0 20 0 20 0 20 ns 20,27 
Output Disable '00 20 20 20 ns 27 
WE command setup time twcs 0 0 0 ns 21 

Write command hold time twCH 15 15 20 ns 

Write command hold time twCR 55 60 75 ns 
(referenced to RAS) 

Write command pulse width 'WP 15 15 20 ns 

Write command to HAS lead time 'RWL 20 20 25 ns 
Write command to CAS lead time 'CWL 20 20 25 ns 
Data-in setup time 'OS 0 0 0 ns 22 
Data-in hold time 'DH 15 15 20 ns 22 
Data-in hold time 'DHR 55 60 75 ns 
(referenced to RAS) 

RAS to WE delay time 'RWD 100 110 130 ns 21 
Column address 'AWD 65 70 80 ns 21 
to Wl: delay time 

CAS to Wl: delay time 'CWO 50 55 60 ns 21 
Transition time (rise or fall) 'T 3 50 3 50 3 50 ns 9, 10 
Refresh period (512 cycles) 'REF 8 8 8 ms 
RAS to CAS precharge time 'RPC 0 0 0 ns 
CAS setup time 'CSR 10 10 10 ns 5 
(CAS-BEFORE-RAS refresh) 

CAS hold time 'CHR 15 15 15 ns 5 
(CAS-BEFORE-RAS refresh) 

OE hold time from WE during 'OEH 20 20 20 ns 26 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during 'oRO 0 0 0 ns 24 
HIDDEN REFRESH cycle 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from theequationC = Id'/dvwithdv=3V and Vee =5V. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100~s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that tRCD < ~CD (MAX). If ~CD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that ~CD 
exceeds the value shown. 

15. Assumes that tRCD ~ ~CD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the ~CD (MAX) limit ensures that 
~C (MAX) can be met. ~CD (MAX) is specified as 
a reference point only; if ~CD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. ~D (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 
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19. Either ~CH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and leWD are restrictive 
operating parameters in LATE-WRITE, and READ
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit through out the 
entire cycle. If tRWD ~ ~WD (MIN), tAWD ~ tAWD 
(MIN) and tcWD ~ tCWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY -WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE=HIGH. 

25. All other inputs at V cc -0.2V. 
26. LATE-WRITE and READ-~.10DIFY-WR.lr.TE cycles 

must have both tOD and toEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after toEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQs open during READ cycles once toD or toFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 

28. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -I.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-O.3V Signal of any duration is presented (DC). 
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READ CYCLE 

RAS V1H -
Vil _ 

tCSH 

ICRP 

CAS 
VIH -
VIL -

AODR 
V,H 
V,L 

WE 

DQ ~:g~ -_--------OPEN-------~~PVA~L~ID~DA~TA~!---OPEN---

DE ~:~ -Will!llll II II I!/ I!/ 1///11 11/ II III III II/I///! 11I1I,d 
tOE I .... too 

_I!//III!/I!//j//////ill/II} 

EARLY-WRITE CYCLE 

teSH 

teAP 'CAS 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

leSH 

ADOR ROW 

DQ ~:grt -·---------OPEN-----'~~~~~~~s;::}---OPEN---

FAST-PAGE-MODE READ CYCLE 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

OE ~:~ -11/1#1//1/11$// 11111/#1 1/I!II!/I/I/lII!!II!//I/#i/I I!! /1// 1/1 !/I/I// II! /I /I//I!! IIII!/ III!// II! /1/ I!I//I 1/1// III!I2 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RASP 

'Ft-
tCSH tPC/tRWC IRSH 

tRCD 'cAS ~ 'cAS ~ tcAS tCPN 

ADDR ~lt 71/~ ROW .W!/) COLUMN o///I////J COLUMN 1I//!////~ COLUMN WI//IilIf1/!/JA ROW 

I I 

~I 
tRWO I II I II I - Il-tRwL 

tAW
'cOI;li 1- ICWL-' ~ - .~:;L 

tAW~WP - IAWD - --

'cwo t---t--:tc""WO"--l 'cwo 
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'cRP 

1 

CAS ~:r-~ 

~-ONL Y REFRESH CYCLE 
(ADDR = AO - AS; WE = DON'T CARE) 

'RAS 'RP 
1 • 

J 
~ 
'-I 

,I 
I 
\ 

tASA • tRAH .' , 

ADDR ~:~ _~-RD-W --b//$§////!///////$ff//////§///!/$))(~--RO-W --
DO ~g~ -~-----------OPEN------------

CAS-BEFORE-~ REFRESH CYCLE 
(AO - As' WE and OE = DON'T CARE) 

- VIH __ -+=~=ll 
RAS V,L - 11'------'"1 

- VIH-
CAS V,L -'--LLLL-----'L-___ ..LLLlLLLlLLL"---"-___________ --L----'_ 

a ~~-'---------------OPEN------------

HIDDEN REFRESH CYCLE 
(WE = HIGH, OE = LOW) 24 

(READ) 
'RAS 

tASH 

(REFRESH) 

'RAS 

ICHR 

DQx ~I~ -'--------OPEN----~~~=:==~VAL~ID~D~AT~A ===1 
OE ~:~ :7/P'///////P'//!///////ff/)I$##)I$Al----"""-_1 
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RAS 
VIH -
VIL _ 

tCRP 

CAS VIH -
VIL _ 

tASR 

ADDR VIH -
VIL _ 

OE ~:~ 

HIDDEN REFRESH CYCLE 
(WE = LOW) 

(WRITE) (REFRESH) 

tRAS 1~ ________ ~tR~A~S ________ ··1 ~.~ ____________________ • 

tRCD tRSH 

tAR 

tRAL 
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DRAM 

FEATURES 
• Industry standard x4 pinout, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single +5V±1O% power supply 
• Low power, 3mW standby; 175mW active, typical 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• 512-cycle refresh in 8ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• Optional STATIC COLUMN access cycle 

OPTIONS 
• Timing 

70ns access 
80ns access 
lOOns access 

• Packages 
Plastic DIP (300mil) 
Ceramic DIP (300mil) 
Plastic ZIP (350mil) 
Plastic SOJ (300mil) 
Plastic TSOP (*) 

• Operating Temperature, TA 
Commercial (DoC to +70°C) 
Industrial (-40°C to +85°C) 

MARKING 

- 7 
- 8 
-10 

None 
C 
Z 
DJ 
VG 

None 
IT 

GENERAL DESCRIPTION 
The MT4C4258 is a randomly accessed solid-state mem

ory containing 1,048,576 bits organized in a x4 configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 18 address bits, which are entered 9 
bits(AO-A8)ata time. RASisused to latch the first 9 bits and 
CAS the latter 9 bits. A READ or WRITE cycle is selected 
withtheWE input. A logic HIGH on WE dictates READ mode 
while a logic LOW on WE dictates WRITE mode. During a 
WRITE cycle, data in (D) is latched by the falling edge of 
WE or CAS, whichever occurs last. If WE goes LOW prior 
to CAS going LOW, the output pin(s) remain open (High-Z) 
until the next CAS cycle. If WE goes LOW after data reaches 
the output pin(s), data out (Q) is activated and retains the 
selected cell data as long as CAS remains WW (regardless of 
WE or RAS). This late WE pulse results in a READ-WRITE 
cycle. The four data inputs and four data outputs are routed 

256Kx4DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

20-Pin DIP 
(A-5,8-4) 

20-Pin ZIP 
(C-2) 

DQ1 Vss DE 
CAS 

DQ2 DQ4 
DQ3 

DQ4 
WE 18 DQ3 

Vss 
OQ1 

RAS 17 CAS 
DQ2 

WE 
NC 16 DE RAS 

NC 
AO 15 A8 

AO 
A1 

A1 7 14 A7 
A2 

A3 
A2 13 A6 

Vcc 
A4 

A3 12 A5 
A5 

A6 
Vee 11 A4 

A7 
A8 

20-Pin SOJ 
(E-1 ) 

OQ1 ,. 26 v", 
OQ2 2 25 OQ4 
WE 24 003 - 23 CAS 
NC 22 N 

AO 9 ,. AS 
A1 10 17 A7 
A2 11 16 AS 
AS 12 15 A. 

v" ~ A4 

·Consult factory on availability of TSDP packages 

through four pins using common I/O and pin direction is 
controlled by WE and OE. 

STATIC COLUMN operations allow faster data opera
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row address (AO -A9) defined page boundary. The STATIC 
COLUMN cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed
in by CAS. CAS may be toggled-in by holdingRAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the 
STATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS, or HID
DEN refresh) so that all 512 combinations of RAS addresses 
(AO-A8) are executed at least every 8ms, regardless of 
sequence. The CAS-BEFORE-RAS refresh will increment 
the refresh counter for automatic RAS addressing. 

MT4C4258 
AEV.1/91 1-103 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

WE~~==============~==:;===+==~C=r-__ ~r2~~~~~1-~001 CAS 0- 002 
D03 
DQ4 

AO~t=:r=§~-~ 
A, ~ 
A2 
A3 
A. 
As 
A, 
A7 
A, 

TRUTH TABLE 

Function 

Standby 

READ 

EARL Y-WRITE 

READ-WRITE 

STATIC COLUMN 

READ 

STATIC COLUMN 

EARLY-WRITE 

STATIC COLUMN 

READ-WRITE 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-"f!ViS 
REFRESH 

·NOTE: WE LOW prior to m LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
m LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 

Address DATA IN I OUT 

~ ~ WE tR tc 'O'E" DQ1·4 (10) 

H X X X X X High-Z 

L L H ROW COL L Valid Data Out 

L L L ROW COL X Valid Data In 

L L H-L ROW COL L-H Valid Data Out, Data In 

L L H ROW COL L Valid Data Out 

L L H nfa COL L Valid Data Out 

L L L ROW COL X Valid Data In 

L L H-L nfa COL X Valid Data In 

L L H-L ROW COL L-H Valid Data Out, Data In 

L L H-L n/a COL L-H Valid Data Out, Data In 

L H X ROW nfa X High-Z 

L-H-L L H ROW COL L Valid Data Out 

L-H-L L L ROW COL X Valid Data In 

H-L L X X X X High-Z 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -6S0C to + ISO°C 
Storage Temperature (Plastic) .................... -SSOC to + ISO°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1 , 3, 4, 6, 7) (Vee = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -2.0 0.8 V 1,28 

INPUT LEAKAGE CURRENT 
any input (OV ::; VIN ::; 6.5V, II -2 2 !1A 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV ::; VOUT ::; 5.5V) loz -10 10 !1A 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL ·7 ·8 ·10 UNITS NOTES 

STANDBY CURRENT: (TIL) Icc1 2 2 2 mA 
(F\AS' = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 1 1 1 mA 25 
(F\AS' = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 80 70 60 mA 3,4 
(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

OPERATING CURRENT: STATIC COLUMN 
Average power supply current Icc4 60 50 40 mA 3,4 
(RAS = VIL, CAS, Address Cycling: 'PC = 'PC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Iccs 80 70 60 mA 3 
(RAS Cycling, CAS=VIH: 'RC = 'RC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current ICC6 80 70 60 mA 3,5 
(F\AS', CAS, Address Cycling: 'RC = 'RC (MIN)) 
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_ CAPACITANCE 

C 
::0 
l> 
i: 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A8 Cll 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DQ CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7,8, 9, 10, 11, 12, 13, 23) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle lime tRC 130 150 180 ns 

READ-WRITE cycle lime tRWC 185 205 245 ns 

STATIC-COLUMN READ or WRITE tsc 40 45 55 ns 
cycle lime 

STATIC-COLUMN READ-WRITE tSRMC 100 110 135 ns 
cycle lime 

Access time from RAS tRAC 70 80 100 ns 14 
Access time from CAS tCAC 20 20 25 ns 15 
Output Enable toE 20 20 25 ns 
Access time from column address tAA 35 40 50 ns 

Access time from CAS precharge tCPA 40 45 50 ns 

RAS pulse widlh tRAS 70 100,000 80 100,000 100 100,000 ns 
RAS pulse widlh (STATIC COLUMN) tRASC 70 100,000 80 100,000 100 100,000 ns 
RAS hold time tRSH 20 20 25 ns 

RAS precharge lime tRP 50 60 70 ns 

CAS pulse width tCAS 20 100,000 20 100,000 25 100,000 ns 

CAS hold lime tCSH 70 80 100 ns 

CAS precharge lime tCPN 10 10 15 ns 16 
CAS precharge lime (STATIC COLUMN) tcp 10 10 10 ns 

RAs 10 CAS delay time tRCD 20 50 20 60 25 75 ns 17 
CAS 10 RAS precharge lime tCRP 5 5 5 ns 
Row address setup lime tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

RAS to column tRAD 15 35 15 40 20 50 ns 18 
address delay lime 

Column address setup lime tASC 0 0 0 ns 

Column address hold lime tCAH 15 15 20 ns 

Column address hold lime tAR 55 60 70 ns 
(referenced 10 RAS) 

Column address to tRAL 35 40 50 ns 
RAS lead time 

Read command setup lime tRCS 0 0 0 ns 

Read command hold time tRCH 0 0 0 ns 19 
(referenced 10 CAS) 

Read command hold lime tRRH 0 0 0 ns 19 
(referenced 10 RAS) 

CAS 10 oulpul in Low-Z tCLZ 0 0 0 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13,23) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Output buffer turn-off delay 'OFF 0 20 0 20 0 20 ns 20,27 

Output Disable tOD 2() 20 20 ns 27 

WE command setup time twcs 0 0 0 ns 21 

Write command hold time twCH 15 15 20 ns 

Write command hold time twCR 55 60 75 ns 
(referenced to RAS) 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tCWL 20 20 25 ns 

Data-in setup time tDS 0 0 0 ns 22 

Data-in hold time tDH 15 15 20 ns 22 

Data-in hold time tDHR 55 60 75 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 100 110 130 ns 21 

Column address IAWD 65 70 80 ns 21 
to WE delay time 

CAS to WE delay time ICWD 50 55 60 ns 21 

Transition time (rise or fall) iT 3 50 3 50 3 50 ns 9, 10 

Refresh period (512 cycles) tREF 8 8 8 ms 

RAS to CAS precharge time tRPC 0 0 0 ns 

CAS setup time tCSR 10 10 10 ns 5 
(CAS-BEFORE-RAS refresh) 

CAS hold time tCHR 15 15 15 ns 5 
(CAS-BEFORE-RAS refresh) 

OE hold time from WE during toEH 20 20 20 ns 26 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during toRD 0 0 0 ns 24 
HIDDEN REFRESH cycle 

Write inactive time tWI 10 10 10 ns 
Last WRITE to column address tLWAD 20 30 20 35 25 45 ns 
delay time 

Last WRITE to column address tAHLW 65 75 95 ns 
hold time 

RAS hold time referenced to OE tROH 10 10 10 ns 

Output data hold time from tAOH 5 5 5 ns 
column address 

Output data enable from WRITE tow IAA IAA 1M ns 

Access time from last WRITE IALW 65 75 95 ns 

Column address hold time IAH 5 5 10 ns 
referenced to RAS HIGH 

CAS pulse width in tcsc tCAS tCAS tCAS ns 
STATIC-COLUMN mode 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = I d'/ dv with dv = 3V and Vee = SV. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOl1s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the Bms refresh 
requirement is exceeded. 

B. AC characteristics assume iT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last vaJid READ cycle. 
13. Measured with a load equivalent to 2 TIL gates and 

100pF. 
14. Assumes that tRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ;:: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
IRAC (MAX) can be met. IRCD (max) is specified as a 
reference point only; if tRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by !CAC. 

lB. Operation within the IRAD (MAX) limit ensures that 
IRCD (MAX) can be met. IRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IAWD and!CWD are restrictive 
operating parameters in LATE-WRITE, and READ
MODIFY -WRITE cycles only. If twcs ;:: twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit through out the 
entire cycle. IfIRWD;:: IRWD (MIN), tAWD;:: tAWD 
(MIN) and !CWD ;:: ICWD (MIN), the cycle is a 
READ-MODIFY -WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. 
26. LATE-\AJRITE and READ-tvfODIFY-VvRt"TE cycles 

must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQs open during READ cycles once toD or toFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 

2B. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-O.3V signal of any duration is presented (DC). 
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READ CYCLE 

ADDR 
litH -
VIL _ 

CAS 
VIH -
V" 

WE VIH -
VIL _ 

DE V,H 
V" 

DO 

EARL Y-WRITE CYCLE 

Re 

'RAS 'RP 

11-
-

tAWR 

IACD 

~~I I~ leAH =-- ROW~ COLUMN ~/IIII~ 
tRAQ tASH 

'eRP tCSH 

J 'CAS 

=--.1 
!CWL 

'RWL 

~ 'WCH 

'WP 

-:I//////////////////IIIIIIIIIIIIIIIII/> WU'//ff$//ffiffiffiU'/ffiIM 
I~~I 

DC ~8t' - OPEN VALID DATA l- - OPEN -

'OHR J 
tweR 

DE ~:r -WII/I/I/I//I/I/III 1/1/1//1/1!!11!!/i/iffll!!fflll! IIII!!IIIIII !l//l/III/illlllllll!ll!/!//lla 
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ADDA 

CAS 

WE 

DE 

DQ 

RAS 

ADDR 

CAS 

WE 

DE 

DO 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'RAS 

V'H J7T7T,!----'-'-----,lm-.i,------------'----,LI7'TT7T77':rrrn. 
V'L 

VIH -
VIL _ 

VIH -
VIL _ 

VIOH -
VIOL -

V'H -
V'L 

V'H -
V'L 

V'H -
VIL 

V'H -
VIL 

V'H 
V'L 

VIOH -
VIOL -

STATIC-COLUMN READ CYCLE 
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STATIC-COLUMN EARLY-WRITE CYCLE 
(CAS controlled) 

- V1H _.--""1 
RAS VIL _ 

DO VIOH
V'OL -L.LU:LLLI.CLLL.J.Ll..l.I.UI '--""=-----1 

DE ~:t :WI II 1I1!!II! II I IIIII! II 1I1!!II II /# III III /#I//!I III II! III II IINII I! I!!III I!//!I/ I! II & 

ADOR ~r~ 

STATIC-COLUMN EARLY-WRITE CYCLE 
(WE controlled) 

DE ~:t::wl II I! //111111 II 1/1 II //II! I!I !IIIIII!IIII!! 1/1 //I///!III III //11/111111 //111/11////1 ///$11/2 
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AAS 

ADDR 

CAS 

WE 

OE 

V,H 
V,L 

STATIC-COLUMN READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

teAP 

lIXS"-ONL Y REFRESH CYCLE 
(ADDR = Ao - As; WE = DON'T CARE) 

ADDR ~:r -:L.LLLLJ.J"IL. ___ RO_W __ --.JrXLLL.LL.UL.l.LLLJ.L.LL.UL.l.LLLJ.L.LL.UL.l.LLLJ.L.LL.UL.l.lL/ '-___ RDW ___ _ 

oo~~ -~--------------OP~---------------

~-BEFORE-~ REFRESH CYCLE 
(Ao - As' WE and OE = DON'T CARE) 

tAP tAP tAAS 

CAS ~lr = ·~L_~L-____ ~~~UL __ L_ ____________________ -L ___ 

a ~gr -~------------OPEN-------------
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HIDDEN REFRESH CYCLE 
(WE = HIGH, OE = LOW) 24 

(READ) (REFRESH) 

leRP 

=-' 
IRAD 

I~ ~ 

HIDDEN REFRESH CYCLE 
(WE = LOW) 

(WRITE) 

RAS 

~ 
tRCD . IRSH . 

tAR 

tRAL 

·1 .. tASq, ~ 

ADOA ~:r -Wh1i ROW ~ COLUMN ~ 

I I I tDHR. 

~ ~ 

DO ~~ ~r--V-A-LlD-D-A-TA---
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tRAS 

tCHR 

I 

-' 
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DRAM 

FEATURES 
• Four independent CAS controls offer individual 

manipulation to each of the four data Input/Output 
ports (DQ1 through DQ4). 

• Offers a single-chip solution to byte-level parity for 36-
bit words when using 256K x 4 DRAMs for memory. 

• Emulates write-per-bit, at design-in level, with 
simplified timing constraints. 

• High performance, CMOS silicon gate process 
• Single +5V±10% power supply 
• Low power, 3mW standby; 175mW active, typical 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• 512-cycle refresh in Sms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• Optional FAST PAGE MODE access cycle 

OPTIONS 
• Timing 

70ns access 
SOns access 
lOOns access 

• Packages 
Plastic SOJ (300mil) 

• Operating Temperature, TA 
Commercial (DoC to +70°C) 
Industrial (-40°C to +S5°C) 

GENERAL DESCRIPTION 

MARKING 

- 7 
- S 
-10 

DJ 

None 
IT 

The MT4C4259 is a randomly accessed solid-state mem
ory containing 1,04S,576 bits organized in a x4 configura
tion. This 256K x 4 DRAM is unique in that each CAS (CAS1 
through CAS4) controls its corresponding data I/O port in 
conjunction with OE (eg. CASI controls DQl I/O port, CAS2 
controls DQ2, CAS3 controls DQ3 and CAS4 controls DQ4). 

The best way to view the Quad CAS function is to imag
ine the CAS inputs going into an AND gate to obtain an 
internally generated CAS signal functioning in an identical 
manner to the single CAS input on a standard 256K x 4 
DRAM device. The key difference is each CAS controls its 
corresponding DQ tristate logic (in conjunction with OE and 
WE) on the Quad CAS DRAM. 

During READ or WRITE cycles, each bit is uniquely 
addressed through the IS address bits, which are entered 9 
bits (AO-AS) at a time. RAS is used to latch the first 9 bits and 

256Kx4DRAM 
QUAD CAS PARITY, FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 
24-Pin SOJ (E-5) 

"" 24 DQ3 

"'" 23 = = 22 DE 

"'"' 21 ""'" 
NC 8 19 NC 
AD 9 " A8 
A1 10 " A7 
A2 11 18 A6 

NC = Pin is a 'no connect'. 
A3 12 15 AS 

Voo 13 " A4 

the first CAS the latter 9 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. 

During a WRITE cycle, data in (Dx) is latched by the 
falling edge of WE or the first CAS, whichever occurs last. 
If WE goes LOW prior to the first CAS going LOW, the output 
pin(s) remain open (High-Z) until the next CAS cycle. If WE 
goes LOW after data reaches the output buffer, data out (Q) 
is activated and retains the selected cell data until the 
trailing edge of its corresponding CAS occurs (regardless of 
WE or RAS). This late WE pulse results in a READ-WRITE 
cycle (OE switching the device from a READ to a WRITE 
function). The four data inputs and four data outputs are 
routed through four pins using common I/O, with pin 
direction controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-AS) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed
in by the first CAS. CAS may be toggled-in by holding 
RAS LOW and strobing-in different column addresses, 
thus executing faster memory cycles. Returning RAS HIGH 
terminates the FAST PAGE MODE operation features. 

Returning RAS and all four CAS controls HIGH termi
nates a memory cycle and decreases chip current to a 
reduced standby level. Also, the chip is preconditioned for 
the next cycle during the RAS high time. Memory cell data 
is retained in its correct state by maintaining power and 
executing any RAS cycle (READ, WRITE, RAS-ONL Y, 
CAS-BEFORE-RAS, or HIDDEN REFRESH) so that all 512 
combinations of RAS addresses (AO-AS) are executed at 
least every Sms, regardless of sequence. The CAS-BEFORE
RAS cycle will invoke the refresh counter for automatic and 
sequential row addressing. 

MT4C4259 
AEV.1/91 1-115 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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WE 
CASl 

CAS2 

CAS3 

CAS4 

TRUTH TABLE 

Function ~ 

Standby H 

READ L 

EARLY-WRITE L 

READ-WRITE L 

PAGE-MODE 1st Cycle L 
READ 2nd Cycle L 

PAGE-MODE 1st Cycle L 
EARLY-WRITE 2nd Cycle L 

PAGE-MODE 1st Cycle L 
READ-WRITE 2nd Cycle L 

HIDDEN READ L-+H-+L 
REFRESH WRITE L-+H-+L 

RAS-ONLY L 
REFRESH 

CAS-BE FORE- H-+L 
RAS REFRESH 

FUNCTIONAL BLOCK DIAGRAM 
QUAD CAS 

"CXS"X 

X 

L 

L 

L 

H-+L 
H-+L 

H-+L 
H-+L 

H-+L 
H-+L 

L 
L 

H 

L 

MEMORY 
ARRAY 

DOl 
D02 
D03 
D04 

'NOTE: WE LOW prior to first CAS LOW, EW detection CKT output is a 1. 

"CXS"y 

X 

H 

H 

H 

H 
H 

H 
H 

H 
H 

H 
H 

H 

H 

First CAS LOW while WE HIGH, EW detection CKT output is a 0, 
(OE will now determine 1/0). 

Addresses 

WE O"E" tR te DQx (DQy always High-Z) 

X X X X High-Z 

H L ROW COL Valid Data Out 

L X ROW COL Valid Data In 

H-+L L-+H ROW COL Valid Data Out, Data In 

H L ROW COL Valid Data Out 
H L n/a COL Valid Data Out 

L X ROW COL Valid Data In 
L X n/a COL Valid Data In 

H-+L L-+H ROW COL Valid Data Out, Data In 
H-+L L-+H n/a COL Valid Data Out, Data In 

H L ROW COL Valid Data Out 
L X ROW COL Valid Data In 

X X ROW n/a High-Z 

X X X X High-Z 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................. -6S0C to + Isoac 
Storage Temperature (Plastic) .................... -SsoC to + ISO°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vcc = S.OV ± 10%) 

PARAMETER/CONOITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.S S.S V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -2.0 0.8 V 1,39 

INPUT LEAKAGE CURRENT 
any input (OV ::; VIN ::; 6.SV, II -2 2 ~ 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ::; VOUT ::; S.SV) loz -10 10 IlA 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 
STANDBY CURRENT: (TTL) ICCl 2 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 1 1 1 mA 26 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 80 70 60 mA 3,4 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 1CC4 60 SO 40 mA 3,4 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Iccs 80 70 60 mA 3 
(RAS Cycling, CAS=VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Icce 80 70 60 mA 3,S 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 
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PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AD-AS CI1 5 pF 2 

Input Capacitance: RAS, CAS1-4, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DQ CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 130 150 180 ns 

READ-WRITE cycle time tRWC 185 205 220 ns 

FAST-PAGE-MODE READ or WRITE tpc 40 45 55 ns 31 
cycle time 

FAST-PAGE-MODE READ-WRITE tpRWC 95 100 115 ns 31 
cycle time 

Access time from RAS tRAG 70 80 100 ns 14 
Access time from CAS tCAG 20 20 25 ns 15,29 
Output Enable toE 20 20 25 ns 33 
Access time from column address tAA 35 40 50 ns 

Access time from CAS precharge tePA 40 45 50 ns 29 
RAS pulse width tRAS 70 100,000 80 100,000 100 100,000 ns 

RAS pulse width (FAST PAGE MODE) tRASP 70 100,000 80 100,000 100 100,000 ns 
RAS hOld time tRSH 20 20 25 ns 21 
RAS precharge time tRP 55 60 70 ns 

CAS pulse width tCAS 20 100,000 20 100,000 25 100,000 ns 34 
CAS hold time tCSH 70 80 100 ns 28 
CAS precharge time tCPN 10 10 15 ns 16,32 
CAS precharge time (FAST PAGE MODE) tcp 10 10 10 ns 32 
RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 17,27 
CAS to RAS precharge time tCRP 5 5 5 ns 28 
Row address setup time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

RAS to column tRAD 15 35 15 40 20 50 ns 18 
address delay time 

Column address setup time tASC 0 0 0 ns 27 
Column address hold time tCAH 15 15 20 ns 27 
Column address hold time tAR 55 60 70 ns 
(referenced to RAS) 

Column address to tRAL 35 40 50 ns 
RAS lead time 

Read command setup time tRCS 0 0 0 ns 27 
Read command hold time tRCH 0 0 0 ns 19,28 
(referenced to CAS) 

Read command hold time tRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in Low-Z tCLZ 0 0 0 ns 29 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 
PARAMETER SYM MIN 
Output buffer turn-off delay toff 0 
Output disable too 
WE command setup time twcs 0 

Write command hold time twCH 15 

Write command hold time IWCR 55 
(referenced to RAS) 

Write command pulse width IWp 15 
Write command to RAS lead time IRWL 20 
Write command to CAS lead time tCWL 20 
Data-in setup time tDS 0 
Data-in hold time tDH 15 
Data-in hold time IDHR 55 
(referenced to RAS) 

RAS to WE delay time IRWD 100 
Column address IAWD 65 
to WE delay time 

CAS to WE delay time ICWD 50 
Transition time (rise or fall) IT 3 
Refresh period (512 cycles) IREf 

RAS to CAS precharge time tRPC 0 
CAS setup time tCSR 10 
(CAS-BEfORE-RAS refresh) 

CAS hold time ICHR 15 
(CAS-BEfORE-RAS refresh) 

Last CAS going LOW to first CAS ICLCH 10 
to return HIGH 

OE hold time from WE during IOEH 20 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during toRD 0 
HIDDEN REfRESH cycle 

NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dtj dv with dv = 3V 
and Vcc=5V. 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initiall00jls pause is required after power-up 

MAX 
20 
20 

50 
8 
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-8 -10 

MIN MAX MIN MAX UNITS NOTES 
0 20 0 20 ns 20,29,38 

20 20 ns 34,38 

0 0 ns 21,27 

15 20 ns 36 

60 75 ns 

15 20 ns 

20 25 ns 
20 25 ns 28 

0 0 ns 22,29 

15 20 ns 22,29 
60 75 ns 

110 130 ns 21 
70 80 ns 21 

55 60 ns 21,27 

3 50 3 50 ns 9, 10 

8 8 ms 

0 0 ns 
10 10 ns 5,27 

15 15 ns 5,28 

10 10 ns 30 

20 20 ns 37 

0 0 ns 

followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms 
refresh requirement is exceeded. 

8. AC characteristics assume l'f = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CASx = VIH, data output (x) is high impedance. 
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NOTES 
12. If CASx = VIL, data output (x) may contain data from 

the last valid READ cycle. 
13. Measured with a load equivalent to 2 TIL gates and 

100pF. 
14. Assumes that tRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, !RAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD 2': IRCD (MAX). 
16. If at least one CAS is LOW at the falling edge of RAS, 

Q will be maintained from the previous cycle. To 
initiate a new cycle and clear the data out buffer, all 
four CAS must be pulsed HIGH for tcPN. 

17. Operation within the tRCD (MAX) limit ensures that 
!RAc (MAX) can be met. tRCD (MAX) is specified as a 
reference point only; if IRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the !RAD (MAX) limit ensures that 
IRCD (MAX) can be met. IRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves me open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tA WD and tcWD are restrictive 
operating parameters in EARLY-WRITE and READ
WRITE cycles only. If twcs 2': twcs (MIN), the cycle 
is an EARLY-WRITE cycle and the data output will 
remain an open circuit throughout the entire cycle. If 
tRWD 2':IRWD (MIN), tAWD2': tAWD (MIN) and 
tcWD 2': tCWD (MIN), the cycle is a READ-WRITE 
CYCLE and the data output will contain data read 
from the selected cell. If neither of the above condi
tions are met, the state of data out are indeterminate. 
OE held HIGH and WE taken LOW after CAS goes 
LOW results in a LATE-WRITE (OE controlled) cycle. 

22. These parameters are referenced to CASx leading 
edge in early WRITE cycles and WE leading edge in 
late WRITE or READ-WRITE cycles. 

23. If OE is tied permanently LOW, READ-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE = LOW and OE = 
HIGH. 

25. One to three CAS controls may be HIGH throughout 
any given CAS cycle, even though the timing 
waveforms show all CAS going LOW. If anyone does 
go LOW, it must meet all the timing requirements 
listed or the data for that I/O buffer may be invalid. 
At least one of the four CAS controls must be LOW 
for a valid CAS cycle to occur. 

26. All other inputs at Vcc -0.2V. 
27. The first CASx edge to transition LOW. 
28. The last CASx edge to transition HIGH. 
29. Output parameter (DQx) is referenced to correspond

ing CASx input; DQ1 by CAS1, DQ2 by CAS2 etc. 
30. Last falling CASx edge to first rising CASx edge. 
31. Last rising CASx edge to next cycle'S last rising CASx 

edge. 
32. Last rising CASx edge to first falling CASx edge. 
33. First DQx controlled by the first CASx to go LOW. 
34. Last DQx controlled by the last CASx to go HIGH. 
35. Each CASx must meet minimum pulse width. 
36. Last CASx to go LOW. 
37. LATE-WRITE and READ-MODlFY-WRITE cycles 

must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If the last CASx goes HIGH prior to OE going 
back LOW, the DQs will remain open. 

38. The DQs open during READ cycles once 'OD or 'OFF 
occur. If the last CASx goes HIGH first, OE becomes a 
don't care. If OE goes HIGH and CASx stays LOW, 
OE is not a don't care; and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CASx remains LOW). 

39. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -I.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or 
a -O.3V signal of any duration is presented (DC). 
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ADDR 

DQ, 

DE 

RAS 

CAS> 

VIH __ ------,1.1 
VIL _ 

Vl0H -
VIOL 

VIH -
VIL _ 

VrH -
Vil _ 

leAP 

READ CYCLE 
lAC 

ICSH 

OPEN 

EARLY-WRITE CYCLE 
lAC 

IAAS lAP 

fCSH 

'I IRSH 

tRCO teAS 

ADDA ~:~ _ LlLi.:.rt. ___ -, ___ :1:'l.lLi.:ul'--_"Il--.::::::-.T'<£.U.:.LL<41F=:.L<.<.U.'" \. ___ AOW ___ _ 

OE = DON'T CARE 
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~ DON'T CARE 

Ill8a UNDEFINED 

III FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 

-C 
:D 
l> s:: 



-C 
:D » s: 

I'IIIC:RgN MT4C4259 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRAS tRP 

'cSH 

1 

IRSH 

'cRP tRCD teAS 

I 'eleH 

~ ~1~ :.I 
tAR 

tRAD I II tRAL 1 

ADDR ~lr-
I~ ~I ~ I~ I 

W//,1t ROW Wff/;2 COLUMN ROW 

I 

liAS VIH -V,L _ 

CAS, 

ADDR V'H 
V,l 

WE, 

I II lAWD 

~ lACS I I 'cWD IRWL 

I I tAWD n 
'AA 

I tRAe 

z~ tOlZ 1:- r I~ 
OPEN VALID DOlfT X VALID DIN OPEN---

I~ 'oD_1 ~ 

! lw!lff;Jlfflff/$I//,I/,1 

FAST-PAGE-MODE READ CYCLE 
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~ DONTCARE 

!l!illI UNDEFINED 

II FIRST TO LAST CAS TO TRANSITION 
(minimum of 1 to maximum of 4) 



FAST-PAGE-MODE EARLY-WRITE CYCLE 

_------~II----------------------~M~S~P--------------------------I~ 

FAST -PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

---~~--~~----~-P~----~~ICj RAS ~:r - 11___ r L 
tCSH IpRWC IRSH 

1-------.eIR"'eo'------.j 1~--c'le'"'A"'-s ---I I~ 1---:le""AS"-----I 11-'2E- 1.;1~--:le""AS"-----11 J. leRP • ICLCH tCLCH II felCH ~I 

eASx ~:~:.I .~ ~ 11 ,bbl--±d.~ ~ If ~ ~ fN ~ 

I_ IASR :::~-I ~I I~ ~ i leAH~1 ~11~iL I 
ADOR VIH -/11M VII/A ;tll/II//II>; VI/II//IIN ~ 

VIL "":'LiLfo ROW -P(ff1/ COlUMN 'VII/II/III COLUMN #11//11///3 COLUMN ~ 

II IR~~W~L L I ~'rt' I ~Rw~11 IRCS I .1 ~ tcWL- _ _ _leWL 
__ _twp 

I :~:~ 1---l+I-:C:~"':"-~-I II :~:~ 
1 'wP 

WE ~:~ :!f1ll1ll1lll1l/111 
lAA <-J lAA I O'/ff/////////Ih 

tRAC I I 1---='---------+--1 tDH:- tOH __ _ __ tDH I 10S_ 1_ I tePA 10S_ 1_ tePA 10S_ 1_ 
:~~:1f- - ~~~I-- :~~:II- -= 1 

V'OH _________ ~/.,.~b~VF'~LlDD ~r,p=~AL~ID}------e@ /,,~v=~AL~ID~V-;;.p~'~D ~------:~6aV~AL~ID~VA~Lli) DQx VIOL :-. ------OPEN DOD 0 0 0 ~ OPEN--
OUT .....lli.... ....... 1--l!!:!L ...Jt! ...... ill!1 :r'L 

teE-I :j -te~ 'OE~ 1:1 _100 tcE~ I:II~ 
OE ~L_T77W~=~'7TW777W~TnW~=1~'7TW~777WTn%=WrrrW~777WTTTWl ) 'l--.J~--'l--.J WII!l& 
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~ DON'T CARE 

~ UNDEFINED 

III FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 

-C 
::D » s: 



-C 
:D 
l> s: 

~-ONL Y REFRESH CYCLE 
(ADDR = AO - AS; WE and OE = DON'T CARE) 

'cRP 

. I_~I~~R~~.,~,.~I~R~~-i_ 

ADDR ~:~ ~-' --RO-W --')wp///$//////$//$////j'$j'/////$,,0(r-----RO-W --

Dlo~~gr -'---------------OPEN---------------

- VIH
CASx VIL-

'RP 

~-BEFORE-~ REFRESH CYCLE 
(Ao - As' WE and OE = DON'T CARE) 

010 ~l8r-:--------------OPEN--------------

ADDR 

DOx ~:g~ -'-------

HIDDEN REFRESH CYCLE 
(WE = HIGH, OE = LOW) 24 

(READ) 

tRAS 
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(REFRESH) 

tRAS 

tCHR 

VALID DATA 

~ DON'T CARE 

~ UNDEFINED 

• FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 
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QUAD CAS MODULE UPGRADE 
The MT4C4259 (QUAD CAS DRAM) was developed to 

eliminate the 256K DRAMs used in the current 256K and 
512Kx 36 DRAM modules and to add total CMOS perform
ance (FAST-PAGE-MODE and faster access speeds: 70ns 
and80ns). TheMT4C4259 isa256Kx4CMOS FAST-PAGE
MODE DRAM with four CAS input controls. The four in
dividual CAS inputs allow each I/O buffer (DQ) to be 
separately controlled, just as if there were four separate 
256K x 1 DRAMs. Most 256K x 1 DRAMs use older NMOS 
technology and do not have the access speeds of the newer 
CMOS 1 Meg (256K x 4), nor FAST -PAGE-MODE capabil
ity. 

The MT4C4259 will reduce chip count on a x36 module, 

000 ....•••...•...•..•...••.....••..•..•...••..•..•. 008 

tttt 
001-4 

WE 

CAS 

RAS 

CASO --+-4-1--
CAS1 --+--1--
RASO --+-__ --

U1 

t tt t 
OQl-4 D Q 

WE WE 
U2 U3 

CAS CAS 

RAS RAS 

0018 ..•••••.•.•..•..••.•••...•..•.••..••.•••.••..•• 0026 

t tt t 
DQl-4 

f----lWE 

CAS 

RAS 

CAS2 --+-4-1--
CAS3 --+--1--
RAS2 --+-----

AO-AS •••••• 

U7 

U1, U2, U4, U5, U7, U8, U10, U11 = MT4C42560J 
U3, U6, U9, U12 = MT1259EJ 

t tt t 
OQl-4 D Q 

U9 

improving reliability, reducing power consumption and 
lowering cost. The 256K x 36 will have four 256K x 1 DRAMs 
replaced by either one or two QUAD CAS DRAMs, de
pending on whether RASO and RASI must be separate or 
can be connected together. The 512K x 36 will have eight 
256Kx 1 DRAMs replaced by either two or four QUAD CAS 
DRAMs, depending on whether RA8O, RASl,RAS2, and RAS3 
must be split or can be connected together. 

The current 256K x 36 DRAM Module is shown with 256K 
x 1 DRAMs in Figure 1 below. Figures 2 and 3 show how the 
same module will be realized with the QUAD CAS DRAM for 
both the splitRAS (Figure 2) and the common RAS (Figure 3) 
modules. 

009 ·················································0017 

tttt t tt t 
DQ1-4 OQl-4 D Q 

WE WE WE 
U4 U5 U6 

CAS CAS CAS 

RAS RAS RAS 

0027 ................................................ 0035 

t tt t tt t t 
DOl-4 001-4 Q 

WE WE WE 
U10 U11 U12 

CAS CAS CAS 

RAS RAS RAS 

Figure 1 
256K x 36 WITH 256K x 1 FOR PARITY BIT 
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QUAD CAS ENHANCED x36 MODULES 

DOO ------------------------------------------------ DOS 

.-------lWE 

CAS 

RAS 

CASO --+-+-+---
CASl --+-1--
RASO --+----

Ul 
.-----iWE 

CAS 

RAS 

U2 

DOl 

.-----iWE 

CASl 

RAS 

U3 

D018 ----------------------------------------------- D026 

+-------1 WE 

CAS 

RAS 

CAS2 --+-+-1--
CAS3 --+-+---
RAS2 --+-_--

A~A81111111111111 

us 
.-------1 WE 

CAS 

RAS 

Ul, U2, U4, U5, U6, U7, U9, Ul0 = MT4C4256DJ 
U3, U8 = MT4C4259EJ 

U7 

DOl 

r---IWE 

CASl 

RAS 

U8 

Figure 2 

D09 ------------------------------------------ D017 

U4 
.-----i WE 

CAS 

RAS 

___ .1 ___ _ 
, 002 : 

us 

D027 .------------.--------------------------- D035 

.-----1 WE 

CAS 

RAS 

U9 
.-----1 WE 

CAS 

RAS 

___ 1. __ _ 
D02 : 

Ul0 

A~8: 

256K x 36 WITH QUAD ~ FOR PARITY BIT AND SPLIT ~ CONTROL 
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QUAD CAS ENHANCED x36 MODULES 

DOO ------------------------------------------------ DOS 

001-4 

WE 

CAS 

RAS 

CASO --+-+---
CASl --+-t--
RAS 

Ul 

001-4 001 

WE WE 
U2 U3 

CAS CASl 

RAS RAS 

D01S ----------------------------------------------- D026 

+--+--tWE 

r-t--ICAS 

RAS 

CAS2 --+-t--
CAS3 --+-+----

Af>-A8 __ 

us 
.----1 WE 

CAS 

RAS 

Ul, U2, U4, U5, U6, U7, US, U9 = MT4C4256DJ 
U3, = MT4C4259EJ 

___ L __ _ 
003 : 

U7 U3 : 

_____ A..~_: 

Figure 3 

D09 ------------------------------------------ D017 

.----\WE 

CAS 

RAS 

U4 
.----1 WE 

CAS 

RAS 

___ J ___ _ 
002 : 

us 
CAS2 U3: 

D027 ----------.-.---------------------------- D035 

us 
.----1 WE 

CAS 

RAS 

U9 

__ J ___ _ 
004 : 

CAS4 U3: 

_____ A..~_A..B_: 

256K x 36 WITH QUAD ~ FOR PARITY BIT AND COMMON RAS CONTROL 
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DRAM 

FEATURES 
• Industry standard x4 pinout, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single +5V±1O% power supply 
• Low power, ImW standby; 150mW active, typical 
• All inputs, outputs and clocks are fully TIL and 

CMOS compatible 
• 512-cycle refresh in 64ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• Optional FAST PAGE MODE access cycle 
• Low CMOS STANDBY CURRENT, 200llA Maximum 

OPTIONS 
• Timing 

70ns access 
SOns access 
100ns access 

• Packages 
Plastic DIP (300mil) 
Ceramic DIP (300mil) 
Plastic ZIP (350mil) 
Plastic SOJ (300mil) 
Plastic TSOP (*) 

• Operating Temperature, TA 
Commercial (O°C to +70°C) 
Industrial (-40°C to +S5°C) 

MARKING 

- 7 
- S 
-10 

None 
C 
Z 
DJ 
VG 

None 
IT 

GENERAL DESCRIPTION 
The MT4C4260 is a randomly accessed solid-state mem

ory containing I,04S,576 bits organized in a x4 configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the IS address bits, which are entered 9 
bits (AO -AS) at a time. RAS is used to latch the first 9 bits and 
CAS the latter 9 bits. A READ or WRITE cycle is selected 
with theWE input. Alogic HIGH onWE dictates READ mode 
while a logic LOW on WE dictates WRITE mode. During a 
WRITE cycle, data in (D) is latched by the falling edge of 
WE or CAS, whichever occurs last. If WE goes LOW prior 
to CAS going LOW, the output pin(s) remain open (High-Z) 
until the next CAS cycle. If WE goes LOW after data reaches 
the output pin, data out (Q) is activated and retains the 
selected cell data as long as CAS remains LOW (regardless of 
WE or RAS). This late WE pulse results in a READ-WRITE 
cycle. The four data inputs and four data outputs are routed 

256Kx4DRAM 
LOW POWER, FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

20-Pin DIP 
(A-5, 8-4) 
DOll~ Vss 
002 2 19 004 
WE 3 18 003 

RAS 4 17 CAS 
NC 5 16 OE 
AO 6 15 A8 
Al[7 14 A7 
A2 8 13 A6 
A3[9 12 A5 
VC~[~ A4 

20-Pin SOJ 
(E-1 ) 

r-----
OQ1 1· 26 Vss 
D02 2 25 DQ4 
"WE 3 24 DQ3 _ 23 CAS 

NC 22 'OE" 

AD 9 18 AB 
Al 10 17 A7 
A2 11 ,. AR; 

A' 12 15 A5 
voo 13 

" 
A4 

~ 

20-Pin ZIP 
(C-2) 

D~ ;~ 2 CAS 
Vss 5 .~- 4 004 

002 7 .~- 6 001 
RAS 9 .~~ 8 WE 

AO 11 ~- 10 NC 
~ 12 Al 

A2 13 .-~ 14 A3 
Vee 15 -,_ 16 A4 

~; ~~ -~ 18 A6 
.1 20 AS 

·Consult factory on availability of TSOP packages 

through four pins using common I/O, and pin direction is 
controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row address (AO-AS) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RASfollowed by a column address strobed-in by 
CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE cycle. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS, or HID
DEN REFRESH) so that all 512 combinations of RAS ad
dresses (AO-AS) are executed at least every 64ms, regard
less of sequence. The CAS-BEFORE-RAS refresh will in
crement the refresh counter for automatic RAS addressing. 

MT4C4260 
REV. 1191 1-129 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

wEo-o-==;================~====;===~===;r~;-----1 CAS 
DOl 
D02 
D03 
DQ4 

TRUTH TABLE 
I 

Function 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 
EARLY-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS 
REFRESH 

'--__ --1"-

"NOTE: WE LOW prior to CAS LOW. EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW. EW detection CKT output is a LOW (LATE WRITE) 

I I I I ~ 

Address DATA IN lOUT 

'RAS' ~ WE tR te 'OE" DQ1-4 (10) 

H X X X X X High-Z 

L L H ROW COL L Valid Data Out 

L L L ROW COL X Valid Data In 

L L H-+L ROW COL L-+H Valid Data Out, Data In 

L H-+L H ROW COL L Valid Data Out 

L H-+L H n/a COL L Valid Data Out 

L H-+L L ROW COL X Valid Data In 
L H-+L L n/a COL X Valid Data In 

L H-+L H-+L ROW COL L-+H Valid Data Out, Data In 

L H-+L H-+L n/a COL L-+H Valid Data Out, Data In 

L H X ROW n/a X High-Z 

L-+H-+L L H ROW COL L Valid Data Out 

L-+H-+L L L ROW COL X Valid Data In 

H-+L L X X X X High-Z 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -6S0C to + 1S0°C 
Storage Temperature (Plastic) .................... -SsoC to + 1S0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -2.0 0.8 V 1,28 

INPUT LEAKAGE CURRENT 
any input (OV :s; VIN :s; 6.5V, II -2 2 ~A 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT: (Q is disabled; OV :s; VOUT:S; 5.5V) loz -10 10 ~ 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 
STANDBY CURRENT: (TTL) Icc1 2 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 200 200 200 ~A 25 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 75 65 55 mA 3,4 
(RAS, CAS, Single Address Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 55 45 40 mA 3,4 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Icc5 75 65 55 mA 3 
(RAS Cycling, CAS=VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Icc6 75 65 60 mA 3,5 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

BATTERY BACKUP REFRESH CURRENT: 
Average power supply current during battery backup refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = tRAS (MIN) of Iccl 200 200 200 ~A 3,5,7 
1 ~s; WE, AO-A9 and D in = Vcc -0.2V or 0.2V (D in may be left 
OPEN), tRC = 125~ (512 rows at 125us = 64ms) 
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PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A8 Cll 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DO Cia 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 130 150 180 ns 

READ-WRITE cycle time 'RWC 185 205 245 ns 

FAST-PAGE-MODE READ or WRITE tpc 40 45 55 ns 
cycle time 

FAST-PAGE-MODE READ-WRITE 'PRWC 95 100 115 ns 
cycle time 

Access time from RAS 'RAC 70 80 100 ns 14 
Access time from CAS 'CAC 20 20 25 ns 15 
Output Enable toE 20 20 25 ns 
Access time from column address tAA 35 40 50 ns 

Access time from CAS precharge 'CPA 40 45 50 ns 

RAS pulse width IRAS 70 100,000 80 100,000 100 100,000 ns 

RAS pulse width (FAST PAGE MODE) IRASP 70 100,000 80 100,000 100 100,000 ns 
RAS hold time tRSH 20 20 25 ns 
RAS precharge time tRP 50 60 70 ns 

CAS pulse width ICAS 20 100,000 20 100,000 25 100,000 ns 

CAS hold time ICSH 70 80 100 ns 

CAS precharge time ICPN 10 10 15 ns 16 
CAS precharge time (FAST PAGE MODE) tcp 10 10 10 ns 
RAS to CAS delay time IRCD 20 50 20 60 25 75 ns 17 
CAS to RAS precharge time ICRP 5 5 5 ns 

Row address setup time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

RAS to column tRAD 15 35 15 40 20 50 ns 18 
address delay time 

Column address setup time IASC 0 0 0 ns 

Column address hold time ICAH 15 15 20 ns 

Column address hold time IAR 55 60 70 ns 
(referenced to RAS) 

Column address to IRAL 35 40 50 ns 
RAS lead time 

Read command setup time tRCS 0 0 0 ns 

Read command hold time tRCH 0 0 0 ns 19 
(referenced to CAS) 

Read command hold time IRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in Low-Z tCLZ 0 0 0 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Output buffer turn-off delay toFF 0 20 0 20 0 20 ns 20,27 
Output Disable too 20 20 20 ns 27 
Wi: command setup time twcs 0 0 0 ns 21 

Write command hold time twCH 15 15 20 ns 

Write command hold time twCR 55 60 75 ns 
(referenced to RAS) 

Write command pulse width 'WP 15 15 20 ns 
Write command to RAS lead time 'RWL 20 20 25 ns 
Write command to CAS lead time tcWL 20 20 25 ns 
Data-in setup time 'OS 0 0 0 ns 22 
Data-in hold time 'DH 15 15 20 ns 22 
Data-in hold time 'DHR 55 60 75 ns 
(referenced to RAS) 

RAS to WE delay time 'RWD 100 110 130 ns 21 
Column address 'AWD 65 70 80 ns 21 
to Wi: delay time 

CAS to WE delay time ICWD 50 55 60 ns 21 
Transition time (rise or fall) IT 3 50 3 50 3 50 ns 9, 10 

Refresh period (512 cycles) 'REF 64 64 64 ms 

RAS to CAS precharge time 'RPC 0 0 0 ns 
CAS setup time 'CSR 10 10 10 ns 5 
(CAS-BEFORE-'FiAS" refresh) 

CAS hold time tcHR 15 15 15 ns 5 
(CAS-BEFORE-RAS refresh) 

OE hold time from WE during toEH 20 20 20 ns 26 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during toRD 0 a 0 ns 24 
HIDDEN REFRESH cycle 

1-133 

-C 
::D 
l> s:: 



-C 
:D 
:J> 
s: 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from theequationC = Id'/dvwithdv=3V and Vee =5V. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

S. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 64ms 
refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that tRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, IRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that tRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference pOint only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD (MAX) limit ensures that 
IRCD (MAX) can be met. IRAD (MAX) is specified as 
a reference point only; if IRAD is greater than the 
specified IRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, tAWD and tcwD are restrictive 
operating parameters in LATE-WRITE, and READ
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY -WRITE cycle and the data 
output will remain an open circuit through out the 
entire cycle. IfIRWD ~ IRWD (MIN), tAWD ~ tAWD 
(MIN) and !CWD ~ tCWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. 
26. LATE-WRITE and READ-MODIFY-WRITE cycles 

must have both taD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQs open during READ cycles once taD or taFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 

28. The device shall meet all functional reqUirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -l.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-O.3V signal of any duration is presented (DC). 
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READ CYCLE 

RC 

'RAS 'RP 'J 

RAS 
V,H 
V,L 

J 
- \ 

tCSH 

tASH tRAH 

tCRP tRCD teAS 

CAS 
V,H 
V,L =--.-J J( 

'AR 

-' , tRAD , tRAL 

ADDR 
V,H 
V,L 

I~ ~I I~ I~ 

4'/#,0{ ROW YIdd!). COLUMN ~ ROW 

WE V,H 
V,L 

1 tRCS tACH J 
I 

=fIjjjjjjjjjjjj V////I////////////I///; 

I 'M 
tRAC 

'CAC I~ 

~k 
-

OPEN VALID DATA OPEN---

I~ 
DE ~:~ W///I//lI////I///I/I/I//I////I/I//lIIIIIIII///ld 

I~ P /1/1/11///1111/1/11//11/1/1 /I/I/Ifi 

EARL Y-WRITE CYCLE 

RC 

RAS 
V,H 
V,L 

'RAS 'RP oj I L 
- \ 

tCSH 

tRSH 

teRP , tRCD tCAS 

~ 
CAS V,H 

V,L =--.-J 
'AR 

tRAD tRAL 

ADDR V,H 
V,L 

tASR tAAH 

~ ~ J 
::W-~ ROW lW"At COlUMN ~ ROW 

tCWL JJ 
'RWL 

twCR 

'wes twCH 

'WP 

WE ~:~ ~ ~ 
I I 'DHR 

I~ ~ 
DO ~:g~~!----VA-LlD-D-AT-A--~ 
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IVIIC:Rg~ MT4C4260 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'AWe 

teRP teAS 

ADDA ROW 

DO ~:~ :'-----------OPEN---~~~~~j~~;jr------OPEN---

FAST-PAGE-MODE READ CYCLE 
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I'IIIC:F=";~~ MT 4C4260 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

p -
-

'RP 

teSH 'PC lASH 

] .. ,leAP. • tRCD I~~ teAS ~ ~ I~I 

=~ 'AR ~ ~ ! 

II 
>RAD I I . tRAL 

7TT C IRAH"'I rT'TT'l.1· IASC. ~ r ~I ~II~ -=Y.at ROW WI'&{ COLUMN COLUMN COLUMN ROW ADDR ~:t 

~ 
DO ~Igt VALID DATA 

DE ~:r WII/I/I/I/I/III/I/l I/II////!I 1/1/1111/11///111/1 1//11/1/1/111/ 1/!I!1!/1I//!11II!!/1////I/I//1! I/II/I//! 1/Il!II//I! 1//2 

ADDR ~1~ 

DO ~i8t 

--

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RASP 

teSH tpc tRwe . IRSH 

I'" leRP 
IRCD teAS ~ teAS ~ ICAS 

f-----, 

=~ ~ 
,-----

'AR 
IRAD 

~I 
'RAL 

r :IRAH'''j ~ ~ I~ ~II teAH'1 

::11M ROW WI,,0 COLUMN COLUMN COLUMN 

I 'RW~WL~ ~ I 
II -~I I tCWL_ -twp twp- .:.L 

tAWD -'Awe lAWD 

'cwo ~ lewD 

~ f- ~c---'M 
~ 

'RAe I 
I ~~1- I 'DH- l I 

tePA lOS..... 1_ tePA lOS_ 

T 'CAcd - 'CAG __ I -- !CAG ~ --

F=L 
~ 
I 

II 
ROW 

~ tAWL 
fOWl 

I-twP 

__ tOH 

-
teLI -- t tell -- r- tell --I t 
OPEN~ ~~~~ MWiID MAUD VALID VALID ~f~' ~OPEN-- I~ DJL -.- Dour 

.1toD - '-too 

toE - toE 
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I"IIC:F::::IC;;;:!~ MT 4C4260 

teRP 

'RR-ONL Y REFRESH CYCLE 
(ADDR = AO - AS; WE = DON'T CARE) 

ROW 

DO ~gr :~--------------OPEN---------------

~-BEFORE-~ REFRESH CYCLE 
(Ao - AS' WE and OE = DON'T CARE) 

CAS ~I~: ~L-__ ~ ______ -Uliilliil~ __ ~ ______________________ ~~_ 

Q ~g~ -----------------OPEN---------------

HIDDEN REFRESH CYCLE 
(WE = HIGH, OE = LOW) 24 

(READ) (REFRESH) 
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ADDR ~:~:: 

HIDDEN REFRESH CYCLE 
(WE = LOW) 

(WRITE) 

'RAS 

(REFRESH) 

'RAS 

"'I'::":~ 
VAliD DATA 
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I'4I1=Rg~ MT4C4001 

DRAM 

FEATURES 
• Industry standard x4 pinout, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single +5V±10% power supply 
• Low power, 3mW standby; 225mW active, typical 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• 1024-cycle refresh distributed across 16ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS 

(CBR), and HIDDEN 
• FAST PAGE MODE access cycle 
• 300 and 350 mil wide SOJ packages 
• Two CBR options: CBR with WE a don't care (1 Meg 

compatible) and CBR with WE a HIGH (JEDEC test 
mode capable via WCBR) 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Ceramic DIP (300mil) 
Ceramic DIP (400mil) 
Plastic ZIP (350rnil) 
Plastic SOJ (300mil) 
Plastic SOJ (350mil) 
Plastic TSOP (*) 

• CA5-BEFORE-RAS refresh 
CBR with WE a don't care 
CBR with WE a HIGH 

• Operating Temperature, TA 
Commercial (DOC to +70°C) 
Industrial (-40°C to +85°C) 

GENERAL DESCRIPTION 

-6 
-7 
-8 

CN 
C 
Z 
DJ 

DJW 
TG 

None 
J 

None 
IT 

The MT4C4001 is a randornly accessed solid-state memory 
containing 4,194,304 bits organized in a x4 configuration. 
During READ or WRITE cycles, each bit is uniquely ad
dressed through the 20 address bits, which are entered 10 
bits (AO -A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE mode. 

MT4C4001 
REV. 1/91 1-141 

1 MEG x4DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

20-Pin CDIP 
(8-4,8-5) 

D01 ~ Vss 
D02 2 19 DQ4 
WE 3 18 D03 

RAS 4 17 CAS 
A9 5 16 OE 
AO 6 15 AS 
A1 7 14 A7 
A2 8 13 A6 
A3 9 12 A5 

Vee .!2......1..! A4 

20-Pin ZIP 
(C-3) 

OE 1 '" CAS D03 3 _~- 2 
Vss 5 _,t:. 4 DQ4 

D02 7 "~- 6 D01 
RAS 9 "~- 8 WE 

AO 11';- 10 A9 

A2 13 -~: ~! ~; 
V~ ~~~_ 16 A4 
A7 19 c~- 18 A6 

'-" 20 A8 

·Consult factory on availability of TSOP packages 

20-Pin SOJ 
(E-1, E-2) 

During a WRITE cycle, data in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pin(s) remain open 
(High-Z) until the next CAS cycle. If WE goes LOW after 
data reaches the output pin(s), The Qs are activated and 
retain the selected cell data as long as CAS remains low 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. The four data inputs and four data 
outputs are routed through four pins using common I/O, 
and pin direction is controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed
in by CAS. CAS may be toggled-in by holdingRAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS, or HID
DEN refresh) so that all 1024 combinations of RAS ad
dresses (AO-A9) are executed at least every 16ms, regard
less of sequence. The CBR refresh cycle will invoke the 
internal refresh counter for automatic RAS addressing. 

Micron Technology, Inc., reselVElS the right to change products or speCifications without notice. 
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I'IIIC:F::::U;2~ MT 4C4001 

TRUTH TABLE 

Function 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARLY-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS-ONL Y REFRESH 

HIDDEN 

REFRESH 

CAS-BEFORE-

RAS REFRESH 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

DQ1 
DQ2 
DQ3 
DQ4 

-NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 

Address DATA iN/OUT 

RAS" ~ WE tR Ie OE" OQ1-4 

H X X X X X High-Z 

L L H ROW COL L Valid Data Out 

L L L ROW COL X Valid Data In 

L L H-L ROW COL L-H Valid Data Out, Data In 

1st Cycle L H-L H ROW COL L Valid Data Out 

2nd Cycle L H-L H nfa COL L Valid Data Out 

1st Cycle L H-L L ROW COL X Valid Data In 

2nd Cycle L H-L L nfa COL X Valid Data In 

1st Cycle L H-L H-L ROW COL L-H Valid Data Out, Data In 

2nd Cycle L H-L H-L nfa COL L-H Valid Data Out, Data In 

H X X ROW nfa X High-Z 

READ L-H-L L H ROW COL L Valid Data Out 

WRITE L-H-L L L ROW COL X Valid Data In 

Standard H-L L X X X X High-Z 

"J" Option H-L L H X X X High-Z 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................. -6S0C to + 1S0°C 
Storage Temperature (Plastic) .................... -SSOC to + 1S0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vcc = S.OV ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.S S.S V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
any input (OV :5 VIN :5 6.SV, II -2 2 llA 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV :5 VOUT :5 S.5V) loz -10 10 llA 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETERJCONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) Icc1 2 2 2 mA 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vee -0.2V) lec2 1 1 1 mA 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 110 100 90 mA 3,4 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 80 70 60 mA 3,4 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current ICC5 110 100 90 mA 3 
(RAS Cycling, CAS=VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Iccs 110 100 90 mA 3,S 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 
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_ CAPACITANCE 
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PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A 10 Cit 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

InpuUOutput Capacitance: DO CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vce = 5.0V ± 10%) . 

A.C. CHARACTERISTICS -6 -7 -8 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 110 130 150 ns 

READ-WRITE cycle time tRWC 165 185 205 ns 

FAST-PAGE·MODE tpc 40 40 45 ns 
READ or WRITE cycle time 

FAST-PAGE·MODE tpRWC 90 95 100 ns 
READ-WRITE cycle time 

Access time from RAS tRAC 60 70 80 ns 14 
Access time from CAS tCAC 15 20 20 ns 15 
Access time from column address lAA 30 35 40 ns 

Access time from CAS precharge tePA 40 40 45 ns 

'R"AS" pulse width IRAS 60 100,000 70 100,000 80 100,000 ns 

RAS pulse width (FAST PAGE MODE) IRASP 60 100,000 70 100,000 80 100,000 ns 

RAS hold time tRSH 15 20 20 ns 

RAS precharge time tRP 45 50 60 ns 

CAS pulse width t,.. Ar'O 15 100,000 20 100,000 20 100,000 ns "'-'''''' 
CAS hold time tCSH 60 70 80 ns 

CAS precharge time ICPN 10 10 10 ns 16 
CAS" precharge time (FAST PAGE MODE) tep 10 10 10 ns 

'R"AS" to CAS delay time IRCD 15 45 20 50 20 60 ns 17 
CAS to'R"AS" precharge time tCRP 5 5 5 ns 

Row address setup time IASR 0 0 0 ns 
Row address hold time IRAH 10 10 10 ns 

RAS to column tRAD 15 30 15 35 15 40 ns 18 
address delay time 

Column address setup time tASC 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time IAR 50 55 60 ns 
(referenced to 'FiAS) 

Column address to tRAL 30 35 40 ns 
RAS lead time 

Read command setup time tRCS 0 0 0 ns 

Read command hold time IRCH 0 0 0 ns 19 
(referenced to CAS) 

Read command hold time tRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in Low-Z ICLl 0 0 0 ns 

Output buffer turn-off delay tOFF 0 20 0 20 0 20 ns 20 
WE command setup time twcs 0 0 0 ns 21,27 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -6 -7 -8 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time twCH 10 15 15 ns 

Write command hold time twCR 45 55 60 ns 
(referenced to RAS) 

Write command pulse width IWp 10 15 15 ns 

Write command to RAS lead time IRWL 15 20 20 ns 
Write command to CAS lead time ICWL 15 20 20 ns 

Data-in setup time IDS 0 0 0 ns 22 
Data-in hold time IDH 10 15 15 ns 22 
Data-in hold time IDHR 45 55 60 ns 
(referenced to l'IAS) 

RAS to WE delay time IRWD 90 100 110 ns 21 
Column address IAWD 60 65 70 ns 21 
to WE delay time 

CAS to WE delay time ICWD 45 50 50 ns 21 
Transition time (rise or fall) IT 3 50 3 50 3 50 ns 9, 10 

Refresh period (1024 cycles) IREF 16 16 16 ms 

RAS to CAS precharge time IRPC 0 .0 0 ns 
CAS setup time ICSR 10 10 10 ns 5 
(CAS-BEFORE-RAS refresh) 

CAS hold time ICHR 15 15 15 ns 5 
(CAS-BEFORE-RAS refresh) 

WE hold time twRH 10 10 10 ns 25 
(CAS-BEFORE-RAS refresh) 

WE setup time twRP 10 10 10 ns 25 
(CAS"-BEFORE-RAS" refresh) 

WE hold time twTH 10 10 10 ns 25 
(WCBR test cycle) 

WE setup time twTS 10 10 10 ns 25 
(WCBR test cycle) 

OE setup prior to RAS during toRD 0 0 0 ns 
HIDDEN REFRESH cycle 

Output disable toD 15 20 20 ns 27 

Output enable toE 15 20 20 ns 23 

TIE" hold time from WE during IOEH 15 20 20 ns 26 
READ-MODIFY-WRITE cycle 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = I dt / dv with dv = 3V and Vee = SV. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOl1s is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the 16ms refresh requirement is 
exceeded. 

8. AC characteristics assume iT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that 1RCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, !RAc will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tcPN. 

17. Operation within the IRCD (MAX) limit ensures that 
!RAc (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if 1RCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tcAe. 

18. Operation within the !RAD (MAX) limit ensures that 
IRCD (MAX) can be met. !RAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 

specified lRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either 1RCH or IRRH must be satisfied for a READ 
cycle. 

20. 10FF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IAWD and tcWD are restrictive 
operating parameters in late WRITE, and READ
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit through out the 
entire cycle. If IRWD ~ IRWD (MIN), tAWD ~ IAWD 
(MIN) and tcWD ~ ICWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state .of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE=HIGH. 

25. twTs and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of IWRP and twRH in the 
CBR refresh cycle. 

26. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both 10D and 10EH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after 'OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQs open during READ cycles once taD or taFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 
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READ CYCLE 

IRC 

tRAS IRP , I , , I 

tCSH 

IRSH IRRH 

leRP tRCD teAs 
j 

CAS J 
IAR 

I tRAD tRAL 

I~~I ~ ~ 
ROW ~ COLUMN W ROW ADDR 

IRCS 

I 
~ 

:1'///////0 

I 
lAA 

'RAC 

'CAG ~ 

~I~ 
OPEN VALID DATA OPEN DQ ~:g~-

~ 

~:~ V//;/U/////§U////§$////////;/§/§///§u§m! 
~ 

p/ ;///U§ § ;///J/ 1//// 1////// ;/J;/ 

EARLY-WRITE CYCLE 

IRC 

tRAS IRP ,I 

RAS 
V,H 
VIL - \ 

tCSH 

tASH 

'CRP tRCD tCAS 

CAS V,H 
VIL =~ 

IAR 

tRAD tRAL 

ADDR 
V,H 
VIL 

l~ ~I ~ ~ 
~~ ROW .w~ COLUMN ~l:X ROW 

ICWl II 
'RWl 

!WCR 

'wcs 'WGH 

IWp 

~ ~ 

~I 
I 'DHR 

I~ 
DO ~:gr ~'-----VA-Ll-DD-A-TA-----'~ 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

AAS 
VIH -
VIL _ 

tCSH 

tRSH 

teAP tRCD 'CAS 

CAS VIH -
VIL _ 

'AA 

'RAD 

~ tRAH 

ADDR VIH -
VIL _ AOW 

We VIH -
VIL 

DO ~:gtI-:---------------

FAST-PAGE-MODE READ CYCLE 

AAS 
V'H -
VIL -

CAS 

ADDR V'H 
VIL 

WE 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

OE ~:t -PIli j' II I II I III ///!I//$ II 1II!1!l1II!1 III II III I I II 11111 III!IIII I II /II II III I I 1111 I I I I /II 1111 I I I I III! III! II I /II III!I IIIh 

RAS V,H 
VIL 

CAS V,H 
VIL 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

_----~I'-I ______ ~ _____________ 'R~_P~_,.------------~----~~ 
ICSH IpC / tRwe tASH 

-

I_-----"'R""CD'--_~~.I_ .--",'cA""S ___ I::- 1_--"'c",,AS'--_1 ~ I_---""C""AS--_I I~ 
=-./ 

'AR 

I_'ASR ::~I ~I ~ ~~I ~I~i II 
ADDR ~:t ~ ROW ~ 1 COLUMN 'RWD~II COl LUMN ~ COl LUMN ~II-ROW 

~I I 'CWL- - 'cWL- 1+-1 : -'c:~ 
'wP.1 1 'w _, - ~-P- - - -~ l-----+---!"'cW=D---I 'cwo 'cwo 
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RAS-ONL Y REFRESH CYCLE 
(ADDR = AO - Ag; WE = DON'T CARE) 

RAS ~:~ ---'c-------,.~ - ~= :lL---_ 
~:r31_ i- 1 CJ 

lAC 

ADDR ~:~ ~--RO-W --·W#/I/1///!//$/$/l$ff////////$////II,1<r-----R- OW--

DO ~2t' -:-----------OPEN---------

-eAS-BEFORE-RAS REFRESH CYCLE 
(AO - Ag, and OE = DON'T CARE) 

- V,H __ --t----~ 
RAS V,L _ I}--------"I 

DO 

~ ;WAtJ 'WAP 'WAH 

WE ~:r :W/hW/!//;) Wff//I//!MI/!/$/j- W$$$$//!//!$##$~ 

HIDDEN REFRESH CYCLE 
(WE = HIGH; OE = LOW) 24 

(AEAD) (REFRESH) 

'RAS 

tCHR 

DOx ~l8t -:------OPEN----~>t=~=~V~ALI~DD~ATA====l 

DE ~:r :1//##&!////$#/!//////////#/#ffd loAD .1 

OPEN-
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The JEDEC 4 Meg DRAM introduces two potential in
compatibilities compared to the previous generation 1 Meg 
DRAM. The incompatibilities involve refresh and power
up. Understanding these incompatibilities and providing 
for them will offer the designer and system user greater 
compatibility between the 1 Meg and 4 Meg. 

REFRESH 
The most commonly used refresh mode of the 1 Meg is 

the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a don't care. The 
4 Meg, on the other hand, specifies the CBRREFRESH mode 
to be a WCBR, which is CBR with the WE pin held at a 
logical HIGH level. 

The reason for WCBR instead of CBR on the 4 Meg is that 
a CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). In contrast, the 1 Meg 
test mode is entered by applying a HIGH signal to the test 
pin (pin 4 on DIP, pin 5 on SOJ and pin 8 on ZIP). This HIGH 
signal is usually a "supervoltage" (V in ;:0: 7.5V) so normal 
TTL or CMOS HIGH levels will not cause the part to enter 
the test mode. 

POWER-UP 
The 4 Meg WCBR constraint may also introduce another 

problem. The 1 Meg POWER-UP cycle requires a lOOlls delay 
followed by any 8 RAS cycles. The 4 Meg POWER-UP is more 
restrictive in that 8 RAS-ONL Y or CBR REFRESH (WE held 
HIGH) cycles must be used. The restriction is needed since 

the 4 Meg may power-up in the JEDEC specified test mode 
and must exit out of the test mode. The only way to exit the 
4 MegJEDEC test mode is with either a RAS-ONLY or a CBR 
REFRESH cycle. 

SUMMARY 
1. The optional 1 Meg test pin is the AlO pin on the 4 Meg. 
2. For optional test mode, the 1 Meg requires a valid HIGH 

on the test pin while the 4 Meg requires a CBR cycle with 
WE LOW. 

3. The 1 Meg CBRREFRESH allows the WE pin to be don't 
care while the 4 Meg CBR requires WE to be HIGH 
(WCBR). 

4. The 8 RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the4Megmay only use RA5-0NLY 
or CBR REFRESH cycles. 

SPECIAL FEATURE 
Amemory system currently using 1 MegDRAMswithWEas 

a don't care during CBR REFRESH does not allow for direct 
upgrading to 4 Meg DRAMs. Micron, realizing some com
panies will have this situation, provides a special feature on 
its 4 Meg DRAM, that requires "supervoltage" to access the 
4 Meg JEDEC WCBR test function. This allows the Micron 
4 Meg DRAM to be refreshed in the same manner as any 1 
MEG DRAM. Note that the eight power-up cycles should 
only be refresh cycles in order to guarantee that any 4 Meg 
DRAM, including Micron's, does not inadvertently power
up in the test mode. 

.......... ? .~~~ ~:-.-.-.-.-.-.-.-.-. -. -. -. -. tI.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.. O::N.-.-.-.-I+-.-.-.-.-.-.-.-.-. -. -. -. -.. -.-.-.-.-.-.-.-.-.-.-.-... 

{

WeBR TEST MODE: WE 

4 MEG 
DRAM 

weBR REFRESH: WE 

'WRH 'WRP 'WRH 

V;I$/!//!//#I##I;)-- ~#$I/II#I/#IM#I#I#~ 
h~~ { eSR REFRESH: WE ~:r 1!//////!!II1 II! /1111// $ /II 1/////1 ///I/III!I # $I!I & ~ DON'T CARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 
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DRAM 

FEATURES 
• Industry standard x4 pinout, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single +5V±10% power supply 
• Low power, 3m W standby; 225m W active, typical 
• All inputs, outputs and clocks are fully TIL and 

CMOS compatible 
• 1024-cycle refresh distributed across 16ms 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 

(CBR), and HIDDEN 
• STATIC COLUMN access cycle 
• 300 and 350 mil wide SOJ packages 
• Two CBR options: CBR with WE a don't care (1 Meg 

compatible) and CBR with WE a HIGH (JEDEC test 
mode capable via WCBR) 

OPTIONS MARKING 
• Timing 

60nsaccess 
70ns access 
80nsaccess 

• Packages 
Ceramic DIP (3OOmil) 
Ceramic DIP (400mil) 
Plastic ZIP (350mil) 
Plastic SOJ (300mil) 
Plastic SOJ (350mil) 
Plastic TSOP (*) 

• CA5-BEFORE-RAS refresh 
CBR with WE a don't care 
CBR with WE a HIGH 

• Operating Temperature, TA 
Commercial (O°C to +70°C) 
Industrial (-40°C to +85°C) 

GENERAL DESCRIPTION 

-6 
-7 
-8 

CN 
C 
Z 
DJ 

DJW 
TG 

None 
J 

None 
IT 

TheMT4C4003 is a randomly accessed solid-state memory 
containing 4,194,304 bits organized in a x4 configuration. 
During READ or WRITE cycles, each bit is uniquely ad
dressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ modewhilea logic LOW on WE dictates WRlTEmode. 

MT4C4003 
REV. 1/91 

1 MEG x4DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

20-Pin CDIP 20-Pin ZIP 20-Pin SOJ 
(8-4,8-5) (C-3) (E-1, E-2) 

DOl ii""2O Vss 

~l= 
OQ1 ~vss 

D02 2 19 D04 DQ3 3 =:':4 DQ4 CO2 2 25 DQ4 
WE 24 003 

Wi: 3 18 D03 Vss 5~6 DQl - 23 CAS" 
RAS 4 17 CAS DQ27':,a'iJE AS 22 "OE" 

A9 5 16 ~ 
RAS 9 =:.:: 10 A9 

AD 11 =:.: 12 A1 
AD 6 15 AS A2. 13 ~ 14 A3 AO 9 18 AS 
Al 7 14 A7 Vee 15 =>.., 16 A4 A1 10 17 A7 

A2 8 13 A6 AS 17 =:." 18 A6 A2 11 18 AS 

A3 9 12 AS A7 19 =:_ 20 AS 
A3 12 15 AS 

Vee .!.2....!! A4 
Vee ~ A4 

·Consult factory on availability of TSOP packages 

During a WRITE cycle, data in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the outpu~(s) remain open 
(High-Z) until the next CAS cycle. If WE goes LOW after 
data reaches the output pin(s), data out (Q) is activated and 
retains the selected cell data as long as CAS remains low 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. The four data inputs and four data 
outputs are routed through four pins using common I/O 
and pin direction is controlled by WE and OE. 

STATIC COLUMN operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A9) defined page boundary. The STATIC 
COLUMN cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed
inbyCAS. CAS maybe toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the 
STATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RA5-0NL Y, CAS-BEFORE-RAS, or HID
DEN refresh) so that all 1024 combinations of RAS ad
dresses (AO-A9) are executed at least every 16ms, regard
less of sequence. The CBR refresh cycle will invoke the 
internal refresh counter for automatic RAS addressing. 
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FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

DOl 
D02 
DQ3 
DQ4 

~------------~&-----~OE 

~-~ 

TRUTH TABLE 

Function 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

STATIC COLUMN 1st Cycle 
READ 2nd Cycle 

STATIC COLUMN 1st Cycle 
EARLY-WRITE 2nd Cycle 

STATIC COLUMN 1st Cycle 
READ-WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 
REFRESH WRITE 

CAS-BEFORE- Standard 
RASREFRESH "J" Option 

'NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 

Address DATA IN lOUT 

'RAS' ~ m tR te l:)E DQ1-4 

H X X X X X High-Z 

L L H ROW COL L Valid Data Out 

L L L ROW COL X Valid Data In 

L L H-L ROW COL L-H Valid Data Out, Data In 

L L H ROW COL L Valid Data Out 

L L H n/a COL L Valid Data Out 

L L L ROW COL X Valid Data In 
L L H-L n/a COL X Valid Data In 

L L H-L ROW COL L-H Valid Data Out, Data In 
L L H-L n/a COL L-H Valid Data Out, Data In 

H X X ROW n/a X High-Z 

L-H-L L H ROW COL L Valid Data Out 
L-H-L L L ROW COL X Valid Data In 

H-L L X X X X High-Z 
H-L L H X X X High-Z 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................. -6S0C to + IS0°C 
Storage Temperature (Plastic) .................... -SsoC to + IS0°C 
Power Dissipation .............................................................. IW 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi- _ 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the C 
device at these or any other conditions above those indicated ::II 
in the operational sections of this specification is not implied. ...... 
Exposure to absolute maximum rating conditions for ex- ~ 
tended periods may affect reliability. 3: 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
any input (OV:os; VIN :os; 6.5V, II -2 2 ~ 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV :os; VOUT :os; 5.5V) loz -10 10 ~ 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 
STANDBY CURRENT: (TTL) Icct 2 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 1 1 1 mA 
(RAS = CAS = Other Inputs = Vee -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current ICC3 110 100 90 mA 3,4 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: STATIC COLUMN 
Average power supply current ICC4 80 70 60 mA 3,4 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current I" ICC5 110 100 90 mA 3 
(RAS Cycling, CAS=VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current ICC6 110 100 90 mA 3,5 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A1 0 Cit 5 pF 2 

Input Capacitance: RAS, CAS, WE, DE: CI2 7 pF 2 

Input/Output Capacitance: DO CIO 7 pF 2 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -6 -7 -8 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time IRC 110 130 150 ns 

READ-WRITE cycle time IRWC 165 185 205 ns 

STATIC-COLUMN ISC 40 40 45 ns 
READ or WRITE cycle time 

STATIC-COLUMN ISRMC 95 100 110 ns 
READ-WRITE cycle time 

Access time from RAS IRAC 60 70 80 ns 14 
Access time from CAS ICAC 15 20 20 ns 15 
Access time from column address 1M 30 35 40 ns 

Access time from CAS precharae ICPA 40 40 45 ns 

RAS pulse width IRAS 60 100000 70 100000 80 100000 ns 
RAS pulse width (STATIC COLUMN) IRASC 60 100,000 70 100,000 80 100000 ns 

RAS hold time IRSH 15 20 20 ns 

RAS precharge time IRP 45 50 60 ns 

CAS pulse width teAS 15 100000 20 100,000 20 100,000 ns 

CAS hold time ICSH 60 70 80 ns 

CAS precharge time ICPN 10 10 10 ns 16 
CAS precharae time (STATIC COLUMN) ICp 10 10 10 ns 

RAS to CAS delay time IRCD 15 45 20 50 20 60 ns 17 
CAS to RAS precharae time ICRP 5 5 5 ns 

Row address setup time IASR 0 0 0 ns 

Row address hold time IRAH 10 10 10 ns 

RAS to column IRAD 15 30 15 35 15 40 ns 18 
address delay time 

Column address setup time IASC 0 0 0 ns 

Column address hold time ICAH 10 15 15 ns 

Column address hold time IAR 50 55 60 ns 
(referenced to RAS) 

Column address to IRAL 30 35 40 ns 
RAS lead time 

Read command setup time IRCS 0 0 0 ns 

Read command hold time IRCH 0 0 0 ns 19 
(referenced to CAS) 

Read command hold time IRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in Low-Z teLZ 0 0 0 ns 

Output buffer turn-off delay toFF 0 20 0 20 0 20 ns 20 
WE" command setup time twcs 0 0 0 ns 21,27 
Write command hold time twCH 10 15 15 ns 

Write command hold time twCR 45 55 60 ns 
(referenced to RAS) 

Write command pulse width twp 10 15 15 ns 

Write command to RAS lead time IRWL 15 20 20 ns 

Write command to CAS lead time teWL 15 20 20 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13,23) (Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -6 -7 -8 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Data-in setup time tDS 0 0 0 ns 22 

Data-in hold time tDH 10 15 15 ns 22 
Data-in hold time tDHR 45 55 60 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 90 100 110 ns 21 

Column address tAWD 60 65 70 ns 21 
to WE delay time 

CAS to WE delay time teWD 45 50 50 ns 21 

Transition time (rise or fall) tT 3 50 3 50 3 50 ns 9, 10 

Refresh periodJ1024 cyclesl tREF 16 16 16 ms 

RAS to CAS precharge time tRPC 0 0 0 ns 

CAS setup time tCSR 10 10 10 ns 5 
(CAS-BEFORE-RAS refresh) 

CAS hold time teHR 15 15 15 ns 5 
(CAS-BEFORE-RAS refresh) 

WE hold time WRH 10 10 10 ns 25 
(CAS-BEFORE-RAS refresh) 

WE setup time WRP 10 10 10 ns 25 
(CAS-BEFORE-RAS refresh) 

WE hold time WTH 10 10 10 ns 25 
(WCBR test cycle) 

WE setup time twTS 10 10 10 ns 25 
(WCBR test cycle) 

OE setup prior to RAS during tORD 0 0 0 ns 
HIDDEN REFRESH cycle 

Output disable tOD 15 20 20 ns 27 

Output enable tOE 15 20 20 ns 23 

DE hold time from WE during toEH 15 20 20 ns 26 
READ-MODIFY-WRITE cycle 

Write inactive time WI 10 10 10 ns 

Last WRITE to column address tLWAD 15 25 20 30 20 35 ns 
delay time 

Last WRITE to column address tAHLW 55 65 75 ns 
hold time 

RAS hold time referenced to OE tROH 10 10 10 ns 

Output data hold time from tAOH 5 5 5 ns 
column address 

Output data enable from WRITE tow 20 20 20 ns 

Access time from last WRITE tALW 55 65 75 ns 

Column address hold time tAH 5 5 10 ns 
referenced to RAS HIGH 

CAS pulse width in tcsc tCAS teAS teAS ns 
STATIC-COLUMN mode 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = I dt/ dv with dv = 3V and Vee = SV. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOO~s is reqUired after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the 16ms refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is. high impedance. 
12. If CAS = VII, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

lOOpP. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be mel IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IReD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the IRAD (MAX) limit ensures that 
IRCD (MAX) can be met. IRAD (MAX) is specified as 
a reference point only; if IRAD is greater than the 

specified lRAD (MAX) limit, then access time is 
controlled exclusively by lAA. 

19. Either IRCH or t:RRH must be satisfied for a READ 
cycle. 

20. 10FF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. IWCS, IRWD, IAWD and !CWD are restrictive 
operating parameters in late WRITE, and READ
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY -WRITE cycle and the data 
output will remain an open circuit through out the 
entire cycle. If IRWD ~ IRWD (MIN), IAWD ~ IAWD 
(MIN) and !CWD ~ ICWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WR..T'fE C'jcle. In t.ltis case, WE = LOW and OE=HICH. 

25. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

26. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both 10D and 10EH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after toEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQs open during READ cycles once toD or toFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 
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READ CYCLE 

RC 

'RAS 'RP 
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'AR 

1'------

'RAO 'RAL ~ 
tASR 

AODR 
V,H 
VIL 

~I 1-
~ROW ~ ROW W////A COlUMN 

:J 'CSH 

teRP IRCD 'CAS I teRP 

CAS 
V,H 
VIL =~ 

1 ~ 'RCS 'RSH tRRH 

WE V,H 
VIL 

J I 
WtZ 

OE V,H 
VIL 

~I~ 

I 'OEA 

~ 'CAe 

'M 

'eLZ_1 

DO VOH 
VOL OPEN VAL!DDATA OPEN 

'RAe 

EARLY-WRITE CYCLE 

Re 

tRAS 'RP 

-
tAWR 

'RCD 

~ r==1 .~ICAH 
r 

~//~ ROW COlUMN ROW 
V,H 

ADOR VrL 

'RAD _I IRSH 

I~ 
'CSH 

tCAS 

=--' 
!CWL 

'AWL 

~ 'WCH 

'WP 1-

l~~ 
00 ~g~ - OPEN VALID DATA J-r---OPEN -

tOHR J 
tWCR 

OE ~:~ -'W/!I/////$// 11/ 1II!/////!1!//I/I/// I!!// ///I///I!! /11/1/1// /////I/I/////III/I///////II/lla 
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ADDR 

00 

RAS 

ADDR 

CAS 

WE 

i5E 

00 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

V,H _,.-------,1 
VIL _ 

VIHJ7~,r--~L--~lff"r----------~--~n7nn7~~/---
v" ~~'L __ ~r-_~fU/~ _______ ~~_~_~1UULUU~~\ ___ 

V,H -V,L 

V,H -
V,L 

V,H -
V,L 

V,H -
V,L 

V,H 
V,L 

VIOH -
VIOL -

STATIC-COLUMN READ CYCLE 
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STATIC-COLUMN EARLY-WRITE CYCLE 
(CAS Controlled) 

ADOR ~:~ = 
!liJ~----,_-{ 

DE ~:~ =W/lil 1/I/lI!/III/////II/II//////!/!I///I/II/$/IIII!III///I/ ////1 I II11 III/IIIIII!I/I/il /jJ 

STATIC-COLUMN EARLY-WRITE CYCLE 
(WE Controlled) 

ADDR ~:r -
l.Lll~----r--'t'(/ 

DE ~:~ ::'111$11$1_111 /I/IIII/III!!II/IIII!! /II IIII!I!II 11/ /I /111111/11 $/1/1// ///1/ /I I!III!I2 
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RAS 

ADDR VIH 
VIL 

CAS 
VIH-
VIL-

WE VIH-
VIL-

6E 

DQ 

I' 
:---' 

STATIC-COLUMN READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRCD 

COLUMN ADDRESS 

IRAL 

tRWL 1-
tCWD 

tAWD tAWD 

tRWD 

"RAS"-ONL Y REFRESH CYCLE 
(ADDR = Ao - Ag; WE = DON'T CARE) 

tCWL 

, 
:1 , tRAS , tRP 

'1 I 
\ 

tCRP . ,tRPti _
1 

'---I 
tASR tRAH . . . . 

ADDR ~:~ _,----RO-W -~b////$#$//II!//$/II!////#///////M<'----RO-W --

DO ~g~ ---------------OPEN---------------
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RAS VIH -
VIL _ 

CAs VIH -
VIL -

DO 

WE 

ADDR 

~-BEFORE-RAS REFRESH CYCLE 
(Ao - A9 , and OE = DON'T CARE) 

'WRH 'WRP 'WRH 

W#//&//!///////!/j- ----'~///!!IJ$j/!$/!/ff/!/!M 

HIDDEN REFRESH CYCLE 
(WE = HIGH; OE = LOW) 24 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

-tOFF 

DQx ~:gr ------- OPENI-----~~=:===~VA~LI~DD~AT~A====1 
tOE I 

OPEN-

DE ~:~ -W###/##!I!I/!I/#$$!I#!I!I~ . 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The JEDEC 4 Meg DRAM introduces two potential in
compatibilities compared to the previous generation 1 Meg 
DRAM. The incompatibilities involve refresh and power
up. Understanding these incompatibilities and providing 
for them will offer the designer and system user greater 
compatibility between the 1 Meg and 4 Meg. 

REFRESH 
The most commonly used refresh mode of the 1 Meg is 

the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBRfor 
the 1 Meg specifies the WE pin as a don't care. The 
4 Meg, on the other hand, specifies the CBR REFRESH mode 
to be a WCBR, which is CBR with the WE pin held at a 
logical HIGH level. 

The reason for WCBR instead of CBR on the 4 Meg is that 
a CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). In contrast, the 1 Meg 
test mode is entered by applying a HIGH signal to the test 
pin (pin40nDIP, pin 5 onSOJ and pin 8 on ZIP). This HIGH 
signal is usually a "supervoltage" (V in ~ 7.5V) so normal 
TTL or CMOS HIGH levels will not cause the part to enter 
the test mode. 

POWER-UP 
The 4 Meg WCBR constraint may also introduce another 

problem. The 1 Meg POWER-UP cycle requires a lOOl1s delay 
followed by any 8 RAS cycles. The4 Meg PoWER-UP is more 
restrictive in that 8 RAS-ONL Y or CBR REFRESH (WE held 
HIGH) cycles must be used. The restriction is needed since 

the 4 Meg may power-up in the JEDEC specified test mode 
and must exit out of the test mode. The only way to exit the 
4 Meg JEDEC test mode is with either a RAS-ONL Y or a 
WCBR REFRESH cycle. 

SUMMARY 
1. The optional 1 Meg test pin is the AlO pin on the 4 Meg. 
2. For optional test mode, the 1 Meg requires a valid 

HIGH on the test pin while the 4 Meg requires a CBR 
cycle with WE LOW. 

3. The 1 Meg CBRREFRESH allows the WE pin to be don't 
care while the 4 Meg CBR requires WE to be HIGH 
(WCBR). 

4. The 8 RAS wake-up cycles on the 1 Meg may be any 
valid RAScycle while the 4 Meg may only use RAS-ONLY 
or WCBR REFRESH cycles. 

SPECIAL FEATURE 
A memory system currently using 1 Meg DRAMs withWE as 

a don't care during CBR REFRESH does not allow for direct 
upgrading to 4 Meg DRAMs. Micron, realizing some com
panies will have this situation, provides a special feature on 
its 4 Meg DRAM, that requires "supervoltage" to access the 
4 Meg JEDEC WCBR test function. This allows the Micron 
4 Meg DRAM to be refreshed in the same manner as any 1 
MEG DRAM. Note that the eight power-up cycles should 
only be refresh cycles in order to guarantee that any 4 Meg 
DRAM, including Micron's, does not inadvertently power
up in the test mode. 

- VIH'-
CAS VIL -LLLLL-_---"'--_+!-__ .Ll.Lil.LLLL'.LL_-.A __ -+l-__ ..L... ________ _ 

{

WCBR TEST MODE: WE 

4 MEG 
DRAM 

WCBR REFRESH: WE 

b~~8 { CBR REFRESH: WE ~i~::'I///! IIII! I!!II III!/ II! 111// //I!/ 1/////// I! 1/// II! II! /II Ik ~ DON'T CARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 

1-164 



I"IIC:F=lg~ MT 4C4004 

DRAM 

FEATURES 
• Four independent CAS controls, allowing individual 

manipulation to each of the four data Input/Output 
ports (DQ1 through DQ4). 

• Offers a single chip solution to byte level parity for 36-
bit words when using 1 Meg x 4 DRAMs for memory 

• Emulates write-per-bit, at design-in level, with 
simplified timing constraints 

• High performance, CMOS silicon gate process 
• Single +5V±10% power supply 
• Low power, 3mW standby; 225mW active, typical 
• All inputs, outputs and clocks are fully TIL and 

CMOS compatible 
• 1024-cycle refresh in 16ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• CAS-BEFORE-RAS cycles with WE as a don't care 

OPTIONS 
• Timing 

70ns access 
80ns access 
lOOns access 

• Packages 
Plastic SOJ (300mil) 
Plastic SOJ (350mil) 

• Operating Temperature, TA 
Commercial (DoC to + 70°C) 

GENERAL DESCRIPTION 

MARKING 

- 7 
- 8 
-10 

DJ 
DJW 

None 

The MT4C4004 is a randomly accessed solid-state mem
ory containing 4,194,304 bits organized in a x4 configura
tion. This 1 Meg x 4 DRAM is unique in that each CAS (CAS1 
through CAS4) controls its corresponding data I/O port in 
conjunction with OE (eg. CAS1 controls DQ11/0 port, CAS2 
controls DQ2, CAS3 controls DQ3 and CAS4 controls DQ4). 

The best way to view the Quad CAS function is to imag
ine the CAS inputs going into an AND gate to obtain an 
internally generated CAS signal functioning in an identical 
manner to the single CAS input on a standard 1 Meg x 4 
DRAM device. The key difference is each CAS controls its 
corresponding DQ tristate logic (in conjunction with OE and 
WE) on the Quad CAS DRAM. 

During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits, 

1 MEG x4DRAM 
QUAD CAS PARITY, FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 
24-Pin SOJ (E-5, E-6) 

-
D01 l' 26 v" 
DC2 25 DC< 
II/E 2' D03 

= 23 ~ 
CASt 22 TIE 

""'" 21 CAS3 

A' B 19 NC 
AO , 18 AB 
A1 10 17 A7 
A2 11 16 A6 

NC = Pin is a 'no connect' 
A3 12 15 A5 

Vco 13 14 A4 -

and the first CAS the latter 10 bits. A READ or WRITE cycle 
is selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE mode. 

During a WRITE cycle, data-in (Dx) is latched by the 
falling edge of WE or the first CAS, whichever occurs last. 
If WE goes LOW prior to the first CAS going LOW, the output 
pin(s) remain open (High-Z) until the next CAS cycle. If WE 
goes LOW after data reaches the output buffer, data out (Q) 
is activated and retains the selected cell data until the 
trailing edge of its corresponding CAS occurs (regardless of 
WE or RAS). This late WE pulse results in a READ-WRITE 
cycle (OE switching the device from a READ to a WRITE 
function). The four data inputs and four data outputs are 
routed through four pins using common I/O, with pin 
direction controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRlTE) within a 
row address (AO-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed
in by the first CAS. CAS may be toggled-in by holding 
RAS LOW and strobing-in different column addresses, 
thus executing faster memory cycles. Returning RAS HIGH 
terminates the FAST PAGE MODE operation. 

Returning RAS and all four CAS controls HIGH termi
nates a memory cycle and decreases chip current to a 
reduced standby level. Also, the chip is preconditioned for 
the next cycle during the RAS high time. Memory cell data 
is retained in its correct state by maintaining power and 
executing any RAS cycle (READ, WRITE, RAS-ONL Y, 
CAS-BEFORE-RAS or HIDDEN refresh) so that all 1024 
combinations of RAS addresses (AO-A9) are executed at 
least every 16rns, regardless of sequence. The CAS-BEFORE
RAS cycle will invoke the refresh counter for automatic and 
sequential row addressing. 

MT4C4004 
REV. 1191 1-165 Micron Technology, Inc., reserves the right to change products or specifications without notioe. 
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WE 

FUNCTIONAL BLOCK DIAGRAM 
QUAD CAS 

CAS1 

CAS2 

CAS3 
o--lI-----ir---t:j=:~-----~~~·-iIIIII-oD01 DQ2 

CAS4 

TRUTH TABLE 

Function ~ ~x 

Standby H X 

READ L L 

EARLY-WRITE L L 

READ-WRITE L L 

PAGE-MODE 1st CYcle L H--+L 
READ 2nd Cycle L H--+L 

PAGE-MODE 1st Cycle L H--+L 
EARLY-WRITE 2nd Cycle L H--+L 

PAGE-MODE 1st Cycle L H--+L 
READ-WRITE 2nd Cycle L H--+L 

HIDDEN READ L--+H--+L L 
REFRESH WRITE L--+H--+L L 

RAS-ONLY L H 
REFRESH 

CAS-BEFORE- H--+L L 
RAS REFRESH 

D03 
DQ4 

L------+----------~~ __ -----oOE 

MEMORY 
ARRAY 

'NOTE: WE LOW prior to first CAS LOW, EW detection CKT output is a 1. 

~y 

X 

H 

H 

H 

H 
H 

H 
H 

H 
H 

H 
H 

H 

H 

First CAS LOW while WE HIGH, EW detection CKT output is a D, 
(OE will now determine I/O). 

Addresses 

WE ~ tR te DQx (DQy always High-Z) 

X X X X High-Z 

H L ROW eOL Valid Data Out 

L X ROW COL Valid Data In 

H--+L L --+H ROW COL Valid Data Out, Data In 

H L ROW COL Valid Data Out 
H L nfa COL Valid Data Out 

L X ROW COL Valid Data In 
L X nfa COL Valid Data In 

H--+L L --+H ROW COL Valid Data Out, Data In 
H--+L L --+H nfa COL Valid Data Out, Data In 

H L ROW COL Valid Data Out 
L X ROW COL Valid Data In 

X X ROW nfa High-Z 

X· X X X High-Z 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -6S0C to + IS0aC 
Storage Temperature (Plastic) .................... -SsoC to + IS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1,3,4,6,7) (Vee = S.OV ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.S S.S V 1 

Input High (Logic 1) Voltage, All Inputs V,H 2.4 Vee+1 V 1 

Input Low (Logie 0) Voltage, All Inputs V,L -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
any input (OV::; V,N::; 6.SV, II -2 2 ~ 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ::; VOUT ::; S.SV) loz -10 10 ~ 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) Icc1 2 2 2 mA 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vee -0.2V) ICC2 1 1 1 mA 26 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 100 90 80 mA 3,4 
(RAS, CAS, Address Cycling: tRC= tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 70 60 SO mA 3,4 
(RAS = V,L; CAS, Address Cycling: tpC= tpc (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Iccs 100 90 80 mA 3 
(RAS Cycling, CAS=V,H: tRC= tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Iccs 100 90 80 mA 3,S 
(RAS, CAS, Address Cycling: tRC= tRC (MIN)) 
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_ CAPACITANCE 
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PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 CI1 5 pF 2 

Input Capacitance: RAS, CAS1-4, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DO CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time IRC 130 150 180 ns 
READ-WRITE cycle time tRWC 185 205 220 ns 
FAST-PAGE-MODE READ or WRITE tpc 40 45 55 ns 31 
cycle time 

FAST-PAGE-MODE READ-WRITE tpRWC 95 100 115 ns 31 
cycle time 

Access time from RAS tRAC 70 80 100 ns 14 
Access time from CAS tCAC 20 20 25 ns 15,29 
Output Enable toE 20 20 25 ns 33 
Access time from column address IAA 35 40 50 ns 

Access time from CAS precharge tePA 40 45 50 ns 29 
RAS pulse width IRAS 70 100,000 80 100,000 100 100,000 ns 
RAS pulse width (FAST PAGE MODE) tRASP 70 100,000 80 100,000 100 100,000 ns 
RAS hold time IRSH 20 20 25 ns 27 
RAS precharge time tRP 50 60 70 ns 
CAS pulse width teAS 20 100,000 20 100,000 25 100,000 ns 34 
CAS hold time ICSH 70 80 100 ns 28 
CAS precharge time ICPN 10 10 15 ns 16,32 
CAS precharge time (FAST PAGE MODE) teP 10 10 10 ns 32 
RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 17,27 
CAS to RAS precharge time tCRP 5 5 5 ns 28 
Row address setup time IASR 0 0 0 ns 
Row address hold time IRAH 10 10 15 ns 

RAS to column tRAD 15 35 15 40 20 50 ns 18 
address delay time 

Column address setup time tASC 0 0 0 ns 27 
Column address hold time ICAH 15 15 20 ns 27 
Column address hold time tAR 55 60 70 ns 
(referenced to RAS) 

Column address to IRAL 35 40 50 ns 
RAS lead time 

Read command setup time IRCS 0 0 0 ns 27 
Read command hold time tRCH 0 0 0 ns 19,28 
(referenced to CAS) 
Read command hold time IRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in Low-Z tCLZ 0 0 0 ns 29 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Output buffer turn-off delay toFF 0 20 0 20 0 20 ns 20,29,38 
Output disable toD 20 20 20 ns 34,38 
WE command setup time twcs 0 0 0 ns 21,27 

Write command hold time twCH 15 15 20 ns 36 

Write command hold time twCR 55 60 75 ns 
(referenced to RAS) 

Write command pulse width IWp 15 15 20 ns 
Write command to RAS lead time IRWL 20 20 25 ns 
Write command to CAS lead time ICWL 20 20 25 ns 28 

Data-in setup time IDS 0 0 0 ns 22,29 

Data-in hold time IDH 15 15 20 ns 22,29 
Data-in hold time IDHR 55 60 75 ns 
(referenced to RAS) 

RAS to WE delay time IRWD 100 110 130 ns 21 
Column address IAWD 65 70 80 ns 21 
to WE delay time 

CAS to WE delay time 'CWD 50 55 60 ns 21,27 
Transition time (rise or fall) IT 3 50 3 50 3 50 ns 9,10 
Refresh period (512 cycles) IREF 16 16 16 ms 
RAS to cAs precharge time IRPC 0 0 0 ns 
CAS setup time ICSR 10 10 10 ns 5,27 
(CAS-BEFORE-RAS refresh) 

CAS hold time ICHR 15 15 15 ns 5,28 
(CAS-BEFORE-RAS refresh) 

Last CAS going LOW to first CAS ICLCH 10 10 10 ns 30 
to return HIGH 

OE hold time from WE during toEH 20 20 20 ns 37 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during toRD 0 0 0 ns 
HIDDEN refresh cycle 
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_ NOTES 

C 
::D » s: 

1. All voltages referenced to Vffi. 
2. This parameter is sampled. Capacitance is calculated from 

the equation C = I d'/dv with dv = 3Vand Va:: = SV. 
3. Ia:: is dependent on cycle rates. 
4. Ia:: is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle time 
and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate cycle 

time at which proper operation over the full temperature 
range is affiUred. 

7. An initiall001lS pause is required after power-up followed 
by eight RAS refresh cycles (RAS-ONL Y or CBR) before 
proper device operation is affiured. The eight RAS cycle 
wake-up should be repeated any time the Sms refresh 
requirement is exceeded. 

S. AC characteristics affiume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times are 
measured between VIH and VIL (or between VIL and VIH). 

10. In addition to meeting the transition rate specification, all 
input signals must transit between VIH and VIL (or between 
VIL and VIH) in a monotonic manner. 

11. HCASx = VIH, data output (Qx) is high impedance. 
12. HCASx = VIL, Qx may contain data from the last valid 

READ cycle. 
13. Measured with a load equivalent to 2 111. gates and l00pF. 
14. AssumesthatIRCO<IRCo(MAX).H'RcDisgreater~ 

the maximum recommended value shown in this table, 
lRAC will increase by the amount that 'Rco exceeds the 
value shown. 

15. Assumes that 'RCO;:: 'Rco (MAX). 
16. H at least oneCAS is WW at the falling edge ofRAS, Q will 

be maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, all four CAS controls must be 
pulsed HIGH for UN. 

17. Operation within the IRco (MAX) limit ensures that lRAc 
(MAX) can be met. 'Rco (MAX) is specified as a reference 
point only; if IRCO is greater than the specified'RCO 
(MAX) limit, then access time is controlled exclusively by 
tcAc. 

IS. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as a 
reference point only; if lRAD is greater than the specified 
lRAD (max) limit, then access time is controlled 
exclusively by tAA. 

19. Either IRCH or IRRH must be satisfied for a READ cycle. 
20. toFF (MAX) defines the time at which the output achieves 

the open circuit condition and is not referenced to VOH or 
VOL. 

21. twcs, IRWD, tA WD and tcWD are restrictive operating 
parameters in EARLY-WRITE and READ-WRITE cycles 
only. H twCS;:: twcs (min), the cycle is an EARLY-WRITE 
cycle and the data output will remain an open circuit 
throughout the entire cycle. H'RWD;:: IRWD (MIN), 
tAWD;::tAWD(MIN) and tcWD;::tcWD (MIN), the cycle 
is a READ-WRITE cycle, and the data output will contain 
data read from the selected cell. H neither of the above 
conditions are met, the state of data out are indeter
minate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. (at access time and until CAS or OE goes back 
to VIH) 

22. These parameters are referenced toCASx leading edge in 
early WRITE cycles and WE leading edge in iate WRITE or 
READ-WRITE cycles. 

23. HOE is tied permanently WW, READ-WRITE or READ
MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = WW andOE = HIGH 

25. OnetothreeCAScontrolsmaybeHIGHthroughoutanygiven 
CAS cycle, even though the timing waveforms show all 
CAS controls going LOW. H anyone does go WW, it must 
meet all the timing requirements listed or the data for that 
I/O buffer may be invalid. At least one of the four CAS con
trols must be WW for a valid CAS cycle to occur. 

26. All other inputs at Vee -02V. 
27. The first CASx edge to transition WW. 
28. The lastCASx edge to transition HIGH 
'29. Output parameter (DQx) is referenced to correspond-

ing CASx input; DQ1 by CAS1, DQ2 by CAS2, etc. 
30. Last falling CASx edge to first risingCASx edge. 
31. Last risingCASx edge to next cycle's last risingCASx edge. 
32. Last risingCASx edge to first faIlingCASx edge. 
33. Fll'St DQx controlled by the firstCASx to go WW. 
34. Last DQx controlled by the last CASx to go HIGH 
35. Each CASx must meet minimum pulse width. 
36. Last CASx to go Ww. 
37. LATE-WRITE and READ-MODIFY-WRITE cycles must 

have both toD and toEH met (0£ HIGH during WRITE 
cycle) in order to ensure that the output buffers will be 
open during the WRITE cycle. The DQs will provide the 
previously read data if CAS remains WW and OE is taken 
back WW after toEH is met. H the last CASx goes HIGH 
prior to OE going back WW, the DQs will remain open. 

38. The DQs open during READ cycles once toD or toFF 
occur. H the last CASx goes HIGH first, OE becomes a don't 
care. HOE goes HIGH and CASx stays WW, OE is not a 
don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CASx 
remains LOW). 
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READCVCLE 

RC . 
'RAS 'RP 

- \ 
tCSH 

'I tASH tRRH 

'CRP tACO I 'CAS 

CAS, V," 
V,L 

1 ll~ 'CLCH 

U ~ =JI Ji€. 'A, 
'AR 

IRAD . 'RAL 

ADDR 
V," 
V,L 

1~ ~1 ~ ~ 
~ ROW YI!!I!j COLUMN W//////////Iff///Ifflffffi. ROW 

lACS I~I 
WE V," 

V,L ~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII/ VlIIIIIIIIIIIIIIIIIII;'; 

I 'AA 
tRAC 

I~'CAC 
... tcLZ 

~ 

- OPEN VALID DATA OPEN---DQx ~ig~ 

l~ 

DE ~:t 1/1/1/1/11/1/1/11/1/1///11/1/11//1//1/1/1/1/11 I///Al 
~ 

!'II/II/ 1///1///1 1//111111// 1/11/1;'; 

EARL V-WRITE CVCLE 

RC 

tRAS 'RP 

I 
- \ 

tCSH 

I 
I 

IRSH 

ICRP IRCD teAS 

I tcLCH 

=J! f'~ ] 
'AR 11 11 

'RAQ II I I'RAL 

ADDR ~lt 
.1~ ~I C:ll i:=: 

::W-A( ROW Y@'~ COLUMN ~ ROW 

'eWL ~ II 
II I tRWL 

II twCR . twcs .11 I~ 'WP 

I I 
I I IOHR 

'OS 

~ 
J//////////////dA VAUODArA ~ W////////////// 

DE .. DON'T CARE ~ DON'T CARE 

I88a UNDEFINED 
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ADDR 

RAS 

GAS> 

ADDR V,H 
V,l 

WE>< 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tCSH 

~ t---___ -"tRC""D'--___ II"-i:."":c--______ ~ 

ROW 

FAST-PAGE-MODE READ CYCLE 

1 __ ---________ t~AAS~P ___________ ~~ 
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FAST PAGE-MODE EARLY-WRITE CYCLE 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

_------~~ ________ ~ _______________ R_~_P~----------------~----__4" I~ 
RAS ~:t = I 1_ t '----

tcSH IpRWC IRSH 

leAS ~ teAS ~ I- teAS 

I~ teAP tCLCH I . iClCH telcH ~I 

- :" Clt~' '=1 ~r/ _. ~.". ~ ~ -"'I~_ yw" 
ADDR ~:r ~ ROW ~ COLUMN W//////,0 cOILIUMN ~; C01L1UMN ~L ROW 

• 'RCS I I III 'RW~wJ[ 'CWL- _ _ ~H -'wp teWL 
I ___ ---H'------"A""W"'-D_I IAWD IAWD --

II teWD It teWD II teWD 
Jnnn7rrn+.~r---1-----~I~----il~~' P~--~----~.~'W~lr~--~-----i\II_~~~~~ 

WE ~:t :t////////////////J I I~ ~ Il 
1_-'-'RAo=c ___ '_AA __ -+I---1 'DH-U 'AA I 'DH-Ll_ 'AA I -'DH 

'CAC _ ,:s- ~ I-'''''C~'''-:c-.J-+--I':S- 1- te:~1 ,:S-[I-
teLZ --I - teLZ --11:- 'CLZ -I t 

b "vA& 'mP VAUD 8"-10 'VAliD' ~ALI ~ 
=~~ W~c:lL '\\Of ~RL OPEN---oox ~:gr =----------OPEN 

'oE-J :J i-'oD 'oE---II:1 '--'00 'oE---1 l:1'-'-~ 
DE ~:r _TT7w~7T!r~'7T1/j;77711~TTl~~'7T1I~777W~TTl%77:1!~777w~TTlr~77:w~7777w&l . U U = 
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'RAS"·ONL Y REFRESH CYCLE 
(ADDR = Ao - AS; WE and OE = DON'T CARE) 

teRP 

AODR ~l~ -:LLl.il.LJ"L ___ RO_W __ -"'UL.<LLLl.il.L:L.l.U<LLLl.il.L:L.l.U<LLL<LLLl.il.L:L.LL..<LLLU '-___ RO_W __ _ 

DIO~:g~ -c--------------OPEN--------------

AODR 

~·BEFORE·'RAS" REFRESH CYCLE 
(Ao - As' WE and OE = DON'T CARE) 

DID ~l~-'----------------OPEN--------------

HIDDEN REFRESH CYCLE 
(WE = HIGH, OE = LOW) 24 

(READ) 

'RAS 

(REFRESH) 

'RAS 

tCHR 

leLCH 

COx ~:~ :'-------- VALID DATA 

OE ~i~ -LLl..L.U.<LLL:L.l.U<LLL:L.l.UULL.L.L£ULL.L.L£ULL'.LL.LLO!i.. ______ -==-____ l..L.U.ULL.L.L£ULLLLLL 

~ DON'T CARE 
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QUAD CAS MODULE UPGRADE 
The MT4C4004 (Quad CAS DRAM) was developed to 

supersede the 1 Meg DRAMs used in the current 1 Meg and 
2 Meg x 36 DRAM modules and to add leading-edge CMOS 
performance. The MT4C4004 is a 1 Meg x 4 CMOS FAST
PAGE-MODE DRAM withfourCASinputcontrols. The four 
individual CAS inputs allow each I/O buffer (DQ) to be 
separately controlled, just as if there were four separate 
1 Meg x 1 DRAMs. Most 1 Meg x 1 DRAMs use older CMOS 
technology and do not have the access speeds of the newer 
CMOS 4 Meg (1 Meg x 4). 

The MT4C4004 will reduce chip count on a x36 module; 
improving reliability, reducing power consumption and 

000 ................................................ DOS 

JJll 1 ttl ~ 
DQ1 ~4 001-4 D Q 

WE - WE ,.- WE 
U1 U2 U3 - CAS r-- CAS - CAS 

r-- RAS ;-- RAS r-- RAS 

~ A":3!.. 

"" ... ~A~ 
"" ~ 

I_to-A~ 
"" ... = = 

r-

- 001S ............................................... 0026 

1 t II t II t 
OQl-4 OQl-4 D Q 

WE ,.- WE ,.- WE 
U7 U6 U9 - CAS .----- CAS - CAS 

r- RAS ..---- RAS r- RAS 

OE AO-A9 

~ ~ 
5E AD-AS 

-::d ~ 
AD-A9 

'""::;i ~ 
= = 

r--

lowering cost. The 1 Meg x 36 will have four 1 Meg x 1 
DRAMs replaced by either one or two Quad CAS DRAMs, 
depending on whether RASO and RAS1 must be separate or 
can be connected together. The 2 Meg x 36 will have eight 
1 Meg x 1 DRAMs replaced by either two or four Quad CAS 
DRAMs, depending on whether RASJ, RAS1,RAS2, and RAS3 
must be split or can be connected together. 

The current 1 Meg x 36 DRAM Module is shown with 
256K x 1 DRAMs in Figure 1 below. Figures 2 and 3 show 
how the same module will be realized with the Quad CAS 
DRAM for both the split RAS (Figure 2) and the common 
RAS (Figure 3) modules. 

DOg ·················································0017 

tttt t tt t ~ 
001-4 OQl-4 D Q 

,.- WE - WE ,.- WE 
U4 U5 U6 

r-- CAS - CAS r-- CAS 

;-- RAS - RAS ;-- RAS 

~ Ao-~ ~ Ao-~ --;Ao-A~ 
.4. ~ - .4. ~ 

= = 
-
-r-
-

0027 ················································0035 

llll t II t ~ 
DOl -4 OQl-4 D Q 

,.- WE - WE ,.- WE 
U10 U11 U12 .----- CAS - CAS .----- CAS 

..---- RAS ..---- RAS ..---- RAS 

~ AO-A9 5E AO-A9 AD-A9 

.4. ~ ~ ~ -::;;j ~ 

= = 
- -

AQ..A9 

Ul, U2, U4, U5, U7, US, Ul0, Ull = MT4C4256DJ 
U3, U6, U9, U12 = MT1259EJ 

-
'----

Figure 1 
1 MEG x 36 WITH 1 MEG x 1 FOR PARITY BIT 
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QUAD CAS ENHANCED x36 MODULES 

000 ..•.......•.......•.•••....•.••••..•.••....••... OOS 

.-----1 ViE 
CAS 

RAS 

CASO --t-..... --
CASl --t---f--
RAS 

DOl 

Ul U3 

001S ............................................... 0026 

t--+---IWE 
CAS 

RAS 

CAS2 --1-....... --
CAS3 --+---1---

AO-A9 •••••• 

U6 
...---iViE 

CAS 

RAS 

U1. U2. U4. U5. U6. U7. US. U9 = MT4C42560J 
U3 = MT 4C4259EJ 

U7 

Figure 2 

0Q9 ··········································0017 

...---iViE 
CAS 

RAS 

U4 us 
CAS 

RAS 

•..... A..<>.:~.: 

0027 ........................................ ·0035 

.... 1 .... 
: OQ2 : 

Ul0 us : 

...... A..<>.:~.: 

1 MEG x 36 WITH QUAD ~ FOR PARITY BIT AND SPLIT ~ CONTROL 
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000 ......•..............•.•.............•.......•.. 008 

WE 

CAS 

RAS 

CASO --+ ..... +--
CAS1 --+-+--
RAS 

WE 
U1 

CAS 

RAS 

D01 

WE 
U2 U3 

CAS1 

RAS 

WE 0018 .••••......•.......•........................... 0026 

t--+----1WE 

CAS 

RAS 

CAS2 --+ ..... +--
CAS3 --+-+---

AO-A9111111111111 

Ul, U2, U4·U9 = MT4C42560J 
U3 = MT 4C4259EJ 

U6 

... .t ..... 
D03 : 

U3 : 

Figure 3 

009 ------------------------------------------ 0017 

r-----iWE 
CAS 

RAS 

U4 

: .. .1 .... 
DQ2 : 

0027 ----------------------------------------. 0035 

r---iWE 

CAS 

RAS 

U6 

.. .1 .... 
DQ4 : 

U3 : 

1 MEG x 36 WITH QUAD CAS FOR PARITY BIT AND COMMON RA5 CONTROL 
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DRAM 

FEATURES 
• Industry standard x4 pinout, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single +5V±10% power supply 
• Low power, 3mW standby; 225mW active, typical 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• 1024-cycle refresh distributed across 16ms 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 

and HIDDEN 
• WRITE-PER-BIT access cycle (nonpersistent) 
• 300 and 350 mil wide SOJ packages 
• Two CBR options: CBR with WE a don't care (1 Meg 

compatible) and CBR with WE a HIGH (JEDEC test 
mode capable via WCBR) 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
SOns access 

• Packages 
Ceramic DIP (400mil) 
Plastic ZIP (350mil) 
Plastic SOJ (300mil) 
Plastic SOJ (350mil) 
Plastic TSOP (*) 

• CAS-BEFORE-RAS refresh 
CBR with WE a don't care 
CBR with WE a HIGH 

• Operating Temperature, TA 
Commercial (O°C to +70°C) 
Industrial (-40°C to +S5°C) 

GENERAL DESCRIPTION 

-6 
-7 
-S 

C 
Z 
DJ 

DJW 
TG 

None 
J 

None 
IT 

TheMT4C4005 is a randomly accessed solid-statememory 
containing 4,194,304 bits organized in a x4 configuration. 
During READ or WRITE cycles each bit is uniquely ad
dressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 

1 MEG x4DRAM 
FAST PAGE MODE, WRITE-PER-BIT 

PIN ASSIGNMENT (Top View) 

20-Pin CDIP 20-Pin ZIP 20-Pin SOJ 
(8-5) (C-3) (E-1, E-2) 

DQl ~ Vss 

~l~ 
DQ1~VSS 

002 2 19 D04 DQ33~4DQ4 DQ2 2 25 DQ4 

WE 3 18 D03 Vss 5~6 DQ1 WE , 24 003 

= 23 = RAS 4 17 CAS D02 7-~a WE 
A9 22 1lE" 

A9 5 16 DE 'RAS 9 ~ 10 A9 

AO 6 15 A8 
AO 11 -;_ 12 A1 
A2 13 -;., 14 A3 AO 9 18 AS 

A1 7 14 A7 v~ ~; ~~ 16 A4 A1 10 17 A7 
A2 8 13 A6 A2 11 16 AS 
A3 9 12 A5 A7 19 -;~ ~~ : A2 12 15 AS 

Vee ~ A4 
VCO ~ A4 

'Consul! factory on availability of TSOP packages 

edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pines) remain open 
(High-Z) until the next CAS cycle. If WE goes LOW after 
data reaches the output pines), data out (Q) is activated and 
retains the selected cell data as long as CAS remains low 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. The four data inputs and four data 
outputs are routed through four pins using common lIO, 
and pin direction is controlled by WE and OE. The WRITE
PER-BIT feature allows the user to define WRITE MASK 
during a WRITE cycle when RAS goes LOW, depending on 
the state of WE. 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed
in byCAS. CAS may be toggled-in by holdingRAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip currentto a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or 
HIDDEN refresh) so that all 1024 combinations of RAS 
addresses (AO -A9) are executed at least every 16ms, regard
less of sequence. The CBR refresh cycle will invoke the 
internal refresh counter for automatic RAS addressing. 

MT4C4005 
REV. 1191 1-179 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

WE~--------------~------~----------~ 
C~~~------------~--~---+~====~~~ 

D01 
D02 
Doa 
DO' 

"NOTE: WE LOW prior to CAS LOW, EW detection CKT output is a HIGH (EARLY WRITE) 
CAS LOW prior to WE LOW, EW detection CKT output is a LOW (LATE WRITE) 

TRUTH TABLE 

Addresses DATA IN t OUT 

Function R~ ~ ~ tR tc 'OE" DQ1-4 

Standby H X X X X X High-Z 

READ L L H ROW COL L Valid Data Out 

EARLY-WRITE L L L ROW COL X Valid Data In 

READ-WRITE L L H~L ROW COL L~H Valid Data Out, Data In 

FAST-PAGE-MODE 1st Cycle L H~L H ROW COL L Valid Data Out 
READ 2nd Cycle L H~L H nta COL L Valid Data Out 

FAST-PAGE-MODE 1st Cycle L H~L L ROW COL X Valid Data In 
EARLY-WRITE 2nd Cycle L H~L L (Ita COL X Valid Data In 

FAST-PAGE-MODE 1st Cycle L H~L H~L ROW COL L~H Valid Data Out, Data In 
READ-WRITE 2nd Cycle L H-+L H-+L nta COL L-+H Valid Data Out, Data In 

RAS-ONL Y REFRESH H X X ROW nta X High-Z 

HIDDEN READ L-+H-+L L H ROW COL L Valid Data Out 
REFRESH WRITE L-+H-+L L L ROW COL X Valid Data In 

CAS-BE FORE- Standard H-+L L X X X X High-Z 
RAS REFRESH "J" Option H-+L L H X X X High-Z 

NOTE: 1, Data-in will be dependent on the mask provided, Refer to Figure 1, 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................. -6S0C to + ISO°C 
Storage Temperature (Plastic) .................... -SSOC to + ISO°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1 , 3, 4, 6, 7) (Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
any input (OV ~ VIN ~ 6.SV, II -2 2 J.lA 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV ~ VOUT ~ S.SV) loz -10 10 J.lA 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) Icct 2 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 1 1 1 mA 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current Icc3 110 100 90 mA 3,4 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 80 70 60 mA 3,4 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN» 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Icc5 110 100 90 mA 3 
(RAS Cycling, CAS=VIH: tRC = IRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Icc6 110 100 90 mA 3,5 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 
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MASKED WRITE ACCESS CYCLE 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQ1-DQ4inputs at RAStime 
will be written to an internal mask data register and will 
then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 

14 MASKED WRITE 

RAS \ 

CAS \ 

WEL 
~ lillI/A 

STORED MASK INPUT 

DATA DATA ; 0 X 

DQ1-DQ4 
o .-----:» 

0 X 

o .-----:» 

4 ADDRESS 0 

X = NOT EFFECTIVE (DON'T CARE) 

"1") on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQ1-DQ4 inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

For nonpersistent MASK WRITEs, new mask data must 
be supplied each time a MASKED WRITE cycle is initiated. 

Figure 1 illustrates the MT4C4005 MASKED WRITE op
eration (Note: RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

_1 4 NON-MASKED WRITE ~I 
/ \ r , 

/ \ r 
III1l II IlIIll V(jl/l£ $//Il!l~ 

STORED STORED 

DATA DATA 

m m 
- 4 

MASK 

DATA 

X 

X 

X 

X 

INPUT 

DATA 

1 .-----:» 
1 .-----:» 

ADDRESS 1 

._----:» 

._----:» 

STORED 

DATA ; 
~ DON'T CARE 

Figure 1 
MT4C4005 MASKED WRITE EXAMPLE 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A 10 Cll 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DQ CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13,23) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -6 -7 -8 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 110 130 150 ns 

READ-WRITE eycle time tRWC 165 185 205 ns 
FAST-PAGE-MODE tpc 40 40 45 ns 
READ or WRITE cycle time 

FAST-PAGE-MODE tpRWC 90 95 100 ns 
READ-WRITE cycle time 

Access time from RAS tRAC 60 70 80 ns 14 
Access time from CAS tCAC 15 20 20 ns 15 
Access time from column address tAA 30 35 40 ns 

Access time from CAS precharge tCPA 40 40 45 ns 
RAS· pulse width tRAS 60 100,000 70 100,000 80 100,000 ns 

RAS pulse width (FAST PAGE MODE) tRASP 60 100,000 70 100,000 80 100,000 ns 

RAS hold time tRSH 15 20 20 ns 

RAS precharae time tRP 45 50 60 ns 

CAS pulse width tCAS 15 100,000 20 100,000 20 100,000 ns 

CAS hold time tCSH 60 70 80 ns 

CASprecharge time tCPN 10 10 10 ns 16 
CAS precharge time (FAST PAGE MODE) tcp 10 10 10 ns 

RAS to CAS delay time tRCD 15 45 20 50 20 60 ns 17 
CAS to RAS precharge time tCRP 5 5 5 ns 

Row address setup time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

RAS to column tRAD 15 30 15 35 15 40 ns 18 
address delay time 

Column address setup time tASC 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time tAR 50 55 60 ns 
(referenced to RAS) 

Column address to tRAL 30 35 40 ns 
RAS lead time 

Read command setup time tRCS 0 0 0 ns 

Read command hold time tRCH 0 0 0 ns 19 
(referenced to CAS) 

Read command hold time tRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in Low-Z tCLl 0 0 0 ns 

Output buffer turn-off delay toFF 0 20 0 20 0 20 ns 20 
WE command setup time 'WCS 0 0 0 ns 21,27 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -6 -7 -8 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time twCH 10 15 15 ns 

Write command hold time twCR 45 55 60 ns 
(referenced to RAS) 
Write command pulse width twP 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 
Write command to CAS lead time tCWL 15 20 20 ns 

Data-in setup time tDS 0 0 0 ns 22 
Data-in hold time tDH 10 15 15 ns 22 
Data-in hold time tDHR 45 55 60 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 90 100 110 ns 21 
Column address tAWD 60 65 70 ns 21 
to WE delay time 

CAS to WE delay time 'CWD 45 50 50 ns 21 
Transition time (rise or fall) IT 3 50 3 50 3 50 ns 9, 10 
Refresh period (1024 cycles) tREF 16 16 16 ms 
RAS to CASprecharge time tRPC 0 0 0 ns 
CAS setup time tCSR 10 10 10 ns 5 
(CAS-BEFORE-RAS refresh) 

CAS hold time 'CHR 15 15 15 ns 5 
(CAS-BEFORE-RAS refresh) 

WE hold time twRH 10 10 10 ns 25 
(CAS-BEFORE-RAS refresh) 

WE setup time twRP 10 10 10 ns 25 
(CAS-BEFORE-RAS refresh) 

WE hold time twTH 10 10 10 ns 25 
(WCBR test cycle) 

WE setup time twTs 10 10 10 ns 25 
(WCBR test cycle) 

OE setup prior to RAS during toRD 0 0 0 ns 
HIDDEN REFRESH cycle 

Output disable toD 15 20 20 ns 27 

Output enable l()E 15 20 20 ns 23 

OE hold time from WE during toEH 15 20 20 ns 26 
READ-MODIFY-WRITE cycle 

WRITE-PER-BIT setup time twBS 0 0 0 ns 
WRITE-PER-BIT hold time twBH 10 10 10 ns 
WRITE-PER-BIT mask setup time twDS 0 0 0 ns 

WRITE-PER-BIT mask hold time 'WDH 10 10 10 ns 
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NOTES 
1. All voltages referenced to V S5. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt / dv with dv = 3Vand Vee = SV. 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOl1s is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the 16ms refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

l00pF. 
14. Assumes that tRCD < ~CD (MAX). If ~CD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that ~CD 
exceeds the value shown. 

15. Assumes that tRCD 2: ~CD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the ~CD (MAX) limit ensures that 
~C (MAX) can be met. ~CD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified ~CD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD (MAX) limit ensures that 
~CD (MAX) can be met. ~D (MAX) is specified as 
a reference point only; if tRAD is greater than the 

specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either ~CH or lRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and !CWD are restrictive 
operating parameters in late WRITE, and READ
MODIFY-WRITE cycles only. If twcs 2: twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit through out the 
entire cycle. If tRWD 2: ~WD (MIN), tAWD 2: tA WD 
(MIN) and !CWO 2: tCWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY -WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE=HIGH. 

25. twTs and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

26. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both too and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQs open during READ cycles once toD or toFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 
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READ CYCLE 

tRC 

tRAS tRP 

RAS 
VIH -
VIL _ 

'csH 

tRSH tRRH 

teRP tRCD teAS 

CAS 
VIH -
VIL -

tAR 

ADDR ROW 

We 

DO ~:gr -:-----------OPENI-------1~p~~q~--OPEN--

OE ~I~ -WI 111/11 I! 1/ III!III //1/ II/I III 1/ II //II! II 11/1111 d 

RAS 
VIH -
VIL _ 

teRP 

CAS VIH -
VIL _ 

ADDR V,H 
VIL 

EARLY-WRITE CYCLE 

tRC 

tRAS 

ICSH 

tRSH 

tACO tCAS 

tAR 
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tRP 

ROW 

~ DON'T CARE 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RAS 
V,H -
V,l _ 

lesH ,[ 
tRSH 

tCAP tRCD 'CAS 

CAS V,H -
V,l _ 

ADDR ROW 

twos tWDH 

DO ~:g~ -------<1! MASK:-~>----OPEN---~~~~~~tt~~j>---OPEN---
6E ~:e :7$/f'//f'//!I;1;1//#/$/#/$#/#I#/lI!d 'DE 

tOEH 

-W//@,'@$/#J5 

FAST-PAGE-MODE READ CYCLE 

I __ -----------~IM~SP-___________ ~~ 

RAS 
V,H -
VIL -

teSH 

~ 

CAS V,H -
V,L _ 

-'oFF 

DO ~lg~ -'------OPEN-----1~>C~~--~~(]~}---~~~1D OPEN--
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

lRASP 

IpC 

teAS ICp ICAS tep 

VALID DATA VALID DATA VALID DATA 

OE ~i~:Jj II!II III I! 111/ /II $/I! //1/ //II /II!II !lll1I/ ////II! I! /I II! I I! I! I! I! /I I /I $I! I! I!//I/// II! I! II! II! I I! $I! III! I! 1/ I! /h 

WE VIH 
VIL 

DO VtOH 
VIOl 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

~~rr. 
COWMN 

.C rjH 

1 teWL- ~ 
IAWO'WP-

I 

lewD 

~I 

::'/j////j,l{ W/ 
tRAC 

'Wos 'WDH 

- MASK OPEN - DATA 
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teAP 

GAS ~:~ :::: ~ 

~-ONL Y REFRESH CYCLE 
(ADDR = AO - Ag; WE = DON'T CARE) 

, 
AC 

tRAS 'AP 

'I ' 

1I- 'APC.
1 

'---I 

\ 

tASR tRAH 

ADDA ~:t =~'----AO-W --k///;////////ff/ff////II!/ff!l//$$////a~--AO-W --
DQ ~g~ :::::-------------OPENI-------------

ADDR 

CAS"-BEFORE-~ REFRESH CYCLE 
(AO - Ag, and OE = DON'T CARE) 

HIDDEN REFRESH CYCLE 
(WE = HIGH; OE = LOW) 24 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

DQx ~Jg~ -'------ VALID DATA OPEN-

DE ~:t ~-WJ~~~~~~~~WJ~C~== __ -=:;--___ ~WJ~~~ 
~ DON'T CARE 

~ UNDEFINED 
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_ 4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The JEDEC 4 Meg DRAM introduces two potential in
compatibilities compared to the previous generation I Meg 
DRAM. The incompatibilities involve refresh and power
up. Understanding these incompatibilities and providing 
for them will offer the designer and system user greater 
compatibility between the I Meg and 4 Meg. 

REFRESH 
The most commonly used refresh mode of the I Meg is 

the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBRfor 
the I Meg specifies the WE pin as a don't care. The 
4 Meg, on the other hand, specifies the CBRREFRESH mode 
to be a WCBR, which is CBR with the WE pin held at a 
logical HIGH level. 

The reason for WCBR instead of CBR on the 4 Meg is that 
a CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). In contrast, the I Meg 
test mode is entered by applying a HIGH signal to the test 
pin (pin 4 on DIP, pin 5 on SOJ and pin 8 on ZIP). This HIGH 
signal is usually a "supervoltage" (V in ~ 7.5V) so normal 
TTL or CMOS HIGH levels will not cause the part to enter 
the test mode. 

POWER-UP 
The 4 Meg WCBR constraint may also introduce another 

problem. The I Meg POWER-UP cycle requires a IOO~s delay 
followed by any 8 RAS cycles. The4 Meg POWER-UP is more 
restrictive in that 8 RAS-ONL Y or CBR REFRESH (WE held 
HIGH) cycles must be used. The restriction is needed since 
the 4 Meg may power-up in the JEDEC specified test mode 

and must exit out of the test mode. The only way to exit the 
4 Meg JEDEC test mode is with either a RAS-ONL Y or a 
WCBR REFRESH cycle. 

SUMMARY 
1. The optional I Meg test pin is the AlO pin on the 4 Meg 

(xl only). 
2. For optional test mode, the I Meg requires a valid HIGH 

on the test pin while the 4 Meg requires a CBR cycle with 
WE LOW. 

3. The I Meg CBRREFRESH allows the WE pin to be don't 
care while the 4 Meg CBR requires WE to be HIGH 
(WCBR). 

4. The 8 RAS wake-up cycles on the I Meg may be any 
validRAS cycle while the 4 Megmay onlyuseRAS-ONLY 
or WCBR REFRESH cycles. 

SPECIAL FEATURE 
Amemory system currently using 1 Meg DRAMs with WEas 

a don't care during CBR REFRESH does not allow for direct 
upgrading to 4 Meg DRAMs. Micron, realizing some com
panies will have this situation, provides a special feature on 
its 4 Meg DRAM, that requires "supervoltage" to access the 
4 Meg JEDEC WCBR test function. This allows the Micron 
4 Meg DRAM to be refreshed in the same manner as any I 
MEG DRAM. Note that the eight power-up cycles should 
only be refresh cycles in order to gUarantee~ th~t any 4 Meg 
DRAM, including Micron's, does not inadvertently power
up in the test mode. 

tcHR 

CAS ~:r: UUL-__ ~ __ *-__ ~~~~ __ ~ __ ~ __ ~~ ____________ _ 

{

WeBR TEST MODE: WE 

4 MEG 
DRAM 

WeBR REFRESH: WE 
~~ ~~ 

~:~ :'!IlllI ~//!II!IIIIIIIIII$ W/!/I1!///!IIIIIIII!III///III!J 

b~~ { CBR REFRESH: WE ~:r:1//! !/II!/ II III! I II!II//! //I//! II II! 111// II!I//!I//// 1/111 IJ ~ DON'T CARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 
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DRAM 

FEATURES 
• Industry standard x4 pinout, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single power supply: +5V±10% or +3.3V±10% 
• Low power, 5mW standby; 250mW active, typical 
• All inputs, outputs and clocks are fully TIL and 

CMOS compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS 

(CBR), and HIDDEN 
• 2048-cycle refresh distributed across 32ms or 

4096-cycle refresh distributed across 64ms 

OPTIONS MARKING 
• Timing 

50ns access -5 
60ns access -6 
70ns access -7 
80ns access -8 

• Packages 
Plastic ZIP (475mil) Z 
Plastic SOJ (400mil) OJ 
Plastic TSOP (*) TG 

• Refresh Period 
2048 cycles @ 32ms R 
4096 cycles @ 64ms None 

• Operating Temperature, TA 
Commercial (O°C to +70°C) None 
Industrial (-40°C to +85°C) IT 

• Power Supply 
+5V±10% None 
+3.3V±lO% V 

GENERAL DESCRIPTION 
The MT4C40004/5 are randomly accessed solid-state 

memories containing 16,777,216 bits organized in a x4 
configuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 22 address bits, which are 
entered 10-12 bits (AO-A11) at a time. RAS is used to latch 
the first 11/12 bits and CAS the latter 10/11 bits. A READ 
or WRITE cycle is selected with the WE input. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. During a WRITE cycle, data in (D) is 
latched by the falling edge of WE or CAS, whichever occurs 
last. If WE goes LOW prior to CAS going LOW, the output 

MT 4C4OOO4I5 
REV. 1/91 1-191 

ADVANCE 

4 MEG x4DRAM 
FAST PAGE MODE: 
STATIC COLUMN: 

MT4C40004 
MT4C40005 

PIN ASSIGNMENT (Top View) 

24-Pin SOJ 
(E-7) 
-

Vee 1· 28 Vss 
001 2 27 D04 
002 3 26 D03 
WE 25 ~ 

AAS 24 DE 
A11INC 23 A9 

Al0 9 20 AS 
AD 10 19 A7 
A1 11 18 AS 
A2 12 17 AS 
A3 13 16 A4 

Vrx 14 15 Vss -

24-Pin ZIP 

C:~1~20E 
DQ4~~4DQ3 

~ 6 Vss 
Vcc7~8DQ1 

DQ2 9 ~ 10 WE 
RAS 11 ~ 12 A11INC 
A10 13 ~ 14 AD 

A1 15 ~ 16 A2 

VA3 ~~ ~ 18 Vee 
ss r20A4 
A521~22A6 
A7 22 ~ 24 AS 

'Consult factory on availablity of TSOP packages 

pins remain open (High- Z) until the next CAS cycle. If WE 
goes LOW after data reaches the output pins, data out (Q), 
is activated and retains the selected cell data as long as 
CAS remains LOW (regardless of WE or RAS). This late 
WE pulse results in a READ-WRITE cycle. The four data 
inputs and the four data outputs are routed through four 
pins using common I/O, and pin direction is controlled by 
WE and OE. 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
rowaddress(AO-A10/Il)definedpageboundary.TheFAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed-in 
by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CBR), or 
HIDDEN refresh) so that al12048/4096 combinations of RAS 
addresses (AO -AlO/ All) are executed at least every 32ms/ 
64ms, regardless of sequence. The CBR refresh cycle will 
invoke the refresh counter for automatic RAS addressing. 

The MT4C40004/5 are available with either 2048 cycles or 
4096 cycles of refreshing. If CBR refresh is used, the number 
of cycles is a "don't care." 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 

-C 
::D 
l> 
s: 



-C 
:J] 
» s: 

ADVANCE 

I'IIIC:I:::::":;~N MT 4C40004/5 

1-192 



ADVANCE 

I'IIIC:Rg~ MT 4C8512/3 

DRAM 

FEATURES 
• Industry standard x8 pinouts, timing, functions and 

packages 
• Address entry: 10 row addresses, nine column 

addresses 
• High performance, CMOS silicon gate process 
• Single +5V±10% power supply 
• Low power, 3mW standby; 350mW active, typical 
• All device pins are fully TTL and CMOS compatible 
• 1024-cycle refresh in 16ms 
• Refresh modes: RA5-0NLY, CAS-BEFORE-RAS 

andHIDDEN 
• Optional FAST PAGE MODE access cycle 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C8513 only) 

OPTIONS 
• Timing 

70ns access 
80ns access 
lOOns access 

• Masked Write 
Not available 
Available 

• Packages 
Plastic SOJ (400mil) 
Plastic TSOP (*) 

MARKING 

- 7 
- 8 
-10 

MT4C8512 
MT4C8513 

DJ 
TG 

GENERAL DESCRIPTION 
The MT4C8512/3 are randomly accessed solid-state 

memories containing 4,194,304 bits organized in a x8 
configuration. Each byte is uniquely addressed through 
the 19 address bits during READ or WRITE cycles. The 
address is entered by RAS latching the first 10 bits (AO-A9) 
and CAS latching the latter 9 bits (AO-A8). 

TheMT4C8513has NONPERSISTENT MASKED WRITE 
allowing it to perform WRITE-PER-BIT accesses. 

MT4C851213 
REV. 1191 

512Kx8DRAM 
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FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

VCC 

D01 
D02 
D03 
004 

NC 
--
WE --

RAS 
A9 
AO 
A1 
A2 
A3 

VCC 

28-Pin SOJ 
(E-9) 

1 28 
2 27 
3 26 
4 25 
5 24 
6 23 
7 22 
8 21 
9 20 
10 19 
11 18 
12 17 
13 16 
14 15 

NC = No Connect 

Vss 

D08 
D07 
D06 
D05 
--
CAS 
--
OE 
NC 
A8 
A7 
A6 
A5 
A4 
Vss 

'Consult factory for availibilty of TSOP packages 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

WEO-----~----------------__, 

CAS o-----_-----q 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

1-194 

DATA IN BUFFER 

MASK DATA REGISTER 
(MT4C8513 only) 

1024x512xB 
MEMORY 
ARRAY 

DOl 
• • 

DOB 

(+-------0 OE 

...-----00 Vee 

...-----00 Vss 
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PIN DESCRIPTIONS 

SOJ PIN NUMBER(S) SYMBOL TYPE DESCRIPTION 

8 RAS Input Row Address Strobe: RAS is used to clock-in the 10 row-address 
bits and as a strobe for the WE and DOs in the MASKED WRITE 
mode (MT4C8513 only). 

23 ~ Input Column Address Strobe: CAS is used to clock in the 9-column 
address bits, enable the DRAM output buffers, and as a strobe for 
the data inputs on WRITE cycles. 

7 WE Input Write Enable: WE is used to select a READ (WE = HIGH) or 
WRITE (WE = LOW) cycle. WE also serves as a Mask Enable 
(WE = LOW) at the falling edge of RAS in a MASKED-WRITE 
cycle (MT4C8513). 

22 OE Input Output Enable: OE enables the output buffers when taken LOW 
during a READ access cycle. RAS and CAS must be LOW and 
WE must be HIGH before OE will control the output buffers. 
Otherwise the output buffers are in a high-impedance state. 

10-13,16-20,9 AO to A9 Input Address Inputs: These inputs are multiplexed and clocked by 
RAS and CAS to select one byte out of the 512K available words. 

2-5,24-27 D01-D08 Input Data I/O: Includes inputs, outputs or high-impedance and/or 
Output masked data input (for MASKED WRITE cycle only). 

6 NC - No Connect: These pins should be either left unconnected or tied 
to ground. 

1,14 Vcc Supply Power Supply: +5V ± 10% 

15,28 Vss Supply Ground 
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FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 19 address 

bits during READ or WRITE cycles. RAS is used to latch the 
first ten bits (AO-A9) and CAS the latter nine bits ( AO-A8). 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONL Y) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. 

READ or WRITE cycles are selected by WE. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. During a WRITE cycle, data in (D) is 
latched by the falling edge of WE or CAS, whichever occurs 
last. Taking WE LOW will initiate a WRITE cycle, selecting 
DQl through DQ8. If WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open (High-Z) until the next 
CAS cycle. If WE goes LOW after CAS goes LOW and data 
reaches the output pins, data out (Q) is activated and retains 
the selected cell data as long as CAS and OE remain LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

The eight data inputs and eight data outputs are routed 
through eight ES using common IIO, and pin direction is 
controlled by OE and WE. 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row address (AO-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed
in by CAS. CAS maybe toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 

RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS, or HID
DEN REFRESH) so that all 1024 combinations of RAS ad
dresses (AO-A9) are executed at least every 16ms, regard
less of sequence. The CAS-BEFORE-RAS refresh cycle will 
also invoke the refresh counter and controller for row 
address control. 

MASKED WRITE ACCESS CYCLE 
(MT4C8513 ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQI-DQ8 inputs at RAS time 
will be written to an internal mask data register and will 
then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQI-DQ8 inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

In nonpersistent IvIASKED WRITEs, new mask data must 
be supplied each time a MASKED WRITE cycle is initiated. 

Figure 1 illustrates the MT4C8513 MASKED WRITE op
eration (Note: RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 
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MASKED WRITE NONMASKED WRITE ::D » 

RAS \ / \ ! i: 

CAS \ / \ I 

WE ~ Illl!lA II /1/ /II /I!II , W/I#A II!! i/ III!I!J 

, 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

0 X 1 X 1 .-----~ 1 

D01 0 .-----~ 0 0 X 1 .-----~ 

0 X 1 X 1 .-----~ 

1 o .-----~ 0 0 X 1 .-----~ 1 

0 X 1 X 0 .-----~ 0 
o .-----~ 0 0 X 0 .-----~ 0 

D08 0 X 1 X 0 .-----~ 0 
o .-----~ 0 0 X 0 .-----~ 0 

4 ADDRESS 0 • 
_ 

ADDRESS 1 -
X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
MT4C8513 MASKED WRITE EXAMPLE 
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Addresses 

Function 'IUS" ~ WE" M tR te DQs 

Standby H X X X X X High-Z 

READ L L H L ROW COL Valid Data Out 

EARL V-WRITE L L L X ROW COL Valid Data In 

READ-WRITE L L H-L L-H ROW COL Valid Data Out, Data In 

FAST-PAGE- 1st Cycle L H-L H L ROW COL Valid Data Out 
MODE READ 2nd Cycle L H-L H L nfa COL Valid Data Out 

FAST-PAGE- 1st Cycle L H-L L X ROW COL Valid Data In 
MODE WRITE 2nd Cycle L H-L L X nfa COL Valid Data In 

FAST-PAGE-MODE 1st Cycle L H-L H-L L-H ROW COL Valid Data Out, Data In 
READ-WRITE 2nd Cycle L H-L H-L L-H nfa COL Valid Data Out, Data In 

HIDDEN READ L-H-L L H L ROW COL Valid Data Out 
REFRESH WRITE L-H-L L L X ROW COL Valid Data In 

RAS-ONLV L H X X ROW nfa High-Z 
REFRESH 

CAS-BEFORE- H-L L X X X X High-Z 
RAS REFRESH 

NOTE: 1. Data In will be dependent on the mask provided (MT4C8513 only). Refer to Figure 1. 
2. EARL V WRITE only. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. lW 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :os; T A :os; 70°C; Vee = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
any input (OV :os; VIN :os; Vcc, II -2 2 f.lA 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV :os; VOUT :os; 5.5V) loz -10 10 f.lA 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 
STANDBY CURRENT: TTL Icct 2 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: CMOS Icc2 1 1 1 rnA 25 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 110 100 90 mA 3,4 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 80 70 60 mA 3,4 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Icc5 110 100 90 mA 3 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current ICC6 110 100 90 mA 3 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 
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CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A9 

Input Capacitance: RAS, CAS,Wf;., OE 

InpuVOutput Capacitance: DO 

SYMBOL MIN 

CI1 

CI2 

CIO 

ADVANCE 

MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7,8,9, 10, 11, 12, 13) (O°C S; TA S; +70°C; Vcc = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time IRC 130 145 170 ns 

READ-WRITE cycle time IRWC 175 185 220 ns 

FAST-PAGE-MODE READ or WRITE tpc 40 45 55 ns 
cycle time 

FAST-PAGE-MODE READ-WRITE tpRWC 95 100 110 ns 
cycle time 

Access time from RAS IRAC 70 80 100 ns 14 
Access time from CAS tCAC 20 20 25 ns 15 
Output Enable time toE 20 20 25 ns 
Access time from column address tAA 35 40 45 ns 

Access time from CAS precharge tePA 40 45 50 ns 

RAS pulse width IRAS 70 100,000 80 100,000 100 100,000 ns 

RAS pulse width (FAST PAGE MODE) IRASP 70 100,000 80 100,000 100 100,000 ns 

RAS hold time IRSH 20 20 25 ns 

RAS precharge time IRP 50 55 60 ns 
CAS pulse width ICAS 20 100,000 20 100,000 25 100,000 ns 

CAS hold time ICSH 70 80 100 ns 

CAS precharge time ICPN 10 10 10 ns 16 
CAS precharge time (FAST PAGE MODE) ICp 10 10 10 ns 

RAS to CAS delay time IRCD 20 45 20 50 25 65 ns 17 
CAS to RAS precharge time ICRP 5 5 5 ns 

Row address setup time IASR 0 0 0 ns 

Row address hold time IRAH 10 10 15 ns 

RAS to column IRAD 15 35 15 40 15 50 ns 18 
address delay time 

Column address setup time IASC 0 0 0 ns 

Column address hold time ICAH 15 15 20 ns 
Column address hold time tAR 55 60 70 ns 
(referenced to RAS) 

Column address to IRAL 35 40 50 ns 
RAS lead time 

Read command setup time IRCS 0 a 0 ns 26 
Read command hold time IRCH 0 0 a ns 19,26 
(referenced to CAS) 

Read command hold time IRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in Low-Z teLZ 0 0 0 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8,9,10,11,12,13) (O°C ~ TA ~ +70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Output buffer turn-off delay tOFF 0 15 0 15 0 20 ns 20,29 
Output disable time taD 10 12 20 ns 29 
Write command setup time twcs 0 0 0 ns 21,26 

Write command hold time twCH 15 15 15 ns 26 

Write command hold time twCR 50 55 65 ns 26 
(referenced to RAS) 

Write command pulse width twp 10 10 15 ns 26 
Write command to RAS lead time tRWL 20 20 20 ns 26 
Write command to CAS lead time tCWL 20 20 20 ns 26 
Data-in setup time tDS 0 0 0 ns 22 
Data-in hold time tDH 15 15 20 ns 22 
Data-in hold time tDHR 50 55 65 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 90 100 125 ns 21 
Column address tAWD 60 65 80 ns 21 
to WE delay time 

CAS to WE delay time tCWD 45 45 60 ns 21 
Transition time (rise or fall) IT 3 50 3 50 3 50 ns 9,10 
Refresh period (1,024 cycles) tREF 16 16 16 ms 28 

"RAS to CAS precharge time tRPC 0 0 0 ns 

"CAS setup time tCSR 10 10 10 ns 5 
(CAS-BEFORE-RAS refresh) 

CAS hold time tCHR 10 10 10 ns 5 
("CAS-BEFORE-RAS refresh) 

MASKED WRITE command to "RAS twRS 0 0 0 ns 26,27 
setup time 

MASKED WRITE command to RAS twRH 10 10 15 ns 26,27 
hold time 

Mask data to RAS setup time tMS 0 0 0 ns 26,27 

Mask data to RAS hold time tMH 10 10 15 ns 26,27 

OE hold time from WE during taEH 10 10 20 ns 28 
READ-MODIFY-WRITE cycle 

OE setup prior to "RAS during taRD 0 0 0 ns 
HIDDEN REFRESH cycle 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = I d'/ dv with dv = 3V; Vee = 5V. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (DoC $ T A $ 70°C) is assured. 

7. An initial pause of lOOl1s is required after power-up 
followed by eight RAS refresh cycles ( RAS -ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the 16ms refresh requirement is exceeded. 

8. AC characteristics assume tor = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

50pF. 
14. Assumes that tRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in 
this table, IRAc will increase by the amount that 
tRCD exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tCPN. 

17. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tcAe. 

18. Operation within the IRAD limit ensures that tRCD 
(MAX) can be met. tRAD (MAX) is specified as a 
reference point only; if IRAD is greater than the 
specified IRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

20. taFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
VOH or VOL. 

21. twcs, tRWD, tAWD and tcWD are restrictive 
operating parameters in LATE-WRITE and READ
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. IfIRWD ~IRWD (MIN), tAWD~ tAWD 
(MIN) and tcWD ~ tCWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions are met, the state of data out are indeter
minate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE or READ-MODIFY
WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE C'fcle. In this case WE = LOW and OE ~ 
HIGH. 

25. All other inputs at Vcc -0.2V. 
26. Write command is defined as WE going LOW. 
27. MT4C8513 only. 
28. LATE-WRITE and READ-MODIFY-WRITE cycles 

must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once taD or toFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 

1-202 



ADVANCE 

1'41C:I:::II;~~ MT 4C8512/3 

READCVCLE 

IRP 

RAS VIH -
VIL _ \'------

tCSH 

teRP tCAS tCLCH 

CAS VIH =---' V1L -

ADDR ~:~ ~J;(_ ROW WIff!!J COLUMN rt///////////////////////a. ROW 

~k 
00 ~Ig~ :'---------OPEN------1~~V~AL~ID~DA~TA=t~OPEN---

I. IOE I~ IOD 

DE ~:~ -_"T70rTTw/J7n%=r/ /JrTTW /JrTTw/J7nrj,=r//JrT"Tw/J7nrj,7nW'7TW/JrT"T1//J7nrj,"T"nW /J'7T1!/JrT"TW7n~777wm p/ $/1//1//1// 1/ 1/ 1// $// 1//1/1/,1, 

EARL V-WRITE CVCLE 

IRAS 

--
tCSH 

,"SH 

I~ tACO leAS tCLCH 

=---' 
IAR 

lRAD IRAL 

ADDR ~:~ 
I~ I~ I~ ~ 

~~ ROW l00"Ai COLUMN 

leWL 

IRWL 

lweR 

twes tweH 

I~ ~I 
twP 

NOTE 1 ~ 
tOHR 

1~1~1 ~ ~I 
00 ~:grt ~ NOTE 1 ~ VALID DATA .J((, 

DE ~:~~ 

IRP 

I 
\ 

ROW 

W////M 

~ DON'T CARE 

B88l UNDEFINED 

NOTE: 1. Applies to MT4C8513 only; WE and DO inputs on MT4C8512 are don't care at RAS time. WE selects 
between normal WRITE and MASKED WRITE at RAS time. The DO inputs are don't care for a normal 
WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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ADDR ~:~ 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'RAS 

--
ICSH 

I 'RSH 

teRP tRCD 'eAS tCLCH 

=J ~ 'AR 

IRAD I I IAAL I 
~ ~I ~~I 

4'111,01; ROW WII;1J COLUMN 

I~I~~I 
I I 'ROO 

~ IRCS I 'eWD ~I 

I tAwe twp __ I. 
-

NOTE 1 W////.I1 
'M 

I tRAC 

,~ ~ ~ 'eLZ ~ C: 0 
- NOTE! OPEN VALIDDOIJT:X VAliD DIN 

I~ ~I ~ 

FAST-PAGE-MODE READ CYCLE 

'RP 

ROW 

OPEN---

~ DDN'TCARE 

Il!l&! UNDEFINED 

NOTE: 1. Applies to MT4C8513 only; WE and DO inputs on MT4C8512 are don't care at RAS time. WE selects 
between normal WRITE and MASKED WRITE at RAS time. The DO inputs are don't care for a normal 
WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

RASP 'RP 

------:J 
-

ICRP tCSH 'PC . . IRSH 

1~ IRCD teAS, tcLCH _tc_P_ .tCAS. tclCH 1~1 ~ tcAS,tClCH 

t~ =J I 
'AR 

II 
IRAD 

I~ I~ 
'RAt 

I_ tASR tRAH~1 I_ 'ASe tCAH~1 ~II~I 
:{@t ROW ~ COLUMN COLUMN COLUMN ROW 

~ ~ 

ADDR ~:~ 

Oe ~:t 1////I///##//I//!/II!!I///I/II!!/III!I!I!!//!//III!!!/////!//I///II//II1!111!1////!/Il///#/lIII!/I##1I!!1I!!1I!!/;0 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

ROW 

~ DON'TeARE 

m UNDEFINED 

NOTE: 1. Applies to MT4C8513 only; WE and DO inputs on MT4C8512 are don't care at RAS time. WE selects 
between normal WRITE and MASKED WRITE at RAS time. The DO inputs are don't care for a normal 
WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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leRP 

ADDR ~:r 

~·ONL Y REFRESH CYCLE 
(OE and WE = DON'T CARE) 

'RC 

ROW ROW 

DO ~g~ -'---------------OPEN-------------

RAS 

CAS 

VIH -
VIL _ 

VIH -
VIL -

~·BEFORE·RAS REFRESH CYCLE 
(Ao - As; WE and OE = DON'T CARE) 

DQ VIOH-
VIOL 

'----------------OPEN-------------

~ 
J 

I~ 
ADDR ~IH-- t 

IL-_ 

, 

tRAH 

HIDDEN REFRESH CYCLE 
( WE = HIGH; OE = LOW) 24 

(READ) (REFRESH) 

tRCO 

'AR 

'RAD 

H 
'RSH 

r 
II 'RAL'! 

~l leAH 
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DRAM 

FEATURES 
• Industry standard x16 pinouts, timing, functions 

and packages 
• High performance, CMOS silicon gate process 
• Single +5V±1O% power supply 
• Low power, 3mW standby; 225mW active, typical 
• All device pins are fully TTL and CMOS compatible 
• 256-cycle refresh in 4ms 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 

and HIDDEN 
• Optional FAST PAGE MODE access cycle 
• 2 TTL Load output drive capability 
• BYTE WRITE access cycle (MT4C1664 only) 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C1665 only) 

OPTIONS MARKING 
• Timing 

70ns access - 7 
80ns access - 8 
lOOns access -10 

• Write Enable 
Byte or Word MT4C1664 
Word only MT4C1665 

• Mask Enable 
Not Available MT4C1664 
Always Available MT4C1665 

• Packages 
Plastic SOJ (40Omil) DJ 
Plastic ZIP (450mil) Z 

GENERAL DESCRIPTION 
The MT4C1664/5 are randomly accessed solid-state 

memories containing 1,048,576 bits organized in a x16 
configuration. The MT4C1664 has both BYTE and WORD 
WRITE access cycles while the MT4C1665 has only WORD 
WRITE access cycles. 

The MT4C1664 functions in a similar manner to the 
MT4C1665 except that replacing WE with WEL and WEH 
allows for BYTE WRITE access cycles. WEL and WEH 
function in an identical manner to WE: either WEL or WEH 
will generate an internal WE through an AND gate (In
verted NOR gate). 

64Kx 16DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 40-Pin Zip 
(E-12) (C-6) 

NC 1 r;-
Vee l' 40 ] Vss " 2 009 

D01 2 39 ] D016 
OQ10 3.:. 

.:: 4 OQ11 

D02 3 38 ] D015 0012 5 :\: 6 OQ13 

D03 [ 4 37 ] D014 0014 7 ''c, 8 0015 

D04 5 36 ] D013 OQ16 9 ':' __ 10Vss 

D05 6 35 ] D012 00111 .<: 12002 

D06 7 34 ] D011 Vee 13 -:<~ 14DOa 

D07 [ 8 33 ] D010 00415 ".;; 16 DOS 

D08 [ 9 32 ] D09 00617 -:\_ 180Q7 

NC 10 31 ] NC 00819." . 
c: 20Ne 

Vee 11 30 ~ Vss 
vcc21.:. _ 

__ c· 22 'NC/WEH 

'NCIWEH 12 29 CAS 
'WElWEL 23 ." .. _ 

... 24RAS 

'WElWEL [ 13 28 ] OE A025 ":: 26Al 

RAS [ 14 27 ] "NC A2 27 .:<~ 28 A3 

AO 15 26 ~ NC A4 29 .::<~ 30 Vee 

A1 16 25 NC NC31 ." .. 
.:: 32 NC 

A2 [ 17 24 ~ A7 Vss33 ':'r- 34A5 

A3 ~ 18 23 A6 A635 .:.--

A4 19 22 ~ A5 
UNC37 __ <:: 36A7 
_ ···.··38OE 

Vee r 20 21 Vss CAS 39 ." .. 
~40Vss 

• MT 4C1665/MT 4C 1664 
•• NC = No Connect 

The MT4C1664 "WE" function and timing are determined 
by the first BYTE WRITE (WEL or WEH ) to transition LOW 
and the last to transition back HIGH. Use of only one of the 
two results in a BYTE WRITE cycle: WEL transitioning LOW 
selects a WRITE cycle for the lower byte (DQ1-DQ8) or 
WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

TheMT4C1665 has NONPERSISTENT MASKED WRITE 
cycles. 

MT4C166415 
REV. 1/91 1-207 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

!~~~;~~~~~1 

CAS 0---...,-.--------' 
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PIN DESCRIPTIONS 

SOJ PIN ZIP PIN 
NUMBER(S) NUMBER(S) SYMBOL TYPE DESCRIPTION 

14 24 RAS Input ROW Address Strobe: RAS is used to clock in the 8 row address 
bits and as a strobe for the WEL, WEH and DO inputs for the 
MASKED WRITE function. 

29 39 CAS Input Column Address Strobe: CAS is used to clock in the 8 column 
address bits, enable the DRAM output buffers, and as a strobe for 
the data inputs on WRITE cycles. 

28 38 OE Input Output Enable: OE enables the output buffers when taken LOW 
during a READ access cycle. RAS and CAS must be LOW and 
WEL and WEH must be HIGH before OE will control the output 
buffers. Otherwise the output buffers are in a high impedance state. 

13 23 WEfWEL* Input WRITE Enable Lower Byte: WELon MT4C1664 is WE control for 
the D01 through D08 inputs. WE on MT4C1665 controls D01 
through D016 inputs. If (WEL or WEH)/WE is LOW, the access is a 
WRITE cycle. The DO outputs for the byte not being written will 
remain in a high impedance state (byte WRITE cycle only). 

12 22 NCfWEH* Input Write Enable Upper Byte: WEH on MT4C1664 is WE control for the 
D09 through D016 inputs. If (WEL or WEH)/wE is LOW, the access 
is a WRITE cycle. This pin is a no connect on the MT4C1665 as it 
has only WORD WRITE access cycles. 

15, 16, 17 25,26,27 AO to A7 Input Address Inputs: These inputs are multiplexed and clocked 
18,19,22 28,29,34 by RAS and CAS to select one 16-bit word out of the 64K available 

23,24 35,36 words. 

2,3,4,5,6 11, 12, 14 D01-D016 Input! Data 1/0: For WRITE cycles, D01-D016 act as inputs to the 
7,8,9,32,33 15,16,17 Output addressed DRAM location. BYTE WRITEs can be performed by 

34,35,36 2,18,19,3 using WEL or WEH to select the byte to be written. For READ 
37,38,39 4,5,6,7,8 access cycles, 001-0016 act as outputs for the addressed DRAM 

9 location. All sixteen II0s are active for READ cycles (there is no 
BYTE READ cycle). 

10,25,26 1,20,31 NC - No Connect: These pins should be either left unconnected 
27,31 32,37 or tied to ground. 

1,11,20 13,21,30 Vcc Supply Power Supply: +5V ± 10% 

21,30,40 10,33,40 Vss Supply Ground 

NOTE: *MT 4C 1665/MT 4C 1664 
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FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 16 address 

bits during READ or WRITE cycles. These are entered 8 bits 
(AO-A7) at a time. RAS is used to latch the first 8 bits and 
CAS the latter 8 bits. 

READ or WRITE cycles on the MT4CI665 are selected 
with the WE input while either WEL or WEH perform the 
"WE" on the MT4CI664. The MT4C1664 "WE" function is 
determined by the first byte WRITE (WEL or WEH) to 
transition LOW and the last one to transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. TakingWELOWwillinitiatea WRITE 
cycle, selecting DQl through DQI6.IfWE goes LOW prior 
to CAS going LOW, the output pin(s) remain open (High
Z) until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
activated and retains the selected cell data as long as CAS and 
OE remain LOW (regardless of WE or RAS). This late WE 
pulse results in a READ-WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 
by OE , WEL and WEH (MT4CI664) or WE (MT4CI665). 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -A7) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed
in by CAS. CAS may be toggled-in by holdingRAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS, or HID
DEN refresh) so that all 256 combinations ofRAS addresses 
(AO-A7) are executed at least every 4ms, regardless of 
sequence. The CAS-BEFORE-RAS refresh cycle will also 

invoke the refresh counter and controller for row address 
control. 

BYTE WRITE DESCRIPTION (MT4C1664 ONLY) 

The byte WRITE mode is determined by the use of WEL 
and WEH. Enabling WEL will select a lower BYTE WRITE 
cycle (DQI-DQ8) while enabling WEH will select an upper 
BYTE WRITE (DQ9-DQI6). Enabling both WEL and WEH 
selects a WIRD WRITE cycle. 

The MT4CI664 can be viewed as two 64K x 8 DRAMs 
which have common input controls, with the exception of 
the WE input. Figure 1 illustrates the MT4C1664 BYTE and 
WORD WRITE cycles. 

MASKED WRITE DESCRIPTION (MT4C1665 ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when mask data is supplied on the DQ 
pins and WE is LOW at RAS time. The MT4C1665 is only 
word selectable when WE is LOW at RAS time (the 
MT4C1664 does not have MASKED WRITE cycle function). 

The data (mask data) present on the DQI-DQI6 inputs at 
RAS time will be written to an internal bit mask data register 
and will then act as an individual write enable for each of 
the corresponding DQ inputs. If a LOW (logic "0") is 
written to a mask data register bit, the input port for that bit 
is disabled during the following "VRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro
ceed. At CAS time, the bits present on the DQI-DQI6 inputs 
will be either written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated, even if the previous cycle's mask 
was the same mask. 

Figure 2 illustrates the MT4C1665* MASKED WRITE 
operation (Note: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 

1-210 



I"IIC:Rg~ MT 4C1664/S 

1- WORD WRITE -I- LOWER BYTE WRITE -I 
RAS \ / \~ _____ ---,I 

CAS \ / \'---__ ---'1 

WEL \ / 

WEH \ / 

STORED INPUT STORED STORED INPUT STORED 

DATA DATA DATA DATA DATA DATA 

1 .-----;J> 1 .-----;J> 

1 -----;J> 1 1 .-----;J> 

a .-----;J> a a .-----;J> 

LOWER BYTE a .-----;J> a a .-----;J> 

(001-008) a .-----;J> a a .-----;J> 

OFWORO .-----;J> .-----;J> 

.-----;J> .-----;J> 

a .-----;J> a a .-----;J> 

a 1 .-----;J> x .-----;J> 

a 1 .-----;J> 1 1 x .-----;J> 1 

UPPER BYTE 
a a .-----;J> a a 
a a .-----;J> a a 

(009-0016) a 1 .-----;J> 1 1 
OFWORO a a .-----;J> a a 

X .-----;J> a 
x .-----;J> a 
x -----;J> 1 

X .-----;J> a 
a 1 .-----;J> 1 x -----;J> 

a a .-----;J> a a x .-----;J> a 

ADDRESS a • • ------ ADDRESS 1 

x = NOT EFFECTIVE (DON'T CARE) 

Figure 1 
MT4C1664 WORD AND BYTE WRITE EXAMPLE 
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-c 1-WORD MASKED WRITE --'1- WORD NON-MASKED WRITE -I :J:J 
:t> RAS \ / \ ;-
s: 

CAS \ / \ ;-

1!I!1111I/1] III!I!/!/ II /h WE ~ I!l1IlA Vl/l1IA , 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

0 X X 1 .-----3>-

0 ._----):1- 0 X .-----3>-

LOWER BYTE 
0 X 1 X .-----3>-

1 o .-----3>- 0 0 X 1 .-----3>-
(001-008) 0 X X 0 .-----3>-
OFWORO 1 0 .-----3>- 0 0 X 0 .-----3>- 0 

0 X 1 X 0 .-----3>- 0 
o .-----3>- 0 0 X 0 .-----3>- 0 

; 0 X ; ; X 1 .-----3>-

~ 0 X X 0 .-----3>-

UPPER BYTE 0 X X 1 .-----3>-

(009-0016) 0 X X 0 .-----3>-

OFWORO 

~ 
0 .-----~ 

~ ~ 
x .-----;:. 

~ 
o .-----3>- X 1 .-----3>-
1 .-----3>- X 0 .-----3>-

1 .-----3>- X 0 .-----3>-

ADDRESS 0 • 4 ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 2 
MT4C1665 MASKED WRITE EXAMPLE 
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TRUTH TABLE: MT4C1664 

Addresses 

Function "RAS" ~ WEL WEFi DE" tR tc 

Standby H X X X X X X 

READ L L H H L ROW COL 

WRITE: WORD L L L L X ROW COL 
(EARLY-WRITE) 

WRITE: LOWER L L L H X ROW COL 
BYTE (EARLY) 

WRITE: UPPER L L H L X ROW COL 
BYTE (EARLY) 

READ-WRITE L L H~L H~L L~H ROW COL 

FAST-PAGE-MODE 1st Cycle L H~L H H L ROW COL 
READ 2nd Cycle L H~L H H L n/a COL 

FAST-PAGE-MODE 1st Cycle L H~L L L X ROW COL 
EARLY-WRITE 2nd Cycle L H~L L L X n/a COL 

FAST-PAGE-MODE 1st Cycle L H~L H~L H~L L~H ROW COL 
READ-WRITE 2nd Cycle L H~L H~L H~L L~H n/a COL 

HIDDEN READ L~H~L L H H L ROW COL 
REFRESH WRITE L~H~L L L L X ROW COL 

RAS-ONLY L H X X X ROW n/a 
REFRESH 

CAS-BE FORE- H~L L X X X X X 
RAS REFRESH 

NOTE: 1. These cycles may also be byte WRITE cycles (either WEL or WEH active). 
2. EARLY-WRITE only. 
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DOs NOTES 
High-Z 

Valid Data Out 

Valid Data In 

Lower Byte, Valid Data In 
Upper Byte, High-Z 

Lower Byte, High-Z 
Upper Byte, Valid Data In 

Valid Data Out, Data In 1 

Valid Data Out 
Valid Data Out 

Valid Data In 1 
Valid Data In 1 

Valid Data Out, Data In 1 
Valid Data Out, Data In 1 

Valid Data Out 
Valid Data In 1,2 

High-Z 

High-Z 
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_ TRUTH TABLE: MT4C1665 

C 
:D 
l> s:: 

Addresses 

Function ~ CAS WE c:>E" IR 

Standby H X X X X 

READ L L H L ROW 

WRITE: WORD L L L X ROW 
(EARLY-WRITE) 

READ-WRITE L L H---L L ---H ROW 

FAST-PAGE-MODE 1st Cycle L H---L H L ROW 
READ 2nd Cycle L H---L H L n/a 

FAST-PAGE-MODE 1 st Cycle L H---L L X ROW 
EARLY-WRITE 2nd Cycle L H---L L X n/a 

FAST-PAGE-MODE 1st Cycle L H---L H---L L ---H ROW 
READ-WRITE 2nd Cycle L H---L H---L L ---H n/a 

HIDDEN READ L---H---L L H L ROW 
REFRESH WRITE L---H---L L L X ROW 

RAS-ONLY L H X X ROW 
REFRESH 

CAS-BEFORE- H---L L X X X 
RAS REFRESH 

NOTE: 1. Data In will be dependent on the mask provided. Refer to Figure 2. 
2. EARLY-WRITE only. 
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Ie 

X 

COL 

COL 

COL 

COL 
COL 

COL 
COL 

COL 
COL 

COL 
COL 

n/a 

X 

DQs NOTES 
High-Z 

Valid Data Out 

Valid Data In 1 

Valid Data Out, Data In 1 

Valid Data Out 
Valid Data Out 

Valid Data In 1 
Valid Data In 1 

Valid Data Out, Data In 1 
Valid Data Out, Data In 1 

Valid Data Out 
Valid Data In 1,2 

High-Z 

High-Z 



ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Ceramic) ................. -6SoC to + 1S0°C 
Storage Temperature (Plastic) .................... -SsoC to + 1S0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :s; T A :s; 70°C; Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
any input (OV :s; VIN :s; Vcc, II -2 2 JlA 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV :s; VOUT :s; 5.5V) loz -10 10 JlA 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 
PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 
STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) Icc1 2 2 2 mA 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) Icc2 1 1 1 mA 25 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 110 100 90 mA 3,4 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 80 70 60 mA 3,4 
(RAS = Vll, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current ICC5 110 100 90 mA 3 
(RAS Cycling, CAS=VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current ICC6 110 100 90 mA 3,5 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 
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CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A7 

Input Capacitance: RAS, CAS,(WEL, WEH)/ WE, OE 

Input/Output Capacitance: DO 

SYMBOL 

Cll 

CI2 

CIO 

MIN MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (O°C S; T AS; +70°C; Vcc = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 130 145 170 ns 

READ-WRITE cycle time tRWC 175 185 220 ns 

FAST-PAGE-MODE READ or WRITE tpc 45 50 60 ns 
cycle time 

FAST-PAGE-MODE READ-WRITE tpRWC 95 100 120 ns 
cycle time 

Access time from RAS tRAC 70 80 100 ns 14 
Access time from CAS tCAC 20 25 30 ns 15 
Output Enable time 'DE 20 25 30 ns 
Access time from column address tAA 40 45 50 ns 

Access time from CAS" precharge tePA 45 50 55 ns 

"RAS pulse width tRAS 70 100,000 80 100,000 100 100,000 ns 

"RAS pulse width (FAST PAGE MODE) tRASP 70 100,000 80 100,000 100 100,000 ns 

RAS hold time tRSH 20 20 25 ns 

"RAS precharge time tRP 50 55 60 ns 

CAS pulse width teAS 25 100,000 30 100,000 30 100,000 ns 

CAS hold time tCSH 70 80 100 ns 

CAS precharge time tCPN 10 10 15 ns 16 
CAS precharge time (FAST PAGE MODE) tcp 10 10 10 ns 
RAS to CAS delay time tRCD 20 45 20 50 25 60 ns 17 
CAS to RAS precharge time tCRP 5 5 5 ns 

Row address setup time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

"RAS to column tRAD 15 35 15 40 15 50 ns 18 
address delay time 

Column address setup time tASC 0 0 0 ns 

Column address hold time tCAH 15 15 15 ns 

Column address hold time tAR 55 60 70 ns 
(referenced to RAS) 

Column address to tRAL 35 40 50 ns 
"RAS lead time 

Read command setup time tRCS 0 0 0 ns 26 
Read command hold time tRCH 0 0 0 ns 19,26 
(referenced to CAS) 
Read command hold time tRRH 0 0 0 ns 19 
(referenced to "RAS) 
CAS to output in Low-Z tell 0 0 0 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13,23) (O°C:s; TA:S; +70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Output buffer turn-off delay 'OFF 0 20 0 20 0 20 ns 20,30 
Output disable time '00 10 12 20 ns 30 
Write command setup time twcs 0 0 0 ns 21,26 
Write command hold time twCH 15 15 15 ns 26 

Write command hold time twCR 50 55 65 ns 26 
(referenced to RAS) 

Write command pulse width 'WP 15 15 15 ns 26 
Write command to RAS lead time 'RWL 20 20 20 ns 26 
Write command to CAS lead time 'CWL 20 20 20 ns 26 
Data-in setup time 'OS 0 0 0 ns 22 
Data-in hold time 'DH 15 15 20 ns 22 
Data-in hold time 'DHR 50 55 65 ns 
(referenced to RAS) 

RAS to WE delay time 'RWD 90 100 125 ns 21 
Column address 'AWD 65 70 80 ns 21 
to WE delay time 

CAS to WE delay time 'CWO 50 55 70 ns 21 
Transition time (rise or fall) 'T 3 50 3 50 3 50 ns 9, 10 
Refresh period (256 cycles) 'REF 4 4 4 ms 28 
"RAS to CAS precharge time 'RPC 0 0 0 ns 

CAS setup time 'CSR 10 10 10 ns 5 
(CAS-BEFORE-"RAS refresh) 

CAS hold time tcHR 15 15 15 ns 5 
(CAS"-BEFORE-"RAS refresh) 

MASKED WRITE command to RAS twRS 0 0 0 ns 26,27 
setup time 

MASKED WRITE command to RAS twRH 15 15 15 ns 26,27 
hold time 

Mask data to RAS setup time 'MS 0 0 0 ns 26 
Mask data to RAS hold time 'MH 15 15 15 ns 26 
OE hold time from WE during 'OEH 10 10 20 ns 29 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during 'ORO 0 0 0 ns 
HIDDEN REFRESH cycle 
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_ NOTES 

C 
::D 
l> 
3: 

1. 
2. 

3. 
4. 

5. 
6. 

7. 

All voltages referenced to Vss. 
This parameter is sampled. Capacitance is calculated 
from the equation C = I d'/ dv with dv = 3V; Vee = 5V. 
Ice is dependent on cycle rates. 
Ice is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 
Enables on-chip refresh and address counters. 
The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :s; T A :s; 70°C) is assured. 
An initial pause of 100~s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. Vnr (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and Vnr). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and Vnr) in a monotonic manner. 

11. If CAS = Vnr, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

5OpF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in 
this table, IRAc will increase by the amount that 
IRCD exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a 
new cycle and clear the Q buffer, CAS must be 
pulsed HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tcAe. 

18. Operation within the IRAD (MAX) limit ensures that 
IRCD (MAX) can be met. IRAD (MAX) is specified as 
a reference point only; if IRAD is greater than the 
specified IRAD (MAX) limit, then access time is 
controlled exclusively by lAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IAWD and tcWD are restrictive 
operating parameters in LATE-WRITE and READ
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY -WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. IfIRWD ~ IRWD (MIN), IAWD ~ IAWD 
(MIN) and tcWD ~ ICWD (MIN), the cycle is a LATE
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions are met, the state of data out are indeter
minate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in LA TE
WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. 
26. Write conuTl.and is defined as either 'VEL or \,\lEH or 

both going LOW on the MT4C1664. Write command 
is defined as WE going LOW on the MT4C1665. 

27. Must be held LOW to ensure MASKED WRITE is 
enabled and must be held HIGH to ensure MASKED 
WRITE is disabled. 

28. The refresh period may be extended to 8ms without 
experiencing problems. 

29. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both taD and IOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after taEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

30. The DQs open during READ cycles once taD or taFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 
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READ CYCLE 

tRAS 'RP 

- \ -
JCSH 

lASH ~ 
leAP IRCO teAS 

=--.1 
'AR 

I IRAD 'RAL 

~ ~I ~ ~ 
ADOR ~:~ :f&~ ROW WI&a COLUMN ROW 

IRCS ~I 
--

'AA 

tRAC 

teAC ~ 

~ 
DO ~lg~ - OPEN VALID DATA l------OPEN---

,~ I~ --

EARLY-WRITE CYCLE 

'RAS 'RP 

RAs V,H 

v" - lit -
tCSH 

IRSH 

ICAP tRCD teAs 

CAs V,H 

v" =----' 
'AR 

lRAD 'RAL 

ADCR 
V,H 

v" 
I~ ~ ~ ~ 

::w'.M ROW K@"~ COLUMN 

tCWL J IRWl 

IWCR 

twes twCH 

I~ ~I 
'WP 

NOTEt ~ 

I~I 'OHR tMsl~1 [~~I 
~ NOTEt ~h* VALID DATA ~ 
~ ~ 

Of ~:~ ~ 

\ 

W/, 

ROW 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT 4C1665 only; WEL, WEH and DO inputs on MT 4C1664 are don't care at RAS time. WE 
selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are don't care for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 

1-219 

-c 
:c » s: 



-C 
:::rJ » :s:: 

AODA ~:r 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

lRAS 'RP 

- kf -
Ie.H 
tRSH 

leRP tRCO 'CAS 

=--' } 
'AR 

'RAD I I lRAe I 
I~ ~I ~ I~I I 

7///Mt ROW W///,,0 COLUMN ROW 

-

-

~I~ 
I I 'RWD ~II 'RCS I lewo 'RWL 

I 'AWO 

~ NOTE I W$& 
'AA 
tAAC j 'CAG 

~ ~ tell r r ~ 
NOTE 1 OPEN VALID DOUT X VALID DIN OPEN--

~ .'2E..1 ~ 

FAST-PAGE-MODE READ CYCLE 

~--------------~I~~P-----------------II}~ 

!Z:l DON'T CARE 

Il2Il! UNDEFINED 

NOTE: 1. Applies to MT4C1665 only; wa:: WER and DQ inputs on MT4C1664 are don't care at RAS time. WE 
selects between normal WRITE and MASKED WRITE at MS' time. The DQ inputs are don't care for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

RASP 

A---
'CRP ICSH IpC IRSH 

ICRP IRCD tCAS ICp ~ ~1 ~ r-I 
=J I 

IAR 

IRAD 

~I 
'RAl 

tASR IRAH I. lASe I~ ~ I~I ~ I 
Y/,11 ROW W/,11 COLUMN COWMN COLUMN ROW ADOA ~:~ 

OE ~i~ $////I/I///lIIII/I/P'///lI/I/$/I//I///l//I/I//I/IIIIII!///lI/I/I//I///l/i/i/i$//II/I/I/I/II//l1///l//ll///ll///IM 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

l!Z1 DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C1665 only; WIT, WEH and DO inputs on MT4C1664 are don't care at RAS time. WE 
selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are don't care for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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'RAS"-ONL Y REFRESH CYCLE 
(ADDR = AO - A7 ,OE; WEL, WER or WE = DON'T CARE) , 

'RC , 
" 'RAS 'RP 

1 I 

, 'CRP 

I 
. ~I 

CAS ~:~ _ :.-f \-..-I 
'ASR ." .. tRAH . . 

ADDR ~:~ _c----RO-W ----,k$/$//#//////####//$/II!///#$);(r---RO-W --

DO ~gr -:----------------OPEN--------------

~-BEFORE-~ REFRESH CYCLE 
(Ao - A7; WEL, WEH or WE,and OE = DON'T CARE) 

DO ~:gr-~--------------OPEN--------------

HIDDEN REFRESH CYCLE 
( WEL, WEH or WE = HIGH; OE = LOW) 24 

ADDR 

DOx ~:8t' -:-------

(READ) 

tRAS 
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(REFRESH) 

'AAS 

tcHR 

VAliD DATA 

~ DON'T CARE 

~ UNDEFINED 

-tOFF 

OPEN-



DRAM 

FEATURES 
• Industry standard x16 pinouts, timing, functions 

and packages 
• High performance, CMOS silicon gate process 
• Single +5V±1O% power supply 
• Low power, 2mW standby; 200mW active, typical 
• All device pins are fully TTL and CMOS compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS 

and HIDDEN 
• Optional FAST PAGE MODE access cycle 
• 2 TTL load output drive capability 
• BYTE WRITE access cycle (MT4C1668 only) 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C1669 only) 
• Reduced CMOS STANDBY CURRENT 
• Reduced operating and refresh currents 
• Extended refresh: 256 cycles over 32ms (125J.ls cycles) 

OPTIONS MARKING 
• Timing 

70ns access - 7 
80ns access - 8 
lOOns access -10 

• Write Enable 
Byte or Word MT4C1668 
Word only MT4C1669 

• Mask Enable 
Not available MT4C1668 
Always available MT4C1669 

• Packages 
Plastic SOJ (400mil) DJ 
Plastic ZIP (450mil) Z 

GENERAL DESCRIPTION 
The MT4C1668/9 are randomly accessed solid-state 

memories containing 1,048,576 bits organized in a x16 
configuration. The MT4C1668 has both BYTE and WORD 
WRITE access cycles while the MT4C1669 has only WORD 
WRITE access cycles. 

The MT4C1668 functions in a similar manner to the 
MT4C1669 except that replacing WE with WEL and WEH 
allows for BYTE WRITE access cycles. WEL and WEH 
function in an identical manner to WE: either WEL or 

MT4C166819 
AEV.1191 

PRELIMINARY 

64K x 16DRAM 
LOW POWER, FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(E-12) 

Vee 
001 
002 
003 
004 
005 
006 
OO? 
DOS 

NC 
Vee 

"NCIWEH 
"WElWEL 

RAS 
AO 
A1 
A2 
A3 
A4 

Vee 

• MT4C1669/MT4C1668 
•• NC = No Connect 

Vss 
0016 
0015 
0014 
0013 
0012 
0011 
D010 
D09 
NC 
Vss 
CAS 
OE 
""NC 
NC 
NC 
A? 
A6 
A5 
Vss 

40-Pin Zip 
(C-6) 

NC 1 .:',:: 2 009 

~~:~ : .:',:: 4 0011 

0014 7 :>.: 6 0013 
.'-- 8 0015 

0016 9 :.'--
_ 10Vss 

00111 :. 
.:: 12002 

Vec13 :\: 140Q3 
OQ415 :. 

.:: 160Q5 

~~:~: :',:: 18 D07 

Vcc21 :'r.:: 20NC 
__ :',::22'NciiiVEFi 

'WElWEL23 -:'.:: 24 RAS 
A025 _:. 

_ 26Al 
A227.:. 

_28A3 
A429 :l 

_ lOVee 
Neal :. 

_ 32NC 
Vss33.:. 

_ 34AS 
A635.:. 

_ 3SA7 

.~:: -:> 3aOE 
.:: 40Vss 

WEH will generate an internal WE through an AND gate 
(inverted NOR gate). 

The MT 4C1668 "WE" function and timing are determined 
by the first BYTE WRITE (WEL or WEH) to transition LOW 
and the last to transition back HIGH. Use of only one of the 
two results ina BYTE WRITE cycle: WEL transitioning LOW 
selects a WRITE cycle for the lower byte (DQI-DQ8) or 
WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQI6). 

The MT4C1669 has NONPERSISTENT MASKED WRITE 
capability. 

The extended refresh of the MT4C1668/9 provides a 
factor-of-eight reduction of refresh intervals required, as 
compared to a standard 64K x 16 DRAM (MT4CI664/5). 
The MT4C1668/9 offers lower operating power as well as 
the reduced refresh current and standby current. The 
MT4C1668/9 are the same devices as the MT4C1664/5, but 
with the low power capabilites. 

1-223 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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I'IIIC:F=U:;I,N MT 4C1668/9 

_ FUNCTIONAL BLOCK DIAGRAM 

C 

~~~~;~~N;~] 
WEL O----+-+--<li\'\ 
WEH P-;-~=-'"f 

"-+----<\ 
CAS 0-----.----------' /---+-..; MASK DATA 

1-224 

UPPERBVTE,: ... ;;.:".:=,;;;o,;"",:; .... ". 

256 x 256 x 16 
MEMORY 
ARRAY 

D01-D016 

i-----oOE 

-Vee 
----ooVss 



PRELIMINARY 

I'IIIC:I=U;~~ MT 4C1668/9 

PIN DESCRIPTIONS 

SOJ PIN ZIP PIN 
NUMBER(S) NUMBER(S) SYMBOL TYPE DESCRIPTION 

14 24 RAS Input Row Address Strobe: RAS is used to clock-in the 8 row-address bits 
and as a strobe for the WEL, WEH and DO inputs for the MASKED 
WRITE function. 

29 39 CAS Input Column Address Strobe: CAS is used to clock-in the 8 column-
address bits, enable the DRAM output buffers, and as a strobe for 
the data inputs on WRITE cycles. 

28 38 OE Input Output Enable: OE enables the output buffers when taken LOW 
during a READ access cycle. RAS and CAS must be LOW and 
WEL and WEH must be HIGH before OE will control the output 
buffers. Otherwise the output buffers are in a high-impedance state. 

13 23 WE/wEL* Input Write Enable Lower Byte: WEL on MT4C1668 is WE control for the 
D01 through D08 inputs. WE on MT4C1669 controls D01 through 
D016 inputs. If (WEL or WEH)/wE is LOW, the access is a WRITE 
cycle. The DO outputs for the byte not being written will remain in a 
high impedance state (BYTE WRITE cycle only). 

12 22 Nc/wEH* Input Write Enable Upper Byte: WEH on MT 4C1668 is WE control for the 
D09 through D016 inputs. If (WEL or WEH)/wE is LOW, the access 
is a WRITE cycle. This pin is a no connect on the MT4C1669 as it 
has only WORD WRITE access cycles. 

15,16,17 25,26,27 AOto A7 Input Address Inputs: These inputs are multiplexed and clocked 
18,19,22 28,29,34 by RAS and CAS to select one 16-bit word out of the 64K available 

23,24 35,36 words. 

2,3,4,5,6 11,12,14 D01-D016 InpuV Data I/O: For WRITE cycles, D01-D016 act as inputs to the 
7,8,9,32,33 15, 16, 17 Output addressed DRAM location. BYTE WRITEs can be performed by 

using 
34,35,36 2,18,19,3 WEL or WEH to select the byte to be written. For READ access 
37,38,39 4,5,6,7,8 cycles, D01-D016 act as outputs for the addressed DRAM location. 

9 All 16 II0s are active for READ cycles (there is no Byte READ 
cycle). 

10,25,26 1,20,31 NC - No Connect: These pins should be either left unconnected 
27,31 32,37 or tied to ground. 

1,11,20 13,21,30 Vcc Supply Power Supply: +5V ± 10% 

21,30,40 10,33,40 Vss Supply Ground 

NOTE: *MT4C1669/MT4C1668 
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PRELIMINARY 

I"IIC:I=U;'~,~ MT 4C1668/9 
I 

FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 16 address

bits during READ or WRITE cycles. These are entered 8 bits 
(AO-A7) at a time. RAS is used to latch the first 8 bits and· 
CAS the latter 8 bits. 

READ or WRITE cycles on the MT4C1669 are selected 
with the WE input while either WEL or WEH perform the 
"WE" on the MT4C1668. The MT4CI668 "WE" function is 
determined by the first BYTE WRITE (WEL or WEH) to 
transition LOW and the last one to transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. Taking WE LOW will initiate a WRITE 
cycle, selecting DQl through DQ16. If WE goes LOW prior 
to CAS going LOW, the output pines) remain open (High
Z) until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
activated and retains the selected cell data as long as CAS and 
OE remain LOW (regardless of WE or RAS). This late WE 
pulse results in a READ-WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 
by OE , WEL and WEH (MT4CI668) or WE (MT4CI669). 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A7) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed
in by CAS. CAS may be toggled-in by holdingRAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS, or HID
DEN REFRESH) so that all 256 combinations of RAS ad
dresses (AO-A7) are executed at least every 32ms, regard
less of sequence. The CAS-BEFORE-RAS refresh cycle will 

also invoke the refresh counter and controller for row 
address control. 

BYTE WRITE DESCRIPTION (MT4C1668 ONLy) 

The BYTE WRITE mode is determined by the use of 
WEL and WEH. Enabling WEL will select a lower BYTE 
WRITE cycle (DQI-DQ8) while enabling WEH will select 
an upper BYTE WRITE (DQ9-DQI6). Enabling both WEL 
and WEH selects a WORD WRITE cycle. 

The MT4C1668 may be viewed as two 64K x 8 DRAMs 
which have common input controls, with the exception of 
the WE input. Figure 1 illustrates the MT4C1668 BYTE and 
WORD WRITE cycles. 

MASKED WRITE DESCRIPTION (MT4C1669 ONLY) 

Every WRITE access cycle may be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when mask data is supplied on the DQ 
pins and WE is LOW at RAS time. The MT4C1669 is only 
word selectable when WE is LOW at RAS time (the 
MT4C1668 does not have a MASKED WRITE cycle func
tion). 

The data (mask data) present on the DQI-DQI6 inputs at 
RAStimewill be written to an internal bit mask data register 
and will then act as an individual write enable for each of 
the corresponding DQ inputs. If a LOW (logic "0") is 
written to a mask data register bit, the input port for that bit 
is disabled during the subsequent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro
ceed.AtCAStime,thebitspresentontheDQI-DQI6inputs 
will be written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated, even if the previous cycle's mask 
was the same mask. 

Figure 2 illustrates the MT4C1669 MASKED WRITE op
eration (Note: RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 
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1YI1C:l=Ig~ MT 4C1668/9 

RAS 

CAS 

WEL 

WEH 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

1- WORD WRITE 

\ 

} 

\ 
\ 

STORED INPUT 

DATA DATA 
.-----;;. 

1 .-----;;. 

a .-----;;. 

a .-----;;. 
a .-----;;. 
1 .-----;;. 
1 .-----;;. 

a .-----;;. 

a .-----;;. 
a 1 .-----;;. 

a a .-----;;. 

a a ._----;;. 

a .-----;;. 

a a .-----;;. 
a 1 .-----;;. 

a a .-----;;. 

ADDRESS a 

x = NOT EFFECTIVE (DON'T CARE) 

-I-
/ 

/ 

/ 
/ 

STORED STORED 

DATA DATA 

1 1 

a a 
a a 
a a 

1 1 

a a 

a a 
a a 
1 1 

a a 
1 

a a 

LOWER BYTE WRITE -I 
\~ _____ ---,I 

INPUT 

DATA 
.-----;;. 

.-----;;. 

.-----;;. 

.-----;;. 

.-----;;. 

.-----;;. 

.-----;;. 

.-----;;. 

x .-----;;. 
x .-----;;. 

STORED 

DATA 

x .-----;;. a 
x .-----;;. a 
x .-----;;. 
x .-----;;. a 
x .-----;;. 1 

X .-----;;. a 

- ------- ADDRESS 1 

Figure 1 
MT4C1668 WORD AND BYTE WRITE EXAMPLE 
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1'II1I=l=Ig~ MT 4C1668/9 

-c 1_ WORD MASKED WRITE ~I~ WORD NON-MASKED WRITE -I :D 
l> RAS \ I \ ( 

i: 
CAS \ / \ I 

WE ~ IlllIlA , 1iI//// / /1/1 Will/A 1//////// //lh 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

0 X 1 1 X 1 .-----~ 

o .-----~ 0 0 X 1 .-----~ 

LOWER BYTE 
0 X 1 1 X 1 .-----~ 

o .-----~ 0 0 X 1 .-----~ 1 
(001-0Q8) 0 X 1 1 X 0 .-----~ 0 
OFWORO o .-----~ 0 0 X 0 .-----~ 0 

0 X 1 X 0 .-----~ 0 
o .-----~ 0 0 X 0 .-----~ 0 

~ 
0 X 

ffi 
X 1 .-----~ 

ffi 0 X X 0 .-----~ 

0 X 0 X 1 .-----~ UPPER BYTE ; 0 X 0 

~ 
X 0 .-----~ 

~ 
(009-0016) o .-----~ 0 X 1 .-----~ 

OFWORO o .-----~ 0 X 1 .-----~ 

1 .-----~ X 0 .-----~ 

1 .-----~ X 0 .-----~ 

~ ADDRESS 0 ~ ~ ADDRESS 1 ~ 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 2 
MT4C1669 MASKED WRITE EXAMPLE 

1-228 



PRELIMINARY 
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TRUTH TABLE: MT4C1668 

Addresses 

Function ~ ~ WEr WER OE" tR te 

Standby H X X X X X X 

READ L L H H L ROW COL 

WRITE: WORD L L L L X ROW COL 
(EARLY-WRITE) 

WRITE: LOWER L L L H X ROW COL 
BYTE (EARLY) 

WRITE: UPPER L L H L X ROW COL 
BYTE (EARLY) 

READ-WRITE L L H--+L H--+L L --+H ROW COL 

FAST -PAGE-MODE 1st Cycle L H--+L H H L ROW COL 
READ 2nd Cycle L H--+L H H L n/a COL 

FAST -PAGE-MODE 1st Cycle L H--+L L L X ROW COL 
EARLY-WRITE 2nd Cycle L H--+L L L X n/a COL 

FAST-PAGE-MODE 1st Cycle L H--+L H--+L H--+L L --+H ROW COL 
READ-WRITE 2nd Cycle L H--+L H--+L H--+L L --+H n/a COL 

HIDDEN READ L --+H--+L L H H L ROW COL 
REFRESH WRITE L--+H--+L L L L X ROW COL 

RAS-ONLY L H X X X ROW n/a 
REFRESH 

CAS-BEFORE- H--+L L X X X X X 
RAS REFRESH 

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 
2. EARLY-WRITE only. 
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DQs NOTES 
High-Z 

Valid Data Out 

Valid Data In 

Lower Byte, Valid Data In 
Upper Byte, High-Z 

Lower Byte, High-Z 
Upper Byte, Valid Data In 

Valid Data Out, Data In 1 

Valid Data Out 
Valid Data Out 

Valid Data In 1 
Valid Data In 1 

Valid Data Out, Data In 1 
Valid Data Out, Data In 1 

Valid Data Out 
Valid Data In 1,2 

High-Z 

High-Z 
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_ TRUTH TABLE: MT4C1669 

C 
:lJ 
:ts:: 

Addresses 

Function mrn- 'CJrn' WE 'O"E" IR 
Standby H X X X X 

READ L L H L ROW 
WRITE: WORD L L L X ROW 
(EARLY-WRITE) 

READ-WRITE L L H-L L-H ROW 

FAST-PAGE-MODE 1st Cycle L H-L H L ROW 
READ 2nd Cycle L H-L H L nfa 

FAST-PAGE-MODE 1st Cycle L H-L L X ROW 
EARLY-WRITE 2nd Cycle L H-L L X nfa 

FAST -PAGE-MODE 1st Cycle L H-L H-L L-H ROW 
READ-WRITE 2nd Cycle L H-L H-L L-H nfa 

HIDDEN READ L-H-L L H L ROW 
REFRESH WRITE L-H-L L L X ROW 

RAS-ONLY L H X X ROW 
REFRESH 

CAS-BE FORE- H-L L X X X 
RAS REFRESH 

NOTE: 1. Data-In will be dependent on the mask provided. Refer to Figure 2. 
2. EARLY-WRITE only. 
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Ie 
X 

COL 

COL 

COL 

COL 
COL 

COL 
COL 

COL 
COL 

COL 
COL 

nfa 

X 

DQs NOTES 
High-Z 

Valid Data Out 

Valid Data In 1 

Valid Data Out, Data In 1 

Valid Data Out 
Valid Data out 

Valid Data In 1 
Valid Data In 1 

Valid Data Out, Data In 1 
Valid Data Out, Data In 1 

Valid Data Out 
Valid Data In 1,2 

High-Z 

High-Z 



ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Ceramic) ................. -6SoC to + ISO°C 
Storage Temperature (Plastic) .................... -SsoC to + ISO°C 
Power Dissipation .............................................................. 1W 
Short Circuit Output Current ...................................... SOmA 

PRELIMINARY 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :;; T A:;; 70°C; Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
any input (OV :;; VIN :;; Vcc, II -2 2 ~ 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV :;; VOUT :;; 5.5V) loz -10 10 ~ 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) Icc1 2 2 2 rnA 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) Icc2 650 650 650 ~ 25 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 100 90 80 rnA 3,4 
(RAS, CAS, Address Cycling: IRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 75 65 65 rnA 3,4 
(RAS = VIL; CAS, Address Cycling: tpc = tpc (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Iccs 100 90 80 rnA 3 
(RAS Cycling, CAS=VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Icc6 100 90 80 rnA 3,5 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

REFRESH CURRENT: BATTERY BACK-UP (extended refresh 
cycles). Average power supply current with CAS= 0.2V or CBR; Icc? 800 800 800 ~ 3 
RAS has minimum tRAS of 1!ls; AO-A7,WE,OE and DOs = Vcc -0.2V 
or 0.2V (DOs may float); IRC = 125JlS 
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CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A7 

Input Capacitance: RAS, CAS,(WEL, WEH)/ WE, DE 

InpuVOutput Capacitance: DO 

SYMBOL MIN 

Cit 

CI2 

CIO 

PRELIMINARY 

MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (O°C :s; T A :s; +70°C; Vcc = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cycle time IRC 130 145 170 ns 
READ-WRITE cycle time IRWC 175 185 220 ns 

FAST-PAGE-MODE READ or WRITE IpC 45 50 60 ns 
cycle time 

FAST-PAGE-MODE READ-WRITE IpRWC 95 100 120 ns 
cycle time 

Access time from RAS tRAC 70 80 100 ns 14 
Access time from CAS tCAC 20 25 30 ns 15 
Output Enable time toE 20 25 30 ns 

Access time from column address IAA 40 45 50 ns 

Access time from CAS precharge tCPA 45 50 55 ns 

"RAS pulse width IRAS 70 100,000 80 100,000 100 100,000 ns 

"RAS pulse width (FAST PAGE MODE) tRASP 70 100,000 80 100,000 100 100,000 ns 

"RAS hold time tRSH 20 20 25 ns 

"RAS precharge time tRP 50 55 60 ns 

CAS pulse width ICAS 25 100,000 30 100,000 30 100,000 ns 
CAS hold time ICSH 70 80 100 ns 

CAS precharge time ICPN 10 10 15 ns 16 
CAS precharge time (FAST PAGE MODE) tcp 10 10 10 ns 
RAS to CAS delay time IRCD 20 45 20 50 25 60 ns 17 
CAS to RAS precharge time ICRP 5 5 5 ns 

Row address setup time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

"RAS to column IRAD 15 35 15 40 15 50 ns 18 
address delay time 

Column address setup time tASC 0 0 0 ns 

Column address hold time ICAH 15 15 15 ns 

Column address hold time IAR 55 60 70 ns 
(referenced to RAS) 

Column address to IRAL 35 40 50 ns 
RAS lead time 

Read command setup time tRCS 0 0 0 ns 26 
Read command hold time IRCH 0 0 0 ns 19,26 
(referenced to CAS) 

Read command hold time IRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in Low-Z tCLZ 0 0 0 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11,12,13,23) (O°C::; TA ::; +70°C; Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Output buffer turn-off delay 'OFF 0 20 0 20 0 20 ns 20,30 
Output disable time '00 10 12 20 ns 30 
Write command setup time twcs 0 0 0 ns 21,26 

Write command hold time twCH 15 15 15 ns 26 

Write command hold time twCR 50 55 65 ns 26 
(referenced to RAS) 

Write command pulse width IWp 15 15 15 ns 26 
Write command to RAS lead time 'RWL 20 20 20 ns 26 
Write command to CAS lead time ICWL 20 20 20 ns 26 
Data-in setup time 'OS 0 0 0 ns 22 

Data-in hold time IDH 15 15 20 ns 22 
Data-in hold time IDHR 50 55 65 ns 
(referenced to RAS) 

RAS to WE delay time IRWD 90 100 125 ns 21 
Column address 'AWD 65 70 80 ns 21 
to WE delay time 

CAS to WE delay time 'CWD 50 55 70 ns 21 
Transition time (rise or fall) IT 3 50 3 50 3 50 ns 9, 10 
Refresh period (256 cycles) IREF 32 32 32 ms 28 

~ to CAS precharge time IRPC 0 0 0 ns 
CAS setup time ICSR 10 10 10 ns 5 
(CAS-BEFORE-~ refresh) 

CAS hold time tcHR 15 15 15 ns 5 
(CAS-BEFORE-RAS refresh) 

MASKED WRITE command to RAS twRS 0 0 0 ns 26,27 

setup time 
MASKED WRITE command to RAS twRH 15 15 15 ns 26,27 

hold time 

Mask data to ~ setup time 'MS 0 0 0 ns 26 
Mask data to RAS hold time IMH 15 15 15 ns 26 

OE hold time from WE during 'OEH 10 10 20 ns 29 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during 'ORO 0 0 0 ns 
HIDDEN REFRESH cycle 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = I d'j dv with dv = 3V and Vrx = SV. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C S; T A S; 70°C) is assured. 

7. An initial pause of 100~s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 32ms 
refresh requirement is exceeded. 

8. AC characteristics assume ty = 5ns. 
9. VIR (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIR and VIL (or between VIL 
and VIR). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIR and 
VIL (or between VIL and VIR) in a monotonic manner. 

11. If CAS = VIR, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

50pF. 
14. Assumes that tRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in 
this table, IRAC will increase by the amount that 
tRCD exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, data out (Q) 

will bemaintained from the previous cycle. To initiate 
a new cycle and clear the Q buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the IRCD (MAX) limit ensures that 
IRAc (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the IRAD (MAX) limit ensures that 
IRCD (MAX) can be met. IRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

PRELIMINARY 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and !CWD are restrictive 
operating parameters in LATE-WRITE and READ
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. IftRWD ~ IRWD (MIN), tAWD~tAWD 
(MIN) and !CWD ~ tCWD (MIN), the cycle is a LATE
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions are met, the state of data out are indeter
minate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in LATE
WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. 
26. WRITE command is defined as either WEL or WEH 

or both going LOW on the MT4C1668. WRITE 
command is defined as WE going LOW on the 
MT4C1669. 

27. Must be held LOW to ensure MASKED WRITE is 
enabled and must be held HIGH to ensure MASKED 
WRITE is disabled. 

28. The refresh period may be extended to 8ms without 
experiencing problems. 

29. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

30. The DQs open during READ cycles once toD or toFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 
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READ CYCLE 

'RAS 'RP 

\ 
ICSH 

IRSH tRRH 

'cRP tACO leAS 

J 
'AR 

IRAD IRAL 

~ ~I ~ ~ 
ADDR W#J1. ROW WI/db) COlUMN ROW 

tRCS 

~ 
Ij//////////////////////////////!" VI////////////////////; 

'AA 

tRAC 

tCAC ~ 

DQ ~t8~-
~. 

OPEN VALID DATA QPEN---

,~ I~ 

EARL Y-WRITE CYCLE 

e 

'RAS 

--
tcsH 
tRSH 

I~ 'Rce 'cAS 

=--' 
'AR 

tAAD IAAl 

ADOA ~l~ 
I~ ~I ~ I~ 

Yff--0t ROW lW"At COLUMN 

ICWl 

IRWL 

tweR 

'wes ~ 

I~ ~I 
twP 

NOTE 1 ~ 

~~ 
!OHR 

I~ I 
NOTEt ~J0¢ VALID DATA 

OE ~:r ~ 

'RP 

" 

ROW 

I:i:Zl DON'T CARE 

B8llI UNDEFINED 

NOTE: 1. Applies to MT 4C1669 only; WEL, WEH and DO inputs on MT 4C1668 are don't care at RAS time. WE 
selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are don't care for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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I"IIC:I=II;;~~ MT 4C1668/9 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RWC 

tCSH 

1~~ ____ ~'~~a ______ ~'C~M~ _____________ 1 

CAS ~l~:-.J 'AR }I'---'f-------------------{ 
,f-------------

tRAO I I tRAL 

ADDR ~:~ :~ ROW W////~ COLUMN W/////////////////////////////////////J/... ROW 

I
JI ~ I I 'Rwa 'CWL II 

I-+---,,'RC"'-S_II leWD I¥-, 
tw ~I I IAWD rl . 

. NOTE 1 ~ yl/I77///777T.////>777l////7777////7777/////77777//h 
'AA 

jl~ 
~~ 

VAUDDOUT X VALID DIN OPEN -----

I~ ~ tCLZ t: 
DQ ~ig~ ::-----{~NO~'lE~1 =:}-----OPEN 

r-=I ~ 
I W!P//$$P/"u 

'oE 

6E ~l~ JP$/$PPPPP$/P$/PPPPt'l'Pp$L 

ADOR ~ir 

FAST-PAGE-MODE READ CYCLE 

--
'cSH 

l~ 
:J 

'RAD 

~ ~ 
:t/,l~ ROW W/J0 

I --

- OPEN -

R.'.SP 

~ 
'pc 'RSH 

'RCO 'cAS 'cP 'cAS ~ ~ 
tCPN 

l\ ¥ 
'AR I ~ 

~ ~ 
'RAL 

'Ase leAH 'ASe 'cAH 

~ 
COLUMN W/////.Qt COLUMN Wh !jI/1? COLUMN ROW 

'ACS 1 ri1 I IRCS l-f1 I i:Rcs ~-'RRH 
tRCH- IRCH-

tRCH 

VI(!/ 'fff "W&fIL 
'AA 'AA 'M 
tRAC 'cPA 'cPA j 'cAC 3 I~ l.m I~ - -'oFF 

'cLZ 1:- 'CLZ- t. tOL2-- L 
VAUD VALID VALID t-- 0PEN -DATA OATA DATA 

t'24 ~ ,~~ ,I~~ 

~DON'TCARE 

~ UNDEFINED 

NOTE: 1. Applies to MT 4C1669 only; WEL, WEH and DO inputs on MT 4C1668 are don't care at RAS time. WE 
selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are don't care for a 
normal WRITE, WE HIGH at RAS time, The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

OE ~:~ t/l /1/1/1 /1//1 /11/1 /1 ill /I /III! //1/1///1//1/1/1/1//1//1/1/1////1 iIIl/lll/I //II//! /I /II//I!I/I /I /11/1 /1/1 /I//! I//! //I//1i/ 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT 4C1669 only; WEL, WEH and DO inputs on MT 4C1668 are don't care at RAS time. WE 
selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are don't care for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at ~ time for a MASKED 
WRITE, WE LOW at RAS time. 
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1'II1C:l=Ig~ MT 4C1668/9 

"RAS"-ONL Y REFRESH CYCLE 
(ADDR = AO - A7,'OE; WEL, WEH or WE = DON'T CARE) 

'RAS 'RP I 

J \ 
tCAP 

I' . ~l 
CAS ~:t _ ~ '---1 

tASR • II. tRAH , . 
ADDR ~:~ ~--RO-W ----,~/$//#$!/J!II!j'//$j'/j'/j'/#$//IX~--RO-w --

DO ~g~ -'--------------OPEN-------------

'CAS"-BEFORE-"RAS" REFRESH CYCLE 
(Ao - A7; WEL, WEH or WE,and OE = DON'T CARE) 

RAS 
VIH -
VIL _ 

CAS 
V1H -
VIL -

DO VIOH-
VIOL 

'---------------OPEN-------------

ADDR 

HIDDEN REFRESH CYCLE 
( WEL, WEH or WE = HIGH; OE = LOW) 24 

(READ) 

'RAS 

(REFRESH) 

tRAS 

tCHR 

DOx ~:gt -'------OPEN------@~=:==~VA~LlD~D~AT~A ===j 
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DRAM 

FEATURES 
• Industry standard x16 pinouts, timing, functions 

and packages 
• High performance, CMOS silicon gate process 
• Single +5V±1O% power supply 
• Low power, 3mW standby; 225mW active, typical 
• All device pins are fully TTL and CMOS compatible 
• 256 cycle refresh in 4ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS 

and HIDDEN 
• Optional STATIC COLUMN MODE access cycle 
• 2 TTL Load output drive capability 
• BYTE WRITE access cycle (MT4C1670 only) 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C1671 only) 

OPTIONS MARKING 
• Timing 

70ns access - 7 
80ns access - 8 
lOOns access -10 

• Write Enable 
Byte or Word MT4C1670 
Word only MT4C1671 

• Mask Enable 
Not Available MT4C1670 
Always Available MT4C1671 

• Packages 
Plastic SOJ (400mi!) DJ 
Plastic ZIP (450mi!) Z 

GENERAL DESCRIPTION 
The MT4C1670/1 are randomly accessed solid-state 

memories containing 1,048,576 bits organized in a x16 con
figuration. The MT4C1670 has both BYTE and WORD 
WRITE access cycles while the MT4C1671 has only WORD 
WRITE access cycles. 

The MT4C1670 functions in a similar manner to the 
MT4C1671 except that replacing WE with WEL and WEH 
allows for BYTE WRITE access cycles. WEL and WEH 
function in an identical manner to WE: either WEL or 
WEH will generate an internal WE through an AND gate 
(Inverted NOR gate). 

MT4C167011 
REV. 1/91 

64K x 16DRAM 
STATIC COLUMN MODE 

PIN ASSIGNMENT (Top View) 

Vee 
D01 
D02 
D03 
D04 
DOS 
D06 
D07 
DOB 

NC 
Vee 

'NCIWEH 
'WEIWEL 

RAS 
AD 
A1 
A2 
A3 
A4 

Vee 

40-Pin SOJ 
(E-12) 

* MT4C1671/MT4C1670 
** NC = No Connect 

Vss 
D016 
D01S 
D014 
D013 
D012 
D011 
D01D 
DOg 
NC 
Vss 
CAS 
OE 
"NC 
NC 
NC 
A7 
A6 
AS 
Vss 

40-Pin Zip 
(C-6) 

NC 1 

OQ10 3 

OQ12 5 

~ 2 DOg 

4 0011 

: 6 OQ13 

OQ14 7 -~\: 8 0015 
0016 9 

00111 
, 10Vss 

Vee 13 
, 120Q2 

00415 
.:: 14DQ3 

, 16005 
00617 -~ , , 18 DO? 
OQ819 

~ , 

Vee 21 

The MT4C1670 "WE" function and timing are determined 
by the first BYTE WRITE (WEL or WEH) to transition LOW 
and the last to transition back HIGH. Use of only one of the 
two results ina BYTE WRITE cycle: WEL transitioning LOW 
selects a WRITE cycle for the lower byte (DQ1-DQ8) or 
WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

TheMT4C1671 has NONPERSISTENT MASKED WRITE 
capability. 
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FUNCTIONAL BLOCK DIAGRAM 
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256 x 256 x 16 
MEMORY 

ARRAY 

001-0016 

i-----cOE 

_---<>0 Vee 
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PIN DESCRIPTIONS 

SOJ PIN ZIP PIN 
NUMBER(S) NUMBER(S) SYMBOL 

14 24 RAS 

29 39 CAS 

28 38 OE 

13 23 WE/wEL* 

12 22 NC/WEH* 

15,16,17 25,26,27 AO to A7 
18,19,22 28,29,34 

23,24 35,36 

2,3,4,5,6 11, 12, 14 D01-D016 
7,8,9,32,33 15,16,17 

34,35,36 2,18,19,3 
37,38,39 4,5,6,7,8 

10,25,26 1,20,31 NC 
27,31 32,37 

1,11,20 13,21,30 Vcc 

21,30,40 10,33,40 Vss 

NOTE: *MT4C1671/MT4C1670 

TYPE 
Input 

Input 

Input 

Input 

Input 

Input 

Input! 
Output 

-

Supply 

Supply 

PRELIMINARY 

DESCRIPTION 
Row Address Strobe: RAS is used to clock-in the 8 row-address bits 
and as a strobe for the WEL, WEH and DO inputs for the MASKED 
WRITE function. 

Column Address Strobe: CAS is used to clock-in the 8 column-
address bits, enable the DRAM output buffers, and as a strobe for 
the data inputs on WRITE cycles. 

Output Enable: OE enables the output buffers when taken LOW 
during a READ access cycle. RAS and CAS must be LOW and 
WEL and WEH must be HIGH before OE will control the output 
buffers. Otherwise the output buffers are in a high-impedance state. 

Write Enable Lower Byte: WEL on MT4C1670 is the WE control for 
the D01 through D08 inputs. WE on MT4C1671 controls D01 
through D016 inputs. If (WEL or WEH)/WE is LOW, the access is a 
WRITE cycle. The DO outputs for the byte not being written will 
remain in a high-impedance state (BYTE WRITE cycle only). 

Write Enable Upper Byte: WEH on MT 4C1670 is WE control for the 
D09 through D016 inputs. If (WEL or WEH)/wE is LOW, the access 
is a WRITE cycle. This pin is a no connect on the MT4C1671 as it 
has only WORD WRITE access cycles. 

Address Inputs: These inputs are multiplexed and clocked 
by RAS and CAS to select one 16-bit word out of the 64K available 
words. 

Data 1/0: For WRITE cycles, D01-D016 act as inputs to the 
addressed DRAM location. BYTE WRITEs can be performed by 
using WEL or WEH to select the byte to be written. For READ 
access cycles, D01-D016 act as outputs for the addressed DRAM 
location. All 16 II0s are active for READ cycles (there is no BYTE 
READ cycle). 

No Connect: These pins should be either left unconnected 
or tied to ground. 

Power Supply: +5V ± 10% 

Ground 
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I'IIIC::Rg~ MT 4C1670/1 

FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 16 address

bits during READ or WRITE cycles. These are entered 8 bits 
(AO-A7) at a time. RAS is used to latch the first 8 bits and 
CAS the latter 8 bits. 

READ or WRITE cycles on the MT4C1671 are selected 
with the WE input while either WEL or WEH perform the 
"WE" on the MT4C1670. The MT4C1670 "WE" function is 
determined by the first BYTE WRITE (WEL or WEH) to 
transition LOW and the last one to transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. Taking WE LOW will initiate a WRITE 
cycle, selecting DQ1 through DQ16. If WE goes LOW prior 
to CAS going LOW, the output pin(s) remain open (High
Z) until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
activated and retains the selected cell data as long as CAS and 
OE remain LOW (regardless of WE or RAS). This late WE 
pulse results in a READ-WRITE cycle. 

The16 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 
by OE, WEL and WEH (MT4C1670) or WE (MT4C1671). 

STATIC COLUMN operations allow faster data opera
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row address (AO -A7) defined page boundary. The STATIC 
COLUMN cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed
in by CAS. By holding RAS and CAS LOW, different col
umn addresses may be given for executing faster STATIC 
COLUMN READ cycles. Faster STATIC COLUMN WRITE 
cycles must have CAS or WE toggled strobing-in the dif
ferent column addresses. Returning RAS HIGH terminates 
the STATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS, or HID
DEN REFRESH) so that all 256 combinations of RAS ad
dresses (AO-A7) are executed at least every 4ms, regardless 

of sequence. The CAS-BEFORE-RAS refresh cycle will also 
invoke the refresh counter and controller for row address 
control. 

BYTE WRITE ACCESS CYCLE (MT4C1670 ONLY) 

The BYTE WRITE mode is determined by the use of 
WEL and WEH. Enabling WEL will select a lower BYTE 
WRITE cycle (DQ1-DQ8) while Enabling WEH will select 
an upper BYTE WRITE (DQ9-DQ16). Enabling both WEL 
and WEH selects a WORD WRITE cycle. 

The MT4C1670 may be viewed as two 64K x 8 DRAMS, 
which have common input controls, with the exception of 
the WE input. Figure 1 illustrates the MT4C1670 BYTE and 
WORD WRITE cycles. 

MASKED WRITE DESCRIPTION (MT4C1671 ONLY) 

Every WRITE access cycle may be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when mask data is supplied on the DQ 
pins and WE is LOW at RAS time. The MT4C1671 is only 
word selectable when WE is LOW at RAS time (the 
MT4C1670 does not have a MASKED WRITE cycle func
tion). 

The data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an intemalbit mask data register 
and will then act as an individual write enable for each of 
the corresponding DQ inputs. If a LOW (logic "0") is 
written to a mask data register bit, the input port for that bit 
is disabled during the subsequent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic ''1'') on a mask data register bit enables the 
input port and allows normal WRITE operations to pro
ceed. At CAS time, the bits present on the DQ1-DQ16 inputs 
will be written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated, even if the previous cycle'S mask 
was the same mask. 

Figure 2 illustrates the MT4C1671 MASKED WRITE op
eration (Note: RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 
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RAS 

CAS 

WEL 

WEH 

LOWER BYTE 
(DQ1-DQ8) 
OF WORD 

UPPER BYTE 
(DQ9-DQ16) 
OF WORD 

1- WORD WRITE 

\ 

\ 

\ 
\ 

STORED INPUT 

DATA DATA 

1 ------3> 

1 ------3> 

a ------3> 

a ------3> 

a ------3> 

------3> 

------3> 

a ------3> 

a ------3> 

a 1 ------3> 

a 0 ------3> 

a a ------3> 

a 1 ------3> 

a a ------3> 

a 1 ------3> 

a a ------3> 

ADDRESS a 

x = NOT EFFECTIVE (DON'T CARE) 

-I-
/ 

1 

1 
1 

STORED STORED 

DATA DATA 

1 

a a 
a a 
a a 

1 1 

a a 

0 0 
a a 

1 

0 0 
1 1 

a a 

LOWER BYTE WRITE -I 
\'------~I 

\'---------'1 

\'---+-_--11 

INPUT 

DATA 

X 

X 
X 

x 
x 
X 
X 

X 

------3> 

------3> 

------3> 

STORED 

DATA 

------3> 

------3> 

------3> 

------3> 

------3> 

------3> 

------3> 1 
------3> a 
------3> a 
------3> 1 
------3> 0 
------3> 

------3> 0 

- ------- ADDRESS 1 

Figure 1 
MT4C1670 WORD AND BYTE WRITE EXAMPLE 

1-243 

-C 
:::0 
l> 
s: 



PRELIMINARY 
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I'IIIC:I=:II;:J~ MT 4C1670/1 

-c 1_ WORD MASKED WRITE ·I~ WORD NON-MASKED WRITE -I :D » RAS \ / \ I 
s:: 

CAS \ / \ I 

WE ~ Il!ll!A 1/// /I /1// II WI/I/A /11///11 II! Ih 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

0 X X 1 ._----)!> 

1 o .-----)!> 0 0 X ._----)!> 

LOWER BYTE 
0 X 1 1 X ._----)!> 

1 0 ._----)!> 0 0 X 1 ._----)!> 

(001-008) 0 X 1 X 0 ._----)!> 0 
OFWORO o .-----)!> 0 0 X 0 ._----)!> 0 

0 X 1 X 0 ._----)!> 0 
o .-----)!> 0 0 X 0 ._----)!> 0 

~ 
0 X 

ffi 
X 1 ._----)!> 

ffi 0 X 1 X 0 ._----)!> 

UPPER BYTE 0 X 0 X 1 ._----)!> 

(009-0016) 

~ 
0 X 0 

~ 
X 0 ._----)!> 

~ 
0 ._----)!> 0 X 1 ._----)!> 

OFWORO 
0 ._----)!> 0 X 1 ._----)!> 

._----)!> X 0 ._----)!> 

._----)!> X 0 ._----)!> 

• ADDRESS 0 • • ADDRESS 1 • 
X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 2 
MT4C1671 MASKED WRITE EXAMPLE 
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TRUTH TABLE: MT4C1670 

Addresses 

Function "RAS" ~ WE[" WER 'OE" tR Ie DQs NOTES 

Standby H X X X X X X High-Z 

READ L L H H L ROW COL Valid Data Out 

WRITE: WORD L L L L X ROW COL Valid Data In 
(EARLY-WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Valid Data In 
BYTE (EARLY) Upper Byte, High-Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, High-Z 
BYTE (EARLY) Upper Byte, Valid Data In 

READ-WRITE L L H-+L H-+L L-+H ROW COL Valid Data Out, Data In 1 

STATIC COLUMN 1st Cycle L L H H L ROW COL Valid Data Out 
READ 2nd Cycle L L H H L n/a COL Valid Data Out 

STATIC COLUMN 1st Cvcle L L L L X ROW COL Valid Data In 1 
EARLY-WRITE 2nd Cycle L *L *L *L X n/a COL Valid Data In 1,3 

STATIC COLUMN 1st Cycle L L H-+L H-+L L-+H ROW COL Valid Data Out, Data In 1 
READ-WRITE 2nd Cycle L L H-+L H-+L L-+H n/a COL Valid Data Out, Data In 1 

HIDDEN READ L-+H-+L L H H L ROW COL Valid Data Out 
REFRESH WRITE L-+H-+L L L L X ROW COL Valid Data In 1,2 

RAS-ONLY L H X X X ROW n/a High-Z 
REFRESH 

CAS-BEFORE- H-+L L X X X X X High-Z 
RAS REFRESH 

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 
2. EARLY-WRITE only. 
3. Either CAS or WEL / WEH must latch in each additional column address and input data. 
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tvllC::F:::"?,~ MT 4C1670/1 

_ TRUTH TABLE: MT4C1671 

C 
::rJ 
l> s:: 

Addresses 

Function 'RAS" ~ WE OE" IR IC OQs 

Standby H X X X X X High-Z 

READ L L H L ROW COL Valid Data Out 

WRITE: WORD L L L X ROW COL Valid Data In 
(EARLY-WRITE) 

READ-WRITE L L H-+L L-+H ROW COL Valid Data Out, Data In 

STATIC COLUMN 1st Cvcle L L H L ROW COL Valid Data Out 
READ 2nd Cycle L L H L n/a COL Valid Data Out 

STATIC COLUMN 1st Cycle L L L X ROW COL Valid Data In 
EARLY-WRITE 2nd Cycle L *L *L X n/a COL Valid Data In 

STATIC COLUMN 1st Cycle L L H-+L L-H ROW COL Valid Data Out, Data In 
READ-WRITE 2nd Cycle L L H-+L L-H n/a COL Valid Data Out, Data In 

HIDDEN READ L-+H-+L L H L ROW COL Valid Data Out 
REFRESH WRITE L-+H-L L L X ROW COL Valid Data In 

RAS-ONLY L H X X ROW n/a High-Z 
REFRESH 

CAS-BE FORE- H-+L L X X X X High-Z 
RAS REFRESH 

NOTE: 1. Data-in will be dependent on the mask provided. Refer to Figure 2. 
2. EARLY-WRITE only. 
3. Either CAS or WEL I WEH must latch in each additional column address and input data. 
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PRELIMINARY 

I'IIIC::F=lg~ MT 4C1670/1 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Ceramic) ................. -6SoC to + IS0°C 
Storage Temperature (Plastic) .................... -SsoC to + IS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C S; T A S; 70°C; Vcc = S.OV ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.S S.S V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
any input (OV S; VIN S; Vcc, II -2 2 ~ 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV S; VOUT S; S.SV) loz -10 10 ~ 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 

STANDBY CURRENT: (TTL) Icct 2 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 1 1 1 mA 25 
(RAS = CAS = Vec -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current Icc3 110 100 90 mA 3,4 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: STATIC COLUMN 
Average power supply current Icc4 80 70 60 mA 3,4 
(RAS = VIL; CAS, Address Cycling: tpc = tpc (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current ICC5 110 100 90 mA 3 
(RAS Cycling, CAS=VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Iccs 110 100 90 mA 3,S 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 
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PRELIMINARY 

I"IIC:I=:II;~,~ MT 4C1670/1 

CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A7 

Input Capacitance: RAS, CAS,{WEL, WEH)/ WE, OE 

Input/Output Capacitance: DO 

SYMBOL 

Cit 

CI2 

CIO 

MIN MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (O°C ~ T A ~ +70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 130 145 170 ns 

READ-WRITE cycle time tRWC 175 185 220 ns 

STATIC-COLUMN READ or WRITE tsc 45 50 60 ns 
cycle time 

STATIC-COLUMN READ-WRITE tSRMC 95 100 120 ns 
cycle time 

Access time from RAS tRAC 70 80 100 ns 14 
Access time from CAS tCAC 25 30 35 ns 15 
Output Enable time toE 20 25 30 ns 

Access time from column address IAA 40 45 50 ns 

Access time from CAS precharge tePA 45 50 55 ns 

RAS pulse width IRAS 70 100,000 80 100,000 100 100,000 ns 

RAS pulse width (STATIC COLUMN) IRASC 70 100,000 80 100,000 100 100,000 ns 

RAS hold time tRSH 20 20 25 ns _. 
RAS precharge time tRP 50 55 60 ns 

CAS pulse width tCAS 25 100,000 30 100,000 30 100,000 ns 

CAS hold time ICSH 70 80 100 ns 

~ precharge time tCPN 10 10 15 ns 16 
~ precharge time (STATIC COLUMN) tep 10 10 10 ns 

RAS to CAS delay time tRCD 20 45 20 50 25 60 ns 17 
CAS to RAS precharge time ICRP 5 5 5 ns 

Row address setup time tASR 0 0 0 ns 

Row address hold time IRAH 10 12 12 ns 

RAS to column tRAD 15 35 15 40 15 50 ns 18 
address delay time 

Column address setup time IASC 0 0 0 ns 

Column address hold time ICAH 15 15 15 ns 

Column address hold time tAR 55 60 70 ns 
(referenced to HAS) 
Column address to IRAL 35 40 50 ns 
RAS lead time 

Read command setup time tRCS 0 0 0 ns 26 
Read command hold time tRCH 0 0 0 ns 19,26 
(referenced to CAS) 
Read command hold time tRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in Low-Z tCLZ 0 0 0 ns 

Output buffer turn-off delay toFF 0 20 0 20 0 20 ns 20,30 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes· 6 7 8 910111213 23)(0°C<T <+70°C·Vcc 50V+10°1c) , , , , , , , , - 'A- , = - 0 

A.C. CHARACTERISTICS -7 -8 -10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Output Disable time toD 10 12 20 ns 30 
Write command setup time twcs 0 0 0 ns 21,26 
Write command hold time twCH 15 15 15 ns 26 

Write command hold time twCR 50 55 65 ns 26 
(referenced to RAS) 
Write command pulse width twP 15 15 15 ns 26 
Write command to RAS lead time tRWL 20 20 20 ns 26 

Write command to CAS lead time tCWL 20 20 20 ns 26 
Data-in setup time tDS 0 0 0 ns 22 

Data-in hold time tDH 15 15 20 ns 22 

Data-in hold time tDHR 50 55 65 ns 
(referenced to RAS) 
RAS to WE delay time tRWD 90 100 125 ns 21 
Column address tAWD 65 70 80 ns 21 
to WE delay time 

CAS to WE delay time tCWD 50 55 70 ns 21 

Transition time (rise or fall) IT 3 50 3 50 3 50 ns 9, 10 
Refresh period (256 cycles) tREF 4 4 4 ms 28 

RAS to CAS precharge time tRPC 0 0 0 ns 

CAS setup time tCSR 10 10 10 ns 5 
(CAS-BEFORE-RAS refresh) 

cAs hold time teHR 15 15 15 ns 5 

(CAS-BEFORE-RAS refresh) 
MASKED WRITE command to RAS twRS 0 0 0 ns 26,27 

setup time 

MASKED WRITE command to RAS twRH 15 15 15 ns 26,27 
hold time 

Mask data to RAS setup time tMS 0 0 0 ns 26 

Mask data to "RAS hold time tMH 15 15 15 ns 26 

OE hold time from WE during toEH 10 10 20 ns 29 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during toRD 0 0 0 ns 
HIDDEN REFRESH cycle 

Last WRITE to column address tLWAD 20 30 20 35 25 45 ns 
delay 

Last WRITE to column address tAHLW 65 75 95 ns 
hold time 

Access time from last WRITE tALW 65 75 95 ns 

Output data enable from WRITE tow tAA tAA tAA ns 

Output data hold time from tAOH 5 5 5 ns 
column address 

RAS hold time referenced to OE tROH 10 10 10 ns 

Column address hold time tAH 5 5 10 ns 
referenced to"RAS HIGH 

CAS pulse width in tcsc tCAS teAS tCAS ns 
STATIC-COLUMN mode 

Write command in active time twl 10 10 10 ns 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = I d'/ dv with dv = 3V 
and Vee = SV. 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (DOC :0; T A :0; 70°C) is assured. 

7. An initial pause of lOOl1s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 4ms refresh 
requirement is exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = V"" data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

SOpF. 
14. Assumes that IRCD < IRCD ( MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, IRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ;?: IRCD ( MAX). 
16. If CAS is LOW at the falling edge of RAS, data out (Q) 

will bemaintained from the previous cycle. To initiate 
a new cycle and clear the Q buffer, CAS must be 
pulsed HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
IRAc ( MAX) can be met. IRCD ( MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD ( MAX) limit, then access time is 
controlled exclusively by ICAC. 

18. Operation within the lRAD ( MAX) limit ensures that 
IRCD ( MAX) can be met. IRAD ( MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified lRAD ( MAX) limit, then access time is 
controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. 10FF ( MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IAWD and leWD are restrictive 
operating parameters in LATE-WRITE and READ
MODIFY-WRITE cycles only. If twcs ;?: twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle.IfIRWD;?: IRWD (MIN), tAWD;?: tAWD 
(MIN) and leWD;?: tCWD (MIN), the cycle is a LATE
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions are met, the state of data out are indeter
minate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in LATE
WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. 
26. WRITE command is defined as either WEL or WEB 

or both going LOW on the MT4C1670. WRITE 
command is defined as WE going LOW on the 
MT4C1671. 

27. Must be held LOW to ensure MASKED WRITE is 
enabled and must be held HIGH to ensure MASKED 
WRITE is disabled. 

28. The refresh period may be extended to 8ms without 
experiencing problems. 

29. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both 10D and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

30. The DQs open during READ cycles once taD or taFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 
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READ CYCLE 

Re 

'RAS 'AP 

-- '----
'AR 

'AAD 'RAL ~ 
~ ~l 

:fIlii/,( AOW Willi/,) COLUMN WIIIIII,&( Rem 
CCSH ::J 'CRP tRCD teAs 

:~ 

'RCS 'ASH 'RRH 
~I 

I I - wa 
\I~ 

1---!2L-
'CAe 

'M ~l 'cLZ_1 

- OPEN VALID DATA OPEN-

'RAe 

EARLY-WRITE CYCLE 

'Ae 

"'AS ,"P 

RAs v" v" -
'AWR 

IRCD 

I- 'ASR IRAH '-1 IASC .1 leAH 

V,H 
v" :'@Iffi ROW COLUMN ROW 

~ 

IRAD 'ASH 

I-
'cAP 'cSH 

tCAS 

CAS 
V,H 
v" :~ 

'eWL 

'AWL 

'wes 'weH 

.t:=~ 'wP 

- ij"//////At NOTE 1 

~ 'OS 'DH 

}-Y///////,M NOTI:l VALID DATA f----- OPEN 

tOHR 1 

1 'WCR 

DE ~:~ -WI!///!/I!/I!/I/III!II!///!/I!//I/II/////!/I//I!J!//!/!/I!/1I!/!I!I!I!/I!//!I!//!/I!I!/III!I!J 
~ DON'T CARE 

~ UNDEFINED 

PRELIMINARY 

NOTE: 1. Applies to MT4C1671 only; WEL, WEH and DQ inputs on MT4C1670 are don't care at RAS time. WE 
selects between normal WRITE and MASKED WRITE at RAS time. The DQ inputs are don't care for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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I"IIC:Rg,~ MT 4C1670/1 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'RAS ,"p 

-
IRAQ 'IW. 

I~ ~I ~ 
V,H 

ADDA VIL :7$Jm ROW W COLUMN ROW 

RAS 

ADDR 

CAS 

WELo~EH 

WE 

DE 

DO 

tACO 

I 
!~ 

'cRP tCSH 

I 'cAS 

=-.J 
leWD ~ 

~ ~ IAWD 
:~, 

-///, r,r//m NOTE 1 W"ff 
'AWO 

.I~ 

IJk ~ 
'M 
I~ ~ ~I~ - NOTE 1 OPEN---tC& VAUDDATA VAliD DATA -

'RAe 

STATIC-COLUMN READ CYCLE 

V,H -
VIL -

V,H -
V,L -

V,H -
V,L -

V,H -
V,L -

V,H -
V,L -

OPEN--

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C1671 only; WEL, WEH and DQ inputs on MT4C1670 are don't care at RAS time. WE 
selects between normal WRITE and MASKED WRITE at RAS time. The DQ inputs are don't care for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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ADDR ~r~ -

STATIC-COLUMN EARLY-WRITE CYCLE 
(WE CONTROLLED) 

'RASe 

WEL,WEH VIH _:rrnd-.-Ll--J.J7A 
~ V,L CLLllL-rr--"'lL4-+t-_ 

PRELIMINARY 

DE ~:e ::1//// //1/1 II! II !I!I!////I/I I /1/ /1/// 1///1 /1/ //I 1///// I//I//!II!////l// IIII /1/1 1/////1 I/I!//! & 

STATIC-COLUMN EARLY-WRITE CYCLE 
(CAS CONTROLLED) 

- V,H _'--"'I-I 
RAS V,L _ 

ADDR 

WE~EHVIH _ 

WE VIL -'UJ''---rr-J ''''I:--t-t----'''-LL/.LLLL/.4-----iH-__>li.LLI.LLLI.''-'''--tt----'f-LL'LLLI.''-'-'-'''-

DQ 

DE ~:~ -Wi//iI//i//lI!!//////////i///!////////t//i/i/i/I/II!/I//i/lII!/I/I/!j ~ UNDEFINED 

NOTE: 1, Applies to MT4C1671 only; WEL, WEH and DO inputs on MT4C1670 are don't care at RAS time, WE selects 
between normal WRITE and MASKED WRITE at RAS time, The DO inputs are don't care for a normal WRITE, WE 
HIGH at RAS time, The DO inputs provide the mask data at RAS time for a MASKED WRITE, WE LOW at RAS 
time, 
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ADDR ~:~ 

DQ ~:g~: 

STATIC COLUMN READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

COLUMN ADDRESS 

IASC ICAH I 1- IS;';;;-

I~ 
ICWD 

I IAWD 

IWp I 
IRWD 

IOEH 

COLUMN ADDRESS 

IRAL 

IAWD 

IRWL 1-

ICWL 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT 4C1671 only; WEL, WEH and DO inputs on MT 4C1670 are don't care at AAS time. WE 
selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are don't care for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at AAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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RAS-ONL Y REFRESH CYCLE 
(ADDR = AO - A7,'OE; WEL, WEH or WE = DON'T CARE) 

, 
'I 'RAS 'RP 

\ 
I' 

tCRP , .tRP<1~1 

CAS ~:~_ ~ '---I 
tASA tRAH 

ADDR ~i~ :wdr---RO-W ----,b/$,@///$//$/,1,1&',1/$#§'/;;X,----RO-W--

DO ~gr -;------------OPEN------------

~-BEFORE-~ REFRESH CYCLE 
(Ao - A7; WEL, WEH or WE,and OE = DON'T CARE) 

DO ~:gr-:...------------OPEN------------

HIDDEN REFRESH CYCLE 
( WEL, WEH or WE = HIGH; OE = LOW) 24 

(READ) (REFRESH) 

~ 
~ , 

tRCD tASH tCHR 

~ J 
'AR , 

II 'RAL" tRAD 

I~ tRAH ,'ASC, II tCAH 
Jr--~~:~~ I, I tRAC , I 

ADDR ~IH-- I: IL-~ 

1 
tCAG 

I~ - -tOFF 

DQx ~IOH - OPEN----~~t==:==~VA~LlD~DA~TA~==j>-- OPEN-

10L - ,:::' 'I 

OE ~i~ =f;J$$$$/$,j'/$ff$d$ffgd;'~ 
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~ UNDEFINED 

tOD 

_ffff;Ja; 
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ADVANCE 

IVIIC:RQ~ MT4C1672 

DRAM 

FEATURES 
• Industry standard x16 pinouts, timing, functions 

and packages 
• High performance, CMOS silicon gate process 
• Single +5V±10% power supply 
• Low power, 3mW standby; 350mW active, typical 
• All device pins are fully TTL and CMOS compatible 
• 256-cycle refresh in 4ms 
• Refresh modes: RA5-0NL Y, CAS-BEFORE-RAS 

and HIDDEN 
• Optional FAST PAGE MODE access cycle 
• 2 TTL Load output drive capability 
• BYTE WRITE access cycle via two CAS control pins 

OPTIONS 
• Timing 

70ns access 
SOns access 
lOOns access 

• Packages 
Plastic SOJ (400mil) 
Plastic ZIP (475mi1) 

MARKING 

- 7 
- S 
-10 

DJ 
Z 

GENERAL DESCRIPTION 
TheMT4C1672 is a randomly accessed solid-state memo

ries containing 1,048,576 bits organized in a x16 configura
tion. The MT4C1672 has both byte and word write access 
cycles. 

The MT4C1672 functions in a similar manner to the 
MT4C1664 except that the BYTE WRITE cycles are deter
mined by two CAS controls rather than two WE controls. 

The MT4C1672 has the same pinout as the MT4C1664 
except WEL is replaced by WE, WEH is replaced by CASH 
and CAS is replaced by CASL. These changes allow for the 
CAS controlled byte WRITE access cycles. 

The MT4C1672 CAS function and timing are determined 
by the first BYTE WRITE (CASLor CASH) to transition LOW 
and the last to transition back HIGH. Use of only one of the 
two results in a BYTE WRITE cycle: CASL transitioning 
LOW selects a WRITE cycle for the lower byte (DQI-DQS) 
and CASH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

MT4C1672 
REV. 1191 

64K x 16 DRAM 
FAST PAGE MODE, DUAL CAS 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 40-Pin ZIP 
(E-12) (C-6) 

Vee 1· 40 Vss 
NC 1 ." 

c 2 DOg 

D01 2 39 D016 
0010 3 ." 

c 4 0011 

D02 3 38 D015 0012 5 ." 
c 6 0013 

D03 4 37 D014 0014 7 ." 
,00 8 0015 

D04 5 36 D013 0016 9 " 
c 10V" 

D05 6 35 D012 00111 ." 
c 12002 

D06 7 34 D011 Vcc13 ." 
c 14003 

D07 8 33 DOlO 00415 ." 
c 16005 

D08 9 32 D09 00617 ." 

NC 10 31 NC DaB 19 ." 
,00 lB 007 

Vee 11 30 Vss 
,00 20 NC 

Vcc21 ." 
c 22 CASH CASH 12 29 CASL WE23 " 

WE 13 28 OE c 24 RAS 
A025 ." 

RAS 14 27 NC A2 27 ." 
,00 26A1 

AO 15 26 NC A429 ." 
c 2BA3 

A1 16 25 NC 
NC31 ." 

c 30Vee 

A2 17 24 A7 ,00 32 NC 

A3 18 23 A6 
Vss33 .:. 

'00 34 A5 

A4 19 22 A5 A635 ." 
c 36A7 

Vee 20 21 Vss NC 37 ." 
c 3BOE 

CASL 39 ." 
.:: 40Vss 

NC = No Connect 

The MT4C1672 does not have BYTE READ cycles. All 16 
DQsareactiveregardlesswhether CASLor CASH is active. 
CASL and CASH function in an identical manner to CAS: 
either CASL or CASH will generate an internal CAS. The 
first CAS ( CASL or CASH) to transition LOW and the last 
to transition back HIGH determines the CAS timing for all 
16 DQs during READ cycles. 

The MT4C1672 specifications are exactly the same as the 
MT4C1664 specifications. Referrence to the MT 4C1664 data 
sheet will provide all the specifications needed for the 
MT4C1672. 

1-257 Micron Technology, Inc., reserves the right to change products or speCifications without notice. 
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DRAM 

FEATURES 
• Industry standard x16 pinouts, timing, functions 

and packages 
• High performance, CMOS silicon gate process 
• Single +5V±10% power supply 
• Low power, 3mW standby; 350mW active, typical 
• All device pins are fully TIL and CMOS compatible 
• 512 cycle refresh in 8ms (9 rows and 9 columns) 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS 

and HIDDEN 
• Optional FAST PAGE MODE access cycle, 512 

locations wide 
• BYTE WRITE access cycle 
• BYTE READ access cycle (MT4C16257/9 only) 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C16258/9 only) 

OPTIONS 
• Timing 

70ns access 
80ns access 
lOOns access 

• Write Cycle Access 
Byte or Word via WE 
Byte or Word via CAS 

• Masked Write 
Not Available 
Available 

• Packages 
Plastic SO} 
Plastic TSOP (*) 

MARKING 

- 7 
- 8 
-10 

MT4C16256, MT4C16258 
MT4C16257,MT4C16259 

MT4C16256,MT4C16257 
MT4C16258, MT4C16259 

D} 
TG 

GENERAL DESCRIPTION 
The MT4C16256/7/8/9 are randomly accessed solid

state memories containing 4,194,304 bits organized in a x16 
configuration. The MT4C16256 and MT4C16258 have both 
byte and word write access cycles via two write enable pins. 
The MT4C16257 and MT4C16259 have both byte and word 
write access cycles via two CAS pins. The MT4C16258 and 
MT4C16259 are also able to perform WRITE-PER-BIT ac
cesses. 

The MT4C16256 and MT4C16257 function in the same 
manner except that WEL and WEH on MT4C16256 and 
CASL and CASH on MT4C16257 control the selection of 
byte WRITE access cycles. WEL and WEH function in an 

256K x 16 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 

Vee 
D01 
D02 
D03 
DQ4 
VCC 
D05 
DOB 
D07 
DOB 

NC 
WEL 
WEH 
RAS 

NG 
AO 
A1 
A2 
A3 

Vee 

l' 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

NC = No Connect 

40 b 
39 
38 
37 
36 

~ 
35 
34 
33 

It) 32 
C\I 31 co 30 ,... 
(.) 29 

~ 
28 
27 

:i 26 
25 
24 
23 
22 
21 

(E-12) 

Vss V" l' 
OQ16 D01 2 
OQ15 D02 3 
0014 D03 4 
OQ13 D04 5 
VSS VCC 6 
0012 D05 7 
0011 D06 8 
OQ10 DO? 9 
D09 DOB 10 
NC NC 11 
NC NC 12 
CAS WE 13 
OE RAS 14 

~ 15 

~ ~; 
[ 18 

19 

A8 NC 
A7 AO 
A6 A1 
A5 A2 
A4 A3 
Vss Vee 20 

'Consult factory for availibilty of TSOP packages 

40 b 
39 
38 P 
37 ~ 
36 ~ 

~ 
35 ~ 
34 P 

...... 33~ It) 
C\I ;~ ~ co 

30 ~ ,... 
(.) 29 

~ 
28 
27 

:i 26 
25 
24 
23 
22 
21 

Vss 
OQ16 
OQ15 
0014 
0013 
VSS 
OQ12 
D011 
DQ10 
D09 
NG 
CASL 
CASH 
DE 
AS 
A7 
A6 
A5 
A4 
Vss 

identical manner to WE in that either WEL or WEH will 
generate an internal WE. CASL and CASH function in an 
identical manner to CAS in that either CASL or CASH will 
generate an internal CAS. 

The MT4C16256 "WE" function and timing are deter
mined by the first WE (WEL or WEH ) to transition LOW 
and by the last to transition back HIGH. Use of only one of 
the two results in a BYTE WRITE cycle. WEL transitioning 
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8) 
and WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

The MT4C16257 "CAS" function and timing are deter
mined by the first CAS ( CASL or CASH)to transition LOW 
and by the last to transition back HIGH. Use of only one of 
the two results in a BYTE WRITE cycle. CASL transitioning 
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8) 
and CASH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). BYTE READ cycles are achieved 
through CASL or CASH in the same manner during READ 
cycles for the MT4C16257. 

The MT4C16258 and MT4C16259 function in the same 
manner as MT4C16256 and MT4C16257, respectively; and 
they have NONPERSISTENT, MASKED WRITE cycles ca
pabilities. This option allows the MT4C16258 and 
MT4C16259 to operate with either normal WRITE cycles or 
with NONPERSISTENT, MASKED WRITE cycles. 

MT4C16256171819 
REV. 1191 1-259 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

MT4C16256/8 r-;::=:::t===============:::;----l ONLY 

WEL 00-1>-t-~. 'I 
WEH ~~~~---. 

MT4C16257/9 
ONLY 

1-260 
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PIN DESCRIPTIONS 

SOJ PIN NUMBER(S) SYMBOL TYPE DESCRIPTION 
14 RAS Input ROW Address Strobe: RAS is used to latch in the 9 row address 

bits and as a strobe for the WE and DO's on the MASKED WRITE 
option (MT4C16258 and MT4C16259 only). 

28 CAS/CASH Input Column Address Strobe: CAS (MT4C16256/8) is used to latch in 
the 9 column address bits, enable the DRAM output buffers, and 
as a strobe for the data inputs on WRITE cycles. CAS controls 
001 through D016.Column Address Strobe Upper Byte: CASH 
(MT4C16257/9) is the CAS control for 009 through 0016. The 
DOs for the byte not being accessed will remain in a High-Z (high 
impedance) state during either a READ or a WRITE access cycle. 

27 OE Input Output Enable: OE enables the output buffers when taken LOW 
during a READ access cycle. RAS and CAS (MT4C16256/8) or 
CASL / CASH (MT4C16257/9) must be LOW and WEL / WEH 
(MT4C16256/8) or WE (MT4C16257/9) must be HIGH beforeOE 
will control the output buffers. Otherwise the output buffers are in a 
high impedance state. 

13 WEHt'WE Input Write Enable Upper Byte: WEH (MT4C16256/8) is WE control 
forthe D09 through 0016 inputs. If WEL or WEH is LOW, the 
access is a WRITE cycle. The DOs for the byte not being 
written will remain in a high impedance state (byte WRITE cycle 
only). 
Write Enable: WE (MT4C16257/9) controls 001 through 0016 
inputs. If WE is LOW, the access is a WRITE cycle. The 
MT4C16258/9 also use WE to enable the MASK register during 
RAS time. 

12 WEUNC Input Write Enable Lower Byte: WEL (MT4C16256/8) is the WE control 
for 001 through 008 inputs. If WEL or WEH is LOW, the access 
is a WRITE cycle. The DOs for the byte not being written will 
remain in a high impedance state (byte WRITE cycle only). 

29 NC/CASL Input Column Address Strobe Low Byte: CASL (MT4C16257/9) is the 
CAS control for 001 through 008. The DOs for the byte not being 
accessed will remain in a high impedance state during either a 
READ or a WRITE access cycle. 

16-19 AO to A8 Input Address Inputs: These inputs are multiplexed and clocked by 
22-26 RAS and CAS (or CAS[ / CASH) to select one 16-bit word (or 8-

bit byte) out of the 256K available words. 

2-5, 7-10 001-0016 Input! Data 110: For WRITE cycles, 001-0016 act as inputs to the 
31-34, 36-39 Output addressed DRAM location. Byte writes can be performed by using 

WEll WEH (MT4C16256/8) or CASLI CASH (MT4C16257/8) to 
select the byte to be written. For READ access cycles, 001-0016 
act as outputs for the addressed DRAM Location. All sixteen 1I0's 
are active for READ cycles (MT4C16256/8). The MT4C16257/9 
allow for Byte READ cycles. 

11,15,30 NC No Connect: These pins should be either left unconnected or tied 
to ground. 

1,6,20 Vcc Supply Power Supply: +5V ± 10% 

21,35,40 Vss Supply Ground 
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Each bit is uniquely addressed through the 18 address 
bits during READ or WRITE cycles. These are entered nine 
bits (AO -A8) at a time. RAS is used to latch the first nine bits 
and CAS the latter nine bits. 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONL Y) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes low. The 
MT4C16256 and MT4C16258 each have one CAS control while 
theMT4C16257andMT4C16259havetwo:CASL and CASH. 

The CASL and CASH inputs internally generate a CAS 
signal functioning in anidentica1mannerto thesingleCAS input 
on the other 256K x 16 DRAMs. The key difference is each 
CAS controls its corresponding DQ tristate logic (in con
junction with OE and WE). CASLcontrols DQ1 through DQ8 
and CASH controls DQ9 through DQ16. 

The MT4C16257 and MT4C16259 "CAS" function is deter
mined by the first CAS (CASL or CASH) to transition LOW 
and the last one to transition back HIGH. The two CAS 
controls give the MT4C16257andMT4C16259bothbyte READ 
and byte WRITE cycle capabilities. 

A READ or WRITE cycle on the MT4C16257 or MT4C16259 
is selected with the WE input while either WEL or WEH 
perform the 'WE" on the MT4C16256 or MT4C16258. The 
MT4C16256 and MT4C16258 'WE" function is determined by 
the first byte WRITE (WELor WEH) to transition LOW and the 
last one to transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. TakingWE LOW will initiate a WRITE 
cycle, selecting DQ1 through DQI6. If WE goes LOW prior 
to CAS going LOW, the output pines) remain open (High
Z) until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
activated and retains the selected cell data as long as CAS and 
OE remain LOW (regardless of WE or RAS). This late WE 
pulse results in a READ-WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 
by OE, WEL and WEH (MT4C16256 and MT4C16258) or 
WE (MT4C16257 and MT4C16259). 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIfY-WRITE) within a 
row address (AO-A8) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed in by RAS followed by a column address strobed in 
by CAS. By holding RAS LOW, CAS may be toggled 
strobing in different column addresses and executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operatio~ 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 

The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS, or HID
DEN refresh) so that all 512 combinations of RAS addresses 
(AO-A8) are executed at least every 8ms, regardless of 
sequence. The CAS-BEFORE-RAS refresh cycle will also 
invoke the refresh counter and controller for ROW address 
control. 

BYTE ACCESS CYCLE 
The byte WRITE mode is determined by the use ofWEL 

andWEHorCASLandCASH.EnablingWEL/CASLwillselect 
a lower byte WRITE cycle (DQ1-DQ8) while Enabling 
WEH or CASH will select an upper byte WRITE cycle (DQ9-
DQ16). Enabling both WEL and WEH or CASL and CASH 
selects a word WRITE cycle. 

The MT4C16256, MT4C16257, MT4C16258 and 
MT4C16259 can be viewed as two 256K x 8 DRAMS which 
have common input controls, with the exception of the WE 
or the CAS inputs. Figure 1 illustrates the MT4C16256 byte 
and word WRITE cycles and Figure 2 illustrates the 
MT4C16257 byte and word WRITE cycles. 

TheMT4C16257 also has byte and word READ cycles since it 
uses two CAS inputs to control its byte accesses. Figure 3 illus
trates the MT4C16257byte and word READ cycles. 

MASKED WRITE ACCESS CYCLE (MT4C1625819 Only) 
The MASKED WRITE mode control input selects normal 

WRITE access or MASKED WRITE access cycles. Every 
WRITE access cycle can be a MASKED WRITE, depending 
on the state of WE at RAS time. A MASKED WRITE is se
lected when mask data is supplied on the DQ pins and WE 
is LOW at RAS time. The MT4C16256 and MT4C16257 do 
not have the MASKED WRITE cycle function). 

The data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an internal bit mask data register 
and will then act as an individual write enable for each of 
the corresponding DQ inputs. If a LOW (logic "0") is 
written to a mask data register bit, the input port for that bit 
is disabled during the following WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro
ceed. At CAS time, the bits present on the DQ1-DQ16 inputs 
will be either written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated (non-persistent), even if the previ
ous cycle's mask was the same mask. 

Figure 4 illustrates the MT4C16258 and MT4C16259 
MASKED WRITE operation (Note: RAS or CAS time refers 
to the time atwhichRASorCAS transition from HIGH to LOW). 
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1_ WORD WRITE ~ I·~---
RAS ------\ / 

~---------~ 

CAS 

WEL 

WEH 

LOWER BYTE 
(DQ1-DQ8) 
OF WORD 

UPPER BYTE 
(DQ9-DQ16) 
OF WORD 

STORED 

DATA 

0 

0 

0 

0 

0 

0 

0 

0 

\-------'/ 

\----;----~/ 

\~-+-----'/ 

INPUT STORED 

DATA DATA 

1 .-----~ 

1 .-----~ 

0 .-----~ 0 

0 .-----~ 0 

0 .-----~ 0 

1 .-----~ 

1 .-----~ 

0 .-----~ 0 

1 .-----~ 

1 .-----~ 

0 .-----~ 0 

0 .-----~ 0 

1 .-----~ 1 

0 .-----~ 0 
.-----~ 1 

0 .-----~ 0 

ADDRESS 0 ~ 

STORED 

DATA 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

~ 

X = NOT EFFECTIVE (DON'T CARE) 

Figure 1 

LOWER BYTE WRITE ~I 
\\.-_____ -.J! 

\~ __ --1! 

\\.----T----'/ 

INPUT STORED 

DATA DATA 
.-----~ 

.-----~ 

.-----~ 

.-----~ 

.-----~ 

.-----~ 

.-----~ 

.-----~ 

X .-----~ 

X .-----~ 

X .-----~ 0 

X .-----~ 0 

X .-----~ 1 

X .-----~ 0 

X .-----~ 

X .-----~ 0 

ADDRESS 1 ~ 

MT4C16256/8 WORD AND BYTE WRITE EXAMPLE 
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----1·"--
~------------~/ 

'-------~/ 

'--__ -'I 

'---...; ____ --+-____ -J/ 

STORED STORED 

DATA 

o -----------------~ 0 
o -----------------~ 0 
1 -----------------~ 1 

o -----------------~ 0 

o -----------------~ 0 
o -----------------~ 0 
o -----------------~ 0 

o -----------------~ 0 

x .-----~ 

X .-----~ 

X .-----~ 

X .-----~ 

X .-----~ 

X .-----~ 

X .-----~ 

X .-----~ 

1-----~ Rrl 
~ :~~~~~: I~ o .-----~ 0 

1 .-----~ 1 

1 .-----~ 1 
1 .-----~ 1 

1 .-----~ 1 

DATA 

0 
0 

0 
0 
0 
0 
0 

I 

LOWER BYTE WRITE 

\I..-____ _._Jr-

\~ ___ _._Jr-
, 
, 

\'--T--__ --.-J/ 

INPUT INPUT STORED 

DATA DATA DATA 

1 -----------------~ 1 

1 -----------------~ 1 
o -----------------~ 0 
1 -----------------~ 1 

1 -----------------~ 1 
1 -----------------~ 1 
1 -----------------~ 1 

1 -----------------~ 1 

~ :::::::::::::::::: I~ 
X -----------------~ 0 

X -----------------~ 1 

X -----------------~ 1 
X -----------------~ 1 
X -----------------~ 1 

- .. ... --- ADDRESS 0 ----- ------ ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) 

Figure 2 
MT4C16257/9 WORD AND BYTE WRITE EXAMPLE 
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RAS 

CASL 

CASH 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

1- WORD READ 

~ 

\ 
, 

\ 

~ 

STORED OUTPUT OUTPUT 

DATA DATA DATA 

1 ._----» 1 

1 ._----» 1 

0 0 ._----» 0 

1 1 ._----» 1 

1 ._----» 1 
._----» 1 
._----» 1 

1 ._----» 1 

0 Z ._----» 0 

Z ._----» 1 

0 Z ._----» 0 

Z ._----» 1 

0 Z ._----» 0 

0 Z ._----» 0 
0 Z ._----» 0 

0 Z ._----» 0 

ADDRESS 0 

Z = High-Z 

~ 14 

/ 

/ 

/ 

"---l 

STORED STORED 

DATA DATA 

1 

1 

0 0 

0 0 

0 0 
1 

0 0 

0 0 

0 0 
0 0 

~ 4 

Figure 3 

LOWER BYTE READ ~I 
\ '------~;-

\ 

OUTPUT OUTPUT 

DATA DATA 

1 ._----» 1 

1 ._----» 1 

0 ._----» 0 

1 ._----» 1 

1 ._----» 1 
._----» 1 
._----» 1 

1 ._----» 1 

Z ._----» Z 

Z ._----» Z 

Z ._----» Z 

Z ._----» Z 

Z ._----» Z 

Z ._----» Z 

Z ._----» Z 

Z ._----» Z 

ADDRESS 1 

STORED 

DATA 

1 
1 

o 

o 

o 
1 
o 
o 
o 
o 

MT4C16257/9 WORD AND BYTE READ EXAMPLE 
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-c 
:a 1- MASKED WRITE ·I~ NONMASKED WRITE -I l> 

RAS \ / \ ;-3: 

"CAS" \ / \ ;-

"WE" ~ I!!lllA III!! //III /J 'o/II//A II 1I/111111!~ 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

0 X 1 1 X 1 .-----J>. 

o .-----J>. 0 0 X 1 .-----J>. 

LOWER BYTE 
0 X 1 X 1 .-----J>. 

0 .-----J>. 0 0 X 1 .-----J>. 1 
(001-008) 0 X X 0 .-----J>. 0 
OFWORO 1 0 .-----J>. 0 0 X 0 .-----J>. 0 

0 X 1 X 0 .-----J>. 0 
o .-----J>. 0 0 X 0 .-----J>. 0 

I 
0 X m m X 1 .-----J>. 1 

0 X 1 1 X 0 .-----J>. 0 

UPPER BYTE 0 X 0 0 X 1 .-----J>. 1 

(009-0016) 0 X 0 0 X 0 .-----J>. 0 
o .-----J>. 0 0 X 1 .-----J>. 

OFWORO o .-----J>. 0 0 X 1 .-----J>. 

1·-----J>. X 0 .-----J>. 0 
1·-----J>. X 0 .-----J>. 0 

~ ADDRESS 0 • ~ ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 4 
MT4C16258/9 MASKED WRITE EXAMPLE 
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TRUTH TABLE: MT4C16256/8 

Addresses 

Function "RAS" 'eAS" WE[" WEH "O"E" tR tc OQs NOTES 
Standby H X X X X X X High-Z 

READ L L H H L ROW COL Valid Data Out 

WRITE: WORD L L L L X ROW COL Valid Data In 3 
(EARL V-WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Valid Data In 3 
BVTE (EARL V) Upper Byte, High-Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, High-Z 3 
BVTE (EARL V) Upper Byte, Valid Data In 

READ-WRITE L L H-+L H-+L L-+H ROW COL Valid Data Out, Data In 1,3 

PAGE-MODE 1st Cycle L H-+L H H L ROW COL Valid Data Out 
READ 2nd Cycle L H-+L H H L nfa COL Valid Data Out 

PAGE-MODE 1st Cycle L H-+L L L X ROW COL Valid Data In 1,3 
WRITE 2nd Cycle L H-+L L L X nfa COL Valid Data In 1,3 

PAGE-MODE 1st Cycle L H-+L H-+L H ..... L L ..... H ROW COL Valid Data Out, Data In 1,3 
READ-WRITE 2nd Cycle L H ..... L H ..... L H ..... L L ..... H nfa COL Valid Data Out, Data In 1,3 

HIDDEN READ L ..... H ..... L L H H L ROW COL Valid Data Out 
REFRESH WRITE L ..... H ..... L L L L X ROW COL Valid Data In 1,2,3 

RAS-ONLV L H X X X ROW nfa High-Z 
REFRESH 

CAS-BEFORE- H ..... L L X X X X X High-Z 
RAS REFRESH 

NOTE: 1. These cycles may also be byte WRITE cycles (either WEL or WEH active). 
2. EARL V-WRITE only. 
3. Data in will be dependent on the mask provided (MT4C16258 only). Refer to Figure 4. 
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Addresses 

Function ~ ~ ~ WE OE IR Ie DQs 

Standby H X X X X X X High-Z 

READ: WORD L L L H L ROW COL Valid Data Out 

READ: LOWER BVTE L L H H L ROW COL Lower Byte,Valid Data Out 
Upper Byte, High-Z 

READ: UPPER BYTE L H L H L ROW COL Lower Byte, High-Z 
Upper Byte,Valid Data Out 

WRITE: WORD L L L L X ROW COL Valid Data In 
(EARL V-WRITE) 

WRITE: LOWER L L H L X ROW COL Lower Byte, Valid Data In 
BYTE (EARL V) Upper Byte, High-Z 

WRITE: UPPER L H L L X ROW COL Lower Byte, High-Z 
BVTE (EARL V) Upper Byte, Valid Data In 

READ-WRITE L L L H-+L L-+H ROW COL Valid Data Out, Data In 

PAGE-MODE 1st Cycle L H-+L H-+L H L ROW COL Valid Data Out 
READ 2nd Cycle L H-+L H-+L H L n/a COL Valid Data Out 

PAGE-MODE 1st Cycle L H-+L H-+L L X ROW COL Valid Data In 
WRITE 2nd Cycle L H-+L H-+L L X n/a COL Valid Data In 

PAGE-MODE 1st Cycle L H-+L H-+L H-+L L-+H ROW COL Valid Data Out, Data In 
READ-WRITE 2nd Cycle L H-+L H-+L H-+L L-+H n/a COL Valid Data Out, Data In 

HIDDEN READ L-+H-+L L L H L ROW COL Valid Data Out 
REFRESH WRITE L-+H-+L L L L X ROW COL Valid Data In 

YAS-ONLV L H H X X ROW n/a High-Z 
REFRESH 

CAS-BEFORE- H-+L L L X X X X High-Z 
RAS REFRESH 

NOTE: 1. These WRITE cycles may also be byte WRITE cycles (either CASL or CASH active). 
2. These READ cycles may also be byte READ cycles (either CASL or CASH active). 
3. EARL V-WRITE only. 
4. Only one of the two CAS must be active (CASL or CASH). 
3. Data in will be dependent on the mask provided (MT4C16259 only). Refer to Figure 4. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Operating Temperature, Ta (Ambient) .......... O°C to +70°C 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :-:; T A :-:; 70°C; Vee = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
any input (OV :-:; VIN :-:; Vcc, II -2 2 ~ 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV :-:; VOUT :-:; 5.5V) loz -10 10 J.LA 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 
STANDBY CURRENT: (TTL) Icc! 2 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 1 1 1 mA 25 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 120 110 100 mA 3,4 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current ICC4 90 80 70 mA 3,4 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Icc5 120 110 100 mA 3 
(RAS Cycling, CAS=VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current ICC6 120 110 100 mA 3 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 
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_ CAPACITANCE 

C 
:::D 
l> s:: 

(Note: 2) 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-AS Cll 5 pF 2 

Input Capacitance: RAS, CAS/(CASL,CASH), (WEL, WEH)/ WE, OE CI2 7 pF 2 

Input/Output Capacitance: DQ CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, S, 9, 10, 11, 12, 13) (O°C :<:; TA :<:; +70°C; Vce = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 130 145 170 ns 
READ-WRITE cycle time tRWC 175 185 220 ns 
FAST-PAGE-MODE READ or WRITE tpc 40 45 55 ns 35 
cycle time 

FAST-PAGE-MODE READ-WRITE tpRWC 95 100 120 ns 35 
cycle time 

Access time from RAS tRAC 70 80 100 ns 14 
Access lime from CAS tCAC 20 20 30 ns 15,33 
Output enable time toE 20 20 30 ns 33 
Access time from column address tM 35 40 50 ns 
Access time from CAS precharge tePA 40 45 50 ns 33 
RAS pulse width tRAS 70 100,000 80 100,000 100 100,000 ns 
RAS pulse width (PAGE MODE) tRASP 70 100,000 80 100,000 100 100,000 ns 
RAS hold time tRSH 20 20 25 ns 40 .-
RAS precharge lime tRP 50 55 60 ns 
CAS pulse width tCAS 20 100,000 20 100,000 30 100,000 ns 39 
CAS hold time tCSH 70 80 100 ns 32 
CAS precharge time tCPN 10 10 10 ns 16,36 
CAS precharge time (PAGE MODE) tcp 10 10 10 ns 36 
RAS to CAS delay time tRCD 20 45 20 50 25 60 ns 17,31 
CAS to RAS precharge time tCRP 5 5 5 ns 32 
Row address set-up time tASR 0 0 0 ns 
Row address hold time tRAH 10 10 10 ns 
RAS to column tRAD 15 35 15 40 15 50 ns 18 
address delay time 

Column address set-up time tASC 0 0 0 ns 31 
Column address hold time CAH 15 15 15 ns 31 
Column address hold time tAR 55 60 70 ns 
(referenced to RAS) 

Column address to tRAl 35 40 50 ns 
RAS lead time 

Read command set-up time tRCS 0 0 0 ns 26,31 
Read command hold time tRCH 0 0 0 ns 19,26,32 
(referenced to CAS) 

Read command hold time tRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in low-Z tClZ 0 0 0 ns 33 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C :5 T A :5 +70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS ·7 
PARAMETER SYM MIN 
Output buffer turn-off delay 'OFF 0 
Output disable time 'OD 
Write command setup time twcs 0 

Write command hold time twCH 15 
Write command hold time 'WCR 50 
(referenced to RAS) 

Write command pulse width IWp 10 
Write command to RAS lead time IRWL 20 
Write command to CAS lead time 'CWL 20 

Data-in setup time IDS 0 
Data-in hold time IDH 15 

Data-in hold time tDHR 50 
(referenced to RAS) 

RAS to WE delay time tRWD 90 
Column address tAWD 60 
to WE delay time 

CAS to WE delay time 'CWD 45 
Transition time (rise or fall) IT 3 
Refresh period (512 cycles) tREF 

RAS to CAS precharge time IRPC 0 
CAS setup time tCSR 10 
(CAS·BEFORE-RAS refresh) 

CAS hold time 'CHR 10 
(CAS-BEFORE-RAs refresh) 

MASKED WRITE command to RAS twRS 0 
setup time 

MASKED WRITE command to RAS twRH 15 
hold time 

Mask data to RAS setup time tMS 0 
Mask data to RAS hold time tMH 15 
OJ: hold time from WE during 'OEH 10 
READ-MODIFY-WRITE cycle 

OJ: setup prior to RAS during 'ORD 0 
hidden refresh cycle 

Last CAS going low to first CAS to ICLCH 10 
return high 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = I dt/ dv with dv = 3V 
and Vee =SV. 

3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

MAX 
15 
10 

50 

8 

·8 -10 

MIN MAX MIN MAX UNITS NOTES 
0 15 0 20 ns 20,29,33 

12 20 ns 29,41 

0 0 ns 21,26,31 

15 15 ns 26,40 

55 65 ns 26 

10 15 ns 26 
20 20 ns 26 
20 20 ns 26,32 

0 0 ns 22,33 
15 20 ns 22,33 

55 65 ns 

100 125 ns 21 

65 80 ns 21 

45 60 ns 21,31 

3 50 3 50 ns 9,10 

8 8 ms 28 

0 0 ns 
10 10 ns 5,31 

10 10 ns 5,32 

0 0 ns 26,27 

15 15 ns 26,27 

0 0 ns 26,27 

15 15 ns 26,27 

10 20 ns 28 

0 0 ns 

10 10 ns 34 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C :5 T A :5 70°C) is assured. 
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NOTES 
7. An initial pause of 100jls is required after power-up 

followed by eight R:AS refresh cycles ( RAS-ONL Y or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the 8ms refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

50pF. 
14. Assumes that tRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in 
this table, IRAC will increase by the amount that 
IRCD exceeds the value shown. 

15. Assumes that tRCD ;:: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tCPN. 

17. Operation within the IReD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the IRAD limit ensures that tRCD 
(MAX) can be met. tRAD (MAX) is specified as a 
reference pOint only; if tRAD is greater than the 
specified IRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
VOHOrVOL. 

21. twcs, IRWD, tAWD and tcWD are restrictive 
operating parameters in LATE-WRITE and READ
MODIFY-WRITE cycles only. If twCS;:: twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD;:: IRWD (MIN), tAWD;:: tAWD 
(MIN) and tcWD;:: tCWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 

read from the selected cell. If neither of the above 
conditions is met, the state of Q (at access time and 
until CAS or OE goes back to VIH) is indeterminate. 
OE held HIGH and WE taken LOW after CAS goes 
LOW results in a LATE-WRITE (OE Controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, a LATE-WRITE or READ
MODIFY-WRITE operation is not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE = LOW and OE = HIGH. 

25. All other inputs at Vcc ..Q.2V. 
26. Write command is defined as either WEL or WEH or 

both going LOW on the MT4C16256/8. Write 
command is defined as WE going LOW on the 
MT4C16257/9. 

27. MT4C16258/9 only. 
28. LATE-WRITE and READ-MODIFY-WRITE cycles 

must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to 
DE going back LOW, the DQs will remain open. 

29. The DQs open during READ cycles once taD or taFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 

30. Notes 31 through 41 apply to MT4C16257/9 only (*); 
31. *The first CASx edge to transition low. 
32. *The last CASx edge to transition high. 
33. *Output parameter (DQx) is referenced to corre

sponding CAS input; DQI-DQ8 by CASL and DQl
DQ8 by CASH. 

34. *Last falling CASx edge to first rising CASx edge. 
35. *Last rising CASx edge to next cycle's last rising CASx 

edge. 
36. *Last rising CASx edge to first falling CASx edge. 
37. *First DQs controlled by the first CASx to go LOW. 
38. *Last DQs controlled by the last CASx to go HIGH. 
39. *Each CASx must meet minimum pulse width. 
40. *Last CASx to go LOW. 
41. *All DQs controlled, regardless CASL and CASH 
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READ CYCLE 

lAC 

IRA' top 

IRSH 

'OOR ~IH :1////,* ROW ~ COL..... w////////~w/////////a. 
IL~ ~IRCS ~ 

EARLY-WRITE CYCLE 

lAC 

IRAS lAP 

--
'eSH 
IRSH 

'cRP IACO 'cAS ICLCH 

=J 
IAR 

IRAQ IRAL 

ADOR ~:~ 
~~ r:= ~ 

=W'.M ROW YM'M COl.UMN 

'eWL 
IRWL 

'WeR 
'We. 'WeH 

I~ ~I 
OWP 

'l//h (lr NOTE I Wff,.0 W/ff/ff//////ff//, 

I~~ 
toHR 

~ ~I 
~ NOTE I ~ VALJDDATA Wff//////////ff//1 

DE ~:~ 

,'-----

ROW 

\ 

ROW 

Wh ~ 

~ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C16258 and MT4C16259 only. WE" selects between normal WRITE and MASKED WRITE at 
RAS" time. The DO inputs are "don't care" for a normal WRITE: WE" HIGH at RAS time. The DO inputs 
provide the mask data at RAS time for a MASKED WRITE: WE" LOW at RAS time. WIT, WEFI and DO 
inputs on MT4C16256 and MT4C16257 are "dpn't care" at RAS time. 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'RWC 

'RAS 'RP 
-

'CSH I IRSH 

'CRP 'RCO 'CAS ICLCH 

=----.1 }.. 
"R I IRAQ I I IRAL 

r---~ ~I I~I I 
ADOR ~lt' 7////,1t ROW W////J COLUMN ROW 

~ ~R~I 
I I ,"wo ~II 'Res I I 

towo 'AWL 

I 
',we 

~I. 
-W//////M NOTE 1 W /,//,/// 

IJ 

'M 
tRAC 

~ 
~ 'os 'OH 'CLZ- 1:--

- NOTE 1 OPEN VALIODOUTJt VALlD0 1N OPEN---
toE I~ ~ 

DE ~:~ ::'f111$1111.11111$111$'11111.11111$$.1IL ) WIII$$.1IIIII/h 

ADDR ~l~ 

FAST PAGE-MODE READ CYCLE 

I 
--

toSH 

J~ 
=-' 

'RAO 

~ ~I 
:::;t//j{ ROW W//J 

I -

- OPEN -

P I~ 

K !pc 'RSH 

,"CD teAs tcLCH ~ tcAS,tcLCH top 

~I. tePN 

-
f-----l ¥ 

"R 

~ 
'RAL 

~ ~ I~ ~ ~I 
r--

COLUMN W. Ij//J COLUMN YtI / / / / / /} COWMN ROW 

'Res -I hL,RCS rrl !--'ReS ~,"RH 
,"CH- r 'I ,"CH-

wr vp 
'M 1M • ' .. 
'RAe I tePA tePA 

j~ ~ ,J7 ~~ -
'ru t. toll ~ toll L 

VALID !1'1700. VAiJo VALID 
DATA DATA DATA 

I~~ .~?i ,I~~ 

W!I/fIJ 

-toFF 

~OPEN-

~DON'TCARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C16258 and MT4C16259 only. WE selects between normal WRITE and MASKED WRITE at 
RAS time. The DO inputs are "don't care" for a normal WRITE: ~ HIGH at RAS time. The DO inputs 
provide the mask data at RAS time for a MASKED WRITE: ~ LOW at RAS time. WEL, WER and DO 
inputs on MT4C16256 and MT4C16257 are "don't care" at RAS time. 
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FAST PAGE-MODE EARLY-WRITE CYCLE 

'RASP 'RP 

CAS.:tAS~IH __ ----j,--tt-----~ 
CAS V1L - '--'1-_--'[ 

OE ~I~ -W;!//!/!//!I!!/!dW/!/!/!/I/!/!/!//!$///!/$//!/$jI!!///l/!/I!!/!/!I!!I!!/!/!/!//!//!!//!//!/!//!/!///!//!/!//!,1 

FAST PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

WE[,WEH VIH .J777A1----"-'----,[ui-+--+----i1 
We VIL -<L£(J'--_-.J:'V 

DO ~18r = OPEN-

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C16258 and MT4C16259 only. WE selects between normal WRITE and MASKED WRITE at 
RAS time. The DO inputs are "don't care" for a normal WRITE: WE HIGH at RAS time. The DO inputs 
provide the mask data at RAS time for a MASKED WRITE: WE LOW at RAS time. WEL, WEH and DO 
inputs on MT4C16256 and MT4C16257 are "don't care" at RAS time. 
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RAS ONLY REFRESH CYCLE 
(ADDR = Ao - A7 ,OE; WEL, WEH or WE = DON'T CARE) , 

I 
CASL..CASH V IH c:s VfL-~ 

teRP 

. 
tRAS . . 

I tRP 

'1 I 

~I 
'---I 

tASR tRAH . , . , 

ADDR ~:t _~~RO-W ~---'~!I;l/////$$/;l//$//$$/;l/////;l,,0('---R-OW--
DQ ~gt -:--------------OPEN---------------

"CAS"-BEFORE-MS" REFRESH CYCLE 
(Ao - A7; WEL, WEH or WE,and OE = DON'T CARE) 

- VIH _:-:l!,----------,L 
RAS VIL-

CASL,CASH 

c~s ~I~: 

DQ ~:gt-'-----------------OPEN---------------

HIDDEN REFRESH CYCLE 
( WEL, WEH or WE = HIGH; OE = LOW) 24 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

CASL,CASH 
-!... v,H_,-----+----tlI------~1 
CAS V'l_ 

ADDR 

-tOFF 

DOx ~:gt -------OPEN-----~~~~~==~VA~LlD~D~AT~A====1 OPEN-

OE ~:t -./.LULLL.LL..ULLl.LLi.:LLLlLLJ.:LLLULLL.LL..ULLl.LLi.""---_____ ---==-____ --'LLlLLJ.:LLLlLLJ.L/..I..U 

~ DON'T CARE 

~ UNDEFINED 
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DRAM MODULE PRODUCT SELECTION GUIDE 
Memory Optional Pari Access Power Dissipation Package 

Page I Configuration Access Cycle Number Time (ns) Standby Active SIP SIMM ZIP Process 

256K x 8 Fast Page Mode MT2D2568 70, 80,100,120 6mW 350mW 30 30 - CMOS 2-1 

1 Meg x 8 Fast Page Mode MT8D18 70,80,100 24mW 1,400mW 30 30 - CMOS 2-11 

1 Meg x 8 Fast Page Mode MT2D18 60,70,80,100 5mW 450mW 30 30 - CMOS 2-21 

4 Meg x 8 Fast Page Mode MT8D48 60,70,80 24mW 1,800mW 30 30 - CMOS 2-31 

256K x 9 Fast Page/Page Mode MT3D2569 70, 80, 100,120 9mW 625mW 30 30 - C/NMOS 2-41 

1 Meg x 9 Fast Page Mode MT9D19 70,80,100 27mW 1,575mW 30 30 - CMOS 2-51 

1 Meg x 9 Fast Page Mode MT3D19 70,80,100 9mW 625mW 30 30 - CMOS 2-61 

4 Meg x 9 Fast Page Mode MT9D49 60,70,80 27mW 2,025mW 30 30 - CMOS 2-71 

256Kx 32 Fast Page Mode MT8D25632 70, 80, 85,100 24mW 1,400mW - 72 72 CMOS 2-81 

512K x 32 Fast Page Mode MT16D51232 70,80,85,100 48mW 2,800mW - 72 72 CMOS 2-91 

1 Meg x 32 Fast Page Mode MT8D132 70,80,100 24mW 1,800mW - 72 72 CMOS 2-101 

2Megx32 Fast Page Mode MT16D232 70,80,100 48mW 3,600mW - 72 72 CMOS 2-111 

256Kx36 Fast Page Mode MT9D25636 70, 80, 85,100 27mW 1,515mW - 72 72 CMOS 2-121 

256Kx 36 Fast Page Mode MT10D25636 70, 80, 85,100 30mW 1,750mW - 72 72 CMOS 2-131 

512K x 36 Fast Page Mode MT18D51236 70, 80, 85,100 54mW 3,150mW - 72 72 CMOS 2-141 

512K x 36 Fast Page Mode MT20D51236 70, 80, 85,100 60mW 1,780mW - 72 72 CMOS 2-151 

1 Meg x 36 Fast Page Mode MT9D136 70,80,100 27mW 2,175mW - 72 72 CMOS 2-161 

2 Meg x 36 Fast Page Mode MT18D236 70,80,100 54mW 4,500mW - 72 72 CMOS 2-171 
'-----



DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 30-pin single-in-line 

memory module 
• High-performance, CMOS silicon gate process 
• Single 5V ±10% power supply 
• Low power, 6mW standby; 350mW active, typical 
• All inputs, outputs and clocks are fully TIL and CMOS 

compatible 
• Optional FAST PAGE MODE access cycle 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 512-cycle refresh distributed across 8ms 

OPTIONS 
• Timing 

70ns access 
80ns access 
lOOns access 
120ns access 

• Packages 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

MARKING 

- 7 
- 8 
-10 
-12 

M 
N 

GENERAL DESCRIPTION 
The MT2D2568 is a randomly accessed solid-state mem

ory containing 262,144 words organized in a x8 configura
tion. During READ or WRITE cycles, each word is uniquely 
addressed through the 18 address bits, which are entered 9 
bits (AO-A8) ata time. RASisused to latch the first 9 bits and 
CAS the latter 9 bits. READ or WRITE cycles are selected 
with the WE input. A logic HIGH on WE dictates READ mode 
while a logic LOW on WE dictates WRITE mode. During a 
WRITE cycle, data-in (D) is latched by the falling edge of 
WE or CAS, whichever occurs last. EARLY -WRITE occurs 
when WE goes LOW prior to CAS going LOW, and the 
output pins remain open (High-Z) until the next CAS 
cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row address (AO-A8) 

MT2D2568 
REV. 1/91 2-1 

(REPLACES: MTBC8256 ) 

256Kx8 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

30-PinSIMM 30-Pin SIP 
(1-1 ) (H-1) 

Vee 1 Vee 

CAS 2 CAS 

D01 3 D01 
AO 4 AO 
A1 5 A1 

D02 6 D02 
A2 7 A2 
A3 8 A3 

Vss 9 Vss 
DQ3 10 D03 

A4 11 
i: 

A4 
AS 12 AS i: 

D04 13 -I D04 -I 
A6 14 N A6 N 
A7 15 C A7 C 

DOS 16 N 
DOS N 

CJ1 CJ1 AS 17 0) A8 0) 
NC 18 CO NC CO 
NC 19 i: NC Z 

DQ6 20 DQ6 
WE 21 WE 
Vss 22 Vss 

DO? 23 
D07 

NC 24 
D08 25 NC 

NC 26 D08 

RAS 27 NC 

NC 28 RAS 

NC 29 NC 

Vee 30 NC 
Vee 

defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ
ent column addresses, thus executing faster memory cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RA5-0NL Y, CA5-BEFORE
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-A8) are executed at least every 8ms, 
regardless of sequence. 

Micron Technology. Inc., reserves the right to change products or specifications without notice. 
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TRUTH TABLE 

Function 

Standby 

READ 

EARL V-WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

~-ONLV REFRESH 

HIDDEN 

REFRESH 

"CAS"-BEFORE-RJIS 

REFRESH 

FUNCTIONAL BLOCK DIAGRAM 

RAS ----------, 
CAS ---------, 
WE------..., 

AO-AS 

Vee --------l---=rF 

(REPlACES: MT8C8256 ) 

DQ1-DQ4 

DQ5-008 

Vss --------_-----' U1, U2 ~ MT 4C4256DJ 

Addresses 

'R7iS" ~ WE tR te DQ1-8 

H X X X X High Impedance 

L L H ROW COL Valid Data Out 

L L L ROW COL Valid Data In 

1st Cycle L H .... L H ROW COL Valid Data Out 

2nd Cycle L H .... L H nla COL Valid Data Out 

1st Cycle L H .... L L ROW COL Valid Data In 

2nd Cycle L H .... L L n/a COL Valid Data In 

L H X ROW nla High Impedance 

READ L .... H .... L L H ROW COL Valid Data Out 

WRITE L .... H .... L L L ROW COL Valid Data In 

H .... L L X X X High Impedance 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature ................................... -55°C to + 150°C 
Power Dissipation .............................................................. 2W 
Short Circuit Output Current ...................................... 50mA 

(REPLACES: MTBC8256 ) 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ 70°C; Vee = S.OV ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vec+1 V 1 

Input Low (Logie 0) Voltage, All Inputs VIL -2.0 0.8 V 1,22 

INPUT LEAKAGE 
Any Input OV ~ VIN ~ Vee AO-A8, RAS, CAS, WE II -4 4 !-LA 
(All other pins not under test = OV) 

OUTPUT LEAKAGE DO 1-8 loz -12 12 !-LA 
(0 is disabled, OV ~ VOUT ~ Vee) 

OUTPUT LEVELS VOH 2.4 V 1 
Output High (Logic 1) Voltage (lOUT = -SmA) 
Output Low (Logic 0) Voltage (lOUT = SmA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 ·10 ·12 UNITS NOTES 

STANDBY CURRENT: TTL Input LevelS ICCl 4 4 4 4 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: CMOS Input Levels Icc2 2 2 2 2 mA 
(RAS = CAS = Vee -0.2V) 

OPERATING CURRENT Icc3 160 140 120 100 mA 3,4 
(RAS and CAS = Cycling; tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc4 120 100 80 60 mA 3,4 
(RAS = VIL; ~ = Cycling; tpc = tpc (MIN)) 

REFRESH CURRENT: RAS-ONL Y Iccs 160 140 120 100 mA 3,4 
(RAS = Cycling; CAS = VIH; IRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc6 160 140 120 100 mA 3,4 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A8 Cll 10 pF 18 

Input Capacitance: RAS, CAS, wr:. CI2 14 pF 18 

Input/Output Capacitance: DO CIO 14 pF 18 
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(REPLACES: MTSC8256 ) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C :O;TA :O;+70°C; Vee = 5.0V± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 -12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle lime IRC 135 150 180 220 ns 

READ-WRITE cycle lime tRWC n/a n/a n/a n/a n/a 21 
FAST-PAGE-MODE READ or WRITE tpc 40 45 55 70 ns 
cycle lime 

FAST-PAGE-MODE READ-WRITE tpRWC n/a n/a n/a n/a n/a 21 
cycle lime 

Access lime from RAS IRAC 70 80 100 120 ns 14 
Access lime from CAS ICAC 20 20 25 30 ns 15 
Oulpul Enable toE 20 20 25 30 ns 

Access lime from column address IAA 35 40 50 60 ns 

Access lime from CAS precharge 'CPA 35 40 50 65 ns 

RAS pulse width IRAS 70 100,000 80 100,000 100 100,000 120 100,000 ns 

RAS pulse width (FAST PAGE MODE) tRASP 70 100,000 80 100,000 100 100,000 120 100,000 ns 

RAS hold lime tRSH 20 20 25 30 ns 

RAS precharge lime IRP 50 60 70 90 ns 

CAS pulse width 'CAS 20 100,000 20 100,000 25 100,000 30 100,000 ns 

CAS hold time tCSH 70 80 100 120 ns 

CAS precharge lime tCPN 10 10 15 20 ns 16 
CAS precharge time (FAST PAGE MODE) 'CP 10 10 10 15 ns 

RAS 10 CAS delay lime tRCD 20 50 20 60 25 75 25 90 ns 17 
CAS 10 RAS precharge time tCRP 5 5 5 10 ns 

Row address selup lime ASR 0 0 0 0 ns 

Row address hold time tRAH 10 10 15 15 ns 

RAS 10 column tRAD 15 35 15 40 20 50 20 60 ns 18 
address delay lime 

Column address setup time IASC 0 0 0 0 ns 

Column address hold time ICAH 15 15 20 25 ns 

Column address hold time tAR 55 60 70 85 ns 
(referenced to RAS) 

Column address to tRAL 35 40 50 60 ns 
RAS lead time 

Read command setup time IRCS 0 0 0 0 ns 

Read command hold lime IRCH 0 0 0 0 ns 19 
(referenced to CAS) 

Read command hold lime IRRH 0 0 0 0 ns 19 
(referenced to RAS) 

CAS" to output in Low-Z tCLl 0 0 0 0 ns 
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I'IIIC:Rg,~ MT2D2568 
(REPLACES: MTSC8256 ) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C:s; TA:S; +70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 -12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Output buffer turn-off delay IOFF 0 20 0 20 0 20 0 35 ns 20 
Output Disable toD 20 20 20 20 ns 

WE command setup time twcs 0 0 0 0 ns 

Write command hold time twCH 15 15 20 25 ns 

Write command hold time twCR 55 60 75 85 ns 
(referenced to RAS) 

Write command pulse width IWp 15 15 20 25 ns 
Write command to RAS lead time IRWL 20 20 25 30 ns 

Write command to CAS lead time tcWL 20 20 25 30 ns 

Data-in setup time IDS 0 0 0 0 ns 

Data-in hold time IDH 15 15 20 25 ns 

Data-in hold time IDHR 55 60 75 90 ns 
(referenced to RAS) 

RAS to WE delay time IRWD n/a n/a n/a n/a n/a 21 

Column address IAWD n/a n/a n/a n/a n/a 21 
to WE delay time 

CAS to WE delay time ICWD n/a n/a na n/a n/a 21 

Transition time (rise or fall) IT 3 50 3 50 3 50 3 50 ns 5,16 

Refresh period (512 cycles) IREF 8 8 8 8 ms 20 
RAS to CAS precharge time tRPC 0 0 0 0 ns 19 

CAS setup time tCSR 10 10 10 10 ns 19 
(CAS-BEFORE-RAS REFRESH) 

CAS hold time tcHR 15 15 15 15 ns 19 
(CAS-BEFORE-RAS REFRESH) 

OE hold time from WE during toEH n/a n/a n/a n/a n/a 21 

READ-MODIFY-WRITE cycle 
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I'IIIC:F=lg~ MT2D2568 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOl1s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the Bms refresh 
requirement is exceeded. 

4. AC characteristics assume IT = Sns. 
S. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :::; T A :::; 70°C) is assured. 

7. Measured with a load equivalent to two TIL gates 
and 100pF. 

B. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, !RAc will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = VIH, data output is high impedance. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. IOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 

2-6 

(REPLACES: MTSC8256 ) 

lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

14. IRCH is referenced to the first rising edge of RAS or 
CAS. 

IS. These parameters are referenced to CAS leading edge 
. in EARLY-WRITE cycles. 
16. In addition to meeting the transition rate specifica

tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt/ dv with dv = 3V 
andVcc=SV. 

lB. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, CAS must 
be pulsed HIGH for l(:P. Note B applies to determine 
valid data out. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY

WRITE cycles are not available due to OE being 
grounded on U1 and U2. 

22. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -l.SV for a period of less than 
20ns and the signal's total duration is 2Sns or less; or a 
-0.3V signal of any duration is presented (DC). 



fVllC::I=U;;;~~ MT2D2568 
(REPLACES: MT8C8256 ) 

READCVCLE 

RAS 
VIH -
VIL _ 

tCSH 

teRP 

CAS 
VIH -
VIL -

ADDR 

WE 

DO VOH -
VOL ~-------------------OPEN------------------------~~V~A~L~ID~D~AT,TA~~-------OPEN--------

RAS VIH -
VIL 

leRP 

CAS VIH -
VIL 

tASR 

ADDR VIH 
VIL ROW 

DO ~i~ 

tRAH 

EARL V-WRITE CVCLE 

tCSH 

'RSH 

ROW 

~'D_s_.I __ 'DH~:1 
VAUDDATA _ 
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I'IIII=J::U;;~~ MT2D2568 
(REPLACES: MT8C8256 ) 

FAST-PAGE-MODE READ CYCLE 

tRAS I~------------------------------~=--------------------------------'·I ~ 

RAS 
VIH -
VIL _ 

teSH 

'I 
tRCO I 

tpc tRSH 

~ .. teAS tcp tCAS tcp teAS 

CAS VIH -
VIL -

ADDR VtH -
VIL 

WE 

DO VOH - OPEN VALID 
VOL DATA 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tRAS 
~ ___ ~II-'-----------------2~--------------------r-__ ~ 

RAS ~:~ := 
tCSH 

'I 

AOOR ~:~ --r.LLU.�L_ __ --; ____ JI""(.L.LI.f1L __ --;;__,--;-~r""r..u,LLi.LU.IL---__;_;__;:__Jfv.LLi.fL'~1'---_;_;__:_..;r"<..l~:.Lf'_.L.LLU ,-__ R_O_W_ 

tos. ~ tos 

VAllO DATA VALlDQATA VALID DATA 
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leRP 

I' 
CAS ~:r _ ~ 

~-ONL Y REFRESH CYCLE 
(ADDR = AO - AS ; and WE = DON'T CARE) 

tRC , 
, tRAS 

'1' 
tRP 

, ~l 
~ 

(REPLACES: MTBC8256 ) 

:J 
1 

ADDR ~:r :wd~-RO-W --W;//////#ffi'/////////#/$ff/#$$&/&r---Ro-W --

tASR tRAH . . . , 

DO ~gr ---------------OPEN--------------

~
tRPC 

~PN tCSR 

CAS ~:r :'II!// _ 

CA5-BEFORE-~ REFRESH CYCLE 
(AO - As and WE = DON'T CARE) 

tRAS 

tCHR tRPC tCSR 

);////$//11-

DO ~gr -'----------------OPEN--------------

RiiS VIH-
VIL_ 

CAS 

ADDR VIH 
VIL 

DQ OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 20 

(READ) 

tRAS 
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DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 30-pin single-in-line 

package 
• High-performance CMOS silicon gate process 
• Single 5V ±10% power supply 
• Low power, 24mW standby; 1400mW active, typical 
• All inputs, outputs and clocks are fully TIL and 

CMOS compatible 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 512-cycle refresh distributed across 8ms 
• Optional FAST PAGE MODE access cycle 

OPTIONS 
• Timing 

70ns access 
80ns access 
lOOns access 

• Packages 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

MARKING 

- 7 
- 8 
-10 

M 
N 

GENERAL DESCRIPTION 
The MT8D18 is a randomly accessed solid-state memory 

containing 1 ,048,576 words organized in a x8 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO -A9) at a tirxte. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (0) is latched by the 
falling edge of WE or CAS, whichever occurs last. Early 
WRITE occurs when WE goes LOW prior to CAS going LOW, 
and the output pins remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address (AO-A9) 

MT8D18 
REV. 1/91 2-11 

(REPLACES: MTSC8024) 

1 MEG x 8 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

30-PinSIMM 30-Pin SIP 
(1-3) (H-3) 

Vee 1 Vee 
CAS 2 CAS 
D01 3 D01 

AO 4 AO 
A1 5 A1 

D02 6 D02 
A2 7 A2 
A3 8 A3 

Vss 9 Vss 
D03 10 D03 

A4 11 A4 
A5 12 s::: A5 

DQ4 13 DQ4 s::: 
A6 14 ;I A6 ;I A7 15 

C A7 C DQ5 16 ..... D05 ..... 
AS 17 Q) A8 Q) 
A9 18 s::: A9 Z NC 19 

DQ6 20 
NC 

WE 21 
DQ6 

WE Vss 22 Vss 
D07 23 

NC 24 D07 

D08 25 NC 

NC 26 D08 

RAS 27 NC 

NC 28 RAS 

NC 29 NC 

Vee 30 NC 
Vee 

defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS 
may be toggled-in by holding RAS LOW and strobing-in 
different column addresses, thus executing faster memory 
cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycles (READ, WRITE, RAS-ONLY, CAS-BEFORE
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-A9) are executed at least every 8ms, 
regardless of sequence. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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TRUTH TABLE 

Function 

Standby 

READ 

EARL V-WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS-ONL V REFRESH 

HIDDEN 

REFRESH 

CAS-BEFORE-RAS 

REFRESH 

FUNCTIONAL BLOCK DIAGRAM 

AO-A9 

RAS 
CAS 
WE 

DOl 

D02 

D03 

DQ4 

Vee 

Voo 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

~=-l'!AS 
-m Ul 

w 

o Q~ I -T-T-
rL-L 

~:: 
- CA!! U2 

W 

o Q~ I Vi vi" 
,-l-L 

~:SAO 
-m U3 

W 

o Q~ I -T-T-
rL-L 

~~AO 
JlAll 

'--- CAli U4 
W 

o Q~ I -T-T-
I 

~ ~ 

H X 

L L 

L L 

L H-L 

L H-L 

L H-L 

L H-L 

L H 

L-H-L L 

L-H-L L 

H-L L 
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~::-
-m U5 

w 
DOS 

o Ql I -T-T-
,-l-L 

~ :SAO 
-"CAS" U6 

w 
D06 

o Q~ I -T-T-
---L-L 

~~A9 
- CA!! U7 

W 
D07 

o Q~ :I V7 vi" 
rL-L 

~:'A9 
- CA!! U8 

W 
DOS 

o Q~ I Vi Vi 

I 
U1 -U8=MT4C1024DJ 

Aadresses 

WE 1ft IA 

X X X 

H ROW COL 

L ROW COL 

H ROW COL 

H n/a COL 

L ROW COL 

L n/a COL 

X ROW n/a 

H ROW COL 

L ROW COL 

X X X 

(REPLACES: MT8C8024) 

OQ1-8 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

High Impedance 

Valid Data Out 

Valid Data In 

High Impedance 



1'4"=Rg~ MT8D18 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 8W 
Short Circuit Output Current ...................................... 50mA 

(REPLACES: MTSC8024) 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections ofthis specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C S; TA S; 70°C; Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vce+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -2.0 0.8 V 1,25 

INPUT LEAKAGE: D9, CAS9 II -2 2 ~ 
Any Input OV S; VIN S; Vee, 
(All other pins not under test = OV) AO-A9, RAS, WE II -16 16 ~ 

OUTPUT LEAKAGE: 09 loz -10 10 ~ 
(0 is disabled, OV S; VOUT S; Vcc) 

D01-8 loz -12 12 ~ 

OUTPUT LEVELS VOH 2.4 V 1 
Output HighVoltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 5mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 ·8 -10 UNITS NOTES 

STANDBY CURRENT: TTL input levels Icc1 16 16 16 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: CMOS Input Levels Icc2 8 8 8 mA 
(RAS = CAS = Vce -0.2V) 

OPERATING CURRENT ICC3 640 560 480 mA 3,4 
(RAS and CAS = Cycling; tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc4 480 400 320 mA 3,4 
(RAS = VIL, CAS = Cycling; tpc = tpc (MIN)) 

REFRESH CURRENT: RAS-ONL Y ICC5 640 560 480 mA 3,4 
(RAS = Cycling; CAS = VIH; tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc6 640 560 480 mA 3,4 
(RAS and CAS = Cycling; tRC = tRC (MIN)) 

CAPACITANCE 
PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 Cll 45 pF 2 

Input Capacitance: RAS, CAS, WE CI2 63 pF 2 

Input/Output Capacitance: DO CIO 12 pF 2 
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(REPLACES: MT8C8024) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6,7,8,9,10,11,12,13) (O°C ~TAgO°C; Vee = 5.0V± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cycle time IRC 130 150 180 ns 

READ-WRITE cycle time IRWC n/a n/a n/a n/a 24 
FAST-PAGE-MODE IpC 40 40 55 ns 
READ or WRITE cycle time 

FAST-PAGE-MODE IpRWC nla n/a nla nla 24 
READ-WRITE cycle time 

Access time from RAS IRAC 70 80 100 ns 14 
Access time from CAS ICAC 20 20 25 ns 15 
Access time from column address IAA 35 40 50 ns 
Access time from CAS precharge tePA 35 40 50 ns 

RAS pulse width IRAS 70 100,000 80 100,000 100 100,000 ns 

RAS pulse width (FAST PAGE MODE) IRASP 70 100,000 80 100,000 100 100,000 ns 

RAS hold time IRSH 20 20 25 ns 

RAS precharge time IRP 50 60 70 ns 

CAS QUlse width teAS 20 100,000 20 100,000 25 100,000 ns 

CAS hold time ICSH 70 80 100 ns 

CAS prechar~e time ICPN 10 10 15 ns 16 
CAS precharge time (FAST PAGE MODE) ICP 10 10 10 ns 

RAS to CAS delay time IRCD 20 60 20 60 25 75 ns 17 
CAS to RAS Ilrecharge time ICRP 5 5 5 ns 

Row address setup time IASR 0 0 0 ns 

Row address hold time IRAH 10 10 15 ns 

RAS to column IRAD 15 40 15 40 20 50 ns 18 
address delay time 

Column address setup time IASC 0 0 0 ns 

Column address hold time ICAH 15 15 20 ns 
Column address hold time IAR 55 60 70 ns 
(referenced to RAS) 

Column address to IRAL 35 40 50 ns 
RAS lead time 

Read command setull_ time IRCS 0 0 0 ns 

Read command hold time IRCH 0 0 0 ns 19 
(referenced to CAS) 
Read command hold time IRRH 0 0 0 ns 19 
(referenced to RAS) 
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(REPLACES: MT8C8024) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C:,> TA :'> 75°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
CAS to output in Low-Z 'CLZ 0 0 0 ns 
Output buffer turn-off delay toFF 0 20 0 20 0 20 ns 20 
WE command setup time twcs 0 0 0 ns 

Write command hold time tWCH 15 15 20 ns 

Write command hold time twCR 55 60 75 ns 
(referenced to RAS) 

Write command pulse width twP 15 15 20 ns 
Write command to RAS lead time tRWL 20 20 25 ns 
Write command to CAS lead time tCWL 20 20 25 ns 
Data-in setup time tDS 0 0 0 ns 21 
Data-in hold time tDH 15 15 20 ns 21 
Data-in hold time tDHR 55 60 75 ns 
(referenced to RAS) 

RAS to WE delay time tRWD nJa n/a n/a n/a 25 
Column address tAWD n/a n/a n/a n/a 25 
to WE delay time 

CAS to WE delay time tCWD n/a n/a n/a n/a 25 
Transition time (rise or fall) tr 3 50 3 50 3 50 ns 9,10 
Refresh period (512 cycles) tREF 8 8 8 ms 

RAS to CAS precharge time tRPC 0 0 0 ns 
CAS' setup time tCSR 10 10 10 ns 5 
(CAS'-BEFORE-RAS REFRESH) 

CAS hold time 'CHR 15 15 15 ns 5 
(CAS-BEFORE-RAS REFRESH) 

OE hold time from WE during tOEH n/a n/a n/a n/a 25 
READ-MODIFY-WRITE cycle 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = I dt/ dv with dv = 3V 
and Vcc=5V. 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C $ T A $ 70°C) is assured. 

7. An initial pause of 100/o1s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the Bms refresh 
requirement is exceeded. 

B. AC characteristics assume IT = 5ns. 
9. Vrn (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vrn and VIL (or between VIL 
and Vrn). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and Vrn) in a monotonic manner. 

11. If CAS = Vrn, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

and 100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAc will increase by the amount that IRCD 
exceeds the value shown. 
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15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAc (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAC. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in late 
WRITE or READ-WRITE cycles. 

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. All other inputs equal Vcc -0.2V. 
24. LATE-WR..TTE, READ-WR..TTE or READ-MODIFY

WRITE cycles are not available due to the common 
DQ configuration of UI-UB. 

25. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.SV for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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tRP , 'I 

\ 

. tRRH 

V 

I 

1'///'* ~ W//////////////////////a ROW COLUMN ROW 
~ 

ADDR 

tRCS 

1 
:w'///I!I///J!!////J/I///I!I/// 

tM 

tRAG 

tCAG 

~ 
OPEN DO ~g~ -

EARLY-WRITE CYCLE 

'cRP 

ADDR ~:r ROW 

'os 'oH 

DO ~:r VALID DATA 
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(REPLACES: MTBC8024) 

FAST-PAGE-MODE READ CYCLE 

'RASP 

DO ~g~ -,------

FAST-PAGE-MODE EARLY-WRITE CYCLE 

RAS VIH -V 1L _ 

toSH 'PC 

tcP 

CAS VIH -
VIL _ 

ADDR V,H 
VIL ROW 

WE V,H 
V,L 

tos ~ 

DO ~:~ cu=======,"-______ .... ..,Ll.L., ..... __ V_AL_'D_D_AT_A_....Jr.\lLI.:r .. __ V_A_Ll_DD_A_TA_---"XLI.=:.t..LI.:.t..LI.:.t..LI.:.t..LI.:.LI..I..< 
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ADDR 

ICAP 

J 
:~ 

RAS"-ONL Y REFRESH CYCLE 
(ADDR = AO - AS; Ag and WE = DON'T CARE) 

tRAS 'r tRP 

~l 
~ 

(REPLACES: MT8C8024) 

, 

'I 

\ 

~l~ _,------Ro-W --k-///$,I/;/'/$/$/;/'$$//////$$j'j)f~--RO-W --
'ASR tRAH , . , 

DO ~g~ -'------------------OPEN--------------

-~ 

'RP , 

tRPe 

~-BEFORE-'RAS REFRESH CYCLE 
(Ao - Ag and WE = DON'T CARE) 

, tRAS I, tRP .11. tRAS 

1 ~ 
.'CP"!I~ tCHR tAPe 'CSR 

=-:-J;////////n= 

,I 

2B... 

DO ~gt -'------------------OPEN--------------

HIDDEN REFRESH CYCLE 
(WE = HIGH) 22 

(READ) 

'RAS 

(REFRESH) 

tRAS 

tCHR 

-toFF 

DO ~gt-'----------OPEN-----~~~=====:V~AL~'D~D~AT~A====1 OPEN-
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DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 30-pin, single-in-line 

memory module 
• High-performance, CMOS silicon gate process 
• Single 5V ±1O% power supply 
• Low power, 5mW standby; 450mW active, typical 
• All inputs, outputs and clocks are fully TTL and CMOS 

compatible 
• Optional FAST PAGE MODE access cycle 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 1,024-cycle refresh distributed across 16ms 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 
lOOns access 

• Packages 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

MARKING 

- 6 
- 7 
- 8 
-10 

M 
N 

GENERAL DESCRIPTION 
The MT2D18 is a randomly accessed solid-state memory 

containing 1,048,576 words organized in a x8 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. Ouring a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. Early 
WRITE occurs when WE goes LOW prior toCAS going LOW, 
and the output pins remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row address (AO-A9) 

MT2D18 
REV. 1/91 2-21 

1 MEG x8 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

30-PinSIMM 30-Pin SIP 
(1-1 ) (H-1) 

v 1 Vee 
CAS 2 CAS 
D01 3 D01 

Ae 4 AO 
A1 5 A1 

D02 6 D02 
A2 7 A2 
A3 8 A3 

Vss 9 Vss 
D03 10 D03 

A4 11 A4 
AS 12 s::: A5 s::: DQ4 13 D04 
A6 14 -I A6 -I 
A7 15 N 

A7 N 
DOS 16 C 

D05 
C ..... ..... 

A8 17 CO A8 CO A9 18 s::: A9 Z NC 19 NC 
DQ6 20 D06 
WE 21 WE 
Vss 22 Vss 

D07 23 D07 
NC 24 

D08 25 NC 

NC 26 D08 

RAS 27 NC 

NC 28 RAS 

NC 29 NC 

Vee 30 NC 
Vee 

defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ
ent column addresses, thus executing faster memory cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE
RAS, or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (AO -A9) are executed at least every 16ms, 
regardless of sequence. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

RAS 

H---ICAS 

DQ1-DQ4 

AO-A9 

DQ5-DQS 

Vee 

Vss 

U1, U2 = MT4C4001DJ 

TRUTH TABLE 
Addresses 

Function RAS' "CAS' WE tR tc OQ1-8 

Standby H X X X X High Impedance 

READ L L H ROW COL Valid Data Out 

EARLY-WRITE L L L ROW COL Valid Data In 

FAST-PAGE-MODE 1st Cycle L H-L H ROW COL Valid Data Out 

READ 2nd Cycle L H-L H nfa COL Valid Data Out 

FAST-PAGE-MODE 1st Cycle L H-L L ROW COL Valid Data In 

WRITE 2nd Cycle L H-L L nfa COL Valid Data In 

RAS-ONL Y REFRESH L H X ROW nfa High Impedance 

HIDDEN READ L-H-L L H ROW COL Valid Data Out 

REFRESH WRITE L-H-L L L ROW COL Valid Data In 

CAS-BEFORE-"RAS H-L L X X X High Impedance 

REFRESH 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature ................................... -SsoC to + lS0°C 
Power Dissipation .............................................................. 2W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ 70°C; Vee = S.OV ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 
Supply Voltage Vee 4.5 S.S V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE 
Any Input OV ~ VIN ~ Vee AO-A9, RAS, CAS, ~ Ii -4 4 ~ 
(All other pins not under test = OV) 

OUTPUT LEAKAGE D01-D08 loz -12 12 JlA 
(0 is disabled, OV ~ VOUT ~ Vee) 

OUTPUT LEVELS VOH 2.4 V 1 
Output High (Logic 1) Voltage (lOUT = -SmA) 
Output Low (Logic 0) Voltage (lOUT = SmA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 -10 UNITS NOTES 

STANDBY CURRENT: TTL Input Levels leet 4 4 4 4 rnA 
(RAS = CAS = VIH) 

STANDBY CURRENT: CMOS Input Levels Ice2 2 2 2 2 rnA 
(RAS = CAS = Vee -0.2V) 

OPERATING CURRENT Ice3 220 200 180 160 rnA 3,4 
(RAS and CAS = Cycling; IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE lee4 160 140 120 100 rnA 3,4 
(RAS = VIL; CAS = Cycling; tpc = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y Icc5 220 200 180 160 rnA 3,4 
(RAS = Cycling; CAS = VIH; IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS lecs 220 200 180 160 rnA 3,4 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A9 Cit 10 pF 18 

Input Capacitance: RAS, CAS, WE CI2 14 pF 18 

InpuVOutput Capacitance: DO Cia 7 pF 18 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11,12,13) (O°C:s; T A:S; +70°C; Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -6 -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cycle lime IRC 110 130 150 180 ns 

READ-WRITE cycle lime IRWC n/a n/a n/a n/a n/a 21 
FAST-PAGE-MODE READ or WRITE IpC 40 40 45 55 ns 
cycle lime 

FAST-PAGE-MODE READ-WRITE IpRWC n/a n/a n/a n/a n/a 21 
cycle lime 

Access lime from RAS IRAC 60 70 80 100 ns 14 
Access time from CAS tCAC 15 20 20 25 ns 15 
Access lime from column address lAA 30 35 40 50 ns 

Access lime from CAS precharge 'CPA 40 40 45 50 ns 

RAS pulse widlh IRAS 60 100,000 70 100,000 80 100,000 100 100,000 ns 

RAS pulse width (FAST PAGE MODE) IRASP 60 100,000 70 100,000 80 100,000 100 100,000 ns 
RAS" hold lime IRSH 15 20 20 25 ns 

RAS precharge time IRP 45 50 60 70 ns 

CAS pulse width 'CAS 15 100,000 20 100,000 20 100,000 25 100,000 ns 

CAS hold time ICSH 60 70 80 100 ns 

CAS precharge time ICPN 10 10 10 15 ns 16 
CAS precharge time (FAST PAGE MODE) ICp 10 10 10 10 ns 
RAS to CAS delay time IRCD 15 45 20 50 20 60 25 75 ns 17 
CAS 10 RAS precharge time ICRP 5 5 5 5 ns 

Row address setup lime IASR 0 0 0 0 ns 

Row address hold lime IRAH 10 10 10 15 ns 

RAS 10 column IRAD 15 30 15 35 15 40 20 50 ns 18 
address delay lime 

Column address selup time IASC 0 0 0 0 ns 

Column address hold time tCAH 10 15 15 20 ns 

Column address hold time tAR 50 55 60 70 ns 
(referenced 10 RAS") 
Column address 10 tRAL 30 35 40 50 ns 
RAS" lead lime 

Read command selup lime IReS 0 0 0 0 ns 

Read command hold lime tRCH 0 0 0 0 ns 19 
(referenced to CAS) 

Read command hold lime IRRH 0 0 0 0 ns 19 
(referenced 10 RAS) 

CAS 10 outpul in Low-Z tCLZ 0 0 0 0 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C S; T As; +70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -6 -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 
Output buffer turn-off delay toFF 0 20 0 20 0 20 0 20 ns 20 
WE command setup time twcs 0 0 0 0 ns 
Write command hold time twCH 10 15 15 20 ns 
Write command hold time twCR 45 55 60 70 ns 
(referenced to RAS) 

Write command pulse width IWp 10 15 15 20 ns 

Write command to RAS lead time IRWL 15 20 20 25 ns 

Write command to CAS lead time ICWL 15 20 20 25 ns 
Data-in setup time IDS 0 0 0 0 ns 

Data-in hold time IDH 10 15 15 20 ns 

Data-in hold time IDHR 45 55 60 70 ns 
(referenced to RAS) 

RAS to WE delay time tRWD n/a n/a n/a n/a n/a 21 
Column address tAWD n/a n/a n/a n/a n/a 21 
to WE delay time 

CAS to WE delay time 'CWD n/a n/a n/a n/a n/a 21 

Transition time (rise or fall) ty 3 50 3 50 3 50 3 50 ns 5, 16 
Refresh period (512 cycles) tREF 16 16 16 16 ms 20 
RAS to CAS precharge time tRPC 0 0 0 0 ns 19 
CAS setup time tCSR 10 10 10 10 ns 19 
(CAS-BEFORE-RAS REFRESH) 

CAS hold time tCHR 15 15 15 15 ns 19 
(CAS-BEFORE-RAS REFRESH) 

OE hold time from WE during toEH n/a n/a n/a n/a n/a 21 
READ-MODIFY-WRITE cycle 
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NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100~s is required after power-up 
followed by any eight RAS REFRESH cycles (RAS
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the 16ms refresh 
requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (DoC:::; T A :::; 70°C) is assured. 

7. Measured with a load equivalent to 2 TTL gates and 
100pF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD <': IRCD (MAX). 
10. If CAS = VIH, data output is high impedance. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. toFF (MAX) defi~es the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 
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13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAC. 

14. IRCH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. Ii1. addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt/dv with dv = 3V and Vee =5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, CAS must 
be pulsed HIGH for !CP. Note 8 applies to determine 
valid data out. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY

WRITE cycles are not available due to OE being 
grounded on U1 and U2. 



RAS 
VrH -
V,L _ 

'cRP 

CAS 
VIH -
V,L -

tASR 

ADOR 
V,H 
V,L _ 

WE 

DO VOH -
VOL 

AOOR ~:~ ROW 

DO ~:~ 

READCVCLE 

tRC 

tRAS 

tCSH 

tRSH 

tRCO tCAS 

tAR 

tCAC 

'I tRAC 

OPEN 

EARL V-WRITE CVCLE 

tRC 

tRAS 

'cSH 

'cAS 

,----tos_"_1 _1_" t_OH ----,: I 
VALID DATA 
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tOFF 
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ROW 
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ROW 
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-C RAS 
V,H -
V,L 

:0. 
» 'CRP ----s:: CAS V,H -

V,L 

s:: 
0 ADDR V,H 

V,L 

C 
C 
r- WE V,H 

V,L m 
DO VOH -

VOL 

ADDR ~i~ 

DO ~i~ 

FAST-PAGE-MODE READ CYCLE 

'RAS 

'cSH 

'pc tRSH 

'RCD 'cAS ICp 'cAS 'CAS 'CPN 

'RAC 

I~ ~ 
OPEN VALID 

DATA 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

14'----------------------________ ~'RAS~~ ________________________________ ~'~III' 'RP 'I 

'cSH 
" IpC 

VALID DATA VALID DATA 
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'CRP 
I' 

, 

"---J 

~-ONL Y REFRESH CYCLE 
(ADDR = AO - Ag ; WE = DON'T CARE) 

, tRAS 'RP 

'1' 
I~ 

'----J 

,I 
1 

\ 

ADDR ~:~ .--RO-W --k////////$///$II!/////////////////////&~--RO-W --
'ASR 'RAH . . . . 

DO ~g~ ---------------OPEN--------------

'RP 

--.J 
'RPC 
tcPN ~ 

~-BEFORE-"FiAS" REFRESH CYCLE 
(AO - Ag and WE = DON'T CARE) 

tRAS 'RP tRAS 

~ ! ~ 
11.'~b tRPe tCSR - ~ 

DO ~gt :::--------------OPEN--------------

RAS VIH-VIL_ 

CAS 

ADDR VIH VIL 

DO VOH-VOL - OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 20 

(READ) 
'RAS 
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I"IIC:I=IQ~ MT8D48 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 30-pin single-in-line 

package 
• High-performance CMOS silicon gate process 
• Single 5V ± 10% power supply 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• Low power, 24mW standby; 1,800mW active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 1,024-cycle refresh distributed across 16ms 
• Optional FAST PAGE MODE access cycle 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

MARKING 

-6 
-7 
-8 

M 
N 

GENERAL DESCRIPTION 
The MT8D48 is a randomly accessed solid-state memory 

containing 4, 194,304 words organized in a x8 configuration. 
During READ or WRITE cycles, each bit is uniquely ad
dressed through the 22 address bits which are entered 11 
bits (AO-Al0) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode, while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE orCAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pines) remain 
open (High-Z) until the next CAS cycle. EARLY-WRITE 
occurs when WE goes LOW prior to CAS going LOW, and 
the ouput remains open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address (AO-Al0) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

MT8D48 
REV. 1191 2-31 

4 MEG x8DRAM 
FAST PAGE MODE 

Vee 
CAS 
DQ1 

AO 
A1 

DQ2 
A2 
A3 

Vss 
DQ3 

A4 
A5 

DQ4 
A6 
A7 

DQ5 
A8 
A9 

A10 
DQ6 
WE 
Vss 

DQ7 
NC 

OQ8 
NC 

RAS 
NC 
NC 
Vee 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 
(1-3) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 s::: 13 
14 -I 

CO 15 
C 16 

17 01:0 
CO 

18 s::: 19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Vee 
CAS 
DQ1 

AO 
A1 

DQ2 
A2 
A3 

Vss 
DQ3 

A4 
A5 

DQ4 
A6 
A7 

DQ5 
A8 
A9 

A10 
DQ6 
WE 
Vss 

DQ7 
NC 

DQ8 
NC 

RAS 
NC 
NC 
Vee 

30-Pin SIP 
(H-3) 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip currentto a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE
RAS, or HIDDEN REFRESH) so that all 1,024 combinations 
ofRASaddresses (AO-Al0) are executed at least every16ms, 
regardless of sequence. 

Micron Technology, Inc., reserves the right to change products Of specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 
AO-Al0 - RAS 

CAS 

C 
WE 

JJ » s:: DOl D05 

s:: 
0 c 
c: D02 DOS 

r 
m 

D03 DO? 

DQ4 ---_-I D08---~ 

Voc -----+-+--------~ 
Vss ------_+_-------_---' 

Ul-U8 = MT4Cl004DJ 

TRUTH TABLE 
Addresses 

Function ~ ~ ~ W£ tR tA DQ1-8 

Standby H X X X X X High Impedance 

READ L L L H ROW COL Valid Data Out 

EARLY-WRITE L L L L ROW COL Valid Data In 

FAST-PAGE-MODE 1st Cycle L H-L H-L H ROW COL Valid Data Out 

READ 2nd Cycle L H-L H-L H nfa COL Valid Data Out 

FAST-PAGE-MODE 1st Cycle L H-L H-L L ROW COL Valid Data In 

WRITE 2nd Cycle L H-L H-L L nfa COL Valid Data In 

RAS-ONL Y REFRESH L H H X ROW nfa High Impedance 

HIDDEN READ L-H-L L L H ROW COL Valid Data Out 

REFRESH WRITE L-H-L L L L ROW COL Valid Data In 

CAS-BE FORE- Standard H-L L L X X X High Impedance 

RAS REFRESH 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Ceramic) ................. -6SoC to + lS0°C 
Storage Temperature (Plastic) .................... -SsoC to + lS0°C 
Power Dissipation .............................................................. 8W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :0; T A :0; 70°C; Vcc = S.OV ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.S S.S V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 O.B V 1 

INPUT LEAKAGE CURRENT 
Any Input: OV :0; VIN :0; 6.SV AO-A10, WE, CAS, RAS II -16 16 ~ 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT DQ1-DQB loz -12 12 ~ 
(Q is disabled, OV :0; VOUT :0; S.SV) 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT (TTL) Icc1 16 16 16 rnA 
(RAS = CAS = VIH) 

STANDBY CURRENT (CMOS) Icc2 B B B rnA 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 BBO BOO 720 rnA 3,4 
(RAS, CAS, Address Cycling: tRC = tRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 640 560 4BO rnA 3,4 
(RAS = VIL, CAS, Address Cycling: tpc = IpC (MIN» 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Icc5 8BO 800 720 rnA 3 
(RAS Cycling, CAS=VIH: tRC = IRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Iccs BBO 800 720 rnA 3 
(RAS, CAS, Address Cycling: IRC = tRC (MIN» 
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CAPACITANCE 
PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A10 Cit 45 pF 2 

Input Capacitance: RAS, WE CI2 63 pF 2 

Output Capacitance: 0 Co 7 pF 2 

Input Capacitance: D CI3 7 pF 2 

InpuVOutput Capacitance: DO CIO 12 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -6 -7 -8 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time 'RC 110 130 150 ns 
READ-WRITE cycle time 'RWC nfa n/a nfa nfa 24 
FAST-PAGE-MODE READ 'PC 40 40 45 ns 
or WRITE cycle time 

FAST-PAGE-MODE READ-WRITE 'PRWC nfa nfa nfa nfa 24 
cycle time 

Access time from'RAS 'RAC 60 70 80 ns 14 
Access time from CAS 'CAC 15 20 20 ns 15 
Access time from column address 'AA 30 35 40 ns 

Access time from CAS precharge 'CPA 40 40 45 ns 25 
RAS pulse width 'RAS 60 100,000 70 100,000 80 100,000 ns 

RAS pulse width (FAST PAGE MODE) 'RASP 60 100,000 70 100,000 80 100,000 ns 

RAS hold time 'RSH 15 20 20 ns 
RAS precharge time 'RP 45 50 60 ns 

CAS pulse width teAS 15 100,000 20 100,000 20 100,000 ns 

CAS hold time tCSH 60 70 80 ns 

CJ\S' precharge time tCPN 10 10 10 ns 16 
CAS precharge time (FAST PAGE MODE) tep 10 10 10 ns 

'RAS' to CJ\S' delay time tRCD 15 45 20 50 20 60 ns 17 
CJ\S' to 'RAS precharge time tCRP 5 5 5 ns 

Row address setup time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 
AAS to column tRAD 15 30 15 35 15 40 ns 18 
address delay time 

Column address setup time tASC 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time tAR 50 55 60 ns 
(referenced to RAS) 

Column address to tRAl 30 35 40 ns 
RAS lead time 

Read command setup time tRCS 0 0 0 ns 

Read command hold time tRCH 0 0 0 ns 19 
(referenced to CAS) 

Read command hold time tRRH 0 0 0 ns 19 
(referenced to AAS) 
CAS to output in low-Z telZ 0 0 0 ns 

Output buffer turn-off delay 'OFF 0 20 0 20 0 20 ns 20 
WE command setup time twcs 0 0 0 ns 21 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -6 ·7 -8 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time twCH 10 15 15 ns 
Write command hold time twCR 45 55 60 ns 
(referenced to RAS) 

Write command pulse width twp 10 15 15 ns 
Write command to RAS lead time tRWL 15 20 20 ns 

Write command to CAS lead time tCWL 20 20 20 ns 

Data-in setup time tDS 0 0 0 ns 21 
Data-in hold time tDH 10 15 15 ns 21 

Data-in hold time tDHR 45 55 60 ns 
(referenced to RAS) 

RAS to WE delay time tRWD n/a n/a n/a n/a 24 

Column address tAWD nla n/a n/a n/a 24 
to WE: delay time 

CAS to WE: delay time tCWD n/a n/a nla n/a 24 

Transition time (rise or fall) tT 3 50 3 50 3 50 ns 9,10 

Refresh period (1,024 cycles) tREF 16 16 16 ms 

RAS to CAS precharge time tRPC 0 0 0 ns 

CAS setup time tCSR 10 10 10 ns 5 
(CAS-BEFORE-RAS REFRESH) 

CAS hold time tCHR 15 15 15 ns 5 
(CAS-BEFORE-RAS REFRESH) 
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NOTES 
1. 
2. 

3. 
4. 

5. 
6. 

7. 

B. 
9. 

All voltages referenced to Vss. 
This parameter is sampled. Capacitance is calculated 
from the equation C = I d'/dvwith dv = 3Vand Vee =5V. 
Icc is dependent on cycle rates. 
Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 
Enables on-chip refresh and address counters. 
The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :0;; T A :0;; 70°C) is assured. 
An initial pause of 100J.ls is required after power-up 
followed by any eight RAS refresh cycles (RAS-ONL Y 
or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the 16ms refresh 
requirement is exceeded. 
AC characteristics assume IT = 5ns. 
VIH (MIN) and VIL (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load eqUivalent to two TTL gates 

and 100pF. 
14. Assumes that tRCD < ~CD (MAX). If ~CD is greater 
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than the maximum recommended value shown in this 
table, ~C will increase by the amount that ~CD 
exceeds the value shown. 

15. Assumes that ~CD ~ ~CD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the ~CD (MAX) limit ensures that 
tRAC (MAX) can be met. ~CD (MAX) is specified as 
a reference point only; if ~CD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

lB. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. ~D (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either ~CH or trulif must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. All other inputs equal Vcc -0.2V. 
24. LATE-WRITE, READ-WRITE or READ-MODIFY

WRITE cycles are not available due to the common 
DQ configuration of UI-UB. 



READ CYCLE 

'RC 

'RAS 'RP 

RAS 
VIH -
VIL _ 

tCSH 

tRSH tRRH 

teRP tRCD teAs 

CAS 
VIH -
VIL -

'AR 

ADDR 

WE 

DO 

EARLY-WRITE CYCLE 

. . 
tRAS 'RP 

II I 
- lJf \ 

teSH 

tRSH 

teRP . . tRCD . teAs 
I 

:--.-! 
'AR 

tRAD tRAL 

ADDR ~:r 
I~ 'RAH c= ~ I 
~ ROW JW&t COLUMN ~a ROW 

'CWL II 
tRWL 

'WCR 

twos tWCH . . 
'WP 

WE ~:r Y////////////// ~ 
I 

~I 
, 
I-

DO ~:r ~r----V-A-L-'D-D 
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1"I1C=l=Ig~ MT8D48 

FAST-PAGE-MODE READ CYCLE 

tpc IRSH 

tcp • ~ 1~.o--"tC"-P __ II_.;tC",AS,--,o.j 

ADDR ~:~ 

DO ~gr -:------OPEN-------""!OOOOOC 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

ADDR ~:~ 
-=.0"'-_---;_----" 

DO ~Ir """""UJ.,UJ.,UJ.,UJ.,UJ.,UJ.,=,"'--__ V_A_Ll_D_DA_T_A_...Jr,I.LLJ.". __ V_AL_I_D_DA_TA_-1f,'l1.LJ1'---__ VA_L_ID_D_AT_A_.Jf'<LLlL.LlL.LlL.LUJ.,UJ.,/./"U 
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'RAS'-ONL Y REFRESH CYCLE 
(ADDR = AO - Ag; A10 and WE = DON'T CARE) 

tRAS , tRP 'I 

1 
, ICAP , I~ 

"---' ~ 

ADDR ~:t :wd--RO-W --bff$/ff/j'///$##///$$///ff//ff/!;X~--RO-W --

tASR tRAH . , . , 

DO ~gr -,--------------OPEN--------------

.-----f tRP 
tCPN 

DO VOH -VOL 

AAs VIH-VIL_ 

CAS 

ADDR 

DO 

tRP 

~-BEFORE-RAS REFRESH CYCLE 
(Ao - A10 and WE = DON'T CARE) 

, tRAS • J • tRP 
I I L • tRAS ,I 

1 ~ 
I~ tCHA tAPe leSR 

OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 23 

(READ) (REFRESH) 
tRAS tRAS 
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DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 3D-pin single-in-line 

memory module 
• High-performance, CMOS silicon gate process 
• Single 5V ±1O% power supply 
• Low power, 9m W standby; 625m W active, typical 
• All inputs, outputs and clocks are fully TTL and CMOS 

compatible 
• Optional FAST PAGE MODE access cycle 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 512-cycle refresh distributed across Sms 

OPTIONS 
• Timing 

7Dnsaccess 
SDnsaccess 
1 DDns access 
12Dns access 

• Access Mode 
FAST PAGE MODE 
PAGE MODE 

• Packages 
Leadless 3D-pin SIMM 
Leaded 3D-pin SIP 

MARKING 

- 7 
- S 
-lD 
-12 

P 
NONE 

M 
N 

GENERAL DESCRIPTION 
The MT3D2569 is a randomly accessed solid-state mem

ory containing 262,144 words organized in a x9 configura
tion. During READ or WRITE cycles, each word is uniquely 
addressed through the lS address bits, which are entered 
nine bits (AD -AS) at a time. RAS is used to latch the first nine 
bits and CAS the latter nine bits. A READ or WRITE cycle 
is selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY
WRITE occurs when WE goes LOW prior toCAS going LOW, 
and the output pins remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row address (AD-AS) 

MT3D2569 
REV. 1/91 2-41 

(REPLACES: MT8C9256 and MT8C9257) 

256Kx9 DRAM 
FAST PAGE MODE/PAGE MODE 

PIN ASSIGNMENT (Top View) 

30-PinSIMM 30-Pin SIP 
(1-2) (H-2) 

Vee 1 Vee 1 
CAS 2 CAS 2 
DOl 3 DOl 3 

AO 4 AO 4 
Al 5 Al 5 

D02 6 D02 6 
A2 7 A2 7 
A3 8 A3 8 

Vss 9 Vss 9 
D03 10 D03 10 

A4 11 
5: 

A4 11 
A5 12 A5 12 5: 

D04 13 -I D04 13 cJ A6 14 Co) A6 14 
A7 15 C A7 15 C 

D05 16 II.) D05 16 II.) 

AS 17 U1 
A8 17 U1 m m NC 18 CD NC 18 CD 

NC 19 5: NC 19 Z 
DQ6 20 D06 20 
WE 21 WE 21 
Vss 22 Vs. 22 

D07 23 D07 23 
PRD 24 PRD 24 
D08 25 D08 25 

09 26 09 26 
RAS 27 RAS 27 

CAS9 28 CAS9 28 
D9 29 D9 29 

Vee 30 Vee 30 

defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS 
may be toggled-in by holding RAS LOW and strobing-in 
different column addresses, thus executing faster memory 
cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE
RAS,orHIDDENREFRESH) so that all 512 combinations of 
RAS addresses (AD-AS) are executed at least every Sms, 
regardless of sequence. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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IVIIC:F=l9~ MT3D2569 
(REPLACES: MTSC9256 and MTSC9257) 

FUNCTIONAL BLOCK DIAGRAM 

RAS -------, 
CAS --------, 
WE -------, 

AO-AS 

CA~ -----++--4~ 

09 -----+---+--1 
Voo -----+--4-~ 

Voo -----+--"-----' 
PRO --------' 

TRUTH TABLE 

Function 'RE ~ ~ WE 
Standby H X X X 

READ L L L H 

EARLY-WRITE L L L L 

PAGE-MODE 1st Cycle L H-L H-L H 

READ 2nd Cycle L H-L H-L H 

PAGE-MODE 1st Cycle L H-L H-L L 

WRITE 2nd Cycle L H-L H-L L 

"RAS-ONL Y REFRESH L H H X 

HIDDEN READ L-H-L L L H 

REFRESH WRITE L-H-L L L L 

"eAS-BEFORE-TVIS H-L L L X 

REFRESH 
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D01-DQ4 

DOS-DOS 

09 

U1 = MT4C4256DJ 
U2 = MT4C4256DJ 
U3 = MT4C1024DJ 

or 
MT1259EJ 

Addresses 

tR te 

X X 

ROW COL 

ROW COL 

ROW COL 

nfa COL 

ROW COL 

nfa COL 

ROW nfa 

ROW COL 

ROW COL 

X X 

OQ1-8, 09, Q9 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

High Impedance 

Valid Data Out 

Valid Data In 

High Impedance 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature ................................... -SsoC to + ISO°C 
Power Dissipation .............................................................. 3W 
Short Circuit Output Current ...................................... SOmA 

(REPLACES: MT8C9256 and MTSC9257) 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ 70°C; Vee = 5.0V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -2.0 0.8 V 1,22 

INPUT LEAKAGE 09, CAS9 II -2 2 f.lA 
Any Input OV ~ VIN ~ Vee, 
(All other pins not under test = OV) AO-A8, RAS, WE II -6 6 f.lA 
OUTPUT LEAKAGE Q9 loz -10 10 f.lA 
(Q is disabled, OV ~ VOUT ~ Vee) 

DQ1-DQ8 loz -12 12 f.lA 
OUTPUT LEVELS VOH 2.4 V 1 
Output High (Logic 1) Voltage (lOUT = -5mA) 

Output Low (Logic 0) Voltage (lOUT = 5mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 -12 UNITS NOTES 

STANDBY CURRENT: TTL Input Levels lee1 6 6 6 6 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: CMOS Input Levels lee2 3 3 3 3 mA 
(RAS = CAS = Vee -0.2V) 

OPERATING CURRENT lee3 240 210 180 150 mA 3,4 
(RAS and CAS = Cycling; tRC = tRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE lee4 180 150 120 90 mA 3,4 
(RAS = VIL, CAS = Cycling; tpc = tpc (MIN» 

REFRESH CURRENT: "RAS-ONL Y lee5 240 210 180 150 mA 3,4 
("RAS = Cycling; CAS = VIH; tRC = tRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS lee6 240 210 180 150 mA 3,4 
(RAS and CAS = Cycling; tRC = tRC (MIN» 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A8 CI1 15 pF 18 

Input Capacitance: RAS, CAS, WE CI2 27 pF 18 

Input Capacitance: 0 CI3 7 pF 18 

Input/Output Capacitance: DQ Cia 12 pF 18 

Output Capacitance: Q Co 7 pF 18 
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I'IIIC:RgN MT3D2569 
(REPLACES: MT8C9256 and MT8C9257) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8,.9, 10, 11, 12, 13) (O°C ~ T A ~ +70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS ·7 ·8 ·10 ·12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time IRC 135 150 180 220 ns 

READ-WRITE cycle time IRWC nla nfa nfa nfa nfa 21 
FAST-PAGE-MODE READ or WRITE IpC 40 45 55 70 ns 
cycle time 

PAGE-MODE READ or WRITE IpC nla nfa 90 100 ns 
cycle time 

Access time from RAS lRAC 70 80 100 120 ns 14 
Access time from CAS (FAST PAGE MODE) ICAC 20 20 25 30 ns 15 
Access time from CAS (PAGE MODE) ICAC nfa nfa 50 60 ns 

Output Enable toE 20 20 25 30 ns 

Access time from column address lAA 35 40 50 60 ns 

Access time from CAS precharge ICPA 35 40 50 65 ns 

RAS pulse width IRAS 70 100,000 80 100,000 100 100,000 120 100,000 ns 

RAS pulse width (FAST PAGE MODE) IRASP 70 100,000 80 100,000 100 100,000 120 100,000 ns 

RAS hold time IRSH 20 20 25 30 ns 

RAS precharge time IRP 50 60 70 90 ns 

CAS" pulse width teAS 20 100,000 20 100,000 25 100,000 30 100,000 ns 

CAS" hold time ICSH 70 80 100 120 ns 

CAS precharge time ICPN 10 10 15 20 ns 16 
CAS precharge time (FAST PAGE MODE) ICp 10 10 10 15 ns 

CAS" precharge time (PAGE MODE) ICp nfa nfa 30 30 ns 

RAS to CAS delay time IRCD 20 50 20 60 25 75 25 90 ns 17 
CAS" to RAS· precharge time ICRP 5 5 5 10 ns 

Row address setup time 1,Il,SR 0 0 0 0 ns 

Row address hold time IRAH 10 10 15 15 ns 

RAS to column IRAD 15 35 15 40 20 50 20 60 ns 18 
address delay time 

Column address setup time IASC 0 0 0 0 ns 

Column address hold time ICAH 15 15 20 25 ns 

Column address hold time IAR 55 60 70 85 ns 
(referenced to "RAS) 

Column address to IRAL 35 40 50 60 ns 
RAS lead time 

Read command setup time IRCS 0 0 0 0 ns 

Read command hold time IRCH 0 0 0 0 ns 19 
(referenced to CAS) 

Read command hold time IRRH 0 0 0 0 ns 19 
(referenced to RAS) 
CAS to output in Low-Z tell 0 0 0 0 ns 
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(REPLACES: MTSC9256 and MTSC9257) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C::; TA ::; +70°C; Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS ·7 ·8 ·10 ·12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Output buffer turn-off delay 'OFF 0 20 0 20 0 20 0 35 ns 20 

Output Disable 'OD 20 20 20 20 ns 

WE command setup time twcs 0 0 0 0 ns 

Write command hold time twCH 15 15 20 25 ns 

Write command hold time twCR 55 60 75 85 ns 
(referenced to RAS) 

Write command pulse width 'WP 15 15 20 25 ns 

Write command to RAS lead time 'RWL 20 20 25 30 ns 

Write command to CAS lead time 'CWL 20 20 25 30 ns 
Data-in setup time DS 0 0 0 0 ns 

Data-in hold time 'DH 15 15 20 25 ns 

Data-in hold time 'DHR 55 60 75 90 ns 
(referenced to RAS) 

RAS to WE delay time 'RWD nfa nfa nfa nfa nfa 21 

Column address 'AWD nfa n/a nfa nfa nfa 21 
to WE' delay time 

CAS to WE' delay time 'CWO nfa n/a n/a nfa nfa 21 

Transition time (rise or fall) IT 3 50 3 50 3 50 3 50 ns 5, 16 

Refresh period (512 cycles) 'REF 8 8 8 8 ms 20 

RAS to CAS precharge time 'RPC 0 0 0 0 ns 19 

CAS setup time 'CSR 10 10 10 10 ns 19 
(CAS-BEFORE-RAS REFRESH) 

CAS hold time 'CHR 15 15 15 15 ns 19 
(CAS-BEFORE-RAS REFRESH) 

Ol: hold time from WE'during 'OEH nfa nfa nfa nfa nfa 21 

READ-MODIFY-WRITE cycle 
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I 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100~s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the Sms refresh 
requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C S; T A S; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

S. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAc will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ;?: IRCD (MAX). 
10. If CAS = VIH, data output is high impedance. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. tOFF (M.A..x) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the tRCD (MAX) limit ensures that 

2-46 

(REPLACES: MTBC9256 and MT9C9257) 

lRAc (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. tRCH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I d'/ dv with dv = 3V 
and Vcc=5V. 

IS. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, CAS must 
be pulsed HIGH for tcP. Note S applies to determine 
valid data out. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY

WRITE cycles are not available due to OE being 
grounded on VI andV2. 

22. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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RAS 
VIH -
VIL _ 

teRP 

CAS 
VIH -
VIL -

tASR 

ADOR 

WE 

DO VOH -
VOL 

RAS VIH -
VIL 

leRP 

CAS 
VIH -
VIL 

ADDR VIH 
VIL 

READ CYCLE 

tRC 

tRAS 

tCSH 

tRSH 

tRCD tCAS 

tAR 

tCAC 

:! tRAC 

OPEN 

EARLY-WRITE CYCLE 

tRC 

tRAS 

tCSH 

tRSH 

tRCD teAs 
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tRRH 

tOFF 

VALID D:TA .~ 

(REPLACES: MT8C9256 and MT8C9257) 

ROW 

OPEN 

ROW 

~ DON'T CARE 

~ UNDEFINED 
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1"I1c:~g~ MT3D2569 
(REPLACES: MTBC9256 and MT8C9257) 

PAGE/FAST-PAGE-MODE READ CYCLE 

'RAS ~----------------------------~~------------------------------~~ 
RAS 

VIH -
VrL -

ICSH 

'pc 
tRCD 'cAS 'cp tCAS 

CAS 

ADDR V,H 
V,L 

WE 

tRAe 

I. 'cAC: ~ 

DO VOH -
OPEN VALID 

VOL DATA 

PAGEIFAST-PAGE-MODE EARLY-WRITE CYCLE 

I· 

'cSH 

" 'PC 

ADDR ~:~ 
"-<CJn'---_-,-_--"" 

DO ~:~ --:LlLLlLLlLLLLJ.'.L.L.lLLlLLU1'-____________ ...Jf 
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tCRP 

" 

, 

CAS ~:~-~ 

"RAS"-ONL Y REFRESH CYCLE 
(ADDR = AO - AS ; WE = DON'T CARE) 

, 
, tAAS tAP 

'1' 
,tAPti_I 

LJ 

(REPLACES: MT8C9256 and MT8C9257) 

'_I 
" 

ADDA ~:~ ~--AO-W --!w!l//!!///!!/§'//$!I/P'///$/P'$///!IIJJ(r---Ao-W --

tASR tRAH . .1 . . 

DO ~g~ ---------------OPEN---------------

~-BEFORE-RAS REFRESH CYCLE 
(AO - AS and WE = DON'T CARE) 

CAs ~:~ :f.LL..~_--=t ____ ____I.'LLLLLL..ULi.'.IL.._i-_____________ ~L__ 

DO ~g~ -,-----------------OPEN---------------

~ 
tRCD 

J 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 20 

(READ) 

AAS RP 

" 
, 

~ "' 
tRSH 

(REFRESH) 

RAS 

y 
tCHR 

1 J tAR 

,~ tRAH tASC II. tCAH: 

lr---~~~ 
I, I tRAC 'I I 

DO ~g~-:-------OPEN l.t

cAC

: VALtDDATA -- !=~;:N-
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DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 30-pin single-in-line 

package 
• High-performance, CMOS silicon gate process 
• Single 5V ±10% power supply 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• Low power, 27mW standby; 1,575mW active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 512-cycle refresh distributed across 8ms 
• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

70ns access - 7 
80ns access - 8 
lOOns access -10 

• Packages 
Leadless 30 -pin SIMM M 
Leadless 30-pin SIMM (Gold) G 
Leaded 30-pin SIP N 

GENERAL DESCRIPTION 
The MT9D19 is a randomly accessed solid-state memory 

containing 1,048,576 words organized in a x9 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (0) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY
WRITE occurs when WEgoesWW prior to CAS going LOW, 
and the output pins remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address (AO-A9) 

MT9D19 
REV. 1191 2-51 

(REPLACES: MT8C9024) 

1 MEG x9DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

30-PinSIMM 30-Pin SIP 
(1-4) (H-4) 

Vee 1 Vee 
CAS 2 CAS 
D01 3 D01 

AO 4 AO 
A1 5 A1 

D02 6 D02 
A2 7 A2 
A3 8 A3 

Vss 9 Vss 
D03 10 D03 

A4 11 
3: 

A4 
A5 12 A5 s::: D04 13 -I D04 
A6 14 CD A6 -I 
A7 15 C A7 CD 

D05 16 - D05 C 
CD -A8 17 s::: A8 CD 

A9 18 -- A9 Z 
NC 19 C) NC 

D06 20 D06 
WE 21 WE 
Vss 22 Vss 

D07 23 D07 
NC 24 NC 

D08 25 D08 
09 26 09 

RAS 27 RAS 
CAS9 28 CAS9 

D9 29 D9 
Vee 30 Vee 

defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ
ent column addresses, thus executing faster memory cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CA5-BEFORE
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-A9) are executed at least every 8ms, 
regardless of sequence. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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CAS9 ----+-----11-----1 

TRUTH TABLE 

Function 

Standby 

READ 

EARLY-WRiTE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS 

REFRESH 

09 ____ +-______ ~ Q 

Voo v.. 

Vee ----+---------' 
~------------~ 

U1-U9 = MT4C1024DJ 

Addresses 

~ ~ ~ WE tR tA 

H X X X X X 

L L L H ROW COL 

L L L L ROW COL 

L H-L H-L H ROW COL 

L H-L H-L H nfa COL 

L H-L H-L L ROW COL 

L H-L H-L L nfa COL 

L H H X ROW nfa 

L-H-L L L H ROW COL 

L-H-L L L L ROW COL 

H-L L L X X X 
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OQ1-8, 09, Q9 

High impedance 

Valid Data Out 

Valid Data in 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

High Impedance 

Valid Data Out 

Valid Data In 

High Impedance 



ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + lS0°C 
Power Dissipation .............................................................. 9W 
Short Circuit Output Current ...................................... SOmA 

(REPLACES: MT8C9D24) 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections ofthis specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C :0; T A :0; 70°C; Vee = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs Vil -2.0 0.8 V 1,25 

INPUT LEAKAGE: 09, CAS9 II -2 2 I1A 
Any Input OV :0; VIN :0; Vee 
(All other pins not under test = OV) AO-A9, RAS, WE II -18 18 I1A 
OUTPUT LEAKAGE: 09 loz -10 10 I1A 
(0 is disabled, OV :0; VOUT:O; Vee) 

001-8 loz -12 12 I1A 
OUTPUT LEVELS VOH 2.4 V 1 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 5mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 

STANDBY CURRENT: TTL Input Levels lect 18 18 18 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: CMOS Input Levels Icc2 9 9 9 mA 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Icc3 720 630 540 mA 3,4 
(RAS and CAS = Cycling; IRC = IRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE Icc4 540 450 360 mA 3,4 
(RAS = VIL, CAS = Cycling; IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y Icc5 720 630 540 mA 3,4 
(RAS = Cycling; CAS = VIH; IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS Iccs 720 630 540 mA 3,4 
(RAS and CAS = Cycling; IRC = IRC (MIN)) 
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I'IIIC:I=U?~ MT9D19 
(REPLACES: MT8C9024) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-AS Cit 45 pF 2 

Input Capacitance: RAS, CAS, WE CI2 63 pF 2 

Input Capacitance: D CI3 7 pF 2 

Input/Output Capacitance: DO CIO 12 pF 2 

Output Capacitance: 0 Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, S, 9,10,11,12,13) (O°C:s; TA :S;70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 130 150 180 ns 

READ-WRITE cycle time tRWC n/a n/a n/a n/a 25 
FAST-PAGE-MODE tpc 40 40 55 ns 
READ or WRITE cycle time 

FAST-PAGE-MODE IpRWC n/a n/a n/a n/a 25 
READ-WRITE cycle time 

Access time from "RAS tRAC 70 80 100 ns 14 
Access time from CAS tCAC 20 20 25 ns 15 
Access time from column address tAA 35 40 50 ns 

Access time from CAS precharge tePA 35 40 50 ns 

RAS pulse width tRAS 70 100,000 80 100,000 100 100,000 ns 

RAS pulse width (FAST PAGE MODE) tRASP 70 100,000 80 100,000 100 100,000 ns 

RAS hold time IRSH 20 20 25 ns 

RAS precharge time IRP 50 60 70 ns 

CAS pulse width ICAS 20 100,000 20 100,000 25 100,000 ns 

CAS hold time ICSH 70 80 100 ns 

CAS precharge time ICPN 10 10 15 ns 16 
CAS precharge time (FAST PAGE MODE) tep 10 10 10 ns 

RAS to CAS delay time IRCD 20 60 20 60 25 75 ns 17 
CAS to "RAS precharge time tCRP 5 5 5 ns 

Row address setup time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

RAS to column tRAD 15 40 15 40 20 50 ns 18 
address delay time 

Column address setup time IASC 0 0 0 ns 

Column address hold time ICAH 15 15 20 ns 

Column address hold time IAR 55 60 70 ns 
(referenced to l'iAS") 

Column address to lRAL 35 40 50 ns 
RAS lead time 

Read command setup time IRCS 0 0 0 ns 

Read command hold time IRCH 0 0 0 ns 19 
(referenced to CAS) 

Read command hold time IRRH 0 0 0 ns 19 
(referenced to RAS) 
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(REPLACES: MT8C9024) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ~ TA ~ 75°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
CAS to output in Low-Z tCLZ 0 0 0 ns 

Output buffer turn-off delay 'OFF 0 20 0 20 0 20 ns 20 
WE command setup time twcs 0 0 0 ns 

Write command hold time twCH 15 15 20 ns 

Write command hold time twCR 55 60 75 ns 
(referenced to RAS) 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time 'RWL 20 20 25 ns 

Write command to CAS lead time 'CWL 20 20 25 ns 

Data-in setup time tDS 0 0 0 ns 21 

Data-in hold time tDH 15 15 20 ns 21 

Data-in hold time 'DHR 55 60 75 ns 
(referenced to RAS) 

RAS to WE delay time tRWD n/a n/a n/a n/a 24 

Column address tAWD n/a n/a n/a n/a 24 
to WE delay time 

CAS to WE delay time tCWD n/a n/a n/a n/a 24 

Transition time (rise or fall) IT 3 50 3 50 3 50 ns 9, 10 

Refresh period (512 cycles) tREF 8 8 8 ms 

RAS to CAS precharge time tRPC 0 0 0 ns 

CAS setup time tCSR 10 10 10 ns 5 
(CAS-BEFORE-RAS REFRESH) 

CAS hold time 'CHR 15 15 15 ns 5 
(CAS-BEFORE-RAS REFRESH) 

OE hold time from WE during 'OEH n/a n/a n/a n/a 24 
READ-MODIFY-WRITE cycle 

2-55 

.. 
c 
:c » s: 
s:: 
o c 
c: .... 
m 



-C 
:D 
l> 
== 
== 0 
C 
c: 
r-m 

NOTES 
1. 
2. 

3. 
4. 

5. 
6. 

7. 

S. 
9. 

All voltages referenced to Vss. 
This parameter is sampled. Capacitance is calculated 
from the equation C = I dt / dv with dv = 3V 
and Vee =5V. 
Icc is dependent on cycle rates. 
Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 
Enables on-chip refresh and address counters. 
The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C ::; T A::; 70°C) is assured. 
An initial pause of lOOlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the Sms refresh 
requirement is exceeded. 
AC characteristics assume iT = 5ns. 
VlH (MIN) and VIL (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VlH and 
VIL (or between VIL and VlH) in a monotonic manner. 

11. If CAS = VlH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TIL gates 

and lOOpF. 
14. Assumes that ~CD < ~CD (MAX). If ~CD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that ~CD 
exceeds the value shown. 
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15. Assumes that ~CD ;e: ~CD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for tcPN. 

17. Operation within the ~CD (MAX) limit ensures that 
~C (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if ~CD is greater than the 
specified ~CD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

IS. Operation within the ~D (MAX) limit ensures that 
IRCD (MAX) can be met. IRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified ~D (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either ~CH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in late 
WRITE or READ-WRITE cycles. 

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. All other inputs equal Vcc -O.2V. 
24. LATE-WRITE, READ-WRITE or READ-MODIFY

WRITE cycles are not available due to the common 
DQ configuration of UI-US. 

25. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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RAS 
VIH -
VIL _ 

leRP 

CAS 
VIH -
V,L -

AODR 

WE 

DQ VOH -
VOL 

RAS 
VIH -
V,L 

teRP 

CAS V1H -
V,L 

tRAD 

ADDR V,H 
V,L 

READCVCLE 

tRC 

tRAS 

tCSH 

lASH 

tRCD teAS 

tAR 

tClZ 

OPEN 

EARL V-WRITE CVCLE 

tRC 

tRAS 

tCSH 

tRSH 

tRCD tCAS 

tAR 

tRAL 
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I'IIIC:I=:U;:!~ MT9D19 
(REPlACES: MT8C9024) 

FAST-PAGE-MODE READ CYCLE 

tRASP 

DO ~g~ -:------------~EN------------~~~~=t------~~~~tJ~----_i~~~~} 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

DO ~:~ -:L.r..t.LULUL/..LL/..LLLL.LLL.LJ-... _____ V_AL_ID_D_A_TA __ --' .. \LI.U"L-____ VAL __ ID_D_AT_A __ ~,'l.L/.J. _____ VA_L_ID_D_AT_A __ ...x''UJ.LL.LLLLLLL=:.t..U'-Ll..U 
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VIH 
RAS VIL _ 

I' 
:~ 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AO - A8 ; Ag and WE = DON'T CARE) 

tRAS IRP 

'I ' 
¥ 

tCRP 
tRPc __ 

1 

'------I 
'ASR tRAH 

(REPLACES: MTBC9024) 

:1 
I 
\ 

DO ~gt -~-------------OPEN-------------

RAS ~it-~-----.l 

DQ 
VOH -VOL 

RAS 
V1H-
Vll-

CAS 

AD DR 

RP 

tRPC 

CAS-BEFORE-RAS REFRESH CYCLE 
(Ao - Ag and WE = DON'T CARE) 

RAS RP .1 L RAS 

1 M 
tRPC 

J 

Y 
tePN leSR 
~I---="-~ ~ 

OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH)22 

(READ) (REFRESH) 

tRAS tRAS 

tRCD ,~ tCHR 

~ 

-tOFF 

DO ~g~ -'------- OPEN-----~22&K====~VA~L~ID~DA~TA====:) OPEN-
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DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 30-pin single-in-line 

memory module 
• High-performance, CMOS silicon gate process 
• Single 5V ±1O% power supply 
• Low power, 9mW standby; 625mW active, typical 
• All inputs, outputs and clocks are fully TTL and CMOS 

compatible 
• Optional FAST PAGE MODE access cycle 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 1,024-cycle refresh distributed across 16ms 

OPTIONS MARKING 
• Timing 

70ns access - 7 
80ns access - 8 
lOOns access -10 

• Packages 
Leadless 30-pin SIMM M 
Leadless 30-pin SIMM (Gold) G 
Leaded 30-pin SIP N 

GENERAL DESCRIPTION 
The MT3D19 is a randomly accessed solid-state memory 

containing 1,048,576 words organized in a x9 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW priortoCAS going LOW, 
and the output pins remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address (AO-A9) 

MT3D19 
REV. 1/91 2-61 

1 MEG x9 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

3D-Pin SIMM 3D-Pin SIP 
(1-2) (H-2) 

0 0 
Vee 1 Vee 1 

CAS 2 CAS 2 
D01 3 D01 3 

AO 4 AO 4 
A1 5 A1 5 

D02 6 D02 6 
A2 7 A2 7 
A3 8 A3 8 

Vss 9 Vss 9 
D03 10 D03 10 

A4 11 
:i: 

A4 11 
A5 12 A5 12 

:i: D04 13 -I D04 13 
A6 14 W A6 14 -I 
A7 15 C A7 15 W 

D05 16 
...... D05 16 C 
CO ...... 

A8 17 :i: 
A8 17 CO 

A9 18 A9 18 Z 
NC 19 G> NC 19 

D06 20 D06 20 
WE 21 WE 21 
Vss 22 Vss 22 

DOl 23 D07 23 
NC 24 NC 24 

D08 25 D08 25 
09 26 09 26 

RAS 27 RAS 27 
CAS9 28 CAS9 28 

D9 29 D9 29 
Vee 30 Vee 30 

0 0 

defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS 
may be toggled-in by holding RAS LOW and strobing-in 
different column addresses, thus executing faster memory 
cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
ofRAS addresses (AO-A9) are executed at least every 16ms, 
regardless of sequence. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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TRUTH TABLE 

Function 

Standby 

READ 

EARLY-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BE FORE-RAS 
REFRESH 

FUNCTIONAL BLOCK DIAGRAM 

RAS --------, 
CAS --------, 
WE-------, 

AO-AS 

CASS -----tL==~ 
OS-----r---~ 

Vee -----t----------' 

Vss -----_--------' 

RAS" ~ 

H X 

L L 

L L 

L H .... L 

L H .... L 

L H .... L 

L H .... L 

L H 

L --+H--+L L 

L--+H--+L L 

H--+L L 

U1-U2 = MT4C4001DJ 
U3 = MT4C1024DJ 

~ WE 

X X 

L H 

L L 

H .... L H 

H .... L H 

H .... L L 

H .... L L 

H X 

L H 

L L 

L X 
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OQ1-0Q4 

OQ5-0Q8 

Addresses 

IR Ie 

X X 

ROW COL 

ROW COL 

ROW COL 

n/a COL 

ROW COL 

n/a COL 

ROW n/a 

ROW COL 

ROW COL 

X X 

OQ1-8, 09, Q9 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

High Impedance 

Valid Data Out 

Valid Data In 

High Impedance 



ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) .......... O°C to +70°C 
Storage Temperature .................................. -55°C to + 150°C 
Power Dissipation ............................................................. 3W 
Short Circuit Output Current ..................................... 50mA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ::;; T A::;; 70°C; Vee = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE 09, CAS9 Ii -2 2 ~ 
Any Input OV ::;; VIN ::;; Vee 
(All other pins not under test = OV) AO-A9, RAS, WE Ii -6 6 ~ 

OUTPUT LEAKAGE 09 loz -10 10 ~ 
(0 is disabled, OV ::;; VOUT::;; Vcc) 

001-008 loz -12 12 ~ 
OUTPUT LEVELS VOH 2.4 V 1 
Output High (Logic 1) Voltage (lOUT = -5mA) 

Output Low (Logic 0) Voltage (lOUT = 5mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 

STANDBY CURRENT: TTL Input Levels Icc1 6 6 6 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: CMOS Input Levels Icc2 3 3 3 mA 
(RAS = CAS = Vee -0.2V) 

OPERATING CURRENT Icc3 280 250 220 mA 3,4 
(RAS and CAS = Cycling; IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc4 200 170 140 mA 3,4 
(RAS = VIL, CAS = Cycling; IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y ICC5 280 250 220 mA 3,4 
(RAS = Cycling; CAS = VIH; IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc6 280 250 220 mA 3,4 
(RAS and CAS = Cycling; IRC = IRC (MIN)) 
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CAPACITANCE 

PARAMETER 
Input Capacitance: AO-A9 

Input Capacitance: RAS, CAS, WE 

Input Capacitance: D 

Input/Output Capacitance: DO 

Output Capacitance: 0 

SYMBOL 
Cll 

CI2 

CI3 

Clio 

Co 

MIN MAX UNITS NOTES 
15 pF 18 

21 pF 18 

7 pF 18 

7 pF 18 

7 pF 18 

:s: ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS o (Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C :5: T A :5: +70°C; Vee = 5.0V ± 10%) 

C 
c: 
r m 

A.C. CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 

Access time from CAS 
Access time from column address 
Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold lime 

RAS precharge time 
CAS pulse width 
CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 

Row address setup time 
Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to "RAS) 

Column address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

-7 
SYM MIN MAX 
IRC 130 

'RWC nfa 

'PC 40 

'PRWC nfa 

'RAC 70 
'CAC 20 
'AA 35 

tc;PA 40 
'RAS 70 100,000 

'RASP 70 100,000 
'RSH 20 
'RP 50 

'CAS 20 100,000 
'CSH 70 
'CPN 10 
tc;P 10 

'RCD 20 50 
ICRP 5 
'ASR a 
'RAH 10 
IRAD 15 35 

'ASC a 
ICAH 15 
IAR 55 

'RAL 35 

'RCS a 
'RCH a 

IRRH a 

'CLZ a 
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-8 -10 
MIN MAX MIN MAX UNITS NOTES 
150 180 ns 

nfa nfa n/a 21 
45 55 ns 

nfa nfa n/a 21 

80 100 ns 14 
20 25 ns 15 
40 50 ns 
45 50 ns 

80 100,000 100 100,000 ns 

80 100,000 100 100,000 ns 
20 25 ns 

60 70 ns 

20 100,000 25 100,000 ns 

80 100 ns 

10 15 ns 16 
10 10 ns 
20 60 25 75 ns 17 
5 5 ns 

a a ns 
10 15 ns 

15 40 20 50 ns 18 

a a ns 

15 20 ns 

60 70 ns 

40 50 ns 

a a ns 

a a ns 19 

a a ns 19 

a a ns 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ~ T A ~ +70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Output buffer turn-off delay tOFF 0 20 0 20 0 20 ns 20 

WE command setup time WCS 0 0 0 ns 

Write command hold time WCH 15 15 20 ns 
Write command hold time WCR 55 60 70 ns 
(referenced to RAS) 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time 'CWL 20 20 25 ns 

Data-in setup time tDS 0 0 0 ns 
Data-in hold time tDH 15 15 20 ns 

Data-in hold time tDHR 55 60 70 ns 
(referenced to RAS) 

RAS to WE delay time tRWD n/a n/a n/a n/a 21 

Column address tAWD n/a n/a n/a n/a 21 
to WE delay time 

CAS to WE delay time 'CWO n/a n/a n/a n/a 21 

Transition time (rise or fall) tT 3 50 3 50 3 50 ns 5,16 

Refresh period (1,024 cycles) tREF 16 16 16 ms 20 
RAS to CAS precharge time tRPC 0 0 0 ns 19 

CAS setup time tCSR 10 10 10 ns 19 
(CAS-BEFORE-RAS REFRESH) 

CAS hold time 'CHR 15 15 15 ns 19 
(CAS-BEFORE-RAS REFRESH) 

OE hold time from WE during toEH n/a n/a n/a n/a 21 
READ-MODIFY-WRITE cycle 
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NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOl1s is required after power-up 
followed by any eight RAS REFRESH cycles (RAS
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the 16ms refresh 
requirement is exceeded. 

4. AC characteristics assume tr = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time' at which proper operation over the full 
temperature range (O°C ~ T A ~ 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and l00pF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

9. Assumes that IRCD ;:: IRCD (MAX). 
10. If CAS = VIH, data output is high impedance. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. IOFF (MAX) defines the time at which the output 

2-66 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
!RAc (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. IRCH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner . 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I d'/dvwith dv = 3V and Vee =5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, CAS must 
be pulsed HIGH for I(:P. Note 8 applies to determine 
valid data out. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY

WRITE cycles are not available due to OE being 
grounded on VI and V2. 
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I'IIIC::F::";!~ MT3D19 

, 
, 

-

I' 
tCRP , 

CAS 
VIH 
VIL =-' 

I' 
tASR , tRAH 

ADDR 
VIH 
VIL :i1111M ROW 

WE 
VIH 
VIL =WIIIIIIII~ 

l 
DO VOH 

VOL 
-

liAs VIH -
VIL 

'CAP 

CAS VIH -
VIL 

tASA tRAH 

ADDA VIH 
VIL ROW 

WE VIH 
VIL 

DO VIH 
VIL 

READCVCLE 

tRP ,I tRAS , , 
1 

\ 
tCSH 

tRSH tRRH 

tRCD teAs , , 

J 
tAR 

~ ~ -'.§77777}. 
~ COLUMN WIIIIIIIIIIIIIIIIIIIIII;0< 

• tRCS , tRCH , , 
1 

V, (/, 

tCAC 

tRAC ~OFF '.1 
OPEN VALID DATA 

EARL V-WRITE CVCLE 

tRC 

tRAS 

tCSH 

'ASH 

tRCD tCAS 

tAWL 

tWCR 

twcs tWCH 

twp 

tOHR 

tDS tDH 

VALID DATA 
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-C RAS 
VIH -
VIL _ 

:D 
l> 
i: CAS 

i: 
0 ADDR VIH 

VIL 

C c:: .... WE 

m 
DO VOH -

VOl 

ADDR ~:~ 

FAST-PAGE-MODE READ CYCLE 

'RAS 

'CSH 

'pc 

tRCD 'CAS tep teAS 'CP 

..2I. 

OPEN VALID 
DATA 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

'RAS 

teSH 
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IVIIC:Rg~ MT3D19 

tCRP 

I' 
, 

"---' 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AO - Ag ; WE = DON'T CARE) 

, 
, tRAS 'RP 

'1 
.tRPe .... 

1 

'-----I 

, 
1 

1 

ADDR ~i~ .--RO-W --k/$//$#&W'$j'#//#/$//////$;(~-RO-W --
IASR tRAH , . , 

DO ~g~ -::----------------OPEN--------------

"CAS"-BEFORE-RAS REFRESH CYCLE 
(Ao - Ag and WE = DON'T CARE) 

- VIH-
CAS VIL -:!..L.L.I..IL-_--"' ____ ----''.LLLLLLl.LLI.'..IL....._.:!L.. ______________ L-_ 

DO ~g~ -'-----------------OPEN---------------

liAS 

CAS 

ADDR 

DO 

VIH-
VIL_ 

'CRP 

VIH-
VIL_ 

VIH 
VIL 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 20 

(READ) 

'RAS 

'RSH 

(REFRESH) 

'RAS 

'CHR 

VOH-
VOL 

------OPEN----
1
:' ':CA:C====~:II--I-----V-A-LlD-D-AT-A-----I-!=:::N-
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DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 30-pin single-in-line 

package 
• High-performance, CMOS silicon gate process 
• Single 5V ± 10% power supply 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• Low power, 27mW standby; 2,025mW active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 1,024-cycle refresh distributed across 16ms 
• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70nsaccess 
80ns access 

• Packages 
Leadless 30-pin SIMM 
Leadless 30-pin SIMM (Gold) 
Leaded 30-pin SIP 

GENERAL DESCRIPTION 

-6 
-7 
-8 

M 
G 
N 

The MT9D49 is a randomly accessed solid-state memory 
containing 4,194,304 words organized in a x9 configuration. 
During READ or WRITE cycles, each bit is uniquely ad
dressed through the 22 address bits which are entered 11 
bits (AO-A1D) at a time. RASis used to latch the first 11 bits 
and CAS the latter 11 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE orCAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle. EARLY WRITE 
occurs when WE goes LOW prior to CAS going LOW, and 
the ouput remains open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address (AO-AI0) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

MT9D49 
AEV.1/91 2-71 

4 MEG x 9 DRAM 
FAST PAGE MODE 

Vee 
CAS 
D01 

AO 
A1 

D02 
A2 
A3 

Vss 
D03 

A4 
A5 

D04 
A6 
A7 

D05 
A8 
A9 

A10 
D06 
WE 
Vss 

D07 
PRD 
008 

09 
RAS 

CAS9 
09 

Vee 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 
(1-4) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

3: 12 
13 -t 
14 CO 
15 C 
16 .a:-

CO 17 3: 18 
19 C) 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Vee 
CAS 
D01 

AO 
A1 

D02 
A2 
A3 

Vss 
D03 

A4 
A5 

DQ4 
A6 
A7 

D05 
AS 
A9 

A10 
D06 
WE 
Vss 

DQ7 
PRD 
008 

09 
RAS 

CAS9 
09 

Vee 

30-Pin SIP 
(H-4) 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE
RAS, or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (AO -AlO) are executed at least every 16ms, 
regardless of sequence. 

Micron Technology, Inc., reserves the right to change products or specifications wllhout notice. 
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TRUTH TABLE 

Function 

Standby 

READ 

EARL V-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS Standard 

REFRESH 

FUNCTIONAL BLOCK DIAGRAM 

AO-A10 
RAS 
CAS 

W 

DO' D05 

D02 D06 

DQ3 D07 

D04---1"""I Dca -t--iHlllll1ri 

CAS9 ----t-t----t----j 

D9----t-t--------j 

~----~~------J 

V~-----~------~ 
U1-U9 - MT4C1004DJ 

Q9 

Addresses 

~ -eAS" ~ WE tR tA 

H X X X X X 

L L L H ROW COL 

L L L L ROW COL 

L H-+L H-+L H ROW COL 

L H-+L H-+L H nfa COL 

L H-+L H-+L L ROW COL 

L H-+L H-+L L nfa COL 

L H H X ROW nfa 

L-+H-+L L L H ROW COL 

L-+H-+L L L L ROW COL 

H-+L L L X X X 
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DQ1-8, D9, Q9 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

High Impedance 

Valid Data Out 

Valid Data In 

High Impedance 



ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 9W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under U Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :5 T A :5 70°C; Vcc = 5.0V ± 10%) 

PARAMETER!CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs V,H 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs V,L -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT A9, CAS9 II -2 2 IlA 
Any Input: OV :5 Y,N :5 6.5V 
(All other pins not under test = OV) AO-A10, WE, CAS, RAS " -18 18 IlA 
OUTPUT LEAKAGE CURRENT Q9 loz -10 10 IlA 
(Q is disabled, OV :5 VOUT :5 5.5V) 

DQ1-DQ8 loz -12 12 IlA 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT (TTL) lect 18 18 18 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT (CMOS) ICC2 9 9 9 mA 
(RAS = CAS = Vec -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 990 900 810 mA 3,4 
(RAS, CAS, Address Cycling: IRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 720 630 540 mA 3,4 
(RAS = VIL, CAS, Address Cycling: tpc = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Icc5 990 900 810 mA 3 
(RAS Cycling, CAS=V,H: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Icc6 990 900 810 mA 3 
(RAS, CAS, Address Cycling: IRC = tRC (MIN)) 
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CAPACITANCE 
PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A10 Cit 45 pF 2 

Input Capacitance: RAS, WE CI2 63 pF 2 

Input Capacitance: 09 CI3 7 pF 2 

Input/Output Capacitance: DO CIO 12 pF 2 

Output Capacitance: 09 Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (Vcc = 5.0V ± 10%) 

A.C. CHARACTERISTICS -6 -7 -8 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 110 130 150 ns 
READ-WRITE cycle time tRWC nfa nfa nfa nfa 24 
FAST-PAGE-MODE READ tpc 40 40 45 ns 
or WRITE cycle time 

FAST-PAGE-MODE READ-WRITE tpRWC nfa nfa nfa nfa 24 
cycle time 

Access time from RAS tRAC 60 70 80 ns 14 
Access time from CAS tCAC 15 20 20 ns 15 
Access time from column address tAA 30 35 40 ns 
Access time from CAS precharge tCPA 40 40 45 ns 25 
"I'iAS pulse width tRAS 60 100,000 70 100,000 80 100,000 ns 
RAS pulse width (FAST PAGE MODE) tRASP 60 100,000 70 100,000 80 100,000 ns 
RAS hold time tRSH 15 20 20 ns 
RAS precharge time tRP 45 50 60 ns 
CAS pulse width teAS 15 100,000 20 100,000 20 100,000 ns 
~holdtime tCSH 60 70 80 ns 
CAS precharge time tCPN 10 10 10 ns 16 
CAS precharge time (FAST PAGE MODE) tcp 10 10 10 ns 
RAS to CAS delay time tRCD 15 45 20 50 20 60 ns 17 
CAS to RAS precharge time tCRP 5 5 5 ns 
Row address setup time tASR 0 0 0 ns 
Row address hold time tRAH 10 10 10 ns 
"I'iAS to column tRAD 15 30 15 35 15 40 ns 18 
address delay time 

Column address setup time tASC 0 0 0 ns 
Column address hold time tCAH 10 15 15 ns 
Column address hold time tAR 50 55 60 ns 
(referenced to "I'iAS) 
Column address to tRAL 30 35 40 ns 
RAS lead time 

Read command setup time tRCS 0 0 0 ns 
Read command hold time tRCH 0 0 0 ns 19 
(referenced to CAS) 

Read command hold time tRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in Low-Z tCLZ 0 0 0 ns 
Output buffer turn-off delay toFF 0 20 0 20 0 20 ns 20 
wr; command setup time twcs 0 0 0 ns 21 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -6 -7 -8 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time 'WCH 10 15 15 ns 

Write command hold time 'WCR 45 55 60 ns 
(referenced to RAS) 

Write command pulse width IWp 10 15 15 ns 

Write command to RAS lead time IRWL 15 20 20 ns 

Write command to CAS lead time tcWL 15 20 20 ns 

Data-in setup time IDS 0 0 0 ns 21 

Data-in hold time IDH 10 15 15 ns 21 

Data-in hold time IDHR 45 55 60 ns 
(referenced to RAS) 

RAS to WE delay time IRWD n/a n/a n/a n/a 24 

Column address IAWD n/a n/a n/a n/a 24 
to WE delay time 

CAS to WE delay time tcWD n/a n/a n/a n/a 24 

Transition time (rise or fall) IT 3 50 3 50 3 50 ns 9, 10 

Refresh period (1,024 cycles) IREF 16 16 16 ms 

RAS to CAS precharge time IRPC 0 0 0 ns 

CAS setup time ICSR 10 10 10 ns 5 
(CAS-BEFORE-RAS REFRESH) 

CAS hold time ICHR 15 15 15 ns 5 
(CAS-BEFORE-RAS REFRESH) 
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NOTES 
1. 
2. 

3. 
4. 

5. 
6. 

7. 

B. 
9. 

All voltages referenced to Vss. 
This parameter is sampled. Capacitance is calculated 
from the equation C = I dtj dv with dv = 3V and Va:. = SV. 
Icc is dependent on cycle rates. 
Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 
Enables on-chip refresh and address counters. 
The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (DOC :5 T A :5 70°C) is assured. 
An initial pause of 100J.1s is required after power-up 
followed by any eight RAS refresh cycles (RAS-ONL Y 
or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the 16ms refresh 
requirement is exceeded. 
AC characteristics assume IT = Sns. 
Vrn (MIN) and VIL (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vrn and VIL (or between VIL 
and Vrn). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between Vrn and 
VIL (or between VIL and Vrn) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load eqUivalent to two TTL gates 

and 100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
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table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

lB. Operation within the tRAD (MAX) limit ensures that 
IRCD (MAX) can be met. IRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. All other inputs equal Vcc -O.2V. 
24. LATE-WRITE, READ-WRITE or READ-MODIFY

WRITE cycles are not available due to the common 
DQ configuration of UI-UB. 



RAS 
VIH -
VIL _ 

tCRP 

CAS 
VIH -
VIL -

ADDR 

WE 

DO 

RAS 
VIH -
VIL _ 

ICRP 

CAS VIH -
VIL _ 

READ CYCLE 

tRC 

tRAS 

tCSH 

tRSH 

tRCO teAS 

tAR 

EARLY-WRITE CYCLE 

ICSH 
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DO 

WE V'H 
V'L 

OQ VIH 
VIL 

FAST-PAGE-MODE READ CYCLE 

'RASP 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

'WCR 
tOHR 

~ I~ 'os 

VAUOOATA VAUOOATA 
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~-ONL Y REFRESH CYCLE 
(ADDR = AO - Ag; A10 and WE = DON'T CARE) 

, 
:1 . tRAS IRP 

'1' 1 

tCRP , ~I I' 
CAS ~:~ _ -----' '----! 

ADDR ~:e _r----Ro-W --bJl#/$#/1//#//$/#$/#/$/##ar----RO-W --

tASR tRAH , .' , , 

DO ~ge ----------------OPEN--------------

~-BEFORE-RAS REFRESH CYCLE 
(Ao - A10 and WE = DON'T CARE) 

- VIH-
C~ VIL -~~_~ ____ ~~uu~_~ _____________ ~ ___ 

DO ~g~---------------OPEN--------------

ADDR ~:r:: 

HIDDEN REFRESH CYCLE 
(WE = HIGH)23 

(READ) 
tRAS 

(REFRESH) 
IRAS 

DO ~gr-------OPEN-----~~~====~V~AL~ID~DA~TA~===j OPEN-
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DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 72-pin single-in-line 

package 
• High-performance CMOS silicon gate process. 
• Single 5V ±10% power supply 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• Low power, 24mW standby; 1,400mW active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 512-cycle refresh distributed across 8ms 
• Optional FAST PAGE MODE access cycle 

OPTIONS 
• Timing 

70ns access 
80ns access 
85ns access 
lOOns access 

• Packages 

MARKING 

- 7 
- 8 
-85 
-10 

Leadless 72-pin SIMM M 
Leadless 72 -pin SIMM (Gold) G 
Leaded 72-pin ZIP Z 

GENERAL DESCRIPTION 
The MT8D25632 is a randomly accessed solid-state 

memory containing 262,144 words organized in a x32 con
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 18 address bits which are 
entered 9 bits (AO -A8) at a time. RAS is used to latch the first 
9 bits and CAS the latter 9 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE orCAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address (AO-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

MTSD25632 
REV. 1191 2-81 

256K x 32 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM (1-5) 

~""""""''''''''''''''':!::::'''''''''''''''''''''''''''~ 1 M D n 

72-Pin ZIP (J-4) 

1_ = J 
~ 

36 37 72 

PIN. SYMBOL PIN. SYMBOL PIN* SYMBOL PIN. SYMBOL 
1 Vss 19 NC 37 NC 55 0012 
2 DOl 20 D05 38 NC 56 D028 
3 0017 21 0021 39 Vss 57 0013 
4 DQ2 22 006 40 CASlf 58 0029 
5 0018 23 0022 41 CJ\S2 59 Vee 
6 D03 24 007 42 CJ\S3 60 0030 
7 0019 25 0023 43 C7iS1 61 0014 
8 D04 26 008 44 RASlf 62 0031 
9 0020 27 D024 45 NC 63 D015 
10 Vee 28 A7 46 NC 64 D032 
11 NC 29 NC 47 WE 65 D016 
12 AD 30 Vee 48 NC 66 NC 
13 Al 31 A8 49 D08 67 PRDl 
14 A2 32 NC 50 0025 68 PR02 
15 A3 33 NC 51 0010 69 PR03 
16 A4 34 m2 52 D026 70 PRD4 
17 A5 35 NC 53 0011 71 NC 
18 A6 36 NC 54 0027 72 Vss 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ-
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE-
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-A8) are executed at least every 8ms, 
regardless of sequence. 

MIcron Technology, Inc., reserves the right to change products or specHlcations without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

001 , •••.••.•••.•••••••••••••• OOB 

....------1 WE 

....----1 CAS 

RAS 

CAsa --/---4*""--
CAS1 --/--1---
RAsa --/-........ ---

U1 

001-4 

...-----1 WE 

.-----iCAS 

RAS 

U2 

0017 , ••••••••••••••••••.•••• 0024 

001-4 

WE 

CAS 

RAS 

CAS2 --/~*""--
CAS3 --/--1---
RAS2 --/-........ ---

AO--AB 

US 

001-4 

WE 
U6 

CAS 

RAS 
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009 ' •••.••••••••••••••••••••. 0016 

001-4 001-4 

WE WE 
U3 U4 

CAS CAS 

RAS RAS 

001-4 001-4 

WE WE 
U7 U8 

CAS CAS 

RAS RAS 

U1-UB = MT4C42560J 



TRUTH TABLE 

Function lIAS' ~ 

Standby H X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE- 1st Cycle L H--+L--+H 

MODE READ 2nd Cycle L H-L-H 

FAST-PAGE- 1st Cycle L H-L-H 

MODE WRITE 2nd Cycle L H-L-H 

RAS-ONL Y REFRESH L H 

HIDDEN READ L-H-L L 

REFRESH WRITE L-H-L L 

CAS-BEFORE-RAS H-L L 

REFRESH 

PRESENCE DETECT 

SYMBOL -7 

PRD1 NC 

PRD2 NC 

PRD3 VSS 

PRD4 VSS 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Plastic) .................... -SSOC to + ISO°C 
Power Dissipation .............................................................. 8W 
Short Circuit Output Current ...................................... SOmA 

Addresses 

W£ tR tc DQ1-32 

X X X High Impedance 

H ROW COL Valid Data Out 

L ROW COL Valid Data In 

H ROW COL Valid Data Out 

H n/a COL Valid Data Out 

L ROW COL Valid Data In 

L n/a COL Valid Data In 

X ROW n/a High Impedance 

H ROW COL Valid Data Out 

L ROW COL Valid Data In 

X X X High Impedance 

-8 -85 -10 

VSS VSS VSS 

NC NC NC 

VSS NC VSS 

NC VSS VSS 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C S; T A S; 70°C; Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -2.0 O.B V 1,22 

INPUT LEAKAGE CURRENT 
Any input: OV S; VIN S; Vcc AO-AB, WE II -16 16 J.lA 
(All other pins not under test = OV) For each package input 

OUTPUT LEAKAGE CURRENT DQ1-DQ32 loz -12 12 J.lA 
(Q is disabled, OV S; VOUT S; Vee) For each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 1 
Output Low Voltage (lOUT = SmA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8, -85 -10 UNITS NOTES 

OPERATING CURRENT Icc1 640 560 4BO mA 2 
(RAS and CAS = Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE lec2 4BO 400 320 mA 2 
(RAS = VIL, CAS = Cycling: IpC = IpC (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH Icc3 16 16 16 mA 
after B RAS cycles (MIN)) 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = CAS = Vee -0.2V Icc4 B B B mA 
after B RAS cycles (MIN)). (All other inputs at Vce -0.2V or Vss +0.2V) 

REFRESH CURRENT: RAS-ONL Y Icc5 640 560 4BO mA 2 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc6 640 560 4BO mA 2 
(RAS and CAS = Cycling) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-AB CI1 40 pF 17 

Input Capacitance: WE CI2 56 pF 17 

Input Capacitance: RASO CI3 2B pF 17 

Input Capacitance: CASO-CAS3 CI4 14 pF 17 

InpuVOutput Capacitance: DQ1-DQ32 CIO 7 pF 17 

2-84 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 16, 17) (O°C ~ TA ~ 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8,-85 -10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE eycle time tRC 135 150 180 ns 6, 7 
FAST-PAGE-MODE cycle time tpc 40 45 55 ns 6, 7 
Access time from RAS tRAC 70 80 100 ns 7,8 

Access time from CAS tCAC 20 20 25 ns 7,9 

RAS pulse width tRAS 70 100,000 80 100,000 100 100,000 ns 
RAS hold time tRSH 20 20 25 ns 

RAS" precharge time tRP 50 60 70 ns 
CAS pulse width tCAS 20 100,000 20 100,000 25 100,000 ns 
CAS hold time tCSH 70 80 100 ns 

CAS precharge time tCPN 10 10 15 ns 18 
CAS precha!ge time (FAST PAGE MODE) tcp 10 10 10 ns 
RAS to CAS delay time tRCD 20 40 20 60 25 75 ns 13 
CAS to RAS setup time tCRP 5 5 5 ns 
Row address setup time tASR 0 0 0 ns 
Row address hold time tRAH 10 10 15 ns 

Column address setup time tASC 0 0 0 ns 
Column address hold time tCAH 15 15 20 ns 
Column address hold time tAR 55 60 70 ns 
referenced to RAS 

Read command setup time IRCS 0 0 0 ns 

Read command hold time tRCH 0 0 0 ns 14 
referenced to CAS 
Read command hold time IRRH 0 0 0 ns 
referenced to RAS 

Output buffer turn-off delay toFF 0 20 0 20 0 20 ns 12 
WE command setup time twcs 0 0 0 ns 

Write command hold time twCH 15 15 20 ns 
Write command hold time twCR 55 60 75 ns 
referenced to RAS 

Write command pulse width twp 15 15 20 ns 
Write command to RAS lead time IRWL 20 20 25 ns 

Write command to CAS lead time tcWL 20 20 25 ns 

Data-in setup time tDS 0 0 0 ns 15 
Data-in hold time tDH 15 15 20 ns 15 
Data-in hold time tDHR 55 60 75 ns 
referenced to RAS 

Transition time (rise or fall) IT 3 50 3 50 3 50 ns 16 

Refresh period (256 cycles) tREF 8 8 8 ms 20 

CAS hold time tcHR 15 15 15 ns 19 
(CAS-before-"RAS" REFRESH) 

CAS setup time tCSR 10 10 10 ns 19 
(CAS-BEFORE-RAS REFRESH) 

RAS to CAS precharge time tRPC 0 0 0 ns 19 
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NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOl1s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the Bms refresh 
requirement is exceeded. 

4. AC characteristics assume toy = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C $ T A $ 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

B. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = VIH, data output is high impedance. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. IOFF (MAX) defines the r..me at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
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lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAC. 

14. IRCH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt / dv with dv = 3V 
and Vcc=5V. 

lB. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for ICP. Note S applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY

WRITE cycles are not available due to OE being 
grounded on UI-US. 

22. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -l.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-O.3V signal of any duration is presented (DC). 
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ADDR 

DO 

RAS 

CAs 

ADDR 

vrH _-------,1 
VrL _ 

'CRP 

VrH -
VrL 

'CRP 

VrH -
VrL 

'ASR 

VrH 
VrL ROW 

'RAH 

READ CYCLE 

'RAS 

'CSH 

'RRH 

'RCD teAS 

EARLY-WRITE CYCLE 
'RC 

'RAS 

'CSH 

IRSH 

'RCD 'CAS 

ROW 

1RWL 

'WCR 

'WCS IWCH 

twp 

'DHR 

DO ~:r 
~~~~~~'_Ds_.I_I'_'DH_:1 

VALID DATA _ 
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CAS VIH -
VIL 

ADDR VIH -
V IL 

WE VIH 
VIL 

DQ VOH -
VOL 

RAS ~:e ----------.. 

FAST-PAGE-MODE READ CYCLE 

tCSH 

OPEN VALID 
DATA 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

~ _____________________________ t~~~ ________________________________ -"II' tRP 'I 

tcSH 
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tCRP 

I' 

:--' 

~-ONL Y REFRESH CYCLE 
(ADDR = AO - A7; AS and WE = DON'T CARE) 

, 'RAS 'RP 

. J 
. ,tRP" __ 1 

~ 

1 

J 

ADDR ~:~ _~-RO-W --iw!l//$$/$/ff,$'/$#!I!I,$'//,$'!1<~--RO-W --
'ASR 'RAH . . . . 

DO ~g~ -:-----------------OPEN---------------

RAS 

CAS 

VIH -
Vil -

VIH -
Vil -

CAS-BEFORE-RAS REFRESH CYCLE 
(Ao - As' WE = DON'T CARE) 

DO 
VOH 
VOL ----------------OPENI---------------

RAS 

CAS 

ADDR 

DO 

VIH-
Vll-

VIH 
Vil 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 20 

(READ) 

'RAS 

(REFRESH) 

'RAS 

tCHR 

VOH-
VOL 
------ OPEN---~:::~~~~-:~I------V-Al-ID-D-AT-A-----I---,!=:::N-
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DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 72-pin single-in-line 

package 
• High-performance CMOS silicon gate process. 
• Single 5V ±10% power supply 
• All inputs, outputs and clocks are fully TIL and 

CMOS compatible 
• Low power, 4SmW standby; 2,SOOmW active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HlDDEN 
• 512-cycle refresh distributed across Sms 
• Optional FAST PAGE MODE access cycle 

OPTIONS 
• Timing 

70ns access 
SOns access 
S5ns access 
lOOns access 

• Packages 

MARKING 

- 7 
- S 
-S5 
-10 

Leadless 72 -pin SIMM M 
Leadless 72-pin SIMM (Gold) G 
Leaded 72-pin ZIP Z 

GENERAL DESCRIPTION 
The MT16D51232 is a randomly accessed solid-state 

memory containing 524,2SS words organized in a x32 con
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the IS address bits which are 
entered 9 bits (AO -AS) at a time. RAS is used to latch the first 
9 bits and CAS the latter 9 bits. READ or WRlTE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRlTE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going LOW, 
the output pin(s) remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address (AO-AS) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 

MT16D51232 
REV. 1191 2-91 

512K x 32 DRAM 
FAST PAGE MODE 

PIN. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

PIN ASSIGNMENT (Top View) 
72-Pin SIMM (1-6) 

72-Pin ZIP (J-5) 

36 37 72 

SYMBOL PIN. SYMBOL PIN. SYMBOL PIN. SYMBOL 
Vss 19 NG 37 NG 55 0012 
001 20 005 38 NG 56 0028 
0017 21 0021 39 Vss 57 0013 
002 22 006 40 l:l\M 58 0029 
0018 23 0022 41 ~ 59 Vee 
003 24 007 42 m-r 60 0030 
0019 25 0023 43 "CASf 61 0014 
004 26 008 44 ~ 62 0031 
0020 27 0024 45 "RJ\Sf 63 0015 
Vee 28 A7 46 NG 64 0032 
NG 29 NG 47 WE" 65 0016 
AO 30 Vee 48 NG 66 NG 
A1 31 A8 49 009 67 PR01 
A2 32 NG 50 0025 68 PR02 
A3 33 ~ 51 0010 69 PR03 
A4 34 ~ 52 0026 70 PR04 
A5 35 NG 53 0011 71 NG 
A6 36 NG 54 0027 72 Vss 

be toggled-in by holding RAS LOW and strobing-in differ
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST-PAGE
MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-AS) are executed at least every Sms, 
regardless of sequence. 

Micron Technology. Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

DOl .........•••..•••...•••... DOB 

ttl t t t t t 
DQ1·4 DQ1-4 

WE 
U, 

CAS 

RAS 

D017 ....................... 0024 

tl t t tl t t 
DQ1-4 OQ1-4 

WE WE 
US U6 

CAS CAS 

RAS RAS 

.0 .... liliiiililiiii 
DOl .......................... DOB 

D017 ....................... DQ24 

tl t t 
DQ1-4 

f----jWE 

CAS 

RAS 

AD-AII liliiiililiiii 

U13 

t tt t 
001-4 

U14 

2-92 

DOg ··························D016 

D025 ........................ DOO2 

tl t t t tt t 
001-4 001-4 

WE WE 
U7 U8 

CAS CAS 

RAS RAS 

DQ9 .............. • .......... 0016 

D025 ........................ DOO2 

tttt tt t t 
DO' -4 001-4 

WE WE 
U1S U16 

CAS CAS 

RAS RAS 

-= 

Ul·U16. MT4C4256DJ 
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TRUTH TABLE 

Function "RAS "CAS 

Standby H X 

READ L L 

EARL V-WRITE L L 

FAST-PAGE- 1st Cycle L H-+L-+H 

MODE READ 2nd Cycle L H-+L-+H 

FAST-PAGE- 1st Cycle L H-+L-+H 

MODE WRITE 2nd Cycle L H-+L-+H 

RAS-ONL V REFRESH L H 

HIDDEN READ L -+H-+L L 

REFRESH WRITE L-+H-+L L 

CAS-BEFORE-RAS H-+L L 

REFRESH 

PRESENCE DETECT 

SYMBOL -7 

PRD1 VSS 

PRD2 VSS 

PRD3 NC 

PRD4 NC 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Plastic) .................... -S5°C to + ISO°C 
Power Dissipation ............................................................ I6W 
Short Circuit Output Current ...................................... SOmA 

Addresses 

WE IR Ie DQ1-32 

X X X High Impedance 

H ROW COL Valid Data Out 

L ROW COL Valid Data In 

H ROW COL Valid Data Out 

H n/a COL Valid Data Out 

L ROW COL Valid Data In 

L n/a COL Valid Data In 

X ROW n/a High Impedance 

H ROW COL Valid Data Out 

L ROW COL Valid Data In 

X X X High Impedance 

-8 -85 -10 

NC NC NC 

VSS VSS VSS 

VSS NC VSS 

NC VSS VSS 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is notimplied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ~ T A ~ 70°C; Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vec 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -2.0 O.S V 1,22 

INPUT LEAKAGE CURRENT 
Any Input: OV ~ VIN ~ Vee AO-AS, WE II -32 32 ~ 
(All other pins not under test = OV) For each package input 

OUTPUT LEAKAGE CURRENT 001-32 loz -24 24 ~ 
(0 is disabled, OV ~ VOUT ~ Vee) For each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 1 
Output Low Voltage (lOUT = 5mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8, -85 -10 UNITS NOTES 

OPERATING CURRENT Icc1 656 576 496 rnA 2 
(RAS and CAS = Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE ICC2 496 416 336 rnA 2 
(RAS = VIL, CAS = Cycling: tpc = tpc (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH Icc3 32 32 32 rnA 
after S RAS cycles (MIN)) 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = CAS = Vce -0.2V Icc4 16 16 16 rnA 
after S RAS cycles (MIN)). (All other inputs at Vee -0.2V or Vss +0.2V) 

REFRESH CURRENT: RAS-ONL Y Ice5 656 576 496 rnA 2 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS ICC6 656 576 496 rnA 2 
(RAS and CAS = Cycling) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-AS CI1 SO pF 17 

Input Capacitance: WE CI2 112 pF 17 

Input Capacitance: CASO-CAS3, RASO-RAS3 CI4 2S pF 17 

InpuVOutput Capacitance: 001-0032 CIO 14 pF 17 

2-94 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 16, 17) (ODC :0; T A :0; 70DC; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8,85 -10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time IRC 135 150 180 ns 6, 7 

FAST-PAGE-MODE cycle time IpC 40 45 55 ns 6,7 

Access time from RAS IRAC 70 80 100 ns 7,8 

Access time from CAS ICAC 20 20 25 ns 7,9 

RAS· pulse width IRAS 70 100,000 80 100,000 100 100,000 ns 

RAS hold time IRSH 20 20 25 ns 

RAS precharge time IRP 50 60 70 ns 

CAS pulse width ICAS 20 100,000 20 100,000 25 100,000 ns 

CAS hold time ICSH 70 80 100 ns 

CAS precharge time ICPN 10 10 15 ns 18 

CAS precharge time (FAST PAGE MODE) ICp 10 10 10 ns 

RAS to CAS delay time IRCD 20 40 20 60 25 75 ns 13 
CAS to RAS setup time ICRP 5 5 5 ns 

Row address setup time IASR 0 0 0 ns 

Row address hold time IRAH 10 10 15 ns 

Column address setup time IASC 0 0 0 ns 

Column address hold time ICAH 15 15 20 ns 

Column address hold time IAR 55 60 70 ns 
referenced to RAS 

Read command setup time IRCS 0 0 0 ns 

Read command hold time IRCH 0 0 0 ns 14 
referenced to CAS 

Read command hold time IRRH 0 0 0 ns 
referenced to RAS 

Output buffer turn-off delay toFF 0 20 0 20 0 20 ns 12 

WE command setup time twcs 0 0 0 ns 

Write command hold time twCH 15 15 20 ns 

Write command hold time twCR 55 60 75 ns 
referenced to RAS 

Write command pulse width IWp 15 15 20 ns 

Write command to RAS lead time IRWL 20 20 25 ns 

Write command to CAS lead time tcWL 20 20 25 ns 

Data-in setup time IDS 0 0 0 ns 15 

Data-in hold time IDH 15 15 20 ns 15 

Data-in hold time IDHR 55 60 75 ns 
referenced to "Fijl$ 

Transition time (rise or fall) IT 3 50 3 50 3 50 ns 16 

Refresh period (256 cycles) IREF 8 8 8 ms 20 

CAS hold time tcHR 15 15 15 ns 19 
(CAS-before-RAS REFRESH) 

CAS setup time ICSR 10 10 10 ns 19 
(CAS-BEFORE-RAS REFRESH) 

RAS to CAS precharge time IRPC 0 0 0 ns 19 

2-95 

-C 
:D » s:: 
s:: 
o c 
c: 
rm 



-C 
:::D » s::: 
s::: o c 
C 
rm 

I'IIIC:I=:";;;~~ MT16D51232 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100115 is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

4. AC characteristics assume tr = Sns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :0; T A :0; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and WOpp. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD::: IRCD (MAX). 
10. If CAS = VIH, data output is high impedance. 
11. If CAS = V IL, data output may contain data from the 

last valid READ cycle. 
12. 'OFF (MAX) defines the tiTne at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 

a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

14. IRCH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica
tion, all input signals must transit between Vru and 
VIL (or between VIL and Vru) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I d'j dv with dv = 3V 
and Vcc=SV. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, 
CAS must be pulsed HIGH for l(:P. Note 8 applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 

2-96 

21. LATE-WRITE, READ-WRITE or READ-MODIFY
WRITE cycles are not available due to OE being 
grounded on U1-U16. 

22. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not {Hore negative than -1.5V for a period of less than 
20ns and the signal's total duration is 2Sns or less; or a 
-O.3V signal of any duration is presented (DC). 
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RAS 
V,H 
V,L 

tCRP 

CAS 
V1H -
VIL -

tASR 

ADDR 
V,H 
V,L 

WE 

OQ VOH -
VOL 

RAS 
V,H -
V,L -

tCRP 

CAS V,H -
V,L 

ADDR V,H 
V,L 

WE ~:r 

DO ~:r 

READ CYCLE 

'RC 

tRAS 

tCSH 

tASH 

tRCO tCAS 

'AR 

'CAG 

:j tRAG 

OPEN 

EARLY-WRITE CYCLE 

'RC 

tCSH 

'RCD tCAS 

tAR 

~'O_S _,I _I,_'OH_:1 

VALID DATA 
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tRRH 

tOFF 

VALID O:TA '~ 

ROW 

OPEN 

~ DON'TeARE 

~ UNDEFINED 
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RAS 
VIH -
VIL _ 

~ 

CAS VIH -
VIL _ 

AOOR VIH 
VIL 

WE 

DO 
VOH -
VOL 

FAST-PAGE-MODE READ CYCLE 

tRAS 

tCSH 

OPEN ---------{ ~¥2 }--------{ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tcsH 
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ICRP 

I' 
"----I 

~-ONL Y REFRESH CYCLE 
(ADDR = AO - A7; AS and WE = DON'T CARE) 

, 
IRAS IRP 

1 
, .'RP~l 

"-------I 

'J 
I 
\ 

ADDR ~:~ .--RO-W --kffff)i$)i/$/)i/)i#$)i////)i$)i/!/;Xr----RO-W --

IASR lRAH . , I. . 

DO ~g~ -'---------------OPEN--------------

RAS 

CAS 

VIH -
VIL -

~-BEFORE-~ REFRESH CYCLE 
(AO - As' WE = DON'T CARE) 

DO 
VOH -
VOL 

'----------------OPENI---------------

RAs 

CAS 

ADDR 

DO 

VIH-
VIL-

VIH 
VIL 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 20 

(READ) 

IRAS 

(REFRESH) 

IRAS 

'-------- OPEN--------:fl"-=========~V~AL~ID~D;,A_T-:;:A_ -_ -_-_ -_ -_ -_ -_1 __ VOH-
VOL -

2-99 

~ DON'T CARE 

~ UNDEFINED 

-C 
:0 
l> 
3: 
3: 
o 
c 
c: 
rm 



-C 
::rJ 
:l=s:: 
s:: 
o c 
c: 
r
m 

I'I'IC:I="~~ MT16D51232 

2-100 



I'II"=I=II;~~ MT8D132 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in an-pin single-in-line 

package 
• High-performance CMOS silicon gate process. 
• Single 5V ±10% power supply 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• Low power, 24mW standby; 1,800mW active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 1,024-cycle refresh distributed across 16ms 
• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

70ns access - 7 
80ns access - 8 
lOOns access -10 

• Packages 
Leadless 71 -pin SIMM M 
Leadless 71-pin SIMM (Gold) G 
Leaded 71-pin ZIP Z 

GENERAL DESCRIPTION 
The MT8D132 is a randomly accessed solid-state memory 

containing 1,048,576 words organized in a x32 configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits which are entered 10 
bits (AO -A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE orCAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address (AO-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

MTBD132 
REV. 1/91 2-101 

1 MEG x 32 DRAM 
FAST PAGE MODE _ 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM (1-5) 

~""",,,,,,,,,,,,,,,,,,,!!!!:,':':""Iii!,,,,,,,,,,,,,,,,,,,,,~1 
1 36 37 72 

72-Pin ZIP (J-4) 

~~=:::::J 
1 36 37 72 

PIN II SYMBOL PIN. SYMBOL PINII SYMBOL PIN. SYMBOL 
1 Vss 19 NC 37 NC 55 0012 
2 001 20 005 38 NC 56 0028 
3 D017 21 0021 39 Vss 57 0013 
4 002 22 006 40 CJiSO 58 0029 
5 0018 23 0022 41 CAS2 59 Vee 
6 003 24 D07 42 ~ 60 0030 
7 0019 25 0023 43 Cl\Sf 61 0014 
8 004 26 D08 44 lViSO 62 0031 
9 0020 27 0024 45 NC 63 0015 
10 Vee 28 A7 46 NC 64 0032 
11 NC 29 NC 47 WE" 65 0016 
12 AO 30 Vee 48 NC 66 NC 
13 A1 31 A8 49 009 67 PR01 
14 A2 32 A9 50 0025 68 PR02 
15 A3 33 NC 51 0010 69 PRD3 
16 A4 34 ~ 52 0026 70 PR04 
17 A5 35 NC 53 0011 71 NC 
18 A6 36 NC 54 0027 72 Vss 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip currentto a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE
RAS, or HIDDEN REFRESH) so that all 1,024 combinations 
ofRAS addresses (AO-A9) are executed at least every 16ms, 
regardless of sequence. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

001 .......................... 008 

.----;WE 

r---;CAS 

RAS 

CASO ---;r-~----
CAS1 ---;r-~----
RASO ---;r-~-----

U1 

001 -4 

t--------I WE 

r----; CAS 

RAS 

CAS2 ---;r-~----
CAS3 ---;r-~----
RAS2 ---;r-~-----

AfJ-A9 

us 

001 ·4 

...-----1 WE 

r---;CAS 

RAS 

U2 

2-102 

009 ·························0016 

001-4 

...-----1 WE 

r---;CAS 

RAS 

U3 
...-------1 WE 

r----; CAS 

RAS 

U4 

0025 ························0032 

001 -4 001-4 

WE WE 
U7 U8 

CAS CAS 

RAS RAS 

U1·U8 = MT4C40010J 



TRUTH TABLE 
Addresses 

Function lIAS" ~ WE tR tc DQ1-32 

Standby H X X X X High Impedance 

READ L L H ROW COL Valid Data Out 

EARL V-WRITE L L L ROW COL Valid Data In 

FAST-PAGE- 1st Cycle L H-L H ROW COL Valid Data Out 

MODE READ 2nd Cycle L H-L H n/a COL Valid Data Out 

FAST-PAGE- 1st Cycle L H-L L ROW COL Valid Data In 

MODE WRITE 2nd Cycle L H-L L n/a COL Valid Data In 

RAS-ONL V REFRESH L H X ROW n/a High Impedance 

HIDDEN READ L-H-L L H ROW COL Valid Data Out 

REFRESH WRITE L-H-L L L ROW COL Valid Data In 

CAS-BEFORE-RAS H-L L X X X High Impedance 

REFRESH 

PRESENCE DETECT 

SYMBOL -7 

PRD1 NC 

PRD2 VSS 

PRD3 VSS 

PRD4 NC 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Plastic) .................... -SSOC to + ISO°C 
Power Dissipation .............................................................. 8W 
Short Circuit Output Current ...................................... SOmA 

2-103 

-8 -10 

VSS NC 

VSS NC 

NC NC 

VSS NC 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ~ T A ~ 70°C; Vcc = 5.0V ± 10%) 

PARAMETER!CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 O.S V 1 

INPUT LEAKAGE CURRENT 
Any input: OV ~ VIN ~ Vcc AO-AS, WE II -16 16 f.1A 
(All other pins not under test = OV) For each package input 

OUTPUT LEAKAGE CURRENT 001-0032 loz -12 12 f.1A 
(0 is disabled, OV ~ VOUT ~ Vcc) For each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 1 
Output Low Voltage (lOUT = 5mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 

OPERATING CURRENT Icct SOO 720 640 mA 2 
(RAS and CAS = Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc2 560 4S0 400 mA 2 
(RAS = VIL, CAS = Cycling: IpC = IpC (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH Icc3 16 16 16 mA 
after S RAS cycles MIN) 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = CAS = Vcc -0.2V Icc4 S S S mA 
after S RAS cycles MIN All other inputs at Vcc -0.2V or Vss +0.2V) 

REFRESH CURRENT: RAS-ONL Y Icc5 SOO 720 640 mA 2 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS" Icc6 SOO 720 640 mA 2 
(RAS and CAS = Cycling) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-AS Cit 40 pF 17 

Input Capacitance: WE CI2 56 pF 17 

Input Capacitance: RASO, RAS2 CI3 2S pF 17 

Input Capacitance: CASO, CASO, CAS2, CAS3 CI4 14 pF 17 

Input/Output Capacitance: 001-0032 CIO 7 pF 17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 16, 17) (O°C :s; T A :s; 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS ·7 ·8 ·10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time IRC 130 150 180 ns 6,7 

FAST·PAGE·MODE cycle time IpC 40 45 55 ns 6, 7 
Access time from RAS IRAC 70 80 100 ns 7,8 

Access time from CAS ICAC 20 20 25 ns 7,9 

RAS pulse width IRAS 70 100,000 80 100,000 100 100,000 ns 
RAS hold time IRSH 20 20 25 ns 

RAS precharge time IRP 50 60 70 ns 

CAS pulse width teAS 20 100,000 20 100,000 25 100,000 ns 

CAS hold time ICSH 70 80 100 ns 

CAS precharge time ICPN 10 10 15 ns 18 

CAS precharge time (FAST PAGE MODE) ICp 10 10 10 ns 
RAS to CAS delay time IRCD 20 50 20 50 25 75 ns 13 

CAS to RAS setup time ICRP 5 5 20 ns 
Row address setup time IASR 0 0 0 ns 
Row address hold time IRAH 10 10 15 ns 

Column address setup time IASC 0 0 0 ns 

Column address hold time ICAH 15 15 20 ns 
Column address hold time IAR 55 60 70 ns 
referenced to RAS 

Read command setlJPtime IRCS 0 0 0 ns 

Read command hold time IRCH 0 0 0 ns 14 
referenced to CAS 

Read command hold time IRRH 0 0 0 ns 
referenced to RAS 

Output buffer turn·off delay toFF 0 20 0 20 0 20 ns 12 

WE command setup time twcs 0 0 0 ns 

Write command hold time twCH 15 15 20 ns 

Write command hold time twCR 55 60 75 ns 
referenced to RAS 
Write command pulse width IWP 15 15 20 ns 
Write command to RAS lead time IRWL 20 20 25 ns 

Write command to CAS lead time teWL 20 20 25 ns 

Data-in setup time IDS 0 0 0 ns 15 
Data-in hold time IDH 15 15 20 ns 15 

Data-in hold time IDHR 55 60 75 ns 
referenced to RAS 
Transition time (rise or fall) IT 3 50 3 50 3 50 ns 16 

Refresh period (256 cycles) IREF 16 16 16 ms 20 

CAS hold time teHR 15 15 15 ns 19 
(CAS·BEFORE·RAS REFRESH) 

cAs setup time ICSR 10 10 10 ns 19 
(CAS·BEFORE·RAS REFRESH) 

RAS-to·CAS precharge time IRPC 0 0 0 ns 19 
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NOTES 
1. All voltages referenced to Vss. 
2. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100lls is required after power-up 
followed by any eight RAS REFRESH cycles (RAS
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the 16ms refresh 
requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (DOC S; T A S; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD;::: IRCD (MAX). 
10. If CAS = VIH, data output is high impedance. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. IOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by !CAC. 

14. IRCH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I dt/ dv with dv = 3V and Vee = SV. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data out buffer, CAS 
must be pulsed HIGH for ICp. Note 8 applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = WW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY

WRITE cycles are not available due to OE being 
grounded on U1-U8. 
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READ CYCLE 

tRC -tRAS tAP 

AAS 
VIH -
VIL _ C 

tCSH :EI 
tRSH tRRH l> tCAP tRCD tCAS 

== VIH -
CAS VIL -

== tABA tRAH 

0 
ADDA 

VIH 
AOW C VIL _ 

c:: 
WE r-

I. tCAC 

'I 
m 

tRAe tOFF 

DO VOH - OPEN VALlD:TZ3 OPEN VOL 

EARLY-WRITE CYCLE 

tAC 

tRAS tAP 

AAs VIH -
VIL 

tCSH 

tRSH 

tCAP tACD tCAS 

CAS VIH -
VIL 

tASR tAAH 

ADDA VIH 
VIL AOW AOW 

tAWL 

tWCA 

twcs tWCH 

twp 

WE VIH 
VIL 

.1 I. 
tDHA 

:~ tDS tDH 

DO VIH VALID DATA VIL 

~ DON'TeARE 

~ UNDEFINED 
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ADDR ~lr 

FAST-PAGE-MODE READ CYCLE 

tRAS 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tCSH 
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, tCRP , 
I 

CAS ~:~ _ ~ 

~-ONL Y REFRESH CYCLE 
(ADDR = Ao - Ag; WE = DON'T CARE) 

tRAS tRP , -I . 
I 
~ 

"-----! 

,I 
I 
\ 

ADDR ~:~ .--RO-W --b//////§///$$/§/#§§/////§!I$/J;?(~-RO-W --

tASA tRAH . , I. , 

DO ~g~ ---------------OPEN--------------

tRP 

.~ 
tRPe 

tcPN I~ 

~-BEFORE-"RAS REFRESH CYCLE 
(AO - Ag, WE = DON'T CARE) 

tRAS tRP tRAS 

1 i 
"'~b 

tRPC tcSR 

Y 
~ 

DO ~g~ -'---------------OPEN--------------

ADDR ~:r 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 20 

(READ) 
tRAS 

(REFRESH) 
tRAS 

DO ~gr -'---____ OPEN---_____ :jr-------V-AL-ID-DA-:r-A -----.J 
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DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 72-pin single-in-line 

package 
• High-performance, CMOS silicon gate process. 
• Single 5V ±10% power supply 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• Low power, 48mW standby; 3600mW active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS and 

HIDDEN 
• 1,024-cycle refresh distributed across 16ms 
• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

70ns access - 7 
80ns access - 8 
lOOns access -10 

• Packages 
Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (Gold) G 
Leaded 72-pin ZIP Z 

GENERAL DESCRIPTION 
TheMT16D232is a randomly accessed solid-state memory 

containing 2,097,152 words organized in a x32 configura
tion. During READ or WRITE cycles each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRlTE~cle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY
WRITE occurs when WE goes LOW prior to CAS going 
LOW, the output pin(s)remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address (AO-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 

MT16D232 
REV. 1191 2-111 

2 MEG x 32 DRAM 
FAST PAGE MODE .. 

PIN ASSIGNMENT (Top View) 

72·Pin SIMM (1-6) 

~~"II!"II!"IiI!IiiIIiiI"":j~::""IiiIII!IiiI"IiiI""",~1 1 36 37 72 

72·Pin ZIP (J-5) 

=~= 1~lilil 
1 36 37 72 

PiNt SYMBOL PIN' SYMBOL PIN. SYMBOL PINt SYMBOL 
1 Vss 19 NC 37 NC 55 0012 
2 001 20 005 38 NC 56 0028 
3 DOH 21 0021 39 Vss 57 0013 
4 002 22 006 40 CASO 58 0029 
5 0018 23 0022 41 m2 59 Vee 
6 003 24 007 42 CJ\S3 60 0030 
7 0019 25 0023 43 Cl\S1 61 0014 
8 004 26 008 44 R7iSO 62 0031 
9 0020 27 0024 45 ro\Sf 63 0015 
10 Vee 28 A7 46 NC 64 0032 
11 NC 29 NC 47 WE" 65 0016 
12 AO 30 Vee 48 NC 66 NC 
13 A1 31 A8 49 009 67 PR01 
14 A2 32 A9 50 0025 68 PR02 
15 A3 33 RAS3 51 0010 69 PR03 
16 A4 34 ~ 52 0026 70 PR04 
17 AS 35 NC 53 0011 71 NC 
18 A6 36 NC 54 0027 72 Vss 

be toggled-in by holding RAS LOW and strobing-in differ
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE
RAS, or HIDDEN REFRESH) so that all 1,024 combination 
of RAS addresses (AO -A9) are executed at least every 16ms, 
regardless of sequence. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

D01 .••••••••••••••••••••••••• DOS 

II 1 
001-4 

WE 

CAS 

AAS 

CA!lO --+ ..... +--
CAS1 --+-+--
RAsO --+-..... --

Ul 

= 

II 1 
001-4 

WE 
U2 

CAS 

AAS 

D017 ....................... DQ24 

CAS2 --t ...... ~-
CAS3 --+-+--
RAS2 --+-..... --

A ..... __ 

= 

D01 .......................... D08 

001-4 

.----jWE 
U9 

CAS 

AAS 

CA!lO --+ ..... 1--
l:AS1 --+-1--
RASl --+--<~--

001-4 

CAS 
Ul. 

RAS 

= 

D017 ....................... DQ24 

CAS2 --t ...... ~-
CAS3 --+-1--
AAS3 --+--<~--

...... --
2-112 

= 

= 

D09 .......................... D016 

D025 ........................ D032 

= 

DQ9 ......................... D016 

DQ1·4 

U11 

= 

DQ1-4 

U12 
CAS 

AAS 

D025 ........................ 0032 

U1·U16. MT4C4001DJ 



TRUTH TABLE 

Addresses 

Function "RAS" ~ WE tR tc DQ1-32 

Standby H X X X X High Impedance 

READ L L H ROW COL Valid Data Out 

EARL V-WRITE L L L ROW COL Valid Data In 

FAST-PAGE- 1st Cycle L H--+L H ROW COL Valid Data Out 

MODE READ 2nd Cycle L H--+L H nfa COL Valid Data Out 

FAST-PAGE- 1st Cycle L H--+L L ROW COL Valid Data In 

MODE WRITE 2nd Cycle L H--+L L nfa COL Valid Data In 

RAS-ONL V REFRESH L H X ROW nfa High Impedance 

HIDDEN READ L--+H--+L L H ROW COL Valid Data Out 

REFRESH WRITE L--+H--+L L L ROW COL Valid Data In 

CAS-BEFORE-RAS H ..... L L X X X High Impedance 
REFRESH 

PRESENCE DETECT 

SVMBOL -7 

PRD1 NC 

PRD2 NC 

PRD3 VSS 

PRD4 NC 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation ............................................................ 16W 
Short Circuit Output Current ...................................... 50mA 

-8 -10 

VSS NC 

VSS NC 

VSS NC 

NC NC 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :s; T A :s; 70°C; Vee = 5.0V ± 10%) . 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
Any Input OV :s; VIN :s; Vcc AO-A9, WE II -32 32 !lA 
(All other pins not under test = OV) For each package input 

OUTPUT LEAKAGE CURRENT 001-0032 loz -24 24 !lA 
(0 is disabled, OV :::; VOUT:S; Vcc) For each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 1 
Output Low Voltage (lOUT = SmA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 

OPERATING CURRENT Icct 816 736 656 mA 2 
(RAS and CAS = Cycling: tRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc2 576 496 416 mA 2 
(RAS = VIL, CAS = Cycling: tpc = tpc (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH lee3 32 32 32 mA 
after 8 RAS cycles (MIN)) 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = CAS = Vcc -0.2V Icc4 16 16 16 mA 
after 8 RAS cycles (MIN)). (All other inputs at Vcc -0.2V or Vss +0.2V) 

REFRESH CURRENT: RAS-ONL Y Icc5 816 736 656 mA 2 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS Iccs 816 736 656 mA 2 
(RAS and ~ = Cycling) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A9 CI1 80 pF 17 

Input Capacitance: WE CI2 112 pF 17 

Input Capacitance: "CASO-CAS3, RASO-RAS3 CI4 28 pF 17 

Input/Output Capacitance: 001-0032 CIO 14 pF 17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 16, 17) (O°C ::;T A::; 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 130 150 180 ns 6, 7 
FAST-PAGE-MODE cycle time tpc 40 45 55 ns 6 7 
Access time from RAS tRAC 70 80 100 ns 7,8 
Access time from CAS tCAC 20 20 25 ns 7,9 
RAS pulse width tRAS 70 100,000 80 100,000 100 100,000 ns 
RAS hold time tRSH 20 20 25 ns 
RAS precharge time tRP 50 60 70 ns 
CAS pulse width tCAS 20 100,000 20 100,000 25 100,000 ns 
CAS hold time tCSH 70 80 100 ns 
CAS precharge time tCPN 10 10 15 ns 18 
CAS precharge time (FAST PAGE MODE) tcp 10 10 10 ns 
"RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 13 
CAS to "RAS setup time tCRP 5 5 20 ns 

Row address setup time tASR 0 0 0 ns 
Row address hold time tRAH 10 10 15 ns 

Column address setup time tASC 0 0 0 ns 

Column address hold time tCAH 15 15 20 ns 
Column address hold time tAR 55 60 70 ns 
referenced to RAS 

Read command setup time tRCS 0 0 0 ns 
Read command hold time tRCH 0 0 0 ns 14 
referenced to CAS 

Read command hold time tRRH 0 0 0 ns 
referenced to "RAS 
Output buffer turn-off delay toFF 0 20 0 20 0 20 ns 12 
WE command setup time twcs 0 0 0 ns 
Write command hold time twCH 15 15 20 ns 
Write command hold time twCR 55 60 75 ns 
referenced to RAS 

Write command pulse width twp 15 15 20 ns 
Write command to l=!AS lead time tRWL 15 20 25 ns 

Write command to CAS" lead time tCWL 15 20 25 ns 
Data-in setup time tDS 0 0 0 ns 15 
Data-in hold time tDH 15 15 20 ns 15 
Data-in hold time tDHR 55 60 75 ns 
referenced to "RAS 
Transition time (rise or fall) tT 3 50 3 50 3 50 ns 16 
Refresh period (256 cycles) tREF 16 16 16 ms 20 
CAS hold time tcHR 15 15 15 ns 19 
(CAS-BEFORE-RAS" REFRESH) 

CAS set-up time tCSR 10 10 10 ns 19 
(CAS-BEFORE-RAS REFRESH) 

RAS to CAS preeharge time tRPC 0 0 0 ns 19 
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NOTES 
1. All voltages referenced to Vss . 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOlls is required after power-up 
followed by eight RAS REFRESH cycles (RAS-ONL Y 
or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the 16ms refresh 
requirement is exceeded. 

4. AC characteristics assume 1T = Sns. 
5. Vrn (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vrn and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (DOC :5 T A :5 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

8. Assumes that tRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

9. Assumes that IRCD ;:: IRCD (MAX). 
10. If CAS = Vrn, data output is high impedance. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. IRCH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I d'/ dv with dv = 3V and Vee = SV. 

18. If CAS is LOW at the falling edge ofR.A5, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tcP. Note 8 applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY

WRITE cycles are not available due to OE being 
grounded on UI-U16. 
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READ CYCLE 

tRC 

tRAS tRP 

RAS 
VrH -
VIL _ 

tCSH 

tRSH tRRH 

tCRP tRCD tCAS 

CAS VIH -
VIL -

tASR 

ADDR 
VIH 
VIL _ ROW 

WE 

tCAC 

:1 tRAC tOFF 

VALID D:TA '; VOH - OPEN OPEN DO VOL 

EARLY-WRITE CYCLE 

RAS 
VIH -
VIL 

leRP tRCD tCAS 

CAS VIH -
V'L 

tASR tRAH 

ADDR V'H 
VIL ROW ROW 

twcs tWCH 

twP 

DO ~:~ 
7n7.nry7,n7n77n7.nry7,n77.n7nt:~~~:_,~_I ___ . __ tD_H ___ : 

I tDHR~ 
VALID DATA .• 
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RAS VIH -
VIL 

~ , 

CAs VIH -
VIL 

ADDR VIH -
VIL 

WE 

DQ VOH -
VOL 

RAS 
VIH -
VIL _ 

~ 

CAS VIH -
VIL _ 

ADDR VIH 
V1L 

DO ~:t 

FAST-PAGE-MODE READ CYCLE 

tRAS 

tCSH 

IpC 

tCAS tcp tCAS tcp 

tRAG. 

I~ ~ 
OPEN VALID 

DATA 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tCSH 

tpc IRSH 

tCAS tcp tCAS tcp tCAS 

lOS ~ 

VAUDDATA VAUDDATA VALID DATA 
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, tCRP , 
I 

CAS ~:t-"'------' 

"RA'S'-ONL Y REFRESH CYCLE 
(ADDR :;: AO - Ag; WE :;: DON'T CARE) 

, 
, tRAS , tRP 

I 
~I 

LJ 

'J 
I 
\ 

ADDR ~:t .--RO-W --b#$$I!/$I!I!§$I!$I!I!I!#$;J);(--RO-W --
tASR tRAH 

III , . , 

DO ~gt -:---------------OPEN--------------

tRP 

RAS VIH -
VIL -

CAS 

~-BEFORE-"R'l:S' REFRESH CYCLE 
(Ao - Ag, WE :;: DON'T CARE) 

tRAS tRAS 

tRPC tCSR 

Yllffllfff1t: 
DO 

VOH -
VOL 

---------------OPEN---------------

RAs 

CAS 

ADDR 

DO 

VIH-
VIL-

V1H 
VIL 

HIDDEN REFRESH CYCLE 
(WE:;: HIGH) 20 

(READ) 

tRAS 

(REFRESH) 

tRAS 

-------OPEN--------1. ____ ~V~AL~ID~D~AT~A ___ ~ 
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DRAM 
MODULE 
FEATURES 
• Common RAS control pinout in a 72-pin single-in-line 

package 
• High-performance CMOS silicon gate process. 
• Single 5V ±1O% power supply 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• Low power, 27m W standby; 1,515m W active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 512-cycle refresh distributed across 8ms 
• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

70nsaccess 
80ns access 
85ns access 
lOOns access 

• Packages 

- 7 
- 8 
-85 
-10 

Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (Gold) G 
Leaded 72-pin ZIP Z 

GENERAL DESCRIPTION 
The MT9D25636 is a randomly accessed solid-state 

memory containing 262,144 words organized in a x36 con
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 18 address bits which are 
entered 9 bits (AO-A8) ata time. RASisused to latch the first 
9 bits and CAS the latter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE orCAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address (AO-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 

MT9D25636 
REV.1!91 2-121 

(REPLACES: MT8C36256) 

256K x 36 DRAM 
FAST PAGE MODE 

PiNt 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM (1-7) 

~111"iiiiil""lillill""i=:I"i"lil"""",III"",,~1 
1 ~ ~ n 

72-Pin ZIP (J-6) 

c:::::J o 0 

36 37 72 

SYMBOL PIN# SYMBOL PIN. SYMBOL PIN. SYMBOL 
Vss 19 NG 37 0018 55 0013 
001 20 005 38 0036 56 0031 
0019 21 0023 39 Vss 57 0014 
002 22 006 40 W\SO 58 0032 
0020 23 0024 41 CAS2 59 Vee 
003 24 007 42 CAS3 60 0033 
0021 25 0025 43 "CAS1 61 0015 
004 26 008 44 ro\Slf 62 0034 
0022 27 0026 45 NG 63 0016 
Vee 28 A7 46 NG 64 0035 
NG 29 NG 47 WE" 65 0017 
AO 30 Vee 48 NG 66 NG 
Al 31 A8 49 0010 67 PROl 
A2 32 NG 50 0028 68 PR02 
A3 33 NG 51 0011 69 PR03 
A4 34 ro\Slf 52 0029 70 PR04 
A5 35 0027 53 0012 71 NG 
A6 36 009 54 0030 72 Vss 

be toggled-in by holding RAS LOW and strobing-in differ-
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining~er and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE-
RAS, or HIDDEN REFRESH) so that a11512 combinations of 
RAS addresses (AO-A8) are executed at least every 8ms, 
regardless of sequence. 

Micron Technology, Inc., reserves the right 10 change products or specifications wHhout notice. 
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FUNCTIONAL BLOCK DIAGRAM 

001 ······················008 

001·4 

WE 

CAS 

RAS 

CASO ---11-6-1---
CAS1 ----il---+---

RASO ---11--+---

CAS2 ---11-6-1---
CAS3 ----il---+----

AO-AS ••••••• 

U1 

001-4 

WE 
U2 

CAS 

RAS 

009,18,27,36 

....----1 WE CAS3 

CASO US 

RAS CAS2 

0010·························0017 

001-4 

WE WE 
U3 U4 

CAS CAS 

RAS RAS 

0028 , ....•..•............... 0035 

....----1 WE 

,.-----iCAS 

RAS 

US 
.----1 WE 

,.----tCAS 

RAS 

U1-U4, U6·U9 = MT4C42560J 
U5 = MT 4C42590J 

U9 

NOTE: Due to the use of a Quad CJ\S parity DRAM, RASO is common to all devices. 

2-122 



1'41C:I=U;2~ MT9D25636 

TRUTH TABLE 

Function "RAS" ~ 

Standby H X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE- 1st Cycle L H-+L-+H 

MODE READ 2nd Cycle L H-+L-+H 

FAST-PAGE- 1st Cycle L H-+L-+H 

MODE WRITE 2nd Cycle L H-+L-+H 

RAS-ONL Y REFRESH L H 

HIDDEN READ L-+H-+L L 

REFRESH WRITE L-+H-+L L 

CAS-BEFORE-RAS H-+L L 

REFRESH 

PRESENCE DETECT 

SYMBOL -7 

PRD1 NC 

PRD2 NC 

PRD3 VSS 

PRD4 VSS 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) .......... O°C to +70°C 
Storage Temperature (Plastic) ................... -SsoC to + lS0°C 
Power Dissipation ............................................................. 9W 
Short Circuit Output Current ...................................... SOmA 

(REPLACES: MTBC36256) 

Addresses 

WE IR Ie OQl-36 

X X X High Impedance 

H ROW COL Valid Data Out 

L ROW COL Valid Data In 

H ROW COL Valid Data Out 

H n/a COL Valid Data Out 

L ROW COL Valid Data In 

L n/a COL Valid Data In 

X ROW n/a High Impedance 

H ROW COL Valid Data Out 

L ROW COL Valid Data In 

X X X High Impedance 

-8 -85 -10 

VSS VSS VSS 

NC NC NC 

VSS NC VSS 

NC VSS VSS 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 
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(REPLACES: MTSC36256) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :5 T A :5 70°C; Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -2.0 0.8 V 1,22 

INPUT LEAKAGE CURRENT 
Any Input OV :5 VIN :5 Vec AO-A8, WE II -18 18 I!A 
(All other pins not under test = OV) For each package input 

OUTPUT LEAKAGE CURRENT 001-0036 102 -12 12 I!A 
(0 is disabled, OV :5 VOUT:5 Vee) For each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 1 
Output Low Voltage (lOUT = 5mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8, -85 -10 UNITS NOTES 

OPERATING CURRENT Icc1 720 630 540 mA 2 
(RAS and CAS = Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc2 540 450 360 mA 2 
(RAS = VIL, CAS = Cycling: tpc = tpc (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH Ice3 18 18 18 mA 
after 8 RAS cycles (MIN)) 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = CAS = Vee -0.2V Icc4 9 9 9 mA 
after 8 RAS cycles (MIN)). (All other inputs at Vee -0.2V or Vss +0.2V) 

REFRESH CURRENT: RAS-ONL Y Iccs 720 630 540 mA 2 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS Iccs 720 630 540 mA 2 
(RAS and CAS = Cycling) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-AS CI1 45 pF 17 

Input Capacitance: WE CI2 63 pF 17 

Input Capacitance: RASO CI3 63 pF 17 

Input Capacitance: CASO, CAS1 , CAS2, CAS3 CI4 21 pF 17 

Input/Output CaQacitance: 001-0036 CIO 7 pF 17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 16, 17) (O°C S; T A S; 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8, -85 -10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 135 150 180 ns 6, 7 

FAST-PAGE-MODE cycle time tpc 40 45 55 ns 6, 7 

Access time from RAS tRAC 70 80 100 ns 7,8 
Access time from CAS tCAC 20 20 25 ns 7,9 

RAS pulse width tRAS 70 100,000 80 100,000 100 100,000 ns 

RAS hold time tRSH 20 20 25 ns 

RAS precharge time tRP 50 60 70 ns 

CAS pulse width tCAS 20 100,000 20 100,000 25 100,000 ns 

CAS hold time tCSH 70 80 100 ns 

CAS precharge time tCPN 10 10 15 ns 18 

CAS precharge time (FAST PAGE MODE) tcp 10 10 10 ns 

RAS to CAS delay time tRCD 20 40 20 60 25 75 ns 13 

CAS to RAS setup time tCRP 5 5 5 ns 

Row address setup time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address setup time tASC 0 0 0 ns 

Column address hold time tCAH 15 15 20 ns 

Column address hold time tAR 55 60 70 ns 
referenced to RAS 

Read command setup time tRCS 0 0 0 ns 

Read command hold time tRCH 0 0 0 ns 14 
referenced to CAS 

Read command hold time tRRH 0 0 0 ns 
referenced to RAS 

Output buffer turn-off delay tOFF 0 20 0 20 0 20 ns 12 

WE command setup time twcs 0 0 0 ns 

Write command hold time tWCH 15 15 20 ns 
Write command hold time tWCR 55 60 75 ns 
referenced to RAS 

Write command pulse width twp 15 15 20 ns 
Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tCWL 20 20 25 ns 

Data-in setup time tDS 0 0 0 ns 15 

Data-in hold time tDH 15 15 20 ns 15 

Data-in hold time tDHR 55 60 75 ns 
referenced to RAS 

Transition time (rise or fall) tT 3 50 3 50 3 50 ns 16 

Refresh period (256 cycles) tREF 8 8 8 ms 20 

CAS hold time tCHR 15 15 15 ns 19 
(CAS-BEFORE-RAS REFRESH) 

CAS setup time tCSR 10 10 10 ns 19 
(CAS-BEFORE-RAS REFRESH) 

RAS to CAS precharge time tRPC 0 0 0 ns 19 
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NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100l1s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the Bms refresh 
requirement is exceeded. 

4. AC characteristics assume lJ' = Sns. 
5. Vlli (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vlli and Vn.. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (DoC ~ T A ~ 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

B. Assumes that tRCD < iRCD (MAX). If iRCD is greater 
than the maximum recommended value shown in this 
table, !RAc will increase by the amount that tRCD 
exceeds the value shown. 

9. Assumes that tRCD ;;:: iRCD (MAX). 
10. If CAS = VIH, data output is high impedance. 
11. If CAS = Vn., data output may contain data from the 

last valid READ cycle. 
12. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the tRCD (MAX) limit ensures that 

(REPLACES: MTSC36256) 

tRAC (MAX) can be met. iRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified iRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

14. tRCH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between Vn. and Vlli) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I d'j dv with dv = 3V 
and Vcc=SV. 

lB. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tcP. Note B applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY

WRITE cycles are not available due to OE being 
grounded on UI-U9. 

22. The device shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -l.5V for a period of less than 
20ns and the signal's total duration is 2Sns or less; or a 
-0.3V signal of any duration is presented (OC). 
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RAS 
VIH -
V,L _ 

teRP 

CAS 
VIH -
V,L -

tASR 

ADOR 

We 

DQ VOH -
VOL 

RAS 
V,H -
V,L 

tCRP 

CAS V,H -
V,L 

ADDR V,H 
V,L 

READ CYCLE 

tRC 

tRAS 

tCSH 

tRSH 

tRCO teAs 

I. tCAC 

:1 tRAC 

OPEN 

EARLY-WRITE CYCLE 

tRC 

tRAS 

teSH 

'RSH 

tRCD 'CAS 
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tRP 

tRRH 

~FF ~ 
VALlDD:TA • 

tRP 

(REPLACES: MT8C36256) 

ROW 

OPEN 

ROW 

~ DON'TeARE 

~ UNDEFINED 
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RAS 
VIH -
VIL _ 

~ 

CAS VIH -
VIL _ 

AOOR VIH 
VIL 

WE 

OQ VOH -
VOL 

(REPLACES: MT8C36256) 

FAST-PAGE-MODE READ CYCLE 

1~ _____________________________ t~RA~S~ ____________________________ ~~ 

OPEN 

ICSH 

tpc 

tCAS tcp teAS 

I~~ 
---------------{ ~~¥~ }----------{ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tRAS 

tCSH 

00 ~ir -:L/:.LL<:.LL<=====,"-____________ --if\/.L£n'---__________ Jr''£L£.rr.. ___________ -'',:.LL<:.LL<:.LL<=:.L.LJ.:.L.LJ.'''-' 
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, 
1 

-----.; 

~-ONL Y REFRESH CYCLE 
(ADDR = AO - A7; AS and WE = DON'T CARE) 

, 
tRAS tRP , 

'I 
, 

J 
tCRP , ,tRPC;·1 

'------I 

(REPLACES: MTUC36256) 

:1 
1 

\ 

ADDR ~:r ::~r---RO-W --~#/ff////#////#§$#!I/$$###//J;?(r---RO-W --
tASR tRAH . , , 

DO ~gr -;--------------OPENI--------------

CAS-BEFORE-RAS REFRESH CYCLE 
(AO - As' WE = DON'T CARE) 

'CHRr 
DO ~gr -~-------------OPEN--------------

AAS V'H-
V,L_ 

CAS 

ADDR V,H 
V,L 

DO OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 20 

(READ) 

tRAS 

2-129 

(REFRESH) 

'RAS 

VALID DATA 

~ DON'T CARE 

~ UNDEFINED 
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DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 72-pin single-in-line 

package 
• High-performance CMOS silicon gate process. 
• Single 5V ±10% power supply 
• All inputs, outputs and clocks are fully TIL and 

CMOS compatible 
• Low power, 30mW standby; 1,750mW active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 512-cycle refresh distributed across 8ms 
• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

70ns access 
80ns access 
85ns access 
lOOns access 

• Packages 

- 7 
- 8 
-85 
-10 

Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (Gold) G 
Leaded 72-pin ZIP Z 

GENERAL DESCRIPTION 
The MT10D25636 is a randomly accessed solid-state 

memory containing 262,144 words organized in a x36 con
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 18 address bits, which are 
entered 9 bits (AO-A8)ata time. RAS is used to latch the first 
9 bits and CAS the latter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latch~ the 
falling edge of WE orCAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pines) remain 
open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address (AO-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 

MT10D25636 
REV. 1191 2-131 

256K x 36 DRAM 
FAST PAGE MODE 

PiNt 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM (1-9) 

~"I"IiIIIIIIII""""III:I="""'''IIIIIII''''III",~1 1 36 37 72 

72-Pin ZIP (J-8) 

~ MnO~ 01 
1~1~lil~I~I~I~I~I~I~I~I~I~I~lil~I~I~ lil~I~I~I~I~I~I\lUII~I~I~I~IiI~lil~ 

38 37 72 

SYMBOL PIN. SYMBOL PIN. SYMBOL PIN. SYMBOL 
Vss 19 NC 37 0018 55 0013 
001 20 005 38 0036 56 0031 
0019 21 0Q23 39 Vss 57 0014 
002 22 006 40 ~ 58 0032 
0020 23 0024 41 ~ 59 Vee 
003 24 007 42 ~ 60 0033 
0021 25 0025 43 ~ 61 0015 
004 26 008 44 "R7iS1f 62 0034 

0022 27 0026 45 NC 63 0016 
Vee 28 A7 46 NC 64 0035 
NC 29 NC 47 WE" 65 0017 
AO 30 Vee 48 NC 66 NC 
A1 31 A8 49 0010 67 PR01 
A2 32 NC 50 0028 68 PR02 
AS 33 NC 51 0011 69 PR03 
A4 34 ~ 52 0029 70 PR04 
A5 35 0027 53 0012 71 NC 
A6 36 009 54 0030 72 Vss 

be toggled-in by holding RAS LOW and strobing-in differ
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CA5-BEFORE
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-A8) are executed at least every 8ms, 
regardless of sequence. 

Micron Technology. Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

D01 ........•.•..••....•••. D08 

.-------1 WE 

.------1 CAS 

RAS 

CASO ----11--...... --
CAS1 ----1I---r--
RASO ----11--~---

U1 

001-4 

WE 

CAS 

RAS 

CAS2 ----11--*--
CAS3 ----1I---r--
RAS2 ----11--..... ---

AO-AS ••••••• 

U3 

.-----jWE 

.-----tCAS 
U2 

DOS, D018 

.-----1 WE CAS1 

U9 

OQ3-4 

WE CAS3 

U10 

RAS CAS2 
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DOlO·_·················· D017 

.-----1 WE 

.------1 CAS 

RAS 

U5 
.-----jWE 

CAS 
us 

001·4 001-4 

WE 

CAS 

RAS 

WE 
U7 US 

CAS 

RAS 

U1·U8 = MT4C4256DJ 
US & U10 = MT4C425SDJ 



TRUTH TABLE 

Function 'RAS" ~ 

Standby H X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE- 1st Cycle L H-L-+H 

MODE READ 2nd Cycle L H-L-+H 

FAST-PAGE- 1st Cycle L H-L-+H 

MODE WRITE 2nd Cycle L H-L-+H 

RAS-ONL Y REFRESH L H 

HIDDEN READ L-H-L L 

REFRESH WRITE L-H-L L 

CAS-BEFORE-RAS H-+L L 

REFRESH 

PRESENCE DETECT 

SYMBOL -7 

PRD1 NC 

PRD2 NC 

PRD3 VSS 

PRD4 VSS 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) .......... O°C to +70°C 
Storage Temperature (Plastic) ................... -SsoC to + ISO°C 
Power Dissipation ........................................................... lOW 
Short Circuit Output Current ...................................... SOmA 

Addresses 

WE tR te OQ1-36 

X X X High Impedance 

H ROW COL Valid Data Out 

L ROW COL Valid Data In 

H ROW COL Valid Data Out 

H nfa COL Valid Data Out 

L ROW COL Valid Data In 

L nfa COL Valid Data In 

X ROW nfa High Impedance 

H ROW COL Valid Data Out 

L ROW COL Valid Data In 

X X X High Impedance 

-8 -85 -10 

VSS VSS VSS 

NC NC NC 

VSS NC VSS 

NC VSS VSS 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3,4, 6, 7) (O°C :s; T A :s; 70°C; Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -2.0 O.S V 1,22 

INPUT LEAKAGE CURRENT 
Any Input OV :s; VIN :s; Vee AO-AS, WE II -20 20 J.lA 
(All other pins not under test = OV) for each package input 

OUTPUT LEAKAGE CURRENT DQ1-DQ36 loz -12 12 J.lA 
(Q is disabled, OV :s; VOUT:S; Vee) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 1 
Output Low Voltage (lOUT = SmA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8, -85 -10 UNITS NOTES 

OPERATING CURRENT Icc1 SOO 700 600 rnA 2 
(RAS and CAS = Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc2 600 500 400 rnA 2 
(RAS = VIL, CAS = Cycling: tpc = tpc (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH Icca 20 20 20 rnA 
after S RAS cycles (MIN)) 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = CAS = Vce -0.2V Icc4 10 10 10 rnA 
after S RAS cycles (MIN)). (All other inputs at Vee -0.2V or Vss +0.2V) 

REFRESH CURRENT: RAS-ONL Y Icc5 SOO 700 600 rnA 2 
(RAS = Cycling: CAS = VI H) 

REFRESH CURRENT: CAS-BEFORE-RAS Icce SOO 700 600 rnA 2 
(RAS and CAS = Cycling) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-AS CI1 50 pF 17 

Input Capacitance: WE CI2 70 pF 17 

Input Capacitance: 'RASa, 'RAS2 CI3 35 pF 17 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 21 pF 17 

InpuVOutput Capacitance: DQ1-DQ36 CIO 7 pF 17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 16, 17) (O°C ::; TA ::; 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8, -85 -10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 135 150 180 ns 6, 7 
FAST-PAGE-MODE cycle time tpc 40 45 55 ns 6, 7 

Access time from RAS tRAC 70 80 100 ns 7,8 
Access time from CAS tCAC 20 20 25 ns 7,9 

RAS pulse width tRAS 70 100,000 80 100,000 100 100,000 ns 
RAS hold time tRSH 20 20 25 ns 
RAS precharge time tRP 50 60 70 ns 
CAS pulse width tCAS 20 100,000 20 100,000 25 100,000 ns 

CAS hold time tCSH 70 80 100 ns 
CAS precharge time tCPN 10 10 15 ns 18 
CAS precharge time (FAST PAGE MODE) tcp 10 10 10 ns 

RAS to CAS" delay time tRCD 20 50 20 60 25 75 ns 13 
CAS to RAS setup time tCRP 5 5 5 ns 

Row address setup time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 
Column address setup time tASC 0 0 0 ns 

Column address hold time tCAH 15 15 20 ns 

Column address hold time tAR 55 60 70 ns 
referenced to RAS 
Read command setup time tRCS 0 0 0 ns 

Read command hold time tRCH 0 0 0 ns 14 
referenced to CAS" 
Read command hold time tRRH 0 0 0 ns 
referenced to RAS 

Output buffer turn-off delay 'OFF 0 20 0 20 0 20 ns 12 
WE command setup time twcs 0 0 0 ns 
Write command hold time twCH 15 15 20 ns 
Write command hold time twCR 55 60 75 ns 
referenced to RAS 
Write command pulse width. twp 15 15 20 ns 
Write command to "RAS" lead time IRWL 20 20 25 ns 

Write command to CAS" lead time ICWL 20 20 25 ns 

Data-in setup time IDS 0 0 0 ns 15 
Data-in hold time IDH 15 15 20 ns 15 

Data-in hold time IDHR 55 60 75 ns 
referenced to RAS 

Transition time (rise or fall) IT 3 50 3 50 3 50 ns 16 

Refresh period (256 cycles) IREF 8 8 8 ms 20 

CAS" hold time tcHR 15 15 15 ns 19 
(CAS-BEFORE-"RAS" REFRESH) 

CAS" setup time ICSR 10 10 10 ns 19 
(CAS-BEFORE-RAS REFRESH) 

RAS to CAS" precharge time IRPC 0 0 0 ns 19 
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NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100~s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the Sms refresh 
requirement is exceeded. 

4. AC characteristics assume toy = 5ns. 
5. Vrn (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (DoC:::; T A:::; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

S. Assumes that tRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = Vrn, data output is high impedance. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 

tRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. IRCH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and Vrn) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I d'/dv with dv = 3V 
and Vcc=5V. 

IS. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tcP. Note S applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY

WRITE cycles are not available due to OE being 
grounded on UI-U9. 

22. The module shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.5V for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 

2-136 



tvllC:I=U;2~ MT10025636 

RAS 
VIH -
V'L _ 

'cRP 

CAS 
VIH -
VIL -

tASR 

ADDR 

WE 

DQ VOH -
VOL 

RAS 
VIH -
VIL 

tCRP 

CAs VIH -
VIL 

ADDR VIH 
VIL 

READ CYCLE 

tRC 

tRAS 

tCSH 

tRSH 

tRCD tCAS 

tCAG 

:1 tRAC 

OPEN 

EARLY-WRITE CYCLE 

tRC 

tRAS 

tCSH 

IRSH 

tRCD tCAS 
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FAST-PAGE-MODE READ CYCLE 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tCSH 

DO ~:~ --:Lo~:.uJJ.LI.J.LI.Ll.L£LLUr"--_____ -..Jr"'OU1'--_____ ..Jr~0LU.-..... __ VA_U_D_DA_TA_--"'U..l.J.LI.J.LI.Ll.L£LL£LL£LL 
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I' 
CAS ~l~-:--' 

"FU\S'-ONL Y REFRESH CYCLE 
(ADDR = AO - A7; AS and WE = DON'T CARE) 

'RC 

'RAS , . 'RP 

ICRP . .tRPCi•
1 

'--I 

,I 
1 

\ 

ADDR ~:r _r---RD-W --b#$/$$M#/#####!Iffff#/ff/J)(~--RD-W --
tASR tRAH . . . 

DO ~gr -:-------------OPEN-------------

'RP 

.-../ 
tRPC 

tCPN I~ 

~-BEFORE-'RAS" REFRESH CYCLE 
(AO - As' WE = DON'T CARE) 

'RAS tRP RAS 

~ ~ 
tCHR tRPC tCSR -

V 
~CHR. 

DO ~g~ :--------------OPENI--------------

liAs VIH-
VIL_ 

CAS 

ADDR VIH 
VIL 

DO OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 20 

(READ) 

tRAS 
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DRAM 
MODULE 
FEATURES 
• Common RAS control per side pinout in a 72-pin 

single-in-line package 
• High performance CMOS silicon gate process. 
• Single 5V ±1O% power supply 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• Low power, 54mW standby; 3,150mW active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 512-cycle refresh distributed across 8ms 
• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

70ns access 
80ns access 
85ns access 
lOOns access 

• Packages 

- 7 
- 8 
-85 
-10 

Leadless 72 -pin SIMM M 
Leadless 72-pin SIMM (Gold) G 
Leaded 72-pin ZIP Z 

GENERAL DESCRIPTION 
The MT18D51236 is a randomly accessed solid-state 

memory containing 524,288 words organized in a x36 con
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 18 address bits, which are 
entered 9 bits (AO-A8) ata time. RASisused to latch the first 
9 bits and CAS the latter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going LOW, 
the output pin(s) remain open (High-Z) until the next CAS 
cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address (AO-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

MT18D51236 
AEV.1!91 2-141 

(REPLACES: MT8C36512) 

512K x 36 DRAM 
FAST PAGE MODE 

PIN# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM (1-8) 

~""""""""1111""":,::::""""""""""",,,,~1 1 36 37 72 

72-Pin ZIP (J-7) 

1_ MT18D51236Z J 
~IYliIYliliIYIYIYliIYI~ 

36 37 

SYMBOL PIN. SYMBOL PIN. SYMBOL PIN# SYMBOL 
Vss 19 NG 37 0018 55 0013 
001 20 005 38 0036 56 0031 
0019 21 0023 39 Vss 57 0014 
002 22 006 40 GASO 58 0032 
0020 23 0024 41 GAS2 59 Vee 
003 24 OO? 42 GAS3 60 0033 
0021 25 0025 43 CAS1 61 0015 
004 26 008 44 RASO 62 0034 
0022 27 0026 45 RAS1 63 0016 
Vee 28 A7 46 NG 64 0035 
NG 29 NG 47 WE 65 0017 
AO 30 Vee 48 NG 66 NG 
Al 31 A8 49 0010 67 PRDl 
A2 32 NG 50 0028 68 PRD2 
A3 33 WiSf 51 0011 69 PRD3 
A4 34 RJ\SO 52 0029 70 PRD4 
A5 35 0027 53 0012 71 NG 
A6 36 009 54 0030 72 Vss 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE
RAS,orHIDDENREFRESH) so that all 512 combinations of 
RAS addresses (AO-A8) are executed at least every 8ms, 
regardless of sequence. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

CASO 

CAS' 
RASO 

WE -

001 ------------------------ 008 

0 t tt 
001·4 001·4 

WE ,--- WE 

CAS U' U2 - - CAS 

- RAS - RAS 

-r'!~ -r'!~ 
I-

0019 ------------------------ 0026 

t 0 
001-4 001-4 

WE ,--- WE 
U6 U7 - CAS - CAS -- RAS r-- RAS 

~~ 5E~ 
.... 10.. ... i"-= = 

-

001 ------------------------ 008 

tttt 
001-4 

WE U,. 
CAS 

RAS 

tttt 
001-4 

0019 ------------------------ 0026 

CAS2 :=j::~== CAS3 

008, 18, 27, 36 

t t 
001·4 

- WE CAS3 

.-- CASO U5 

r-- RAS CAS2 

,---:A~ 

... "" fCAS' 

l-

009, 18, 27, 36 

-
.--
r--

'= 

-
,-
r--

= 

0010------------------------- DOl? 

t t tt 
001-4 001-4 

WE ,--- WE 
U3 U' 

CAS - CAS 

RAS - RAS 

~~ ... 10.. -r'!~ 
--
-

0028----------------------- 0035 

0 Ot 
001-4 001-4 

WE - WE 
U' U9 

CAS - CAS 

RAS r-- RAS 

~~ ... 10.. 
OE~~ 

= 
I-
;-
I-

0010 ------------------------- 0017 

0028 ------------------------ 0035 

ttt 
001-4 

WE 
U17 

001-4 

U18 

Ul-U4, U6-U13, U15-U18 _ MT4C4256DJ 
U5, U14 = MT4C4259DJ 

(REPLACES: MTBC36512) 

NOTE: Due to the use of a Quad CAS parity DRAM, RASa is common to side 1 and"FiASfis common to side 2. 
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TRUTH TABLE 

Function mrn- 'CAS" 

Standby H X 

READ L L 

EARL V-WRITE L L 

FAST-PAGE- 1st Cycle L H-L-H 

MODE READ 2nd Cycle L H-L-H 

FAST-PAGE- 1st Cycle L H-L-H 

MODE WRITE 2nd Cycle L H-L-H 

RAS-ONL V REFRESH L H 

HIDDEN READ L-H-L L 

REFRESH WRITE L-H-L L 

CAS-BEFORE-RAS H-L L 

REFRESH 

PRESENCE DETECT 

SYMBOL -7 

PRD1 VSS 

PRD2 VSS 

PRD3 NC 

PRD4 NC 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation ............................................................ 1SW 
Short Circuit Output Current ...................................... 5OmA 

(REPLACES: MTBC36512) 

Addresses 

WE tR tc OQ1-36 

X X X High Impedance 

H ROW COL Valid Data Out 

L ROW COL Valid Data In 

H ROW COL Valid Data Out 

H n/a COL Valid Data Out 

L ROW COL Valid Data In 

L n/a COL Valid Data In 

X ROW n/a High Impedance 

H ROW COL Valid Data Out 

L ROW COL Valid Data In 

X X X High Impedance 

-8 -85 -10 

NC NC NC 

VSS VSS VSS 

VSS NC VSS 

NC VSS VSS 

*Stresses greater than those listed under U Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 
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(REPLACES: MT8C36512) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3,4, 6, 7) (O°C S; TA S; 70°C; Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vce 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -2.0 0.8 V 1,22 

INPUT LEAKAGE CURRENT 
Any Input OV S; VIN S; Vee AO-A8,WE II -36 36 I1A 
(All other pins not under test = OV) For each package input 

OUTPUT LEAKAGE CURRENT 001-0036 loz -24 24 ~A 
(0 is disabled, OV S; VOUT S; Vee) For each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 1 
Output Low Voltage (lOUT = 5mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8, -85 -10 UNITS NOTES 

OPERATING CURRENT ICCl 738 648 558 mA 2 
(RAS and CAS = Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc2 558 468 378 mA 2 
(RAS = VIL, CAS" = Cycling: IpC = IpC (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH ICC3 36 36 36 mA 
after 8 RAS cycles (MIN)) 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = CAS = Vec -0.2V ICC4 18 18 18 mA 
after 8 RAS cycles (MIN)). (All other inputs at Vce -0.2V or Vss +0.2V) 

REFRESH CURRENT: RAS-ONL Y Iccs 738 648 558 mA 2 
(RAS = Cycling: 'CAS" = VIH) 

REFRESH CURRENT: 'CAS"-BEFORE-RAS ICC6 738 648 558 mA 2 
(RAS and CAS = Cycling) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A8 Cll 90 pF 17 

Input Capacitance: WE CI2 126 pF 17 

Input Capacitance: "RASQ, "RAS1 CI3 63 pF 17 

Input Capacitance: CASQ, CAST, CAS2, CAS3 CI4 42 pF 17 

Input/Output Capacitance: 001-0036 Cia 14 pF 17 
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(REPLACES: MT8C36512) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5,10,11,16,17) (O°C:s; TA:S; 70°C; Vee = 5.0V ± 10 %) 

A.C. CHARACTERISTICS -7 -8, -85 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 135 150 180 ns 6, 7 
FAST-PAGE-MODE cycle time tpc 40 45 55 ns 6, 7 
Access time from RAS tRAC 70 80 100 ns 7,8 
Access time from CAS tCAC 20 20 25 ns 7,9 
RAS pulse width tRAS 70 100,000 80 100,000 100 100,000 ns 
RAS hold time tRSH 20 20 25 ns 
RAS precharge time tRP 50 60 70 ns 
CAS pulse width tCAS 20 100,000 20 100,000 25 100,000 ns 
CAS hold time tCSH 70 80 100 ns 
CAS precharge time tCPN 10 10 15 ns 18 
CAS precharge time (FAST PAGE MODE) tcp 10 10 10 ns 
RAS to CAS delay time tRCD 20 40 20 60 25 75 ns 13 
CAS to RAS setup time tCRP 5 5 5 ns 
Row address setup time tASR 0 0 0 ns 
Row address hold time tRAH 10 10 15 ns 
Column address setup time tASC 0 0 0 ns 
Column address hold time tCAH 15 15 20 ns 
Column address hold time tAR 55 60 70 ns 
referenced to RAS 

Read command setup time tRCS 0 0 0 ns 

Read command hold time tRCH 0 0 0 ns 14 
referenced to CAS 

Read command hold time tRRH 0 0 0 ns 
referenced to RAS 
Output buffer turn-off delay toFF 0 20 0 20 0 20 ns 12 
WE command setup time twcs 0 0 0 ns 
Write command hold time twCH 15 15 20 ns 
Write command hold time tWCR 55 60 75 ns 
referenced to RAS 

Write command pulse width twp 15 15 20 ns 
Write command to RAS lead time tRWl 20 20 25 ns 
Write command to CAS lead time tcWl 20 20 25 ns 
Data-in setup time tDS 0 0 0 ns 15 
Data-in hold time tDH 15 15 20 ns 15 
Data-in hold time tDHR 55 60 75 ns 
referenced to RAS 

Transition time (rise or fall) IT 3 50 3 50 3 50 ns 16 

Refresh period (256 cycles) tREF 8 8 8 ms 20 

CAS hold time tCHR 15 15 15 ns 19 
(CAS-BEFORE-RAS REFRESH) 

CAS setup time tCSR 10 10 10 ns 19 
CAS-BEFORE-RAS REFRESH) 

RAS to CAS precharge time tRPC 0 0 0 ns 19 
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I'IIIC:I=U~,~ MT18D51236 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOl1s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the Bms refresh 
requirement is exceeded. 

4. AC characteristics assume IT = Sns. 
S. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used. only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C ~ T A :s; 70°C) is assured. 

7. Measured with a load equivalent to tWo TTL gates 
and 100pF. 

B. Assumes that ~CD < ~CD (MAX). If ~CD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that ~CD 
exceeds the value shown. 

9. Assumes that tRCD ;:: IRCD (MAX). 
10. If CAS = VIH, data output is high impedance. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. toFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the ~CD (MAX) limit ensures that 

(REPLACES: MT8C36512) 

tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if ~CD is greater than the 
specified ~CD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

14. tRCH is referenced to the first rising edge of RAS or 
CAS. 

IS. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I d'/ dv with dv = 3V and Vee = SV. 

lB. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed. HIGH for tcP. Note B applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY

WRITE cycles are not available due to OE being 
grounded on Ul-U1B. 

22. The module shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -l.SV for a period of less than 
20ns and the signal's total duration is 2Sns or less; or a 
-D.3V signal of any duration is presented (DC). 
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READ CYCLE 

'RC -'RAS 'RP 

C VIH -
RAS VIL _ :l1 leSH 

l> tASH tRRH 

ICAP tRCD 'CAS s:: 
CAs VIH -

s: V'L -

0 
AOOR 

V'H 
VIL C 

c: 
WE r-m 
DO 

EARLY-WRITE CYCLE 

'RC 

tRAS 

RAS VIH -
VIL 

'CSH 

IRSH 

'CRP 'RCO 'CAS 

CAS VIH -
VIL 

'ASR tRAH 

AOOR VIH 
VIL ROW ROW 

'RWL 

twCR 

Iwes twCH 

twP 

WE VIH 
VIL 

'OHR 

'OS 'OH 

DO VIH 
VIL VALID DATA 

~ DON'T CARE 

~ UNDEFINED 
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CAS 

ADDR V,H 
V,L 

WE 

DO VOH 
VOL 

RAS 
VfH -
V,L 

~ 

CAS VIH -
V,L 

ADDR V,H 
V,L 

FAST-PAGE-MODE READ CYCLE 

laSH 

" 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tRAS 

tCSH 
" 

tACO I-
IpC 

teAS ICp ICAS ICp 
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ADDR 

, 'CRP 

1 
~ 

JD(S'·ONL Y REFRESH CYCLE 
(ADDR = AO - A7; AS and WE = DON'T CARE) 

, 
'RAS 'RP , 

.tAPe __ 
1 

'---I 

(REPLACES: MT8C36512) 

'J 
'1 

~I~ _r----RO-W --bl##/$,@ffM/$////ff/////$/;?(r--R-OW--

'ASR tRAH . , I. . 

DO ~g~ -,.----------------OPEN---------------

~·BEFORE·JD(S' REFRESH CYCLE 
(AO - As' WE = DON'T CARE) 

CAS ~:~: ~u__~ ____ ~~~~L__A_ _____________ ~ ___ 

DO ~g~ -:----------------OPEN---------------

~ 
'RCD 

J 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 20 

(READ) 

RAS RP 

L 
t , 

'RSH ---

(REFRESH) 

, S RA 

tcHR 

1 r 'AR 

I~ 'RAH 'ASC \1, 'CAH' 

Ir-----~~~ 
I, I 'RAC 'I j 

DO ~g~ -,.---_____ OPEN \. 'CAC: VALID DATA ~::;N-
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DRAM 
MODULE 
FEATURES 
• Industry standard pinout in an-pin single-in-line 

package 
• High performance CMOS silicon gate process. 
• Single 5V ±1O% power supply 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• Low power, 60m W standby; 1,780m W active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 512-cycle refresh distributed across 8ms 
• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

70ns access 
80ns access 
85ns access 
lOOns access 

• Packages 

- 7 
- 8 
-85 
-10 

Leadless n-pin SIMM M 
Leadless n-pin SIMM (Gold) G 
Leaded n-pin ZIP Z 

GENERAL DESCRIPTION 
The MT20D51236 is a randomly accessed solid-state 

memory containing 524,288 words organized in a x36 con
figuration. During READ or WRITE cycles, each bit is 
uniquely address~d through the 18 address bits, which are 
entered 9 bits (AO -A8) at a time. RAS is used to latch the first 
9 bits and CAS the latter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior toCAS going LOW, 
the output pin(s) remain open (High-Z) until the next CAS 
cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address (AO-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

MT20D51236 
REV. 1191 2-151 

512K x 36 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM (1-10) 

~"'111"""""111'''''''=::'''111''''''''''''111",,,~1 1 36 37 72 

72-Pin ZIP (J-9) 

.. 37 72 

PIN. SYMBOL PIN. SYMBOL PINII SYMBOL PINII SYMBOL 
1 Vss 19 NC 37 0018 55 0013 
2 001 20 DOS 38 0036 56 0031 
3 0019 21 0023 39 Vss 57 0014 
4 002 22 006 40 "CASO 58 0032 
5 0020 23 0024 41 ~ 59 Vee 
6 003 24 007 42 TIm 60 0033 
7 0021 25 0025 43 ~ 61 0015 
8 004 26 008 44 ~ 62 0034 
9 0022 27 0026 45 lU\Sf 63 0016 
10 Vee 28 A7 46 NC 64 0035 
11 NC 29 NC 47 we 65 0017 
12 AO 30 Vee 48 NC 66 NC 
13 A1 31 A8 49 0010 67 PR01 
14 A2 32 NC 50 0028 68 PR02 
15 A3 33 ~ 51 0011 69 PR03 
16 M 34 ~ 52 0029 70 PR04 
17 AS 35 0027 53 0012 71 NC 
18 A6 36 009 54 0030 72 Vss 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ-
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining~er and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE-
RAS, or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-A8) are executed at least every 8ms, 
regardless of sequence. 

Micron Technology, Inc., resarves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

001 ---------------------- D08 

ttl t tltl 
OQ1-4 001-4 

WE WE 
UI U2 

CAS CAS 

RAS RAS 

0019 ------------------------ 0026 

001 -----------------------008 

ttl t tt t t 
001-4 001-4 

WE WE 
U16 U15 

CAS CAS 

"AS RAS 

0019 ------------------------ 0026 

ttl t tltl 
001-4 OQ1-4 

WE WE 
U14 U13 

CAS CAS 

AO-ABII ••••• 

009,18 

DOl DQ2 

WE 
_ U17 
CABO 

RASO 

0027,36 

009,18 

DOl 002 

WE 
_U19 
CASO 

AASO 

0027,36 

Doo 00. 

WE CAS3 

U20 
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0010------------------------- 0017 

tltl tl t t 
001-4 OQ1-4 

WE WE 
U5 U6 

CAS CAS 

"AS AAS 

D08 ----------------------- 0035 

0010------------------------- 0017 

tl 
001-4 001-4 

0028 ----------------------- 0035 

tltl t tt t 
001-4 001-4 

WE WE 
UIO U' 

CAS CAS 

Ul-U16 = MT4C4256DJ 
U17- 20 = MT4C4259DJ 
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TRUTH TABLE 

Function ~ ~ 

Standby H X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE- 1st Cycle L H-+L-H 

MODE READ 2nd Cycle L H-+L-+H 

FAST-PAGE- 1st Cycle L H-+L-+H 

MODE WRITE 2nd Cycle L H-+L-+H 

RAS-ONL Y REFRESH L H 

HIDDEN READ L-+H-+L L 

REFRESH WRITE L-H-+L L 

CAS-BEFORE-RAS H-+L L 

REFRESH 

PRESENCE DETECT 

SYMBOL -7 

PRD1 VSS 

PRD2 VSS 

PRD3 NC 

PRD4 NC 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to +150°C 
Power Dissipation ............................................................ 20W 
Short Circuit Output Current ...................................... 50mA 

Addresses 

WE tR tc OQ1-36 

X X X High Impedance 

H ROW COL Valid Data Out 

L ROW COL Valid Data In 

H ROW COL Valid Data Out 

H n/a COL Valid Data Out 

L ROW COL Valid Data In 

L n/a COL Valid Data In 

X ROW n/a High Impedance 

H ROW COL Valid Data Out 

L ROW COL Valid Data In 

X X X High Impedance 

-8 -85 -10 

NC NC NC 

VSS VSS VSS 

VSS NC VSS 

NC VSS VSS 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ~ T A ~ 70°C; Vcc = 5.0V ± 10%) 

PARAMETER/CONOITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic O) Voltage, All Inputs VIL -2.0 0.8 V 1,22 

INPUT LEAKAGE CURRENT 
Any Input OV ~ VIN ~ Vcc AO-AS,WE II -40 40 ~ 
(All other pins not under test = OV) for each package input 

OUTPUT LEAKAGE CURRENT 001-0036 loz -24 24 ~ 
(0 is disabled, OV ~ VOUT ~ Vcc) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 1 
Output Low Voltage (lOUT = 5mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8, -85 -10 UNITS NOTES 

OPERATING CURRENT Iccl 820 720 620 mA 2 
(RAS and 'CAS" = Cycling: IRC = IRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE Icc2 620 520 420 mA 2 
(RAS = VIL, CAS = Cycling: IpC = IpC (MIN» 

STANDBY CURRENT: TIL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH ICC3 40 40 40 mA 
after 8 RAS cycles (MIN» 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = 'CAS" = Vcc -0.2V Icc4 20 20 20 mA 
after 8 RAS cycles (MIN». (All other inputs at Vcc -0.2V or Vss +0.2V) 

REFRESH CURRENT: RAS-ONL Y Icc5 820 720 620 mA 2 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS Iccs 820 720 620 mA 2 
(RAS and CAS = Cycling) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A8 Cil 100 pF 17 

Input Capacitance: WE CI2 140 pF 17 

Input Capacitance: RASO, RAS1, RAS2, RAS3 CI3 35 pF 17 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 42 pF 17 

Input/Output Capacitance: 001-0Q36 CIO 14 pF 17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 16, 17) (O°C :5 T A :5 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8, -85 -10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time 'RC 135 150 180 ns 6,7 
FAST PAGE MODE cycle time 'PC 40 45 55 ns 6,7 
Access time from RAS 'RAC 70 80 100 ns 7,8 

Access time from CAS 'CAC 20 20 25 ns 7,9 

RAS pulse width 'RAS 70 100,000 80 100,000 100 100,000 ns 
RAS hold time 'RSH 20 20 25 ns 

RAS precharge time 'RP 50 60 70 ns 

CAS pulse width 'cAS 20 100,000 20 100,000 25 100,000 ns 
CAS hold time 'CSH 70 80 100 ns 

CAS precharge time 'CPN 10 10 15 ns 18 

CAS precharge time (FAST PAGE MODE) 'cP 10 10 10 ns 
RAS to CAS delay time 'RCD 20 50 20 60 25 75 ns 13 

CAS to RAS setup time 'CRP 5 5 5 ns 
Row address setup time 'ASR 0 0 0 ns 
Row address hold time 'RAH 10 10 15 ns 

Column address setup time 'ASC 0 0 0 ns 

Column address hold time 'CAH 15 15 20 ns 
Column address hold time 'AR 55 60 70 ns 
referenced to RAS" 
Read command setup time 'RCS 0 0 0 ns 

Read command hold time 'RCH 0 0 0 ns 14 
referenced to CAS' 
Read command hold time 'RRH 0 0 0 ns 
referenced to "RAS' 
Output buffer turn-off delay 'OFF 0 20 0 20 0 20·· ns 12 

WE command setup time 'WCS 0 0 0 ns 

Write command hold time 'WCH 15 15 20 ns 
Write command hold time 'WCR 55 60 75 ns 
referenced to RAS 

Write command pulse width 'WP 15 15 20 ns 
Write command to RAS" lead time 'RWL 20 20 25 ns 

Write command to CAS' lead time 'cWL 20 20 25 ns 

Data-in setup time 'DS 0 0 0 ns 15 
Data-in hold time 'DH 15 15 20 ns 15 
Data-in hold time tDHR 55 60 75 ns 
referenced to "RAS' 
Transition time (rise or fall) 'T 3 50 3 50 3 50 ns 16 

Refresh period (256 cycles) tREF 8 8 8 ms 20 
CAS hold time tCHR 15 15 15 ns 19 
(CAS-BEFORE-RAS REFRESH) 

CAS setup time tCSR 10 10 10 ns 19 
CAS-BEFORE-RAS REFRESH) 

RAS to CAS precharge time 'RPC 0 0 0 ns 19 
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NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the Sms refresh 
requirement is exceeded. 

4. AC characteristics assume I'[ = Sns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input Signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C ::; T A ::; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

S. Assumes that ~CD < ~CD (MAX). If ~CD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that ~CD 
exceeds the value shown. 

9. Assumes that ~CD ~ ~CD (MAX). 
10. If CAS = VIH, data output is high impedance. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the tRCD (MAX) limit ensures that 

fMc (MAX) can be met. ~CD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tcAC. 

14. ~CH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I d'/ dv with dv = 3V and Vee = SV. 

IS. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tcP. Note S applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY

WRITE cycles are not available due to OE being 
grounded on UI-UIS. 

22. The module shall meet all functional requirements 
when a -2.0 signal is applied provided the signal is 
not more negative than -1.SV for a period of less than 
20ns and the signal's total duration is 25ns or less; or a 
-0.3V signal of any duration is presented (DC). 
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RAS 
VtH -
VIL _ 

leAP 

CAS 
VIH -
VIL -

tASA 

ADDR 

WE 

DO VOH -
VOL 

RAS 
VIH -
VIL _ 

leAP 

CAS VIH -
VIL -

ADDR VIH 
VIL 

READ CYCLE 

tRC 

tRAS 

tCSH 

lASH 

tACO teAs 

tCAC 

:1 tRAC 

OPEN 

EARLY-WRITE CYCLE 

tRC 

tRAS 

tCSH 

tASH 

tRCD teAs 
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tRP 

tRRH 

tOFF 

VALID:] 

ROW 

OPEN 

ROW 

~ DON'T CARE 

~ UNDEFINED 
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I'IIIC:~:::U;~~ MT20D51236 

FAST-PAGE-MODE READ CYCLE 

'RAS 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

'RAS 

AAs VIH -
VIL _ 

tCSH 

'I 'pc 

~ tACO 'CAS tep teAS tep 

CAS VIH -
VIL _ 

ADDA VIH 
VIL ROW 

DQ ~:t ··~~ULUL~LULU~~~ _____ V_~_I_D_D_~_A __ -A.~~.~ ___ V_A_Ll_D_DA_T_A __ -ff'~"-____ V~ __ ID_D_~_A_· __ ~~ULLULULU~~~ 
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ADDR 

tCRP . 
1 

~ 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AO - A7; AS and WE = DON'T CARE) 

. 
tRAS tRP . . ~ . 

. .tRP~~1 

'--I 

:1 
J 
\ 

~:r _~-RO-W --kllJlIJ/;!/////##$/IIJ�$#III/lI/;!//$)(r---RO-W --
tASR . . I. tRAH . 

DO ~gr -:---------------OPEN--------------

I RP 

:--1 tRPe 

tCPN I~ 

~-BEFORE-RH REFRESH CYCLE 
(AO - As' WE = DON'T CARE) 

RAS J • 

! 
RP • II 

~ 
RAS 

tCHR tRPC tcSR . . --

J 

Y 
tcHR 

DO ~gr -:---------------OPEN--------------

RAS 
VIH-
VIL_ 

CAS 

ADDR VIH 
VIL 

DO VOH-
VOL OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 20 

(READ) 

tRAS 
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(REFRESH) 

tRAS 

VALID DATA 

~ DON'T CARE 
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DRAM 
MODULE 
FEATURES 
• Common RAS control pinout in a 72-pin single-in-line 

package 
• High-performance, CMOS silicon gate process. 
• Single 5V ±10% power supply 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• Low power, 27mW standby; 2,175mW active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 1,024-cycle refresh distributed across 16ms 
• Optional FAST PAGE MODE access cycle 

OPTIONS 
• Timing 

70ns access 
80ns access 
lOOns access 

• Packages 

MARKING 

- 7 
- 8 
-10 

Leadless 72 -pin SIMM M 
Leadless 72-pin SIMM (Gold) G 
Leaded 72-pin ZIP Z 

GENERAL DESCRIPTION 
The MT9D136 is a randomly accessed solid-state memory 

containing 1,048,576 words organized in a x36 configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logiC LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE orCAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address (AO-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

MT9D136 
REV. 1191 2-161 

ADVANCE 

1 MEG x 36 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM (1-7) 

~""""!!iI""""""""i:iD::"""""!!iI""""""",~1 , $ ~ n 

72-Pin ZIP (J-6) 

36 37 72 

PIN# SYMBOL PIN* SYMBOL PIN. SYMBOL PINt SYMBOL 
1 Vss 19 NC 37 0018 55 0013 
2 001 20 005 38 0036 56 0031 
3 0019 21 0023 39 Vss 57 0014 
4 002 22 006 40 "CASO 58 0032 
5 0020 23 0024 41 N\S2 59 Vee 
6 003 24 007 42 m3 60 0033 
7 0021 25 0025 43 mr 61 0015 
8 004 26 008 44 mo 62 0034 
9 0022 27 0026 45 NG 63 0016 
10 Vee 28 A7 46 NC 64 0035 
11 NG 29 NG 47 we- 65 0017 
12 AO 30 Vee 48 NC 66 NC 
13 A1 31 A8 49 0010 67 PR01 
14 A2 32 A9 50 0028 68 PR02 
15 A3 33 NC 51 0011 69 PR03 
16 A4 34 RASlf 52 0029 70 PRD4 
17 A5 35 0027 53 0012 71 NC 
18 A6 36 009 54 0030 72 Vss 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE
RAS, or HIDDEN REFRESH) so that all 1,024 combinations 
ofRAS addresses (AO-A9) are executed at least every 16ms, 
regardless of sequence. 

Mlaon Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

I'IIIC::Rg~ MT9D136 

FUNCTIONAL BLOCK DIAGRAM 

001 ------------------------ 008 

001-4 

WE 

CAS 

RAS 

CASO ---+---40+---
CAS1 ---+-+---
RASO ---+--+----

WE 

U1 

001-4 

1--+--1 WE 

r-t----iCAS 

CAS2 ---+---4 ....... --
CAS3 --t-+----

AO-A9 

U6 

001-4 

WE 
U2 

CAS 

RAS 

009, 18,27,36 

001-4 

.-----1 WE CAS3 

.----i CASO US 

0010 ------------------------- 0017 

.-----1 WE 

.----iCAS 

RAS 

U3 
.-----1 WE 

CAS 

RAS 

U4 

0028 ----------------------- 0035 

r---IWE 

CAS 

Ul-U4, U6-U9 = MT4C4001DJ 
U5 = MT4C4004DJ 

U9 

NOTE: Due to the use of a Quad 'CAS" DRAM, "RASOis common to all devices. 
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TRUTH TABLE 

Function ~ 'CAS" 

Standby H X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE- 1st Cycle L H--+L 

MODE READ 2nd Cycle L H--+L 

FAST-PAGE- 1st Cycle L H--+L 

MODE WRITE 2nd Cycle L H--+L 

RAS-ONL Y REFRESH L H 

HIDDEN READ L--+H--+L L 

REFRESH WRITE L--+H--+L L 

CAS-BEFORE-RAS H--+L L 

REFRESH 

PRESENCE DETECT 

SYMBOL -7 

PRD1 NC 

PRD2 VSS 

PRD3 VSS 

PRD4 NC 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss .......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + 1S0°C 
Power Dissipation .............................................................. 9W 
Short Circuit Output Current ...................................... SOmA 

Addresses 

WE tR te OQ1-36 

X X X High Impedance 

H ROW COL Valid Data Out 

L ROW COL Valid Data In 

H ROW COL Valid Data Out 

H n/a COL Valid Data Out 

L ROW COL Valid Data In 

L n/a COL Valid Data In 

X ROW n/a High Impedance 

H ROW COL Valid Data Out 

L ROW COL Valid Data In 

X X X High Impedance 

-8 -10 

VSS NC 

VSS NC 

NC NC 

VSS NC 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1 , 3, 4, 6, 7) (O°C :5 T A :5 70°C; Vee = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
Any input OV :5 VIN :5 Vec AO-A8, WE Ii -18 18 iJA 
(All other pins not under test = OV) For each package input 

OUTPUT LEAKAGE CURRENT 001-0036 loz -12 12 iJA 
(0 is disabled, OV :5 VOUT:5 Vee) For each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 1 
Output Low Voltage (lOUT = 5mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 

OPERATING CURRENT Icc1 900 810 720 mA 2 
(RAS and CAS = Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc2 630 540 450 mA 2 
(RAS = VIL, CAS" = Cycling: tpc = tpc (MIN)) 

STANDBY CURRENT: TIL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH Icc3 18 18 18 mA 
after 8 RAS cycles (MIN)) 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = CAS = Vee -0.2V Icc4 9 9 9 mA 
after 8 RAS cycles (MIN)). (All other inputs at Vce -0.2V or Vss +0.2V) 

REFRESH CURRENT: RAS-ONL Y Icc5 900 810 720 mA 2 
(RAS = Cycling: CAS = VIH) 

. 
REFRESH CURRENT: CAS-BEFORE-RAS Iccs 900 810 720 mA 2 
(RAS and CAS = Cycling) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A8 CI1 45 pF 17 

Input Capacitance: WE CI2 63 pF 17 

Input Capacitance: RASO CI3 63 pF 17 

Input Capacitance: CASO, "OASf, CAS2, CAS3 CI4 21 pF 17 

InpuVOutput Capacitance: 001-0036 CIO 7 pF 17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 16, 17) (O°C :5 T A :5 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 130 150 180 ns 6, 7 

FAST-PAGE-MODE cycle time tpc 40 45 55 ns 6,7 
Access time from RAS tRAC 70 80 100 ns 7,8 

Access time from CAS tCAC 20 20 25 ns 7,9 

RAS pulse width tRAS 70 100,000 80 100,000 100 100,000 ns 
RAS hold time tRSH 20 20 25 ns 

RAS precharge time tRP 50 60 70 ns 
CAS pulse width tCAS 20 100,000 20 100,000 25 100,000 ns 
CAS hold time tCSH 70 80 100 ns 

CAS precharge time tCPN 10 10 15 ns 18 

<::AS precharge time (FAST PAGE MODE) tcp 10 10 10 ns 

RAS to <::AS delay time tRCD 20 50 20 60 25 75 ns 13 

CAS to RAS setup time tCRP 5 5 20 ns 

Row address setup time tASR 0 0 0 ns 
Row address hold time tRAH 10 10 15 ns 

Column address setup time tASC 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 
Column address hold time tAR 55 60 70 ns 
referenced to RAS 

Read command setup time tRCS 0 0 0 ns 

Read command hold time tRCH 0 0 0 ns 14 
referenced to CAS 

Read command hold time tRRH 0 0 0 ns 
referenced to RAS 

Output buffer turn-off delay toFF 0 20 0 20 0 20 ns 12 

M command setup time twcs 0 0 0 ns 

Write command hold time twCH 15 15 20 ns 
Write command hold time twCR 55 60 75 ns 
referenced to RAS 
Write command pulse width twp 15 15 20 ns 
Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tcWL 20 20 25 ns 

Data-in setup time 'OS 0 0 0 ns 15 
Data-in hold time 'DH 15 15 20 ns 15 

Data-in hold time tDHR 55 60 75 ns 
referenced to RAS 

Transition time (rise or fall) tT 3 50 3 50 3 50 ns 16 

Refreshperiod (256 cycles) tREF 16 16 16 ms 20 

<::AS hold time tcHR 15 15 15 ns 19 
(<::AS-BEFORE-RAS REFRESH) 

CAS setup time 'CSR 10 10 10 ns 19 
(CAS"-BEFORE-RAS REFRESH) 

RAS to CAS precharge time tRPC 0 0 0 ns 19 
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NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOlls is required after power-up 
followed by any eight RAS REFRESH cycles (RAS
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the 16ms refresh 
requirement is exceeded. 

4. AC characteristics assume tr = 5ns. 
5. Vru (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vru and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :'> T A :'> 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and l00pF. 

8. Assumes that ~CD < ~CD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that ~CD 
exceeds the value shown. 

9. Assumes that ~CD ;?: IRCD (MAX). 
10. If CAS = Vru, data output is high impedance. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the tRCD (MAX) limit ~nsures that 
!RAC (MAX) can be met. ~CD (MAX) is specified as 
a reference pOint only; if IRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

14. IRCH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica
tion, all input signals must transit between Vru and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from the equation C = I d'/ dv with dv = 3V and Vee = SV. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tcP. Note 8 applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY

WRITE cycles are not available due to OE being 
grounded on U1-U9. 
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RAS 
VIH -
VIL _ 

teRP 

CAS 
VIH -
VIL -

tASR 

ADOR 

WE 

DO VOH -
VOL 

RAS 
VIH -
VIL _ 

tCAP , 

CAS VIH -
VIL _ 

ADDR VIH 
VIL 

READ CYCLE 

tRC 

tRAS 

teSH 

tASH 

tACO teAS 

tCAG 

'! tRAC 

OPEN 

EARLY-WRITE CYCLE 

tRC 

tRAS 

'CSH 

tRSH 

tACO 'CAS 

2-167 

tRP 

tRRH 

tOFF 

VALID;] 

ADVANCE 

ROW 

OPEN 

ROW 

~ DON'TeARE 

~ UNDEFINED 

-C 
::D » s:: 
s:: 
0 
C 
c: 
r-
m 



-C 
:D 
l> 
s: 
s: 
o 
c 
c: 
r
m 

ADDR ~:t 

DO 

RAS VIH -
Vil _ 

CAS 

ADDA VIH 
VIL 

FAST-PAGE-MODE READ CYCLE 

lRAS 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

'AAS 

tCSH 

IpC 
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leRP 

I' 
CAS ~:e _ :--' 

'RAS"-ONL Y REFRESH CYCLE 
(ADDR = AO - Ag; WE = DON'T CARE) 

tRAS tRP , 
'I 

, 

, .tRPe .... 
1 

'-------J 

:1 
\ 

ADDR ~:~ _,----RO-W --b$$!,1,1/$/$,1$!$$$/$,1J/?(r---RO-W --
tASR tRAH . , . 

DO ~g~ -'---------------OPENI-------------

'CAS"-BEFORE-~ REFRESH CYCLE 
(Ao - Ag, WE = DON'T CARE) 

tRAS 

- V'H-
CAS V,L --!.LJ..,'-4-_-"--____ -LL£.£LL;:uL'-"-_"--____________ ---'--__ 

DO ~g~ :'----------------OPEN'--------------

I~ 'RCD 

:~ 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 20 

(READ) 

'A S A 

'RSH 

II 
1't 

(REFRESH) 

'RAS 

'CHR 

V 
J 1 , 'AR 

I~ 'RAH 'AScl~ 
Ir---~~~ 

I I~ j 
DO ~g~-'-------'-OPEN \ ,'CAC :1 VALID DATA !=:::N-
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DRAM 
MODULE 
FEATURES 
• Common RAS control per side pinout in a 72-pin 

single-in-line package 
• High-performance CMOS silicon gate process. 
• Single 5V ±1O% power supply 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible 
• Low power, 54mW standby; 4,500mW active, typical 
• Refresh modes: RA5-0NL y, CAS-BEFORE-RAS, and 

HIDDEN 
• 1,024-cycle refresh distributed across 16ms 
• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

70ns access 
SOns access 
lOOns access 

• Packages 

- 7 
- 8 
-10 

Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (Gold) G 
Leaded 72-pin ZIP Z 

GENERAL DESCRIPTION 
The MT18D236 is a randomly accessed solid-state memory 

containing 2,097,152 words organized in a x36 configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior toCAS going LOW, 
the output pin(s) remain open (High-Z) until the next CAS 
cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address (AO-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

MT18D236 
REV. 1191 2-171 

ADVANCE 

2 MEG x 36 DRAM 
FAST PAGE MODE 

PIN. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM (1-8) 

~"I111"""I111""I111"":I:=IIII"""iII"i11I111I111,,~1 1 36 37 72 

72-Pin ZIP (J-7) 

36 37 72 

SYMBOL PINII SYMBOL PIN. SYMBOL PINII SYMBOL 
Vss 19 NG 37 0018 55 0013 
001 20 005 38 0036 56 0031 
0019 21 0Q23 39 Vss 57 0014 
002 22 006 40 mo- 58 0032 
0020 23 0024 41 ~ 59 Vee 
003 24 007 42 m3 60 0033 
0021 25 0025 43 ~ 61 0015 
004 26 008 44 ro\Slf 62 0034 
0022 27 0026 45 mr 63 0016 
Vee 28 A7 46 NG 64 0035 
NG 29 NG 47 WE" 65 0017 
AO 30 Vee 48 NG 66 NG 
Al 31 A8 49 0010 67 PROl 
A2 32 A9 50 0028 68 PR02 
A3 33 llASf 51 0011 69 PR03 
A4 34 roiSO 52 0029 70 PR04 
A5 35 0027 53 0012 71 NC 
A6 36 009 54 0030 72 Vss 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining~er and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CA5-BEFORE
RAS, or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (AO -A9) are executed at least every 16ms, 
regardless of sequence. 

Micron Technology. Inc., reserves Ihe right to change products or specifICations without notice. 
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NOTE: 

FUNCTIONAL BLOCK DIAGRAM 

001 ------------------------ 008 

0019 ------------------------ DQ26 

AO __ _ 

001 ------------------------ 008 

t t tl 
DQ1·4 DQ1-4 

WE WE 

CAS 
UlO 

CAS 
Ull 

RAS RAS 

0019 ------------------------ DQ26 

CAS2 ==j::~== CAS3 

AO-A9 __ 

D09. 18, 27, 36 

009,18,27,36 

ttl 
OQ1-4 

WE GAS3 
CASO U14 

RAS CAS2 

0010 ------------------------ 0017 

DQ28 ----------------------- D035 

0010 •.•••••••••••••••••••••• D017 

t t 
001 -4 001-4 

DQ28 ----------------------- DOGS 

U1-U4, U6-U13. U15-U18 = MT4C4001DJ 
U5, U14 .. MT4C4Q04DJ 

Due to the use of a Quad CAS parity DRAM, RASa is common to side 1 and RAS1 is common to side 2_ 
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TRUTH TABLE 

Addresses 

Function 'FIAS" ~ WE tR tc OQ1-36 

Standby H X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE- 1st Cycle L H-L 

MODE READ 2nd Cycle L H-L 

FAST-PAGE- 1st Cycle L H-L 

MODE WRITE 2nd Cycle L H-L 

RAS-ONL Y REFRESH L H 

HIDDEN READ L-H-L L 

REFRESH WRITE L-H-L L 

CAS-BEFORE-RAS H-L L 

REFRESH 

PRESENCE DETECT 

SYMBOL -7 

PRD1 NC 

PRD2 NC 

PRD3 VSS 

PRD4 NC 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) ........... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + lS0°C 
Power Dissipation ............................................................ 18W 
Short Circuit Output Current ...................................... SOmA 

2-173 

X X X High Impedance 

H ROW COL Valid Data Out 

L ROW COL Valid Data In 

H ROW COL Valid Data Out 

H nfa COL Valid Data Out 

L ROW COL Valid Data In 

L nfa COL Valid Data In 

X ROW nfa High Impedance 

H ROW COL Valid Data Out 

L ROW COL Valid Data In 

X X X High Impedance 

-8 -10 

VSS NC 

VSS NC 

VSS NC 

NC NC 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ::; T A::; 70°C; Vee = 5.0V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
Any Input: OV ::; VIN ::; Vee AO-A9, WE II -36 36 I!A 
(All other pins not under test = OV) For each package input 

OUTPUT LEAKAGE CURRENT 001-0036 loz -24 24 I!A 
(0 is disabled, OV ::; VOUT ::; Vee) For each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 1 
Output Low Voltage (lOUT = SmA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 

OPERATING CURRENT Icc1 918 828 738 mA 2 
(RAS and CAS = Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE lec2 648 558 468 mA 2 
(RAS = VIL, CAS = Cycling: IpC = IpC (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH ICC3 36 36 36 mA 
after 8 RAS" cycles (MIN)) 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = CAS = Vee -0.2V ICC4 18 18 18 mA 
after 8 RAS cycles (MIN)). (All other inputs at Vee -0.2V or Vss +0.2V) 

REFRESH CURRENT: RAS-ONL Y Icc5 918 828 738 mA 2 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS ICC6 918 828 738 mA 2 
(RAS and CAS = Cycling) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A9 CI1 90 pF 17 

Input Capacitance: WE CI2 126 pF 17 

Input Capacitance: RASO, RAS1 CI3 63 pF 17 

Input Capacitance: CASO, 'CASf; CAS2, CAS3 CI4 42 pF 17 

InpuUOutput Capacitance: 001-0036 CIO 14 pF 17 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 16, 17) (O°C :0; T A :0; 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -7 -8 -10 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time IRC 130 150 180 ns 6, 7 
FAST-PAGE-MODE cycle time IpC 40 45 55 ns 6, 7 
Access time from RAS IRAC 70 80 100 ns 7,8 

Access time from CAS ICAC 20 20 25 ns 7,9 

RAS pulse width IRAS 70 100,000 80 100,000 100 100,000 ns 
RAS hold time IRSH 20 20 25 ns 

RAS preeharge time IRP 50 60 70 ns 
CAS pulse width ICAS 20 100,000 20 100,000 25 100,000 ns 
CAS hold time ICSH 70 80 100 ns 

CAS precharge time ICPN 10 10 15 ns 18 

CAS precharge time (FAST PAGE MODE) ICp 10 10 10 ns 
RAS to CAS delay time IRCD 20 50 20 60 25 75 ns 13 
CAS to RAS setup time ICRP 5 5 20 ns 
Row address setup time IASR 0 0 0 ns 
Row address hold time IRAH 10 10 15 ns 

Column address setup time IASC 0 0 0 ns 

Column address hold time ICAH 15 15 20 ns 
Column address hold time IAR 55 60 70 ns 
referenced to RAS 

Read command setup time IRCS 0 0 0 ns 

Read command hold time IRCH 0 0 0 ns 14 
referenced to CAS 

Read command hold time IRRH 0 0 0 ns 
referenced to RAS 

Output buffer turn-off delay 'OFF 0 20 0 20 0 20 ns 12 

WE command setup time twcs 0 0 0 ns 

Write command hold time twCH 15 15 20 ns 
Write command hold time twCR 55 60 75 ns 
referenced to "RAS 
Write command pulse width IWp 15 15 20 ns 
Write command to RAS lead time IRWL 15 20 25 ns 

Write command to CAS lead time ICWL 15 20 25 ns 

Data-in setup time IDS 0 0 0 ns 15 
Data-in hold time IDH 15 15 20 ns 15 
Data-in hold time IDHR 55 60 75 ns 
referenced to RAS" 
Transition time (rise or fall) IT 3 50 3 50 3 50 ns 16 

Refresh period (256 cycles) IREF 16 16 16 ms 20 

CAS hold time ICHR 15 15 15 ns 19 
(CAS-BEFORE-RAS REFRESH) 

CAS setup time ICSR 10 10 10 ns 19 
(CAS-BEFORE-RAS REFRESH) 

RAS to CAS precharge time IRPC 0 0 0 ns 19 
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NOTES 
1. All voltages referenced to Vss . 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOlls is required after power-up 
followed by any eight RAS REFRESH cycles (RAS
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the 16ms refresh 
requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (DOC ~ T A ~ 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, !RAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = VIH, data output is high impedance. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. IOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
!RAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

14. IRCH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is calculated 
from theequationC=Id'/dvwithdv=3V and Vee =5V. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for ICP. Note 8 applies to 
determine valid data out. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY

WRITE cycles are not available due to OE being , 
grounded on U1-U18. 
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DUAL PORT DRAM PRODUCT SELECTION GUIDE 
Memory Access Part Access Power Dissipation Package and Number of Pins 
Configurallon Cycle Number Time (ns) Standby Active PDlP ZIP SOJ CDiP Process Page 

64Kx4 PM MT42C4064 100,120,150 15mW 250mW 24 24 - 24 CMOS 3-1 

256Kx4 FPM MT42C4255 80,100,120 15mW 200mW - 28 28 - CMOS 3-27 

256Kx4 FPM,BW MT42C4256 80,100,120 15mW 200mW - 28 28 - CMOS 3-61 

128K x 8 FPM MT42C8127 100,120 15mW 200mW - - 40 - CMOS 3-97 

128K x 8 FPM,BW MT42C8128 80,100,120 15mW 275mW - 40 40 - CMOS 3-131 

256Kx8 FPM,BW MT42C8256 70,80,100 20mW 300mW - - 40 - CMOS 3-167 

PM = Page Mode, FPM = Fast Page Mode, BW = Block Write 

TRIPLE PORT DRAM PRODUCT SELECTION GUIDE 
Memory Access Part Access Power DlsslpaUon Package and Number of Pins 
Configuration Cycle Number Time (ns) Standby Acllve ZIP SOJ PLCC Process Page 

256Kx4 FPM, BW, QSF pin MT43C4257 80,100,120 15mW 450mW - 40 - CMOS 3-169 

256K x4 FPM, BW, SSF pin MT43C4258 80,100,120 15mW 450mW - 40 - CMOS 3-169 
128K x 8 FPM, BW, QSF pin MT43C8128 80,100,120 15mW 450mW - - 52 CMOS 3-215 
128K x 8 FPM, BW, SSF pin MT43C8129 80,100,120 15mW 450mW - - 52 CMOS 3-215 

PM = Page Mode, FPM = Fast Page Mode, BW = Block Write 
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VRAM 

FEATURES 
• Industry standard pinout, timing and functions 
• High performance CMOS silicon gate process 
• Single +5V ±1O% power supply 
• Inputs and outputs are fully TIL and CMOS 

compatible 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 256-cycle refresh within 4ms 
• Optional PAGE MODE access cycles 
• Dual port organization: 64K x 4 DRAM port 

256 x 4 SAM port 
• Bit MASKED WRITE mode capability on DRAM port 
• No refresh required for Serial Access Memory 
• Low power: 15mW standby; 250mW active, typical 
• Fast access times - lOOns parallel, 33ns serial 

OPTIONS 
• Timing (DRAM, SAM) 

lOOns, 33ns 
120ns,40ns 
150ns,60ns 

• Packages 
Plastic DIP (400 mil) 
Ceramic DIP (400 mil) 
PlasticZIP 

GENERAL DESCRIPTION 

MARKING 

-10 
-12 
-15 

None 
C 
Z 

The MT42C4064 is a high speed, dual port CMOS dy
namic random access memory, or video RAM (VRAM) 
containing 262,144 bits. They may be accessed by a four bit 
wide DRAM port or by a 256 x 4 bit serial access memory 
(SAM) port. Data may be transferred bidirectionally be
tween the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4067 (64K x 4) bit DRAM. Four 256-bit data 
registers make up the serial access memory portion of the 
VRAM. DataI/ o and internal data transfer are accomplished 
using three separate bidirectional data paths: the 4-bit 
random access II 0 port, the four internal 256 bit wide paths 
between the DRAM and the SAM, and the 4-bit serial I/O 

MT42C4064 
REV.1191 3-1 

64Kx4 DRAM 
WITH 256 x 4 SAM 

PIN ASSIGNMENT (Top View) 

24-Pin DIP 24-Pin ZIP 
(A-8,8-8) (C-4) 

SC Vss DQ3 1 c, 
2 DQ4 '-

SDQ1 SDQ4 SE 3 '-' 4 SDQ3 '-
SDQ2 SDQ3 SDQ4 5 '-' 

6 Vss '-
TRIOE SE SC 7 '-' 

'- 8 SDQ1 
DQ1 DQ4 SDQ2 9 '-' 

TRIOE '-- 10 
DQ2 DQ3 DQ1 11 '-' 

'-- 12 DQ2 
MElWE CAS MEIWE 13 '-' 

RAS '- 14 
RAS AO A6 15 '-' '- 16 A5 

A6 A1 A4 17 '-' 
'-- 18 Vee 

A5 A2 A7 19 '-' 
'-- 20 A3 

A4 A3 A2 21 '-' 
'-- 22 A1 

Vee A7 AO 23 '-' 
CAS '-- 24 

port for the SAM. The rest of the circuitry consists of the 
control, timing, and address-decoding logic. 

Each of the ports may be operated asynchronously and 
independently of the other except when data is being 
transferred internally between them. As with all DRAMs, 
the VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 256 combinations of RAS 
addresses are executed at least every 4ms (regardless of 
sequence). Micron recommends evenly spaced refresh cycles 
for maximum data integrity. An internal transfer between 
the DRAM and the SAM counts as a refresh cycle. The SAM 
portion of the VRAM is fully static and does not require any 
refresh. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 

.. 
s:: 
c: 
~ -"tJ 
0 
:::D 
-I 
C 
:::D 
l> 
s:: 



.. 
3: 
c: 
~ -"tJ o 
:D 
-I 
C 
:D 
l> 
s: 

I'IIIC:I=";!~ MT 42C4064 

-------------------------------------.------.-.---- ... ---_··-·····-1 

256x256x4 
DRAM ARRAY 

TIMING 
GENERATOR 

& 
CONTROL 

LOGIC 

J.. 
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Figure 1 
MT42C4064 BLOCK DIAGRAM 
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PIN DESCRIPTIONS 

DIP PIN ZIP PIN 
NUMBER(S) NUMBER(S) SYMBOL TYPE DESCRIPTION 

1 7 SC Input Serial Clock: Clock input to the serial address counter for the 
SAM registers. 

4 8,9,4,5 TRIOE Input Transfer Enable: Enables an internal TRANSFER operation at 
RAS (H ..... L), or 

Output Enable: Enables the DRAM output buffers when taken 
LOW after RAS goes LOW (CAS must also be LOW); otherwise, 
the output buffers are in a High-Z. 

7 13 MEIWE Input Mask Enable: If MEtWE is LOW at the falling edge of RAS 
a MASKED WRITE cycle is performed, or 

Write Enable: WE is used to select a READ (WE = H) or 
WRITE (WE = L) cycle when accessing the DRAM. This 
includes a DRAM-TO-SAM TRANSFER (WE = H) or SAM- TO-
DRAM TRANSFER (WE = L). 

8 14 RAS Input Row Address Strobe: RAS is used to clock in the 8 row-address 
bits and as a strobe for the MASK ENABLE and TRANSFER 
functions. 

9,10,11,13, 23,22,21,20 AO to A7 Input Address Inputs: For the DRAM operation, these inputs are 
14, 15, 16, 17 17,16,15,19 multiplexed and clocked by RAS and CAS to select 4 bits 

out of the 64K available. During TRANSFER operations, 
AO to A7 indicate the DRAM row being accessed (when RAS 
goes LOW) and the SAM start address (when CAS goes LOW). 

18 24 CAS Input Column Address Strobe: CAS is used to clock in the 8 column-
address bits and enable the DRAM output buffers (TR/OE must 
also be LOW). 

21 3 SE Input Serial Port Enable: SE enables the serial 110 buffers and 
allows a serial READ or WRITE operation to occur, otherwise the 
output buffers are in a High-Z state.SE is also used during a 
TRANSFER operation to indicate whether a SAM-TO-DRAM 
TRANSFER or a SERIAL-IN PUT-MODE ENABLE cycle is 
performed. 

5,6,19,20 11,12,1,2 DQ1-DQ4 InpuV DRAM Data 110: Inputs, Outputs, or High-Z, andlor 
Output Mask Data Inputs: For MASKED WRITE cycle only. 

2,3,22,23 8,9,4,5 SDQ1-SDQ4 InpuV Serial Data 110: Input, Output, or High-Z. 
Output 

12 18 Vcc Supply Power Supply: +5V ±1 0% 

24 6 Vss Supply Ground 

3-3 
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FUNCTIONAL DESCRIPTION 
The VRAM can be divided into three functiortal blocks 

(see Figure 1); the DRAM, the transfer control circuitry, and 
the serial access memory (SAM). All of the operations 
described below are also shown in the AC Timing Diagrams 
section of this data sheet, and are summarized in the Truth 
Table. 

Note: For dual function pins, the function that is not 
being discussed will be surrounded by parentheses. 
For example, when discussing transfer operations 
the TR/OE pin will be shown as TR/(OE). 

DRAM OPERATION 

The DRAM portion of the VRAM is functionally identical 
to standard 64K x 4 DRAMs. However, because several of 
the DRAM control pins are used for additional functions on 
this part, several conditions that were undefined or "don't 
care" states for the DRAM are specified for the VRAM. 
These conditions are highlighted in the following discussion. 

READIWRITE Cycles 

The 16 address bits that are used to select a 4-bit word 
from the 65,536 available are latched into the chip using the 
AD -A7, RAS, and CAS inputs. First, the 8 row-address bits 
are set up on the address inputs and clocked into the part 
when RAS transitions from HIGH to LOW. Next, the 8 
column-address bits are set up on the address inputs and 
clocked-in when CAS goes from HIGH to LOW. 

For single port DRAMs the OE pin is a "don't care" when 
~S goes LOW. For the VRAM, (TR)/OE is used, when 
RAS goes LOW, to select between an internal transfer 
operation and a DRAM operation. (TR) !DE must be HIGH 
attheRASHIGH to LOW transition for a DRAM port READ 
or WRITE operation. 

3-4 

U (ME)/WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1 - DQ4 port. The (TR) I 
OE input must be LOW to enable the DRAM output port. 

For single port DRAMs, WE is a "don't care" when RAS 
goes LOW. For the VRAM, (ME)/WE is used, whenRAS 
goes LOW, to select between a MASKED WRITE cycle and 
anormaIWRITEcycle.If(ME)/WEisLOWattheRASHIGH 
to LOW transition, a MASKED WRITE operation is se
lected. For a normal DRAM WRITE operation, (ME) IWE 
must be HIGH at the RAS HIGH to LOW transition. (ME) I 
WEisa "don'tcare" at theRAS HIGH to LOW transition for 
a DRAM READ cycle. 

If (ME)/WE is LOW when CAS goes LOW, a DRAM 
WRITE operation is performed and the data present on the 
DQ1 - DQ4 port will be written into the selected memory 
cells. If MEl (WE) is LOW when RAS goes LOW, the input 
data will be "masked" before being stored in the DRAM. 

The VRAM can perform all the normal DRAM cycles 
including EARLY-WRITE, LATE-WRITE, READ-WRITE, 
READ-MODIFY-WRITE, PAGE-MODE READ, PAGE
MODEWRlTE,andPAGE-MODEREAD-MODIFY-WRITE. 
Refer to the AC timing parameters and diagrams in this 
data sheet for more details on these operations. 

REFRESH 

The MT42C4064 supports RAS ONLY, CAS-BEFORE
RAS, and HIDDEN types of refresh cycles. All 256 row
address combinations must be accessed within 4ms. For the 
CAS-BEFORE-RAS refresh mode, the row addresses are 
generated internally and the user need not supply them as 
he must in RAS ONLY refresh. TRI (OE) mustbe HIGH when 
RAS goes LOW for the RAS ONLY and CAS-BEFORE
RAStypes of refresh cycles. Any READ, WRITE, or TRANS
FER operation also refreshes the DRAM row that is being 
accessed. 
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OLD MASK INPUT NEW OLD 

DATA DATA DATA 

m 
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X 

ffi ~ o .-----;,. 
X 
1 .-----;,. 

OIl ADDRESS 0 ~ OIl 
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(RE-WRITE) 

0 
1 

0 
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x 
1 

X 

ADDRESS 1 
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~ .-----;,. 

.-----;,. 

AFTER 

~ DON'T CARE 

~ UNDEFINED 

Figure 2 
MT42C4064 MASKED WRITE 

MASKED WRITE 

If ME/ (WE) is LOW atthe RAS HIGH to LOW transition, 
the data (mask data) present on the DQ1 - DQ4 inputs will 
be written into the bit mask data register. The mask data acts 
as an individual write enable for each of the four DQ1- DQ4 
pins. If a LOW (logic 0) is written to a mask data register bit, 
the input port for that bit is disabled during the subsequent 
WRITE operation and no new data will be written to that 
DRAM cell location. A HIGH (logic 1) on a mask data 
register bit enables the input port and allows normal WRITE 
operations to proceed. Note that CAS is still HIGH. When 

3-5 

CAS goes LOW, the bits present on the DQ1 - DQ4 inputs 
will be written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). The 
DRAM contents that correspond to the masked bits will not 
be changed during the WRITE cycle. Since the mask data 
register is reset (to all l's) at the end of every MASKED 
WRITE cycle, new mask data must be supplied at the 
beginning of each MASKED WRITE cycle. An example of a 
typical MASKED WRITE cycle is shown in Figure 2. 
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TRANSFER OPERATION 
DRAM-TO-SAM TRANSFER (READ TRANSFER) 

A TRANSFER operation is initiated when TR/(OE) is 
LOW at RAS (HIGH to LOW) time. (ME) /WE indicates the 
direction of the transfer and must be HIGH as RAS goes LOW 
for a DRAM-TO-SAM TRANSFER In this case, the row 
address bits indicate the four 256-bit DRAM rows that are 
to be transferred to the four SAM data registers, and the 
column address bits indicate the start address, or Tap, of the 
next SERIAL OUTPUT cycle from the SAM data registers. 
RAS and CAS are used to strobe the address bits into the 
part. To complete the TRANSFER, TR/ (OE) is taken HIGH 
while RAS and CAS are still LOW. The 1024 bits of DRAM 
data are then written into the SAM data registers and the 
serial shift start address is stored in an intemal 8-bit register. 
There must be no rising edges on the serial clock (SC) input 
while a normal READ TRANSFER is taking place (refer to 
the AC timing diagrams for READ TRANSFER). A REAL
TIME READ-TRANSFER cycle is the only time when SC 
must be synchronized with the DRAM RAS and CAS tim
ing (by using TR/(OE) is to fire the TRANSFER, LOW to 
HIGH transition). See the REAL-TIME READ-TRANSFER 
AC timing waveforms. IfSE is LOW, the first bits of the new 
row data will appear at the serial outputs with the first SC 
clock pulse. SE enables the serial outputs and may be either 
HIGH or LOW during this operation. 

SAM-TO-DRAM TRANSFER (WRITE TRANSFER) 

The SAM-TO-DRAM TRANSFER operation is identical 
to the DRAM-TO-SAM TRANSFER described above ex
cept that (ME) /WE and SE must be LOW when RAS goes 
LOW. The row address indicates the DRAM row that the 
SAM data registers will be written to and the column 
address indicates the Tap address of the next SERIAL 
INPUT cyc1e for the SAM data registers. IfSE is HIGH when 
RASgoesLOW,aSERIAL-INPUT-MODEENABLEcyc1eis 
performed. 

3-6 

SAM OPERATION 
SERIAL INPUT/OUTPUT MODE CONTROL 

The SAM port is automatically placed in the serial output 
mode after a DRAM-TO-SAM TRANSFER operation. Con
versely, after a SAM-TO-DRAM TRANSFER, the SAM port 
will be in the serial input mode. 

SERIAL-INPUT-MODE ENABLE (PSEUDO WRITE 
TRANSFER) 

It is possible to change the direction of the SAM port from 
output to input without performing a SAM-TO-DRAM 
TRANSFER This operation, called aSERIAL-INPUT-MODE 
ENABLE cycle, is simply a SAM-TO-DRAM TRANSFER 
cycle with SE held HIGH instead of LOW. The DRAM data 
will not be disturbed and the data registers will be ready to 
accept input data. 

The only way to put the SAM port in the serial output 
mode is to do a DRAM-TO-SAM TRANSFER 

SERIAL INPUT and SERIAL OUTPUT 

The control inputs for SERIAL INPUT and SERIAL 
OUTPUT are SC and SE. The rising edge of SC increments 
the serial address counter and provides access to the next 
SAM location. SE enables or disables the serial input/ output 
buffers. 

Serial output of the SAM data register contents will start 
at the tap start address that was loaded during the DRAM
TO-SAM TRANSFER cycle. The SC input increments the 
address counter and presents the contents of the next SAM 
location to the 4-bit port. SE is used as an output enable 
during the SAM output operation. The serial address is 
automatically incremented with every SC LOW to HIGH 
transition, regardless of whether SE is HIGH or LOW, and 
will wrap around to location 0 after reaching its maximum 
count of 255. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
serial address register contents, which was loaded when 
the serial input mode were enabled, will determine the 
serial address to which the first bit will be written. SE acts 
as an enable for serial data input and must be LOW for 
normal serial input. If SE is HIGH, the data inputs are dis
abled and the SAM contents will not be modified. The serial 
address register is incremented with every L -+ H transition 
of SC, regardless of the logic level on the SE input. 



I'IIIC:Rg,~ MT42C4064 

TRUTH TABLE 
DRAM Operations (SC, ~, and SDQ1 - SDQ4 are "don't care") 

Function nS" CAS 
M'EIWE 

tR* tC* 

Standby H H X X 

READ L L X H 

WRITE L L H L 
(EARL V-WRITE) 

MASKED WRITE H----L L L L 

READ-WRITE L L H H----L 

PAGE-MODE L H----L----H, H H 
READ H----L----H 

PAGE-MODE L H----L----H, H L 
WRITE H----L----H 

PAGE-MODE L H----L----H, H H----L 
READ-WRITE H----L----H 

RAS-ONLV L H X nfa 
REFRESH 

HIDDEN L----H----L L X H 
REFRESH 

CAS-BEFORE- H----L L X X 
RAS REFRESH 

TRANSFER Operations (DQ1 - DQ4 are "don't care") 

Function 'RAS" CAS 

DRAM-TO-SAM L L 
TRANSFER 

SAM-TO-DRAM L L 
TRANSFER 

SERIAL-IN PUT- L L 
MODE ENABLE 

• tR = when RAS goes from HIGH to LOW 
tC = when CAS goes from HIGH to LOW 

M'EiWE 

tR* tC* 

H X 

L X 

L X 

•• TAP = Tap Address, the serial address to which the next 
serial input or output cycle will start. 

'i'RiO"E Addresses DQ1 
to Notes 

tR* tC* tR* tC* DQ4 

X X X X High-Z 

H H----L ROW COL Data Out 

H X ROW COL Data In 1 

H X ROW COL Mask Data In, 
Valid Data In 

H L----H ROW COL Valid Data Out 1 

H H----L ROW COL Valid Data Out 

H X ROW COL Valid Data In 

H L----H ROW COL Valid Data Out, 1 
Valid Data In 

H nfa ROW nfa High-Z 

X L ROW COL Valid Data Out 

X X X X High-Z 

TR/OE Addresses SC ~ SDQ1 
to Notes 

tR* tC* tR* tC* SDQ4 

L L ROW TAp·· X X X 2 

L X ROW TAp·· X L X 3 

L X ROW TAp·· X H X 4 

Notes: 1. Any type of WRITE cycle may also be a 
MASKED WRITE cycle . 
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2. The SAM will be in a SERIAL OUTPUT mode 
after a DRAM-TO- SAM TRANSFER. 

3. The SAM will be in a SERIAL INPUT mode 
after a SAM-TO-DRAM TRANSFER. 

4. The SAM will be put in the SERIAL INPUT 
mode but the SAM-TO-DRAM TRANSFER 
will not occur. 
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TRUTH TABLE 
Serial 1/0 Operations (~, ~, EIWE", TFf/O~, and DQ1 - DQ4 are "don't care") 

Function SC 

SERIAL OUTPUT L --+H 

SERIAL INPUT L --+H 

Notes: 5. The SAM must be in the SERIAL OUTPUT mode. 
6. The SAM must be in the SERIAL INPUT mode. 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, Ta(Ambient) ........... O°C to +70°C 
Storage Temperature (Plastic) .................... -Ssoc to + lS0°C 
Power Dissipation ............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

~ 

L 

L 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C :'> T A:'> 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C:'> TA :'> 70°C; Vee = 5.0V ± 10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
(any input (OV:,>VIN:,>Vee), all other pins not under test = OV). 

OUTPUT LEAKAGE CURRENT 
(DQ, SDa disabled, OV:,>Vou-r:<;;Vee). 

OUTPUT LEVELS 
Output High Voltage (lOUT = -SmA) 

Output Low Voltage (lOUT = SmA) 
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SDQ1-SDQ4 Notes 

Valid Data Out 5 

Valid Data In 6 

*Stresses greater than those listed under U Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.5 5.5 V 1 

VIH 2.4 Vee+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 !LA 

loz -10 10 !LA 

VOH 2.4 V 

VOL 0.4 V 1 



CAPACITANCE 

PARAMETER 

Input Capacitance: Ao-A? 

Input Capacitance: RAS, CAS, WE, OE, SC, SE 

Output Capacitance: DO, SDO 

CURRENT DRAIN, SAM IN STANDBY 
(Notes 2, 3) (O°C:O:: T A:O:: 70°C, Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION OF DRAM 

OPERATING CURRENT (RAS and CAS = Cycling; IRC = tRC (MIN)). 

OPERATING CURRENT: PAGE MODE 
(RAS = VIL,CAS = Cycling; IpC = IpC (MIN)). 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH 
after 8 RAS cycles MIN). 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = CAS = Vcc-0.2V 
after 8 RAS cycles MIN. All other inputs at Vcc-0.2V or Vss + 0.2V). 

REFRESH CURRENT: RAS-ONL Y (RAS = Cycling; CAS = VIH). 

REFRESH CURRENT: CAS-BEFORE-RAS (RAS and CAS = Cycling). 

SAM/DRAM DATA TRANSFER 

CURRENT DRAIN, SAM ACTIVE (tsc = MIN) 
(Notes 2,3) (O°C:o:: TA:O:: 70°C; Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION OF DRAM 

OPERATING CURRENT (RAS and CAS = Cycling; tRC = IRC (MIN)). 

OPERATING CURRENT: PAGE MODE 
(RAS = VIL,CAS = Cycling; tpc = IpC (MIN)). 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH 
after 8 RAS cycles MIN). 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = CAS = Vcc-0.2V 
after 8 RAS cycles MIN. All other inputs at Vcc-0.2V or Vss + 0.2V). 

REFRESH CURRENT: RAS-ONL Y (RAS = Cycling; CAS = VIH). 

REFRESH CURRENT: CAS-BEFORE-RAS (RAS and CAS = Cycling). 

SAM/DRAM DATA TRANSFER 
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SYMBOL 

Cit 

CI2 

Co 

SYMBOL 

Icct 

Icc2 

Icc3 

Icc4 

ICC5 

ICC6 

IcC? 

SYMBOL 

Iccs 

Iccg 

Iccto 

Icctt 

Icct2 

ICCt3 

Icct4 

MIN MAX 

5 

7 

7 

MIN MAX 

40 

40 

10 

4 

30 

30 

60 

MIN MAX 

60 

60 

30 

25 

50 

50 

90 

UNITS 

pF 

pF 

pF 

UNITS 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

UNITS 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

NOTES 

18 

18 

18 

NOTES 

22 

NOTES 

22 
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DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5, 6,10,11,17) (O°C::; TA::; + 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 
PARAMETER SYM MIN MAX MIN MAX MIN 
Random READ or WRITE cvcle time IRC 190 220 260 
READ-MODIFY-WRITE cycle time IRWC 250 295 345 
PAGE-MODE READ or WRITE tpc 75 90 110 
cycle time 

PAGE-MODE READ-MODIFY-WRITE tpRWC 125 150 175 
cycle time 

Access time from RAS 'RAC 100 120 
Access time from CAS 'CAC 50 60 
RAS pulse width IRAS 100 10 000 120 10000 150 
RAS pulse width (PAGE MODE) l RASP 100 100,000 120 100,000 150 
RAS hold time RSH 50 60 75 
RAS precharQe time tRP 80 90 100 
CAS pulse width tCAS 50 10,000 60 10 000 75 
CAS hold time CSH 100 120 150 
CAS precharQe time tCPN 15 20 25 
CAS precharQe time (PAGE MODE) tcp 15 20 25 
RAS to CAS delay IRCD 15 50 15 60 15 
CAS to RAS precharQe time tCRP 10 10 10 
Row address setup time tASR 0 0 0 
Row address hold time 'RAH 15 15 15 
Column address setup time 'ASC 0 0 0 
Column address hold time tcAH 20 20 25 
Column address hold time tAR 45 70 80 
(referenced to RAS) 

READ command setup time IRCS 0 0 0 

READ command hold time tRCH 0 0 0 
(referenced to CAS) 

READ command hold time tRRH 0 0 0 
(referenced to RAS) 

WE command setup time 'wcs 0 0 0 
WRITE command hold time 'WCH 20 25 30 
WRITE command hold time WCR 70 80 90 
(referenced to RAS) 

WRITE command pulse width IWp 20 25 30 
WRITE command to RAS lead time IRWL 25 30 35 
WRITE command to CAS' lead time 'CWL 25 30 35 
Data-in setup time IDS 0 0 0 
Data-in hold time tDH 15 20 25 
Data-in hold time (referenced to RAS) IDHR 70 80 90 
CAS to WE delay tCWD 65 80 95 
RAS to WE delav 'RWD 120 150 185 
ME'IWE to RAS setup time 'WSR 0 0 0 
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MAX UNITS NOTES 
ns 

ns 20,21 
ns 6 

ns 20,21 

150 ns 7,8 
75 ns 7 9 

10000 ns 
100,000 ns 

ns 

ns 
10,000 ns 

ns 

ns 

ns 19 
75 ns 13 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 14 

ns 

ns 16 
ns 

ns 

ns 
ns 

ns 

ns 15 
ns 15 
ns 

ns 16 20 
ns 16 20 
ns 
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DRAM TIMING PARAMETERS (Continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3,4,5,6, 10, 11, 17) (O°C ~ TA ~ + 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 
PARAMETER SYM MIN MAX MIN MAX MIN 
MEIWE to RAS Hold Time tRWH 10 10 15 

Mask Data (DO ) to RAS setuo time tMS 0 0 0 
Mask Data (DO ) to RAS hold time tMH 20 20 25 
Transition time (rise or fall) tT 3 50 3 50 3 
Refresh period (256 cycles) tREF 4 4 
RAS to CAS orecharae time tRPC 0 0 
CAS setup time tCSR 10 10 10 
(CAS-BEFORE-RAS REFRESH) 

CAS hold time tCHR 20 25 30 
(CAS-BEFORE-RAS REFRESH) 

CAS to outout in Low-Z tCLl 5 5 5 
Outout buffer turn-off delav tOFF 0 25 0 25 0 
Access time from (rR)/OE tOE 25 25 

Outout Disable taD 0 25 0 25 0 
Output Disable hold time from tOEH 25 25 
start of WRITE 

Output Enable to RAS delay tORD 0 0 
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MAX UNITS NOTES 
ns 

ns 

ns 

50 ns 

4 ms 

0 ns 
ns 

ns 22 

ns 

30 ns 7 12 
30 ns 

30 ns 

30 ns 

0 ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3,4,5, 6, 17) (0° C ::; TA::; + 70 0 e; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 
PARAMETER SYM MIN MAX MIN MAX MIN 

TRANSFER command to ITS 0 0 0 
RAS setup time 

TRANSFER command to tRTH 80 90 100 
RAS hold time 

TRANSFER command to tCTH 30 30 35 
CAS hold time 

TRANSFER command to SC lead time tTSl 5 5 10 

TRANSFER command to tTRl 10 10 10 
RAS lead time 

TRANSFER command to tTRD 15 15 20 
RAS delay time 

TRANSFER command to CAS time tTCl 10 10 10 

TRANSFER command to tTCD 15 15 20 
CAS delay time 

First SC edge to TRANSFER tTSD 10 10 20 
command delay time 

CAS to first SC delay tRSD 95 105 

RAS to first SC delay tCSD 25 35 

SAM-TO-DRAM (WRITE) transfer tRTHW 15 15 15 
command to RAS hold time 

Serial output buffer turn-off tSDZ 10 40 10 50 10 
delay from RAS 

SC to RAS setup time tSRS 35 40 45 

RAS to SC delay time tSRD 25 30 35 

Serial data input to SE delay time tSZE 0 0 0 

RAS to SD buffer turn-on time tSRO 0 0 0 

Serial data input delay from RAS tSDD 50 55 60 

Serial data input to RAS delay time tszs 0 0 0 

SERIAL INPUT MODE ENABLE tESR 0 0 0 
(SE) to RAS setup time 

SERIAL INPUT MODE ENABLE tREH 15 15 15 
(SE) to RAS hold time 

NONTRANSFER command tvs 0 0 0 
to RAS setup time 

NONTRANSFER command tVH 15 15 20 
to RAS hold time 
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MAX UNITS NOTES 

ns 23 

ns 23 

ns 23 

ns 23 

ns 23 

ns 23 

ns 23 

ns 23 

ns 23 

115 ns 

45 ns 

ns 

60 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 24 

ns 24 
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SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5, 17, 25) (0° e :0; T A :0; + 70 0 e, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN 

Serial clock cycle time tsc 33 50000 40 50000 60 

Access time from SC tSAC 33 40 

SC precharge time tsp 10 10 20 

SC pulse width tSAS 10 10 20 

Access time from SE tSEA 25 30 

SE precharge time tSEP 10 15 20 

SE pulse width tSE 15 15 20 

Serial data out hold time after tSOH 10 10 10 
SC high 

Serial output buffer turn off tSEZ 0 15 0 25 0 
delay from SE 

Serial data in setup time tSDS 0 0 0 

Serial data in hold time tSDH 15 20 25 

SERIAL INPUT (Write) Enable tsws 0 0 0 
setup time 

SERIAL INPUT (Write) Enable tSWH 20 35 45 
hold time 

SERIAL INPUT (Write) Disable tSWIS 0 0 0 
setup time 

SERIAL INPUT (Write) Disable tSWIH 20 35 45 
hold time 
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MAX UNITS NOTES 

50000 ns 

60 ns 25 

ns 

ns 

40 ns 25 

ns 

ns 

ns 25 

30 ns 25 

ns 

ns 

ns 

ns 

ns 
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NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100J.1s is required after power-up 
followed by any eight RAS cycles and 1 SC cycle, 
before proper device operation is assured. The RAS 
cycle wake-up should be repeated any time the 4ms 
static refresh require-ment is exceeded. 

4. AC characteristics assume Dr = Sns. 
5. Vrn (MIN) and VIL (MAX) are reference levels for 

measuring timing of input Signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :::; T A :::; 70°C) is assured. 

7. Measured with a load equivalent to 2 TTL gates and 
100pF. 

8. Assumes that tRCD < tRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

9. Assumes that tRCD ;;:: tRCD (MAX). 
10. If CAS = Vrn, DRAM data output is high impedance. 
11. If CAS = VIL, DRAM data output may contain data 

from the last valid READ cycle. 
12. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as a 
reference Fr0int only; if tRCD is greater than the 
specified RCD (MAX) limit, then access time is con
trolled exclusively by tCAC. 

14. tRCH is referenced to the first rising edge of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 

3-14 

in EARLY WRITE cycles and to WE leading edge in 
LATE WRITE or READ-MODIFY-WRITE cycles. 

16. twcs, tCWD and tRWD are restrictive operating 
parameters in READ-WRITE and READ-MODIFY
WRITE cycles only. If twcs ;;:: twcs (MIN), the cycle 
is an EARLY -WRITE cycle .and the data output will 
remain open circuit throughout the entire cycle. 
If tCWD;;:: tCWD (MIN) and tRWD;;:: tRWD (MIN), 

the cycle is a READ-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out (at 
access time and until CAS goes back toVIH) is inde
terminate. If twcs :::; twcs, the cycle is aLATE 
WRITE [(ME)/WE falls after CAS] twcs, tCWD and 
tRWD do not apply. 

17. In addition to meeting the transition rate specifica
tion, all input signals must transit between Vrn and 
VIL (or between VIL and Vrn) in a monotonic manner. 

18. Capacitance calculated from the equation C = ILlt 
t:.v 

with tl V = 3V and V cc = SV. This parameter is 
sampled. 

19. If CAS is LOW at the falling edge of RAS, DQ will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tcP. Note 8 applies to determine 
valid data out. 

20. Includes the OE delay time (30ns for the -10, 40ns for 
the -12, and SOns for the -15). 

21. During a READ cycle, if OE is LOW then taken HIGH 
(Vrn) DQ goes open. If OE is tied permanently LOW a 
READ-MODIFY-WRITE operation is not possible. 

22. Enables on-chip refresh and address counters. 
23. TRANSFER command means that TR/ (OE) is LOW 

when RAS goes LOW. 
24. NONTRANSFER command means that TR/ (OE) is 

HIGH when RAS goes LOW. 
25. Measured with a load equivalent to 2 TTL gates and 

SOpF. 



1VI1C:1=I9~ MT 42C4064 

DRAM READ CYCLE 
tRC 

tRAS 

tCSH 

'I 
tCRP teAS 

AODR ~:t = ROW COLUMN ROW 

II J' ,~ I I 

DO ~g~ __ -----Hf------- OPENI--------t~VA~lID~D~OUT~:}--OPEN---

miae 

RAS 

CAS 

ADDR 

r Jr---~-
DRAM EARLY-WRITE CYCLE 

VIH -
VIL _ 

ICRP 

V,H -
V,L -

tASR tRAH 

VIH -
V,L ROW 

IAWL 

tWCR 

'II~ 
VALID D IN 

~i~ ~~ WII/II/IIIIII/II//!!IIII II/II II 11111111 11111111/ $ 
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RAS 

CAS 

AOOR 

MEIWE 

DO 

DRAM MASKED WRITE CYCLE 

tRC 

tRAS 

VIH -
VIL _ 

tCSH 

tRSH 

tCRP tRCO tCAS 

VIH -
VIL -

tASR tRAH 

VIH 
VIL ROW 

I tCWL 

I tRWL 

I I tWCR 

twcs , ,. tWCH 

twp 

VIH 
VIL 

tOHR 

tos I. tOH 

VIH -
VIL VAllO OIN 

tyS I~ 

~:~ =.- ~ff!$##/$$$#$/$##$$/ff/$$$ff$ 
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ROW 

~ DON'TeARE 

~ UNDEFINED 
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RAS 
VIH -
VIL _ 

CAS VIH -
VIL _ 

ADDR V,H 
V1L _ 

MEIWE 

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE and LATE-WRITE CYCLE) 

tRwe 
tRAS 

ICRP tRCD 

ROW 

tRCS 

ICSH 

lASH 

tCAS 

~ DON'T CARE 

Illl8! UNDEFINED 

NOTE: If ~tWE is LOW, a MASKED WRITE cycle will be performed. 
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DRAM PAGE-MODE READ CYCLE 

teSH 

teAS ICp 

ADDR ~:~-
'-'-'-If''-_--;-;-_--'' 

teAC 
-- -tOFF 

DO l--------f Y,A~~T l------f '6A6~T OPEN--

TRioE IOE ;;;§//§ffr~ff/l/d-k- t;'$//§$$§§/t0 

DRAM PAGE-MODE EARLY-WRITE CYCLE 

RAS 
VIH -
VIL _ 

tCSH IpC tASH 

tep teAS ICp teAs 

CAS 

ADDR VIH 
VIL ROW 

ME~ ~:~ -~UU~~,-J'~4-_-+_~,-~¥li~~_~ __ -Elih~ __ ~~_Lli~lih~lihULU 

~IIM IDS 

DO ~:~ :: I" ;;AS; D~N- VALID DIN VALID DIN VALID DIN ~Ys~n-.yHJ 
~:~ -~ -~////#////////§//////////I///////////;Jj'//§////#////I//////////$/////////I//////////////§& 

NOTE: If MEIWE is LOW, a MASKED WRITE cycle will be performed. 
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~ DON'T CARE 

~ UNDEFINED 
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RAS 
V,H 
V,L 

CAS V,H 
V,L 

-
-

-
-

~ 

DRAM PAGE-MODE READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

NOTE: 1. If MElWE is LOW, a MASKED WRITE cycle will be performed. 

'CRP . 
I 

, 

CAs ~:~::: ~ 

RAS-ONL Y REFRESH CYCLE 
(MElWE = Don't Care) 

tRAS . 'RP 

I 

- r'RPC 

~ 

I 
I 
\ 

, 'ASR , I. 'RAH 

ADDR ~:~ :::_'-------;Ro.--w __ ~III$$I$//II/lI/lIII/I/I$##))('__ __ RO_W _~~ 
DQ ~:g~-,----------tlt--------OPEN---------------

V,H ~. tyS. I, 'YH ,t 
TRtOE V,L 1!l!ll!IL1 WI/Il I! ///III 1111 II II //II! I!I I! II! II!! I!! II 
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~ DON'T CARE 

Il88! UNDEFINED 
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~·BEFORE·~ REFRESH CYCLE 
(AO - A7 and MEIWE are Don't Care.) 

ADDR ~:r::it / I!! II //II / II / III!! 1iI!III 11// I!! 1iI/ // III! I!! II 1111 1111 11/111111 11/ II II / iii II 1II!!!11 / II!!! II III!! 1111 II II / /h 

MEIWE ~:r-WIII!!II II !I///////II/II///!IIIIII/II/////////i/////////////!//II////////////II///J W//////Ild 
DO ~:gr:------DPEN--------OPEN-------

TRIOE ~:~:'I/ !l1I// II II/III!! //II 11/ iii II!//III!! I!///// 1111 //II! / 11/ //I/!//!I/ 11/ II II///!II/! III!! I!!/ I!! I!! I!! 11/ III! l!!iI 

HIDDEN REFRESH CYCLE 

(READ) 

'RAS 

- VIH __ -----...1 
RAS VIL - ~----'-'R-CD----:-'RS-H ---'I 

ADDR ~:r:: 

.1 

(REFRESH) 

'RAS 

tCHR 

VAUDDATA OPEN-

~ DON'TeARE 

!88ll UNDEFINED 

NOTE: A HIDDEN REFRESH may also be performed after a WRITE cycle. In this case "MEIWE = LOW (when CAS" 
goes LOW) and TR!~ = HIGH. 
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DRAM-TO-SAM TRANSFER 
(READ TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode.) 

'RC 

'RAS 'RP 

ICSH 

'RSH 

~ DON'TeARE 

~ UNDEFINED 

NOTE: This ~ pulse is shown to illustrate the SERIAL OUTPUT ENABLE and DISABLE timing. It is not required. 

3-21 

-s: 
C 

!:i -." 
0 
::IJ 
----I 
C 
::IJ » s: 



-s: 
c:: 
!:i -"'tJ 
0 
:::a 
-I 
C 
:::a » s: 

RAS 

CAS 

ADDR 

MEIWE 

SE 

DRAM-TO-SAM TRANSFER 
(READ TRANSFER) 

(When part was previously in the SERIAL INPUT mode.) 

, 

~ 
"----' 

VIH -
VIL _ 

I 
tASR 

ROW 

tRCD 

tRAH 

I 

RC 

RAS tRP 

I' 

tSH 

, RSH ,1. tAS , 

\ / 
tAR 

tASC , 
I' • I· tCAH . 

SAM START filii, 

. 

.1 
I 
\ 

1/ (/ -IF I II ~~ :wi" "P///////////#/#/////////////#/////&'/////f///##///////&'$'///#////////////////,1, 
tRSD I 

~.~ .tSWH •• , I :1 
tSRS 

! . 1(;SD. 
tsc 

tSAS r 1j ~ I\, NOTEt 
~ 

sc ~:~:::: 
~ E tSRO . 

I .... tSDS ... I tszs 

VALID DIN 

~~ :J1-.------=-'------" 

tCTH 

J 
tTSD 

tRTH t-rRL 

t-rCL 

NOTE: There must be no rising edges on the SC input during this time. 

3-22 

tSAC __ , __ tSAC 

-- IT tSOH 

VALID DOUT ]( VALID DOUT VALIDDOUT ) 

., II ", .. t-rRD 

"~ 
'W///////2 

~ DON'T CARE 

~ UNDEFINED 
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ADDR 

SAM-TO-DRAM TRANSFER 
(WRITE TRANSFER) 

(When part was previously in the SERIAL INPUT mode.) 

tCSH 

tCRP tRCD .11 

I~ 

Itsws 

tESR tREH I:: : tSWI§ I 

SE ~:t 1I///////~-:OT:-~#§//§$//////////§//////#////////M=· =:~=:=~N=OT=E2 ====== 
tSR~ II l,tsRfJ, I_.;:.tsc"'-----;----I 

sc ~:t:: 

~ 1----~ts~P~'1 ~t=SA~S~II---=---1 
NOTE 3 

'bw###&'#$!##U'!!!!!!/!!!!!!!!!!!!$$!!,@'#!#!!!#!$!$$1/2 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. If SE is LOW, the SAM data will be transferred to the DRAM. 
If SE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL INPUT MODE ENABLE cycle). 

2. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 
ofSE. 

3. There must be no rising edges on the SC input during this time. 
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SAM-TO-DRAM TRANSFER 
(WRITE TRANSFER or PSEUDO WRITE TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode.) 

. 
tRAS tRP . . 

. tCSH 

" tRSH . 
~ . tRCD . tCAS i' 

y/ ~ 
I. tAR 

tASR 71 tRAH I I, tCAH : . ~ 

ADDR VIH -- ~ ROW 
VIL _~,--_-.,..,.._ 

SC ~:~ :: NOTE 3 

tSOH 
tSDD 

tSDZ 

SDO ~:g~:: VALIDDOUT VALID DOUT HIGHZ 

• I 
I 
\ 

_ >rs II tRTHW1 

~:~ --- --YI! !11111/1I11 1I!//l1I 11//11 /11111 ///11/ II!/II! //lII!//1I!1/ II! /II! 11/1111 III! /l1I!1// II II!I/ a 

NOTE: 1. If SE is LOW, the SAM data will be transferred to the DRAM. 

fill DON'T CARE 

m UNDEFINED 

If SE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL INPUT MODE ENABLE cycle). 
2. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 

ofSE. 
3. There must be no rising edges on the SC input during this time. 
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SAM SERIAL INPUT 

SE -tSAS s: 
SC 

VIH-
VIL- c: 

tSDS tSDH !:i 
SDa 

VIH- VALID DIN VALID DIN -VIL-
"'tJ 
0 
:rJ 
-I 
C 
:rJ » s: 

SAM SERIAL OUTPUT 

SE 

sc VIH-
VIL-

SDa 
VOH-
VOL- VALID DOUT 

~ DON'T CARE 

~ UNDEFINED 
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VRAM 

FEATURES 
• Industry standard pinout, timing and functions 
• High performance CMOS silicon gate process 
• Single +5V ±10% power supply 
• Inputs and outputs are fully TTL and CMOS 

compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 512-cycle refresh within 8ms 
• Optional FAST PAGE MODE access cycles 
• Dual port organization: 256K x 4 DRAM port 

512 x 4 SAM port 
• No refresh required for Serial Access Memory 
• Low power: 15mW standby; 275mW active, typical 
• Fast access times - 80ns random, 25ns serial 

SPECIAL FUNCTIONS 
• JEDEC Standard Function set 
• PERSISTENT MASKED WRITE 
• SPLIT READ TRANSFER 
• WRITE TRANSFER/SERlAL INPUT 
• ALTERNATE WRiTE TRANSFER 

OPTIONS 
• Timing (DRAM, SAM) 

8Ons,25ns 
100ns,30ns 
120ns, 35ns 

• Packages 
Plastic SOJ 
Plastic ZIP 

GENERAL DESCRIPTION 

MARKING 

- 8 
-10 
-12 

DJ 
Z 

The MT42C4255 is a high speed, dual port CMOS dy
namic random access memory or video RAM (VRAM) 
containing 1,048,576 bits. These bits may be accessed either 
by a 4-bit wide DRAM port or by a 512 x 4-bit serial access 
memory (SAM) port. Data may be transferred bidirection
ally between the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 4-bit DRAM). Four 512-bit data 
registers make up the serial access memory portion of the 
VRAM. Data I/O and internal data transfer are accom
plished using three separate bidirectional data paths: the 4-
bit random access I/O port, the four internal 512 bit wide 
paths between the DRAM and the SAM, and the 4-bit serial 
I/ 0 port for the SAM. The rest of the circuitry consists of the 
control, timing, and address decoding logic. 

MT42C4255 
REV.1!91A 3-27 

256Kx4DRAM 
WITH 512 x 4 SAM 

PIN ASSIGNMENT (Top View) 

28-Pin SOJ 
(E-9) 

SG 
SDQ1 
SDQ2 

ffiioE" 
DQ1 
DQ2 

NG 
RAS 

A8 
A6 
AS 
A4 

Vee 

1 28 
2 27 
3 26 
4 25 
5 24 
6 23 
7 22 
8 21 
9 20 
10 19 
11 18 
12 17 
13 16 
14 15 

Vss 
SDQ4 
SDQ3 
Sf 
DQ4 
DQ3 
DSF 
GAS 
QSF 
AO 
A1 
A2 
A3 
A7 

28-Pin ZIP 
(C-5) 

DSF 1 :. 
2 D03 

D04 3 :. 
:: 4 SE 

SD03 5 :. 
6 SD04 

Vss 7 :. 
8 SC 

SD01 9 :. 
10 SDQ2 

ffiioE 11 :. 
12 DQ1 

D02 13 :. 
14 MElWE 

NC 15 :. 
16 RAS 

A8 17 :. 
18 A6 

A5 19 :. 
:: 20 A4 

Vee 21 :. 
:: 22 A7 

A3 23 :. 
:: 24 A2 

A1 25 :. 
26 AO 

OSF 27 :. 
28 CAS 

Each of the ports may be operated asynchronously and 
independently of the other except when data is being trans
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations of RAS 
addresses are executed at least every 8ms (regardless of 
sequence). Micron recommends evenly spaced refresh cycles 
for maximum data integrity. An internal transfer between 
the DRAM and the SAM counts as a refresh cycle. The SAM 
portion of the VRAM is fully static and does not require any 
refresh. 

The operation and control of the MT42C4255 is compat
ible with (and can be identical to) the operation of the 
MT42C4064 (64K x 4 VRAM). However, the MT42C4255 
offers several additional functions that may be used to 
increase system performance or ease critical timing require
ments. These "special functions" are described in detail in 
the following section. 

Mloron Technology, Inc., reserves the right to change products or specifications without notice. 
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Figure 1 
MT42C4255 BLOCK DIAGRAM 
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PIN DESCRIPTIONS 

SOJ PIN ZIP PIN 
NUMBERS NUMBERS SYMBOL TYPE DESCRIPTION 

1 8 SC Input Serial Clock: Clock input to the serial address counter for the 
SAM registers. 

4 11 TRIOE Input Transfer Enable: Enables an internal TRANSFER operation 
at RAS (H ..... L), or 
Output Enable: Enables the DRAM output buffers when 
taken LOW after RAS goes LOW (CAS rnust also be LOW), 
otherwise the output buffers are in the High-Z state. 

7 14 MEIWE Input Mask Enable: If ME"IWE is LOW at the falling edge of RAS 
a MASKED WRITE cycle is performed, or 
Write Enable: MEIWE is also used to select a READ 
(MEIWE = H) or WRITE (MEIWE = L) cycle when accessing the 
DRAM. This includes a READ TRANSFER (MEIWE = H) or 
WRITE TRANSFER (ME/WE = L). 

25 4 SE Input Serial Port Enable: SE enables the serial 1/0 buffers and 
allows a serial READ or WRITE operation to occur; otherwise, 
the output buffers are in the High-Z state. SE is also 
used during a WRITE TRANSFER operation to indicate 
whether a WRITE TRANSFER or a PSEUDO WRITE 
TRANSFER cycle is performed. 

22 1 DSF Input Special Function Select: DSF is used to indicate which special 
functions (MASKED WRITE vs. PERSISTENT MASKED WRITE, 
etc.) are used on a particular access cycle. 

9 16 RAS Input Row Address Strobe: RAS is used to clock in the 9 row-
address bits and as a strobe for the MEIWE, TRIOE, DSF, 
and DO inputs. 

21 28 CAS Input Column Address Strobe: CAS is used to clock in the 9 
column-address bits and enable the DRAM output buffers (DOs) 
(along with TR/OE). 

19,18,17, 26,25,24, AO to A8 Input Address Inputs: For the DRAM operation, these inputs are 
16, 13, 12, 23,20,19, multiplexed and clocked by RAS and CAS to select 4 bits 
11, 15, 10 18,22,17 out of the 262,144 available. During TRANSFER operations, 

AO to A8 indicate the DRAM row being accessed (when 
RAS goes LOW) and the SAM start address (when CAS goes 
LOW). A8 = "don't care" for the start address when doing SPLIT 
TRANSFERS. 

5,6,23,24 12,13,2,3 D01-D04 Input! DRAM Data 1/0: Data Input!Output for DRAM cycles; inputs for 
Output the LOAD MASK REGISTER cycles. 

2,3,26,27 9,10,5,6 SD01-SD04 Input! Serial Data 1/0: Input!Output for SAM access cycles or High-Z, 
Output when SE = HIGH. 

20 27 OSF Output Split SAM Status: OSF indicates which half of the SAM is being 
accessed. LOW if address 0 to 255, HIGH if address 256 to 511. 

8 15 NC - No Connect: This pin should be left either unconnected or tied 
to ground. 

14 21 Vee Supply Power Supply: +5V ±10% 

28 7 Vss Supply Ground 
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FUNCTIONAL DESCRIPTION 

The MT42C4255 may be divided into three functional 
blocks (see Figure 1): the DRAM, the transfer circuitry, and 
the serial access memory (SAM). All of the operations 
described below are shown in the AC Timing Diagrams 
section of this data sheet and summarized in the Truth 
Table. 

Note: For dual function pins, the function that is not 
being discussed will be surrounded by parentheses. 
For example, when discussing transfe:..!!Eerations 
the TRIOE pin will be shown as fR/(OE). 

DRAM OPERATION 
DRAM REFRESH 

Like any DRAM based memory, the MT42C4255 VRAM 
must be refreshed to retain data. All 512 row-address 
combinations must be accessed within 8ms. The MT42C4255 
supports CAS-BEFORE-RAS, RAS-ONL Y and HIDDEN 
types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH cycle, the row ad
dresses are generated and stored in an internal address 
counter. The user need not supply any address data, and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. , 

The refresh address must be generated externally and 
applied to AD-A8 inputs for RAS-ONLY REFRESH cycles. 
The DQpins remain in aHigh-Z state for both theRAS-ONL Y 
and CAS-BEFORE-RAS cycles. 

HIDDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS cycles but does not 
disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed, The SAM 
portion of the MT42C4255 is fully static and does not 
require any refreshing. 

DRAM READ AND WRITE CYCLES 

The DRAM portion of the VRAM is nearly identical to 
standard 256Kx 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this part, several conditions that were undefined or "don't 
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care" states for the DRAM are specified for the VRAM. 
These conditions are highlighted in the following discus
sion. In addition, the VRAM has several special functions 
that can be used when writing to the DRAM. 

The 18 address bits that are used to select a 4-bit word 
from the 262,144 available are latched into the chip using 
the AD-A8, RAS and CAS inputs. First, the 9 row-address 
bits are set-up on the address inputs and clocked into the 
part when RAS transitions from HIGH to LOW. Next, the 9 
column-address bits are set-up on the address inputs and 
clocked-in when CAS goes from HIGH to LOW. 

For single port DRAMS, the OE pin is a "don't care" when 
RAS goes LOW. However, for the VRAM, when RAS goes 
LOW, (TR)/OE selects between DRAM access or TRANS
FER cycles. (TR)/OE must be HIGH at the RAS HIGH-to
LOW transition for all DRAM operations (except CAS
BEFORE-RAS). 

If (ME)/WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQI-DQ4 port. The 
(TR)/OE input must transition from HIGH to LOW 
sometime after RAS falls to enable the DRAM output port. 

For single port normal DRAMs, WE isa "don't care" when 
RAS goes LOW, For the VRAM, ME/(WE) is used, when 
RAS goes LOW, to select between a MASKED WRITE cycle 
and a normal WRITE cycle. If ME/(WE) is LOW at the 
RAS HIGH-to-LOW transition, a MASKED WRITE 'Opera
tion is selected. For any DRAM access cycle (READ or 
WRITE),ME/(WE) must be HIGH at theRAS HIGH-to-LOW 
transition. If (ME)/WE is LOW before CAS goes LOW, a 
DRAM EARLY-WRITE operation is performed and the 
data present on the DQI-DQ4 data port will be written into 
the selected memory cells. If (ME) /WE goes LOW after 
CAS goes LOW, a DRAM LATE-WRITE operation is per
formed. Refer to the AC timing diagrams. 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ
MODIFY-WRITE, FAST-PAGE-MODE READ, FAST
PAGE-MODE WRITE (Late or Early), and FAST-PAGE
MODE READ-MODIFY-WRITE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 



I'IIU=F=:";;;!~ MT 42C4255 

NONPERSISTENT MASKED WRITE 

The MASKED WRITE feature eliminates the need to do a 
READ-MODIFY-WRITEcyclewhenchangingonlyspecific 
bits within a 4-bit word. The MT42C4255 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

If ME/ (WE) and DSF are LOW attheRAS HIGH-to-LOW 
transition, a NONPERSISTENT MASKED WRITE is per
formed and the data (mask data) present on the DQ1-DQ4 
inputs will be written into the mask data register. The mask 
data acts as an individual WRITE ENABLE for each of the 
four DQ1-DQ4 pins. If a LOW (logic "0") is written to a mask 
data register bit, the input port for that bit is disabled during 
the following WRITE operation and no new data will be 
written to that DRAM cell location. A HIGH (logic "1 ") on a 
mask data register bit enables the input port and allows 

normal WRITE operation to proceed. Note that CAS is still 
HIGH. When CAS goes LOW, the bits present on the DQ1-
DQ4 inputs will be either written to the DRAM (if the mask 
data bit is HIGH) or ignored (if the mask data bit is LOW). 
The DRAM contents that correspond to masked input bits 
will not be changed during the WRITE cycle. The MASKED 
WRITE is non-persistent (must be re-entered at every RAS 
cycle) if DSF is LOW when RAS goes LOW. The mask data 
register is cleared at the end of every NONPERSISTENT 
MASKED WRITE. FAST PAGE MODE can be used with 
NONPERSISTENT MASKED WRITE to write several col
umn locations in an addressed row. The same mask is used 
during the entire FAST-PAGE-MODE RAS cycle. An ex
ample NONPERSISTENT MASKED WRITE cycle is shown 
in Figure 2. 

1- NONPERSISTENT MASKED WRITE -1 ...... --- NONPERSISTENT MASKED WRITE -I 
RAS \ / \ 1 

CAS \'--------'/ \'--__ -----11 

MEIWE \ IlllllA 111111/11/ IIA f!lllho $III/Ia 

DSF i//////! II #!/I II/III !lilli/II II II II IA 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA (RE-WRITE) DATA ; 0 ------;> X 

~ ~ 
1 ------;> 

1 ------;> 0 - - --;> 0 ------;> 

0 ------;> X 0 ------;> 

------;> ----;> ------;> 

----;> 

~ X 
X 

----;> 

BEFORE AFTER BEFORE AFTER 

ADDRESS 0 ---------.. .... .. ~----------- ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 2 
NONPERSISTENT MASKED WRITE EXAMPLE 

3-31 

-s:: 
c: 
Ci -'tJ o 
:::0 
-I 
C 
:::0 » s:: 



.. 
s:: 
c: 
~ -"tJ 
o 
::0 
-I 
C 
::0 
l> s:: 

I'IIU=F=:":?~ MT 42C4255 

PERSISTENT MASKED WRITE 

The PERSISTENT MASKED WRITE feature eliminates 
the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking MEl (WE) 
and DSF HIGH when RAS goes LOW. The mask data is 
loaded into the intemalregister when CAS goes LOW. Mask 
data may also be loaded into the mask register by perform
ing a NONPERSISTENT MASKED WRITE before the 
PERSISTENT MASKED WRITE. 

PERSISTENT MASKED WRITE cycles may then be per
formed by taking ME/(WE) LOW and DSF HIGH when 
RAS goes LOW. The contents of the mask data register will 
then be used as the mask data for the DRAM inputs. Unlike 
the NONPERSISTENT MASKED WRITE, the data present 
on the DQ inputs is not loaded into the mask register when 
RAS falls, and the mask data register will not be cleared at 
the end of the cycle. Any number of PERSISTENT MASKED 
WRITE cycles, to any address, may be performed without 
having to reload the mask data register. Figure 3 shows the 
LOAD MASK REGISTER and two PERSISTENT MASKED 
WRITE cycles in operation. The LOAD MASK REGISTER 
and PERSISTENT MASKED WRITE cycles allow control
lers that cannot provide mask data to the DQpins at RAS time 
to perform MASKED WRITE operations. PERSISTENT 
MASKED WRITE operations can be performed during 

FAST PAGE MODE and the same mask will apply to all 
addressed columns in the addressed row. 

LOAD MASK DATA REGISTER 

The LOAD MASK REGISTER operation and timing are 
identical to a normal WRITE cycle except that DSF is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 
combination of TR/(OE),ME/(WE), and DSFbeing HIGH 
when RAS goes LOW indicates the cycle is a REGISTER 
load cycle. DSF is used when CAS goes LOW to select the 
register to be loaded and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data register 
is disabled but not modified. The contents of mask data 
register will not be changed unless NONPERSISTENT 
MASKED WRITE or LOAD MASK REGISTER cycles 
are performed. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS
TENT MASKED WRITE cycles to selectively enable writes 
to the four DQ planes. 

I_ LOAD MASK REGISTER -I ~ERSISTENT MASKED WRITE --1-PERSISTENT MASKED WRITE --I 

CAS 

MElWE 

DSF 

\'--------'/ ~,-____ --,r 

\~-+i~_-_-_-_~_I _____ ~ ____ ~i'-__ -_-_-_~/ _____ ~!r-__ ~t~ _____ r--_ 

MASK STORED 
DATA ; APPLY 

MASK 
REG. 

BEFORE 

INPUT STORED STORED 

DATA DATA 

:--~ ~ ~ 
1 --~ ~ ~ 

AFTER BEFORE 

APPLY 
MASK 

REG. 

INPUT STORED 
DATA 

~ ----~ rn 
~ ----~ rn 

AFTER (Stored in 

Mask Data 
Register) _--- ADDRESSO ---+0 •• ---- ADDRESS 1 

x • NOT EFFECTIVE (DON'T CARE) 

~ DON'TCARE 

Figure 3 
PERSISTENT MASKED WRITE EXAMPLE 
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TRANSFER OPERATIONS 

TRANSFER operations are initiated when TR/(OE) is 
LOW then RAS goes LOW. The state of (ME)/WE when 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER, SPLIT READ TRANSFER, and 
ALTERNATE WRITE TRANSFER cycles. Each of the 
TRANSFER cycles available is described below. 

plished two ways. If the transfer is to be synchronized with 
SC (REAL-TIME READ TRANSFER), TR/(OE) is taken 
HIGH after CAS goes LOW. If the transfer does not have to 
be synchronized with SC (READTRANSFER),TR/(OE) may 
go HIGH before CAS goes LOW (refer to the AC Timing 
Diagrams). The 2048 bits of DRAM data are written into the 
SAM data registers and the serial shift start address is 
stored in an intemal 9-bitregister. QSFwill be LOW if access 
is from the lower half (addresses 0 through 255), and HIGH 
if access is from the upper half (256 through 511). IfSE is LOW, 
the first bits of the new row data will appear at the serial 
outputs with the first SC clock pulse. SE enables the serial 
outputs and may be either HIGH or LOW during this 
operation. The SAM address pointer will increment with 
the SC LOW-to-HIGH transition, regardless of the state of 
SE. Performing a READ TRANSFER cycle sets the direction 
of the SAM I/O buffers to the output mode. 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 

If (ME) /WE is HIGH and DSF is LOW when RAS goes 
LOW, a READ TRANSFER cycle is selected. The row ad
dress bits indicate the four 512-bit DRAM row planes that 
are to be transferred to the four SAM data register planes. 
The column address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every TRANSFER in order to 
load a valid Tap address. A read transfer may be accom-

I I I 

~~------=~~~$$#~$$$$~~------~&%~ 
I I I 

CAS \ _ \ &#P;#;JJIII$$i/I$~ \ IlllJ 
I I I 

AIJ-AS ~'T17Wt'T17w'T17w'"'m7rl%/X ROWO X~:::~AP)W;4iW/;J$;JIII!//#$;JJ4/X ROW 1 X~:::~APX 
I I I 

MEtWE '!II 777r"---"'<0"'~=W~=WJl777W~"'W~"'1~7T.W~"""WJl777W"'1t777l14P V$ffffl$//;J$/4(7ff!;Ji$$/$$$/4p;"-'--''@rTT~777WJlTT7r~7Tlw~=0'JlrrrWJl777WJlTT7o/J7T7~ 

TAm "\ ,---~--~)~ J ), )~ J~------
I 7 ~I\...../ N ~I\...../ 

I I I 

OSF ~ P/$/$$/;Jjj$//;J/$~ W$;J;J$$;J//~P$///;J//;J$$/$$ 'WI///$///$/;Jff!!t 
I I I 

sc -I\J\J~/\----f\--J11\-f\-F 
I I I 

SOQ W;J/;J$!I/II$$/~~~~ 
Output ROW 0 I ROW 0 I ROW 0 I ROW 0 

OSF ------------~\ II I~ I {if 
---------------~--~:f Pr-- PI 

(NORMAL) READ TRANSFER 

FROM: Rowa 
TO: FULL SAM 
SAM 110 IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(QSF GOES LOW) 

I 
I SPLIT READ TRANSFER 

I 
I 
I 
I 
I 
I 

FROM: Rowa 
TO: UPPER SAM, 
TAP ADDRESS = a 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 

Figure 5 

SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (QSF 
GOES HIGH) 

SPLIT READ TRANSFER 

FROM: ROW 1 
TO: LOWER SAM, 
TAP ADDRESS = a TO 255 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(QSF REMAINS HIGH) 

It:Zl DONTCARE 

TYPICAL SPLIT READ TRANSFER INITIATION SEQUENCE 
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SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER cycle eliminates the critical 
transfer timing required to maintain a continuous serial 
output data stream. When using normal TRANSFER cycles, 
the REAL-TIME READ TRANSFER cycle has to occur im
mediately after the last bit of "old data" was clocked out of 
the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data can be transferred to the other half. The transfer can 
occur at any time while the other half is sending data and 
need not be synchronized with the SC clock. 

The TR/ (OE) timing is also relaxed for SPLIT TRANSFER 
cycles. The rising edge of TR/ (OE) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
rising edges of RAS or CAS. The transfer timing is generated 
internally for SPLIT TRANSFER cycles. 

A normal, non-split READ TRANSFER cycle must pre
cede any sequence of SPLIT READ TRANSFER cycles to 
provide a reference to which half of the SAM the access will 
begin. Then SPLIT READ TRANSFERS may be initiated by 
taking DSF HIGH when RAs goes LOW during the 
TRANSFER cycle. As in non-split transfers, the row address 
is used to specify the DRAM row to be transferred. The 
column address, AO-A7, is used to input the SAM Tap 
address. Address pin AS is a "don't care" when the Tap 
address is loaded at the HIGH to LOW transition of CAS. It 
is internally generated so that the SPLIT TRANSFER will be 
to the SAM half not currently being accessed. 

Figure 5 shows a typical SPLIT READ TRANSFER initia
tion sequence. The normal READ TRANSFER is first per
formed, followed by a SPLIT READ TRANSFER of the same 
row to the upper half of the SAM. The purpose of the SPLIT 
TRANSFER of the same data is to initiate the split SAM 
operating mode and load the Tap address. Serial access 
continues, and when the SAM address counter reaches 255 
("AS"=O, AO-A7=1) the new Tap address is loaded for the 
next half ("AS"=l, AO-A7=Tap) and the QSF output goes 
HIGH. Once the serial access has switched to the upper 
SAM, new data may be transferred to the lower SAM. The 
controller must wait for the state of QSF to change and then 
the new data may be transferred to the SAM half not being 
accessed. For example, the next step in Figure 5 would be to 
wait until QSF went LOW (indicating that row-l data is 
shifting out the lower SAM) and then transfer the upper half 
of row 1 to the upper SAM. 
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WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

The operation of the WRITE TRANSFER is identical to the 
READ TRANSFER described previously, except (ME) /WE 
and SE must be LOW when RAS goes LOW. The row ad
dress indicates the DRAM row to which the SAM data 
registers will be written. The column address (Tap) indicates 
the starting address of the next SERIAL INPUT cycle for the 
SAM data registers. A WRITE TRANSFER changes the 
direction of the SAM I/O buffers to the input mode. QFS is 
LOW if access is to the lower half of the SAM, and HIGH if 
access is to the upper half. 

PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE 
ENABLE) 

The PSEUDO WRITE TRANSFER cycle is used to change 
the direction of SAM port from output to input without 
performing a WRITE TRANSFER cycle. A PSEUDO WRITE 
TRANSFER is a WRITE TRANSFER with SE held HIGH 
instead of LOW. The DRAM data will not be disturbed and 
the SAM will be ready to accept input data. 

ALTERNATE WRITE TRANSFER (SAM-TO-DRAM 
TRANSFER) 

The operation of the ALTERNATE WRITE TRANSFER is 
identical to the WRITE TRANSFER except that the DSF pin 
is HIGH and (ME)/WE is LOW when RAS goes LOW, al
lowing SE to be a "don't care." This allows the outputs to be 
disabled using SE during a WRITE TRANSFER cycle. 

POWER UP AND INITIALIZATION 

When Vcc is initially supplied or when refresh is inter
rupted for more than Sms, the MT42C4255 must be initial
ized. 

After V cc is at specified operating conditions, for lOOlls 
minimum, S RAS cycles and 1 SC cycle must be executed to 
initialize the memory array. When the device is initialized, 
the DRAM I/O pins (DQs) are in a High-Z state, regardless 
of the state of (TR) / OE. The DRAM array will contain ran
domdata. 

The SAM portion of the MT42C4255 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the serial input mode 
(WRITE TRANSFER) and the I/O pins (SDQ's) will be 
High- Z, regardless of the state of SEa,b. The mask register 
will contain random data after power-up. 
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TRUTH TABLE 

CODE FUNCTION 1W FALLING EDGE AO-ASl 001 - 0042 

"CAS TRflJt MEIWE" DSF IE J!1iS "ClS" J!1iS m 3 
A8=X 

DRAM OPERATIONS 

CBR ~-BEFORE-~REFRESH a x x x x - x - x 

ROR ~-ONL Y REFRESH 1 1 X X X ROW - X -

RW NORMAL DRAM READ OR WRITE 1 1 1 0 X ROW COLUMN X VALID 
DATA 

RWNM NONPERSISTENT (LOAD AND USE) MASKED 1 1 0 0 X ROW COLUMN WRITE VALID 
WRITE TO DRAM MASK DATA 

RWOM PERSISTENT (USE REGISTER) MASKED 1 1 a 1 x ROW COLUMN X VALID 
WRITE TO DRAM DATA 

REGISTER OPERATIONS 

LMR LOAD MASK REGISTER 1 1 1 1 X ROW' X X WRITE 
MASK 

TRANSFER OPERATIONS 

RT READ TRANSFER (DRAM-TO-SAM TRANSFER) 1 a 1 a x ROW TAP' X X 

SRT SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 1 a 1 1 X ROW TAP' X X 

WT WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 1 a a a 0 ROW TAP' X X 

PWT PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE ENABLE) 1 a 0 0 1 ROW' TAP' X X 

AWT ALTERNATE WRITE TRANSFER 1 0 0 1 X ROW TAP' X X 
(SAM-TO~DRAM TRANSFER) 

NOTE: 1. These columns show what must be present on the AO-AB inputs when RAS falls and when CAS falls. 
2. These columns show what must be present on the DQ1-DQ4 inputs when "RAS" falls and when GAS falls. 
3. On WRITE cycles, the input data is latched at the falling edge of CAS or ME/WE, whichever is later. 

Similarly, on READ cycles, the output data is latched at the falling edge of GAS or TRlOE, whichever is later. 
4. The ROW that is addressed will be refreshed, but no particular ROW address is required. 
5. This is the first SAM address location that the first SC cycle will access. For Split SAM transfers, the Tap 

will be the first address location accessed of the "new" SAM half after the boundary of the current half is 
reached (255 for lower half, 511 for upper half). 

MASK REGISTER 

X 

X 

X 

LOAD & 
USE 

USE 

LOAD 

X 

X 

X 

X 

X 

L() 
C") 

I 
C") 
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ABSOLUTE MAXIMUM RATINGS" 
Voltage on Vcc supply relative to Vss ......... -l.OV to +7.0V 
Operating Temperature, Ta(Ambient) ........... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + lS0°C 
Power Dissipation ............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C :5 T A :5 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C :5 T A :5 70°C; Vcc = S.OV ± 10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
(any input (OV:5VIN:5VCC), all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT 
(DO, SOO disabled, OV:5VOUT:5Vcc) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.SmA) 

Output Low Voltage (lOUT = SmA) 

CAPACITANCE 

PARAMETER 

Input Capacitance: Ao-As 

Input Capacitance: RAS, CAS, MEiWE, TRiaE, SC, SE, OSF 

Input/Output Capacitance: DO, SOO 

Output Capacitance: OSF 
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*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.S S.S V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 I!A 

loz -10 10 I!A 

VOH 2.4 V 

VOL 0.4 V 1 

SYMBOL MIN MAX UNITS NOTES 

CI1 S pF 2 

CI2 8 pF 2 

CliO 9 pF 2 

Co 9 pF 2 
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CURRENT DRAIN, SAM IN STANDBY 
(O°C S; T A S; 70°C; Vee = 5.0V ± 10%) MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 UNITS NOTES 

OPERATING CURRENT Icci 90 80 70 mA 3,4 
(RAS and CAS = Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc2 70 60 50 mA 3,4 
(RAS = Vll; CAS = Cycling: IpC = IpC (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS Icc3 10 10 10 mA 
Power supply standby current (RAS=CAS=VIH after 8 RAS cycles min) 

REFRESH CURRENT: RAS-ONL Y IcC4 90 80 70 mA 3 
(RAS=Cycling; CAS=VIH) 

REFRESH CURRENT: Icc5 80 70 60 mA 3,5 
CAS-BEFORE-RAS (RAS and CAS=Cycling) 

SAM/DRAM DATA TRANSFER Iccs 95 85 75 mA 3 

CURRENT DRAIN, SAM ACTIVE (tsc = MIN) 
(O°C S; T A S; 70°C; Vee = 5.0V ± 10%) MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 UNITS NOTES 

OPERATING CURRENT Ice7 130 120 110 mA 3,4 
(RAS and CAS = Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE Iccs 110 100 90 mA 3,4 
(RAS = Vll; CAS = Cycling: IpC = IpC (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS ICC9 50 45 40 mA 3,4 
Power supply standby current (RAS=CAS=VIH after 8 RAS cycles min) 

REFRESH CURRENT: RAS-ONL Y Icclo 130 120 110 mA 3,4 
(RAS=Cycling; CAS=VIH) 

REFRESH CURRENT: Icc11 120 110 100 mA 3,4,5 
CAS-BEFORE-RAS (RAS and CAS=Cyciing) 

SAM/DRAM DATA TRANSFER ICCl2 135 125 115 mA 3,4 
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DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C:s; TA:S; +70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 
PARAMETER SYM MIN MAX MIN MAX 
Random READ or WRITE cvcle time IRC 150 180 
READ-MODIFY-WRITE cvcle time IRWC 205 235 
FAST-PAGE-MODE READ or WRITE IpC 45 55 
cycle time 

FAST-PAGE-MODE READ-MODIFY-WRITE tPRWC 100 110 
cycle time 

Access time from "RAS" tRAC 80 100 
Access time from CAS ICAC 25 30 
Access time from (iRl/OE toE 20 25 
Access time from column address 1M 40 50 
Access time from CAS precharae tCPA 45 55 
RAS m,Jlse width IRAS 80 10,000 100 10,000 
RAS" pulse width (FAST PAGE MODE) IRASP 80 100000 100 100000 
RAS" hold time IRSH 25 30 
RAS" precharge time IRP 60 70 
~ pulse width ICAS 25 10000 30 10000 
~holdtime ICSH 80 100 
CAS precharge time ICPN 15 15 
~ precharae time (FAST PAGE MODE) ICp 10 10 
FiAS" to ~ delay time IRCD 20 55 20 70 
~ to "Ri'\S" precharae time ICRP 5 5 
Row address setup time IASR 0 0 
Row address hold time IRAH 12 15 
RAS to column tRAD 17 40 20 50 
address delay time 

Column address setup time IASC 0 0 
Column address hold time ICAH 20 20 
Column address hold time IAR 60 70 
(referenced to RAS) 

Column address to IRAL 40 50 
FiAS" lead time 

Read command setyp time IRCS 0 0 
Read command hold time IRCH 0 0 
(referenced to CAS) 

Read command hold time IRRH 0 0 
(referenced to RAS) 

CAS to output in Low-Z ICLl 0 0 
Output buffer turn-off delav 10FF 0 20 0 20 
Output Disable 10D 0 20 0 20 
Output Disable hold time from start of write 10EH 15 15 
Output Enable to RAS delay lORD 0 0 
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-12 
MIN MAX UNITS NOTES 
210 ns 

280 ns 
65 ns 

140 ns 

120 ns 14 
35 ns 15 
30 ns 

60 ns 

65 ns 
120 10000 ns 
120 100000 ns 

35 ns 
80 ns 

35 10000 ns 

120 ns 
20 ns 16 
15 ns 

25 85 ns 17 
10 ns 

0 ns 

15 ns 
20 60 ns 18 

0 ns 

25 ns 

85 ns 

60 ns 

0 ns 

0 ns 19 

0 ns 19 

0 ns 

0 30 ns 20 23 
0 30 ns 23 

20 ns 27 
0 ns 
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DRAM TIMING PARAMETERS (Continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C S; TA S; +70°C; Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -8 -10 
PARAMETER SYM MIN MAX MIN MAX 
Write command setup time 'wcs 0 0 

Write command hold time 'WCH 15 20 
Write command hold time 'WCR 60 70 
(referenced to RAS) 

Write command pulse width 'WP 15 15 
Write command to RAS lead time 'RWL 20 20 
Write command to CAS lead time 'CWL 20 20 

Data-in setup time 'DS 0 0 
Data-in hold time 'DH 20 20 

Data-in hold time 'DHR 60 70 
(referenced to RAS) 

RAS to WE delay time 'RWD 110 130 
Column address 'AWD 70 80 
to WE delay time 

CAS to WE delay time 'CWD 55 60 
Transition time (rise or fall) 'T 3 50 3 50 
Refresh period (512 cycles) 'REF 8 8 
RAS to CAS precharQe time 'RPC 0 0 

CAS setup time 'CSR 10 10 
(CAS-BEFORE-RAS REFRESH) 

CAS hold time 'CHR 30 30 
(CAS-BEFORE-RAS REFRESH) 

ME/WE to RAS setup time 'WSR 0 0 
MEIWE to RAS hold time 'RWH 12 15 

Mask Data to RAS setup time 'MS 0 0 
Mask Data to RAS hold time 'MH 12 15 
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MIN MAX UNITS NOTES 
0 ns 21 

25 ns 

85 ns 

20 ns 
25 ns 

25 ns 

0 ns 22 
25 ns 22 

90 ns 

160 ns 21 

100 ns 21 

65 ns 21 

3 50 ns 9,10 

8 ms 
0 ns 

10 ns 5 

30 ns 5 

0 ns 
15 ns 

0 ns 

15 ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6,7,8,9,10) (00 C:<; TA :<; + 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 
PARAMETER SYM MIN MAX MIN MAX 

TRANSFER command to tTlS 0 0 
RAS setup time 

TRANSFER command to RAS hold time tTlH 12 10000 15 10000 
TRANSFER command to RAS hold time tRTH 70 10,000 80 10,000 
(REAL-TIME READ TRANSFER only) 

TRANSFER command to CAS hold time tCTH 20 25 
(REAL-TIME READ TRANSFER only) 

TRANSFER command to column address hold lATH 25 30 
time (for REAL TIME READ TRANSFER only) 

TRANSFER command to SC lead time tTSl 5 5 
TRANSFER command to ITRl 0 0 
RAS lead time 

TRANSFER command to tTRD 15 15 
RAS delay time 

TRANSFER command to CAS time ITCl 0 0 
TRANSFER command to tTCD 15 15 
CAS delay time 

First SC edge to TRANSFER tTSD 10 10 
command delay time 

Serial output buffer turn-off ISDZ 10 35 10 40 
delay from RAS 

SC to RAS setup time ISRS 30 30 
RAS to SC delay time ISRD 20 25 
Serial data input to SE delay time ISZE 0 0 
RAS to SD buffer turn-on time tSRO 10 15 
Serial data input delay from RAS" !SDD 45 50 
Serial data il1Put to "RAg" delay time tszs 0 0 
Serial-input-mode enable tESR 0 0 
(SE) to "RAS setup time 

Serial-input-mode enable tREH 12 15 
(SE) to RAS" hold time 

NONTRANSFER command tvs 0 0 
to RAS setup time 

NONTRANSFER command to RAS hold time IVH 12 15 
DSF to RAS setuptime IFSR 0 0 
DSF to RAS hold time IRFH 12 15 
SC to OSF delay time ISOD 25 30 
SPLIT TRANSFER setup time ISTS 30 35 
SPLIT TRANSFER hold time ISTH 30 35 
RAS to OSF delay time tROD 65 85 
TR/ClE to OSF delay time tTOD 25 30 
CAS to OSF delay time ICOD 35 40 
RAS to first SC delay IRSD 80 95 
CAS to first SC delay CSD 20 25 
Column address valid to first SC delay IASD 45 55 
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MIN MAX UNITS NOTES 

0 ns 25 

15 10000 ns 25 
90 10,000 ns 25 

30 ns 25 

35 ns 25 

5 ns 25 
0 ns 25 

15 ns 25 

0 ns 25 
15 ns 25 

10 ns 25 

10 50 ns 

40 ns 

30 ns 

0 ns 

15 ns 

55 ns 

0 ns 

0 ns 

15 ns 

0 ns 26 

15 ns 26 
0 ns 

15 ns 

35 ns 

40 ns 

40 ns 

105 ns 

35 ns 

45 ns 

105 ns 

35 ns 

65 ns 
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SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C :0; TA:O; + 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 

PARAMETER SYM MIN MAX MIN MAX 
Serial clock cvcle time ISC 25 30 
Access time from SC ISAC 25 30 
SC precharae time (SC LOW time) ISp 10 10 
SC pulse width (SC HIGH time) ISAS 10 10 
Access time from SE ISEA 15 20 
SE precharae time ISEP 10 15 
SE pulse width ISE 10 15 

Serial data-out hold time after SOH 5 5 
SC high 

Serial output buffer turn-off ISEZ a 12 0 15 
delay from SE 

Serial data-in setup time ISDS a a 
Serial data-in hold time ISDH 10 15 

SERIAL INPUT (Write) Enable ISWS a 0 
setup time 

SERIAL INPUT (Write) Enable ISWH 10 15 
hold time 

SERIAL INPUT (Write) Disable ISWIS 0 a 
setup time 

SERIAL INPUT (Write) Disable tSWIH 10 15 
hold time 
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MIN MAX UNITS NOTES 
35 ns 

35 ns 24 
12 ns 

12 ns 

30 ns 24 
15 ns 
15 ns 

5 ns 24 

a 25 ns 24 

a ns 24 
20 ns 24 

a ns 

20 ns 

a ns 

20 ns 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = Mt with IN = 3V and Vee = SV. 
tN 

3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading. Specified values 

are obtained with minimum cycle time and the output 
open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (DOC :s; T A :s; 70°C) is assured. 

7. An initial pause of 100~s is required after power-up 
followed by any eight RAS cycles and 1 SC cycle 
before proper device operation is assured. The eight 
RAS cycle wake-up should be repeated any time the 
Bms refresh requirement is exceeded. 

B. AC characteristics assume t.r = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate 
specification, all input signals must transit between 
VIH and VIL (or between VIL and VIH) in a monotonic 
manner. 

11. If CAS = VIH, DRAM data output (DQ1-DQ4) is high 
impedance. 

12. If CAS = VIL, DRAM data output (DQ1-DQ4) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load 
equivalent to 2 TTL gates and 100pF. Output 
reference levels: VOH = 2.4V; VOL = OAV. 

14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD :::: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

lB. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
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a reference point only; if tRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. 10FF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. IWCS, IRWD, IAWD and leWD are restrictive 
operating parameters in LATE-WRITE, READ
WRITE and READ-MODIFY-WRITE cycles only. If 
IWCS:::: IWCS (min), the cycle is an EARLY-WRITE 
cycle and the data output will remain an open circuit 
throughout the entire cycle, regardless of TR/OE. If 
tWCS:S; IWCS (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
write to avoid data contention. If IRWD :::: IRWD 
(MIN), IAWD:::: IAWD (MIN) and ICWD:::: leWD 
(MIN), the cycle is a READ-WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions are met, the state of 
the output buffers (at access time and until CAS goes 
back to VIH) is indeterminate but the WRITE will be 
valid, if 10D and 10EH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and ME/WE leading edge in 
late WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then take~_ 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 2 TTL gate and SOpF. Output reference 
levels: VOH = 2.0V; VOL = O.BV. 

25. TRANSFER command means that TR/OE is LOW 
when RAS goes LOW. __ _ 

26. NONTRANSFER command means that TR/OE is 
HIGH when RAS goes LOW. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have 10D and 10EH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after 10EH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 



DRAM READ CYCLE 

'RC 

'RAS 

RAS VIH-
VIL-

tCSH 

IRSH 

'CRP tRCD 'CAS 

CAS 
VIH-
VIL-

'AR 

tRAL I tRAD I 
'ASR tRAH ~I I~ 

ADDR COLUMN 

'CAC 

'CLZ 

,~ 
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'RP 

tRRH 

tOFF 

::1 
VALID DATA !C--__ OPEN ----

)~ 

~ DON'T CARE 

~ UNDEFINED 
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RAS V,H-
V,l-

CAS 
V,H-
V'l-

ADDR 

DSF 

DRAM FAST-PAGE-MODE READ CYCLE 

'CRP 

fRp 

~ DON'T CARE 

I8l2l UNDEFINED 

NOTE: WRITE or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST PAGE MODE. 
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WRITE CYCLE FUNCTION TABLE 

LOGIC STATES 
"RAS" Falling Edge ~ Falling Edge FUNCTION 

A B C 0 
ME"iWE" DSF DQ (Input) DQ (Input) 

1 0 X DRAM Normal DRAM WRITE 
Data 

0 0 Write DRAM NONPERSISTENT (Load and Use Register) 
Mask Data (Masked) MASKED WRITE to DRAM 

0 1 X DRAM PERSISTENT (Use Register) 
Data (Masked) MASKED WRITE to DRAM 

1 1 X Write Load Mask Register 
Mask 

NOTE: Refer to this function table to determine the logic states of "A", "8", "C", and "0" for the WRITE cycle timing 
diagrams on the following pages. 
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- VIH 
RAS VIL-

d - VIH 
CAS VIL-

tCRP 

tASR 

I 

tRAO 

tRAH 

DRAM EARL V-WRITE CVCLE 

tRC 

tRAS II tRP 

II 
11" 

tCSH 

t f r:: tRCO 

tAR 

I I I tRAL 

~I I~ I 
COLUMN 

I tCWL 

I tRWL 

1 1 tWCR 

twcs 

I I 
tWCH 

twp 

MEliNE ~:~- t=jAt=~~~ __ -LL_~~~~~~~~~~~ 
tFSR II tRFH 

OSF ~:~=W/#$M-8-b/#$/#/$$///#/#$/##////$ff$///////#/##$/###$/$$//#/J 
I I tOHR 

tos I I tOH k 
tMS tMH .1 I 

00 ~:g~-w//$//A-C - ~ 0 l//III!/#I!!//#/I/#/#///#////III!/I!1!/& 
tyS I~ 

TRICE ~:~:W//#I!!/)- ~/$$/$$/$#/#///111!///#/////$//$/////#///#/#//#///#///////$14 
~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "8", "C", and "0" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 

3-46 



1VI1C:I=U;2N MT 42C4255 

DRAM LATE-WRITE CYCLE 

tRC 

tRAS tRP 

tCSH 

t t~ 
tRSH 

=' 
tCRP tRCD tCAS 

tAR 

I tRAD I I tRAL 

tASR tRAH ~I I tCAH 

I 
ADDR ~:~~~------;RO.----W _~kl __ C_OLU_MN_~b-IIII~IIIIIIII#II,f,0(~ __ _ 

tCWL II 
tRWL 

MEIWE ~:~ A 

tFSR II tRFH 

DSF ~:~:I//////#M-8-kw;////////#//////$$,$'//////$#$$'//////#$$///;@/$//$$A 
tDHR II 

I tOEH 

-~/$//////$$$//$$#//#j/$#lI!h 
~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "8", "C", and "0" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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ICRP 

ADDR 

MEJWE ~:~- A 

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

ICSH 

ICAS 

I IRAL I 
~II~ 

nn~n7nn~nn~n7hh~~ 
COLUMN 

ICWD 

ROW 

IFSR II IRFH 

DSF ~:~:_-8 -b/#/M///$/#$$$#//$///$/$#/###$/##////#@#A 

I ! ::c 
ICLZ -1-' ---===--

}----OPEN ---

~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "8", "C", and "0" determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 

tRASP 

--~~----------------------~II~I RAS ~:t- 1_ ~ 
tCSH tpc 

I~ tRCD teAs tcp tcp 

I~ 

fl'---'f-r--J' 

~1·tASR ~I ~I I~ I~~I ~II~I I 
ADDR ~:r.!~ ROW ~ COLUMN 10'///////M COLUMN ~ COLUMN ~/TTTri-riTTT7n ROW 

I I tCWL I II tCWL I II tCWL I 

MEIWE ~:~= I~ ~k,--"-"'tWCS'-------11 :::" f!l/}) -""--II :" f!l/}) II :::" ~ 
~II~ II II II I 

DSF ~:~=wf B ~;1//////////////;1/////////////////////////!lff////////////////////////////////////////////~ 

DO V,OH
VIOL-

:;:: I I I I III tRWL I 
~I 'DS ~ 

D D D 

tyS tYH ~ 

~:~-wzJ- ---. fIIIj////!I!/!////I!//I!/;1////!/I!;1/!////!///I!///!///////!////////////1!////////!/I!III!!I!/I!//!//; 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in 
FAST PAGE MODE. 

~ DON'TeARE 

~ UNDEFINED 

2. The logic states of "A", "8", "C", and "D" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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-s: 
c: 
Ci -'"tJ o 
:l] 
-I 
C 
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I'IIIC:F:::";2~ MT 42C4255 

DRAM FAST-PAGE-MODE READ-WRITE CYCLE 
(READ-MODIFY-WRITE or LATE-WRITE CYCLES) 

tCSH 
tCAS tcp 

~ 
tCAS l· tCPN .1 

! 

1~1 ______ t~R~CO~ ____ .I ____ t=CA~S~ ___ 1 

CAS ~:r: J 1\ ,----, 1'--________ -'1 v-------- 1'-________ -'1---' 

tAR I~ 

II 
(I; ROW 

I. tASR ~iO ~I I~ tASC ~I ~II~~ 
7TnFn rTn~Y--~~----~ .I AOOR ~:r.::'~ ROW J0Ib COLUMN W/§//j: COLUMN W////;JJ0 COLUMN ~]{'/I,I'//,I//,I//,I//,IX 

II-tRWL 
-tCWl 

-twp 

y/IIIIIII 
~ ~ 

I I tRWO I_II II 
1 I I 

tCWLJ tCWL- -I ,_t.;..;.RC:..:S+-_ twp J. t ,- I tAWO --I tAWO WP - -I tAWO 
1 tcwo . I tcwo ~1~~~~tl-::-=":'t~C.:.cw;o;;~ 

OSF ~:r- 8 (111/>1 

1 ::C I tOHJI _ I tM 
I tOHJI _ I~ JI -tOH 

I 
tos 1 tCPA I tos_ 1- 'CPA I 'OS- 1-

I_'MS _tMH.I tCAc-II_ - - - 'CAc-1 - 1 'CAc-I~-r :I 'CLZ-'e 'CLZ-li- 'CLZ- -
C 'iiAiJii' ~ ~~~ ~~r----OPEN--

1\1IV~~ ~~~ 1W'~I~ 

_'YS II_'YH _too 0- -,~o 'OEH lJl - _too 
~ ·1'--___ '_OE_--'-I--'J~---t-OE-,~ - . 'OE~ . ______ _ 

TRi6E ~:r=WJ ,_ ~ . 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. 
Use the Write Function Table to determine the proper DSF state for the desired WRITE operation. 

2. The logic states of "A", "8" and "C" determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 
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J 
- VIH 
CAS VIL-:~ 

tCRP 

IASA 

DRAM 'RAS'-ONL Y REFRESH CYCLE 
(ADDR = AO-AS) 

lAC 

IAAS lAP 

~I 
'----I 

IRAH 

I 
I 
I 
\ 

ADDA ~:~ __ -----"AO,..-w _--.Jbll/IIIIIIIIII/II//IIII///IIII/IIII//II/II/IIII/IX\....-__ AO_W __ 

VIOH-
DQ VIOL_:--------HII--OPEN OPEN 

TAlOE ~:~:W////////)~ ~~//////$//////$//J$/$//////II$////////////////# 

~-BEFORE-'RAS' REFRESH CYCLE 

ADDA ~:r-'!II!///#///////////////!/!I//!I//////////!II//I!I!////////////////////!/!I////!I/I!I//////!//!111!/////I!/////h 

MEIWE ~:~-W////I!II!I////I!//I!//I!I!I//II!!II!/////!///////II!!I////I!///!////I!I!////!//$ WIIII!II!12 

DSF ~:~:7jj////////////!I!///I!//////I!/I!//////!I/////////I!///////I!//!I!///II///1I!//!/I///I/!///////////!//I!!I!//!h 

DO ~:g~ :-----OPEN--------OPEN------

'fRKiE ~:~::'I/////I!!I/II/////I!/I!/////I!I!II!!/I/////I!I!///////I/!///1!//I!!I//!/I!!//I11!////I1!//////I11!//I/i//I!!//!h 
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1'II1C::l=Ig,~ MT 42C4255 

ADDR VIHVIL-

DRAM HIDDEN-REFRESH CYCLE 

(READ) (REFRESH) 

tRAS t RP tRAS 

'~.~'----tRCD -i '- :~ j-tCH- R 

ROW COLUMN 

VIH~~II~~~II ~ I I 
MElWE V ~ hWE&J W/////////////////l/!!/////////I!!I!1!///////////!ffi 

00' ::~~ '~ill$IIII!!!IIIIIIIII§"IIIIIIII//.1IIIII/IIIIIIIIIIIII§"III/I/I/1/11111//!11111$1/1/4 
I I tAA 
. I tRAC 

I' tCAC 

--!OFF 

"" :g<: ~~ '''.'= t_tO_D_._O_PE_N_ 

TRiCE ~:~ =---.! ,'---_____ "---___________ -Jif 

~ DON'TeARE 

m UNDEFINED 

NOTE: A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, M~ 
= LOW (when CAS goes LOW) and miCE = HIGH. In the TRANSFER case, TRIOE = LOW (when RAS goes 
LOW) and the DO pins stay High-Z during the refresh period, regardless of TRIOE. 
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iUlICI=:IC;2N MT 42C4255 

-

-------.-/ 

READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 

'RC 

'RAS 'RP 

tCSH 

lASH 

I 
~ tACO teAs 

'AR ~ / 

IRAD I I 'RAl I I 

I 

\ 

ADOR ~:~ 

I~~I= ~I I'CAH i 
::t~ ROW Y&J SAM START W//////////////////////////////////////////////////////////////h 
~II~ I 'ASo I I 

~ I ~/!l/i/////I!////I;///I!/I!!I///I!/I!l!!///I!$;lI!l!I!l!Il/$!lil!l!l///I//////I///I!//I!/M 
wl~~* I III 

DSF ~lr =_ I Yl!I!I!//II///I!II!////////I!1//I/I!II!!I!!/I//I/!l!!//I///I!/I!/&I!!///I//I//I!//l!Il!/!ll!l!~ 

DO ~ig~-:==---I-J-il'111-OPEN ---+_----'---'--II.!---I -OPEN--
leso III 
tTRL ITRD 

_ :~~ ~l,-------trf-~_-++--_---'-_'T.!!!:.C_l-=--=--=--=-:+-I_ -+_I====:'TC:O ===bm~rrr;Wf'777@777T.W~ 
~ , ____ -;-l_-+---"',Rs:=....O --_II-,'SC"'--_I 

~ I 

NOTE: 1. There must be no rising edges on the SC input during this time period. 
2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

3-53 

~ DON'T CARE 

~ UNDEFINED 

-3: 
c: 
!:i -"tI o 
~ 
C 
:%I 
l> 
3: 



-3: 
c: 
!:i --0 o 
~ 
C 
:0 
l> 
3: 

I'IIIC:I=U;~~ MT 42C4255 

REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

ADDR ~l~: 
liilU~.-,,~·~llU·~ ____ .-~liilliilliilliilliilliilll¥quliilliilliilliilliilliilllllllllllllllllilL 

""" :~fll"i-$,f$##,f$)#$//#(;7//#!l!$#M'##))###!$$!#$//#$#$ffff$,f$/fi! 
_I~~I.I I II 

DSF ~:~:7@A I !I!//////// //1//// II /1111/11 I!III!I!I!I!// //I/1!1!/! /I II II /II 1iI//IIIII!I!// II //I/1IIII///II//l!Il!!h 

.----I'~OT-'+-____ --: ______ _:_---OPEN 
DO ~:g~_ }o -------:---:--------- OPEN ----

lATH II 
tCTH tTRL + _________ '.!!TR!"-D _____ I 

tRTH tTel 1 _____ -'-'Tc""DC-__ 1 

tSOH _ ~SAC 

SDO ~lg~::---------< V~~T }-----t::::V~A~LlD~D;OllT~ ,--,VA_Ll_D D_OllT_J,,-_VAL_'D_D_OU_T-F '-______ -oJ VALIDDOUT 

OSF ~OH- NOTE 2 NOTE 2 

~---------------------~~------------

NOTE: 1. The SE pulse is shown to illustrate the SERIAL OUTPUT 
ENABLE and DISABLE timing. It is not required. 

2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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1'II1C:1=1I;2~ MT 42C4255 

ADDA ~:r: 

SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

tCSH 

~ 1 __ --"IRC=-D_1 teAs 

~'-II'-~ I 
M"ENiE ~:e - II 1'1 I!// //1//11/ /////!!I III // 11111 II!! ////!ill // //II/!I //////!I!I/ //1111111 III! II!/!!I//II!!II 11/1 II!h 

• IFSR tRFH ~ I 
DSF ~:e ~I- ~ WIII//IIIIIIII/III/IIIIIIII!!IIIIIIIIII!IIIIIIIIIIIIIIII!II//!II!IIIi///I/IIIII//I/III$//I/I/I!h 

00 .~ ~! ~"I _---
"~~ 1'= I'=j 

TRJOE ~:e_ ~=W ,1'7T.W ,1=W ,1=1;on-TW ,1=W ,1=W ,1=1 ,1777W ,1=W ,1=W ,177TW,1=WO=W ,1777W ;o7770777W,1=W ,1"n-.W ,1=W ,177TW ,1n-TW ,1=W ,1777W ,1777Wo7771 ,1'7T.W=W ,177TW ,1=W ;0=1 ,1777W ,17771 ,17nW ,1'7771,1 

I I ISTH 
_ ISTS _ ------"-'-"--I 

ISC 

OO:~J= -r= I 

': :::-+---I-+-i _S_" (2_SS
I 
___ A(A_+256_1 -~----{'~f--' ___ 2S_3(50_91_X __ 2_54_(S10-l' I_X_2Sf--I"_"I_X __ B_(B+_2S6_1 

~ :8t:~-============SA=M=MS~.;,f-~f-(N=OTE='I============1 =1=SQD=j~,--_ -_ -_NE=WM=SB=== 

NOTE: 1. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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1'II1C:l=IgN MT 42C4255 

NOTE: 

WRITE TRANSFER and PSEUDO WRITE TRANSFEfI 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

IRC 

lRAS IRP 

ICSH 

IRSH 

ICRP tAco tCAS 

tAR ~ / 
I 

I 
I 

\ 

~I I 
I 

lRAD I lRAL 

tABR 1 ---:;;; ~ I~ -,--.:~ ~ Q -- kdIWldlWdlWlWddlW$ldlWddlWldddlllldldld!M'h 

MEIWE ~:~_,11~1#$##/#$lff#$$!$/$///#/$#/$ffJl//1/####/$!/##/$///$/$/##h 
., :r£ -""-)y//#/#/IW#/J,w##,w/#,w//##/#/#/#/#/,wJ#/,w,w/,w/#/#/####$/#1#/,Ii 

IIOFF II I I 
DQ ~:g~= -~ OPEN --------c------OPEN ---

Ins ITLH I I 
TRJOE ~:~=_- -11;/lff/////////I!II!///ff////II//////////////llllllff//////$///////////ff////lff//ff////ff/////!4 

:: II I I =:0 ::. ISp 
--II ------

II ISDD 

NOTE' 

ISOH ISDZ 

SaD ~:g~_ VALlDDO:-~ VALID DOUT ~HIGHZ 

~ :rC ~!#IW/y/,wl/,w$!,w!#!#/#,w!##~~_:::_IS--NO-TE-2 ----

I I----,,:~=--~~ -k--
QSF ~gr _ NOTE 4 NOTE 4 

-------------------------------~ 
~ DON'T CARE 

1. If SE is LOW, the SAM data will be transferred to the DRAM. 
~ UNDEFINED 

If SE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL-INPUT-MODE ENABLE cycle). 
2. SE must be LOW to input new serial data, but the serial address register is incremented by SC 

regardless of the state of SE. 
3. There must be no rising edges on the SC input during this time period. 
4. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256--511) is being accessed. 
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~1C:l=Ig~ MT42C4255 

WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 
IRe 
IRAS IRP 

tesH 

I 

J 
tASH 

1~:eD t tCAS I 7 

I 

\ 

=f I 
I 

IRAD I I tRAL 

tASR --~~ I~ -1-- :~~ ~ 1:1 ~.- ~!;f;f$/$;f/;f/;f/;f/;f/;f/;f;f/;f;f/;f/;f!$!$/;f/;f/;f!;fh@ 
~I IRWH I I 

M8WE ~:~~t::1-kll!//J/$j/II!///!!///$//!/II!///!///!II!J/j$JII!///!I!/!/IiI//!/!/$J//J/j!I!J//$//!Jlffi 
IFSR IRFH I I 

- ::~III-k,tW$Jffff///!!I!#///$/!J/j///!J/j///l!ffff/!/I!$//II!/$ffff///II!/////!!/$/IffIil/ffi 
DO ~:~: i I OPEN I OPEN ____ _ 

Ins ITLH I I 
rOOE t-d- -1w;////II!IiI///////////!!II!///IiIII!//I!/!/!$I!//IiIIiI////!!I!J//////II!/!/IiI/$/////!/!$} 

Ell I I~ I"=-~_---'--I 
NOTE 2 

I 
soa ~:g~ VALID DIN 

~~ __ ~~~~~~~~=W~~~~~UW'L-~~'~~U~ __ ~ __ 

• :r~I~6;f$!;f;fL@,;f$$ff!;f$;f;f;f~----'---NOT-EI---
--------1---------:=~~~~----1~----

~F ~gr: NOTE 3 NOTE 3 -------------------------------------
~ DON'T CARE 

Il88iI UNDEFINED 

NOTE: 1. s"E" must be LOW to input new serial data, but the serial address register is incremented by SC 
regardless of SE. 

2. There must be no rising edges on the SC input during this time period. 
3. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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iVl1C:R 9N MT42C4255 

tAA 

ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

tRC 

tRAS 

tCSH 

1 

~ 
tASH 

tRCD 

t 
tCAS I 

tAP 

7 

M~ :r:J ~ bJ -~- kw/,'l'$/$$,'l','l'-M'J,'l'$/$!,01!,01$,'l'$$,'l','l'$,@ 

=={'" I I tAAD I I tRAL 

tASR 1 ~:tASC I I leAH 
~I-

tWSA Ilt
AWH 

"' I I 
MEJWE ~:~~I-fl///////i/ I!I!// 1!!!l1I/1I II II/////II/II/IIII/////II/II/II///I////!I!I!///!I///!I//////I/ /////////h 

DO V,OH -! OPEN OPEN - __ 

V,OL- I_ tTLS tTLH _I I 
TRIOE ~:~:~ YI/////////////////////////////////////////////////////I//////////////////////////////////////////& 

t II I I~I--=-tsc ---,---t:: ~~~ 
II 

NOTE 2 

tSDD 

NOTE 1 

OSF ~g~_----------N-OT-E3-------------'k----NO-TE-3---
NOTE: 1. SE must be LOW to input new serial data, but the serial address register 

is incremented by SC regardless of the state of SE. 
2. There must be no rising edges on the SC input during this time period. 
3. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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SE 

SC 
VIH-
VIL-

SDa 
VIH-
VIL-

VIH
SC VIL-

tsc 

tSAS 

---.I 
~-

tSAC 

~ 
""""" VALIDDOUT~ 

tsp I 

] 
tSEZ 

VALID DOUT 

SAM SERIAL INPUT 

tSAS 

1+"=!iof .. t""SD::::S~ tSDH 

SAM SERIAL OUTPUT 

tSEP 

I 
\ 

tsc tsc 

tSAS tsp I tSAS 

it -1 il-
tSAC I tSAC 

tSEAj ~ I- ...,..,...,. 
VALIDDOUT~ 
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tsp 

VALID DIN VALID DIN 

-1 
tSAC 

~ 
"""" VALID DOUT ~ VALID DOUT 

~ DON'T CARE 
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PRELIMINARY 

IVIIC:F:If;;2,~ MT 42C4256 

VRAM 

FEATURES 
• Industry standard pinout, timing and functions 
• High-performance CMOS silicon gate process 
• Single +5V ±10% power supply 
• Inputs and outputs are fully TTL and CMOS 

compatible 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 512-cycle refresh within 8ms 
• Optional FAST PAGE MODE access cycles 
• Dual port organization: 256K x 4 DRAM port 

512 x 4 SAM port 
• No refresh required for Serial Access Memory 
• Low power: 15m W standby; 275m W active, typical 
• Fast access times - 80ns random, 25ns serial 

SPECIAL FUNCTIONS 
• JEDEC Standard Function set 
• PERSISTENT MASKED WRITE 
• SPLIT READ TRANSFER 
• WRITE TRANSFER/SERIAL INPUT 
• ALTERNATE WRITE TRANSFER 
• BLOCK WRITE 

OPTIONS MARKING 
• Timing (DRAM, SAM) 

80ns,25ns 
lOOns,3Ons 
120ns, 35ns 

• Packages 
Plastic 50J 
Plastic ZIP 

GENERAL DESCRIPTION 

- 8 
-10 
-12 

DJ 
Z 

The MT42C4256 is a high-speed, dual port CMOS dy
namic random access memory or video RAM (VRAM) 
containing 1,048,576 bits. These bits may be accessed by a 4-
bit wide DRAM port or by a 512 x 4-bit serial access memory 
(SAM) port. Data may be transferred bidirectionally be
tween the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 4 DRAM). Four 512-bit data 
registers make up the SAM portion of the VRAM. Data 1/ 0 
and internal data transfer are accomplished using three 
separate bidirectional data paths; the 4-bit random access 
I/O port, the four internal 512 bit wide paths between the 
DRAM and the SAM, and the 4-bit serial I/O port for the 

MT42C4256 
REV.1f91 3-61 

256Kx4DRAM 
WITH 512x4SAM 

SC 
SD01 
SD02 

TR/OE 
001 
002 

MElWE 
NC 

RAS 
A8 
A6 
A5 
A4 

Vcc 

PIN ASSIGNMENT (Top View) 

28-Pin SOJ 
(E-9) 

1 28 
2 27 
3 26 
4 25 
5 24 
6 23 
7 22 
8 21 
9 20 
10 19 
11 18 
12 17 
13 16 
14 15 

VSS 

SD04 
SD03 
SE 
004 
003 
DSF 
CAS 
OSF 
AO 
A1 
A2 
A3 
A7 

28-Pin ZIP 
(C-5) 

DSF 1 :, 
:: 2 D03 

D04 3 :, 

-- 4 SE 
SD03 5 :, 

-- 6 SD04 
Vss 7 :, 

:: 8 SC 
SD01 9 :, 

-- 10 SD02 
TRioE 11 :, 

-. 12 D01 
D02 13 :, 

-. 14 'MEiWE 
NC 15 :, 

-- 16 RAS 
A8 17 :, 

-- 18 A6 
AS 19 :, _. 20 A4 

Vee 21 :, 
:: 22 A7 

A3 23 :, 
:: 24 A2 

A1 25 :, 
:: 26 AO 

OSF 27 :, _. 
28 CAS 

SAM. The rest of the circuitry consists of the control, timing 
and address decoding logic. 

Each of the ports may be operated asynchronously and 
independently of the other except when data is being trans
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations of RAS 
addresses are executed at least every 8ms (regardless of 
sequence). Micron recommends evenly spaced refresh cycles 
for maximum data integrity. An internal transfer between 
the DRAM and the SAM counts as a refresh cycle. The SAM 
portion of the VRAM is fully static and does not require any 
refresh. 

The operation and control of the MT42C4256 is compat
ible with (and can be identical to) the operation of the 
MT42C4064 (64K x 4 VRAM). However, the MT42C4256 
offers several additional functions that may be used to 
increase system performance or ease critical timing require
ments. These "special functions" are described in detail in 
the following sections. 

Micron Technology, Inc., reserves the Tight to change products or specifications without notice. 
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Figure 1 
MT42C4256 BLOCK DIAGRAM 
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PIN DESCRIPTIONS 

SOJ PIN ZIP PIN 
NUMBERS NUMBERS SYMBOL 

1 8 SC 

4 11 TRiOE 

7 14 MEJWE 

25 4 SE 

22 1 DSF 

9 16 RAS 

21 28 CAS 

19, 18, 17, 26,25,24, AO to A8 
16,13,12, 23,20,19, 
11, 15, 10 18,22,17 

5,6,23,24 12,13,2,3 DQ1-DQ4 

2,3,26,27 9,10,5,6 SDQ1-SDQ4 

20 27 QSF 

8 15 NC 

14 21 Vcc 

28 7 Vss 

TYPE 
Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input! 
Output 

Input! 
Output 

Output 

-

Supply 

Supply 

PRELIMINARY 

DESCRIPTION 
Serial Clock: Clock input to the serial address counter for the 
SAM registers. 

Transfer Enable: Enables an internal TRANSFER operation 
at RAS (H .... L), or 
Output Enable: Enables the DRAM output buffers when 
taken LOW after RAS goes LOW (CAS must also be LOW), 
otherwise the output buffers are in a High-Z state. 

Mask Enable: If MEIWE is LOW at the falling edge of RAS 
a MASKED WRITE cycle is performed, or 
Write Enable: MEJWE is also used to select a READ 
(MEJWE = H) or WRITE (MEJWE = L) cycle when accessing the 
DRAM. This includes a READ TRANSFER (MEIWE = H) or 
WRITE TRANSFER (MEIWE = L). 

Serial Port Enable: SE enables the serial 110 buffers and 
allows a serial READ or WRITE operation to occur, otherwise 
the output buffers are in a High-Z state. SE is also 
used during a WRITE TRANSFER operation to indicate 
whether a WRITE TRANSFER or a SERIAL INPUT MODE 
ENABLE cycle is performed. 

Special Function Select: DSF is used to indicate which special 
functions (BLOCK WRITE, MASKED WRITE vs. PERSISTENT 
MASKED WRITE, etc.) are used on a particular access cycle. 

Row Address Strobe: RAS is used to clock in the 9 row-
address bits and as a strobe for the MEIWE, TRlOE, DSF, SE, 
CAS and DQ inputs. 

Column Address Strobe: CAS is used to clock in the 9 
column-address bits, enable the DRAM output buffers 
(along with TR/OE), and as a strobe for the DSF input. 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 4-bit 
word out of the 256K available. During TRANSFER operations, 
AO to A8 indicate the DRAM row being accessed (when 
RAS goes LOW) and the SAM start address (when CAS goes 
LOW). 

DRAM Data 1/0: DRAM input!Output for DRAM cycles; inputs for 
Mask Data Register and Color Register load cycles, and Bit and 
Column Mask inputs for BLOCK WRITE. 

Serial Data 110: Input, output, or High-Z. 

Split SAM Status: QSF indicates which half of the SAM is being 
accessed. LOW if address is 0-255, HIGH if adaress is 256-511. 

No Connect: This pin should be left either unconnected or tied 
to ground. 

Power Supply: +5V ±1 0% 

Ground 
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FUNCTIONAL DESCRIPTION 
The MT42C4256 may be divided into three functional 

blocks (see Figure 1): the DRAM, the transfer circuitry, and 
the SAM. All of the operations described below are shown 
in the AC Timing Diagrams section of this data sheet and 
summarized in the Truth Table. 

Note: For dual-function pins, the function that is not 
being discussed will be surrounded by parentheses. 
For example, when discussing transfer...!!Eerations 
the TR/OE pin will be shown as TR/(OE). 

DRAM OPERATION 
DRAM REFRESH 

Like any DRAM based memory, the MT42C4256 VRAM 
must be refreshed to retain data. All 512 row address 
combinations must be accessed within8ms. The MT42C4256 
supports CAS-BEFORE-RAS, RAS-ONLY and HIDDEN 
types of refresh cycles. 

For the CA5-BEFORE-RAS REFRESH cycle, the row ad
dresses are generated and stored in an internal address 
counter. The user need not supply any address data, and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. 

The refresh address must be generated externally and 
applied to AD-A8 inputs for RAS-ONL Y refresh cycles. The 
DQ pins remain in a High-Z state for both the RA5-0NL Y 
and CAS-BEFORE-RAS refresh cycles. 

HIDDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS cycles but does not 
disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
portion of the MT42C4256 is fully static and does not 
require any refreshing. 

DRAM READ AND WRITE CYCLES 

The DRAM portion of the VRAM is nearly identical to 
standard 256Kx 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this part, several conditions that were undefined or in 

"don't care" states for the DRAM are specified for the 
VRAM. These conditions are highlighted in the following 
discussion. In addition, the VRAM has several special func
tions that can be used when writing to the DRAM. 

The 18 address bits that are used to select a 4-bit word 
from the 262,144 available are latched into the chip using 
the AD-A8, RAS and CAS inputs. First, the 9 row-address 
bits are se~n the address inputs and clocked into the 
part when RAS transitions from HIGH to LOW. Next, the 9 
column address bits are set up on the address inputs and 
clocked-in when CAS goes from HIGH to LOW. 

For single port DRAMS, the OE pin is a "don't care" when 
RAS goes LOW. However, for the VRAM, when RAS goes 
LOW, (TR)/OE selects between DRAM access or TRAN5-
FER cycles. (TR)/OE must be HIGH at the RAS HIGH-to
LOW transition for all DRAM operations (except CAS
BEFORE-RAS). 

If (ME)/WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQI-DQ4 port. The (TR) I 
OE input must transition from HIGH to LOW sometime 
after RAS falls to enable the DRAM output port. 

For single port normal DRAMs, WEisa "don't care" when 
RAS goes LOW. For the VRAM, ME/(WE) is used, when 
RAS goes LOW, to select between a MASKED WRITE cycle 
and a normal WRITE cycle. If MEl (WE) is LOW at the 
RAS HIGH-to-LOW transition, a MASKED WRITE opera
tion is selected. For any DRAM access cycle (READ or 
WRITE),ME/(WE) mustbe HIGH at theRAS HIGH-to-LOW 
transition. If (ME)/WE is LOW before CAS goes LOW, a 
DRAM EARLY-WRITE operation is performed and the 
data present on the DQI-DQ4 data port will be written into 
the selected memory cells. If (ME) IWE goes LOW after 
CAS goes LOW, a DRAM LATE-WRITE operation is per
formed. Refer to the AC timing diagrams. 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ
MODIFY-WRITE, FAST-PAGE-MODE READ, FAST
PAGE-MODE WRITE (Late or Early), and FAST-PAGE
MODE READ-MODIFY-WRITE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 
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NON PERSISTENT MASKED WRITE 

The MASKED WRITE feature eliminates the need to do a 
READ-MODIFY-WRITE cycle when changing only specific 
bits within a 4-bit word. The MT42C4256 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

If ME/ (WE) and DSF are LOW atthe RAS HIGH to LOW 
transition, a NONPERSISTENT MASKED WRITE is per
formed and the data (mask data) present on the DQI-DQ4 
inputs will be written into the mask data register. The mask 
data acts as an individual write enable for each of the four 
DQI-DQ4 pins. If a LOW (logic "0") is written to a mask 
data register bit, the input port for that bit is disabled during 
the following WRITE operation and no new data will be 
written to that DRAM cell location. A HIGH (logic "1") on 
a mask data register bit enables the input port and allows 

normal WRITE operation to proceed. Note that CAS is still 
HIGH. When CAS goes LOW, the bits present on the DQI
DQ4 inputs will be either written to the DRAM (if the mask 
data bit is HIGH) or ignored (if the mask data bit is LOW). 
The DRAM contents that correspond to masked input bits 
will not be changed during the WRITE cycle. The MASKED 
WRITE is nonpersistent (must be re-entered at every RAS 
cycle) if DSF is LOW when RAS goes LOW. The mask data 
register is cleared at the end of every NONPERSISTENT 
MASKED WRITE. FAST PAGE MODE can be used with 
NONPERSISTENT MASKED WRITE to write several col
umn locations in an addressed row. The same mask is used 
during the entire FAST-PAGE-MODE RAS cycle. An ex
ample NON PERSISTENT MASKED WRITE cycle is shown 
in Figure 2. 

1- NONPERSISTENT MASKED WRITE -I ...... r---- NONPERSISTENT MASKED WRITE -I 
RAS \ / \'----____ ----'1 

\-------'/ 

1//////111/& 

INPUT STORED STORED MASK 

DATA DATA (RE-WRITE) 

X 

m ~ 
0 

o .-----~ 
X 0 
1 .-----~ 

AFTER BEFORE 

- .. 

Figure 2 

\'--_---1 

///III/fa 

STORED STORED 

X 

1 

X 

ADDRESS 1 

DATA 

~ .-----~ 

.-----~ 

AFTER 

~ DON'T CARE 

~ UNDEFINED 

NONPERSISTENT MASKED WRITE EXAMPLE 
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PERSISTENT MASKED WRITE 

The PERSISTENT MASKED WRITE feature eliminates 
the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking ME/(WE) 
and DSF HIGH when RAS goes LOW. The mask data is 
loaded into the internal register when CAS goes LOW. Mask 
data may also be loaded into the mask register by perform
ing a NONPERSISTENT MASKED WRITE cycle before the 
PERSISTENT MASKED WRITE cycles. 

PERSISTENT MASKED WRITE cycles may then be per
formed by taking ME/(WE) LOW and DSF HIGH when 
RAS goes LOW. The contents of the mask data register will 
then be used as the mask data for the DRAM inputs. Unlike 
the NONPERSISTENT MASKED WRITE cycle, the data 

present on the DQ inputs is not loaded into the mask 
register when RAS falls, and the mask data register will not 
be cleared at the end of the cycle. Any number of PERSIS
TENT MASKED WRITE cycles, to any address, may be 
performed without having to reload the mask data register. 
Figure 3 shows the LOAD MASK REGISTER and two 
PERSISTENT MASKED WRITE cycles in operation. The 
LOAD MASK REGISTER and PERSISTENT MASKED 
WRITE cycles allow controllers that cannot provide mask 
data to the DQpins atRAS time to perform MASKED WRITE 
operations. PERSISTENT MASKED WRITE operations may 
be performed during FAST PAGE MODE cycles and the 
same mask will apply to all addressed columns in the 
addressed row. 

1- LOAD MASK REGISTER --I +-----PERSISTENT MASKED WRITE -I-PERSISTENT MASKED WRITE -I 
RAS ~ / \ I \ r 

\ I \ I ! } ;-
CAS 

MEIWE \ 

DSF \ I \ I \ r 
MASK STORED INPUT STORED STORED INPUT STORED 

DATA DATA DATA DATA ; ; x 

I ; APPLY 
X ; APPLY 

0 .. » 
MASK 

1 ... _» 
MASK 

X 
REG. 

X 
REG. 

1 ._» 1 ._--» 
(Stored in BEFORE AFTER BEFORE AFTER 
Mask Data 
Register) ADDRESS 0 • • ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) 

~ DON'T CARE 

Figure 3 
PERSISTENT MASKED WRITE EXAMPLE 
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ROW 
(AO-AS at RAS) 

COLUMN MASK (AO~ 
ON THE DO INPUTS AT CAS 

MASK 

D01 

D02 

D03 

D04 

CAS 

DATA OR 
REGISTER 

[MASKED WRITE IS OPTIONAL, 
AND MAY BE EITHER PERSISTENT 
(MASK DATA REGISTER) OR 
NONPERSISTENT (DO INPUTS)) 

COLUMN 
(A2-AS at CAS) 

COLOR REGISTER 
(must be previously loaded) 

Figure 4 
BLOCK WRITE EXAMPLE 

BLOCK WRITE 

If DSF is HIGH when CAS goes LOW, the MT42C4256 
will perform a BLOCK WRITE cycle instead of a normal 
WRITE cycle. In BLOCK WRITE cycles, the contents of the 
color register are directly written to four adjacent column 
locations (see Figure 4). The color register must be loaded 
prior to beginning BLOCK WRITE cycles (see LOAD COLOR 
REGISTER). 

The row is addressed as in a normal DRAM WRITE cycle, 
however when CAS goes LOW only the A2-A8 inputs are 
used. A2-A8 specify the "block" of four adjacent column 
locations that will be accessed. The DQ inputs are then used 
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to determine what combination of the four column locations 
will be changed. DQI acts as a write enable for column 
location AO=O, AI=O; DQ2 controls column location AO=I, 
Al =0; DQ3 controls AO=O, AI=I; and DQ4 controls AO=I, 
AI=l. The write enable controls are active HIGH; a logic 1 
enables and a logic 0 disables the WRITE function. 

The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
register is written to the four column locations (or any of the 
four that are enabled) in the corresponding DQ bit plane. 
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NONPERSISTENT MASKED BLOCK WRITE 

The MASKED WRITE functions can also be used during 
BLOCK WRITE cycles. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NON
PERSISTENT MASKED WRITE except the mask is now 
applied to four column locations instead of just one column 
location. 

Like NONPERSISTENT MASKED WRITE, the combina
tionofME/(WE) LOW and DSF LOW when RASgoes LOW 
initiates a NONPERSISTENT MASKED cycle. The DSF pin 
must be driven HIGH when CAS goes LOW, to perform the 
NONPERSISTENT MASKED BLOCK WRITE. By using 
both the column mask input and the MASKED WRITE 
function, any combination of the four bit planes may be 
masked and any combination of the four column locations 
may be masked. 

PERSISTENT MASKED BLOCK WRITE 

This cycle is also performed exactly like the normal 
PERSISTENT MASKED WRITE except that DSF is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE 
function. Both the mask data register and the color register 
must be loaded with the appropriate data prior to starting 
a PERSISTENT MASKED BLOCK WRITE. 

LOAD MASK DATA REGISTER 

The LOAD MASK REGISTER operation and timing are 
identical to a normal WRITE cycle except that DSF is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 

combination of TRI (OE), MEl (WE), and DSF being HIGH 
when RAS goes LOW indicates the cycle is a LOAD REG
ISTER cycle. DSF is used when CAS goes LOW to select the 
register to be loaded and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 
register is disabled but not modified. The contents of 
mask data register will not be changed unless a 
NONPERSISTENT MASKED WRITE cycle or a 
LOAD MASK REGISTER cycle is performed. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
four DQ planes. 

LOAD COLOR REGISTER 

A LOAD COLOR REGISTER cycle is identical to the 
LOAD MASK REGISTER cycle except DSF is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 
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TRANSFER OPERATIONS 
TRANSFER operations are initiated when TR/(O"E) is 

LOW then RAS goes LOW. The state of (ME)/WE when 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER, SPLIT READ TRANSFER, and 
ALTERNATE WRITE TRANSFER cycles. Each of the 
TRANSFER cycles available is described below. 

plished two ways. If the transfer is to be synchronized with 
SC (REAL-TIME READ TRANSFER), TR/(OE) is taken 
HIGH after CAS goes LOW. If the transfer does not have to 
be synchronized withSC (READ TRANSFER), TR/(OE) may 
go HIGH before CAS goes LOW (refer to the AC Timing 
Diagrams). The 2048 bits of DRAM data are written into the 
SAM data registers and the serial shift start address is 
stored in an internal 9-bit register. QSFwill be LOW if access 
is from the lower half (addresses 0 through 255), and HIGH 
if access is from the upper half (256 through511). IfSE is LOW, 
the first bits of the new row data will appear at the serial 
outputs with the first SC clock pulse. SE enables the serial 
outputs and may be either HIGH or LOW during this 
operation. The SAM address pointer will increment with 
the SC LOW-to-HIGH transition, regardless of the state of 
SE. Performing a READ TRANSFER cycle sets the direction 
of the SAM I/O buffers to the output mode. 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 

If (ME)/WE is HIGH and DSF is LOW when RAS goes 
LOW, a READ TRANSFER cycle is selected. The row ad
dress bits indicate the four 512-bit DRAM row planes that 
are to be transferred to the four SAM data register planes. 
The column address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every TRANSFER in order to 
load a valid Tap address. A read transfer may be accom-

I I I 

RAS \ ~ _fIII!/$///$/$$//~ I!lllZ 
I I I 

CAS \ ~ \ ./$/////1//$/1///1//4; \ IlllJ 
I I I 

AO·AS ~'T7:W/l777W/lTT7%7TlW/l'7T.W/JrrJ~/X ROW' X AO-:;:~AP W/44ilJJJl/l///I//$////////;4/X ROW 1 X AO-:;:~AP X 
I I I 

Me..WE @ 777T""---V'?0m1/1'7T.1/p'77:Wp777WpTT7%mW/J'T7:W/l'77:WTT7W/lm1P=J~7 W///I///I////////I/;;4t//$III$/////$11$4~;"-'@rr7~777Wp7Tl1/1'7'r.Wp>7'TW/lT77Wp7Tl1P'"'1//1'77'114 

TAm '\ r------r-----;J~ J J, )~ J------------

! 7 ~f'------1 !if ~f'------1 
I I I 

DSF W>. f////$//////ff$////$/I//4(p VII//$$//////$lfjW//$$/$///$II~ 'W$$IIM/!III/4 
I 

sc ~~/\-f\--J1/\---fL-/ 
I I I 

soa Wff$$///!I$//$JC::~=x~:~P::X=~2~~~ 
Output ROW 0 I ROW 0 I ROW 0 I ROW 0 

OSF 
-----____ \ If f~ ! :,J 
_______ L-_~~ ~r-- ~ 

(NORMAL) READ TRANSFER 

FROM: Rowa 
TO: FULL SAM, 
SAM 1/0 IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(OSF GOES LOW) 

I 
I SPLIT READ TRANSFER 

I 
I 
I 
I 
I 

FROM: Rowa 
TO: UPPER SAM, 
TAP ADDRESS = a 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 

Figure 5 

SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (OSF 
GOES HIGH) 

SPLIT READ TRANSFER 

FROM: ROW1 
TO: LOWER SAM, 
TAP ADDRESS = a TO 255 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(OSF REMAINS HIGH) 

~ DON'T CARE 

~ UNDEFINED 

TYPICAL SPLIT READ TRANSFER INITIATION SEQUENCE 
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SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER (SRT) cycle eliminates the 
critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles, the REAL-TIME READ TRANSFER cycle has to 
occur immediately after the last bit of "old data" was 
clocked out of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data can be transferred to the other half. The transfer can 
occur at any time while the other half is sending data and 
need not be synchronized with the SC clock. 

The TR/ (OE) timing is also relaxed for SPLIT TRANSFER 
cycles. The rising edge of TR/ (OE) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
rising edges of RAS or CAS. The transfer timing is generated 
internally for SPLIT TRANSFER cycles. A SPLIT READ 
TRANSFER does not change the direction of the SAM port. 

A normal, non-split READ TRANSFER cycle must pre
cede any sequence of SPLIT READ TRANSFER cycles to 
provide a reference to which half of the SAM the access will 
begin and set SAM I/O direction. Then SPLIT READ 
TRANSFERS may be initiated by taking DSF HIGH when 
RAS goes LOW during the TRANSFER cycle. As in non split 
transfers, the row address is used to specify the DRAM row 
to be transferred. The column address, AO-A7, is used to 
input the SAM tap address. Address pin AS is a "don't care" 
when the Tap address is loaded at the HIGH to LOW 
transition of CAS. It is internally generated so that the SPLIT 
TRANSFER will be to the SAM half not currently being 
accessed. 

Figure 5 shows a typical SPLIT READ TRANSFER initia
tion sequence. The normal READ TRANSFER is first per
formed, followed by a SPLIT READ TRANSFER of the same 
row to the upper half of the SAM. The purpose of the SPLIT 
TRANSFER of the same data is to initiate the split SAM 
operating mode and load the Tap address. Serial access 
continues, and when the SAM address counter reaches 255 
("AS"=O, AO-A7=1) the new Tap address is loaded for the 
next half ("AS"=l, AO-A7=Tap) and the QSF output goes 
HIGH. Once the serial access has switched to the upper 
SAM, new data may be transferred to the lower SAM. The 
controller must wait for the state of QSF to change and then 
the new data may be transferred to the SAM half not being 
accessed. For example, the next step in Figure 5 would be to 
wait until QSF went LOW (indicating that row-l data is 
shifting out the lower SAM) and then transfer the upper half 
of row 1 to the upper SAM. If the half boundry is reached, 
before a SRT is done for the next half, a Tap address of "0" 
will be used. Access will start at 0 if going to the lower half, 
256 if going to the upper. See Figure 6. 

PRELIMINARY 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

The operation of the WRITE TRANSFER is identical to the 
READ TRANSFER described previously except (ME) /WE 
and SE must be LOW when RAS goes LOW. The row ad
dress indicates the DRAM row to which the SAM data 
registers will be written. The column address (Tap) indicates 
the starting address of the next SERIAL INPUT cycle for the 
SAM data registers. A WRITE TRANSFER changes the 
direction of the SAM 1/ 0 buffers to the input mode. QFS is 
LOW if access is to the lower half of the SAM, and HIGH if 
access isto the upper half. 

PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE 
ENABLE) 

The PSEUDO WRITE TRANSFER cycle is used to change 
the direction of SAM port from output to input without 
performing a WRITE TRANSFER cycle. A PSEUDO WRITE 
TRANSFER cycle is a WRITE TRANSFER cycle with SE held 
HIGH instead of LOW. The DRAM data will not be dis
turbed and the SAM will be ready to accept input data. 

ALTERNATE WRITE TRANSFER (SAM-TO-DRAM 
TRANSFER) 

The operation of the ALTERNATE WRITE TRANSFER is 
identical to the WRITE TRANSFER except that the DSF pin 
is HIGH and (ME) /WE is LOW when RAS goes LOW, al
lowing SE to be a "don't care." This allows the outputs to be 
disabled using SE during a WRITE TRANSFER cycle. 

POWER-UP AND INITIALIZATION 

When Vcc is initially supplied or when refresh is inter
rupted for more than Sms, the MT42C4256 must be initial
ized. 

After Vcc is at specified operating conditions, for 100~s 
minimum, eight RAS cycles must be executed to initialize 
the dynamic memory array. When the device is initialized 
the DRAM I/O pins (DQs) are in a High-Z state, regardless 
of the state of (TR) / OE. The DRAM array will contain ran
dom data. QSF will be drawing data. 
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The SAM portion of the MT42C4256 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the serial input mode 
(WRITE TRANSFER) and the I/O pins (SDQs) will be High
Z, regardless of the state of SEa,b. The mask and color reg
ister will contain random data after power-up. 

TAP 255 2iT'56 ________ ---=n511 

rr---rr-III---=-~-----"LJ 
StJSPli1 NOSRT '/------------\' 

NOSRT 

Figure 6 
SPLIT SAM TRANSFER 
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I MULTIPORT DRAM 

TRUTH TABLE 

CODE FUNCTION "HAS FALLING EDGE ~FAlL AO-A81 OQ1- OQ42 REGISTERS 

001 TR/lit ME/WE OSF SE OSF HAS 001 HAS 0013 MASK COLOR WE 
DRAM OPERATIONS 

CBR CAS-BEFORE-RAS REFRESH 0 X 1 X X X - X - X X X 

ROR RAS-ONL Y REFRESH 1 1 X X X - ROW - X - X X 

RW NORMAL DRAM READ OR WRITE 1 1 1 0 X 0 ROW COLUMN X VALID X X I 

RWNM NONPERSISTENT (LOAD AND USE) MASKED 1 1 0 0 X 0 ROW COLUMN WRITE VALID LOAD & X 
WRITE TO DRAM MASK DATA USE 

RWOM PERSISTENT (USE REGISTER) MASKED 1 1 0 1 X 0 ROW COLUMN X VALID USE X 
WRITE TO DRAM DATA 

BW BLOCK WRITE TO DRAM (NO DATA MASK) 1 1 1 0 X 1 ROW COLUMN X COLUMN X USE 
I (A2-A8) MASK 

BWNM NONPERSISTENT (LOAD & USE) MASKED 1 1 0 0 X 1 ROW COLUMN WRITE COLUMN LOAD & USE 
BLOCK WRITE TO DRAM MASK MASK USE 

SWOM PERSISTENT (USE MASKED REGISTER) MASKED SLOCK 1 1 0 1 X 1 ROW COLUMN X COLUMN USE USE 
WRITE TO DRAM (A2-Aa) MASK 

REGISTER OPERATIONS I 

LMR LOAD MASK REGISTER 1 1 1 1 X 0 ROW' X X WRITE LOAD X 
MASK 

LCR LOAD COLOR REGISTER 1 1 1 1 X 1 ROW' X X COLOR X LOAD I 
DATA 

TRANSFER OPERATIONS 

RT READ TRANSFER (DRAM-TO-SAM TRANSFER) 1 0 1 0 X X ROW TAPS X X X X 

SRT SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 1 0 1 1 X X ROW TAPS X X X X 

WT WRITE TRANSFER (SAM-Ta-DRAM TRANSFER) 1 0 0 0 0 X ROW TAPS X X X X 

PWT PSEUDO WRITE TRANSFER (SERIAL-IN PUT-MODE ENABLE) 1 0 0 0 1 X ROW' TAPS X X X X 

AWT ALTERNATE WRITE TRANSFER 1 0 0 1 X X ROW TAPS X X X X 
(SAM-TO-DRAM TRANSFER) 

NOTE: 1. These columns show what must be present on the AD-A8 inputs when RAS falls and when CAS falls. 
2. These columns show what must be present on the DQ1·DQ4 inputs when RAS falls and when CAS falls. 
3. On WRITE cycles, the input data is latched at the falling edge of CAS or MEIWE, whichever is later. Similarly, on READ cycles, the 

output data is latched at the falling edge of CAS or TRlOE, whichever is later. 
4. The ROW that is addressed will be refreshed, but no particular ROW address is required. 
5. This is the SAM location that the first SC cycle will access. For Split SAM transfers, the Tap will be the first address location accessed of 

the "new" SAM half after the boundary of the current half is reached (255 for lower half, 511 for upper half). 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, Ta{Ambient) ........... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + ISO°C 
Power Dissipation .............................................................. IW 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C ::; T A::; 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C ::; TA ::; 70°C; Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
(any input (OV::;VIN::;VCC), all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT 
(DO, SDO disabled, OV::;VOUT'.'f.VCC) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 

Output Low Voltage (lOUT = 2.5mA) 

CAPACITANCE 

PARAMETER 

Input Capacitance: Ao-As 

Input Capacitance: RAS, CAS, liilEiiiVE, TRioE, SC, "SE, DSF 

Input/Output Capacitance: DO, SDO 

Output Capacitance: OSF 
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*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 ~ 

loz -10 10 ~ 

VOH 2.4 V 

VOL 0.4 V 1 

SYMBOL MIN MAX UNITS NOTES 

Cll 5 pF 2 

CI2 8 pF 2 

CliO 9 pF 2 

Co 9 pF 2 
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CURRENT DRAIN, SAM IN STANDBY 
(O°C S; T A S; 70°C; Vcc = 5.0V ± 10%) MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 UNITS NOTES 

OPERATING CURRENT Icc1 90 80 70 mA 3,4 
(RAS and CAS = Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc2 70 60 50 mA 3,4 
(RAS = VIL; CAS = Cycling: tpc = tpc (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS Icc3 10 10 10 mA 
Power supply standby current (RAS=CAS=VIH after 8 RAS cycles min) 

REFRESH CURRENT: RAS-ONL Y Icc4 90 80 70 mA 3 
(RAS=Cycling; CAS=VIH) 

REFRESH CURRENT: Icc5 80 70 60 mA 3,5 
CAS-BEFORE-RAS (RAS and CAS=Cycling) 

SAM/DRAM DATA TRANSFER Icc6 95 85 75 mA 3 

CURRENT DRAIN, SAM ACTIVE <tsc = MIN) 
(O°C S; T A S; 70°C; Vcc = 5.0V ± 10%) MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 UNITS NOTES 

OPERATING CURRENT Icc? 130 120 110 mA 3,4 
(RAS and CAS = Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE Iccs 110 100 90 mA 3,4 
(RAS = VIL; CAS = Cycling: tpc = tpc (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS ICC9 50 45 40 mA 3,4 
Power supply standby current (RAS=CAS=VIH after 8 RAS cycles min) 

REFRESH CURRENT: RAS-ONL Y Icc10 130 120 110 mA 3,4 
(RAS=Cycling; CAS=VIH) 

REFRESH CURRENT: Icc11 120 110 100 mA 3,4,5 
CAS-BEFORE-RAS (RAS and CAS=Cycling) 

SAM/DRAM DATA TRANSFER Icc12 135 125 115 mA 3,4 
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DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6,7,8,9,10,11,12,13) (O°C ~TA~+70°C; Vee = 5.0V± 10%) 

A.C. CHARACTERISTICS -8 -10 
PARAMETER SYM MIN MAX MIN MAX 
Random READ or WRITE cycle time IRC 150 180 
READ-MODIFY-WRITE cycle time IRWC 205 235 
FAST-PAGE·MODE READ or WRiTE tpc 45 55 
cycle time 

FAST-PAGE-MODE READ-MODiFY-WRITE tPRWC 100 110 
cycle time 

Access time from RAS IRAC 80 100 
Access time from CAS ICAC 20 25 
Access time from (rR}lOE tOE 20 25 
Access time from column address tAA 40 50 
Access time from CAS precharge tCPA 45 55 
RAS pulse width IRAS 80 10 000 100 10 000 
RAS pulse width (FAST PAGE MODE) tRASP 80 100,000 100 100,000 
RAS hold time tRSH 20 25 
RAS precharqe time tRP 60 70 
CAS pulse width tCAS 20 10,000 25 10,000 
CAS hold time tCSH 80 100 
CAS precharqe time tCPN 15 15 
CAS' precharge time (FAST PAGE MODE) tcp 10 10 
RAS to CAS delay time tRCD 20 55 20 70 
CAS to RAS precharqe time tCRP 5 5 
Row address setup time tASR 0 0 
Row address hold time tRAH 12 15 
RAS to column tRAD 17 40 20 50 
address delay time 

Column address setup time tASC 0 0 
Column address hold time tCAH 20 20 
Column address hold time tAR 60 70 
(referenced to RAS) 

Column address to tRAL 40 50 
RAS lead time 

Read command setup time tRCS 0 0 
Read command hold time tRCH 0 0 
(referenced to CAS) 

Read command hold time tRRH 0 0 
(referenced to RAS) 

CAS to output in Low-Z tCLZ 0 0 
Output buffer turn-off delay tOFF 0 20 0 20 
Output Disable tOD 0 20 0 20 
Output Disable hold time from start of write tOEH 15 15 
Output Enable to RAS delay tORD 0 0 
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MiN MAX UNITS NOTES 
210 ns 

280 ns 

65 ns 

140 ns 

120 ns 14 
30 ns 15 
30 ns 

60 ns 

65 ns 

120 10 000 ns 

120 100,000 ns 

30 ns 

80 ns 

30 10,000 ns 

120 ns 

20 ns 16 
15 ns 

25 85 ns 17 
10 ns 

0 ns 

15 ns 

20 60 ns 18 

0 ns 

25 ns 

85 ns 

60 ns 

0 ns 

0 ns 19 

0 ns 19 

0 ns 

0 30 ns 20,23 
0 30 ns 23 

20 ns 27 
0 ns 



DRAM TIMING PARAMETERS (Continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C::; TA::; +70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 
PARAMETER SYM MIN MAX MIN MAX 
Write command setup time twcs 0 0 

Write command hold time 'WCH 15 20 

Write command hold time 'WCR 60 70 
(referenced to RAS) 

Write command pulse width 'WP 15 15 

Write command to RAS lead time 'RWL 20 20 
Write command to CAS lead time 'CWL 20 20 
Data-in setup time 'DS 0 0 

Data-in hold time 'DH 20 20 

Data-in hold time 'DHR 60 70 
(referenced to RAS) 

RAS to WE delay time 'RWD 110 130 

Column address 'AWD 70 80 
to WE delay time 

CAS to WE delay time 'CWD 50 55 
Transition time (rise or fall) 'T 3 50 3 50 
Refresh period (512 cycles) 'REF 8 8 
RAS to CAS precharge time 'RPC 0 0 

CAS setup time 'CSR 10 10 
(CAS-BEFORE-R"AS REFRESH) 

CAS hold time 'CHR 30 30 
(CAS-BEFORE-RAS REFRESH) 

ME/WE to RAS setup time 'WSR 0 0 
ME/WE to RAS hold time 'RWH 12 15 

Mask Data to RAS setup time 'MS 0 0 
Mask Data to RAS hold time 'MH 12 15 
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MIN 
0 

25 

85 

20 

25 
25 
0 

25 

90 

160 

100 

70 

3 

0 
10 

30 

0 
15 

0 
15 
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MAX UNITS NOTES 

ns 21 

ns 

ns 

ns 

ns 

ns 
ns 22 

ns 22 

ns 

ns 21 

ns 21 

ns 21 

50 ns 9,10 

8 ms 
ns 

ns 5 

ns 5 

ns 

ns 

ns 
ns 

-3: 
c 
!:i -"'tJ 
o 
::D 
-I 
C 
::D 
l> 
3: 



-s:: 
c 
!:i -""C 
o 
:::rJ 
-I 
C 
:::rJ » s:: 

TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C ::; T A::; + 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 
PARAMETER SYM MIN MAX MIN MAX 
TRANSFER command to RAS setup time 'TlS a a 
TRANSFER command to RAS hold time 'TlH 12 10 000 15 10 000 
TRANSFER command to RAS hold time 'RTH 70 10,000 80 10,000 
(REAL-TIME READ TRANSFER only) 

TRANSr=ER command to CAS hold time tCTH 20 25 
(REAL-TIME READ TRANSFER only) 

TRANSFER command to column address hold ATH 25 30 
time (for REAL-TIME READ TRANSFER only) 

TRANSFER command to SC lead time tTSl 5 5 
TRANSFER command to RAS lead time tTRL a 0 
TRANSFER command to RAS delay time tTRD 15 15 
TRANSFER command to CAS time tTCl a a 
TRANSFER command to CAS delay time 'TCD 15 15 
First SC edge to Transfer 'TSD 10 10 
command delay time 

Serial output buffer turn-off 'SDl 10 35 10 40 
delay from RAS 

SC to RAS setup time 'SRS 30 30 
RAS to SC delay time 'SRD 20 25 
Serial data input to SE delay time ISlE 0 0 
RAS to SD buffer turn-on time 'SRO 10 15 
Serial data input delay from RAS 'SDD 45 50 
Serial data input to RAS delay time 'SlS a 0 
Serial-input-mode enable ESR 0 a 
(SE) to RAS setup time 

Serial-input-mode enable 'REH 10 15 
(SE) to RAS hold time 

NONTRANSFER command lyS 0 0 
to RAS setup time 

NONTRANSFER command to RAS hold time 'YH 12 15 
DSF to RAS setup time lFSR 0 0 
DSF to RAS hold time 'RFH 12 15 
SC to OSF delay time tSOD 25 30 
SPLIT TRANSFER setup time tSTS 30 35 
SPLIT TRANSFER hold time 'STH 30 35 
RAS to OSF delay time tROD 65 85 
DSF to RAS hold time 'FHR 60 65 
DSF to CAS Set up time lFSC 0 0 
DSF to CAS hold time CFH 15 20 
TRiOE to OSF delay time tTOD 25 30 
CAS to OSF delay time 'COD 35 40 
RAS to first SC delay tRSD 80 95 
CAS to first SC delay tCSD 20 25 
Column address valid to first SC delay tASD 45 55 
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MIN MAX UNITS NOTES 
a ns 25 
15 10 000 ns 25 
90 10,000 ns 25 

30 ns 25 

35 ns 25 

5 ns 25 
0 ns 25 
15 ns 25 
a ns 25 
15 ns 25 
10 ns 25 

10 50 ns 

40 ns 

30 ns 

0 ns 

15 ns 

55 ns 

0 ns 

0 ns 

15 ns 

0 ns 26 

15 ns 26 
0 ns 
15 ns 

35 ns 

40 ns 
40 ns 

105 ns 

ns 

0 ns 

ns 

35 ns 
45 ns 

105 ns 

35 ns 
65 ns 
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SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9,10) (0° C:::; TA:::; + 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 

PARAMETER SYM MIN MAX MIN MAX 
Serial clock-cycle time ISC 25 30 
Access time from SC tSAC 25 25 
SC prechal'Ql! time (SC LOW time) tsp 10 10 
SC pulse width (SC HIGH time) tSAS 10 10 
Access time from SE tSEA 15 20 
SE precharae time ISEP 10 15 
Si: pulse width tSE 10 15 

Serial data-out hold time after IS0H 5 5 
SC high 

Serial output buffer turn-off ISEZ 0 12 0 15 
delay from Si: 
Serial data-in setup time SDS 0 0 
Serial data-in hold time ISDH 10 15 

Serial input (Write) Enable tsws 0 0 
setup time 

Serial input (Write) Enable tSWH 10 15 
hold time 

Serial input (Write) Disable ISWIS 0 0 
setup time 

Serial input (Write) Disable ISWIH 10 15 
hold time 
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MIN MAX UNITS NOTES 
35 ns 

35 ns 24 
12 ns 
12 ns 

30 ns 24 
15 ns 
15 ns 

5 ns 24 

0 25 ns 24 

0 ns 24 
20 ns 24 

0 ns 

20 ns 

0 ns 

20 ns 
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NOTES 
1. All voltages referenced to V ss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = Idt with dV = 3Vand Vee = 5V. 
dV 

3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading. Specified values 

are obtained with minimum cycle time and the output 
open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (DoC ~ T A ~ 70°C) is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

8. AC characteristics assume t:r = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, DRAM data output (DQI-DQ4) is high 
impedance. 

12. If CAS = VIL, DRAM data output (DQI-DQ4) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva
lent to 2 TTL gates and 100pF. Output reference 
levels: VOH = 2AV; VOL = OAV. 

14. Assumes that tRCD < tRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that tRCD ~ tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 

specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and leWD are restrictive 
operating parameters in LATE-WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If twcs ~ 
twcs (MIN), the cycle is an EARL Y -WRITE cycle and 
the data output will remain an open circuit through
out the entire cycle, regardless of TRIOE. If twcs ~ 
twcs (MIN), the cycle is a LATE-WRITE and 
TRIOE must control the output buffers during the 
write to avoid data contention. If tRWD ~ tRWD 
(MIN), tAWD ~ tAWD (MIN) and tCWD ~ leWD 
(MIN), the cycle is a READ-WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions are met, the state of 
the output buffers (at access time and until CAS goes 
back to VIH) is indeterminate but the WRITE will be 
valid, if tOD and tOEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and MEIWE leading edge 
in LATE-WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TRIOE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 2 TTL gate and 50pF. Output reference 
levels: VOH = 2.0V; VOL = 0.8V. 

25. Transfer command means that TRIOE is LOW when 
RAS goes LOW. 
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26. Non transfer command means that TRIOE is HIGH 
when RAS goes LOW. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after tOEH is 
met. If CAS goes HIGH prior to DE going back LOW, 
the DQs will remain open. 
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DRAM READ CYCLE 

'RC 

'RAS 'RP 

-
-

'CSH 

1 'RSH 'RRH 

I 1 
tCRP 'RCD 'CAS 

=~ 
'AR 

tRAL I I tRAD I I 
'ASR 'RAH ~II~ I 1.J77777>, - ROW rllllllJl ROW - 1(, COLUMN 

'<..LLLLU 
ADDR ~:~ 

'RCS I I I 
'RCH 

I I. 'WSR 'RWH .1 
I I I 

i~/IIII/j//;t Yf!f!f!I 1 'FHR 1 

DSF ~:~ ;;:d-""'- -""-k r l 
= $//////& 

I,~t I 
- Y/////II///!/!//!/!!l!A I=: 

I I 'AA 

I 'RAC 

I ' 
'CAC 

'CLZ 

- OPEN 

I~II~I 
DO ~:g~ 

':1111111111 ~ tILIII. 1111111) 
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'OFF -
'ORD 

looro, 
VALID DATA 

,~ 
I~ 

j 

OPEN 

~ DON'TeARE 

~ UNDEFINED 
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DRAM FAST-PAGE-MODE READ CYCLE 

tRASP 

RAS V1H-
VIL-

tCSH tpc 

~ 

CAS VIH-
VIL-

ADDR 

DSF ~:r ~~LJ-~~~---L~~~rJL-l-~~~~-JLJ~~~~~~~~~ 
I tAA I tAA 

I tRAC I tCPA 

I tCAC tOFF tOFF I tCAC' 

tCLZ- --=-- tcLZ_ --=-
OPEN--

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST PAGE 
MODE. 
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WRITE CYCLE FUNCTION T ABLE1 

LOGIC STATES 
RAS" Falling Edge ~FaliingEdge FUNCTION 

A B C D E2 

ME/WE DSF DQ (Input) DSF DQ (Input) 

1 0 X 0 DRAM Normal DRAM WRITE (or READ) 
Data 

0 0 Write 0 DRAM NONPERSISTENT (Load and Use) 
Mask Data (Masked) MASKED WRITE to DRAM 

0 1 X 0 DRAM PERSISTENT (Use Register) 
Data (Masked) MASKED WRITE to DRAM 

1 0 X 1 Column BLOCK WRITE to DRAM (No Data Mask) 
Mask 

0 0 Write 1 Column NONPERSISTENT (Load and Use) 
Mask Mask MASKED BLOCK WRITE to DRAM 

0 1 X 1 Column PERSISTENT (Use Register) 
Mask MASKED BLOCK WRITE to DRAM 

1 1 X 0 Write Load Mask Register 
Mask 

1 1 X 1 Color Load Color Register 
Data 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "D" and "E" for the WRITE cycle 
timing diagrams on the following pages. 

2. CAS or MEIWE, whichever occurs later. 
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PRELIMINARY 

DRAM EARLY-WRITE CYCLE 1 

RC 

tRAS tRP 

tCSH 

I 

~ 
tRSH 

=J 
tCRP tRCD tCAS 

f tAR f 1 I tRAD I I tRAL 

tASR L tRAH ~I I~ 
1 I 

ADDR ~:t:~~-------;RO.,--w __ ~_--;-COL_UMN-,-----,-~k,@'j&,I,JI,'lW',0('---_ROW __ 

I tCWL II 

I_ tWSR tRWH.1 I: twcs I I t
WCH

: 

MElWE ~:t:,7TTWb1"T7<1Ib'7771i?A -~~~ I I ,~ YlII!&II//,7,w//U'//,f//U'IIII//!///,7,w!h 

= :t:W',f!#~-""-8-""-6zd ,~, I D I ,~" ~//$1$//$$If',7,7,J/U',0////l/l#,0 
I I tDHR 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C", "0" and "E" determine the type of WRITE operation performed. See the 
Write Cycle Function Table for adetailed description. 
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DRAM LATE-WRITE CYCLE1 

IRC 

IRAS II IRP 

II 
!f 

ICSH 

H 
IRSH 

d 
ICRP IRCD ICAS 

IAR 

IRAD IRAL t I I I 
IASR IRAH ~I I ICAH I 

ROW COLUMN klll1ll~llllllllllllll,0( 
ICWL 

II IRWL 

~ ~ ~ 

jlllllliliA A j VI/IIIIIIIIIIIIII) (11111111111111111, (IIIIII/, 

IFHR 

~II--""-I 1-""--1 I-----",-,-,-ICFH -++--11 -\ 

DSF ~:r:,,7T7W~TTT:o/~7TT7WlM 8 ~ 0 b/!/////fffll!l/MflI/##ffffff/$/$ff4 

~II-=-
DO ~:gr: C 

J'~ I~~ J'"o 
TRiCe -WI//i/0JIjj/$///J iw$/#fffllffffJ$#/ffffff/II///I/$h 

~ DON'T CARE 

B88l UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C", "0" and "E" determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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RAS VIH-
VIL-

tCRP 

CAS 
VIH-
VIL-

ADDR 

MEJWE 

DSF 

DQ ~:g~:::--_--'I 
"---_,.,.--_J' 

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

tRWC 

tCSH 

tCAS 

I tRAL I 

PRELIMINARY 

I~ 
nTnr.~7nn7nTnr.~7hTI7nr.~ 

ROW 

}---- OPEN ---

~II~I 
mOe ~:~_ ,'--_________ -"-___ -' ---------------

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C", "0" and "E" determine the type of WRITE operation performed. 
See the Write Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE EARL V-WRITE CVCLE 

tRASP 

tCSH tpc 

ADDR ~:~ 

DSF 

'DS 

DO ~:g~ C E E E L-__ -= ____ ~·Uli~~Ull£U 
1_ tyS I tYH -I 

TRJ6E ~:~:7JlIlJ - -W//$ff'@///#ffff/#/##ffP'I;W'iff//h'ffff#ff#////ffff#ff///#P'##////II/#iff#iff4 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST PAGE 
MODE. 

2. The logic states of "A", "8", "C", "0" and "E" determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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PRELIMINARY 

I'IIICF::";~~ MT 42C4256 

DRAM FAST-PAGE-MODE READ-WRITE CYCLE 
(READ-MODIFY-WRITE OR LATE-WRITE CYCLES) 

--~~--------------~------~~II~I RAS ~:~- 11_ f\--
t CSH t PRWC t RSH 

I~ 1 ___ t.:..:;Rc""O'--__ I __ t..:::c:.;:AS'--_1 tcp tCAS tcp tCAS I~I 

CAS ~:~:J tAR }'---I'-------'l----- 1'-____ --'1----- 1'------+--'1/ 
tRAO I I tRAL 

'~~I ~ ~ ~~, ~II~I I 
ROW JW COLUMN VI) ; ~ COLUMN J!/ / / / / / / / J). COLUMN j0"Ij'7Tl / iI{ ;,'T{rTr. I,{ In,{ IT.,{'" 1,,/ ROW AOOR ~:~_ 

~ tRCS I II II tRW~CWL_1 I_II II - 1'-tRWL 

1 

twp 1 tCWI:- L - -tCWL 

,~ tRWH 'I :::~ T II :::~wP- :::~ - _twp 

A / I I ~ I I r----' I f'---J "Y..fJ(1}(/71,,,,I//77i/ifj77IJfJ 

'~61~1 rtFsc ~I I~I t
CFH l rtFSC 

t
CFH

_1 ¥!7! /N! / /,' / II,' /,' F, /III< if////////JIX ;f~ IJ'I/'li;;1 /.-n!JI /'li!JI /'li / hf/f..Ar---OSF ~:~_ 

~ ::c 1 tOHJI _ tAA II tOHJI _ ~I JI -tOH 

I 

tos_ 1- tCPA tos_ 1- tCPA , tos_ 1-
I~ tMH:1 :~~:Ii- - :~~:II- - I :~~II--
t=1ct=~------clk~fVAoD\ ~ .m...fVAoD\ ~ '.b~ ~E----OPEN--1\lW~~ 1W'~~ 1lllT~~ 

II I tOEH lj' _
tyS _tYH i ) _too 0- _too - _too 

1- -1'--____ tO_E_---"--I--~ _----t-O_E~ - _ tOE_ _ _____ _ 

mOE ~:~~ ~ _ _ 

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 
the Write Function Table to determine the proper DSF state for the desired WRITE operation. 

2. The logic states of "A", "6" and "C" determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 

3-86 



I 
tCAP 

DRAM "RAS'-ONL Y REfRESH CYCLE 
(ADDR = AO-AS) 

~ 
tASR tRAH 

PRELIMINARY 

ADDR ~:~~~---'RO-'--W --bIII/B/lllllff#,!II#,$ffl/l/l//II#$/$/;Xr---Ro-w --

VIOH-
DO VIOL-:-----++II--OPEN OPEN 

TRJOE ~:~::1$Blffl)~ ~b$/#'Bffl$$$/##ff;1/$I#/II/IIffl/$llff# 
CAS-BEfORE-RAS REfRESH CYCLE 

ADDR ~:~=1 1/$/;1/11//1 II /II!II 11I/!11 II /II II!II II!I!/////! #' II ///II #' /I;1$//!/ff II /II $1 III!! III I////!I/ /II ff /II ~ 

MEIWE ~:~-W / ff/ll//l/ll I II III ff;1 ffll ff /1111 /11;111 II /I!I/!! IBII /II II II II II! II /II //II //iiY 'WllII!/l1d 

DSF ~:~='I//!II ///III III ff II II! ff II //II!! II /1111 II I!! III /II!! I!!I II II II II /I Iff II II! II II!!II /III /1//111/11 II II II ff!ll!ll /h 

DO ~:g~------OPEN-------OPEN------

TRICE ~:~='Ijj III!! ff II II / II!////! I II II II II I I!!I/ //II!! III $ 1111 II 1II/I/!11 II!II II Iff /Iff II! II!I //I /I ///Iff II II II I!! I!!lh 

3-S7 

~ DON'TeARE 

~ UNDEFINED 
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PRELIMINARY 

DRAM HIDDEN-REFRESH CYCLE 

(READ) (REFRESH) 

~: 
tRAS 

~' 
tRP 

1: 
RAS VIH 

VIL-

) 'CRP 
'RCD tRSH 

CAS 
VIH-
VIL-

tRAS 

tCHR 

tAR 

I tRAD II tRAL 

ADDR COLUMN 

~:~ W/////!I!!//I///!//////!///!////////////!///////I//!j 

I~~I I I 
DSF ~:~:WA I!!!/ I!! //II!! 1/11/// II!!!II!II!!/ II / 1/ /I //1// I!! III!!//// 1/ /1// ////!!/ /II III!! III!/// IIIJ 

I I tAA 

I tRAC 

I tCAC 

..JOFF 

00 ~~: r-=-I~'t ::~ .~.O"" t_tO_D __ O_PE_N_ 

TRtOE ~:~ :~ \'-_____ -l1L--__________ ~if 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, 
l,iiE,)W~ = LOW (when CAS goes LOW) and l'R/C5E' = HIGH. In the TRANSFER case, TRlL>E = LOW (when 
RAS goes LOW) and the DO pins stay High-Z during the refresh period, regardless of TRlDE'. 
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PRELIMINARY 

I'IIIC::I::U;~~ MT 42C4256 

READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode.) 

~ 1 ___ ----'-'RC=D_1 'CAS 

ADDR ~i~- '~SR R~W'RWH SAM:ART 'ASD j I I 
MEIWE ~i~:WJ I ~/III!!I!///IIl//IIIIII//I///IIII!////I/I1!/l/li)l!/////I/II//I//$/III!I///I111!/II//I1!////!M 

_I~~I. I III . 
OSF ~i~:W;l I til/I /I II/I IIII!!IIII /l1//1I!! /I 1/11/ I/II!!I/I II! III IIIIII!I!/ III I/III!!/ ///!/IIII 111/ I /II! IIIII!II~ 

DO VIOH ___ I~F II I III 
OPEN-----

'n- I - I:: III ,_ 
Off :r-f ~} f I:~ I ,-+-~II--=--=--='--'=-T'-=-CD ==l$/,f,fA 

I I 
NOTE 1 

tSAC__ _ ~ II 'SRO I I r SDS __ tszs 

soa ~:gr::~V~ALlO~D'~N)-f1 ---m8l§§§l~~~~l8ll!§§l8ll!§§~~~~~}G~~ ~_~ 

SE ~i~:,---I-_'SW-LHllLLWlf'-tlLL1jjLl.LWfiLl.LWfiLLL0'fiLLLWfiLLLWfiLLLJLLLWfiLLLWfiLLLWf-'-'-~~=0'fi=Wfi=Wfi.LUWfi.t..LI.~.t..LI.~.t..LI.Wfi.t..LI.Wfi.t..LI.~"'t'l_-,.-'_S_EA~~~~~~~~~~~~= 
OSF ~g~_ NOTE 2 . , NOTE 2 -----------------

NOTE: 1. There must be no rising edges on the SC input during this time period. 
2. QSF = 0 when the Lower SAM (bjts 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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ADDA ~:r: 

REAL-TIME READ-TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

• 
PRELIMINARY 

.... ~:t~f~ij'//J#$"'##;1#M/$j'U,#.@'#j',w#j'#$,w/$#$/40'A 
_I~~_I I II 

OSF ~:~:Wa I ~///////////!///!I!I!/!!I!/!/I!I//////!I!////////////!///////!I!/I!/!!I!I!/!I!II!/I!//!////!!I!////h 

DO ~:gr_ 1,'-7;-__ ----' __ ----''----_ OPEN ____ ---;---;-______ OPEN __ _ 

lATH II 
tCTH ITAL I+ ____ -,'.:.:.:TR!:-O __ I 

~ _____ '.:.:.:RT.:!..H ______ 1 'TOl 11 _____ 'T=ooO--__ 1 

t SOH __ -1SAC 

SDa ~:g~:--___ --< v~~~ t----t:~VA~LlO~O~OUT~ ,--;-VA_LlO_0.:c:OU-,-T -",-_VA_Ll_O O..:.OUT,-,----, '--__ -----' VALID DOUT 

I_ 'SE 'SEP 

BE ~:~_--i-ti;;H;(?/l-'SEA 'TOO l 
QSF~~_---------No-rr-2----------'~------NO-TE-2------

NOTE: 1. The"SE pulse is shown to illustrate the SERIAL OUTPUT 
ENABLE and DISABLE timing. It is not required. 

2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the Upper SAM (bits 25&-511) is being accessed. 
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PRELIMINARY 

1'41C:I=U;~~ MT 42C4256 

SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

ICSH 

I __ ---..::'AC=-D _I tCAS 

- V'H---+---!+------.l---. 
CAS V,L- '--f----:---------c~ 

ADDR ~:~: 

~,~II,~~ I 
"WE ~i~ - II 71! I!/I/II !II///1//! I!I/I!! I! 1/// ///1// I!!/// I!////! I!!! I!!! //!/ I!! I! I! I///I/I! ///II!!! I!!// //!lIl!h 
~ 'FSA 'AFH ~ I 

DSF ~i~ -1- -- 1/1!!////!//!!/I!I!!!!I!/I!//!///!////1!1! //!1!///!//!/////II!I!II//!/!/I/////!/!I!lII!//!/!I/l/l!h 

~ :~_ ""j ~ I ___ _ 

1,=6-1 
TRiO. ~i~_ ~=W~=W~77TW~77TW~TT7W ~TT71~TT7W~=W'77:W~777W~TT7W ~777W~7771~77JWf=W~=w77T~r~77Tw ~TnW~777M777W ~=W~=W~77TWt07771~TT7W ~TT7W~7771~77JW~=Wt01771~777W~777W~7771~7777W~ 

I I 15TH 
_ 'STS _ 1------=-:.::..--1 

~ ::t'J: f: I 

~ ::: I ri -5'-'(25-51 - .- X::::;~f-' ___ .5_3(SO_91_ X ___ .54_(5'O_' Ir---X_2-;-i'_511'_X __ B_("'_.56_' 

_ :::~-============S=AM=MS~';J;=~ (N=OTE='I============I ='=SQD=~,--__ -_-_-NE=WM=SB=== 

NOTE: 1. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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PRELIMINARY 

I'IIIC:F=";:~,N MT 42C4256 

NOTE: 

WRITE TRANSFER and PSEUDO WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

lAC 

IAAS 'AP 

'OSH I tASH 

ICAP tRCD 'CAS 

CAS ~:~------i II f ~ L 
\ 

-I ~IA~:'H 'AA I I 'AA' 1 I 
I. IASA 1 - ~ I ICAH .I 

ADDA ~l~~ --r:: SAMSTAR-T -)w$/I$/I$I/I$/$/II/I/I//I//I/I//lIIII/I$/$$II/I/Mih 

M~ ~1~_rll~1#ff$I/I/I/lll$$/I/lI/I/I/I//I//I/lI$//I/I$)/I/lII/$$#ff/l/l$/lff!i/l/O"/lffM 
I. L IAFH_I I I 

DSF ~1~~~I- --'//I/lI/I/lI////$/lIIIO"/l/l/lI/l/l/l$/!$!I!II!/$$$///////!//!/$/I$!/$/I$I$/I& 

I'OFF II I I 
DQ ~:g~: -! OPEN -------;-.-----OPEN ---

'rrs 'TLH I I 
"WE ~lr: __ - -WO"llllllllllllllllllllllllllllllO"IIIIlIIIIIIIIIIIIIIIIIIO"IIO"IIIIIIIIIIIII!!IIIIIIIIIII/lIIII/& 

::: II I I :::0 ::. ISp 

I -----
se VIH_ 

VIL-

'SOD II 
NOTE 3 

'SOH 'SDZ 

SOD ~lg~- VALlDDO:-!6< VA'IDDOUT ~HIGHZ 
II I ISWS 

So ~l~: ~$//I!$O"I!!M'/lO"$O"$II!!!/$$/J-'-SWl_S --NO-=-TE2----

I I--.=:--::~ -k~-
OSF ~g~ _ NOTE 4 . NOTE 4 --------------------

I!Zl DON'T CARE 

1. If SE is LOW, the SAM data will be transferred to the DRAM. 
~UNDEFINED 

If SE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL-INPUT-MODE ENABLE cycle). 
2. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 

ofSE. 
3. There must be no rising edges on the SC input during this time period. 
4. STS is LOW to select SAMa or HIGH to select SAMb 
5. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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WRITE TRANSFER 
(SAM· TO·DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 
tRC 

tRAS tRP 

tCSH 

I 

J 
lASH 

tRCD 

t 
teAs I 7 

tAR 

PRELIMINARY 

I 
.1 
J 
\ 

==i'~ I IRAD I I tRAL 

~t I I~ tASA ASC -----r-- ~:t:d - ~ _&- b$I,iI;W'II$,iI$II~/$$/$I$$,ilI,illlll,iI,iI,ila 
~I t

RWH
_1 I I ,,... ~:t~1 1-tl!!I1!/////////I!I!//!I!I!////I!I!//I11!//!/I!/////////I!//I1!!////!1!/!I///I!///I!/!1!//!///!/!/!4 

tFSR tRFH I I 
~ ~~r -,bllaw///;W'$,w'I!0',1$$$,1,w'!0'/,0!,1,'l/$0'$ff',1#M1/I#$M1)! 

DO V,OH 1 II I OPEN I OPEN-

V,OL - tTLS tTLH I I 

TRiDE ~_- -lwM///$/II!!//!III!!I!!I!//!///!I!/II!!/M'/III!//!/II!!$//!I!/$/!$//II!!!I!//!//!/I!/;/ 

Ell I I~~ --=----,--

NOTE 2 

~II I ~ 
soa ~:g~ VALID DIN 

~~--~JW~~~~~=U~~~~~~=~--~~~~~~~------

tESR tREH I I: :::: 

so ~:r~ -1w////I!I!///!//////!!I!!I!!/I!///////!$I!/;&;(~-_-_-_-_--'-_-_-_-NO_T-E ,======== 
I-----...:::~~::::-~---k-----

OSF v OH NOTE 3 NOTE 3 VQ______________________________________ __ ________ __ 

NOTE: 1. m: must be LOW to input new serial data, but the serial address 
register is incremented by SC regardless of SE. 

2. There must be no rising edges on the SC input during this time period. 
3. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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PRELIMINARY 

I'IIIC:F=lg,~ MT 42C4256 

IAR 

ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

IRC 

tRAS 

tCSH 

t ~ 
tRSH 

IRCD } 
tCAS 

7 

IRP I 

~ ::r~ ~ l:l -~= b#/$,w/,w,w/OW$,wOW&OW$/$#OW/$$,i 

==fl I ~ I I IRAL 

_tRAH t I I~ tASR 1 ~ ~I-

~IIRWH I I 
MEIWE ~:~~I ,-}g(f$$$/§$/$$§$$$§$!W§§$§$/§/$§§§ff$$!M'§/§§§!a 

DO ~:g~_ -! OPEN OPEN ---

~ ~ I 
'TRIO. ~:~:~- -~////////ff/////////////////////////////////////////§///////////////§/////////ff///////////////& 

::!! I 

I '~I~" 
VALID DOUT 

NOTE: 1."SE must be LOW to input new serial data, but the serial address register 
is incremented by SC regardless of"SE. 

2. There must be no rising edges on the SC input during this time period. 
3. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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PRELIMINARY 

SAM SERIAL INPUT 

SE -tSAS 

!: 
SC 

VIH-

C VIL-
tSDS tSDH 

~ SDa 
VIH- VALID DIN VALID DIN VIL- -'"tJ 

0 
JJ 
-I 
C 
JJ 
l> 
!: 

SAM SERIAL OUTPUT 

SE 

SC 
VIH-
VIL-

SDQ VALID DOUT 

~ DON'TeARE 

~ UNDEFINED 
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I'IIIC:R9N MT42C8127 

VRAM 

FEATURES 
• Industry standard pinout, timing and functions 
• High performance CMOS silicon gate process 
• Single +5V ±10% power supply 
• Inputs and outputs are fully TTL and CMOS 

compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• 512-cycle refresh within 8ms 
• Optional FAST PAGE MODE access cycles 
• Dual port organization: 128K x 8 DRAM port 

256 x 8 SAM port 
• No refresh required for Serial Access Memory 
• Low power: 15mW standby; 275mW active, typical 
• Fast access times -lOOns random, 30ns serial 

SPECIAL FUNCTIONS 
• JEDEC Standard Function set 
• PERSISTENT MASKED WRITE 
• SPLIT READ TRANSFER 
• WRITE TRANSFER/SERIAL INPUT 
• ALTERNATE WRITE TRANSFER 

OPTIONS MARKING 
• Timing (DRAM, SAM) 

lOOns, 30ns -10 
120ns,35ns -12 

• Packages 
Plastic SOJ DJ 

GENERAL DESCRIPTION 
The MT42C8127 is a high speed, dual port CMOS dy

namic random access memory, or Video RAM (VRAM) 
containing 1,048,576 bits. These bits may be accessed either 
by an 8-bit wide DRAM port or by a 256 x 8-bit serial access 
memory (SAM) port. Data may be transferred bidirection
ally between the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 4-bit DRAM). Eight 256-bit data 
registers make up the serial access memory portion of the 
VRAM. Data I/O and internal data transfer are accom
plished using three separate bidirectional data paths: the 8-
bit random access I/O port, the eight internal 256 bit wide 
paths between the DRAM and the SAM, and the 8-bit serial 
I/O port for the SAM. The rest of the circuitry consists of the 
control, timing, and address decoding logic. 

MT42C8127 
REV.1191A 3-97 

128Kx8 DRAM 
WITH 256 x 8 SAM 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(E-12) 

SC Vss1 
SOO1 soos 
SOO2 SOO? 
SOO3 SOOS 
SOO4 SOO5 

TR/DE SE 
001 DOS 
002 DO? 
003 DOS 
004 005 

Vcc1 Vss2 
MEJWE OSF 

NC NC 
RAS CAS 

NC OSF 
AS AO 
AS A1 
A5 A2 
A4 A3 

Vcc2 A? 

Each of the ports may be operated asynchronously and 
independently of the other except when data is being trans
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations of RAS 
addresses are executed at least every 8ms (regardless of 
sequence). Micron recommends evenly spaced refresh cycles 
for maximum data integrity. An internal transfer between 
the DRAM and the SAM counts as a refresh cycle. The SAM 
portion of the VRAM is fully static and does not require any 
refresh. 

The operation and control of the MT42C8127 is compat
ible with (and can be identical to) the operation of the 
MT42C4064 (64K x 4 VRAM). However, the MT42C8127 
offers several additional functions that may be used to 
increase system performance or ease critical timing require
ments. These "special functions" are described in detail in 
the follOwing sections. 

Micron Technology. Inc., reserves the right to change products or specifications wHhout notice. 
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512x256x8 
DRAM ARRAY 

TIMING 
GENERATOR 

& 
CONTROL 

LOGIC 

1 ______ -----------_._--------------------------------- ______________________________________________________ -----~ 

Figure 1 
MT42C8127 BLOCK DIAGRAM 

I MULTIPORT DRAM 

DQ1 

• 
• 

DQ8 

RAS 
CAS 
TRiOE 
MEJWE 
DSF 
SC 
SE 

SDQ1 

• 
Soo8 

QSF 

~ 
ch 



PIN DESCRIPTIONS 

SOJ PIN 
NUMBERS SYMBOL TYPE 

1 SC Input 

6 16 TRIOE 

12 MEIWE Input 

35 SE Input 

29 DSF Input 

14 RAS Input 

27 CAS Input 

25,24,23, AO to A8 Input 
22,19,18, 
17,21,16 

7,8,9,10, D01-D08 Input/ 
31,32,33,34 Output 

2,3,4,5,36 SD01-SD08 Input/ 
37,38,39 Output 

26 OSF Output 

13,15,28 NC -

11,20 Vcc Supply 

30,40 Vss Supply 

DESCRIPTION 
Serial Clock: Clock input to the serial address counter for the 
SAM registers. 

Input Transfer Enable: Enables an internal TRANSFER operation 
at RAS (H ..... L), or 
Output Enable: Enables the DRAM output buffers when 
taken LOW after RAS goes LOW (CAS must also be LOW), 
otherwise the output buffers are in the High-Z state. 

Mask Enable: If MEIWE is LOW at the falling edge of RAS 
a MASKED WRITE cycle is performed, or 
Write Enable: MEIWE is also used to select a READ 
(MEIWE = H) or WRITE (MElWE = L) cycle when accessing the 
DRAM. This includes a READ TRANSFER (MEIWE = H) or 
WRITE TRANSFER (ME/WE = L). 

Serial Port Enable: SE enables the serial 1/0 buffers and 
allows a serial READ or WRITE operation to occur; otherwise, 
the output buffers are in the High-Z state. SE is also 
used during a WRITE TRANSFER operation to indicate 
whether a WRITE TRANSFER or a PSEUDO WRITE 
TRANSFER cycle is performed. 

Special Function Select: DSF is used to indicate which special 
functions (MASKED WRITE vs. PERSISTENT MASKED WRITE, 
etc.) are used for a particular access cycle. 

Row Address Strobe: RAS is used to clock in the 9 row-
address bits and as a strobe for the MEIWE, TRIOE, DSF, 
and DO inputs. 

Column Address Strobe: CAS is used to clock in the 8 
column-address bits and enable the DRAM output buffers (DO's) 
(along with TRlOE). 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 8-bit 
word out of the 131,072 available. During TRANSFER operations, 
AO to A8 indicate the DRAM row being accessed (when 
RAS goes LOW) and AO-A7 indicate the SAM start address 
(when CAS goes LOW). A7, A8 = "don't care" for the start 
address when doing SPLIT TRANSFERS. 

DRAM Data 1/0: Data Input/Output for DRAM cycles; inputs for 
the LOAD MASK REGISTER cycles. 

Serial Data 1/0: Input/Output for SAM access cycles or High-Z, 
when SE = HIGH. 

Split SAM Status: OSF indicates which half of the SAM is being 
accessed. LOW if address 0 to 127, HIGH if address 128 to 255. 

No Connect: This pin should be either left unconnected or tied to 
ground. 

Power Supply: +5V ±1 0% 

Ground 
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FUNCTIONAL DESCRIPTION 
The MT42C8127 can be divided into three functional 

blocks (see Figure 1): the DRAM, the transfer circuitry, and 
the serial access memory (SAM). All of the operations 
described below are shown in the AC Timing Diagrams 
section of this data sheet and summarized in the Truth 
Table. 

Note: For dual function pins, the function that is not 
being discussed will be surrounded by parentheses. 
For example, when discussing transfer operations, 
the TR/OE pin will be shown as TR/(OE). 

DRAM OPERATION 
DRAM REFRESH 

Like any DRAM based memory, the MT42C8127 VRAM 
must be refreshed to retain data. All 512 row-address com
binations must be accessed within 8ms. The MT42C8127 
supports CAS-BEFORE-RAS, RAS-ONL Y and HIDDEN 
types of refresh cycles. 

For the CA5-BEFORE-RAS REFRESH cycle, the row ad
dresses are generated and stored in an internal address 
counter. The user need not supply any address data, and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. 

The refresh address must be generated externally and 
applied to AO-A8 inputs for RA5-0NL Y REFRESH cycles. 
The DQpins remain in a High-Z state for both the RAS ONLY 
and CAS-BEFORE-RAS cycles. 

HIDDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS cycles but does not 
disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
portion of the MT42C8127 is fully static and does not 
require any refreshing. 

DRAM READ AND WRITE CYCLES 

The DRAM portion of the VRAM is nearly identical to 
standard 256K x 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this part, several conditions that were undefined or "don't 

care" states for the DRAM are specified for the VRAM. 
These conditions are highlighted in the following discus
sion. In addition, the VRAM has several special functions 
that can be used when writing to the DRAM. 

The 17 address bits that are used to select an 8-bit word 
from the 131,072 available are latched into the chip using 
the AD-A8, RAS and CAS inputs. First, the 9 row-address 
bits are set-up on the address inputs and clocked into the 
part when RAS transitions from HIGH to LOW. Next, the 8 
column-address bits are set-up on the address inputs and 
clocked-in when CAS goes from HIGH to LOW. 

For single port DRAMS, theOE pinisa "don't care" when 
RAS goes LOW. However, for the VRAM, when RAS goes 
LOW, (TR) / OE selects between DRAM access or TRANS
FER cycles. (TR)/OE must be HIGH at the RAS HIGH-to
LOW transition for all DRAM operations (except CAS
BEFORE-RAS). 

If (ME) /WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1-DQ8 port. The (TR) / 
OE input must transition from HIGH to LOW sometime 
after RAS falls to enable the DRAM output port. 

For single port normal DRAMs, WE isa "don't care" when 
RAS goes LOW. For the VRAM, ME/(WE) is used, when 
RAS goes LOW, to select between a MASKED WRITE cycle 
and a normal WRITE cycle. If ME/(WE) is LOW at the 
RAS HIGH to LOW transition, a MASKED WRITE opera
tion is selected. For any DRAM acce~cle (READ or 
WRITE),ME/(WE) must be HIGH at the RAS HIGH-to-LOW 
transition. If (ME)/WE.is LOW before CAS goes LOW, a 
DRAM EARLY-WRITE operation is performed and the 
data present on the DQ1-DQ8 data port will be written into 
the selected memory cells. If (ME) /WE goes LOW after 
CAS goes LOW, a DRAM LATE-WRITE operation is per
formed. Refer to the AC timing diagrams. 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ
MODIFY-WRITE, FAST-PAGE-MODE READ, FAST
PAGE-MODE WRITE (Late or Early), and FAST-PAGE
MODE READ-MODIFY-WRITE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 
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NONPERSISTENT MASKED WRITE 

The MASKED WRITE feature eliminates the need to do a 
READ-MODIFY-WRITE cycle when changing only specific 
bits within an 8-bit word. The MT42C8127 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

IfME/(WE) and DSFare LOW at the RAS HIGH-to-LOW 
transition, a NONPERSISTENT MASKED WRITE is per
formed and the data (mask data) present on the DQ1-DQ8 
inputs will be written into the mask data register. The mask 
data acts as an individual WRITE ENABLE for each of the 
eight DQ1-DQ8 pins. If a LOW (logic "0") is written to a 
mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1 ") on a mask data register bit enables the input port and 

allows normal WRITE operation to proceed. Note that CAS 
is still HIGH. When CAS goes LOW, the bits present on the 
DQ1-DQ8 inputs will be either written to the DRAM (if the 
mask data bit is HIGH) or ignored (if the mask data bit is 
LOW). The DRAM contents that correspond to masked 
input bits will not be changed during the WRITE cycle. The 
MASKED WRITE is non-persistent (must be re-entered at 
every RAS cycle) if DSF is LOW when RAS goes LOW. The 
mask data register is cleared at the end of every NON
PERSISTENT MASKED WRITE. FAST PAGE MODE can 
be used with NONPERSISTENT MASKED WRITE to write 
several column locations in an addressed row. The same 
mask is used during the entire FAST-PAGE-MODE RAS 
cycle. An example NONPERSISTENT MASKED WRITE 
cycle is shown in Figure 2. 

1- NONPERSISTENT MASKED WRITE -1 ...... --- NONPERSISTENT MASKED WRITE -I 
RAS \ / \ I 

CAS \ / \ I 

ME/WE \ I!!lllA II 1/ II!!!! /& IIll!l!A /ilil/ II 1/;; 

DSF fill/I!//! 1$1/1/1111/1//1/1//////1 fA 111/1/11 ///Il!/J////II/! 1/ 1/ /JII1//1! 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA (RE-WRITE) DATA 

0 . -----;> X 1 0 1 ------;> ----;> 1 

1 1 ------;> 0 ----;> 0 0 0 ------;> X 0 
0 0 ------;> X 0 0 0 ------;> X 0 

0 ------;> 1 ----;> 1 0 1 ------;> 1 ----;> 1 

0 0 ------;> X 0 0 0 ------;> X 0 
1 ------;> 0 ----;> 0 0 ------;> 1 ----;> 

0 ------;> X 0 ------;> 1 ----;> 

0 ------;> 0 ----;> 0 0 0 ------;> X 0 
BEFORE AFTER BEFORE AFTER 

.. ADDRESS 0 ------... .... .. ------ ADDRESS 1 .. 
X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 2 
NONPERSISTENT MASKED WRITE EXAMPLE 
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PERSISTENT MASKED WRITE 

The PERSISTENT MASKED WRITE feature eliminates 
the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking MEl (WE) 
and DSF HIGH when RAS goes LOW. The mask data is 
loaded into the internal register when CAS goes LOW. Mask 
data may also be loaded into the mask register by perform
ing a NONPERSISTENT MASKED WRITE cycle before the 
PERSISTENT MASKED WRITE cycles. 

PERSISTENT MASKED WRITE cycles may then be per
formed by taking MEl (WE) LOW and DSF HIGH when 
RAS goes LOW. The contents of the mask data register will 
then be used as the mask data for the DRAM inputs. Unlike 
the NONPERSISTENT MASKED WRITE, the data present 
on the DQ inputs is not loaded into the mask register when 
RAS falls and the mask data register will not be cleared at 
the end ofthecycle. Any number of PERSISTENT MASKED 
WRITEs, to any address, may be performed without having 
to teload the mask data register. Figure 3 shows the LOAD 
MASK REGISTER and two PERSISTENT MASKED WRITE 
cycles in operation. The LOAD MASK REGISTER and 
PERSISTENT MASKED WRITE cycles allow controllers, 
that cannot provide mask data to the DQ pins at RAS time, 
to perform MASKED WRITE operations. PERSISTENT 
MASKED WRITE operations can be performed during 

FAST PAGE MODE and the same mask will apply to all 
addressed columns in the addressed row. 

LOAD MASK DATA REGISTER 

The LOAD MASK REGISTER operation and timing are 
identical to a normal WRITE except that DSF is HIGH when 
RAS goes LOW. As shown in the Truth Table, the combi
nation ofTRI (OE), MEl (WE), and DSF being HIGH when 
RAS goes LOW indicates the cycle is a REGISTER load 
cycle. DSF is used when CAS goes LOW to select the reg
ister to be loaded and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data register 
is disabled but not modified. The contents of mask data 
register will not be changed unless a NONPERSISTENT 
MASKED WRITE cycle or a LOAD MASK REGISTER 
cycle is performed. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS
TENT MASKED WRITE cycles to selectively enable writes 
to the eight DQ planes. 

j+- LOAD MASK REGISTER ___ I +---PERSISTENT MASKED WRITE ---+1 ~ PERSISTENT MASKED WRITE --+1 
\:'--____ ~I \'-____ ~r 

r-
MElWE \ 

t'--~I 

DSF 

MASK STORED INPUT STORED STORED INPUT STORED 

I' D~:TA ~ •• ~ D~TA D~r ~ .• _.~ D~TA 
~ ~ APPLY ~ •• ~ ~ ~ APPLY ~ •••• » ~ 
o ,~~~K X , 0 ~:K x 0 
1 1 0 --)00 0 0 0 ----)00 0 
1 0 1 --)00 1 0 1 ----~ 1 

o 0 x 0 0 x 0 
(Stored in BEFORE AFTER BEFORE AFTER 

Mask Data ADDRESS 0 _ • ADDRESS' --_ 
Register) 

x _ NOT EFFECTIVE (DON'T CARE) 

Figure 3 ~DON'TCARE 

PERSISTENT MASKED WRITE EXAMPLE 
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TRANSFER OPERA nONS 

TRANSFER operations are initiated when TR/(O"E) is 
LOW then RAS goes LOW. The state of (ME)/WE when 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER, SPLIT READ TRANSFER, and 
ALTERNATE WRITE TRANSFER cycles. Each of the 
TRANSFER cycles available is described below. 

plished two ways. If the transfer is to be synchronized with 
SC (REAL-TIME READ TRANSFER), TR/(OE) is taken 
HIGH after CAS goes LOW. If the transfer does not have to 
be synchronized withSC (READ TRANSFER), TR/ (OE) may 
go HIGH before CAS goes LOW (refer to the AC Timing 
Diagrams). The 2048 bits of DRAM data are written into the 
SAM data registers and the serial shift start address is 
stored in an internal8-bit register. QSF will be LOW if access 
is from the lower half (addresses 0 through 127), and HIGH 
if access is from the upper half (128 through 255). If SE is 
LOW, the first bits of the new row data will appear at the 
serial outputs with the first SC clock pulse. SE enables the 
serial outputs and may be either HIGH or LOW during this 
operation. The SAM address pointer will increment with 
the SC LOW to HIGH transition, regardless of the state of 
SE. Performing a READ TRANSFER cycle sets the direction 
of the SAM I/O buffers to the output mode. 

READ TRANSFER (ORAM-TO-SAM TRANSFER) 

If (ME)/WE is HIGH and DSF is LOW when RAS goes 
LOW, a READ TRANSFER cycle is selected. The row ad
dress bits indicate the eight 256-bit DRAM row planes that 
are to be transferred to the eight SAM data register planes. 
The column address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every TRANSFER in order to 
load a valid Tap address. A read transfer may be accom-

I I I 

RAS \ ~ 4//1#/$/I/I/I/P#//;/0 I!llll 
I I I 

CAS \ ~ \ "!l/I!/!lI/I/$$#//I~ \ /lllJ 
I I I 

AO·AS ~'"'W77?W~77?W!~777w~-rr14f< ROWO X A2:t~;t X1~fJ///PI$///////$I///4f< ROW 1 X At~.;;t X 
I I I 

MEJWe WI 777I--v'<VJmWhm~mW~m1l~=W~m1t0mW~m~mWmWhmf~p W/$/I$j$//$4/fp/$///$j/j///P/~p;""""""''{0~~=W~~W~~~W~~W~=W~=W~~0 

,...----r------i) ), ) 

II f~ !if f~ i'RIoe "\ 
I I I 

os, ~ ////$//!I//!////P/$//$/$1 W/ffPP/$///$4'fi/##JP$/I/II/$///1:7I W////I/P////P////d 
I I I 

sc~~~~ 
I I I 

SDQ W#//P/$#/lP$~~~~ 
Output ROW a I ROW 0 I ROW 0 I ROW a 

as, ---------\!if f~ ~If 
-------------~--~~ ~~ ~ 

(NORMAL) READ TRANSFER 

FROM: ROWO 
TO: FULL SAM 
SAM 110 IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(QSF GOES LOW) 

SPLIT READ TRANSFER 

FROM: ROWO 
TO: UPPER SAM, 
TAP ADDRESS = 0 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 

Figure 5 

SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (QSF 
GOES HIGH) 

SPLIT READ TRANSFER 

FROM: ROW 1 
TO: LOWER SAM, 
TAP ADDRESS = 0 TO 127 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(QSF REMAINS HIGH) 

~ DON'T CARE 

TYPICAL SPLIT READ TRANSFER INITIATION SEQUENCE 
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SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER cycle eliminates the critical 
transfer timing required to maintain a continuous serial 
output data stream. When using normal TRANSFER cycles, 
the REAL-TIME READ TRANSFER cycle has to occur im
mediately after the last bit of "old data" was clocked out of 
the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data can be transferred to the other half. The transfer can 
occur at any time while the other half is sending data and 
need not be synchronized with the SC clock. 

The TR/ (OE) timing is also relaxed for SPLIT TRANSFER 
cycles. The rising edge of TR/ (OE) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
rising edges ofRAS orCAS. The transfer timing is generated 
internally for SPLIT TRANSFER cycles. 

A normal, non-split READ TRANSFER cycle must pre
cede any sequence of SPLIT READ TRANSFER cycles to 
provide a reference to which half of the SAM the access will 
begin. Then SPLIT READ TRANSFERS maybe initiated by 
taking DSF HIGH when RAS goes LOW during the 
TRANSFER cycle. As in non-split transfers, the row address 
is used to specify the DRAM row to be transferred. The 
column address, AO-A6, is used to input the SAM Tap 
address. Address pins A7 and A8 are" don't care" when the 
Tap address is loaded at the HIGH to LOW transition of 
CAS. Itisinternally generated so that the SPLIT TRANSFER 
will be to the SAM half not currently being accessed. 

Figure 5 shows a typical SPLIT READ TRANSFER initia
tion sequence. The normal READ TRANSFER is first per
formed,followed by a SPLIT READ TRANSFER of the same 
row to the upper half of the SAM. The purpose of the SPLIT 
TRANSFER of the same data is to initiate the split SAM 
operating mode and load the Tap address. Serial access 
continues, and when the SAM address counter reaches 127 
("A7"=O, AO-A6=1) the new Tap address is loaded for the 
next half ("A7"=1, AO-A6=Tap) and the QSF output goes 
HIGH. Once the serial access has switched to the upper 
SAM, new data may be transferred to the lower SAM. The 
controller must wait for the state of QSF to change and then 
the new data may be transferred to the SAM half not being 
accessed. For example, the next step in Figure 5 would be to 
wait until QSF went LOW (indicating that row-1 data is 
shifting out the lower SAM) and then transfer the upper half 
of row 1 to the upper SAM. 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

The operation of the WRITE TRANSFER is identical to the 
READ TRANSFER described previously except (ME) /WE 
and SE must be LOW when RAS goes LOW. The row ad
dress indicates the DRAM row to which the SAM data 
registers will be written. The column address (Tap ) indicates 
the starting address of the next SERIAL INPUT cycle for the 
SAM data registers. A WRITE TRANSFER changes the 
direction of the SAM I/Obuffers to the input mode. QSFwill 
indicate the SAM half accessed. 

PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE 
ENABLE) 

The PSEUDO WRITE TRANSFER cycle is used to change 
the direction of SAM port from output to input without 
performing a WRITE TRANSFER. A PSEUDO WRITE 
TRANSFER is a WRITETRANSFERcyclewithSE held HIGH 
instead of LOW. The DRAM data will not be disturbed and 
the SAM will be ready to accept input data. 

ALTERNATE WRITE TRANSFER (SAM-TO-DRAM 
TRANSFER) 

The operation of the ALTERNATE WRITE TRANSFER is 
identical to the WRITE TRANSFER except that the DSF pin 
is HIGH and (ME)/WE is LOW when RAS goes LOW, al
lowing SE to be a "don't care." This allows the outputs to be 
disabled using SE during a WRITE TRANSFER cycle. 

POWER UP AND INITIALIZATION 

When Vcc is initially supplied or when refresh is inter
rupted for more than 8ms, the MT42C8127 must be initial
ized. 

After Vcc is at specified operating conditions, for 100j.ls 
minimum, 8 RAS cycles and 1 SC cycle must be executed to 
initialize the memory array. When the device is initialized 
the DRAM I/0..E...ins (DQ's) are in a High-Z state, regardless 
of the state of (TR) / OE. The DRAM array will contain ran
domdata. 

The SAM portion of the MT42C8127 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the serial input mode 
(WRITE TRANSFER) andthel/Opins (SDQ's) will be High
Z, regardless of the state of SEa,b. The mask register will 
contain random data after power-up. 
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TRUTH TABLE 

CODE FUNCTION 1mS FALLING EDGE AD-AS1 D01- DOS2 

m Tlf/llE NIt/WE DSF IE RAS -en- HAS A8=X 

DRAM OPERATIONS 

CBR CAS-BEFORE-RAS REFRESH 0 X X X X - X -

ROR RAS-ONL Y REFRESH 1 1 X X X ROW - X 

RW NORMAL DRAM READ OR WRITE 1 1 1 0 X ROW COLUMN X 

RWNM NONPERSISTENT (LOAD AND USE) MASKED 1 1 0 0 X ROW COLUMN WRITE 
WRITE TO DRAM MASK 

RWOM PERSISTENT (USE REGISTER) MASKED 1 1 0 1 X ROW COLUMN X 
WRITE TO DRAM 

REGISTER OPERATIONS 

LMR LOAD MASK REGISTER 1 1 1 1 X ROW' X X 

TRANSFER OPERATIONS 

RT READ TRANSFER (DRAM-TO-SAM TRANSFER) 1 0 1 0 X ROW TAP' X 

SRT SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 1 0 1 1 X ROW TAP' X 

WT WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 1 0 0 0 0 ROW TAP' X 

PWT PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE ENABLE) 1 0 0 0 1 ROW' TAP' X 

AWT ALTERNATE WRITE TRANSFER 1 0 0 1 X ROW TAP' X 

---
.JSAM-TO-DRAM TRANSFER) 

NOTE: 1_ These columns show what must be present on the AO-AS inputs when RAS falls and AD-A7 when CAS falls_ 
2_ These columns show what must be present on the DQ1-DQS inputs when RAS falls and when CAS falls_ 
3_ On WRITE cycles, the input data is latched at the falling edge of CAS or ME~, whichever is later. 

Similarly, on READ cycles, the output data is latched at the falling edge of CAS or TRICE", whichever is later_ 
4_ The ROW that is addressed will be refreshed, but no particular ROW address is required. 
5. This is the first SAM address location that the first SC cycle will access. For Split SAM transfers, the Tap 

will be the first address location accessed of the "new" SAM half after the boundary of the current half is 
reached (127 for lower half, 255 for upper half). 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vcc supply relative to Vss .......... -1.0V to +7.0V 
Operating Temperature, Ta(Ambient) ........... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + lS0°C 
Power Dissipation ............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C :'> T A :'> 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C :'> T A:'> 70°C; Vee = 5.0V ± 10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
(any input (OV:,>VIN:,>Vee), all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT 
(~O, SOO disabled, OV:,>VouT:,>Vce) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 

Output Low Voltage (lOUT = 2.5mA) 

CAPACITANCE 

PARAMETER 

Input Capacitance: Ao-As 

Input Capacitance: RAS, CAS, MEIWE, iRJOE, SC, SE, OSF 

Input/Output Capacitance: DO, SOO 

Output Capacitance: OSF 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections ofthis specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 ItA 

loz -10 10 ItA 

VOH 2.4 V 

VOL 0.4 V 1 

SYMBOL MIN MAX UNITS NOTES 

CI1 5 pF 2 

CI2 8 pF 2 

CliO 9 pF 2 

Co 9 pF 2 
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CURRENT DRAIN, SAM IN STANDBY 
(O°C ~ TA ~ 70°C; Vcc = 5.0V ± 10%) MAX 

PARAMETER/CONDITION SYMBOL -10 -12 UNITS NOTES 

OPERATING CURRENT Icc1 80 70 rnA 3,4 
(RAS and CAS = Cycling: TRc = TRC(MIN)) 

OPERATING CURRENT: FAST PAGE MODE ICC2 60 70 rnA 3,4 
(RAS = VIL; CAS = Cycling: Tpc = Tpc(MIN)) 

STANDBY CURRENT: TIL INPUT LEVELS ICC3 10 10 rnA 
Power supply standby current (RAS=CAS=VIH after 8 RAS cycles min) 

REFRESH CURRENT: RAS-ONL Y Icc4 80 70 rnA 3 
(RAS=Cycling; CAS=VIH) 

REFRESH CURRENT: Iccs 70 60 rnA 3,5 
CAS-BEFORE-RAS (RAS and CAS=Cycling) 

SAM/DRAM DATA TRANSFER ICC6 85 75 rnA 3 

CURRENT DRAIN, SAM ACTIVE (tse = MIN) 
(O°C ~ T A ~ 70°C; Vcc = 5.0V ± 10%) MAX 

PARAMETER/CONDITION SYMBOL -10 -12 UNITS NOTES 

OPERATING CURRENT Icc7 120 110 rnA 3,4 
(RAS and CAS = Cycling: TRc = TRC(MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icca 100 90 rnA 3,4 
(RAS = VIL; CAS = Cycling: Tpc = Tpc(MIN)) 

STANDBY CURRENT: TIL INPUT LEVELS Iccg 45 40 rnA 3,4 
Power supply standby current (RAS=CAS=VIH after 8 RAS cycles min) 

REFRESH CURRENT: RAS-ONL Y ICC10 120 110 rnA 3,4 
(RAS=Cycling; CAS=VIH) 

REFRESH CURRENT: Icc11 110 100 rnA 3,4,5 
CAS-BEFORE-RAS (RAS and CAS=Cycling) 

SAM/DRAM DATA TRANSFER ICC12 125 115 rnA 3,4 
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DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (ooG ~ TA ~ +70oG; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 
PARAMETER SYM MIN MAX 

Random READ or WRITE cycle time tRC 180 
READ-MODIFY-WRITE cycle time tRwc 235 
FAST-PAGE·MODE READ or WRITE tpc 55 
cycle time 

FAST-PAGE-MODE READ-MODIFY-WRITE tPRWC 110 
cycle time 

Access time from RAS tRAC 100 
Access time from CAS tCAC 30 
Access time from (TR)/OE tOE 25 
Access time from column address tM 50 
Access lime from CAS precharge tCPA 55 
RAS pulse width tRAS 100 10,000 
RAS- Dulse width (FAST PAGE MODEl tRASP 100 100000 
RAS hold time tRSH 30 
RAS orecharae time tRp 70 
CAS pulse width tCAS 30 10 000 
CAS hold time tCSH 100 
CAS" orecharae time tCPN 15 
CAS" precharge time (FAST PAGE MODE) tcp 10 
RAS to CAS delay time tRCD 20 70 
CAS to RAS precharge time tCRP 5 
Row address setup time tASR 0 
Row address hold time tRAH 15 
RAS to column tRAD 20 50 
address delay time 

Column address setup time tASC 0 
Column address hold time tCAH 20 
Column address hold time tAR 70 
(referenced to RAS) 

Column address to tRAL 50 
~Ieadtime 

Read command setuo time tRcs 0 
Read command hold time tRCH 0 
(referenced to CAS") 
Read command hold time tRRH 0 
(referenced to ~) 

CAS to outout in Low-Z tCLZ 0 
Output buffer turn-off delay tOFF 0 20 
Output Disable tOD 0 20 
Ol!1Put Disable hold time from start of write tOEH 15 
Output Enable to RAS delay tORD 0 
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MIN MAX UNITS NOTES 

210 ns 

280 ns 

65 ns 

140 ns 

120 ns 14 
35 ns 15 
30 ns 

60 ns 

65 ns 
120 10,000 ns 

120 100000 ns 

35 ns 

80 ns 

35 10000 ns 

120 ns 
20 ns 16 
15 ns 

25 85 ns 17 
10 ns 

0 ns 

15 ns 

20 60 ns 18 

0 ns 

25 ns 

85 ns 

60 ns 

0 ns 

0 ns 19 

0 ns 19 

0 ns 

0 30 ns 20 23 
0 30 ns 23 

20 ns 27 
0 ns 



DRAM TIMING PARAMETERS (Continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C:::; TA :::; +70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 
PARAMETER SYM MIN MAX 
Write command setup time 'wcs 0 

Write command hold time 'WCH 20 

Write command hold time 'WCR 70 
(referenced to RAS) 

Write command pulse width 'WP 15 
Write command to RAS lead time 'RWL 20 
Write command to CAS lead time 'CWL 20 

Data-in setup time 'DS 0 
Data-in hold time 'DH 20 
Data-in hold time 'DHR 70 
(referenced to RAS) 

RAS to WE delay time 'RWD 130 
Column address 'AWD 80 
to WE delay time 

CAS to WE delay time 'CWD 60 
Transition time (rise or fall) 'T 3 50 
Refresh period (512 cycles) 'REF 8 
RAS to CAS precharae time 'RPC 0 
CAS" setup time 'CSR 10 
(CAS"-BEFORE-RAS REFRESH) 

CAS hold time 'CHR 30 
(CAS-BEFORE-RAS REFRESH) 

MElWE to RAS setuD time 'WSR 0 
MElWE to l!iAS hold time 'RWH 15 

Mask Data to RAS setup time 'MS 0 
Mask Data to RAS hold time 'MH 15 
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25 

85 
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25 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C S; T AS; + 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 
PARAMETER SYM MIN MAX 
TRANSFER command to ITLS 0 
RAS setup time 

TRANSFER command to RAS hold time ITLH 15 10000 
TRANSFER command to RAS hold time IRTH 80 10,000 
(REAL-TIME READ TRANSFER only) 

TRANSFER command to CAS hold time ICTH 25 
(REAL-TIME READ TRANSFER only) 

TRANSFER command to column address hold lATH 30 
time (for REAL-TIME READ TRANSFER only) 

TRANSFER command to SC lead time ITSL 5 
ITRL 

", 

TRANSFER command to 0 
RAS lead time 

TRANSFER command to ITRD 15 
RAS delay time 

TRANSFER command to CAS time ITCL 0 
TRANSFER command to ITCD 15 
CAS delay time 

First SC edge to TRANSFER ITSD 10 
command delay time 

Serial output buffer turn-off lSDZ 10 40 
delay from RAS 

SC to RAS setup time lSRS 30 
RAS to SC delay time lSRD 25 
Serial data inout to 'SE delav time ISZE 0 
RAS to SD buffer turn-on time ISRO 15 
Serial data inout delay from RAS tSDD 50 
Serial data input to RAS delay time ISZS 0 
Serial-input-mode enable IESR 0 
('SE) to RAS setup time 

Serial-input-mode enable IREH 15 
('SE) to RAS hold time 

NONTRANSFER command lyS 0 
to RAS setup time 

NONTRANSFER command to RAS hold time tYH 15 
DSF to RAs setup time tFSR 0 
DSF to RAS hold time IRFH 15 
SC to OSF delay time ISOD 30 
SPLIT TRANSFER setup time ~ 

tSTS 35 
SPLIT TRANSFER hold time 

, 
ISTH 35 

RAS to first SC delay IRSD 95 
CAS to first SC delay tCSD 25 
Column address valid to first SC delay IASD 55 
iR/CE" to OSF Delay Time tTOD 35 
CAS to OSF Delay Time COD 45 
RAS to OSF delay time IROD 85 
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MIN MAX UNITS NOTES 
0 ns 25 

15 10000 ns 25 
90 10,000 ns 25 

30 ns 25 

35 ns 25 

5 ns 25 
0 ns 25 

15 ns 25 

0 ns 25 
15 ns 25 

10 ns 25 

10 50 ns 

40 ns 
30 ns 
0 ns 

15 ns 
55 ns 

0 ns 

0 ns 

15 ns 

0 ns 26 

15 ns 26 
0 ns 

15 ns 

35 ns 
40 ns 

40 ns 

105 ns 
35 ns 

65 ns 

40 ns 
50 ns 

105 ns 



I'4IC:Rg~ MT42C8127 

SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6,7,8,9,10) (0° C ~ TA ~ + 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 

PARAMETER SYM MIN MAX UNITS 

Serial clock cvcle time tsc 30 35 
Access time from SC tSAC 30 
SC precharae time (SC LOW time) 'SP 10 12 
SC~ulse width (SC HIGH timej 'SAS 10 12 
Access time from SE 'SEA 20 
SE precharae time tSEP 15 15 
SE pulse width 'SE 15 15 

Serial data-out hold time after SOH 5 5 
SC high 

Serial output buffer turn-off tSEZ 0 15 0 
delay from SE 

Serial data-in setup time tSDS 0 0 
Serial data-in hold time lSDH 15 20 

SERIAL INPUT (Write) Enable tsws 0 0 
setup time 

SERIAL INPUT (Write) Enable lSWH 15 20 
hold time 

SERIAL INPUT (Write) Disable tSWIS 0 0 
setup time 

SERIAL INPUT (Write) Disable ISWIH 15 20 
hold time 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = 1M with IN = 3V and Vee = SV. 
IN 

3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading. Specified values 

are obtained with minimum cycle time and the output 
open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (DoC:::; T A :::; 70°C) is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by any eight RAS cycle and 1 SC cycle 
before proper device operation is assured. The eight 
RAS cycle wake-up should be repeated any time the 
Bms refresh requirement is exceeded. 

B. AC characteristics assume tor = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, DRAM data output (DQ1-DQB) is high 
impedance. 

12. If CAS = VIL, DRAM data output (DQI-DQB) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load 
equivalent to 1 TTL gate and 100pF. Output reference 
levels: VOH = 2.0V; VOL = 0.8V. 

14. Assumes that tRCD < ~CD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 

a reference point only; if lRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. IWCS, IRWD, tA WD and tcWD are restrictive 
operating parameters in LATE-WRITE, READ
WRITE and READ-MODIFY-WRITE cycles only. If 
IWCS ~ twcs (MIN), the cycle is an EARLY-WRITE 
cycle and the data output will remain an open circuit 
throughout the entire cycle, regardless of TR/OE. If 
tWCS:::; IWCS (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
write to avoid data contention. If IRWD ~ tRWD 
(MIN), tAWD ~ tAWD (MIN) and tCWD ~ tcWD 
(MIN), the cycle is a READ-WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions are met, the state of 
the output buffers (at access time and until CAS goes 
back to VIH) is indeterminate but the WRITE will be 
valid, if tOD and tOEH are met. See the LATE-WRITE 
AC Timing diagram. . 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and ME/WE leading edge in 
late WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with 
OE or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and SOpF. Output reference 
levels: VOH = 2.0V; VOL = O.BV. 

25. TRANSFER command means that TR/OE is LOW 
when RAS goes LOW. 

26. NONTRANSFER command means that TR/OE is 
HIGH when RAS goes LOW. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after tOEH is 
met. If CAS goes HIGH prior to DE going back LOW, 
the DQs will remain open. 
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RAS V'H -
V'L -

I 

CAS V'H 
V'L :~ 

1 

ADDR V'H .::~ V'L 

'CRP 

'ASR 

DRAM READ CYCLE 

'RC 

'CSH 
I-----------';"-RS::::H'----I 

'CAS 

~R I I I ___ '~RA~D ___ I ___ +I~I_~'=R~=T---

'MH ~E 1 1 '~H 1--
ROW 

'RRH 

~ COLUMN ~n(/ /;7Jij'j"'-' /;//rT77 II 177Tl I I I+' /;//rT /;(/77,( /77,( /n,rm / /,r /rn..,~'r-__ R_OW __ _ 

I'WSR 'RWH _I ~ I 'RCS I I I 'RCH I 

r /, r.J.LLLLLLLLLL1 .-~ :r:7//////~,_ "~.~ I I 
DSF ~:~:'IIIIII §1M 'fI / / / / // / 11/1111111111111111111/111111111i (//11 /11111111111111111, I'IIIIIII/; 

DO ~:g~ 

I ! :::C 
I 'CAC 'OFF 

'CLZ I -I 
'ORD 

I'~ II'~ I O~ ~ ,~ ")~!t----OPEN-
$II/!/Ili - - *0'//////////////////////////d . ~------
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I'IIIC: 1=1 gN MT 42C8127 

DRAM FAST-PAGE-MODE READ CYCLE 

tRASP 

tCSH tpc 

tCAS 
tcp ~ I--:':"'-II--'''-=--

~ DON'T CARE 

~ UNDEFINED 

NOTE: WRITE or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST PAGE MODE. 
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WRITE CYCLE FUNCTION TABLE 

LOGIC STATES 
lUrn" Falling Edge ~ Falling Edge FUNCTION 

A B C D 
ME"IWE" DSF DQ (Input) DQ (Input) 

1 0 X DRAM Normal DRAM WRITE 
Data 

0 0 Write DRAM NONPERSISTENT (Load and Use Register) 
Mask Data (Masked) MASKED WRITE to DRAM 

0 1 X DRAM PERSISTENT (Use Register) 
Data (Masked) MASKED WRITE to DRAM 

1 1 X Write Load Mask Register 
Mask 

NOTE: Refer to this function table to determine the logic states of "A", "B", "C", and "D" for the WRITE cycle timing 
diagrams on the following pages. 
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DRAM EARL V-WRITE CVCLE . 

tRC 

tRAS tRP 

tCSH 

~ I r~ d 
tCRP tRCO 

f tAR 

I tRAO I I tRAL 

tASR tRAH ~I I tCAH I 
COLUMN 

I tCWL 

I tRWL 

I I tWCR 

twcs 

I I 
tWCH 

twp 

MElWE ~:r- A 

tFSR II tRFH 

OSF ~:r=w/#/~-B-W/##$/////$$#####$###$/#/$/$#//###;@ff/////##$#h% 
I I tOHR 

tos I I '" k tMS tMH 

DO ~:gr:WM&1-C -~ o1/$/////$#///////////$#I11///////!//& 
tyS I~ 

rRtOE ~:r:W#///;)- ~/$##44111$$#$/$$4$/////$#///#II!!$/$$#///#$#/#& 
~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "B", "C", and "0" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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IVIIC:I=:II;~~ MT 42C8127 

DRAM LATE-WRITE CYCLE 

tRC 

tRAS II tRP 

II 
~ 

tCSH 

t~ 
tRSH 

d 
tCRP tRCD tCAS 

tAR t I tRAD I I tRAL 

tASR tRAH ~I I tCAH 

I 
ADDR ~:~~~----;-RO,----w _~Q __ C_OLU_MN _----'bff,f//////////////@',x'-___ _ 

tCWL II 
tRWL 

TTTT7"TTT7"';,""I~ ~I ~I If 

MEJwE ~:~-'II, 'M A Y m" (IIIIIIIIIIIIII! 

tFSR" tRFH 

DSF ~:~:i'ff!l//ffM-S -klffff////////ffff//////#$//&ff/l/l/l//////////!///IP'//I///I/$//$//I$/!/!h 
tDHR II 

D 

I tOEH 

-b-//////$////lffff///////!/#$#//$ffM 

~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "S", "C", and "D" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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I'JIII=I=";;!~ MT 42C8127 

'CRP 

ADDR 

MEtWE ~i~- A 

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

'RWC 

'RAS 

'CSH 

'RSH 

'RCD 'CAS 

I 'RAL I 
I~ 

nT.nn~n7nTI~~nT.rin7nTI7~ 
COLUMN 

'RWD 

'CWD 

ROW 

'FSR II 'RFH 

DSF ~i~:_-B -b#/!/#/!////W/$$$ff/jI#/#/#/!/Iff#//###//#/#/jljI##//A 
I I 'AA 

I 'RAC 

~---OPEN ---

~ DON'TeARE 

~ UNDEFINED 

NOTE: The logic states of "A", "B", "C", and "0" determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 
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ADDR ~:~: 

DRAM FAST-PAGE-MODE EARL V-WRITE CVCLE 

'WCS 

tCSH 

'CAS 

COLUMN 

I 'CWL 

I 'WCH 

'WP 

tRASP 

'PC 

_'wc811~1 
~ twp 

MEIWE ~:~:777\·It----:'A"-----.,j I I II II 
~II~ II II II I 

DSF ~:t:d B b///#$##//,$!////#/$//#$/#$//$M/#/!I#&'##/!$$//##&'/I&,#//J(I 

DO VIOH
VIOL-

'WCR I I I I II 'RWL I 
--=-1 I~ 'DS II~ 

D D D 

'YS 'YH ~ 

TRtOE ~:~-~- - ~##$///////////1#$/III!/#!I!/!I#II!//////#I11!//#$///////////#II!IIII!/#$////////#/J 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST PAGE 
MODE. 

2. The logic states of "A", "8", "C", and "D" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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I'IIIC::Rg~ MT42C8127 

ADDR ~:~: 

DO ~:g~: 

DRAM FAST-PAGE-MODE READ-WRITE CYCLE 
(READ-MODIFY-WRITE or LATE-WRITE CYCLES) 

tRASP 

~II~ 
WOE ~:~:WJ \ .... ____ ----'---' -----~ 

OPEN--

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. 
Use the Write Function Table to determine the proper DSF state for the desired WRITE operation. 

2. The logic states of "A", "8" and "C· determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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~1C:F=lg~ MT42C8127 

I 
ICAP 

DRAM 'RAS-ONL Y REFRESH CYCLE 
(ADDR = AD-A8) 

'RC 

I 

~1 

tASA tRAH ~ 

I 

-' 
I 
\'-----

ADDR ~:~_'------'Ra-'---w ----,k;0W$ffff#lfflffffIIM#I#I#lII$$#/;?(~--Ra-w --

VIOH-, ___ --f+ __ 
DC V,aL-- II aPEN OPEN 

TAm ~:~ ::!ffff////I;)~ ~kW!l!ffllJ/$ffl#lllff!l!#lIIIII!I!!III!I!$////IIII/I 

~-BEFORE-~ REFRESH CYCLE 

ADDR ~:~:WII ffl I III! I!!! I ffl ff ff!l ffll II ff III Iffll ff 1111 I ff 1111 //I I I/Ii/I/I/i////!//IIIII lI!!I#ff/l 1111 11111 ff III 1II1!b 

MEiWE ~:~ -W#I 1111 1/11 ff 1111 III II 1111 III!!! 1111 1111 II //I ////11 ff II/II !II ff 1II!l1I /1111 I!! $ 

DSF ~:~:!jj 1111 I!!I ff!lll!lll ff I!! ff ff I III! ffll/l #II 11M I!!I!III II II /lffll ////!III!! III /I I!! #II 11111 III III! /II!! 1!Ih 

DO ~:gt<-:-----OPEN-------aPEN------

TWE ~:~:1jIl/IIIIIIIIIIIIII/III!II/I/111/I///II//II/II///I!/111//II/II/II/II/II/II/!1/1!1II!/1I1!/$I!!//II/II//II/II!t 
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I'IIIC:F=lgN MT 42C8127 

DRAM HIDDEN-REFRESH CYCLE 

(READ) (REFRESH) 

~: 
tRAS 

~ 
tRP 

r: 
RAS VIH 

VIL-

) tCRP 
IRCD tRSH 

CAS 
VIH-
VIL-

tRAS 

tCHR 

tAR 

I tRAD II tRAL 

ADDR 

~i~ ~W/I!!//!I!!I//!/////!II!!I///II/!I!I//!/!//II!!/!/! 

I~ tFSR tRFH I I I 
DSF ~i~:W£ ~ -!//II//!/////!//!!//!//!!////!////!/!/////!/////!//!/!////!/!/I//I///!!//////!/I!!/!!// a 

I i ::C 
I teAc 

-!OFF 

00 :~: rll; ~ .1 .~OO=t_IO_D __ O_PE_N_ 

rRiCiE ~i~ :~ \'-______ ~"--__________ ----it1 

~ DON'T CARE 

~ UNDEFINED 

NOTE: A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, 
MEIWE = LOW (when CAS goes LOW) and iR/OE = HIGH. In the TRANSFER case, TRioE = LOW (when 
RAS goes LOW) and the DO pins stay High-Z during the refresh period, regardless of TRIOE. 
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READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 

tRC 

tRAS tRP 

- It 
tCSH 

tASH 

I 
~ tRCD tCAS 

----I 
tAR ~ / 
tRAD I I tRAL I 

I I~ tASR t RAH "'1 ~I I~I 

_I 

1 

\ 

ADDR ~:t 
~~I---~ 

:"II/&( ROW WIIJ SAM START '1(/111111111111111111111111111111111111111111111111111111IIIIIIIIh 
~ I ~ 

1 ~~ tASO 

".,we ~:~~ i II tw/$;/$/I!W#/$//I/t!/I/1/1!///I/1//I/1/)/)#1$/I/$!/I$$///I/$/I/1;1/#/t!tf,1 
_I~-~~-t I III 

OSF ~:~:1lM I ~////I$/I/1///I$/I/1!1//t!/////$$$tf!lll!$I!1!/!/I/I/I!/II!!l//I11!#////1I!/$$/1~ 

DO ~:g~:c-' II ~. i:: iii .~:-... ~~.r: -'1 [ I' tTOL , -+-I~~=t-,=-T=-OD ==~$#///& 
~ r tRSD tso 

I I 1--""----1 

NOTE 1 

I IL~SRO I I tSAC_ __ 

NOTE: 1. There must be no rising edges on the SC input during this time period. 
2. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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iVllC:F=l9~ MT 42C8127 

REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

tABA tRAH -1--
AOOR ~:~: ROW 

UUU~,-,,~~~l ____ -. __ ~~~~~UUUU~~~~~~UUUU~~~~~ 

- ~~~rl~#ff$#$/J#/#/,M'!.t'ff$$#/J1@'!$/!$/!#$$$#ff#//$/!,@ 
__ I~~ I I II 

DSF ~:~:Wa I ~1/1!/1!//I!I!I!!$/I!!I/////I!I!I!!lI!!!I/I!I/I!!I/II!!lI!I!/I!I!!!I!!I//!I!/II!I!I!II!II!!!II!M 

OQ ~IIOOHL __ I 'I I I_ ) I 'ATH OPEN ------:--1-'--1 -- -
10TH 'TRL _ tTRD 

lATH trol 1 _______ ---"T""cO'--___ 1 

TRJOE ~:~::t.LLl.UUl5....-______________________ ~ 

-lSAC 

soa ~:g~:: _______ -< vg }--------t=~VA~LlO~O;OUT~'_;;_VAL-IO-OO::.::UT:......JI\---VAL-'O-O-=.:OUT:c........../'----........:::.:::......J VAUDDOUT 

SE ~:~:---~~'--~~[L~h'_"Wt'_":"""1'f"'_":~"_"L"_'l,Ih:.u~Cl!'_ _______________ +-___________________ _ 

I- 'SEJ1 I-'SE~SEP 11 _'SEA 'TOO t 
aSF ~g~_-----------------NO-TE-2-----------------..., -----------NO-TE-2 -------

rJl DON'T CARE 

~ UNDEFINED 

NOTE: 1 , The SE pulse is shown to illustrate the SERIAL OUTPUT ENABLE and DISABLE timing. It is not required. 
2. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being acces~ed. 
,. 

t 
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SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

ICSH 

teAs 

- V'H.---±--+.--------i_. 
CAS VtL- ~--------;--o-.-J 

ADDR ~:~= 

~'-II'-~ I 
iiEIWE ~:~ II W// /II III! //1/ /III!! 1/ /I//!III 1I///!1111!/ II!! //////////////////////// //11///// 11/// II!!! ///II!! IIJ 
~ 'FSR 'RFH ~ I 

DSF ~:~ -1- -- W////I//////!///////////II///////////////////////////////////////////////////////////////////IIM 

00 .~ ~j 0_ I ~ __ _ 
.~ 1'= I'~I 

TRiCE ~:~_ ~'7T.~ I/J7TTW ~777~ 1/J777%7TiW~'7T.W ~7TTW ~777W~777~ ~7Tiw ~'7T.W ~7TTW ~777W777~ ~7Tiw f'7T.W ~7TTWf777W ~m~ ~7TJw ~'7T.W ~7TTW ~777W ~777~ ~7Tiw ~7Tiw ~'7T.W ~7TTW ~777W ~777~ ~7Tiw ~'77W ~777W777W ~7Ti~ ~'777~ ~ 

I I ~~ 
_'STS_ ~-I 

00 ~:t: J= f= I 

~ ~:: I I-i -25-5<-'27)~ .~,~ ::=Xf-, ___ '_25<_253_) _X __ '26_<254_)+I_X_--+'f_<255_) _X_B_<B+'_28)_ 

OSF 
.oo_LI __ ~"f-------~1 ,~I~ 
VOL~~ _______ SAM_M-:lSB~~f-;<N_OT---,El) _______ ~~~_NE_WM_SB __ 

NOTE: 1. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 
QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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iVllC:F=lg,~ MT 42C8127 

WRITE TRANSFER and PSEUDO WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

'RC 

tRAS 'RP 

tesH 

t I '~i 
J 

tRSH 

'CAS 

7 
'AR 

I 
I 

\ 

=fJ I ~ I I tAAL 

~I 
_IRAH ~I I~ 

- ~i~ ~ t:J ~.~ ~ffffff///ffff//ff////ff/ff///ff//ff$ff//ff///ff//$/ff/ff///ffM 
MEJWE ~:~_rll~1§//$#/ff§J!/$§§§§/;Jff$§/§//§$//$!1§§!!ff$§§/§!$/ff/$!$/M 

I_ L 'RFH_I I I 
DSF ~:~=-~I- -!/iI!§!§!§!§!§!II!I!$§§//§/$§I!II!§!//!//II!!$§/§$!//!!ff//$§$$!//§!§!I!!J 

DC V,OH I, 1/ I OPEN I OPEN-

ViOL_ 'T~ 'T~ I I 
TRIOE ~:~:-- -~$$ff§§!§§!/I/$§§/ff//§!§§$$ff/$I§!!!$IIJ!§§§§§/$/§/$I/§!$§a 

::: I I I :::D ::S 'SP 
II -----

NOTE 3 

ISOD 

tSOH ISoZ 

SOD ~:g~_ VALlDDO:-. VALID Dour ~HIGHZ 
I~ I 'sws 

BE ~:~: ~/lIJff/l§§§$!IIJ!//§/$§ff/l/$$§J=='~sw.,.....I=-S =--NOT-E2----

I I-------;:ca=-Ra~ -l~-
OSF ~g~_ NOTE 4 . . NOTE 4 -------------------------------------

NOTE: 1. IfSE is LOW, the SAM data will be transferred to the DRAM. 

~ DON'T CARE 

~ UNDEFINED 

IfSE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL INPUT MODE ENABLE cycle). 
2. SE must be LOW to input new serial data, but the serial address register is incremented by 

SC regardless of SE. 
3. There must be no rising edges on the SC input during this time pe.riod. 
4. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 
tRC 

tRAS tRP 

tCSH 

I 

J 
IRSH 

tRCD 

t 
teAs 1 / 

tAR 

I 

I 

\ 

==( I IRAQ I I IRAL 

~ tAse I I~ tASR -----r----~oo ~r:d - J:j -~- b,,1§§§IIII$§§III~IIIIIIIIII§@,§II,0WIIIIIII§@' 
'tWSR II tRWH I I 

MEIWE ~:r:~-I- --lljjl!ff!////!///$$!///////$////$//$/;I//$!ff//ff///!/////!//$//J1/!///!///$//$//~ 
tFSR tRFH I I 

DSF ~:r=ml~! - --1//////!///!$ffff////////$//!//////I1!////!/ff//$///$/$////;I///;1§/$/$////;1;/ff////h 

DO ~:gr- j II I OPEN I OPEN __ _ 

tm tTLH I I 
TRICE ~_- -W//!$/////$ffff///////;I!///$/II!!I/;I/ff$!!/////;I////lIff/;l///$////$!!/;I//!/III!!/IIM 

~II I 
NOTE 2 

I 
soa ~:g~ VALID DIN 

~~ __ ~J~~~~~~~~~~~~~W~ __ ~~U~~/~ ____ __ 

I 
tsws 

IESA tREH I: ISWIS 

SE ~:r:,~ -~////ff///;I/!/ff!l/;l$/I1!////;III!//////;III!~====~===NOT=E1======== 
I----------~::~~------k~--------

~~- ~E3 N=3 
------------------------------------~ 

~ DON'T CARE 

NOTE: 1. SE must be LOW to input new serial data, but the serial address register is incremented by 
SC regardless of SE. 

2. There must be no riSing edges on the SC input during this time period. 
3. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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'AR 

ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

'RC 

'RAS 

tCSH 

I 

~ 
tASH 

,~ f tCAS I 

I 
'RP I 

I 
\ 

7 

~.. ::t:d ~ C -~~ kwU',0'U'U',w,0'U',0'U'],0',@,0',0',0'U'U'.?M'IU',0',0',0',0'!l 

=f I ~ I I tRAL 

tASR 1 _IRAH 
tAse I I teAH 

~I-

'WSR II 'RWH I I 
MEIWE ~:~~1-1;@/###$$/#/###$//$$#$##/$1W#$#/#$/#$////$///##/#//&d 

DO V'OH -! OPEN OPEN ---

V'OL- I 'TLS 'TLHI I 

TRICE ~:~:Wffhl W/////II///////////II////II//////II//////II//II///II///////////////////////111/////////////11//11//& 

's II I I~I--=----'SC -I 'S:" ~~~ 
se V1H

VIL-

tSDD 

tSDZ 

NOTE 2 

I 

SE ~:~:.LLLl..uu..r..L.LLI.CLLLf.LLLl..uu..r..L.LLI.:.LL.LL.LLL.L~r..L.LLI.:.LL.LL.LLl.Luu..r..L.LLI.:.LL.LL.LLl.Lt.LJ '-_____ NO_TE_l ____ _ 

NOTE: 1. SE must be LOW to input new serial data, but the serial address register 
is incremented by SC regardless of SE. 

2. There must be no riSing edges on the SC input during this time period. 
3. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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SAM SERIAL INPUT 

SE ~lt= _____ = _____ t--__ --.::-=-_----lr 

tSAS 

VIH_-~~~--iJn77n~1-~~~--,L~n7Tn~n7Tn7T,n7n77T.n7n7~jr-~~~-~~n7T.~~~~-
SDO V IL _ ___ --"-'--__ n'-LLLLLLn. ___ --"-'----'r'l..l'-LLLLLLLi.'-LL'-LLLLi.'-LL'-LLLLL'-LL'-LLLn'--_V_AL_ID........:D I::..:N_""'-'ILJ..,'-LLLI VALID DIN 

SE ~lt= _____ -.:-:--_~ 
tse 

se ~lt= 

SDO 

SAM SERIAL OUTPUT 

tSEP 

tse 
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VRAM 

FEATURES 
• Industry standard pinout, timing and functions 
• High-performance CMOS silicon gate process 
• Single +5V ±10% power supply 
• Low power: 15mW standby; 275mW active, typical 
• Inputs and outputs are fully TTL and CMOS 

compatible 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
512-cycle refresh within 8ms 
No refresh required for Serial Access Memory 
Optional FAST PAGE MODE access cycles 

• Dual port organization: 256K x 4 DRAM port 
512 x 4 SAM port 

• Fast access times - 80ns random, 25ns serial 

SPECIAL FUNCTIONS 
• JEDEC Standard Function set 
• PERSISTENT MASKED WRITE 
• SPLIT READ TRANSFER 
• WRITE TRANSFER/SERIAL INPUT 
• ALTERNATE WRITE TRANSFER 
• BLOCK WRITE 

OPTIONS MARKING 
• Timing (DRAM, SAM) 

80ns, 25ns 
100ns,30ns 
120ns, 35ns 

• Packages 
Plastic SOJ 
Plastic ZIP 

GENERAL DESCRIPTION 

- 8 
-10 
-12 

DJ 
Z 

The MT42C8128 is a high-speed, dual port CMOS dy
namic random access memory or Video RAM (VRAM) 
containing 1,048,576 bits. These bits may be accessed either 
by an 8-bit wide DRAM port or by a 256 x 8-bit serial access 
memory (SAM) port. Data may be transferred bidirection
ally between the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 4 DRAM). Eight 256-bit data 
registers make up the SAM portion of the VRAM. Data I/ 0 
and internal data transfer are accomplished using three 
separate bidirectional data paths: the 8-bit random access 
I/O port, the eight internal 256 bit wide paths between the 
DRAM and the SAM, and the 8-bit serial I/ 0 port for the 

MT42C8128 
REV, 1191 3-131 

PRELIMINARY 

128Kx8 DRAM 
WITH 256 x 8 SAM 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(E-12) 

40 

39 

SC [ I 
SDQI [::J-:-2---::::-t 
SOQ2 [3 

SDQ3 4 

SDQ4 

TR/OE 
DQI 

DQ2 

DQ3 

DQ4 10 

Vccl 11 

ME!WE 12 

NC 13 

RAS 14 

NC 15 

A8 16 

A6 17 

A5 18 

A4 19 

Vcc2 20 

38 

37 

36 

35 
34 

33 

32 

31 

30 

29 

28 

27 
26 

25 

24 

23 

22 

21 '--___ ...J 

Vssl 
SOQ8 

SOO? 

SDQ6 

SDQ5 

SE 
OQ8 

DQ7 

OQ6 

OQ5 

Vss2 

OSF 

NC 

CAS 
QSF 

AD 

A1 

A2 

A3 

A7 

40-Pin ZIP 
(C-6) 

D05 1 
D06 ~ 

D07 3 , 
Sf 

~ D08 
5 , 

SDQ5 
SDQ6 7 , 

SDQ7 ~ 

SDQ8 9 , 
10 Vss1 

SC 11 , 
~ 12 SD01 

SDQ2 13 , 
~ 14 SDQ3 

SDQ4 15 , 
16 TRIm: 

DQ1 17 _-; 
DQ2 18 

DQ3 19 _-:; 
20 Vss2 

DQ4 21 , 
ME'iWE ~ 22 Vcc1 

23 , 
24 RAS ~ 

AB 25 , 
~ 26 A6 

Vss3 27 , 
28 NC 

A5 29 , 
30 A4 

NC 31 , 
~ 32 Vcc2 

A7 33 , 
34 A3 ~ 

A2 35 , 
36 A1 ~ 

AD 37 , 
QSF 38 

CAS 39 , 
40 DSF ~ 

SAM. The rest of the circuitry consists of the control, timing 
and address decoding logic. 

Each of the ports may be operated asynchronously and 
independently of the other except when data is being trans
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations of RAS 
addresses are executed at least every 8ms (regardless of 
sequence). Micron recommends evenly spaced refresh cycles 
for maximum data integrity. An internal transfer between 
the DRAM and the SAM counts as a refresh cycle. The SAM 
portion of the VRAM is fully static and does not require any 
refresh. 

The operation and control of the MT42C8128 is compat
ible with (and can be identical to) the operation of the 
MT42C4064 (64K x 4 VRAM). However, the MT42C8128 
offers several additional functions that may be used to 
increase system performance or ease critical timing require
ments. These "special functions" are described in detail in 
the following sections. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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Figure 1 
MT42C8128 BLOCK DIAGRAM 
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IVIIC:R9~ MT42C8128 

PIN DESCRIPTIONS 

SOJ PIN ZIP PIN 
NUMBERS NUMBERS SYMBOL TYPE OESCRIPTION 

1 11 SC Input Serial Clock: Clock input to the serial address counter for the SAM 
registers. 

6 16 TRIOE Input Transfer Enable: Enables an internal TRANSFER operation 
at RAS (H ~ L), or 
Output Enable: Enables the DRAM output buffers when 
taken LOW after RAS goes LOW (CAS must also be LOW), 
otherwise the output buffers are in a High-Z state. 

12 23 MEIWE Input Mask Enable: If MEIWE is LOW at the falling edge of RAS 
a MASKED WRITE cycle is performed, or 
Write Enable: MEIWE is also used to select a READ 
(MEIWE = H) or WRITE (MEIWE = L) cycle when accessing the 
DRAM. This includes a READ TRANSFER (MEIWE = H) or 
WRITE TRANSFER (ME/WE = L). 

35 5 SE Input Serial Port Enable: SE enables the serial I/O buffers and 
allows a serial READ or WRITE operation to occur, otherwise 
the output buffers are in a High-Z state. SE is also 
used during a WRITE TRANSFER operation to indicate 
whether a WRITE TRANSFER or a SERIAL INPUT MODE 
ENABLE cycle is performed. 

29 40 DSF Input Special Function Select: DSF is used to indicate which special 
functions (BLOCK WRITE, MASKED WRITE vs. PERSISTENT 
MASKED WRITE, etc.) are used for a particular access cycle. 

14 24 RAS Input Row Address Strobe: RAS is used to clock in the 9 row-
address bits and as a strobe for the MEIWE, TRIOE, DSF, SE, 
CAS and DO inputs. 

27 39 CAS Input Column Address Strobe: CAS is used to clock in the 8 column-
address bits, enable the DRAM output buffers (along with TRIOE), 
and as a strobe for the DSF input. 

16,17,18 37,36,35 AD to A8 Input Address Inputs: For the DRAM operation, these inputs are multiplexed 
19,21,22 34,30,29 and clocked by RAS and CAS to select one 8-bit word out of the 128K 
23,24,25 26,33,25 available. During TRANSFER operations, AO to A8 indicate the DRAM 

row being accessed (when RAS goes LOW) and AO-A7 indicate the 
SAM start address (when CAS goes LOW). A7, A8 = "don't care" for 
the start address when doing SPLIT TRANSFER. 

7,8,9,10,31 17,18,19,21 D01 - D08 Input! DRAM Data 1/0: DRAM input!Output for DRAM cycles; inputs for 
32,33,34 1,2,3,4 Output Mask Data Register and Color Register load cycles, and Bit and 

Column Mask inputs for BLOCK WRITE. 

2,3,4,5,36 12,13,14,15 SD01 -SD08 Input! Serial Data 1/0: Input, output, or High-Z. 
37,38,39 6,7,8,9 Output 

26 38 OSF Output Split SAM Status: OSF indicates which half of the SAM is being 
accessed. LOW if address is 0-127, HIGH if address is 128-255. 

28 28, 31 NC - No Connect: This pin should be either left unconnected or tied 
to ground. 

11,20 22,32 Vcc Supply Power Supply: +5V ±1 0% 

30,40 10,20,27 Vss Supply Ground 
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PRELIMINARY 

I'IIIC=RgN MT42C8128 

FUNCTIONAL DESCRIPTION 
The MT42CS12S can be divided into three functional 

blocks (see Figure 1): the DRAM, the transfer circuitry, and 
the SAM. All of the operations described below are shown 
in the AC Timing Diagrams section of this data sheet and 
summarized in the Truth Table. 

Note: For dual-function pins, the function that is not 
being discussed will be surrounded by parentheses. 
For example, when discussing transfer operations, 
the TRIOE pin will be shown as TRI(OE). 

DRAM OPERATION 

DRAM REFRESH 

Like any DRAM based memory, the MT42CS12S VRAM 
must be refreshed to retain data. All 512 row address 
combinations must be accessed within Sms. The MT42CS12S 
supports CA5-BEFORE-RAS, RAS ONLY and HIDDEN 
types of refresh cycles. 

For the CA5-BEFORE-RAS REFRESH cycle, the row ad
dresses are generated and stored in an internal address 
counter. The user need not supply any address data, and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the Sms time period. 

The refresh address must be generated externally and 
applied to AD-AS inputs for RAS-ONL Y REFRESH cycles. 
The DQ pins remain in a High-Z state for both theRA5-0NLY 
and CA5-BEFORE-RAS cycles. 

HIDDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performsCA5-BEFORE-RAS cycles but does not 
disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
portion of the MT42CS12S is fully static and does not 
require any refreshing. 

DRAM READ AND WRITE CYCLES 

The DRAM portion of the VRAM is nearly identical to 
standard 256K x 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this part, several conditions that were undefined or in 

"don't care" states for the DRAM are specified for the 
VRAM. These conditions are highlighted in the following 
discussion. In addition, the VRAM has several special func
tions that can be used when writing to the DRAM. 

The 17 address bits that are used to select a 8-bit word 
from the 131,072 available are latched into the chip using 
the AD-AS, RAS and CAS inputs. First, the nine row-ad
dress bits are set up on the address inputs and clocked into 
the part when RAS transitions from HiGH to LOW. Next, 
the S column address bits are set up on the address inputs 
and clocked-in when CAS goes from HIGH to LOW. 

For single port DRAMS, the OE pin is a "don't care" when 
RAS goes LOW. However, for the VRAM, when RAS goes 
LOW, (TR)/OE selects between DRAM access orTRAN5-
FER cycles. (TR) / OE must be HIGH at the RAS HIGH-to
LOW transition for all DRAM operations (except CA5-
BEFORE-RAS). 

If (ME)/WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1-DQS port. The (TR)/ 
OE input must transition from HIGH to LOW sometime 
after RAS falls to enable the DRAM output port. 

For single port normal DRAMs, WEisa "don't care" when 
RAS goes LOW. For the VRAM, ME/(WE) is used, when 
RAS goes LOW, to select between a MASKED WRITE cycle 
and a normal WRITE cycle. If ME/(WE) is LOW at the 
RAS HIGH to LOW transition, a MASKED WRITE opera
tion is selected. For any DRAM acce~cle (READ or 
WRlTE),ME/(WE) must be HIGH at theRAS HIGH-to-LOW 
transition. If (ME)/WE is LOW before CAS goes LOW, a 
DRAM EARLY-WRITE operation is performed and the 
data present on the DQ1-DQS data port will be written into 
the selected memory cells. If (ME) /WE goes LOW after 
CAS goes LOW, a DRAM LATE-WRITE operation is per
formed. Refer to the AC timing diagrams. 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ
MODIFY-WRITE, FAST-PAGE-MODE READ, FAST
PAGE-MODE WRITE (Late or Early), and FAST-PAGE
MODE READ-MODIFY-WRITE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 
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NON PERSISTENT MASKED WRITE 

The MASKED WRITE feature eliminates the need to do a 
READ-MODIFY-WRITE cycle when changing only specific 
bits within a 8-bit word. The MT42C8I28 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

IfME/(WE) and DSF are LOW at the RAS HIGH-to-LOW 
transition, a NONPERSISTENT MASKED WRITE is per
formed and the data (mask data) present on the DQI-DQ8 
inputs will be written into the mask data register. The mask 
data acts as an individual write enable for each of the eight 
DQI-DQ8 pins. If a LOW (logic "0") is written to a mask 
data register bit, the input port for that bitis disabled during 
the subsequent WRITE operation and no new data will be 
written to that DRAM cell location. A HIGH (logic "1") on 
a mask data register bit enables the input port and allows 

PRELIMINARY 

normal WRITE operation to proceed. Note that CAS is still 
HIGH. When CAS goes LOW, the bits present on the DQI
DQ8 inputs will be either written to the DRAM (if the mask 
data bit is HIGH) or ignored (if the mask data bit is LOW). 
The DRAM contents that correspond to masked input bits 
will not be changed during the WRITE cycle. The MASKED 
WRITE is non persistent (must be re-entered at every RAS 
cycle) if DSF is LOW when RAS goes LOW. The mask data 
register is cleared at the end of every NONPERSISTENT 
MASKED WRITE. FAST PAGE MODE can be used with 
NONPERSISTENT MASKED WRITE to write several col
umn locations in an addressed row. The same mask is used 
during the entire FAST-PAGE-MODE RAS cycle. An ex
ample NONPERSISTENT MASKED WRITE cycle is shown 
in Figure 2. 

1-- NONPERSISTENT MASKED WRITE -1 ..... --- NONPERSISTENT MASKED WRITE -I 
RAS 

CAS 

MEIWE 

DSF 

STORED 

DATA 

.. 

1 

o 
o 
o 
1 

1 

o 

\'----------'/ \ I 

MASK 

o 
1 

o 

o 

o 

ADDRESS 0 

\'-------'/ 

INPUT STORED STORED MASK 

DATA 

x 
o .-----~ 0 

X 0 
1 .-----~ 

X 0 
o .-----~ 0 

X 1 

o .-----~ 0 

DATA (RE-WRITE) 

o 
o 
o 
o 
o 
o 
o 
o 

o 
1 

o 

o 
1 

o 

------------.~ ..... -------------

\'--__ ~I 

INPUT 

x 
1 .-----~ 

X 
1 .-----~ 

X 
o .-----~ 
X 
o .-----~ 

ADDRESS 1 

STORED 

DATA 

o 

o 
1 

o 
o 
o 
o 

~ 

X = NOT EFFECTIVE (DON'T CARE) 

Figure 2 
NONPERSISTENT MASKED WRITE EXAMPLE 
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PERSISTENT MASKED WRITE 

The PERSISTENT MASKED WRITE feature eliminates 
the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking ME/(WE) 
and DSF HIGH when RAS goes LOW. The mask data is 
loaded into the internal register when CAS goes LOW. Mask 
data may also be loaded into the mask register by perform
ing a NONPERSISTENT MASKED WRITE cycle before the 
PERSISTENT MASKED WRITE cycles. 

PERSISTENT MASKED WRITE cycles may then be per
formed by taking ME/(WE) LOW and DSF HIGH when 
RAS goes LOW. The contents of the mask data register will 
then be used as the mask data for the DRAM inputs. Unlike 
the NONPERSISTENT MASKED WRITE cycle, the data 

present on the DQ inputs is not loaded into the mask 
register when RAS falls and the mask data register will not 
be cleared at the end of the cycle. Any number of PERSIS
TENT MASKED WRITE cycles, to any address, may be 
performed without having to reload the mask data register. 
Figure 3 shows the LOAD MASK REGISTER and two 
PERSISTENT MASKED WRITE cycles in operation. The 
LOAD MASK REGISTER and PERSISTENT MASKED 
WRITE cycles allow controllers, that cannot provide mask 
data to the DQpins atRAS time, to perform MASKED WRITE 
operations. PERSISTENT MASKED WRITE operations can 
be performed during FAST PAGE MODE cycles and the 
same mask will apply to all addressed columns in the 
addressed row. 

1- LOAD MASK REGISTER -I +----PERSISTENT MASKED WRITE -1- PERSISTENT MASKED WRITE -I 
RAS 

CAS 

MEIWE 

DSF 

~'------~/ \'------_/ \'-_____ r 
. 

\ / \ / 

\'--~-----~-~------~-~-----

VI/////J!I/////I!//!/////III!! 

MASK 

0 

0 
1 

0 

STORED 

DATA 

1 

0 

0 

1 

o 
o 

BEFORE 

APPLY 

MASK 

REG. 

YIII/ /#/////////////!/ /111/// 

INPUT STORED 

DATA 

X 
o ._". 
X 
1 ._". 

X 1 
o --". 0 
1 --". 

X 

STORED 

DATA 

0 

0 

0 

0 

0 

o 
o 

AFTER BEFORE 

INPUT STORED 

DATA 

X 

1 ._--". 

APPLY 
X 0 

MASK 
1 ._--". 

REG. 
X 

0 ----3>- 0 
1 ----3>- 1 

X 0 
AFTER (Stored in 

Mask Data 

Register) 
---- ADDRESS 0 ---..... ---- ADDRESS 1 

X = NOT EFFECTIVE (DONT CARE) 

~ DONTCARE 

Figure 3 
PERSISTENT MASKED WRITE EXAMPLE 
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COLUMlL 
(A2-A7 at CAS) 

...--'---+---~~ r ~ 

:: .. __ mmmmlfrrrrH ii' 

COLUMN MASK (AO,A1) 
ON THE INPUTS AT CAS 

MASK 
DATA 

REGISTER 

(MASKED WRITE IS OPTIONAL, 
AND MAY BE EITHER PERSISTENT 

OR NONPERSISTENT.) 

LOAD 

i: :: 

..-

/:~: 
1 •• ;/;. (D06) 

.. I· / (D05) 

RE~~~~ --+ LL..JcoLLO.LR..JRE-GL'ST..lER-L...J 
(must be previously loaded) 

Figure 4 
BLOCK WRITE EXAMPLE 

BLOCK WRITE 

If DSF is HIGH when CAS goes LOW, the MT42C8128 
will perform a BLOCK WRITE cycle instead of a normal 
WRITE cycle. In BLOCK WRITE cycles, the contents of the 
color register are directly written to four adjacent column 
locations (see Figure 4). The color register must be loaded 
prior to beginning BLOCK WRITE cycles (see LOAD 
COLOR REGISTER). 

The ROW is addressed as in a normal DRAM WRITE 
cycle. However when CAS goes LOW, only the A2-A7 in
puts are used. A2-A7 specify the "block" of four adjacent 
column locations that will be accessed. The DQ inputs 
(DQl, 2, 3, and 4) are then used to determine what combi
nation of the four column locations will be changed. The 
table on this page illustrates how each of the DQ inputs is 
used to selectively enable or disable individual column 

locations within the block. The Write Enable controls are 
active HIGH; a logic "1" enables the WRITE function and a 
logic "0" disables the WRITE function. 

The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
register is written to the four column locations (or any of the 
four that are enabled) in the corresponding DQ bit plane. 

Address Controlled 
INPUTS AD A1 

D01 0 0 

D02 1 0 

D03 0 1 

D04 1 1 
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NONPERSISTENT MASKED BLOCK WRITE 

The MASKED WRITE functions can also be used during 
BLOCK WRITE cycles. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NON
PERSISTENT MASKED WRITE except the mask is now 
applied to four column locations instead of just one column 
location. 

Like NONPERSISTENT MASKED WRITE, the combina
tionofME/ (WE) LOW and DSFLOW whenRAS goes LOW 
initiates a NONPERSISTENT MASK cycle. The DSF pin 
must be driven HIGH when CAS goes LOW, to perform a 
NONPERSISTENT MASKED BLOCK WRITE. By using 
both the column mask input and the MASKED WRITE 
function, any combination of the eight bit planes can be 
masked and any combination of the four column locations 
can be masked. 

PERSISTENT MASKED BLOCK WRITE 

This cycle is also performed exactly like the normal 
PERSISTENT MASKED WRITE except that DSF is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE 
function. Both the mask data register and the color register 
must be loaded with the appropriate data prior to starting 
a PERSISTENT MASKED BLOCK WRITE. 

LOAD MASK DATA REGISTER 

The LOAD MASK REGISTER operation and timing are 
identical to a normal WRITE cycle except that DSF is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 

combination ofTR/(OE), ME/(WE), and DSFbeing HIGH 
when RAS goes LOW indicates the cycle is a LOAD REG
ISTER cycle. DSF is used when CAS goes LOW to select the 
register to be loaded and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 
register is disabled but not modified. The contents of 
mask data register will not be changed unless a 
NONPERSISTENT MASKED WRITE cycle or a 
LOAD MASK REGISTER cycle is performed. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
eight DQ planes. 

LOAD COLOR REGISTER 

A LOAD COLOR REGISTER cycle is identical to the 
LOAD MASK REGISTER cycle except DSF is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 
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TRANSFER OPERATIONS 

TRANSFER operations are initiated when TR/(OE) is 
LOW then RAS goes LOW. The state of (ME)/WE when 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER, SPLIT READ TRANSFER, and 
ALTERNATE WRITE TRANSFER cycles. Each of the 
TRANSFER cycles available is described below. 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 

If (ME) /WE is HIGH and DSF is LOW when RAS goes 
LOW, a READ TRANSFER cycle is selected. The row ad
dress bits indicate the eight 256-bit DRAM row planes that 
are to be transferred to the eight SAM data register planes. 
The column address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every TRANSFER in order to 
load a valid Tap address. A read transfer may be accom-

I 

RAS \ ~ 
I 

CAS \ ~ \ 

plished two ways. If the transfer is to be synchronized with 
SC (REAL-TIME READ TRANSFER), TR/(OE) is taken 
HIGH after CAS goes LOW. If the transfer does not have to 
be synchronized withSC(READTRANSFER), TR/ (OE) may 
go HIGH before CAS goes LOW (refer to the AC Timing 
Diagrams). The 2048 bits of DRAM data are written into the 
SAM data registers and the serial shift start address is 
stored in aninternal8-bit register. QSFwill be LOW if access 
is from the lower half (addresses 0 through 127), and HIGH 
if access is from the upper half (128 through 255). If SE is 
LOW, the first bits of the new row data will appear at the 
serial outputs with the first SC clock pulse. SE enables the 
serial outputs and may be either HIGH or LOW during this 
operation. The SAM address pointer will increment with 
the SC LOW to HIGH transition, regardless of the state of 
SE. Performing a READ TRANSFER cycle sets the direction 
of the SAM I/O buffers to the output mode. 

I I 

.//lI#P#!lII#//#j/~ Illlll 
I I 

.!lP$#$I/I!lII~ \ IlllJ 
I I I 

AD-AS ~7771/fi777Wh777W~7771/1~-rrJ~/X ROW 0 X "2;~;~ X1'114:rWlI/I/11#/I/lI//!II$4/X ROW 1 X AR;~ ... ~~p X 
I I I 

MEIWE 1fIl 777T""--"~77l1~=W~'77W~777W~7771h7r.1/~'7TWr77'W~777W~77l1h'7T7i~p 'VPI;$/p;$p$!l4(1/$/P/I$/j/$;$4t;""-'<0""/'I""'W~=1~=W~=W~""'w~=~~=w~~~ 

TRto"E "\ 17 ~N {~ ~N 
I I I 

OSF Th f$/!I!I/PI/I/$II!!I#II. '0'IP/$//$/;$#$I$//$/lPIP;$/471 WIII!$$$!/J/& 
I I I 

sc ~~/\--f\--I7/\--f\--F 

(NORMAL) READ TRANSFER 

FROM: Rowa 
TO: FULL SAM 
SAM 1/0 IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(OSF GOES LOW) 

SPLIT READ TRANSFER 

FROM: Rowa 
TO: UPPER SAM, 
TAP ADDRESS = a 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 

Figure 5 

SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (QSF 
GOES HIGH) 

SPLIT READ TRANSFER 

FROM: ROW 1 
TO: LOWER SAM, 
TAP ADDRESS = a TO 127 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(QSF REMAINS HIGH) 

~ DON'T CARE 

m UNDEFINED 

TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE 
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SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER (SRT) cycle eliminates the 
critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles, the REAL-TIME READ TRANSFER cycle has to 
occur immediately after the last bit of "old data" was 
clocked out of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data can be transferred to the other half. The transfer can 
occur at any time while the other half is sending data and 
need not be synchronized with the SC clock. 

The TR/ (OE) timing is also relaxed for SPLIT TRANSFER 
cycles. The rising edge of TR/ (OE) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
rising edges ofRAS orCAS. The transfer timing is generated 
internally for SPLIT TRANSFER cycles. A SPLIT READ 
TRANSFER does not change the direction of the SAM port. 

A normal, non-split READ TRANSFER cycle must pre
cede any sequence of SPLIT READ TRANSFER cycles to 
provide a reference to which half of the SAM the access will 
begin and set SAM I/O direction. Then SPLIT READ 
TRANSFERS may be initiated by taking DSF HIGH when 
RAS goes LOW during the TRANSFER cycle. As in non-split 
transfers, the row address is used to specify the DRAM row 
to be transferred. The column address, AO-A6, is used to 
input the SAM Tap address. AddresspinA7isa "don't care" 
when the Tap address is loaded at the HIGH to LOW 
transition of CAS. It is internally generated so that the SPLIT 
TRANSFER will be to the SAM half not currently being 
accessed. 

Figure 5 shows a typical SPLIT -READ-TRANSFER initia
tion sequence. The normal READ TRANSFER is first per
formed, followed by a SPLIT READ TRANSFER of the same 
row to the upper half of the SAM. The purpose of the SPLIT 
TRANSFER of the same data is to initiate the split SAM 
operating mode and load the Tap address. Serial access 
continues, and when the SAM address counter reaches 127 
(" A7" =0, AO-A6= 1) the new Tap address is loaded for the 
next half ("A7"=1, AO-A6=Tap) and the QSF output goes 
HIGH. Once the serial access has switched to the upper 
SAM, new data may be transferred to the lower SAM. The 
controller must wait for the state of QSF to change and then 
the new data may be transferred to the SAM half not being 
accessed. For example, the next step in Figure 5 would be to 
wait until QSF went LOW (indicating that row-1 data is 
shifting outthe lower SAM) and then transfer the upper half 
of row 1 to the upper SAM. if the half boundry is reached, 
before a SRT is done for the half, a Tap address of "0" will 
be used. Access will start at 0 if going to the lower half, 128 
if going to the upper. See Figure 6. 

PRELIMINARY 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

The operation of the WRITE TRANSFER is identical to 
that of the READ TRANSFER described previously except 
(ME) /WE and SE must be LOW when RAS goes LOW. The 
row address indicates the DRAM row to which the SAM 
data registers will be written. The column address (Tap) 
indicates the starting address of the next SERIAL INPUT 
cycle for the SAM data registers. A WRITE TRANSFER 
changes the direction of the SAM I/O buffers to the input 
mode. QFS is LOW if access is to the lower half of the SAM, 
HIGH if to the upper. 

PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE 
ENABLE) 

The PSEUDO WRITE TRANSFER cycle is used to change 
the direction of SAM port from output to input without 
performing a WRITE TRANSFER cycle. A PSEUDO WRITE 
TRANSFERcycleisa WRITE TRANSFER cycle with SE held 
HIGH instead of LOW. The DRAM data will not be dis
turbed and the SAM will be ready to accept input data. 

ALTERNATE WRITE TRANSFER (SAM-TO-DRAM 
TRANSFER) 

The operation of the ALTERNATE WRlTETRANSFERis 
identical to the WRITE TRANSFER except that the DSF pin 
is HIGH and (ME)/WE is LOW when RAS goes LOW, al
lowing SE to be a "don't care." This allows the outputs to be 
disabled using SE during a WRITE TRANSFER cycle. 

POWER-UP AND INmALIZA nON 

When Vcc is initially supplied or when refresh is inter
rupted for more than 8ms, the MT42C8128 must be initial
ized. 

After Vcc is at specified operating conditions, for lOOIlS 
minimum, eight RAS cycles must be executed to initialize 
the dynamic memory array. When the device is initialized 
the DRAM 1/ 0 pins (DQs) are in a High-Z state, regardless 
of the state of (TR) / OE. The DRAM array will contain ran
dom data. QSF will be drawing data. 

The SAM portion of the MT42C8128 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the serial input mode 
(WRITE TRANSFER) and the 1/ o pins (SDQs) will be High
Z, regardless of the state of SEa,b. The mask and color reg
ister will contain random data after power-up. 

~~ ___ T~r __________ ~'~~~~~~~~~~~ ________ ~jll 
I S!artS~' _ 

NOSRT 

Figure 6 
SPLIT SAM TRANSFER 
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TRUTH TABLE 

CODE FUNCTION 1m FALLING EDGE ~FALL AD· A81 001.0082 REGISTERS . 

W 'MIllE Mr/wt DSF lE DSF HAS W lIAS W 3 MASK COLOR! 
A8=X WE" 

DRAM OPERATIONS 

CBR "CAS"-BEFORE-l'IAS" REFRESH 0 X 1 X X X - X - X X X 

ROR tiAS-ONL Y REFRESH 1 1 X X X - ROW - X - X X 

RW NORMAL DRAM READ OR WRITE 1 1 1 0 X 0 ROW COLUMN X VALID X X 

RWNM NONPERSISTENT (LOAD AND USE) MASKED 1 1 0 0 X 0 ROW COLUMN WRITE VALID LOAD & X 
WRITE TO DRAM MASK DATA USE 

RWOM PERSISTENT (USE REGISTER) MASKED 1 1 0 1 X 0 ROW COLUMN X VALID USE X 
WRITE TO DRAM DATA 

BW BLOCK WRITE TO DRAM (NO DATA MASK) 1 1 1 0 X 1 ROW COLUMN X COLUMN X USE 
(A2-A7) MASK 

BWNM NONPERSISTENT (LOAD & USE) MASKED 1 1 0 a X 1 ROW COLUMN WRITE COLUMN LOAD & USE 
BLOCK WRITE TO DRAM MASK MASK USE 

BWOM PERSISTENT (USE MASKED REGISTER) MASKED BLOCK 1 1 a 1 X 1 ROW COLUMN X COLUMN USE USE 
WRITE TO DRAM (A2-A7) MASK 

REGISTER OPERATIONS 

LMR LOAD MASK REGISTER 1 1 1 1 X a ROW< X X WRITE LOAD X 
MASK 

LCR LOAD COLOR REGISTER 1 1 1 1 X 1 ROW< X X COLOR X LOAD 
DATA 

TRANSFER OPERATIONS 

RT READ TRANSFER (DRAM-TO-SAM TRANSFER) 1 a 1 a X X ROW TAP' X X X X 

SRT SPLIT READ TRANSFER (SPLIT DRAM-TQ-SAM TRANSFER) 1 0 1 1 X X ROW TAP" X X X X 

WT WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 1 a a a a X ROW TAP" X X X X 

PWT PSEUDO WRITE TRANSFER (SERIAL-INPUT- MODE ENABLE) 1 0 a a 1 X ROW' TAP" X X X X I 

AWT ALTERNATE WRITE TRANSFER 1 0 a 1 X X ROW TAP" X X X X 
I (SAM-TO-DRAM TRANSFER) 

NOTE: 1. These columns ShOW what must be present on the AO-A8 inputs when RAS falls and AD-A7 when CAS falls. 
2. These columns show what must be present on the DQ1·DQ8 inputs when RAS falls and when CAS falls. 
3. On WRITE cycles, the input data is latched at the falling edge of CAS or MElWE, whichever is later. Similarly, on READ cycles, the 

output data is latched at the falling edge of CAS' or TRiOE, whichever is later. 
4. The ROW that is addressed will be refreshed, but no particular ROW address is required. 
5. This is the SAM location that the first SC cycle will access. For Split SAM transfers, the Tap will be the first address location accessed of 

the "new" SAM half after the boundary of the current half is reached (127 for lower half, 255 for upper half). 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, TaCAmbient} ........... O°C to +70°C 
Storage Temperature CPlastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C ~ T A ~ 70°C; Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
(any input (OV~VIN~VCC), all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT 
(DO, SOO disabled, OV~VOUT~VCC) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 

Output Low Voltage (lOUT = 2.5mA) 

CAPACITANCE 

PARAMETER 

Input Capacitance: AD-As 

Input Capacitance:"RAS, CAS, MElWE, TRioE, SC, SE, OSF 

Input/Output Capacitance: DO, SOO 

Output Capacitance: OSF 

PRELIMINARY 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 ~ 

loz -10 10 ~ 

VOH 2.4 V 

VOL 0.4 V 1 

SYMBOL MIN MAX UNITS NOTES 

Cll 5 pF 2 

CI2 8 pF 2 

CliO 9 pF 2 

Co 9 pF 2 
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CURRENT DRAIN, SAM IN STANDBY 
(O°C ~ TA ~ 70°C; Vcc = 5.0V ± 10%) MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 UNITS NOTES 

OPERATING CURRENT ICCI 90 80 70 mA 3,4 
(RAS and CAS = Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc2 70 60 50 mA 3,4 
(RAS = VIL; CAS = Cycling: tpc = tpc (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS Icc3 10 10 10 mA 
Power supply standby current (RAS=CAS=VIH after 8 RAS cycles min) 

REFRESH CURRENT: RAS-ONL Y Icc4 90 80 70 mA 3 
(RAS=Cyciing; CAS=VIH) 

REFRESH CURRENT: Icc5 80 70 60 mA 3,5 
CAS-BEFORE-RAS (RAS and CAS=Cycling) 

SAM/DRAM DATA TRANSFER Icc6 95 85 75 mA 3 

CURRENT DRAIN, SAM ACTIVE (tsc = MIN) 
(O°C ~ T A ~ 70°C; Vcc = 5.0V ± 10%) MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 UNITS NOTES 

OPERATING CURRENT Icc7 130 120 110 mA 3,4 
(RAS and CAS = Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc8 110 100 90 mA 3,4 
(RAS = VIL; CAS = Cycling: tpc = IpC (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS Icc9 50 45 40 mA 3,4 
Power supply standby current (RAS=CAS=VIH after 8 RAS cycles min) 

REFRESH CURRENT: RAS-ONL Y ICC10 130 120 110 mA 3,4 
(RAS=Cycling; CAS=VIH) 

REFRESH CURRENT: ICCII 120 110 100 mA 3,4,5 
CAS-BEFORE-RAS (RAS and CAS=Cyciing) 

SAM/DRAM DATA TRANSFER ICC12 135 125 115 mA 3,4 
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DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C S; TA S; +70°C; Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -8 -10 
PARAMETER SYM MIN MAX MIN MAX 
Random READ or WRITE cycle time IRC 150 180 
READ-MODIFY-WRITE cycle time tRWC 205 235 
FAST-PAGE-MODE READ or WRITE tpc 45 55 
cycle time 

FAST-PAGE-MODE READ-MODIFY-WRITE tPRWC 100 110 
cycle time 

Access time from RAS tRAC 80 100 
Access time from CAS tCAC 20 25 
Access time fromjTR)lOE tOE 20 25 
Access time from column address tAA 40 50 
Access time from CAS precharge tCPA 45 55 
RAS pulse width tRAS 80 10 000 100 10 000 
RAS pulse width (FAST PAGE MODE) tRASP 80 100,000 100 100,000 
RAS hold time tRSH 20 25 
RAS precharlle time tRp 60 70 
CAS pulse width ICAS 20 10,000 25 10,000 
CAS hold time tCSH 80 100 
CAS precharlle time ICPN 15 15 
CAS precharae time (FAST PAGE MODE) tcp 10 10 
RAS to CAS delay time tRCD 20 55 20 70 
CAS to RAS precharae time tCRP 5 5 
Row address setup time tASR 0 0 
Row address hold time tRAH 12 15 
RAS to column tRAD 17 40 20 50 
address delay time 

Column address setup time IASC 0 0 
Column address hold time 'CAH 20 20 
Column address hold time 'AR 60 70 
(referenced to RAS) 

Column address to 'RAL 40 50 
RAS lead time 

Read command setup time 'RCS 0 0 
Read command hold time 'RCH 0 0 
(referenced to CAS) 

Read command hold time 'RRH 0 0 
(referenced to ro\S) 

CAS to output in Low-Z 'CLl 0 0 
Output buffer turn-off delay 'OFF 0 20 0 20 
Output Disable 'OD 0 20 0 20 
Output Disable hold time from start of write 'OEH 15 15 
Output Enable to RAS delay 'ORD 0 0 
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-12 
MIN MAX UNITS NOTES 
210 ns 

280 ns 

65 ns 

140 ns 

120 ns 14 
30 ns 15 
30 ns 
60 ns 

65 ns 
120 10 000 ns 
120 100,000 ns 

30 ns 

80 ns 
30 10,000 ns 
120 ns 
20 ns 16 
15 ns 
25 85 ns 17 
10 ns 

0 ns 
15 ns 

20 60 ns 18 

0 ns 

25 ns 

85 ns 

60 ns 

0 ns 

0 ns 19 

0 ns 19 

0 ns 
0 30 ns 20,23 
0 30 ns 23 

20 ns 27 
0 ns 



DRAM TIMING PARAMETERS (Continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ::; TA::; +70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 
PARAMETER SYM MIN MAX MIN MAX 
Write command setup time 'wcs 0 0 
Write command hold time 'WCH 15 20 

Write command hold time 'WCR 60 70 
(referenced to "RAS) 

Write command pulse width 'WP 15 15 
Write command to RAS lead time 'RWL 20 20 
Write command to CAS lead time 'CWL 20 20 
Data-in setup time 'DS 0 0 
Data-in hold time 'DH 20 20 
Data-in hold time 'DHR 60 70 
(referenced to RAS) 

RAS to WE delay time 'RWD 110 130 
Column address 'AWD 70 80 
to WE delay time 

CAS to WE delay time 'CWD 50 55 
Transition timeirise or fall) 'T 3 50 3 50 
Refresh period (512 cycles) 'REF 8 8 
RAS to CAS precharge time 'RPC 0 0 
CAS setup time 'CSR 10 10 
(CAS-BEFORE-RAS REFRESH) 

CAS hold time 'CHR 30 30 
(CAS-BEFORE-RAS REFRESH) 

ME/~ to RAS setup time 'WSR 0 0 
ME/WE to RAS hold time 'RWH 10 15 
Mask Data to RAS setup time 'MS 0 0 
Mask Data to RAS hold time 'MH 10 15 

3-145 

MIN 
0 
25 

85 

20 

25 
25 
0 

25 

90 

160 
100 

70 

3 

0 
10 

30 

0 
15 

0 
15 

PRELIMINARY 

-12 
MAX UNITS NOTES 

ns 21 

ns 

ns 

ns 

ns 
ns 
ns 22 

ns 22 

ns 

ns 21 
ns 21 

ns 21 

50 ns 9, 10 
8 ms 

ns 

ns 5 

ns 5 

ns 
ns 

ns 
ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6,7,8,9,10) (0° C:S; TA:S; + 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 
PARAMETER SYM MIN MAX MIN MAX 
TRANSFER command to RAS setup time ITlS 0 0 
TRANSFER command to RAS hold time ITlH 12 10000 15 10000 
TRANSFER command to RAS hold time IRTH 70 10,000 80 10,000 
(REAL-TIME READ-TRANSFER only) 

TRANSFER command to CAS hold time ICTH 20 25 
(REAL-TIME READ-TRANSFER only) 

TRANSFER command 10 column address hold lATH 25 30 
time (for REAL TIME READ TRANSFER only) 

TRANSFER command to SC lead time ITSl 5 5 
TRANSFER command to RAS lead time ITRl 0 0 
TRANSFER command to RAS delay time ITRD 15 15 
TRANSFER command to CAS time ITCl 0 0 
TRANSFER command to CAS delay time ITCD 15 15 
First SC edge to Transfer tTSD 10 10 
command delay time 

Serial output buffer turn-off ISDl 10 35 10 40 
delay from RAS 

SC to RAS setup time ISRS 30 30 
RAS to SC delay time ISRD 20 25 
Serial data input to SE delay time ISlE 0 0 
RAS to SD buffer turn-on time ISRO 10 15 
Serial data input delay from RAS ISDD 45 50 
Serial data input to RAS delay time ISlS 0 0 
Serial-input-mode enable tESR 0 0 
(SE) to RAS setup time 

Serial-input-mode enable IREH 12 15 
(SE) to RAS hold time 

NONTRANSFER command lyS 0 0 
to RAS setup time 

NONTRANSFER command to RAS hold time IYH 12 15 
DSF to RAS setup time IFSR 0 0 
DSF to RAS hold time IRFH 12 15 
SC to OSF delay time ISOD 25 30 
SPLIT TRANSFER setup time ISTS 30 35 
SPLIT TRANSFER hold time ISTH 30 35 
RAS to OSF delay time IROD 65 85 
DSF to RAS hold time IFHR 60 65"" 

DSF to CAS" Set up time IFSC 0 0 
DSF to CAS hold time CFH 15 20 
TRIOE to OSF delay time ITOD 25 30 
CAS to OSF delay time ICOD 35 40 
RAS to first SC delay IRSD 80 95 
CAS to first SC delay ICSD 20 25 
Column address valid to first SC delay IASD 45 55 
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PRELIMINARY 

-12 
MIN MAX UNITS NOTES 
0 ns 25 
15 10000 ns 25 
90 10,000 ns 25 

30 ns 25 

35 ns 25 

5 ns 25 
0 ns 25 
15 ns 25 
0 ns 25 
15 ns 25 
10 ns 25 

10 50 ns 

40 ns 

30 ns 

0 ns 

15 ns 

55 ns 

0 ns 

0 ns 

15 ns 

0 ns 26 

15 ns 26 
0 ns 
15 ns 

35 ns 

40 ns 
40 ns 

105 ns 

ns 
0 ns 

ns 

35 ns 

45 ns 

105 ns 

35 ns 
65 ns 



SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C ::;; T A::;; + 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 

PARAMETER SYM MIN MAX MIN MAX 
Serial clock-cycle time tsc 25 30 
Access time from SC tSAC 25 25 
SC orecharae time (SC LOW time\ tsp 10 10 
SC pulse width (SC HIGH time) tSAS 10 10 
Access time from Sl: tSEA 15 20 
SE prechame time tSEP 10 15 
SE pulse width tSE 10 15 

Serial data-out hold time after ISOH 5 5 
SC high 

Serial output buffer turn-off tSEZ 0 12 0 15 
delay from SE 

Serial data-in setup time ISDS 0 0 
Serial data-in hold time SDH 10 15 

Serial input (Write) Enable ISWS 0 0 
setup time 

Serial input (Write) Enable ISWH 10 15 
hold time 

Serial input (Write) Disable tSWIS 0 0 
setup time 

Serial input (Write) Disable tSWIH 10 15 
hold time 
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MIN 
35 

12 
12 

15 
15 

5 

0 

0 
20 

0 

20 

0 

20 

PRELIMINARY 

-12 

MAX UNITS NOTES 
ns 

35 ns 24 
ns 
ns 

30 ns 24 
ns 
ns 

ns 24 

25 ns 24 

ns 24 
ns 24 

ns 

ns 

ns 

ns 
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I'IIICI=U;!N MT 42C8128 

NOTES 
1. All voltages referenced to V ss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = 1M with IN = 3V and Vee = 5V. 
t..V 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading. Specified values 

are obtained with minimum cycle time and the output 
open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C :::; T A :::; 70°C) is assured. 

7. An initial pause of lOOl1s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the Sms refresh 
requirement is exceeded. 

S. AC characteristics assume 'T = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, DRAM data output (DQI-DQS) is high 
impedance. 

12. If CAS = VIL, DRAM data output (DQI-DQS) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva
lent to 1 TTL gates and l00pF. Output reference 
levels: VOH = 2.0V; VOL = O.SV. 

14. Assumes that tRCD < tRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that tRCD ;e: ~CD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed mGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

IS. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 

specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and leWD are restrictive 
operating parameters in LATE-WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If tWCS;e: 
twcs (MIN), the cycle is an EARLY -WRITE cycle and 
the data output will remain an open circuit through
out the entire cycle, regardless of TR/OE. If tWCS:::; 
twcs (MIN), the cycle is a LATE-WRITE and 
TR/ OE must control the output buffers during the 
write to avoid data contention. If tRWD ;e: ~WD 
(MIN), tA WD;e: tAWD (MIN) and tCWD;e: leWD 
(MIN), the cycle is a READ-WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions are met, the state of 
the output buffers (at access time and until CAS goes 
back to VIH) is indeterminate but the WRITE will be 
valid, if tOD and tOEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and ME/WE leading edge 
in LATE-WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
mGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes mGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 50pF. Output reference 
levels: VOH = 2.0V; VOL = O.SV. 

25. Transfer command means that TR/OE is LOW when 
RAS goes LOW. 

26. Non transfer command means that TR/OE is mGH 
when RAS goes LOW. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have tOD and tOEH met (OEmGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after tOEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 
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RAS VIH -
VIL -

I 

CAS 
VIH 
VIL :-.1 

ADDR ~:~: 

'CRP 

DRAM READ CYCLE 

'RAS 

'CSH 
I--------------------~'RS=H~-----I 

'RCD I CAS 

'AR 'I I ____ 'R~A~D ____ ~-----+I~I~~'=RA=LT_-----

'RRH 

I'---"A:;:::S,,-R_ , 'RAH ~I I~ 

~ COLUMN (nl 117),1, iJ'TIl I 1'7,1,1 iJrr.1 17711,1771 iJl77 /,17) /,I7J7J /,1/,'7,1/ /rr.,f 17z1, I lTA/,f/. ROW 

PRELIMINARY 

ROW 

,. 'WSR 'RWH _I I I 'RCS I I I 'RCH I 
MElwE ~:~-/,~ VI!IIII , 'FHR' I k I VII//1III=1IIImJ: 

'FSR 'RFHln ll- 'FSC I I'CFH ~ 
DSF ~:~- .--- - f//!///!////a- -- W///I/!///!/////!/l!A 

I I ::C 

00 :g- I'~ II '~I - --t ,~ '~j-__ OPEN_--

TRICE :l;///!/!!II - - \W//!$$/!/!$$/!//d ,------

I :~: I ~I 
'ORD 
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RAS VIH-
VIL-

CAS 
VIH-
VIL-

AOOR VIH 
VIL-

MEIWE VIH-
VIL 

OSF VIH 
VIL 

DRAM FAST-PAGE-MODE READ CYCLE 

ICSH IpC 

~ I ____ I-'-'RC"'O'--_I_IC""A"-S __ II~_--=IC.;...P_I ~II ___ I..:.CP'--II_=_ 

PRELIMINARY 

OPEN--

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST PAGE 
MODE. 
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PRELIMINARY 

IVIIC:Rg~ MT42C8128 

WRITE CYCLE FUNCTION TABLE1 

LOGIC STATES 
~ Falling Edge "CAS" Falling Edge FUNCTION 

A B C D E2 
liitEiWE DSF DQ (Input) DSF DQ (Input) 

1 0 X 0 DRAM Normal DRAM WRITE (or READ) 
Data 

0 0 Write 0 DRAM NONPERSISTENT (Load and Use) 
Mask Data (Masked) MASKED WRITE to DRAM 

0 1 X 0 DRAM PERSISTENT (Use Register) 
Data (Masked) MASKED WRITE to DRAM 

1 0 X 1 Column BLOCK WRITE to DRAM (No Data Mask) 
Mask 

0 0 Write 1 Column NONPERSISTENT (Load and Use) 
Mask Mask MASKED BLOCK WRITE to DRAM 

0 1 X 1 Column PERSISTENT (Use Register) 
Mask MASKED BLOCK WRITE to DRAM 

1 1 X 0 Write Load Mask Data Register 
Mask 

1 1 X 1 Color Load Color Register 
Data 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "0" and "E" for the WRITE cycle 
timing diagrams on the following pages. 

2. CAS or MEIWE, whichever occurs later. 
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PRELIMINARY 

I'IIIC::I=U;;!N MT 42C8128 

=:J 
tCRP L 

I tRAD 

tASR tRAH 

ROW 

~ ~ 

::!///I///////J. A 

DRAM EARL V-WRITE CVCLE 1 

tRC 

tRAS 

tCSH d:: tRCD 

tAR 

I I tRAL 

. ~I I tCAH 

COLUMN 

I 
I I tCWL 

I I tRWL 

I I tWCR 

twcs I I 
tWCH 

twp 

/TTTTTf)). 

tFHR 

I tRP 

I 
if 

I 
.~ 
I 

kwl..0m..'l'IIIIIIII$h( ROW 

II 

r//I///////////////////////////////////; 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C", "0" and "E" determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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PRELIMINARY 

DRAM LATE-WRITE CYCLE 

'AC 

'RAS 'AP 

II 
~ 

'CSH 

t~ 
'ASH 

=J 
'CAP 'ACD 'CAS 

'AA ~ I 'AAD I I 'AAL 

'ASA 'RAH ~I I 'CAH I 
ADDA ~:~~_------;-RO,..-w __ ~~--,---,-C_OLU_MN _~b//////ffi!1/,/////$,0(,--___ _ 

1---,."c=wL~_11 

~/$///$##$////J!I/$////#$///ffi 
~ DON'T CARE 

B88l UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C", "0" and "E" determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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PRELIMINARY 

I'II"=I=:";~~ MT 42C8128 

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

'RWC 

IRAS 

RAS VIH-
VIL-

ICSH 

IRSH 

ICRP IRCD ICAS 

CAS 
VIH-
VIL-

lAR 

lRAD 

ADDR COLUMN ROW 

IRWD 

ICWD 

IAWD 

MEIWE 

IFHR 

DSF VIH 
VIL 

DQ V,OH-'-----lr---C-,'---------~8888lM }----- OPEN ---
VIOL- 1'-----'\ "-___ -" 

~II~I 
TRICE ~:t_ ,'--_________ -"-___ ..J ---------------

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C", "D" and "E" determine the type of WRITE operation performed. 
See the Write Cycle Function Table for a detailed description. 
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PRELIMINARY 

1'4"=I=:U;2~ MT 42C8128 

DRAM FAST-PAGE-MODE EARL V-WRITE CVCLE 

tRASP 

RAS VIH-
VIL-

ICSH 

~ 

CAS 
VIH-
VIL-

AOOR ~:~ 

DSF 

~I IDS 

DO ~:g~ C E E E 

I_ lyS I 'YH '1 

TRICE ~:~:JjjJjJ - -W/////#///////////////////$///$///$$#///////////////$//////////////////////#////////4 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST PAGE 
MODE. 

2. The logic states of "A", "8", "C", "0" and "E" determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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PRELIMINARY 

I"IIC::I=II;~~ MT42C8128 

DRAM FAST-PAGE-MODE READ-WRITE CYCLE 
(READ-MODIFY-WRITE OR LATE-WRITE CYCLES) 

tAASP 

RAs VIH-
VIL-

tCSH tpAWC tASH 

~ tACD tcAS tcp tCAS tcp tCAS 

CAS 
VIH-
VIL-

ADDA COLUMN 

tAWD 

tCwLJ tCWI:-
twp ...!. twp_ 

tAWD tAWD tAWD 

tCWD tCWD tCWD 

MEIWE I 
tFSC tFSC tCFH 

DSF 

DO ~:g~: OPEN--

,~Ib tOE"'1 1_ ... , _tOD 

TR/OE ~:~=W$ \'--_____ "'-----' -------'lJ------
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 
the Write Function Table to determine the proper DSF state for the desired WRITE operation. 

2. The logic states of "A", "8" and "C" determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 
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v I 
CAS v'H • t IL----.J 

teRP 

DRAM 'RAS"-ONL Y REFRESH CYCLE 
(ADDR = AO-AS) 

~ 

PRELIMINARY 

tASR tAAH 

ADDR ~:~~~------'RO'--W --W;ffllllll////$!I!I////II//I////II//llff/$Ii//h(r---Ro-w --

DQ ~:g~: II OPEN OPEN 

TOOE ~:~::'I/!IIIIIIg)~ ~~/J$/I///$I/lII/$lff$l/$IM'$J/II$I!l#$/ 

CAS"-BEFORE-"RAS REFRESH CYCLE 

ADDR ~:~:Ij!ll Ii Ii Ii /II ff ff/ III /!il /!i ff Ii II//!II I!!I!J/j III! I!! /!i /!il /!i II!! /!i //II!! ff j/j I Ii!ll II!!II I!! II III II II III I A 

MEIWE ~:~ _ WI!II j/j I!! /!i ///j/j I!!I /!i /!i ff j/j I/I/II!! ff I!!I/i! 1111 ff II!! II!! /!i III!I ff II I!!J Wllj/jl//a 

DSF ~:~:Jj 1/ Ii!ll Ii II II j/j II!! lill /!il/IIII! j/j Ii II Ij/j I!! III!! /!i ff/ II II!! II!! III! I!! ff II!! j/j l///j / j/j II II!! //I III! Ilk 

DQ ~:g~ :-----OPEN-------OPEN------

TRJOE ~:~:Jjj II ff I!! II Ii II //1/11 /II!/I!/ II II!II I!! j/j II II I!! Ii I!! II II!! I!/j 1/ $jill! j/j III II I!!$j!ll j/j Ii I!! j/jll!l!/ & 
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PRELIMINARY 

DRAM HIDDEN-REFRESH CYCLE 

(READ) (REFRESH) 

~: RAS VIH 
VIL-

) 
tCRP 

CAS 
VIH-
VIL-

~ __ tR_CD_t_RA_S __ tR_SH~~"~ l~---::-:-----.J ,, __ _ 
I 

MElWE ~:~ ~ II 'o/IIIIIIIIIIIIIIIIIIIIII!I!IIIIIIIIIIIIIIIIIIIIIIIIII/% 

I tFHR ~ I I I~ tFSR tRFH~1 II~ tFSC II tCFH 

DSF ~:~:-~ PlllllllA Y!l!IIIII!////IIIIIIIIIII!I!IIIIIIII!I!IIIIIIIIIIIIIIIIIIIIIII~ 
I I tM 

I tCAC 

~ _ --'OFF 

00 ~:li': 'n I~- I ,~ ,~OO= 1'"'-1 ~,-
"" ~~ :F-'---.l\ 1~-=--=--=--=--=--=--=--=--=--=-{ ...... ~_·_tOR_D _________ -1~ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. A HIDDEN REFRESH may also be performed after a WRITE cycle. In this case ME"IWE = LOW (when CAS 
goes LOW) and TRIOE = HIGH. 
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ADDR ~:r-

READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 

'RP 

tCSH 

~ 11 ___ -----"R=CD_1 

tASR tRAH -1---
ROW SAM START 

PRELIMINARY 

~II~ 1 IASD I I I 
MEfflE ~:r:WJ i ~/ 11/ 11/ /11 //I //II! /;/11/11 1// /1/1111//////////);;;/ II II II /III/II/III//! ////11 !II/// //I!I!/II/ IIh 

_I~~L I III 
DSF ~:r:Wl I filII!! /III 1111 11/// 11/ /11 II 11// 11// /I////!/ 11// II 11// 1111 11/ /I /I /II! /11//1/ /II //////II! 1/ II /111// a 

I~F II I III 
I ~, I:: III ,_ 

-~~~ ~J r I:~ I ,-+-ooll"=-~=-==--'-==--TCD ==l#///,0'fi2 

OPEN----

I I 
sc VIH-

VIL- NOTE 1 

tSAC - --

NOTE: 1. There must be no rising edges on the SC input during this time period. 
2. aSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

aSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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PRELIMINARY 

1'IIII=F=lg,~ MT 42C8128 

ADDR ~I~: 

REAL· TIME READ TRANSFER 
(DRAM· TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

""" ~it~fll~#J!$$!l&'~/////#J!$#M/$$$,1,,$//$l#"'#"//MJ!$#, 
_I~~_I I II 

DSF ~:~:Wa I ~///////!//////III!!!1/////I!///////////II!/I11!!///I///I1!!//I!1!/!I////!/!///II!III!II!!//////!M 

'hF 
.;-----;------:----°PEN -----;---;-------- OI'EN __ _ 

lATH II 

se VIH
Vll-

tCTH tTRL -+-____ --,-'T=RD"--__ I 
~ I _____ '=RTH"--_____ I tTCL II-----'T~CD'----I 

-!SOH _ -lSAC 

SOQ ~:g~:.---~ vS~~t----t~VA~LlD~D~OU~T:= ,--;-VA_LlD_D..:..;OU,,-T -J,\._V_ALI_D D...:.OUT~ '--__ ---' VAUDDOUT 

BE ~:~_ ~'-. -,twm:.LIY'~"-':.L<U.L<U.LLL~.Ll..l..l.~LL-________ -+ __________ _ 
_I"'~ ~N:O~T:SE':'P 11 _'SEA 'TaD l 

OSF ~g~_---------NO-TE-2-----------' ------NOTE-2----

NOTE: 1. The SE pulse is shown to illustrate the SERIAL OUTPUT 
ENABLE and DISABLE timing. It is not required. 

2. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 
QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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PRELIMINARY 

1'-'I1C:l=Ig~ MT 42C8128 

SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

ICSH 

~ I __ ~'R=CD_I 
_ V,H_--lr---+C-------+--. 
CAS VIL- '-t---------;~ 

ADOR ~:~= 

~,-II,-~ I 
MEIWE ~:~- II WIII!I!I!!//I///I//I///I//I///////1!1!!1/////I/I///!////I/////I/////////////I!!//1I!/I//!///!/I/!/J 
~ 'FSA 'AFH ~ I 

= ~t - r -1'1//////////////1//////////////1//1//$////////////////1//1///1////////1/////////////////////////;; 

DO ~:g~- -! I OPEN----1'--------OPEN---
TRiO. ~:~:al 'TLS 'TLH ~/////I////////I///j'$////////////II!//I///I////I/I/////I////II!//////1/1/////////////////////////;,1 

I I 'STH 
_ 'STS - -=-'---1 

~ :r:: _ ,k~ 1-'- I 
~SOH - rSOH 

-::::~I _~i _25_5(I_V) ___ A(A_+'~_)_~~~~ __ '2_5(2_~)_X __ '~_(~_)~I_X __ '+f_(255_)_X __ B(~_'2_~_ 

= ::t:4;l-=====SAM~"~;::==;~'=) ====1 ='= l====NEWMSB== 
NOTE: 1. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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PRELIMINARY 

I'IIIC:~=U;~N MT42C8128 

WRITE TRANSFER and PSEUDO WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

'RC 

'RAS 'RP 

leSH 

I 
[ '~f i IRSH 

'CAS 

17 
'AR 

I 
I 

\ 

==n I 
I 

'RAD I I 'RAL 

tABR 1 ~~ I~ ~I-- 1~,d - J:! _.- ~#/#/#/##/$#/#/###$#/#/#/##/####/#/#/#/#/h 
MEiWE ~:~=-ill~M!$;//I/1#J/I$//!!$/!!#/##!II!#////////ff;/t##_/$;/jj';//;!##/;//I;W/~ 

I. L 'RFH_I I I 
DSF ~:~=~~I- --IiI//!!/!!//////!!////////$//////////I!I!/////I//////!!////////!!/$/$$/M///;//!!!II!/!!1!I2 

I~II I I 
00 V'OH- 1 OPEN OPEN ---

V'OL- 'TLS 'TLH I I 

TRJOE ~:r=_- -b/////////////////////////////////////////////Iff////Iff//I!!//////////////////$////////////////2 

::: II I I :::D ::. 'sP 
II ------

II 
NOTE 3 

!SDD 

'SOH 'SDZ 

sao ~:gr- VALIDDO:-!J5< VALID DOUT ~ HIGHZ 

I~ I 'sws 
SE ~~= ~/$$//////!!//MIff/$/I;//I#/$/////J_'_sw_,s --NO-TE2----

I I----------;:=-~: -1~-
QSF ~g~ _ NOTE 4 NOTE 4 --------------------

NOTE: 1. If SE is LOW, the SAM data will be transferred to the DRAM. 

~ DON'T CARE 

~ UNDEFINED 

If SE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL-INPUT-MODE ENABLE cycle). 
2. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 

ofSE. 
3. There must be no rising edges on the SC input during this time period. 
4. STS is LOW to select SAMa or HIGH to select SAMb 
5. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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1'41C:I=U;~~ MT 42C8128 

WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 
tRe 

tRAS tRP 

tCSH I 
'00' f i IRSH 

teAS 1 7 
tAR 

I 

4'- I tRAL tRAG I I 
~~ I~ tABA - Ase --r-

MOO :rod ~ l:l -.- ~!;7///;7/;7//;7///;7;7;7;7/!;7//$///;7/;7/;7;7/$///;7;7;7;7;7;7§' 
'tWSR II tRWH I I 

iAEiWE ~I~~-'- --1!1!1$!I;f'#ff§$/$$ff!l//!lP'j'$!I$!I////$$$!!I/$$J!!I/P',@'!I/!I!I!I/$!Z 
t_ tR~ I I 

OSF ~1~:al~I- --lWIW!I!I!I§!I//$f)/!I!I!I$/$!I!I$!I!I$!W/§!I/$/!I/!I§/$§!I$!I!I$!I/!I/h 

DO ~Ig~: 1 II I, OPEN I, OPEN 

tTLS tTLH 

~ r~- -W/!I!lf)/$!I!lf)/$/j'!I!lf)//$$ff$ff!l!l;f'///$$/!I!I/!I!I///$///!I$!I/$$/§/j,I 

yll' I~ I~-=----:--I 
NOTE 2 

::: II I 

~ DON'T CARE 

Illl8! UNDEFINED 

NOTE: 1. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 
ofSE. 

2. There must be no rising edges on the SC input during this time period. 
3. aSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

aSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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PRELIMINARY 

I'II"=F::::U;~~ MT 42C8128 

'AR 

ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

'RC 

'RAS 

'CSH 

t .~. } ~ 
IRSH 

teAs 

7 

I 
'RP I 

11 

- ::t:d ~ bI ~~~ ~ffff/$$$'$$//$ff///$/$$ffff$/!/ff$!//ffff/ff/h 
==fJ I I'RAD I I 'RAL 

~t I I~ IASR I ~ ~I-

'WSR II 'RWH I I 
MEIWE ~:~~I-kM'//$//,I/,1tWff///#/$#ar#!$#ff##/$####//////##//$ff##$$#$/& 

DO ~:g~: _! OPEN OPEN __ _ 

~ ~ I 
TRJ6E ~:~:wzd- -};///////#///#//////////////////////////////////////////////////#//////1/#///#///////#//////& 

:::: II I -n-
NOTE 2 

ISDD 

tSDZ 

ISWIS 

NOTE 1 

OSF ~g~_----------N-OT-E3----------k---NO-T-E3---

NOTE: 1. SE must be LOW to input new serial data, but the serial address register 
is incremented by SC regardless of SE. 

2. There must be no rising edges on the SC input during this time period. 
3. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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1'41C:I=";!~ MT 42C8128 

SAM SERIAL INPUT 

tSWH tSWIH tsws 

SE 
VIH-
VIL- -tse tse tse 

tSAS s: 
se 

VIH- c: VIL-

tSDS tSDH 

~ SDO 
VIH-

VALID DIN VALID DIN VIL- -""0 
0 
Jl 
-I 
C 
Jl » s: 

SAM SERIAL OUTPUT 

1" 

tSEP 

"~ VIH-
SE VIL-

tse tse tse 

se 
VIH-
VIL-

SDO VALID DOUT 

~ DON'TeARE 

~ UNDEFINED 
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VRAM 

FEATURES 
• Industry standard pin-out timing, and functions 
• High-performance CMOS silicon gate process 
• Single +5V ±1O% power supply 
• Inputs and outputs are fully TTL and CMOS 

compatible 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 512-cycle refresh within 8ms 
• Optional FAST PAGE MODE access cycles 
• Dual port organization: 256K x 8 DRAM port 

512 x 8 SAM port 
• No refresh required for Serial Access Memory 
• Low power: 20mW standby; 300mW active, typical 
• Fast access times - 70ns random, 20ns serial 

SPECIAL FUNCTIONS 
• JEDEC Standard Manditory Function set 
• PERSISTENT MASKED WRITE 
• MASKED WRITE TRANSFER/SERIAL INPUT 
• MASKED SPLIT WRITE TRANSFER 
• BLOCK WRITE (MASK) 
• MASKED FLASH WRITE 

OPTIONS 
• Timing (DRAM, SAM) 

70ns,20ns 
80ns, 25ns 
100ns,30ns 

• Packages 
Plastic SOJ 

GENERAL DESCRIPTION 

MARKING 

- 7 
- 8 
-10 

DJ 

The MT42C8256 is a high speed, dual port CMOS dy
namic random access memory, or video RAM (VRAM) 
containing 2,097,152 bits. These bits may be accessed by an 
8-bit wide DRAM port or by a 512 x 8 bit serial access 
memory (SAM) port. Data may be transferred bidirection
ally between the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 8-bit DRAM), with the addition of 
MASKED WRITE, BLOCK WRITE and FLASH WRITE. 
Eight 512-bit data registers make up the serial access mem
ory portion of the VRAM. Data I/O and internal data 
transfer are accomplished using three separate bidirec
tional data paths: the 8-bitrandom access I/ 0 port, the eight 
internal 512 bit wide paths between the DRAM and the 
SAM, and the 8-bit serial I/O port for the SAM. The rest of 

ADVANCE 

256Kx8DRAM 
WITH 512 x 8 SAM 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(E-12) 

Vee 1 40 h Vss 
SC 2 39 P SOQ8 

SOQ1 3 38 ~ SOQ7 
SOQ2 4 37 b SOQ6 
SOQ3 5 36 ~ SOQ5 
SOQ4 6 35 b SE 

TR/OE 7 34 ~ OQ8 
OQ1 8 33 ~ OQ7 
OQ2 9 32 ~ OQ6 
OQ3 10 31 ~ OQ5 
OQ4 [ 11 30 J Vss 
Vss 12 29 P OSF1 

ME/WE [ 13 28 b NC 
RAS ~ 14 27 ~ CAS 

A8 15 26 b QSF 
A7 ~ 16 25 ~ AO 
A6 17 24 P Ai 
A5 ~ 18 23 b A2 
A4 19 22 P A3 

Vee [ 20 21 b Vss 

the circuitry consists of the control, timing, and address 
decoding logic. 

Each of the ports may be operated asynchronously and 
independently of the other except when data is being trans
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations of RAS 
addresses are executed at least every 8ms (regardless of 
sequence). Micron recommends evenly spaced refresh cycles 
for maximum data integrity. An internal transfer between 
the DRAM and the SAM counts as a refresh cycle. The SAM 
portion of the DPDRAM is fully static and does not require 
any refresh. 

The operation and control of the MT 42C8256 is similar to 
with the operation of the MT42C8128 (128K x 8 VRAM). 

MT42C8256 
REV. 1191 3-167 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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TRIPLE PORT 
DRAM 
FEATURES 
• Three asynchronous, independent, data access ports 
• Fast access times - 80ns random, 25ns serial 
• Operation and control compatible with 1 Meg VRAMS 
• High performance CMOS silicon gate process 
• Low power: 15mW standby; 450mW active, typical 
• 512-cycle refresh within 8ms 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• FAST PAGE MODE access cycles 
• Two, bidirectional Serial Access Memories (SAMs) 
• Fully static SAM and Mask Register, no refresh 

required 
• 2048-bit Transfer Mask Register 
• SERIAL MASK DATA INPUT mode 

SPECIAL FUNCTIONS 
• MASKED WRITE (Write-Per-Bit) 
• PERSISTENT MASKED WRITE 
• SPLIT READ and WRITE TRANSFERs 
• BLOCK WRITE 
• BIT MASKED TRANSFERs 

OPTIONS 
• Timing (DRAM, SAMs) 

80ns, 25ns 
100ns,30ns 
120ns, 35ns 

• Packages 
Plastic SOJ (400 mil) 

• Functionality 

MARKING 

- 8 
-10 
-12 

DJ 

QSF output (indicates SAM-half accessed) 43C4257 
SSF input (Split SAM special function, stop count) 43C4258 

GENERAL DESCRIPTION 
The MT43C4257/8 are high speed, triple port CMOS 

dynamic random access memories (TPDRAMs) containing 
1,048,576 bits. Data may be accessed by a 4 bit wide DRAM 
port or by either of two independently clocked 512 x 4-bit 
serial access memory (SAM) ports. Data may be transferred 
bidirectionally between the DRAM and either SAM. 

The DRAM portion of the TPDRAM is functionally iden
tical to the MT4C4256 (256K x 4 DRAM). Eight 512-bit data 
registers make up the serial access memory portions of the 
TPDRAM. Data I/O and internal data transfer are accom
plished using five separate bidirectional data paths; the 4-
bit random access I/O port, the pair of internal 2048 bit 
wide paths between the DRAM and the SAMs, and the pair 

PRELIMINARY 

256K x 4 DRAM WITH 
DUAL 512 x 4 SAMS 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 

SCb 
SOOb1 
SOOb2 

TRM 
SCa 

SOOa1 
SOOa2 
TR/DE 

001 
002 
Vee 

MEtWE 
STS 
RAS 

OSF2 
A8 
A6 
AS 
A4 

Vee 

(E-12) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

Vss 
SOOb4 
SOOb3 
SEb 
MKO 
SOOa4 
SOOa3 
SEa 
004 
003 
Vss 
OSF1 
OSFb/SSFb • 
CAS 
OSFaiSSFa' 
AO 
A1 
A2 
A3 
A7 

* MT43C4257/MT43C4258 

of 4-bit serial I/O ports for the SAMs. The rest of the 
circuitry consists of the control, timing and address decod
ing logic. 

All three ports may be operated asynchronously and 
independently of the others except when data is being 
internally transferred between the DRAM and either SAM. 

Each of the 2048 bits involved in an internal transfer may 
be individually masked by performing a BIT MASKED 
TRANSFER operation. The 512 x 4-bit Bit Mask Data regis
ter can be parallel loaded from the DRAM, from either 
SAM, or serial loaded through the MKD serial input. 

As with all DRAMs, the TPDRAM must be refreshed to 
maintain data. The refresh cycles must be timed so that all 
512 combinations of RAS addresses are executed at least 
every 8ms (regardless of sequence). Micron recommends 
evenly spaced refresh cycles for maximum data integrity. 
An internal transfer between the DRAM and either SAM 
counts as a refresh cycle. The SAM portions of the TPDRAM 
are fully static and do not require refresh. 

The operation and control of the MT43C4257/8 are com
patible with the operation of the MT42C4256 (256K x 4 
Video RAM). However, the MT43C4257/8 offer an addi
tional SAM and special features that may be used to en
hance system performance. 

MT43C4257f8 
REV. 1/91 3-169 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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.--------------------------------------------------------------------------------------------------------------

, , , 

512x512x4 
DRAM ARRAY 

.--------,........0- RAS 

+--9-~~ 
...........-TRIOE 
--9+- MEJWE 

TIMING ...........- DSF1 
GENERATOR ........0- DSF2 

& +--9- SCa 
CONTROL ...........- SCb 

LOGIC ........0- SEa 
"""""'-SEb 
...........o...TRM 
--9+- STS 

L-.. __ -'~ MKD 

QSFa 

--------------------------------------------------------------------------------------------------------------
Figure 1 

MT43C4257/8 BLOCK DIAGRAM 
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PRELIMINARY 

I'IIIC:I=";~N MT 43C4257 /8 

PIN DESCRIPTIONS 

SOJ PIN FUTURE PIN 
NUMBER(S) NUMBER(S) SYMBOL TYPE DESCRIPTION 

5 SCa Input Serial Clock, SAMa: Clock input to the serial address counter for 
the SAMa registers and strobe for SAMa control and data inputs. 

1 SCb Input Serial Clock, SAMb: Clock input to the serial address counter for 
the SAMb registers and strobe for SAMb control and data inputs. 

8 TRiOE Input Transfer Enable: Enables an internal TRANSFER operation at the 
falling edge of RAS, or 

Output Enable: Enables the DRAM output buffers when taken 
LOW after RAS goes LOW (CAS must also be LOW), otherwise 
the output buffers are in a high impedance state. 

12 MElWE Input Mask Enable: If MEIWE is LOW at the falling edge of RAS, a 
MASKED WRITE cycle is performed, or 

Write Enable: MEiWE is also used to select a READ (MElWE = 
H) or WRITE (MElWE = L) cycle when accessing the DRAM. This 
includes a READ TRANSFER (MElWE = H) or WRITE TRANS-
FER (MElWE = L). 

33 SEa Input Serial Port Enable SAMa: SEa enables Port A serial 1/0 buffers 
and allows a serial READ or WRITE operation to occur; other-
wise, the output buffers are in a High-Z state. SEa is also used 
during a TRANSFER operation to indicate whether a WRITE 
TRANSFER or a SERIAL-INPUT-MODE ENABLE (PSEUDO 
WRITE TRANSFER) cycle is performed. 

37 SEb Input Serial Port Enable, SAMb: SEb enables Port B serial 1/0 buffers 
and allows a serial READ or WRITE operation to occur; other-
wise, the output buffers are in a High-Z state. SEb is also used 
during a TRANSFER operation to indicate whether a WRITE 
TRANSFER or a SERIAL-INPUT-MODE ENABLE (PSEUDO 
WRITE TRANSFER) cycle is performed. 

29 DSF1 Input Special Function (Control) 1 : DSF1 is used to indicate which 
special functions are used on a particular access or transfer cycle 
See the Functional Truth Table for a detailed description. 

15 DSF2 Input Special Function (Control) 2: DSF2 is used to indicate which 
special functions are used on a particular access or transfer cycle. 
See the Functional Truth Table for a detailed description. 

14 RAS Input Row Address Strobe: RAS is used to clock in the 9 row-address 
bits and as a strobe for control and data inputs. 

27 CAS Input Column Address Strobe: CAS is used to clock in the 9 column-
address bits, enable the DRAM output buffers (along with 
TRlOE), and as a strobe for control and data inputs. 
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PRELIMINARY 

I"IIC:I=:"~N MT 43C4257 /8 

PIN DESCRIPTIONS (Continued) 

SOJ PIN FUTURE PIN 
NUMBER(S) NUMBER(S) SYMBOL TYPE DESCRIPTION 
25,24,23 AO-A8 Input Address Inputs: For DRAM operation, these inputs are 
22, 19, 18 multiplexed and clocked by RAS and CAS to select one 4-bit 
17,21,16 word out of the 256K available. During TRANSFER operations, 

AO to A8 indicate the DRAM row being accessed (when RAS 
goes LOW) and the SAM start address (when CAS goes LOW). 

13 STS Input SAM Transfer Select: The state of STS at"RAS time determines 
which SAM is involved in a transfer (SAMa=LOW, SAMb=HIGH). 

36 MKD Input Mask Data Input: MKD is used during BIT MASK REGISTER 
LOAD cycles to enable or disable the serial mask input mode 
(SMI). If SMI is enabled (MKD=HIGH at RAS), then MKD is used 
as mask data input and is clocked by SCb into the mask data 
register. 

4 TRM Input Transfer Mask Select: TRM is used to select between NORMAL 
TRANSFER cycles and BIT MASKED TRANSFER or BIT MASK 
REGISTER LOAD cycles. 

9,10,31,32 DQ1-DQ4 Input! DRAM Data 1/0: Data inputs and outputs for the DRAM memory 
Output array; inputs for the MASK and COLOR REGISTER load cycles; 

address mask inputs for BLOCK WRITE cycles. 

6,7,34,35 SDQa1-SDQa4 Input! Serial Data 1/0, SAMa: Input, Output, or High-Z. 
Output 

2,3,38,39 SDQb1-SDQb4 Input! Serial Data 1/0, SAMb: Input, Output, or High-Z. 
Output 

26 QSFaiSSFa Output Split SAM Status, SAMa (MT43C4257): QSFa indicates which 
half of SAMa is being accessed (Lower = LOW, Upper = HIGH). 

Input Split SAM Special Function, SAMa (MT43C4258): SSFa=HIGH 
stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFa is 
synchronized with SCa. 

28 QSFb/SSFb Output Split SAM Status, SAMb (MT43C4257): QSFb indicates which 
half of SAMb is being accessed. (Lower = LOW, Upper = HIGH). 

Input Split SAM Special Function, SAMb (MT43C4258): SSFb=HIGH 
stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFb is 
synchronized with SCb. 

11,20 Vee Supply Power Supply: +5V ±1 0% 

30,40 Vss Supply Ground 
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tvllC:Rg~ MT43C4257/8 

FUNCTIONAL DESCRIPTION 

The MT43C4257/8 can be divided into four functional 
blocks (see Figure 1): the DRAM and its special functions, 
the Bit Mask Register (BMR), the two Serial Access Memo
ries (SAMs), and the DRAM/SAM/BMR transfer circuitry. 
All the operations described below are also shown in the 
AC Timing Diagrams section of this data sheet and are 
summarized in the Functional Truth Table. 

Note: For dual function pins, the function that is not 
being discussed will be surrounded by parentheses. 
For example, when discussing transfer operations 
the TR/OE pin will be shown as TRf(OE). 

DRAM OPERATION 
This section describes the operation of the random access 

port and the special functions associated with the DRAM. 

DRAM REFRESH (ROR, CBR, and HR) 

Like any DRAM-based memory, the MT43C4257/8 
TPDRAM must be refreshed to retain data. All 512 row 
address combinations must be accessed within 8ms. The 
MT43C4257/8 supports CAS-BEFORE-RAS, RAS ONLY 
and mDDEN types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH cycle, the row-ad
dresses are generated and stored in an internal address 
counter. The user need not supply any address data and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. 

For RAS-ONL Y REFRESH cycles, the refresh address 
must be generated externally and applied to the AO-A8 
inputs. The DQ pins remain in a High-Z state for both the 
RAS-ONLY and CAS-BEFORE-RAS cycles. 

IDDDEN REFRESH (HR) cycles are performed by tog
glingRAS(whilekeepingCAS LOW) after a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS REFRESH cycles 
but does not disturb the DQ lines. 

Any DRAM READ, WRlTE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
and Bit Mask Register portions of the MT43C4257/8 are 
fully static and do not require any refreshing. 

DRAM READ AND WRITE CYCLES (RW) 

The DRAM portion of the TPDRAM is nearly identical to 
standard 256K x 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this device, several conditions that were undefined or "don't 
care" states for the DRAM are specified for the TPDRAM. 
These conditions are highlighted in the following discus
sion. In addition, the TPDRAM has several special func
tions that may be used when writing to the DRAM. 

The 18 address bits used to select a 4-bit word from the 
262,144 available are latched into the chip using the AO-A8, 
RAS, and CAS inputs. First, the 9 row-address bits are setup 
on the address inputs and clocked into the part when RAS 
transitions from HIGH to LOW. Next, the 9 column-ad
dress bits are setup on the address inputs and clocked in 
when CAS goes from HIGH to LOW. 

For single port DRAMS, theOE pin is a "don't care" when 
RAS goes LOW. For the TPDRAM, (TR)/OE is used when 
RAS goes LOW, to select between DRAM and TRANSFER 
cycles. (TR)/OE must be HIGH at the RAS mGH to LOW 
transition for all DRAM operations. 

If (ME)/WE is mGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQI-DQ4 port. The 
(TR) / OE input must transition from HIGH to LOW some
time after RAS falls to enable the DRAM output port. 

For single port DRAMs, WE is a "don't care" when RAS 
goes LOW. For the TPDRAM, ME/(WE) is used when 
RAS goes LOW, to select between a MASKED WRlTE cycle 
or a normal WRITE cycle. If ME/ (WE) is LOW at the RAS 
mGH to LOW transition, a MASKED WRITE operation is 
selected. For any TPDRAMnon-masked access cycle (READ 
or WRITE), ME/ (WE) must be HIGH at the RAS HIGH to 
LOW transition. If (ME) /WE is LOW when CAS goes LOW, 
a DRAM WRlTE operation is performed and the data 
present on the DQI-DQ4 data port will be written into the 
selected memory cells. 

The TPDRAM can perform all the normal DRAM cycles: 
READ, EARLY-WRITE, LATE-WRITE, READ-MODIFY
WRITE, FAST-PAGE-MODE READ, FAST-PAGE-MODE 
WRITE, and FAST-PAGE-MODEREAD-MODIFY-WRITE. 
Refer to the AC timing parameters and diagrams in the data 
sheet for more details on these operations. 
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Figure 2 
NONPERSISTENT MASKED WRITE EXAMPLE 

NONPERSISTENT MASKED WRITE (RWNM) 

The MASKED WRITE feature eliminates the need. to do a 
READ-MODIFY -WRITE cycle when changing only certain 
bits within a 4-bit word. The MT43C4257/8 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

If ME/ (WE), DSF1 and DSF2 are LOW at the RAS HIGH 
to LOW transition, the data (mask data) present on the 
DQ1-DQ4 inputs will be written into the mask data register. 
The mask data acts as an individual write enable for each of 
the four DQ1-DQ4 pins. If a LOW (logic 0) is written to a 
mask data register bit, the input port for that bit is disabled. 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
1) on a mask data register bit enables the input port and 

allows normal WRITE operations to proceed. This conven
tion is used. for all masks on the MT43C4257/8. Note that 
CAS is still HIGH. When CAS goes LOW, the bits present on 
the DQ1-DQ4 inputs will be either written to the DRAM (if 
the mask data bit was HIGH) or ignored (if the mask data 
bit was LOW). The DRAM contents that correspond to the 
masked. bits will not be changed. during the WRITE cycle. 
When using NONPERSISTENT MASKED WRITE, the data 
present on the DQ inputs is loaded. into the mask data 
register at every falling edge of RAS. FAST PAGE MODE 
can be used in tandem with NONPERSISTENT MASKED 
WRITE to write several column locations using the same 
mask during one RAS cycle. An example of NONPERSIS
TENT MASKED WRITE cycle is shown in Figure 2. 
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Figure 3 
PERSISTENT MASKED WRITE EXAMPLE 

PERSISTENT MASKED WRITE (RWOM) 

The PERSISTENT MASKED WRITE feature eliminates 
the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking MEl (WE) 
and DSFI HIGH, and DSF2 LOW whenRAS goes LOW. The 
mask data is loaded into theintemal register when CAS goes 
LOW, provided DSFI is LOW (see the LOAD MASK REG
ISTER description). 

Mask data may also be loaded into the mask register by 
simply performing a NONPERSISTENT MASKED WRITE 
before the PERSISTENT MASKED WRITE cycles. 

PERSISTENT MASKED WRITE cycles may then be per
formed by takingME I (WE) andDSF2 LOW and DSFI HIGH 
when RAS goes LOW. The contents of the mask data regis
ter will then be used as the mask data for the DRAM inputs. 
Unlike the NONPERSISTENT MASKED WRITE cycle, the 
data present at the DQ inputs is not loaded into the mask 
register when RAS falls. Another PERSISTENT MASKED 
WRITE cycle may be performed without reloading the 
register. Figure 3 shows the LOAD MASK REGISTER and 
PERSISTENT MASKED WRITE cycle operations. The LOAD 
MASK REGISTER and PERSISTENT MASKED WRITE 
cycles allow systems that cannot output data at RAS time to 
perform MASKED WRITE cycles. PERSISTENT MASKED 
WRITE can also operate in FAST PAGE MODE. 

BLOCK WRITE (BW) 

If DSFI is HIGH when CAS goes LOW, the 
MT43C4257/8 will perform a BLOCK WRITE cycle (WE = 
"don't care") instead of a normal WRITE cycle. In BLOCK 
WRITE cycles, the contents of the color register (instead of 
the DQ inputs) are directly written to four adjacent column 
locations (see Figure 4). A total of 16 bits will be written 
simultaneously, improving the normal DRAM fill rate by 
four times. The color register must be loaded prior to 
beginning BLOCK WRITE cycles (see LOAD COLOR 
REGISTER). 

The row is addressed as in a normal DRAM WRITE cycle. 
However, when CAS goes LOW, only the A2-A8 inputs are 
used. A2-A8 specify the "block" (out of the 128 possible) of 
four adjacent column locations that will be accessed. When 
CAS goes LOW, the DQ inputs are then used to determine 
which combination of the four column locations will be 
changed. DQl acts as a write enable for column location 
AO=O, Al=O; DQ2 controls column location AO=I, Al=O; 
DQ3 controls AO=O, Al=l; and DQ4 controls AO=I, Al=l. 
The write enable controls are active HIGH; a logic 1 enables 
and a logic 0 disables the WRITE function. 
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COLOR REGISTER 
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BLOCK WRITE EXAMPLE 

The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
register is written to the four column locations (or any of the 
four that are enabled) in the corresponding DQ bit plane. 
The DQ mask is not used in this mode. 

Note: When performing a BLOCK WRITE, WEisa "don't 
care". This means LATE-WRITEs in the BW mode 
are not allowed. 

NONPERSISTENT MASKED BLOCK WRITE (BWNM) 

The MASKED WRITE functions can also be used during 
BLOCK WRITE cycles. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NONPER
SISTENT MASKED WRITE except the mask is now applied 
to four column locations instead of just one column location. 

Like NONPERSISTENT MASKED WRITE, thecombina
tion of ME/(WE) LOW and DSFI LOW when RAS goes 
LOW, initiates a NONPERSISTENT MASK cycle. The DSF 
pin must be driven HIGH, when CAS goes LOW to perform 

a NONPERSISTENT MASKED BLOCK WRITE. By using 
both the column mask input and the MASKED WRITE 
function, any combination of the four bit planes may be 
masked and any combination of the four column locations 
may be masked. 

PERSISTENT MASKED BLOCK WRITE (BWOM) 

This cycle is also performed exactly like the normal 
PERSISTENT MASKED WRITE except that DSFI is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE func
tion. Both the mask data register and the color register must 
be loaded with the appropriate data prior to starting a 
PERSISTENT MASKED BLOCK WRITE. 

DRAM REGISTER OPERATIONS 
The MT43C4257/8 contains two 4-bit registers that are 

used as data registers for special functions. This section 
describes how to load these registers. 

LOAD MASK REGISTER (LMR) 

The LOAD MASK REGISTER operation and timing are 
identical to a normal WRITE cycle except that DSFI is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 
combination ofTR/ (OE), MEl (WE), and DSFI being HIGH 
when RAS goes LOW indicates the cycle is a REGISTER 
load cycle. DSFI is used when CAS goes LOW to select the 
register to be loaded, and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 
register is disabled but not modified. The contents of 
mask data register will not be changed unless a NON
PERSISTENT MASKED WRITE cycle or a LOAD 
MASK REGISTER cycle is performed 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
four DQ planes. 

LOAD COLOR REGISTER (LCR) 

A LOAD COLOR REGISTER cycle is identical to the 
LOAD MASK REGISTER cycle except DSFI is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 
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TRANSFER OPERATIONS 

This section describes transfer operations between the 
DRAM and either SAM. The direction of the transfer is 
specified with respect the DRAM portion of the device. A 
write is referenced to the DRAM array and a read is refer
enced from the array. 

Note: The three ports of the TPDRAM are independent and 
asynchronous to one another. Any or all of the ports 
may be accessed simultaneously at the maximum 
allowable frequencies. The only time the ports are 
synchronized is during transfers to or from the DRAM 
and SAM portions of the device. A transfer involving 
a SAM does not affect access from the other SAM port. 
Both SAMs may be accessed during a DRAM/BMR 
transfer operation or any other DRAM access cycle 
other than a SAM transfer. 

TRANSFER operations are initiated when TR/(O'E) is 
LOW at the falling edge of RAS. The state of STS when 
RAS goes LOW indicates which SAM the TRANSFER will 
address. The state of (ME)/WE when RAS goes LOW indi
cates the direction of the TRANSFER. At the same time, 
DSFI is used to select between normal TRANSFER cycles 
and SPLIT TRANSFER cycles and DSF2 is used to select 
between normal TRANSFER cycles and MASKED TRANS
FER cycles. A TRANSFER cycle can be performed without 
dropping CAS. In this case, the previously loaded Tap 
address will be used. 

The MT43C4257 /8 include a feature called BIT MASKED 
TRANSFER, which uses a third, 2048-bit data register to 
individually mask every bit involved in a transfer opera
tion. The BIT MASKED TRANSFER may be applied to 
either READ or WRITE TRANSFERS. The TRM pin is used 
to select between NORMAL and BIT MASKED TRANSFER 
(or BIT MASK REGISTER LOAD) cycles. The type of trans
fer operation is always selected on the falling edge of RAS. 

NORMAL TRANSFERS 

The MT43C4257/8 support all of the popular transfer 
cycles available on the 1 Meg Video RAMs. Each of these is 
described in the following section. 

READ TRANSFER (RT) 

A READ TRANSFER cycle is selected if ME/(WE) is 
HIGH, and DSFI and TR/(OE) are LOW when RAS goes 
LOW. When RAS goes LOW, the READ TRANSFER is to 
SAMa if STS = LOW, or to SAMb if STS = HIGH. The row 
address bits indicate the four 512-bit DRAM rows that are 
to be transferred to the four SAM data registers. The column 
address bits indicate the start address (or Tap point) of the 
next serial output cycle from the designated SAM data 

registers. QSF indicates the SAM half being accessed; LOW 
if the lower half, HIGH if the upper. Performing a READ 
TRANSFER cycle sets the direction of the selected SAM's 
I/O buffers to the output mode. _ __ 

To complete a REAL-TIME READ-TRANSFER, TR/(OE) 
is taken HIGH while RAS and CAS are LOW. In order to 
synchronize the REAL-TIME READ TRANSFER to the 
serial clock, the rising edge of TR/ (OE) must occur between 
the rising edges of successive clocks on the SC input (refer 
to theAC timing diagrams). A "regular" READ TRANSFER 
is not sychronized with the SC pin of the addressed SAM. 
This type of RT is performed when TR/ (OE) is taken HIGH 
"early," without regard to the falling edge of CAS. The 
transfer will be completed internally by the device. The first 
serial clock must meet the tRSD, tCSD and tASD delays. 
(see READ TRANSFER AC timing diagram). The 2048 bits 
of DRAM data are then written into the SAM data registers 
and the selected SAM's Tap address that was stored in the 
internal, 9-bit Tap address register is loaded into the ad
dress counter. If SE for the SAM selected (SEa for SAMa) is 
LOW, the first bits of the new row data will appear at the 
serial outputs with the next SC clock pulse. SE enables the 
serial outputs, and maybe either HIGH or LOW during this 
operation. 

SPLIT READ TRANSFER (SRT) 

The SPLIT READ TRANSFER cycle eliminates the critical 
transfer timing required to maintain a continuous serial 
output data stream (the "full" READ TRANSFER cycle has 
to occur immediately after the final bit of "old data," and 
before the first bit of "new data" is clocked out the SAM 
port). 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data can be transferred to the other half. The transfer can 
occur at any time while the other half is sending data and 
need not be synchronized with the SC clock. 

The TR/ (OE) timing is relaxed for SRT cycles. The rising 
edge of TR/ (OE) is not used to complete the TRANSFER 
cycle and therefore is independent of the rising edges of 
RAS and CAS. The transfer timing is generated internally 
for SPLIT TRANSFER cycles. 

SPLIT TRANSFERs do not change the SAM I/O direc
tion. A normal (non-split) READ TRANSFER cycle must 
precede any sequence of SRT cycles to put the SAM I/O in 
the output mode and provide the initial SAM Tap address 
(which half). Then an SRT can be initiated by taking DSFI 
HIGH and selecting the desired SAM (using STS) when 
RAS goes LOW during the TRANSFER cycle. As in non
split transfers, the row address is used to specify the DRAM 
row to be transferred. When an SRT cycle is initiated, the 
half of the SAM not actively being accessed will be the half 
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that receives the transfer. When CAS falls, address pins AO
A7 determine the Tap address for the SAM-haU selected; AS 
= "don't care." If CAS does not fall, the previously loaded 
Tap address will be reused and the TRANSFER will be to 
the idle half. 

Figure 5 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is first performed, followed by 
an SRT of the same row to the upper half of the SAM. The 
purpose of the SRT from the same row is to initiate the split 
SAM operating mode and load the Tap address for the 
upper half of the SAM. For the MT43C4257, serial access 
continues and when the SAM address counter reaches 255 
("AS"=1, AO-A7=0), the QSF output for that SAM goes 
HIGH and the Tap address for the upper half is automati
cally loaded. Since the serial access has now switched to the 
upper half of the SAM, new data may now be transferred to 
the lower half. This sequence of waiting for the state of QSF 
to change and then transferring new data to the SAM half 
that is not being accessed may now be repeated. For ex-

PRELIMINARY 

ample, the next step in Figure 5 would be to wait until QSF 
went LOW (indicating that row-1 data is shifting out the 
lower SAM) and then transferring the upper half of row 1 to 
the upper SAM. CAS is used to load the Tap address. If 
CAS does not fall, the last Tap address load for the ad
dressed SAM will be reused . 

The split SAM operation is slightly different for the 
MT43C4258. Instead of having a QSF, this device has a Split 
SAM Special Function (SSF) input. With this input the serial 
access may be switched at will from one half of the SAM to 
the other. In other words, the address count may be stopped 
on the current half and the Tap address of the next half may 
be loaded, without waiting for the maximum address count 
of the current half (255; lower, 511; upper). If no SSF pulse 
is applied, the Tap address of the next half will be automati
cally loaded when the maximum count of the current SAM
half is reached. QSF = 0 when the Lower SAM (bits 0-255) 
is being accessed. QSF = 1 when the Upper SAM (bits 256-
511) is being accessed. 
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Figure 5 

SPUT READ TRANSFER 

FROM: Row 1 
TO: Lower SAM 
Serial output from 
Upper SAM continues 
(OSF remains HIGH) 
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TYPICAL SPLIT READ TRANSFER INITIATION SEQUENCE 

3-178 



PRELIMINARY 

1'II1C:I=";2~ MT 43C4257 /8 

WRITE TRANSFER (WT) 

The operation of the WRITE TRANSFER is identical to the 
READ TRANSFER described previously, except (ME)/WE 
and SEmust be LOW when RAS goes LOW. The DSF2 input 
is used to select between the WT and DQ MASKED WRITE 
TRANSFER cycles, and must be LOW for the WT cycle. The 
STSpinisalsotakenLOW or HIGH to select SAMa orSAMb, 
respectively, when RAS goes LOW. The row address indi
cates the DRAM row to which the SAM data register will be 
written, and the Tap address indicates the starting address 
of the next SERIAL INPUT cycle for the SAM data registers. 
QSF indicates the SAM half being accessed; LOW if the 
lower half, HIGH if the upper. Performing a WT sets the 
direction of the SAM I/O buffers to the input mode. 

PSEUDO WRITE TRANSFER (PWT) 

The PSEUDO WRITE TRANSFER cycle can be used to 
change the direction of a SAM port from output to input 
without disturbing the DRAM data in the selected row. A 
PSEUDO WRITE TRANSFER cycle is a WRITE TRANSFER 
cycle with theSE of the appropriate SAM held HIGH instead 
of LOW. The addressed row will be refreshed. A DQ 
MASKED WRITE TRANSFER (with all bits masked) is an 
alternate method for changing the direction of the SAM port 
without disturbing the addressed row data. 

DQ MASKED WRITE TRANSFER (DMWT) 

The data being transferred from either SAM to the DRAM 
may be masked by performing a DQ MASKED WRITE 
TRANSFER cycle. The transfer of data may be selectively 
enabled for each of the four DQ planes (see Figure 6). The 
DMWT cycle is identical to the WRITE TRANSFER cycle 
except DSF2 is HIGH and mask data must be on the DQ 
inputs at the falling edge of RAS. 

The complete SAM register will be transferred to the 
selected row in each DQ plane if the mask data input is 
HIGH, and the SAM register will not be transferred if the 
mask data input for that DQ plane is LOW. DRAM data is 
not disturbed in masked DQ planes. 

SPLIT WRITE TRANSFER (swn 
The SPLIT WRITE TRANSFER feature makes it pOSSible 

to input and transfer uninterrupted bit streams. Figure 7 
shows a typical initiation sequence for SWT cycles. 

Like the SRT, the SPLIT WRITE TRANSFER cycle does 
not change the state of the SAM I/O buffers. A normal, DQ 
MASKED or PSEUDO WRITE TRANSFER cycle is required 
to set the Tap address and set the SAM I/O direction to 
input mode. 

After the WT, a SWT is performed to enter the split SAM 
operating mode. This sets the Tap for the next half of the 
SAM. The addressed half of the SAM is immediately trans-
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Figure 6 
DQ MASKED WRITE TRANSFER 

ferred to the first destination row. This half of the SAM may 
not yet contain valid data. However, another SWT to the 
same row will normally occur after this is loaded, so the 
initial invalid data will be overwritten. Another approach 
would be to initiate an SWT addressed to any DRAM row, 
but mask (disable) all four of the DQ planes. This method 
can be used to initiate the SWT sequence without disturbing 
any DRAM data. 

Write mask data must be supplied to the DQ inputs 
during every SWT cycle at RAS time. The mask data acts as 
an individual write enable for each of the four DRAM DQ 
planes. For example, the DQl MASKED WRITE bit enables 
or disables the transfer of the SAM SDQl register to the DQl 
plane of the DRAM row selected (see the DQ MASKED 
WRITE TRANSFER description). As in all other MASKED 
WRITE operations, a HIGH enables the WRITE TRANSFER 
and a LOW disables the WRITE TRANSFER. As with SPLIT 
READ TRANSFER, the half of the SAM not receiving data 
will be the half transferred and the Tap address (AO-A7) for 
the other halfis loaded when CAS falls (A8isa "don't care"). 
If CAS does not fall, the previously loaded Tap address, AO
A7, will be reused. The TRANSFER will be to the idle half. 
When the serial clock crosses the half-SAM boundary, the 
new Tap address for that half is automatically loaded. 

The QSFa and QSFb output (MT43C4257) indicate which 
half of SAMa or SAMb, respectively, is currently accepting 
data. After QSF goes HIGH, indicating that serial inpufhas 
now switched to the upper SAM, the contents of the lower 
half of the SAM may be transferred to any DRAM row. The 
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cycle of checking for a change in QSF and then transferring 
the half of the SAM just filled may now be repeated. The 
next step on Figure 7 is to wait for QSF to go LOW and then 
SWT the contents of the upper half of the SAM to row O. If 
the terminal count of the SAM halfis reached before an SWT 
is performed for the next half, the access will be repeated 
from the same half and previously loaded address (access 
will not move to the next half). 

When operating the MT43C4258 in the SWT mode, the 
address pointer may be changed, at will, to the new Tap 
address of the next half when the final desired input data is 
clocked in. When the final data is input, the SSF input is 
taken HIGH at the corresponding rising edge of SC. The 
next SC rising edge will input data into the Tap location of 
the next half of the SAM. If SSF is not applied, the Tap 
address will be automatically loaded when the maximum 
Tap address count is reached for the current half (255 or 

PRELIMINARY 

511). If SSF is HIGH at SC, before an SWT is performed for 
the next half, the access will jump to the old Tap address of 
the same half. Access will not preceed to the next half. If 
terminal count is reached before an SWT, the access will 
proceed as it does for the MT43C4257. 

SERIAL INPUT and SERIAL OUTPUT 

The controlin..Ets for SERIAL INPUT and SERIAL OUT
PUT are SCa,b, SEa,b and SSFa,b (MT43C4258). The rising 
edge of SC increments the serial address counter and pro
vides access to the next SAM location. SE enables or disables 
the serial input/ output buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded during the DRAM-TO-SAM 
TRANSFER cycle. The SC input increments the address 
counter and presents the contents of the next SAM location 
to the 4-bit port. SE is used as an output enable during the 
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Figure 8 
BIT MASKED TRANSFER BLOCK DIAGRAM 

SAM output operation. The serial address is automatically 
incremented with every SC LOW-to-HIGH transition, 
regardless of whether SE is HIGH or LOW. For the 
MT43C4257, the address progresses through the SAM and 
will wrap around (after count 255 or 511) to the Tap address 
of the next half, for split modes. Address count will wrap 
around (after count 511) to Tap address 0 if in the "full" SAM 
modes. For the 43C4258, the address count will wrap as it 
does for the MT43C4257 or it may be triggered, at will, to the 
next half by the SSF input (split SAM modes). If SSF is HIGH 
at a LOW-to-HIGH transition of SC, the Tap address of the 
next half will be loaded into the address pointer. The 
following LOW to HIGH transition of SC will clock data 
from the Tap address of the new half. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
contents of the serial address register (loaded when the 
serial input mode was enabled) will determine the serial 
address of the first 4-bit word written. SE acts as a WRITE 
ENABLE for serial input data and must be LOW for valid 
serial input. If SE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every LOW to HIGH transition 
of SC, regardless of the logic level on the SE input. 

BIT MASKED TRANSFERS 
This section describes transfers between the DRAM and 

either of the two SAMs using the BIT MASKED TRANSFER 
capability. Before performing these BIT MASKED TRANS
FERS, the bit mask register must first be loaded with the 
mask data. See the next section, BIT MASK REGISTER 
OPERA nONS, for instructions on how to load the Bit Mask 
Register (BMR). 
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The BMR is a 2048-bit register that individually controls 
each of the 2048 transfer gates on the internal 512 x 4 transfer 
bus (see Figure 8). These bus transfer gates reside between 
the DRAM array and the three data registers and are set to 
the "pass-thru" mode for nonmasked transfers. For BIT 
MASKED TRANSFERs, the data in the BMR is coupled to 
the control inputs of the bus transfer gates. A logic "1" in the 
BMR will select the pass-thru (unmasked) mode for the 
corresponding SAM data bit, while a logic "0" will select the 
masked mode for that bit. 

BIT MASKED TRANSFERs may be incorporated when 
doing READ, WRITE, SPLIT READ and SPLIT WRITE 
TRANSFERs. The timing and control required for any 
particular BIT MASKED TRANSFER cycle is identical to 
the corresponding normal TRANSFER cycle, except that 
TRM and DSF2 are HIGH instead of LOW. BIT MASKED 
TRANSFERs between the DRAM and either of the two 
SAM registers are possible. Figure 9 illustrates the BIT 
MASKED TRANSFER functions. 

BIT MASKED READ TRANSFER (BMRT) 

BIT MASKED READ TRANSFER can be used to transfer 
any combination of the 2048 bits contained in any DRAM 
row address to either of the two SAMs. The logic conditions 
and timing for the BMRT function are identical to the 
normal READ TRANSFER function except to select the BIT 
MASKED feature, TRM and DSF2 are HIGH. If a bit in the 
BMR is a logic "1", the bus connection between the corre
sponding DRAM bit and the selected SAM bit is enabled 
and the data at the destination (one of the SAMs for BMRT) 
will be changed to the source data (the DRAM row for 
BMRT). 
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Figure 9 
BIT MASK TRANSFER BLOCK DIAGRAM 

BIT MASKED SPLIT READ TRANSFER (BMSRT) 

The BIT MASKED SPLIT READ TRANSFER operation is 
identical to the normal SPLIT READ TRANSFER except 
that the bit mask (stored in the bit mask register) is applied 
to the transfer data by taking TRM and DSF2 mGH when 
RAS falls. The remaining control timing is identical to the 
requirements for a normal SPLIT READ TRANSFER. 

BIT MASKED WRITE TRANSFER (BMWT) 

Like WRITE TRANSFER, the BIT MASKED WRITE 
TRANSFER function may be used to transfer data to any 
DRAM row address from either of the two SAM registers. 
In this case, the SAM data will be masked by the contents of 
the Bit Mask Register before the data is written to the 
DRAM. 

BIT MASKED SPLIT WRITE TRANSFER (BMSWT) 

Like the other BIT MASKED TRANSFER cycles, the 
BMSWT is nearly identical to the SPLIT WRITE TRANS
FER, except TRM and DSF2 are HIGH whenRAS falls. Two 
masks are applied during a BMSWT operation. Each of the 
individual bits are masked by the bit mask register and each 
of the DQ planes are masked by the DQ inputs at RAS time. 
If a DQ input is LOW at RAS time, none of the 256 SAM bits 
for that DQ plane will be transferred to the DRAM row-half 
selected. If a DQ input is mGH, the 256 SAM bits for that 

row half will be masked by the corresponding 256 mask 
register bits when written to the selected DRAM row-half. 
The remaining control timing is identical to the require
ments for a normal SPLIT WRITE TRANSFER. 

BIT MASK REGISTER OPERATIONS 
This section describes how to transfer data to or from the 

Bit Mask Register (BMR) and how to clear the BMRs con
tents. Data may also be inverted when being transferred 
between the BMR and DRAM. 

BMR READ TRANSFER (BMR~RT) 

Any DRAM row may be transferred to the BMR by using 
the BMR READ TRANSFER function. WhenRAS falls, TR/ 
(OE) is LOW to select a transfer cycle. TRM is HIGH to 
indicate that the BMR is involved in the TRANSFER cycle, 
and DSF2 is LOW to indicate that the data is to be trans
ferred to the BMR (as opposed to using the contents of the 
BMR as bit mask data). The remainder of the timing and 
control required is identical to a normal READ TRANSFER 
cycle. No Tap address is loaded in this TRANSFER. 

Note that the SAM transfer select (STS) pin is used to 
select whether non-inverted (STS=LOW) or inverted 
(STS=mGH) data is transferred to the bit mask register. For 
all transfers to or from the bit mask register, the state of the 
MKD pin when RAS falls selects whether the Serial Mask 
Input (SM!) feature is enabled (see the Functional Truth 
Table). SMI is a special serial input mode that allows mask 
information to be clocked into the BMR at the same address 
location as the data clocked into SAMb (see the SMI mode 
description). MKD is LOW when RAS falls to disable SMI 
or HIGH to enable SM!. After the transfer is completed, the 
MKD pin then acts either as a mask data input to the BMR 
(SMI enabled) or is "don't care" (SMI disabled). The MKD 
input is tied to the 4 bit-planes, the data on the MKD pin is 
written to each bit plane simultaneously. 

BMR INVERTED READ TRANSFER (BMR-IRT) 

If the STS pin is mGH at RAS time the DRAM data will 
be inverted before being written to the BMR. All 2048 bits 
involved in the transfer will be complemented. The func
tionality and logic levels for the other control inputs are 
identical to the BMR READ TRANSFER cycle. Note that 
MKD is still used to enable or disable the SM! mode. There 
is no added cycle time delay for either the BMR INVERTED 
READ or BMR INVERTED WRITE TRANSFER cycles. 
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BMR WRITE TRANSFER (BMR-WT) 

The contents of the BMR may also be transferred to any 
DRAM row by using the BMR WRITE TRANSFER cycle. 
(ME) /WE and DSF2 are LOW and TRM is HIGH when 
RAS falls, to select a write transfer from the BMR. The DQ 
inputs are used to input aDQbit-plane mask when RAS falls. 
This allows each of the four DQ planes to be write enabled 
or disabled during the BMR-WT. The MKD input is used to 
enable or disable the SMI mode. STS must be LOW at 
RAS time to transfer non-inverted BMR data to the DRAM 
row selected. 

BMR INVERTED WRITE TRANSFER (BMR-IWT) 

As with the BMR INVERTED READ TRANSFER the 
2048 bits involved in the transfer may be inverted ~hile 
being transferred. Taking STS HIGH at RAS time will cause 
the BMR data to be inverted before it is stored in the selected 
DRAM row. The other control and DQ (mask) inputs are the 
same as the BMR-WT. 

SAM-TO-BMR TRANSFER (SAM-BMR) 

The contents of either SAM may be transferred to the 
BMR in the same manner that a DRAM row is transferred. 
In this case, DSFl is HIGH to indicate that the SAM is the 
source of the data instead of the DRAM. (ME) /WE is used 
to indicate the direction of the transfer and must be LOW 
when RAS falls, for a SAM-TO-BMR TRANSFER. STS is n~ 
longer used to select between normal and inverted data it 
now indicates which SAM is involved in the transfer. Si~ce 
a SAM-TO-BMR TRANSFER "reads" data from the SAM 
the SAM will be placed into input mode by this transfe; 
cycle. The MKD input is still used to determine if the SMI 
mode will be enabled after the transfer is completed. Since 
no DRAM access is involved, it is not necessary to provide 
any particular ROW address at RAS time. However, 
whichever ROW address is present at RAS time will be used 
as the address for a RAS-ONL Y REFRESH. Since a SAM is 
involved in the transfer, a new SAM starting Address (or 
Tap) will be loaded at CAS time. This address will be loaded 
into the serial address counter of the SAM selected by STS 
at RAS time. 

Note: Any SAMfBMR TRANSFER will take the device out 
of the split SAM mode, if it was in that mode before the 
transfer. 

BMR-TO-SAM TRANSFER (BMR-SAM) 

The contents of the BMR may also be transferred to one of 
the SAM registers. The (ME) /WE input is used to indicate 
the direction of the transfer and must be HIGH for a BMR
TO-SAMTRANSFER. STSis LOW to select SAMa or HIGH 
to select SAMb as the destination for the BMR data. The 

remaining inputs and functionality are identical to the 
SAM-TO-BMR TRANSFER. Since a BMR-TO-SAM 
TRANSFER writes new data to the selected SAM register, 
the I/O for the SAM involved will be placed in the output 
mode and a new Tap address will be loaded when CAS falls. 

CLEAR BIT MASK REGISTER (CLR-BMR) 

The entire contents of the BMR can be cleared (set all bit 
LOW) within a single transfer cycle by performing a CLEAR 
BMR cycle. Unlike the other cycles that access the BMR, 
TRM is LOW at RAS time for the CLEAR BIT MASK REG
ISTER function. TR/ (OE) is LOW to indicate that the cycle 
is a transfer cycle (although there is really no data transfer 
involved). The CLR-BMR function is selected when 
ME/(WE), DSFl and DSF2 are HIGH when RAS falls. 

When the BMR is cleared, all data will be masked when 
a BIT MASKED TRANSFER cycle is performed. 

The BMR INVERTED WRITE and BMR WRITE TRANS
FERS can be used with the CLR-BMRfunction to set or clear, 
respectively, any DRAM row. The CLR-BMR function is 
used to clear the BMR then the BMR TRANSFERS are 
performed to the addressed DRAM row. 

The CLEAR BIT MASK REGISTER function is useful 
when using the SERIAL MASK INPUT mode. It is auto
matically performed (when in the SMI mode) when data is 
transferred from SAMb to the DRAM (see SERIAL MASK 
INPUT section). 

SERIAL MASK INPUT (SMI) 

Whenever the BMR is accessed, the MKD input is sensed 
and latched into the BMR control logic. If the MKD pin is 
LOW at RAS time the Serial Mask Input (SMI) mode is 
disabled and the BMR may only be loaded via internal 
transfer cycles. If MKD is HIGH when RAS falls, during a 
BMR access, then the BMR control logic enables the SMI 
mode and the BMR may be serially loaded via the MKD 
input. 

When SMI is enabled, the MKD input is coupled to all 
four of the bit mask register's DQ planes (see Figure 10). The 
SCb clock input and SAMb's address counter are used to 
input data to SAMb and the BMR. SEb will enable (LOW) or 
disable (HIGH) input data to SAMb and the BMR, the 
address count will increment regardless of the state of SEb. 

The most common application of the SMI mode is to 
automatically load a transfer mask with the new data 
written to SAMb. To initialize the sequence, the BMR is 
cleared (CLR-BMR) with MKD=HIGH at RAS time to en
able the SMI mode. Then SAMb is prepared to accept input 
data by performing PSEUDO WRITE TRANSFER. The 
SAM starting address loaded will also apply to the BMR. 
For every address location that data is written to in SAMb 
the corresponding address location in the BMR will b~ 
written to the value present on MKD (all four planes of the 
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Figure 10 
SERIAL-MASK-INPUT MODE BLOCK DIAGRAM 

BMR will be written). After the input of data to SAMb is 
complete, a BIT MASKED WRITE TRANSFER may be done 
and only the unmasked data from SAMb will be transferred 
to the DRAM. The BMR will be cleared automatically after 
a BIT MASKED WRITE TRANSFER from SAMb, if the 
device is in the SMI mode. A BMSWT from SAMb will clear 
only half of the BMR. This allows a new mask to be loaded 
during the next fill of SAMb, without performing a CLR
BMR cycle. If data is to be masked during the BMWT then 
MKD is held LOW when the corresponding SAMb data is 
written. If the data is to be written (unmasked) to the DRAM 
during the BMWT, then MKD is held HIGH wh~n the 
corresponding SAMb location is written. The functIon of 
the MKD pin is dependent on the I/O direction of SAMb. 
MKD is an input only, if SMI is enabled and SAMb is in 
input mode. If SMI is enabled and SAMb is in output mode, 
the MKD input is a "don't care," no new data maybe written 
to the BMR via MKD. MKD is also "don't care" if the SMI 
mode is disabled. Note that the mask data loaded via SAMb 
may also be applied to a SAMa TRANSFER cycle, ifthe mask 
hasn't been cleared by a SAMb TRANSFER or a CLR-BMR 

cycle. The BMR will not be cleared after a TRANSFER 
involving SAMa. 

POWER UP INITIALIZATION 

When Vee is initially supplied or when refresh is inter
rupted for more than 8ms, the device must be initialized. 

After Vee is at specified operating conditions, for 100~s 
(minimum), eight RAS cycles must be executed to initalize 
the dynamic memory array. When the device is initialized 
the DRAM I/ 0 pins (DQs) are in a High-Z state, regardless 
of the state of (TR) I OE. The DRAM array will contain ran
domdata. 

The SAM portion of the device is completely static ar:d 
does not require an initialization cycle. Both SAM ports WIll 
power-up in the serial input mode (WRITE TRANSFERs) 
and the SAM 110 pins (SDQs) are in a High-Z state, regard
less of the state of SE abo Also, SPLIT TRANSFER and SMI 
modes are disabled. Both QSF (MT43C4257) outputs are in 
the High-Z state. Both SAMs, bit mask, color, and DRAM 
mask registers all contain random data after power-up. 
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I MULTIPORT DRAM 

TRUTH TABLE 1 

CODE FUNCTION RAS FALLING EDGE 

W- TR" IlItiMrrwro OSF1 OSF2 lEa, SEb TRM MKO 

DRAM OPERATIONS 

CBR CAS-BEFORE-RAS REFRESH 0 1" 1" X X X X X 

ROR RAS ONLY REFRESH 1 1 X X X X X X 

RW NORMAL DRAM READ OR WRITE 1 1 1 0 0" x x x 

RWNM NONPERSISTENT (LOAD AND USE) 1 1 0 0 0" x x x 
MASKED WRITE TO DRAM 

RWOM PERSISTENT (USE REGISTER) 1 1 0 1 0" X X X 
MASKED WRITE TO DRAM 

BW BLOCK WRITE TO DRAM 1 1 1 0 0" x x x 
(NO DATA MASK) 

BWNM NONPERSISTENT (LOAD & USE) 1 1 0 0 0" x x x 
MASKED BLOCK WRITE TO DRAM 

BWOM PERSISTENT (USE MASK REGISTER) 1 1 0 1 0" X X X 
MASKED BLOCK WRITE TO DRAM 

REGISTER OPERATIONS 
LMR LOAD MASK REGISTER 1 1 1 1 0" X X X 

LCR LOAD COLOR REGISTER 1 1 1 1 0" X X X 

TRANSFER OPERATIONS 
RT READ TRANSFER 1 0 1 0 0 X 0 X 

(DRAM-TO-SAM TRANSFER) 

SRT' SPLIT READ TRANSFER 1 0 1 1 0 X 0 X 
(SPLIT DRAM-TO-SAM TRANSFER) 

WT WRITE TRANSFER 1 0 0 0 0 0 0 X 
(SAM-TO-DRAM TRANSFER) 

PWT PSEUDO WRITE TRANSFER 1 0 0 0 0 1 0 X 
(SERIAL INPUT MODE ENABLE) 

SWT' SPLIT WRITE TRANSFER (SPLIT SAM- 1 0 0 1 0 X 0 X 
TO-DRAM TRANSFER WITH MASK) 

DMWT DO MASKED WRITE TRANSFER 1 0 0 0 1 X 0 X 

WFALL AO-AS2 

STS OSF1 m CAS 

X X X X 

X - ROW -

x 0 ROW COLUMN 

x 0 ROW COLUMN 

X 0 ROW COLUMN 

X 1 ROW COLUMN 
(A2-AS) 

X 1 ROW COLUMN 
(A2-AS) 

X 1 ROW COLUMN 
(A2-AS) 

X 0 X' X 

X 1 X' X 

O~SAMa X ROW TAP' 
1~SAMb 

~SAMa X ROW TAP' 
1~SAMb 

O~SAMa X ROW TAP' 
1~SAMb 

O~SAMa X X' TAP' 
1~SAMb 

O~SAMa X ROW TAP' 
1~SAMb 

O~SAMa X ROW TAP' 
1~SAMb 

001- 0043 

lIAS W4 

X X 

X -

X VALID 
DATA 

WRITE VALID 
MASK DATA 

X VALID 
DATA 

X COLUMN 
MASK 

WRITE COLUMN 
MASK MASK 

X COLUMN 
MASK 

X WRITE 
MASK 

X COLOR 
DATA 

X X 

X X 

X X 

X X 

DQ X 
MASK 

DO X 
MASK 

REGISTERS 

MASK COLOR 

X X 

X X 

X X 

LOAD & X 
USE 

USE X 

X USE 

LOAD & USE 
USE 

USE USE 

LOAD X 

X LOAD 

X X 

X X 

X X 
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USE 
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USE 
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TRUTH TABLE 1 

CODE FUNCTION RAS FALLING EDGE iCJISFALL AD -A82 001 - 0043 REGISTERS 

~ TR(Or Mr/WE" OSF1 OSF2 "SEa, "SEb TRM MKO STS OSF1 RAS m !lAS m4 MASK COLOR 

BIT MASK REGISTER OPERATIONS 

SMR- SMR READ TRANSFER 1 0 1 0 0 X 1 0/1' 0 X ROW X X X X X 
RT (DRAM-SMR TRANSFER) 

BMR- BMR READ TRANSFER 1 0 1 0 0 X 1 0/1' 1 X ROW X X X X X 
IRT (DRAM-INVERT -SMR TRANSFER) 

SMR- BMR WRITE TRANSFER 1 0 0 0 0 X 1 0/1' 0 X ROW X DO X X X 
WT (SMR-DRAM TRANSFER) MASK 

SMR- SMR WRITE TRANSFER 1 0 0 0 0 X 1 0/1' 1 X ROW X DO X X X 
IWT (SMR-INVERT -DRAM TRANSFER) MASK 

SAM- SAM-SMR TRANSFER .1 0 0 1 0 X 1 0/1' O=SAM, X X' TAP' X X X X 
SMR 1=SAMb 

SMR- SMR-SAM TRANSFER 1 0 1 1 0 X 1 0/1' O=SAM, X X' TAP' X X X X 
SAM 1=SAMb 

CLR- CLEAR SIT MASK REGISTER 1 0 1 1 1 X 0 0/1' X X X' X X X X X 
SMR (SETS SMR TO ALL "o's") 

BIT MASKED TRANSFER OPERATIONS 

SMRT SIT MASKED READ TRANSFER 1 0 1 0 1 X 1 X O=SAM, X ROW TAP' X X X X 
(SM DRAM-SAM TRANSFER) 1=SAMb 

SMSRT' SIT MASKED SPLIT READ TRANSFER 1 0 1 1 1 X 1 X O=SAM, X ROW TAP' X X X X 
(SM SPLIT DRAM-SAM TRANSFER) 1=SAMb 

SMWT SIT MASKED WRITE TRANSFER 1 0 0 0 1 X 1 X' O=SAM, X ROW TAP' X X X X 
(SM SAM-DRAM TRANSFER) 1=SAMb 

BMSWT' SIT MASKED SPLIT WRITE TRANSFER 1 0 0 1 1 X 1 X' O=SAM, X ROW TAP' DO X LOAD & X 
(SM SPLIT SAM-DRAM TRANSFER) 1=SAMt MASK USE 

NOTE: 1. 0 = LOW (V ,L), 1 = HIGH (V ,H), X = "don't care", - = "not applicable" __ __ 
2. These columns show what must be present on the AO-A8 inputs when RAS falls and when CAS falls. 
3. These columns show what must be present on the DQ1-DQ4 inputs when RAS falls and when CAS falls. 
4. On WRITE cycles (except BLOCK WRITE), the input data is latched at the falling edge of CAS or ME/WE, whichever is later. Similarly, 

on READ cycles, the output data is enabled on the falling edge of CAS or TR/OE, whichever is later. 
5. The ROW that is addressed will be refreshed, but no particular ROW address is required. 
6. Tap Address; this is the SAM location that the first SC cycle will access. For SPLIT TRANSFERS the half receiving the transfer is 

determined by the MSB of the internal address counter. The SAM half not currently being accessed will be the half receiving the transfer. 
Column address A8 is a "don't care" for SPLIT TRANSFERS. 

7. The Serial Mask Input mode (SMI) is enabled (''1'') or disabled ("0") when the BMR is accessed (see BMR OPERATIONS). If SMI is 
enabled (MKD = "1"), mask data is serially clocked into the BMR with SCb and the BMR is automatically cleared after a BIT MASKED 
WRITE or BIT MASKED SPLIT WRITE TRANSFER cycle from SAMb. For BIT MASKED READ TRANSFERs to any SAM and BIT 
MASKED WRITE TRANSFERs from SAMa, the BMR is not cleared automatically. 

8. If the SMI mode is enabled, mask data is clocked into the BMR with SCb. A HIGH will allow data from the SAM address location to be 
written to the DRAM, a LOW will mask data to the DRAM during a BIT MASKED WRITE or BIT MASKED SPLIT WRITE TRANSFER. 

9. SPLIT TRANSFERs do not change SAM I/O direction. 
10. SAM I/O direction is a function of the state of MEIWE at RAS time. If MEIWE is LOW, then the selected SAM is an input; if ME/WE is 

HIGH then the SAM is an output. 
11. The MT43C4257/8 operates properly if this state is "X", but to allow for future functional enhancements it is recommended that they are 

driven as shown in the Truth Table. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc supply relative to Vss ......... -l.DV to +7.DV 
Operating Temperature, Ta(Ambient) ........... DOC to +7DoC 
Storage Temperature (Ceramic) ................. -65°C to + I5DOC 
Storage Temperature (Plastic) .................... -55°C to + I5DOC 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C ::; T A::; 70°C) 

PARAMETERJCONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(Notes 3, 4, 5) (O°C ::; T A::; 70°C; Vee = 5.0V ± 10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
(any input (OV::;VIN::;Vee, all other pins not under test = OV). 

OUTPUT LEAKAGE CURRENT 
(Dout is disabled, OV::;VouT::;Vee). 

OUTPUT LEVELS 

'Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.5 5.5 V 1 

VIH 2.4 Vee+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 IlA 

loz -10 10 IlA 

Output High Voltage (lOUT = -2.5mA, SDOs; -SmA all other outputs) VOH 2.4 V 

Output Low Voltage (lOUT = 2.5mA, SDOs; 5mA all other outputs) VOL 0.4 V 1 

CAPACITANCE 
(TA = 25°C; Vee = 5.0V; f = 1 MHz) 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AD-As, TRM, MKD CI1 5 pF 2 

Input Capacitance: RAS, CAS, MEIWE, 'fRiOE, SCa,b, SEa,b, DSF1 ,2, STS CI2 7 pF 2 

SSFa,b 

InpuVOutput Capacitance: DO, SDOa,b CliO 9 pF 2 

Output Capacitance: OSFa,b Co 9 pF 2 
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CURRENT DRAIN, SAMa and SAMb IN STANDBY 
(O°C S T A S 70°C; Vcc = 5.0V ± 10%) MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 UNITS NOTES 

OPERATING CURRENT ICCI 100 90 80 mA 3,4 
(RAS and CAS = Cycling; IRC = IRC (MIN» 

OPERATING CURRENT: PAGE MODE Icc2 90 80 70 mA 3,4 
(RAS = VIL CAS = Cycling; IpC = IpC (MIN» 

STANDBY CURRENT: TTL INPUT LEVELS 1CC3 7 7 7 mA 
Power supply standby current (RAS = CAS = VIH, after 8 RAS cycles min) 

STANDBY CURRENT: CMOS INPUT LEVELS 1CC4 1 1 1 mA 
Power supply standby current (RAS = CAS = Vcc-0.2V, 
after 8 RAS cycles min). All other inputs at Vcc -0.2V or Vss +0.2V 

REFRESH CURRENT: RAS-ONL Y ICC5 100 90 80 mA 3 
(RAS = Cycling; CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS ICC6 90 80 70 mA 3,5 
(RAS and CAS = Cycling) 

TRANSFER CURRENT: SAM/DRAM DATA TRANSFER Icc7 110 100 90 mA 3 

CURRENT DRAIN, SAMa and SAMb ACTIVE 
(Notes 3, 4) (O°C S T A S 70°C; Vcc = 5.0V ± 10%) MAX 

PARAMETERlCONDlTlON SYMBOL -8 -10 -12 UNITS NOTES 

OPERATING CURRENT Icca 180 170 160 mA 
(RAS and CAS = Cycling; IRC = IRC (MIN» 

OPERATING CURRENT: PAGE MODE Iccg 160 150 140 mA 
(RAS = VIL CAS = Cycling; IpC = IpC (MIN» 

STANDBY CURRENT: TTL INPUT LEVELS ICC10 85 85 85 mA 
Power supply standby current (RAS = CAS = VIH, after 8 RAS cycles min) 

STANDBY CURRENT: CMOS INPUT LEVELS ICCll 75 75 75 mA 
Power supply standby current (RAS = CAS = Vcc -0.2V, 
after 8 RAS cycles min). All other inputs at Vec -0.2V or Vss +0.2V 

REFRESH CURRENT: RAS-ONL Y ICC12 180 170 160 mA 
(RAS = Cycling; CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS ICC13 170 160 150 mA 5 
(RAS and CAS = Cycling) 

TRANSFER CURRENT: SAM/DRAM DATA TRANSFER ICC14 180 170 160 mA 
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DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6,7,8,9,10,11,12,13) (O°C sTA s+70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 
PARAMETER SYM MIN MAX MIN MAX 
Random READ or WRITE cvcle time tRC 150 180 
READ-MODIFY-WRITE cvcle time tRWC 205 235 
FAST PAGE MODE READ or WRITE tpc 45 55 
cycle time 

FAST-PAGE-MODE READ-MODIFY- tpRWC 100 110 
WRITE cycle time 

Access time from RAS tRAC 80 100 
Access time from CAS tCAC 20 25 
Access time from (rR)/OE tOE 20 25 
Access time from column address tAA 40 50 
Access time from CAS precharae tCPA 45 55 
RAS pulse width tRAS 80 10,000 100 10,000 
RAS pulse width (FAST PAGE MODE) tRASP 80 100,000 100 100000 
RAS hold time tRSH 20 25 
RAS precharge time tRP 60 70 
CAS pulse width tCAS 20 10000 25 10000 
CAS hold time tCSH 80 100 
CAS precharge time tCPN 15 15 
CAS precharae time (FAST PAGE MODE) tcp 10 10 
RAS to CAS delay time tRCD 20 60 20 75 
CAS to RAS precharge time tCRP 5 5 
Row address setup time tASR 0 0 
Row address hold time tRAH 12 15 
RAS to column tRAD 17 40 20 50 
address delay time 

Column address setup time tASC 0 0 
Column address hold time tCAH 15 20 
Column address hold time tAR 60 70 
(referenced to RAS) 

Column address to tRAL 40 50 
RAS lead time 

Read command setup time tRCS 0 0 
Read command hold time tRCH 0 0 
(referenced to CAS) 

Read command hold time tRRH 0 0 
(referenced to RAS) 

CAS to output in Low-Z tCLZ 0 0 
Output buffer turn-off delav tOFF 0 20 0 20 
Output disable too 0 20 0 20 
Output disable hold time from start of write tOEH 15 15 
Output enable to RAS delav tORD 0 0 
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210 ns 

280 ns 

65 ns 

140 ns 

120 ns 14 17 
30 ns 15 
30 ns 

60 ns 

65 ns 
120 10,000 ns 

120 100000 ns 

30 ns 

80 ns 

30 10000 ns 

120 ns 
20 ns 16 
15 ns 

25 90 ns 17 
10 ns 

0 ns 

15 ns 

25 60 ns 18 

0 ns 

25 ns 

85 ns 

60 ns 

0 ns 

0 ns 19 

0 ns 19 

0 ns 

0 30 ns 20 
0 30 ns 

20 ns 

0 ns 
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DRAM TIMING PARAMETERS (Continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C S; TA S; +70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 

PARAMETER SYM MIN MAX MIN MAX 
Write command setup time IWCS 0 0 

Write command hold time IWCH 15 20 

Write command hold time IWCR 60 75 
(referenced to RAS) 

Write command pulse width IWp 15 15 

Write command to RAS lead time IRWL 20 20 

Write command to CAS lead time ICWL 20 20 

Data-in setup time IDS 0 0 
Data-in hold time IDH 20 20 

Data-in hold time IDHR 60 70 
(referenced to RAS) 

RAS to WE delay time IRWD 110 130 

Column address IAWD 70 80 
to WE delay time 

CAS to WE delay time ICWD 50 55 

Transition time (rise or fall) IT 3 50 3 50 

Refresh period (512 cycles) IREF 8 8 
RAS to CAS precharge time IRPC 0 0 

CAS setup time ICSR 10 10 
(CAS-BEFORE·RAS refresh) 

CAS hold time ICHR 30 30 
(CAS-BEFORE·RAS refresh) 

MEIWE to RAS setup time IWSR 0 0 
MEIWE to RAS hold time IRWH 12 15 

Mask data to RAS setup time IMS 0 0 
Mask data to RAS hold time IMH 12 15 
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0 ns 21 

25 ns 

85 ns 

20 ns 

25 ns 

25 ns 

0 ns 22 

25 ns 22 

90 ns 

160 ns 21 

100 ns 21 

70 ns 21 

3 50 ns 9,10 

8 ms 
0 ns 

10 ns 5 

30 ns 5 

0 ns 
15 ns 

0 ns 

15 ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6,7,8,9,10) (0° C:S; TA:S; + 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS ·8 -10 
PARAMETER SYM MIN MAX MIN MAX 

TRANSFER command to RAS setup time ITlS 0 0 
TRANSFER command to RAS hold time tTlH 12 10,000 15 10,000 
TRANSFER command to RAS hold time lRTH 70 10,000 80 10,000 
(REAL-TIME READ TRANSFER only) 

TRANSFER command to CAS hold time tCTH 20 25 
(REAL-TIME READ TRANSFER only) 

TRANSFER command to column address hold time ATH 25 30 
(For REAL-TIME READ TRANSFER only) 

TRANSFER command to SC lead time lTSl 5 5 
TRANSFER command to RAS HIGH lead time ITRl 0 0 
TRANSFER command to RAS delay time lTRD 15 15 
TRANSFER command to CAS HIGH lead time tTCl 0 0 
TRANSFER command to CAS delay time TCD 15 15 
First SC edge to TRANSFER command delay time lTSD 10 10 
RAS to first SC edge delay time RSD 80 95 
CAS to first SC edae delay time tCSD 25 30 
Column address to first SC edge delay time tASD 50 60 
Serial output buffer turn-off delay from RAS tSDZ 10 35 10 40 
SC to RAS setup time tSRS 30 30 
RAS to SC delay time tSRD 20 25 
Serial data input to SE delay time SZE 0 0 
RAS to SD buffer turn on time tSRO 10 15 
Serial data in~ut delay from RAS tSDD 45 50 
Serial data input to RAS delay time lSZS 0 0 
Serial-Input-Mode enable tESR 0 0 
(SE) to RAS setup time 

Serial-Input-Mode enable (SE) to RAS hold time tREH 12 15 
NONTRANSFER command YS 0 0 
to RAS setup time 

NONTRANSFER command to RAS hold time tYH 12 15 
DSF TRM STS MKD to RAS setup time lFSR 0 0 
DSF, TRM, STS, MKD to RAS hold time tRFH 12 15 
DSF to RAS hold time tFHR 60 65 
DSF to CAS setup time lFSC 0 0 
DSF to CAS hold time tCFH 15 20 
SC to OSF delay time tSOD 35 40 
RAS to OSF delay time ROD 65 85 
CAS to OSF delay time tCOD 35 40 
TRIOE to OSF delay time tTOD 25 30 
SPLIT TRANSFER setup time i STS 30 35 
SPLIT TRANSFER hold time STH 30 35 
Split SAM setup time to RAS from last SC tSCR 30 35 
Split SAM hold time to RAS from first SC IRSC 30 35 
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0 ns 25 
15 10,000 ns 25 
90 10,000 ns 25 

30 ns 25 

35 ns 25 

5 ns 25 
0 ns 25 
15 ns 25 
0 ns 25 
15 ns 25 
10 ns 25 
105 ns 

35 ns 

65 ns 
10 45 ns 

40 ns 

30 ns 

0 ns 

15 ns 

55 ns 

0 ns 

0 ns 

15 ns 

0 ns 26 

15 ns 26 
0 ns 
15 ns 

70 ns 

0 ns 

20 ns 

45 ns 

105 ns 

45 ns 

35 ns 
40 ns 

40 ns 

40 ns 29 
40 ns 29 
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SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (00 C ::; T A::; + 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 
PARAMETER SYM MIN MAX MIN MAX 
Serial clock cycle time SC 25 30 
Access time from SC 'SAC 25 30 
SC precharge time (SC LOW time) 1SP 10 10 
SC pulse width (SC HIGH time) tSAS 5 10 
Access time from SE 1SEA 15 20 
SE_precharge time ISEP 10 15 
SE pulse width 'SE 10 15 

Serial data out hold time after 'SOH 5 5 
SC HIGH 

Serial output buffer turn off 'SEZ 0 12 0 15 
delay from SE 

Serial data in setup time 'SDS 0 0 
Serial data in hold time SOH 10 15 
SERIAL INPUT (Write) Enable tsws 0 0 
setup time 

SERIAL INPUT (Write) Enable tSWH 15 15 
hold time 

SERIAL INPUT (Write) Disable 'SWIS 0 0 
setup time 

SERIAL INPUT (Write) Disable tSWIH 15 15 
hold time 

SSF to SC setup time 'SFS 0 0 
SSF to SC hold time SFH 15 20 
SSF LOW to SC HIGH delay ISFD 0 0 
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35 ns 

35 ns 24 
12 ns 

12 ns 

30 ns 24 
15 ns 
15 ns 

5 ns 24 

0 25 ns 24 

0 ns 24 
20 ns 24 
0 ns 

25 ns 

0 ns 

25 ns 

0 ns 29 
20 ns 29 
0 ns 29 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = u.t with!!.V = 3V and Vee = 
5V. !!.V 

3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading. Specified values 

are obtained with minimum cycle time and the 
outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C ~ T A ~ 70°C) is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is assured. The 8 RAS cycle wake-up should 
be repeated any time the 8ms refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, DRAM data outputs (DQ1-DQ4) is high 
impedance. 

12. If CAS = VIL, DRAM data outputs (DQ1-DQ4) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva
lent to 2 TTL gates and 100pF. Output reference 
levels: VOH = 2.0V; VOL = 0.8V. 

14. Assumes that tRCD < tRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that tRCD ;:: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
speci fied tRCD (MAX) limit, then access time is 

controlled exclusively by tCAe. 
18. Operation within the tRAD (MAX) limit ensures that 

IRCD (MAX) can be met. lRAD (MAX) is specified as 

a reference point only; if lRAD is greater than the 
specified tRAD (MAX) limit, then access time is 

controlled exclusively by IAA. 
19. Either tRCH or IRRH must be satisfied for a READ 

cycle. 
20. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. IWCS, IRWD, IAWD and ICWD are restrictive 
operating parameters in LATE-WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If IWCS;:: 
twcs (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through
out the entire cycle, regardless of TR/OE. If twcs ~ 
twcs (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
write to avoid data contention. If tRWD ;:: tRWD 
(MIN), tAWD;:: IAWD (MIN) and ICWD;:: ICWD 
(MIN), the cycle is a READ-WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions are met, the state of 
the output buffers (at access time and until CAS goes 
back to VIH) is indeterminate but the WRITE will be 
valid, if tOD and tOEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and ME/WE leading edge in 
late WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/ OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 2 TTL gates and 50pF. Output reference 
levels: VOH = 2.0V; VOL = 0.8V. 

25. TRANSFER command means that TR/OE is LOW 
when RAS goes LOW. 

26. NONTRANSFER command means that TR/OE is 
HIGH when RAS goes LOW. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after IOEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

28. Applies to the MT43C4257 only. 
29. Applies to the MT43C4258 only. 
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DRAM READ CYCLE 

tRAS 

RAS VIH-
VIL-

tCSH 

tRRH 

tCRP tRCO tCAS 

CAS 
VIH-
VIL-

tRAD 

tASR ~I 
AD DR COLUMN ROW 

MEIWE 

tRCS I I 
VIH T7T7TTTi'TTT,Ir--++---b77777m------;---+---;I--------,-------W777;T7T177777T7i7TT.T7T1TT7 
V IL -:.LLLULLLLLJ 

I~ rrrrTT7"777777777-rrT-777T7'7777'. 
VIH-

DSFt V IL -!..LLLLL.LI.:LL.L..~_*-_.JLLLLLLLL.LI.'_.l.Lf_'Cli.------;----'LLLLL..l.LL<'-LL-L-LLLLL..LLfLL.L...'-L.LLLUL---,------L/...L.L-'-'-'-'~'-LLLL-

~I~~IA I I I 
DSF2 ~:tJ,rrr;1§;rrnW'TT71,/4 tI///$l$F#///f~~M$/$$rW/#/&t, 

l
=tCAC : ~I 

tCLZ I 
taRo 

III! / /II ///11 112 

DO ~:gt=------;-;------ ------I-1~~~~~!f---OPEN----
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DRAM FAST-PAGE-MODE READ CYCLE 

'RASP 

'CSH 'PC 

'RCD 'CAS 'CP 'CP 

'RAL 

ADDR ~:r-

DSF2 
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WRITE CYCLE FUNCTION TABLE 1 

LOGIC STATES2 
~ Falling Edge ~ Falling Edge 

FUNCTION CODE 
A B C D E F 

MEiWE DSF1 DQ (Input) MEiWE DSF1 DQ (Input) 

1 0 X 0/15 0 DRAM Normal DRAM WRITE RW 

0 0 Write 0/15 0 DRAM NONPERSISTENT (Load and Use) RWNM 
Mask (Masked) MASKED WRITE to DRAM 

0 1 X 0115 0 DRAM PERSISTENT (Use Register) RWOM 
(Masked) MASKED WRITE to DRAM 

1 0 X X3 1 Column SLOCK WRITE to DRAM SW 
Mask (No Data Mask) 

0 0 Write X3 1 Column NONPERSISTENT (Load and Use) SWNM 
Mask Mask MASKED SLOCK WRITE to DRAM 

0 1 X X3 1 Column PERSISTENT (Use Register) SWOM 
Mask MASKED SLOCK WRITE to DRAM 

1 1 X X4 0 Write LOAD MASK REGISTER LMR 
Mask 

1 1 X X4 1 Color LOAD COLOR REGISTER LCR 
Data 

NOTE: 1. Refer to this function table to determine the logic states of "A", "S", "C", "D", "E" and "F" for the WRITE cycle 
timing diagrams on the following pages. 

2. TRM, MKD and STS are "don't care" for all WRITE cycles. 
3. WE is a "don't care" for SLOCK WRITE cycles. It occurs on the falling edge of"CAS". 
4. Register load cycles can be either EARLY or LATE-WRITE cycles. 
5. If MElWE is LOW, an EARLY-WRITE is performed; if it is HIGH, a LATE-WRITE is performed if MEIWE falls 

after "CAS". 
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DRAM EARL V-WRITE CVCLE 

'RC 

'RAS 'RP 

'CSH 

I r= d 
'CRP 'RCD 

f 'AR ~ I 'RAD I I 'RAL 

'ASR 'RAH ~I I 'CAH I 
ADDR ~:~:~~------;RO.---W _~bd ~ b///,k,//////,0I///$'--__ RO_W __ 

I 
I I 'CWL II 
I I 'RWL 

I I 'WCR L 
I_ 'WSR 'RWH 'WP W 'wcs I I 'WCH 

MElWE ~:~:r;////$/M - A ~ I D I Y//II!II!/!I!I//I//////I!111!/////////////12 

'FSR 'RFH 'FSC 1 1 'CFH II 'FHR I I k 
DSFI ~:~:1$I/MJ1-8-. E YI!I!////I//////I!//////!////!/!///I////!/lII!fi 

~I- 'FSR II 'RFH In I I 
DSF2 ~:~1I$///I!M - - t!1!!/1/////!//!/I////////!$/!/////I/I!//!/II!I///I/II!!A !!111!////! // IJ 

I I 'DHR 

'os I I 'DH b 'MS 'MH 

DO ~~~:W'/////A-C ~_ FlIl//////I////////////////////////////////////h 
'YS I~ 

TRIBE ~:~:t,f//I!////)- ~I///////////$//!////////////I//I!I////////////!//$I!//$///////$//I////$/4 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C", "E", and "F" determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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DRAM LATE-WRITE CYCLE 1,2 

tRC 

tRAS II tRP 

II 
It 

tCSH 

H 
tRSH 

d 
tCRP tRCO tCAS 

tAR ~ 1 tRAD I I tRAL 

tASR tRAH ~I I tCAH I 
AOOR ~:~~~----;RO,--w __ Q'__---;--.C_OLU_MN------:-~b$,//,///////m,0('__ ___ _ 

I I tWCR I :~:~ II 
tWSR tRWH I I " I twpi 

MEIWE ~:~=1/////,1'J-A-~ I I ~ - lw$,@'$///'/S'/'/////'//'$///$;'l; 

tFSR II tRFHI I :::: I tCFH III 
OSFt ~:~:w/////&1-B-~- E II _/$#//!!$//#$,1'#/$I///,1'/#1//4 

00" ~:~:;wwI0!-""'.. -'""'-J,w,/,M$,/,//,///,.!1,/,//,/"w'/////'//'//''/,M//,/,0/,0JW0'//'/,,0 
tOHR II 

tMS tMH tos II tOHI 

OQ ~:g~ Jtll!!///~J~lcl-~b'/ /'// $ ~~- F1-:):;''TTl1!i/'TTlf!i/'TT11!i/7T71/j;777Wi/7771/;/T7711i/7TTjI/i/7TT1/i/TTT.jI //;TTT.Wi/rrr;~i/'TTl1!i/'TT11/j;"TTT;m 
tyS tYH I~r -I 

TRIOE ~:~-7I/I!#/$ - ~ JIII/I//I///IJ V!//I////!//#/I//$#$I///////!!!/,1'/////I~ 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "B", "C", "E", and "F" determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 

2. LATE-WRITE cycles are not valid for BLOCK WRITEs. (ME)/WE = "don't care" at the falling edge of CAS. 
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PRELIMINARY 

I'IIIC:Rg~ MT43C4257/8 

DRAM READ-WRITE CYCLE 1 

(READ-MODIFY-WRITE CYCLE) 

RAS ~:t: 
tCSH 

tCRP tCAS 

I tRAL I 
I~ 

ADDR ~:t: 
nn~~~~~nn~nn~~ 

COLUMN ROW 

---i=RCS I l---::tC:.:..:..::...WD ---II---'-'=---
tAWD 

I I ~ __________ _ 

tFHR I I I 
_I'~ '"~l 11,=1 ,,~I 

DSF1 ~:t~ -8-)@////$/$A - -1&//#//#///#//#//###/#$//#//#/& 
tFSR II tRFH I I II 

::t~- ~W$j'j'f"$$/,Jfq!,J~&,j'$$$,J$,@'$j'j'$,J$j'£ 
I tRAC 

DSF2 

DQ ~:gt::--------{ k-----------------:l'lmwvr.lr----,. r-F--i------ OPEN ---
"----,.----" 

_~II~~ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C", and "F" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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PRELIMINARY 

IVIIC:I=":;~~ MT 43C4257 /8 

DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 1,2 

tRASP 

RAS VIH-
VIL-

tCSH tpc tRSH 

tRCD teAs tcp tCAS tcp teAs 

CAS 
VIH-
VIL-

ADDR ~i~ 

MEJWE VIH-
VIL-

DSFl ~:~ BEE E B 

~1~11~ln I I I II I II I 
DSF2 ~:~::!IIbJ. till II!I II III I 111111 11111 /////II Ii////// ///!ill II II! II! II III I III /II I I! II! I II!III I! /!illl I! I! I I I fA 

~!! 1 1'00 Ik I 
DO ~:g~ C F F F 

~I~ 
TRtOE ~:~=WZ;) VII II //II! II!IIII! ///11111 !II //!!III //IIIIII!///IIIIIII!IIIII //!l11111I111I!11IIII!!1 III //III //II! IIII/J 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST PAGE 
MODE. 

2. The logic states of "A", "6", "C", "D", "E", and "F" determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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PRELIMINARY 

1'41C:I::::If;2~ MT 43C4257 /8 

ADDR ~:~ 

DSF1 ~:~ 

DRAM FAST-PAGE-MODE READ-WRITE CYCLE 
(READ-MODIFY-WRITE or LATE-WRITE CYCLES) 

~ -

tRASP 

tCSH tpRWC tRSH 

I~ tRCD tCAS tcp tCAS tcp tCAS t PN -I r---- r----
=J ! 

tAR 

II 
tRAD 

l_tAsc I I~ tRAL 

l·tASR tRAH :1 tASC ~I ~II~I 
- ROW COLUMN ~//////'/)} COLUMN WIIIIIII, W//#/////jl, - COLUMN ROW 

~ " 
I tRWD 

I~ 1-
II-tRWL 

tRCS I I 
I 

tCWLJ 
-

tCWI:- - -tCWL 
twp J. 

T 
twp- - - _twp 

l~tRWH I I 
tAWD tAWD tAWD 

I tCWD II tCWD II tCWD 

-rT"r> 

'o/IIIIIIL ~~ A 1 ~I ~ 1 
'--' 

,'~J~klf tCFH _
1 

11 tFSC tCFH _
1 

J~ tCFH _I 

- T~~~~/1 'IIIIIIII~ FlIIIII~I/JI... 

~~ I I II I I II I 
-

DSF2 ~:~-W1 II 1;///#/$#$####$//////#/$#1/#/////#$/#//#/////##/#/////#/$//##.16 

L~:::C--+--II ,o:'"~l- ,~, I ,o:.J -I~ '00-~l-,o" 
_ tMS tMH tCAc_1 - tCAc_1 - I tCAC_ -

~-- ~-- ~--

DQ ~:g~= F ~~~~ F OPEN--

_
tyS II tYH { J _tOD 0- :t~D t_t

OEH 
-) _too 

__I" ~1,-____ tO_E-...J'----'- _----to_E~ - . _ tOE? . ______ _ 

TRIGE ~:~=WD \ _ . ~ 

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 
the Write Function Table to determine the proper DSF1 state for the desired WRITE operation. 

2. The logic states of "A", "8", "C", and "F" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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PRELIMINARY 

I'4IC:F:";~~ MT 43C4257 /8 

DRAM RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A8) 

I~ l 
RAS ~:t----'c-RP _~========:IRA:S =======~-IR-PC-b-"IR'--P -- '--__ _ 
CAS ~:t-·-----±-=0 --*-11 -------t--------,---IASR IRAH 

ADDR ~:t=~ __ "ROW_~W/$//MM#MM#//$;W/$//$/#,@(~--RO-W--
II 

MEJWE ~:t-W/##/$mw////$$/,I#$ffffff/#j'$/1/#j'ffiW///;1$/IW@ff&l01//$/#/$//"$//////,2 
II 

DSF1 ~:t-/!/,i/////,Iff$;l//;//$$/$///;!;1$//ff&lffiW$///#$$/j'ff/!//$t1;@/"////$//$$/$$////& 
II 

DSF2 ~:t-W///$////$$$///$//$//#/#/ffiW/##$///Mff$;l//$//$//$//!$$/1///,I$/ffi/#;l$/W~ 

V,OH II 
DQ V 10L II OPEN OPEN 

TeIOE ~:t !##/ff&I)~ ~~/j'$/aw//;1$$//$$$/$//#/"//$$///j' 

CAS"-BEFORE-RAS REFRESH CYCLE 

ADDR ~:t-W$ff/#$#$//$/1$$$$//$ffff$$ff$//$$ffffffiW$//,,$ff$ff/;l/ff$,1;l$a 

~II~~ 
""NIE ~:t-ZWZZJ II NOTE1Wff#$/$/IIff$;/$$#01$/j/$$//,I$ NOTE 1 V$$/$2 

DSF1 ~:t::Wa"$ff$$$ffffMM01ff#$//$)!ff$$;1$/#$$I///$$$;1$/,,$ff/$/$$& 

II 
DSF2 ~:t-W$/,I/$ff$llll/#/M/ffa"ff$ff$/";/$#$;1$$/$ff$$I$////#!0'#ff;//$/$$& 

DQ ~:gt- IIII OPEN OPEN------
lyS tYH 

TeIOE ~:t __ -NOT:-tp$$#$;///$ff$/"$ff$$$$/$#/;1J NOTE 1 Wffl!!/M 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The MT43C4257/S operates with this state as "don't care", but to allow for future functional enhancements, it 
is recommended that they be driven as illustrated for system upgradability. 
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PRELIMINARY 

I"IIC:I=II;!~ MT 43C4257 /8 

RAS VIH-
VIL-

tCRP 

CAS 
VIH-
VIL-

AD DR 

DQ ~ig~- OPEN 

DRAM HIDDEN-REFRESH CYCLE 

I 

(READ) 

tRAS 

II tRAL I 
~II~ 

COLUMN 

I tAA 

I tRAC 

(REFRESH) 

tRAS 

tCHR 

""~~rrn~~~~~~~~~~~~~ 

I~ I I 
W!!//////////////////////I!!///////////////////////h 

I ::~L - --!OFF 

VALiD DOUT t- OPEN-

~II~ ~. 
~ 

l'FI/OE ~i~ :~----\d-,--_-_-_-_-_-_-_-_-_~~i,-_tO_RD _________ -----JJ-----
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, MEl 
WE = LOW (when CAS goes LOW) and TRioE = HIGH. In the TRANSFER case, iRJOE = LOW (when 
RAS goes LOW) and the DQ pins stay High-Z during the refresh period, regardless of TRiOE. 
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PRELIMINARY 

1'41C:l=Ig,~ MT 43C4257 /8 

DRAM/BMR TRANSFER CYCLE FUNCTION TABLE 

LOGIC STATES 
Rl'S" Failing Edge FUNCTION CODE 

A B C D E F G 
~ DSF1 DSF2 TRM STS MKD DQ(inpul) 

1 0 0 1 0 X' X BMR READ TRANSFER (DRAM-BMR TRANSFER) BMR-RT 

1 0 0 1 1 X' X BMR READ TRANSFER (DRAM-invert-+BMR TRANSFER) BMR-IRT 

0 0 0 1 0 X' MASK BMR WRITE TRANSFER (BMR-DRAM TRANSFER) BMR-WT 

0 0 0 1 1 X' MASK BMR WRITE TRANSFER (BMR-invert-+DRAM TRANSFER) BMR-IWT 

1 1 1 0 X X' X CLEAR BMR (ClR-BMR) ClR- BMR 

DRAM/BMR TRANSFERS 

'RC 

'RAS 'RP 

'CSH 

1 

1 ~ 
'RSH 

d 
'CRP tRCD 'CAS } \ NOTE 2 

'ASR 'RAH 

ADDR ~:~:~ ROW blllllfiwII$IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIJ('---_RO_W __ 

I-'WSR II 'RWHI 

MEIWE ~:~:Wff/ff~ A Wlfi"TT>1fi"TT>/'Ifi'7"TlW fi"'"'~ ;0""'Wf""'W fiTTTWfTTTW fiTTTY' ;0TTTWfTT7WTT7W;07777fTT7WfiTT7W'Tn1fi'TnW f'TnW fi'7"TlW I"'"' fiY' f""'W fTTTW fTTTWfiTTTW fTT7W;0TT71fiTT7Wfi7T7Wf7TT~ 

1_ 'FSR II 'RFH ·1 

DSF1.D~tN~~ ~:~:lt'Ma0.tB, C, 0, E, F Wf'7"TlWf7TTWfi777WfiT77Wf'TTl~fi""WfirTTWfT77Wf'TTl1fi'TT.W7TTW777/'1fiT77Wfi'TTl1fi'TT.Wfi7TTW;0TT7W'T77fi/0'TTlY'fi""Wfi777W0TT7W;07n0'7T.WlrTTfiY';0TT71fi7771fi'TTlW'7T.WIr7TTTfi~ 

'MS II 'MH 

DO ~:g~lI!$IIIll-G -W;IIII#II#IIIIIIt'i'II/IIII&'#lIllmlt'i'IIIII#IIIIIIII#II#/t'III/t'11111111114 

'YS II 'YH 

TR!Oe ~:~$I$/d- -~/t't'II$#III///JIt'$II//##ff#/jj///t'!I/$////////////#/////t'It'#t'!l//ffi 

NOTE: 1_ Serial Mask Input mode is enabled if MKD = HIGH; disabled if MKD = LOW. 
2_ It is not necessary to drop CAS during a DRAM/BMR TRANSFER. 
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PRELIMINARY 

I'IIIC:I=II;!~ MT 43C4257 /8 

READ TRANSFER CYCLE FUNCTION TABLE1 

LOGIC STATES2 
'RAS" Falling Edge FUNCTION CODE A B C D E 

DSF1 DSF2 TRM STS MKD 

0 0 0 0/12 X READ TRANSFER (DRAM-+SAM) RW 

1 0 0 0/1 2 X SPLIT READ TRANSFER (DRAM-+SAM) SRT 

0 1 1 0/1 2 X BIT MASKED READ TRANSFER BMRT 

1 1 1 0/12 X BIT MASKED SPLIT READ TRANSFER BMSRT 

1 0 1 0/1 2 0/1 3 BMR-+SAM TRANSFER BMR-SAM 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "e", "0" and "E" for READ TRANSFER 
cycle timing diagrams on the following pages. 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW 
the transfer is to SAMa; when STS = HIGH the transfer is to SAMb. 

3. Serial Mask Input mode is enabled if MKD = HIGH; disabled if MKD = LOW. 
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PRELIMINARY 

I'IIIC:I=II;!~ MT 43C4257 /8 

ADDR ~:r 

READ TRANSFER1,4 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 
IRe 

lRAS lAP 

-
tesH 

tRSH 

~ tRCD leAS 

----.J 1\ NOTE 2 / 
IAR 

I 
IRAD I I lRAL I 

I_ tABA t RAH __ 
1 ~I ~I 

\ 

~~I---~ 

:"//..1( ROW W//,1 SAM START W//////////////////////////////////////////////////////////////h 
~ I II ~ 

I I tWSR tRWH -1---~:r~ I II ~//////I//////I/$I/I/;;':.1;. W//I/////////////I////////I//$I/I//I//////////////$/////////I///a 

DSF1.DSF2, 
TRM, STS, MKD 

_l~~I_1 I II 
~:r=W¢ A, B, C, D, E W/////I11!/!/!//////!/III!JI!///////!//////!//!/I!!/!/I/////!/!I11!/!/!///I!I!!////I!/I!I!/!//!12 

NOTE: 

DQ ~l8t'= 
bF II I I ~ oPEN-+--1 --+-1---++---oPEN 

tTRL ITRD 

I I IASO 

I I 
SCa,b ~lr: NOTE 3 

tSEA 

tTOD 

teao 

tROD 

NOTES l aSFa, b ~gr---------------------------------------

1. QSF = "OPEN"; SSF = "Don't Care" 
2. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 

loaded for the addressed SAM will be reused. 
3. There must be no rising edges on the SC input during this time period. 

NOTES 

~ DON'T CARE 

~ UNDEFINED 

4. The logic states of "A", "8", "C", and "0" determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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PRELIMINARY 

I"IIC:RQ~ MT43C4257/8 

AAS VIH-
VIL-

CAS VIH-
VIL-

ADDR 

MEIWE 

DSF1, DSF2, 
TRM, STS, MKD 

DQ VIOH 
VIOL-

'fR1OE 

Sea, b 

REAL-TIME READ TRANSFER1,4 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

'RC 

tRAS 'RP 

tCSH 

tRSH 

~ tRCD teAs 

NOTE 2 

'AR 

OPEN 

lATH 

tCTH tTRL ITRD 

~ IRTH tTel IreD 

~SOH --!SAC 

OPEN 

SDOa, b ~lgt='-------{ V~~T L---{~V~AL~ID~DQ~UT0 '--.,------=~-'!\.---=-=.:......J '-__ -=-=-'---.../ 1 ... I I VALID DOUl 

SEa, b 

prV10US ROW -r- NEW ROW 

_______________________ I==~ITQ~D~k---------------
QSFa, b ~g~ _ NOTE 5 NOTE 5 

.--------------------------------------~ 

NOTE: 1. QSF = "OPEN"; SSF = "Don't Care" 
2. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 

loaded for the addressed 

~ DON'T CARE 

~ UNDEFINED 

3. The SE pulse is shown to illustrate the serial output enable and disable timing. It is not required. 
4. The logic states of "A", "8", "C", and "D" determine the type of TRANSFER operation performed. See the 

Read Transfer Cycle Function Table. 
QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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PRELIMINARY 

I"IIC:F=:";!~ MT 43C4257 /8 

~ 

--1 

SPLIT READ TRANSFER3 
(SPLIT DRAM-TO-SAM TRANSFER) 

'RC 

'RAS 

1 
tCSH 1 

IRSH 

I tRCD 'CAS 

1 

} NOTE 1 / 
'AR 

I 
'RP I 

\ 

I 
I 

_tAAD I I tRAL 

IASR tRAH ~ -' _leAH -1- -
ADDR ~:~:wd ROW 0 TAPADDR(B) i&1111;1;1I;1II;1;1IIIIIIIIIIIIIII;1$II;1IIIIII;1III$111111111;1lllllla 

wJkll'RWH~ I 

'SCA I 
_liSTS -

SCa, b V'H_ 1 VIL-

SEa,b ~:~: , 

I-Mi~-------:t-r.=-----~---jj=-------------~---------------------------------- ----------I--j---------------, 
j SDOa,b ~:gr:~ 511(255) ~ A (A+255) c,~ 253(509) X 254 (stO) X 255(511) X B(""'55) j 
i -I'SQD- I~I I i 
i QSFa, b ~g~: SAM MSS ~ (NOTE 2) X NEW MSB ! 

lMT43c4258-------·······:j····i~:····· ····i~·:~························································11················~···················1 
j .DQa,b ~:gr:~ 511(255) r A (""6) c,~ (X·2) X (X·I) X X B(B+256) j 
! tSFS II tSFH ISFD I ! 
i: ,,)--Jl~ i: 

SSfa,b ~:~: , , 
t ___________________________ -.. -... -.. -.. -... -.. -_ .. -.. -.. -... -.. -... -.. -.. -.. _-.. -... -.. -.. -j __ ~~ ___________________________________________________ . ________________________ : 

ItZl DON'T CARE 

NOTE: 1. CAS is used to load the Tap address. If CAS does not fall, the last Tap address ~ UNDEFINED 

loaded for the addressed SAM will be reused for the idle half. 
2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
3. The logic states of "A", "8", "C", and "0" determine the type of TRANSFER operation performed. See the 

Read Transfer Cycle Function Table. 
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PRELIMINARY 

tvllC::I=If;2~ MT 43C4257 /8 

WRITE TRANSFER CYCLE FUNCTION TABLE' 

LOGIC STATES 
RAS Falling Edge SC FUNCTION CODE 

A B C D E F G H 
DSF1 DSF2 DQ TRM STS ~ MKD MKD 

0 0 X 0 0/1 2 0 X - WRITE TRANSFER (SAM-DRAM) WT 

0 0 X 0 0/1 2 1 X - PSEUDO WRITE TRANSFER PWT 

1 0 mask 0 0/1 2 X X - SPLIT WRITE TRANSFER (SAM-DRAM) SWT 

0 1 mask 0 0/1 2 X X - DO MASKED WRITE TRANSFER (SAM-DRAM) DMWT 

0 1 X 1 0/1 2 X X 0/1' BIT MASKED WRITE TRANSFER (SAM-DRAM) BMWT 

1 1 mask 1 0/1 2 X X 0/1' BIT MASKED SPLIT WRITE TRANSFER BMSWT 
(SAM-DRAM) 

1 0 X 1 0/1' X 0/1 3 - SAM-BMR TRANSFER SAM-BMR 

NOTE: 1. OSF = "OPEN"; SSF = "Don't Care." 
Refer to this function table to determine the logic states of "A", "B", "C", "D", "E" , "F", "G", and "H" for WRITE 
TRANSFER cycle timing diagrams on the following pages. 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW 
the transfer is to SAMa; when SAM = HIGH the transfer is to SAMb. 

3. Serial Mask Input (SMI) mode is enabled if MKD = HIGH and disabled if MKD = LOW. 
4. When in the SMI mode (see BMR transfer waveforms) MKD is the SMI data input. MKD data is clocked into 

all bit planes of the bit mask register with SCb. A logic "1" on MKD will allow data to pass through the mask; 
a logic "0" will mask the corresponding location of the SAM during a BIT MASKED TRANSFER. BIT 
MASKED TRANSFERs to or from SAMa must not take place while mask data is being serially input via SCb 
and MKD. 
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PRELIMINARY 

I'IIIC:Rg~ MT43C4257/8 

WRITE TRANSFER4 
(When part was previously in the SERIAL OUTPUT mode) 

'RC 

tRAS 'RP 

\ 
'CSH I IRSH 

tCRP IRCD 'CAS I 

-J 
'AR } NOTE 1 Y / 

I 
I 

~ I I 'RAL 

~ ~ ~I I~ 
- 'r~ ~ bJ _.- lffffl//////////$,w$ffffffff40'hWI$/ffffl//ffff/,lM'lff/1, 

I 'WSR II 'RWH 'I I I 
MENm ~:t:~- -j//II///II//I/1I!I!//I!!/I!!II!!II//I////!/I!I!////!/II/I!/////!/I!I!I!/!//!I//I!/I!/I!/I!!III!//I!ll 

-",'l\l ,~II~ffffj'fffflffjh0'!,1'#$j'j'!#$!$JW$,0'ff~j'ffffffhWl$$'@ffffffff$$,0 
I~~II~ I I 

DO ~:gt: ~ c ~ OPEN OPEN ---

'TLS II 'TLH I I 
TRiOE ~:t:_- -W//////////I!////I////I!//IIIIII!//I!/II!I!!III!//II///////////////II///////!///!/!//I////////l!l!d 

:: II I I :::D :S 'SP 
--II ------

II 
NOTE 2 

___ ~'S=DD_-T _____ I 
tsoz 

SCa,b 

SOOa, b ~:gt _ VALtD DOUT X VAL'D DOUT ~ HIGH Z in-nn777TTTT77T;"" 

II I 'SWS 

SEa,b ~:~:~r~F ~:k7jjj/I!///!III!I!//////I!/I!///II//I///////////J 'SWIS NOTE 3 

~II~ I ~I I~ 
MKD ~:t~ G _/l///II!!I!I!/!//!////$I!////!/II/I!!///////////I//~ 

I I ::I~~_ 
QSFa,b ~g~ __________ NO_TE_5 _______ ~ ____ N_OTE_5 ___ _ 

~ DON'T CARE 

NOTE: 1. CAS is used to load the Tap address. If CAS does not fall, the last ~ UNDEFINED 

Tap address loaded for the addressed SAM will be reused. 
2. There must be no rising edges on the SC input during this time period. 
3. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless of 

SE. 
4. The logic states of "A", "8", "C", "0", "E", "F", "G" and "H" determine the type of TRANSFER operation 

performed. See the Write Transfer Cycle Function Table. 
5. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. SSFa,b = "don't care" (MT43C4258). 
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PRELIMINARY 

IVIIC:Rg~ MT43C4257/8 

WRITE TRANSFER4 
(When part was previously in the SERIAL INPUT mode) 

tAC 

tRAS tRP 

\ 
tCSH 

1 tASH 

tCRP tACO tCAS I 

-oJ 
tAR J NOTE 1 Y / 

I 
I 

~ I I tAAL 

tASA ~ ~I I~ - ::~~ - bl _.- bffff/ffi'ffI,Wffffi'fflffffffi'ffffffffi'/,@'ffi'ffi'ffffffff/ffl/ffi'/& 
I tWSA II tAWH -I I I 

MEIWE ~:r_- -P///////!I//!//////!/!/!I///!///!//!!//!/$/I/I///!!/!/I////!//////I/I!I//$//$//II!I//!/I///M 
J I~II~I I I 

OS~M~~~ ~:r:WJW( A, B, D, E WI//I/ ///1//1////1//1///// 1//111///IIIIII//////////I////IIII////III/I1!///I//II/I////////I////l///2 

I~~I~ I I 
[)Q ~:gr: =:3 c ~ OPEN OPEN ---

tTLS II tTLH I I 
TAIOE ~r_- -YI////$/!/!II!/$/$I//§/!I/§/$JI//$I/$I///////§/I/§/I//II////I////////I/////////////h 

:::: II I I ~:O I-"'::.'----------:-ts-P _I 

SCa, b ~:~: NOTE 2 

:::: II 
VALID DIN 

~ DON'T CARE 

NOTE: 1. CAS is used to load the Tap address. If CAS does not fali, ~ UNDEFINED 

the last Tap address loaded for the addressed SAM will be reused. 
2. SE must be LOW to input new serial data, but the serial address register 

is incremented by SC regardless of SE. 
3. There must be no rising edges on the SC input during this time period. 
4. The logic states of "A", "8", "C", "0", "E", "F", "G" and "H" determine the type of TRANSFER operation 

performed. See the Write Transfer Cycle Function Table. 
5. aSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

aSF = 1 when the Upper SAM (bits 256-511) is being accessed. SSFa,b = "don't care" (MT43C4258). 
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PRELIMINARY 

I'll IC: F=l9N MT 43C4257 /8 

NOTE: 

ADDR ~l~-

SPLIT WRITE TRANSFER3 
(SPLIT SAM-TO-DRAM TRANSFER) 

IRC 

IRAS 

ICSH 

IRSH 

teRP tRCD lCAS 

~ , 
NOTE 1 / 

IAR I 
I 

lRAe I I lRAL 

I~ lRAH_1 I~I J I_IOAH 

7~ ROW _ TAP ADDR(S) 

_I 
IRP 

\ 

I ,-'WSR II~ I 
MEIWE ~:r:_ !;;//I!!//I1!11111///////JI//////II//////I111!////II/////JI//JI////II//I!!I!II!!/II//I1!1///I111!///k 

II~"~I I 
~.iM"ru ~:r:_ A. B. D. E WII//////II//II//////II!/II!II/II/II///II/II/////////II/II!!I!!I1/J1/I1I1I1!!III!!I!!////I1I1!111J 

, ~F~~ I 
DO ~l8r:=9( c ) OPEN I OPEN 

iWOE ~:r_~I~WI!!I!II///////II///////$////M///////II//////$/////II///$$////$m/////J1////////& 
_. ", '~,~ I " k- I 

SSFa, b ~I,HL: 
------------------~::~--------~ 

1. CAS is used to load the Tap address. If CAS does not fall, the last 
Tap address load for the addressed SAM will be reused. 

2. aSF = 0 when the Lower SAM (bits 0-255) is being accessed. 
aSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

~ DON'T CARE 

!888 UNDEFINED 

3. The logic states of "A", "B", "C", "0", "E", and "H" determine the type of TRANSFER operation performed. 
See the Write Transfer Cycle Function Table. 
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SEa,b 
VIH-
V1L-

tsc 

SCa,b 
VIH-
VIL-

tSDH 

SDQa, b 
VIH-
VIL- VALID DIN 

SEa,b 
VIH-
VIL-

SCa,b 

SDQa,b 

SAMa or SAMb SERIAL INPUT 

tSWH tsws 

tsc 

!SDS 

SAMa or SAMb SERIAL OUTPUT 

!SEP 

PRELIMINARY 

tSAS 

tSDH 

VALID DIN VALID DIN 

VALID Dour 

~ DON'T CARE 

~ UNDEFINED 

NOTE: SEa, SCa and SOOa are used when accessing SAMa and SEb; SCb and SOOb are used when access 
inSAMb, 
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1'II1C:l=Ig~ MT 43C8128/9 

TRIPLE PORT 
DRAM 
FEATURES 
• Three asynchronous, independent, data access ports 
• Fast access times - 80ns random, 25ns serial 
• Operation and control compatible with 1 Meg VRAMS 
• High performance CMOS silicon gate process 
• Low power: 15mW standby; 450mW active, typical 
• 512-cycle refresh within 8ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS, and 

HIDDEN 
• FAST PAGE MODE access cycles 
• Two bidirectional Serial Access Memories (SAMs) 
• Fully static SAMs and Mask Register, no refresh 

required 
• 2048-bit Transfer Mask Register 
• SERIAL MASK DATA INPUT mode 

SPECIAL FUNCTIONS 
• MASKED WRITE (Write-Per-Bit) 
• PERSISTENT MASKED WRITE 
• SPLIT READ AND WRITE TRANSFERS 
• BLOCK WRITE 
• BIT MASKED TRANSFERS 

OPTIONS MARKING 
• Timing (DRAM, SAMs) 

80ns,25ns 
100ns,30ns 
120ns, 35ns 

• Packages 
Plastic LCC (750 mil) 

• Functionality 

- 8 
-10 
-12 

EJ 

QSF output (indicates SAM half accessed) 43C8128 
SSF input (Split SAM special function, stop count) 43C8129 

GENERAL DESCRIPTION 
The MT43C8128/9 are high speed, triple port CMOS 

dynamic random access memories (TPDRAM) containing 
1,048,576 bits. Data may be accessed by an 8 bit wide DRAM 
port or by either of two independently-clocked 256 x 8-bit 
serial access memory (SAM) ports. Data may be transferred 
bidirectionally between the DRAM and the SAMs. 

The DRAM portion of the TPDRAM is functionally iden
tical to the MT4C4256 (256K x 4) DRAM. Sixteen 256-bit 
data registers make up the serial access memory portions of 
the TPDRAM. Data I/O and internal data transfer are 
accomplished using five separate bidirectional data paths; 
the 8-bit random access I/O port, a pair of internal 2048 bit 
wide paths between the DRAM and the SAMs, and the pair 

128K x 8 DRAM WITH 
DUAL 256 x 8 SAMS 

PIN ASSIGNMENT (Top View) 

52-PIN PLCC (D-3) 

SDOla 
SD02a 
SD03a 
SD04a 
mOE 

DOl 
D02 
DQ3 
D04 

Vcc1 
MEIiVE 

STS 
RAS 

• MT43C8128/MT43C8129 

MKD 
SDOBa 
SDO?a 
SD06a 
SD05a 
SEa 
DOB 
DO? 
D06 
D05 
Vss2 
DSFl 
OSFb/SSFb" 

of 8-bit serial I/O ports for the SAMs. The rest of the 
circuitry consists of the control, timing, and address decod
ing logic. 

All three ports may be operated asynchronously and 
independently of the others except when data is being 
internally transferred between the DRAM and either SAM. 

Each of the 2048 bits involved in an internal transfer may 
be individually masked by performing a BIT MASKED 
TRANSFER operation. The 256 x 8-bit, Bit Mask Data Reg
ister can be parallel loaded from the DRAM or, either SAM, 
or it may be serial loaded through the MKD serial input. 

As with all DRAMs, the TPDRAM must be refreshed to 
maintain data. The refresh cycles must be timed so that all 
512 combinations of RAS addresses are executed at least 
every 8ms (regardless of sequence). Micron recommends 
evenly spaced refresh cycles for maximum data integrity. 
An internal transfer between the DRAM and either SAM 
counts as a refresh cycle. The SAM portions of the TPDRAM 
are fully static and do not require any refresh. 

The operation and control of the MT43C8128/9 are com
patible with the operation of the MT42C8128 (128K x 8 
Video RAM). However, the MT43C8128/9 offer an addi
tional SAM and special features that may be used to en
hance system performance. 

MT43C8128/9 
REV. 1191 3-215 Micron Technology, Inc. reserves the right to change products or specifications without notice. 
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512x256x8 
DRAM ARRAY 

COLUMN 
MASK , 

. 

.----..,~ RAS 

~~L 
_TRICE 
~MEJWE 

TIMING _ DSF1 
GENERATOR ~ DSF2 

& ~SCa 
CONTROL _ SCb 

LOGIC ~SEa 
+-0+- SEb 
........o...-TRM 
~STS 

'--__ --'~ MKD 

QSFa 

---------------------------.-------.--------------------------------------------------------------------------
Figure 1 

MT43C8128/9 BLOCK DIAGRAM 

I MULTIPORT DRAM 

<0 ..... 
C\I , 
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PIN DESCRIPTIONS 

PlCC PIN 
NUMBERS SYMBOL TYPE 

7 SCa Input 

1 SCb Input 

12 TR/OE Input 

18 MEIWE Input 

41 SEa Input 

47 SEb Input 

35 DSF1 Input 

21 DSF2 Input 

20 RAS Input 

33 CAS Input 

PRELIMINARY 

DESCRIPTION 
Serial Clock, SAMa: Clock input to the serial address counter for 
the SAMa registers and strobe for SAMa control and data inputs. 

Serial Clock, SAMb: Clock input to the serial address counter for 
the SAMb registers and strobe for SAMb control and data inputs. 

Transfer Enable: Enables an internal TRANSFER operation at the 
falling edge of RAS, or 

Output Enable: Enables the DRAM output buffers when taken 
LOW after RAS goes LOW (CAS must also be LOW), otherwise 
the output buffers are in a high impedance state. 

Mask Enable: If MEIWE is LOW at the falling edge of RAS, a 
MASKED WRITE cycle is performed, or 

Write Enable: MEIWE is also used to select a READ (ME/WE = 

H) or WRITE (MEIWE = L) cycle when accessing the DRAM. This 
includes a READ TRANSFER (MEIWE = H) or WRITE TRANS-
FER (MEIWE = L). 

Serial Port Enable SAMa: SEa enables Port A serial I/O buffers 
and allows a serial READ or WRITE operation to occur; other-
wise, the output buffers are in a High-Z state. SEa is also used 
during a TRANSFER operation to indicate whether a WRITE 
TRANSFER or a SERIAL INPUT MODE ENABLE (PSEUDO 
WRITE TRANSFER) cycle is performed. 

Serial Port Enable, SAMb: SEb enables Port B serial I/O buffers 
and allows a serial READ or WRITE operation to occur; other-
wise, the output buffers are in a High-Z state. SEb is also used 
during a TRANSFER operation to indicate whether a WRITE 
TRANSFER or a SERIAL-INPUT-MODE ENABLE (PSEUDO 
WRITE TRANSFER) cycle is performed. 

Special Function (Control) 1: DSF1 is used to indicate which 
special functions are used on a particular access or transfer cycle. 
See the Functional Truth Table for a detailed description. 

Special Function (Control) 2: DSF2 is used to indicate which 
special functions are used on a particular access or transfer cycle. 
See the Functional Truth Table for a detailed description. 

Row Address Strobe: RAS is used to clock in the 9 row-address 
bits and as a strobe for control and data inputs. 

Column Address Strobe: CAS is used to clock in the 8 column-
address bits, enable the DRAM output buffers (along with 
TR/OE), and as a strobe for control and data inputs. 
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PRELIMINARY 

I'IIIC:F=U;!N MT 43C8128/9 

PIN DESCRIPTIONS (Continued) 

PLCC PIN 
NUMBERS SYMBOL TYPE DESCRIPTION 

31,30,29,28 AO -A8 Input Address Inputs: For DRAM operation, these inputs are 
25,24,27,22 multiplexed and clocked by RAS and CAS to select one 8-bit 

23 word out of the 128K available. During TRANSFER operations, 
AO to A8 indicate the DRAM row being accessed (when RAS 
goes LOW) and AO-A7 indicate the SAM start address (when 
CAS goes LOW). A7, A8 = "don't care" for the start address when 
doing SPLIT TRANSFER. 

19 STS Input SAM Transfer Select: The state of STS at RAS time determines 
which SAM is involved in a transfer (SAMa=LOW, SAMb=HIGH). 

46 MKD Input Mask Data Input: MKD is used during BIT MASK REGISTER 
LOAD cycles to enable or disable the serial mask input mode 
(SMI). If SMI is enabled (MKD=HIGH at RAS), then MKD is used 
as mask data input and is clocked by SCb into the mask data 
register. 

6 TRM Input Transfer Mask Select: TRM is used to select between NORMAL 
TRANSFER cycles and BIT MASKED TRANSFER or BIT MASK 
REGISTER LOAD cycles. 

13,14,15,16 DQ1-DQ8 Input! DRAM Data 1/0: Data inputs and outputs for the DRAM memory 
37,38,39,40 Output array; inputs for the MASK and COLOR REGISTER load cycles; 

address mask inputs for BLOCK WRITE cycles. 

8,9,10,11 SOQa1-S0Qa8 Input! Serial Data 1/0, SAMa: Input, Output, or High-Z. 
42,43,44,45 Output 

2,3,4,5 SOQb1-S0Qb8 Input! Serial Data 1/0, SAMb: Input, Output, or High-Z. 
48,49,50,51 Output 

32 QSFaiSSFa Output Split SAM Status, SAMa (MT43C8128): QSFa indicates which 
half of SAMa is being accessed (Lower = LOW, Upper = HIGH). 

Input Split SAM Special Function, SAMa (MT43C8129): SSFa=HIGH 
stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFa is 
synchronized with SCa. 

34 QSFb/SSFb Output Split SAM Status, SAMb (MT43C8128): QSFb indicates which 
half of SAMb is being accessed (Lower = LOW, Upper = HIGH). 

Input Split SAM Special Function, SAMb (MT43C8129): SSFb=HIGH 
stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFb is 
synchronized with SCb. 

17,26 Vcc Supply Power Supply: +5V ±1 0% 

52,36 Vss Supply Ground 
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FUNCTIONAL DESCRIPTION 

The MT43C8128/9 may be divided into four functional 
blocks (see Figure 1): the DRAM and its special functions, 
the Bit Mask Register (BMR), the two Serial Access Memo
ries (SAMs), and the DRAM/SAM/BMR transfer circuitry. 
All the operations described below are also shown in the 
AC Timing Diagrams section of this data sheet and are 
summarized in the Functional Truth Table. 

Note: For dual function pins, the function that is not 
being discussed will be surrounded by parentheses. 
For example, when discussing transfer operations 
the TRIOE pin will be shown as TRf(OE). 

DRAM OPERATION 
This section describes the operation of the random access 

port and the special functions associated with the DRAM. 

DRAM REFRESH (ROR, CBR, and HR) 

Like any DRAM-based memory, the MT43C8128/9 
TPDRAM must be refreshed to retain data. All 512 row
address combinations must be accessed within 8ms. The 
MT43C8128/9 supports CAS-BEFORE-RAS, RAS-ONLY 
and HIDDEN types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH cycle, the row ad
dresses are generated and stored in an internal address 
counter. The user need not supply any address data and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. 

For RAS-ONL Y REFRESH cycles, the refresh address 
must be generated externally and applied to the AO-A8 
inputs. The DQ pins remain in a High-Z state for both the 
RAS ONLY and CAS-BEFORE-RAS cycles. 

HIDDEN REFRESH (HR) cycles are performed by tog
glingRAS(whilekeepingCASLOW) after a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS cycles but does not 
disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
and Bit Mask Register portions of the MT43C8128/9 are 
fully static and do not require any refreshing. 

DRAM READ AND WRITE CYCLES (RW) 

The DRAM portion of the TPDRAM is nearly identical to 
standard 128K x 8 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this device, several conditions that were undefined or "don't 
care" states for the DRAM are specified for the TPDRAM. 
These conditions are highlighted in the following discus
sion. In addition, the TPDRAM has several special func
tions that may be used when writing to the DRAM. 

The 17 address bits used to select an 8-bit word from the 
131,072 available are latched into the chip using the AO-A8, 
RAS, and CAS inputs. First, the 9 row-address bits are setup 
on the address inputs and clocked into the part when RAS 
transitions from HIGH to LOW. Next, the 8 column-ad
dress bits (AO - A7) are setup on the address inputs and 
clocked in when CAS goes from HIGH to LOW. 
~r single port DRAMS, the OE pin is a "don't care" when 
RAS goes LOW. For the TPDRAM, (TR)/OE is used when 
RAS goes LOW, to select between DRAM and TRANSFER 
cycles. (TR)/OE must be HIGH at the RAS HIGH-to-LOW 
transition for all DRAM operations. 

If (ME)/WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1-DQ8 port. The 
(TR) fOE input must transition from HIGH-to-LOW some
time after RAS falls to enable the DRAM output port. 

For single port DRAMs, WE is a "don't care" when RAS 
goes LOW. For the TPDRAM, ME/(WE) is used when 
RAS goes LOW, to select between a MASKED mE cycle 
or a normal WRITE cycle. If ME/ (WE) is LOW at the RAS 
HIGH-to-LOW transition, a MASKED WRITE operation is 
selected. For any TPDRAM non-masked access cycle (READ 
or WRITE), ME/(WE) must be HIGH at the RAS HIGH to 
LOW transition. If (ME) /WE is LOW when CAS goes LOW, 
a DRAM WRITE operation is performed and the data 
present on the DQ1-DQ8 data port will be written into the 
selected memory cells. 

The TPDRAM can perform all the normal DRAM cycles: 
READ, EARLY-WRITE, LATE-WRITE, READ-MODIFY
WRITE, FAST-PAGE-MODE READ, FAST-PAGE-MODE 
WRITE,andFAST-PAGE-MODEREAD-MODIFY-WRITE. 
Refer to the AC timing parameters and diagrams in the data 
sheet for more details on these operations. 
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PRELIMINARY 

1- NONPERSISTENT MASKED WRITE -1."-- NONPERSISTENT MASKED WRITE -I 
RAS \ / \ r 

CAS \'----~/ \L-__ ----'r 
MElWE \ 11///11//1/£ /I//I!!// /J 

DSF1 \ f!lllA /I////I/IIIIA Illl1!A II!/! // //II, 
DSF2 \ 11/ III!//// //$;// ///////lII!!////// IA II!!/ II // // Ill/f/ // !I/////I 1!!//IIffi, 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA (RE-WRITE) DATA 

0 --- ---:;> X 1 0 --- ---:;> 1 ----:;> 1 

1 1 --- - --:;> 0 ----:;> 0 0 0 ------:;> X 0 

0 0 ------:;> X 0 0 0 ------:;> X 0 

0 1 ------:;> 1 ----:;> 1 0 1 ------:;> 1 ----:;> 1 

0 0 ------:;> X 0 0 0 ------:;> X 0 
------:;> 0 ----:;> 0 0 ------:;> 1 ----:;> 1 

0 ------:;> X 0 1 ------:;> 1 - ---:;> 1 

0 ------:;> 0 - ---:;> 0 0 0 ------:;> X 0 

BEFORE AFTER BEFORE AFTER 

.. ADDRESS 0 ~ II ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) 

Figure 2 
~ DON'T CARE 

NONPERSISTENT MASKED WRITE EXAMPLE 

NONPERSISTENT MASKED WRITE (RWNM) 

The MASKED WRITE feature eliminates the need to do a 
READ-MODIFY -WRITE cycle when changing only certain 
bits within an 8-bit word. The MT43C8128/9 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

IfME/(WE), DSFI andDSF2are LOW at theRAS InCH
to-LOW transition, the data (mask data) present on the 
DQI-DQ8inputswillbewrittenintothemaskdataregister. 
The mask data acts as an individual write enable for each of 
the eight DQI-DQ8 pins. If a LOW (logic 0) is written to a 
mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A InCH (logic 
1) on a mask data register bit enables the input port and 

allows normal WRITE operations to proceed. This conven
tion is used for all masks on the MT43C8128/9. Note that 
CAS is still InCH. When CAS goes LOW, the bits present on 
the DQI-DQ8 inputs will be either written to the DRAM (if 
the mask data bit was InCH) or ignored (if the mask data 
bit was LOW). The DRAM contents that correspond to the 
masked bits will not be changed during the WRITE cycle. 
When using NONPERSISTENT MASKED WRITE, the data 
present on the DQ inputs is loaded into the mask data 
register at every falling edge of RAS. FAST PACE MODE 
may be used in tandem with NONPERSISTENT MASKED 
WRITE to write several column locations using the same 
mask during one RAS cycle. An example of NONPERSIS
TENT MASKED WRITE cycle is shown in Figure 2. 
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I ...... LOAD MASK REGISTER -.1.......- PERSISTENT MASKED WRITE ----+-1 +-- PERSISTENT MASKED WRITE ------..1 
RAS ~ ________ ~~L ________ ~~L ________ ~r ~ 
CAS 

MElWE \~~--------~\~----+---------------~-------

DSF' \L~ ______ ~~L~~ ____ ~~L __ ~ ____ _ 

DSF2 \ 1/1/11////11/111/111/11 I 11/ 1/ a, /I II II I l1li11/ II II II!I! 11/ IlIA 11111111/1111/11/1/11/11/1« 

MASK STORED INPUT STORED STORED INPUT STORED I' D~:TA X --l> D~~TA D[~TA ~ ____ ,. D~TA 
o a APPLY x 0 0 APPLY X 0 
1 0 MASK --!>- 1 0 MASK 1 ----l> 1 

o 1 REG. 1 0 REG X 0 
1 1 0 --~ 0 0 0 ----~ 0 

1 0 1 --3> 1 0 1 1 

o 0 0 0 x 0 
(Stored in BEFORE AFTER BEFORE AFTER 

Mask Data 
Register) 

+--- ADDRESSO ---- •• ---- ADDRESS' ---. 

X • NOT EFFECTIVE (DON'T CARE) 

Figure 3 
~OON'TCARE 

PERSISTENT MASKED WRITE EXAMPLE 

PERSISTENT MASKED WRITE (RWOM) 

The PERSISTENT MASKED WRITE feature eliminates 
the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking MEl (WE) 
and DSFI HIGH, and DSF2 LOW whenRAS goes LOW. The 
mask data is loaded into the intemal register when CAS goes 
LOW, provided DSFI is LOW (see the LOAD MASK REG
ISTER description). 

Mask data may also be loaded into the mask register by 
simply performing a NONPERSISTENT MASKED WRITE 
before the PERSISTENT MASKED WRITE cycles. 

PERSISTENT MASKED WRITE cycles may then be per
formed bytakingME/(WE) and DSF2LOW and DSFI HIGH 
when RAS goes LOW. The contents of the mask data regiS
ter will then be used as the mask data for the DRAM inputs. 
Unlike the NONPERSISTENT MASKED WRITE cycle, the 
data present at the DQ inputs is not loaded into the mask 
register when RAS falls. Another PERSISTENT MASKED 
WRITE cycle may be performed without reloading the 
register. Figure 3 shows the LOAD MASK REGISTER and 
PERSISTENT MASKED WRITE cycle operations. The LOAD 
MASK REGISTER and PERSISTENT MASKED WRITE 
cycles allow systems that cannot output data at RAS time to 
perform MASKED WRITE cycles. PERSISTENT MASKED 
WRITE can also operate in FAST PAGE MODE. 
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BLOCK WRITE (BW) 

If DSFI is HIGH when CAS goes LOW, the 
MT43C8I28/9 will perform a BLOCK WRITE cycle (WE = 
"don't care") instead of a normal WRITE cycle. In BLOCK 
WRITE cycles, the contents of the color register (instead of 
the DQ inputs) are directly written to four adjacent column 
locations (see Figure 4). A total of 32 bits will be written 
simultaneously, improving the normal DRAM fill rate by 
four times. The color register must be loaded prior to 
beginning BLOCK WRITE cycles (see LOAD COLOR 
REGISTER). 

The row is addressed as in a normal DRAM WRITE cycle. 
However, when CAS goes LOW, only the A2-A7 inputs are 
used. A2-A7 specify the "block" (out of the 64 possible) of 
four adjacent column locations that will be accessed. When 
CAS goes LOW, the DQ inputs are then used to determine 
which combination of the four column locations will be 
changed. DQI acts as a write enable for column location 
AD=D, AI=D; DQ2 controls column location AD=I, AI=D; 
DQ3 controls AD=D, AI=I; and DQ4 controls AD=I, AI=1. 
The write enable controls are active HIGH; a logic 1 enables 
and a logic D disables the WRITE function. 
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COLUMN MASK (AO~ 
ON THE INPUTS AT CAS 

MASK 
DATA 

REGISTER 

(MASKED WRITE IS OPTIONAL, 
AND MAV BE EITHER PERSISTENT 

OR NONPERSISTENT.) 

COLUMri... 
(A2-A7 at CAS) 

:~~;'-.. 
(0031::::'::"" 
(OO4)---:::::L -l"-

OQl 0-- I L;. '" 
OR DC>! 0--

0Q3 o--o--l1--+'FA 
OQ4 0--

005 0--

006 o--LJ---+-+-+-+=Ft\ 
OQ70--

008 0--LJ---+-+-1H-+-i-=F'-A 

RAS~ 
LOAD 

RE~~~= -L......L.""CO-LQ:':-R""RE-'GIST'=E:':-R--'---' 
(must be previously loaded) 

Figure 4 
BLOCK WRITE EXAMPLE 

The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
register is written to the four column locations (or anyofthe 
four that are enabled) in the corresponding DQ bit plane. 
The DQ mask is not used in this mode. 

Note: When performing a BLOCK WRITE, WE is a "don't 
care". This means LATE-WRITEs in the B W mode 
are not allowed. 

NONPERSISTENT MASKED BLOCK WRITE (BWNM) 

The MASKED WRITE functions can also be used during 
BLOCK WRITE cycles. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NON
PERSISTENT MASKED WRITE except the mask is now 
applied to four column locations instead of just one column 
location. 

Like NONPERSISTENT MASKED WRITE, the combina
tion of ME/(WE) LOW and DSFl LOW when RAS goes 
LOW, initiates a NONPERSISTENT MASK cycle. The DSF 

pin must be driven HIGH, when CAS goes LOW, to per
form a NONPERSISTENT MASKED BLOCK WRITE. By 
using both the column mask input and the MASKED WRITE 
function, any combination of the four bit planes may be 
masked and any combination of the eight column locations 
may be masked. 

PERSISTENT MASKED BLOCK WRITE (BWOM) 

This cycle is also performed exactly like the normal 
PERSISTENT MASKED WRITE except that DSFl is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE func
tion. Both the mask data register and the color register must 
be loaded with the appropriate data prior to starting a 
PERSISTENT MASKED BLOCK WRITE. 

DRAM REGISTER OPERATIONS 

The MT43C8128/9 contains two 8-bit registers that are 
used as data registers for special functions. This section 
describes how to load these registers. 

LOAD MASK REGISTER (LMR) 

The LOAD MASK REGISTER operation and timing are 
identical to a normal WRITE cycle except that DSFl is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 
combination ofTR/ (OE), ME/ (WE), and DSFl being HIGH 
when RAS goes LOW indicates the cycle is a REGISTER 
load cycle. DSFl is used when CAS goes LOW to select the 
register to be loaded, and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 
register is disabled but not modified. The contents of 
mask data register will not be changed unless a NON
PERSISTENT MASKED WRITE cycle or a LOAD 
MASK REGISTER cycle is performed 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
eight DQ planes. 

LOAD COLOR REGISTER (LCR) 

A LOAD COLOR REGISTER cycle is identical to the 
LOAD MASK REGISTER cycle except DSFl is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 
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TRANSFER OPERATIONS 

This section describes transfer operations between the 
DRAM and either SAM. The direction of the transfer is 
specified with respect the DRAM portion of the device. A 
write is referenced to the DRAM array and a read is refer
enced from the array. 

Note: The three ports of the TPDRAM are independent and 
asynchronous to one another. Any or all of the ports 
may be accessed simultaneously at the maximum 
allowable frequencies. The only time the ports are 
synchronized is during transfers to or from the DRAM 
and SAM portions of the device. A transfer involving 
a SAM does not affect access from the other SAM port. 
Both SAMs may be accessed during a DRAM/BMR 
transfer operation or any other DRAM access cycle 
other than a SAM transfer. 

TRANSFER operations are initiated when TR/(OE) is 
LOW at the falling edge of RAS. The state of STS when 
RAS goes LOW indicates which SAM the TRANSFER will 
address. The state of (ME) /WE when RAS goes LOW indi
cates the direction of the TRANSFER. At the same time, 
DSFI is used to select between normal TRANSFER cycles 
and SPLIT TRANSFER cycles and DSF2 is used to select 
between normal TRANSFER cycles and MASKED TRANS
FER cycles. A TRANSFER cycle can be performed without 
dropping CAS. In this case, the previously loaded Tap 
address will be used. 

TheMT43C8128/9 include a feature called BIT MASKED 
TRANSFER, which uses a third, 2048-bit data register to 
individually mask every bit involved in a TRANSFER 
operation. The BIT MASKED TRANSFER may be applied 
to either READ or WRITE TRANSFERS. The TRM pin is 
used to select between NORMAL and BIT MASKED 
TRANSFER (or BIT MASK REGISTER LOAD) cycles. The 
type of transfer operation is always selected on the falling 
edgeofRAS. 

NORMAL TRANSFERS 
The MT43C8128/9 support all of the popular transfer 

cycles available on the 1 Meg video RAMs. Each of these is 
described in the following section. 

READ TRANSFER (RT) 

A READ TRANSFER cycle is selected if ME/(WE) is 
HIGH, and DSFI and TR/(OE) are LOW when RAS goes 
LOW. When RAS goes LOW, the READ TRANSFER is to 
SAMa if STS = LOW, or to SAMb if STS = HIGH. The row 
address bits indicate the eight 256-bit DRAM rows that are 
to be transferred to the eight SAM data registers. The 
column address bits indicate the start address (or Tap point) 

of the next serial output cycle from the designated SAM 
data registers. QSF indicates the SAM half being accessed: 
LOW if the lower half; HIGH if the upper. Performing a 
READ TRANSFER cycle sets the direction of the selected 
SAMs I/O buffers to the output mode. 

To complete a REAL-TIME READ-TRANSFER, TR/ (OE) 
is taken HIGH while RAS and CAS are LOW. In order to 
synchronize the REAL-TIME READ-TRANSFER to the se
rial clock, the rising edge of TR/ (OE) must occur between 
the rising edges of successive clocks on the SC input (refer 
to the AC timing diagrams). A "regular" READ TRANSFER 
is not sychronized with the SC pin of the addressed SAM. 
This type of RT is performed when TR/ (OE) is taken HIGH 
"early," without regard to the falling edge of CAS. The 
transfer will be completed internally by the device. The first 
serial clock must meet the tRSD, tCSD and tASD delays. 
(see READ TRANSFER AC timing diagram). The 2048 bits 
of DRAM data are then written into the SAM data registers, 
and the selected SAM's Tap address that was stored in the 
internal, 8-bit Tap address register is loaded into the ad
dress counter. If SE for the SAM selected (SEa for SAMa) is 
LOW, the first bits of the new row data will appear at the 
serial outputs with the next SC clock pulse. SE enables the 
serial outputs, and may be either HIGH or LOW during this 
operation. 

SPLIT READ TRANSFER (SRT) 

The SPLIT READ TRANSFER cycle eliminates the critical 
transfer timing required to maintain a continuous serial 
output data stream (the "full" READ TRANSFER cycle has 
to occur immediately after the final bit of "old data," and 
before the first bit of "new data" is clocked out of the SAM 
port). 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer can 
occur at any time while the other half is sending data and 
need not be synchronized with the SC clock. 

The TR/ (OE) timing is relaxed for SRT cycles. The rising 
edge of TR/(OE) is not used to complete the TRANSFER 
cycle and therefore is independent of the rising edges of 
RAS and CAS. The transfer timing is generated internally 
for SPLIT TRANSFER cycles. 

SPLIT TRANSFERs do not change the SAM I/O direc
tion. A normal (nonsplit) READ TRANSFER cycle must 
precede any sequence of SRT cycles to put the SAM I/O in 
the output mode and provide the initial SAM Tap address 
(which half). ThenanSRT maybe initiated by taking DSFI 
HIGH and selecting the desired SAM (using STS) when 
RAS goes LOW during the TRANSFER cycle. As in nonsplit 
transfers, the row address is used to specify the DRAM row 
to be transferred. When an SRT cycle is initiated, the half of 
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the SAM not actively being accessed will be the half that ample, the next step in Figure 5 would be to wait until QSF 
receives the transfer. When CAS falls, address pins AO-A6 went LOW (indicating that row-1 data is shifting out the 
determine the Tap address for the SAM-half selected; A7 = lower SAM) and then transferring the upper half of row 1 to 
"don't care." If CAS does notfall,thepreviously loaded Tap the upper SAM. CAS is used to load the Tap address. If 
address will be reused and the TRANSFER will be to the CAS does not fall, the last Tap address load for the ad-
idle half. dressed SAM will be reused. 

Figure 5 shows a typical SRT initiation sequence. The The split SAM operation is slightly different for the 
normal READ TRANSFER is first performed, followed by MT43C8129. Instead of having a QSF, this device has a Split 
an SRT of the same row to the upper half of the SAM. The SAM Special Function (SSP) input. With this input the serial 
purpose of the SRT from the same row is to initiate the split access may be switched at will from one half of the SAM to 
SAM operating mode and load the Tap address for the the other. In other words, the address count rnaybe stopped 
upper half of the SAM. For the MT43C8128, serial access on the current half and the Tap address of the next half may 
continues and when the SAM address counter reaches 127 be loaded, without waiting for the maximum address count 
("A7"=1, AO-A6=O), the QSF output for that SAM goes of the current half (127; lower, 255; upper). If no SSF pulse 
HIGH and the Tap address for the upper half is automati- is applied, the Tap address of the next half will be automati-
cally loaded. Since the serial access has now switched to the cally loaded when the maximum count of the current SAM-
upper half of the SAM, new data may now be transferred to half is reached.QSF = 0 when the Lower SAM (bits 0-255) is 
the lower half. This sequence of waiting for the state of QSF being accessed. QSF = 1 when the Upper SAM (bits 256-511) 
to change and then transferring new data to the SAM half is being accessed. 
that is not being accessed may now be repeat~. For ex-: : 

RAS ~ ~~ PZtr#$//M##$/#/~n EIlI2 

CAS, \ ~: \ ~$/#j'1/#j'j'#///////4~ i \ I!lll; 

AM. ~1/#/##4~ ·ROWO X : TN.t ~f#/I$/M//;1#///#//4~ :ROW1 X : Tt!.f C 
: : I:: I 1:: 

1 I I : 
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: I : I I 

STS ~/#////#//#$#/$!#4~$///$1##4. ~//#///I/!//I#a 
se ~ r-I1 h r-\ )11/\ 1\ I --------------1 '--I };J: ~ ~ ~ J~ L-J L-J 

I : I I 
I : I I 

soo W!//#/###//M#I#//&e:W~~~ 
ROW 0 : l ROW 0 : ROWa : ROW 0 

-------~ " j',f "r--' -------
OSF 1 \ )1 11---1 i1 
SSF' ~ jr 1\ /~ 
---------~Jr Jr ~rr----------

(NORMAL) READ TRANSFER 

FROM: RowO 
TO: Full SAM 
SAM 1/0 is set to Output 
Mode and serial output 
from Lower SAM begins 
(OSF goes LOW) 

NOTE: 1) MT43C8128 
2) MT43C8129 

: SPLIT READ TRANSFER : Serial output switches : 
: FROM: Row 0 : from Lower SAM to : 

i ~~~al Ou~~~s.:M i ~rg~Fs:~S HIGH i 
: Lower SAM continues : 2) SSF '" HIGH switches : 
: : half at data count "X·. : 
; r new Tap address loaded t 

Figure 5 

SPUT READ TRANSFER 

FROM: Rowt 
TO: Lower SAM 
Serial output from 
Upper SAM continues 
(OSF remains HIGH) 

~ DON'T CARE 

TYPICAL SPLIT READ TRANSFER INITIATION SEQUENCE 
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WRITE TRANSFER (WT) 

The operation ofthe WRITE TRANSFER is identical to the 
READ TRANSFER described previously, except (ME) IWE 
and SE must be LOW when RAS goes LOW. The DSF2 input 
is used to select between the WT and DQ MASKED WRITE 
TRANSFER cycles, and must be LOW for the WT cycle. The 
STS pinis also taken LOW or HIGH to selectSAMa orSAMb, 
respectively, when RAS goes LOW. The row address indi
cates the DRAM row to which the SAM data register will be 
written, and the Tap address indicates the starting address 
of the next SERIAL INPUT cycle for the SAM data registers. 
QSF indicates the SAM half being accessed; LOW if the 
lower half, HIGH if the upper. Performing a WT sets the 
direction of the SAM I/ a buffers to the input mode. 

PSEUDO WRITE TRANSFER (PWT) 

The PSEUDO WRITE TRANSFER cycle can be used to 
change the direction of a SAM port from output to input 
without disturbing the DRAM data in the selected row. A 
PSEUOO WRITE TRANSFER cycle is a WRITE TRANSFER 
cycle with theSE of the appropriate SAM held HIGH instead 
of LOW. The addressed row will be refreshed. A DQ 
MASKED WRITE TRANSFER (with all bits masked) is an 
alterniltemethod for changing the direction of the SAM port 
without disturbing the addressed row data. 

DQ MASKED WRITE TRANSFER (DMWT) 

The data being transferred from either SAM to the DRAM 
may be masked by performing a DQ MASKED WRITE 
TRANSFER cycle. The transfer of data may be selectively 
enabll;~d for each of the eight DQ planes (see Figure 6). The 
DMWT cycle is identical to the WRITE TRANSFER cycle 
except DSF2 is HIGH and mask data must be on the DQ 
inputs at the falling edge of RAS. 

The complete SAM register will be transferred to the 
selected row in each DQ plane if the mask data input is 
HIGH, and the SAM register will not be transferred if the 
mask pata input for that DQ plane is LOW. DRAM data is 
not disturbed in masked DQ planes. 

SPLIT WRITE TRANSFER (SWT) 

ThE! SPLIT WRITE TRANSFER feature makes it possible 
to input and transfer uninterrupted bit streams. Figure 7 
showl? a typical initiation sequence for SWT cycles. 

Like the SRT, the SPLIT WRITE TRANSFER cycle does 
not change the state of the SAM 110 buffers. A normal, DQ 
MASKED or PSEUDO WRITE TRANSFER cycle is required 
to seUhe Tap address and set the SAM I/O direction to 
input mode. 

After the WT, a SWT is performed to enter the split SAM 
operating mode. This sets the Tap for the next half of the 
SAM. The addressed half of the SAM is immediately trans-

PRELIMINARY 

1r-'-1_1 ____ ~p D I: 
I t~ Ii 

,...1.-1------.... P j 

- 999···············999 P 
j 

ROW 
(AO-A8 al RAS) 

: : : : : : j I-
MASK REGISTER ::: : : : J. 1+17--++-1-1 
DQl 0-'1 I-- iii iii .. .... . ~ 
DQ2 o-~ r- j j j j j j IT.. . ~ 
DQ3 o-~ r- : : : : : : rr:-.. . p 

~~: ::~ -'.A.A.!... ..... :.. .... ~ I-
DQG o-to . .._____ _ __ _ _ /';. J r-
DQ? o-~ LI : r- r-
DQ8 o-r;- t--lt~,Qd;>. -- .. -.-.-.-;.-.-.. -.-.-.- ~: '" b~ r-
- .. 
RAS ---l I [JI J[Jc ... 256~ITS •••• >I JI J[J r-

SAMaorSAMb 

Figure 6 
DQ MASKED WRITE TRANSFER 

ferred to the first destination row. This half of the SAM may 
not yet contain valid data. However, another SWT to the 
same row will normally occur after this is loaded, so the 
initial invalid data will be overwritten. Another approach 
would be to initiate an SWT addressed to any DRAM row, 
but mask (disable) all eight of the DQ planes. This method 
can be used to initiate the SWT sequence without disturbing 
any DRAM data. 

Write mask data must be supplied to the DQ inputs 
during every SWT cycle at RAS time. The mask data acts as 
an individual write enable for each of the eight DRAM DQ 
planes. For example, the DQl MASKED WRITE bit enables 
or disables the transfer of the SAM SDQl register to the DQl 
plane of the DRAM row selected (see the DQ MASKED 
WRITE TRANSFER description). As in all other MASKED 
WRITE operations, a HIGH enables the WRITE TRANSFER 
and a LOW disables the WRITE TRANSFER. As with SPLIT 
READ TRANSFER, the half of the SAM not receiving data 
will be the half transferred and the Tap address (AO-A6) for 
the other half is loaded when CAS falls (A7 is a "don't care"). 
If CAS does not fall, the previously loaded Tap address, AO
A6, will be reused. The TRANSFER will be to the idle half. 
When the serial clock crosses the half-SAM boundary, the 
new Tap address for that half is automatically loaded. 

The QSFa and QSFb outputs (MT43C8128) indicate which 
half of SAMa or SAMb, respectively, is currently accepting 
data. After QSF goes HIGH, indicating that serial input has 
now switched to the upper SAM, the contents of the lower 
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half of the SAM may be transferred to any DRAM row. The 
cycle of checking for a change in QSF and then transferring 
the half of the SAM just filled may now be repeated. The 
next step on Figure 7 is to wait for QSF to go LOW and then 
SWT the contents of the upper half of the SAM to row O. If 
the terminal count of the SAM half is reached before an SWT 
is performed for the next half, the access will be repeated 
from the same half and previously loaded address (access 
will not move to the next half). 

When operating the MT43C8129 in the SWT mode, the 
address pointer may be changed, at will, to the new Tap 
address of the next half when the final desired input data is 
clocked-in. When the final data is input, the SSF input is 
taken HIGH at the corresponding rising edge of Sc. The 
next SC rising edge will input data into the Tap location of 
the next half of the SAM. If SSF is not applied, the Tap 

address will be automatically loaded when the maximum 
Tap address count is reached for the current half (127 or 
255). If SSF is HIGH at SC, before an SWT is performed for 
the next half, the access will jump to the old Tap address of 
the same half. Access will not preceed to the next half. If 
terminal count is reached before an SWT, the access will 
proceed as it does for the MT43C4257. 

SERIAL INPUT and SERIAL OUTPUT 

The control inputs for SERIAL INPUT and SERIAL OUT
PUT are SCa,b and SEa,b. The rising edge of SC increments 
the serial address counter and provides access to the next 
SAM location. SE enables or disables the serial input/ out
put buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded during the DRAM-TO-SAM 

, , , , , , 

iiAS \--------L.LJ.~=;n ~f!/,IP////$///I/#$4:~ Ill!llt 

--;.-------,\ ~: \ ~//$//$/,I/,I$/$//~ i \ I!lIlL 
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DO • ~/$J/'!////M'//II/I~~/,!//,I$ffll/////'!/J 
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sc~~ 
I : I 

~~ 0'$////,i/,i///$/,i//,i/~~,...---.o.'~6C;;Ct''---'r------' 
I : I I 

aSF' \: • /1 r-----I:-F-' -------
--------'-~-_f:1 ::f---'! 11 

SSF
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PSUEDO WRITE TRANSFER 

FROM: Full SAM 
TO: Oblivion 
SAM 1/0 is set 10 Input 
Mode and serial input 
to Lower SAM begins 
(QSF goes LOW) 

NOTE: 1) MT43C8128 
2) MT43C8129 

, , , , , , 
: SPLIT WRITE TRANSFER l ~~~a~~~~~~~:es : 
: ~~?M: ~:e~ SAM : Upper SAM : 

l Serial input to Lower : ~~ ~~: 2~~~I~~tches : 
: SAM continues : half at data count "X", : 
: : new Tap address : 
I I loaded I 

Figure 7 

SPLIT WRITE TRANSFER 

FROM: Lower SAM 
TO: Row 0 
Serial input to Upper 
SAM continues (QSF 
remains HIGH) 

~ DON'T CARE 

TYPICAL SPLIT WRITE TRANSFER INITIATION SEQUENCE 
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DRAM 

FigureS 
BIT MASKED TRANSFER BLOCK DIAGRAM 

TRANSFER cycle. The SC input increments the address 
counter and presents the contents of the next SAM location 
to the 8-bit port. SE is used as an output enable during the 
SAM output operation. The serial address is automatically 
incremented with every SC LOW-to-HIGH transition, 
regardless of whether SE is HIGH or LOW. For the 
MT43C8128, the address progresses through the SAM and 
will wrap around (after count 127 or 255) to the Tap address 
of the next half, for split modes. Address count will wrap 
around (after count 255) to Tap address 0 if in the "full" SAM 
modes. For the MT43C8129, the address count will wrap as 
it does for the MT43C8128 or it may be triggered, at will, to 
the next half by the SSF input (split SAM modes). If SSF is 
HIGH at a LOW-to-HIGH transition of SC, the Tap address 
of the next half will be loaded into the address pointer. The 
following LOW-to-HIGH transition of SC will clock data 
from the Tap address of the new half. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
contents of the serial address register (loaded when the 
serial input mode was enabled) will determine the serial 
address of the first 8-bit word written. SE acts as a WRITE 
ENABLE for serial input data and must be LOW for valid 
serial input. If SE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every LOW-to-HIGH transi
tion of SC, regardless of the logic level on the SE input. 

BIT MASKED TRANSFERS 

This section describes transfers between the DRAM and 
either of the two SAMs using the BIT MASKED TRANSFER 
capability. Before performing these BIT MASKED TRANS
FERS, the bit mask register must first be loaded with the 

mask data. See the next section, BIT MASK REGISTER 
OPERA nONS, for instructions on how to load the Bit Mask 
Register (BMR). 

The BMR is a 2048-bit register that individually controls 
each of the 2048 transfer gates on the intemal256 x 8 transfer 
bus (see Figure 8). These bus transfer gates reside between 
the DRAM array and the three data registers and are set to 
the "pass-thru" mode for nonmasked transfers. For BIT 
MASKED TRANSFERs, the data in the BMR is coupled to 
the control inputs of the bus transfer gates. A logic "1" in the 
BMR will select the pass-thru (unmasked) mode for the 
corresponding SAM data bit, while a logic "0" will select the 
masked mode for that bit. 

BIT MASKED TRANSFERs may be incorporated when 
doing READ, WRITE, SPLIT READ and SPLIT WRITE 
TRANSFERs. The timing and control required for any 
particular BIT MASKED TRANSFER cycle is identical to 
the corresponding normal TRANSFER cycle, except that 
TRM and DSF2 are HIGH instead of LOW. BIT MASKED 
TRANSFERs between the DRAM and either of the two 
SAM registers are possible. Figure 9 illustrates the BIT 
MASKED TRANSFER functions. 

BIT MASKED READ TRANSFER (BMRT) 

BIT MASKED READ TRANSFER can be used to transfer 
any combination of the 2048 bits contained in any DRAM 
row address to either of the two SAMs. The logic conditions 
and timing for the BMRT function are identical to the 
normal READ TRANSFER function except to select the BIT 
MASKED feature, TRM and DSF2 are HIGH. If a bit in the 
BMR is a logic "1", the bus connection between the corre
sponding DRAM bit and the selected SAM bit is enabled 
and the data at the destination (one of the SAMs for BMRT) 
will be changed to the source data (the DRAM row for 
BMRT). 
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ROW 
(AO-A8 at RAS) -

BUS TRANSFER 
GATES (256 x 8) 

BIT MASK REGISTER 
(256 x 8) 

SAMaor SAMb 
(256x8) 

m r----····r 
, , , , , , , , , , , , , , , , 

didJ ldJ 
-----128blts----- .. ------j28b1ts------

Figure 9 
BIT MASK TRANSFER BLOCK DIAGRAM 

BIT MASKED SPLIT READ TRANSFER (BMSRT) 

The BIT MASKED SPLIT READ TRANSFER operation is 
identical to the normal SPLIT READ TRANSFER except 
that the bit mask (stored in the bit mask register) is applied 
to the transfer data by taking TRM and DSF2 HIGH when 
RAS falls. The remaining control timing is identical to the 
requirements for a normal SPLIT READ TRANSFER. 

BIT MASKED WRITE TRANSFER (BMWT) 

Like WRITE TRANSFER, the BIT MASKED WRITE 
TRANSFER function may be used to transfer data to any 
DRAM row address from either of the two SAM registers. 
In this case, the SAM data will be masked by the contents of 
the bit mask register before the data is written to the DRAM. 

BIT MASKED SPLIT WRITE TRANSFER (BMSWT) 

Like the other BIT MASKED TRANSFER cycles, the 
BMSWT is nearly identical to the SPLIT WRITE TRANS
FER, exceptTRM and DSF2 are HIGH whenRAS falls. Two 
masks are applied during a BMSWT operation. Each of the 
individual bits are masked by the bit mask register and each 
of the DQ planes are masked by the DQ inputs at RAS time. 
If a DQ input is LOW at RAS time, none of the 128 SAM bits 
for that DQ plane will be transferred to the DRAM row-half 
selected. If a DQ input is HIGH, the 128 SAM bits for that 
row-half will be masked by the corresponding 128 mask 

PRELIMINARY 

register bits when written to the selected DRAM row-half. 
The remaining control timing is identical to the require
ments for a normal SPLIT WRITE TRANSFER. 

BIT MASK REGISTER OPERATIONS 

This section describes how to transfer data to or from the 
Bit Mask Register (BMR) and how to clear the BMR's 
contents. Data may also be inverted when being transferred 
between the BMR and DRAM. 

BMR READ TRANSFER (BMR-RT) 

Any DRAM row may be transferred to the bit mask 
register by usin!L!.he BMR READ TRANSFER function. 
When RAS falls, TR/(OE) is LOW to select a transfer cycle. 
TRM is HIGH to indicate that the BMR is involved in the 
TRANSFER cycle, and DSF2 is LOW to indicate that the 
data is to be transferred to the BMR (as opposed to using the 
contents of the BMR as bit mask data). The remainder ofthe 
timing and control reqUired is identical to a normal READ 
TRANSFER cycle. No Tap address is loaded in this TRANS
FER. 

Note that the SAM transfer select (STS) pin is used to 
select whether non-inverted (STS=LOW) or inverted 
(STS=HIGH) data is transferred to the bit mask register. For 
all transfers to or from the bit mask register, the state of the 
MKD pin when RAS falls selects whether the Serial Mask 
Input (SMI) feature is enabled (see the Functional Truth 
Table). SMI is a special serial input mode that allows mask 
information to be clocked into the BMR at the same address 
location as the data clocked into SAMb (see the SMI mode 
description). MKD is LOW when RAS falls to disable SMI 
or HIGH to enable SMI. After the transfer is completed the 
MKD pin then acts either as a mask data input to the BMR 
(SMI enabled) or is "don't care" (SMI disabled). The MKD 
input is tied to the 8 bit-planes, the data on the MKD pin is 
written to each bit-plane simultaneously. 

BMR INVERTED READ TRANSFER (BMR-IRT) 

If the STS pin is HIGH at RAS time the DRAM data will 
be inverted before being written to the BMR. All 2048 bits 
involved in the transfer will be complemented. The func
tionality and logic levels for the other control inputs are 
identical to the BMR READ TRANSFER cycle. Note that 
MKD is still used to enable or disable the SMI mode. There 
is no added cycle time delay for either the BMR INVERTED 
READ or BMR INVERTED WRITE TRANSFER cycles. 
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BMR WRITE TRANSFER (BMR-WT) 

The contents of the BMR may also be transferred to any 
DRAM row by using the BMR WRITE TRANSFER cycle. 
(ME)/WE and DSF2 are LOW and TRM is HIGH when 
RAS falls to select a write transfer from the BMR. The DQ 
inputs ar:usedto input a DQbit-plane mask when RAS falls. 
This allows each of the four DQ planes to be write enabled 
or disabled during the BMR-WT. TheMKD input is used to 
enable or disable the SMI mode. STS must be LOW at 
RAS time to transfer non-inverted BMR data to the DRAM 
row selected. 

BMR INVERTED WRITE TRANSFER (BMR-IWT) 

As with the BMR INVERTED READ TRANSFER, the 
2048 bits involved in the transfer may be inverted while 
being transferred. Taking STS HIGH at RAS time will cause 
the BMR data to be inverted before it is stored in the selected 
DRAM row. The other control and DQ (mask) inputs are the 
same as the BMR-WT. 

SAM-TO-BMR TRANSFER (SAM-BMR) 

The contents of either SAM may be transferred to the 
BMR in the same manner that a DRAM row is transferred. 
In this case DSFl is HIGH to indicate that the SAM is the 
source of the data instead of the DRAM. (ME) /WE is used 
to indicate the direction of the transfer and must be LOW, 
when RAS falls, for a SAM-TO-BMR TRANSFER. STS is no 
longer used to select between normal and inverted data, it 
now indicates which SAM is involved in the transfer. Since 
a SAM-TO-BMR TRANSFER "reads" data from the SAM, 
the SAM will be placed into input mode by this transfer 
cycle. The MKD input is still used to determine if the SMI 
mode will be enabled after the transfer is completed. Since 
no DRAM access is involved, it is not necessary to provide 
any particular ROW address at RAS time. However, 
whichever ROW address is present at RAS time will be used 
as the address for a RAS-ONL Y REFRESH. Since a SAM is 
involved in the transfer, a new SAM starting Address (or 
Tap) will be loaded at CAS time. This address will be loaded 
into the serial address counter of the SAM selected by STS 
at RAS time. 

Note: Any SAM/BMR TRANSFER will take the device out 
of the split SAM mode, if it was in that mode before the 
transfer. 

BMR-TO-SAM TRANSFER (BMR-SAM) 

The contents of the BMR may also be transferred to one of 
the SAM registers. The (ME) /WE input is used to indicate 
the direction of the transfer and must be HIGH for a BMR
TO-SAMTRANSFER. STSis LOW to selectSAMa or HIGH 
to select SAMb as the destination for the BMR data. The 

remaining inputs and functionality are identical to the 
SAM-TO-BMR TRANSFER. Since a BMR-TO-SAM 
TRANSFER writes new data to the selected SAM register, 
the I/O for the SAM involved will be placed in the output 
mode and a new Tap address will be loaded when CAS falls. 

CLEAR BIT MASK REGISTER (CLR-BMR) 
The entire contents of the BMR can be cleared (set all bit 

LOW) within a single transfer cycle by performing a CLEAR 
BMR cycle. Unlike the other cycles that access the BMR, 
TRM is LOW at RAS time for the CLEAR BIT MASK REG
ISTER function. TR/ (OE) is LOW to indicate that the cycle 
is a transfer cycle (although there is really no data transfer 
involved). The CLR-BMR function is selected when 
ME/(WE), DSFl and DSF2 are HIGH when RAS falls. 

When the BMR is cleared, all data will be masked when 
a BIT MASKED TRANSFER cycle is performed. 

The BMR INVERTED WRITE and BMR WRITE TRANS
FERScan be used with theCLR-BMRfunction to set or clear, 
respectively, any DRAM row. The CLR-BMR function is 
used to clear the BMR then the BMR TRANSFERS are 
performed to the addressed DRAM row. 

The CLEAR BIT MASK REGISTER function is useful 
when using the SERIAL MASK INPUT mode. It is auto
matically performed (when in the SMI mode) when data is 
transferred from SAMb to the DRAM (see SERIAL MASK 
INPUT section). 

SERIAL MASK INPUT (SM!) 
Whenever the BMR is accessed, the MKD input is sensed 

and latched into the BMR control logic. If the MKD pin is 
LOW at RAS time the Serial Mask Input (SM!) mode is 
disabled and the BMR may only be loaded via internal 
transfer cycles. If MKD is HIGH when RAS falls, during a 
BMR access, then the BMR control logic enables the SMI 
mode and the BMR may be serially loaded via the MKD 
input. 

When SMI is enabled, the MKD input is coupled to all 
eight of the bit mask register'S DQ planes (see Figure 10). 
The SCb clock input and SAMb's address counter are used 
to input data to SAMb and the BMR. SEb will enable (LOW) 
or disable (HIGH) input data to SAMb and the BMR, the 
address count will increment regardless of the state of SEb. 

The most common application of the SMI mode is to 
automatically load a transfer mask with the new data 
written to SAMb. To initialize the sequence, the BMR is 
cleared (CLR-BMR) with MKD=HIGH at RAS time to en
able the SMI mode. Then SAMb is prepared to accept input 
data by performing PSEUDO WRITE TRANSFER. The 
SAM starting address loaded will also apply to the BMR. 
For every address location that to which data is written in 
SAMb, the corresponding address location in the BMR will 
be written to the value present on MKD (all eight planes of 
the BMR will be written). After the input of data to SAMb 
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S00b6 
S00b7 
SOObS 

Apply Mask (Sit Masked Transfer) 

Figure 10 
SERIAL-MASK-INPUT MODE BLOCK DIAGRAM 

is complete, a BIT MASKED WRITE TRANSFER may be 
done and only the unmasked data from SAMb will be 
transferred to the DRAM. The BMR will be cleared auto
matically after a BIT MASKED WRITE TRANSFER from 
SAMb, if the device is in the SMI mode. A BMSWT from 
SAMb will clear on half of the BMR. This allows a new mask 
to be loaded during thenext fill ofSAMb, without performing 
a CLR-BMR cycle. If data is to be masked during the BMWT, 
then MKD is held LOW when the corresponding SAMb 
data is written. If the data is to be written (unmasked) to the 
DRAM during the BMWT, then MKD is held IDGH when 
the corresponding SAMb location is written. The function 
of the MKD pin is dependent on the 110 direction of SAMb. 
MKD is an input only, if SMI is enabled and SAMb is in 
input mode. If SMI is enabled and SAMb is in output mode, 
the MKD input is a "don't care," no new data maybe written 
to the BMR via MKD. MKD is also "don't care" if the SMI 
mode is disabled. Note that the mask data loaded via SAMb 
may also be applied toaSAMa TRANSFER cycle, if the mask 
hasn't been cleared by a SAMb TRANSFER or a CLR-BMR 
cycle. The BMR will not be cleared after a TRANSFER 
involving SAMa. 

POWER UP INITIALIZATION 

When Vcc is initially supplied or when refresh is inter
rupted for more than 8ms the device must be initialized. 

After Vcc is at specified operating conditions, for lOOps 
(minimum), eight RAS cycles must be executed to initalize 
the dynamic memory array. When the device is initialized 
the DRAM 110 pins (DQs) are in a High-Z state, regardless 
of the state of (TR)/OE. The DRAM array will contain 
random data. 

The SAM portion of the device is completely static and 
does not require an initialization cycle. Both SAM ports will 
power up in the serial input mode (WRITE TRANSFERs) 
and the SAM I/O pins (SDQ's) are in a High-Z state, 
regardless of the state ofSE abo Also, SPLIT TRANSFER and 
SMI modes are disabled. Both QSF (MT43C8l28) outputs 
are in the High-Z state. Both SAMs as well as bit mask, color, 
and DRAM mask registers all contain random data after 
power-up. 
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TRUTH TABLE 1 

COOE FUNCTION RAS FALLING EDGE 

m TIf IllEjMt/WE1° OSF1 OSF2 lEa."SEb TRM MKO 

DRAM OPERATIONS 

CBR CAS-BEFORE-RAS REFRESH 0 1" 1" X X X X X 

ROR l'IAS ONLY REFRESH 1 1 X X X X X X 

RW NORMAL DRAM READ OR WRITE 1 1 1 0 0" x x x 

RWNM NONPERSISTENT (LOAD AND USE) 1 1 0 0 0" x x x 
MASKED WRITE TO DRAM 

RWOM PERSISTENT (USE REGISTER) 1 1 0 1 0" X X X 
MASKED WRITE TO DRAM 

BW BLOCK WRITE TO DRAM 1 1 1 0 0" x x x 
(NO DATA MASK) 

BWNM NONPERSISTENT (LOAD & USE) 1 1 0 0 0" x x x 
MASKED BLOCK WRITE TO DRAM 

BWOM PERSISTENT (USE MASK REGISTER) 1 1 0 1 0" X X X 
MASKED BLOCK WRITE TO DRAM 

REGISTER OPERATIONS 

LMR LOAD MASK REGISTER 1 1 1 1 0" X X X 

LCR LOAD COLOR REGISTER 1 1 1 1 0" X X X 

TRANSFER OPERATIONS 
. -. 

RT READ TRANSFER 1 0 1 0 0 x 0 X 
(DRAM-TO-SAM TRANSFER) 

SRT' SPLIT READ TRANSFER 1 0 1 1 0 X 0 X 
(SPLIT DRAM-TO-SAM TRANSFER) 

WT WRITE TRANSFER 1 0 0 0 0 0 0 X 
(SAM-TO-DRAM TRANSFER) 

PWT PSEUDO WRITE TRANSFER 1 0 0 0 0 1 0 X 
(SERIAL INPUT MODE ENABLE) 

SWT' SPLIT WRITE TRANSFER (SPLIT SAM- 1 0 0 1 0 X 0 X 
TO-DRAM TRANSFER WITH MASK) 

DMWT DO MASKED WRITE TRANSFER 1 0 0 0 1 X 0 X 

~FALL AD - A82 

STS OSF1 lIAS CAS 
A8=X 

X X X X 

X - ROW -

x 0 ROW COLUMN 

x 0 ROW COLUMN 

X 0 ROW COLUMN 

X 1 ROW COLUMN 
(A2-A7) 

X 1 ROW COLUMN 
(A2-A7) 

X 1 ROW COLUMN 
(A2-A7) 

X 0 X' X 

X 1 X' X 

O=SAMa X ROW TAP' 
1=SAMb 

O=SAMa X ROW TAP' 
1=SAMb 

O=SAMa X ROW TAP' 
1=SAMb 

O=SAMa X X' TAP' 
1=SAMb 

O=SAMa X ROW TAP' 
1=SAMb 

O=SAMa X ROW TAP' 
1=SAMb 

001- 0083 

lIAS W4 

X X 

X -

X VALID 
DATA 

WRITE VALID 
MASK DATA 

X VALID 
DATA 

X COLUMN 
MASK 

WRITE COLUMN 
MASK MASK 

X COLUMN 
MASK 

X WRITE 
MASK 

X COLOR 
DATA 

X X 

X X 

X X 

X X 

DO X 
MASK 

DO X 
MASK 

REGISTERS 

MASK COLOR 

X X 

X X 

X X 

LOAD & X 
USE 

USE X 

X USE 

LOAD & USE 
USE 

USE USE 

LOAD X 

X LOAD 

X X 

X X 

X X 

X X 

LOAD & X 
USE 

LOAD & X 
USE 
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TRUTH TABLE 1 

COOE FUNCTION RAS FALLING EDGE 1m FALL AD· AS2 DQ1 ·DQ43 REGISTERS 

"CAs- lR/nt lilt/WE" OSF1 OSF2 "SEa, "SEb TRM MKO STS OSF1 RAS ~ RAS ClIS4 MASK COLOR 
A8=X 

BIT MASK REGISTER OPERATIONS 

BMR- BMR READ TRANSFER 1 0 1 0 0 X 1 011' 0 X ROW X X X X X 
RT (DRAM~BMR TRANSFER) 

BMR- BMR READ TRANSFER 1 0 1 0 0 X 1 011' 1 X ROW X X X X X 
IRT (DRAM~INVERT ~BMR TRANSFER) 

BMR- BMR WRITE TRANSFER 1 0 0 0 0 X 1 OIF 0 X ROW X DO X X X 
WT (BMR~DRAM TRANSFER) MASK 

BMR- BMR WRITE TRANSFER 1 0 0 0 0 X 1 011' 1 X ROW X DO X X X 
IWT (BMR~INVERT ~DRAM TRANSFER) MASK 

SAM- SAM~BMR TRANSFER 1 0 0 1 0 X 1 011' O=SAMa X X' TAP' X X X X 
BMR 1=SAMb 

BMR- BMR~SAM TRANSFER 1 0 1 1 0 X 1 011' ~:~~~~ X X' TAP' X X X X 
SAM 

CLR- CLEAR BIT MASK REGISTER 1 0 1 1 1 X 0 011' X X X' X X X X X 
BMR (SETS BMR TO ALL "O's") 

BIT MASKED TRANSFER OPERATIONS 

BMRT BIT MASKED READ TRANSFER 1 0 1 0 1 X 1 X O=SAMa X ROW TAP' X X X X 
(BM DRAM~SAM TRANSFER) 1=SAMb 

BMSRT' BIT MASKED SPLIT READ TRANSFER 1 0 1 1 1 X 1 X O=SAMa X ROW TAP' X X X X 
(BM SPLIT DRAM~SAM TRANSFER) 1=SAMb 

BMWT BIT MASKED WRITE TRANSFER 1 0 0 0 1 X 1 X' O=SAMa X ROW TAP' X X X X 
(BM SAM~DRAM TRANSFER) 1=SAMb 

MSWT' BIT MASKED SPLIT WRITE TRANSFER 1 0 0 1 1 X 1 X' O=SAMa X ROW TAP' DO X LOAD & X 
(BM SPLIT SAM~DRAM TRANSFER) 1=SAMb MASK USE 

NOTES: 1. 0 = LOW (V,J, 1 = HIGH (V'H)' X = "don't care", - = "not applicable" 
2. These columns show what must be present on the AO-AS inputs when RAS falls and AO-A7 when CAS falls. 
3. These columns show what must be present on the DQ1-DQS inputs when RAS falls and when CAS falls. 
4. On WRITE cycles (except BLOCK WRITE), the input data is latched at the falling edge of CAS or MEIWE, whichever is later. Similarly, 

on READ cycles, the output data is enabled on the falling edge of CAS or TRiCE, whichever is later. 
5. The ROW that is addressed will be refreshed, but no particular ROW address is required. 
6. Tap Address; this is the SAM location that the first SC cycle will access. For SPLIT TRANSFERs the half receiving the transfer is 

determined by the MSB of the internal address counter. The SAM half not currently being accessed will be the half receiving the transfer. 
Column address A7 is a "don't care" for SPLIT TRANSFERS. 

7. The Serial Mask Input mode (SMI) is enabled ("1") or disabled ("0") when the BMR is accessed (see BMR OPERATIONS). If SMI is 
enabled (MKD = "1 "), mask data is serially clocked into the BMR with SCb and the BMR is automatically cleared after a BIT MASKED 
WRITE or BIT MASKED SPLIT WRITE TRANSFER cycle from SAMb. For BIT MASKED READ TRANSFERs to any SAM and BIT 
MASKED WRITE TRANSFERs from SAMa, the BMR is not cleared automatically. 

S. If the SMI mode is enabled, mask data is clocked into the BMR with SCb. A HIGH will allow data from the SAM address location to be 
written to the DRAM, a LOW will mask data to the DRAM during a BIT MASKED WRITE or BIT MASKED SPLIT WRITE TRANSFER. 

9. SPLIT TRANSFERs do not change SAM 1/0 direction. 
10. SAM 1/0 direction is a function of the state of MEIWE at RAS time. If MEIWE is LOW, then the selected SAM is an input; if MEIWE is 

HIGH then the SAM is an output. 
11. The MT43CS12S/9 operates properly if this state is "X", but to allow for future functional enhancements it is recommended that they are 

driven as shown in the Truth Table. 

I MULTIPORT DRAM 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vcc supply relative to Vss ......... -1.0V to +7.0V 
Operating Temperature, Ta(Ambient) ........... O°C to +70°C 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C :5 T A :5 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(Notes 3, 4, 5) (O°C :5 T A :5 70°C; Vee = 5.0V ± 10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
(any input (OV:5VIN:5Vee, all other pins not under test = OV). 

OUTPUT LEAKAGE CURRENT 
(Dout is disabled, OV:5VOUT:5Vec). 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 

Output Low Voltage (lOUT = 2.5mA) 

CAPACITANCE 
(TA = 25°C; Vee = 5.0V; f = 1MHz) 

PARAMETER 

Input Capacitance: Ao-As, TRM, MKD 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.5 5.5 V 1 

VIH 2.4 Vee+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 ~ 

loz -10 10 ~ 

VOH 2.4 V 

VOL 0.4 V 1 

SYMBOL MIN MAX UNITS NOTES 

CI1 5 pF 2 

Input Capacitance: RAS, CAS, MEIWE, TRIOE, SCa,b, SEa,b, DSF1,2, STS CI2 7 pF 2 

SSFa,b 

Input/Output Capacitance: DO, SDOa,b CliO 9 pF 2 

Output Capacitance: OSFa,b Co 9 pF 2 
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CURRENT DRAIN, SAMa and SAMb IN STANDBY 
(O°C ::; TA ::; 70°C; Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling; IRC = IRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = VIL CAS = Cycling; Ipc = IpC (MIN» 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS=CAS=VIH, after 8 RAS cycles min) 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS=CAS=Vcc-0.2V, 
after 8 RAS cycles min). All other inputs at Vcc-0.2V or Vss+0.2V 

REFRESH CURRENT: RAS-ONL V 
(RAS=Cycling; CAS=VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS=Cycling) 

TRANSFER CURRENT: SAM/DRAM DATA TRANSFER 

CURRENT DRAIN, SAMa and SAMb ACTIVE 
(Notes 3,4) (coc::; TA ::; 70°C; Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling; IRC = IRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = VIL CAS = Cycling; IpC = IpC (MIN» 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS=CAS=VIH, after 8 RAS cycles min) 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS=CAS=Vcc-0.2V, 
after 8 RAS cycles min). All other inputs at Vcc-0.2V or Vss+0.2V 

REFRESH CURRENT: RAS-ONL Y 
(RAS=Cyciing; CAS=VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS=Cycling) 

TRANSFER CURRENT: SAM/DRAM DATA TRANSFER 
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SYMBOL -8 

Icc1 100 

Icc2 90 

ICC3 7 

ICC4 1 

Icc5 100 

Ices 90 

Icc? 110 

SYMBOL -8 

Iccs 180 

Iccg 160 

Icc10 85 

Icc11 75 

Icc12 180 

Icc13 170 

Icc14 180 

PRELIMINARY 

MAX 
-10 -12 UNITS NOTES 

90 80 mA 3,4 

80 70 mA 3,4 

7 7 mA 

1 1 mA 

90 80 mA 3 

80 70 mA 3,5 

100 90 mA 3 

MAX 
-10 -12 UNITS NOTES 

170 160 mA 

150 140 mA 

85 85 mA 

75 75 mA 

170 160 mA 

160 150 mA 5 

170 160 mA 
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DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C S;TA S;+70°C; Vee = S.OV± 10%) 

A.C. CHARACTERISTICS -8 -10 
PARAMETER SYM MIN MAX MIN MAX 
Random READ or WRITE cycle time tRC 150 180 
READ-MODIFY-WRITE cycle time tRWC 205 235 
FAST-PAGE-MODE READ or WRITE tpc 45 55 
cycle time 

FAST-PAGE-MODE READ-MODIFY- tpRWC 100 110 
WRITE cycle time 

Access time from RAS tRAC 80 100 
Access time from CAS tCAC 20 25 
Access time from (rR)lOE tOE 20 25 
Access time from column address tAA 40 50 
Access time from CAS precharQe tCPA 45 55 
RAS pulse width tRAS 80 10,000 100 10,000 
RAS pulse width (FAST PAGE MODI;L tRASP 80 100000 100 100000 
RAS hold time tRSH 20 25 
RAS precharae time tRP 60 70 
CAS' pulse width tCAS 20 10 000 25 10 000 
CAS hold time tCSH 80 100 
CAS:m-echarge time tCPN 15 15 
CAS precharQe time (FAST PAGE MODE) tcp 10 10 
RAS to CAS delav time tRCD 20 60 20 75 
CAS to RAS precharge time tCRP 5 5 
Row address setup time tASR 0 0 
Row address hold time tRAH 12 15 
RAS to column tRAD 17 40 20 50 
address delay time 

Column address setup time tASC 0 0 
Column address hold time tCAH 15 20 
Column address hold time tAR 60 70 
(referenced to RAS) 

Column address to tRAL 40 50 
RAS lead time 

Read command setuD time tRcs 0 0 
Read command hold time tRCH 0 0 
(referenced to CAS) 

Read command hold time tRRH 0 0 
(referenced to "RAS) 

CAS to output in Low-Z tCLl 0 0 
Output buffer turn-off delay tOFF 0 20 0 20 
Output Disable tOD 0 20 0 20 
Output Disable hold time from start of write tOEH 15 15 
Output Enable to RAS delay tORD 0 0 
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·12 
MIN MAX UNITS NOTES 
210 ns 

280 ns 

65 ns 

140 ns 

120 ns 14 17 
30 ns 15 
30 ns 

60 ns 

65 ns 

120 10,000 ns 

120 100000 ns 

30 ns 

80 ns 

30 10000 ns 

120 ns 

20 ns 16 
15 ns 

25 90 ns 17 
10 ns 

0 ns 

15 ns 
25 60 ns 18 

0 ns 

25 ns 

85 ns 

60 ns 

0 ns 

0 ns 19 

0 ns 19 

0 ns 

0 30 ns 20 
0 30 ns 

20 ns 

0 ns 
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DRAM TIMING PARAMETERS (Continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C S; TA S; +70°C; Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -8 -10 
PARAMETER SYM MIN MAX MIN MAX 
Write command setup time 'wcs 0 0 

Write command hold time 'WCH 15 20 

Write command hold time 'WCR 60 75 
(referenced to'RAS) 

Write command pulse width 'WP 15 15 
Write command to"FiAS lead time 'RWL 20 20 
Write command to CAS lead time 'CWL 20 20 

Data-in setup time 'OS 0 0 
Data-in hold time 'DH 20 20 

Data-in hold time 'DHR 60 70 
(referenced to "FiAS) 

'RAS to WE delay time 'RWD 110 130 
Column address 'AWD 70 80 
to WE delay time 

CAS to WE delay time 'CWO 50 60 
Transition time (rise or fall) 'T 3 50 3 50 
Refresh period (512 cyclest 'REF 8 8 
RAS to CAS m-echallte time 'RPC 0 0 

CAS setup time 'CSR 10 10 
(CAS-BEFORE-'RAS refresh) 

CAS hold time 'CHR 30 30 
(CAS-BEFORE-'RAS refresh) 

~/WE to "FiAS setup time 'WSR 0 0 
~IWE: to 'RAS hold time RWH 12 15 

Mask data to "FiAS setup time 'MS 0 0 
Mask data to "FiAS hold time 'MH 12 15 
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MIN MAX UNITS NOTES 

0 ns 21 

25 ns 

85 ns 

20 ns 
25 ns 
25 ns 

0 ns 22 
25 ns 22 

90 ns 

160 ns 21 

100 ns 21 

70 ns 21 

3 50 ns 9, 10 

8 ms 
0 ns 

10 ns 5 

30 ns 5 

0 ns 
15 ns 

0 ns 

15 ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6,7,8,9,10) (0° C ~ TA ~ + 70°C; Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -8 -10 
PARAMETER SYM MIN MAX MIN MAX 
TRANSFER command to R"AS setup time ITlS 0 0 
TRANSFER command to RAS hold time tTlH 12 10,000 15 10000 
TRANSFER command to R"AS hold time RTH 70 10,000 80 10,000 
(REAL-TIME READ TRANSFER only) 

TRANSFER command to CAS" hold time tCTH 20 25 
(REAL-TIME READ TRANSFER only) 

TRANSFER command to column address hold time ATH 25 30 
(For REAL-TIME READ TRANSFER only) 

TRANSFER command to SC lead time TSl 5 5 
TRANSFER command to R"AS HIGH lead time tTRl 0 0 
TRANSFER command to R"AS delay time ITRD 15 15 
TRANSFER command to CAS" HIGH lead time ITCl 0 0 
TRANSFER command to CAS" delay time tTCD 15 15 
First SC edge to TRANSFER command delay time ITSD 10 10 
R"AS to first SC edge delay time tRSD 80 95 
CAS" to first SC edae delay time ICSD 25 30 
Column address to first SC edoe delay time tASD 50 60 
Serial output buffer turn-off delay from RAS tSDZ 10 35 10 40 
SC to RAS setup time tSRS 30 30 
RAS to SC delay time ISRD 20 25 
Serial data input to SE delay time tSZE 0 0 
R"AS to SD buffer turn-on time ISRO 10 15 
Serial data input delay from R"AS tSDD 45 50 
Serial data input to RAS delay time SZS 0 0 
Serial Input Mode enable tESR 0 0 
(SE) to RAS setup time 

Serial Input Mode enable (sl:) to R"AS hold time tREH 12 15 
NONTRANSFER command tyS 0 0 
to RAS" setup time 

I NONTRANSFER command to RAS hold time tYH 12 15 
DSF TRM STS MKD to R"AS setup time tFSR 0 0 
DSF, TRM, STS, MKD to R"AS hold time RFH 12 15 
DSF to "RAS" hold time IFHR 60 65 
DSF to CAS" setup time FSC 0 0 
DSF to CAS" hold time tCFH 15 20 
SC to OSF delay time ISOD 35 40 
"RAS" to OSF delay time tROD 65 85 
CAS to OSF delay time ICOD 35 40 
TR/OE to OSF delay time ITOD 25 30 
SPLIT TRANSFER setup time ISTS 30 35 
SPLIT TRANSFER hold time ISTH 30 35 
Split SAM setup time to RAS from last SC tSCR 30 35 
Split SAM hold time to RAS from first SC IRSC 30 35 
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MIN MAX UNITS NOTES 
0 ns 25 
15 10000 ns 25 
90 10,000 ns 25 

30 ns 25 

35 ns 25 

5 ns 25 
0 ns 25 
15 ns 25 
0 ns 25 
15 ns 25 
10 ns 25 
105 ns 

35 ns 

65 ns 
10 45 ns 

40 ns 

30 ns 
0 ns 

15 ns 

55 ns 
0 ns 

0 ns 

15 ns 
0 ns 26 

15 ns 26 
0 ns 
15 ns 

70 ns 

0 ns 
20 ns 

45 ns 
105 ns 

45 ns 

35 ns 
40 ns 

40 ns 

40 ns 29 
40 ns 29 



-3: c: 
ct --a 
o 
::0 
"'""'i 
C 
::0 
l> 
3: 

PRELIMINARY 

, I'IIIC:I=II;;~,~ MT43C8128/9 

SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6,7,8,9,10) (0° C S TA S + 70°C; Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -8 -10 
PARAMETER SYM MIN MAX MIN MAX 
Serial clock cycle time 'sc 25 30 
Access time from SC SAC 25 30 
SC precharge time (SC LOW time) ISp 10 10 
SC pulse width (SC HIGH time) tSAS 5 10 
Access time from SE ISEA 15 20 
SE" precharge time ISEP 10 15 
SE" pulse width !SE 10 15 

Serial data out hold time after !SOH 5 5 
SC HIGH 

Serial output buffer turn-off !SEZ 0 12 0 15 
delay from SE 

Serial data in setup time tSDS 0 0 
Serial data in hold time SOH to 15 
SERIAL INPUT (Write) Enable tsws 0 0 
setup time 

SERIAL INPUT (Write) Enable tSWH 15 15 
hold time 

SERIAL INPUT (Write) Disable tSWIS 0 0 
setup time 

SERIAL INPUT (Write) Disable tSWIH 15 15 
hold time 

SSF to SC setup time tSFS 0 0 
SSF to SC hold time tSFH 15 20 
SSF LOW to SC HIGH delay_ tSFD 0 0 
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MIN MAX UNITS NOTES 
35 ns 

35 ns 24 
12 ns 

12 ns 

30 ns 24 
15 ns 

15 ns 

5 ns 24 

0 25 ns 24 

0 ns 24 
20 ns 24 
0 ns 

25 ns 

0 ns 

25 ns 

0 ns 29 
20 ns 29 
0 ns 29 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = Iat with a v = 3V and Vee = 
SV. aV 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading. Specified values 

are obtained with minimum cycle time and the 
outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (DoC::; T A ::; 70°C) is assured. 

7. An initial pause of 100J,ls is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is assured. The 8 RAS cycle wake-up should 
be repeated any time the 8ms refresh requirement is 
exceeded. 

8. AC characteristics assume tr = Sns. 
9. Vlli MIN and VIL MAX are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vlli and VIL (or between VIL 
and Vlli). 

10. In addition to meeting the transition rate specifica
tion, all input signals must transit between Vlli and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = Vlli, DRAM data outputs (DQ1-DQ8) is high 
impedance. 

12. If CAS = VIL, DRAM data outputs (DQ1-DQ8) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva
lent to 1 TTL gate and SOpF. Output reference levels: 
VOH = 2.0V; VOL = 0.8V. 

14. Assumes that tRCD < tRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that tRCD ;?: t:RCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
speci fied tRCD (MAX) limit, then access time is 

controlled exclusively by tCAe. 
18. Operation within the tRAD (MAX) limit ensures that 

tRCD (MAX) can be met. tRAD (MAX) is specified as 

a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is con
trolled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, !AWD and tCWD are restrictive 
operating parameters in LATE-WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If tWCS;?: 
twcs (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through
out the entire cycle, regardless of TR/OE. If tWCS::; 
twcs (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
write to avoid data contention. If tRWD ;?: tRWD 
(MIN), tAWD;?: tAWD (MIN) and ICWD;?: tcWD 
(MIN), the cycle is a READ-WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions are met, the state of 
the output buffers (at access time and until CAS goes 
back to VIH) is indeterminate but the WRITE will be 
valid, if taD and tOEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and ME/WE leading edge in 
late WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 30pF. Output reference 
levels: VOH = 2.0V; VOL = 0.8V. 

25. TRANSFER command means that TR/OE is LOW 
when RAS goes LOW. 

26. NON-TRANSFER command means that TR/OE is 
HIGH when RAS goes LOW. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have taD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after tOEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

28. Applies to the MT43C8128 only. 
29. Applies to the MT43C8129 only. 
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_ RAS ~:~ 

i: 
c: 
!:i CAS ~:~ -"'tJ 
o 
~ ADDR ~:~ 
C ::D MElWE ~:~ 

l> 
i: DSFI ~:~ 

DSF2 ~:~ 

DRAM READ CYCLE 

'RC 

'RAS 'RP 

--
'CSH 

1 'RSH 'RRH 

I 'CRP 'RCD 'CAS 

~ 
::.-Y I 

'AR 

'RAL I I 'RAD I I 
'ASR 'RAH ~I I~ 

1 I~ - ROW J<!iiiU COLUMN WII fllllllllA -
I_ 'WSR 'RWH _I 'RCS 

I I I 'RCH 

I I I 
=;//////////1 VI!f!!!/ I 'FHR 1 I 

I 
'r(, 

~ 'RFH _I. Id~1 12!! IIII/. ~/IIII, fliliA ':IIIIIIIIII/'A III)J" 

.I- 'FSR 'RFH _I I I 
(II/I/I//A IIIIIII/ii/A. 1///11111111, flllll, 11111111/LLLi 

'M 

I 'RAC 

I 
'CAC 'OFF 

'CLZ I tORD-1 

- b 
OPEN VALID DATA OUT 

1~11~1 t~ I~ 
-:1////////// ////;;, II'l I 
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ROW 

/////111111111, 

fllllllllllili/ 

OPEN 

~ DON'T CARE 

~ UNDEFINED 
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RAS V,H-
V,L-

CAS 
V,H-
V,L-

ADDR V,H 
V'L-

MEtWE V,H-
V,L 

DSF1 V,H 
V,L 

DSF2 
V,H 
V,L 

DO 

DRAM FAST PAGE MODE READ CYCLE 

'RASP 

tCSH 'PC 

'CRP 'RCD 'CAS 'CP 
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'CAS 

_._L:---DPEN-

~ DON'TeARE 
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,. 
WRITE CYCLE FUNCTION TABLE 1 

LOGIC STATES2 
mrn Falling Edge ~ Falling Edge 

FUNCTION CODE 
A B C D E F 

MEiWE" DSF1 DQ (Input) ME"IWE" DSF1 DQ (Input) 

1 0 X 0115 0 DRAM Normal DRAM WRITE RW 

0 0 Write 0115 0 DRAM NONPERSISTENT (Load and Use) RWNM 
Mask (Masked) MASKED WRITE to DRAM 

0 1 X Oils 0 DRAM PERSISTENT (Use Register) RWOM 
(Masked) MASKED WRITE to DRAM 

1 0 X X3 1 Column BLOCK WRITE to DRAM BW 
Mask (No Data Mask) 

0 0 Write X3 1 Column NONPERSISTENT (Load and Use) BWNM 
Mask Mask MASKED BLOCK WRITE to DRAM 

0 1 X X3 1 Column PERSISTENT (Use Register) BWOM 
Mask MASKED BLOCK WRITE to DRAM 

1 1 X X4 0 Write LOAD MASK REGISTER LMR 
Mask 

1 1 X X4 1 Color LOAD COLOR REGISTER LCR 
Data 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "0", "E" and "F" for the WRITE cycle 
timing diagrams on the following pages. 

2: TRM, MKD and STS are "don't care" for all WRITE cycles. 
3. WE is a "don't care" for BLOCK WRITE cycles. It occurs on the falling edge of CAS. 
4. Register load cycles can be either EARLY or LATE-WRITE cycles. 
5. If MEIWE is LOW, an EARLY-WRITE is performed; if it is HIGH, a LATE-WRITE is performed ifliifE'1WE' falls 

after CAS. 
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d - VIH 
CAS VIL-

'CRP I 

DRAM EARL V-WRITE CVCLE 

'RC 

'RAS II 'RP 

II 
It 

'CSH 

r= 'RCD 

f tAR l I 'RAD I I 'RAL 

'ASR tRAH ~I I 'CAH I 
ADDR ~:~=~~------;RO.---W _~bd ~"" bll$IIIII;7I$III;74<~_RO_W __ 

1 

I I 'CWL II 
I I 'RWL 

I I 'WCR :1 

"- ~t::7,@'ffffJ""-A ~bJ:'~ ! 0 ! ::" b-;7I!I;W'II,@'ff$ff&$J7ff$$~ 
_ I: 'FSR 'RFH:I ~ I. 'FSC I I 'CFH: II 'FHR I I k 

DSFI ~:r:,/#/##$)( - 8-~ E JIjj/#/#//I/!//I/IIII#!/!I!!I!!/#I#!/II!II~ 
~I 'FSR II 'RFH In I I 

DSF2 ~:~:1$/#$d. - - t/#I//I/I/!!1/#!///##//!I!!I11!////##/II/##I#I/!& 
I I 'DHR 

# II!// /11111 II; 

~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "8", "C", "0", "E" and "F" determine the type of WRITE operation performed. See the 
WRITE Cycle Function Table for a detailed description. 
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DRAM LATE-WRITE CYCLE 

RC 

tRAS II tRP 

II 
RAs It 

CAS 

tCSH 

~ U 
tRSH 

d' 
tCRP tRCD tCAS 

tAR 

I tRAD I I tRAL 

tASR : tRAH ~I I tCAH I 
ADDR 

MElWE 

DSFI 

tWSR tRWH I I .. I· twpi 

:~=1£1'/~A~~ II ~-W$U'M#/'I#/'$/'I$$&,$#'/II& 
tFSR II tRFHI I. ::~: 1 tCFH III 

~:t:W!IIIII&1-B-~ - E II W!##$/$1$/$/$#$#$/fflll//$& 

DSF2 :r=W!I$d-"-"- --"""--Y/$/',@',./'!$$/,##/,)1$#&,'l'U'P',./''/,./'#$U'$&'#,@'/,'l'/'/,'l'//,M 
tDHR II 

DQ ~:gt: C 

t",,"~ J~ 
TRICE ~:t:1#M/~ 11111fflffllh 

I tOEH 

-~II/#$$//$##I//I#$ffll##$#!& 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "B", "C", "E", and "F" determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 

2. LATE-WRITE cycles are not valid for BLOCK WRITEs. (fiilE)/WE" = "don't care" at the falling edge of CAS". 
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AAS VIH-
VIL-

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

tAWC 

tCSH I 1----------~tA=SH~---------. 

tCAP tACD ~tC::..::AS'___ ________ 1 

CAS 
VIH-
VIL-

I tAAL I 

ADDA ~:~: 

~II~ 
~~~~~~~~~~~ 

COLUMN ROW 

~II·:::~ I----~I-+I~~------I 

tFHA I I I 

DSF2 

tCLZ-!-""::::"::::"""'-

DO ~:g~:'---~_--;;-_J-------~'NW\I\I\l[I'--~:..=..:..IJ "-----;-~~--- OPEN ---

_~II~~ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "8", "C", and "F" determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 1,2 

tRASP 

RAS VIH-
VIL-

tCSH tpC tRSH 

tACO tCAS tcp tCAS tcp ICAS 

CAS 
VIH-
VIL-

ADDR VIH 
VIL 

twp 

MEIWE 

DSFt ~:~_ 8 E E E 8 

~I~II~I~ II I II I II I 
DSF2 ~:~:tllffi. YI///i/ II!IIIII 11/ //111111///11 II! II ////ii/!/IIII!!II// IIII!I!///!///il II 1IIII///!/11/1/ II 11//1 fA 

::!! I I II ,~ I 
~II~ tos ~ 

F F F 

~I~ ~:~~ VI/II II //II/II II////I! 11/////1 //III/II lillI/II II //1111 11/I11III /////!II III!III I/I! 1//1/////1 III III! /II 14 
tz1l DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST PAGE 
MODE. 

2. The logic states of "A", "8", "C", "0", "E", and "F" determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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'CRP 

ADDR 

DSF, 

DSF2 

DRAM FAST-PAGE-MODE READ-WRITE CYCLE 
(READ-MODIFY-WRITE or LATE-WRITE CYCLES) 

'RASP 

'CSH 'PRWC 

1 __ ---:'Rc:::C"'-D ___ 1. __ 'C:::.A"'-S __ 1 ~ 'CAS 

tcWl.

'WP
'AWD 

II 'CWD 

'CP 'CAS 

II 'CWD 

OPEN--

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 
the Write Function Table to determine the proper DSF1 state for the desired WRITE operation. 

2: The logic states of "A", "8", "C", and "F" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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v I 
CAs Vi": t IL---J 

teRP 

DRAM ~-ONL Y REFRESH CYCLE 
(ADDR = AO-AS) 

'Re 
'RP 

I 
I 
I ,'------

'ASR liRA" 1L.J 

ADDR ~:~=~,---_R-;;-OW_--.J~/llllllIffllfflB#ff$ff$ffllll$III$!h<'---RO-w--
/I 

M"ENiE ~:~JII$II ffff lilli/Iff If II !II 1111111 III!II!/llffllllllllllllll!/llll II/////I!/IIII 11111/$/ 1I!II!III/!11/iI///II1I!4 

DSFI ~:~ -WIII!IIIIII!II! 11/11 !IIfflll! 1///11 1111111 III II $ I/lIfflllll!/!l //11111111 ///II/II I///II/I!II/ //IIII///! /II/! III/ Ih 
II 

DSF2 ~:~ J!I!/Iff 11111111111 I////////!III II!/! ff ff I!II II ff 1///11 1/I/!11/II/III/II!IIII ///11111 IIII/II/!IIII 11111 $1111 1//11 1& 

II OPEN--------OPEN------

~II~ 
f"RJOE ~:~:tI!!IIII/I/$ ~/!IIIII$llllllllffl//ll/ffll/ll/!IIIIII!IIIII!!II!II$ 

~-BEFORE-lU(S" REFRESH CYCLE 

ADDR ~:~:I$! $/1/11 //II /11/ I! $II!III! I! I! III II!//! /!!I II /////II! II!//! J//I 11111 ///I/$I! II II/I/! III!III$ 1I$1!I!It 

~II~~ 
M"ENiE ~:t-~II NOTE IW11!II!III!!III!I!I!I!I$$!II/!!IIIIIII!//!//IIJ NOTE 1 Wl/!1$//2 

OSFI ~:t::1/// ///1111 /1/11 //II! 1111/1/ //II III III I $/!! I$I! III! //II $I/! I/! II III 1111 III! I!//// II /////II! I! I! //III $ & 
II 

DSF2 ~:t::7/////$IIIIIIII/III!IIIII/II!I!I!I!I$I!I!IIII!I!IIIIIIII!!I!III/!I$I!I/!I$11/11!1!11!1!11I11$$11///2 

OQ ~IO"- II OPEN OPEN-----

IOL -----1 tYB II IYH L 
TRm ~:t =W!lI!IlIJ--NO:'-'WI! 1111 I! III/III ff I/! $ III !III! 11111//1/1111 II!II/!! NOTE 1 VI!III!! I!a 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The MT43C8128/9 operates with this state as "don't care", but to allow for future functional enhancements it 
is recommended that they be driven as illustrated for system upgradability. 
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RAS VIH-
VIL-

tCRP 

CAS 
VIH-
VIL-

ADDR 

DRAM HIDDEN-REFRESH CYCLE 

(READ) 

tRAS 

II tRAL 1 

~II~ 
COLUMN 

(REFRESH) 

tRAS 

tCHR 

~~~rirr~~~~~~~~~~~~ 

~:~ ItFHR II i W
1

W///!///!/!/!II!!///!//////////I!!;JIWI!!////////1 

tFSR tRFH_1 II~ tFSC II tCFH 

DSF1 ~:~:m~ -~ 1I/1!!///III!I!!//////!/////I!!!I////;JW//!////!iIII!//!//!//4 
~I· IFSR II tRFHln I I I I 

DSF2 ~:~::////hI: - -W////!/////////////////////!///////////!///!///////////!////////!//////////!//// I!//////J 
I I tAA 

I tRAC 

I tCAC 

tCLZ_.b, - I~OFF 

OPEN VALID DOUT OPEN-

~I ~' 

-.-~Q.J tYH ~ 

DO ~:g~-

TRICE ~IH _ t~~---+--\ __ 1- tORD 1:--
IL ----./ '---__ 1"---___ ---1if 

~ DON'T CARE 

~ UNDEFINED 

NOTE: A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, MEIWE 
= LOW (when CAS goes LOW) and TRIOE = HIGH. In the TRANSFER case, TRtOE = LOW (when RAs goes 
LOW) and the DQ pins stay High-Z during the refresh period, regardless of TRIOE. 
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PRELIMINARY 

1'II1C:l=Ig~ MT 43C8128/9 

DRAM/BMRTRANSFER CYCLE FUNCTION TABLE 

LOGIC STATES 
~FallingEdge FUNCTION CODE 

A B C D E F G 
"MEiWE DSF1 DSF2 TRM STS MKD OQ(input) 

1 0 0 1 0 X' X BMR READ TRANSFER (DRAM-BMR TRANSFER) BMR-RT 

1 0 0 1 1 X' X BMR READ TRANSFER (DRAM-invert-BMR TRANSFER) BMR-IRT 

0 0 0 1 0 X' MASK BMR WRITE TRANSFER (BMR-DRAM TRANSFER) BMR-WT 

0 0 0 1 1 X' MASK BMR WRITE TRANSFER (BMR-invert-DRAM TRANSFER) BMR-IWT 

1 1 1 0 X X' X CLEAR BMR (ClR-BMR) ClR- BMR 

DRAM/BMR TRANSFERS 
'RC I 
tRAS 'RP I 

RAS ~i~= 'I; 

tCSH 

I 
I ~ 

tRSH 

-J 
teRP tReD teAs 

~ \ NOTE 2 

tASR tRAH 

ADDR ~:~=wd ROW kP'/////$#$////##/////#//////$///#///$$/$'--__ RO_W __ 

I'WSR II 'RWHI 

M"EiViE ~:~4/P'$dd A m"TT;Wj;rrr.wrT"Tl/j;rTTl/j;TTTW/;TTTllj;TTTI/j;TTTWj;TT7I/j;TT7Wj;7"T71/j;7"T71/j;7771j"TTlW7"7"lI/j;7"7"lI/j;rrr.1/j;rrr.I/j;rrrl/j;T7TI/j;T7TI//j;T7TIj;T7"TI/j;TT7Wj;7"T7Wj;7"T7Wj;7"T7I/j;"TTlIj;77TI~ 

1_ 'FSR II 'RFHI 

DSF1, D~,"§: ~~~ ~:~=W//# ff ~ B, C, D, E, F ~rrr.1/ j;>7TWj;TTTI/j;TT71 /j;7"T71/ j;7771 j;777W j;rrr.1/ j;rTTl/ j;T7T1/ j;TT71/ j;7"T71/ j;7771j7n1/ j;""1/ j;rrTl/ j;T7T1/ j;TT7WTT7j1j /;7771 /;7771/ /;'7T.1 /j;rTTW /;TTTI/ j;TT71 /j;TT71/ /;7771j7n1/ j;""jIj j;TTT0 

'MS II 'MH 

DO ~:g~4'///////M~-G-k7jj/////////////$//////////////$//////#///$///////////////////////$////////~ 
'YS II 'YH 

TR/OE ~:~-0"///#d- -k///I/I/$//////I//$//I/I/I!I$/P'I/$/$/P'//I//I/##////////II/!I/////////m 

NOTE: 1. Serial Mask Input mode is enabled if MKD = HIGH; disabled if MKD = LOW. 
2. It is not necessary to drop CAS during a DRAM/SMR TRANSFER. 
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PRELIMINARY 

I'IIIC:~:::"=!~ MT 43C8128/9 

READ TRANSFER CYCLE FUNCTION T ABLE1 

LOGIC STATES2 
RAS Falling Edge FUNCTION CODE 

A 8 C D E 
DSF1 DSF2 TRM STS MKD 

0 0 0 0/12 X READ TRANSFER (DRAM-SAM) RW 

1 0 0 0/12 X SPLIT READ TRANSFER (DRAM-SAM) SRT 

0 1 1 0/12 X BIT MASKED READ TRANSFER BMRT 

1 1 1 0/1 2 X BIT MASKED SPLIT READ TRANSFER BMSRT 

1 0 1 0/12 O/P BMR-SAM TRANSFER BMR-SAM 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "D" and "E" for READ TRANSFER 
cycle timing diagrams on the following pages. 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW 
the transfer is to SAMa; when STS = HIGH the transfer is to SAMb. 

3. Serial Mask Input mode is enabled if MKD = HIGH; disabled if MKD = LOW. 
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PRELIMINARY 

IVIIC:I=II;;!N MT 43C8128/9 

--

---------.I 

READ TRANSFER1,4 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 
IRC 

IRAS IRP 

ICSH 

lASH 

~ tRCO ICAS 

1\ NOTE 2 / 
IAR 

lRAD I I lRAL I I 

\ 

ADDR ~:~ 
~I-T- ~I ~I ~I 

:'11/,11( ROW )(jll~ SAM START )(1111111111111111111111111111111111111111111111111111111IIIIIIIIh 
~~II~~ I 

MEN1E ~i~~ I II ~/I11////////I//I//I///I//////I//I111///I/I/I11/////I/////I///I////I/I///////1/////1//1//1///1//;/ 
_l~~ I I II 

TRZ~~S~~~ ~i~=W¢ A, S, C, D, E WI///!/I////!I/////I11/////////////I11!////I//////////////////!/I!1//////////////////I////!/I//12 

I~F II I I 
OQ ~i8t= ~ OPEN-l----i--------t-I----OPEN -----

I I ImL ITRD 

,... :I~ ~} J~---,-"ITC~L --I---IT=CD--~///!////Ih 

1- I~ ::: 
I I IASO 

I I 
SCa, b ~:r: NOTE 3 

~ 11_ ISRO II -
r SDS_ rszs 

~ DON'T CARE 

NOTE: 1. SSF = "Don't Care" ~ UNDEFINED 

2. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 
loaded for the addressed SAM will be reused. 

3. There must be no rising edges on the SC input during this time period. 
4. The logic states of "A", "8", "e", and "0" determine the type of TRANSFER operation performed. See the 

Read Transfer Cycle Function Table. 
5. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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I"IIC:Rg~ MT 43C8128/9 

sea,. V'H-~---
VIL-

REAL-TIME READ TRANSFER1,4 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

~SOH -lSAC 

SCOa, b ~:gr::------< V~~~T L---{~V~AL~ID~DO~UTQ, --,-------'="-'--'1'----='------' '-__ .::..::-'.---J 

( - I ! 
VALID DOUT 

SEa, b 

P,"VIOUS ROW T NEW ROW 

_________________________ I~~~'=T_aD~-I~--------------
QSFa,b ~gr: NOTES )( NOTES 

----------------------

NOTE: 1. SSF = "Don't Care" 
2. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 

loaded for the addressed 

~ DON'T CARE 

Il88I UNDEFINED 

3. The SE pulse is shown to illustrate the serial output enable and disable timing. It is not required. 
4. The logic states of "A", "8", "C", and "0" determine the type of TRANSFER operation performed. See the 

Read Transfer Cycle Function Table. 
5. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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PRELIMINARY 

I"IIC:Rg~ MT 43C8128/9 

NOTE: 

~ 

----.J 

SPLIT READ TRANSFER3 
(SPLIT DRAM-TO-SAM TRANSFER) 

tRC 

tRAS 

1 
tCSH I 

tRSH 

I tRCD tCAS 

1 

1 NOTE 1 

tAR 

_I 
tRP I 

\ 

/ 
I 

I 
_tRAD I I tRAL 

tASR IRAH ~I J _...tCAH -1- -
ADDR ~:t= ~ ROW k;l TAP ADDR ("I ~///;!;!;!;!/;/';!///;!//////;/'////;! ;!//;!;!;!/;!///// ;!// ;!//;!//;/' /;/'//;); 

wJklltRWH~ I 

tSCR I 
_I tSTS -

Sea, b ~:~: 

1. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 
loaded for the addressed SAM will be reused for the idle half. 

2. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 
QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 

~ DON'T CARE 

Il88l UNDEFINED 

3. The logic states of "A", "8", "C", and "D" determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table. 
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1'II1C:1=I9N MT 43C8128/9 

WRITE TRANSFER CYCLE FUNCTION TABLE' 

LOGIC STATES 
lU(S" Falling Edge SC FUNCTION CODE 

A B C 0 E F G H 
DSF1 DSF2 DQ TRM STS 'SE" MKD MKD 

0 0 X 0 0/1' 0 X - WRITE TRANSFER (SAM-DRAM) WT 

0 0 X 0 OfF 1 X - PSEUDO WRITE TRANSFER PWT 

1 0 mask 0 0/1 2 X X - SPLIT WRITE TRANSFER (SAM-DRAM) SWT 

0 1 mask 0 0/1' X X - DQ MASKED WRITE TRANSFER (SAM-DRAM) DMWT 

0 1 X 1 0/1' X X 0/1' BIT MASKED WRITE TRANSFER (SAM-DRAM) BMWT 

1 1 mask 1 0/1' X X 0/1' BIT MASKED SPLIT WRITE TRANSFER BMSWT 
(SAM-DRAM) 

1 0 X 1 0/1' X 0/13 - SAM-BMR TRANSFER SAM-BMR 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "D", "E", "F", "G", and "H" for WRITE 
TRANSFER cycle timing diagrams on the following pages. 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW 
the transfer is to SAMa; when SAM = HIGH the transfer is to SAMb. 

3. Serial Mask Input (SMI) mode is enabled if MKD = HIGH and disabled if MKD = LOW. 
4. When in the SMI mode (see BMR transfer waveforms) MKD is the SMI data input. MKD data is clocked into 

all bit planes of the bit mask register with SCb. A logic "1" on MKD will allow data to pass through all the 
mask; a logic "0" will mask the corresponding location of the SAM during a BIT MASKED TRANSFER. BIT 
MASKED TRANSFERs to or from SAMa must not take place while mask data is being serially input via SCb 
and MKD. 
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PRELIMINARY 

1'II1C::l=IgN MT 43C8128/9 

NOTE: 

WRITE TRANSFER4 
(When part was previously in the SERIAL OUTPUT mode) 

'RC 

tRAS 'RP I 

\ 
leSH 

I tRSH 

leRP tRCD leAS I 

...J } NOTE 1 ¥ / 
'AR 

I 
I 

~ I I 'RAL 

~ ~ ~I I~ 
- ~I"~ - bl -"- b/j'j'j'$§§j'j'§/ff//§j'§§/j'§/§j'§$§$///$/§j'§!'\ 

I ~II~ I I 
ME,WE ~:~:~. lW;J////////!////////////////////////////!/////////;J//;J////////!//;J////////;J//////;J/////////~ 

II~II~I I I 
DS:~'::fr~ ~:~:WlJ0( A, e, D, E ){l/////!I!//I/!/////////////////////////////////II//I/!/////;J///////////////11/1//////////////////111 

I~~II~ I I 
DO ~:g~: ~ c ~ OPEN OPEN ---

'TLS II 'TLH I I 
T.wE ~:~:-- -W)/////$I11!!/$)!/!111!)/$!1$/////!/$//////;J////!111!////!/$/////)!//)///I/!/////$!4 

I I:::D~~ 
sea, b ~:~: NOTE 2 

tSOD 

tsoz 

SODa, b ~:gr _ VALID DOUT Xr----VAL-,D -DOlJT--'----~~ HIGH Z 

II I 'SWS 

SEa,b ~:~:WlNJr~~F ='1Iff/$/////$/$!III!)/)!/$)///ff////A 'SWIS NOTE 3 

~II~ I ~I I~ 
MKD ~:~=- G )w/)/!/)/)!/)/////$!///)!//!$///$$/$$//)////!//~ 

I I 'COD 

__________ ~'RO~D k--------
QSFa, b ~gr NOTE 5 NOTE 5 

----------------~ 

1. CAS is used to load the Tap address. If CAS does not fall, the last 
Tap address loaded for the addressed SAM will be reused. 

2. There must be no rising edges on the SC input during this time period. 

~ DON'T CARE 

gggj UNDEFINED 

3. "SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless of 
"SE. 

4. The logic states of "A", "8", "C", "0", "E", "F", "G" and "H" determine the type of TRANSFER operation 
performed. See the Write Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 
QSF = 1 when the Upper SAM (bits 128-255) is being accessed. SSFa,b = "don't care" (MT43C8129). 
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I'4IC:Rg~ MT43C8128/9 

NOTE: 

WRITE TRANSFER4 
(When part was previously in the SERIAL INPUT mode) 

tRC _I 
tRAS tRP -' 

\ 
tCSH I tRSH 

'CRP tRCD teAs I 

J 
tAR } NOTE 1 Y / 

I 
I 

I~ I I tRAL 

tASR ~ ~I I~ 
'-------;/ 

- :~ ~ ~ --- b,f,f,f/$,f////,f/,f,f,f,f/$/,f,f,f$$$/$/$,f/,f$I,ffi 

.... /WE ~:t~~II~}////$!II!//$l!$//!!!!!I/$!!////!I//!I$$!!J!!//!!!!//$//!!////&'////$!//!!//~ 
~I~II~I I I 

DS~M~~';~ ~:t~ A, S, D, E W/&'!!!!111!/////$!///j!!!////I11////I!!//////I!//!!!//$//!!///JIIJ/!//!//////!111!!!/////j!4 

I tOFF tMS II tMH I I 
DC ~~=~~CII-=-j I~" I ~. 

TRiDE t=Wl!&l- -W!W$$!!/$!!$/!!!!III!!I!111!/$//////J///$$!III!///!W/////!$$/!II/IJII///j!M 

~II I I~ I~.:'''-~S----tsp-I 
sea,b NOTE 2 

:::: II 
SDQa, b ~:g~ VALID DIN 

,~. :r_4~,f,f,f,f,f/,fJ$,f/,$'##$$,$'I#,f,J=~~~-L---NOT-E'---"--
~II~ I ~I 

MKD ~:~_ G W;//!!/!!I/!!!!!!;/$$!$////!II!!!//!/!!//!!!!$M H 

I tSDH 

~ H-) 
I I tCCD 

__________ ~t~~D k--------
aSFa, b ~gt _ NOTE 5 NOTE 5 

------------------~ 

1. CAS is used to load the Tap address. If CAS does not fall, 
the last Tap address loaded for the addressed SAM will be reused. 

2. SE must be LOW to input new serial data, but the serial address register 
is incremented by SC regardless of SE. 

3. There must be no rising edges on the SC input during this time period. 

~ DON'T CARE 

~ UNDEFINED 

4. The logic states of "A", "8", "C", "0", "E", "F", "G" and "H" determine the type of TRANSFER operation 
performed. See the Write Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 
QSF = 1 when the Upper SAM (bits 128-255) is being accessed. SSFa,b = "don't care" (MT 43C8129). 
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PRELIMINARY 

1'II1C:F=1I2N MT 43C8128/9 

~ 

.I 

SPLIT WRITE TRANSFER3 
(SPLIT SAM-TO-DRAM TRANSFER) 

'RC 

'RAS 

f 
tCSH I 

'RSH 

I 'ACD 'CAS 

t NOTEt I / 
'AR 

.1 
'AP 

\ 

~I I 
I 

,----2RAD I 'RAe 

~ ~I J _leAH 

ADDR ~:~:~ ROW bt TAPADDR,.) alfflfflfflfflffl#lllffllllfflllllfflfflfflllffffllllllllllllffll#l1111'% 

I ~II~ I 
;,;em. ~:~:_ !;/I/////I////I/I/I!I/lI/II!/I/I/II/I///I!/I!lI!I//////I////I//I/lI/I///II!/I//I/I/I/II/II/!!!lI///lk 

t~II~' I 
D~M~~~ ~:~: A, B, D, E W!1/1/I1I!//I//I//I//I//I/II//I//lI/II/II/IIIII!lI!I!II//I!I!/II/I/lII//I//II!II/I/II!II!///1IIIIh 

'OFF 'MS I~ I 
DO ~ig~:==r=C ) OPEN ------;-------OPEN ---

'TlS II 'TLH I 
TltJOE ~:~-- -W/lII////lI/I/lI/I!/I!l!JII/II/IIII/I#/II!/II!/!lII#/II!/!I/I/lI/I/I/t/W!ltWI/lII!/I/II/III!!~ 

'jCR'STS I ,~ ~~ I 
SCB,b VIH_ I VII._ 

SEa,b .~i~_-!77Llf7T~~lli7T~'77lli7T~'77lLl~~'77lLl7T~'77lLl7T~'77lLl7T~~lLlmU'77lLlmU'77lLlmU'77lLlmU'77~mU'TT~mLU'TT~':,'TT~':,7T~mLU7T~':,~0mlli7T~mlli~~mlli7T~mfL'7T~mlLl7T~'77lLl7T~'77<LLU777 

MKD 

S$Fa,b ~:~ :,-------------J"f----------J 

~ DON'TeARE 

NOTE: 1. CAS is used to load the Tap address. If CAS does not fall, the last Il!8!I UNDEFINED 

Tap address loaded for the addressed SAM will be reused. 
2. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
3. The logic states of "An, "8", "C", "0", "E", and "H" determine the type of TRANSFER operation performed. 

See the Write Transfer Cycle Function Table. 
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SAMa or SAMb SERIAL INPUT 

SEa, b ~:~:-----------t-------" 

SCa,b 
VIH-
VIL-

tSDH 

SDOa, b 
VIH-
VIL- VALID DIN 

SAMa or SAMb SERIAL OUTPUT 

tSEP 

SEa,b 
VIH-
VIL-________ -' 

tsc tsc 

SCa,b 

SDOa,b 

tSAS 

VALID DIN 

tsc 

VALID DIN 

VALID DOUT 

~ DON'T CARE 

~ UNDEFINED 

NOTE: "SEa, SCa and SDOa are used when accessing SAMa and SEb; SCb and SDOb are used when access 
in SAMb. 
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SRAM PRODUCT SELECTION GUIDE 
Memory Conlrol Pari Access Package and Number of Pins 
Configuration Functions Number Time (ns) PDlP SOJ CDIP LCC ZIP TSOP Process Page 

16Kx 1 CE only MT5C1601 12t035 20 24 20 20 - CMOS 4-1 

64Kx 1 CE only MT5C6401 121035 22 24 22 - - - CMOS 4-9 

256Kx 1 CE only MT5C2561 20 to 45 24 24 24 28 - - CMOS 4-17 

1 Meg x 1 CE only MT5C1001 25 to 45 28 28 28 32 * 28 CMOS 4-25 

4Kx4 CE only MT5C1604 12 to 35 20 24 20 20 - - CMOS 4-33 

4Kx4 CE&OE MT5C1605 12to 35 22 24 22 - - - CMOS 4-41 

4Kx4 Separate I/O MT5C1606 12 to 35 24 24 24 28 - CMOS 4-49 

4Kx4 Separate I/O High-Z MT5C1607 12to 35 24 24 24 28 - CMOS 4-49 

16Kx4 CE only MT5C6404 12 to 35 22 24 22 - - - CMOS 4-57 

16Kx 4 CE&OE MT5C6405 12t035 24 24 24 28 - - CMOS 4-65 

16Kx4 Separate I/O, CE1, CE2 MT5C6406 12t035 28 28 28 28 - - CMOS 4-73 

16Kx4 Separate I/O High-Z MT5C6407 12 to 35 28 28 28 28 - - CMOS 4-73 
, 

64Kx4 CE only MT5C2564 20 to 45 24 24 24 28 - - CMOS 4-81 

64Kx4 CE&OE MT5C2565 20 to 45 28 28 28 28 - - CMOS 4-89 : 

256Kx 4 CE&OE MT5C1005 25 to 45 28 28 28 32 * 28 CMOS 4-97 

2Kx8 CE&OE MT5C1608 12t035 24 24 24 24 - CMOS 4-105 

8Kx8 CE1, CE2 & OE MT5C6408 12to 35 28 28 28 32 - - CMOS 4-113 

32Kx 8 CE&OE MT5C2568 20 to 45 28 28 28 32 28 - CMOS 4-121 

128K x 8 OE, CE1 & CE2 MT5C1008 25 to 45 32 32 32 32 * 32 CMOS 4-129 

16Kx 16 Latched Address/Data MT5C2516 15to 25 - - - - - CMOS 4-137 

16K x 18 Latched Address/Data MT5C2818 15 to 25 - - - - - CMOS 4-151 

* ZIP introduced in Q191 



SRAM 

FEATURES 
• High speed: 12, 15, 20, 25, 30 and 35ns 
• High-performance, low-power, CMOS double metal 

process 
• Single +5V (±10%) power supply 
• Easy memory expansion with CE option 
• All inputs and outputs are TIL compatible 

OPTIONS MARKING 
• Timing 

12ns access -12 
15ns access -15 
20ns access -20 
25ns access -25 
30ns access -30 
35ns access -35 

• Packages 
Plastic DIP (300 mil) None 
Ceramic DIP (300 mil) C 
Plastic SOJ (300 mil) DJ 
Ceramic LCC EC 

• Two Volt Data Retention L 

GENERAL DESCRIPTION 
The Micron SRAM family employs high-speed, low

power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications, Micron 
offers chip enable (CE) on all organizations. This enhance
ment can place the outputs in a high impedance state for 
additional flexibility in system design. The xl configuration 
features separate data input and output. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MT5C1601 
REV. 1191 4-1 

16K x 1 SRAM 

AO 
A1 
A2 
A3 

PIN ASSIGNMENT (Top View) 

20L/300 DIP 
(A-4, 8-4) 

Vee 
A13 
A12 
A11 

24L1300 SOJ 
(E-4) 

AD Vee 
A1 A13 
A2 A12 
A3 A11 
A4 A1D 
NC NC 
NC NC 
A5 A9 

A4 A10 A6 AS 
Q A7 

AS A9 WE D 
Vss CE 

A6 A8 
Q A7 

WE D 
Vss CE 

20LlLCC 
(F-3) 

oM 
,....00,.... 
«>< 

2 
A2 3 A12 
A3 4 A11 
A4 5 A10 
A5 6 A9 
A6 7 A8 
Q 8 A7 

9101112 

IW gljw Cl $:>() 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

Vcc GND - + + 
~ As --+ en 
-I A12 --+ en II: 

..J D W 

::rJ A4 --+ 0 0 
0 II: 

l> A3 0 16,384 - BIT I-
--+ Z s: w MEMORY ARRAY 0 Q 

A2 
0 

0 --+ 3: 0 
A1 0 ::::: 

--+ II: CE 

Ao --+ 

(LSB) 

WE 

COLUMN DECODER 
(LSB) POWER 

t t t t t t t DOWN 

A6 Ag As A7 A13 A10 A11 

TRUTH TABLE 

MODE a WE OUTPUT POWER 

STANDBY H X HIGH-Z STANDBY 

READ L H Q ACTIVE 

WRITE L L HIGH-Z ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................. -6S0C to + IS0°C 
Storage Temperature (Plastic) .................... -SsoC to + IS0aC 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability . .. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS ~ 
(O°C ::;; T A::;; 70°C; Vee = 5.0V ± 1 0%) ~ 

DESCRIPTION CONDITIONS SYMBOL MIN 

Input High (Logic 1) Voltage VIH 2.2 

Input Low (Logic 0) Voltage VIL -0.5 

Input Leakage Current OV :S;VIN :S;Vee ILl -5 

Output Leakage Current Output(s) Disabled, ILo -5 
OV :s; Your :s; Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 

Output Low Voltage IOL = 8.0rnA VOL 

DESCRIPTION CONDITIONS SYMBOL -12 -15 
Power Supply CE :s; VIL; Vee = MAX 
Current: Operating f = MAX = 1/ tRC, Icc 140 125 

Outputs Open 

Power Supply CE ;:: VIH; Vee = MAX 

Current: Standby f = MAX = 1/ tRC, ISB1 50 45 

Outputs Open 

CE ;:: Vee -0.2V; Vce = MAX 

VIL:S; Vss +0.2V; ISB2 3 3 
VIH ;:: Vee -0.2V; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN 

Input Capacitance T A = 25°C; f = 1 MHz CI 

Output Capacitance Vee = 5V Co 

4-3 

MAX 

Vee +1 

0.8 

5 

5 

0.4 

MAX 

-20 -25 

110 100 

40 30 

3 3 

MAX 

7 

7 

UNITS 

V 

V 

IlA 

IlA 

V 

V 

-3~ -35 

100 100 

30 30 

3 3 

UNITS 

pF 

pF 

NOTES 

1 

1,2 

1 

1 

UNITS NOTES 

rnA 3 

rnA 

rnA 

NOTES 

4 

4 

en 
:xl 
l> 
s: 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5, 13) (O°C :::;; T A:::;; 70°C; Vcc = 5V ± 10%) 

-12 -15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 12 15 20 25 30 35 ns 

Address access time tAA 12 15 20 25 30 35 ns 

Chip Enable access time tACE 11 12 15 20 25 30 ns 

Output hold from address change tOH 3 3 3 3 3 3 ns 

Chip Enable to output in Low-Z tLZCE 3 3 5 5 5 5 ns 

Chip Disable to output in High-Z tHZCE 7 7 10 10 15 20 ns 6, 7 

Chip Enable to power-up time tpu 0 0 0 0 0 0 ns 

Chip Disable to power-down time tpD 12 15 20 25 30 35 ns 

WRITE Cycle 

WRITE cycle time twc 12 15 20 25 30 35 ns 

Chip Enable to end of write tcw 10 12 15 20 25 25 ns 

Address valid to end of write tAW 12 12 15 20 25 25 ns 

Address setup time tAS 0 0 0 0 0 0 ns 

Address hold from end of write tAH 0 0 0 0 0 0 ns 

Write pulse width twp 10 12 15 20 25 25 ns 

Data setup time tDS 7 8 10 10 15 15 ns 

Data hold time tDH 0 0 0 0 0 0 ns 

Write Disable to output in Low-Z tLZWE 2 2 2 2 2 2 ns 

Write Enable to output in High-Z tHZWE 6 6 8 10 12 15 ns 6 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1.5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
S. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. IHZCE and lHZWE are specified with CL = SpF as in 

Fig. 2. Transition is measured ± SOOm V from steady 
state voltage. 

7. At any given temperature and voltage condition, 
IHZCE is less than ILZCE. 

+5V 

~480 
Q", '--i "" 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 

"", '--i'" 
Fig. 2 OUTPUT LOAD 

EQUIVALENT .. 
~ 

8. WE is HIGH for READ cycle. ~ 
9. Device is continuously selected. All chip enables held 

in their active state. CJ) 
10. Address valid prior to or coincident with latest ::EI 

occurring chip enable. ...... 
11. IRC = Read Cycle Time. ~ 
12. Chip enable (CE) and write enable (WE) can initiate :s:::: 

and terminate a WRITE cycle. 
13. For automotive, industrial and extended temperature 

specifications refer to page 4-16S. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION 
Vee for Retention Data 

Data Retention Current 

Chip Deselect to Data 
Retention Time 
Operation Recovery Time 

Vee 

CONDITIONS SYMBOL MIN TYP MAX 
VDR 2 -

CE;:: (Vcc -0.2V) I Vcc = 2v ICCDR 95 250 
VIN ;:: (Vcc -0.2V) I 

or :s; 0.2V Vcc = 3v 300 400 

'CDR 0 -

'R IRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4.5V 

ICOR 

4-5 

4.5V 1r------

~ DON'T CARE 

~ UNDEFINED 

UNITS NOTES 
V 

IJA 

IJA 

ns 4 
ns 4,11 



I"IIC:F=U:;J~ MT5C1601 

ADDR 

o 

DO 

ICC 

READ CYCLE NO.1 8, 9 

VALID 

tAA 

tOH .J 

,I~ 
PREVIOUS DATA VALID wm DATA VALID 

"'tX..lUU 

READ CYCLE NO.2 7,8,10 

1\ 
tACE 

tLZCE tHZCE 

~V -- HIGH-Z DATA VALID I\M,M', 

I. IpU j,---_____ I-_tPD_ L 
-------~ 

4-6 

~ DON'T CARE 

~ UNDEFINED 
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ADDR ~ 
----.J 

L 

ij'///////////! 
lAS 

D 

Q 

ADOR 

o 

_I 

-.L 

WRITE CYCLE NO.1 
(Write Enable Controlled) 7, 12 

Iwe 

lAW 

lew 

Iwp 

Wj'J'i 
l IDS 

J 

IAH 

~ff/////////////////;% 

IDH J 
jt ~ DATA VALID 
'\ I' 

IHZWE .1 
,I 

HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 12 

Iwe 

lew 

lOS 

DATA VALID 
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ILZWE 

l 

~ DON'T CARE 

~ UNDEFINED 
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SRAM 

FEATURES 
• High speed: 12, 15,20,25,30 and 35ns 
• High-performance, low-power, CMOS double metal 

process 
• Single +5V (±1O%) power supply 
• Easy memory expansion with CE option 
• All inputs and outputs are TTL compatible 

OPTIONS MARKING 
• Timing 

12ns access -12 
15ns access -15 
20ns access -20 
25ns access -25 
30ns access -30 
35ns access -35 

• Packages 
Plastic DIP (300 mil) None 
Ceramic DIP (300 mil) C 
Plastic SOJ (300 mil) DJ 
CeramicLCC EC 

• Two Volt Data Retention L 

GENERAL DESCRIPTION 
The Micron SRAM family employs high-speed, low

power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in h.F speed memory applications, Micron 
offers chip enable (CE) on all organizations. This enhance
ment can place the outputs in a high impedance state for 
additional flexibility in system design. The xl configuration 
features separate data input and output. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MT5C6401 
REV. 1191 4-9 

64K x 1 SRAM 

PIN ASSIGNMENT (Top View) -
22L/300 DIP ~ 

(A-6,8-6) en 
-I 
en 

AD Vee XI 
A1 A15 l> 
A2 A14 s:: 
A3 A13 
A4 A12 
A5 A11 
A6 A1D 
A7 A9 

Q A8 
WE D 
Vss CE 

24L/300 SOJ 
(E-4) 

AD Vee 
A1 A15 
A2 A14 
A3 A13 

A12 
A5 NC 
NC A11 
A6 A1D 
A7 A9 
Q A8 

WE D 
Vss CE 

Micron Technology, Inc., reserves the light to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

Vcc GND - ! ! 
~ 

A6 -+ en 
-I A14 -+ en a: 

w ...J D 

:II As -+ Cl 0 
0 a: » A4 0 65,536 - BIT I-

-+ z 
3: w MEMORY ARRAY 0 Q 

0 
A3 -+ 3: 

0 

A2 0 Q 
-+ a: CE 

A1 -+ 

(LSB) 

WE 

COLUMN DECODER 
(LSB) POWER 

t t t t t t t t t 
DOWN 

A13 A12 A7 A10 Ag As A1S A11 Ao 

TRUTH TABLE 

MODE ~ WE" DQ POWER 

STANDBY H X HIGH-Z STANDBY 

READ L H Q ACTIVE 

WRITE L L HIGH-Z ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -65°C to + ISO°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ::; T A::; 70°C; Vee = S.OV ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vee +1 V 1 

Input Low (Logic 0) Voltage Vil -O.S 0.8 V 1,2 

Input Leakage Current OV::;;VIN ::;;Vee ILl -S 5 ~ 

Output Leakage Current Output(s) Disabled, ILo -S 5 ~ 
OV ::;; VOUT ::;; Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage Iol =8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -30 -35 UNITS NOTES 

Power Supply CE ::;; Vll; Vee = MAX 
Current: Operating f = MAX = 1/ tRC, lee 140 130 120 110 100 100 rnA 3 

Outputs Open 

Power Supply CE ~ VIH; Vee = MAX 
Current: Standby f = MAX = 11 tRC, 1881 60 SO 40 30 30 30 rnA 

Outputs Open 

CE ~ Vee -0.2V; Vee = MAX 
Vil ::;; V88 +0.2V; 1882 S S S S S S rnA 

VIH ~ Vee -0.2V; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 2SoC; f = 1MHz CI 7 pF 4 

Output Capacitance Vee = SV Co 7 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5, 13) (O°C ~ T A ~ 70°C; Vcc = 5V ± 10%) 

-12 -15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 12 15 20 25 30 35 ns 

Address access time lAA 12 15 20 25 30 35 ns 

Chip Enable access time tACE 12 12 15 20 25 30 ns 

Output hold from address change toH 3 3 3 3 3 3 ns 

Chip Enable to output in Low-Z ILZCE 3 3 5 5 5 5 ns 

Chip Disable to output in High-Z IHZCE 7 7 10 10 15 20 ns 6, 7 

Chip Enable to power-up time tpu 0 0 0 0 0 0 ns 

Chip Disable to power-down time tpD 12 15 20 25 30 35 ns 

WRITE Cycle 

WRITE cycle time 'WC 12 15 20 25 30 35 ns 

Chip Enable to end of write tcw 10 12 15 20 25 25 ns 

Address valid to end of write lAW 12 12 15 20 25 25 ns 

Address setup time tAS 0 0 0 0 0 0 ns 

Address hold from end of write tAH 0 0 0 0 0 0 ns 

Write pulse width twp 10 12 15 20 25 25 ns 

Data setup time tDS 8 8 10 10 15 15 ns 

Data hold time tDH 0 0 0 0 0 0 ns 

Write Disable to output in Low-Z tLZWE 2 2 2 2 2 2 ns 

Write Enable to output in High-Z IHZWE 6 6 8 10 12 15 ns 6 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1 .5V 

Output reference levels ...................................... 1 .5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. t}fzCE and IfIZWE are specified with CL = SpF as in 

Fig. 2. Transition is measured ± SOOm V from steady 
state voltage. 

7. At any given temperature and voltage condition, 
t}fzCE is less than ILZCE. 

+5V 

~480 
Q", ~.," 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 
Q", ~"" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables held 

in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. IRC = Read C~e Time. _ 
12. Chip enable (CE) and write enable (WE) can initiate 

and terminate a WRITE cycle. 
13. For automotive, industrial and extended temperature 

specifications refer to page 4-167. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION 
Vcc for Retention Data 

Data Retention Current 

Chip Deselect to Data 
Retention Time 
Operation Recovery Time 

Vee 

CONDITIONS SYMBOL MIN TYP MAX 
VDR 2 -

cr= ~ (Vce -0.2V) I Vee = 2v leCDR 95 250 
VIN ~ (Vee -0.2V) I 

or ~ 0.2V Vee = 3v 300 400 

ICDR 0 -
IR IRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4.5V 

ICDR 

4-13 

4.5V 

~ DON'T CARE 

~ UNDEFINED 

UNITS NOTES 
V 

!LA 

!LA 

ns 4 
ns 4,11 
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ADDR 

Q 

DQ 

ICC 

READ CYCLE NO.1 8, 9 

VALID 

tAA 

tOH 

PREVIOUS DATA VALID ~ DATA VALID 
''UU..llJ 

READ CYCLE NO.2 7, 8, 10 

tACE 

tLZCE tHZCE 

~V -- HIGH-Z DATA VALID 
, 

~, ~ 

I tpu 

_"~1 

4-14 

I. tpo L 
~ DON'T CARE 

~ UNDEFINED 



AOOR 

o 

Q 

AOOR 

D 

~ 

-----.J 

I 

11111111111d 
lAS -.I 

WRITE CYCLE NO.1 
(Write Enable Controlled) 7,12 

Iwe 

lAW 

lew 

IWp 

VII"]' 
L lOS 

.1 
DATA VALID 

IHZWE -' 

IAH 

'(j I I I I I IIIIIIII/' (1111111 

IOH j 

J 

ILZWE 

HIGH-Z 

-----, 
--l 

lAS 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 12 

Iwe 

lAW 

.1 lew 

\ 
IWp 

'I I I I I I 111111111111111;; 
IDS 

.1. 
DATA VALID 

IHZWE 

IAH 

~IIIIIIIIIIII~ 
IDH 

.1 

Qf---- HIGH-Z ---
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SRAM 

FEATURES 
• High speed: 20,25,30, 35, and 45ns 
• High-perfonnance, low-power, CMOS double metal 

process 
• Single +5V (±1O%) power supply 
• Easy memory expansion with CE option 
• All inputs and outputs are TTL compatible 

OPTIONS 
• Timing 

20nsaccess 
25ns access 
30ns access 
35nsaccess 
45ns access 

• Packages 
Plastic DIP (300 mil) 
Ceramic DIP (300 mil) 
Plastic SOJ (300 mil) 
CeramicLCC 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-20 
-25 
-30 
-35 
-45 

None 
C 
DJ 
EC 

L 

The Micron SRAM family employs high-speed, low
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications, Micron 
offers chip enable (CE) on all organizations. This enhance
ment can place the outputs in a high impedance state for 
additional flexibility in system design. The xl configuration 
features separate data input and output. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MT5C2561 
REV. 1191 4-17 

256Kx 1 SRAM 

PIN ASSIGNMENT (Top View) 

24L1300 DIP 
(A-7, B-7) 

24L/300 SOJ 
(E-4) 

AO Vee AD 1 • Vee 
Al 2 A17 

A1 A17 A2 3 A16 

A2 A16 
A3 A15 
A4 A14 

A3 A15 A5 A13 
A6 7 A12 

A4 A14 A7 All 

A5 A13 AS A1D 
Q A9 

A6 A12 WE D 

A7 A11 
Vss CE 

A8 A10 
Q A9 

WE 0 
Vss CE 

28L/LCC 
(F-4) 

O!'-
Nor-OUT""" 
«<>< 

3 2 1112827 
NC 4 I~ 26 NC 
A3 5 25 A16 
A4 6 24 A15 
A5 7 23 A14 
A6 8 22 A13 
A7 9 21 A12 
A8 10 20 All 
Q 11 19 Al0 

NC 12 18 NC 
1314151617 

IW gqw 0 ~ 3:>() 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 



FUNCTIONAL BLOCK DIAGRAM 

Vcc GND - ~ ~ 
~ A14 ....... en 

A13 ....... -I 
en A12 ....... a: 

...J D W 

:II CI 0 
As 0 a: » ....... 0 262,144 - BIT I-z 

3: A3 
W MEMORY ARRAY 0 Q ....... CI 

0 
3: A2 ....... 0 Q 
a: CE 

A1 ....... 
Ao ....... (LSB) 

WE 

COLUMN DECODER 
(LSB) POWER 

t t t t t t t t t t DOWN 

A7 A6 A5 A4 An A10 Ag Au A16 A15 

TRUTH TABLE 

MODE ~ WE" OUTPUT POWER 

STANDBY H X HIGH-Z STANDBY 

READ L H Q ACTIVE 

WRITE L L HIGH-Z ACTIVE 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ::;; T A::;; 70°C; Vee = S.OV ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vec+1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV ~VIN ~Vee ILl -5 5 ~ 

Output Leakage Current Output(s) Disabled, ILo -5 5 j.LA 
OV ~ Your ~ Vce 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -20 -25 -30 -35 -40 UNITS NOTES 

Power Supply CE ~ VIL; Vee = MAX 
Current: Operating f = MAX = 11 IRC, Icc 105 95 95 90 90 rnA 3 

Outputs Open 

Power Supply CE ~ VIH; Vee = MAX 
Current: Standby f = MAX = 1/ 1RC, ISBI 30 25 25 25 25 rnA 

Outputs Open 

CE ~ Vee -0.2V; Vee = MAX 

VIL ~ Vss +0.2V; ISB2 5 5 5 7 7 rnA 

VIH ~ Vee -0.2V; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 25°C;f = 1MHz CI 7 pF 4 

Output Capacitance Vec = 5V Co 5 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5, 13) (OCC ~ T A ~ 70cC; Vcc = 5V ± 10%) 

-20 -25 -30 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 20 25 30 35 45 ns 

Address access time 1M 20 25 30 35 45 ns 

Chip Enable access time lACE 20 25 30 35 45 ns 

Output hold from address change toH 3 5 ·5 5 5 ns 

Chip Enable to output in Low-Z ILZCE 6 6 6 6 6 ns 

Chip Disable to output in High-Z IHZCE 9 9 12 15 18 ns 6, 7 

Chip Enable to power-up time IpU 0 0 0 0 0 ns 

Chip Disable to power-down time IpD 20 25 30 35 45 ns 

WRITE Cycle 

WRITE cycle time IWC 20 20 25 30 35 ns 

Chip Enable to end of write 'CW 15 15 18 20 25 ns 

Address valid to end of write lAW 15 15 18 20 25 ns 

Address setup time lAS 0 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 0 ns 

Write pulse width IWp 15 15 18 20 25 ns 

Data setup time IDS 10 10 12 15 20 ns 

Data hold time IDH 0 0 0 0 0 ns 

Write Disable to output in Low-Z ILZWE 5 5 5 5 5 ns 

Write Enable to output in High-Z IHZWE 10 10 12 15 18 ns 6 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1 .5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. IJiZCE and IJiZWE are specified with CL = SpF as 

in Fig. 2. Transition is measured ± SOOm V from 
steady state voltage. 

7. At any given temperature and voltage condition, 
IJiZCE is less than ILZCE. 

+5V 

~480 
"", ~ "" 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 
Q", ~'" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables 

held in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. IRC = Read Cycle Time. 
12. Chip enable (CE) and write enable (WE) can initiate 

and terminate a WRITE cycle. 
13. For automotive, industrial and extended temperature 

specifications refer to page 4-169. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION 
Vee for Retention Data 
Data Retention Current 

Chip Deselect to Data 
Retention Time 
Operation Recovery Time 

Vee 

CONDITIONS SYMBOL MIN TYP MAX 
VDR 2 -

CE ~ (Vee -0.2V) I Vee = 2v ICCDR 95 300 
VIN ~ (Vee -0.2V) I 

or ::; 0.2V Vee = 3v 350 400 

tCDR 0 -
tR tRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4.5V 

ICDR 

4-21 

4.5V 

~ DON'T CARE 

~ UNDEFINED 

UNITS NOTES 
V 

~ 

~ 

ns 4 
ns 4, 11 
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ADDR 

Q 

DQ 

ICC 

READ CYCLE NO.1 8, 9 

RC 

VALID 

tAA 

tOH 

.1l<"l<"lnI. 

PREVIOUS DATA VALID ~ DATA VALID 

READ CYCLE NO.2 7,8,10 

tACE 

tLZCE 

~ -- HIGH-Z 
NQQQSII\. I. tpu 

-.-~) 
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.J 

DATA VALID 

tHZCE 

\ 
j 

I· IPO L 
~ DON'T CARE 

~ UNDEFINED 
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AOOR 

o 

Q 

AOOR 

o 

-------, 
-----i 

L 
J 

11'&, 'IA 
lAS J 

WRITE CYCLE NO.1 
(Write Enable Controlled) 12 

Iwe 

lAW 

lew 

Iwp 

VIII;1 
L lOS 

.1 

IAH 

VI IIIlI I I I I I,ijJj 

IOH J 
.1 

DATA VALID 

-------~ 
lAS 

IHZWE _I 

\1 
HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 12 

Iwe 

lAW 

_I lew 

'\ 
IWp 

'(fjfjlf!jjfffjjfffj I I h 
lOS 

.I. 
DATA VALID 

IHZWE 

ILZWE _I 

1 

IAH 

r!!!!Illllllll I I 1// / / / /; 
IOH 

,I 

Qr---- HIGH-Z ----
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~ UNDEFINED 
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SRAM 

FEATURES 
• High speed: 25,35, and 45ns 
• High-performance, low-power, CMOS double metal 

process 
• Single +5V (±10%) power supply 
• Easy memory expansion with CE option 
• All inputs and outputs are TTL compatible 

OPTIONS MARKING 
• Timing 

25ns access -25 
35ns access -35 
45ns access -45 

• Packages 
Plastic DIP (400 mil) None 
Ceramic DIP (400mil) C 
Plastic SOJ (400 mil) DJ 

• Two Volt Data Retention L 

GENERAL DESCRIPTION 
The Micron SRAM family employs high-speed, low

power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications, Micron 
offers chip enable (CE) capability. This enhancement can 
place the outputs in a high impedance state for additional 
flexibility in system design. 

Writing to this device is accomplished when write enable 
(WE) and CE J!puts are both LOW. Reading is accom
plished when WE remains HIGH while CE goes LOW. The 
device offers a reduced power standby mode when dis
abled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MT5C1001 
AEV.1191 4-25 

1 MEGx 1 SRAM 

PIN ASSIGNMENT (Top View) 

28L/400 DIP 
(A-10) 

A10 1.~28 Vee 
A11 2 27 A9 
A12 3 26 A8 
A13 4 25 A7 
A14 5 24 A6 
A15 6 23 AS 
NC 7 22 A4 

A16 8 21 NC 
A17 9 20 A3 
A18 10 19 A2 
A19 11 18 A1 

Q 12 17 AO 
WE 13 16 D 
Vss 14 15 CE 

28U400 SOJ 
(E-9) 

A10 
A11 
A12 
A13 
A14 
A15 
NC 

A16 
A17 
A18 
A19 

Q 

WE 
Vss 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 

Vee 
A9 
A8 
A7 
A6 
A5 
A4 
NC 
A3 
A2 
A1 
AO 
D 
CE 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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As ~ 

A5 ~ 

A10~ 

A15~ a: 
LU 
O 

A12~ 0 
0 
LU 
0 

A4 ~ 

~ 
A7 ~ 

a: 

A6 ~ 

A14~ (LSB) 

t t t 
A 16 A 19 A 18 

FUNCTIONAL BLOCK DIAGRAM 

Vce GND 

...J 
0 a: 

1,048,576 - BIT I-z 
MEMORY ARRAY 0 

0 

~ 

COLUMN DECODER (LSB~ 
t t t t t t t t 

A 17 A2 A1 Ao A 13 An A3 Ag 

D 

Q 

POWER 1-----1 
DOWN 

NOTE: The two least significant row address bits (A6 and A14) are encoded using a gray code. 

TRUTH TABLE 

MODE CE" WE" DQ POWER 

STANDBY H X HIGH-Z STANDBY 

READ L H Q ACTIVE 

WRITE L L D ACTIVE 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -6S0C to + lS0°C 
Storage Temperature (Plastic) .................... -SsoC to + lS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ::;; T A::;; 70°C; Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vec+1 V 1 

Input Low (Logic 0) Voltage VIL -O.S 0.8 V 1,2 

Input Leakage Current OV ~ VIN ~ Vee ILl -S S lJA 
Output Leakage Current Output(s) Disabled, ILo -S S ~A 

OV ~ VOUT ~ Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 
Power Supply CE ~ VIL; Vee = MAX 

Current: Operating f = MAX = 1/tRC, lee 120 rnA 3 

Outputs Open 

Power Supply CE ~ VIH; Vee = MAX 
Current: Standby f = MAX = 1/tRC, IS81 30 rnA 

Outputs Open 

CE ~ Vee -0.2V; Vee = MAX 

VIL ~ Vss +O.2V; IS82 7 rnA 

VIH ~ Vee -0.2V; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA =2soC;f= 1MHz CI 8 pF 4 

Output Capacitance Vee = SV Co 8 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5, 13) (O°C ::;; T A::;; 70°C; Vcc = 5V ± 10%) 

-25 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 25 35 45 ns 

Address access time IAA 25 35 45 ns 

Chip Enable access time lACE 25 35 45 ns 

Output hold from address change toH 5 5 5 ns 

Chip Enable to output in Low-Z ILZCE 5 5 5 ns 

Chip Disable to output in High-Z IHZCE 10 15 18 ns 6, 7 

Chip Enable to power-up time IpU 0 0 0 ns 

Chip Disable to power-down time IpD 25 35 45 ns 

WRITE Cycle 

WRITE cycle time twc 25 35 45 ns 

Chip Enable to end of write ICW 15 20 25 ns 

Address valid to end of write lAW 15 20 25 ns 

Address setup time lAS 0 0 0 ns 

Address hold from end of write IAH 0 0 0 ns 

Write pulse width IWp 15 20 25 ns 

Data setup time IDS 10 15 20 ns 

Data hold time IDH 0 0 0 ns 

Write Disable to output in Low-Z ILZWE 0 0 0 ns 

Write Enable to output in High-Z IHZWE 0 10 0 15 0 18 ns 6, 7 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1.5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. IHZCE and lHzWE are specified with CL = SpF as in 

Fig. 2. Transition is measured ± SOOm V from steady 
state voltage. 

7. At any given temperature and voltage condition, 
IHZCE is less than ILZCE and mWE is less than 
ILZWE. 

+5V 

~4BO 
Q", ~'"'c 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~4BO 
Q", ~'" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables and 

output enable held in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. IRC = Read Cycle Time. 
12. Chip enable (CE) and write enable (WE) can initiate 

and terminate a WRITE cycle. 
13. For automotive, industrial and extended temperature 

specifications refer to page 4-171. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION 

Vce for Retention Data 

Data Retention Current 

Chip Deselect to Data 

Retention Time 

Operation Recovery Time 

Vee 

CONDITIONS SYMBOL MIN TYP MAX 

VDR 2 -

Ct2 (Vee -O.2V) Vee = 2v leeDR 95 500 
VIN 2 (Vee -O.2V) 

or ~ O.2V Vee = 3v 350 750 

ICDR 0 -
IR IRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

-------..1 4.5V 

teDR 

4-29 

4.5V 

~ DON'T CARE 

~ UNDEFINED 

UNITS NOTES 

V 

IlA 

IlA 

ns 4 

ns 4, 11 



- ADDR 

~ en 
-I Q 

en 
::D » s: 

READ CYCLE NO.1 8, 9 

VALID 

tAA 

tOH 

iJJr""X"7:"1 
PREVIOUS DATA VALID ~ DATA VALID 

READ CYCLE NO.2 7, 8, 10 

DATA VALID 

~ ____________ I. __ tPD_~ 
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AOOR ~ 
~ 

I 
.1 

I;"///a II/////; 
tAS 

o 

Q 

AODR 

CE 

D 

I 
-I 

WRITE CYCLE NO.1 
(Write Enable Controlled) 7, 12 

twe 

tAw 

tew 

twp 

V///j 
I tos 

tAH 

'(!jjjjjjjjjjj////////////' 

tOH J 

~ ~ DATA VALID 
J' 

tHZWE I 

~ HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 12 

twc 

tcw 

twp 

tDS 

tLZWE I 

I 
Mf\N'\N\l'V 

Q "----__ HIGH-Z----
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SRAM 

FEATURES 
• High speed: 12, 15, 20, 25, 30 and 35ns 
• High-performance, low-power, CMOS double metal 

process 
• Single +5V (±10%) power supply 
• Easy memory expansion with CE option 
• All inputs and outputs are TTL compatible 

OPTIONS MARKING 
• Timing 

12ns access -12 
15ns access -15 
20ns access -20 
25ns access -25 
30ns access -30 
35ns access -35 

• Packages 
Plastic DIP (300 mil) None 
Ceramic DIP (300 mil) C 
Plastic SOJ (300 mil) DJ 
CeramicLCC EC 

• Two Volt Data Retention L 

GENERAL DESCRIPTION 
The Micron SRAM family employs high-speed, low

power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications, Micron 
offers chip enable (CE) on all organizations. This enhance
ment can place the outputs in a high impedance state for 
additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MT5C1604 
REV. 1191 4-33 

4Kx4SRAM 

PIN ASSIGNMENT (Top View) 

20Ll300 DIP 
(A-4, B-4) 

24L1300 SOJ 
(E-4) 

A4 Vee A4 
A5 

AS A3 A6 

A6 A2 A7 
A8 

A7 A1 A9 
NC A8 AO A10 

A9 DQ4 A11 

A10 DQ3 
CE 
NC 

A11 DQ2 Vss 

CE DQ1 
Vss WE 

20LlLCC 
(F-3) 

LO"",8('1') 
<{<{><{ 

2 '1,2019 
A6 3 '-' 18 A2 
A7 4 A1 
A8 5 AO 
A9 6 DQ4 

A10 7 DQ3 
A11 8 DQ2 

9 101112 

lill <nl ill ~ ()~sg 

Vee 
A3 
A2 
A1 
AO 
NC 
NC 
DQ4 
DQ3 
DQ2 
DQ1 
WE 

Micron Technology, Inc., reserves the right to Change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

~ ~ -~ A9 -. 
DQ4 

en A2 -. 
-I 
en As -. ex: 

...J UJ 
::0 0 0 
:J> 0 ex: 

A7 -. () 16,384 - BIT I-z s:: UJ MEMORY ARRAY 0 0 
() , DQ1 

A6 -. 3: 
~ 0 ex: 

A5 -. 
CE 

A4 -. 
(LSB) 

WE 

COLUMN DECODER 
(LSB) POWER 

t t t t t DOWN 

A10 A11 A3 Ao A1 

TRUTH TABLE 

MODE a WE" DQ POWER 

STANDBY H X HIGH-Z STANDBY 

READ L H Q ACTIVE 

WRITE L L D ACTIVE 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ::;; T A::;; 70°C; Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vcc +1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV $VIN $Vcc ILl -5 5 ~ 

Output Leakage Current Output(s) Disabled, ILo -5 5 ~ 
OV $ VOUT $ Vcc 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -3~ -35 UNITS NOTES 

Power Supply CE $ VIL; Vee = MAX 

Current: Operating f = MAX = 1/ tRC, lee 140 125 110 100 100 100 rnA 3 

Outputs Open 

Power Supply CE ~ VIH; Vee = MAX 
Current: Standby f = MAX = 1/ tRC, IS81 50 45 40 30 30 30 rnA 

Outputs Open 

CE ~ Vee -0.2V; Vee = MAX 

VIL $ Vss +0.2V; IS82 3 3 3 3 3 3 rnA 
VIH ~ Vee -0.2V; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 25°C; f = 1MHz CI 7 pF 4 

Output Capacitance Vee = 5V Co 7 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5, 13) (O°C $; T A $; 70°C; Vcc = 5V ± 10%) 

-12 -15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 12 15 20 25 30 35 ns 

Address access time IAA 12 15 20 25 30 35 ns 

Chip Enable access time lACE 11 12 15 20 25 30 ns 

Output hold from address change toH 3 3 3 3 3 3 ns 

Chip Enable to output in Low-Z ILZCE 3 3 5 5 5 5 ns 

Chip Disable to output in High-Z IHZCE 7 7 10 10 15 20 ns 6,7 

Chip Enable to power-up time IpU 0 0 0 0 0 0 ns 

Chip Disable to power-down time IpD 12 15 20 25 30 35 ns 

WRITE Cycle 

WRITE cycle time twe 12 15 20 25 30 35 ns 

Chip Enable to end of write ICW 10 12 15 20 25 25 ns 

Address valid to end of write lAW 12 12 15 20 25 25 ns 

Address setup time lAS 0 0 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 0 0 ns 

Write pulse width IWp 10 12 15 20 25 25 ns 

Data setup time IDS 7 8 10 10 15 15 ns 

Data hold time IDH 0 0 0 0 0 0 ns 

Write Disable to output in Low-Z ILZWE 2 2 2 2 2 2 ns 

Write Enable to output in High-Z IHZWE 6 6 8 10 12 15 ns 6 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1 .5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. IHZCE and triZWE are specified with CL = 5pF as 

in Fig. 2. Transition is measured ± 500m V from steady 
state voltage. 

7. At any given temperature and voltage condition, 
IHZCE is less than ILZCE. 

+5V 

~480 
Q= ~"o, 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 
Q", ~ '0' 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables held 

in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. IRC = Read Cycle Time. 
12. Chip enable (CE) and write enable (WE) can initiate 

and terminate a WRITE cycle. 
13. For automotive, industrial and extended temperature 

specifications refer to page 4-165. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION 
Vee for Retention Data 

Data Retention Current 

Chip Deselect to Data 
Retention Time 

Operation Recovery Time 

Vee 

CONDITIONS SYMBOL MIN TYP MAX 
VDR 2 -

CE::> (Vee -0.2V) I Vee = 2v leeDR 95 250 
VIN 2" (Vee -0.2V) I 

or <; 0.2V Vee = 3v 300 400 

ICDR 0 -
IR tRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4.5V 

tCDR 
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ADDR 

0 

DO 

ICC 

READ CYCLE NO.1 8, 9 

VALID 

IAA 

IOH 

PREVIOUS DATA VALID ~ DATA VALID 

-- HIGH-Z 

"'Ll.LlU' 

READ CYCLE NO.2 7, 8, 10 

lACE 

ILZCE I 
tHZCE 

b DATA VALID 
\ 

!'~, j 

tpu 1,--------1-_tP_D L 
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ADDR ~ 
----..I 

I 

ij'////////// A 
lAS 

D 

Q 

ADDR 

D 

_1 

WRITE CYCLE NO.1 
(Write Enable Controlled) 7, 12 

Iwe 

lAW 

lew 

IWp 

v&O 
I IDS 

IAH 

W////////////////////~ 

IDH J 

~ ,j 
DATA VALID '\ -" 

IHZWE I 

,I 
HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 12 

twe 

lew 

IDS 

DATA VALID 
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SRAM 

FEATURES 
• High speed: 12, 15, 20, 25, 30 and 35ns 
• High-performance, low-power, CMOS double metal 

process 
• Single +5V (±10%) power sup£!I. 
• Easy memory expansion with CE and OE options 
• All inputs and outputs are TTL compatible 

OPTIONS MARKING 
• Timing 

12ns access -12 
15ns access -15 
20ns access -20 
25ns access -25 
30ns access -30 
35ns access -35 

• Packages 
Plastic DIP (300 mil) None 
Ceramic DIP (300 mil) C 
Plastic SOJ (300 mil) DJ 
CeramicLCC EC 

• Two Volt Data Retention L 

GENERAL DESCRIPTION 
The Micron SRAM family employs high-speed, low

power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications, Micron 
offers chip enable (CE) on all organizations. This enhance
ment can place the outputs in a high impedance state for 
additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MT5C1605 
REV. 1191 4-41 

4Kx4SRAM 
WITH OUTPUT ENABLE 

PIN ASSIGNMENT (Top View) 

22L1300DIP 
(A-6,8-6) 

A4 Vee 
A5 A3 
A6 A2 
A7 A1 
A8 AD 
A9 NC 

A1D DQ4 
A11 DQ3 
CE DQ2 
OE DQ1 
Vss WE 

24L/300 SOJ 
(E-4) 

A4 Vee 
AS A3 
A6 A2 
A7 A1 
AS AO 
A9 NC 
NC NC 

A10 DQ4 
A11 DQ3 
CE DQ2 
DE DQ1 
Vss WE 

Micron Technology, Inc., reserves the right to change products or specifications without notioe. 
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FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

! ! -~ A10 --. 

DQ4 

en A2 --. 
-I 
en Ag --. a: 

.....I w :a 0 0 
a: » 0 

16,384 - BIT I-Aa --. () 
Z s: w MEMORY ARRAY 0 0 , 

DQ1 () 

A7 --. 3: 0 0 ~ a: 
As --. 

CE 

A5 --. 
(LSB) 

OE 
WE 

COLUMN DECODER 
(LSB) POWER 

, , , , • DOWN 
T T T T T 

A11 A1 A3 Ao A4 

TRUTH TABLE 

MODE 'OE 'CE" WE" DQ POWER 

STANDBY X H X HIGH-Z STANDBY 

READ L L H Q ACTIVE 

READ H L H HIGH-Z ACTIVE 

WRITE X L L D ACTIVE 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................. -6S0C to + 1S0°C 
Storage Temperature (Plastic) .................... -SsoC to + 1S0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under U Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ 70°C; Vee = S.OV ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vcc +1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV::; VIN::; Vcc ILl -5 5 ).lA 

Output Leakage Current Output(s) Disabled, ILo -5 5 ).lA 
OV ::; VOUT ::; Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -30 -35 UNITS NOTES 

Power Supply CE ::; VIL; Vcc = MAX 
Current: Operating f = MAX = ll tRC, lee 140 125 110 100 100 100 rnA 3 

Outputs Open 

Power Supply CE"~ VIH; Vee = MAX 
Current: Standby f = MAX = ll tRC, 15B1 50 45 40 30 30 30 rnA 

Outputs Open 

CE" ~ Vee -0.2V; Vee = MAX 
VIL ~ V55 +0.2V; 15B2 3 3 3 3 3 3 rnA 

VIH ~ Vee -0.2V; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C; f = 1 MHz CI 7 pF 4 

Output Capacitance Vee = 5V Co 7 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5, 13) (O°C ~ TA ~ 70°C; Vcc = 5V ± 10%) 

-12 -15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 12 15 20 25 30 35 ns 

Address access time lAA 12 15 20 25 30 35 ns 

Chip Enable access time lACE 11 12 15 20 25 30 ns 

Output hold from address change toH 3 3 3 3 3 3 ns 

Chip Enable to output in Low-Z ILZCE 3 3 5 5 5 5 ns 

Chip Disable to output in High-Z IHZCE 7 7 10 10 15 20 ns 6, 7 

Chip Enable to power-up time IpU 0 0 0 0 0 0 ns 

Chip Disable to power-down time tpD 12 15 20 25 30 35 ns 

Output enable access time IAOE 7 7 9 10 15 20 ns 

Output Enable to output in Low-Z ILZOE 0 0 0 0 0 0 ns 

Output Disable to output in High-Z IHZOE 6 6 10 10 15 20 ns 6 

WRITE Cycle 

WRITE cycle time 'WC 12 15 20 25 30 35 ns 

, Chip Enable to end of write ICW 10 12 15 20 25 25 ns 

Address valid to end of write lAW 12 12 15 20 25 25 ns 

Address setup time lAS 0 0 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 0 0 ns 

Write pulse width IWp 10 12 15 20 25 25 ns 

Data setup time IDS 7 8 10 10 15 15 ns 

Data hold time IDH 0 0 0 0 0 0 ns 

Write Disable to output in Low-Z ILZWE 2 2 2 2 2 2 ns 

Write Enable to output in High-Z IHZWE 6 6 8 10 12 15 ns 6 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1 .5V 

Output reference levels ...................................... 1.5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. tHZCE, tHZWE and tHZOE are specified with CL 

= 5pF as in Fig. 2. Transition is measured ± 500m V 
from steady state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

+5V 

--r-l 480 

0", ~ "''' 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

--r-l 920 

0"", ~ '" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables held 

in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. tRC = Read Cycle Time. 
12. Chip enable (CE) and write enable (WE) can initiate 

and terminate a WRITE cycle. 
13. For automotive, industrial and extended temperature 

specifications refer to page 4-165. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX 
Vee for Retention Data VDR 2 -
Data Retention Current CE <:: (Vcc -0.2V) I Vee = 2v Ice DR 95 250 

VIN <:: (Vee -0.2V) I 
or ~ 0.2V Vee =3v 300 400 

Chip Deselect to Data 
ICDR Retention Time 0 -

Operation Recovery Time IR IRC 

LOW Vee DATA RETENTION WAVEFORM 

Vee 
4.5V 

ICDR 

CE VIH
V IL - .L..L..<..LLLLI 

DATA RETENTION MODE 
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~ DON'T CARE 

!88S UNDEFINED 

UNITS NOTES 
V 

I!A 

I!A 

ns 4 
ns 4,11 

-~ en 
-I 
en 
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ADDR 

o 

DO 

Icc 

READ CYCLE NO.1 8, 9 

VALID 

tAA 

tOH 

~ PREVIOUS DATA VALID DATA VALID 
"'UU..I.I 

READ CYCLE NO.2 7,8,10 

tAOE 

tLZOE tHZOE 

1----1: tLzCE_.rI.------'---I·tHZCE~ 
-- HIGH-Z ~ DATA VALID ~l----

tACF 
I 

I. ~u 1 I. IpD L 
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ADDR ~ 
~ 

L 
J 

W!!!!i!!!!£ 
tAS 

D 

Q 

AD DR 

D 

I 
-L 

WRITE CYCLE NO.1 
(Write Enable ContrOlled) 7, 12 

twe 

tAW 

tew 

twp 

W£(;'l 
L tDS 

I 

) 

tAH 

W/#///////////////I/!, 

tDH J 
~ V DATA VALID '\ ../' 

tHZWE _I 
J 

HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 12 

twc 

tDS 

tLZWE _I 

I 

_- HIGH-Z----Q '------
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SRAM 

FEATURES 
• High speed: 12, 15, 20, 25, 30 and 35ns 
• High-performance, low-power, CMOS double metal 

process 
• Single +5V (±10%) power supply 
• Easy memory expansion with CE option 
• All inputs and outputs are TIL compatible 
• MT5C1606 - output tracks input during WRITE 
• MT5C1607 - output high impedance during WRITE 

OPTIONS 
• Timing 

12ns access 
15ns access 
20ns access 
25ns access 
30ns access 
35ns access 

• Packages 
Plastic DIP (300 mil) 
Ceramic DIP (300 mil) 
Plastic SOJ (300 mil) 
CeramicLCC 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-12 
-15 
-20 
-25 
-30 
-35 

None 
C 
DJ 
EC 

L 

The Micron SRAM family employs high-speed, low
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications, Micron 
offers chip enable (CE) on all organizations. This enhance
ment can place the outputs in a high impedance state for 
additional flexibility in system design. The x4 configuration 
features separate data input and output. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MTSC160617 
REV. 1191 4-49 

4Kx4SRAM 
WITH SEPARATE INPUTS ANO OUTPUTS 

PIN ASSIGNMENT (Top View) 

24L1300DIP 
(A-7, B-7) 

24L1300 SOJ 
(E-4) 

A4 Vcc A4 Vee 
A3 

AS A3 A2 

A6 A2 A1 
AS AO 

A7 A1 A9 04 
A10 03 

A8 AO A11 04 

A9 04 01 03 
02 02 

A10 03 01 

A11 04 
Vss WE 

01 03 
02 02 
CE 01 

Vss WE 

28L/LCC 
(F-4) 

~~;;f~~ 
3 2 '1,2827 

A7 4 1...1 26 A2 
A8 5 25 A1 
A9 6 24 AO 
NC 7 23 04 
NC 8 22 NC 

A10 9 21 NC 
A11 10 20 03 

01 11 04 
02 12 03 

1314151617 

IW 01W ~ '" ()~$:OO 

Micron Technology, Inc., reserves the right to change products or specifications wHhout notice. 



- A10 -+ 

~ A1 -+ a: 

~ 
w Ag -+ Cl 
0 

As () en -+ w 

:xJ Cl 

l> 
A 7 -+ ~ 

0 s: A6 -+ 
a: 

A 5 -+ (LSB) 

FUNCTIONAL BLOCK DIAGRAM 

vcc GNO 

~ ~ 

16,384 - BIT 
MEMORY ARRAY 

COLUMN DECODER 

t t t t 
A11 Ao A2 A3 

TRUTH TABLE 

MODE "CE" 
STANDBY H 

READ L 

WRITE (1) L 

WRITE (2) L 

NOTE: 1. MT5C1607 ONLY 
2. MT5C1606 ONLY 

t 
A4 

WE" 

X 

H 

L 

L 
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....J 
0 a: 
I-z 
0 
() 

~ 

POWER 
DOWN 

MT5C1607 

M 10(;1 tiUti 

DQ 

HIGH-Z 

Q 

HIGH-Z 

D 

POWER 

STANDBY 

ACTIVE 

ACTIVE 

ACTIVE 

04 

01 

04 

01 

r Io-+--CE 

--, , , , 
1----+-...... + WE 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................. -6SoC to + ISO°C 
Storage Temperature (Plastic) .................... -SSoC to + ISO°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C $; T A $; 70°C; Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vec +1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV ~ VIN ~ Vee ILl -5 5 ~A 

Output Leakage Current Output(s) Disabled, ILo -5 5 ~A 
OV:;::; VOUT:;::; Vee 

Output High Voltage IOH = -4.0mA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0mA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -30 -35 UNITS NOTES 

Power Supply CE :;::; VIL; Vee = MAX 
Current: Operating f = MAX = 11 IRC, lee 140 125 110 100 100 100 mA 3 

Outputs Open 

Power Supply CE ~ VIH; Vee = MAX 
Current: Standby f = MAX = 11 IRC, IS81 50 45 40 30 30 30 mA 

Outputs Open 

CE ~ Vee -0.2V; Vcc = MAX 
VIL :;::; Vss +0.2V; IS82 3 3 3 3 3 3 mA 

VIH ~ Vcc -0.2V; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C; f = 1 MHz CI 7 pF 4 

Output Capacitance Vce = 5V Co 7 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5, 13) (O°C ::;; T A::;; lO°C; Vcc = 5V ± 10%) 

-12 -15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 12 15 20 25 30 35 ns 

Address access time IAA 12 15 20 25 30 35 ns 

Chip Enable access time lACE 11 12 15 20 25 30 ns 

Output hold from address change toH 3 3 3 3 3 3 ns 

Chip Enable to output in Low-Z ILZCE 3 3 5 5 5 5 ns 

Chip Disable to output in High-Z IHZCE 7 7 10 10 15 20 ns 6, 7 

Chip Enable to power-up time IpU 0 0 0 0 0 0 ns 

Chip Disable to power-down time IpD 12 15 20 25 30 35 ns 

WRITE Cycle 

WRITE cycle time 'WC 12 15 20 25 30 35 ns 

Chip Enable to end of write ICW 10 12 15 20 25 25 ns 

Address valid to end of write lAW 12 12 15 20 25 25 ns 

Address setup time lAS 0 0 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 0 0 ns 

Write pulse width 'WP 10 12 15 20 25 25 ns 

Data setup time IDS 7 8 10 10 15 15 ns 

Data hold time IDH 0 0 0 0 0 0 ns 

Write Disable to output in Low-Z ILZWE 2 2 2 2 2 2 ns 

Write Enable to output in High-Z IHZWE 6 6 8 10 12 15 ns 

Write Enable to output valid IAWE 12 15 20 25 30 35 ns 

Data valid to output valid IADV 12 15 20 25 30 35 ns 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1.5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. tHZCE and tHZWE are specified with CL = SpF as in 

Fig. 2. Transition is measured ± SOOmV from steady 
state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

+5V --rJ 480 

0", ~"" 
Fig. 1 OUTPUT LOAD 

EQUIVALENT 

+5V --rJ 480 

0", ~'" 
Fig. 2 OUTPUT LOAD 

EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables held 

in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. tRC = Read Cycle Time. 
12. Chip enable (CE) and write enable (WE) can initiate 

and terminate a WRITE cycle. 
13. For automotive, industrial and extended temperature 

specifications refer to page 4-165. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION 
Vee for Retention Data 

Data Retention Current 

Chip Deselect to Data 
Retention Time 
Operation Recovery Time 

Vee 

CONDITIONS SYMBOL MIN TYP MAX 
VDR 2 -

CE;:>: (Vee -0.2V) I Vee = 2v leeDR 95 250 
VIN ;:>: (Vee -0.2V) I 

or :0:; 0.2V Vee = 3v 300 400 

ICDR 0 -
IR IRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4.5V 

'CDR 
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4.5V 

~ DON'T CARE 

~ UNDEFINED 

UNITS NOTES 
V 

JlA 

JlA 

ns 4 
ns 4,11 



.. 
~ en 
-I 
en 
:xl 
l> s: 

1"IIC:::I::::";2~ MTSC1606/7 

ADDR 

Q 

Q --

ICC 

READ CYCLE NO.1 8, 9 

_I 

VALID j 
tAA 

tOH 

PREVIOUS DATA VALID ~ DATA VALID 

READ CYCLE NO.2 7, 8,10 

lACE 

ILZCE _I 
IHZCE 1 

~ ~ ~!G~-Z ~:'\:.'\ v.A,un I I I'MWI\'-____ ----::--~I 

I. 'eo j.---____ I-_IPD_L 
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ADDR 

D 

Q 

ADDR 

D 

Q 

---""'I 
-----1 

L 
,I 

11 I II If!III!Li 
lAS _I 

WRITE CYCLE NO.1 
(Write Enable Controlled) 7, 12 

Iwe 

lAW 

lew 

IWp 

VIII~ 
IDS 

DATA VALID 

IADV 
~ 

IHZWE 

...J 

IAH 

Wlldlllllllllllllllih 

IDH J 
,I 

ILZWE 

DATA VALID 

-----,. 

--' 

lAS 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 12 

Iwe 

lAW 

lew 

'\ 
twP 

'1/11111/// /.1/////111 I II I III If) 
• IDS 

DATA VALID 

IADV 

IAWE 
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SRAM 

FEATURES 
• High speed: 12,15,20,25,30 and 35ns 
• High-performance, low-power, CMOS double metal 

process 
• Single +5V (±1O%) power supply 
• Easy memory expansion with CE option 
• All inputs and outputs are TTL compatible 

OPTIONS 
• Timing 

12ns access 
15ns access 
20ns access 
25ns access 
30ns access 
35ns access 

• Packages 
Plastic DIP (300 mil) 
Ceramic DIP (300 mil) 
Plastic SOJ (300 mil) 
CeramicLCC 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-12 
-15 
-20 
-25 
-30 
-35 

None 
C 
DJ 
EC 

L 

The Micron SRAM family employs high-speed, low
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications, Micron 
offers chip enable (CE) on all organizations. This enhance
ment can place the outputs in a high impedance state for 
additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MT5C6404 
REV. 1191 4-57 

16K x 4 SRAM 

PIN ASSIGNMENT (Top View) 

22L1300 DIP 
(A-6, 8-6) 

AS Vee 
A6 A4 
A7 A3 
A8 A2 
A9 A1 

A1D AD 
A11 OQ4 
A12 OQ3 
A13 OQ2 
--
CE DQ1 

--
Vss WE 

24L1300 SOJ 
(E-4) 

A5 Vee 
A6 A4 
A7 A3 
AS A2 
A9 A1 

A10 AO 
A11 NC 
A12 DQ4 
A13 DQ3 
CE DQ2 
NC DQ1 

Vss WE 

Micron Technology, Inc., reserves the nght to change products or specifications without notice. 
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~ en 
-I 
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FUNCTIONAL BLOCK DIAGRAM 

Vcc GND 

- ~ ~ 

~ A11~ 

en DQ4 

-I A3 ~ 

en 
:0 A10 ~ a: 

--I W » 0 0 
0 a: s:: Ag ~ () 65,536 - BIT I-
w MEMORY ARRAY 

z 
0 0 . 

DQ1 s: () 

As ~ 0 0 ::::: a: 
A7 ~ 

CE 

As ~ 

(LSB) 

WE 

COLUMN DECODER 
1 pmNFR 1_ (LSB) 

t t t t t t t I "D-OWN" I 
A2 A1 A12 A13 A4 Ao As 

TRUTH TABLE 

MODE ~ WE: DQ POWER 

STANDBY H X HIGH-Z STANDBY 

READ L H Q ACTIVE 

WRITE L L DIN ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -6S0C to + lS0°C 
Storage Temperature (Plastic) .................... -SsoC to + lS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C :::;; T A:::;; 70°C; Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logie 1) Voltage V,H 2.2 Vee +1 V 1 

Input Low (Logie 0) Voltage V,L -0.5 0.8 V 1,2 

Input Leakage Current OV S; Y,N s; Vee ILl -5 5 J.lA 
Output Leakage Current Output(s) Disabled, ILo -5 5 J.lA 

OV S; Your S; Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL= 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -30 -35 UNITS NOTES 

Power Supply CE S; VIL; Vee = MAX 
Current: Operating f = MAX = 1/ tRC, lee 140 130 120 110 100 100 rnA 3 

Outputs Open 

Power Supply CE ~ VIH; Vee = MAX 
Current: Standby f = MAX = 1/ tRC, 1881 60 50 40 30 30 30 rnA 

Outputs Open 

CE ~ Vee -0.2V; Vee = MAX 
V,L S; VS8 +0.2V; 18B2 5 5 5 5 5 5 rnA 

V,H ~ Vee -0.2V; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C; f = 1 MHz CI 7 pF 4 

Output Capacitance Vee = 5V Co 7 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5, 13) (O°C ~ T A ~ 70cC; Vcc = 5V ± 10%) 

-12 -15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 12 15 20 25 30 35 ns 

Address access time tM 12 15 20 25 30 35 ns 

Chip Enable access time tACE 12 12 15 20 25 30 ns 

Output hold from address change toH 3 3 3 3 3 3 ns 

Chip Enable to output in Low-Z tLZCE 3 3 5 5 5 5 ns 

Chip Disable to output in High-Z tHZCE 7 7 10 10 15 20 ns 6, 7 

Chip Enable to power-up time tpu 0 0 0 0 0 0 ns 

Chip Disable to power-down time tpD 12 15 20 25 30 35 ns 

WRITE Cycle 

WRITE cycle time 'WC 12 15 20 25 30 35 ns 

Chip Enable to end of write tcw 10 12 15 20 25 25 ns 

Address valid to end of write tAW 12 12 15 20 25 25 ns 

Address setup time tAS 0 0 0 0 0 0 ns 

Address hold from end of write tAH 0 0 0 0 0 0 ns 

Write pulse width twp 10 12 15 20 25 25 ns 

Data setup time tos 8 8 10 10 15 15 ns 

Data hold time tDH 0 0 0 0 0 0 ns 

Write Disable to output in Low-Z tLZWE 2 2 2 2 2 2 ns 

Write Enable to output in High-Z tHZWE 6 6 8 10 12 15 ns 6 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1 .5V 

Output reference levels ...................................... 1 .5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. tHZCE and tr!ZWE are specified with CL = SpF as in 

Fig. 2. Transition is measured ± SOOm V from steady 
state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

+5V 

--rl 480 

"". ~"e' 
Fig. 1 OUTPUT LOAD 

EQUIVALENT 

+5V 

--rl 480 

Q", ~'" 
Fig. 2 OUTPUT LOAD 

EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables held 

in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. IRC = Read Cycle Time. 
12. Chip enable (CE) and write enable (WE) can initiate 

and terminate a WRITE cycle. 
13. For automotive, industrial and extended temperature 

specifications refer to page 4-167. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION 
Vee for Retention Data 
Data Retention Current 

Chip Deselect to Data 
Retention Time 
Operation Recovery Time 

Vee 

CONDITIONS SYMBOL MIN TYP MAX 
VOR 2 -

CE~ (Vee -0.2V) I Vee = 2v leCDR 95 250 
VIN ~ (Vee -0.2V) I 

or :5 0.2V Vee = 3v 300 400 

tCDR 0 -
tR tRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4.5V 

tCDR 
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4.5V 

~ DON'T CARE 

!88S UNDEFINED 

UNITS NOTES 
V 

~A 

~A 

ns 4 
ns 4, 11 
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~ en 
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en 
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ADDR 

o 

DO 

ICC 

READ CYCLE NO.1 8, 9 

VALID 

1M 

IOH 

PREVIOUS DATA VALID ~ DATA VALID 

-- HIGH-Z 
I 

I-

''U..X.XJ 

READ CYCLE NO.2 7, 8, 10 

tACE 

ILZCE IHZCE 

l~ 
DATA VALID 

I~ 

~u ),--_______ '_-_tP_D_L 
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~ UNDEFINED 



~ 
ADDR 
~ 

I 
.I 

eE I///////~ 
tAS 

D 

Q 

ADDR 

tAS 

CE 

WE 

0 

_I 
I 

WRITE CYCLE NO.1 
(Write Enable Controlled) 7, 12 

twe 

tAW 

tew 

twp 

Vllih 
I tDS 

tAH 

v/IIIIIIIIIII~ 

tDH I 

V DATA VALID J 

HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 12 

twe 

tAW 

tcw 

twp 

tDS 

DATA VALID 
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tLZWE 1 

I 

~ DON'T CARE 

~ UNDEFINED 
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SRAM 

FEATURES 
• High speed: 12, 15,20, 25, 30 and 35ns 
• High-performance, low-power, CMOS double metal 

process 
• Single +5V (±1O%) power supply 
• Easy memory expansion with CE and OE options 
• All inputs and outputs are TTL compatible 

OPTIONS 
• Timing 

12ns access 
15ns access 
20ns access 
25ns access 
30ns access 
35ns access 

• Packages 
Plastic DIP (300 mil) 
Ceramic DIP (300 mil) 
Plastic SO} (300 mil) 
CeramicLCC 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-12 
-15 
-20 
-25 
-30 
-35 

None 
C 
D} 
EC 

L 

The Micron SRAM family employs high-speed, low
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications, Micron 
offers chip enable (CE) on all organizations. This enhance
ment can place the outputs in a high impedance state for 
additional flexibility in system design. 
Writi~o these devices is accomplished when write 

enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MT5C6405 
REV. 1191 4-65 

16K x 4 SRAM 
WITH OUTPUT ENABLE 

PIN ASSIGNMENT (Top View) 

24L1300 DIP 
(A-7, 8-7) 

24L/300 SOJ 
(E-4) 

A5 Vee Vee 
A4 

A6 A4 A3 
AS A2 

A7 A3 A9 A1 

A8 A2 
A1D AD 
A11 NC 

A9 A1 A12 DQ4 
A13 DQ3 

A10 AO CE DQ2 

A11 NC 
OE 11 DQ1 
Vss WE 

A12 DQ4 
A13 DQ3 
CE DQ2 
OE DQ1 
Vss WE 

28L1LCC 
(F-4) 

100080 
<zz>z 

3 2 1112827 
A6 1.J 26 NC 

25 A4 
A3 

A9 23 A2 
A10 22 A1 
A11 21 AO 
A12 20 DQ4 
A13 19 DQ3 
CE 18 DQ2 

1314151617 

IW rnOI W ~ 
O~Z3:g 

Micron Technology. Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

~ ~ - A10 A11 --+-

~ 
DQ4 

A4 A3 --+-en 
-I 

A9 A10 a: en --+- w ...J 
0 0 

:D 0 a: 
As A9 U 65,536 - BIT f-

l> --+- z w MEMORY ARRAY 0 s:: 0 . 
DQ1 

~ 
U 

A7 As --+- 0 ~ a: 
As A7 --+-

CE 

A5 As --+-

(LSB) 
OE 

WE 

COLUMN DECODER 
(LSB) POWER 

t t t t t t t DOWN 

DIP/SOJ A2 A1 A12 A13 A4 Ao A5 

LCC A3 A2 A11 A13 A12 A1 Ao 

TRUTH TABLE 

MODE ~ a WE DQ POWER 

STANDBY X H X HIGH-Z STANDBY 

READ L L H Q ACTIVE 

READ H L H HIGH-Z ACTIVE 

WRITE X L L D ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability . 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ 70°C; Vee = S.OV ± 10%) 

DESCRIPTIDN CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vee +1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV':; VIN':; Vee ILl -5 5 !LA 

Output Leakage Current Output(s) Disabled, ILo -5 5 !LA 
OV .:; VOUT .:; Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -30 -35 UNITS NOTES 

Power Supply CE .:; VIL; Vee = MAX 
Current: Operating f = MAX = 11 IRC, Icc 140 130 120 110 100 100 rnA 3 

Outputs Open 

Power Supply CE ~ VIH; Vee = MAX 
Current: Standby f = MAX = 1/ 1RC, ISBI 60 50 40 30 30 30 rnA 

Outputs Open 

CE ~ Vee -0.2V; Vee = MAX 
VIL .:; Vss +0.2V; ISB2 5 5 5 5 5 5 rnA 

VIH ~ Vee -0.2V; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 25°C; f = 1MHz CI 7 pF 4 

Output Capacitance Vee = 5V Co 7 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5, 13) (O°C $; TA $; 70°C; Vcc = 5V ± 10%) 

-12 -15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 12 15 20 25 30 35 ns 

Address access time IAA 12 15 20 25 30 35 ns 

Chip Enable access time lACE 12 12 15 20 25 30 ns 

Output hold from address change 'OH 3 3 3 3 3 3 ns 

Chip Enable to output in Low-Z ILZCE 3 3 5 5 5 5 ns 

Chip Disable to output in High-Z IHZCE 7 7 10 10 15 20 ns 6, 7 

Chip Enable to power-up time IpU 0 0 0 0 0 0 ns 

Chip Disable to power-down time IpD 12 15 20 25 30 35 ns 

Output Enable access time IAOE 7 7 9 10 15 20 ns 

Output Enable to output in Low-Z ILZOE 0 0 0 0 0 0 ns 

Output Disable to output in High-Z IHZOE 6 6 10 10 15 20 ns 6 

WRITE Cycle 

WRITE cycle time 'WC 12 15 20 25 30 35 ns 

Chip Enable to end of write tcw 10 12 15 20 25 25 ns 

Address valid to end of write lAW 12 12 15 20 25 25 ns 

Address setup time lAS 0 0 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 0 0 ns 

Write pulse width IWp 10 12 15 20 25 25 ns 

Data setup time IDS 8 8 10 10 15 15 ns 

Data hold time IDH 0 0 0 0 0 0 ns 

Write Disable to output in Low-Z ILZWE 2 2 2 2 2 2 ns 

Write Enable to output in High-Z IHZWE 6 6 8 10 12 15 ns 6 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1.5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. 1ffZCE, tHZWE and tHZOE are specified with CL = 

SpF as in Fig. 2. Transition is measured ± SOOmV from 
steady state voltage. 

7. At any given temperature and voltage condition, 
1ffZCE is less than tLZCE. 

+5V 

~480 
Q", ~ "" 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 
Q", ~'" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables held 

in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. tRC = Read Cycle Time. 
12. Chip enable (CE) and write enable (WE) can initiate 

and terminate a WRITE cycle. 
13. For automotive, industrial and extended temperature 

specifications refer to page 4-167. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX 
Vce for Retention Data VDR 2 -
Data Retention Current CE ~ (Vee -0.2V) l Vee = 2v leeDR 95 250 

VIN ~ (Vee -0.2V) I 
or :'> 0.2V Vee = 3v 300 400 

Chip Deselect to Data 
Retention Time ICDR 0 -
Operation Recovery Time IR IRC 

LOW Vee DATA RETENTION WAVEFORM 

Vee 
---------.1 4.5V 

ICDR 

DATA RETENTION MODE 
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4.5V Ir------

~ DON'T CARE 

~ UNDEFINED 

UNITS NOTES 
V 
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~A 
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ns 4,11 

.. 
~ en 
-I 
en 
::D » s:: 



ADDR 

o 

DO 

Icc 

READ CYCLE NO.1 8, 9 

VALID 

tAA 

tOH _I 

PREVIOUS DATA VALID ~ DATA VALID 

READ CYCLE NO.2 7,8,10 

tAOE 

tLZOE 

tACE I 
tLZCE 

~ -- HIGH-Z 

I.. tpu 

_"-----I) 
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Y 

DATA VALID 

~OE I 
I • 

tHZCE 

I· 'PO L 
~ DON'T CARE 

~ UNDEFINED 



ADDR 

D 

o 

ADDR 

D 

==> 
L 

1IIIIIIIIIIIa 
lAS 

-----, 
----1 

lAS 

J 

WRITE CYCLE NO.1 
(Write Enable Controlled) 7, 12 

Iwe 

lAW 

lew 

twp 

VIII!'i 
I IDS 

IAH 

VlIIIIIIII/ 111////////;1. 

IDH J 
-.J V DATA VALID 

'\ J' 
IHZWE I 

.1 
HIGH-Z 

WRITE CYCLE NO.2 

(Chip Enable Controlled) 12 

Iwe 

lAW 

lew 

{ 
IWp 

ILZWE I 

I 

IAH 

'lfiL/lff!ffijjffjjj1 I /) y/ I IlljI I II II II I IIIIII/; 
L IDS IDH J 
~ ~ DATA VALID 
'\c J' 

IHZWE 

ot----HIGH-Z ---
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SRAM 

FEATURES 
• High speed: 12, 15, 20, 25, 30 and 35ns 
• High-performance, low-power, CMOS double metal 

process 
• Single +5V (±10%) power supply 
• Easy memory expansion with CE1, CE2 and OE 

options 
• All inputs and outputs are TTL compatible 
• MT5C6406 - output tracks input during WRITE 
• MT5C6407 - output high impedance during WRITE 

OPTIONS MARKING 
• Timing 

12ns access -12 
15ns access -15 
20ns access -20 
25ns access -25 
30ns access -30 
35ns access -35 

• Packages 
Plastic DIP (300 mil) None 
Ceramic DIP (300 mil) C 
Plastic SOJ (300 mil) DJ 
CeramicLCC EC 

• Two Volt Data Retention L 

GENERAL DESCRIPTION 
The Micron SRAM family employs high-speed, low

power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in ~ speed memory applications, Micron 
offers chip enable (CE) on all organizations. This enhance
ment can place the outputs in a high impedance state for 
additional flexibility in system design. The x4 configuration 
features separate data input and output. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MT5C6406I7 
AEV.1191 4-73 

16K x 4 SRAM 
WITH SEPARATE INPUTS AND OUTPUTS 

PIN ASSIGNMENT (Top View) 

28L/300 DIP 28L/300 SOJ 
(A-9, B-9) (E-8) 

A5 
A6 
A7 
A8 
A9 

A10 
A11 
A12 
A13 

01 
02 

CE1 
DE 

Vss 

1 '-'28 ~ Vee A5 1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 

~A4 
A6 
A7 

P A3 A8 

A2 A9 
A10 

A1 A11 

AO A12 
A13 

04 01 

03 02 
GE1 

04 DE 

~ 03 Vss 

P 02 
~ 01 
P WE 
P CE2 

28L/LCC 
(F-4) 

~~~~~ 
3 2 '1,2827 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

A8 [ 4 1...1 26 P A3 
A9[5 25PAA2 

A10 [ 6 24p A1 
A11 [ 7 23 P AO 
A12[8 22p04 
A13 [ 9 21 P 03 

01 [10 20P04 
02[11 19P03 

GE1 [ 12 18p 02 

1314151617 
~~~~~ 

IWo :Z1~1!;! O~ >(.» 

28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 

Vee 
A4 
A3 
A2 
A1 
AD 
04 

tJ 03 
Q4 
03 
02 
p~ 

WE 
GE2 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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A12 ......... 

A2 ......... 
a::: 
W 

A11 ......... 0 
0 

A 10 ......... () 
w 
0 

Ag ......... S 
0 

As ......... a::: 

A7 ......... (LSB) 

FUNCTIONAL BLOCK DIAGRAM 

Vee GNO 

! ! 

65,536 - BIT 
MEMORY ARRAY 

COLUMN DECODER 
(LS 

t t t t t t t 
A 1 A 0 A 13 A 5 A 3 A 4 A 6 

TRUTH TABLE 

MODE 'CE"1 'CE"2 ~ 

STANDBY H X X 

STANDBY X H X 

READ L L L 

READ L L H 

WRITE (1) L L X 

WRITE (2) L L L 

WRITE (2) L L H 

NOTE: 1. MT5C6407 ONLY 
2. MT5C6406 ONLY 

WE" 

X 

X 

H 

H 

L 

L 

L 
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..J 
0 
a: 
I-z 
0 
() 

0 :::: 

POWER 
DOWN 

MT5C6407 

MT5C6406 

OUTPUTS 

HIGH-Z 

HIGH-Z 

Q 

HIGH-Z 

HIGH-Z 

D 

HIGH-Z 

04 

01 

POWER 

STANDBY 

STANDBY 

ACTIVE 

ACTIVE 

ACTIVE 

ACTIVE 

ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -6S0C to + ISO°C 
Storage Temperature (Plastic) .................... -SsoC to + ISO°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability . .. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS j! 
(O°C :S; T A :S; 70°C; Vee = 5.0V ± 1 0%) ~ 

DESCRIPTION CONDITIONS SYMBOL MIN 

Input High (Logic 1) Voltage VIH 2.2 

Input Low (Logic 0) Voltage VIL -0.5 

Input Leakage Current OV :5 VIN :5 Vee ILl -5 

Output Leakage Current Output(s) Disabled, ILo -5 
OV:5 VOUT:5 Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 

Output Low Voltage IOL= 8.0rnA VOL 

DESCRIPTION CONDITIONS SYMBOL -12 -15 
Power Supply CE :5 VIL; Vee = MAX 
Current: Operating f = MAX = 1/ tRC, lee 140 130 

Outputs Open 

Power Supply CE ~ VIH; Vee = MAX 
Current: Standby f = MAX = 1/ tRC, ISB1 60 50 

Outputs Open 

CE ~ Vee -0.2V; Vee = MAX 
VIL :5 Vss +0.2V; ISB2 5 5 

VIH ~ Vee -0.2V; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN 

Input Capacitance TA = 25°C; f = 1MHz CI 

Output Capacitance Vee = 5V Co 

4-75 

MAX 

Vee +1 

0.8 

5 

5 

0.4 

MAX 

-20 -25 

120 110 

40 30 

5 5 

MAX 

7 

7 

UNITS 

V 

V 

JlA 

JlA 

V 

V 

-30 -35 

100 100 

30 30 

5 5 

UNITS 

pF 

pF 

NOTES 

1 

1,2 

1 

1 

UNITS NOTES 

rnA 3 

rnA 

rnA 

NOTES 

4 

4 

(J) 
:::D » 
3: 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5, 13) (O°C :5: T A :5: 70°C; Vcc = 5V ± 10%) 

-12 -15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

REAOCycle 

READ cycle time IRC 12 15 20 25 30 35 ns 

Address access time lAA 12 15 20 25 30 35 ns 

Chip Enable access time lACE 12 12 15 20 25 30 ns 

Output hold from address change toH 3 3 3 3 3 3 ns 

Chip Enable to output in Low-Z ILZCE 3 3 5 5 5 5 ns 

Chip Disable to output in High-Z IHZCE 7 7 10 10 15 20 ns 6, 7 

Chip Enable to power-up time IpU 0 0 0 0 0 0 ns 

Chip Disable to power-down time IpD 12 15 20 25 30 35 ns 

Output Enable access time IAOE 7 7 9 10 15 20 ns 

Output Enable to output in Low-Z ILZOE 0 0 0 0 0 0 ns 

Output Disable to output in High-Z IHZOE 6 6 10 10 15 20 ns 6 

WRITE Cycle 

WRITE cycle time 'WC 12 15 20 25 30 35 ns 

Chip Enable to end of write ICW 10 12 15 20 25 25 ns 

Address valid to end of write tAW 12 12 15 20 25 25 ns 

Address setup time lAS 0 0 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 0 0 ns 

Write pulse width IWp 10 12 15 20 25 25 ns 

Data setup time IDS 8 8 10 10 15 15 ns 

Data hold time IDH 0 0 0 0 0 0 ns 

Write Disable to output in Low-Z ILZWE 2 2 2 2 2 2 ns 

Write Enable to output in High-Z IHZWE 6 6 8 10 12 15 ns 6 

Write Enable to output valid IAWE 12 15 20 25 30 35 ns 

Data valid to output valid IADV 12 15 20 25 30 35 ns 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1.5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. tHZCE, trIzWE and tHZOE are specified with CL = 

SpF as in Fig. 2. Transition is measured ± SOOm V from 
steady state voltage. 

7. At any given temperature and voltage condition, 
lJiZCE is less than lLZCE. 

+5V 

~480 
0", ~ "''' 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 
0", ~'" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT -~ 

8. WE is HIGH for READ cycle. ~ 
9. Device is continuously selected. All chip enables held 

in their active state. CJ) 
10. Address valid prior to or coincident with latest ::IJ 

occurring chip enable. l> 
11. tRC = Read Cycle Time. 
12. Chip enable (CE) and write enable (WE) can initiate :s: 

and terminate a WRITE cycle. 
13. For automotive, industrial and extended temperature 

specifications refer to page 4-167. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION 
Vcc for Retention Data 

Data Retention Current 

Chip Deselect to Data 
Retention Time 
Operation Recovery Time 

Vee 

CONDITIONS SYMBOL MIN TYP MAX 
VOR 2 -

CE~.(Vcc -O.2V) I Vcc = 2v ICCOR 95 250 
VIN ~ (Vcc -0.2V) I 

or ~ 0.2V Vcc = 3v 300 400 

ICDR 0 -
IR IRC 

LOW Vee DATA RETENTION WAVEFORM 

OATA RETENTION MODE 

4.SV 

ICDR 
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READ CYCLE NO.1 8, 9 

I 

ADDR VALID ~ 
IAA 

IOH _I 

Q PREVIOUS DATA VALID 1m DATA VALID 

READ CYCLE NO.2 7,8,10 

IAOE 

ILZOE I IHZOE 

f 
tAt'f"" 

~I: ILZCE_.~,.------,--I·IHZCEj 
Q --HIGH-Z-------B DATA VALID ~:t---

I IpU I. IpD 

Icc · J~----.---L 
______ ---.J 
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ADDR 

eE 

D 

Q 

ADDR 

WE 

D 

------------.J 

I 

JIIIIIIIIIII A 
lAS J 

WRITE CYCLE NO.1 
(Write Enable Controlled) 7, 12 

Iwe 

lAW 

lew 

Iwp 

VIII/; 
IDS 

w DATA VALID 

IADV 

IHZ~ 

IAH 

WIIIIIIII£lIIII£lIL 

IDH J :1 
ILZWE 

DATA VALID 

-----------I 

lAS 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 12 

Iwe 

lAW 

lew 

\ 
twp 

'/IIIIIIIII1IIIIJJJJI I I I I I I II~ 
IDS 

DATA VALID 

IAH 

VlIIIIIIIIIIIIIIIIIIII/; 
IDH 

X 
IADV 

IAWE 

Q ~~--D-AT-A-VA-L1D---
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SRAM 

FEATURES 
• High speed: 20, 25, 30, 35, and 45ns 
• High-performance, low-power, CMOS double metal 

process 
• Single +5V (±1O%) power supply 
• Easy memory expansion with CE option 
• All inputs and outputs are TTL compatible 

OPTIONS MARKING 
• Timing 

20ns access -20 
25ns access -25 
30ns access -30 
35ns access -35 
45ns access -45 

• Packages 
Plastic DIP (300 mil) None 
Ceramic DIP (300 mil) C 
Plastic SOJ (300 mil) DJ 
CeramicLCC EC 

• Two Volt Data Retention L 

GENERAL DESCRIPTION 
The Micron SRAM family employs high-speed, low

power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications, Micron 
offers chip enable (CE) on all organizations. This enhance
ment can place the outputs in a high impedance state for 
additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MTSC2564 
REV. 1/91 4-81 

64Kx4SRAM 

PIN ASSIGNMENT (Top View) 

24L/300 DIP 
(A-7, 8-7) 

24L/300 SOJ 
(E-4) 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
CE 

Vss 

Vee AO 
A1 

A15 A2 
A3 A14 
A4 

A13 A5 

A12 A6 
A7 

A11 A8 

A10 A9 
CE 

D04 Vss 

D03 
D02 
D01 
WE 

28ULCC 
(F-4) 

..-ou8o «z>z 

3 2 '1,2827 
A2 4 

I~ 
26 

A3 5 
A4 6 
A5 7 23 
A6 8 
A7 9 
A8 10 
A9 11 
CE 12 

1314151617 

() en ()IW ~ 
Z~Z3:g 

1 • 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

A15 
A14 
A13 
A12 
A11 
A10 
D04 
D03 
D02 

24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 

Vee 
A15 
A14 
A13 
A12 
A11 
A10 
DQ4 
DQ3 
DQ2 
DQ1 
WE 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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TRUTH TABLE 

MODE a WE" DQ POWER 

STANDBY H X HIGH-Z STANDBY 

READ L H Q ACTIVE 

WRITE L L D ACTIVE 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -6S0C to + ISO°C 
Storage Temperature (Plastic) .................... -SsoC to + ISO°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ::;; T A::;; 70°C; Vee = S.OV ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vce+1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV :-;;VIN :-;;Vee ILl -5 5 I-tA 

Output Leakage Current Output(s) Disabled, ILo -5 5 I-tA 
OV:-;; VOUT:-;; Vee 

Output High Voltage IOH = -4.0mA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0mA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -20 -25 -30 -35 -40 UNITS NOTES 

Power Supply "CE :-;; VIL; Vee = MAX 

Current: Operating f = MAX = 11 'RC, lee 105 95 95 90 90 mA 3 

Outputs Open 

Power Supply "CE ~ VIH; Vee = MAX 
Current: Standby f = MAX = 1/'RC, ISBI 30 25 25 25 25 mA 

Outputs Open 

CE ~ Vee -0.2V; Vee = MAX 

VIL ~ Vss +0.2V; ISB2 5 5 5 7 7 mA 

VIH ~ Vee -0.2V; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C; f = 1 MHz CI 7 pF 4 

Output Capacitance Vee = 5V Co 5 pF 4 

4-83 

-~ en 
-I 
en 
lJ » 
3: 



IVIIC:I=U;;!~ MT5C2564 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5, 13) (OCC ::;; T A::;; 70c C; Vcc = 5V ± 10%) 

-20 -25 -30 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 20 25 30 35 45 ns 

Address access time lAA 20 25 30 35 45 ns 

Chip Enable access time lACE 20 25 30 35 45 ns 

Output hold from address change toH 3 5 5 5 5 ns 

Chip Enable to output in Low-Z ILZCE 6 6 6 6 6 ns 

Chip Disable to output in High-Z IHZCE 9 9 12 15 18 ns 6, 7 

Chip Enable to power-up time IpU 0 0 0 0 0 ns 

Chip Disable to power-down time IpD 20 25 30 35 45 ns 

WRITE Cycle 

WRITE cycle time twc 20 20 25 30 35 ns 

Chip Enable to end of write ICW 15 15 18 20 25 ns 

Address valid to end of write lAW 15 15 18 20 25 ns 

Address setup time lAS 0 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 0 ns 

Write pulse width IWp 15 15 18 20 25 ns 

Data setup time IDS 10 10 12 15 20 ns 

Data hold time IDH 0 0 0 0 0 ns 

Write Disable to output in Low-Z ILZWE 5 5 5 5 5 ns 

Write Enable to output in High-Z IHZWE 10 10 12 15 18 ns 6 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1 .5V 

Output reference levels ...................................... 1 .5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
S. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. tHZCE and t}fzWE are specified with CL = SpF as in 

Fig. 2. Transition is measured ± SOOm V from steady 
state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than ~ZCE. 

+5V 

~480 

"", ~ '''' 
Fig. 1 OUTPUT LOAD 

EQUIVALENT 

+5V 

~480 
Q", ~". 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables held 

in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. tRC = Read Cycle Time. 
12. Chip enable (CE) and write enable (WE) can initiate 

and terminate a WRITE cycle. 
13. For automotive, industrial and extended temperature 

specifications refer to page 4-169. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION 
Vcc for Retention Data 
Data Retention Current 

Chip Deselect to Data 
Retention Time 
Operation Recovery Time 

Vee 

CONDITIONS SYMBOL MIN TYP MAX 
VOR 2 -

CE ~ (Vcc -O.2V) I Vee = 2v leeoR 95 300 
VIN ~ (Vee -0.2V) I 

or :s; 0.2V Vee = 3v 350 400 

'CDR 0 -
'R 'RC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4.5V 

'CDR 
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UNITS NOTES 
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IlA 

ns 4 
ns 4,10 



- ADDR 

~ 
CJ) 
-I 

Q 
CJ) 
:IJ 
l> s:: 

CE 

DQ 

ICC 

READ CYCLE NO.1 8, 9 

VALID 

IAA 

IOH 

IJJt'"'ll"TlO. 
PREVIOUS DATA VALID ~ DATA VALID 

READ CYCLE NO.2 7,8,10 

V 

lACE 

ILZCE IHZCE 

-- HIGH-Z ~ 
DATA VALID 

\ 
NQQQ9 

I t ..... 11 I trD 

_______ �. __ r_u~1~----------------I.----~ 
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AOOR -----" 
----' 

l 
.r 

1////, '//It 

lAS 

o 

Q 

AOOR 

o 

J 

WRITE CYCLE NO.1 
(Write Enable Controlled) 7, 12 

Iwe 

lAW 

lew 

twp 

\/111;1 
I lOS 

IAH 

VlIIII///; /1// / / / / / / / / / /. 

IOH J 
j, ~ DATA VALID 
'\ j' 

IHZWE _I 

.1 
HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 12 

IWC 

lew 

IWp 

lOS 

ILZWE 1 

I 

_ HIGH-Z----Q '----
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SRAM 

FEATURES 
• High speed: 20, 25, 30, 35, and 45ns 
• High-performance, low-power, CMOS double metal 

process 
• Single +5V (±10%) power supply 
• Easy memory expansion with CE and OE options 
• All inputs and outputs are TTL compatible 

OPTIONS 
• Timing 

20ns access 
25ns access 
30ns access 
35ns access 
45ns access 

• Packages 
Plastic DIP (300 mil) 
Ceramic DIP (300 mil) 
Plastic SOJ (300 mil) 
CeramicLCC 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-20 
-25 
-30 
-35 
-45 

None 
C 
DJ 
EC 

L 

The Micron SRAM family employs high-speed, low
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in h~ speed memory applications, Micron 
offers chip enable (CE) and output enable (OE) on this or
ganization. These enhancements can place the outputs in a 
high impedance state for additional flexibility in system 
design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Readin~ac
complished when WE remains HIGH and CE and OE go 
LOW. The device offers a reduced power standby mode 
when disabled. This allows system designs to achieve low 
standby power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MT5C2585 
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64Kx4SRAM 
WITH OUTPUT ENABLE 

PIN ASSIGNMENT (Top View) 

28L/300 DIP 28L/300 SOJ 
(E-8) 

NC 
AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
CE 
DE 

Vss 

(A-9, 8-9) 

1 28 
2 27 
3 26 
4 25 
5 24 
6 23 
7 22 
8 21 
9 20 
10 19 
11 18 
12 17 
13 16 
14 15 

A2. 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
CE 

Vee 
A15 
A14 
A13 
A12 
A11 
A10 
NC 
NC 
OQ4 
OQ3 
OQ2 
OQ1 
WE 

NC 
AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 
CE 
OE 
Vss 

28L1LCC 
(F-4) 

~oogo ««2>2 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

3 2 '1,2827 
4 1...1 26 
5 
6 
7 
8 
9 21 
10 
11 
12 18 

1314151617 

IW UlolW ~ 
O~23:g 

28 P 
27 P 
26 P 
25 P 
24 P 
23 P 
22 P 
21 P 
20 P 
19 P 
18 P 
17 P 
16 P 
15 P 

A15 
A14 
A13 
A12 
A11 
A10 
DQ4 
DQ3 
DQ2 

Vee 
A15 
A14 
A13 
A12 
A11 
A10 
NC 
NC 
DQ4 
DQ3 
DQ2 
DQ1 
WE 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 



I'IIIC:I=II;:!N MT5C2565 

FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

~ ~ - All -+ 

~ Al0 -+ DQ4 

~ A12 -+ a: en w ....I 
Cl 0 

:D AS -+ 0 a: 
0 262,144 - BIT I-» z w MEMORY ARRAY 0 s: Cl , 

DQ1 A3 -+ 3: 
() 

0 0 :::::: a: 
A2 -+ 

CE 
Al -+ 

Ao -+ (LSB) 

OE 
WE 

COLUMN DECODER 
(LSB) POWER 

t t t t t t t t 
DOWN 

I I I I I , , , 
A7 As A5 A4 Ag A15 A14 A13 

TRUTH TABLE 

MODE M -eE" WE DQ POWER 

STANDBY X H X HIGH-Z STANDBY 

READ L L H Q ACTIVE 

READ H L H HIGH-Z ACTIVE 

WRITE X L L D ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................. -6S0C to + 1S0°C 
Storage Temperature (Plastic) .................... -SsoC to + 1S0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability . 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ::;; T A::;; 70°C; Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vcc+1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV~VIN ~Vee ILl -5 5 IlA 

Output Leakage Current Output(s) Disabled, ILo -5 5 !lA 
OV S VOUT S Vee 

Output High Voltage IOH = -4.0mA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0mA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -20 -25 -30 -35 -40 UNITS NOTES 
Power Supply CE" S VIL; Vee = MAX 
Current: Operating f = MAX = 1/ tRC, lee 105 95 95 90 90 mA 3 

Outputs Open 

Power Supply CE ~ VIH; Vee = MAX 
Current: Standby f = MAX = 1/ tRC, ISBI 30 25 25 25 25 mA 

Outputs Open 

CE" ~ Vce -0.2V; Vee = MAX 
VIL S Vss +0.2V; ISB2 5 5 5 7 7 mA 

VIH ~ Vee -0.2V; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA =25°C;f= 1MHz CI 7 pF 4 

Output Capacitance Vce = 5V Co 5 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5, 13) (O°C ~ T A ~ 70°C; Vcc = 5V ± 10%) 

-20 -25 -30 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 20 25 30 35 45 ns 

Address access time IAA 20 25 30 35 45 ns 

Chip Enable access time lACE 20 25 30 35 45 ns 

Output hold from address change toH 3 5 5 5 5 ns 

Chip Enable to output in Low-Z ILZCE 6 6 6 6 6 ns 

Chip Disable to output in High-Z IHZCE 9 9 12 15 18 ns 6, 7 

Chip Enable to power-up time IpU 0 0 0 0 0 ns 

Chip Disable to power-down time IpD 20 25 30 35 45 ns 

Output Enable access time IAOE 8 8 10 12 15 ns 

Output Enable to output in Low-Z ILZOE 0 0 0 0 0 ns 

Output Disable to out put in High-Z IHZOE 7 7 10 12 15 ns 

WRITE Cycle 

WRITE cycle time ¥lC 20 20 25 30 35 ns 

Chip Enable to end of write tcw 15 15 18 20 25 ns 

Address valid to end of write tAW 15 15 18 20 25 ns 

Address setup time lAS 0 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 0 ns 

Write pulse width IWp 15 15 18 20 25 ns 

Data setup time IDS 10 10 12 15 20 ns 

Data hold time IDH 0 0 0 0 0 ns 

Write Disable to output in Low-Z ILZWE 5 5 5 5 5 ns 

Write Enable to output in High-Z IHZWE 10 10 12 15 18 ns 6 

4-92 



AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1.5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. tHZCE, tHZOE and IJiZWE are specified with CL = 

SpF as in Fig. 2. Transition is measured ± SOOm V from 
steady state voltage. 

7. At any given temperature and voltage condition, 
IHZCE is less than tLZCE. 

+5V --r-d 480 

"", ~ ".> 
Fig. 1 OUTPUT LOAD 

EQUIVALENT 

+5V --r-d 480 

a,,, ~'" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT .. 

~ 
8. WE is HIGH for READ cycle. (/)-1 
9. Device is continuously selected. All chip enables held 

in their active state. (/) 
10. Address valid prior to or coincident with latest lJ 

occurring chip enable. 
11. tRC = Read Cycle Time. l> 
12. Chip enable (CE) and write enable (WE) can initiate 3: 

and terminate a WRiTE cycle. 
13. For automotive, industrial and extended temperature 

specifications refer to page 4-169. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX 
Vee for Retention Data VOR 2 -
Data Retention Current CE~ (Vcc -0.2V) I Vcc = 2v leeoR 95 300 

VIN ~ (Vee -0.2V) I 
or ::;; 0.2V Vee = 3v 350 400 

Chip Deselect to Data 
ICDR Retention Time 0 -

Operation Recovery Time IR IRC 

LOW Vee DATA RETENTION WAVEFORM 

Vee 
-------..1 4.5V 

ICDR 

CE vIH
V IL - .L.<...<-LL.L.IJ 

DATA RETENTION MODE 
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ADDR 

o 

DO 

Icc 

READ CYCLE NO.1 8, 9 

RC 

VALID 

IAA 

'OH 

IJJnrAA 
PREVIOUS DATA VALID ~ DATA VALID 

READ CYCLE NO.2 7, 8, 10 

'AOE 

'LZOE L IHZOE 

r 
lACE I 

I 
-- HIGHf--------~~--D-A-TA-V-A-Ll-D .L.--~l-__ _ 

I. 'PU )..---_____ 1_'" _IPD_L 
'tZGF ~'HZCE_ 

--------' 
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-----, 
ADDR 

---.J 

L 
J 

'!iulil/I////Jf... 
lAS 

D 

Q 

_I 

WRITE CYCLE NO.1 
(Write Enable Controlled) 7,12 

Iwe 

lAW 

lew 

Iwp 

VIII.t1 
I IDS 

IAH 

VilIlllllllill!////////!' 

IDH J 
J -J DATA VALID 
'\ ~ 

IHZWE 1 

.1 
HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 12 

Iwe 

ILZWE 1 
I 

ADDR 

D --------------+-------~ '---------' 

_ HIGH-Z----Q 1----
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SRAM 

FEATURES 
• High speed: 25, 35, and 45ns 
• High-performance, low-power, CMOS double metal 

process 
• Single +5V (±10%) power supply 
• Easy memory expansion with CE and OE 

options 
• All inputs and outputs are TTL compatible 
• Fast Output Enable access time: 8ns 

OPTIONS 
• Timing 

25ns access 
35ns access 
45ns access 

• Packages 
Plastic DIP (400 mil) 
Ceramic DIP (400mil) 
Plastic SOJ (400 mil) 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-25 
-35 
-45 

None 
C 
DJ 

L 

The Micron SRAM family employs high-speed, low
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications, Mi
cron offers chip enable (CE) capability. This enhancement 
can place the outputs in a high impedance state for addi
tional flexibility in system design. 

Writing to this device is accomplished when write enable 
(WE) and CE inputs are both LOW. Reading is acc~~ 
plished when WE remains HIGH while output enable (OE) 
and CE go LOW. The device offers a reduced power standby 
mode when disabled. This allows system designs to achieve 
low standby power requirements. ,; 

All devices operate from a single t5V power supply and 
all inputs and outputs are fully TTL compatible. 

MT5C1005 
REV. 1191 4-97 

256Kx4SRAM 
WITH OUTPUT ENABLE 

PIN ASSIGNMENT (Top View) 

28L/400 DIP 
(A-10) 

1- 28 A7 Vee 
2 27 A8 A6 
3 26 A9 A5 
4 25 A10 A4 
5 24 A11 A3 
6 23 A12 A2 
7 22 A13 A1 
8 21 A14 AD 
9 20 A15 NC 
10 19 A16 DQ4 
11 18 A17 DQ3 
12 17 CE DQ2 
13 16 DE DQ1 
14 15 Vss WE 

28L/400 SOJ 
(E-9) 

A7 
A8 
A9 

A10 
A11 
A12 
A13 
A14 
A15 
A16 
A17 
CE 
OE 
Vss 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

28 P 
27 P 
26 P 
25 P 
24 P 
23 P 
22 P 
21 
20 
19 
18 
17 P 
16 P 
15 P 

Vee 
A6 
A5 
A4 
A3 
A2 
A1 
AD 
NC 
DQ4 
DQ3 
DQ2 
DQ1 
WE 

Micron Technology, Inc., reserves the right to change products Of specifications without notice. 



FUNCTIONAL BLOCK DIAGRAM 

Vee GND 

- A5 -
~ A2 -
en 

A13 -
DQ4 

-t 
en A12 - cr. 
:rJ w ....J 

» a 0 
A9 - 0 cr. 

0 1,048,576 - BIT l-s: Z w MEMORY ARRAY 0 a 
A1 - ~ 

0 
0 :::, 

cr. 
A4 -

BE 
A3 -
A 11 -

(LSB) 
DE 

(LSBj 
~ 

COLUMN DECODER 
POWER 
DOWN 

t t t t t t t t t 
A14 A17 A16 A15 Ao A10 As A7 A6 

NOTE: The two least significant row address bits (A11 and A3) are encoded using a gray code. 

TRUTH TABLE 

MODE OE" a WE" DQ POWER 

STANDBY X H X HIGH-Z STANDBY 

READ L L H Q ACTIVE 

READ H L H HIGH-Z ACTIVE 

WRITE X L L D ACTIVE 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -6S0C to + ISO°C 
Storage Temperature (Plastic) .................... -SSoC to + ISO°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability . 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C :::; T A:::; 70°C; Vee = S.OV ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vee+1 V 1 

Input Low (Logic 0) Voltage VIL -O.S 0.8 V 1,2 

Input Leakage Current OV::; VIN::; Vee ILl -S S IlA 

Output Leakage Current Output(s) Disabled, ILo -S S !lA 
OV ::; VOUT::; Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 
Power Supply CE ::; VIL; Vec = MAX 
Current: Operating f = MAX = 1/ tRC, lee 120 rnA 3 

Outputs Open 

Power Supply CE;:: VIH; Vee = MAX 
Current: Standby f = MAX = 1/ tRC, IS81 30 rnA 

Outputs Open 

CE ;:: Vee -0.2V; Vee = MAX 

VIL ::; Vss +0.2V; IS82 7 rnA 

VIH ;:: Vce -0.2V; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 2SoC; f = 1MHz CI 8 pF 4 

Output Capacitance Vcc = SV Co 8 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5,13) (O°C:5; TA:5; 70°C; Vcc = 5V ± 10%) 

-25 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 25 35 45 ns 

Address access time IAA 25 35 45 ns 

Chip Enable access time lACE 25 35 45 ns 

Output hold from address change toH 5 5 5 ns 

Chip Enable 10 oulpul in Low,Z ILZCE 5 5 5 ns 

Chip Disable to output in High-Z IHZCE 10 15 18 ns 6, 7 

Chip Enable 10 power-up lime IpU 0 0 0 ns 

Chip Disable to power-down lime IpD 25 35 45 ns 

Output Enable access time IAOE 8 12 15 ns 

Output Enable 10 oulpul in Low-Z ILZOE 0 0 0 ns 

Output Disable to output in High-Z IHZOE 10 12 15 ns 6 

WRITE Cycle 

WRITE cycle time 'WC 25 35 45 ns 

Chip Enable 10 end of write tcw 15 20 25 ns 

Address valid to end of write lAW 15 20 25 ns 

Address setup time lAS 0 0 0 ns 

Address hold from end of write IAH 0 0 0 ns 

Write pulse width 'WP 15 20 25 ns 

Data setup time IDS 10 15 20 ns 

Data hold time IDH 0 0 0 ns 

Write Disable to output in Low-Z ILZWE 0 0 0 ns 

Write Enable to output in High-Z IHZWE 0 10 0 15 0 18 ns 6, 7 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1 .5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. t}iZCE, tHZOE and lJIZWE are specified with 

CL = SpF as in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE and lJIZWE is less than 
tLZWE. 

+5V 

-r-l 480 

0", ~ "''' 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

-r-l 480 

0", ~'" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables and 

output enable held in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. IRC = Read Cycle Time. 
12. Chip enable (CE) and write enable (WE) can initiate 

and terminate a WRITE cycle. 
13. For automotive, industrial and extended temperature 

specifications refer to page 4-171. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION 
Vee for Retention Data 

Data Retention Current 

Chip Deselect to Data 

Retention Time 

Operation Recovery Time 

Vee 

CONDITIONS SYMBOL MIN TYP 
VDR 2 

Ct~ (Vee -O.2V) Vcc = 2v IceDR 95 
VIN ~ (Vee -O.2V) 

or::;; O.2V Vce = 3v 350 

tCDR 0 

tR tRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

-----,1 4.SV 

4-101 

4.SV 1r-----

~ DON'T CARE 

~ UNDEFINED 

MAX UNITS NOTES 

- V 

500 IlA 

750 IlA 

- ns 4 

ns 4,11 
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READ CYCLE NO.1 8, 9 

ADDR VALID 

tAA 

tOH 

IAA1tJI. 

Q PREVIOUS DATA VALID MtN, DATA VALID 
~ 

READ CYCLE NO.2 7, 8, 10 

IAOE 

ILZOE I IHZOE 

1 
lACE 

t··_ ..... ..-
I_ lLZCE • bk,---_---'-I-_nLIJI::-j 

DQ -- HIGH-Z ------- . DATA VALID ~J----
I 

Icc 

___ I-_l_PU---,1 j. ~D L 
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AODR 
---.J 

I 

;J///&/11/;4 
lAS 

D 

Q 

AOOR 

WE 

_I 

WRITE CYCLE NO.1 
(Write Enable Controlled) 12 

Iwe 

lAW 

lew 

IWp 

Vllih 
I IDS 

IAH 

VlIIIIIIIIIII// / / / / / 1/ I! 

IDH J 
j, 

DATA VALID 'l 
1\ /' 

IHZWE 

.1 
HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 12 

Iwe 

lew 

IWp 

lOS 

IlZWE J 
I. 

o ------------~--------~--~O~A~~~V~AL~IO----J 

Q "------_ HIGH-Z-------
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SRAM 

FEATURES 
• High speed: 12, 15,20,25,30 and 35ns 
• High-performance, low-power, CMOS double metal 

process 
• Single +5V (±10%) power supply 
• Easy memory expansion with CE and OE options 
• All inputs and outputs are TTL compatible 

OPTIONS 
• Timing 

12ns access 
15ns access 
20ns access 
25ns access 
30ns access 
35ns access 

• Packages 
Plastic DIP (300 mil) 
Ceramic DIP (300 mil) 
Plastic SOJ (300 mil) 
Ceramic LCC (28 pin) 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-12 
-15 
-20 
-25 
-30 
-35 

None 
C 
DJ 
EC 

L 

The Micron SRAM family employs high-speed, low
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications, Mi
cron offers chip enable (CE) on all organizations. This en
hancement can place the outputs in a high impedance state 
for additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a Single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MT5C1608 
REV. 1/91 4-105 

2Kx 8 SRAM 

PIN ASSIGNMENT (Top View) 

24L1300DIP 
(A-7, B-7) 

24L1300 SOJ 
(E-4) 

A7 Vee A7 Vee 

A6 A8 A6 A8 
A5 A9 

A5 A9 A4 WE 

A4 WE A3 OE 
A2 A10 

A3 OE A1 CE 

A2 A10 AO D08 
D01 DO? 

A1 CE D02 D06 

AO D08 D03 D05 

D01 D07 
Vss D04 

D02 D06 
D03 D05 
VSS D04 

28L1LCC 
(F-4) 

t---<DL08ro 
-<-<-<>-< 

3 2 '1,2827 
A4 4 I.J 26 AO 
A3 5 25 WE 
A2 6 24 OE 
NC 7 23 A10 
NC 8 22 NC 
A1 9 21 NC 
AO 10 20 CE 

D01 11 19 D08 
D02 12 18 D07 

1314151617 

(y)CI)vLO<D 

g~ggg 
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FUNCTIONAL BLOCK DIAGRAM 

Vcc GND 

- ! ! 

~ 
A1 --. 

D08 
en Ag --. 
-I 
en A2 --. a::: 
:II w .....J 

0 0 
l> 0 a::: 

16,384 - BIT l-s: A3 --. () 
Z w MEMORY ARRAY 0 0 . 

D01 () 

A4 --. ;:: 0 0 ::::, 
a::: 

A5 --. 
CE 

A6 --. 
(LSB) 

OE 

WE 

COLUMN DECODER 
(LSB) POWER 

""'.,1.1 

t t t t UVVVI1 

Ao As A10 A7 

TRUTH TABLE 

MODE M U WE" DQ POWER 

STANDBY X H X HIGH-Z STANDBY 

READ L L H Q ACTIVE 

READ H L H HIGH-Z ACTIVE 

WRITE X L L D ACTIVE 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -6SoC to + ISO°C 
Storage Temperature (Plastic) .................... -SsoC to + ISO°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(ODC :::; T A:::; 70DC; Vee = S.OV ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vec +1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV ~VIN ~Vec ILl -5 5 j!A 

Output Leakage Current Output(s) Disabled, ILo -5 5 j!A 
OV ~ VOUT ~ Vcc 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -3~ -35 UNITS NOTES 

Power Supply CE ~ VIL; Vcc = MAX 
Current: Operating f = MAX = 1/ tRC, lee 140 125 .110 100 100 100 rnA 3 

Outputs Open 

Power Supply CE ~ VIH; Vee = MAX 
Current: Standby f = MAX = 1/ tRC, IS81 50 45 40 30 30 30 rnA 

Outputs Open 

CE ~ Vcc -0.2V; Vcc = MAX 
VIL ~ Vss +0.2V; IS82 3 3 3 3 3 3 rnA 

VIH ~ Vee -0.2V; f = 0 

CAPACITANCI: 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C; f = 1 MHz CI 7 pF 4 

Output Capacitance Vce = 5V Co 7 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5, 13) (O°C :::;; T A:::;; 70°C; Vcc = 5V ± 10%) 

-12 -15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 12 15 20 25 30 35 ns 

Address access time tAA 12 15 20 25 30 35 ns 

Chip Enable access time tACE 11 12 15 20 25 30 ns 

Output hold from address change tOH 3 3 3 3 3 3 ns 

Chip Enable to output in Low-Z tLZCE 3 3 5 5 5 5 ns 

Chip Disable to output in High-Z tHZCE 7 7 10 10 15 20 ns 6, 7 

Chip Enable to power-up time tpu 0 0 0 0 0 0 ns 

Chip Disable to power-down time tpD 12 15 20 25 30 35 ns 

Output Enable access time tAOE 7 7 9 10 15 20 ns 

Output Enable to output in Low-Z tLZOE 0 0 0 0 0 0 ns 

Output Disable to output in High-Z tHZOE 6 6 10 10 15 20 ns 6 

WRITE Cycle 

WRITE cycle time WC 12 15 20 25 30 35 ns 

Chip Enable to end of write tcw 10 12 15 20 25 25 ns 

Address valid to end of write tAW 12 12 15 20 25 25 ns 

Address setup time tAS 0 0 0 0 0 0 ns 

Address hold from end of write lAH 0 0 0 0 0 0 ns 

Write pulse width twp 10 12 15 20 25 25 ns 

Data setup time tDS 7 8 10 10 15 15 ns 

Data hold time tDH 0 0 0 0 0 0 ns 

Write Disable to output in Low-Z tLZWE 2 2 2 2 2 2 ns 

Write Enable to output in High-Z tHZWE 6 6 8 10 12 15 ns 6 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1 .5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. IHZCE, lJiZWE and IHZOE are specified with CL 

= SpF as in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

+5V 

~480 
Q", ~"" 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 
Q,,, ~'"' 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables 

held in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. IRc = Read Cycle Time. 
12. Chip enable (CE) and write enable (WE) can initiate 

and terminate a WRITE cycle. 
13. For automotive, industrial and extended temperature 

specifications refer to page 4-165. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX UNITS NOTES 
Vee for Retention Data VOR 2 - V 
Data Retention Current CE ~ (Vcc -0.2V) I Vce = 2v lecoR 95 250 IJA 

VIN ~ (Vce -0.2V) I 
or::;; 0.2V Vee = 3v 300 400 IJA 

Chip Deselect to Data 
ICDR Retention Time 0 - ns 4 

Operation Recovery Time IR IRC ns 4,11 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

Vee 
4.5V 4.5V 

ICDR IR 

vDR 

~ DON'T CARE 

~ UNDEFINED 
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ADDR 

Q 

CE 

DQ 

Icc 

READ CYCLE NO.1 8, 9 

VALID 

1M 

IOH 

IJJntAA 
PREVIOUS DATA VALID 'tNR DATA VALID 

~'UULlI.J 

READ CYCLE NO.2 7, 8, 10 

IAOE 

ILZOE IHZOE 

I 
lACE 

+. --- I IHZCE 

___ HIGHt __ 'LL_V_~ ____ " ~""---DA-T-A-VA-L-ID....JI'-"-_j}----
I 

I. IpU ) I" tpD L 
_______ -J 

~ DON'T CARE 

~ UNDEFINED 



AOOR 

o 

Q 

AOOR 

o 

--------. 
---.J 

L 

ij'/j'/&/Id 
'AS 

------, 
~ 

'AS 

_I 

WRITE CYCLE NO.1 
(Write Enable Controlled) 7, 12 

'we 

'AW 

'ew 

'WP 

W!Ii 
I 'os 
I 

'AH 

V/j'j'////I//////@j~ 

'OH J 

..Y DATA VALID 'I 
'I. I' 

'HZWE _I 

,I 
HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 12 

'we 

'AW 

'ew 

" \ 
'WP 

'LZWE 1 

I 

'AH 

'II / / / / / / / / / / / I. f / / (liL '1111111// / / / jI III I I I I I, 
'os 'OH J 

j; ~ DATA VALID 'I. I' 

'HZWE 

Qf----HIGH-Z ----
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SRAM 

FEATURES 
• High speed: 12, 15, 20, 25, 30 and 35ns 
• High-performance, low-power, CMOS double metal 

process 
• Single +5V (±1O%) power supply 
• Easy memory expansion with CEl, CE2 and OE 

options 
• All inputs and outputs are TTL compatible 

OPTIONS MARKING 
• Timing 

12ns access -12 
15ns access -15 
20ns access -20 
25ns access -25 
30ns access -30 
35ns access -35 

• Packages 
Plastic DIP (300 mil) None 
Ceramic DIP (300 mil) C 
Plastic SOJ (300 mil) DJ 
Ceramic LCC (28 pin) EC 
Ceramic LCC (32 pin) ECW 

• Two Volt Data Retention L 

GENERAL DESCRIPTION 
The Micron SRAM family employs high-speed, low

power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications, Micron 
offers two chip enables on the x8 organizations. This en
hancement can place the outputs in a high impedance state 
for additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE goes to LOW. 
The device offers a reduced power standby mode when 
disabled. This allows system designs to achieve low standby 
power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MT5C6408 
REV. 1191 4-113 

8Kx8SRAM 

PIN ASSIGNMENT (Top View) 

28L1300 DIP 
(A-9, 8-9) 

NC 1 '-"28 
A12 2 27 

A7 3 26 
A6 4 25 
A5 5 24 
A4 6 23 
A3 [ 7 22 
A2 [ 8 21 
A1 [ 9 20 
AO [ 10 19 

DQ1 [ 11 18 
DQ2 [ 12 17 
DQ3 [ 13 16 
VSS [ 14 15 

28L/LCC 
(F-4) 

r--. ~ () gil;! 
c(c(z» 

/ 3 2 '1,2827 
A6 4 '" 26 
A5 5 25 
A4 6 24 
A3 7 23 
A2 8 22 
Al 9 21 
AO 10 20 

001 11 19 
002 12 18 

1314151617 

Vee 
WE 
CE2 
A8 
A9 
A11 
DE 
A10 
CE1 
DQ8 
DQ7 
DQ6 
DQ5 
DQ4 

CE2 
A8 
A9 
All 
OE 
A10 
GEl 
008 
007 

28L1300 SOJ 
(E-8) 

NC 1 28 b Vee 
A12 2 27 P WE 

A7 3 26 P CE2 
A6 4 25 AS 
A5 5 24 A9 
A4 6 23 A11 
A3 7 22 OE 
A2 8 21 A10 
A1 9 20 CE1 
AO 10 19 D08 

D01 11 18 D07 
D02 12 17 D06 
D03 13 16 D05 
Vss 14 15 D04 

32L/LCC 
(F-6) 

< ~ ~ ~ ~I~ ~ 
4 3 2 01,323130 

A6 5 ," 29 A8 
A5 6 28 A9 
A4 27 All 
A3 26 NG 
A2 9 25 DE 
Al 10 24 Al0 
AO 11 23 GEl 
NG 12 22 008 

001 13 21 DQ7 
14151617181920 

g§~~ggg 
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FUNCTIONAL BLOCK DIAGRAM 

Vcc GND 

- ! ! 

~ A2 --+ 

D08 

~ As --+ 

en 
A3 --+ a: 

::rJ UJ ....J 

Cl 0 » 0 a: 
65,536 - BIT l-

i: A4 --+ U Z UJ MEMORY ARRAY Cl 0 , 
D01 

3: 
u 

As --+ 0 ~ a: 

A6 --+ 
CE1 
CE2 

A7 --+ 

(LSB) 
DE 

WE 

COLUMN DECODER 
(LSB) POWER 

f f f f f f 
DOWN 

Ag A11 A1 Ao A 10 A12 

TRUTH TABLE 

MODE "C£1 CE2 WE" "OE DQ OPERATION POWER 

STANDBY H X X X HIGH-Z STANDBY 

STANDBY X L X X HIGH-Z STANDBY 

READ L H H L Q ACTIVE 

READ L H H H HIGH-Z ACTIVE 

WRITE L H L X D ACTIVE 

4-114 



ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability . 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ lO°C; Vee = 5.0V ± 10%) 

DESCRIPTIDN CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vcc +1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV ~ VIN ~ Vce ILl -5 5 I1A 

Output Leakage Current Output(s) Disabled, ILo -5 5 I1A 
OV ~ VOUT ~ Vee 

Output High Voltage IOH = -4.0mA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0mA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -3~ -35 UNITS NOTES 

Power Supply CE ~ VIL; Vee = MAX 

Current: Operating f = MAX = 1/tRC, Icc 140 130 120 110 100 100 mA 3 

Outputs Open 

Power Supply CE ~ VIH; Vee = MAX 
Current: Standby f = MAX = 1/tRC, ISB1 60 50 40 30 30 30 mA 

Outputs Open 

CE ~ Vcc -0.2V; Vee = MAX 

VIL ~ Vss +0.2V; ISB2 5 5 5 5 5 5 mA 
VIH ~ Vee -0.2V; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 25°C; f = 1MHz CI 7 pF 4 

Output Capacitance Vcc = 5V Co 7 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5, 13) (O°C ::;; T A::;; 70°C; Vcc = 5V ± 10%) 

-12 -15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 12 15 20 25 30 35 ns 

Address access time IAA 12 15 20 25 30 35 ns 

Chip Enable access time lACE 12 12 15 20 25 30 ns 

Output hold from address change toH 3 3 3 3 3 3 ns 

Chip Enable to output in Low-Z ILZCE 3 3 5 5 5 5 ns 

Chip Disable to output in High-Z IHZCE 7 7 10 10 15 20 ns 6, 7 

Chip Enable to power-up time IpU 0 0 0 0 0 0 ns 

Chip Disable to power-down time IpD 12 15 20 25 30 35 ns 

Output Enable access time IAOE 7 7 9 10 15 20 ns 

Output Enable to output in Low-Z ILZOE 0 0 0 0 0 0 ns 

Output Disable to output in High-Z IHZOE 6 6 10 10 15 20 ns 6 

WRITE Cycle 

WRITE cycle time !Wc 12 15 20 25 30 35 ns 

Chip Enable to end of write ICW 10 12 15 20 25 25 ns 

Address valid to end of write lAW 12 12 15 20 25 25 ns 

Address setup time lAS 0 0 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 0 0 ns 

Write pulse width IWp 10 12 15 20 25 25 ns 

Data setup time IDS 8 8 10 10 15 15 ns 

Data hold time IDH 0 0 0 0 0 0 ns 

Write Disable to output in Low-Z ILZWE 2 2 2 2 2 2 ns 

Write Enable to output in High-Z IHZWE 6 6 8 10 12 15 ns 6 
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AC TEST CONDITIONS 

Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1.5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. tHZCE, tHZWE and tHZOE are specified with CL = 

5pF as in Fig. 2. Transition is measured ± 500m V from 
steady state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than 1LZCE. 

+5V 

~480 "", + "", 
Fig. 1 OUTPUT LOAD 

EQUIVALENT 

+5V 

~480 

Q", +'" 
Fig. 2 OUTPUT LOAD 

EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables held 

in their active state. 
10. Address valid prior to or coincident with latest 

oct::urring chip enable. 
11. 1RC = Read C~e Time. _ 
12. Chip enable (CE) and write enable (WE) can initiate 

and terminate a WRITE cycle. 
13. For automotive, industrial and extended temperature 

specifications refer to page 4-167. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION 

Vcc for Retention Data 

Data Retention Current 

Chip Deselect to Data 
Retention Time 
Operation Recovery Time 

Vee 

CONDITIONS SYMBOL MIN TYP MAX 

VDR 2 -
CE ;;:: ~vcc -0.2V) I Vcc = 2v IccDR 95 250 
VIN;;:: Vcc -0.2V) I 

or :5 0.2V Vcc = 3v 300 400 

IGOR 0 -
IR IRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4.5V 

ICDR 

4-117 

4.5V 

~ DON'T CARE 

~ UNDEFINED 

UNITS NOTES 

V 

~ 

~ 

ns 4 

ns 4,11 
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ADDR 

o 

DO 

Icc 

READ CYCLE NO.1 8, 9 

RC 

VALID 
.J 

tM 

tOH 

PREVIOUS DATA VALID ~ DATA VALID 
.UA.lU' 

READ CYCLE NO.2 7, 8,10 

.J 
tAOE 

IUOE I tHZOE 

r 
lACE I 

I IHZCE 

-- HIGH-l"'-------· B~· --D-A-TA-V-A-LlD--L---~l----
I tpu I tpD 

ILZr.F 

_______ 1· ____ ~1~---------1-.---~ 
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ADDR 

D 

Q 

ADDR 

o 

I 

~ljjlllllllill 
lAS 

~ 

---.J 

lAS 

J 

WRITE CYCLE NO.1 
(Write Enable Controlled) 7, 12 

Iwe 

lAW 

lew 

Iwp 

VIII~ 
L IDS 

1 

) 

IAH 

WlIIIIIIIIIIIIIIIII;'l. 

IDH J 
,I 

J' DATA VALID 'J 
'\ ./' 

IHZWE I 
.1 

HIGH·Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 12 

Iwe 

lAW 

_I lew 

'\ 
IWp 

ILZWE I 

I 

IAH 

tlllf11l1LfL11illflll/) Y/ 1111/////// 
I IDS IDH J 

J ~ DATA VALID 
'\ I' 

IHZWE 

Qr---- HIGH-Z ---
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SRAM 

FEATURES 
• High speed: 20, 25, 30, 35, and 45ns 
• High-performance, low-power, CMOS double metal 

process 
• Single +5V (±1O%) power supply 
• Easy memory expansion with CE and OE options 
• All inputs and outputs are TTL compatible 

OPTIONS 
• Timing 

20ns access 
25nsaccess 
30ns access 
35ns access 
45ns access 

• Packages 
Plastic DIP (300 mil) 
Plastic DIP (600 mil) 
Ceramic DIP (300 mil) 
Ceramic DIP (600 mil) 
Plastic SOJ (300 mil) 
Ceramic LCC (28 pin) 
Ceramic LCC (32 pin) 

• Two Volt Data Retention 

• Temperature 
Industrial HO°C to +85°C) 

GENERAL DESCRIPTION 

MARKING 

-20 
-25 
-30 
-35 
-45 

None 
W 
C 

CW 
DJ 
EC 

ECW 

L 

IT 

The Micron SRAM family employs high-speed, low
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications, Micron 
offers chip enable (CE) and output enable (OE) on this or
ganization. These enhancements can place the outputs in a 
high impedance state for additional flexibility in system 
design. 
Writi~o the~devices is accomplished when write 

enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE and OE go 
LOW. The device offers a reduced power standby mode 
when disabled. This allows system designs to achieve low 
standby power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MTSC2568 
REV. 1191 4-121 

32Kx8SRAM 

PIN ASSIGNMENT (Top View) -28L/300/600 DIP 28L/300 SOJ ~ (A-9, A-11, 8-9, 8-11) (E-8) en 
A14 1 '-'28 Vee A14 1 28 Vee -I A12 2 27 WE 

A12 2 27 WE A7[ 3 26 A13 en A6 4 25 A8 
A7 3 26 A13 AS 5 24 A9 :::D 
A6 4 25 A8 A4 6 23 A11 l> A3 [ 7 22 OE 

A5 5 24 A9 A2 8 21 A10 !: A4 6 23 A11 A1 9 20 CE 
AO 10 19 D08 

A3 7 22 OE DOl 11 18 D07 
D02 12 17 DQ6 

A2 8 21 A10 D03 13 16 DOS 

A1 9 20 CE Vss 14 15 D04 

AO 10 19 D08 28L/LCC 
D01 11 18 D07 (F-4) 
D02 12 17 D06 

t-- ~;! glw 
D03 13 16 D05 ~ .. >;;: 

Vss 14 15 D04 A6 
3 2 '1,2827 

4 u 26 A13 
A5 25 A8 
A4 24 A9 
A3 7 23 All 

28L ZIP A2 8 22 DE 
Al 9 21 Al0 

(C-5) AO 10 20 CE 
DOl 11 19 D08 

OE 1:;-
D02 12 18 D07 

':: 2 A11 1314151617 
A9 3 ." Mgjgl.OCO c· 4 A8 8> 88 A13 5 ." .. 

':: 6 WE 
Vee 7 ." 

0:: 8 A14 32L/LCC A12 9 ." 
':: 10 A7 (F-6) A6 11 ." 
0:: 12 A5 

A4 13." <~~~~I~~ ':: 14 A3 
A2 15." 

':: 16 Al 4 3 2 11.323130 

AD 17 " 
A6 • ,~ 2. A8 

0:: 18 DOl A5 6 28 A9 

D02 19 ." A4 7 27 All 
':: 20 D03 A3 26 NC 

V.s 21 ." A2 2. OE 
0:: 22 D04 A1 10 24 A10 

DOS 23 ." AO 11 23 CE 0:: 24 D06 
D07 25 ." NC 12 22 D08 

CE 27." 
,:: 26 D08 DOl 13 21 D07 

14151617181920 
':: 28 Al0 

- gg~~g8g 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 



FUNCTIONAL BLOCK DIAGRAM 

Vcc GND 

- ~ ~ 
A11 ...... 

~ Ag D08 en ...... 
-I 
en A10 ...... 

II: 
:D w ...J 

» 0 0 
Ao ...... 0 II: 

s: () 262,144 - BIT I-z w MEMORY ARRAY 0 0 , 
DOl A5 ...... () 

~ 0 0 ::::, 
II: 

A6 ...... 
CE 

A7 ...... 
A12 ...... (LSB) 

DE 

WE 

COLUMN DECODER 
(LSB) POWER 

nn\"ft.. 

t t t t t t t 
UUVVIII 

A1 A2 A3 A4 A14 A13 As 

TRUTH TABLE 

MODE ~ ~ WE DQ POWER 

STANDBY X H X HIGH-Z STANDBY 

READ L L H Q ACTIVE 

READ H L H HIGH-Z ACTIVE 

WRITE X L L D ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -6S0C to + IS0°C 
Storage Temperature (Plastic) .................... -SsoC to + IS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability . .. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS ~ 
(O°C :::;; T A:::;; 70°C; Vee = 5.0V ± 1 0%) ~ 

DESCRIPTION CONDITIONS SYMBOL MIN 

Input High (Logic 1) Voltage VIH 2.2 

Input Low (Logic 0) Voltage VIL -0.5 

Input Leakage Current OV !> VIN !> Vee ILl -5 

Output Leakage Current Output(s) Disabled, ILo -5 
OV!> VOUT!> Vee 

Output High Voltage IOH = -4.0mA VOH 2.4 

Output Low Voltage IOL = 8.0mA VOL 

DESCRIPTION CONDITIONS SYMBOL -20 

Power Supply CE !> VIL; Vee = MAX 
Current: Operating f = MAX = 1/tRC, lee 105 

Outputs Open 

Power Supply CE ~ VIH; Vee = MAX 
Current: Standby f = MAX = 1/tRC, IS81 30 

Outputs Open 

CE ~ Vee -0.2V; Vee = MAX 
VIL !> Vss +0.2V; IS82 5 

VIH ~ Vee -0.2V; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN 

Input Capacitance T A = 25°C; f = 1 MHz CI 

Output Capacitance Vee = 5V Co 

4-123 

MAX 

Vcc+1 

0.8 

5 

5 

0.4 

MAX 

-25 -3~ 

95 95 

25 25 

5 5 

MAX 

7 

5 

UNITS 

V 

V 

IlA 

IlA 

V 

V 

-35 -40 

90 90 

25 25 

7 7 

UNITS 

pF 

pF 

NOTES 

1 

1,2 

1 

1 

UNITS NOTES 

mA 3 

mA 

mA 

NOTES 

4 

4 

en 
::rJ » 
3: 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5, 13) (O°C $; T A $; 70°C; Vcc = 5V ± 10%) 

-20 -25 -30 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 20 25 30 35 45 ns 

Address access time IAA 20 25 30 35 45 ns 

Chip Enable access time lACE 20 25 30 35 45 ns 

Output hold from address change toH 3 5 5 5 5 ns 

Chip Enable to output in Low-Z ILZCE 6 6 6 6 6 ns 

Chip Disable to output in High-Z IHZCE 9 9 12 15 18 ns 6, 7 

Chip Enable to power-up time IpU 0 0 0 0 0 ns 

Chip Disable to power-down time IpD 20 25 30 35 45 ns 

Output Enable access time IAOE 8 8 10 12 15 ns 

Output Enable to output in Low-Z ILZOE 0 0 0 0 0 ns 

Output Disable to output in High-Z IHZOE 7 7 10 12 15 ns 

WRITE Cycle 

WRITE cycle time twc 20 20 25 30 35 ns 

Chip Enable to end of write ICW 15 15 18 20 25 ns 

Address valid to end of write lAW 15 15 18 20 25 ns 

Address setup time lAS 0 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 0 ns 

Write pulse width IWp 15 15 18 20 25 ns 

Data setup time lOS 10 10 12 15 20 ns 

Data hold time IDH 0 0 0 0 0 ns 

Write Disable to output in Low-Z ILZWE 5 5 5 5 5 ns 

Write Enable to output in High-Z IHZWE 10 10 12 15 18 ns 6 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1.5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 2Ons. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
S. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. ttiZCE, ttiZOE and liZWE are specified with CL = 

SpF as in Fig. 2. Transition is measured ± SOOm V from 
steady state voltage. 

7. At any given temperature and voltage condition, 
IHZCE is less than ILZCE. 

+5V 

---r-l 480 

Q", ~ "'" 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

---r-l 480 

Q", ~'" 
Fig. 2 OUTPUT LOAD 

EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables held 

in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. IRC = Read Cycle Time. 
12. Chip enable (CE) and write enable (WE) can initiate 

and terminate a WRITE cycle. 
13. For automotive, industrial and extended temperature 

specifications refer to page 4-169. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX UNITS NOTES 
Vce for Retention Data VOR 2 - V 
Data Retention Current CE~ (Vee -0.2V) I Vee = 2v leeoR 95 300 ~A 

VIN ~ (Vee -0.2V) I 
or :5 0.2V Vee = 3v 350 400 ~ 

Chip Deselect to Data 
ICDR Retention Time 0 - ns 4 

Operation Recovery Time IR IRC ns 4,11 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

Vee 4.5V 4.5V 

leDR IR 

vDR 

~ DON'T CARE 

~ UNDEFINED 
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ADDR 

o 

DO 

Icc 

READ CYCLE NO.1 8, 9 

VALID 

1M 

IOH 

PREVIOUS DATA VALID ~ DATA VALID 
'U..lUJ 

READ CYCLE NO.2 7, 8, 10 

'AOE 

'LZOE L IHZOE 

1 
lACE I . 

\-
'LZCE . ,-----------'----. 

HIGH-Z 
I 

~ I :HZCE.~ 
------- . DATA VALID ]----

I. IpU 

1 
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AOOR 

o 

o 

AOOR 

o 

-
--1 

L 
.1 

~IIIIIIIIIIIA 
lAS 

~ 

----.I 

lAS 

J 

WRITE CYCLE NO.1 
(Write Enable Controlled) 7, 12 

Iwe 

lAW 

lew 

Iwp 

VI/I~ 
I lOS 

~ 

IAH 

VI ///IIIIII/IIIIIIIIII/!' 

IOH J 
~ DATA VALID \I 

J 

IHZWE _I 

.1 
HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 12 

Iwe 

lAW 

I lew 

1 
IWp 

ILZWE _I 
-I 

IAH 

'111111 I I I I I I III I I I I I / /; r; Ijjjjllllllllllllili/; 
L lOS IOH J 
V ~ DATA VALID 
'\ ./' 

IHZWE 

01----HIGH-Z ---
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SRAM 128Kx 8 SRAM 
WITH OUTPUT ENABLE 

FEATURES 
• High speed: 25, 35, and 45ns 
• High-performance, low-power, CMOS double metal 

process 
• Single +5V (±lO%) power supply 
• Easy memory expansion with CEl, CE2 and OE 

options 
• All inputs and outputs are TTL compatible 
• Fast Output Enable access time: 8ns 

OPTIONS 
• Timing 

25ns access 
35ns access 
45ns access 

• Packages 
Plastic DIP (400 mil) 
Plastic DIP (600 mil) 
Ceramic DIP (400 mil) 
Ceramic DIP (600 mil) 
Plastic SOJ (400 mil) 
Ceramic LCC (32 pin) 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-25 
-35 
-45 

None 
W 
C 

CW 
OJ 
EC 

L 

The Micron SRAM family employs high-speed, low
power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

For flexibility in high speed memory applications, 
Micron offers dual chip enables (CEl, CE2). This enhance
ment can place the outputs in a high impedance state for 
additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CEI inputs are both LOW and CE2 is 
HIGH. Reading is accomplished when WE and CE2 remain 
HIGH and CEI goes LOW. The device offers a reduced 
power standby mode when disabled. This allows system 
designs to achieve low standby power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MT5C1Q08 
REV. 1/91 4-129 

PIN ASSIGNMENT (Top View) 

32L1400/600 DIP 
(A-12, A-13, 
8-12,8-13) 

32L1400 SOJ 
(E-11 ) 

NC 1'--./32 

A16 2 31 

A14 3 30 

A12 4 29 

Al 5 28 

A6 6 27 

A5 7 26 

A4 8 25 

A3 9 24 

A2 10 23 

A1 11 22 

AO 12 21 

D01 13 20 

D02 14 19 

D03 15 18 

Vss 16 17 

NC 
A16 
A14 
A12 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 

001 
002 
003 
Vss 

Vee NC 1 

A15 A16 2 

CE2 / NC' A14 3 

WE A12 
A7 

4 
5 

A13 A6 6 

A8 A5 7 

A9 A4 
A3 

8 
9 

A11 A2 10 

OE A1 11 

A10 AD 12 

CE1 D01 
D02 

13 
14 

D08 D03 15 

DOl Vss 16 

D06 
D05 
D04 

32L1LCC 
(F-8) 

:::J1 32 r: Vee 
-, 31 ,- A15 
-, 30 ,- CE2/ NC' 

-' 29 r: WE 
-, 28 r: A13 
-, 27 r: AB 
-, 26 r: A9 
-, 25 ~: A11 
-, 24 r: DE 
-, 10 23 r: A10 
-, 11 22 ~: GE1 
-, 12 21 ,- DOB 
-, 13 20 r: 007 
-, 14 19 r: 006 
-, 15 1B r: 005 
-, 16 17 r: 004 

32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 

Vee 
A15 
CE2 / NC' 
WE 
A13 
A8 
A9 
A11 
OE 
A10 
CE1 
D08 
D07 
D06 
D05 
D04 

'Contact factory for no-connect (NC) option on pin 30 

Micron Technology, Inc., reserves the right to change products or specifications WIthout notice. 

.. 
~ 
CJ) 
-f 
CJ) 
JJ 
l> 
s: 



-~ en 
-I 
en 
:D » s: 

A 16 ----. 

Ag ----. 

A4 ----. 
a::: 
w 

A5 ----. 0 
0 

A 12 ----. 
() 
w 
0 

s: A 11 ----. 0 
a::: 

A 13 ----. 

As ----. 

A6 ----. (LSB) 

FUNCTIONAL BLOCK DIAGRAM 

Vcc GND 

....I 
0 
a::: 

1,048,576 - BIT I-
Z 

MEMORY ARRAY 0 
() 

~ 

COLUMN DECODER 
(LSB) 

+ + + 
I I I 

A 14 A 10 A 15 

D08 

• D01 

r------,Io--..-- CE1 
1--_ ...... _CE2 

POWER 1_----' 
DOWN 1 __ -' 

NOTE: The two least significant row address bits (A8 and A6) are encoded using a gray code. 

TRUTH TABLE 

MODE ~ ~1 CE2 WE DQ POWER 

STANDBY X H X X HIGH-Z STANDBY 

STANDBY X X L X HIGH-Z STANDBY 

READ L L H H Q ACTIVE 

READ H L H H HIGH-Z ACTIVE 

WRITE X L H L D ACTIVE 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability . 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(ODC :S; T A :S; 70DC; Vee = S.OV ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vee+1 V 1 

Input Low (Logic 0) Voltage VIL -O.S 0.8 V 1,2 

Input Leakage Current OV .~ VIN ~ Vee ILl -5 5 J.lA 
Output Leakage Current Output(s) Disabled, ILo -5 S J.lA 

OV ~ VOUT ~ Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 
Power Supply CE ~ VIL; Vee = MAX 

Current: Operating f = MAX = 11 tRC, lee 120 rnA 3 
Outputs Open 

Power Supply CE~ VIH; Vee = MAX 

Current: Standby f = MAX = 1/ tRC, 1581 30 rnA 

Outputs Open 

CE ~ Vee -0.2V; Vee = MAX 

VIL ~ V55 +0.2V; 1582 7 rnA 

VIH ~ Vee -0.2V; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 2SoC; f = 1MHz CI 8 pF 4 

Output Capacitance Vee = SV Co 8 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5, 14) (O°C ::; T A::; 70°C; Vcc = 5V ± 10%) 

-25 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 25 35 45 ns 

Address access time tAA 25 35 45 ns 

Chip Enable access time tACE 25 35 45 ns 

Output hold from address change tOH 5 5 5 ns 

Chip Enable to output in Low-Z tLZCE 5 5 5 ns 

Chip Disable to output in High-Z tHZCE 10 15 18 ns 6, 7 

Chip Enable to power-up time tpu 0 0 0 ns 

Chip Disable to power-down time tpD 25 35 45 ns 

Output Enable access time tAOE 8 12 15 ns 

Output Enable to output in Low-Z tLZOE 0 0 0 ns 

Output Disable to output in High-Z tHZOE 10 12 15 ns 6 

WRITE Cycle 

WRITE cycle time twc 25 35 45 ns 

Chip Enable to end of write tcw 15 20 25 ns 

Address valid to end of write tAW 15 20 25 ns 

Address setup time tAS 0 0 0 ns 

Address hold from end of write tAH 0 0 0 ns 

Write pulse width twp 15 20 25 ns 

Data setup time tDS 10 15 20 ns 

Data hold time tDH 0 0 0 ns 

Write Disable to output in Low-Z tLZWE 0 0 0 ns 

Write Enable to output in High-Z tHZWE 0 10 0 15 0 18 ns 6 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1 .5V 

Output reference levels ...................................... 1 .5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. lJiZCE, tHZOE and lJiZWE are specified with 

CL = SpF as in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than ILZCE, and lJiZWE is less than 
tLZWE. 

+5V 

~480 
Q", ~'"" 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 
Q", ~'" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables and 

output enable held in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. tRC = Read Cycle Time. 
12. CE2 timing is the same as CE1 timing. The wave form 

is inverted. 
13. Chip enable (CE1, CE2) and write enable (WE) can 

initiate and terminate a WRITE cycle. 
14. For automotive, industrial and extended temperature 

specifications refer to page 4-171. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX UNITS NOTES 

Vee for Retention Data VOR 2 - V 

CE1 ~ (Vee -O.2V) Vee = 2v leeoR 95 500 IJA 
Data Retention Current or CE2 ~ (Vss +O.2V) 

VIN ~ (Vee -O.2V) 
or ~ O.2V 

Vee = 3v 350 750 IJA 

Chip Deselect to Data 

Retention Time ICDR 0 - ns 4 

Operation Recovery Time IR IRC ns 4,11 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

Vee 
------.1 4.5V 

CE1 VIH-
VDR 

VIL-

CE2 VIH-
VIL- :sVss + O.2V 

~ DONTCARE 

!&&il UNDEFINED 
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- ADDR 

~ en 
-I 0 

en ::c » s: 

CE 

OE 

DO 

Icc 

READ CYCLE NO.1 8, 9 

\ VALID 

tAA 

tOH 

IIAAK7I. 
PREVIOUS DATA VALID r-NN. DATA VALID 

'UUU.l 

READ CYCLE NO.2 7, 8, 10, 12 

tAOE 

-I : tLZOE 

-I } 'HZDE 1 

'\ 
I · 

I tACE I I . I 
: tLZCE .1· ~ 

-- HIGH-~-------mk'---D-A-TA-V-A-Ll-D~' --~}----

I_ IpU "} _____ I_-_tPD--,L 
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ADDR 
~ 

1 

.1 '1111f! / /1// I/h,. 
tAS 

WE 

D 

Q 

ADOR 

o 

-.I 
~ 

WRITE CYCLE NO.1 
(Write Enable Controlled) 7,12,13 

twe 

tAW 

tew 

twp 

VIII,.1 
1 tDS 

I 

tAH 

V/;I / / / //11 /1 III I/IIII~ 

tDH 1 
.1 

..Y DATA VALID " '\ l' 
tHZWE _I 

,I 
HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 12, 13 

twe 

tew 

tos 

tLZWE I 

I. 

_ HIGH-Z----Q - ---
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SRAM 

FEATURES 
• Fast access times: 15, 17,20 and 25ns 
• Fast output enable: 6,8 and IOns 
• Single +5V (±10%) power supply 
• Separate, electrically isolated output buffer power 

supply and ground (VccQ, VssQ) 
• Optional +3.3V (±1O%) output buffer operation 
• Separate Data Input Latch 
• Common Data Inputs and Data Outputs 
• BYTE WRITE capability via Dual Write Strobes 
• Address and Chip Enable input latches 

OPTIONS MARKING 
• Timing 

15ns access -15 
17ns access -17 
20ns access -20 
25ns access -25 

• Packages 
52-pinPLCC EJ 
52-pinPQFP LG 

• Density 
16Kx 16 MT5C2516 

GENERAL DESCRIPTION 
The Micron SRAM family employs high-speed, low

power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

The MT5C2516 SRAM integrates a 16K x 16 SRAM core 
with advanced peripheral cirCUitry consisting of address 
and data input latches, latched active HIGH and active 
LOW chip enables, separate upper and lower byte write 
strobes and a fast output enable. The device is ideally suited 
for "pipelined" systems and systems that benefit from a 
wide data bus. 

Address and chip enable latches are provided. When 
address latch enable (ALE) is HIGH, the address and chip 
enable latches are transparent, allowing the input to flow 
through the latch. If ALE is LOW, the address and chip 

MT5C2516 
REV. 1191 

16K x 16 SRAM 
WITH ADDRESS / DATA INPUT LATCHES 

PIN ASSIGNMENT (Top View) 

52-Pin PLCC (0-3) 
52-Pin PQFP (0-5) 

7 6 5 4 3 2 
OQ9 8 NC 

OQ10 9 OQ8 
VeeQ 10 OQ7 
VssQ 11 VeeQ 
OQll 12 VssQ 
OQ12 13 OQ6 
OQ13 14 OQ5 
OQ14 15 OQ4 
VssQ 16 OQ3 
VeeQ 17 VssQ 
OQ15 18 VeeQ 
OQ16 19 OQ2 
~ om 

enable latch inputs are disabled. This input latch simplifies 
READ and WRITE cycles by guaranteeing address hold 
time in a simple fashion. 

Dual write strobes (BWLand BWH) allow individual bytes 
to be written. BWL controls DQI-DQ8 the lower bits. While 
BWH controls DQ9-DQ16 the upper bits. 

A data input latch is provided. When data latch enable 
(DLE) is HIGH, the data latches are in the transparent mode 
and input data flows through the latch. When DLE is LOW, 
the data latch inputs are disabled. The data input latch 
simplifies WRITE cycles by guaranteeing data hold times. 

The MT5C2516 operates from a +5V power supply. Sepa
rate and electrically isolated output buffer power 
(V ccQ) and ground (V ssQ) pins are provided to allow either 
+3.3V or +5V TTL operation of the output drivers. 

4-137 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

OUTPUT 
OE ENABLE 

BUFFER 

ADDRESS 

AO-A13 LATCHES 

CE 

CE 

16Kx 16 
BIT 

MEMORY 

ALE LATCH ARRAY 

ENABLE 
BUFFER 

WRITE 
WE ENABLE 

BUFFER I III 
BWH --I Q',,,""O" I f) HIGH BYTE WRITE ENABLE 

BWL ---1 ~-.. ~"-I fL __ ~I===b[)=:::jL/ LOW BYTE WRITE ENABLE 

DLE 

DATA IN 
LATCH 

ENABLE 
BUFFER 
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PIN DESCRIPTIONS 

PLCC and PQFP SYMBOL 
PIN NUMBER(S) 

33,32,31,30,29,26,25, AO-A13 
24,23,22,7,6,49,48 

52 WE 

51 ALE 

3,4 BWL, 
BWH 

5,47 CE,CE 

50 OE 
21 OLE 

20,46 NC 

34, 35, 38, 39, 40, 001-0Q16 
41,44,45,8,9,12 
13,14,15,18,19 

2,28 Vcc 

10,17,36,43 VccO 

11,16,37,42 VssO 

1,27 Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

InpuV 
Output 

InpuV 
Output 

Supply 

Supply 

Supply 

Supply 

ADVANCE 

DESCRIPTION 

Address Inputs: These inputs are either latched or unlatched 
depending on the state of ALE. 

Write Enable: This input determines if the cycle is a REAO or 
WRITE cycle. WE is LOW for a WRITE cycle and HIGH for a 
REAOcycie 

Address Latch Enable: This signal latches the address, CE, and 
CE inputs on its falling edge. When ALE is HIGH, the latch is 
transparent. 

Byte Write Enables: These active LOW inputs allow individual 
bytes to be written. When BWL is LOW, data is written to the 
lower byte, 01-08. When BWH is LOW, data is written to the 
upper byte, 09-016. When both BWH and BWL are HIGH and 
meet the required setup time to the falling edge of WE, then the 
WRITE cycle is aborted. 

Chip Enables: These signals are used to enable the device. Both 
active HIGH (CE) and active LOW (CE) enables are supplied to 
provide on-chip address decoding when multiple devices are 
used, as in a dual bank configuration. 

Output Enable: This active LOW input enables the output drivers. 

Oata Latch Enable: When OLE is HIGH, the data latch is 
transparent. Input data is latched into the on-chip data latch on 
the falling edge of OLE. 

Parity Oata 1/0: These signals are no connects (NC). No 
connects are not internally bonded. 

SRAM Oata 1/0: Lower byte is 001-008; Upper byte is 
009-0016. When data is latched, 001-0016 must meet the 
required setup and hold times around OLE. 

Power Supply: +5V ± 1 0% 

Isolated Output Buffer Supply: +5V ± 10% or 3.3V ± 10% 

Isolated Output Buffer Ground: GNO 

Ground: GNO 
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TRUTH TABLE 
OPERATION CE a WE IIWL SWH ALE OLE M OQ 
Deselected cycle L X X X X X X X High·Z 

Deselected X H X X X X X X High·Z 

READ H L H X X H X H High·Z 

READ H L H X X H X L Q1·Q16 

LATCHED READ H L H X X L X L Q1·Q16 

WORD WRITE H L L L L H H X D1·D16 
DQ1 ·DQ16 transparent data·in 

LATCHED WORD WRITE H L L L L L H X D1·D16 
DQ1 ·DQ16 transparent data·in 

WORD WRITE H L L L L H L X D1·D16 
DQ1 ·DQ16 latched data·in 

LATCHED WORD WRITE H L L L L L L X D1·D16 
DQ1 ·DQ16 latched data·in 

ABORTED WRITE H L L H H X X X High·Z 

BYTE WRITE H L L L H H H X D1·D8 
DQ1 ·DQ8 transparent data·in 

LATCHED BYTE WRITE H L L L H L H X D1·D8 
DQ1 ·DQ8 transparent data·in 

BYTE WRITE H L L H L H H X D9·D16 
DQ9·DQ16 transparent data·in 

LATCHED BYTE WRITE H L L H L L H X D9·D16 
DQ9·DQ16 transparent data·in 

BYTE WRITE H L L L H H L X D1·D8 
DQ1 ·DQ8 latched data·in 

LATCHED BYTE WRITE H L L L H L L X D1·D8 
DQ1 ·DQ8 latched data·in 

BYTE WRITE H L L H L H L X D9·D16 
DQ9·DQ16 latched data·in 

LATCHED BYTE WRITE H L L H L L L X D9·D16 
DQ9·DQ16 latched data·in 

NOTE: 1. Latched inputs (Addresses, CE, and CE) must satisfy the specified setup and hold times around the falling 
edge of ALE. Oata·in must satisfy the specified setup and hold times for OLE. 

2. A transparent WRITE cycle is defined by OLE HIGH during the tOLW time. 
3. A latched WRITE cycle is defined by OLE transitioning LOW during the WRITE cycle and data satisfying the 

specified setup and hold times for OLE. 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vcc/VCCQ supply relative 
to Vss/VSSQ ....................................................... -l.OV to +7.0V 
Storage Temperature (Plastic) .................... -SsoC to + ISO°C 
Power Dissipation ........................................................... l.SW 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ 70°C; Vee = S.OV ± 10%; VSS = VSSQ, Unless Otherwise Noted) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vec+1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV S; VIN S; Vee ILl -10 10 ~ 
Output Leakage Current Output(s) Disabled, ILo -10 10 ~ 

OV S; VOUT S; Vee 

Output High Voltage IOH = -4.0mA VOH 2.4 V 1 

Output Low Voltage IOL= 8.0mA VOL 0.4 V 1 

Supply Voltage Vee 4.5 5.5 V 1 

Output Buffer Supply Voltage 5.0V TTL Compatible Veea 4.5 5.5 V 1 

DESCRIPTION CONDITIONS SYMBOL TYP MAX UNITS NOTES 
Power Supply CE S; VIL, CE ~ VIH; 
Current: Operating Vee = MAX; Outputs Open lee 150 250 mA 3 

f = MAX = 1 I IRC 

Power Supply CE S; VIL, CE ~ VIH; Vee = MAX 
Current: Standby Outputs Open ISB1 20 30 mA 

f = MAX = 1 I IRC 

CE ~ Vee -0.2; CES; Vss +0.2, 
Vee = MAX; VIL S; Vss +0.2, ISB2 8 10 mA 

VIH ~ Vee -0.2; f = 0 

CE S; VIL; CE ~ VIH; Vee = MAX ISB3 10 15 mA 
f = 0; Outputs Open 

CAPACITANCE 
DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

In~ut Capacitance T A = 25°C; f = 1 MHz CI 6 pF 4 

InpuVOutput Capacitance (0/0) Vee = 5V ClIo 8 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (O°C ~ TA ~ 70°C; Vcc = VccQ = 5V ± 10%) 

-15 -17 -20 -25 
DESCRIPTION SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

ADDRESS LATCH 

Latch cycle time ILC 15 17 20 25 ns 

Latch high time ILEH 5 5 5 5 ns 

Address I Chip Enable setup to latch LOW ILS 2 2 2 2 ns 

Address I Chip Enable hold from latch LOW ILH 3 3 3 3 ns 

Address I Chip Enable setup to latch HIGH ILHS 0 0 0 0 ns 

Latch HIGH to output active (Low-Z) ILZL 2 2 2 2 ns 6,7,4 
Latch HIGH to output in High-Z IHZL 2 7 2 7 2 7 2 10 ns 6,7,4 
READ CYCLE 

READ cycle time IRC 15 17 20 25 ns 

Address access time IAA 15 17 20 25 ns 

Chip Enable access time lACE 15 17 20 25 ns 

Output hold from address change toH 4 4 4 4 ns 

Chip Enable to output in Low-Z tLZCE 2 2 2 2 ns 6,7,4 
Chip Disable to output in High-Z tHZCE 2 7 2 7 2 7 2 10 ns 6,7,4 
Chip Enable to power-up time IpU 0 0 0 0 ns 

Chip Disable to power-down time IpD 15 17 20 25 ns 

Output Enable access time IAOE 6 7 8 10 ns 

Output Enable to output in Low-Z tLZOE 2 2 2 2 ns 6,7,4 
Output Disable to output in High-Z IHZOE 2 6 2 7 2 8 2 10 ns 6,7,4 
WRITE Cycle 

WRITE cycle time twc 15 17 20 25 ns 

Chip Enable to end of write ICW 13 14 15 20 ns 

Address valid to end of write lAW 13 14 15 20 ns 
Address setup time lAS 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 ns 

Write pulse width IWp 13 14 15 20 ns 

Data setup time IDS 6 7 8 10 ns 

Data hold time IDH 0 0 0 0 ns 

\"!r!te D!seb!e to' o~tpt!t ::1 Lcw-Z tLZ',NE 5 r r !j (I~ 6,1,4-~ ~ 

Write Enable to output in High-Z IHZWE 0 7 0 7 0 7 0 10 ns 6,7,4 
Byte write enable setup time IBWS 6 7 8 10 ns 

Byte write enable hold time tBWH 2 2 2 2 ns 
8yte write ciisabie setup time 'I:lWDS 0 0 0 0 ns 

Data setup to OLE LOW IDLS 1 1 1 1 ns 9 
Data hold from OLE LOW IDLH 3 3 3 3 ns 9 
OLE HIGH to end of write tDLW 6 7 8 10 ns 8 
End of write to OLE HIGH twDLH 0 0 0 0 ns 9 
End of write to ALE HIGH twLH 0 0 0 0 ns 

ALE HIGH setup time to write enable LOW ILWS 0 0 0 0 ns 

ALE HIGH to end of write ILW 13 14 15 20 ns 
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AC TEST CONDITIONS 

Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 3ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1 .5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 2Ons. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. Output loading is specified with CL = SpF as in 

Fig. 2. Transition is measured ± SOOmV from steady 
state voltage. 

7. At any given temperature and voltage condition, 
ttlZCE is less than tr.ZCE, and tHZOE is less than 
tLZOE. 

8. A transparent WRITE cycle is defined by DLE being 
HIGH during the WRITE cycle. 

+5V 

~480 
0,., ~ 100,F 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

ADVANCE 

+5V 

~480 
0,., ~5'F 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

9. A latched WRITE cycle is defined by DLE transition
ing LOW during the WRITE cycle and data satisfying 
the specified setup and hold time with respect to DLE. 

10. Any combination of write enable (WE) and chip 
enable (CE) can initiate and terminate a WRITE cycle. 

11. WE is HIGH for READ cycle. 
12. Device is continuously selected. All chip enables held 

in their active state. 
13. Address valid prior to or coincident with the latest 

occurring chip enable. 
14. CE timing is the same as CE timing. The wave form is 

inverted. 
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READ CYCLE NO.1 11 , 12 

AD DR VALID 

tAA 

tOH 

I JJnn<"ll 

Q PREVIOUS DATA VALID ~ 

READ CYCLE NO.2 7, 11, 13, 14 

tAOE 

'I : tLZOE 

-I I· I 

I 
'~ ______ ~_I __ ~f 

'ACE 

OE 
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ALE 

ADDR 

DO 

Latched READ 

'LC 
I· 

I 

I tLEH 

I 

I 

I 

I 

I 
'LS 'LH I 

I 

READ CYCLE NO.3 
(ALE=DLE=HIGH) 7,11,14 

Unlatched READ 

. 
I 

I 

I 

I 

I 

I 

~ 'RC 
I 

I 

I 

I 

I 

I 

I 

I 

'LS 
I 

Ij////////h VI//h VALID WP!!!Iil:: VALID 

I ~ 
I 'LZL 
I 

'LS 

I 

I 
I 'ADE I 

I I 'LZDE 
I 

I ~ I 

I tACE I 
I 

I tUCE 

I 

-- HlclH-Z 
I 

~ I 

I. tl~ I 

W///////!J 
I '\ I 

I I 

I .~ I 

I 'AA I 

I I 

I 

~ I I 

I 1 tHZOE 

I 

I I 

I ~ I 
I I 

I I 

I I 

DATA VALID ~ DATA VALID 

~ DON'TeARE 

~ UNDEFINED 
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ADDR 

tAS 

CE 

WE 

WRITE CYCLE NO.1 
Chip Enable Controlled 
(ALE=DLE=HIGH) 10,14 

twc 

tAW 

tcw 

twp 

tAH 

tDS tDH 

D DATA VALID 

Q 

tHZWE 

~~~~~~~~~~~~~----HIGH-Z-------
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ADDR 

CE 

WE 

BWH/BWL 

WRITE CYCLE NO.2 
Write Enable Initiated / Chip Enable Terminate 

(ALE=DLE=HIGH) 10,14 

IWC 

tAW 

ICW 

IWp 

IAH 

IDS IDH 

D DATA VALID 

a =t----HIGH-Z--

4-147 

l!Z] DON'T CARE 

~ UNDEFINED 

.. 
~ en 
-I 
en 
Jl » s: 



ADVANCE 

I'IIIC=F=:U;~~ MT5C2516 

AD DR -----" 
---.J 

.1 
/,11//11 flLLlJ... 

tAS 

BWH/BWL 

o 

Q 

WRITE CYCLE NO.3 
(ALE=DLE=HIGH) 7, 10, 14 

Write Enabled Controlled Write Abort 

twe 

tAW 

tew 

.1 twp 

VIII;? 
I taws 

Vff/A 
L tos 

Jr DATA VALID 
'\. 
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tAH 

I 

tawH_1 ~ 
J V/////4f 

tOH I I 

--{j 
I 

tLZWE I , 

HIGH·Z 
I 

~ DON'T CARE 

~ UNDEFINED 

'0/1111////,0, 

< DATA VALID 

~ 
HIGH·Z-
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ALE 

ADDR 

DLE 

D 

Q 

I~ 

~ 
ILWS 

WRITE CYCLE NO.4 7,10,14 

Unlatched Address 
Unlatched Data 

Iwe 

ILW 

Wp 

L ISWS 

'Wid 

1 
1 
1 
1 ILS 1 . 
1 

Wllllh 
1 

~ 
1 
1 ILS 

1 
1 
1 
1 
1 lAS 
1 

'1///////////////1111111/\ 
ISWHJ 

1 

Villi, 

1 

Latched Address 
Latched Data 

ILH 

J 
'VII, 

'I 

ILH 

I. 
r////////////, 
1 

twp IWLH 

ISWS IBWH 

.1 
(//////////1 

1,---

WII~ 

'I///I! 

IDLW 
lWOLH 

Y "\ 
L IDS IDH _I 

t[ LS I IDLH 

L 1 1 
DATAVALtD DATAVALtD 

~5 = HIGH-Z 1 == 
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SRAM 

FEATURES 
• Fast access times: 15, 17,20 and 25ns 
• Fast output enable: 6, 8 and IOns 
• Single +5V (±1O%) power supply 
• Separate, electrically isolated output buffer power 

supply and ground (VccQ, VssQ) 
• Optional +3.3V (±1O%) output buffer operation 
• Separate Data Input Latch 
• Common Data Inputs and Data Outputs 
• BYTE WRITE capability via Dual Write Strobes 
• Parity bits 
• Address and Chip Enable input latches 

OPTIONS MARKING 
• Timing 

15ns access -15 
17ns access -17 
20nsaccess -20 
25nsaccess -25 

• Packages 
52-pinPLCC EJ 
52-pinPQFP LG 

• Density 
16Kx 18 MT5C2818 

GENERAL DESCRIPTION 
The Micron SRAM family employs high-speed, low

power CMOS designs using a four-transistor memory cell. 
Micron SRAMs are fabricated using double-layer metal, 
double-layer polysilicon technology. 

The MT5C2818 SRAM integrates a 16K x 18 SRAM core 
with advanced peripheral circuitry consisting of address 
and data input latches, latched active HIGH and active 
LOW chip enables, separate upper and lower byte write 
strobes and a fast output enable. The device is ideally suited 
for "pipelined" systems and systems that benefit from a 
wide data bus. Parity bits are provided for added data 
integrity. 

Address and chip enable latches are provided. When 
address latch enable (ALE) is HIGH, the address and chip 
enable latches are transparent, allowing the input to flow 
through the latch. If ALE is LOW, the address and chip 

MT5C2818 
REV. 1191 

16Kx 18 SRAM 
WITH ADDRESS / DATA INPUT LATCHES 

PIN ASSIGNMENT (Top View) 

52-Pin PLCC (0-3) 
52-Pin PQFP (0-5) 

0 ...... l:r::j.....J t.) U) W C'\IC"J ~~Iw;;:;;:" ~1!l:...Jlw~~w 
<o::(UlXlal» <co<c<cu 

7 6 5 4 3 2 
009 8 00P2 

0010 9 008 
VeeO 10 007 
VssO 11 VeeO 
0011 12 VssO 
0012 13 006 
0013 14 005 
0014 15 004 
VssO 16 003 
VeeO 17 VssO 
0015 18 VeeO 
0016 19 002 
00P1 20 001 

W(»COt--..tOU')UlOq-MN-r-O 
5<C<C<C<C<C.g!.-!i.<C<C«<C<C 

enable latch inputs are disabled. This input latch simplifies 
READ and WRITE cycles by guaranteeing address hold 
time in a simple fashion. 

Dual write strobes (BWLand BWH) allow individual bytes 
to be written. BWL controls DQ1-DQ8 and DQP1, the lower 
bits. While BWH controls DQ9-DQ16 and DQP2, the upper 
bits. 

A data input latch is provided. When data latch enable 
(DLE) is HIGH, the data latches are in the transparent mode 
and input data flows through the latch. When DLE is LOW, 
the data latch inputs are disabled. The data input latch 
simplifies WRITE cycles by guaranteeing data hold times. 

The MT5C2818 operates from a +5V power supply. Sepa
rate and electrically isolated output buffer power (VccQ) 
and ground (V ssQ) pins are provided to allow either +3.3V 
or +5V TTL operation of the output drivers. 
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FUNCTIONAL BLOCK DIAGRAM 

OUTPUT 
OE ENABLE - BUFFER 

~ ADDRESS en AO-A13 LATCHES 

----I 
en D01 

:rJ 
l> 
3: CE D08 

DOP1 

CE D09 

16Kx 18 
BIT 

D016 MEMORY SENSE 

ARRAY AMPS DOP2 
ALE LATCH 

ENABLE 
BUFFER 

WRITE 
WE ENABLE 

BUFFER 

BWH HIGH BYTE WRITE ENABLE 

BUFFERS 

BWL 
LOW BYTE WRITE ENABLE 

DATA IN 

DLE LATCH 
ENABLE 
BUFFER 
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PIN DESCRIPTIONS 

PLCC and PQFP SYMBOL TYPE DESCRIPTION 
PIN NUMBER(S) 

33,32,31,30,29,26,25, AO-A13 Input Address Inputs: These inputs are either latched or unlatched 
24,23,22,7,6,49,48 depending on the state of ALE. 

52 WE Input Write Enable: This input determines if the cycle is a REAO or 
WRITE cycle. WE is lOW for a WRITE cycle and HIGH for a 
REAO cycle 

51 ALE Input Address latch Enable: This signal latches the address, CE, and 
CE inputs on its falling edge. When ALE is HIGH, the latch is 
transparent. 

3,4 BWl, Input Byte Write Enables: These active lOW inputs allow individual 
BWH bytes to be written. When BWl is lOW, data is written to the 

lower byte, 01-08, 00P1. When BWH is lOW, data is written to 
the upper byte, 09-016, 00P2. When both BWH and BWl are 
HIGH and meet the required setup time to the falling edge of WE, 
then the WRITE cycle is aborted. 

5,47 CE,CE Input Chip Enables: These signals are used to enable the device. Both 
active HIGH (CE) and active lOW (CE) enables are supplied to 
provide on-chip address decoding when multiple devices are 
used, as in a dual bank configuration. 

50 OE Input Output Enable: This active lOW input enables the output drivers. 

21 OLE Input Oata latch Enable: When OLE is HIGH, the data latch is 
transparent. Input data is latched into the on-chip data latch on 
the falling edge of OLE. 

20,46 00P1 InpuV Parity Oata 1/0: These signals are data parity bits. 
00P2 Output The 00P1 is the parity bit for the lower byte, 001-008. 00P2 is 

the parity bit for the upper byte, 009-0016. 
34, 35, 38, 39, 40, 001-0016 InpuV SRAM Oata 1/0: lower byte is 001-008; Upper byte is 
41,44,45,8,9,12 Output 009-0016. When data is latched, 001-0016 must meet the 
13,14,15,18,19 setup and hold times around OLE. 

2,28 Vcc Supply Power Supply: +5V ± 1 0% 

10,17,36,43 VccO Supply Isolated Output Buffer Supply: +5V ± 10% or 3.3V ± 10% 

11,16,37,42 VssO Supply Isolated Output Buffer Ground: GNO 
1,27 Vss Supply Ground: GNO 
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TRUTH TABLE 
OPERATION CE CE" WE" SW[" 'BWR ALE OLE ~ OQ OQP 

Deselected cycle L X X X X X X X High-Z High-Z 

Deselected X H X X X X X X High-Z High-Z 

READ H L H X X H X H High-Z High-Z 

READ H L H X X H X L 01-016 OP1,OP2 

LATCHED READ H L H X X L X L 01-016 OP1,OP2 

WORD WRITE H L L L L H H X 01-016 OP1,OP2 
001-0016 transparent data-in 

LATCHED WORD WRITE H L L L L L H X 01-016 OP1,OP2 
001-0016 transparent data-in 

WORD WRITE H L L L L H L X 01-016 OP1,OP2 
001-0016 latched data-in 

LATCHED WORD WRITE H L L L L L L X 01-016 OP1,OP2 
001-0016 latched data-in 

ABORTED WRITE H L L H H X X X High-Z High-Z 

BYTE WRITE H L L L H H H X 01-0B OPl 
001-00B transparent data-in 

LATCHED BYTE WRITE H L L L H L H X 01-0B OPl 
001-00B transparent data-in 

BYTE WRITE H L L H L H H X 09-016 OP2 
009-0016 transparent data-in 

LATCHED BYTE WRITE H L L H L L H X 09-016 OP2 
009-0016 transparent data-in 

BYTE WRITE H L L L H H L X 01-0B OPl 
001-00B latched data-in 

LATCHED BYTE WRITE H L L L H L L X 01-0B OPl 
001-00B latched data-in 

BYTE WRITE H L L H L H L X 09-016 OP2 
009-0016 latched data-in 

LATCHED BYTE WRITE H L L H L L L X 09-016 OP2 
009-0016 latched data-in 

NOTE: 1. Latched inputs (Addresses, CE, and CE) must satisfy the specified setup and hold times around the falling 
edge of ALE. Oata-in must satisfy the specified setup and hold times for OLE. 

2. A transparent WRITE cycle is defined by OLE HIGH during the tOLW time. 
3. A latched WRITE cycle is defined by OLE transitioning LOW during the WRITE cycle and data satisfying the 

specified setup and hold times for OLE. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc/VccQ supply relative 
to Vss/VSSQ ....................................................... -1.0V to +7.0V 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation ........................................................... I.5W 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(OCC :::; T A:::; 70c C; Vee = 5.0V ± 10%; Vss = Vssa, Unless Otherwise Noted) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vee+1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV 5: VIN 5: Vee ILl -10 10 I1A 

Output Leakage Current Output(s) Disabled, ILo -10 10 I1A 
OV 5, VOUT 5, Vee 

Output High Voltage IOH = -4.0mA VOH 2.4 V 1 

Output Low Voltage IOL= 8.0mA VOL 0.4 V 1 

Supply Voltage Vee 4.5 5.5 V 1 

Output Buffer Supply Voltage 5.0V TTL Compatible Veea 4.5 5.5 V 1 

DESCRIPTION CONDITIONS SYMBOL TYP MAX UNITS NOTES 
Power Supply CE 5: VIL, CE <': VIH; Vee = MAX 
Current: Operating Outputs Open Icc 150 250 rnA 3 

f = MAX = 1/ tRC 

CE 5, VIL, CE" <': VIH; Vee = MAX 
Outputs Open ISB1 20 30 rnA 

f = MAX = 1/ tRC 

Power Supply CE"<': Vee - 0.2V; CE 5, Vss +0.2V, 
Current: Standby Vcc = MAX; VIL 5, Vss +0.2V, ISB2 8 10 rnA 

VIH <': Vee -0.2V; f = 0 

CE 5: VIL; CE <': VIH; Vee = MAX ISB3 10 15 rnA 
f = 0; Outputs Open 

CAPACITANCE 
DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 25°C; f= 1MHz CI 6 of 4 

Input/Output Capacitance (0/0) Vee = 5V ClIo 8 pF 4 

4-155 



ADVANCE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Note 5) (O°C :::; T A :::; 70°C; Vcc = VccQ = 5V ± 10%) 

-15 -17 -20 -25 
DESCRIPTION SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

ADDRESS LATCH 
Latch cycle time ILC 15 17 20 25 ns 

Latch high time ILEH 5 5 5 5 ns 
Address I Chip Enable setup to latch LOW ILS 2 2 2 2 ns 

Address I Chip Enable hold from latch LOW ILH 3 3 3 3 ns 

Address I Chip Enable setup to latch HIGH ILHS 0 0 0 0 ns 
Latch HIGH to output active (Low-Z) ILZL 2 2 2 2 ns 6,7,4 
Latch HIGH to output in High-Z IHZL 2 7 2 7 2 7 2 10 ns 6,7,4 
READ CYCLE 
READ cycle time IRC 15 17 20 25 ns 
Address access time 1M 15 17 20 25 ns 
Chip Enable access time lACE 15 17 20 25 ns 
Output hold from address change toH 4 4 4 4 ns 

Chip Enable to output in Low-Z ILZCE 2 2 2 2 ns 6,7,4 
Chip Disable to output in High-Z IHZCE 2 7 2 7 2 7 2 10 ns 6,7,4 
Chip Enable to power-up time IpU 0 0 0 0 ns 
Chip Disable to power-down time IpD 15 17 20 25 ns 
Output Enable access time IAOE 6 7 8 10 ns 
Output Enable to output in Low-Z ILZOE 2 2 2 2 ns 6,7,4 
Output Disable to output in HiQh-Z IHZOE 2 6 2 7 2 8 2 10 ns 6,7,4 
WRITE Cycle 
WRITE cycle time 'WC 15 17 20 25 ns 

Chip Enable to end of write 'CW 13 14 15 20 ns 
Address valid to end of write lAW 13 14 15 20 ns 
Address setup time lAS 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 ns 

Write pulse width 'WP 13 14 15 20 ns 
Data setup time IDS 6 7 8 10 ns 

Data hold time IDH C n () 0 ns v 

Write Disable to output in Low-Z ILZWE 5 5 5 5 ns 6,7,4 
Write Enable to output in High-Z IHZWE 0 7 0 7 0 7 0 10 ns 6,7,4 
Byte write enable setup time IBWS 6 7 8 10 ns 

Byte write enable hold time IBWH 2 2 2 2 ns 
Byte write disable setup time IBWDS 0 0 0 0 ns 

Data setup to DLE LOW IDLS 1 1 1 1 ns 9 
Data hold from DLE LOW IDLH 3 3 3 3 ns 9 
DLE HIGH to end of write IDLW 6 7 8 10 ns 8 
End of write to DLE HIGH 'WDLH 0 0 0 0 ns 9 
End of write to ALE HIGH 'WLH 0 0 0 0 ns 
ALE HIGH setup time to write enable LOW ILWS 0 0 0 0 ns 
ALE HIGH to end of write ILW 13 14 15 20 ns 
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AC TEST CONDITIONS 

Input pulse levels .................................... Vss to 3.0V 

Input rise and faU times ........................................ 3ns 

Input timing reference levels .............................. 1.SV 

Output reference levels ...................................... 1 .SV 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. Output loading is specified with CL = SpF as in 

Fig. 2. Transition is measured ± sOOrn V from steady 
state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than UCE, and tHZOE is less than 
tLZOE. 

8. A transparent WRITE cycle is defined by DLE being 
HIGH during the WRITE cycle. 

+5V 

~480 
°'55 ~ 100" 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 
°'55 ~5PF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

9. A latched WRITE cycle is defined by DLE transition
ing LOW during the WRITE cycle and data satisfying 
the specified setup and hold time with respect to DLE. 

10. Any combination of write enable (WE) and chip 
enable (CE) can initiate and terminate a WRITE cycle. 

11. WE is HIGH for READ cycle. 
12. Device is continuously selected. All chip enables held 

in their active state. 
13. Address valid prior to or coincident with the latest 

occurring chip enable. 
14. CE timing is the same as CE timing. The wave form is 

inverted. 
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ADDR 

o 

DO 

READ CYCLE NO.1 11 , 12 

VALID 

tAA 

tOH 

~ PREVIOUS DATA VALID 
u.Jl.LI' 

ADVANCE 

DATA VALID 

~ DONTCARE 

~ UNDEFINED 

READ CYCLE NO.2 7, 11, 13, 14 

I: 
tAOE 

tLZOE 

tACE 

tLZCE 

HIGH- z: 

.1 ·1 
I 

~ 
NQQQ91\ 
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DATA VALID 

tHZOE.1 

tHZCE 

~ DON'T CARE 

~ UNDEFINED 
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ALE 

ADDR 

DO 

Latched READ 

I· 
'LC 

I 

I 'LEH 
I 

I 

I 

I 

I 
'LS 'LH I 

I 

READ CYCLE NO.3 
(ALE=DLE=HIGH) 7,11,14 

Unlatched READ 

, . 
I 

I 

I 

I 

I 

I 

~ 'RC 
I 

WIIIIII!h Wlla VALID WIIIIIIIII~ VALID 

I ~ 
I 'LZL 
I 

'LS 

'AOE 

'LZOE 

'ACE 

'LZCE 

-- HI H-Z I.rn 
I 

~ 
I l 

fill, fl, I 

~ I 

I 'HZ~E I 'M f-'-=oo 
I 

I I 
'oH I 

1 'HZOE 
I 

I 

I 

DATA VALID ~ DATA VALID 

~ DON'T CARE 

~ UNDEFINED 
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I 

I 

I 

I 

Ir--
I 

I 

I 

'Lil 'LH 
I 

VALID rllllll, flllllllill 
I 

I 

'Lil 'LHJ 

NII/II/IIIIIIII 

~ 

'AOE 

DATA VALID r--
I 



-~ ADDR 

en 
-I 
en CE 

:xl » s:: WE 

BWH/BWL 

D 

Q 

lAS 

WRITE CYCLE NO.1 
Chip Enable Controlled 
(ALE=DLE=HIGH) 10,14 

IWC 

lAW 

_l lew 

IWp 

1//////////////////////11 

ADVANCE 

IAH 

Vj//////////////II/!I~ 
IBWS IBWHI 

W//~ 
I 

~ 
" IHZWE J 

.1 
~itit tit 
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IDS 

DATA VALID 

HIGH-Z 

IDH J 
~ 
I' 

~ DONTCARE 

~ UNDEFINED 



ADDR 

CE 

WE 

BWHIBWL 

WRITE CYCLE NO.2 
Write Enable Initiated / Chip Enable Terminate 

(ALE=DLE=HIGH) 10,14 

IWC 

lAW 

ICW 

IWp 

IAH 

IDS IDH 

D DATA VALID 

ADVANCE 

Q ~t---- HIGH-Z--
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ADDR 

D 

Q 

WRITE CYCLE NO.3 
(ALE=DLE=HIGH) 7,10,14 

ADVANCE 

Write Enabled Controlled Write Abort 

twe 

I ----, 
< : ------I 

tAW I 
I 

tew tAH I 

VI/;{ 
I 

'I11111i I 

tAS J twp I 

~i&l 
I 

: 
I tsws tSWH-I I ~ 

VillA 
I 

j VIIIIII~ '«j I I /JIIIII/. 
l tDS tDH J I 

J .1 I 
DATA VALID '\I I 

< DATA VALID 
'\ I' I 

~'~ I ~ : 
I 
I HIGH·Z-HIGH-Z 

f77iI ~_ .. , .................. .... 
[LL4 UVI~ I \Jl'\nc 

~ UNDEFINED 
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WRITE CYCLE NO.4 7, 10, 14 

Unlatched Address Latched Address 
Unlatched Data Latched Data 

ALE 

'we 'LS 'LH 

ADDR 

CE 
'LW 

'LWS 'WP 
'wP 

WE 

BWH/BWL 

DLE 
'DS 'DH 

D DATA VALID 

I~ 
Q ~HIGH-Z---+---~~~~-HIGH-Z-----
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1'41C:I=II;!~ IT/AT/XT** SPECIFICATION -16K SRAM FAMILY 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 
*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 

This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 
**IT- (-40°C to +8S0 C), 
AT- HO°C to +12S0 C), 
XT - (-55°C to + 125°C) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(-40°C:::;; TA :::;; 85°C; -40°C:::;; TA :::;; 125°C; -55°C:::;; TA :::;; 125°C; Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vee +1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV:-::; VIN:-::; Vcc ILl -5 5 IlA 

Output Leakage Current Output(s) Disabled, ILo -5 5 IlA 
OV :-::; VOUT :-::; Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -30 -35 UNITS NOTES 

Power Supply CE :-::; VIL; Vee = MAX Icc 150 135 120 110 110 110 rnA 3 
Current: Operating f = MAX = 1/ tRC, 

Outputs Open 

Power Supply CE ~ VIH; Vee = MAX 1581 55 50 45 40 40 40 rnA 
Current: Standby f = MAX = 1/ tRC, 

Outputs Open 

CE ~ Vee -O.2V; Vee = MAX 
VIL :-::; Vss +0.2V; 1582 3 3 3 3 3 3 rnA 

VIH ~ Vee -0.2V; f = 0 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX UNITS NOTES 

Power Supply CE ~ (Vee -0.2V) Vee = 2V leeDR 150 300 rnA 
Current: Data Retention VIN ~ (Vee -0.2V) 

or:-::; -0.2V Vee = 3V 450 550 rnA 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 25°C; f = 1MHz CI 7 pF 4 

Output Capacitance Vee = 5V Co 7 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (-40°C::;; TA ::;; 85°C; -40°C::;; TA ::;; 125°C; -55°C::;; TA ::;; 125°C; Vcc = 5.0 ± 10%) 

-12 -15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 12 15 20 25 30 35 ns 

Address access time 1M 12 15 20 25 30 35 ns 

Chip Enable access time lACE 11 12 15 20 25 30 ns 

Output hold from address change toH 3 3 3 3 3 3 ns 

Chip Enable to output in Low-Z ILZCE 3 3 5 5 5 5 ns 

Chip Disable to output in High-Z IHZCE 7 7 10 10 15 20 ns 6,7 

Chip Enable to power-up time IpU 0 0 0 0 0 0 ns 

Chip Disable to power-down time IpD 12 15 20 25 30 35 ns 

Output enable access time IAOE 7 7 9 10 15 20 ns 

Output Enable to output in Low-Z ILZOE 0 0 0 0 0 0 ns 

Output Disable to output in High-Z IHZOE 6 6 10 10 15 20 ns 6 

WRITE Cycle 

WRITE cycle time 'WC 12 15 20 25 30 35 ns 

Chip Enable to end of write 'CW 10 12 15 20 25 25 ns 

Address valid to end of write tAW 12 12 15 20 25 25 ns 

Address setup time lAS 0 0 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 0 0 ns 

Write pulse width IWp 10 12 15 20 25 25 ns 

Data setup time IDS 9 9 10 12 15 15 ns 

Data hold time IDH 0 0 0 0 0 0 ns 

Write Disable to output in Low-Z ILZWE 2 2 2 2 2 2 ns 

Write Enable to output in High-Z IHZWE 6 6 8 10 12 15 ns 6 

Write Enable to output valid IAWE 12 15 20 25 30 35 ns 

Data valid to output valid IADV 12 15 20 25 30 35 ns 
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I'IIIC:I=:IC;;~~ IT/AT/XT** SPECIFICATION - 64K SRAM FAMILY 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 
*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 

This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 
**IT- (-40°C to +85°C), 

AT- (-40°C to +125°C), 
XT - (-55°C to +125°C) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(-40°C ~ TA ~ 85°C; -40°C ~ TA ~ 125°C; -55°C ~ TA ~ 125°C; Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vee +1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV $ VIN $ Vee ILl -5 5 ~ 

Output Leakage Current Output(s) Disabled, ILo -5 5 ~ 
OV $ Your $ Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -12 -15 ·20 ·25 ·30 ·35 UNITS NOTES 

Power Supply CE $ VIL; Vee = MAX Icc 150 140 130 120 110 110 rnA 3 
Current: Operating f = MAX = 1/ tRC, 

Outputs Open 

Power Supply CE~ VIH; Vee = MAX ISB1 60 50 45 40 40 40 rnA 

Current: Standby f = MAX = 1/ tRC, 
Outputs Open 

CE ~ Vee -0.2V; Vcc = MAX 
VIL $ Vss +0.2V; ISB2 5 5 5 5 5 5 rnA 

VIH ~ Vec -0.2V; f = 0 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX UNITS NOTES 

Power Supply CE ~ (Vee -0.2V) Vee = 2V leeDR 150 300 rnA 
Current: Data Retention VIN ~ (Vee -0.2V) 

or$ -0.2V Vee = 3V 450 550 rnA 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 25°C; f = 1MHz CI 7 pF 4 

Output Capacitance Vee = 5V Co 7 pF 4 
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I'IIIC=F=:";;~N IT/AT/XT** SPECIFICATION - 64K SRAM FAMILY 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (-40°C::; TA ::; 85°C; -40°C::; TA ::; 125°C; -55°C::; T A::; 125°C; Vcc = 5.0 ± 10%) 

-12 -15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTE5 

REAOCycle 

READ cycle time tRC 12 15 20 25 30 35 ns 

Address access time tAA 12 15 20 25 30 35 ns 

Chip Enable access time lACE 12 12 15 20 25 30 ns 

Output hold from address change IOH 3 3 3 3 3 3 ns 

Chip Enable to output in Low-Z ILZCE 3 3 5 5 5 5 ns 

Chip Disable to output in High-Z IHZCE 7 7 10 10 15 20 ns 6, 7 

Chip Enable to power-up time IpU 0 0 0 0 0 0 ns 

Chip Disable to power-down time IpD 12 15 20 25 30 35 ns 

Output Enable access time IAOE 7 7 9 10 15 20 ns 

Output Enable to output in Low-Z ILZOE 0 0 0 0 0 0 ns 

Output Disable to output in High-Z IHZOE 6 6 10 10 15 20 ns 6 

WRITE Cycle 

WRITE cycle time twc 12 15 20 25 30 35 ns 

Chip Enable to end of write ICW 10 12 15 20 25 25 ns 

Address valid to end of write lAW 12 12 15 20 25 25 ns 

Address setup time lAS 0 0 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 0 0 ns 

Write pulse width twp 10 12 15 20 25 25 ns 

Data setup time IDS 9 9 10 12 15 15 ns 

Data hold time IDH 0 0 0 0 0 0 ns 

Write Disable to output in Low-Z ILZWE 2 2 2 2 2 2 ns 

Write Enable to output in High-Z IHZWE 6 6 8 10 12 15 ns 6 

Write Enable to output valid IAWE 12 15 20 25 30 35 ns 

Data valid to output valid tADV 12 15 20 25 30 35 ns 
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1'II1C::l=Ig~ IT/AT/XT** SPECIFICATION - 256K SRAM FAMILY 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss .......... -I.0V to +7.0V 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 
*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 

This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 
**IT- (-40°C to +85°C), 
AT- (-40°C to +125°C), 
XT - (-55°C to + 125°C) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(-40°C S; T A S; 85°C; -40°C S; TA S; 125°C; -55°C S; T A S; 125°C; Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logie 1) Voltage VIH 2.2 Vee +1 V 1 

Input Low (Logic 0) Voltage VIL -O.S 0.8 V 1,2 

Input Leakage Current OV::; VIN::; Vee ILl -S S !LA 
Output Leakage Current Output(s) Disabled, ILo -S S !LA 

OV ::; VOUT ::; Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -20 -25 -30 -35 -40 UNITS NOTES 

Power Supply CE ::; VIL; Vee = MAX Icc 120 110 100 100 100 rnA 3 
Current: Operating f = MAX = 1/ tRC, 

Outputs Open 

Power Supply "CE ~ VIH; Vee = MAX IS81 30 30 30 30 30 rnA 
Current: Standby f = MAX = 1/ tRC, 

Outputs Open 

CE ~ Vee -0.2V; Vee = MAX 
VIL::; Vss +0.2V; IS82 8 8 8 8 8 rnA 

VIH ~ Vee -0.2V; f = 0 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX UNITS NOTES 

Power Supply "CE ~ (Vee -0.2V) Vee = 2V leeDR 9S SOO rnA 
Current: Data Retention VIN ~ (Vee -0.2V) 

or::; -0.2V Vee = 3V 300 900 rnA 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 2SoC; f = 1 MHz CI 7 pF 4 

Output Capacitance Vce = SV Co S pF 4 
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I'IIICF=lgN IT/AT/XT** SPECIFICATION - 256K SRAM FAMILY 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (-40°C ~ T A ~ 85°C; -40°C ~ T A ~ 125°C; -55°C ~ T A ~ 125°C; Vcc = 5.0 ± 10%) 

-20 -25 -30 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 20 25 30 35 45 ns 

Address access time 1M 20 25 30 35 45 ns 

Chip Enable access time lACE 20 25 30 35 45 ns 

Output hold from address change toH 3 5 5 5 5 ns 

Chip Enable to output in Low-Z ILZCE 6 6 6 6 6 ns 

Chip Disable to output in High-Z IHZCE 9 9 12 15 18 ns 6, 7 

Chip Enable to power-up time IpU 0 0 0 0 0 ns 

Chip Disable to power-down time IpD 20 25 30 35 45 ns 

Output Enable access time IAOE 10 10 12 15 15 ns 

Output Enable to output in Low-Z ILZOE 0 0 0 0 0 ns 

Output Disable to out put in High-Z IHZOE 7 7 10 12 15 ns 

WRITE Cycle 

WRITE cycle time 'WC 20 20 25 30 35 ns 

Chip Enable to end of write ICW 15 18 20 20 25 ns 

Address valid to end of write lAW 15 18 20 20 25 ns 

Address setup time lAS 0 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 0 ns 

Write pulse width IWp 15 18 20 20 25 ns 

Data setup time IDS 10 12 15 15 20 ns 

Data hold time IDH 0 0 0 0 0 ns 

Write Disable to output in Low-Z ILZWE 5 5 5 5 5 ns 

Write Enable to output in High-Z IHZWE 10 10 12 15 18 ns 6 
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fUllC:I=:";!~ IT/AT/XT** SPECIFICATION -1 MEG SRAM FAMILY 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 
'Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 

This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 
**IT- (-40°C to +S5°C), 
AT- HO°C to +125°C), 
XT - (-55°C to + 125°C) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(-40°C ~ TA ~ 85°C; -40°C ~ TA ~ 125°C; -55°C ~ TA ~ 125°C; Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vee+1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV ~ VIN ~ Vee ILl -5 5 !-LA 

Output Leakage Current Output(s) Disabled, ILo -5 5 !-LA 
OV ~ VOUT ~ Vce 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL= 8.0rnA VOL 0.4 V 1 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 
Power Supply CE ~ VIL; Vee = MAX 
Current: Operating f = MAX = 1/tRC, lec 120 rnA 3 

Outputs Open 

Power Supply CE ~ VIH; Vee = MAX 
Current: Standby f = MAX = 1/tRC, 1581 30 rnA 

Outputs Open 

CE ~ Vce -0.2V; Vee = MAX 
VIL ~ V5S +0.2V; 1582 7 rnA 

VIH ~ Vee -0.2V; f = 0 

Power Supply CE ~ (Vce -0.2V) Vee = 2V leeDR 500 rnA 
Current: Data Retention VIN ~ (Vce -0.2V) 

or ~ -0.2V Vcc = 3V 750 rnA 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C; f = 1 MHz CI 8 pF 4 

Output Capacitance Vee = 5V Co 8 pF 4 
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I'IIIC:F=U;!N IT/AT/XT** SPECIFICATION -1 MEG SRAM FAMILY 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (-40°C :s; TA :s; 85°C; -40°C :s; TA :s; 125°C; -55°C :s; TA :s; 125°C; Vcc = 5.0V ± 10%) 

-25 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 25 35 45 ns 

Address access time IAA 25 35 45 ns 

Chip Enable access time lACE 25 35 45 ns 

Output hold from address change toH 5 5 5 ns 

Chip Enable to output in Low-Z ILZCE 5 5 5 ns 

Chip Disable to output in High-Z IHZCE 10 15 18 ns 6, 7 

Chip Enable to power-up time IpU 0 0 0 ns 

Chip Disable to power-down time IpD 25 35 45 ns 

Output Enable access time IAOE 8 12 15 ns 

Output Enable to output in Low-Z ILZOE 0 0 0 ns 

Output Disable to output in High-Z IHZOE 10 12 15 ns 6 

WRITE Cycle 

WRITE cycle time Wc 25 35 45 ns 

Chip Enable to end of write ICW 15 20 25 ns 

Address valid to end of write lAW 15 20 25 ns 

Address setup time lAS 0 0 0 ns 

Address hold from end of write IAH 0 0 0 ns 

Write pulse width IWp 15 20 25 ns 

Data setup time IDS 10 15 20 ns 

Data hold time IDH 0 0 0 ns 

Write Disable to output in Low-Z ILZWE 0 0 0 ns 

Write Enable to output in High-Z IHZWE 0 10 0 15 0 18 ns 6, 7 
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SYNCHRONOUS SRAM PRODUCT SELECTI()N GUIDE 
Memory Control Part Access Package 
Configuration Functions Number Time (ns) PLCC PQFP Process Page 

Registered Address, Write 
Dual 16K x 16 Control, Dual Chip Enable; MT58C1616 15,17,20,25 52 52 CMOS 5-1 

Data Input Latch 

Registered Address, Write 
Dual 16K x 18 Control, Dual Chip Enable; MT58C1618 15,17,20, :25 52 52 CMOS 5-11 

Data Input Latch 
----
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SYNCHRONOUS 
SRAM 
FEATURES 
• Fast access times: 15, 17, 20, and 25ns 
• Fast Output Enable: 6, 7, 8, and 10ns 
• Single +5V (±10%) power supply 
• Separate, electrically isolated output buffer power 

supply and ground (VccQ, VssQ) 
• Optional +3.3V (±10%) output buffer operation 
• Data Input Latch 
• Common Data Inputs and Data Outputs 
• BYTE WRITE capability via Dual Write Strobes 
• Clock controlled registered address, Write Control and 

Dual Chip Enables 

OPTIONS MARKING 
• Timing 

15ns access -15 
17ns access -17 
20nsaccess -20 
25ns access -25 

• Packages 
52-pinPLCC EJ 
52-pinPQFP LG 

• Density 
16K x 16 MT58C1616 

GENERAL DESCRIPTION 
The Micron Synchronous SRAM family employs high 

speed, low power CMOS designs using a four-transistor 
memory cell. Micron SRAMs are fabricated using double
layer metal, double-layer polysilicon technology. 

The MT58C1616 SRAM integrates a 16K x 16 SRAM core 
with advanced synchronous peripheral circuitry. All 
synchronous inputs pass through registers controlled by a 
positive-edge-triggered single clock input (CLK). The 
synchronous inputs include all addresses, the two chip 
selects (seE, SCE) and the synchronous write enable (SWE). 
Asynchronous inputs include the byte write enables (WEL, 
WEH), output enable (OE), data latch enable (DLE) and the 
clock. Input data can be asynchronously latched by DLE to 
provide simplified data-in (D) timing during WRITE cycles. 
Data-out (Q), enabled by OE during READ cycles, is 
asynchronous. The entire data word (DQ1- DQ16)is output 
during each READ cycle. The devices are ideally suited for 
"pipelined" systems and those systems which benefit from 
a wide data bus. 

MT5BC1616 
REV. 1191 5-1 

16Kx 16 SRAM 
WITH CLOCKED, REGISTERED INPUTS 

PIN ASSIGNMENT (Top View) 

52-Pin PLCC (0-3) 
52-Pin PQFP (0-5) 

o ~lwl~ILrl u cnj3: ~ N M W 
T- .,.... U 3: 3: t..l en ......JjUJ T""" T""" U 
<Cc:(CI) »U')uO<C<CCI) 

7 6 5 4 3 2 
009 8 NC 

0010 9 008 
VeeO 10 007 
VssO 11 VeeO 
0011 12 VssO 
0012 13 006 
0013 14 005 
0014 15 004 
VssO 16 003 
VeeO 17 VssO 
0015 18 VeeO 
0016 19 002 

NC 001 

~~~!;x:~~~~:;:~~~~ 

Address and write control are registered on-chip to 
simplify WRITE cycles. Dual write enables allow individual 
bytes to be written. WEL controls DQ1-DQ8 while WEH 
controls DQ9-DQ16. WEL/WEH allow late WRITE cycles 
to be aborted if they are both HIGH during the LOW period 
of the clock. Dual chip enables (seE, seE) allow on-chip 
address decoding to be accomplished when the devices are 
used in a dual bank mode. 

A data input latch is provided. When DLE is HIGH, the 
data latches are in the transparent mode and input data 
flows through the latch. When DLE is LOW, the data latch 
inputs are disabled. The data input latch simplifies WRITE 
cycles by guaranteeing data hold times. 

The MT58C1616 operates from a +5V power supply. 
Separate and electrically isolated output buffer power (V ceQ) 
and ground (V ssQ) pins are provided to allow either +3.BV 
or +5V TTL operation of the output drivers. 

Micron Technology, Inc., reserves the right to change products or specifications withu~t notice. 
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FUNCTIONAL BLOCK DIAGRAM 
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PIN DESCRIPTIONS 

PLCC and PQFP SYMBOL TYPE DESCRIPTION 
PIN NUMBER(S) 

33,32,31,30,29,26,25, AO-A13 Input Address Inputs: These inputs are registered and must meet the 
24,23,22,7,6,49,48 setup and hold times around the rising edge of CLK. 

52 SWE Input Synchronous Write Enable: This input is a synchronous write 
enable and must meet the setup and hold times around the rising 
edge of CLK. SWE is LOW for a WRITE cycle and HIGH for a 
READ cycle 

51 CLK Input Clock: This Signal registers the address, SCE, SCE, and SWE 
inputs on its rising edge. All synchronous inputs must meet set-
up and hold times around the clock's rising edge. 

3,4 WEL, Input Asynchronous Write Enables: These asynchronous, active LOW 
WEH inputs allow individual bytes to be written. When WEL is LOW, 

data is written to the lower byte, 01-08. When WEH is LOW, 
data is written to the upper byte, 09-016. A late WRITE cycle 
can be aborted if both WEL and WEH are HIGH during the LOW 
period of CLK. 

5,47 SCE,SCE Input Synchronous Chip Selects: These synchronous signals are used 
to enable the device. Both active HIGH (SCE) and active LOW 
(SCE) enables are supplied to provide on-chip address decoding 
when multiple devices are used, as in a dual bank configuration. 

50 OE Input Output Enable: This active LOW input enables the output 
drivers. 

21 OLE Input Data Latch Enable: When OLE is HIGH the latch is transparent. 
Input data is latched asynchronously into the on-chip data latch 
on the falling edge of OLE. OLE must meet the setup and hold 
times around CLK if data is latched. 

20,46 NC Input! These pins are no connects (NC). No connects are not 
NC Output internally bonded. 

34, 35, 38, 39, 40, 001-0016 Input! SRAM Data 1/0: Lower byte is 001-0Q8; Upper byte is OQ9-
41,44,45,8,9,12 Output OQ16. Input data must meet the setup and hold time around 
13, 14, 15, 18, 19 OLE when being latched. 

2,28 Vee Supply Power Supply: +5V ± 10% 

10,17,36,43 VeeQ Supply Isolated Output Buffer Supply: +5V ± 10% or 3.3V ± 10% 

11,16,37,42 VssQ Supply Isolated Output Buffer Ground: GNO 

1,27 Vss Supply Ground: GNO 
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TRUTH TABLE 

OPERATION seE seE" SWE: WE[" WElt OLE C5E" DQ 

Deselected Cycle L X X X X X X High-Z 

Deselected Cycle X H X X X X X High-Z 

Read Cycle H L H X X X H High-Z 

Read Cycle H L H X X X L 01-016 

Word Write Cycle 001-0016 H L L L L H X 01-016 
Transparent data-in 

Word Write Cycle 001-0016 H L L L L L X 01-016 
Latched data-in 

Aborted Write Cycle H L L H H X X High-Z 

Byte Write Cycle 001-008 H L L L H H X 01-08 
Transparent data-in 

Byte Write Cycle 009-0016 H L L H L H X 09-016 
Transparent data-in 

Byte Write Cycle 001-008 H L L L H L X 01-08 
Latched data-in 

Byte Write Cycle 009-0016 H L L H L L X 09-016 
Latched data-in 

NOTE: 1. Registered inputs (Addresses, SWE", SeE, and SeE) must satisfy the specified setup and hold times around 
the rising edge of clock (elK). Data-in must satisfy the specified setup and hold times for OLE. 

2. A transparent WRITE cycle is defined by OLE HIGH during the WRITE cycle. 
3. A latched WRITE cycle is defined by OLE transitioning lOW during the WRITE cycle and satisfying the 

specified setup and hold times. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc/VCCQ supply relative 
to Vss/VsSQ ..................................................... -1.OV to +7.0V 
Storage Temperature (Plastic) .................... -SsoC to + IS0°C 
Power Dissipation ........................................................... I.5W 
Short Circuit Output Current ...................................... SOmA 

ADVANCE 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ::; T A::; 70°C; Vee =5.0V ± 10%; Vss = VSSQ, Unless Otherwise Noted) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vee+1 V 1 

Input Low (Logie 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV:s; VIN:S; Vee ILl -10 10 ~ 

Output Leakage Current Output(s) Disabled, ILa -10 10 ~ 
OV :s; VOUT :s; Vee 

Output High Voltage IOH = -4.0mA VOH 2.4 V 1 

Output Low Voltage IOL= 8.0mA VOL 0.4 V 1 

Supply Voltage Vee 4.5 5.5 V 1 

Output Buffer Supply Voltage 5.0V TTL Compatible Veea 4.5 5.5 V 1 

DESCRIPTION CONDITIONS SYMBOL TYP MAX UNITS NOTES 

Power Supply seE :s; VIL; SCE ;;>: VIH; f = MAX, lee 150 300 mA 3 
Current: Operating Vee = MAX; Outputs Open 

f = MAX; SCE :s; VIL; SCE ;;>: VIH, 1881 20 50 mA 
Vee = MAX 

Power Supply SCE ;;>: Vee -0.2; SCE :s; Vss +0.2, 
Current: Standby Vec = MAX; VIL :s; Vss +0.2, IS82 8 15 mA 

VIH ;;>: Vee -0.2; f = 0 

f = 0; SCE :s; VIL; seE :s; VIH, IS83 10 25 mA 
Vcc= MAX 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 25°C; f = 1MHz CI 6 pF 4 

Input/Output Capacitance (0/0) Vee = 5V Co 8 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (O°C ::; T A::; 70°C; Vcc = VccQ = 5V ± 10%) 

·15 ·17 ·20 ·25 
DESCRIPTION SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Clock 

Clock cycle time 'KC 15 17 20 25 ns 
Clock high time 'KH 4 4 4 4 ns 

Clock low time 'KL 8 8 8 8 ns 

Chip Enable 

SCE/SCE setup time 'SCES 2 2 2 2 ns 10 
SCE/SCE hold time 'SCEH 2 2 2 2 ns 10 
Address 

Address setup time 'SAS 2 2 2 2 ns 10 
Address hold time 'SAH 2 2 2 2 ns 10 
READ Cycle 

READ cycle time 'RC 15 17 20 25 ns 11 
Clock to output valid 'KO 15 17 20 25 ns 

Clock to output invalid 'KOX 3 3 3 3 ns 10 
Clock to output in Low·Z 'KOLZ 10 10 10 10 ns 6, 7 
Clock to output in High·Z 'KOHZ 3 8 3 8 3 8 3 12 ns 6, 7 
SWE setup time 'SWNS 2 2 2 2 ns 10 
SWE hold time 'SWNH 2 2 2 2 ns 10 
OE to output valid 'CEO 6 7 8 10 ns 

OE to output in Low·Z 'CELZ 0 0 0 0 ns 6,7 
C51: to output in High·Z 'CEHZ 8 8 8 8 ns 6, 7 
WRITE Cycle 

WRITE cycle time 'WC 15 17 20 25 ns 11 
SWE setup time 'SWES 2 2 2 2 ns 10 
SWE hold time 'SWEH 2 2 2 2 ns 10 
Data setup time 'DS 5 6 6 7 ns 8, 10 
Data hold time 'DH 2 2 2 2 ns 8, 10 
Data to DLE not setup time 'DLNS 1 1 1 1 ns 9, 10 
Data to DLE not hold time 'DLNH 3 ~ :3 :3 itS 9, 10 
DLE setup time 'DLS 6 6 6 7 ns 9, 10 
DLE hold time 'DLH 2 2 2 2 ns 9, 10 
WIT / WEH setup time 'WES 6 6 6 7 ns 10 
WEL / WEH hold time 'WEH 2 2 2 2 ns 10 
WEL / WEH not setup time 'WNS 0 0 0 0 ns 10 
WEL / WEH not hold time 'WNH 2 2 2 2 ns 10 

5-6 



ADVANCE 

I"IIC:I=";~~ MT58C1616 

AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 3ns 

Input timing reference levels .............................. 1.SV 

Output reference levels ...................................... 1 .SV 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
S. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. Output loading is specified with CL = SpF as in Fig. 2. 

Transition is measured ± SOOm V from steady state 
voltage. 

7. At any given temperature and voltage condition, 
IKQHZ is less than IKQLZ and toEHZ is less than 
IOELZ. 
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+5V 

--r-l 480 

°255 ~lOOpF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

-r-i 480 

°255 ~5pF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. A transparent WRITE cycle is defined by DLE being 
HIGH during the WRITE cycle. 

9. A latched WRITE cycle is defined by DLE transition
ing LOW during the WRITE cycle and satisfying the 
specified setup and hold time with respect to the 
rising edge of clock (CLK). 

10. This is a synchronous device. All synchronous inputs 
must meet the setup and hold times with stable logic 
levels for all falling edges of address latch enable 
(ALE) and data latch enable (DLE). 

11. IRC = WC = IKC 
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READ TIMING 2 

READ READ DISABLED READ 

ClK 

I NOTE 3 I 

NOTE: 1, When synchronous chip enables (SCE, seE) are inactive, the part is deselected. 
2. WEL I WEH are Don't Care signals during a READ cycle. 

CHIP DESELECT 

~ DON'T CARE 

~ UNDEFINED 

3. Data out (Q) is disabled whenever asynchronous output enable (01:) is inactive, during a READ cycle. 
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ClK 

SADDR 

SCE, SCE 
NOTE 3 

DlE 

WEH, WEl 
NOTE 2 

lATCHED WRITE 

'KC 

WRITE TIMING 

ABORTED WRITE UNLATCHED WRITE CHIP DESELECT 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Data is latched when DlE transitions from HIGH to lOW. When DlE is HIGH, the latch is transparent and 
data flows through the latch. 

2. Asynchronous write enables (WEH, WEI:) are available for use as byte write enables at the system level. 
They are also available to perform a late WRITE cycle abort. 

3. When synchronous chip enables (SeE, SeE) are inactive, the part is deselected. 
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REAOIWRITE TIMING 

READ lATCHED WRITE READ UNLATCHED WRITE 

IKe 

ClK 

tKH t KL 

SADDR 

SCE,SCE 

SWE 

tKQHZ 

Q - Hi9h-Z-t=~~:QD~ATI!AGn~=~ DATA n+2 High-Z -t----

OE 

DLE 

WEH,WEl 

_ tOEHZ 

+----~~~~~~~Hi9h-Z_+--~~~~ 
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SYNCHRONOUS 
SRAM 
FEATURES 
• Fast access times: 15, 17,20, and 25ns 
• Fast Output Enable: 6,7,8, and IOns 
• Single +5V (±10%) power supply 
• Separate, electrically isolated output buffer power 

supply and ground (VccQ, VssQ) 
• Optional +3.3V (±10%) output buffer operation 
• Data Input Latch 
• Common Data Inputs and Data Outputs 
• BYTE WRITE capability via Dual Write Strobes 
• Parity Bits 
• Clock controlled registered address, Write Control and 

Dual Chip Enables 

OPTIONS MARKING 
• Timing 

15ns access -15 
17ns access -17 
20nsaccess -20 
25ns access -25 

• Packages 
52-pinPLCC EJ 
52-pinPQFP LG 

• Density 
16K x 18 MT58C1618 

GENERAL DESCRIPTION 
The Micron Synchronous SRAM family employs high 

speed, low power CMOS designs using a four-transistor 
memory cell. Micron SRAMs are fabricated using double
layer metal, double-layer polysilicon technology. 

The MT58C1618 SRAM integrates a 16K x 18 SRAM core 
with advanced synchronous peripheral circuitry. All 
synchronous inputs pass through registers controlled by a 
positive-edge-triggered single clock input (CLK). The 
synchronous inputs include all addresses, the two chip 
selects (SCE, SCE) and the synchronous write enable (SWE). 
Asynchronous inputs include the byte write enables (WEL, 
WEH), output enable (OE), data latch enable (DLE) and the 
clock. Input data can be asynchronously latched by DLE to 
provide simplified data-in (D) timing during WRITE cycles. 
Data-out (Q), enabled by OE during READ cycles, is 
asynchronous. The entire data word (DQI-DQ16, DQPl /2) 
is output during each READ cycle. The devices are ideally 
suited for "pipelined" systems and those systems which 
benefit from a wide data bus. 

MT58C1618 
REV. 1191 5-11 

16Kx 18 SRAM 
WITH CLOCKED, REGISTERED INPUTS 

PIN ASSIGNMENT (Top View) 

52-Pin PLCC (0-3) 
52-Pin PQFP (0-5) 

o~lwl::t:l--' <.> "'I!i:"" ",,,,w ,.- ,.... C".) ~ ~ (.) til ....JIW"- T- Q <<too »(1)(..;)0««(1) 

7 6 5 4 3 2 5251 5049 4B 47 
009 B 1 46 00P2 

0010 9 45 OOB 
VeeO 10 44 007 
VssO 11 43 VeeO 
0011 12 42 VssO 
0012 13 41 006 
0013 14 40 005 
0014 15 39 004 
VssO 16 38 003 
VeeO 17 37 VssO 
0015 18 36 VeeO 
0016 19 35 002 
OOPl 20 34 001 

21 22 23 24 25 26 27 28 29 30 31 32 33 

Wo)COr--..<.CLOCf.)U-.::tC'"'J"I.,-O 
B<C<C<C<C<C~-§:.<C<Cc:t:<CC:( 

Address and write control are registered on-chip to 
simplify WRITE cycles. Dual write enables allow individual 
bytes to be written. WELcontrols DQI-DQ8and DQPl while 
WEHcontrols DQ9-DQ16 and DQP2. WEL/WEHallow late 
WRITE cycles to be aborted if they are both HIGH during 
the LOW period of the clock. Dual chip enables (SCE, SCE) 
allow on-chip address decoding to be accomplished when 
the devices are used in a dual bank mode. 

A data input latch is provided. When DLE is HIGH, the 
data latches are in the transparent mode and input data 
flows through the latch. When DLE is LOW, the data latch 
inputs are disabled. The data input latch simplifies WRITE 
cycles by guaranteeing data hold times. 

The MT58C1618 operates from a +5V power supply. 
Separate and electrically isolated output buffer power (VccQ) 
and ground (V ssQ) pins are provided to allow either +3.3V 
or +5V TTL operation of the output drivers. 

Micron Technology, Inc., reserves the right to change products or specifications without natice. 
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FUNCTIONAL BLOCK DIAGRAM 

OE-
OUTPUT 
ENABLE 
BUFFER 

~ ADDRESS 
AO-A13 ~ REGISTER 

SCE_ CHIP H> 
ENABLE 

SCE _ REGISTER 

CLK-

L 
CLOCK 
BUFFER 

... 
ROW 

DECODER 

16Kx18 .. 
MEMORY ~ •• P1 
ARRAY .... .. 

COLUMN 
DECODER 

SENSE 
AMPS 

-'-

• 
OUTPUT 
BUFFER 

-
HIGH 

DQ1 

DQ8 
... DQP1 

DQ9 

l.6 BYTE ~ INPUT J DQ16 I""'IIIIf'" WRITE LATCH DQP2 
DRIVER 

~ LOW ~"""-IIIii1 I< BYTE r 
'--------' WRITE .... 

V1fRITF W 
SWE - ENABLE I-

WEH-

WEL-

DLE-

REGISTER 

BUFFERS M==~~~~ 
HIGH BYTE WRITE ENABLE 

DATA IN 
LATCH 

ENABLE 
BUFFER 

~ LOW BYTE WRITE ENABLE 
L-~====t 
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PIN DESCRIPTIONS 

PLCC and PQFP SYMBOL TYPE DESCRIPTION 
PIN NUMBER(S) 

33,32,31,30,29,26,25, AO-A13 Input Address Inputs: These inputs are registered and must meet the 
24,23,22,7,6,49,48 setup and hold times around the rising edge of ClK. 

52 SWE Input Synchronous Write Enable: This input is a synchronous write 
enable and must meet the setup and hold times around the rising 
edge of ClK. SWE is lOW for a WRITE cycle and HIGH for a 
REAO cycle 

51 ClK Input Clock: This signal latches the address, SCE, SCE, and SWE 
inputs on its rising edge. All synchronous inputs must meet setup 
and hold times around the clock's rising edge. 

3,4 WEl, Input Asynchronous Write Enables: These asynchronous, active lOW 
WEH inputs allow individual bytes to be written. When WEl is lOW, 

data is written to the lower byte, 01-08, 00P1. When WEH is 
lOW, data is written to the upper byte, 09-016, 00P2. A late 
WRITE cycle can be aborted if both WEl and WEH are HIGH 
during the lOW period of ClK. 

5,47 SCE,SCE Input Synchronous Chip Selects: These synchronous signals are used 
to enable the device. Both active HIGH (SCE) and active lOW 
(SCE) enables are supplied to provide on-chip address decoding 
when multiple devices are used, as in a dual bank configuration. 

50 OE Input Output Enable: This active lOW input enables the output 
drivers. 

21 OLE Input Oata latch Enable: When OLE is HIGH the latch is transparent. 
Input data is latched asynchronously into the on-chip data latch 
on the falling edge of OLE. OLE must meet the setup and hold 
times around OLE if data is latched. 

20,46 00P1 Input! Parity Oata 1/0: These signals are data parity bits. The 00P1 
00P2 Output is the parity bit for the lower byte, 001-008. 00P2 is the parity 

bit for the upper byte, 009-0016. Parity data must meet the setup 
and hold time around OLE when being latched. 

34, 35, 38, 39, 40, 001-0016 Input! SRAM Oata 110: lower byte is 001-008; Upper byte is 009-
41,44,45,8,9,12 Output 0016. Input data must meet the setup and hold time around 
13, 14, 15, 18, 19 OLE when being latched. 

2,28 Vcc Supply Power Supply: +5V ± 1 0% 

10,17,36,43 VccO Supply Isolated Output Buffer Supply: +5V ± 10% or 3.3V ± 10% 

11,16,37,42 VssO Supply Isolated Output Buffer Ground: GND 

1,27 Vss Supply Ground:GNO 

5-13 
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1'II"=l=Ig~ MT58C1618 

TRUTH TABLE 

OPERATION seE ~ 'SWE WE[" WEH DLE 'OE DQ 

Oeselected Cycle L X X X X X X High-Z 

Oeselected Cycle X H X X X X X High-Z 

Read Cycle H L H X X X H High-Z 

Read Cycle H L H X X X L 01-016, OP1, OP2 

Word Write Cycle 001-0016, 00P1, 00P2 H L L L L H X 01-016, OP1, OP2 
Transparent data-in 

Word Write Cycle 001-0016, 00P1, 00P2 H L L L L L X 01-016, OP1, OP2 
Latched data-in 

Aborted Write Cycle H L L H H X X High-Z 

By1e Write Cycle 001-008, OOPl H L L L H H X 01-08,OPl 
Transparent data-in 

By1e Write Cycle 009-0016, 00P2 H L L H L H X 09-016,OP2 
Transparent data-in 

Byte Write Cycle 001-008, OOPl H L L L H L X 01-08,OPl 
Latched data-in 

By1e Write Cycle 009-0016, 00P2 H L L H L L X 09-016,OP2 
Latched data-in 

NOTE: 1. Registered inputs (Addresses, SWE, SeE, and SeE) must satisfy the specified setup and hold times around 
the rising edge of clock (elK). Data-in must satisfy the specified setup and hold times for OLE. 

2. A transparent WRITE cycle is defined by OLE HIGH during the WRITE cycle. 
3. A latched WRITE cycle is defined by OLE transitioning lOW during the WRITE cycle and satisfying the 

specified setup and hold times. 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vcc/VCCQ supply relative 
to Vss/VsSQ ..................................................... -1.0V to +7.0V 
Storage Temperature (Plastic) .................... -SsoC to + lS0°C 
Power Dissipation ........................................................... 1.SW 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability . 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C $ T A $ 70°C; Vee = 5.0V ± 10%; Vss = Vssa, Unless Otherwise Noted) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vee+1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV:o; VIN:O; Vee ILl -10 10 ~ 
Output Leakage Current Output(s) Disabled, ILo -10 10 ~ 

OV :0; VOUT :0; Vee 

Output High Voltage IOH = -4.0mA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0mA VOL 0.4 V 1 

Supply Voltage Vee 4.5 5.5 V 1 

Output Buffer Supply Voltage 5.0V TTL Compatible Veea 4.5 5.5 V 1 

DESCRIPTION CONDITIONS SYMBOL TYP MAX UNITS NOTES 

Power Supply SCE :0; VIL; SCE ~ VIH; f = MAX; lee 150 300 mA 3 
Current: Operating Vee = MAX; Outputs Open 

SCE :0; VIL; SCE ~ VIH; IS81 20 50 mA 
Vee = MAX; f = MAX 

Power Supply SCE ~ Vee -0.2; SCE :0; Vss +0.2; 
Current: Standby Vcc = MAX; VIL :0; Vss +0.2; IS82 8 15 mA 

VIH ~ Vee -0.2; f = 0 

f = 0, SCE :0; VIL; SCE :0; VIH; IS83 10 25 mA 
Vcc= MAX 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C, f = 1 MHz CI 6 pF 4 

Input/Output Capacitance (0/0) Vee = 5V Co 8 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (ODC :s; T A :s; 70DC; Vcc = VccQ = 5V ± 10%) 

-15 -17 -20 -25 
DESCRIPTION SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Clock 

Clock cycle time 'KC 15 17 20 25 ns 

Clock high time 'KH 4 4 4 4 ns 

Clock low time 'KL 8 8 8 8 ns 

Chip Enable 

SCE/SCE setup time 'SCES 2 2 2 2 ns 10 
SCE/SCE hold time 'SCEH 2 2 2 2 ns 10 
Address 

Address setup time 'SAS 2 2 2 2 ns 10 
Address hold time 'SAH 2 2 2 2 ns 10 
READ Cycle 

READ cycle time 'RC 15 17 20 25 ns 11 
Clock to output valid 'KO 15 17 20 25 ns 

Clock to output invalid 'KOX 3 3 3 3 ns 10 
Clock to output in Low-Z 'KOLZ 10 10 10 10 ns 6, 7 
Clock to output in High-Z 'KOHZ 3 8 3 8 3 8 3 12 ns 6, 7 
SWE setup time 'SWNS 2 2 2 2 ns 10 
SWE hold time 'SWNH 2 2 2 2 ns 10 
C5i: to output valid toEO 6 7 8 10 ns 

C5i: to output in Low-Z toELZ 0 0 0 0 ns 6, 7 
C5i: to output in High-Z toEHZ 8 8 8 8 ns 6, 7 
WRITE Cycle 

WRITE cycle time twc 15 17 20 25 ns 11 
SWE setup time 'SWES 2 2 2 2 ns 10 
SWE hold time 'SWEH 2 2 2 2 ns 10 
Data setup time 'DS 5 6 6 7 ns 8, 10 
Data hold time 'DH 2 2 2 2 ns 8,10 ' 
Data to DLE not setup time 'DLNS 1 1 1 1 ns 9, 10 
Data to DLE not hold time 'DLNH 3 3 3 3 ns 9, 10 
DLE ~ttiulJ iilllt: tDL5 I> I> b I ns \:I, 10 

DLE hold time 'DLH 2 2 2 2 ns 9, 10 
WEL / WEH setup time twES 6 6 6 7 ns 10 
WEe/ WEH hold time twEH 2 2 2 2 ns 10 
WEe/ WEH not setup time twNS 0 0 0 0 ns 10 
WEe/ WEH not hold time twNH 2 2 2 2 ns 10 

5-16 



AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 3ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1 .5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. Output loading is specified with CL = SpF as in Fig. 2. 

Transition is measured ± SOOmV from steady state 
voltage. 

7. At any given temperature and voltage condition, 
tKQHZ is less than tKQLZ and toEHZ is less than 
toELZ. 

5-17 

+5V 

~480 
o 255 ~ ''''''' 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

ADVANCE 

+5V 

~480 
0 255 ~5PF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. A transparent WRITE cycle is defined by DLE being 
HIGH during the WRITE cycle. 

9. A latched WRITE cycle is defined by DLE transition
ing LOW during the WRITE cycle and satisfying the 
specified setup and hold time with respect to the 
rising edge of clock (CLK). 

10. This is a synchronous device. All synchronous inputs 
must meet the setup and hold times with stable logic 
levels for all falling edges of address latch enable 
(ALE) and data latch enable (DLE). 

11. lRC = WC = 1J<C 
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READ TIMING 2 

READ READ DISABLED READ 

ClK 

SADDR 

SCE,SCE 

I NOTE 3 I 

NOTE: 1. When synchronous chip enables (SCE, SeE) are inactive, the part is deselected. 
2. WEL / WEH are Don't Care signals during a READ cycle. 

CHIP DESELECT 

YfZl DON'T CARE 

~ UNDEFINED 

3. Data out (0) is disabled whenever asynchronous output enable (OE) is inactive, during a READ cycle. 
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ClK 

SADDR 

SCE, SCE 
NOTE 3 

DlE 

WEH, WEl 
NOTE 2 

lATCHED WRITE 

'KG 

WRITE TIMING 

ABORTED WRITE 

'SAS 'BAH 

UNLATCHED WRITE CHIP DESELECT 

High-Z-

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. Data is latched when DlE transitions from HIGH to lOW. When DlE is HIGH, the latch is transparent and 
data flows through the latch. 

2. Asynchronous write enables (WEH, WEL) are available for use as byte write enables at the system level. 
They are also available to perform a late WRITE cycle abort. 

3. When synchronous chip enables (SCE, SCE) are inactive, the part is deselected. 
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READ/WRITE TIMING 

READ LATCHED WRITE READ UNLATCHED WRITE 

ClK 

SADDR 

SCE, SCE 

SWE 

Q - High-Z 1-~mJ\..DQ;A~T!:tA~n_.-----.il DATA n+2 High-Z -+----

OE 

DlE 

WEH,WEl 

+----+~~~~~~ High-Z -+----@ll~~~ 

5-20 

~ DON'T CARE 

~ UNDEFINED 



DYNAMIC RAMS .....................................................•............ 

DRAM MODULES ................................................................ . 

MULTIPORT DRAMS ....................................................... II ••••• 

STATIC RAMS ...................................................................... . 

SYNCHRONOUS SRAMS 

SRAM MODULES •....•.•..........................................•.............. 

CACHE DATA SRAMS ........................................................ . 

FIFO MEMORIES ................................................................. . 

APPLICATIONITECHNICALINFORMATION ...................... . 

MILITARY INFORMATION ................................................... . 

PACKAGE INFORMATION .................................................. . 

SALES INFORMATION ......................................................... . 

-... .... .... 
~ .... -... .... 
.u. -.... 



SRAM MODULE PRODUCT SELECTION GUIDE: 
Memory Optional Part Access Package and No. of Pins 
Configuration Access Cycle Number Time (ns) DIP ZIP Process Page 

128K x 8 CE&OE MT4S1288 30,35,45 32 - CMOS 6-1 

32K x 16 CE&OE MT2S3216 30,35,45 40 - CMOS 6-9 

64K x 16 CE&OE MT4S6416 30,35,45 40 - CMOS 6-17 

16K x 32 CE&OE MT8S1632 15,20,25,30,35,45 - 64 CMOS 6-25 

64K x 32 CE&OE MT8S6432 20,25,30,35,45 - 64 CMOS 6-33 ' 
128K x 32 CE&OE MT4S12832 25,35,45 - 64 CMOS 6-41 , 

256K x 32 CE&OE MT8S25632 25,35,45 - 64 CMOS 6-49 . 
-



SRAM 
MODULE 
FEATURES 
• High speed: 30ns, 35ns, and 45ns 
• High-performance, low-power CMOS process 
• Single +5V (±1O%) power supply 
• Easy memory expansion with CE function 
• All inputs and outputs are ITL compatible 
• Pin compatible with monolithic 1 Meg SRAM 

OPTIONS 
• Timing 

30ns access 
35ns access 
45ns access 

• Packages 
32-pin DIP (600 mil) 

MARKING 

-30 
-35 
-45 

D 

• 2V data retention L 
(Available in 45ns, CMOS decoder version only) 

GENERAL DESCRIPTION 
The MT4S1288 is a high-speed SRAM memory module 

containing 131,072 words organized in a x8-bit configura
tion. The module consists of four 32K x 8 fast static RAMs 
and a single decoder mounted on a 32-pin DIP, FR4 printed 
circuit board. Depending upon the speed of the module, the 
decoder will be either TTL (30ns and 35ns) or CMOS (45ns). 

The decoder interprets the higher order address bits (A15 
and A16) to select one of the four fast static RAMs. Data is 
written into the SRAM memory when both write enable 
(WE) and chip enable (CE) inputs are LOW. Reading is ac
complished when WE remains HIGH, and CE and output 

MT4S1288 
REV. 1/91 6-1 

(REPLACES: MT85C8128) 

128Kx 8 SRAM 

PIN ASSIGNMENT (Top View) 

32·Pin DIP 
(K-1 ) 

NC 32 Vee , 
A16 2 31 A15 

A14 3 30 NC 

A12 4 29 WE 

A7 5 28 A13 

AS S 27 A8 

A5 7 26 A9 

A4 8 25 All 

A3 9 24 OE 

A2 10 23 Al0 

AI 11 22 CE 

AO 12 21 D08 

DOl 13 20 D07 

D02 14 19 DOS 

D03 15 18 D05 

Vss 16 17 D04 

enable (OE) are LOW. CE sets the output in a high imped
ance state for additional system design flexibility, and 
memory expansion may be achieved through use of the 
OE and CE functions. 

The Micron SRAM family uses high-speed, low-power 
CMOS designs featuring a four-transistor memory cell and 
double-layer metal, double-layer polysilicon technology. 
All module components may be powered from a single +5V 
DC supply and all inputs and outputs are fully TTL compat
ible. The "L" option offers reduced-voltage operation for 
systems with low standby power requirements. 

Micron Technology, Inc., reserves fhe rIght to change products or specifications without notice. 
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1'II1C:I=U::;a~ MT4S1288 
(REPLACES: MT85C8128) 

FUNCTIONAL BLOCK DIAGRAM 

AO-14 

001-8 

WE -en OE 

::D » AO-14 AO-14 AO-14 AO-14 

3l: 
3l: 

001-08 001-08 001-08 001-08 

WE U1 WE U2 WE U3 WE U4 

0 DE CE DE CE DE CE DE CE C 
c: 
r-m 

A15 

A16 DECODER 
CE 

U1-U4 = MT5C2568DJ 

TRUTH TABLE 

MODE 'OE ~ WE" DO POWER 

STANDBY X H X HIGH-Z STANDBY 

READ L L H 0 ACTIVE 

READ H L H HIGH-Z ACTIVE 

WRITE X L L D ACTIVE 
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IVIIC:I=U;!~ MT 451288 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature .................................. -55°C to + 150°C 
Power Dissipation ............................................................. 1 W 
Short Circuit Output Current ..................................... 50mA 

(REPLACES: MT85C8128) 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(OOe < T < 70oe' Vee 5 OV + 100/.) - A- , = - ° MAX 

DESCRIPTION CONDITIONS SYMBOL MIN -3~, -35 -45 UNITS NOTES 

Input High (Logic 1) Voltage V,H 2.2 Vcc+1 Vcc+1 V 

Input Low (Logic 0) Voltage V,L -O.S 0.8 0.8 V 1,2 

AO-A 14, WE, OE -20 20 20 ~ 
Input Leakage Current OV S; V,N S; Vcc ILl 

A1S, A16, CE 600 1.0 ~ 
Input/Output Leakage Current Output(s) Disabled, I DQ1-DQ8 ILo -20 20 20 ~ 

OV S; VOUT S; Vcc 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 0.4 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL MIN -3~, -35 -45 UNITS NOTES 

Operating Current: CE S; VIL; Vcc = MAX; 
TTL Input Levels f = MAX = 1/ tRC, Icc 190 180 rnA 3 

Outputs Open 

Standby Current: CE ;::: VIH, Vcc = MAX 
TTL Input Levels f = MAX = 1/ tRC, IS61 120 100 rnA 

Outputs Open 

Standby Current: CE ;::: Vcc -0.2; Vcc = MAX 
CMOS Input Levels V,L S; Vss +0.2, IS62 40 20 rnA 

V,H ;::: Vcc -0.2; f = 0 

CAPACITANCE MAX 

DESCRIPTION CONDITIONS SYMBOL MIN -3~, -35 -45 UNITS NOTES 

Input Capacitance: CI1 28 28 pF 4 
AO-A14 WE, & OE 

Input Capacitance: TA = 2SoC; f = 1MHz CI2 S 4.S pF 4 
A1S, A16, & CE Vcc= SV 

Input/Output Capacitance: Cia 28 28 pF 4 
DQ1-DQ8 
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I'IIIC::RC;;::I1~ MT 4S1288 
(REPLACES: MT85C8128) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (O°C ~ T A ~ 70°C; Vcc = 5V ± 10%) 

-30 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 30 35 45 ns 

Address access time IAA 30 35 45 ns 

Chip Enable access time lACE 30 35 45 ns 

Output hold from address change toH 5 5 5 ns 

Chip Enable LOW to output in Low-Z ILZCE 5 5 5 ns 7 

Chip Enable to output in High-Z IHZCE 20 20 25 ns 6,7 

Chip Enable LOW to power-up time IpU 0 0 0 ns 

Chip Enable HIGH to power-down time IpD 30 35 45 ns 

Output Enable access time IAOE 10 12 15 ns 

Output Enable LOW to output in Low-Z ILZOE 0 0 0 ns 

Output Enable HIGH to output in High-Z IHZOE 10 12 15 ns 6 

WRITE Cycle 

WRITE cycle time 'WC 25 30 35 ns 

Chip Enable to end of write ICW 25 30 30 ns 

Auult::~~ Vctiici to ena oj wrrte lAW 18 20 25 ns 

Address setup time lAS 0 0 0 ns 

Address hold from end of write IAH 0 0 0 ns 

Write pulse width 'WP 25 25 30 ns 

Data setup time IDS 15 15 20 ns 

Data hold time IDH 0 0 0 ns 

Write Enable LOW to output in Low-Z ILZWE 0 0 0 ns 7 

Write Enable HIGH to output in High-Z IHZWE 12 15 18 ns 6, 7 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1 .5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. tHZCE, IJiZOE, and tHZWE are specified with CL = 

SpF as in Fig. 2. Transition is measured ±SOOm V from 
steady state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE, tHZWE is less than tLZWE. 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

(REPLACES: MT85C8128) 

+5V 

DOUT ~
480 

255 5 pF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All CEs held in their 

active state. 
10. Address valid prior to or coincident with latest 

occurring CEo 
11. The ouptut will be in the High-Z state if OE is High. 
12. The first falling edge of either CE or WE will initiate a 

WRITE cycle, and the first rising edge of either CE or 
WE will terminate a WRITE cycle. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION CONDITIONS SYMBOL MIN TVP MAX 
Vcc for Retention Data VDA 2 -

-cr ~ (Vee -0.2V) Vee = 2v leeDR 0.5 2 
Data Retention Current VIN ~ (Vee -0.2V) 

or:O; 0.2V Vee =3v 1.5 3 
Chip Deselect to Data ICDR 0 -

Retention Time 
Operation Recovery Time IR IRC 

LOW Vee DATA-RETENTION WAVEFORM 

DATA·RETENTION MODE 

Vee f' .~ 
_'"'".~t.;:.;eD:;';'R'-+i: ." ~ <~: " '. 

CE VIH- '-_____ V,.::.DR'-'-____ ---'_ 
VIL-
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~ DON'T CARE 

~ UNDEFINED 

UNITS NOTES 
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rnA 

rnA 
ns 4 

ns 4,10 
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-en 
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3: 
3: 
o c 
c: 
rm 

1'II1C:l=lq~ MT4S1288 
(REPLACES: MT85C8128) 

READ CYCLE NO.1 8, 9 

ADDR VALID 

lAA 

IOH 

II1i:'AA7I>. 
DQ PREVIOUS DATA VALID ~ DATA VALID 

READ CYCLE NO.2 7, 8, 10 

IAOE 

ILZOE I IHZOE 

) 
iACE I 
ILZCE IHZCE 

DQ 
~ HIGH-Z DATA VALID t- HIGH-Z-Ml:/)lj , I. IpU I IpD 

Vee .- .}~---. ~.{ 
SUPPLY ICC -__________ -' 50% 50% '-__ 
CURRENT ISB - _ . 
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I'IIIC:I=:U;~~ MT 4S1288 

ADDR 

CE 

D 

Q 

AOOR 

o 

WRITE CYCLE NO.1 
(Write Enable Controlled) 11, 12 

IWC 

ICW 

lOS IDH 

DATA VALID 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 11, 12 

twe 

lew 

lOS 

(REPLACES: MT85C8128) 

Q ~I----_ HIGH-Z----
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SRAM 
MODULE 
FEATURES 
• High speed: 30ns, 35ns and 45ns 
• High-performance, low-power CMOS process 
• Single +5V (±1O%) power supply 
• Easy memory expansion with CE function 
• Upper and Lower Byte Select 
• All inputs and outputs are TTL compatible 

OPTIONS MARKING 
• Timing 

30ns access 
35ns access 
45ns access 

• Packages 
40-pin DIP (600 mil) 

-30 
-35 
-45 

D 

• 2V data retention L 
(Available in 45ns, CMOS decoder versions only) 

GENERAL DESCRIPTION 
The MT2S3216 is a high-speed SRAM memory module 

containing 32,768 words organized in a x16-bit configura
tion. The module consists of two 32K x 8 fast static RAMs 
and a single decoder mounted on a 4O-pin DIP, FR4 printed 
circuit board. Depending upon the speed ofthe module, the 
decoder will be either TTL (30ns and 35ns) or CMOS (45ns). 

Data is written into the SRAM memory when both write 
enable (WE) and chip enable (CE) inputs are LOW. Reading 
occurs when WE remains HIGH, and CE and output enable 
(OE) are LOW. LB and VB control the lower and upper byte 

MT2S3216 
REV. 1191 6-9 

(REPLACES: MT85C1632) 

32Kx 16 SRAM 

PIN ASSIGNMENT (Top View) 

40-Pin DIP 
(K-2) 

*A15 40 Vcc 
CE 39 WE 

D016 38 US 
D015 4 37 LS 
D014 36 A14 
D013 35 A13 
D012 34 A12 
D011 8 33 A11 
D010 32 A10 
D09 10 31 A9 
Vss 11 30 Vss 

DOS 12 29 AS 
DO? 13 28 A? 

D06 14 27 A6 
D05 15 26 A5 
D04 16 25 A4 

D03 17 24 A3 
D02 18 23 A2 
D01 19 22 A1 

OE 20 21 AD 

* Address A 15 must be connected to Vss 

selection. CE sets the output in a high impedance state for 
additional system design flexibility, and memory expan
sion may be achieved through use of the CE functions. 

The Micron SRAM family uses high-speed, low-power 
CMOS designs featuring a four-transistor memory cell and 
double-layer metal, double-layer polysilicon technology. 
All module components may be powered from a single +5V 
DC supply and all inputs and outputs are fully TTL compat
ible. The "L" option offers reduced-voltage operation for 
systems with low standby power requirements. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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1'II1C:l=Igl~ MT2S3216 
(REPLACES: MT85C163~) 

FUNCTIONAL BLOCK DIAGRAM 

AO-14 

DO 1-8 

009-16 

WE 

OE 

A15 = Ground 

A15 

CE 

LB 

UB 

DECODER 

T~UTHTABLE 

MODE 

STANDBY 

STANDBY 

READ: WORD 

READ: LOWER BYTE 

READ: UPPER BYTE 

READ: WORD 

READ: LOWER BYTE 

READ: UPPER BYTE 

WRITE: WORD 

WRITE: LOWER BYTE 

WRITE: UPPER BYTE 

a U8 

H X 

L H 

L L 

L H 

L L 

L L 

L H 

L L 

L L 

L H 

L L 

AO-14 

D01-8 
L...----I WE U1 

OE CE 

AO-14 

D01-8 
L..-. __ -I WE U2 

OE CE 

U1, U2 = MT5C2568DJ 

m 'OE" WE A15 DQ OPERATION POWER 

X X X L HIGH-Z STANDBY 

H X X L HIGH-Z STANDBY 

L L H L 0(1-16) ACTIVE (x16) 

L L H L 0(1-8) ACTIVE (x8) 

H L H L 0(9-16) ACTIVE (x8) 

L H H L HIGH-Z ACTIVE (x16) 

L H H L HIGH-Z ACTIVE (x8) 

H H H L HIGH-Z ACTIVE (x8) 

L X L L D (1-16) ACTIVE (x16) 

L X L L D (1-8) ACTIVE (x8) 

H X L L D (9-16) ACTIVE (x8) 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature ................................... -55°C to + 150°C 
Power Dissipation .............................................................. 2W 
Short Circuit Output Current ...................................... 50mA 

(REPLACES: MT85C1632) 

"Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this speci
fication is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect reli
ability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(0 eTC V V ) 0 ::; A::; 700 cc = 5.0 ±10% . MAX 

DESCRIPTION CONDITIONS SYMBOL MIN -3~, -35 ·45 UNITS NOTES 

Input High (Logic 1) Voltage AO-A 14, WE, OE VIH 2.2 Vcc+1 Vcc+1 V 

A15, CE, UB, LB VIH 2.0 Vcc+1 Vcc+1 V 

Input Low (Logic 0) Voltage AO-A 14, WE, OE VIL -0.5 O.B O.B V 1,2 

A15, CE, UB, LB VIL -0.5 O.B 0.9 V 1,2 

AO-A 14, WE OE -10 10 10 ItA 
Input Leakage Current OV :5 VIN :5 Vcc A15, CE ILl 1200 2.0 j.lA 

UB, LB 600 1.0 ItA 
Input/Output Leakage Current Output(s) Disabled, I 001-0016 ILo -5 5 5 ItA 

OV :5 VOUT :5 Vce 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = B.OrnA VOL 0.4 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL MIN -3~, -35 -45 UNITS NOTES 

Operating Current: (x16) CE :5 VIL; Vee = MAX 210 200 rnA 3 
TTL Input Levels f = MAX = 11 tRC, lee 

(xB) Outputs Open 140 130 

Standby Current: CE ~ VIH; Vee = MAX 
TTL Input Levels f = MAX =11 tRC, IS81 70 50 rnA 

Outputs Open 

Standby Current: CE ~ Vee -0.2; Vee = MAX 
CMOS Input Levels VIL :5 Vss +0.2, IS82 35 15 rnA 

VIH ~ Vee -0.2; f = 0 

CAPACITANCE MAX 

DESCRIPTION CONDITIONS SYMBOL MIN -3~, -35 -45 UNITS NOTES 

Input Capacitance: TA = 25°C; f = 1MHz CI1 14 14 pF 4 
AO-A 14, WE, OE Vcc = 5V 

Input Capacitance: A15, CE CI2 10 9 pF 4 

Input Capacitance: UB, LB CI3 5 4.5 pF 4 

Input/Output Capacitance: DO CIO 7 7 pF 4 
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I'IIIC=Rq,~ MT2S3216 
(REPLACES: MT85C1632) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (O°C:::; TA :::; 70°C; Vcc = 5V ± 10%) 

-30 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 30 35 45 ns 

Address access time 1M 30 35 45 ns 

Chip Enable access time lACE 30 35 45 ns 

Output hold from address change 'OH 5 5 5 ns 

Chip Enable LOW to output in Low-Z ILZCE 5 5 5 ns 7 

Chip Enable to output in High-Z IHZCE 20 20 25 ns 6, 7 

Chip Enable LOW to power-up time IpU 0 0 0 ns 

Chip Enable HIGH to power-down time IpD 30 35 45 ns 

Output Enable access time IAOE 10 12 15 ns 

Output Enable LOW to output in Low-Z ILZOE 0 0 0 ns 

Output Enable HIGH to output in High-Z IHZOE 10 12 15 ns 6 

WRITE Cycle 

WRITE cycle time !Wc 25 30 35 ns 

Chip Enable to end of write tcw 25 30 30 ns 

ArtrlrAQC; \-,~!!d to er.d of • ... :r:t~ ;Aw 18 20 25 ns 

Address setup time lAS 0 0 0 ns 

Address hold from end of write IAH 0 0 0 ns 

WRITE command pulse width IWp 25 25 30 ns 

Data setup time IDS 15 15 20 ns 

Data hold time IDH 0 0 0 ns 

Write Enable LOW to output in Low-Z ILZWE 0 0 0 ns 7 

Write Enable HIGH to output in High-Z IHZWE 12 15 18 ns 6, 7 
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IVIIC:I=:";~~ MT2S3216 

AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ Sns 

Input timing reference levels .............................. 1 .SV 

Output reference levels ...................................... 1 .SV 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 2Ons. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. t}fzCE and t}fzWE are specified with CL = SpF as in 

Fig. 2. Transition is measured ± SOOm V from steady 
state voltage. 

7. At any given temperature and voltage condition, 
t}fzCE is less than tLZCE, !JIZWE is less than ILZWE. 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

(REPLACES: MT85C1632) 

+5V 

DOUT ~
480 

255 5 pF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables held 

in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. The ouptut will be in the High-Z state if OE is High. 
12. The first falling edge of either CE or WE will initiate a 

WRITE cycle, and the first rising edge of either CE or 
WE will terminate a WRITE cycle. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX 

Vee for Retention Data VDR 2 -
CE;?: (Vee -0.2V) Vee = 2v ICCDR 0.3 1.0 

Data Retention Current VIN ;?: (Vee -0.2V) 
or ~ 0.2V Vee = 3v 0.8 1.6 

Chip Deselect to Data ICDR 0 -
Retention Time 

Operation Recovery Time IR IRC 

LOW Vee DATA-RETENTION WAVEFORM 

Vee 

Ce VIH-
VIL-

_~DR 

DATA-RETENTION MODE 
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!88S UNDEFINED 

UNITS NOTES 
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mA 

mA 

ns 4 

ns 4 
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rm 

1'II1C:l=lq~ MT2S3216 
(REPLACES: MT8SC1632) 

READ CYCLE NO.1 8, 9 

J 

.1 
ADDR VALID ;( 

tAA 

tOH 

1JA"XAA 
PREVIOUS DATA VALID ~ DATA VALID DQ 

READ CYCLE NO.2 7,8,10 

IAOE 

ILZOEJ L IHZOE 

J 
I!lDE I 

ILZCE ~ 
~ HIGH-Z DATA VALID I-- HIGH-Z-1V:l:i:iJ , DQ 

I .. tpu IIPD L 
Vee .- "'},----------"---" 
SUPPLY ICC - 50% 50% 
CURRENT ISB -_________ -..1. 
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iVl1C:I=:U;!N MT2S3216 

ADDR ~ 
----.l 

L 

~IIIIIIIII/;d. 
lAS 

D 

Q 

AOOR 

WE 

o 

_I 

~ 

WRITE CYCLE NO.1 
(Write Enable Controlled) 11, 12 

Iwe 

lAW 

lew 

IWp 

VIII/; 
I IDS 

(REPLACES: MT85C1632) 

IAH 

Wlllllllllllllllllllli% 

IDH I 

J ~ DATA VALID 
'\ I' 

IHZWE J 
,I 

HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 11, 12 

Iwe 

lew 

lOS 

IlZWE J 
I 

Q ~I----_ HIGH-Z----
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1'II1C:l=Ig~ MT 4S6416 

SRAM 
MODULE 
FEATURES 
• High speed: 30ns, 35ns and 45ns 
• High-performance, low-power, CMOS process 
• Single +5V (±1O%) power supply 
• Easy memory expansion with CE function 
• Upper and Lower Byte Select 
• All inputs and outputs are TTL compatible 

OPTIONS MARKING 
• Timing 

30ns access 
35nsaccess 
45nsaccess 

• Packages 
40-pin DIP (600 mil) 

-30 
-35 
-45 

D 

• 2V data retention L 
(Available in the 45ns, CMOS decoder version only) 

GENERAL DESCRIPTION 
The MT4S6416 is a high-speed SRAM memory module 

containing 65,536 words organized in a xl6-bit configura
tion. The module consists of four 32K x 8 fast static RAMs 
and a single decoder mounted on a 40-pin DIP, double
sided FR4 printed circuit board. Depending upon the speed 
of the module, the decoder will be either TTL (30ns and 
35ns) or CMOS (45ns). 

The decoder interprets the higher order address bit (A 15) 
to select two of the four fast static RAMs. Data is written into 
the SRAM memory when both write enable (WE) and chip 
enable (CE) inputs are LOW. Reading occurs when WE 
remains HIGH, and CE and output enable (OE) are LOW. 

MT4S6416 
REV. 1191 6-17 

(REPLACES: MT85C1664) 

64Kx 16 SRAM 

PIN ASSIGNMENT (Top View) 

40-Pin DIP 
(K-3) 

A15 Vee 
CE WE 

D016 US 
D015 LS 
D014 A14 
D013 A13 

D012 A12 

D011 A11 

D010 A10 
D09 A9 
Vss Vss 

DOS AS 
DO? A7 
D06 A6 
DOS AS 
D04 A4 
D03 A3 

D02 A2 

D01 A1 
OE AO 

LB and UB control the lower and upper byte selection. CE 
sets the output in a high-impedance state for additional 
system design flexibility, and memory expansion may be 
achieved through use of the OE function. 

The Micron SRAM family uses high-speed, low-power 
CMOS designs featuring a four-transistor memory cell and 
double-layer metal, double-layer polysilicon technology. 
All module components can be powered from a single +5V 
DC supply and all inputs and outputs are fully TTL compat
ible. The "L" option offers reduced-voltage operation for 
systems with low standby power requirements. 

Micron Technology, Inc., reserves the right 10 change products or specifications without notice. 
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I'IIIC:I=";~N MT 456416 
(REPLACES: MT85C1664) 

FUNCTIONAL BLOCK DIAGRAM 

AO-14 

, .. 
DOl-8 .. ,. 

D09-16 t-- II 

WE --t-- OE - -
en :a » AO-14 AO-14 AO-14 AO-14 

3: - DQ1-8 DQ1-8 DQ1-8 - DQ1-8 

3: WE U1 WE U2 WE 
U3 

WE 
U4 

0 OE CE OE CE OE CE OE CE 

c 
c: 
r-m A15 ---c 

~ 
CE ---c 

DECODER 
LB ---c 
UB ---c 

U1-U4 = MT5C2568DJ 

TRUTH TABLE 

MODE CE" UIJ [S O'E" W£ DO OPERATION POWER 

STANDBY H X X X X HIGH-Z STANDBY 

STANDBY L H H X X HIGH-Z STANDBY 

READ: WORD L L L L H 0(1-16) ACTIVE (x16) 

READ: LOWER BYTE L H L L H 0(1-8) ACTIVE (x8) 

READ: UPPER BYTE L L H L H 0(9-16) ACTIVE (x8) 

READ: WORD L L L H H HIGH-Z ACTIVE (x16) 

READ: LOWER BYTE L H L H H HIGH-Z ACTIVE (x8) 

READ: UPPER BYTE L L H H H HIGH-Z ACTIVE (x8) 

WRITE: WORD L L L X L D (1-16) ACTIVE (x16) 

WRITE: LOWER BYTE L H L X L D (1-8) ACTIVE (x8) 

WRITE: UPPER BYTE L L H X L D (9-16) ACTIVE (x8) 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature ................................... -SsoC to + lS0°C 
Power Dissipation .............................................................. 4W 
Short Circuit Output Current ...................................... SOmA 

(REPLACES: MT85Cl664) 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C $; T A $; 70°C; Vee = S.OV ± 10%) MAX 

DESCRIPTION CONDITIONS SYMBOL MIN -3~, -35 -45 UNITS NOTES 

Input High (Logic 1) Voltage AO-A14, WE, OE VIH 2.2 Vcc+1 Vcc+1 V 

A15, CE, UB, LB VIH 2.0 Vcc+1 Vcc+1 V 

Input Low (Logic 0) Voltage AO-A 14, WE, OE VIL -0.5 O.B O.B V 1,2 

A15, CE, UB, LB VIL -O.S O.B 1.3 V 1,2 

AO-A14 -40 40 40 f.IA 
Input Leakage Current OV ::;VIN ::;Vee ILl 

A1S, CE 1200 1.0 f.IA 

UB, LB 600 1.0 f.IA 
Output Leakage Current Output(s) Disabled ILo -20 20 20 f.IA 

OV ::; VOUT ::; Vee 

Output High Voltage IOH = -4.0mA VOH 2.4 V 1 

Output Low Voltage IOL = B.OmA VOL 0.4 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL MIN -30, -35 -45 UNITS NOTES 

Operating Current: (x16) CE::; VIL, Vee = MAX 210 2S0 mA 3 
TTL Input Levels f = MAX =1/ IRC, Icc 

(xB) Outputs Open 10S 1S0 

Standby Current: CE ~ VIH, Vee = MAX 1881 120 100 mA 
TTL Input Levels f = MAX =1/ tRC, 

Outputs Open 

Standby Current: CE ~ Vee -0.2, Vce = MAX 
CMOS Input Levels VIL :::; V88 +0.2, 1882 40 20 mA 

VIH ~ Vee -0.2, f = 0 

CAPACITANCE MAX 

DESCRIPTION CONDITIONS SYMBOL MIN -3~, -35 -45 UNITS NOTES 

Input Capacitance: T A = 2SoC; f = 1 MHz CI1 32 16 pF 4 
AO-A 14, WE, ~ Vcc=SV 

Input Capacitance: A15, CE CI2 10 9 pF 4 

Input Capacitance: UB, LB CI3 S 4.S pF 4 

Input/Output Capacitance: DO CIO 16 16 pF 4 
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I'IIIC:I=:U;?,~ MT 4S6416 
(REPLACES: MT85C1664) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (O°C::;; TA ::;; 70°C; Vcc = 5V ± 10%) 

-30 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

REAOCycle 

READ cycle time IRC 30 35 45 ns 

Address access time IAA 30 35 45 ns 

Chip Enable access time lACE 30 35 45 ns 

Output hold from address change toH 5 5 5 ns 

Chip Enable LOW to output in Low-Z ILZCE 5 5 5 ns 7 

Chip Enable to output in High-Z IHZCE 20 20 25 ns 6, 7 

Chip Enable LOW to power-up time IpU 0 0 0 ns 

Chip Enable HIGH to power-down time IpD 30 35 45 ns 

Output Enable access time IAOE 20 20 25 ns 

Output Enable LOW to output in Low-Z ILZOE 0 0 0 ns 

Output Enable HIGH to output in High-Z IHZOE 20 20 30 ns 6 

WRITE Cycle 

WRITE cycle time WC 30 35 45 ns 

Chip Enable to end of write ICW 25 30 30 ns 

Address valid to end of write lAW 25 25 30 ns 

Address setup time lAS 0 0 0 ns 

Address hold from end of write IAH 2 2 2 ns 

Write command pulse width IWp 25 25 30 ns 

Data setup time IDS 15 15 18 ns 

Data hold time IDH 0 0 0 ns 

Write Enable LOW to output in Low-Z ILZWE 0 0 0 ns 7 

Write Enable HIGH to output in High-Z IHZWE 20 15 15 ns 6, 7 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1 .5V 

Output reference levels ...................................... 1 .5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
S. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. tHZCE, tHZOE and trIZWE are specified with CL == 

SpF as in Fig. 2. Transition is measured ±SOOm V from 
steady state voltage. 

7. At any given temperature and voltage condition, 
IHZCE and IHZWE are less than tLZCE and ILZWE 
respectively. 

) 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

(REPLACES: MT85C1664) 

+5V 

DOUT ~
480 

255 5 pF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables held 

in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. The ouptut will be in the High-Z state if OE is High. 
12. The first falling edge of either CE or WE will initiate a 

WRITE cycle, and the first rising edge of either CE or 
WE will terminate a WRITE cycle. 

DA'TA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION 
Vee for Retention Data 

Data Retention Current 

Chip Deselect to Data 
Retention Time 

Operation Recovery Time 

Vee 

CONDITIONS SYMBOL MIN TYP MAX 
VOR 2 -

CE ~ (Vee -0.2V) Vee = 2v 0.5 2 
VIN ~ (Vee -0.2V) 

or:::; 0.2V Vee = 3v 1.5 3 
tCDR a -

tR tRC 

LOW Vee DATA-RETENTION WAVEFORM 

DATA·RETENTION MODE 
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I'IIIC::I=IO~ MT 4S6416 
(REPLACES: MT85Cl664) 

READ CYCLE NO.1 8, 9 

_I 

ADDR VALID ~ 
lAA 

IOH J 

b PREVIOUS DATA VALID DATA VALID 
"'L.Ll!..JIJ 

DO 

READ CYCLE NO.2 7, 8,10 

IAOE 

.ILZOE_I f IHZOE I 
I -

lACE 

ILZCE IHZCE 

DO 
~ HIGH-Z DATA VALID f-- HIGH-Z-
r?:l::1li ' 

I .. IpU I IpD 

Vee -- .. } ______ ---'" _1 
SUPPLY ICC - __________ ~ 50% 50% ,\,-__ 
CURRENT IS6 - _ . 
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I'IIIC:I::::";~~ MT 456416 

ADDR ~ 
~ 

1 

.I 
ij" iJlllllllllh 

tAS 

D 

Q 

ADDR 

D 

_I 

-.l 

WRITE CYCLE NO.1 
(Write Enable Controlled) 11, 12 

twe 

tAW 

tew 

twp 

\fIll/; 
1 tDS 

(REPLACES: MT85C1664) 

tAH 

VI I I I I I III I I 1111111111;% 

tDH I 

1 ~ DATA VALID 
'\ I' 

tHZWE _I 

.1 
HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 11, 12 

lwe 

lew 

tDS 

tlZWE 1 

I 

Q~'---__ HIGH-Z----
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SRAM 
MODULE 
FEATURES 
• High speed: 15ns, 20ns, 25ns, 30ns, 35ns and 45ns 
• High-performance, low-power, CMOS process 
• Single +5V (±1O%) power supply 
• Easy memory expansion with CE and OE functions 
• Low profile (.50 inches MAX height) 
• All inputs and outputs are TTL compatible 
• Industry standard pinout 
• Pin compatible with 64K x 32, 128K x 32 and 256K x 32 

modules 

OPTIONS MARKING 
• Timing 

15ns access -15 
20ns access -20 
25ns access -25 
30ns access -30 
35ns access -35 
45ns access -45 

• Packages 
64-pinZIP Z 

• 2V data retention L 

GENERAL DESCRIPTION 
The MT8S1632 is a high-speed SRAM memory module 

containing 16,384 words organized in a x32-bit configura
tion. The module consists of eight 16K x 4 fast static RAMs 
mounted on a 64-pin ZIP, double-sided, FR4 printed circuit 
board. 

Data is written into to the SRAM memory when write 
enable (WE) and chip enable (CE) inputs are both LOW. 
Reading is accomplished when WE remains HIGH and CE 
and output enable (DE) are LOW. CE can set the output in 
a high-impedance state for additional flexibility in system 
design, and memory expansion is accomplished by use of 
the OE function. 

MT8S1632 
REV. 1191 6-25 

(REPLACES: MT85C3216) 

16Kx 32 SRAM 

PIN ASSIGNMENT (Top View) 

64-Pin ZIP 

PD~ 
DQ1 
DQ2 
DQ3 
DQ4 
Vee 
A7 
A8 
A9 

DQ5 
DQ6 
DQ7 
DQ8 
WE 
NC 

CE1 

CE3 
NC 
Vss 

DQ17 
DQ18 
DQ19 
DQ20 

A10 
A11 
A12 
A13 

DQ21 
DQ22 
DQ23 
DQ24 

Vss 

(J-1 ) 

Vss 
PD1 
DQ9 
DQ10 
DQ11 
DQ12 
AO 
A1 
A2 
DQ13 
DQ14 
DQ15 
DQ16 
Vss 
NC 
CE2 

CE4 
NC 
OE 
DQ25 
DQ26 
DQ27 
DQ28 
A3 
A4 
A5 
Vee 
A6 
DQ29 
DQ30 
DQ31 
DQ32 

PDO and PD1 identify the module's density, allowing 
interchangeable use of alternate-density, industry stan
dard modules. Four chip enable inputs, (CE1, CE2, CE3 and 
CE4), are used to enable the module's 4 bytes independ
ently. 

The Micron SRAM family uses a high-speed, low-power 
CMOS design in a four-transistor memory cell featuring 
double-layer metal, double-layer polysilicon technology. 
All module components may be powered from a single 
+5VDC supply and all inputs and outputs are fully TTL 
compatible. The "L" option offers reduced-voltage opera
tion for systems with low standby power requirements. 

Micron Technology,lnc., reserves the right to change products or specIfICations without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

001-0032 .11II1IIII1IIII1IIII1IIII1IIII1II111 
AO-13 II1II •• 1 
WE--__ -

OE ---t--i--

CE1--H-

CE2--H-

CE3--H-

0025-28 

'----;W!O U4 
L..----Irn; 

CE4 

TRUTH TABLE 

MODE ~ 

STANDBY X 

READ L 

READ H 

WRITE X 

0029-32 

'----;W!O US 
I..----Irn:: 

Ul-U8 = MT5C64050J 

PRESENCE OETECT 
POO = Vss 
POl = No Connect 

"C"E" WE" 
H X 

L H 

L H 

L L 

6-26 

DQ 

HIGH-Z 

Q 

HIGH-Z 

0 

POWER 

STANDBY 

ACTIVE 

ACTIVE 

ACTIVE 

(REPLACES: MT85C3216) 



I'IIIC=Rg,~ MT8S1632 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature ................................... -SsoC to + ISO°C 
Power Dissipation .............................................................. 8W 
Short Circuit Output Current ...................................... SOmA 

(REPLACES: MT85C3216) 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ 70°C; Vee = S.OV ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vec+1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV ::;VIN ::;Vee ILl -40 40 IJA 
Output Leakage Current Output(s) Disabled ILo -5 5 IJA 

OV ::; VOUT ::; Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -15 -20 -25 -3~, -35, -45 UNITS NOTES 

Operating Current: CE ::; VIL, Vee = MAX lee 1040 960 880 800 rnA 3 
TTL Input Levels f=MAX=1/ IRC, 

Outputs Open 

Standby Current: CE ;:: VIH, Vee = MAX IS81 400 320 240 240 rnA 
TTL Input Levels f = MAX = 11 IRC, 

Outputs Open 

Power Supply CE;:: Vee -0.2, Vee = MAX 
Current: Standby VIL ::; Vss +0.2, IS82 40 40 40 40 rnA 

VIH ;:: Vee -0.2, f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-A 13, WE, CE, OE T A = 25°C; f = 1 MHz CI 70 pF 4 

InpuVOutput Capacitance: 001-0032 Vec = 5V ClIo 15 pF 4 
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(REPLACES: MT85C3216) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (O°C ::;; T A::;; 70°C; Vcc = 5V ± 10%) 

-15 -20 -25 -30 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 15 20 25 30 35 45 ns 

Address access time 1M 15 20 25 30 35 45 ns 

Chip Enable access time lACE 12, 15 20 25 30 40 ns 

Output hold from address change toH 3 3 3 3 3 3 ns 

Chip Enable LOW to output in Low-Z ILZCE 3 5 5 5 5 5 ns 7 

Chip Enable to output in High-Z IHZCE 7 10 10 15 20 20 ns 6,7 

Chip Enable LOW to power-up time IpU 0 0 0 0 0 0 ns 

Chip Enable HIGH to power-down time IpD 15 20 25 30 35 45 ns 

Output Enable access time IAOE 7 9 10 15 20 20 ns 

Output Enable LOW to output in Low-Z ILZOE 0 0 0 0 0 0 ns 

Output Enable HIGH to output in High-Z IHZOE 6 10 10 15 20 20 ns 6 

WRITE Cycle 

WRITE cycle time twc 15 20 25 30 35 45 ns 

Chip Enable to end of write tcw 12 15 20 25 25 30 ns 

Address valid to end of write tAW 12 15 20 25 25 30 ns 

Address setup time lAS 0 0 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 0 0 ns 

Write command pulse width twP 12 15 20 25 25 30 ns 

Data setup time IDS 8 10 10 15 15 20 ns 

Data hold time IDH 0 0 0 0 0 0 ns 

Write Enable LOW to output in Low-Z ILZWE 2 2 2 2 2 2 ns 7 

Write Enable HIGH to output in High-Z IHZWE 6 8 10 12 15 20 ns 6, 7 

6-28 



AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1 .5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. tHZCE, IHZOE and trlZWE are specified with CL = 

SpF as in Fig. 2. Transition is measured ±SOOm V from 
steady state voltage. 

7. At any given temperature and voltage condition, 
IHZCE is less than ILZCE, and IHZWE is less than 
ILZWE. 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

(REPLACES: MT85C3216) 

+5V 

DOUT ~
480 

255 5pF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables held 

in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. The ouptut will be in the High-Z state if OE is High. 
12. The first falling edge of either CE or WE will initiate a 

WRITE cycle, and the first rising edge of either CE or 
WE will terminate a WRITE cycle. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (-L Version Only) 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX 
Vec for Retention Data VDR 2 - V 

CE ~ (Vcc -0.2V) Vcc = 2v ICCDR 0.8 4 
Data Retention Current VIN ~ (Vcc -0.2V) 

or:-:;;0.2V Vcc = 3v 2.8 6 
Chip Deselect to Data ICDR 0 -

Retention Time 
Operation Recovery TIme tR tRC 

LOW Vee DATA-RETENTION WAVEFORM 

DATA-RETENTION MODE 

4.SV "oR 4.SV ------

------~~---------
Vee f' :{ 

•
' tCDR ., tR a. 

~ ~- - ~ -
VIL-
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I'IIIC:I=IQN MT8S1632 
(REPLACES: MT85C3216) 

READ CYCLE NO.1 8, 9 

RC 

ADDR VALID 

tAA 

tOH 

~ PREVIOUS DATA VALID DATA VALID 
\.AAAJ 

DO 

READ CYCLE NO.2 7,8,10 

tAOE 

ILZOE 

b IHZOE I 
I • 

vt: 
lACE I 
ILZCE IHZCE 

HIGH-Z ~ DATA VALID r- HIGH-Z-
~\ OQ 

Vee I .. tpu 1 ____ 1_ .. I_PO _1 
SUPPLY ICC - __ -_________ .....J150% 50% ~\.... __ 
CURRENT ISB - _ _ _ 
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----. 
AD DR 
~ 

1 

.I 
CE /////////////~ 

tAS 

o 

Q 

AD DR 

CE 

o 

_I 
1 

WRITE CYCLE NO.1 
(Write Enable Controlled) 11, 12 

twc 

tAW 

lew 

twp 

V!!£ 
I tos 

(REPLACES: MT85C3216) 

tAH 

W/////////////////////!, 

tOH J 

Jr ~ DATA VALID 
'\ I' 

tHZWE J 

,I 
HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 11, 12 

twc 

tos 

tLZWE I 

I. 

Q '---_ HIGH-Z----
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I'IIIC:Rg~ MT8S6432 

SRAM 
MODULE 
FEATURES 
• Industry compatible pinout 
• High speed: 20ns, 25ns, 30ns, 35ns and 45ns 
• High-performance, low-power, CMOS process 
• Single +5V (±10%) power supe!r. 
• Easy memory expansion with CE function 
• Low profile (.50 inches MAX height) 
• All inputs and outputs are TIL compatible 

OPTIONS MARKING 
• Timing 

20ns access -20 
25ns access -25 
30nsaccess -30 
35ns access -35 
45ns access -45 

• Packages 
64-pinZIP Z 

• 2V data retention L 

GENERAL DESCRIPTION 
The MT8S6432 is a high-speed SRAM memory module 

containing 65,536 words organized in a x32-bit configuration. 
The module consists of eight 64Kx4 fast static RAMs mounted 
on a 64-pin ZlP, double-sided, FR4 printed circuit board. 

Data is written into to the SRAM memory when write 
enable (WE) and chip enable (CE) inputs are both LOW. 
Reading is accomplished when WE remains HIGH and CEand 
output enable (OE) are LOW. CE can set the output in a high
impedance state for additional flexibility in system deSign, 
and memory expansion is accomplished by use of the OE 
function. 

PDO and PDl identify the module's density allowing inter-

MT8S6432 
REV.1!91 6-33 

(REPLACES: MT85C3264) 

64Kx 32 SRAM 

PIN ASSIGNMENT (Top View) 

64-Pin ZIP 
(J-1 ) 

Vss 
poo 2 P01 
001 4 009 
002 6 0010 
003 8 0011 
004 10 0012 
Vee 12 AO 
A? 14 A1 
A8 16 A2 
A9 18 0013 

005 20 0014 
006 22 0015 
OO? 24 0016 
008 26 Vss 
WE 28 A15 
A14 30 CE2 
CE1 32 

CE4 
CE3 34 NC 

NC 36 OE 
Vss 38 0025 

0017 40 0026 
0018 42 0027 
0019 44 0028 
0020 46 A3 

A10 48 A4 
A11 50 A5 
A12 52 Vee 
A13 54 A6 

0021 56 0029 
0022 56 0030 
0023 60 0031 
0024 62 0032 

Vss 64 

changeable use of alternate denSity, industry-standard 
modules. Four chip enable inputs, (CEl, CE2, CE3 and 
CE4) are used to enable the module's 4 bytes indepen
dently. 

The Micron SRAM family uses a high-speed, low
power CMOS design in a four-transistor memory cell 
featuring double-layer metal, double-layer polysilicon 
technology. All module components may be powered 
from a single +5VDC supply and all inputs and outputs 
are fully TIL compatible. The "L" option offers reduced
voltage operation for systems with low standby power 
requirements. 

Micron Technology, loc., reserves the rIgtrt to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

001-0032 ••••••••• 

AO-15 ........ 1 
WE ---+--11II1II----
DE -~~~m-----

CEl 

CE2 

CE3 

TRUTH TABLE 

MODE OE" 

STANDBY X 

READ L 

READ H 

WRITE X 

Ul-U8 = MT5C25650J 

PRESENCE OETECT 

POO = No Connect 

POl = Vss 

CE WE 

H X 

L H 

L H 

L L 
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DQ 

HIGH-Z 

Q 

HIGH-Z 

D 

(REPLACES: MT85C3284) 

POWER 

STANDBY 

ACTIVE 

ACTIVE 

ACTIVE 



I'IIIC:I=II;~~ MT8S6432 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature ................................... -55°C to + 150°C 
Power Dissipation .............................................................. 8W 
Short Circuit Output Current ...................................... 50mA 

(REPLACES: MT85C3264) 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(OCC ::;; T A::;; 70c C; Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 
Input High (Logic 1) Voltage VIH 2.2 Vee+1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV SVIN SVee ILl -40 40 ~A 

Output Leakage Current Output(s) Disabled ILo -5 5 ~ 
OV S VOUT S Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -20 -25, -30 -35, -45 UNITS NOTES 

Operating Current: CE S VIL, Ve e = MAX lee 840 760 720 rnA 3 
TTL Input Levels f = MAX = 1/ tRC, 

Outputs Open 

Standby Current: CE ~ VIH, Vce = MAX IS81 240 200 200 rnA 
TTL Input Levels f = MAX = 1/ tRC, 

Outputs Open 

Power Supply CE ~ Vee -0.2, Vee = MAX 
Current: Standby VIL S Vss +0.2, 1882 40 40 56 rnA 

VIH ~ Vee -0.2, f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-A 13, WE, CE, OE T A = 25°C; f = 1 MHz CI 72 pF 4 

Input/Output Capacitance: 001-0032 Vcc = 5V ClIo 15 pF 4 
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(REPLACES: MT85C3264) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (O°C ~ TA ~ 70°C; Vcc = 5V ± 10%) 

-20 -25 -30 -40 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 20 25 30 35 45 ns 

Address access time IAA 20 25 30 35 45 ns 

Chip Enable access time lACE 20 25 30 35 45 ns 

Output hold from address change toH 3 5 5 5 5 ns 

Chip Enable lOW to output in low-Z ILZCE 6 6 6 6 6 ns 7 

Chip Enable to output in High-Z IHZCE 9 9 12 15 18 ns 6,7 

Chip Enable lOW to power-up time IpU 0 0 0 0 0 ns 

Chip Enable HIGH to power-down time IpD 20 25 30 35 45 ns 

Output Enable access time IAOE 8 8 10 12 15 ns 

Output Enable lOW to output in low-Z IlZOE 2 2 2 2 2 ns 

Output Enable HIGH to output in High-Z IHZOE 7 7 10 12 15 ns 6 

WRITE Cycle 

WRITE cycle time 'WC 20 20 25 30 35 ns 

Chip Enable to end of write ICW 15 15 18 20 25 ns 

Address valid to end of write lAW 15 15 18 20 25 ns 

Address setup time lAS 0 0 0 0 0 ns 

Address hold from end of write IAH 0 0 0 0 0 ns 

Write pulse width IWp 15 15 18 20 25 ns 

Data setup time IDS 10 10 12 15 20 ns 

Data hold time IDH 0 0 0 0 0 ns 

Write Enable lOW to output in low-Z IlZWE 5 5 5 5 5 ns 7 

Write Enable HIGH to output in High-Z IHZWE 0 10 0 10 0 10 0 12 0 15 ns 6, 7 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ Sns 

Input timing reference levels .............................. 1.SV 

Output reference levels ...................................... 1.SV 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. mCE, mOE and lJiZWE are specified with CL = 

SpF as in Fig. 2. Transition is measured ± SOOm V from 
steady state voltage. 

7. At any given temperature and voltage condition, 
mCE and mOE are less than tuWE. 

+5V 

Dour ~
48Q 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

(REPLACES: MT85C3264) 

+5V 

Dour ~
480 

255 5 pF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables held 

in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. The ouptut will be in the High-Z state if OE is High. 
12. The first falling edge of either CE or WE will initiate a 

WRITE cycle, and the first rising edge of either CE or 
WE will terminate a WRITE cycle. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (-L Version Only) 

DESCRIPTION 
Vcc for Retention Data 

Data Retention Current 

Chip Deselect to Data 
Retention Time 

Operation Recovery Time 

Vee 

CONDITIONS SYMBOL MIN TYP MAX 

VDR 2 -
CE ~ (Vee -0.2V) Vcc = 2v ICCDR 0.8 4 
VIN ~ (Vcc -O.2V) 

or~ 0.2V Vcc = 3v 3 6 
ICDR 0 -

IR IRC 

LOW Vee DATA-RETENTION WAVEFORM 

DATA·RETENTION MODE 

~~.~~~DR~f~4.5_V----~:=:~----_4_'~. • ~ 
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(REPLACES: MT8SC3264) 

READ CYCLE NO.1 8, 9 

I 

ADDR VALID ~ 
lAA 

IOH 

DO PREVIOUS DATA VALID m DATA VALID 

READ CYCLE NO.2 7, 8,10 

IAOE 

.ILZOE_I l IHZOE 

f 
tACE 

ILZCE IHZCE 

DO HIGH-Z ~ DATA VALID t-- HIGH-Z-
1'6t::I::i'J 

Vee . - ·I~ _____ --·-----,-I. !PU I IpD t 
SUPPLY ICC -__________ --'1 50% 50% '-__ 
CURRENT ISB - . ~ 
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ADDR :=J 
1 

CE 1;IIIIIIIIIId 
'AS 

o 

Q 

AD DR 

CE 

D 

.J 

.~ 

WRITE CYCLE NO.1 
(Write Enable Controlled) 11, 12 

'WC 

'AW 

'cw 

'WP 

'1111;1 
I 'DS 

(REPLACES: MT85C3264) 

J 

'AH 

VI / /IIIIIIIIIIIIIIIIII!/' 

'DH J 
V ~ DATA VALID 
'\ .J' 

'HZWE _I 

" ~ HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 11, 12 

'WC 

ICW 

IDS 

'LZWE .1 

I 

Q '----_- HIGH-Z----
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I'IIIC:I=U;~~ MT 4S 12832 

SRAM 
MODULE 
FEATURES 
• Industry compatible pinout 
• High speed: 25ns, 35ns and 45ns 
• High-density 512KB design 
• High-performance, low-power, CMOS process 
• Single +5V (±1O%) power supply 
• Easy memory expansion with CE function 
• Low profile (.600 inches MAX height) 
• All inputs and outputs are TTL compatible 

OPTIONS MARKING 
• Timing 

25nsaccess 
35ns access 
45ns access 

• Packages 
64-pinZIP 

• Optional, 2V data retention 

GENERAL DESCRIPTION 

-25 
-35 
-45 

z 

L 

The MT4S12832 is a high-speed SRAM memory module 
containing 131,072 words organized in a x32-bit configura
tion. The module consists of four 128K x 8 fast static RAMs 
mounted on a 64-pin ZIP, double-sided, FR4 printed circuit 
board. 

Data is written into the SRAM memory when write enable 
(WE) and chip enable (CE) inputs are both LOW. Reading is 
accomplished when WE remains HIGH and CE and output 
enable (OE) are LOW. CE can set the output in a high-im
pedance state for additional flexibility in system design. 
Memory expansion is accomplished by use of the OE function. 

PDQ and PDI identify the module's density allowing inter-

MT4S12832 
REV. 1191 6-41 

128K x 32 SRAM 

PIN ASSIGNMENT (Top View) 

64-Pin ZIP 
(J-2) 

Vss poo 2 POl 
001 4 009 
002 6 001O 
003 8 0011 
0Q4 10 0012 
Vee 12 AO 
A7 14 Al 
A8 16 A2 
A9 18 0013 

005 20 0014 
006 22 0015 
007 24 0016 
008 26 Vss 
WE 28 A15 
A14 30 CE2 
CEl 32 

CE4 
CE3 34 NC 
A16 36 DE 
Vss 38 0025 

0017 40 0026 
0018 42 0027 
0019 44 0028 
0020 46 A3 

Al0 48 A4 
All 50 A5 
A12 52 Vee 
A13 54 A6 

0021 56 0029 
0022 58 0030 
0023 60 0031 
0024 62 D032 

Vss 64 

changeable use of alternate density, industry-standard 
modules. Four chip enable inputs, (CEI, CE2, CE3 and 
CE4) are used to enable the module's 4 bytes indepen
dently. 

The Micron SRAM family uses a high-speed, low
power CMOS design in a four-transistor memory cell 
featuring double-layer metal, double-layer polysilicon 
technology. All module components may be powered 
from a single +5VDC supply and all inputs and outputs 
are fully TTL compatible. The "L" option offers reduced
voltage operation for systems with low standby power 
requirements. 

Micron Technology, Inc" reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

001-0032 41111 •••••••• 
AO-16 11.11. 
WE---, 
DE 

CE3 

CE4 ______________ ~ 

TRUTH TABLE 

MODE 'OE" ~ WE" 
STANDBY X H X 

READ L L H 

READ H L H 

WRITE X L L 

6-42 

DQ 

HIGH-Z 

Q 

HIGH-Z 

D 

U1-U4 = MT5C100B 

PRESENCE DETECT 

PD~ = No Connect 

PD1 = No Connect 

POWER 

STANDBY 

ACTIVE 

ACTIVE 

ACTIVE 



ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature ................................... -SsoC to + ISO°C 
Power Dissipation .............................................................. 4W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ::;; T A::;; 70°C; Vee = S.OV ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (LogiC 1) Voltage VIH 2.2 Vcc+1 V 1 

Input Low (Logic 0) Voltage Vil -0.5 0.8 V 1,2 

Input Leakage Current OV S; VIN S; Vee ILl -20 20 IlA 

Output Leakage Current Output(s) Disabled 

OV s; VOUT S; Vee ILo -20 20 IlA 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -25 ·35 ·45 UNITS NOTES 

Operating Current: CE S; VIL, Vee = MAX 
TTL Input Levels f = MAX = 11 tRC, Icc 480 480 480 rnA 3 

Outputs Open 

Standby Current: CE ~ VIH, Vee = MAX 
TTL Input Levels f = MAX = 11 tRC, ISBI 100 100 100 rnA 

Outputs Open 

Standby Current: CE ~ Vee - 0.2, Vee = MAX 
CMOS Input Levels VIL S; Vss +0.2, ISB2 28 28 28 rnA 

VIH ~ Vee -0.2, f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-A13, WE, OE T A = 25°C; f = 1 MHz CI 32 pF 4 

Input/Output Capacitance: 001-0032 Vee = 5V ClIo 8 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (O°C :s; TA:S; 70°C; Vcc = 5V ± 10%) 

·25 ·35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 25 35 45 ns 

Address access time lAA 25 35 45 ns 

Chip Enable access time lACE 25 35 45 ns 

Output hold from address change toH 5 5 5 ns 

Chip Enable LOW to output in Low-Z ILZCE 5 5 5 ns 7 

Chip Enable to output in High-Z IHZCE 10 15 18 ns 6, 7 

Chip Enable LOW to power-up time IpU 0 0 0 ns 

Chip Enable HIGH to power-down time IpD 25 35 45 ns 

Output Enable access time IAOE 8 12 15 ns 

Output Enable LOW to output in Low-Z ILZOE 0 0 0 ns 

Output Enable HIGH to output in High-Z IHZOE 10 12 15 ns 6 

WRITE Cycle 

WRITE cycle time 'WC 25 35 45 ns 

Chip Enable to end of write tcw 15 20 25 ns 

Address valid to end of writ", 
t., •. is 2U 25 ns -I'\V' 

Address setup time lAS 0 0 0 ns 

Address hold from end of write IAH 0 0 0 ns 

Write command pulse width 'WP 15 20 25 ns 

Data setup time IDS 10 15 20 ns 

Data hold time IDH 0 0 0 ns 

Write Enable LOW to output in Low-Z ILZWE 0 0 0 ns 7 

Write Enable HIGH to output in High-Z IHZWE 10 15 18 ns 6, 7 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ Sns 

Input timing reference levels .............................. 1.SV 

Output reference levels ...................................... 1 .SV 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
S. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. lJfZCE, tHZOE and ttfZWE are specified with CL = 

SpF as in Fig. 2. Transition is measured ± SOOm V from 
steady state voltage. 

7. At any given temperature and voltage condition, 
lJfZCE and lJfZOE are less than tLZWE. 

+5V 

Dour ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

Dour ~
480 

255 5 pF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables held 

in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. The ouptut will be in the High-Z state if OE is High. 
12. The first falling edge of either CE or WE will initiate a 

WRITE cycle, and the first rising edge of either CE or 
WE will terminate a WRITE cycle. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (-L Version Only) 

DESCRIPTION 

Vee for Retention Data 

Data Retention Current 

Chip Deselect to Data 
Retention Time 

Operation Recovery Time 

CONDITIONS SYMBOL MIN TYP MAX 

VDR 2 -
CE ~ (Vee -0.2V) Vee = 2v leeDR 0.4 2 
VIN ~ (Vee -0.2V) 

or:5 0.2V Vee = 3v 1.4 3 
ICDR 0 -

IR IRC 

LOW Vee DATA-RETENTION WAVEFORM 

DATA-RETENTION MODE 

{ 4.5V}-
~'-.4_.5_V ___ :-=:c..:.R ____ ---'~ 
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READ CYCLE NO.1 8, 9 

ADDR VALID 

lAA 

toH _I 

.I~ 
DO PREVIOUS DATA VALID ~ DATA VALID 

READ CYCLE NO.2 7,8,10 

IAOE 

ILZOE 

Y 
IHZOE I I -

lACE I 
ILZCE IHZCE 

DO 
~ HIGH-Z DATA VALID t-- HIGH-Z-
~ 

I .. tpu I. tpD -} .- 1 
~~PPLY ICC - _________ ----' ~50-0/0---------5-0o~Yo\'_ __ 
CURRENT IS8 - . . 
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~ 
ADDR 

----' 

I 

CE '/11//////////& 

lAS 

D 

Q 

ADDR 

D 

.J 
--.l 

WRITE CYCLE NO.1 
(Write Enable Controlled) 11, 12 

IWC 

lAW 

ICW 

IWp 

Vlllt1 
I IDS 

IAH 

V I III III IIII I jI / / / / ///1/ 

IDH _I 

Jr J DATA VALID 
'\ I' 

IHZWE J 

" HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 11, 12 

IWC 

tDS 

ILZWE _I 

I. 

Q '---__ HIGH-Z----
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I'4IC:RQ~ MT8S25632 

SRAM 
MODULE 
FEATURES 
• Industry compatible pinout 
• High speed: 25ns, 35ns and 45ns 
• High-density 1MB design 
• High-performance, low-power, CMOS process 
• Single +5V (±1O%) power supply 
• Easy memory expansion with CE function 
• Low profile (.600 inches MAX height) 
• All inputs and outputs are TTL compatible 

OPTIONS MARKING 
• Timing 

25ns access 
35ns access 
45ns access 

• Packages 
64-pinZIP 

• Optional, 2V data retention 

GENERAL DESCRIPTION 

-25 
-35 
-45 

Z 

L 

The MT8S25632 is a high-speed SRAM memory module 
containing 262,144 words organized in a x32-bit configura
tion. The module consists of eight 256K x 4 fast static RAMs 
mounted on a 64-pin ZIP, double-sided, FR4 printed circuit 
board. 

Data is written into the SRAM memory when write enable 
(WE) and chip enable (CE) inputs are both LOW. Reading is 
accomplished when WE remains HIGH and CE and output 
enable (OE) are LOW. CE can set the output in a high imped
ance state for additional flexibility in system design, and 
memory expansion is accomplished by use of the OE and CE 
functions. 

PDO and PD1 identify the module's density allowing inter-

MT8S25632 
REV. 1/91 6-49 

256K x 32 SRAM 

PIN ASSIGNMENT (Top View) 

64-Pin ZIP 
(J-3) 

Vss poo 2 P01 
001 4 009 
002 6 0010 
003 8 0011 
0Q4 10 0012 
Vee 12 AO 
A7 14 A1 
A8 16 A2 
A9 18 0013 

005 20 0014 
006 22 0015 
007 24 0016 
008 26 Vss 
WE 28 A15 
A14 30 CE2 
CE1 32 

CE4 
CE3 34 A17 
A16 36 DE 
Vss 38 0025 

0017 40 0026 
0018 42 0027 
0019 44 0028 
0020 46 A3 

A10 48 A4 
A11 50 A5 
A12 52 Vee 
A13 54 A6 

0021 56 0029 
0022 58 0030 
0023 60 0031 
0024 62 0032 

Vss 64 

changeable use of alternate density, industry-standard 
modules. Four chip enable inputs, (CE1, CE2, CE3 and 
CE4) are used to enable the module's 4 bytes indepen
dently. 

The Micron SRAM family uses a high-speed, low
power CMOS design in a four-transistor memory cell 
featuring double-layer metal, double-layer polysilicon 
technology. All module components may be powered 
from a single +5VDC supply and all inputs and outputs 
are fully TTL compatible. The "L" option offers reduced
voltage operation for systems with low standby power 
requirements. 

Micron Technology, loc., reseNEIS the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

001-0032., •••••••• 

AO-I? •••• 
WE __ ....... _ 

OE --...-t--

001-4 

'-----\WE U3 
'-----IOE 

CE4 _________ ~--------~1 

TRUTH TABLE 

MODE C5£ 
STANDBY X 

READ L 

READ H 

WRITE X 

U1-U8 = MT5C1005 

PRESENCE DETECT 
PDO= Vss 
PD1 = Vss 

'C'E" WE" DQ 

H X HIGH-Z 

L H Q 

L H HIGH-Z 

L L D 
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1'II1C:l=Ig~ MT8S25632 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature ................................... -SsoC to + IS0°C 
Power Dissipation .............................................................. 8W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C :s; T A:S; 70°C; Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vcc+1 V 1 

Input Low (Logic 0) Voltage Vil -0.5 0.8 V 1,2 

Input Leakage Current OV S; VIN S; Vee ILl -5 5 iiA 
Input/Output Leakage Current Output(s) Oisabled, 1001-0032 ILa -5 5 iiA 

OV s; VauT S; Vee 

Output High Voltage laH = -4.0rnA VaH 2.4 V 1 

Output Low Voltage lal= 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -25 -35 -45 UNITS NOTES 

Operating Current: CE S; VIL; Vee = MAX 
TIL Input Levels f = MAX = 1/ tRC; Icc 960 960 960 rnA 3 

Outputs Open 

Standby Current: CE ~ VIH; Vee = MAX 
TIL Input Levels f = MAX = 11 tRC; 1861 200 200 200 rnA 

Outputs Open 

Standby Current: CE ~ Vee -0.2; Vee = MAX 
CMOS Input Levels Vil s; V88 +0.2, 1862 56 56 56 rnA 

VIH ~ Vee -0.2; f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance; AO-A17, WE, DE TA = 25°C; f= 1MHz CI1 64 pF 4 

Input Capacitance; CE1-CE4 Vee = 5V CI2 16 pF 4 

Input/Output Capacitance: 001-0032 Clio 8 pF 4 
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I'IIIC::Rg~ MT8S25632 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (O°C ~ TA ~ 70°C; Vcc = 5V ± 10%) 

-25 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time IRC 25 35 45 ns 

Address access time lAA 25 35 45 ns 

Chip Enable access time lACE 25 35 45 ns 

Output hold from address change toH 5 5 5 ns 

Chip Enable LOW to output in Low-Z ILZCE 5 5 5 ns 7 

Chip Enable to output in High-Z IHZCE 10 15 18 ns 6, 7 

Chip Enable LOW to power-up time IpU 0 0 0 ns 

Chip Enable HIGH to power-down time IpD 25 35 45 ns 

Output Enable access time IAOE 8 12 15 ns 

Output Enable LOW to output in Low-Z ILZOE 0 0 0 ns 

Output Enable HIGH to output in High-Z IHZOE 10 12 15 ns 6 

WRITE Cycle 

WRITE cycle time 'WC 25 35 45 ns 

Chip Enable to end of write ICW 15 20 25 ns 

Address valid to end of write lAW 15 20 25 ns 

Address setup time lAS 0 0 0 ns 

Address hold from end of write IAH 0 0 0 ns 

Write pulse width IWp 15 20 25 ns 

Data setup time IDS 10 15 20 ns 

Data hold time IDH 0 0 0 ns 

Write Enable LOW to output in Low-Z ILZWE 0 0 0 ns 7 

Write Enable HIGH to output in High-Z IHZWE 10 15 18 ns 6, 7 
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AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1.5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. tHZCE and ttiZWE are specified with CL = SpF as in 

Fig. 2. Transition is measured ± SOOm V from steady 
state voltage. 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE and tHZWE is less than 
tr.ZWE. 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

8. WE is HIGH for READ cycle. 
9. Device is continuously selected. All chip enables held 

in their active state. 
10. Address valid prior to or coincident with latest 

occurring chip enable. 
11. The ouptut will be in the High-Z state if OE is High. 
12. The first falling edge of either CE or WE will initiate a 

WRITE cycle, and the first rising edge of either CE or 
WE will terminate a WRITE cycle. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (-L Version Only) 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX 

Vcc for Retention Data VDR 2 -
CE ~ (Vee -0.2V) Vcc = 2v ICCDR 0.8 4 

Data Retention Current VIN ~ (Vcc -0.2V) 
or~ 0.2V Vec = 3v 2.8 6 

Chip Deselect to Data ICDR 0 -
Retention Time 

Operation Recovery Time IR IRC 

LOW Vee DATA-RETENTION WAVEFORM 

DATA-RETENTION MODE 

Vee 
{----::.;..;.4.SV "oR_

4
.
s1. tR '. 

~. ICDR ~. ~_ :~ 
CE ~:~:!ll!lllJ L _ ___ ---'VD::.;..R=---___ ----' 
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I'IIIC:I=II?,~ MT8S25632 

READ CYCLE NO. ·1 8, 9 

ADDR VALID 

lAA 

toH 

~ PREVIOUS DATA VALID DATA VALID 
.'\.X.lUJ 

DQ 

READ CYCLE NO.2 7, 8,10 

IAOE 

ILZOE I IHZOE 

) 
IAr.F 

I 

ILZCE IHZCE 

DQ m HIGH-Z DATA VALID r- HIGH-Z-
f\Ot:i::ij \ 

14 IpU 14 IpD 

Vee .~ .},------.~-.. ~ 
SUPPLY ICC - _________ ---' 50% 50% '-__ 
CURRENT ISB - _ . 
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I'IIIC:I=:U;;::~~ MT8S25632 

ADDR 
--, 
----.J 

I 

~IIIIIIIIIIA 
tAS 

WE 

D 

Q 

ADDR 

D 

J 
I 

WRITE CYCLE NO.1 
(Write Enable Controlled) 11, 12 

twe 

tAW 

tew 

twp 

Vllih 
I tDS 

tAH 

v/111111111112/1/1/,@ 

tDH J 

1 ~ DATA VALID 
"- I' 

tHZWE J 
.1 

HIGH-Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 11, 12 

twe 

tDS 

tLZWE I 

1 

Q ~I----_ HIGH-Z----
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CACHE DATA SRAM PRODUCT SELECTION GUIDE 
Memory Control Part Access Package 
Configuration Functions Number Time (ns) PLCC PQFP Process Page 

Dual4K x 16 Mode, Byte Select 
or CE,OE MT56C0816 20,25,35 52 52 CMOS 7-1 

Single 8K x 16 Address Latch (AO - A 11) 

Dual4K x 16 Mode, Byte Select 
or CE,OE MT56C3816 20,25,35 52 52 CMOS 7-11 

Single 8K x 16 Address Latch (AO - A12) 

Dual4K x 18 Mode, Byte Select 
or CE,OE MT56C0818 20,25,35 52 52 CMOS 7-21 

Single 8K x 18 Address Latch (AO - A 11 ) 

Dual4K x 18 Mode, Byte Select 
or CE,OE MT56C2818 24,28 52 52 CMOS 7-31 

Single 8K x 18 Synchronous Write Enable 

Dual4K x 18 Mode, Byte Select 
or CE,OE MT56C3818 20,25,35 52 52 CMOS 7-41 

Single 8K x 18 Address Latch (AO - A 12) 
- -



I'IIIC:Rg~ MT56C0816 
I 

CACHE DATA 
STATIC RAM 
FEATURES 
• Operates as two 4K x 16 SRAMs with common 

addresses and data; also configurable as a single 
8Kx16SRAM 

• Built-in input address latches 
• Separate upper and lower Byte Select 
• Fast access times: 20ns, 25ns and 35ns allow operation 

with 40, 33 and 25MHz microprocessor systems 
• Fast Output Enable: 8ns 
• Directly interfaces with the Intel 82385 cache controller 

as well as other 80386 cache memory controllers 

OPTIONS 
• Timing 

20ns access (40 MHz) 
25ns access (33 MHz) 
35ns access (25 MHz) 

• Packages 
52-pinPLCC 
52-pinPQFP 

GENERAL DESCRIPTION 

MARKING 

-20 
-25 
-35 

EJ 
LG 

The MT56C0816 is one of a family of fast SRAM cache 
memories. It employs a high-speed, low-power design 
using a four-transistor memory cell. It is fabricated using 
double-layer polysilicon, double-layer metal CMOS tech
nology. 

The MT56C0816 is a highly integrated cache data mem
ory building block. It easily interfaces with cache control
lers for the Intel 80386 in either the DIRECT MAPPED or 
TWO-WAY SET ASSOCIATIVE MODE. A mode control 
pin (MODE) determines the configuration of the memory. 
When this pin is held LOW, the device functions as an 8K
word by 16-bit SRAM. When the mode pin is HIGH, the 
device is configured as a dual4K-word by 16-bit SRAM. 

Input addresses are latched in the on-chip register on the 
negative edge of the CALEN signal. This register is func
tionally equivalent to a 74LS373. 

The memory functions are controlled by the chip select 
(CE, CSO and CSl), output enable (COEA and COEB) and 
write enable (CWEA and CWEB) signals. 

MTS6C0816 
REV. 1191 7-1 

DUAL 4K x16 SRAM, 
SINGLE 8K x 16 SRAM 
CONFIGURABLE CACHE DATA SRAM 

PIN ASSIGNMENT (Top View) 

52-Pin PLCC (D-3) 
52-Pin PQFP (D-4) 

'" w 
u-l 0 ...... 

~~~:i:~~~c3~~~« 

7 6 5 4 3 2 
AO 8 A12 

Vss 9 CE 
Vss 10 Vss 
001 11 0016 
002 12 0015 
003 13 0014 
004 14 0013 
Vss 15 Vss 
005 16 0012 
006 17 0011 
007 18 0010 
D08 19 009 

NC NC 

~;§;~~~~~~~oggg o 0IOI~I~ ~ ~1<1~loow 0 0 
00 Uc.J::!: 

In either the DIRECT MAPPED (direct) or TWO-WAY SET 
ASSOCIATIVE (dual) operational modes, CE is a global chip 
enable, while CSO and CS1 control lower and upper byte 
selection for READ and WRITE operations. 

Outputs are enabled on a HIGH to LOW transition of 
COEA or COEB. In the dual mode, bank" A" or bank "B" 
may be enabled. In the direct mode, COEA and COEB should 
be connected together externally and used as a single out
put enable. Alternately COEA or COEB can be tied LOW 
externally, allowing the other signal to control the outputs. 

Write enable is activated on a HIGH to LOW transition of 
CWEA or CWEB. In the dual mode, data may be written to 
bank "An or bank "B". In the direct mode, CWEA and 
CWEB should be connected together externally and used as 
a single write enable. Alternately CWEA or CWEB can be 
tied LOW externally, allowing the other signal to control 
the write function. 

The MT56C0816 operates from a +5V power supply and 
all inputs and outputs are fully TTL compatible. 

Micron Technology, Inc., reserves the right to change products or specHlcations without notice. 
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l> A11 
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::J: COEA 
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CWEA 

~ CE 

l> COEB 

en 
CWEB ::D 

l> 
3C 

CSD 

CSI 

FUNCTIONAL BLOCK DIAGRAM 

DUAL4Kx 16 
(TWO-WAY SET ASSOCIATIVE) 

BANK A 

4Kx8 
SRAM 

BANKB 

4Kx8 
SRAM 

CE CE 

LOWER BYTE SELECT 

UPPER BYTE SELECT 
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BANK A 

4Kx8 
SRAM 

I/O 001 
B • 
U • 
F 008 
F DOg 
E • • R 0016 

BANKB 

4Kx8 
SRAM 

MODE = HIGH 
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CALEN 

AO 

• 
• 
• 
• 

A11 

COEA 

CWEA 
A12 

COEB 

CWES 

CE 

CSO 

CS1 

FUNCTIONAL BLOCK DIAGRAM 

8Kx 16 
(DIRECT MAP) 

SANK A 

4Kx8 
SRAM 

BANKB 

4Kx8 
SRAM 

CE 

LOWER BYTE SELECT 

UPPER BYTE SELECT 
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CE 

BANK A 

4Kx8 
SRAM 

1/0 001 
B • 
U • 
F 008 
F DOg 
E • • R 0016 

BANKB 

4Kx 8 
SRAM 

MODE = LOW 
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PIN DESCRIPTIONS 

PLCC PIN SYMBOL TYPE DESCRIPTION 
NUMBER(S) 

8, 7, 6, 5, 4, 3, 2, AO-A11 Input Address Inputs: These inputs are clocked by CALEN and stored 
51,50,49,48,47 in a latch. 

46 A12 Input Address Input: This input is the high order address bit in the direct 
8K x 16 configuration. It is not used in the dual 4K x 16 configura-
tion. 

52 CALEN Input Address Latch Enable: When CALEN is HIGH, the latch is 
transparent. The negative edge latches the current address inputs 
(AO-A11). 

31 MODE Input Mode Select: This controls the device configuration. When this pin 
is tied HIGH, the device is in the dual4K x 16 configuration. When 
the pin is tied LOW, the device is configured as an 8K x 16 SRAM. 

23,30 CSO, CSf Input Chip Selects: These signals are used to select the upper and 
lower bytes for both READ and WRITE operations. When CSO is 
LOW, 001-008 are enabled. When CS1 is LOW, 009-0016 are 
enabled. 

45 CE Input Chip Enable: When CE is LOW, the device is enabled. It is a 
global control signal that activates both bank A and bank B for 
READ or WRITE operations. 

28,29 CUEA,GQEB Input Output Enable: In the dual configuration the signal that is LOW 
enables bank A or B. Simultaneous LOW assertion will deselect 
both banks. In the DIRECT mode, these signals should be 
externally connected, and, when asserted LOW, allow A12 to 
determine which memory bank is enabled. Alternately COEA or 
COEB can be tied LOW externally, allowing the other signal to 
control the output. 

25,24 'CWEA, WEB' Input Write Enable: In the dual configuration the signal that is LOW 
enables a data WRITE to the addressed memory location. In the 
DIRECT mode, these signals should be externally connected, 
and. when asserted LOW, ::.lInw A 12 to determine which memc:y 
bank is written. Alternately CWEA or eWEB can be tied LOW 
externally, allowing the other signal to control the write function. 

11, 12, 13, 14, 16 001-0016 Input! SRAM Data 1/0: lower byte is 001-008; upper byte is 009-
17,18,19,35,36,37 Output 0016. 

38,40,41,42,43 

1, 21, 22, 32, 33, Vcc Supply Power Supply: +5V ± 5% 

9,10,15,26,27,39,44 Vss Supply Ground: GNO 
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TRUTH TABLE 
DUAL 4K x 16 (MODE PIN = HIGH) 

OPERATION "CE tsD rn MEA COEB "CWEA eWEB 
Outputs High-Z, WRITE disabled H X X X X X X 
Outputs High-Z, WRITE disabled X H H X X X X 
Outputs High-Z X X X H H X X 
Outputs High-Z X X X L L X X 
READ 001 - DOB bank A L L H L H H H 
READ 001 - DOB bank B L L H H L H H 
READ DOg - 0016 bank A L H L L H H H 
READ DOg - 0016 bank B L H L H L H H 
READ 001 - 0016 bank A L L L L H H H 
READ 001 - 0016 bank B L L L H L H H 
WRITE 001 - 008 bank A L L H X X L H 
WRITE 001 - 008 bank B L L H X X H L 
WRITE DOg - 0016 bank A L H L X X L H 
WRITE DOg - 0016 bank B L H L X X H L 
WRITE 001 - 0016 bank A L L L X X L H 
WRITE 001 - 0016 bank B L L L X X H L 
WRITE 001 - DOB bank A & B L L H X X L L 
WRITE DOg - 0016 bank A & B L H L X X L L 
WRITE 001 - 0016 bank A & B L L L X X L L 

NOTE: eE, when taken inactive while eWEA or eWEB remain active, allows a chip-enable-controlled WRITE to be 
performed. 

TRUTH TABLE 
8K X 16 (MODE PIN = LOW) 

OPERATION CE CSO rn con "CDEB "CW9 "CWEB 
Outputs High-Z, WRITE disabled H X X X X X X 
Outputs High-Z, WRITE disabled X H H X X X X 
Outputs High-Z X X X H H X X 
READ 001 - DOB L L H L L H H 
READ DOg - 0016 L H L L L H H 
READ 001 - 0016 L L L L L H H 
WRITE 001 - DOB L L H X X L L 
WRITE DOg - 0016 L H L X X L L 
WRITE 001 - 0016 L L L X X L L 

NOTE: CE, when taken inactive while eWEA and eWEB remain active, allows a chip-enable-controlled WRITE to be 
performed. 

eOEA and eOEB must both be LOW to enable outputs. However, one signal can be tied LOW externally, 
allowing the other signal to control the outputs. Similarly eWEA and eWEB must both be LOW to enable a 
WRITE cycle. Either eWEA or eWEB can be tied LOW externally, allowing the other signal to control the 
WRITE function. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature ................................... -55°C to +150°C 
Power Dissipation (PLCC) ............................................. 1.2W 
Power Dissipation (PQFP) ............................................. 1.2W 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(ODC ~ T A ~ 70DC; Vee = 5.0V ± 5%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Power Supply Voltage Vcc 4.75 5.25 V 

Input High Voltage VIH 2.2 Vcc+O.3 V 1 

Input Low Voltage Vll -0.3 0.8 V 1,2 

Input Leakage Current VIN ; GND to Vcc ILl -10 10 IJA 
Output Leakage Current Wo = GND to Vee ILo -10 10 IJA 

Output(s) Disabled 

Output Low Voltage IOl = 4.0mA Val 0.4 V 1 

Output High Voltage IOH = -1.0mA VOH 2.4 V 1 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Power Supply Current: 100% Duty cycle lee1 220 mA 
Average Operating Current VIN = GND to Vee 

Power Supply Current: 50% Duty cycle lee2 120 mA 
Average Operating Current VIN = GND to Vee 

Power Supply Current: CSO = CS1 ~ Vcc - 0.2V 
CMOS Standby Vcc= MAX ISB 20 mA 

\1 .. ./ \1 __ . n n\1 
.u_..:::: v,;,,;, "'t" U.t:..V 

VIH ~ Vee - 0.2V 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C; f = 1 MHz CIN 6 pF 3 

Output Capacitance Vee = 5V ClIo 6 pF 3 

PQFP THERMAL CONSIDERATIONS 
DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Thermal resistance - Junction to Ambient Still Air 0JA 100 °C/W 

Thermal resistance - Junction to Case 0JC 45 °CIW 

Maximum Case Temperature Tc 110 °C 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(O°C S; TA S; +70°C; Vee = 5.0V ±5%) 

DESCRIPTION 
SYM 

READ Cycle 
READ cycle time IRe 

Address access time (AO-A 11) IAA 

A12 address access time IA12A 

Chip Enable access time lACE 

Chip Select access time lACS 

Output Enable access time IAOE 

Output hold from address change toH 
Chip Select to output Low-Z ILlCS 

Output Enable to output Low-Z tLlOE 

Chip deselect to output High-Z IHZCS 

Output disable to output High-Z IHZOE 

Address latch enable pulse width ICALEN 

Address setup to latch LOW IASL 

Address hold from latch LOW IAHL 

WRITE Cycle 
WRITE cycle time 'WC 
Address valid to end of write lAW 

A 12 address valid to end of write tA12W 

Chip Select to end of write tcw 
Data valid to end of write tDW 

Data hold from end of write IDH 

Write Enable output in High-Z IHZWE 

Write disable to output in Low-Z ILZWE 

Write pulse width IWp 

CE pulse width (during Chip Enable controlled write) tcp 

Address setup time lAS 

Write recovery time 'WR 
Address latch enable pulse width tcALEN 
Address setup to latch LOW IASL 

Address hold from latch LOW IAHL 

AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 3ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1 .5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. This parameter is sampled. 
4. CWE is HIGH for a READ cycle. 
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-20 -25 

MIN MAX MIN MAX 

20 

3 

3 

2 

8 
4 

5 

20 

15 
15 

15 
10 

0 

3 
15 
15 

0 

0 

8 
4 

5 

25 

20 25 

15 17 

20 20 

20 25 

8 10 
3 

3 

2 
15 15 

10 10 
8 
4 

5 

25 

18 
18 

18 
10 

0 
12 15 

3 
18 

18 
0 

0 

8 
4 

5 

+5V 

~1000 

0", ~'"'" 
Fig. 1 OUTPUT LOAD 

EQUIVALENT 

MIN 

35 

3 

3 

2 

10 
6 
5 

35 

25 
25 

25 
10 

0 

3 
25 

25 
0 

0 

10 
6 
5 

-35 

MAX UNITS NOTES 

ns 4,5 

35 ns 

25 ns 
25 ns 

35 ns 

13 ns 
ns 

ns 

ns 
25 ns 6 
14 ns 6 

ns 
ns 

ns 

ns 

ns 
ns 

ns 
ns 

ns 

15 ns 6 
ns 
ns 

ns 
ns 

ns 

ns 
ns 

ns 

+5V 

~1000 

",., ~ '" 
Fig. 2 OUTPUT LOAD 

EQUIVALENT 

5. All READ cycle timings are referenced from the last 
valid address to the first transitioning address. 

6. tHZCS, mOE, and mWE are specified with CL = 
5pF as in Fig. 2. Transition is measured ± 500m V 
from steady state voltage. 
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I'IIIC:R~~ MT56C0816 

CALEN 

CE,CSO,CS1 

ADDR 

Q 

CALEN 

CE,CSO,CS1 

AO-A11 

A12 

Q 

READ CYCLE NO.1 
(Address Controlled) 

CWEA = ""C"W"":E"'B =VIH; COEA and/or COEB = VIL 

IRc 

L tcALEN 

I. 
I 

IASL IAHL 

'IIIIIIIIIIIII/; 

ADDRESS VALID 

lAA 

IA12A 

toH 

.1. 

lACE, lACS 
I 

READ CYCLE NO.2 
(CALEN Controlled) 

CWEA = ""Ci7"WrFE"'B =VIH; COEA and/or COEB = VIL 

!jlll/IIIIIIII; i 
1 

ADDRESS AO-A11 VALID 

I 1M 

A12 VALID 

L 1A12A 

I toH 

~L 

lACE,) lACS 
Ii 

7-8 

VIIIIIIIIII~ 

DATA VALID 

:0 

VIIIIIIIIIII! 

DATA VALID 

~ DON'TeARE 

~ UNDEFINED 



CALEN 

ADDR 

CE, CSO,CS1 

(CEOA or COES) 

Q 

READ CYCLE NO.3 
eWE A = eWES = VIH 

tcALEN 

tASL 

------- ADDRESS VALID 
-

tAA 

tA12A 

!jllllllllllllllill iii I II/; 
lACE 

tACS 

ILzcs 

!jllllllllllllllill filii I II 

It.zOE 

HIGH-Z 

tAOE 

7-9 

tAHL 

r I I I I IIIIIIIIIIIIIIIII! 

lHzcs 

l/ I I I IIIIIIIIJI '1111111~ 
lHZOE 

DATA VALID 

~ DON'T CARE 

~ UNDEFINED 
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CALEN 

ADDR 

o 

Q 

ADDR 

CE, CSO,CS1 

o 

Q 

~ 

~ 

~ 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twc 

feALEN 

IAsL 

ADDRESS VALID 

1Aw 

1A12W 

lew 

'Iflllfflllllflff!!illlllll! 
1As twp -, 

VII/, 

-
1AHL 

rfllllllllllllllllllllllillflflflt 
twR 

I tow toH I 
.1 " HIGH-Z DATA INVALID 

IHZWE tr..zwE 
I 

HIGH-Z 

WRITE CYCLE NO.2 
(Chip Select Controlled) 

twc 

} leALEN 

1 tASL tAHL 

ADDRESS VALID 

1Aw 

1A12W 

few 

fep twR 

twp 

------HIGH-Z-----~~~~==~~~~=~~~~-

----------------HIGH-Z-----------
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CACHE DATA 
STATIC RAM 
FEATURES 
• Operates as two 4K x 16 SRAMs with common 

addresses and data; also configurable as a single 
8Kx16SRAM 

• Built-in input address latches (AO-A12) 
• Separate upper and lower Byte Select 
• Fast access times: 20ns, 25ns and 35ns allow operation 

with 40, 33 and 25MHz microprocessor systems 
• Fast Output Enable: 8ns 
• Directly interfaces with the Intel 82385 cache controller 

as well as other 80386 and 80486 cache memory 
controllers 

OPTIONS 
• Timing 

20ns access (40 MHz) 
25ns access (33 MHz) 
35ns access (25 MHz) 

• Packages 
52-pinPLCC 
52-pinPQFP 

GENERAL DESCRIPTION 

MARKING 

-20 
-25 
-35 

EJ 
LG 

The MT56C3816 is one of a family of fast SRAM cache 
memories. It employs a high-speed, low-power design 
using a four-transistor memory cell. It is fabricated using 
double-layer polysilicon, double-layer metal CMOS tech
nology. 

The MT56C3816 is a highly integrated cache data mem
ory building block. It easily interfaces with cache control
lers for the Intel 80386 in either· the DIRECT MAPPED or 
TWO-WAY SET ASSOCIATIVE MODE. A mode control 
pin (MODE) determines the configuration of the memory. 
When this pin is held LOW, the device functions as an 8K
word by 16-bit SRAM. When the mode pin is HIGH, the 
device is configured as a dual 4K-word by 16-bit SRAM. 

Input addresses are latched in the on-chip register on the 
negative edge of the CALEN signal. This register is func
tionally equivalent to a 74LS373. 

The memory functions are controlled by the chip select 
(CE, CSO and CSl), output enable (COEA and COEB) and 
write enable (CWEA and CWEB) signals. 

MT56C3B16 
REV. 1191 7-11 

PRELIMINARY 

DUAL 4K x16 SRAM, 
SINGLE 8K x 16 SRAM 
CONFIGURABLE CACHE DATA SRAM 

PIN ASSIGNMENT (Top View) 

AO 8 
Vss 9 
Vss 10 
001 11 
002 12 
003 13 
004 14 
Vss 15 
005 16 
006 17 
007 18 
008 19 

NC 20 

52-Pin PLCC (D-3) 
52-Pin PQFP (D-4) 

7 6 5 4 3 2 525150494847 
1 

21 22 23 24 25 26 27 28 29 30 31 32 33 

8 8101"'1"'" lZ lZl""'I""tn W 8 8 »~~~»~~o8» 
Uc..J OU.2 

46 A12 
45 CE 
44 Vss 
43 0016 
42 0015 
41 0014 
40 0013 
39 Vss 
38 0012 
37 0011 
36 0010 
35 009 
34 NC 

In either the DIRECT MAPPED (direct) or TWO-WAY SET 
ASSOCIATIVE (duaI) operational modes,CE is a global chip 
enable, while CSO and CS1 control lower and upper byte 
selection for READ and WRITE operations. 

Outputs are enabled on a HIGH to LOW transition of 
COEA or COEB. In the dual mode, bank" A" or bank "B" 
may be enabled. In the direct mode,COEA and COEB should 
be connected together externally and used as a single out
put enable. Alternately, COEA or COEB can be tied LOW 
externally, allowing the other signal to control the outputs. 

Write enable is activated on a HIGH to LOW transition of 
CWEA or CWEB. In the dual mode, data may be written to 
bank "A" or bank "B". In the direct mode, CWEA and 
CWEB should be connected together externalIy and used as 
a single write enable. Alternately, CWEA or CWEB can be 
tied LOW externalIy, alIowing the other signal to control 
the write function. 

The MT56C3816 operates from a +5V power supply and 
alI inputs and outputs are fulIy TTL compatible. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

DUAL4Kx 16 
(TWO-WAY SET ASSOCIATIVE) 
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CALEN 

AD 

• 
• 
• 
• 

A12 

COEA 

CWEA 

COEB 

CWEB 

CE 

CSD 

CSI 

FUNCTIONAL BLOCK DIAGRAM 

8Kx 16 
(DIRECT MAP) 

BANK A 

4Kx8 
SRAM 

BANKB 

4Kx8 
SRAM 

CE CE 

LOWER BYTE SELECT 

UPPER BYTE SELECT 
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BANK A 

4Kx8 
SRAM -0 

D01 » 
I/O • 0 
B D08 ::J: 
U m F 
F DOg C E • 
R D016 
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:D 

BANKB » 
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4Kx8 
SRAM 

MODE = LOW 
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I'IIIC::I=U~N MT56C3816 

PIN DESCRIPTIONS 

PLCC PIN SYMBOL TYPE DESCRIPTION 
NUMBER(S) 

8,7,6,5,4,3,2, AO-A11 Input Address Inputs: These inputs are clocked by CALEN and stored 
51,50,49,48,47 in a latch. 

46 A12 Input Address Input: This input is the high order address bit in the direct 
8K x 16 configuration. It is not used in the dual 4K x 16 configura-
tion. This input is latched by the negative edge of CALEN. 

52 CALEN Input Address Latch Enable: When CALEN is HIGH, the latch is 
transparent. The negative edge latches the current address inputs 
(AO-A12). 

31 MODE Input Mode Select: This controls the device configuration. When this pin 
is tied HIGH, the device is in the dual 4K x 16 configuration. When 
the pin is tied LOW, the device is configured as an 8K x 16 SRAM. 

23,30 eSO, CS1 Input Chip Selects: These signals are used to select the upper and 
lower bytes for both READ and WRITE operations. When CSO is 
LOW, DQ1-DQ8 are enabled. When CS1is LOW, DQ9-DQ16 are 
enabled. 

45 'CE Input Chip Enable: When 'CE is LOW, the device is enabled. It is a 
global control signal that activates both bank A and bank B for 
READ or WRITE operations. 

28,29 "COEA, "OOEI'l Input Output Enable: In the dual configuration the signal that is LOW 
enables bank A or B. Simultaneous LOW assertion will deselect 
both banks. In the DIRECT mode, these signals should be 
externally connected, and, when asserted LOW, allow A12 to 
determine which memory bank is enabled. Alternately, COEA or 
COEB can be tied LOW externally, allowing the other signal to 
control the outputs. 

25,24 ~,'CWtB Input WRITE ENABLE: In the dual configuration, the signal that is LOW 
enables a data write to the addressed memory location. In the 
DIRECT mode, these signals should be externally connected, and, 
when asserted LOW, allow A12 to detArminA whi~h memory banK 
is written. Alternately, CWEA or eWEB can be tied LOW exter-
nally, allowing the other signal to control the write function. 

11,12,13,14,16 DQ1-DQ16 InpuV SRAM Data I/O: lower byte is DQ1-DQ8; upper byte is DQ9-
17,18,19,35,36,37 Output DQ16. 

38,40,41,42,43 

1, 21, 22, 32, 33, Vee Supply Power Supply: +5V ± 5% 

9,10,15,26,27,39,44 Vss Supply Ground: GND 
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TRUTH TABLE 
DUAL 4K x 16 (MODE PIN = HIGH) 

OPERATION CE m m "COn "CO£B "CWEA "CWEB 
Outputs High-Z, WRITE disabled H X X X X X X 
OU!puts High-Z, WRITE disabled X H H X X X X 
Outputs High-Z X X X H H X X 
Outputs High-Z X X X L L X X 
READ D01 - D08 bank A L L H L H H H 
READ D01 - D08 bank B L L H H L H H 
READ DOg - D016 bank A L H L L H H H 
READ DOg - D016 bank B L H L H L H H 
READ D01 - D016 bank A L L L L H H H 
READ D01 - D016 bank B L L L H L H H 
WRITE D01 - D08 bank A L L H X X L H 
WRITE D01 - D08 bank B L L H X X H L 
WRITE DOg - D016 bank A L H L X X L H 
WRITE DOg - D016 bank B L H L X X H L 
WRITE D01 - D016 bank A L L L X X L H 
WRITE D01 - D016 bank B L L L X X H L 
WRITE D01 - D08 bank A & B L L H X X L L 
WRITE DOg - D016 bank A & B L H L X X L L 
WRITE D01 - D016 bank A & B L L L X X L L 

NOTE: eE, when taken inactive while eWEA or eWEB remain active, allows a chip-enable-controlled WRITE to be 
performed. 

TRUTH TABLE 
8K X 16 (MODE PIN = LOW) 

OPERATION CE m m ~ "CO£B "CWEA "CWEB 
Outputs High-Z, WRITE disabled H X X X X X X 
Outputs High-Z, WRITE disabled X H H X X X X 
Outputs High-Z X X X H H X X 
READ D01 - D08 L L H L L H H 
READ DOg - D016 L H L L L H H 
READ D01 - D016 L L L L L H H 
WRITE D01 - D08 L L H X X L L 
WRITE DOg - D016 L H L X X L L 
WRITE D01 - D016 L L L X X L L 

NOTE: CE, when taken inactive while CWEA and eWEB remain active, allows a chip-en able-controlled WRITE to be 
performed. 

COEA and eOEB must both be LOW to enable outputs. However, one signal can be tied LOW externally, 
allowing the other signal to control the outputs. Similarly eWEA and eWEB must both be LOW to enable a 
WRITE cycle. Either eWEA or eWEB can be tied LOW externally, allowing the other signal to control the 
WRITE function. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Storage Temperature ................................... -55°C to + 150°C 
Power Dissipation (PLCC) ............................................. 1.2W 
Power Dissipation (PQFP) ............................................. 1.2W 
Short Circuit Output Current ...................................... 50mA 

PRELIMINARY 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device .. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(OOe ::;; T A::;; 70oe; Vee = 5.0V ± 5%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Power Supply Voltage Vee 4.75 5.25 V 

Input High Voltage VIH 2.2 Vcc+O.3 V 1 

Input Low Voltage Vil -0.3 0.8 V 1,2 

Input Leakage Current VIN = GND to Vcc ILl -10 10 I!A 
Output Leakage Current Wo = GND to Vcc ILo -10 10 I!A 

Output(s) Disabled 
Output Low Voltage IOl =4.0mA Val 0.4 V 1 

Output High Voltage IOH = -1.0mA VOH 2.4 V 1 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Power Supply Current: 100% Duty cycle Icc1 220 mA 
Average Operating Current VIN = GND to Vcc 
Power Supply Current: 50% Duty cycle Ice2 120 mA 
Average Operating Current VIN = GND to Vce 

Power Supply Current: 'CSO = CSf~ Vee -0.2V 
CMOS Standby Vcc= MAX ISB 20 mA 

Vil $ Vss +0.2V 
VIH ~ Vcc -0.2V I I I I I I , 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 25°C; f = 1MHz CIN 6 pF 3 

Output Capacitance Vee = 5V ClIo 6 pF 3 

PQFP THERMAL CONSIDERATIONS 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Thermal resistance - Junction to Ambient Still Air "'JA 100 °CIW 

Thermal resistance - Junction to Case IOJC 45 °CIW 

Maximum Case Temperature Tc 110 °C 
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PRELIMINARY 

IVIIC:I=U;~~ MT56C3816 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(O°c::;; TA ::;; +70°C; Vee = 5.0V ±5%) 

DESCRIPTION 
SYM 

READ Cycle 
READ cycle time IRC 

Address access time (AO-A 12) IAA 

Chip Enable access time lACE 

Chip Select access time lACS 

Output Enable access time IAOE 

Output hold from address change toH 
Chip Select to output Low-Z ILZCS 

Output Enable to output Low-Z ILZOE 

Chip deselect to output High-Z IHZCS 

Output disable to output HiQh-Z IHZOE 

Address latch enable pulse width tcALEN 
Address setupto latch LOW IASL 

Address hold from latch LOW IAHL 

WRITE Cycle 
WRITE cycle time 'WC 
Address valid to end of write lAW 

Chip Select to end of write ICW 

Data valid to end of write IDW 

Data hold from end of write IDH 

Write Enable output in High-Z IHZWE 

Write disable to output in Low-Z ILZWE 

Write pulse width IWp 

CE pulse width (during Chip Enable controlled write) ICp 

Address setupJime lAS 

Write recovery time 'WR 
Address latch enable pulse width tcALEN 

Address setup to latch LOW IASL 

Address hold from latch LOW IAHL 

AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 3ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1 .5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 2Ons. 
3. This parameter is sampled. 
4. CWE is HIGH for a READ cycle. 
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MIN 

20 

3 
3 
2 

8 
4 

5 

20 

15 
15 
10 

0 

3 

15 
15 

0 

0 
8 
4 

5 

-20 -25 

MAX MIN MAX 

25 
20 25 

20 20 

20 25 

8 10 

3 
3 
2 

15 15 

10 10 

8 

4 
5 

25 

18 
18 

10 
0 

12 15 

3 
18 
18 

0 

0 
8 
4 

5 

+5V 

~1000 
Q .. , ~"""" 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

MIN 

35 

3 
3 
2 

10 

6 
5 

35 

25 
25 
10 

0 

3 

25 
25 
0 

0 
10 

6 

5 

-35 

MAX UNITS NOTES 

ns 4,5 
35 ns 

25 ns 

35 ns 
13 ns 

ns 

ns 
ns 

25 ns 6 
14 ns 6 

ns 

ns 
ns 

ns 

ns 
ns 

ns 
ns . 

15 ns 6 
ns 

ns 
ns 
ns 

ns 
ns 

ns 

ns 

+5V 

~1000 

Q", ~ "" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

S. All READ cycle timings are referenced from the last 
valid address to the first transitioning address. 

6. IJiZCS, tHZOE, and tHZWE are specified with CL = 
SpF as in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 
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PRELIMINARY 

IVIIC:I=U;~~ MT56C3816 

CALEN 

CE,CSO,CSl 

ADDR 

Q 

CALEN 

CE, CSO, CSl 

AO-A12 

Q 

I 
1 

READ CYCLE NO.1 
(Address Controlled) 

CWEA = "'C"iTW .... E"'B =VIH; COEA and/or COEB = VIL 

IRc 
tcALEN 

IASL IAHL 

,/1//1/11/11 II/) 

ADDRESS'\' ALiD 

IAA 

toH 

.1 

IACE,IACS 

READ CYCLE NO.2 
(CALEN Controlled) 

CWEA = =C...-W ..... E'=B =VIH; COEA and/or COEB = VIL 

'I/III/II/llft 

DATA VALID 

IRc 

_f~tcA~LEN -'l~1-
+. _. 

I lAHL 'I\\::)L 

!jIll IIIII III/) 

ADDRESS AO-A12 VALID 

1M 

toH 

,I, 

IACI:, lACS 
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DATA VALID 

~ DON'T CARE 

~ UNDEFINED 



PRELIMINARY 

I'IIIc:r="~N MT56C3816 

CALEN 

ADDR 

CE,CSO,CSl 

(CEOA or COEB) 

Q 

READ CYCLE NO.3 
eWEA = eWEB = VIH 

tcALEN 

IASL 

ADDRESS VALID 

1M 

(jjffjfjffjffjj / / / j) 
lACE 

lAcs 

tucs 

IJff/J/UliUfiffffff!I II/; 

ItZOE 

HIGH-Z 

IAOE 

7-19 

IAHL 

'{f I I I IlIlflllll/lililiiL 

IHzcs 

II I I I IIIIIIII~ Iflllfli/, 
IHZOE 

DATA VALID 

~ DON'T CARE 

~ UNDEFINED 
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PRELIMINARY 

I'IIIC:I=U:?~ MT56C3816 

CALEN 

ADDR 

CE,CSQ,CSl 

CWEA,CWEB 

0 

Q 

CALEN 

ADDR 

o 

Q 

-------' 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

C 

1(;ALEN 

1 

lASL 

ADDRESS VALID 

lAw 

1(;w 

.I 
'lflfiiffiliIii1 I I I I I I I 11 

lAs twp 

VII; 

IAHL 

r I I I I I I I I I 1111/1I/1I//LIiLLIiLIifL. 
twR 

I 10w 10H _I 

HIGH-Z 

-------' 

lAs 

.1 

IHzWE 

HIGH-Z 

WRITE CYCLE NO.2 
(Chip Select Controlled) 

twc 

1(;ALEN 

IASL 

ADDRESS VALID 
-

lAw 

1(;w 

I 1(;p 

WIIA 
I twp 

1111111111111/11 I I I I I I I I I /Jr. 

:I 
DATA INVALID 

ILzwE 
I 

IAHL 

twR 

VI I I I I I I I IIIIIIIIIIIIIIIIIIIIIII/; 
i.1[)w 1[)H 1 

.1 .1 
HIGH-Z DATA IN VALID 

--------------HIGH-Z----------
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I'IIIC:RgN MT56C0818 

CACHE DATA 
STATIC RAM 
FEATURES 
• Operates as two 4K x 18 SRAMs with common 

addresses and data; also configurable as a single 
8Kx 18SRAM 

• Built-in input address latches 
• Separate upper and lower Byte Select 
• Fast access times: 20ns, 25ns and 35ns allow operation 

with 40, 33 and 25MHz microprocessor systems 
• Fast Output Enable: 8ns 
• Directly interfaces with the Intel 82385 cache controller 

as well as other 80386 cache memory controllers 
• Parity bits provided for large cache applications such 

as secondary cache for the Intel 80486 microprocessors 

OPTIONS 
• Timing 

20ns access (40 MHz) 
25ns access (33 MHz) 
35ns access (25 MHz) 

• Packages 
52-pinPLCC 
52-pinPQFP 

GENERAL DESCRIPTION 

MARKING 

-20 
-25 
-35 

EJ 
LG 

The MT56C0818 is one of a family of fast SRAM cache 
memories. It employs a high-speed, low-power design 
using a four-transistor memory cell. It is fabricated using 
double-layer polysilicon, double-layer metal CMOS tech
nology. 

The MT56C0818 is a highly integrated cache data mem
ory building block. It easily interfaces with cache control
lers for the Intel 80386 in either the DIRECT MAPPED or 
TWO-WAY SET ASSOCIATIVE mode. A mode control pin 
(MODE) determines the configuration ofthememory. When 
this pin is held LOW, the device functions as an 8K-word by 
18-bit SRAM. When the mode pin is HIGH, the device is 
configured as a dual4K-word by 18-bit SRAM. 

Input addresses are latched in the on-chip register on the 
negative edge of the CALEN signal. This register is func
tionally equivalent to a 74LS373. 
~he memory functions are controlled by the chip select 
(CE, CSO and CSl), output enable (COEA and COEB) and 
write enable (CWEA and CWEB) signals. 

MT56C081B 
REV. 1/91 7-21 

DUAL 4K x18 SRAM, 
SINGLE 8K x 18 SRAM 
CONFIGURABLE CACHE DATA SRAM 

PIN ASSIGNMENT (Top View) 

52-Pin PLCC (0-3) 
52-Pin PQFP (0-4) 

AD 8 M2 
Vss 9 CE 
Vss 10 Vss 
DOl 11 D016 
D02 12 D015 
D03 13 D014 
D04 14 D013 
Vss 15 Vss 

DOS 16 D012 
D06 17 DOll 
D07 18 DOlO 
D08 19 D09 

DOPl DOP2 

In either the DIRECT MAPPED (direct) or TWO-WAY SET 
ASSOCIATIVE (dual) operational modes,CE is a global chip 
enable, while CSO and CS1 control lower and upper byte 
selection for READ and WRITE operations. 

Outputs are enabled on a HIGH to LOW transition of 
COEA or COEB. In the dual mode, bank "A" or bank "B" 
may be enabled. In the direct mode,COEA and COEB should 
be connected together externally and used as a single out
put enable. Alternately, COEA or COEB can be tied LOW 
externally, allowing the other signal to control the outputs. 

Write enable is activated on a HIGH to LOW transition of 
CWEA or CWEB. In the dual mode, data may be written to 
bank "A" or bank "B". In the direct mode, CWEA and 
CWEB should be connected together externally and used as 
a single write enable. Alternately, CWEA or CWEB can be 
tied LOW externally, allowing the other signal to control 
the write function. 

The MT56C0818 operates from a +5V power supply and 
all inputs and outputs are fully TTL compatible. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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CALEN 

AO 

• - • 

0 • 
• 

l> A11 
0 ::r: COEA m 
C 

CWEA 

~ CE 

:a> COEB 

en CWEB 
::D 
l> 
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CSO 

CSI 

FUNCTIONAL BLOCK DIAGRAM 

DUAL4Kx 18 
(TWO-WAY SET ASSOCIATIVE) 

BANK A 

4Kx9 
SRAM 

SANKS 

4Kx9 
SRAM 

CE CE 

LOWER BYTE SELECT 

UPPER BYTE SELECT 
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BANK A 

4Kx9 
SRAM 

D01 
I/O • 
B D08 
U DOP1 F 
F 009 
E • 
R 0016 

DOP2 

BANKB 

4Kx9 
SRAM 

MODE = HIGH 



CALEN 

AO 

• 
• 
• 
• 

A11 

COEA 

CWEA 
A12 

COEB 

CWEB 

CE 

csa 

CS1 

FUNCTIONAL BLOCK DIAGRAM 

8Kx 18 
(DIRECT MAP) 

BANK A 

4Kx9 
SRAM 

BANKB 

4Kx9 
SRAM 

CE 

LOWER BYTE SELECT 

UPPER BYTE SELECT 
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CE 

BANK A 

4Kx9 
SRAM .. 

0 
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001 0 
1/0 • :J: 
B 008 m 
U DOP1 C F 
F 009 ~ 
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~ R 0016 

DOP2 en 
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BANKB 
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4Kx9 
SRAM 

MODE = LOW 



I'IIIC:I=II;:~N MT56C0818 

PIN DESCRIPTIONS 

PlCC PIN SYMBOL TYPE DESCRIPTION 
NUMBER(S) 

8,7,6,5,4,3,2, AO-A11 Input Address Inputs: These inputs are clocked by CALEN and stored 
51,50,49,48,47 in a latch. 

46 A12 Input Address Input: This input is the high order address bit in the direct 
8K x 18 configuration. It is not used in the dual4K x 18 
configuration. 

52 CALEN Input Address Latch Enable: When CALEN is HIGH, the latch is 
transparent. The negative edge latches the current address inputs 
(AO-A11). 

31 MODE Input Mode Select: This controls the device configuration. When this pin 
is tied HIGH, the device is in the dual 4K x 18 configuration. When 
the pin is tied LOW, the device is configured as an 8K x 18 SRAM. 

23,30 CSO, CS1 Input Chip Selects: These signals are used to select the upper and 
lower bytes for both READ and WRITE operations. When CSQis 
LOW, D01-D08 and DOP1 are enabled. When CS1is LOW, 
D09-D016 and DOP2 are enabled. 

45 CE Input Chip Enable: When CE is LOW, the device is enabled. It is a 
global control signal that activates both bank A and bank B for 
READ or WRITE operations. 

28,29 COEA,IDEB Input Output Enable: In the dual configuration the signal that is LOW 
enables bank A or B. Simultaneous LOW assertion will deselect 
both banks. In the direct mode, these signals should be externally 
connected, and, when asserted LOW, allow A12 to determine 
which memory bank is enabled. Alternately, COEA or COEi3 can 
be tied LOW externally, allowing the other signal to control the 
outputs. 

25,24 'CWEA, "CWE1r Input Write Enable: In the dual configuration the signal that is LOW 
enables a data write to the addressed memory location. In the 
direct mode, these signals should be externally connected, and, 
when asserted LOW, allow A12 to determine which mAmnry I:Ial'1k 
is written. Alternately, ~ or CWE:B can be tied LOW exter-
nally, allowing the other signal to control the write function. 

11,12,13,14,16 D01-D016 Input! SRAM Data I/O: lower byte is D01-D08; upper byte is D09-
17,18,19,35,36,37 Output D016. 

38,40,41,42,43 

20,34 DOP1 Input! Parity Data I/O: DOP1 is the parity bit for the lower byte. DOP2 is 
DOP2 Output the parity bit for the upper byte. 

1, 21, 22, 32, 33, Vcc Supply Power Supply: +5V ± 5% 

9,10,15,26,27,39,44 Vss Supply Ground: GND 
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I'IIIC:RQN MT56C0818 

TRUTH TABLE 
DUAL 4K x 18 (MODE PIN = HIGH) 

OPERATION "CE "C"Sli CS1 "ClJEA MEB CWEA CWEii 
Outputs High-Z, WRITE disabled H X X X X X X 
Outputs High-Z, WRITE disabled X H H X X X X 
Outputs High-Z X X X H H X X 
Outputs High-Z X X X L L X X 
READ D01 - D08, DOP1 bank A L L H L H H H 
READ D01 - D08, DOP1 bank B L L H H L H H 
READ D09 - D016, DOP2 bank A L H L L H H H 
READ D09 - D016, DOP2 bank B L H L H L H H 
READ D01 - D016, DOP1, DOP2 bank A L L L L H H H 
READ D01 - D016, DOP1, DOP2 bank B L L L H L H H 
WRITE D01 - D08, DOP1 bank A L L H X X L H 
WRITE D01 - D08, DOP1 bank B L L H X X H L 
WRITE D09 - D016, DOP2 bank A L H L X X L H 
WRITE D09 - D016, DOP2 bank B L H L X X H L 
WRITE D01 - D016, DOP1, DOP2 bank A L L L X X L H 
WRITE D01 - D016, DOP1, DOP2 bank B L L L X X H L 
WRITE D01 - D08, DOP1 bank A & B L L H X X L L 
WRITE D09 - D016, DOP2 bank A & B L H L X X L L 
WRITE D01 - D016, DOP1, DOP2 bank A & B L L L X X L L 

NOTE: CE, when taken inactive while eWEA or eWEB remain active, allows a chip-enable-controlled WRITE to be 
performed. 

TRUTH TABLE 
8K X 18 (MODE PIN = LOW) 

OPERATION ~ "C"Sli CS1 "ClJEA MEB CWEA CWEii 
Outputs High-Z, WRITE disabled H X X X X X X 
Outputs High~Z, WRITE disabled X H H X X X X 
Outputs High-Z X X X H H X X 
READ D01 - D08 DOP1 L L H L L H H 
READ D09 - D016 DOP2 L H L L L H H 
READ D01 - D016 DOP1 DOP2 L L L L L H H 
WRITE D01 - D08 DOP1 L L H X X L L 
WRITE D09 - D016, DOP2 L H L X X L L 
WRITE D01 - D016 DOP1, DOP2 L L L X X L L 

NOTE: CE, when taken inactive while eWEA and Cii'i7EB remain active, allows a chip-enable-controlled WRITE to be 
performed. 

COEA and eOEB must both be LOW to enable outputs. However, one signal can be tied LOW externally, 
allowing the other signal to control the outputs. Similarly eWEA and eWEB must both be LOW to enable a 
WRITE cycle. Either eWEA or eWEB can be tied LOW externally, allowing the other signal to control the 
WRITE function. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -l.OV to +7.0V 
Storage Temperature ................................... -SsoC to + IS0°C 
Power Dissipation (PLCC) ............................................. 1.2W 
Power Dissipation (PQFP) ............................................. 1.2W 
Short Circuit Output Current ...................................... SOmA 

"Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C :S T A :S 70°C; Vee = 5.0V ± 5%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Power Supply Voltage Vcc 4.75 5.25 V 

Input High Voltage VIH 2.2 Vcc+O.3 V 1 

Input Low Voltage VIL -0.3 ,0.8 V 1,2 

Input Leakage Current VIN = GND to Vcc ILl -10 10 ~ 
Output Leakage Current Wo = GND to Vcc ILo -10 10 ~ 

Output(s) Disabled 
Output Low Voltage IOL= 4.0mA VOL 0.4 V 1 

Output High Voltage IOH = -1.0mA VOH 2.4 V 1 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Power Supply Current: 1 00% Duty cycle Icc1 220 mA 
Average Operating Current VIN = GND to Vcc 
Power Supply Current: 50% Duty cycle Icc2 120 mA 
Average Operating Current VIN = GND to Vce 

Power Supply Current: "CSO = CST~ Vcc - 0.2V 
CMOS Standby Vcc= MAX IS8 20 mA 

VIL ~ Vss + 0.2V 
VIH ~ vcc O.2V -

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C; f = 1 MHz CIN 6 pF 3 

Output Capacitance Vec = 5V Clio 6 pF 3 

PQFP THERMAL CONSIDERATIONS 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Thermal resistance - Junction to Ambient Still Air 0JA 100 °CIW 

Thermal resistance - Junction to Case 0JC 45 °CIW 

Maximum Case Temperature Tc 110 °C 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(O°C ~ TA ~ +70°C, Vee = S.OV ±S%) 

DESCRIPTION 
SYM 

READ Cycle 
READ cycle time IRC 

Address access time (AO-A t 1 ) IAA 

A 12 address access time IA12A 

Chip Enable access time lACE 

Chip Select access time lACS 

Output Enable access time IAOE 

Output hold from address change toH 
Chip Select to output low-Z IlZCS 

Output Enable to output low-Z ILZOE 

Chip deselect to output High-Z IHZCS 

Output disable to output High-Z IHZOE 

Address latch enable pulse width ICAlEN 

Address setup to latch lOW IASl 

Address hold from latch lOW IAHl 

WRITE Cycle 
WRITE cycle time 'WC 
Address valid to end of write lAW 

A 12 address valid to end of write IA12W 

Chip Select to end of write ICW 

Data valid to end of write IDW 

Data hold from end of write IDH 

Write enable output in Hiah-Z IHZWE 

Write disable to output in low-Z IlZWE 

Write pulse width IWp 

CE pulse width (during Chip Enable controlled write) ICp 

Address setup time lAS 

Write recovery time 'WR 

Address latch enable pulse width ICAlEN 
Address setup to latch lOW IASl 

Address hold from latch lOW tAHl 

AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.0V 

Input rise and fall times ........................................ 3ns 

Input timing reference levels .............................. 1.SV 

Output reference levels ...................................... 1 .SV 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. This parameter is sampled. 
4. CWE is HIGH for a READ cycle. 
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MIN 

20 

3 

3 
2 

8 
4 

5 

20 

15 
15 

15 
10 

0 

3 

15 
15 

0 

0 

8 
4 

5 

-20 -25 

MAX MIN MAX 

25 

20 25 

15 17 
20 20 

20 25 

8 10 
3 

3 
2 

15 15 

10 10 

8 
4 

5 

25 

18 
18 

18 
10 

0 

12 15 

3 
18 

18 
0 

0 

8 
4 

5 

+5V 

~1000 

Q", ~ "'"' 
Fig. 1 OUTPUT LOAD 

EQUIVALENT 

MIN 

35 

3 

3 
2 

10 
6 
5 

35 
25 

25 

25 
10 

0 

3 
25 

25 
0 

0 

10 

6 
5 

-35 

MAX UNITS NOTES 

ns 4,5 

35 ns 

25 ns 
25 ns 

35 ns 

13 ns 
ns 

ns 

ns 
25 ns 6 
14 ns 6 

ns 
ns 

ns 

ns 
ns 

ns 

ns 
ns 

ns 

15 ns 6 
ns 
ns 

ns 
ns 

ns 

ns 
ns 

ns 

+5V 

~1000 

Q", ~ '" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

5. All READ cycle timings are referenced from the last 
valid address to the first transitioning address. 

6. IJfZCS, tHZOE, and lJiZWE are specified with CL = 
SpF as in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 
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CALEN 

ADDR 

Q 

CALEN 

AD-All 

A12 

Q 

READ CYCLE NO.1 
(Address Controlled) 

CWEA = ....,C .. W""'E .... S =VIH; COEA and/or COES = VIL 

L tcALEN 

I. 
I 

IASL IAHL 

'/11111111111/;1, 

ADDRESS VALID 

IAA 

IA12A 

toH 

.1 

lACE, lACS 

READ CYCLE NO.2 
(CALEN Controlled) 

CWEA = ""'C"W=E'=S =VIH; COEA and/or COES = VIL 

IRc 

tcALEN 

IASL IAHL 

!jllllllllili/; 

ADDRESS AD-All VALID 

lAA 

A12 VALID 

IA12A 

toH 

J 

lACE, lAcs 

7-28 

'11111111111~ 

DATA VALID 

Ir----

VlIIIIIIIII/; 

DATA VALID 

~ DON'TeARE 

~ UNDEFINED 



I'JI":::F::";;~~ MT56C0818 

CALEN, 

ADDR 

(CEOA or COES) 

Q 

READ CYCLE NO.3 
eWEA = eWEB = VIH 

IRc 
tcALEN 

IASL ---- ADDRESS VALID 
~ 

lAA 

! I I I I I I I !lUumUL!lIII/; 
lACE 

lACS 

ILzcs 

fjllllllllllllllill iii I I I I) 

ILZOE 

HIGH-Z 

IAOE 

7-29 

IAHL 

f(j I IIIIIIIIIIIIIIIIII/; 

IJ-tzcs 

II I I IIIIIIIII/' 'llllili/' 
IJ-tZOE 

DATA VALID 

~ DON'T CARE 

~ UNDEFINED 
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CALEN 

ADDR 

CE, cso,CSi 

CWEA,CWEB 

D 

Q 

CALEN 

ADDR 

CE, cso, CS1 

D 

Q 

~ 

'//////, f/////II/, 

lAs 

HIGH·Z 

~ 

lAs 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

C 

leALEN 

tASL 

ADDRESS VALID 

tAW 

tA12W 

lew 

'ill 

twp 

Y/I,6 

IAHL 

'1//////, 
twR 

l tow toH 

.1 

tHZWE 

HIGH-Z 

WRITE CYCLE NO.2 
(Chip Select Controlled) 

twe 

leALEN 

IASL 

ADDRESS VALID 

lAw 

tA12W 

lew 

I lep 

V//I! 
I twp 

DATA IN VALID 

tzwE 
I 

tAHL 

twR 

1////////1, 

_I 

1fIUIfIiIIiIi// I I I I I I I I I lJi 'If! I I I I I I I I IIIIIIIIIIIIILIfIfIfIfL 
L tow toH .1 

.1 J 
HIGH-Z DATA INVALID 

---------------- HIGH-Z -----------

7-30 

~ DON'T CARE 

~ UNDEFINED 



CACHE DATA 
STATIC RAM 
FEATURES 
• Automatic WRITE cycle completion 
• Operates as two 4K x 18 SRAMs with common 

addresses and data; also configurable as a single 
8Kx18SRAM 

• Automatically controlled input address latches 
• Built-in input data latches 
• Separate upper and lower Byte Select 
• Fast access times: 24ns and 28ns allow operation with 

33MHz and 25MHz microprocessor systems 
• Fast Output Enable: 8ns 
• Parity bits provided for large cache applications such 

as secondary cache for the Intel 80486 microprocessor 
• Directly compatible with the Intel 82485 cache 

controller 

OPTIONS 
• Timing 

24ns access (33 MHz) 
28ns access (25 MHz) 

• Packages 
52-pinPLCC 
52-pinPQFP 

GENERAL DESCRIPTION 

MARKING 

-24 
-28 

E} 
LG 

The MT56C2818 is one of a family of fast SRAM cache 
memories. It employs a high-speed, low-power design 
using a four-transistor memory cell. It is fabricated using 
double-layer polysilicon, double-layer metal CMOS tech
nology. 

The MT56C2818 is a highly integrated cache data mem
ory building block. A mode control pin (MODE) deter
mines the configuration of the memory. When this pin is 
held LOW, the device functions as an 8K-word by 18-bit 
SRAM. When the mode pin is lllGH, the device is config
ured as a dual4K-word by 18-bit SRAM. 

Strobe (S)controls the on-chip address and data latches. 
During READ and WRITE cycles the address latch is al
ways transparent exce:e! for the time period tALO follow
ing the rising edge of S. The addresses are "locked out" 
during this time. 

Shas no effect on the data latch during a READ cycle. 
During a WRITE cycle, data is latched on the rising edge of 
s: The rising edge of 5 also initiates the completion of the 
WRITE cycle. 

MT56C2818 
REV. 1191 7-31 

DUAL 4K x 18 SRAM, 
SINGLE 8K x 18 SRAM 
CONFIGURABLE CACHE DATA SRAM 

PIN ASSIGNMENT (Top View) 

52-Pin PLCC (D-3) 
52-Pin PQFP (D-4) 

u 0_ 

::;;,: ~ ~::: ~ ~ ~ICI) ~ ~ ~:;c::;c 

765432 525150494847 
AO 8 1 46 P A12 

Vss 9 45P CE 
Vss 10 44~ Vss 
001 11 43 ~ 0016 
002 12 42 ~ 0015 
003 13 41 0014 
004 14 40 P 0013 
Vss 15 39 P Vss 
005 16 38 ~ 0012 
006 17 37 ~ 0011 
007 18 36 P 0010 
008 19 35 P 009 

OOPl 20 34 P 00P2 
21 22 23 24 25 2627 28 29 30 31 32 33 
~~~~~~~~~~ 

g gnlllOlS ijl ~IOlSlffilu; t'j g g »~~~»88°~» 

The memory functions are controlled by the chip select 
(CE, CSO and CSl), output enable (COEA and COEB) and 
write enable (CWEA and CWEB) signals. 

In either the DIRECT MAPPED (direct) orTWO-WA YSET 
ASSOCIATIVE (dual) operational modes,CE is a global chip 
enable, while CSO and CSI control lower and upper byte 
selection for READ and WRITE operations. Power con
sumption may be reduced by keeping either CE inactive 
(HIGH), or CSO and CSI inactive (HIGH) as much as pos
sible. 

Outputs are enabled on a HIGH to LOW transition of 
COEA or COEB. In the dual mode, bank" A" or bank "B" 
maybe enabled. In the directmode,COEA and COEB should 
be connected together externally and used as a single out
put enable. Alternately, COEA or COEB can be tied LOW 
externally, allowing the other signal to control the outputs. 

Write enable is activated on a lllGH to LOW transition of 
CWEA or CWEB. In the dual mode, data may be written to 
bank "A" or bank "B". In the direct mode, CWEA and 
CWEB should be connected together externally and used as 
a single write enable. Alternately, CWEA or CWEB can be 
tied LOW externally, allowing the other signal to control 
the write function. 

The MT56C2818 operates from a +5V power supply and 
all inputs and outputs are fully TTL compatible. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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I'IIIC:Rg~ MT56C2818 

AO 

• 
• 
• 
• 

A11 

COEA 

CWEA 

CWEB 

COEB 

c 
L 0 
A N 
T T 

CE C R 
H 0 

S-
L 

CSO 

CSI 

FUNCTIONAL BLOCK DIAGRAM 

DUAL4Kx 18 
(TWO-WAY SET ASSOCIATIVE) 

BANK A BANK A 

4Kx9 4Kx9 
SRAM SRAM 

CE CE 

BANKB BANKB 

4Kx9 4Kx9 
SRAM SRAM 

CE CE 

LOWER BYTE SELECT 

MODE = HIGH 
UPPER BYTE SELECT 

7-32 

DQ1 
• 

DQ8 

DQP1 

DQ9 • 
DQ16 

DQP2 



I"IIC:F::If;;!~ MT56C2818 

AO 

A11 

COEA 

CWEA 
A12 

CWEB 

COEB 

c 
L 0 
A N 
T T 

CE C R 
H 0 

s L 

csa 

CSI 

FUNCTIONAL BLOCK DIAGRAM 
(COEA = COES; CWEA = CWES) 

8Kx18 
(DIRECT MAP) 

BANK A BANK A 

4Kx9 4Kx9 
SRAM SRAM 

BANKB BANKB 

4Kx9 4Kx9 
SRAM SRAM 

CE CE 

LOWER BYTE SELECT 

MODE = LOW 
UPPER BYTE SELECT 
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D01 . 
DOS 

DOP1 

D09 . 
D016 

DOP2 
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I'IIIC::l=Ig~ MT56C2818 

PIN DESCRIPTIONS 

PLCC PIN SYMBOL TYPE DESCRIPTION 
NUMBER(S) 

8,7,6,5,4,3,2, AO-A11 Input Address Inputs: AO-A 11 are always sampled (transparent latch) 
51,50,49,48,47 except for the time tWAH and tALO following the rising edge ofS. 

46 A12 Input Address Input: This input is the high order address bit in the direct 
8K x 18 configuration. It is not used in the dual4K x 18 configura-
tion. 

52 S Input Strobe: This signal controls the internal data and address latches. 
The address latch is always transparent except for the time period 
tALO following the rising edge of S. The addresses are "locked 
out" during this time period. 

S does not affect the data latch during a READ cycle. During a 
WRITE cycle the rising edge of S latches the data. The rising 
edge also initiates the termination of the WRITE cycle. 

31 MODE Input Mode Select: This controls the device configuration. When this pin 
is tied HIGH, the device is in the dual 4K x 18 configuration. When 
the pin is tied LOW, the device is configured as an 8K x 18 SRAM. 

23,30 eso, CST Input Chip Selects: These signals are used to select the upper and 
lower bytes for both READ and WRITE operations. When eso is 
LOW, D01-D08 and DOP1 are enabled. When eS1 is LOW, 
D09-D016 and DOP2 are enabled. Significant power savings can 
be achieved by keeping eso andCSTinactive as much as 
possible. 

45 "CE Input Chip Enable: When "CE is LOW, the device is enabled. It is a 
global control signal that activates both bank "A" and bank "8" for 
READ or WRITE operations. Significant power savings can be 
achieved by keeping "CE inactive as much as possible. 

28,29 COEA,"COEB Input Output Enable: In the dual configuration, the signal that is LOW 
enables bank "A" or "8". Simultaneous LOW assertion will 
deselect both banks. In the direct mode, these signals should be 
externally connected and, when asserted LOW, allow A12 to 
determine which memory bank is enabled. Alternately, eOEA or 
eOE8 can be tied LOW externally, allowing the other signal to 
control the outputs. 

25,24 WEA,WElr Input Write Enable: In the dual configuration, the signal that is LOW 
enables a data write to the addressed memory location. In the 
direct mode, these signals should be externally connected and, 
when asserted LOW, allow A12 to determine which memory bank 
is written. Alternately, eWEA or eWE8 can be tied LOWexter-
nally, allowing the other Signal to control the write function. 

20,34 OQP1,OQP2 InpuV Parity Data 1/0: DOP1 is the parity bit for the lower byte. DOP2 
Output is the parity bit for the upper byte. 

11,12,13,14,16 D01-D016 InpuV SRAM Data 1/0: lower byte is D01-D08; upper byte is D09-
17,18,19,35,36,37 Output D016. 

38,40,41,42,43 

1, 21, 22, 32, 33, Vcc Supply Power Supply: +5V ± 5% 

9,10,15,26,27,39,44 Vss Supply Ground: GND 

7-34 



TRUTH TABLE 
DUAL 4K x 18 (MODE PIN = HIGH) 

OPERATION CE CSlI m "COEA "COEB "CWEA ~ 
Outputs High-Z, WRITE disabled H X X X X X X 
Outputs High-Z, WRITE disabled X H H X X X X 
Outputs High-Z X X X H H X X 
Outputs High-Z X X X L L X X 
READ D01 - D08, DOP1 bank A L L H L H H H 
READ D01 - D08, DOP1 bank B L L H H L H H 
READ D09 - D016, DOP2 bank A L H L L H H H 
READ D09 - D016, DOP2 bank B L H L H L H H 
READ D01 - D016, DOP1 , DOP2 bank A L L L L H H H 
READ D01 - D016, DOP1, DOP2 bank B L L L H L H H 
WRITE D01 - D08, DOP1 bank A L L H X X L H 
WRITE D01 - D08, DOP1 bank B L L H X X H L 
WRITE D09 - D016, DOP2 bank A L H L X X L H 
WRITE D09 - D016, DOP2 bank B L H L X X H L 
WRITE D01 - D016, DOP1, DOP2 bank A L L L X X L H 
WRITE D01 - D016, DOP1, DOP2 bank B L L L X X H L 
WRITE D01 - D08, DOP1 bank A & B L L H X X L L 
WRITE DOg - D016, DOP2 bank A & B L H L X X L L 
WRITE D01 - D016, DOP1, DOP2 bank A & B L L L X X L L 

TRUTH TABLE 
8K X 18 (MODE PIN = LOW) 

OPERATION CE CSlI m "COEA "COEB eWEA eWEB 
Outputs High-Z, WRITE disabled H X X X X X X 
Outputs High-Z, WRITE disabled X H H X X X X 
Outputs High-Z X X X H H X X 
READ D01 - D08, DOP1 L L H L L H H 
READ DOg - D016, DOP2 L H L L L H H 
READ D01 - D016, DOP1, DOP2 L L L L L H H 
WRITE D01 - D08, DOP1 L L H X X L L 
WRITE D09 - D016, DOP2 L H L X X L L 
WRITE D01 - D016, DOP1, DOP2 L L L X X L L 

NOTE: When mode pin is LOW, eOEA and eOEB must both be LOW to enable outputs. However, one signal can be 
tied LOW externally, allowing the other signal to control the outputs. Similarly eWEA and eWEB must both be 
LOW to enable a WRITE cycle. Either eWEA or eWEB can be tied LOW externally, allowing the other signal to 
control the WRITE function. 
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I"IIC:I=II?~ MT56C2818 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Plastic) .................... -55°C to +150°C 
Power Dissipation (PLCC) ............................................. 1.2W 
Power Dissipation (PQFP) ............................................. 1.2W 
Short Circuit Output Current ...................................... 50mA 

"Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ 70°C; Vee = 5.0V ± 5%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Power Supply Voltage Vcc 4.75 5.25 V 

Input High Voltage VIH 2.2 Vee +0.3 V 1 

Input Low Voltage VIL -0.3 0.8 V 1,2 

Input Leakage Current VIN = GND to Vcc ILl -10 10 llA 
Output Leakage Current Wo = GND to Vcc ILo -10 10 llA 

Output(s) Disabled 
Output Low Voltage IOL= 4.0mA VOL 0.4 V 1 

Output High Voltage IOH = -1.0mA VOH 2.4 V 1 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Power Supply Current: 1 00% Duty cycle lee1 220 rnA 
Average Operating Current VIN = GND to Vee 
Power Supply Current: 50% Duty cycle lee2 120 rnA 
Average Operating Current VIN = GND to Vec 
Power Supply Current: CST ~ Vee -0.2V and 
CMOS Standby ~ ~ Vee -0.2V or CE:o; Vss +0.2V ISB1 20 rnA 

Vee = MAX, f = 0, 
VIL :0; Vss +0.2V, 
VIH ~ Vee -O.2V 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 25°C; Vee = 5V CIN 6 pF 3 
Input/Output Capacitance f = 1MHz, Clio 6 pF 3 

PQFP THERMAL CONSIDERATIONS 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Thermal resistance - Junction to Ambient Still Air "'JA 100 °CIW 

Thermal resistance - Junction to Case "'JC 45 °CIW 

Maximum Case Temperature Tc 110 °C 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 8) (O°C ~ T A ~ +70°C, Vcc = 5.0V ±5%) 

DESCRIPTION 

READ Cycle 

READ cycle time 

Address access time (AO-A 11) 
A12 address access time 

Chip Enable access time 

Chip Select access time 
Output Enable access time 

Output hold from address change 

Chip select/chip enable to output Low-Z 
Output Enable to output Low-Z 

Chip deselect/chip disable to output High-Z 

Output disable to output High-Z 
WRITE Cycle 
WRITE cycle time 

S strobe HIGH level width 
S strobe LOW level width 

WRITE, Chip EnablelWrite Enable to S strobe setup 

WRITE, Chip Enable/Write Enable to S strobe hold 
WRITE, address setup to S strobe 

WRITE, address hold to S strobe 

Address latch closed 
Chip Select to S strobe setup 

Chip Select to S strobe hold 

Data to S strobe setup 
Data to S strobe hold 

Write Enable to output in High-Z 

Write Enable to output in Low-Z 

AC TEST CONDITIONS 
Input pulse levels ....................................... Vss to 3.0V 

Input rise and fall times .......................................... 3ns 

Input timing reference levels ................................. 1 .5V 

Output reference levels ........................................ 1.5V 

Output load .................................... Reference Figure 1 
(see notes 6 and 8). 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. This parameter is sampled. 
4. CWE is HIGH for a READ cycle. 
5. All READ cycle timings are referenced from the last 

valid address to the first transitioning address. 
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SYM MIN MAX 

tRC 24 
tAA 24 

tA12A 17 
tACE 23 
tACS 23 
tAOE 8 
toH 3 

tLZCS 3 
tLZOE 2 
tHZCS 15 
tHZOE 2 10 

twc 24 
tSWH 11 
tSWL 11 

twss 10 

twSH 2 
twAS 13 
twAH 2 
tALO 8 
tcss 13 
tCSH 2 
toss 5 
tDSH 3 

tHZWE 15 
tLZWE 8 

+5V 

~1000 

Q", ~ "'" 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

MIN 

28 

3 

3 
2 

2 

28 

14 
14 

12 

2 
16 
2 

16 

2 

5 
3 

8 

-28 

MAX UNITS NOTES 

ns 

28 ns 
19 ns 

26 ns 

26 ns 
10 ns 

ns 

ns 
ns 

15 ns 

10 ns 

ns 

ns 
ns 

ns 

ns 
ns 

ns 

8 ns 
ns 

ns 

ns 
ns 

15 ns 

ns 

+5V 

~1000 

".., ~ '" 

4,5 
4,5 

6 

6 

7 

7 

7 

7 
7 

7 

7 
7 

7 

7 
7 

6 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

6. tHZCS, IHZOE, and tHZWE are specified with CL = 
5pF as in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 

7. Self-timed WRITE parameter. 
8. Output timing should be derated by Ins for each 

additional 30pf of capacitive loading. 
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tsWH 

S 

!WAH tALO 

ADDR 

CE 

CSO,CS1 

(COEA or COES) 

a HIGH-Z 

READ CYCLE NO.1 
(CWEA = CWEB = VIH) 

ADDRESS VALID 

tAA 

tAJ2A 

tACE 

tACS 

IJ..zcs 

ILZOE 

tAOE 

7-38 

IHZOE 

DATA VALID 

~ DON'T CARE 

~ UNDEFINED 



!WAH 

READ CYCLE NO.2 
('CO'EA and/or CO'Ei3 = VIL) 

(CWEA = CWEB = VIH) 

ADDR ==j~~~~t==~AD~D~RE~S~S~VA~LI§:D======!=t=== 
tA12A 

Q 

7-39 

DATA VALID 

~ DON'T CARE 

~ UNDEFINED 
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ADDR 

eso, eS1 

CE, eWEA, eWEB 

0 

Q 

s 

ADDR 

o 

Q 

WRITE CYCLE NO.1 
(Write Enable/Chip Enable controlled) 

e 

tsWL tsWH 

1'-

twAS twAH tALO 

.1 J .1 
): ADDRESS VALID 

tess teSH 

1 
fjjjjfjjfjjjjjji I I I I /Jr" V I I I I I 11// / / / / / / IIII It. 

-- HIGH·Z 

)( 

--HIGH·Z 

twss twSH 

I toss toSH 

DATA IN VALID 

ILzwE 

~ HI~H.Z 

WRITE CYCLE NO.2 
(Chip Select Controlled) 

twe 

tsWL tsWH 

twAS twAH !ALO 

.I 
ADDRESS VALID 

tess teSH 

1 1 
J 

twss twSH 

L toss toSH 

DATA IN VALID 

~ lLzWE 

HIGH·Z 

7-40 
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~ UNDEFINED 



CACHE DATA 
STATIC RAM 
FEATURES 
• Operates as two 4K x 18 SRAMs with common 

addresses and data; also configurable as a single 
8Kx 18SRAM 

• Built-in input address latches (AO-A12) 
• Separate upper and lower Byte Select 
• Fast access times: 20ns, 25ns and 35ns allow operation 

with 40, 33 and 25MHz microprocessor systems 
• Fast Output Enable: 8ns 
• Directly interfaces with the Intel 82385 cache controller 

as well as other 80386 and 80486 cache memory 
controllers 

• Parity bits provided for large cache applications such 
as secondary cache for the Intel 80486 microprocessors 

OPTIONS 
• Timing 

20ns access (40 MHz) 
25ns access (33 MHz) 
35ns access (25 MHz) 

• Packages 
52-pinPLCC 
52-pinPQFP 

GENERAL DESCRIPTION 

MARKING 

-20 
-25 
-35 

EJ 
LG 

The MT56C3818 is one of a family of fast SRAM cache 
memories. It employs a high-speed, low-power design 
using a four-transistor memory cell. It is fabricated using 
double-layer polysilicon, double-layer metal CMOS tech
nology. 

The MT56C3818 is a highly integrated cache data mem
ory building block. It easily interfaces with cache control
lers for the Intel 80386 in either the DIRECT MAPPED or 
TWO-WAY SET ASSOCIATIVE mode. A mode control pin 
(MODE) determines the configuration ofthememory. When 
this pin is held LOW, the device functions as an 8K-word by 
18-bit SRAM. When the mode pin is HIGH, the device is 
configured as a dual4K-word by 18-bit SRAM. 

Input addresses are latched in the on-chip register on the 
negative edge of the CALEN signal. This register is func
tionally equivalent to a 74LS373. 

The memory functions are controlled by the chip select 
(CE, eso and CSl), output enable (COEA and COEB) and 
write enable (CWEA and CWEB) signals. 

MT56C3818 
REV. 1191 7-41 

PRELIMINARY 

DUAL 4K x18 SRAM, 
SINGLE 8K x 18 SRAM 
CONFIGURABLE CACHE DATA SRAM 

PIN ASSIGNMENT (Top View) 

AO 8 
Vss 9 
Vss 10 
001 11 
002 12 
003 13 
004 14 
Vss 15 
005 16 
006 17 
OO? 18 
008 19 

00P1 

52-Pin PLCC (D-3) 
52-Pin PQFP (D-4) 

z 
W 

o....J 0 ...... 

<~~~~~~C3!d:~~:;X::;C 

? 6 5 4 3 2 
A12 
CE 
Vss 
0016 
0015 
0014 
0013 
Vss 
0012 
0011 
0010 
009 
00P2 

In either the DIRECT MAPPED (direct) or TWO-WAY SET 
ASSOCIATIVE(duaDo~tionalmodes,CEisaglobalchip 
enable, while CSO and CSI control lower and upper byte 
selection for READ and WRITE operations. 

Outputs are enabled on a HIGH to LOW transition of 
COEA or COEB. In the dual mode, bank "A" or bank "B" 
may be enabled. In the direct mode,COEA and COEB should 
be connected together externally and used as a single out
put enable. Alternately, COEA or COEB can be tied LOW 
externally, allowing the other signal to control the outputs. 

Write enable is activated on a HIGH to LOW transition of 
CWEA or CWEB. In the dual mode, data may be written to 
bank "A" or bank "B". In the direct mode, CWEA and 
CWEB should be connected together externally and used as 
a single write enable. Alternately, CWEA or CWEB can be 
tied LOW externally, allowing the other signal to control 
the write function. 

The MT56C3818 operates from a +5V power supply and 
all inputs and outputs are fully TIL compatible. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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COEB E • 
)::Ii R D016 
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LOWER BYTE SELECT 
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UPPER BYTE SELECT 
MODE = HIGH 

CSI 

7-42 



PRELIMINARY 

1'II1C:I=II;2~ MT56C3818 

7-43 



PRELIMINARY 

I"IIC:J::U;;:~~ MT56C3818 

PIN DESCRIPTIONS 

PLCC PIN SYMBOL TYPE DESCRIPTION 
NUMBER(S) 

8, 7, 6, 5, 4, 3, 2, AO-A11 Input Address Inputs: These inputs are clocked by CALEN and stored 
51,50,49,48,47 in a latch. 

46 A12 Input Address Input: This input is the high order address bit in the direct 
8K x 18 configuration. It is not used in the dual 4K x 18 
configuration. This input is latched by the negative edge of 
CALEN. 

52 CALEN Input Address Latch Enable: When CALEN is HIGH, the latch is 
transparent. The negative edge latches the current address inputs 
(AO-A12). 

31 MOOE Input Mode Select: This controls the device configuration. When this pin 
is tied HIGH, the device is in the dual4K x 18 configuration. When 
the pin is tied LOW, the device is configured as an 8K x 18 SRAM. 

23,30 CSO, CS1 Input Chip Selects: These signals are used to select the upper and 
lower bytes for both REAO and WRITE operations. When CSO is 
LOW, 001-008 and 00P1 are enabled. When CS1 is LOW, 
009-0016 and 00P2 are enabled. 

45 CE Input Chip Enable: When CE is LOW, the device is enabled. It is a 
global control signal that activates both bank A and bank B for 
REAO or WRITE operations. 

28,29 ~"COtB" Input Output Enable: In the dual configuration the signal that is LOW 
enables bank A or B. Simultaneous LOW assertion will deselect 
both banks. In the direct mode, these signals should be externally 
connected, and, when asserted LOW, allow A12 to determine 
which memory bank is enabled. Alternately, COEA or COEB can 
be tied LOW externally, allowing the other signal to control the 
outputs. 

25,24 "CWEA;CWtB Input Write Enable: In the dual configuration the signal that is LOW 
enables a data write to the addressed memory location. In the 
direct mode, these signals should be externally connected, and, 
when asserted LOW, allow A 12 to determine which memory bank 
is written. Alternately, CWEA or CWEB can be tied LOW 
externally, allowing the other signal to control the write function. 

11, 12, 13, 14, 16 001-0016 InpuV SRAM Oata I/O: lower byte is 001-008; upper byte is 009-
17,18,19,35,36,37 Output 0016. 

38,40,41,42,43 

20,34 00P1 InpuV Parity Oata I/O: 00P1 Is the parity bit for the lower byte. 00P2 is 
00P2 Output the parity bit for the upper byte. 

1, 21 , 22, 32, 33, Vcc Supply Power Supply: +5V ± 5% 

9,10,15,26,27,39,44 Vss Supply Ground: GNO 
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TRUTH TABLE 
DUAL 4K x 18 (MODE PIN = HIGH) 

OPERATION "CE "CSiI "CSl "CilEA CDEB CWEA "CWEB 
Outputs High-Z, WRITE disabled H X X X X X X 
Outputs High-Z, WRITE disabled X H H X X X X 
Outputs High-Z X X X H H X X 
Outputs High-Z X X X L L X X 
READ D01 - D08,DOP1 bank A L L H L H H H 
READ D01 - D08, DOP1 bank B L L H H L H H 
READ DOg - D016, DOP2 bank A L H L L H H H 
READ DOg - D016, DOP2bank B L H L H L H H 
READ D01 - D016, DOP1, DOP2 bank A L L L L H H H 
READ D01 - D016, DOP1, DOP2 bank B L L L H L H H 
WRITE D01 - D08, DOP1 bank A L L H X X L H 
WRITE D01 - D08, DOP1 bank B L L H X X H L 
WRITE DOg - D016, DOP2 bank A L H L X X L H 
WRITE DOg - D016, DOP2 bank B L H L X X H L 
WRITE D01 - D016, DOP1, DOP2 bank A L L L X X L H 
WRITE D01 - D016, DOP1, DOP2 bank B L L L X X H L 
WRITE D01 - D08, DOP1 bank A & B L L H X X L L 
WRITE DOg - D016, DOP2 bank A & B L H L X X L L 
WRITE D01 - D016, DOP1, DOP2 bank A & B L L L X X L L 

NOTE: CE, when taken inactive while CWEA or CWEB remain active, allows a chip-en able-controlled WRITE to be 
performed. 

TRUTH TABLE 
8K X 18 (MODE PIN = LOW) 

OPERATION 'CE mI "CSl 'tOEA 'COEB 'CWEA 'CWEB 
Outputs High-Z, WRITE disabled H X X X X X X 
Outputs High-Z, WRITE disabled X H H X X X X 
Outputs High-Z X X X H H X X 
READ D01 - D08 DOP1 L L H L L H H 
READ DOg - D016 DOP2 L H L L L H H 
READ D01 - D016 DOP1 DOP2 L L L L L H H 
WRITE D01 - D08 DOP1 L L H X X L L 
WRITE DOg - D016 DOP2 L H L X X L L 
WRITE D01 - D016 DOP1 DOP2 L L L X X L L 

NOTE: CE, when taken inactive while CWEA and eWEB remain active, allows a chip-enable-controlled WRITE to be 
performed. 

'COEA and COEB must both be LOW to enable outputs. However, one signal can be tied LOW externally, 
allowing the other signal to control the outputs. Similarly CWEA and CWEB must both be LOW to enable a 
WRITE cycle. Either eWEA or'CWEB can be tied LOW externally, allowing the other signal to control the 
WRITE function. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss .............. -l.OV to +7.0V 
Storage Temperature ................................... -SSoC to +lS0°C 
Power Dissipation (PLCC) ............................................. l.2W 
Power Dissipation (PQFP) ............................................. 1.2W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(ODC ::; T A::; 70DC; Vee = 5.0V ± 5%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Power Supply Voltage Vcc 4.75 5.25 V 

Input High Voltage VIH 2.2 Vee +0.3 V 1 

Input Low Voltage VIL -0.3 0.8 V 1,2 

Input Leakage Current VIN = GND to Vcc ILl -10 10 IlA 

Output Leakage Current Wo = GND to Vcc ILo -10 10 IlA 
Output(s) Disabled 

Output Low Voltage IOL= 4.0mA VOL 0.4 V 1 

Output High Voltage IOH = -1.0mA VOH 2.4 V 1 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Power Supply Current: 1 00% Duty cycle Icc1 220 mA 
Average Operating Current VIN = GND to Vcc 

Power Supply Current: 50% Duty cycle Icc2 120 mA 
Average Operating Current VIN = GND to Vcc 

Power Supply Current: CSO = CS1 ~ Vcc -0.2V 
CMOS Standby Vcc= MAX ISB 20 mA 

VIL ~ Vss +0.2V 
VIH ~ Vcc -0.2V 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C; f = 1 MHz CIN 6 pF 3 

Output Capacitance Vcc = 5V Clio 6 pF 3 

PQFP THERMAL CONSIDERATIONS 
DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Thermal resistance - Junction to Ambient Still Air 0JA 100 °C/W 

Thermal resistance - Junction to Case 0JC 45 °C/W 

Maximum Case Temperature Tc 110 °C 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(DOC ~ TA ~ +7DoC, Vcc = 5.DV ±5%) 

DESCRIPTION 
SYM 

READ Cycle 
READ cycle time tRC 

Address access time (AO-A 12) tAA 

Chip Enable access time tACE 

Chip Select access time tACS 

Output Enable access time tAOE 

Output hold from address change toH 
Chip Select to output Low-Z tLZCS 

Output Enable to output Low-Z tLZOE 

Chip deselect to output High-Z tHZCS 

Output disable to output High-Z tHZOE 

Address latch enable pulse width tCALEN 

Address setup to latch LOW tASL 

Address hold from latch LOW tAHL 

WRITE Cycle 

WRITE cycle time twc 
Address valid to end of write tAW 

Chip Select to end of write 'CW 

Data valid to end of write tDW 

Data hold from end of write tDH 

Write Enable output in High-Z tHZWE 

Write disable to output in Low-Z tLZWE 

Write pulse width twp 

CE pulse width (during Chip Enable controlled write) 'CP 

Address setup time tAS 

Write recovery time twR 
Address latch enable pulse width tCALEN 

Address setup to latch LOW tASL 

Address hold from latch LOW tAHL 

AC TEST CONDITIONS 
Input pulse levels .................................... Vss to 3.DV 

Input rise and fall times ........................................ 3ns 

Input timing reference levels .............................. 1.5V 

Output reference levels ...................................... 1.5V 

Output load ............................... See Figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 2Ons. 
3. This parameter is sampled. 
4. CWE is HIGH for a READ cycle. 
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MIN 

20 

3 
3 

2 

8 

4 
5 

20 
15 

15 

10 

0 

3 

15 
15 

0 

0 
8 
4 

5 

-20 -25 

MAX MIN MAX 

25 
20 25 

20 20 
20 25 

8 10 

3 
3 

2 

15 15 

10 10 

8 

4 
5 

25 
18 

18 

10 

0 
12 15 

3 

18 
18 

0 

0 
8 

4 

5 

+5V 

~1000 
a .. , ~"o.' 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

MIN 

35 

3 
3 

2 

10 

6 
5 

35 
25 
25 

10 

0 

3 

25 
25 
0 

0 
10 

6 
5 

-35 

MAX UNITS NOTES 

ns 4,5 
35 ns 

25 ns 

35 ns 

13 ns 

ns 
ns 

ns 

25 ns 6 
14 ns 6 

ns 

ns 
ns 

ns 
ns 

ns 

ns 
ns 

15 ns 6 
ns 

ns 
ns 

ns 

ns 
ns 

ns 

ns 

+5V 

~1000 

",., ~ '" 
Fig. 2 OUTPUT LOAD 

EQUIVALENT 

S. All READ cycle timings are referenced from the last 
valid address to the first transitioning address. 

6. tHZCS, !:JiZOE, and I:lJZWE are specified with CL = 
SpF as in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 
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CALEN 

ADDR 

Q 

CALEN 

CE, CSO, CS1 

AO-A12 

Q 

READ CYCLE NO.1 
(Address Controlled) 

CWEA = ... C .. W....=E=B =VIH; COEA and/or COEB = VIL 

tcALEN 

I 
1 

1ASL IAHL 

YIIIIIIIIIIII/; 

ADDRESS VALID 

lAA 

toH 

,I 

lACE, lACS 

READ CYCLE NO.2 
(CALEN Controlled) 

CWEA = =C"W=E'=B =VIH; COEA and/or COEB = VIL 

tcALEN 

IASL IAHL 

If I I I I I I I I I I I II 

ADDRESS AO-A12 VALID 

IAA 

toH 

.1 

lACE, lACS 
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DATA VALID 

~ 

VlIIII/IIII/; 

DATA VALID 

~ DON'T CARE 

~ UNDEFINED 



CALEN 

ADDR 

(CEOA or COES) 

Q 

READ CYCLE NO.3 
eWEA = eWES = VIH 

tcALEN 

-----.J 

IASL 

------,. 
ADDRESS VALID 

~ 

1M 

/111111 illlllllll////// II j) 
lACE 

lACS 

ILZCS 

Ijffffj///////!ffijjllili/J 

ILZOE 

HIGH-Z 

IAOE 
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rllllllili///////IIII/; 

IHZCS 

I 
II I I I IIIIIIIIIIIII ffffL 

IHZOE 

DATA VALID 

~ DON'T CARE 

~ UNDEFINED 
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CALEN 

AD DR 

CE, csa, CSt 

D 

Q 

GALEN 

ADDR 

CE, Gsa, GSt 

D 

Q 

~ 

-----.. 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

leALEN 

IASL 

ADDRESS VALID 

lAW 

lew 

J 
jlllllllllllllllll / /1 I I I I I A. 

lAS twp 

VII! 

IAHL 

'(1111111111111111111////// IiL!L!.!L, 
twR 

L lOW IOH _I 

HIGH·Z 

!222 

~ 

lAS 

.[ 

IHZWE 

HIGH·Z 

WRITE CYCLE NO.2 
(Chip Select Controlled) 

twc 

ICALEN 

IASL 

ADDRESS VALID 

lAW 

lew 

I lep 

VilA 
I twp 

lili/IIIIIII///IIIIIIIIIIIA 

DATA IN VALID 

ILZWE 
I 

IAHL 

twR 

If 11111111111111111111111111111111/ 
L IDW IDH I 
J ,I. 

HIGH·Z DATA IN VALID 

---------------HIGH·Z----------
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FIFO PRODUCT SELECTION GUIDE 
Memory Control Part Cycle Package and Number of Pins 
Configuration Functions Number Time (ns) PDlP CDiP LCC PLCC SOJ Page 

512 x 9 E MT52C9005 15,20,25,35 28 28 32 32 28 8-1 

512 x 9 PF,E MT52C9007 15,20,25,35 28 28 32 32 28 8-13 

1K x 9 E MT52C9010 15,20,25,35 28 28 32 32 28 8-29 

1K x 9 PF,E MT52C9012 15,20,25,35 28 28 32 32 28 8-41 

2Kx9 E MT52C9020 15,20,25,35 28 28 32 32 28 8-57 

2Kx9 PF,E MT52C9022 15,20,25,35 28 28 32 32 28 8-69 

E = Expandable Depth and Width, PF = Programmable Flag 
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FIFO 

FEATURES 
• Very high speed: 15,20,25 and 35ns access 
• High-performance, low-power CMOS process 
• Single +5V ±10% supply 
• Low power: 5mW typo (standby); 350mW typo (active) 
• TIL compatible inputs and outputs 
• Asynchronous READ and WRITE 
• Empty, Half-Full and Full Flags 
• Half-full flag in STAND ALONE mode 
• Auto-retransmit capability 
• Fully expandable by width and depth 
• Pin and function compatible with higher density 

standard FIFOs 

OPTIONS 
• Timing 

15ns access time 
20ns access time 
25ns access time 
35ns access time 

• Packages 
Plastic DIP (300 mil) 
Plastic DIP (600 mil) 
Ceramic DIP (600 mil) 
PLCC 
CeramicLCC 
SOJ (300 mil) 

GENERAL DESCRIPTION 

MARKING 

-15 
-20 
-25 
-35 

None 
W 
C 
EJ 
EC 
DJ 

The Micron FIFO family employs high-speed, low-power 
CMOS designs using a true dual port, six-transistor mem
ory cell with resistor loads. 

These devices are written and read in a first-in-first-out 
(FIFO) sequence. Dual read and write pointers handle the 
internal addressing, so no external address generation is 
required. Information can be written to and read from the 
FIFO asynchronously and independently at the input and 
output ports. This allows information to be transferred 
independently in and out of the FIFO at varying data rates. 
Visibility of the memory volume is given through empty, 
half-full and full flags. While the full flag is asserted, at
tempted writes are inhibited. Likewise, while the empty 

MT52C9005 
REV. 1191 8-1 

512 x 9 FIFO 

PIN ASSIGNMENT (Top View) 

28L DIP 28L SOJ 
(A-9, 8-9) (E-8) 

iN 1 28 Vee 

09 2 27 05 

D4 3 26 06 

03 4 25 07 

02 5 24 08 

01 6 23 fijR'f 

Xi 7 22 AS 
Ff 8 21 IT 
01 9 20 xliliW 
02 10 19 08 

03 11 18 07 

Q4 12 17 as 
09 13 16 05 

Vss 14 15 ii 

32L LCC 
(F-4) 

2;~13=~~2~ 
4321323130 

l:UU:: UUU 
035:1 U C29D7 
D2 6 
D1 7 
Xi 8 
FF 9 _~ 

Q1 10 :-J 
Q2 11 ::: 
NC 12 :] 

r: 28 08 
r: 27 Ne 
r,:- 26 FDRr 
r: 25 AS 
r: 24 EF 
r: 23 xoiii 
r: 22 as 

03 13 :) c:: 21 07 
nflf1:1 flf1:i 
14151617181920 

03 
D2 
01 
Xi 
Ff 
01 
02 
NC 
03 

W 
D9 
D4 
D3 
D2 
D1 
Xi 
FF 
a1 
a2 
a3 
Q4 

a9 
Vss 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 

Vee 
D5 
D6 
D7 
D8 
FLiRT 
AS 
EF 
X6iRF 
a8 
a7 
a6 
a5 
R 

32L PLCC 
(D-2) 

~ ~1~~ g~~ 
oqoC')N""~~~ 

• 29 07 
28 08 
27 NC 
26 fijRT 
25 AS 

10 24 IT 
11 23 XOIHF 
12 22 08 
13 21 07 

~l,Dco ...... (X)c;no 
........ ..- ............. N 

;g~~~Ia::g:§ 

flag is asserted, further reads are inhibited and the outputs 
remain in a high-impedance state. Expansion out, expan
sion in, and first load pins are provided to expand the depth 
of the FIFO memory array, with no performance degrada
tion. A retransmit pin allows data to be re-sent on the 
receiver's request when the FIFO is in the STAND ALONE 
mode. 

The depth and/ or width of the FIFO can be expanded by 
cascading multiple devices. Also, the MT52C9005 is speed, 
function and pin compatible with higher density FIFOs 
from Micron. This upward compatibility with lK and 2K 
FIFOs provides a single-chip, depth-expansion solution. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

READ l 
CONTROL I 

READ ADDRESS POINTER 

D1-D9 -
r.~ r-o"B 

512x 9 BIT U U 
--A 

DUAL PORT T F 

r MEMORY ~li.il r 
.... U E 
I-f-- T R 

01-09 

""T1 -""T1 
~ 

WRITE ADDRESS POINTER 

0 
Xi W EXPAND 

W 

LOGIC 

WRITE I 
1 CONTROL I 

XO/HF 

FLAG 
FURT RESET I LOGIC 

RS LOGIC I 
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PIN DESCRIPTIONS 

LCC PIN DIP PIN SYMBOL TYPE DESCRIPTION 
NUMBER(S) NUMBER(S) 

25 22 RS Input Reset: Taking RS LOW will reset the FIFO by initializing the read 
and write pointers and all flags. After the device is powered up, it 
must be reset before any writes can take place. 

2 1 W Input Write Strobe: W is taken LOW to write data from the input port 
(01-09) into the FIFO memory array. 

18 15 R Input Read Strobe: R is taken LOW to read data from the FIFO memory 
array to the output port (Q1-Q9). 

8 7 XI Input Expansion In: This pin is used for DEPTH EXPANSION mode. In 
SINGLE DEVICE mode, it should be grounded. In EXPANDED 
mode, it should be connected to Expansion-Out (XO)of the 
previous device in the daisy chain. 

26 23 FURT Input First Load: Acts as first load signal in DEPTH EXPANSION mode. 
FL, if low, will enable the device as the first to be loaded (enables -read and write pOinters). 
FL should be tied LOW for the first FIFO in the chain, tied HIGH -n -for all other FIFOs in the chain. -n 
Retransmit: Acts as retransmit signal in STAND ALONE mode. o 
RT is used to enable the RETRANSMIT cycle. When taken LOW, 
RT resets the read pointer to the first data location and the FIFO 
is then ready to retransmit data on the following READ 
operation(s). The flags will be affected according to specific data 
conditions. 

7,6,5,4,31, 6,5,4,3,27 01-09 Input Data Inputs 
30,29,28,3 26,25,24,2 

24 21 EF Output Empty Flag: Indicates empty FIFO memory when LOW, inhibiting 
further READ cycles. 

9 8 FF Output Full Flag: Indicates full FIFO memory when LOW, inhibiting 
further WRITE cycles. 

23 20 XC/HF Output Expansion Out: Acts as expansion out pin in DEPTH EXPAN-
SION mode. XC will pulse LOW on the last physical WRITE or 
the last physical READ. XO should be connected to XI of the next 
FIFO in the daisy chain. 

Half-full Flag: Acts as Half Full Flag in STAND ALONE mode. HF 
goes LOW when the FIFO becomes more than Half-full; will stay 
LOW until the FIFO becomes Half-full or less. 

10,11,13,14, 9,10,11,12,16 Q1-Q9 Output Data Output: Output or high impedance. 
19,20,21,22,15 17,18,19,13 

32 28 Vcc Supply Power Supply: +5V ±1 0% 

16 14 Vss Supply Ground 
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FUNCTIONAL DESCRIPTION 

The MT52C9005 uses a dual port SRAM memory cell 
array with separate read and write pointers. This results in 
a flexible length FIFO buffer memory, with independent, 
asynchronous READ and WRITE capabilities and with no 
fall-through or bubble-through time constraints. 

Note: For dual function pins, the function that is not 
being discussed will be surrounded by. parentheses. 
For example, when discussing the half-full flag the 
XO/HF pin will be shown as (XO)jHF. 

RESET 

After Vee is stable, RESET (RS) must be taken LOW to 
initialize the read and write pointers and flags. During the 
reset pulse, the state of the XI pin will determine if the FIFO 
will operate in the STAND ALONE or DEPTH EXPAN
SION mode. The STAND ALONE mode is entered if XI is 
LOW. If XI is connected to XO of another FIFO, the DEPTH 
EXPANSION mode is selected. 

WRITING THE FIFO 

Data is written into the FIFO when the write strobe (W) pin 
is taken LOW, while FF is HIGH. The WRITE cycle is ini
tiated by the falling edge of Wand data on the D1-D9 pins 
are latched on the rising edge. If the location to be written is 
the last empty location in the FIFO, the FF will be asserted 
(LOW) after the falling edge of W. While FF is LOW, any 
attempted writes will be inhibited, with no loss of data 
already stored in the FIFO. When a device is used in the 
STAND ALONE mode, (XO) /HF is asserted when the haIf
full-plus-one location (512/2 + 1) is written. It will stay 
asserted until the FIFO becomes half-full or less. The first 
WRITE to an empty FIFO will cause EF to go HIGH after the 
rising edge of W. When operating in the DEPTH EXPAN
SION mode, the last location write to a FIFO will cause XO / 
(HF) to pulse LOW. This will enable writes to the next FIFO 
in the chain. 

8-4 

READING THE FIFO 

Information is read from the FIFO when the read strobe 
(R) pin is taken LOW and the FIFO is not empty (EFis HIGH). 
The data-out (Q1-Q9) pins will go active (Low-Z) lRLZ after 
the falling edge ofR and valid data will appear tA after the 
falling edge ofR. After the last available data word is read, 
EF will go LOW upon the falling edge of R. While EF is 
asserted LOW, any attempted reads will be inhibited and 
the outputs will stay inactive (High-Z). When the FIFO is 
being used in the SINGLE DEVICE mode and the half-full
plus-one location is read, (XO)/HF will go HIGH after the 
rising edge ofR. When the FIFO is full (FF LOW) and a read 
is initiated,FFwill go HIGH after the rising edge ofR. When 
operating in the EXPANDED mode, the last location read to 
a FIFO will cause XO/HF to pulse LOW. This will enable 
further reads from the next FIFO in the chain. 

RETRANSMIT 

In the STAND ALONE mode, the MT52C9005 allows the 
receiving device to request that the data read earlier from 
the FIFO to be repeated, when less than 512 writes have 
been performed between resets. When the (F[)/RT pin is 
taken LOW, the read pointer is reset to the first location 
while the write pointer is not affected. The receiver may 
again start reading the data from the beginning of the FIFO 
tRTR after (FL) /RTis taken HIGH. The empty, half-full and 
full flags will be affected as specified for the data volume. 

DATA FLOW-THROUGH 

Data flow-through is a method of writing and reading the 
FIFO at its full and empty boundaries, respectively. By 
holding W LOW when the FIFO is full, a WRITE can be 
initiated from the next ensuing READ pulse. This is referred 
to as a FLOW-THROUGH WRITE. FLOW-THROUGH 
WRITEs are initiated from the rising edge of R. When the 
FIFO is empty, a FLOW-THROUGH READ can be done by 
holding R LOW and letting the next WRITE initiate the 
READ. FLOW-THROUGH READs are initiated from the 
rising edge ofW and access time is measured from the rising 
edge of EF. 
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------------~--__ ·~~l---~--~---------R 

D1-D9 1$ ••••••••••• 01-09 

,-+ .... --11-+-------- Vee 

FULL ~.-------+- -+-r---;----~~ EMPTY 

* FIRST DEVICE LOADED 

Figure 1 
DEPTH EXPANSION 

WIDTH EXPANSION 

The FIFO word width can be expanded, in increments of 
9 bits, using either the stand alone or groups of expanded
depth mode FIFOs. Expanded-width operation is achieved 
by tying devices together with all control lines (W, R, etc.) 
in common. The flags are monitored from one device or one 
expanded-depth group (Figure 1) when expanding depth 
and width. 

DEPTH EXPANSION 

Multiple MT52C9005s may be cascaded to expand the 
depth of the FIFO buffer. Three pins are used to expand the 
memory depth, Xl, XO/(HF) and FL/(RT). Figure 1 illus
trates a typical three-device expansion. The DEPTH EX
P ANSION mode is entered during a RESET cycle, by tying 
the XO / (HF) pin of each device to the XI pin of the next 
device in the chain. The first device to be loaded will have 
its FL/(RT) pin grounded. The remaining devices in the 
chain will have FL/(RT) tied HIGH. Ouring RESET cycle, 
XO / (HF) of each device is held HIGH, disabling reads and 
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writes to all FlFOs, except the first load device. When the 
last physical location of the first device is written, the XO / 
(HF) pin will pulse LOW on the falling edge ofW. This will 
"pass" the write pointer to the next device in the chain, 
enabling writes to that device and disabling writes to the 
first MT52C9005. The writes will continue to go to the 
second device until last location WRiTE. Then it will "pass" 
the write pointer to the third device. 

The full condition of the entire FIFO array is signaled by 
"OR-ing" all the FF pins. On the last physical READ of the 
first device, its XO / (HF) will pulse again. On the falling 
edge ofR, the read pointer is "passed" to the second device. 
The read pointer will, in effect, "chase" the write pointer 
through the extended FIFO array. The read pointer never 
overtakes the write pointer. An empty condition is signaled 
by OR-ing all of the EF pins. This inhibits further reads. 
While in the DEPTH EXPANSION mode, the half-full flag 
and retransmit functions are not available. 

.. 
'"T1 -'"T1 o 
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TRUTH TABLE 1 
SINGLE-DEVICE CONFIGURATION/WIDTH-EXPANSION Mode 

MODE INPUTS INTERNAL STATUS 

"AS" "RT XI Read Pointer 

RESET 0 X 0 Location Zero 

RETRANSMIT 1 0 0 Location Zero 

READIWRITE 1 1 0 Increment (1) 

NOTE: 1. Pointer will increment if flag is HIGH. 

TRUTH TABLE 2 
DEPTH-EXPANSION/COMPOUND-EXPANSION Mode 

Write Pointer 

Location Zero 

Unchanged 

Increment (1) 

MODE INPUTS INTERNAL STATUS 

"AS" 'F[ XI Read Pointer Write Pointer 

RESET 0 0 (1 ) Location Zero Location Zero 
First Device 

RESET 0 1 (1 ) Location Zero Location Zero 
All other Devices 

READIWRITE 1 X (1 ) X X 

NOTE: 1. XI is connected to XO of previous device. 

ADVANCE 

OUTPUTS 

"EF" 'FF" RF" 
0 1 1 

1 X X 

X X X 

OUTPUTS 

"EF" " 0 1 

0 1 

X X 

RS = Reset Input, FURT/DIR= First Load/Retransmit, EF = Empty Flag Output, FF = Full Flag Output, XI = 
Expansion Input, HF = Half Full Flag Output. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -O.5V to +7.0V 
Operating Temperature T A (ambient) .............. O°C to 70°C 
Storage Temperature (Ceramic) ................. -65°C to + 150°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 

RECOMMENDED DC OPERATING CONDITIONS 
(ODe::;; T A::;; 70De; Vee = S.OV ± 10%) 

DESCRIPTION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(ODe::;; T A::;; 70De; Vee = S.OV ± 10%) 

DESCRIPTION CONDITIONS 

Power Supply W, R ~ VIL; Vce = MAX 
Current: Operating Outputs Open 

W, R ~ VIH; Vee = MAX 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.0 Vce+1 V 1 

VIL -0.5 0.8 V 1,2 

SYMBOL MIN MAX UNITS NOTES 

lee 100 rnA 3 

IS81 15 rnA 

Power Supply W, R ~ Vee -0.2; Vee = MAX 
Current: Standby VIL ~ Vss +0.2, IS82 5 rnA 

VIH ~ Vee -0.2; f = 0 

Input Leakage Current OV :::;VIN :::;Vee ILl -10 10 j.!A 

Output Leakage Current Output(s) Disabled, ILo -10 10 j.!A 
OV ~ VOUT ~ Vee 

Output High Voltage IOH = -2.0rnA VOH 2.4 V 1 

Output Low Voltage IOL= 8.0rnA VOL 0.4 V 1 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C; f = 1 MHz CI 8 pF 4 

Output Capacitance Vce = 5V Co 8 pF 4 

8-7 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(O°C ::; T A::; 70°C; Vee = 5.0V ±1 0%) 

A.C. CHARACTERISTICS -15 -20 -25 -35 
PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 
Shift Frequency Fs 40 33.3 28.5 22.2 MHz 
Access time tA 15 20 25 35 ns 
Read cycle time IRC 25 30 35 45 ns 

Read command recovery time IRR 10 10 10 10 ns 

Read command pulse width IRPW 15 20 25 35 ns 6 
Read LOW to Low-Z IRLZ 5 5 5 5 ns 

Read to HIGH to High-Z IRHZ 15 15 18 20 ns 
Data hold from R HIGH 'OH 5 5 5 5 ns 
Write cycle time WC 25 30 35 45 ns 

Write command pulse width WPW 15 20 25 35 ns 6 
Write command recovery time WR 10 10 10 10 ns 
Write HIGH to Low-Z WLZ 5 5 5 5 ns 5 
Data setup time IDS 10 12 15 20 ns 

Data hold time tDH 0 0 0 0 ns 

Reset cycle time tRSC 25 30 35 45 ns 
Reset pulse width IRSP 15 20 25 35 ns 6 
Reset recovery time IRSR 10 10 10 10 ns 

Read HIGH to Reset HIGH IRRS 15 20 25 35 ns 
Write HIGH to Reset HIGH WRS 15 20 25 35 ns 

Retransmit cycle time IRTC 25 30 35 45 ns 

Retransmit pulse width tRT 15 20 25 35 ns 
Retransmit recovery time IRTR 10 10 10 12 ns 

Retransmit setup time IRTS 15 20 25 35 ns 

Reset to rr LOW tEFL 25 30 35 45 ns 
Reset to WF'F HIGH IHFH, tFFH 25 30 35 45 ns 

Read LOW to EF LOW IREF 20 20 25 35 ns 

Read HIGH to FF HIGH IRFF 20 20 25 35 ns 
Write LOW to FF LOW WFF 20 20 25 35 ns 

Write HIGH to rrHIGH WEF 20 20 25 35 ns 

Write LOW to W LOW WHF 25 30 35 45 ns 
Read HIGH to HF HIGH tRHF 25 30 35 45 ns 

Read pulse after rr HIGH tRPE 15 20 25 35 ns 5 
Write pulse width after FF HIGH WPF 15 20 25 35 ns 5 
Read/Write to XO LOW txOL 20 20 25 35 ns 

ReadiWrite to XO HIGH txOH 20 20 25 35 ns 
XI pulse width txlP 15 20 25 35 ns 
XI setup Time IXIS 10 12 15 15 ns 

XI recovery time IXIR 10 10 10 10 ns 

NOTES 
1. All voltages referenced to Vss (GND). 4. This parameter is sampled. 
2. -3.0V for pulse width < 2Ons. 5. Flow-through mode only. 
3. Icc is dependent on output loading and cycle rates. 6. Pulse widths less than minimum are not allowed. 
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AC TEST CONDITIONS +5V 

Input pulse level .......................................... 0 to 3.0V 

Input rise and fall times ........................................ Sns 

Input timing reference level ................................ 1.SV 

Output reference level ........................................ 1 .SV 

---r-i 500 

Q", ~30PF 

Output load ........................................... See Figure 2 Fig. 2 
OUTPUT LOAD EQUIVALENT 

RESET 

• RSP(6) 

EF 

HF.FF 

ASYNCHRONOUS READ AND WRITE 

tRLZ 

Dt·D9 

{: 
twe 

twpw 

Vi 

tos 

01·09 

tOH 

DATA OUT (1) 
VALID 

r 
tWR 

tOH 

8-9 

~ 

DATA OUT (2) 
VALID 

i ~ __ --.J/ 

~ DON'T CARE 

~ UNDEFINED 
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LAST READ 

IN 

R 

EF 

tA 

Qt-Q9 

LAST WRITE 

R 

IN 

FF 

HALF-FULL OR LESS 

EMPTY FLAG 

IGNORED FIRST WRITE ADDITIONAL 
READ WRITES 

FULL FLAG 

IGNORED FIRST READ ADDITIONAL 
WRITE READS 

HALF-FULL FLAG 

MORE THAN 
HALF-FULL 

tWHF 

:1 

8-10 

FIRST READ 

FIRST WRITE 

HALF-FULL OR LESS 

tRHF . . 

V--

~ DON'T CARE 

~ UNDEFINED 



XO(1) 

D1-D9 

01-09 

EXPANSION MODE (m) 

WRITE TO LAST PHYSICAL 
LOCATION OF DEVICE 1 

tXOL 

-:1 
tDS 

WRITE TO FIRST PHYSICAL 
LOCATION OF DEVICE 2 

~ 
tXOH 

-I. 
l' 

tDH tDS tDH - - -~ VALIDDATA __ VALID DATA C 
READ FROM LAST PHYSICAL 
LOCATION OF DEVICE 1 

tXOL tXOH 

DATA OUT 
VALID 

READ FROM FIRST PHYSICAL 
LOCATION OF DEVICE 2 r------

tOH 

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 

NOTE: XC of the Device 1 is connected to XI of Device 2. 

EXPANSION MODE (XI) 

WRITE TO FIRST PHYSICAL LOCATION 

W } / . 
IXIS . . 

tXIS 

R 
IXIP tXIR . . . . 

~ 
XI .J 
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. 
READ FROM FIRST 
PHYSICAL LOCATION 

~ DON'T CARE 

~ UNDEFINED 
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R.W 

EF,FF, HF 

01·09 

01-09 

01-09 

W 

R 

EF 

Q1-09 

RETRANSMIT 

I 'RT 

'ATS 

I 
~~~-------------'I~ 

WRITE FLOW· THROUGH 

'81 ~ DATA OUT 
VALID 

READ FLOW· THROUGH 

X OATAIN X 

tWEF 

tWLZ Q 
8-12 

tRPE 

I~ 
FLAG VALID 

OATAOUT >-VALlO 

~ DON'TeARE 

~ UNDEFINED 
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FIFO 

FEATURES 
• Very high speed: 15,20,25 and 35ns access 
• High-performance, low-power CMOS process 
• Single +5V ±10% supply 
• Low power: 5mW typical (standby); 350mW typical 

(active) 
• TIL compatible inputs and outputs 
• Asynchronous READ and WRITE 
• Two fully configurable Almost Full and Almost Empty 

Flags 
• Programmable Half Full Flag or Full/Empty Flag 

option eliminates external counter requirement 
• Register loading via the input or output pins 
• Auto-retransmit capability in single-device mode 
• Fully expandable by width and depth 
• Pin and function compatible with standard FlFOs 

OPTIONS 
• Timing 

15ns access time 
20ns access time 
25ns access time 
35ns access time 

• Packages 
Plastic DIP (300 mil) 
Plastic DIP (600 mil) 
Ceramic DIP (600 mil) 
PLCC 
CeramicLCC 
Plastic SOJ 

GENERAL DESCRIPTION 

MARKING 

-15 
-20 
-25 
-35 

None 
W 
C 
EJ 
EC 
DJ 

The Micron FIFO family employs high-speed, low-power 
CMOS designs using a true dual-port, six-transistor mem
ory cell with resistor loads. 

These devices are written and read in a first-in-first-out 
(FlFO) sequence. Dual read and write pointers handle the 
internal addressing, so no external address generation is 
required. Information may be written to and read from the 
FIFO asynchronously and independently at the input and 
output ports. This allows information to be transferred 
independently in and out of the FlFO at varying data rates. 

When not configured, the MT52C9007 defaults to a stan
dard FIFO with empty (EF), full (FF) and half-full 

MT52C9007 
REV. 1191 8-13 

512 x 9 FIFO 
WITH PROGRAMMABLE FLAGS 

PIN ASSIGNMENT (Top View) 

28L/DIP 
(A-9,8-9) 

w 1- 28 Vee 
09 2 27 05 
04 3 26 06 
03 4 25 07 
02 5 24 08 
01 6 23 ffiRTlDlR 
Xi 7 22 AS 

FF/AFF 8 21 EF/AEF 
01 9 20 xMlFiFi: 
02 10 19 08 
03 11 18 07 
04 12 17 06 
09 13 16 05 

GNO 14 15 R 

32L/LCC 
(F-4) 

D3 5 D"~~'~'lj :~:;;~c 29 D7 D2 6 :] r: 28 D6 
01 7 :1 r: 27 NC 

_l1s :] r: 26~IDIR 
FFJAfF 9 :1 r: 25 RS 

Q1 10 ::: r: 24 EF/AEF 
Q2. 11 ::: r: 23 XQ..iWJfE 
NC 12 :] r: 22 a8 
Q3 13 :) c: 21 07 

nnnnflPr': 
14151617181920 

a~~~,a::~8 

28L1S0J 
(E-8) 
--
1 28 Vi Vee 
2 27 09 05 
3 26 04 D6 
4 25 D3 07 
5 24 02 D8 
6 23 01 FuRTIDIR 
7 22 Xi AS 
8 21 FFIAFF EFIAEF 
9 20 01 XOIHFtFE 
10 19 02 Q8 
11 18 03 07 
12 17 04 06 
13 16 Q9 05 
14 15 GNO R 

32L/PLCC 
(D-2) 

;;~Is:~~:g~ 

~C")C'>I""~(;g 

03 • 2 • 07 
02 2B DB 
01 27 NC 
Xi 26 FLIRTIDIR 

FF/AfF 9 25 As 
01 10 2' EF'/ill 
02 11 23 XoIHFIFE 
NC 12 22 OB 
Q3 13 21 07 

~!;!2~~~~~ 

C;~ ~ ~I~~H~ 

(HF) flag pinS. The MT52C9007 can be configured for pro
grammable flags by loading the internal flag registers (as 
described under "Register Load Mode" on page 8-17). In 
configured mode, up to three flags are provided. The first 
two are the almost empty flag (AEF) and the almost full flag 
(AFF) with independently programmable offsets. The third 
one is either an HF or a full and empty (F E) flag, depending 
on the bit configuration of the registers. A retransmit pin 
allows data to be re-sent on the receiver's request when the 
FIFO is in the STAND ALONE mode. 

The depth and/ or width of the FlFO can be expanded by 
cascading multiple devices. Also, the MT52C9007 is speed, 
function and pin compatible with higher density FlFOs 
from Micron. This upward compatibility with lK and 2K 
FIFOs provides a single-chip depth-expansion solution. 

Micron Technology, Inc., reserves the right to change products Of specifications without notice. 

.. 
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PRELIMINARY 

FUNCTIONAL BLOCK DIAGRAM 

01-09 

w--+ 

L-_--~------__1 RESET .- RS 

LOGIC .- FURT/OIR 

Xi --------L-=:.:.:.....t-+t---+- XO/HFiF/E 
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PIN DESCRIPTIONS 

LCC PIN DIP PIN SYMBOL TYPE DESCRIPTION 
NUMBER(S) NUMBER(S) 

25 22 RS Input Reset: This pin is used to reset the device and load internal flag 
registers. During device reset, all internal pointers and registers 
are cleared. 

2 1 W Input Write: A LOW on this pin loads data into the device. The internal 
write pointer is incremented after the rising edge of the write 
input. 

18 15 R Input Read: A LOW on this pin puts the oldest valid data byte in the 
memory array on the output bus. The internal read pointer is 
incremented at the rising edge of the read signal. Outputs are 
High-Z when this pin is HIGH. 

8 7 XI Input Expansion In: This pin is used for DEPTH EXPANSION mode. In 
SINGLE DEVICE mode, it should be grounded. In EXPANDED 
mode, it should be connected to Expansion-Out (XO)of the 
previous device in the daisy chain. 

26 23 FURT/DIR Input First Load/Retransmit/Direction: When in single-device mode, this 
pin can be used to initiate a reread of the previously read data. 
When in REGISTER LOAD mode, the pin is used for register 
loading direction. When it is LOW, registers are loaded through 
the data output pins. When it is HIGH, registers are loaded 
through the data input pins. In DEPTH EXPANSION mode, this 
pin should be tied LOW if the device is the first one in the chain 
and tied HIGH if it is not the first one. 

7,6,5,4,31,30 6,5,4,3,27 01-09 Input Data Inputs: Data on these lines are stored in the memory array 
29,28,3 26,25,24,2 or flag registers during array WRITE or register programming, 

respectively. 

24 21 EF/AEF Output Empty Flag/Almost Empty Flag: This output pin indicates the 
FIFO status. When in NONCONFIGURED mode, this pin is an 
Empty Flag output. When in CONFIGURED mode, it is an Almost 
Empty Flag output. This pin is active LOW. 

9 8 FF/AFF Output Full Flag/Almost Full Flags: This output pin indicates the FIFO 
status. When in NONCONFIGURED mode, this pin is a Full Flag 
output. When in CONFIGURED mode, it is an Almost Full Flag 
output. This pin is active LOW. 

23 20 XO/HF/FE Output Expansion Out/Half Full/Full/Empty: This pin's function is 
determined by its operation mode. When in SINGLE DEVICE 
mode, this pin is either HF Flag or a Full/Empty Flag, depending 
on the state of the most significant bit of Almost Full Flag 
Register. The pin is an XO output when the part is in DEPTH 
EXPANSION mode. This pin defaults to XO/HF in 
NONCONFIGURED mode. 

10,11,13,14 9,10,11,12,16 01-09 I/O Data Output: These pins may be used for data retrieval. The pins 
19,20,21,22,15 17,18,19,13 become inputs during register loading with DIR input HIGH. The 

outputs are disabled (High-Z) during device idle (R' = HIGH). 

32 28 Vcc Supply Power Supply: +5V ±1 0% 

16 14 GND Supply Ground 
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FUNCTIONAL DESCRIPTION 

The MT52C9007 uses a dual port SRAM memory cell 
array with separate read and write pointers. This results in 
a flexible-length FIFO buffer memory with independent, 
asynchronous READ and WRITE capabilities and with no 
fall-through or bubble-through time constraints. 

Note: For multiple function pins, the function that is not 
being discussed will be surrounded by parentheses. 
For example, when discussing half-full flags, the 
XOIHF!F E pin will be shown as (XO)IHF!(FFJ. 

RESET 

After Vcc is stable, Reset (RS) must be taken LOW with 
both R and W HIGH to initialize the read and write pointers 
and flags. This also clears all internal registers. During the 
reset pulse, the state of the XI pin will determine if the FIFO 
will operate in the STAND ALONE or DEPTH EXPAN
SION mode. The STAND ALONE mode is entered if XI is 
tied LOW. If XI is connected to XO / (HF) of another FIFO, 
the DEPTH EXPANSION mode is selected. 

WRITING THE FIFO 

Data is written into the FIFO when the write strobe (W) pin 
is taken LOW and the FIFO is not full. The WRITE cycle is 
initiated by the falling edge of W. Data on the D1-D9 pins 
are latched on the rising edge. If the location to be written is 
the last empty location in the FIFO, FFwill be asserted (LOW) 
after the falling edgeofW. While the FFis asserted, all writes 
are inhibited and previously stored data are unaffected. 
The first WRITE to an empty FIFO will cause EF to go HIGH 
after the rising edge of W. When operating in the DEPTH 
EXPANSION mode, the last location write to a FIFO will 
cause XO / (HF) to pulse LOW. This will enable writes to the 
next FIFO in the chain. 

8-16 

READING THE FIFO 

Information is read from the FIFO when the read strobe 
(R) pin is taken LOW and FIFO is not empty (EF is High). 
The data-out (Q1-Q9) pins will go active (Low-Z) lRLZ after 
the falling edg~ of R. Valid data will appear tA after the 
falling edge of R. After the last available data word is read, 
EF will go LOW upon the falling edge ofR. While the EF is 
asserted LOW, any attempted reads will be inhibited and 
the outputs will stay inactive (H~h-Z). When the FIFO is 
full and a RE~p is initiated, the FF will go HIGH after the 
rising edge ofR. When operating in the expanded mode, the 
last location read from a FIFO will cause XO / (HF) to pulse 
LOW. This will enable further reads from the next FIFO in 
the chain. 

RETRANSMIT 

In the STAND ALONE mode, the MT52C9007 allows the 
receiving device to request that data just read from the FIFO 
be repeated, when less than 512 writes have been per
formed between resets. When the (FL) /RT / (DIR) pin is 
taken LOW, the read pointer is reset to the first location 
while the write pointer is not affected. The receiver may 
start reading the data from the beginning of the FIFO lRTR 
after (FL) /RT / (DIR) is taken HIGH. Some or all flags may 
be affected depending on the location of the read and write 
pointers before and after the retransmit. 

DATA FLOW-THROUGH 

Data flow-through is a method of writing and reading the 
FIFO at its full and empty boundaries, respectively. By 
holding W LOW when the FIFO is full, a WRITE can be 
initiated from the next ensuing READ pulse. This is referred 
to as a FLOW-THROUGH WRITE. FLOW-THROUGH 
WRITEs are initiated from the rising edge of R. When the 
FIFO is ~mpty, a flow-through READ can be done by 
holding R LOW and letting the next WRITE initiate the 
READ. Flow-through reads are initiated from the rising 
edge ofW, and access time is measured from the rising edge 
of the empty flag. 
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REGISTER LOAD MODE 

This mode of operation is used to reset the device and 
program the internal flag registers. This yields an almost 
full and an almost empty flag (DIP package pins 8 and 21 
respectively) and a half-full or FIE flag (DIP package pin 
20). 

Two 9-bit internal registers have been provided for flag 
configuration. One is the almost full flag register (AFFR) 
and the other is the almost empty flag register (AEFR). Bit 
configurations of the two registers are shown below. 

1st 
Load 

2nd 
Load 

REGISTER SET FOR MT52C9007 

Almost Full Flag Register (AFFR) 

HF/FE Reserved Offset Bits 

Almost Empty Flag Register (AEFR) 

Reset Reserved 
Locking 

Offset Bits 

Note that bits 0-5 are used for offset setting. The offset 
value ranges from 1 to 63 words. Each offset value corre
sponds to a 2-byte increment. This provides a maximum 
offset of 126 bytes. 

Bits 6 and 7 are reserved for future offset expansion. Bit 8 
of the AFFR is used for configuration of HF IF E pin. When 
this bit is set LOW, the HF IF E pin is configured as an HF 
fla~o~tput. When it is set high, the HF IF E is configured as 
an FIE flag output. 

Bit 8 of the AEFR is used for reset locking. When this bit 
is set LOW, subsequent device RESET or REGISTER 
LOADING cycles reset the device. When the bit is pro
grammed HIGH, subsequent RESET cycles are ignored. In 
this mode, the flag registers may be reconfigured without 
device reset. The part may be reset by cycling power to the 
device or by writing zero (0) into bit 8 of the AEFR register 
followed by a DEVICE RESET or REGISTER LOAD. 

Flag registers are loaded by bringing RS LOW followed 
by the R input. The R pin should be brought LOW IRS after 

8-17 

the RS becomes LOW. The registers may be loaded via the 
input pins or the output pins depending on the status of the 
DIR control input. Data is latched into the registers at the 
rising edge of the W control pin. The first WRITE loads the 
AFFR while the second WRITE loads the AEFR. This 
loading order is fixed. 

BIDIRECTIONAL MODE 

Applications requiring data buffering between two sys
tems (each system capable of READ and WRITE opera
tions) can be achieved by using two MT52C9007s. Care 
must be taken to assure that the appropriate flag is moni
tored by each system (Le. FF is monitored on the device 
where W is used; EF is monitored on the device where R is 
used). Both depth expansion and width expansion may be 
used in this mode. 

FLAG TIMING 

A total of three flag outputs are provided in either 
CONFIGURED or NONCONFIGURED mode. In the 
NONCONFIGURED mode, the three flags are HF, EF and 
FF. The HF flag goes active when more than half the FIFO 
is full. The flag goes inactive when the FIFO is half full or 
less. 

The full and empty flags are asserted when the last byte 
is written to or read out of the FIFO, respectively. They are 
deasserted when the first byte is loaded into an empty FIFO 
or read out of a full FIFO, respectively. All three flag outputs 
are active LOW. 

When the device is programmed, the AFF and AEF go 
active after a READ IWRITE cycle initiation of the location 
corresponding to the programmed offset value. For ex
ample, if the AEFR is programmed with a lO-byte offset 
(loading a Hex value of 05), the AEF flag goes active while 
reading the 10th location before the FIFO is empty. The flag 
goes inactive when there are 10 or more bytes left in the 
FIFO. The assertion timing and deassertion timing of the 
AFF are the same. 

The third flag in the PROGRAM mode is either HF or 
FIE flag depending on the state of the highest bit of the 
AFFR. If the device is programmed for HF flag, it functions 
like the HF flag in NONPROGRAMMED mode. If the de
vice is configured for FIE flag, the pin will be active (LOW) 
when the FIFO is either empty or full. The condition of the 
FIFO is determined by the state of FIE together with states 
of AFF and AEF (example: if FIE is LOW and AFF is LOW 
but AEF is HIGH, the FIFO is full). 

.. 
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I"IIC::I::::":;;~~ MT52C9007 

I Xii 

FF s:: EF .. --i 
I I I 0'1 

'" C') 

,-: <0 
0 I FL 0 ...... I 

D1-D9 01-09 

Vee 

1~1 
XO 

FF s:: EF 
--i .. 0'1 

'" ~ C') 

~ 
<0 
0 FL 0 ...... 

FULL 

1~1 
XO 

* FF s: 
--i 

EF 

0'1 

'" ~ C') 

" 
<0 

~,:1 
* FIRST DEVICE LOADED 

Figure 1 
DEPTH EXPANSION 

WIDTH EXPANSION 

The FIFO word width can be expanded, in increments of 
9 bits, using either the STAND ALONE or groups of EX
P ANDED DEPTH mode FIFOs. Expanded width operation 
is achieved by tying devices together with all control lines 
(W, R, etc.) in common. The flags are monitored from one 
device or one expanded-depth group (Figure 1), when 
expanding depth and width. 

DEPTH EXPANSION 

Multiple MT52C9007s may be cascaded to expand the 
depth of the FIFO buffer. Thre~ns are used to expand the 
memory depth, XI, XO/(HF/F E) and FL/(RT IDIR). Fig
ure 1 illustrates a typical three-device expansion. The depth
expansion mode is entered by tying the XO I (HF IF E) pin 
of each device to the XI pin of the next device in the chain. 
The first device to be loaded will have its FLI (RT IDIR) pin 
grounded. The remaining devices in the chain will have 
FL/ (RT IDIR) tied HIGH. Upon a reset, reads and writes to 
all FIFOs are disabled, except the first load device. When the 
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l~hysicallocation of the first device is written, the XO I 
(HF) pin will pulse LOW on the falling edge of W. This will 
"pass" the write pointer to the next device in the chain, 
enabling writes to that device and disabling writes to the 
first MT52C9007. The writes will continue to go to the 
second device until last location write. Then it will "pass" 
the write pointer to the third device. The full condition of 
the entire FIFO array is signaled when all the FF / (AFF) pins 
are LOW. 

On the last physical READ of the first device, its XO (HF) 
will pulse again. On the falling edge ofR, the read pointer 
is "passed" to the second device. The read pointer will, in 
effect, "chase" the write pointer through the extended FIFO 
array. The read pointer never overtakes the write pointer. 
On the last READ, an empty condition is signaled by all of 
the EF pins being LOW. This inhibits further reads. While in 
the depth-expansion mode, the half-full flag and retransmit 
functions are not available. 
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I'IIIC:Rg~ MT52C9007 

TRUTH TABLE 1 
SINGLE-DEVICE CONFIGURATION/WIDTH-EXPANSION Mode 

MODE INPUTS INTERNAL STATUS OUTPUTS 

lIS" "AT XI Read Pointer Write Pointer "EF" 'FF HF" 
RESET 0 X 0 Location Zero Location Zero 0 1 1 

RETRANSMIT 1 0 0 Location Zero Unchanged 1 X X 

READIWRITE 1 1 0 Increment (1) Increment (1) X X X 

NOTE: 1. Pointer will increment if flag is HIGH. 

TRUTH TABLE 2 
DEPTH-EXPANSION/COM POUND-EXPANSION Mode 

MODE INPUTS INTERNAL STATUS OUTPUTS 

AS" "FL XI Read Pointer Write Pointer "EF" 'FF 
RESET 0 0 (1 ) Location Zero Location Zero 0 1 
First Device 

RESET 0 1 (1 ) Location Zero Location Zero 0 1 
All other Devices 

READIWRITE 1 X (1 ) X X X X 

NOTE: 1. XI is connected to XO of previous device. 
RS = Reset Input, FURT/DIR= First Load/Retransmit, EF = Empty Flag Output, FF = Full Flag Output, XI = 
Expansion Input, FIF = Half Full Flag Output. 
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I'IIIC:I=U;~~ MT52C9007 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -D.SV to +7;OV 
Operating Temperature T A (ambient) .............. O°C to 70°C 
Storage Temperature (Ceramic) ................. -65°C to + ISO°C 
Storage Temperature (Plastic) .................... -SSoC to + ISO°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(OOe ~ T A ~ 70oe; Vee = 5.0V ± 10%) 

DESCRIPTION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(oOe ::;; T A ~ 70oe; Vee = 5.0 V ± 10%) 

DESCRIPTION CONDITIONS 

Power Supply W, R ~ VIL; Vcc = MAX 
Current: Operating f = MAX = 1/tRC 

Outputs Open 

W, R ~ VIH; Vcc = MAX 
f = MAX = 1/tRC 

Power Supply W, R ~ Vcc -0.2; Vcc = MAX 
Current: Standby VIL ~ Vss +0.2, 

VIH ~ Vcc -0.2; f = 0 

Input Leakage Current OV ~VIN ~ Vcc 

Output Leakage Current Output(s) Disabled 
OV ~ VOUT ~ Vcc 

Output High Voltage IOH = -2.0rnA 

Output Low Voltage IOL= 8.0rnA 

CAPACITANCE 
(V IN = OV; VOUT = OV) 

DESCRIPTION CONDITIONS 

Input Capacitance TA =25°C;f= 1MHz 

Output Capacitance Vcc = 5V 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.0 Vcc+1 V 1 

VIL -0.5 0.8 V 1,2 

MAX 

SYMBDL MIN -15 -20 -25 -35 UNITS NOTES 

Icc 120 115 110 100 rnA 3 

1861 15 15 15 15 rnA 

1862 5 5 5 5 rnA 

ILl -10 10 10 10 10 ~ 

ILo -10 10 10 10 10 ~ 

VOH 2.4 V 1 

VOL 0.4 V 1 

SYMBOL MIN MAX UNITS NOTES 

CI 8 pF 4 

Co 8 pF 4 

8-20· 
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1"I1C::I=U;2N MT52C9007 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Applicable for configured and nonconfigured modes) (O°C ::; T A::; 70°C; Vcc = 5.0V ± 10%) 

A.C. CHARACTERISTICS -15 
PARAMETER SYM MIN 

READ Cycle 

Shift frequency tRF 

READ cycle time tRC 25 
Access time tA 

READ recovery time tRR 10 
Read pulse width tRPW 15 
Read LOW to Low-Z tRLZ 5 
Read to HIGH to High-Z tRHZ 

Data HOLD from R HIGH tOH 5 
WRITE Cycle 

WRITE cycle time twc 25 
Write pulse width twpw 15 
WRITE recovery time twR 10 
Write HIGH to Low-Z twLZ 5 
Data setup time tos 10 
Data hold time tOH 0 
RETRANSMIT Cycle 

Restransmit cycle time tRTC 25 
Retransmit pulse width tRT 15 
Retransmit recovery time tRTR 10 
Retransmit command setup time tRTS 15 
RESET Cycle 

RESET cycle time tRSC 25 
(no register programming) 

Reset pulse width tRSP 15 
Reset recovery time tRSR 10 
RS LOW to R LOW tRS 15 
Reset and register programming tRSPC 85 
cycle time 

R LOW to DIR valid (register load cycle) tRDV 5 
R LOW to register load tRW 10 
W HIGH to RS LOW twRS 0 
R HIGH to RS LOW tRRS 0 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Data flow-through data mode only. 

MAX 

40 

15 

15 
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-20 -25 -35 
MIN MAX MIN MAX MIN MAX UNITS NOTES 

33.3 28.5 22.2 MHz 

30 35 45 ns 

20 25 35 ns 6 
10 10 10 ns 

20 25 35 ns 

5 5 5 ns 7 
15 18 20 ns 7 

5 5 5 ns 

30 35 45 ns 

20 25 35 ns 6 
10 10 10 ns 

5 5 5 ns 5, 7 
12 15 18 ns 

0 0 0 ns 

30 35 45 ns 

20 25 35 ns 

10 10 12 ns 

20 25 35 ns 

30 35 45 ns 

20 25 35 ns 6 
10 10 10 ns 

20 25 35 ns 

100 115 145 ns 

5 5 5 ns 

10 10 10 ns 

0 0 0 ns 

0 0 0 ns 

6. Pulse widths less than minimum are not allowed. 
7. Values guaranteed by design, not currently tested. 
8. Rand DIR signals must go inactive (HIGH) coinci

dent with RS going inactive (HIGH). 
9. DIR must become valid before W goes active (LOW). 

.. 
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1'II1C::1=:11;2~ MT52C9007 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Applicable for configured mode only) (T A = O°C to 70°C; Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -15 -20 -25 -35 
PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 
Expansion Mode Timing 
'RiWtoWLOW txOL 
R/WtoXOHIGH IXOH 

XI pulse width txlP 15 
Xl' command setup time to RiW IXIS 10 
XI command recovery time txlR 10 
Flags Timing 
W HIGH to Flags Valid WFV 
RSto EFLOW IEFL 

R LOW to EF LOW IREF 

W HIGH to EFHIGH WEF 
R pulse after EF HIGH IRPE 15 
RS to HF, FF HIGH IHFH,IFFH 

RHIGHto~ IRFF 

WLOWto~LOW WFF 
W pulse width after"FF' HIGH WPF 15 
W LOW to RF' LOW WHF 
R HIGH to HF HIGH IRHF 

RHIGHtoAFF IRAFF 

W LOW to AF'F' WAFF 
R LOW to AE"F'LOW IRAEF 
W HIGH to AEF' WAEF 

AC TEST CONDITIONS 
Input pulse level .......................................... 0 to 3.0V 

Input rise and fall times ........................................ Sns 

Input timing reference level ................................ 1.SV 

Output reference level ........................................ 1.SV 

Output load ........................................... See Figure 2 

20 20 
20 20 

20 
12 
10 

15 15 
25 30 
20 20 
20 20 

20 
25 30 
15 20 
20 20 

20 
25 30 
25 30 
25 30 
25 30 
25 30 
25 30 
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25 
15 
10 

25 

25 

25 35 
25 35 

35 
15 
10 

15 15 
35 45 
25 35 
25 35 

35 
35 45 
25 30 
25 35 

35 
35 45 
35 45 
35 45 
35 45 
35 45 
35 45 

+5V 

~500 
Q", ~ 30pF 

Figure 2 
OUTPUT LOAD EQUIVALENT 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 5 
ns 
ns 
ns 
ns 5 
ns 
ns 
ns 
ns 
ns 
ns 
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I'IIIC::Rg~ MT52C9007 

RESET 
(WITH NO REGISTER PROGRAMMING) 

tRSP(6) 

RS 

tWRS 

d,--t-------------,I 
w ,'----

AEF, EF 

AFF, HF, FF 

01-09 

. 

. , 
1\ 

01-09 

ASYNCHRONOUS READ AND WRITE 

tOH 

DATA OUT (1) 
VALID 

twe 

twpw tWR . . 

tos tOH 
I . I 
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tRPW 

. 
1\ 

. 

tRHZ 

DATA OUT (2) 
VALID 

~ DON'T CARE 

~ UNDEFINED 

.. 
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PRELIMINARY 

EMPTY FLAG 

LAST READ IGNORED FIRST WRITE ADDITIONAL FIRST READ 
READ WRITES 

Vi 

ii 

"FiE.EF 

'A 

Q1-09 

FULL FLAG 

LAST WRITE IGNORED FIRST READ ADDITIONAL FIRST WRITE 
WRITE READS 

ii 

iN 

"FiE. FF 

HALF-FULL FLAG 
(FOR CONFIGURED AND NONCONFIGURED MODES) 

HALF-FULL OR LESS MORE THAN 
HALF-FULL 

tWHF I 

.1 
\ 
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HALF-FULL OR LESS 

tRHF 

~ 

~ DON'T CARE 

~ UNDEFINED 
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IVIIC:I=IQ~ MT52C9007 

XO(1) 

D1-D9 

XO(1) 

01-09 

EXPANSION MODE om> 
WRITE TO LAST PHYSICAL 
LOCATION OF DEVICE 1 

tXOL --
tDS 

WRITE TO FIRST PHYSICAL 
LOCATION OF DEVICE 2 

n 
tXOH 

--} 
tDH tDS tDH . . ---- . . --

~ VALIDDATA~ VALIDDATA C 
READ FROM LAST PHYSICAL 
LOCATION OF DEVICE 1 

tXOL tXOH 

tOH 

READ FROM FIRST PHYSICAL 
LOCATION OF DEVICE 2 

tOH 

NOTE: 1. XO of the Device 1 is connected to XI of Device 2. 

EXPANSION MODE (XI) 

WRITE TO FIRST PHYSICAL LOCATION 

~ 
IXIS 

tXIS , . . 
IXIP tXIR . . . . 

~ 

8-25 

READ FROM FIRST 
PHYSICAL LOCA TION 

, 

~ DON'T CARE 

~ UNDEFINED 
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1"I1C:l=Ig~ MT52C9007 

RETRANSMIT 

1 

tRTS J tRTR 
I�----------~-------

",Vi ~--------11'---

ALL FLAGS FLAG VALID 

WRITE FLOW-THROUGH 

R 

tWPF - Vi Wl£ Ir-----

." tRFF - FFJFE 

." IWFF 
l 

0 
D1-D9 

01-09 

J 
_,I_tDH 

DATA IN 

I' 
VALID 

'DS ,I 
I~ _____ ----<~I DATA OUT ~~ ____ _ 

~ VALID ~ 

READ FLOW-THROUGH 

Dl-D9 X DATA IN X 

W 

'RPE 

R 

'WEF 

EF/FE 

'WLZ Q 
01-09 DATAQUT )-VALID 

~ DON'T CARE 

Il88lI UNDEFINED 
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I'IIIC:F=lg~ MT52C9007 

RESET/REGISTER PROGRAMMING CYCLE TIME 8, 9 

RSPC 
tRS tRSR 

RS 

~ 

r=:1 
\ ~ DIR 

I. tRW . . twpw . . tWR . . tWR 

t ~ t~L~., 
DATA ----------------{~V~AL~ID~DA~TAj---(~VA~LlD~D~AT~A)-__t-----

ALL FLAGS VALID OUTPUTS 

ALMOST FULL FLAG (2-BYTE OFFSET) 

DATA -----<r--.1§:": 

___________ ~_AF_F ___ I--
AFF i 
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I 
I 
I 
I 
I 
I 
I 

I I 
I FULL I 
I FIFO I ~ DON'T CARE 

~ UNDEFINED 
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1'II1C:l=Ig~ MT52C9007 

DATA -----{ 11th 
BYTE 

ALMOST EMPTY FLAG (10-BYTE OFFSET) 

9th 
LOCATION 

'-- r~" " _______________ t_wA_E_F _f 
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~ DON'T CARE 

~ UNDEFINED 
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FIFO 

FEATURES 
• Very high speed: 15,20,25 and 35ns access 
• High-performance, low-power CMOS process 
• Single +5V ±10% supply 
• Low power: 5mW typo (standby); 350mW typo (active) 
• TTL compatible inputs and outputs 

Asynchronous and simultaneous READ and WRITE 
• Empty, Half-Full and Full Flags 
• Half-Full Flag capability in STAND ALONE mode 
• Auto-retransmit capability 
• Fully expandable by width and depth 
• Pin and function compatible with higher density 

standard FlFOs 

OPTIONS 
• Timing 

15ns access time 
20ns access time 
25ns access time 
35ns access time 

• Packages 
Plastic DIP (300 mil) 
Plastic DIP (600 mil) 
Ceramic DIP (600 mil) 
PLCC 
CeramicLCC 
SOJ (300 mil) 

GENERAL DESCRIPTION 

MARKING 

-15 
-20 
-25 
-35 

None 
W 
C 
EJ 
EC 
DJ 

The Micron FIFO family employs high-speed, low-power 
CMOS designs using a true dual port, six-transistor mem
ory cell with resistor loads. 

These devices are written and read in a first-in-first-out 
(FIFO) sequence. Dual read and write pointers handle the 
internal addressing, so no external address generation is 
required. Information can be written to and read from the 
FIFO asynchronously and independently at the input and 
output ports. This allows information to be transferred 
independently in and out of the FIFO at varying data rates. 
Visibility of the memory volume is given through empty, 
half-full and full flags. While the full flag is asserted, at
tempted writes are inhibited. Likewise, while the empty 

MT52C9010 
REV.tl9t 8-29 

1K x 9 FIFO 

PIN ASSIGNMENT (Top View) 

28L DIP 28L SOJ 
(A-9, B-9) (E-8) 

VI 1 28 Vee 1 28 Vee 
D9 2 27 D5 2 27 05 

D4 26 D6 3 26 06 

D3 25 D7 4 25 07 

5 24 08 
D2 5 24 D8 

W 
09 
04 

03 

02 
01 

Xi 
FF 
Q1 

Q2 
Q3 

Q4 

Q9 
Vss 

6 23 FuRT 
D1 6 23 FURl 
XI 7 22 As 
FF 8 21 IT 
01 9 20 XO/HF 
02 10 19 08 

03 11 18 07 

04 12 17 06 

09 13 16 05 

Vss 14 15 R 

32L LCC 
(F-4) 

4 3 2 1 323130 D·";"::""u 
D35:~ U C2907 
02 6 :-:: ~: 28 DB 
01 7 :::: c: 27 NC 
XI 8 ::: C'::- 26 FlIRt 
FF9::: C'::-25RS 
01 10 :] C'::- 24 IT 
Q2 11 :::: C'::- 23 XO/HF 
NC 12 ::: ::-: 22 08 
03 13 ::;. ':: 21 Q7 

i-I :1 :l :1 :; :1 r~ 
14151617181920 

D3 
D2 

D1 
Xi 
FF 
01 
02 
NC 
03 

7 22 AS 
8 21 IT 
9 20 XO/HF 
10 19 Q8 

11 18 Q7 
12 17 Q6 
13 16 Q5 

14 15 R 

32L PLCC 
(D-2) 

d ~j3: ~ ~ ~ ~ 
-::tMN..- N..-C1 

MMM • 29 D7 

28 D8 
7 27 NC 
8 26 fUR"f 
9 25 RS 
10 24 IT 
11 23 XCiiHi' 
12 22 08 
13 21 07 
:;:!:~~~~~~ 

d ~ ~~Ia: ~:§ 

flag is asserted, further reads are inhibited and the outputs 
remain in a high-impedance state. Expansion out, expan
sion in, and first load pins are provided to expand the depth 
of the FIFO memory array, with no performance degrada
tion. A retransmit pin allows data to be re-sent on the 
receiver's request when the FIFO is in the STAND ALONE 
mode. 

The depth and/ or width of the FIFO can be expanded by 
cascading multiple devices. Also, the MT52C9010 is speed, 
function and pin compatible with higher density FIFOs 
from Micron. This upward compatibility with the 2K x 9 
FIFO provides a single-chip, depth-expansion solution. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 

-." -." 
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FUNCTIONAL BLOCK DIAGRAM 

READ I 
CONTROL I 

D1-D9 .. [ 
READ ADDRESS POINTER 

1-'0 B 

1024 x 9 BIT U U .... T F DUAL PORT 

~lUl " MEMORY r 
I- U E 
1-1-- T R 

01-09 

." - ~ 
WRITE ADDRESS POINTER 

." 
0 

Xi ~ EXPAND 
LOGIC 

W 
I WRITE 

1 CONTROL I 
FLAG 

FURT RESET I LOGIC 

RS LOGIC J 
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PIN DESCRIPTIONS 

LCC PIN DIP PIN SYMBOL 
NUMBER(S) NUMBER(S) 

25 22 RS 

2 1 W 

18 15 R 

8 7 XI 

26 23 FURT 

7,6,5,4,31, 6,5,4,3,27 D1-D9 
30,29,28,3 26,25,24,2 

24 21 EF 

9 8 FF 

23 20 XO/HF 

10,11,13,14, 9,10,11,12,16 01-09 
19,20,21,22,15 17,18,19,13 

32 28 Vcc 

16 14 Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

Output 

Output 

Output 

Output 

Supply 
Supply 

ADVANCE 

DESCRIPTION 

Reset: Taking RS LOW will reset the FIFO by initializing the read 
and write pointers and all flags. After the device is powered up, it 
must be reset before any writes can take place. 

Write Strobe: W is taken LOW to write data from the input port 
(D1-D9) into the FIFO memory array. 

Read Strobe: R is taken LOW to read data from the FIFO memory 
array to the output port (01-09). 

Expansion In: This pin is used for DEPTH EXPANSION mode. In 
SINGLE DEVICE mode, it should be grounded. In EXPANDED 
mode, it should be connected to Expansion-Out (XO)of the 
previous device in the daisy chain. 

First Load: Acts as first load Signal in DEPTH EXPANSION mode. 
FL if low, will enable the device as the first to be loaded (enables 
read and write pointers). 
FL should be tied low for the first FIFO in the chain, tied high for 
all other FIFOs in the chain 

Retransmit: Acts as retransmit signal in STAND ALONE mode. 
RT is used to enable the RETRANSMIT cycle. When taken LOW, 
RT resets the read pOinter to the first data location and the FIFO 
is then ready to retransmit data on the following READ 
operation(s). The flags will be affected according to specific data 
conditions. 

Data Inputs 

Empty Flag: Indicates empty FIFO memory when LOW, inhibiting 
further READ cycles. 

Full Flag: Indicates full FIFO memory when LOW, inhibiting 
further WRITE cycles. 

Expansion Out: Acts as expansion out pin in DEPTH EXPAN-
SION mode. XO will pulse LOW on the last physical WRITE or 
the last physical read. XO should be connected to XI of the next 
FIFO in the daisy chain. 

Half-Full Flag: Acts as Half Full Flag in STAND ALONE mode. HF 
goes LOW when the FIFO becomes more than half-full; will stay 
LOW until the FIFO becomes half-full or less. 

Data Output: Output or high impedance. 

Power Supply: +5V ±1 0% 

Ground 
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I"IIC:I=I~N MT52C9010 

FUNCTIONAL DESCRIPTION 

The MT52C9010 uses a dual port SRAM memory cell 
array with separate read and write pointers. This results in 
a flexible length FIFO buffer memory, with independent, 
asynchronous READ and WRITE capabilities and with no 
fall-through or bubble-through time constraints. 

Note: For dual function pins, the function that is not 
being discussed will be surrounded by parentheses. 
For example, when discussing the half-full flags the 
XO/HF pin will be shown as (XO)fHF. 

RESET 

After Vee is stable, RESET (RS) must be taken LOW to 
initialize the read and write pointers and flags. During the 
reset pulse, the state of the XI pin will determine if the FIFO 
will operate in the STAND ALONE or DEPTII EXPAN
SION mode. The STAND ALONE mode is entered if XI is 
LOW. If XI is tied toXO/(HF) of another FIFO, the DEPTII 
EXPANSION mode is selected. 

WRITING THE FIFO 

Data is written into the FIFO when the write strobe (W)pin 
is taken LOW, while FF is HIGH. The WRITE cycle is ini
tiated by the falling edge of Wand data on the 01-D9 pins 
are latched on the rising edge. If the location to be written is 
the last empty location in the FIFO, the FF will be asserted 
(LOW) after the falling edge of W. While FF is LOW, any 
attempted writes will be inhibited, with no loss of data 
already stored in the FIFO. When a device is used in the 
STAND ALONE mode, (XO) /HF is asserted when the half
full-plus-one location (1024/2 + 1) is written. It will stay 
asserted until the FIFO becomes half-full or less. The first 
WRlTE to an empty FIFO will cause EFto go HIGH after the 
rising edge of W. When operating in the DEPTH EXP AN
SION mode, write to the last location of the FIFO will cause 
XO / (HF) to pulse LOW. This will enable writes to the next 
FIFO in the chain. 
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READING THE FIFO 

Information is read from the FIFO when the read strobe 
("R) pin is taken LOW and the FIFO is not empty (EFis HIGH). 
The data-out (Q1-Q9) pins will go active (Low-Z) tRLZ after 
the falling edge ofR and valid data will appear tA after the 
falling edge ofR. After the last available data word is read, 
EF will go LOW upon the falling edge of R. While EF is 
asserted LOW, any attempted reads will be inhibited and 
the outputs will stay inactive (High-Z). When the FIFO is 
being used in the SINGLE DEVICE mode and the half-full
plus-one location is read, (XO) /HF will go HIGH after the 
rising edge ofR. When the FIFO is full (FF LOW) and a read 
is initiated, FF will go HIGH after the rising edge ofR. When 
operating in the EXPANDED mode, the last location read to 
a FlFOwill causeXO/(HF) to pulse LOW. This will enable 
further reads from the next FIFO in the chain. 

RETRANSMIT 

In the STAND ALONE mode, the MT52C9010 allows the 
receiving device to request that the data read earlier from 
the FIFO to be repeated, when less than 1024 writes have 
been performed between resets. When the (FL) /RT pin is 
taken LOW, the read pointer is reset to the first location 
while the write pointer is not affected. The receiver may 
again start reading the data from the beginning of the FIFO 
IRTRafter(FL)/RTistakenHIGH.Theempty,half-fulland 
full flags will be affected as specified for the data volume 
(useful only in SINGLE mode with no wraparound). 

DATA FLOW-THROUGH 

Data flow-through is a method of writing and reading the 
FIFO at its full and emptY boundaries, respectively. By 
holding W LOW when the FIFO is full, a WRITE can be 
initiated from the next ensuing READ pulse. This is referred 
to as a FLOW-THROUGH WRITE. FLOW-THROUGH 
WRITEs are initiated from the rising edge of R. When the 
FIFO is empty, a FLOW-THROUGH READ can be done by 
holding R LOW and letting the next WRITE initiate the 
READ. FLOW-THROUGH READs are initiated from the 
rising edgeofW and access time is measured from the rising 
edgeofEF. 
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------------~-----r~_.----._--~----------R 

01-09 .11.11.111111111111. 01-09 

-+--.--+--1-------------- Vcc 

FULL ~.--------+-

* FIRST DEVICE LOADED 

Figure 1 
DEPTH EXPANSION 

WIDTH EXPANSION 

The FIFO word width can be expanded, in increments of 
9 bits, using either the stand alone or groups of expanded
depth mode FIFOs. Expanded-width operation is achieved 
by tying devices together with all control lines (W, R, etc.) 
in common. The flags are monitored from one device or one 
expanded-depth group (Figure 1) when expanding depth 
and width. 

DEPTH EXPANSION 

Multiple MT52C901Os may be cascaded to expand the 
depth of the FIFO buffer. Three pins are used to expand the 
memory depth, XI, XO/(HF) and FL/(RT). Figure 1 illus
trates a typical three-device expansion. The DEPTH EX
P ANSION mode is entered during a RESET cycle, by tying 
the XO / (HF) pin of each device to the XI pin of the next 
device in the chain. The first device to be loaded will have 
its FL/ (RT) pin grounded. The remaining devices in the 
chain will have FL/ (RT) tied HIGH. During RESET cycle, 
XO / (HF) of each device is held HIGH, disabling reads and 
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writes to all FIFOs, except the first load device. When the 
last physical location of the first device is written, the XO / 
(HF) pin will pulse LOW on the falling edge ofW. This will 
"pass" the write pointer to the next device in the chain, 
enabling writes to that device and disabling writes to the 
first MT52C901O. The writes will continue to go to the 
second device until last location WRITE. Then it will "pass" 
the write pointer to the third device. 

The full condition of the entire FIFO array is signaled by 
"OR-ing" all the FF pins. On the last physical READ of the 
first device, its XO / (HF) will pulse again. On the falling 
edge ofR, the read pointer is "passed" to the second device. 
The read pointer will, in effect, "chase" the write pointer 
through the extended FIFO array. The read pointer never 
overtakes the write pointer. An empty condition is signaled 
by OR-ing all of the EF pins. This inhibits further reads. 
While in the DEPTH EXPANSION mode, the half-full flag 
and retransmit functions are not available. 
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TRUTH TABLE 1 
SINGLE-DEVICE CONFIGURATION/WIDTH-EXPANSION Mode 

MODE INPUTS INTERNAL STATUS 

"Fm 'AT XI Read Pointer 

RESET 0 X 0 Location Zero 

RETRANSMIT 1 0 0 Location Zero 

READIWRITE 1 1 0 Increment (1) 

NOTE: 1. Pointer will increment if flag is HIGH. 

TRUTH TABLE 2 
DEPTH-EXPANSION/COMPOUND-EXPANSION Mode 

Write Pointer 

Location Zero 

Unchanged 

Increment (1) 

MODE INPUTS INTERNAL STATUS 

AS" FL XI Read Pointer Write Pointer 

RESET 0 0 (1 ) Location Zero Location Zero 
First Device 

RESET 0 1 (1 ) Location Zero Location Zero 
All other Devices 

READIWRITE 1 X (1 ) X X 

NOTE: 1. XI is connected to XO of previous device. 

OUTPUTS 

"EF" " HF 

0 1 1 

1 X X 

X X X 

OUTPUTS 

"EF" "FF" 
0 1 

0 1 

X X 

AS = Reset Input, FURT/DIR= First Load/Retransmit, EF = Empty Flag Output, FF = Full Flag Output, XI = 
Expansion Input, HF = Half Full Flag Output. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -O.SV to +7.0V 
Operating Temperature T A (ambient) .............. O°C to 70°C 
Storage Temperature (Ceramic) ................. -6SoC to + lS0°C 
Storage Temperature (Plastic) .................... -SsoC to + lS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(OOe ::;; T A::;; 70oe; Vee = 5.0V ± 10%) 

DESCRIPTION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(OOe ::;; T A::;; 70oe; Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS 

Power Supply W, R :s; VIL; Vee = MAX 
Current: Operating Outputs Open 

W, R ;::: VIH; Vee = MAX 

ADVANCE 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.5 5.5 V 1 

VIH 2.0 Vee+1 V 1 

VIL -0.5 0.8 V 1,2 

SYMBOL MIN MAX UNITS NOTES 

lee 100 rnA 3 

IS81 15 rnA 

Power Supply W, R ;::: Vee -0.2; Vee = MAX 
Current: Standby VIL :s; Vss +0.2, 1582 5 rnA 

VIH ;::: Vee -0.2; f = 0 

Input Leakage Current OV :S;VIN :S;Vee ILl -10 10 !JA 
Output Leakage Current Output(s) Disabled, ILo -10 10 !JA 

OV :s; Your :s; Vee 

Output High Voltage IOH = -2.0rnA VOH 2.4 V 1 

Output Low Voltage IOL= 8.0rnA VOL 0.4 V 1 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input CapaCitance TA =25°C;f= 1MHz CI 8 pF 4 

Output Capacitance Vee = 5V Co 8 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(O°C ~ TA ~ 70°C; Vee = S.OV ±10%) 

A.C. CHARACTERISTICS -15 -20 -25 -35 
PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 
Shift Frequency Fs 40 33.3 28.5 22.2 MHz 

Access time tA 15 20 25 35 ns 
Read cycle time tRC 25 30 35 45 ns 

Read command recovery time tRR 10 10 10 10 ns 
Read command pulse width tRPW 15 20 25 35 ns 6 
Read LOW to Low-Z tRLZ 5 5 5 5 ns 
Read to HIGH to High-Z tRHZ 15 15 18 20 ns 
Data hold from R HIGH toH 5 5 5 5 ns 
Write cycle time WC 25 30 35 45 ns 

Write command pulse width WPW 15 20 25 35 ns 6 
Write command recovery time WR 10 10 10 10 ns 
Write HIGH to Low-Z WLZ 5 5 5 5 ns 5 
Data setup time tDS 10 12 15 20 ns 
Data hold time tDH 0 0 0 0 ns 
Reset cycle time tRSC 25 30 35 45 ns 

Reset pulse width tRSP 15 20 25 35 ns 6 
Reset recovery time tRSR 10 10 10 10 ns 
Read HIGH to Reset HIGH tRRS 15 20 25 35 ns 
Write HIGH to Reset HIGH WRS 15 20 25 35 ns 
Retransmit cycle time tRTC 25 30 35 45 ns 

Retransmit pulse width tRT 15 20 25 35 ns 
Retransmit recovery time tRTR 10 10 10 12 ns 

Retransmit setup time tRTS 15 20 25 35 ns 

Reset to EF LOW tEFL 25 30 35 45 ns 
Reset to HF FF HIGH tHFH, tFFH 25 30 35 45 ns 

Read LOW to EF LOW tREF 20 20 25 35 ns 

Read HIGH to FF" HIGH tRFF 20 20 25 35 ns 
Write LOW to FF" LOW WFF 20 20 25 35 ns 

Write HIGH to rr HIGH WEF 20 20 25 35 ns 

Write LOW to HF" LOW WHF 25 30 35 45 ns 
Read HIGH to HF HIGH tRHF 25 30 35 45 ns 

Read pulse after rr HIGH tRPE 15 20 25 35 ns 5 
Write pulse width after FF HIGH WPF 15 20 25 35 ns 5 
ReadlWrite to XO LOW txOL 20 20 25 35 ns 

ReadlWrite to XC) HIGH txOH 20 20 25 35 ns 
XI pulse width tXIP 15 20 25 35 ns 
XI setup Time tXIS 10 12 15 15 ns 

XI recovery time tXIR 10 10 10 10 ns 

NOTES 
1. All voltages referenced to Vss (GND). 4. This parameter is sampled. 
2. -3.0V for pulse width < 20ns. 5. Flow-through mode only. 
3. Icc is dependent on output loading and cycle rates. 6. Pulse widths less than minimum are not allowed. 
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AC TEST CONDITIONS 
Input pulse level ................ .......................... a to 3.0V 

Input rise and fall times ........................................ 5ns 

Input timing reference level ........ ........................ 1.5V 

Output reference level ........................................ 1 .5V 

Output load ........................................... See Figure 2 

+5V 

~500 
"." ~ 30pF 

Fig. 2 

ADVANCE 

OUTPUT LOAD EQUIVALENT 

EF 

HF, FF 

Q1-09 

iii 

D1-D9 

RESET 

I RSP(6) 

tHFH, tFFH 

W/////#//;l//$/$////#ff/$//$/#$//$///$#ff/$;) 

~: 

ASYNCHRONOUS READ AND WRITE 

tALZ 

twc 

twpw 

tOH 

DATA OUT (1) 
VALID 

tWA 

tDH 

DATA OUT (2) 
VALID 

i '--__ --II 

~ r-____ ~(~ __ D_~=~='~~(2_)~(-
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LAST READ 

Vi 

R 

EF 

tA 

Ql-Q9 .. 
." -." 
0 LAST WRITE 

R 

Vi 

FF 

HALF-FULL OR LESS 

EMPTY FLAG 

IGNORED FIRST WRITE ADDITIONAL 
READ WRITES 

FULL FLAG 

IGNORED FIRST READ ADDITIONAL 
WRITE READS 

HALF-FULL FLAG 

MORE THAN 
HALF-FULL 

tWHF I 

{ 
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FIRST READ 

FIRST WRITE 

HALF-FULL OR LESS 

tRHF . 

r---

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 
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W 

XO(I) 

EXPANSION MODE (XC) 

WRITE TO LAST PHYSICAL 
LOCATION OF DEVICE 1 

IXOL -
IDS 

WRITE TO FIRST PHYSICAL 
LOCATION OF DEVICE 2 

~ 
IXOH 

-} 
IDH tDS tDH - - . .-

01-09 ~VALIDDATA __ VALIDDATA C 
READ FROM LAST PHYSICAL 
LOCATION OF DEVICE 1 

READ FROM FIRST PHYSICAL 
LOCATION OF DEVICE 2 

,----.. ,----------
R 

IXOL IXOH 

XO(I) 

tRLZ tOH -
01-09 

IA 

NOTE: XO of the Device 1 is connected to XI of Device 2_ 

EXPANSION MODE (Xf) 

WRITE TO FIRST PHYSICAL LOCATION 

J tXIS . 
tXIS . . 

/ 

tXIP tXIR . . . . 
~ 
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READ FROM FIRST 
PHYSICAL LOCATION 

~ DON'T CARE 

~ UNDEFINED 

-"T1 -"T1 o 



-" -" o 

ADVANCE 

iVIlf::-==U:;;JN MT52C9010 

A,W 

EF,FF.HF 

01-09 

Qt-Q9 

01-09 

01-09 

RETRANSMIT 
tRTe 

I tRT 

tATS tRTR 

I 
1'---

FLAG VALID 

WRITE FLOW· THROUGH 

tWPF 

tWFF 

tA 

----------~~ MJ~~T ~~----------

READ FLOW· THROUGH 

_____ --'x DATA IN x'-____ _ 

tWEF 

_____________________ ~~-t_w~u~~=Q'· ~~~~ 
__ DATA OUT )-

VALID . 
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FIFO 

FEATURES 
• Very high speed: 15,20,25 and 35ns access 
• High-performance, low-power CMOS process 
• Single +5V ± 10% supply 
• Low power: 5mW typical (standby); 350mW typical 

(active) 
• TTL compatible inputs and outputs 
• Asynchronous READ and WRITE 
• Two fully configurable Almost Full and Almost Empty 

Flags 
• Programmable Half Full Flag or Full/Empty Flag 

option eliminates external counter requirement 
• Register loading via the input or output pins 
• Auto-retransmit capability in single-device mode 
• Fully expandable by width and depth 
• Pin and function compatible with standard FIFOs 

OPTIONS 
• Timing 

15ns access time 
20ns access time 
25ns access time 
35ns access time 

• Packages 
Plastic DIP (300 mil) 
Plastic DIP (600 mil) 
Ceramic DIP (600 mil) 
PLCC 
CeramicLCC 
Plastic SOJ 

GENERAL DESCRIPTION 

MARKING 

-15 
-20 
-25 
-35 

None 
W 
C 
EJ 
EC 
DJ 

The Micron FIFO family employs high-speed, low-power 
CMOS designs using a true dual-port, six-transistor mem
ory cell with resistor loads. 

These devices are written and read in a first-in-first-out 
(FIFO) sequence. Dual read and write pointers handle the 
internal addressing, so no external address generation is 
required. Information may be written to and read from the 
FIFO asynchronously and independently at the input and 
output ports. This allows information to be transferred 
independently in and out of the FIFO at varying data rates. 

When not configured, the MT52C9012 defaults to a stan
dard FIFO with empty (EF), full (FF) and half-full 

MT52C9012 
REV.1f91 8-41 

1K x 9 FIFO 
WITH PROGRAMMABLE FLAGS 

PIN ASSIGNMENT (Top View) 

28L/DIP 
(A-9, 8-9) 

W 1. 28 Vcc 
09 2 27 05 
04 3 26 06 
03 4 25 07 
02 5 24 08 
01 6 23 FURT/OIR 
Xi 7 22 AS 

FF/AFF 8 21 EFlAEF 
01 9 20 Xli/HF/FE 
02 10 19 08 
03 11 18 07 
04 12 17 06 
09 13 16 05 

GNO 14 15 R 

32L/LCC 
(F-4) 

2!i Blit ~ ~:g IS 

~i.[:'::]~t Q2 11 ::: r: 23 XO/HFIFE 
NC12::: r: 22 as 
Q313:) c: 21 Q7 

(1nnnnf1n 
14151617181920 

C!i 81 ~ !lla:: 8l!il 

28L1S0J 
(E-8) 

Iii 
D9 
D4 
D3 
D2 
D1 
Xi 

FF/AFF 
01 
02 
03 
04 
09 

GND 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

2B 
27 
26 
25 
24 
23 
22 
21 
20 
19 
1B 
17 
16 
15 

Vee 
D5 
D6 
D7 
DB 
Fum/DIR 
AS 
EF/AEF 
XO/HF"/FE 
OB 
07 
Q6 

05 
R 

32L/PLCC 
(D-2) 

C!i ~I== ~ ~ ~ ~ 
'<I""'C>.I"-~M~ 

D3 5 • 29 D7 
D2 6 28 08 
D1 7 27 NC 
Xi 8 26 FURl/orR 

FF/AFF 9 25 As 
01 10 24 EF/AEF 
02 11 23 XOiHF/Fe 
NC 12 22 08 
03 13 21 07 

;:!~~~~~~ 

C§~~~1a::38 

(HF) flag pins. The MT52C9012 can be configured for pro
grammable flags by loading the internal flag registers (as 
described under "Register Load Mode" on page 8-45). In 
CONFIGURED mode, up to three flags are proVided. The 
first two are the almost empty flag (AEF) and the almost full 
flag (AFF) with independently programmable offsets. The 
third one is either an HF or a full and empty (F E) flag, de
pending on the bit configuration of the registers. A retrans
mit pin allows data to be re-sent on the receiver's request 
when the FIFO is in the stand-alone mode. 

The depth and/ or width of the FIFO can be expanded by 
cascading multiple devices. Also, the MT52C9012 is speed, 
function and pin compatible with higher and lower density 
FIFOs from Micron. This upward compatibility with 2K 
FIFOs provides a single-chip depth-expansion solution. 

Micron Technology, Inc., reserves the right to change products or SPecifiCations without notice. 

.. 
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FUNCTIONAL BLOCK DIAGRAM 

01-09 

w-

L-.... __ +--______ -; RESET ~ RS 

LOGIC ~ FURTIOIR 
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PIN DESCRIPTIONS 

LCCPIN DIP PIN SYMBOL TYPE DESCRIPTION 
NUMBER(S) NUMBER(S) 

25 22 RS Input Reset: This pin is used to reset the device and load internal flag 
registers. During device reset, all internal pointers and registers 
are cleared. 

2 1 W Input Write: A LOW on this pin loads data into the device. The internal 
write pointer is incremented after the rising edge of the write 
input. 

18 15 R Input Read: A LOW on this pin puts the oldest valid data byte in the 
memory array on the output bus. The internal read pointer is 
incremented at the rising edge of the read signal. Outputs are 
High-Z when this pin is HIGH. 

8 7 XI Input Expansion In: This pin is used for DEPTH EXPANSION mode. In 
SINGLE DEVICE mode, it should be grounded. In EXPANDED 
mode, it should be connected to Expansion-Out (XO) of the -previous device in the daisy chain. 

26 23 FURT/DIR Input First Load/Retransmit/Direction: When in single-device mode, this 
pin can be used to initiate a reread of the previously read data. 

-n --n 
When in REGISTER LOAD mode, the pin is used for register 
loading direction. When it is LOW, registers are loaded through 

o 
the data output pins. When it is HIGH, registers are loaded 
through the data input pins. In DEPTH EXPANSION mode, this 
pin should be tied LOW if the device is the first one in the chain 
and tied HIGH if it is not the first one. 

7,6,5,4,31,30 6,5,4,3,27 D1-D9 Input Data Inputs: Data on these lines are stored in the memory array 
29,28,3 26,25,24,2 or flag registers during array WRITE or register programming, 

respectively. 

24 21 EF/AEF Output Empty Flag/Almost Empty Flag: This output pin indicates the 
FIFO status. When in NONCONFIGURED mode, this pin is an 
Empty Flag output. When in CONFIGURED mode, it is an Almost 
Empty Flag output. This pin is active LOW. 

9 8 FF/AFF Output Full Flag/Almost Full Flags: This output pin indicates the FIFO 
status. When in NONCONFIGURED mode, this pin is a Full Flag 
output. When in CONFIGURED mode, it is an Almost Full Flag 
output. This pin is active LOW. 

23 20 XO/HF/FE Output Expansion Out/Half Full/Full/Empty: This pin's function is 
determined by its operation mode. When in SINGLE DEVICE 
mode, this pin is either HF Flag or a Full/Empty Flag, depending 
on the state of the most significant bit of Almost Full Flag 
Register. The pin is an XO output when the part is in DEPTH 
EXPANSION mode. This pin defaults to XO/HF in 
NONCONFIGURED mode. 

10,11,13,14 9,10,11,12,16 01-09 I/O Data Output: These pins may be used for data retrieval. The pins 
19,20,21,22,15 17,18,19,13 become inputs during register loading with DIR input HIGH. The 

outputs are disabled (High-Z) during device idle ("R = HIGH). 

32 28 Vcc Supply Power Supply: +5V ±1 0% 

16 14 GND Supply Ground 

8-43 



.. 
." -." o 

PRELIMINARY 

I'IIIC:I=ION ",n"" MT52C9012 

FUNCTIONAL DESCRIPTION 

The MT52C9012 uses a dual port SRAM memory cell 
array with separate read and write pointers. This results in 
a flexible-length FIFO buffer memory with independent, 
asynchronous READ and WRITE capabilities and with no 
fall-through or bubble-through time constraints. 

Note: For multiple function pins, the function that is not 
being discussed will be surrounded by parentheses. 
For example, when discussing half-full flags, the 
XO/HF/F E pin will be shown as (XO)/HF/(F E). 

RESET 

After Vee is stable, Reset (RS) must be taken LOW with 
both Rand W HIGH to initialize the read and write pointers 
and flags. This also clears all internal registers. During the 
reset pulse, the state of the XI pin will determine if the FIFO 
will operate in the STAND ALONE or DEPTH EXPAN
SION mode. The STAND ALONE mode is entered if XI is 
tied LOW. If XI is connected to XO/(HF) of another FIFO, 
the DEPTH EXPANSION mode is selected. 

WRITING THE FIFO 

Data is written into the FIFO when the write strobe (W) pin 
~s ~a~~n LOW and if the FIFO is not full. The WRITE cycle 
IS Imtiated by the falling edge ofW. Data on the D1-D9 pins 
are latched on the rising edge. If the location to be written is 
the last empty location in the FIFO, FFwill be asserted (LOW) 
after the falling edge of W. While FF is asserted, all writes 
are inhibited and previously stored data are unaffected. 
The first WRITE to an empty FIFO will cause EF to go HIGH 
after the rising edge of W. When operating in the DEPTH 
EXPANSION mode, the last location write to a FIFO will 
causeXO/(HF) to pulse LOW. This will enable writes to the 
next FIFO in the chain. 
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READING THE FIFO 

Information is read from the FIFO when the read strobe 
(R) pin is taken LOW and FIFO is not empty (EF is HIGH). 
The data-out (Q1-Q9) pins will go active (Low-Z) IRLZafter 
the falling edg~ of R. Valid data will appear tA after the 
falling edge of R. After the last available data word is read 
EF will go LOW upon the falling edge of R. Whil~ 
EF is asserted LOW, any attempted reads will be inhibited 
and the outputs will stay inactive (High-Z). When the FIFO 
i~ ~ll and a ~AD is initiated, the FF will go HIGH after the 
nsmg edge ofR. When operating in the expanded mode, the 
last location read from a FIFO will cause XO / (HF) to pulse 
LOW. This will enable further reads from the next FIFO in 
the chain. 

RETRANSMIT 

In the STAND ALONE mode, the MT52C9012 allows the 
receiving device to request that data just read from the FIFO 
be repeated, when less than 1024 writes have been per
formed between resets. When the (FI) /RT / (DIR) pin is 
taken LOW, the read pointer is reset to the first location 
while the. write pointer is not affected. The receiver may 
start readIng the data from the beginning of the FIFO tRTR 
after (FL) /RT / (DIR) is taken HIGH. Some or all flags may 
be affected depending on the location of the read and write 
pointers before and after the retransmit. 

DATA FLOW-THROUGH 

Data fl?w-through is a method of writing and reading the 
FIF~ at Its full and empty boundaries, respectively. By 
holdmg W LOW when the FIFO is full, a WRITE can be 
initiated from the next ensuing READ pulse. This is referred 
to as a FLOW-THROUGH WRITE. FLOW-THROUGH 
WRITEs are initiated from the rising edge of R. When the 
FIFO is e~pty, a FLOW-THROUGH READ can be done by 
holding R LOW and letting the next WRITE initiate the 
READ. Flow-through reads are initiated from the rising 
edge ofW, and access time is measured from the rising edge 
of the empty flag. 
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REGISTER LOAD MODE 

This mode of operation is used to reset the device and 
program the internal flag registers. This yields an almost 
full and an almost empty flag (DIP package pins 8 and 21 
respectively) and a half-full or F/E flag (DIP package pin 
20). 

Two 9-bit internal registers have been provided for flag 
configuration. One is the almost full flag register (AFFR) 
and the other is the almost empty flag register (AEFR). Bit 
configurations of the two registers are shown below. 

1st 
Load 

2nd 
Load 

REGISTER SET FOR MT52C9012 

Almost Full Flag Register (AFFR) 

HF/FE Reserved Offset Bits 

Almost Empty Flag Register (AEFR) 

Reset Reserved 
Locking 

Offset Bits 

Note that bits 0-6 are used for offset setting. The offset 
value ranges from 1 to 127 words. Each offset value corre
sponds to a 2-byte increment. This provides a maximum 
offset of 254 bytes. 

Bits 6 and 7 are reserved for future offset expansion. Bit 8 
of the AFFR is used for configuration of HF IF E pin. When 
this bit is set LOW, the HF IFE pin is configured as an HF 
flalLo~put. When it is set high, the HF IF E is configured as 
an FIE flag output. 

Bit 8 of the AEFR is used for reset locking. When this bit 
is set LOW, subsequent device RESET or REGISTER 
LOADING cycles reset the device. When the bit is pro
grammed HIGH, subsequent RESET cycles are ignored. In 
this mode, the flag registers can be reconfigured without 
device reset. The part can be reset by cycling power to the 
device or by writing zero (0) into bit 8 of the AEFR register 
followed by a DEVICE RESET or REGISTER LOAD. 

Flag registers are loaded by bringing RS LOW followed 
by the R input. The R pin should be brought LOW IRS after 
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the RS becomes LOW. The registers may be loaded via the 
input pins or the output pins depending on the status of the 
DIR control input. Data is latched into the registers at the 
rising edge of the W control pin. The first WRITE loads the 
AFFR while the second WRITE loads the AEFR. This load
ing order is fixed. 

BIDIRECTIONAL MODE 

Applications requiring data buffering between two sys
tems (each system capable of READ and WRITE opera
tions) can be achieved by using two MT52C9012s. Care 
must be taken to assure that the appropriate flag is moni
tored by each system (i.e. FF is monitored on the device 
where W is used; EF is monitored on the device where R is 
used). Both depth expansion and width expansion may be 
used in this mode. 

FLAG TIMING 

A total of three flag outputs are provided in either 
CONFIGURED or NONCONFIGURED mode. In the 
NONCONFIGURED mode, the three flags are HF, EF and 
FF. The HF flag goes active when more than half the FIFO 
is full. The flag goes inactive when the FIFO is half full or 
less. 

The full and empty flags are asserted when the last byte 
is written to or read out of the FIFO, respectively. They are 
deasserted when the first byte is loaded into an empty FIFO 
orread out of a full FIFO, respectively. All three flag outputs 
are active LOW. 

When the device is programmed, the AFF and AEF go 
active after a READ IWRlTE cycle initiation of the location 
corresponding to the programmed offset value. For ex
ample, if the AEFR is programmed with a lO-byte offset 
(loading a Hex value of 05), the AEF flag goes active while 
reading the 10th location before the FIFO is empty. The flag 
goes inactive when there are 10 or more bytes left in the 
FIFO. The assertion timing and deassertion timing of the 
AFF are the same. 

The third flag in the PROGRAM mode is either HF or 
FIE flag depending on the state of the highest bit of the 
AFFR. If the device is programmed for HF flag, it functions 
like the HF flag in NONPROGRAMMED mode. If the de
vice is configured for FIE flag, the pin will be active (LOW) 
when the FIFO is either empty or full. The condition of the 
FIFO is determined by the state of FIE together with states 
of AFF and AEF (example: if FIE is LOW and AFF is LOW 
but AEF is HIGH, the FIFO is full). 

-." -." o 
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------------+---~~r_~l---~--_+----~----R 

D1-D9 ••••••••••• 01-09 

+-..+--+------- Vce 

XI 

* FIRST DEVICE LOADED 

Figure 1 
DEPTH EXPANSION 

WIDTH EXPANSION 

The FIFO word width can be expanded, in increments of 
9 bits, using either the STAND ALONE or groups of EX
PANDED DEPTH modeFIFOs_ Expanded width operation 
is achieved by tying devices together with all control lines 
(W, R, etc.) in common. The flags are monitored from one 
device or one expanded-depth group (Figure 1), when 
expanding depth and width. 

DEPTH EXPANSION 

Multiple MT52C9012s may be cascaded to expand the 
depth of the FIFO buffer. Three pins are used to expand the 
memory depth, XI, XO/(HF/FE) and FL/(RT/DIR). Fig
ure 1 illustrates a typical three-device expansion. The depth
expansion mode is entered by tying the XO I (HF IF E) pin 
of each device to the XI pin of the next device in the chain. 
The first device to be loaded will have its FLI (RT IDIR) pin 
~unded. The remaining devices in the chain will have 
FL/(RT IDIR) tied HIGH. Upon a reset, reads and writes to 
all FIFOs are disabled, except the first load device. When the 
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last physical location of the first device is written, the XO I 
(HF) pin will pulse LOW on the falling edge of W. This will 
"pass" the write pointer to the next device in the chain, 
enabling writes to that device and disabling writes to the 
first MT52C9012. The writes will continue to go to the 
second device until last location write. Then it will "pass" 
the write pointer to the third device. The full condition of 
the entire FIFO array is signaled when all the FF I (AFF) pins 
are LOW. 

On the last physical READ of the first device, its XO (HF) 
will pulse again. On the falling edge ofR, the read pointer 
is "passed" to the second device. The read pointer will, in 
effect, "chase" the write pointer through the extended FIFO 
array. The read pointer never overtakes the write pointer. 
On the last READ, an empty condition is signaled by all of 
the EF pinsbeing LOW. This inhibits further reads. While in 
the depth-expansion mode, the half-full flag and retransmit 
functions are not available. 
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TRUTH TABLE 1 
SINGLE-DEVICE CONFIGURATIONIWIDTH-EXPANSION Mode 

MODE INPUTS INTERNAL STATUS 

"RS" 'Ai XI Read Pointer 

RESET 0 X 0 Location Zero 

RETRANSMIT 1 0 0 Location Zero 

READIWRITE 1 1 0 Increment (1) 

NOTE: 1. Pointer will increment if flag is HIGH. 

TRUTH TABLE 2 
DEPTH-EXPANSION/COMPOUND-EXPANSION Mode 

Write Pointer 

Location Zero 

Unchanged 

Increment (1) 

MODE INPUTS INTERNAL STATUS 

"AS" 1=[" XI Read Pointer Write Pointer 

RESET 0 0 (1 ) Location Zero Location Zero 
First Device 

RESET 0 1 (1 ) Location Zero Location Zero 
All other Devices 

READIWRITE 1 X (1 ) X X 

NOTE: 1. XI is connected to XO of previous device. 

OUTPUTS 

U "FF" HF 

0 1 1 

1 X X 

X X X 

OUTPUTS 

"EF" "FF" 
0 1 

0 1 

X X 

RS = Reset Input, i=D"R'F/DIR= First Load/Retransmit, EF = Empty Flag Output, FF = Full Flag Output, XI = 
Expansion Input, HF = Half Full Flag Output. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -o.SV to +7.0V 
Operating Temperature T A (ambient) .............. O°C to 70°C 
Storage Temperature (Ceramic) ................. -6SoC to + IS0°C 
Storage Temperature (Plastic) .................... -SSoC to +IS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(OOe S; T A S; 70°C; Vee = S.OV ± 10%) 

DESCRIPTION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic O) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(oOe S; T AS; 70oe; Vee = S.OV ± 10%) 

DESCRIPTION CONDITIONS 

Power Supply W, "R ~ VIL; Vee = MAX 
Current: Operating f = MAX = 1/tRC 

Outputs Open 

W, R ~ VIH; Vee = MAX 
f = MAX = 1/tRC 

Power Supply W, R ~ Vce -0.2; Vcc = MAX 
Current: Standby VIL ~ Vss +0.2, 

VIH ~ Vcc -0.2; f = 0 

Input Leakage Current OV ~VIN ~Vce 

Output Leakage Current Output(s) Disabled 
OV ~ Your ~ Vce 

Output High Voltage IOH = -2.0rnA 

Output Low Voltage IOL= 8.0rnA 

CAPACITANCE 
(V IN = OV; VOUT = OV) 

DESCRIPTION CONDITIONS 

Input CapaCitance T A = 25°C; f = 1 MHz 

Output Capacitance Vec = 5V 
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*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.5 5.5 V 1 

VIH 2.0 Vee+1 V 1 

VIL -0.5 0.8 V 1,2 

MAX 

SYMBOL MIN -15 -20 ·25 ·35 UNITS NOTES 

Icc 120 115 110 100 rnA 3 

IS81 15 15 15 15 rnA 

IS82 5 5 5 5 rnA 

ILl -10 10 10 10 10 ~ 

ILo -10 10 10 10 10 ~ 

VOH 2.4 V 1 

VOL 0.4 V 1 

SYMBOL MIN MAX UNITS NOTES 

CI 8 pF 4 

Co 8 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Applicable for configured and nonconfigured modes) (O°C ~ T A ~ 70°C; Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -15 
PARAMETER SYM I MIN 
READ Cycle 

Shift frequency 'RF 
READ cycle time 'RC 25 
Access time 'A 
READ recovery time 'RR 10 
Read pulse width 'RPW 15 
Read LOW to Low-Z 'RLZ 5 
Read to HIGH to High-Z 'RHZ 
Data HOLD from R HIGH toH 5 
WRITE Cycle 

WRITE cycle time 'wc 25 
Write pulse width twpw 15 
WRITE recovery time twR 10 
Write HIGH to Low-Z twLZ 5 
Data setup time 'DS 10 
Data hold time 'DH 0 
RETRANSMIT Cycle 

Restransmit cycle time 'RTC 25 
Retransmit pulse width 'RT 15 
Retransmit recovery time 'RTR 10 
Retransmit command setup time 'RTS 15 
RESET Cycle 

RESET cycle time 'RSC 25 
(no register programming) 

Reset pulse width 'RSP 15 
Reset recovery time 'RSR 10 
RS LOW to R LOW 'RS 15 
Reset and register programming 'RSPC 85 
cycle time 

F! LOW to DIR valid (register load cycle) 'RDV 5 
R LOW to register load 'RW 10 
W HIGH to"RS" LOW twRS 0 
F! HIGH to F!S LOW tRRS 0 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Data flow-through data mode only. 

MAX 

40 

15 

15 
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-20 -25 -35 
MIN MAX MIN MAX MIN MAX UNITS NOTES 

33.3 28.5 22.2 MHz 

30 35 45 ns 

20 25 35 ns 6 
10 10 10 ns 

20 25 35 ns 

5 5 5 ns 7 
15 18 20 ns 7 

5 5 5 ns 

30 35 45 ns 

20 25 35 ns 6 
10 10 10 ns 

5 5 5 ns 5, 7 
12 15 18 ns 

0 0 0 ns 

30 35 45 ns 

20 25 35 ns 

10 10 12 ns 

20 25 35 ns 

30 35 45 ns 

20 25 35 ns 6 
10 10 10 ns 

20 25 35 ns 

100 115 145 ns 

5 5 5 ns 

10 10 10 ns 

0 0 0 ns 

0 0 0 ns 

6. Pulse widths less than minimum are not allowed. 
7. Values guaranteed by design, not currently tested. 
8. Rand DIR signals must go inactive (HIGH) coinci

dent with RS going inactive (HIGH). 
9. DIR must become valid before W goes active (LOW). 

--n --n o 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Applicable for configured mode only) (T A = O°C to 70°C; Vcc = S.OV ± 10%) 

A.C. CHARACTERISTICS -15 -20 -25 -35 
PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Expansion Mode Timing 

f:WiJ to XO LOW txOL 
RIW to XCi HIGH txOH 

Xl" pulse width txlP 15 
Xl" command setup time to fi.iW txlS 10 
XI command recovery time txlR 10 
Flags Timing 
W HIGH to Flags Valid twFV 
RSto EFLOW tEFL 

R LOW to EF LOW tREF 

W HIGH to EF HIGH twEF 
R pulse after EF HIGH tRPE 15 
RS to HF, FF HIGH tHFH, tFFH 

fi. HIGH to FF tRFF 

W LOW to FF LOW twFF 

W pulse width after FF HIGH twPF 15 
W LOW to HF LOW twHF 
R HIGH to HF HIGH tRHF 

R HIGHtoAFF tRAFF 

WLOWtoAFF twAFF 

R LOW to Arr LOW tRAEF 

WHIGHtoAEF twAEF 

AC TEST CONDITIONS 
Input pulse level .......................................... 0 to 3.0V 

Input rise and fall times ........................................ Sns 

Input timing reference level ................................ 1.SV 

Output reference level ........................................ 1 .SV 

Output load ........................................... See Figure 2 

20 20 
20 20 

20 
12 
10 

15 15 
25 30 
20 20 
20 20 

20 
25 30 
15 20 
20 20 

20 
25 30 
25 30 
25 30 
25 30 
25 30 
25 30 

8-50 

25 
15 
10 

25 

25 

25 35 
25 35 

35 
15 
10 

15 15 
35 45 
25 35 
25 35 

35 
35 45 
25 30 
25 35 

35 
35 45 
35 45 
35 45 
35 45 
35 45 
35 45 

+5V 

~500 
0", ~ 30pF 

Figure 2 
OUTPUT LOAD EQUIVALENT 

ns 
ns 

ns 

ns 
ns 

ns 
ns 

ns 

ns 
ns 5 
ns 
ns 
ns 

ns 5 
ns 
ns 

ns 

ns 
ns 
ns 



PRELIMINARY 

IVIIc:r=If;:;!~ MT52C9012 

RESET 
(WITH NO REGISTER PROGRAMMING) 

tRSP(S) 

tWRS 

d--+---------
W 

~-

AEF, EF 

AFF, HF, FF 

ASYNCHRONOUS READ AND WRITE 

01-09 ____ iXX~~XI(-i5iOA~TA~O~U~T ((1)1 )-:J6(~~[0)A"ATf3ARO~UT'(:(2!)) ')()()()()(r--
VALID VALID 

twe . 
twpw , , , 

1\ 

tos . . 
01-09 

tWR , 

tOH . 
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. 

. 

. 

1\ 

~ DON'T CARE 

~ UNDEFINED 

.. 
"'T1 -"'T1 o 
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EMPTVFLAG 

LAST READ IGNORED FIRST WRITE ADDITIONAL FIRST READ 
READ WRITES 

iii 

R 

FiE, EF 

tA 

Q1-09 

FULL FLAG 

LAST WRITE IGNORED FIRST READ ADDITIONAL FIRST WRITE 
WRITE READS 

R 

Iii 

F/E,FF 

HALF-FULL FLAG 
(FOR CONFIGURED AND NONCONFIGURED MODES) 

HALF-FULL OR LESS MORE THAN 
HALF-FULL 

tWHF I 

i 
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HALF-FULL OR LESS 

tRHF . 

V--

~ DON'T CARE 

~ UNDEFINED 



XO(1) 

D1-D9 

XO(1) 

01-09 

EXPANSION MODE (XC) 

WRITE TO LAST PHYSICAL 
LOCATION OF DEVICE 1 

tXOL 

READ FROM LAST PHYSICAL 
LOCATION OF DEVICE 1 

tXOH 

WRITE TO FIRST PHYSICAL 
LOCATION OF DEVICE 2 

READ FROM FIRST PHYSICAL 
LOCATION OF DEVICE 2 

.---""\, 

tXOL tXOH 

PRELIMINARY 

NOTE: 1. XO of the Device 1 is connected to XI of Device 2. 

EXPANSION MODE (XI) 

WRITE TO FIRST PHYSICAL LOCATION 

tXIS 
tXIS 

, 

tXIP tXIR , . . , 

~ 
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READ FROM FIRST 
PHYSICAL LOCA TION . 

~ DON'T CARE 

~ UNDEFINED 

.. 
." -23 
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RETRANSMIT 
tRTC 

I 'RT 

'ATS 'Rm 

I 
R.W 

1'--

~ 

ALL FLAGS FLAGVAUD 
,~ 

WRITE FLOW-THROUGH 

Ii 

iii 

'FF/FE 
tWFF 

D1~D9 

01-09 

'A 

___________ ~ D~~~T ~------------

READ FLOW-THROUGH 

01-09 _________ -.JX OATAIN x'-____ _ 

Ii ~~~A_ __________ ~ ____ _+------~ 

IWEF 

EFIFE _________________ -!-____ -'I 

Q1-09 

1A 

__________________ ~~:_....;1_WLZ~~~-I·0 ~,,= >-~~. __ V~A=LlO=___' 
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ml DON'T CARE 

~ UNDEFINED 
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RESET/REGISTER PROGRAMMING CYCLE TIME 8, 9 

'AS tRSR 

wa 

DIA 
=1 

"" 
'<1& 

. lAW . ~ !wPW 
~ .twA . . 'WA . 

t ;:: ~~L~ 
DATA ----------------L-*v'!!.A~LlD~D~AT~A_*-r_----\....:!!.VA~LlD~D~AT~AJII----

ALL FLAGS 

DATA ___ --{ 510 
BYTE 

VALID OUTPUTS 

ALMOST FULL FLAG (2-BYTE OFFSET) 

I FULL I 
I READ I 
I I 
I I 
I I 

FIRST 
READ 

AFF ______ t_WA_F_F __ i--~ _______ _4I-_+-------tR-AF-F---~--
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I I 
I FULL I 
I FIFO I ~ DON'T CARE 

~ UNDEFINED 

.. 
'"T1 -'"T1 o 



-." -
~ 

PRELIMINARY 

I'IIIC:Rg~ MT52C9012 

DATA ----{ 
'---"--'-=--' 

ALMOST EMPTY FLAG (10-BYTE OFFSET) 

9th 
LOCATION 

~~ - f'-_______________ t_WA_E_F _t 
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~ DON'T CARE 

~ UNDEFINED 



FIFO 

FEATURES 
• Very high speed: 15,20,25 and 35ns access 
• High-performance, low-power CMOS process 
• Single +5V ±1O% supply 
• Low power: 5mW typo (standby); 350mW typo (active) 
• TIL compatible inputs and outputs 
• Asynchronous and simultaneous READ and WRITE 
• Empty, Half-Full and Full Flags 
• Half-Full Flag in STAND ALONE mode 
• Auto-retransmit capability 
• Fully expandable by width and depth 
• Pin and function compatible with other standard 

FIFOs 

OPTIONS 
• Timing 

15ns access time 
20ns access time 
25ns access time 
35ns access time 

• Packages 
Plastic DIP (300 mil) 
Plastic DIP (600 mil) 
Ceramic DIP (600 mil) 
PLCC 
CeramicLCC 
SO} (300 mil) 

GENERAL DESCRIPTION 

MARKING 

-15 
-20 
-25 
-35 

None 
W 
C 
E} 
EC 
D} 

The Micron FIFO family employs high-speed, low-power 
CMOS designs using a true dual port, six-transistor mem
ory cell with resistor loads. 

These devices are written and read in a first-in-first-out 
(FIFO) sequence. Dual read and write pOinters handle the 
internal addressing, so no external address generation is 
required. Information can be written to and read from the 
FIFO asynchronously and independently at the input and 
output ports. This allows information to be transferred 
independently in and out of the FIFO at varying data rates. 
Visibility of the memory volume is given through empty, 

MT52C9020 
REV. 1191 8-57 

ADVANCE 

2K x 9 FIFO 

PIN ASSIGNMENT (Top View) 

28L DIP 
(A-9, 8-9) 

iii 1 28 Vee 

D9 2 27 OS 

D4 3 26 06 

03 4 25 07 

02 S 24 DB 

01 6 23 fliiif 
Xi 7 22 AS 
ff 8 21 EF 
a1 9 2D XliiHi' 
Q2 10 19 a8 

Q3 11 18 a7 

Q4 12 17 as 

Q9 13 16 as 

Vss 14 lS R 

32L LCC 
(F-4) 

t!!igl~~~~8 
4321323130 

D3 5 :)l:LJU U UUUc: 29 07 

026 C28D8 
017:1 r:27NC 
Xi 8 :1 r: 26 FlIRT 
FF9 r:25Rs 

Q1 10 :1 r: 24 EF 
Q2 11 :-.: r: 23 XOJHF 
NC 12 :1 r.:' 22 Q8 

Q3 13 ::; C 21 07 
nflf1 n nnn 
141518 17 181920 

i!;!!l ~ !i'~ 88 

03 
02 
01 
Xi 
FF 
01 
Q2 
NC 
03 

28LSOJ 
(E-8) 

W 
09 
04 
03 
02 
01 
Xi 
FF 
01 
02 
03 
Q4 
09 

Vss 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 

Vee 
05 
06 
07 
08 
fuRl" 
AS 
EF 
XC/Hi" 
08 
07 
06 
05 
II 

32L PLCC 
(0-2) 

i!!il!lI~!!l~l!l!!3 
.,.C')IN .... ~~~ 

S • 29 07 
6 28 08 
7 27 NC 
8 26 FUJii' 
9 25 liS 
10 24 IT 
11 23 XiiiHi' 
12 22 08 
13 21 07 
:!:!;2~c:~~~ 

! 2i ~ !lila::g 8 

half-full and full flags. While the full flag is asserted, at
tempted writes are inhibited. Likewise, while the empty 
flag is asserted, further reads are inhibited and the outputs 
remain in a high-impedance state. Expansion out, expan
sion in, and first load pins are provided to expand the depth 
of the FIFO memory array, with no performance degrada
tion. A retransmit pin allows data to be re-sent on the 
receiver's request when the FIFO is in the STAND ALONE 
mode. 

The depth and/ or width of the FIFO can be expanded by 
cascading multiple devices. 

Micron Technofogy, Inc" reserves the rI(trt to change products or specHlcations without notice. 

-." -." o 
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FUNCTIONAL BLOCK DIAGRAM 

READ l 
CONTROL I 

D1-D9 .. r:S 
READ ADDRESS POINTER 

r--'OB' 
2048 x9 BIT U U 

..A 
DUAL PORT T F 

r_ MEMORY ~lijJ --,. 
I- U E 
1-,,-- T R 

01-09 

'TI -'TI 
~ 

WRITE ADDRESS POINTER 

0 
Xi W EXPAND 

LOGIC 

W 
WRITE l 

f CONTROL I 

FLAG 
FURT RESET I LOGIC 

RS LOGIC J 
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PIN DESCRIPTIONS 

LCC PIN DIP PIN SYMBOL TYPE DESCRIPTION 
NUMBER(S) NUMBER(S) 

25 22 RS Input Reset: Taking RS LOW will reset the FIFO by initializing the read 
and write pointers and all flags. After the device is powered up, it 
must be reset before any writes can take place. 

2 1 W Input Write Strobe: W is taken LOW to write data from the input port 
(D1-D9) into the FIFO memory array. 

18 15 R Input Read Strobe: R is taken LOW to read data from the FIFO memory 
array to the output port (01-09). 

8 7 XI Input Expansion In: This pin is used for DEPTH EXPANSION mode. In 
SINGLE DEVICE mode, it should be grounded. In EXPANDED 
mode, it should be connected to Expansion-Out (XO)of the 
previous device in the daisy chain. 

26 23 FURT Input First Load: Acts as first load signal in DEPTH EXPANSION mode. 
FL if low, will enable the device as the first to be loaded (enables 
read and write pointers). 
FL should be tied low for the first FIFO in the chain, and tied high 
for all other FIFOs in the chain 

Retransmit: Acts as retransmit signal in STAND ALONE mode. 
RT is used to enable the RETRANSMIT cycle. When taken LOW, 
RT resets the read pointer to the first data location and the FIFO 
is then ready to retransmit data on the following READ 
operation(s). The flags will be affected according to specific data 
conditions. 

7,6, 5, 4, 31, 6,5,4,3,27 D1-D9 Input Data Inputs 
30,29,28,3 26,25,24,2 

24 21 EF Output Empty Flag: Indicates empty FIFO memory when LOW, inhibiting 
further READ cycles. 

9 8 FF Output Full Flag: Indicates full FIFO memory when LOW, inhibiting 
further WRITE cycles. 

23 20 XO/HF Output Expansion Out: Acts as expansion out pin in DEPTH EXPAN-
SION mode. XO will pulse LOW on the last physical WRITE or 
the last physical read. XO should be connected to XI of the next 
FIFO in the daisy chain. 

Half-full Flag: Acts as Half Full Flag in STAND ALONE mode. HF 
goes LOW when the FIFO becomes more than Half-Full; will stay 
LOW until the FIFO becomes Half-Full or less. 

10,11,13,14, 9,10,11,12,16 01-09 Output Data Output: Output or high impedance. 
19,20,21,22,15 17,18,19,13 

32 28 Vee Supply Power Supply: +5V ±1 0% 

16 14 Vss Supply Ground 
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FUNCTIONAL DESCRIPTION 

The MT52C9020 uses a dual port SRAM memory cell 
array with separate read and write pointers. This results in 
a flexible length FIFO buffer memory, with independent, 
asynchronous READ and WRITE capabilities and with no 
fall-through or bubble-through time constraints. 

Note: For dual function pins, the function that is not 
being discussed will be surrounded by parentheses. 
For example, when discussing the half-full flags the 
XO/HF pin will be shown as (XO)fHF. 

RESET 

After Vee is stable, RESET (RS) must be taken LOW to 
initialize the read and write pointers and flags. During the 
reset pulse, the state of the XI pin will determine if the FIFO 
will operate in the STAND ALONE or DEPTH EXPAN
SION mode. The STAND ALONE mode is entered if XI is 
LOW. If Xl is tied to XO of another FIFO, the DEPTH EX
P ANSION mode is selected. 

WRITING THE FIFO 

Data is written into the FIFO when the write strobe (W) pin 
is taken LOW, while FF is HIGH. The WRITE cycle is ini
tiated by the falling edge of Wand data on the D1-09 pins 
are latched on the rising edge. If the location to be written is 
the last empty location in the FIFO, the FF will be asserted 
(LOW) after the falling edge of W. While FF is LOW, any 
attempted writes will be inhibited, with no loss of data 
already stored in the FIFO. When a device is used in the 
STAND ALONE mode, (XO) /HF is asserted when the half
full-plus-one location (2048/2 + 1) is written. It will stay 
asserted until the FIFO becomes half-full or less. The first 
WRITE to an empty FIFO will cause EF to go HIGH after the 
rising edge of W. When operating in the DEPTH EXP AN
SION mode, the last location write to a FIFO will cause XO / 
HF to pulse LOW. This will enable writes to the next FIFO 
in the chain. 
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READING THE FIFO 

Information is read from the FIFO when the read strobe 
(R) pin is taken LOW and the FIFO is not empty (EFisHIGH). 
The data-out (Q1-Q9) pins will go active (Low-Z) lRLZ after 
the falling edge ofR and valid data will appear tA after the 
falling edge ofR. After the last available data word is read, 
EF will go LOW upon the falling edge of R. While EF is 
asserted LOW, any attempted reads will be inhibited and 
the outputs will stay inactive (High-Z). When the FIFO is 
being used in the SINGLE DEVICE mode and the half-full
plus-one location is read, (XO) /HF will go HIGH after the 
rising edge ofR. When the FIFO is full (FFLOW) and a READ 
is initiated, FF will go HIGH after the rising edge ofR. When 
operating in the EXP ANDEDmode, the last location read to 
a FIFO will cause XO/HF to pulse LOW. This will enable 
further reads from the next FIFO in the chain. 

RETRANSMIT 

In the STAND ALONE mode, the MT52C9020 allows the 
receiving device to request that the data read earlier from 
the FIFO to be repeated, when less than 2047 writes have 
been performed between resets. When the (FL) /RT pin is 
taken LOW, the read pointer is reset to the first location 
while the write pointer is not affected. The receiver may 
again start reading the data from the beginning of the FIFO 
lRTRafter(FL)/RTistakenHIGH. The empty, half-full and 
full flags will be affected as specified for the data volume. 

DATA FLOW-THROUGH 

Data flow-through is a method of writing and reading the 
FIFO at its full and empty boundaries, respectively. By 
holding W LOW when the FIFO is full, a WRITE can be 
initiated from the next ensuing READ pulse. This is referred 
to as a FLOW-THROUGH WRITE. FLOW-THROUGH 
WRITEs are initiated from the rising edge of R. When the 
FIFO is empty, a FLOW-THROUGH READ can be done by 
holding R LOW and letting the next WRITE initiate the 
READ. FLOW-THROUGH READs are initiated from the 
rising e~ ofW and access time is measured from the rising 
edgeofEF. 



ADVANCE 

w ------------~----_r~_r __ --+_--~----------R 

D1-D9 

-+ __ ~--+--------------- Vcc 

* FIRST DEVICE LOADED 

Figure 1 
DEPTH EXPANSION 

WIDTH EXPANSION 

The FIFO word width can be expanded, in increments of 
9 bits, using either the stand alone or groups of expanded
depth mode FIFOs. Expanded-width operation is achieved 
by tying devices together with all control lines (W, R, etc.) 
in common. The flags are monitored from one device or one 
expanded-depth group (Figure 1) when expanding depth 
and width. 

DEPTH EXPANSION 

Multiple MT52C9020s may be cascaded to expand the 
depth of the FIFO buffer. Three pins are used to expand the 
memory depth, XI, XO/(HF) and FL/(RT). Figure 1 illus
trates a typical three-device expansion. The DEPTH EX
P ANSION mode is entered during a RESET cycle, by tying 
the XO / (HF) pin of each device to the XI pin of the next 
device in the chain. The first device to be loaded will have 
its FL/(RT) pin grounded. The remaining devices in the 
chain will have FL/(RT) tied HIGH. During RESET cycle, 
XO / (HF) of each device is held HIGH, disabling reads and 
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writes to all FIFOs, except the first load device. When the 
last physical location of the first device is written, the XO / 
(HF) pin will pulse LOW on the falling edge ofW. This will 
"pass" the write pointer to the next device in the chain, 
enabling writes to that device and disabling writes to the 
first MT52C9020. The writes will continue to go to the 
second deviceuntillast location WRITE. Then it will "pass" 
the write pointer to the third device. 

The full condition of the entire FIFO array is signaled by 
"OR-ing" all the FF pins. On the last physical READ of the 
first device, its XO / (HF) will pulse again. On the falling 
edge ofR, the read pointer is "passed" to the second device. 
The read pointer will, in effect, "chase" the write pointer 
through the extended FIFO array. The read pointer never 
overtakes the write pointer. An empty condition is signaled 
by OR-ing all of the EF pins. This inhibits further reads. 
While in the DEPTH EXPANSION mode, the half-full flag 
and retransmit functions are not available. 

.. 
." -." o 
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TRUTH TABLE 1 
SINGLE-DEVICE CONFIGURATIONIWIDTH-EXPANSION Mode 

MODE INPUTS INTERNAL STATUS 

1m" 'RT XI Read Pointer 

RESET 0 X 0 Location Zero 

RETRANSMIT 1 0 0 Location Zero 

READIWRITE 1 1 0 Increment (1) 

NOTE: 1. Pointer will increment if flag is HIGH. 

TRUTH TABLE 2 
DEPTH-EXPANSION/COMPOUND-EXPANSION Mode 

Write Pointer 

Location Zero 

Unchanged 

Increment (1) 

MODE INPUTS INTERNAL STATUS 

1m" 'FL XI Read Pointer Write Pointer 

RESET 0 0 (1 ) Location Zero Location Zero 
First Device 

RESET 0 1 (1 ) Location Zero Location Zero 
All other Devices 

READIWRITE 1 X (1 ) X X 

NOTE: 1. XI is connected to XC of previous device. 

ADVANCE 

OUTPUTS 

U '" HF" 

0 1 1 

1 X X 

X X X 

OUTPUTS 

U '" 0 1 

0 1 

X X 

RS = Reset Input, FURT/DIR= First Load/Retransmit, EF = Empty Flag Output, FF = Full Flag Output, XI = 
Expansion Input, HF = Half Full Flag Output. 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -O.SV to +7.0V 
Operating Temperature T A (ambient) .............. O°C to 70°C 
Storage Temperature (Ceramic) ................. -6SoC to + IS0°C 
Storage Temperature (Plastic) .................... -SSOC to + IS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(Ooe:::; TA :::; 70oe; Vee = S.OV ± 10%) 

DESCRIPTION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input low (logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(OOe :::; T A:::; 70oe; Vee = S.OV ± 10%) 

DESCRIPTION CONDITIONS 

Power Supply W, R !> VIL; Vee = MAX 
Current: Operating Outputs Open 

W, R;:: VIH; Vee = MAX 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.0 Vee+1 V 1 

VIL -0.5 0.8 V 1,2 

SYMBOL MIN MAX UNITS NOTES 

Icc 100 rnA 3 

IS81 15 rnA 

Power Supply W, R ;:: Vee -0.2; Vee = MAX 
Current: Standby VIL !> Vss +0.2, IS82 5 rnA 

VIH ;:: Vee -0.2; f = 0 

Input leakage Current OV !> VIN !> Vee III -10 10 ~ 

Output leakage Current Output(s) Disabled, Ilo -10 10 ~A 
OV !> VOUT !> Vee 

Output High Voltage IOH = -2.0rnA VOH 2.4 V 1 

Output low Voltage IOL= 8.0rnA VOL 0.4 V 1 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 25°C; f = 1MHz CI 8 pF 4 

Output Capacitance Vee = 5V Co 8 pF 4 
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I"IIC:F:::U;;:;!~ MT52C9020 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(O°C ~ TA ~ 70°C; Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -15 -20 -25 -35 
PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 
Shift Frequency Fs 40 33.3 28.5 22.2 MHz 

Access time tA 15 20 25 35 ns 
Read cycle time IRC 25 30 35 45 ns 

Read command recovery time IRR 10 10 10 10 ns 

Read command pulse width IRPW 15 20 25 35 ns 6 
Read LOW to Low-Z IRLZ 5 5 5 5 ns 

Read to HIGH to High-Z IRHZ 15 15 18 20 ns 
Data hold from R HIGH toH 5 5 5 5 ns 
Write cycle time 'WC 25 30 35 45 ns 

Write command pulse width 'WPW 15 20 25 35 ns 6 
Write command recovery time 'WR 10 10 10 10 ns 
Write HIGH to Low-Z 'WLZ 5 5 5 5 ns 5 
Data setup time IDS 10 12 15 20 ns 
Data hold time IDH 0 0 0 0 ns 
Reset cycle time IRSC 25 30 35 45 ns 

Reset pulse width IRSP 15 20 25 35 ns 6 
Reset recovery time IRSR 10 10 10 10 ns 
Read HIGH to Reset HIGH IRRS 15 20 25 35 ns 
Write HIGH to Reset HIGH 'WRS 15 20 25 35 ns 

Retransmit cycle time IRTC 25 30 35 45 ns 

Retransmit pulse width IRT 15 20 25 35 ns 
Retransmit recovery time IRTR 10 10 10 12 ns 
Retransmit setup time IRTS 15 20 25 35 ns 

Reset to I:F" LOW IEFL 25 30 35 45 ns 
Reset to FfF"~ HIGH IHFH,IFFH 25 30 35 45 ns 

Read LOW to EF LOW IREF 20 20 25 35 ns 

Read HIGH to FF HIGH IRFF 20 20 25 35 ns 
Write LOW to FF LOW 'WFF 20 20 25 35 ns 

Write HIGH to EF HIGH 'WEF 20 20 25 35 ns 
Write LOW to HF LOW 'WHF 25 30 35 45 ns 
Read HIGH to FfF"HIGH IRHF 25 30 35 45 ns 

Read pulse after 'EF' HIGH IRPE 15 20 25 35 ns 5 
Write pulse width after'FF HIGH 'WPF 15 20 25 35 ns 5 
ReadlWrite to)(Q LOW 'XOL 20 20 25 35 ns 

ReadlWrite to)(Q HIGH tXOH 20 20 25 35 ns 

XI pulse width 'XIP 15 20 25 35 ns 
Xf setup time 'XIS 10 12 15 15 ns 
}U recovery time 'XIR 10 10 10 10 ns 

NOTES 
1. All voltages referenced to Vss (GND). 4. This parameter is sampled. 
2. -3.0V for pulse width < 20ns. 5. Flow-through mode only. 
3. Icc is dependent on output loading and cycle rates. 6. Pulse widths less than minimum are not allowed. 
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Input pulse level .......................................... 0 to 3.0V 

Input rise and fall times ........................................ Sns 

Input timing reference level ................................ 1.SV 

Output reference level ........................................ 1.SV 

+5V 

~5oD 
Q"" ~ "''' 

AC TEST CONDITIONS 

Output load ........................................... See Figure 2 Fig. 2 
OUTPUT LOAD EQUIVALENT 

RESET 

'RSPIS) 

EF 

HF, FF W,.'l',.'l',.'l'/,.'l'/!l!IJI/!/!lI/!$ !l//!/I/,.'l',.'l'//!,.'l'!I/$!I,.'l',.'l'//!;!J 
tHFH, tFFH 

01·09 

01·09 

""\ 

ASYNCHRONOUS READ AND WRITE 

lWC 

lWPW 

tos 

DATA OUT (1) 
VAllO 

tWR 

tOH 

DATA OUT (2) 
VALID 

--______ 1K ____ OA~~~~~~(_I) __ ~~~------~(~ __ 0_\~~=~~~(2_)~>__ 
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!888 UNDEFINED 
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LAST READ 

iN 

R 

EF 

tA 

Q1-09 

LAST WRITE 

R 

iN 

FF 

HALF-FULL OR LESS 

EMPTY FLAG 

IGNORED FIRST WRITE ADDITIONAL 
READ WRITES 

FULL FLAG 

IGNORED FIRST READ ADDITIONAL 
WRITE READS 

HALF-FULL FLAG 

MORE THAN 
HALF-FULL 

tWHF 

':1 
l 
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FIRST READ 

FIRST WRITE 

HALF-FULL OR LESS 

tRHF 

1,---

ml DON'T CARE 

~ UNDEFINED 
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W 

XO(l) 

EXPANSION MODE (Jm> 
WRITE TO LAST PHYSICAL 
LOCATION OF DEVICE 1 

tXOL 

-:1 
l 

tos 

WRITE TO FIRST PHYSICAL 
LOCATION OF DEVICE 2 

f\ 
tXOH 

-I 
I 

10H lOS 10H - --- ... -
01-09 ~ VALlOOATA~ VALID DATA C 

READ FROM LAST PHYSICAL 
LOCATION OF DEVICE 1 

READ FROM FIRST PHYSICAL 
LOCATION OF DEVICE 2 

Ir-----~I r----------
R 

tXOL IXOH 

XO(l) 

IRLZ tOH 

01-09 

IA 

NOTE: XC of the Device 1 is connected to XI of Device 2. 

EXPANSION MODE (XI) 

WRITE TO FIRST PHYSICAL LOCATION 

} tXIS . 
tXIS . . 

/ 

tXIP tXIR . . . . 
~ 

~ 
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. 

tOH 

READ FROM FIRST 
PHYSICAL LOCATION 

~ DON'T CARE 

~ UNDEFINED 
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RETRANSMIT 
'RTC 

I 

tRTS . 

R,W ~~~-------------'I~ 

EF,FF,HF FLAG VALID 

WRITE FLOW-THROUGH 

A 

IWPF 

Vi 

FF 
tWFF 

01·D9 

Q1-Q9 . 

'A 

------._ Dt'tu~UT ~.-------
READ FLOW-THROUGH 

D1-D9 _____ ----'x DATA IN x'--____ _ 

Q1-09 

tWEF 

tA 

tWLZ Q 
_____________ -.,. DATA OUT '----

. __ V""A:::LlD=--~r -
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1"I1C:l=Ig~ MT52C9022 

FIFO 

FEATURES 
• Very high speed: 15,20,25 and 35ns access 
• High-performance, low-power CMOS process 
• Single +5V ±1O% supply 
• Low power: 5mW typical (standby); 350mW typical 

(active) 
• TIL compatible inputs and outputs 
• Asynchronous READ and WRITE 
• Two fully configurable Almost Full and Almost Empty 

Flags 
• Programmable Half Full Flag or Full/Empty Flag 

option eliminates external counter requirement 
• Register loading via the input or output pins 
• Auto-retransmit capability in single-device mode 
• Fully expandable by width and depth 
• Pin and function compatible with standard FIFOs 

OPTIONS MARKING 
• Timing 

15ns access time -15 
20ns access time -20 
25ns access time -25 
35ns access time -35 

• Packages 
Plastic DIP (300 mil) None 
Plastic DIP (600 mil) W 
Ceramic DIP (600 mil) C 
PLCC EJ 
CeramicLCC EC 
Plastic SOJ DJ 

GENERAL DESCRIPTION 
The Micron FIFO family employs high-speed, low-power 

CMOS designs using a true dual-port, six-transistor mem
ory cell with resistor loads. 

These devices are written and read in a first-in-first-out 
(FIFO) sequence. Dual read and write pointers handle the 
internal addressing, so no external address generation is 
required. Information may be written to and read from the 
FIFO asynchronously and independently at the input and 
output ports. This allows information to be transferred 
independently in and out of the FIFO at varying data rates. 

When not configured, the MT52C9022 defaults to a stan
dard FIFO with empty (EF), full (FF) and half-full (HF) flag 
pins. The MT52C9022 can be configured for programmable 

MT52C9022 
AEV.1191 8-69 

2K x 9 FIFO 
WITH PROGRAMMABLE FLAGS 

PIN ASSIGNMENT (Top View) 

28L/DIP 
(A-9, 8-9) 

W 1· 28 Vee 
09 2 27 05 
04 3 26 06 
03 4 25 07 
02 5 24 08 
01 6 23 mAT/OIR 
Xi 7 22 AS 

FF/AFF 8 21 EFtAEF 
01 9 20 xoiHFifi: 
02 10 19 08 
03 11 18 07 
04 12 17 06 
09 13 16 05 

GNO 14 15 R 

32L1LCC 
(F-4) 

i! 2l1~!i ~ I!? I!!! 
4 3 2 1 323130 

"0" D2 6 :1 r: 28 DlI 
01 7 :-:: r: 27 NC 

_l! 8 :1 r: 26 illRTlDlR 
FF/AfF9 :1 r: 25 RS 

0110 :1 r: 24 E'FI,m 
0211:-:: r: 2siIDJiiFffiE' 
NC12:-:: r: 22 as 
Q3 13 ::;, c: 21 Q7 

(1r1n f1 flf1:; 
14151617181920 

ag~fIi!la::!H~ 

28L1S0J 
(E-8) 

'Ii 1 28 
09 2 27 
04 3 26 
03 4 25 
02 5 24 
01 6 23 
Xi 7 22 

Vee 
05 
06 
07 

FF/AFF 8 21 

08 
FlIRTIDIR 
AS 
EF/AEF 
XOiHF/FE 
Q9 

01 9 2. 
Q2 1. 19 
Q3 11 18 07 
Q4 12 17 OS 
Q9 13 16 OS 

GNO 14 15 R 

32L1PLCC 
(D-2) 

;;~Is:~~:g~ 

'<tC'l:lN .... ~M~ 

D3 • 29 D7 
D' 28 DS 
D1 27 Ne 
Xl '6 FURT/DIR 

FF/AFF 9 25 Rs 
a1 ,. ,. EF/AEF 
02 11 23 XOJHFiFE 
Ne 12 22 as 
03 13 21 a7 

;!~~~~~~ 

C§:!~~1a:8:§ 

flags by loading the internal flag registers (as described 
under "Register Load Mode" on page 8-73). In configured 
mode, up to three flags are provided. The first two are the 
almost empty flag (AEF) and the almost full flag (AFF) with 
independently progranunable offsets. The third one is either 
an HF or a full and empty (F E) flag, depending on the bit 
configuration of the registers. A retransmit pin allows data 
to be re-sent on the receiver's request when the FIFO is in the 
STAND ALONE mode. 

The depth and/ or width of the FIFO can be expanded by 
cascading multiple devices. The MT52C9022 is speed, 
function and pin compatible with lower density FIFOs from 
Micron. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

01-09 

Vii ..... 

L-. ....... -_4-______ --! RESET +- RS 

LOGIC +- FURT/OIR 

Xi --------t.-==:.:..-j--+I--. XO/HFiF/E 
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PIN DESCRIPTIONS 

LCC PIN DIP PIN SYMBOL TYPE DESCRIPTION 
NUMBER(S) NUMBER(S) 

25 22 RS Input Reset: This pin is used to reset the device and load internal flag 
registers. During device reset, all internal pointers and registers 
are cleared. 

2 1 W Input Write: A LOW on this pin loads data into the device. The internal 
write pointer is incremented after the rising edge of the write 
input. 

18 15 R Input Read: A LOW on this pin puts the oldest valid data byte in the 
memory array on the output bus. The internal read pointer is 
incremented at the rising edge of the read signal. Outputs are 
High-Z when this pin is HIGH. 

8 7 XI Input Expansion In: This pin is used for DEPTH EXPANSION mode. In 
SINGLE DEVICE mode, it should be grounded. In EXPANDED 
mode, it should be connected to Expansion-Out (XO) of the 
previous device in the daisy chain. 

26 23 ruRT/DIR Input First Load/RetransmitfDirection: When in single-device mode, this 
pin can be used to initiate a reread of the previously read data. 
When in REGISTER LOAD mode, the pin is used for register 
loading direction. When it is LOW, registers are loaded through 
the data output pins. When it is HIGH, registers are loaded 
through the data input pins. In DEPTH EXPANSION mode, this 
pin should be tied LOW if the device is the first one in the chain 
and tied HIGH if it is not the first one. 

7,6,5,4,31,30 6,5,4,3,27 D1-D9 Input Data Inputs: Data on these lines are stored in the memory array 
29,28,3 26,25,24,2 or flag registers during array WRITE or register programming, 

respectively. 

24 21 EF/AEF Output Empty Flag/Almost Empty Flag: This output pin indicates the 
FIFO status. When in NONCONFIGURED mode, this pin is an 
Empty Flag output. When in CONFIGURED mode, it is an Almost 
Empty Flag output. This pin is active LOW. 

9 8 FF/AFF Output Full Flag/Almost Full Flags: This output pin indicates the FIFO 
status. When in NONCONFIGURED mode, this pin is a Full Flag 
output. When in CONFIGURED mode, it is an Almost Full Flag 
output. This pin is active LOW. 

23 20 XO/HF/FE Output Expansion OutfHalf Full/Full/Empty: This pin's function is 
determined by its operation mode. When in SINGLE DEVICE 
mode, this pin is either HF Flag or a Full/Empty Flag, depending 
on the state of the most significant bit of Almost Full Flag 
Register. The pin is an XO output when the part is in DEPTH 
EXPANSION mode. This pin defaults to XO/HF in 
NONCONFIGURED mode. 

10,11,13,14 9,10,11,12,16 01-09 I/O Data Output: These pins may be used for data retrieval. The pins 
19,20,21,22,15 17, 18, 19, 13 become inputs during register loading with DIR input HIGH. The 

outputs are disabled (High-Z) during device idle (R = HIGH). 

32 28 Vcc Supply Power Supply: +5V ±1 0% 

16 14 GND Supply Ground 
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FUNCTIONAL DESCRIPTION 
The Mf52C9022 uses a dual port SRAM memory cell 

array with separate read and write pointers. This results in 
a flexible-length FIFO buffer memory with independent, 
asynchronous READ and WRITE capabilities and with no 
fall-through or bubble-through time constraints. 

Note: For multiple function pins, the function that is not 
being discussed will be surrounded by parentheses. 
For example, when discussing half-full flags, the 
XO/HF/F E pin will be shown as (XD)fHF/(FfJ. 

RESET 

After Vcc is stable, Reset (RS) must be taken LOW with 
both Rand W HIGH to initialize the read and write pointers 
and flags. This also clears all internal registers. During the 
reset pulse, the state of the XI pin will determine if the FIFO 
will operate in the STAND ALONE or DEPTH EXPAN
SION mode. The STAND ALONE mode is entered if XI is 
tied LOW. If XI is connected to XO/(HF) of another FIFO, 
the DEPTH EXPANSION mode is selected. 

WRITING THE FIFO 

Data is written into the FIFO when the write strobe (W)pin 
is taken LOW and if the FIFO is not full. The WRITE cycle 
is initiated by the falling edge of W. Data on the DI-D9 pins 
are latched on the rising edge. If the location to be written is 
the last empty location in the FIFO, FFwill be asserted (LOW) 
after the falling edge ofW. While the FFis asserted, all writes 
are inhibited and previously stored data are unaffected. 
The first WRITE to an empty FIFO will cause EF to go HIGH 
after the rising edge of W. When operating in the DEPTH 
EXPANSION mode, the last location write to a FIFO will 
cause XO/(HF) to pulse LOW. This will enable writes to the 
next FIFO in the chain. 
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READING THE FIFO 

Information is read from the FIFO when the read strobe 
(R) pin is taken LOW and FIFO is not empty (EF is High). 
The data-out (QI-Q9) pins will go active (Low-Z) lRLZ after 
the falling edg~ of R. Valid data will appear tA after the 
falling edge of R. After the last available data word is read, 
EF will go LOW upon the falling edge of R. While EF is 
asserted LOW, any attempted reads will be inhibited and 
the outputs will stay inactive (HF-Z). When the FIFO is 
full and a RE.~p is initiated, the FF will go HIGH after the 
rising edge ofR. When operating in the expanded mode, the 
last location read from a FIFO will cause XO / (HF) to pulse 
LOW. This will enable further reads from the next FIFO in 
the chain. 

RETRANSMIT 

In the STAND ALONE mode, the MT52C9022 allows the 
receiving device to request that data just read from the FIFO 
be repeated, when less than 2047 writes have been per
formed between resets. When the (ID/RT/(DIR) pin is 
taken LOW, the read pointer is reset to the first location 
while the write pointer is not affected. The receiver may 
start reading the data from the beginning of the FIFO tRTR 
after (FL) /RT / (DIR) is taken HIGH. Some or all flags may 
be affected depending on the location of the read and write 
pointers before and after the retransmit. 

DATA FLOW-THROUGH 

Data flow-through is a method of writing and reading the 
FIFO at its full and empty boundaries, respectively. By 
holding W LOW when the FIFO is full, a WRITE can be 
initiated from the next ensuing READ pulse. This is referred 
to as a FLOW-THROUGH WRITE. FLOW-THROUGH 
WRITEs are initiated from the rising edge of R. When the 
FIFO is e~pty, a FLOW-THROUGH READ can be done by 
holding R LOW and letting the next WRITE initiate the 
READ. Flow-through reads are initiated from the rising 
edge of W, and access time is measured from the rising edge 
of the empty flag. 



REGISTER LOAD MODE 

This mode of operation is used to reset the device and 
program the internal flag registers. This yields an almost 
full and an almost empty flag (DIP package pins 8 and 21 
respectively) and a half-full or FIE flag (DIP package pin 
20). 

Two 9-bit internal registers have been provided for flag 
configuration. One is the almost full flag register (AFFR) 
and the other is the almost empty flag register (AEFR). Bit 
configurations of the two registers are shown below. 

1st 
Load 

2nd 
Load 

REGISTER SET FOR MT52C9022 

Almost Full Flag Register (AFFR) 

8 7 

Offset Bits 

Almost Empty Flag Register (AEFR) 

8 7 

Reset 
Locking 

Offset Bits 

Note that bits 0-7 are used for offset setting. The offset 
value ranges from 1 to 255 words. Each offset value corre
sponds to a 2-byte increment. This provides a maximum 
offset of 510 bytes. 

Bits 6 and 7 are reserved for future offset expansion. Bit 8 
of the AFFR is used for confi~ation of HF IF E pin. When 
this bit is set LOW, the HF IF E pin is configured as an HF 
flag output. When it is set high, the HF IF E is configured as 
an FIE flag output. 

Bit 8 of the AEFR is used for reset locking. When this bit 
is set LOW, subsequent device RESET or REGISTER 
LOADING cycles reset the device. When the bit is pro
grammed HIGH, subsequent RESET cycles are ignored. In 
this mode, the flag registers can be reconfigured without 
device reset. The part can be reset by cycling power to the 
device or by writing zero (0) into bit 8 of the AEFR register 
followed by a DEVICE RESET or REGISTER LOAD. 

Flag registers are loaded by bringing RS LOW followed 
by the R input. The R pin should be brought LOW IRS after 
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the RS becomes LOW. The registers may be loaded via the 
input pins or the output pins depending on the status of the 
DIR control input. Data is latched into the registers at the 
rising edge of the W control pin. The first WRITE loads the 
AFFR while the second WRITE loads the AEFR. This 
loading order is fixed. 

BIDIRECTIONAL MODE 

Applications requiring data buffering between two sys
tems (each system capable of READ and WRITE opera
tions) can be achieved by using two MT52C9022s. Care 
must be taken to assure that the appropriate flag is moni
tored by each system (i.e. FF is monitored on the device 
where W is used; EF is monitored on the device where R is 
used). Both depth expansion and width expansion may be 
used in this mode. 

FLAG TIMING 

A total of three flag outputs are provided in either 
CONFIGURED or NONCONFIGURED mode. In the 
NONCONFIGURED mode, the three flags are HF flag, EF 
and FF. The HF flag goes active when more than half the 
FIFO if full. The flag goes inactive when the FIFO is half full 
or less. 

The full and empty flags are asserted when the last byte 
is written to or read out of the FIFO, respectively. They are 
deasserted when the first byte is loaded into an empty FIFO 
or read out of a full FIFO, respectively. All three flag outputs 
are active LOW. 

When the device is programmed, the AFF and AEF go 
active after a READ I WRITE cycle initiation of the location 
corresponding to the programmed offset value. For ex
ample, if the AEFR is programmed with a 10-byte offset 
(loading a Hex value of 05), the AEF flag goes active while 
reading the 10th location before the FIFO is empty. The flag 
goes inactive when there are 10 or more bytes left in the 
FIFO. The assertion timing and deassertion timing of the 
AFF are the same. 

The third flag in the PROGRAM mode is either HF or 
P/E flag depending on the state of the highest bit of the 
AFFR. If the device is programmed for HF flag, it functions 
like the HF flag in NONPROGRAMMED mode. If the de
vice is configured for FIE flag, the pin will be active (LOW) 
when the FIFO is either empty or full. The condition of the 
FIFO is determined by the state of FIE together with states 
of AFF and AEF (example: ifP/E is LOW and AFF is LOW 
but AEF is HIGH, the FIFO is full). 

-." -." o 
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1'II1C:l=Ig,~ MT52C9022 

------------.---~~r_~l---~--_+----------R 

01-09 •••••••• Q1-09 

-+ .... -+---+------- Vee 

RS 

* FIRST DEVICE LOADED 

Figure 1 
DEPTH EXPANSION 

WIDTH EXPANSION 

The FIFO word width can be expanded, in increments of 
9 bits, using either the STAND ALONE or groups of EX
P ANDEDDEPTH mode FIFOs_ Expanded width operation 
is achieved by tying devices together with all control lines 
(W, R, etc.) in common. The flags are monitored from one 
device or one expanded-depth group (Figure 1), when 
expanding depth and width. 

DEPTH EXPANSION 

Multiple MT52C9022s may be cascaded to expand the 
depth of the FIFO buffer. Three pins are used to expand the 
memory depth, XI, XO I (HF IF E) and FLI (RT /OIR). Fig
ure 1 illustrates a typical three-device expansion. The depth
expansion mode is entered by tying the XO I (HF j'FE) pin 
of each device to the XI pin of the next device in the chain. 
The first device to be loaded will have its FLI (RT IDIR) pin 
grounded. The remaining devices in the chain will have 
FL/ (RT IDIR) tied HIGH. Upon a reset, reads and writes to 
all FIFOs are disabled, except the firstload device. When the 
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l~hysicallocation of the first device is written, the XO I 
(HF) pin will pulse LOW on the falling edge of W. This will 
"pass" the write pointer to the next device in the chain, 
enabling writes to that device and disabling writes to the 
first MT52C9022. The writes will continue to go to the 
second device until last location write. Then it will "pass" 
the write pointer to the third device. The full condition of 
the entire FIFO array is signaled when all the FF I (AFF) pins 
are LOW. 

On the last physical READ of the first device, its XO (HF) 
will pulse again. On the falling edge ofR:, the read pointer 
is "passed" to the second device. The read pointer will, in 
effect, "chase" the write pointer through the extended FIFO 
array. The READ pOinter never overtakes the write pointer. 
On the last READ, an empty condition is signaled by all of 
the EF pins being LOW. This inhibits further reads. While in 
the depth-expansion mode, the half-full flag and retransmit 
functions are not available. 
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1"I1C:1=I9N MT52C9022 

TRUTH TABLE 1 
SINGLE-DEVICE CONFIGURATIONIWIDTH-EXPANSION Mode 

MODE INPUTS INTERNAL STATUS 

1m "AT Xl Read Pointer 

RESET 0 X 0 Location Zero 

RETRANSMIT 1 0 0 Location Zero 

READIWRITE 1 1 0 Increment (1) 

NOTE: 1. Pointer will increment if flag is HIGH. 

TRUTH TABLE 2 
DEPTH-EXPANSION/COMPOUND-EXPANSION Mode 

Write Pointer 

Location Zero 

Unchanged 

Increment (1) 

MODE INPUTS INTERNAL STATUS 

1m "FL XI Read Pointer Write Pointer 

RESET 0 0 (1 ) Location Zero Location Zero 
First Device 

RESET 0 1 (1 ) Location Zero Location Zero 
All other Devices 

READIWRITE 1 X (1 ) X X 

NOTE: 1. XI is connected to XC of previous device. 

OUTPUTS 

'EF" 'FF" m= 
0 1 1 

1 X X 

X X X 

OUTPUTS 

'EF" "FF" 

0 1 

0 1 

X X 

AS = Reset Input, FI7R'f/DIR= First Load/Retransmit, EF = Empty Flag Output, FF = Full Flag Output, XI = 
Expansion Input, HF = Half Full Flag Output. 
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I'IIIC:I=IQN MT52C9022 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ......... -O.5V to +7.0V 
Operating Temperature T A (ambient) .............. O°C to 70°C 
Storage Temperature (Ceramic) ................. -6SOC to + IS0°C 
Storage Temperature (Plastic) .................... -SsoC to + IS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(OOe :s; T A :s; 70oe; Vee = S.OV ± 10%) 

DESCRIPTION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(oOe :s; T A :s; 70oe; Vee = S.OV ± 10%) 

DESCRIPTION CONDITIONS 

Power Supply W, R ::; VIL; Vee = MAX 
Current: Operating f = MAX = 1/tRC 

Outputs Open 

W, R ~ VIH; Vee = MAX 
f = MAX = 1/tRC 

Power Supply W, R ~ Vee -0.2; Vee = MAX 
Current: Standby VIL ::; V55 +0.2, 

VIH ~ Vee -0.2; f = 0 

Input Leakage Current OV::; VIN ::;Vee 

Output Leakage Current Output(s) Disabled 
OV ::; VOUT ::; Vee 

Output High Voltage IOH = -2.0rnA 

Output Low Voltage IOL = 8.0rnA 

CAPACITANCE 
(VIN = OV; VOUT = OV) 

DESCRIPTION CONDITIONS 

Input Capacitance T A = 25°C; f = 1 MHz 

Output Capacitance Vec = 5V 
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*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.0 Vcc+1 V 1 

VIL -0.5 0.8 V 1,2 

MAX 

SYMBOL MIN -15 -20 -25 -35 UNITS NOTES 

lee 120 115 110 100 rnA 3 

1581 15 15 15 15 rnA 

1582 5 5 5 5 rnA 

ILl -10 10 10 10 10 j.lA 

ILo -10 10 10 10 10 j.lA 

VOH 2.4 V 1 

VOL 0.4 V 1 

SYMBOL MIN MAX UNITS NOTES 

CI 8 pF 4 

Co 8 pF 4 
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I'IIIC:F=lg~ MT52C9022 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Applicable for configured and nonconfigured modes) (O°C S; T A S; 70°C; Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS ·15 
PARAMETER SYM MIN 
READ Cycle 

Shift frequency IRF 

READ cycle time IRC 25 
Access time IA 

READ recovery time IRR 10 
Read pulse width IRPW 15 
Read LOW to Low-Z IRLZ 5 
Read to HIGH to High-Z IRHZ 

Data HOLD from R HIGH 'OH 5 
WRITE Cycle 

WRITE cycle time 'WC 25 
Write pulse width 'WPW 15 
WRITE recovery time 'WR 10 
Write HIGH to Low-Z 'WLZ 5 
Data setup time IDS 10 
Data hold time IDH 0 
RETRANSMIT Cycle 
Restransmit cycle time IRTC 25 
Retransmit pulse width IRT 15 
Retransmit recovery time IRTR 10 
Retransmit command setup time IRTS 15 
RESET Cycle 

RESET cycle time IRSC 25 
(no register programming) 

Reset pulse width IRSP 15 
Reset recovery time IRSR 10 
"RS" LOW to R LOW IRS 15 
Reset and register programming RSPC 85 
cycle time 

R LOW to DIR valid (register load cycle) IRDV 5 
R LOW to register load IRW 10 
W HIGH to RS LOW 'WRS 0 
R HIGH to RS LOW IRRS 0 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Data flow-through data mode only. 

MAX 

40 

15 

15 
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·20 ·25 -35 
MIN MAX MIN MAX MIN MAX UNITS NOTES 

33.3 28.5 22.2 MHz 

30 35 45 ns 

20 25 35 ns 6 
10 10 10 ns 
20 25 35 ns 

5 5 5 ns 7 
15 18 20 ns 7 

5 5 5 ns 

30 35 45 ns 

20 25 35 ns 6 
10 10 10 ns 

5 5 5 ns 5, 7 
12 15 18 ns 

0 0 0 ns 

30 35 45 ns 
20 25 35 ns 

10 10 12 ns 

20 25 35 ns 

30 35 45 ns 

20 25 35 ns 6 
10 10 10 ns 

20 25 35 ns 

100 115 145 ns 

5 5 5 ns 

10 10 10 ns 

0 0 0 ns 

0 0 0 ns 

6. Pulse widths less than minimum are not allowed. 
7. Values guaranteed by design, not currently tested. 
8. Rand DIR signals must go inactive (HIGH) coinci

dent with RS going inactive (HIGH). 
9. DIR must become valid before W goes active (LOW). 

.. 
-n --n 
o 



-.." -.." o 

PRELIMINARY 

I'IIIC:Rgl~ MT52C9022 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Applicable for configured mode only) (T A = O°C to 70°C; Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -15 -20 -25 -35 
PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Expansion Mode Timing 

"PJW to XC LOW IXOL 20 20 25 35 ns 
RIW to XO HIGH IXOH 20 20 25 35 ns 

XI pulse width txlP 15 20 25 35 ns 

XI command setup time to RIW IXIS 10 12 15 15 ns 

XI command recovery time IXIR 10 10 10 10 ns 

Flags TimIng 

W HIGH to Flags Valid WFV 15 15 15 15 ns 

RStoEFLOW tEFL 25 30 35 45 ns 

R LOW to I:F LOW IREF 20 20 25 35 ns 

W HIGH to I:FHIGH WEF 20 20 25 35 ns 
R pulse after EF HIGH 'RPE 15 20 25 35 ns 5 
RS to HF, F"F"HIGH tHFH, tFFH 25 30 35 45 ns 

RHIGHto FF IRFF 15 20 25 30 ns 

W LOW to F"F" LOW WFF 20 20 25 35 ns 

W pulse width after F"F" HIGH WPF 15 20 25 35 ns 5 
W LOW to HF LOW WHF 25 30 35 45 ns 

R HIGH to HF HIGH tRHF 25 30 35 45 ns 

R HIGH to AFF tRAFF 25 30 35 45 ns 

WLOWtoAFF WAFF 25 30 35 45 ns 

R LOW to AEF LOW tRAEF 25 30 35 45 ns 

WHIGHtoAEF WAEF 25 30 35 45 ns 

AC TEST CONDITIONS +5V 

Input pulse level .......................................... 0 to 3.0V 

Input rise and fall times ........................................ Sns 

Input timing reference level ................................ 1.SV 

Output reference level ........................................ 1 .SV 

~500 
"", ~ '" pF 

Output load ........................................... See Figure 2 Figure 2 
OUTPUT LOAD EQUIVALENT 
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RESET 
(WITH NO REGISTER PROGRAMMING) 

tASP(6) 

tWAS 

1-,-+-------,.1 
W ~ ~ __ 

AEF, EF 

tHFH, tFFH . 

AFF, HF, FF w//////$l$$$////#/#//#//$/////$#///###//!$E) 

ASYNCHRONOUS READ AND WRITE 

IRPW 

IOH 

01-09 ____ -IXX)(:XX"~0:AJTA~0;!QUT~(1~) -,~~L~0::A1TA~OiQUT~(2~) J '- VAllO VAllO 

IWC . 
IWPW , . 

-, 

I\. 

lOS . . 
01-09 

IWR , 

10H . 
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~ DON'T CARE 

~ UNDEFINED 
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I'IIIC:I::U;:;~~ MT52C9022 

EMPTY FLAG 

LAST READ IGNORED FIRST WRITE ADDITIONAL FIRST READ 
READ WRITES 

W 

R 

F/E,EF 

tA 

Ql·09 

FULL FLAG 

LAST WRITE IGNORED FIRST READ ADDITIONAL FIRST WRITE 
WRITE READS 

R 

Vi 

F/E,FF 

HALF-FULL FLAG 
(FOR CONFIGURED AND NONCONFIGURED MODES) 

HALF·FULL OR LESS MORE THAN 
HALF·FULL 

tWHF • I 

.1 
\ 
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HALF·FULL OR LESS 

tRHF . 

It--

~ DON'T CARE 

~ UNDEFINED 
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I"IIC:Rg~ MT52C9022 

XO(1) 

EXPANSION MODE (XC) 

WRITE TO LAST PHYSICAL 
LOCATION OF DEVICE 1 

'XOL ---
'DS 

WRITE TO FIRST PHYSICAL 
LOCATION OF DEVICE 2 

r\ 
'XOH ---
'DH 'DS 'DH . . -- . , --

D1-D9 ~VALIDDATA~ VALIDDATA C 

XO(1) 

01-09 

READ FROM LAST PHYSICAL 
LOCATION OF DEVICE 1 

'XOL 'XOH 

'OH 

NOTE: 1. XO of the Device 1 is connected to XI of Device 2. 

READ FROM FIRST PHYSICAL 
LOCATION OF DEVICE 2 

'RHZ 

EXPANSION MODE (XI) 

WRITE TO FIRST PHYSICAL LOCATION 

'XIS . . 
'XIP , . , 

----. 

'XIS . 
'XIR . 
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READ FROM FIRST 
PHYSICAL LOCA nON . 

~ DON'T CARE 

~ UNDEFINED 
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I'IIIC:F:::U;2~ MT52C9022 

RETRANSMIT 
'ATC 

I 

'ATS .1 tRTR 

I 

R.W ---------------,1'---
ALL FLAGS FLAG VALID -

WRITE FLOW· THROUGH 

tWPF 

FFIFE -----I----------' __ '=WF-'-F_I'--+--

01·09 -----t-----------K~~L~ 
'A 

QI-09 -----~_ DAJ .. MbUT ~------

READ FLOW· THROUGH 

01-09 ______ X DATA IN x'--____ _ 

Fi 

Ot-Q9 

~~LU~-----1_--_+-----J, 

tWEF 

tA 

___________ tWlZ __ 0 M"~ >--~~_V~Al=IO~~ 
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~ DON'T CARE 

m UNDEFINED 
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I'IIIC:F::";~N MT52C9022 

RESET/REGISTER PROGRAMMING CYCLE TIME 8, 9 

RSPC 

tRS tRSR 

~ 

=1 
DIR 1\ ~ 

. tRW . ... twpw . .... tWR . . tWR . 
t ~ ~~L~ 

DATA ---------------tv~A~LlD~D~AT~Aj_---C~VA~LlD~D~AT~A)-__1~----

ALL FLAGS VALID OUTPUTS 

ALMOST FULL FLAG (2-BYTE OFFSET) 

DATA ___ --{ 

_______ ~_A_FF ___ I--
AFF i 
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FULL 
FIFO 

FIRST 
READ 

~ DON'T CARE 

~ UNDEFINED 
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ALMOST EMPTY FLAG (10-BYTE OFFSET) 

DATA ---"'(""illi~ r-:J~>---------< 9th LOCATION 

AEF ______ t_RA_EF_~{-L ___________________ ~-
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~ DON'T CARE 

~ UNDEFINED 
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TECHNICAL 
NOTE 
INTRODUCTION 

The JEDEC 4 Meg DRAM introduces two potential in
compatibilities compared to the previous generation 1 Meg 
DRAM. The incompatibilities involve refresh and power
up. Understanding and addressing these incompatibilities 
and providing for them will offer designers and system 
users greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 
The most commonly used refresh mode of the 1 Meg is 

theCBR (CAS-BEFORE-RAS) REFRESH cycle. The CBRfor 
the 1 Meg specifies the WE pin as a "don't care." The 4 Meg, 
on the other hand, specifies the CBR REFRESH mode to be 
a WCBR, which is CBR with the WE pin held at a logical 
HlGHleveL 

The reason for WCBR instead of CBR on the 4 Meg is that 
a CBR cycle with WE LOW will put the the 4 Meg into the 
JEDEC-specified test mode (WCBR). In contrast, the 1 Meg 
test mode is entered by applying a HlGH signal to the test 
pin (pin 4 on DIPs, pin 5 on SOJs and pin 8 on ZIPs). This 
HIGH signal is usually a "super voltage" (Vin ~ 7.5V), so 
normal TTL or CMOS HIGH levels will not cause the part 
to enter the test mode. 

DRAM POWER-UP AND 
REFRESH CONSTRAINTS 

POWER-UP 
The 4 Meg WCBR constraint may also introduce another 

problem. The 1 Meg POWER-UP cycle requires a 100Jlsdelay 
followed by any eight RAS cycles. The 4 Meg POWER-UP 
is more restrictive in that eight RA5-0NLY REFRESH orCBR 
REFRESH (WE held HlGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC-specified test mode and must exit out of the test 
mode. The only way to exit the 4 Meg JEDEC test mode is 
with either a RAS-ONL Y or a WCBR REFRESH cycle. 

SUMMARY 
The 1 Meg and 4 Meg are compatible, with the following 

exceptions: 
1. The 1 Meg test pin is the AlO pin on the 4 Meg. 
2. For standard test mode, the 1 Meg requires a vaild 

HIGH on the test pin while the 4 Meg requires a CBR 
cycle with WE LOW. 

3. The 1 Meg CBR REFRESH allows the WE pin to be a 
"don't care" while the 4 Meg CBR requires WE to be 
HIGH (WCBR). 

4. The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may use RAS-ONL Y 
REFRESH or WCBR REFRESH cycles, exclUSively. 

CAS ~:~ = ULU-____ L-__ ~-----U~UL~~--~--~~----~-----------------

.......... ? .~?~ ~--.-.-.-.-.-.-.-. -.. -.-.-.-1+.-.-.-.-.-.-.-. -. -.. -.-.-.-.-.-.. O:':N.-.-.-.++-.-.-.-.-.-. -.. -.-.-.-.-.-.-.-.-.-.-.-. -. -. -.. -.-... 

TN-04-01 
REV.1J91 

{

WCBR TEST MODE: WE 

4 MEG 
DRAM 

WCBR REFRESH: WE 

tWRP tWRH tWRP tWRH 

~:~ ::wj-- Wff$//////I/////r W//!I!/I//////!///I/////$/!j 

h~~3 { CBR REFRESH: WE ~:~ 1111$ /I/! /I///! I!I!/!I!!II/I//I!II!////! II/!/ II///III! II! ~ DON'TeARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 

9-1 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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TECHNICAL 
NOTE 
INTRODUCTION 

Micron provides the 64K x 16 DRAM in two versions: 
MT4C1664 and MT4C1665. TheMT4C1664hastwo WE pins 
which allow for BYTE-WRITE cycles. It does not support 
WRITE-PER-BIT. The MT4C1665 has one WE pin and offers 
nonpersistent, WRITE-PER-BIT (MASKED WRITE) cycles. 

COMPATIBILITY 
The MT4C1664 and MT4C1665 may be used interchange

ably, provided precautions are taken ahead of time. The 
memory system may not utilize the WRITE-PER-BYTE 
feature of the MT4C1664 or the WRITE-PER-BIT feature of 
the MT4C1665 in order to maintain interchangeability. 

At the system level, a special timing constraint exists. 
WE must be held HIGH when RAS transitions from HIGH 
to LOW (preventing the MT4C1665 from performing 
WRITE-PER-BIT cycles). The two WE traces must be con
nected together (pins 12 and 13 on SOJ or pins 22 and 23 on 
ZIP) in order to ensure that all 16 bits will be written on the 
MT4C1664. 

The MT4C1664 and MT4C1665 are now interchangeable. 

--

I~ 'FtCD 

=-.1 
'AR 

'RAD 

MT4C1664 AND MT4C1665 
COMPATIBILITIES 

The MT4C1664 will have twice the capacitive load on the 
write enable signal as the MT4C1665 due to its two WE pins. 
Its WE timing will be a "don't care" when RAS transitions 
from HIGH to LOW while the MT4C1665 will enter a 
WRITE-PER-BIT cycle if WE is LOW when RAS transitions 
from HIGH to LOW. 

The MT4C1665 can provide the BYTE-WRITE capability 
of the MT4C1664 by allowing the mask register to be 
enabled by bytes. However, this may not be practical since 
it requires additional circuitry. 

SUMMARY 
An application that performs 16-bit word writes will 

allow either the MT4C1664 or MT4C1665 to be used. The 
MT4C1664 must have both WE pins connected, doubling 
capacitance on the write enable signal, but its timing is a 
"don't care" when RAS goes LOW. On the other hand, the 
MT4C1665 has only one WE for lower capacitance, but WE 
must always be held HIGH when RAS transitions from 
HIGH to LOW (refer to Note 1). 

'RAS "'" 
\ 

tcsH 

.... H 

leAs 

'RAt. 

~ ~ ~ ~I 
ADDA ~Ir ::;WAf ROW lW'Al COLUMN ROW 

leWL I 'AWL 
'WeR 

~ 'WeH 

f!!a ~ , .. 
~J'WffA .... R 

~ " ll::::J ~ I 
-W//////JJt NOTE. ~M VALIDOATA 

~ .. don~ca 

~DON"CARE 

Figure 1 
MT4C1665 TIMING CONSTRAINTS 

NOTE: 1. Applies to MT4C1665 only. The MT4C1664 specifies these as "don't cares" during this portion of operation. 

TN-04-02 
REV. 1191 9-3 MicfOn TechnDJogy. Inc., reserves the right to change products or specilcatlons without notice. 
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TECHNICAL 
NOTE 
INTRODUCTION 

Micron's MT4C1664 64K x 16 DRAM is a great solution 
for replacing 64K x 4 DRAMs in VGA systems. For a 256 
kilobyte (KB) memory system, two MT4C1664s replace 
eight 64K x 4 DRAMs, resulting in improved reliability and 
performance margins, decreased power consumption, re
duced costs and board savings, while maintaining state-of
the-art technology. 

This application note shows how the MT4C1664 may be 
interfaced with a 256KB memory system using four RAS 

256KB DRAM Memory System 
With Micron's MT4C1664 (2) 

MODO-? 

M100-7 

M2DO-7 

M3DO-7 

MT4C1664: 256 KILOBYTE 
MEMORY SYSTEM WITH 
FOUR RAS LINES 

controls and EARLY-WRITE cycles (OE grounded). Refer
ence to the MT4C1664 data sheet will be helpful in under
standing how the MT4C1664 functions. The schematic in 
Figure 1 shows 256KB memory systems using four RAS 
controls and EARLY-WRITE cycles and how memory is 
implemented with both the MT4C1664 and 64Kx 4 DRAMs. 

The same schematic for the MT4C1664 may also be used 
in systems using LATE-WRITE cycles (OE controlled). 

256KB DRAM Memory System 
With 64K x 4 devices (8) 

BAO-? IIIlI!]lfIiifI 

TN-04-03 
REV. 1/91 

Figure 1 
256KB EARLY-WRITE MEMORY 

9-5 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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TECHNICAL 
NOTE 
INTRODUCTION 

Micron's MT4C1664 64K x 16 DRAM is a great solution 
for replacing 64K x 4 DRAMs in VGA systems. For a 256 
kilobyte (KB) memory system, two MT4C1664s will replace 
eight 64K x 4 DRAMs, resulting in improved reliability and 
perfonnance margins, decreased power consumption, re
duced costs and board savings while maintaining state-of
the-art technology. 

This application note shows how the MT4C1664 may 
interface with a 256KB memory system using four CAS 
controls and EARLY-WRITE cycles (OE grounded). 

256KB DRAM Memory System 
With Micron's MT4C1664 (2) 

MT4C1664: 256 KILOBYTE 
MEMORY SYSTEM WITH 
FOUR CAS LINES 

Reference to the MT4C1664 data sheet will be helpful in 
understanding how the MT4C1664 functions. The sche
matic in Figure 1 shows 256KB memory systems using four 
CAS controls and EARLY-WRITE cycles and how memory 
is implemented with both the MT4C1664 and 64K x 4 
DRAMs. 

The same schematic for the MT4C1664 may also be used 
in systems using LATE-WRITE cycles (OE controlled), ex
cept Note 1 no longer applies and the two delay paths may 
be equal. 

256KB DRAM Memory System 
With 64K x 4 devices (8) AAD-7_ 

NOTE: 

TN-04-04 
REV. 1191 

AAO-7 ~~~~ ••••• ~ we:: 
~------r--------. 
~ ----It::1~)>----+--l 
CAS2 
~ 

MOOD-7 ••••• E:D •• 
M1DO-7 

M2DO·7 

M300-7 

WE -_._--
~ --+-

CASO :=I::t~ 
CAS1 

CAS2 

CAS' 

MOOo-7 

M1DO-7 

M2DO-7 

M3Do-7 

BAO-7_ 
Figure 1 

256KB EARLY-WRITE MEMORY 

1. This delay path needs to be slightly longer than the two NAND gates to ensure the WE to CAS setup time is met. 
This will guarantee the DRAM will always be in EARLY-WRITE during WRITE cycles. 

9-7 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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TECHNICAL 
NOTE 
INTRODUCTION 

The JEDEC 4 Meg DRAM introduces three potential 
incompatibilities compared to the previous generation 1 Meg 
DRAM. The incompatibilities involve refresh and power
up and the JEDEC test mode. 

Micron provides two versions of the 4 Meg DRAM. The 
standard version will not have the JEDEC test mode allow
ing for 1 Meg DRAM compatibility. The second version will 
offer the JEDEC test mode. 

REFRESH 
The most commonly used refresh mode of the 1 Meg is 

theCBR (CA5-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a "don't care." The 4 Meg, 
on the other hand, specifies the CBR REFRESH mode to be 
WCBR, which is CBR with the WE pin held at a logical HIGH 
level. 

The reason for WCBR instead of CBR on the 4 Meg is that 
a CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). 

POWER-UP 
The 4 Meg WCBR constraint may also introduce another 

4 MEG DRAM - DIRECT 
1 MEG COMPATIBILITY 

problem. The 1 Meg POWER-UP cycle requires a 100/-1s 
delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP cycle is more restrictive in that eight RA5-0NL Y 
REFRESH or WCBR REFRESH cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC-specified test mode and must exit out of the test 
mode for normal operation. The only way to exit the 4 Meg 
JEDEC test mode is with either a RAS-ONL Y or a WCBR 
REFRESH cycle. 

SPECIAL FEATURE 
A memory system currently using 1 Meg DRAMs with 

WE as a "don't care" during CBR REFRESH does not allow 
for direct upgrading to 4 Meg DRAMs. Micron, realizing 
some companies will have this situation, provides a special 
feature on its 4 Meg DRAM requiring "supervoltage" to 
access the 4 Meg JEDEC WCBR test function. This allows 
the Micron 4 Meg DRAM to be refreshed in the same 
manner as any 1 Meg DRAM. Note that the eight POWER
UP cycles should be refresh cycles only in order to guaran
tee that any 4 Meg DRAM, including Micron's, does not 
inadvertently power-up in the test mode. 

- V'H
CAS VIL -LLL£.L..._--"'--_++_--.LL.£.LLLt..LL.<..£.L..---"----++----L----------

TN-04-05 
REV. 1191 

__________ ~_y9~~~_-_-_-_-__ -_-_-_-_-_-_-_++----------

{

WCBR TEST MODE: WE 
MICRON 
JEDEC 
4MEG 

WCBR REFRESH: WE 

MICRON{ 
SPECIAl: 

4MEG 
CBR REFRESH: WE ~:t 11!! II! !/II!/ II! II! ///II! / / § II! § II! § III! I!// § / / II! / 1I!/2 ~ DON'T CARE 

COMPARISON OF JEDEC WCBR TO MICRON 4 MEG CBR 
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TECHNICAL 
NOTE 
INTRODUCTION 

There are three different cycles possible to write to a 
DRAM: EARLY-WRITE cycles, READ-MODIFY-WRITE 
cycles and LATE-WRITE cycles. The industry standards for 
DRAM WRITE cycles are fairly consistent for both the 
EARLY-WRITE and READ-MODIFY-WRITE cycles. An 
exception exists for the "LATE-WRITE" cycle. 

COMMON DQ DRAM 
A LATE-WRITE cycle is a READ-MODIFY-WRITE (see 

Figure 1) except that the READ portion is not utilized. This 
is accomplished by keeping the output enable pin (OE) HIGH 
throughout the cycle. The timing parameters lRWD, tA WD 
and tcWD no longer apply since OE is HIGH. 

This condition can be viewed as an EARLY-WRITE with 
twcs "sliding" past the CAS time and violating the Ons 
setup time (WE going LOW prior to CAS goi~OW). But, 
since the output buffers are not being used (OE is HIGH), 
twcs and tCWD are no longer required. 

Be cautious anytime OE is brought LOW (possibly a noise 
spike occurs), as the output buffers could turn on and cause 
contention with the data bus, which could corrupt input 
data. 

The term used for such a WRITE cycle varies throughout 

c 

'.'" 
-

~., 'Reo 

=~ t-
'AR 

'FiAO I '- .,," I~ 

UNDERSTANDING DRAM 
LATE-WRITE CYCLES 

the industry. The use of "OE controlled WRITE," "Delayed 
WRITE" and "LATE-WRITE" all signify the same WRITE 
cycle described above. 

SPLIT D AND Q DRAM 
A LATE-WRITE cycle is a READ-MODIFY-WRITE ex

cept the READ portion is not guaranteed and the D and Q 
pins are separate paths (D and Q cannot be connected 
together). This is accomplished by ignoring the timing 
parameters lRWD, tAWD and tCWD. 

This condition can be viewed as an EARLY-WRITE with 
twcs "sliding" past the CAS time and violating the Ons 
setup time (WE going LOW prior to CAS going LOW). But, 
since the output buffers are a "don't care," twcs and tcWD 
are no longer required. 

This cycle is not available on applications that have the D 
and Q connected together as the output will contend with 
the input. 

SUMMARY 
A LATE-WRITE cycle is most useful on common DQ 

DRAMs. Use caution to ensure the output enable pin is 
properly controlled. 

,", 

'csH 
'RSH 

~ 

'RAL 

"""_I 
ADDR ~I~ J////~ ROW W///hl COLUMN ROW 

TN-04-06 
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'M ...., 
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Figure 1 
READ-MODIFY-WRITE (MULTIPLE DQ) TIMING 
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TECHNICAL 
NOTE 
INTRODUCTION 

Micron Technology, Inc., offers its Triple Port DRAM 
(TPDRAM) in two versions. The MT43C4257 supports the 
JEDEC Split SAM Status Function (QSF) pin as defined for 
VRAMs. The MT43C4258 supports a variation of the QSF 
function called the Split SAM Special Function (SSF) input 
function. Other than this difference, the function and per
formance of the two devices are identical. 

MT43C4257 -- QSF OUTPUT 
The QSF output pin of the MT43C4257 is identical in 

function to the QSF pin of the MT42C4255 256K x 4 VRAM. 
The QSF output pin indicates which half of the SAM is being 
accessed. When data is accessed from the lower half, the 
QSF is LOW; when data is accessed from the upper half, 
QSF is HIGH (see Figure 1). When using the MT43C4257 or 
any standard VRAM in the split SAM mode, the transition 
between SAM halves occurs only when the SAM-half 
boundary is reached by the Address Pointer. This is address 
count 255 for the lower half and 511 for the upper half. 
When this boundary is reached, the new Tap Address for 

Lower Half SAM 

se 

MT43C4257~T43C4258 
COMPARISON 

the next SAM-half is loaded ("X" for the lower, "Y" for the 
upper). The following SC will access data from the new half. 

MT43C4258 -- SSF INPUT 
TheMT43C4258 introduces functionality to the TPDRAM 

that is not available on standard VRAMs. By making the 
"QSF" pin an input (SSF), a higher degree of design flexibil
ity is offered to the system engineer. The SSF applies only to 
split transfer cycles. It will allow access to be switched from 
one half of the SAM to the other at will. If SSF is HIGH at the 
rising edge of serial clock, the split SAM access will be 
switched to the other half of the SAM (See Figure 2). 

By taking SSF HIGH for the rising edge of a serial clock 
(location "A" for the lower half, "B" for the upper), the 
access from the current half may be terminated. Data from 
this clock will appear on the outputs when in serial output 
mode or will be written if in serial input mode. 

The next serial clock will access data at the new Tap 
Address ("X" for the lower, "Y" for the upper) of the next 
half. The SSF input acts as a "stop address" input so the 

Upper Half SAM 

~ 

aSF 
____________________________ ~9.--____ :_~~t~SQ_D------------------~/~ 

: t SAC I tSAC 

SDa ---'s'-,,'-""X TAP X X X+, X::==:~ a 255 X TAPY ~~ ~ 

TN-43-01 
REV. 1191 

Figure 1 
QSF OPERATION FOR THE MT43C4257 (SERIAL OUTPUT) 
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designer can "force" the access from one half to the next 
when desired. When operating in the split SAM mode, this 
option allows different sized "blocks" of data to be input or 
output from the SAM half regardless of the Tap Address 
and Stop Point. This feature is useful when performing 
pans, zooms and scrolling in video-graphics systems and 
for handling distinct packet sizes in networking or control
ler applications. 

SUMMARY 
The difference between the MT43C4257 and MT43C4258 

is only the variance in the functionality of the "QSF" pin. 

Lower Half SAM 

The MT43C4258 SSF input pin results in more efficient 
handling and therefore higher throughput of input or out
put data in either SAM. This improves the performance of 
video-graphics and networking systems by providing high 
clock speed and no latency time between reaching the Stop 
Point of valid data in one half and the loading of the new 
Tap Address for the next half. 

The SSF functionality is also available on the x8 versions 
of the TPDRAM, the MT43C8128 (QSF) and MT43C8129 
(SSF). Refer to the data sheets for detailed timing and 
functional descriptions. 

Upper Half SAM 
o x A __________ ~2M552~5~6~----~ 

, 

, 

se , 

SSF 
h 

t SFS}_: 

\ /1 

soo SPB X TA X ~;J< A·2 X '3tSAC 
A-~ SPA X TA Y x::::iiC;J< B·2 

Figure 2 
SSF OPERATION FOR THE MT43C4258 (SERIAL OUTPUT) 
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TECHNICAL 
NOTE 
INTRODUCTION 

High-speed SRAM memory systems normally share a 
common data bus with other memory devices, processors 
and memory management or caching devices. All of these 
devices are required to control data bus at one time or 
another. Turning off a device that is driving the bus before 
a new device takes control of the bus can be a difficult 
design problem when these systems are operating at mini
mum cycle times. 

When two or more devices are driving the bus at the same 
time, a conflict known as "bus contention" occurs. This 
technical note discusses bus contention design issues and 
points out features in the design of Micron's fast SRAMs to 
help minimize bus contention problems. 

~ 
!Z 
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u 

+ t 
I 

CACHE H CACHE 
DATA RAM CONTROL 
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8 ..J 
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~ !Z 
(/) 0 ::> u 
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SRAM BUS CONTENTION 
DESIGN CONSIDERATIONS 

BUS CONTENTION EFFECTS 
System-design problems caused by bus contention are 

difficult to analyze. The effects are transient, normally not 
longer than 5ns. The most visible result of bus contention is 
observed as noise on power-supply lines and data lines 
connecting the contending devices. While these conflicts 
are not destructive, they potentially reduce long-term sys
tem reliability. However, in most cases, they do not affect 
system performance when all the active components are 
MOS. 

MOS devices are inherently self-current limiting. As the 
current through a MOS transistor increases, the transistor 
heats up and its gain decreases. Bipolar transistors have the 
opposite behavior. When a bipolar transistor's temperature 

CPU 

I~ ~ 

I SYSTEM I MEMORY 

g (/) 
(/) 
W 

~ a: z '" , 0 51, "', Ir u 

SYSTEM BUS 

TN--OS-02 
REV. 1191 

Figure 1 
BLOCK DIAGRAM OF A CACHE MEMORY SYSTEM 
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Vee Vee 

ON 

ON 

Figure 2 
BUS CONTENTION CURRENT PATH 

is elevated, the gain of the device increases, making it 
possible for the current through the transistor to increase to 
a destructive level. This phenomenon is known as thermal 
runaway. If CMOS SRAMs share any data lines with bipo
lar or BiCMOS output devices, the system should be de
signed to eliminate any possibility of bus contention. 

Figure 2 is a schematic diagram of two contending SRAM 
output buffers. A high current path has been created by two 
SRAM output buffers. The current is flowing between the 
"on" transistor connected to V cc in the buffer on the left and 
the transistor connected to ground in the buffer on the right. 

SRAM SPECIFICATIONS 
The critical parameters for calculating the amount of bus 

contention for a high-speed SRAM system design is the 
time it takes for a device to go to a low-impedance state 
(logic 1 or 0) on its output versus the time required for a 
contending output to go to a high-impedance state. A 
typical SRAM has three control signals; chip enable (CE), 
write enable (WE) and output enable (OE). tLZCE, lLZWE 
and lLZOE are the times it takes for the outputs to become 
active or low impedance upon the assertion of CE, WE and 
OE. tr!ZCE, tHZWE and tHZOE are the times required for 

the outputs to become inactive or high impedance after CE, 
WE and OE are removed. These times are shown in the 
READ and WRITE cycle timing diagram (Figure 3). 

A preliminary review of a fast SRAM data sheet would 
imply that the worst case for bus contention could be 
calculated from the equation: 

tc = tHZ (MAX) - lLZ (MIN) 

where tc is equal to the bus-contention overlap time. 
For an output enable change in an SRAM rated at 20ns 
access time, 1HZ = 7ns and lLZ = 2ns; therefore tc = 5ns. If 
this calculation is correct, there would be a serious bus 
contention problem. Thus, for a system running with a 20ns 
cycle, almost 25 percent of the total cycle would be lost to 
bus contention and there would be a large increase in power 
dissipation in the output buffers. 

Happily, the previous analysis is not valid because 1HZ 
maximum occurs at completely different test conditions 
than lLZ minimum. 1HZ maximum is worst-case at the 
highest operating temperature and the lowest power-supply 
voltage. On a commercial data sheet, this would be at 70° C 
and 4.5V. tLZ minimum is specified at the lowest operating 
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CE 

tLZCE tHZCE tHZWE .. .. 
OE 

WE 

tLZOE tHZOE tLZWE 

~ I \ \ 
/ J \. 

Q 

~ UNDEFINED 

Figure 3 
READ AND WRITE CYCLE TIMING 

temperature and the highest voltage. Again, on the 
commercial data sheet, this would be 0° C and S.SV. It is not 
possible for two SRAMs on the same board to be at such 
diverse temperatures and voltages. In a "real world" 
system - that is one with an equal operating environment 
for temperature and power supply voltage - tHZ - 9-Z is 
approximately 0.2ns. 

Futhermore, Micron fast SRAMs have been designed to 
insure the outputs always turn off faster than the they turn 

9-17 

on when operating at the same voltage and temperature: 
tHZ < ~Z. Since the devices will normally be mounted on 
the same board, the bus contention associated with the 
SRAM control signals has been minimized. 

Care must be taken when mutiple vendors' SRAMs share 
the bus. An analysis of the output turn-off time must be 
done under the same operating and temperature conditions 
to insure that bus contention between the devices is 
minimized. 
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TECHNICAL 
NOTE 
INTRODUCTION 

Many high-speed 16-bit and 32-bit microprocessor sys
tems require fast SRAMs. SRAMs are used either in main 
memory or caching subsystems. In either case, the SRAMs 
are typically required to interface with a system bus that is 
shared by one or more microprocessors, several 110 devices 
and other types of memory (i.e. ROM, EPROM, etc.). 

Even though transceivers and/ or buffers interface with 
the actual bus, SRAMs are typically required to drive loads 
larger than what is specified in the data sheet timing param
eters. Hence, the access time must be derated to reflect the 
actual performance of the SRAM under these circumstances. 

SIMILARITY BETWEEN SRAM FAMILIES 
Micron's 16K, 64K, 256K and 1 Meg SRAM families all 

have the same size output transistors and output architec
ture. Hence, all devices will have the same drive character
istics. The actual data presented in this technical note are 
derived from the 256K SRAM family. 

TN·05-03 
AEV.1/91 
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Figure 1 
INCREASED ACCESS TIME vs 

ADDITIONAL OUTPUT LOADING 
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SRAM CAPACITIVE 
LOADING 

COMPARISON OF DEVICES 
Figure 1 compares the effects of capacitive loading on the 

Micron SRAM family with SRAMs from a typical memory 
supplier and discrete CMOS logic, designed to drive heavy 
loads. The graph illustrates the additional access time re
quired to drive various capacitive loads. 

As expected, the Micron SRAM family does not drive 
heavy loads as well as the discrete CMOS logic, but does 
drive faster than the typical SRAM from other suppliers. 

The graph line which represents the Micron SRAM fam
ily is based on data gathered on the Micron 256K SRAM. 
Access time measurements were taken with the SRAM 
subjected to various capacitive loads. In the range covered, 
the change in access time was seen to be a linear function of 
the capacitive load. The following equation may be used to 
determine the access time required for a specific load. 

T AA (actual) = T AA (data sheet) + T AA (additional) 

TAA(additional) (ns) = .022 (ns/pf) Ca 

This applies where Ca is the additional capacitive load 
expressed in picofarads (pf). 

For example, the access time needed for a 100pf total 
capacitive load is: 

T AA (actual) = 20ns + T AA (additional) = 
20ns + .022 * (total load - rated load) = 
20ns + .022ns/pf * OOOpf - 30pf) = 
20ns + 1.5ns = 21.5ns 

SUMMARY 
The SRAM timing specifications of all major vendors are 

based upon an industry-standard capacitive load of 3Opf. In 
most applications, the SRAMs are required to drive much 
larger capacitive loads. In addition, today's designs are 
implemented around higher frequencies. This requires the 
system timing be more precise; hence, loading becomes a 
more important issue. Understanding how the SRAM will 
perform under specific loading conditions may result in a 
more reliable design. 

MIcron Technology, me., reserves the right to change produots or specifications without notice. 
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TECHNICAL 
NOTE 
INTRODUCTION 

These curves represent the typical operating charac
teristics of Micron's 1 Meg, 25ns SRAM. They may be used 
to calculate the typical operating parameters of a memory 
system. For worst-case design limits, the system designer 
should refer to the individual data sheets in the SRAM 
section of the data book. 
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CURVES 
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TECHNICAL 
NOTE 
INTRODUCTION 

These curves represent the typical operating characteris
tics of Micron's 256K, 20ns SRAM. They may be used to 
calculate the typical operating parameters of a memory 
system. For worst-case design limits, the system designer 
should refer to the individual data sheets in the SRAM 
section of the data book. 
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TECHNICAL 
NOTE 
INTRODUCTION 

These curves represent the typical operating characteris
tics of Micron's 64K, 12ns SRAM. They may be used to 
calculate the typical operating parameters of a memory 
system. For worst-case design limits, the system designer 
should refer to the individual data sheets in the SRAM 
section of the data book. 
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APPLICATION 
NOTE 
INTRODUCTION 

The Micron MT56C0816 Cache Data SRAM family was 
developed in response to a need for compact cache sub
systems for the Intel™ 80386 microprocessor. Applications 
using the 80386 demand maximum performance, and 
DRAM technology cannot meet the fast access times re
quired for zero-wait-state operation. Statistics show that a 
small cache subsystem allows the majority of 80386 memory 
accesses to be completed within the 80386 cycle time. This 
eliminates the need for wait states1 to be added to the 
memory cycle, allowing the 80386 to operate at its maxi
mum performance level. The cache can be designed using 
fast commodity SRAMs. 

However, the Micron Cache Data SRAM allows cache 
subsystem designs requiring less space, using less power 
and offering greater reliability than the fast SRAM implem
entation. Design and debug times are also reduced, because 
the Micron MT56C0816 is designed to connect directly to 
off-the-shelf 80386 cache controllers. 

This application note explores why caching is needed. It 
then discusses how a cache subsystem works, what influ
ences the performance of the cache, and how different cache 
organizations and architectures compare. 

In addition, this application note looks at the most popu
lar off-the-shelf controllers available to implement a cache 
subsystem. It compares several fast SRAM and cache data 
SRAM implementations with those controllers. Finally, a 
summary of the cache data SRAM advantages is shown. 

BACKGROUND 
Microprocessors have typically interfaced directly to 

DRAM (dynamic random-access memory) main memory 
due to their relatively slow clock speeds and multiple clock 
instruction cycles. But over the past few years, complex
instruction-set computer (ClSC) microprocessors have 
driven the clock frequencies into the 20, 25 and 33 mega
hertz (MHz) range. The two most dominant ClSC architec
tures are the 80X86 and 680XO. The number of clock cycles 
needed to execute a specific instruction has steadily de
creased and is now approaching a single clock cycle for 
many instructions. 

The introduction of reduced-instruction-set computer 
(RISC) architectures has fueled the quest for higher clock 
frequencies and reduced clock cycles for each instruction 
executed. Some of the predominant RISC architectures 
include SPARC'·, 80960, R3000, 29000 and 88000. RISC 
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MT56C0816 CACHE DATA 
SRAMFAMILY 
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architectures requiring the absolute minimum number of 
clock cycles for each instruction are not only approaching 
single clock execution, but in some cases are able to sustain 
multiple instruction execution in a single clock cycle. CISC 
microprocessors are not far behind, and the competition 
between the ClSC and RISC camps is driving processor 
designers to continuously reach for maximum performance. 

This new era of performance is placing heavy demands 
on memory subsystems that heretofore have been able to 

1 Wait states are one or more additional processor clock 
cycles added to the memory access cycle. These extra clock 
cycles keep the processor idling while memory has time to 
respond to the memory request. For a given processor's 
clock speed, the number of wait states needed to complete a 
memory access isdirectly related to how fastthe memory can 
respond to a read or write request initiated by the micropro
cessor. 

For example, the 80386 can complete a memory cycle in 
two clock periods. With a 25MHz processor, this allows SOns 
for the processor to output its address to the memory array. 
It also provides time for the decode circuitry to supply the 
necessary signals to the memory and enables the memory to 
respond once it has received the necessary signals. In typical 
applications, the speed of the memory array that is needed 
to avoid any wait states is 35ns. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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keep pace. For example, an 80386 processor operating at 25 
MHz requires a memory access time of close to 40ns if it is 
to operate at maximum performance (i.e. no wait states): 

2 x clock cycle time - address delay - data setup - decode 
logic and buffer delay = (2 * 40) - 21 - 7 - 10 = 42ns 

Current DRAM access speeds are in the 70ns to 80ns 
access range. Even with faster access techniques such as 
FAST PAGE and STATIC COLUMN modes, the DRAM 
access time is not sufficient to meet zero-wait-state access 
times. 

The alternative to adding wait states to the system and 
thus degrading performance is to design a system architec
ture that makes the memory appear faster to the CPU. 
Approaches that have been implemented include organiz
ing the DRAM in multiple banks, adding some fast SRAM 
for specific code and data or caching. 

The use of a cache is applicable in high-end systems as 
well as cost-conscious, medium-performance systems. At 
the high end, where the goal is to maximize performance on 
every processor cycle, the only alternative to cache is the use 
of very fast SRAMs as the main memory to achieve zero
wait-state performance. This is a very expensive solution. 
The medium performance systems must constantly balance 
performance and cost. A small cache in these systems can 
achieve much higher performance with a relatively small, 
incremental cost. 

Figure 1 
TYPICAL 80386-BASED CACHE SYSTEM 
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CACHE OVERVIEW 

WHAT IS A CACHE 
A cache is small, fast, local storage for frequently accessed 

code and data. It consists of high-speed memory (usually 
SRAM) that resides between the CPU and the main memory 
(usually DRAM) in a processor system. Figure 1 illustrates 
a typical block diagram of an 80386-based cache system. 

The cache increases the effective speed of the main mem
ory by responding quickly with a copy of the most fre
quently used items in main memory. The cache control 
logic checks the address of each memory access and, if it is 
present in the cache, allows the cache to respond instead of 
main memory. Accesses to the cache are much faster (typi
cally zero wait states) than accesses to main memory. The 
more accesses that are made to the cache, the better the 
overall system performance. Hence the goal in designing a 
cache is to maximize accesses to the cache (known as the 
cache hit rate). 

WHY A CACHE WORKS 
The theory of a cache is based on two attributes of 

computer programs: temporal locality and spacial locality . 
Temporal locality (locality of time) is an attribute exhibited 
by computer programs where the same addressed code and 
data are used repeatedly in a short time. This behavior is 
typified by program loops, a very prevalent programming 
structure. Spacial locality (locality of place) is a computer 
program attribute in which the next needed information is 
found near the information that was just accessed. This 
occurs in most programs since related data are stored 
together (data tables, arrays, etc.) and instructions (code) 
are typically executed in sequence. 

In a cache design, main memory may be thought of as a 
collection of many small, uniform segments. The cache 
contains a copy of one or more of these small memory 
segments that have been used recently. When the processor 
executes a read from main memory, the cache control 
determines if that address is contained in one of the small 
memory segments that are currently resident in the cache 
memory. If so, the access is completed by the cache. If not, 
the access is completed by main memory and the memory 
segment that has just been accessed is placed into the cache 
for future use. The attribute of spacial locality implies that 
the information needed next will also be found in the same 
memory segment just accessed, which is now located in the 
cache. The attribute of temporal locality implies that the 
memory location, just accessed, will be used again in the 
near future. 
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PERFORMANCE FACTORS 
The performance of the cache (and hence the system) is 

measured by the cache hit rate, which is the percentage of 
successful cache accesses. The cache hit rate is determined 
by specific demands of software being executed and by 
cache-management policies. 

The design factors that influence cache hit rate are: total 
cache memory size, cache memory organization (associa
tivity), and cache transfer block size. These factors are all 
interrelated and each needs attention to obtain the opti
mum cost-effective result. Each factor presents trade-offs of 
performance, complexity and cost. One factor may be de
creased for cost reasons while another may be increased to 
improve performance. The same or better hit rate may still 
be obtained. However, the complexity might be increased 
also. The cache designer must carefully weigh each factor to 
achieve the best overall cost/performance/ complexity ra
tio. Table 1 compares the cache hit rate of several cache sizes 
with varying associativity and line sizes. 

Table 1 

CACHE HIT RATES 

Cache Configuration 
Hit Rate Size Associativity Line Size 

(%)* (KB) (Bytes) 
41 1 Direct 4 
73 8 Direct 4 
81 16 Direct 4 
86 32 Direct 4 
87 32 Two-way 4 
88 64 Direct 4 
89 64 Two·way 4 
89 64 Four-way 4 
89 128 Direct 4 
89 128 Two-way 4 
91 32 Direct 8 
92 64 Direct 8 
93 64 Two-way 8 
93 128 Direct 8 

• Rounded to the nearest whole percent. 

COHERENCY 
Since the cache is a temporary buffer for a section of main 

memory, the cache designer must take into consideration 
how to keep the data consistent between main memory and 
the cache. This is called cache coherency. 

There are instances when an address in the cache might 
not contain the same information as the same address in 
main memory. One such situation occurs during a write 
cycle, where a cache data elementis updated to a new value. 
Now the address in main memory and the same address in 
the cache have two different values, with the cache contain-
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ing the newest value. The main memory needs to be up
dated to contain the same information. This is controlled by 
the write policy of the cache. 

Another such instance occurs when another processor 
writes information to a main memory address that is also 
located in the cache. This situation is handled by "snooping". 
Snooping occurs when the main memory bus is always 
watched by the cache logic. If a write occurs to a main 
memory address identical to a cached address, that cache 
address is marked invalid. This guarantees that if that 
address is accessed, it will be updated as main memory is 
accessed for the requested data. 

There are two types of cache write policies: write-through 
and copy-back. A write-through cache will write to both 
main memory and the cache on each write cycle whenever 
the addressed location is found to be resident in the cache. 
This ensures that the cache and main memory are always 
coherent, but it requires more main memory accesses, thus 
increasing bus usage. This also decreases performance due 
to the large amount of accesses to slower main memory. The 
main memory accesses may be made more efficient with the 
addition of write buffers, but this also adds Significant 
complexity and coherency problems in the buffers. 

The copy-back policy writes only to the cache, if the 
address location is present (cache hit), and allows the CPU 
to proceed. This allows maximum system performance. 
However, the main memory still needs to be updated. The 
update of main memory occurs when the line that contains 
the write address in the cache is replaced by a new line. 
Main memory write updates occur far less often than the 
update policy of a write-through design. The copy-back 
policy also has its drawbacks. Instead of only replacing the 
data element (possibly one byte) that was written, all the 
bytes in the line are replaced. This may be as many as four, 
eight, 16 or more. This can result in a large time penalty 
when a copy-back occurs. 

CACHE CONTROLLERS 
It quickly becomes apparent that all variables in cache 

design are interrelated and all have trade-offs. For most 
designs, especially those in the micro arena, caching repre
sents a new realm and can bog down a design if done from 
scratch. Fortunately, several companies have designed off
the-shelf cache controllers, which take into consideration 
all the trade-offs and performance factors. These controller 
implementations meet the majority of the needs of the 80386 
cache market. 

The three most popular 80386 cache controllers - Intel's 
82385, Austek's A38202 and Chips & Technologies' 82C307 
and Peak'" - were designed to interface with standard 
SRAMs as well as additional address latches and possible 
transceivers. 
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DIRECT-MAPPED VERSUS TWO-WAY-SET 
IMPLEMENTATION 

The use of an off-the-shelf cache controller eliminates 
most of the decisions that would occur in a discrete design. 
The trade-offs that have been made include line size, write 
update policy, and in some cases, even the cache size and 
associativity. The majority of controllers allow the user to 
configure only the associativity (direct or two-way set) and 
the cache size. The controllers support, without additional 
logic, both the TWO-WAY-SET ASSOCIATIVE and DI
RECT-MAPPED modes. 

The trade-off between DIRECT-MAPPED and TWO
WAY-SET ASSOCIATIVE modes is typically one of in
creased hit rate versus added complexity. Since the con
trollers have integrated the complexity, it might seem that 

SYSTEM BUS 

DIRECT-MAPPED BLOCK DIAGRAM 

ADDAESS 
LATCH 

TWO-WAY-SET BLOCK DIAGRAM 

Figure 2 
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the only logical choice is to use the TWO-WAY-SET AS
SOCIA TIVE mode. Assuming a 32 kilobyte (KB) cache, the 
direct mode will require four 8Kx 8 SRAMs (one bank of 8K 
x32bits) while two-way mode will require 164Kx4SRAMs 
(two banks of 4K x 32 bits). Figure 2 contains typical block 
diagrams illustrating implementations of DIRECT
MAPPED and two-way-set designs. 

The trade-off then is in the additional SRAMs for two
way set. This is reflected as incremental cost, power and 
board space needed to achieve the higher hit rate obtained 
over the direct-mapped implementation. For the32KB cache 
size, the additional hit rate of the two-way set implementa
tion is generally chosen if the board space is available. In the 
medium-to-high-end performance market, the extra per
formance (see Table 1) delivered by the two-way set design 
is worth the extra cost. 

Table 2 compares the board real estate and power re
quirements of each configuration. The two-way-set imple
mentation requires eight 74F245 transceivers to control the 
flow of data between each bank and the common data bus. 
Figure 3 illustrates the board space requirements of each 
implementation. 

The assumptions used for the board space comparison 
were .050 inch chip-to-chip spacing and .050 inch outside 
border around the circuitry. The power comparison is 
based on a 25MHz design assuming lOns decoding delay. 
This gives the following equation for the cache 8K x 8 
SRAM access time: 

Cache SRAM available access time = 4 * 386CLK2 - 386 
address delay - 386 ready setup - SRAM enable decode -
74F373 delay = (4 * 20ns) - 2lns - 9ns -IOns - 9ns = 3lns. 

The 8K x 8 configuration would require SRAMs with an 
access time of 25ns. For the two-way-set configuration, an 
additional6ns must be subtracted for the delay through the 
74F245 transceivers. This barely provides 25ns for the 
4K x 4 SRAM access time in this latter implementation. Any 
other delays that exist in the data access path must also be 
taken into consideration. In the case of the 4K x 4 SRAMs, a 
20ns part will probably be required. 

Table 2 

32KB CACHE CONFIGURATION COMPARISON 
Configuration SRAM #SRAMs Area (in") Power(W) 
Direct-Mapped 8Kx8 4 3.23 2.75 
Two-Way-Set 4Kx4 16 10.57 10.55* 

* The 4K x 4 configuration incorporates two banks of eight 
SRAMs each. One bank is active while the other is in standby 
mode. This fact was used in the power calculations. 



IVIIC:I=U;~N AN-56-01 

I
' 

0.051" _ ~I ~005m 
2.30 In 

~I - - .--- - .--- .--- -r-

75ALS373 7SALS373 

DIP DIP 1.0i 

MT5CS408 MT5C6408 MTSC6408 MT5C6408 

1. 45 in DIP DIP DIP DIP 

'--- "'----

-'-- - - '--- -

DIRECT-MAPPED SPACE REQUIREMENT USING 8K x 8 SRAMS 

I' 
3.43 in 

HI -0.05'" _1,0325'".11-005'" 

» 
"'D 
"'D 

MT5Cl604 MT5Cl604 MT5Cl604 MT5Cl604 MTSC1604 MT5C1604 MT5C1604 MT5C1604 75ALS373 I 
1.03 In DIP DIP DIP DIP DIP DIP DIP DIP DIP 

LOin -0 
~ 

T -0 
0.051n 

~ 3.26 In 75ALS373 
MT5Cl604 MT501604 MTSCl604 MT5Cl604 MT5C1604 MT5C1604 MT5C1604 MT5C1604 

DIP DIP DIP DIP DIP DIP DIP DIP DIP m 
0 
:r: z -0 

74F245 74F245 74F245 74F245 74F245 74F245 74F245 74F245 » 
1.01n DIP DIP DIP DIP DIP DIP DIP DIP I -Z 

." 

P9 0 
:::D 

3.05io 

!: 
TWO-WAY-SET SPACE REQUIREMENT USING 4K X 4 SRAMS ~ -Figure 3 0 

Z 
9-31 



-» 
"'tJ 
"'tJ r-
(5 

~ 
6 
~ m 
o 
::J: 
Z 

~ r-
Z 
2J 
::rJ 
s:: 
~ -o z 

I'IIII=I=U;:~~ AN-56-01 

MT56C0816 INTEGRATED CACHE SRAM 
The MT56C0816 is an application-specific 8K x 16 SRAM 

designed for, but not limited to, cache data SRAM imple
mentations. TheMT56C0816 is designed to be used in either 
direct-mapped or two-way-set designs. It incorporates an 
on-chip address latch, on-chip multiplexing between the 
two SRAM banks (for two-way-set mode), fast output 
enable times, and low-power consumption. 

Almost all designs have used the MT56C0816 in the two
way-set mode of operation. This is due to the fact that the 
MT56C0816 eliminates the major problems in implement
ing the two-way-set mode architecture, namely the cost, 
space and power. Before the MT56C0816, a two-way-set 
implementation required three times the board space and 
four times the power of a direct-mode design when using 
standard SRAMs. 

Due to the integration of on-chip address latches and 
multiplexors, often a lower-speed MT56C0816 can be used 
in place of a higher-speed, more costly standard SRAM. The 
advantages of the MT56C0816 don't stop here. It is widely 
second-sourced by other suppliers, the access time has been 
reduced to 20ns and it is available in the smaller PQFP 
package. 

Table 3 compares the board space, power and access time 
requirements of standard SRAMs and both packages of the 
MT56C0816 in a 32KB cache design. The numbers pre-

Table 3 

Cache SRAM Comparison (33MHz) 

Device Number PC Board Power(w) Access 
of Devices Area Speed (ns) 

Required 
MT56C0816 2 1.00 2.2 25 
PQFP 

MT56C0816 2 1.94 2.2 25 
PLCC 

8Kx 8 SOJ 4 2.28 3.15 15 
74F373 SOIC 2 

8Kx8 DIP 4 3.99 3.15 15 
74F373 DIP 2 

4Kx4S0J 16 8.58 12.15" 12 
74F373 SOIC 2 
74F245 SOIC 8 

4Kx4 DIP 16 13.05 12.15" 12 
74F373 DIP 2 
74F245 DIP 8 

* The 4K x 4 configuration incorporates two banks of eight 
SRAMs each. One bank is active while the other is in standby 
mode. This fact was used in the power calculations. 
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sented are applicable to both direct-mapped and two-way
set implementations for the MT56C0816 and4Kx4 SRAMs. 
The use of 8K x 8 SRAMs in a two-way configuration 
requires a minimum of 64KB in the cache and are not 
considered in the comparison. The same board area as
sumptions are used in Table 3 as in Table 2 regarding chip
to-chip and circuitry border spacing. The area values are 
normalized to the MT56C0816 in the PQFP package. 

The SRAM access time and power considerations are 
based on a 33 MHz 80386 design assuming a IOns enable 
decode time. The cache SRAM access time equation is as 
follows: 

Cache SRAM access time = 4 * 386CLK2 - 386 address 
delay - 386 ready setup - SRAM enable decode - 74F373 
delay = (4 * 15ns) - 15ns - 7ns - IOns - 9ns = 19ns 

This will require 8K x 8 SRAMs with a 15ns access time. The 
4K x 4 implementation requires that the transceiver delay 
time (6ns) also be subtracted, which leaves only 13ns. 
Hence, a 12ns part must be used. The MT56C0816 incor
porates the address latch on-board and thus allows 9ns to be 
added back into the SRAM access time. This yields a 28ns 
access time for a MT56C0816 design, which is easily met by 
the 25ns part. This access time is applicable to both the 
direct mode and two-way set configurations since the data 
multiplexing is also on-chip. 

Figures 4 and 5 illustrate the board space required by the 
MT56C0816 and the standard SRAM configurations that 
are summarized in Table 3. 

OPTIMUM SYSTEM 
The available, off-the-shelf cache controllers allow very 

quick and efficient cache subsystem designs for 80386-
based systems. And an off-the-shelf controller teamed with 
the MT56C0816 maximizes the system performance/cost 
ratio. The MT56C0816 allows the controller to be employed 
in its highest performance mode, two-way-set associativ
ity, without the disadvantages incurred using standard 
SRAMs. 

A two-way-set design using the MT56C0816 requires 
only two parts versus 10 for an 8K x 8 SRAM implementa
tion and 26 for a 4K x 4 implementation. A direct-mapped 
design using theMT56C0816 requires only two parts versus 
six for an 8K x 8 SRAM implementation and 26 for a 4K x 4 
implementation. In addition to the board-space, power, 
and integration advantages, the MT56C0816 offers a direct 
connection to the controllers. This means higher system 
reliability and easier design and debugging over the stan
dard SRAM implementations. Figure 6 shows a detailed 
diagram of a system using the MT56C0816. 
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Table 4 

MICRON CACHE SRAM FAMILY 
Part # Description 

MT56C0816 Dual4K x 16 or8Kx 16 
Addresses 0 through 11 are latched 

MT56C0818 Dual4Kx 18 or 8Kx 18 
Addresses 0 through 11 are latched 

MT56C2818 Dual4Kx 18 or 8Kx 18 
80486 self-timed write; used on 
Intel Turbocache486™ module 

MT56C3816 Dual4K x 16 or8Kx 16 
Addresses 0 through 12 are latched 

MT56C3818 Dual4Kx 18 or 8Kx 18 
Addresses 0 through 12 are latched 

MT56C1616 Dual8K x 16 or 16K x 16 
Addresses 0 through 12 are latched 

MT56C1618 Dual8K x 18 or 16K x 18 
Addresses 0 through 12 are latched 

MT56C3616 Dual8Kx 16 or 16K x 16 
Addresses 0 through 13 are latched 

MT56C3618 Dual8K x 18 or 16K x 18 
Addresses 0 through 13 are latched 

MT56C2618 Dual8K x 18 or 16K x 18 
80486 self-timed write 

MORE SOLUTIONS 
An entire family of cache-specific data SRAMs is avail

able. Table 4 lists the members of the cache SRAM family. 
In addition, Micron was the first to introduce the 

MT56C0816 both in a 20ns access speed and in the thin, 
small-outline PQFP package. 

SPECIAL CONSIDERATIONS 
The Micron MT56C0816 was designed for a specific 

generation of cache implementations for the 80386. That 
generation required a nonlatched A12 address and a faster 
A12 access time. Since then, designs employing certain off
the-shelf controllers are more efficiently implemented if 
address line A12 is latched on the cache data SRAM. These 
designs do not require the faster A12 access time. In order 
to keep pace with the everchanging design community 
Micron will introduce in the Q1/1991 time-frame versions 
of the MT56C0816 and the MT56C0818 with address A12 
latched. The part numbers of these new devices are 
MT56C3816 and MT56C3818 respectively. 

The latched A12 version of the cache data SRAM can be 
appealing in 80386DX designs where the cache uses a two
way-set associative architecture and the cache size is 64KB 
or larger. The latched A12 parts are applicable for 80386SX 
designs where the cache is structured using a two-way-set 
associative organization and the cache size is 32KB or 
larger. Designs using a direct-mapped architecture essen
tially use the cache data SRAM as an 8K x 16 SRAM and as 

Speed (ns) Package Availability 
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20,25,35 PLCC Now 
PQFP 

20,25,35 PLCC Now 
PQFP 

24,28 PLCC Now 
PQFP 

20,25,35 PLCC Feb. 1991 
PQFP 

20,25,35 PLCC Feb. 1991 
PQFP 

15,20,25 PLCC 2H 1991 
PQFP 

15,20,25 PLCC 2H 1991 
PQFP 

15,20,25 PLCC 2H 1991 
PQFP 

15,20,25 PLCC 2H 1991 
PQFP 

17,24,28 PLCC 2H 1991 
PQFP 

such the latched version would be advantageous in all 
cases. 

Whether the latched or unlatched A12 version of the 
cache data SRAM is more advantageous depends entirely 
on the specifics of each individual design. 

SUMMARY 
The Micron MT56C0816 has been as important to 80386 

caching solutions as the off-the-shelf controllers from Intel, 
Austek and Chips & Technologies. The direct connection of 
the MT56C0816 to controllers makes the implementation 
more appealing for the designer from both a design and 
debug standpoint. The reduced board space, power and 
comparable cost to commodity SRAM implementations are 
advantages that make the MT56C0816 the right choice for 
new designs. Implementations using the MT56C0816 add 
reliability to the system due to the reduced component 
count. The MT56C08160ffers other less obvious cost advan
tages. Reduced board space requirements directly affect 
board manufacturing costs and allow more components to 
be placed on the board. Better reliability means lower costs 
due to fewer returns and fewer board revisions. Other costs 
that the MT56C0816 minimizes over the standard SRAM 
solutions are inventory and assembly costs. 

Clearly the Micron MT56C0816 is a superior solution to 
standard SRAMs in cache designs. 



DYNAMIC RAMS ................................................................. . 

DRAM MODULES ................................................................ . 

MULTIPORT DRAMS ........................................................... . 

STATIC RAMS ...................................................................... . 

SYNCHRONOUS SRAMS 

SRAM MODULES ................................................................ . 

CACHE DATA SRAMS ..........................•............................•. 

FIFO MEMORIES ................................................................. . 

APPLICATIONITECHNICAL INFORMATION ...................... . 

MILITARY INFORMATION ......•..........................•.................. 

PACKAGE INFORMATION .................................................. . 

SALES INFORMATION ..................................•...................... 

.... .... .... 
IIIIIIDIII .... .... -..... .... ... -... 





I'IIIC:I=";;~~ GENERAL INFORMATION 

GENERAL INFORMATION 
As a major supplier to the defense electronics industry, 

Micron offers an extensive array of speeds and 
configurations compatible with military-standard pinouts. 
A wide selection of devices are available to fit both Standard 
Military Drawings (SMD) and Joint Army-Navy (JAN) 
Level-B specifications - SRAMs, DRAMs and Multiport 
DRAMs. 

Micron maintains the MIL-M-38510 certification status 
for all its fabrication facilities. Micron's CMOS and NMOS 
process technologies are both JAN certified. Our military
grade SRAM modules meet or exceed the proposed 
standards oftheJEDECJC-13 Module Committee. Currently, 
we are waiting for DESC to announce approval of these 
MIL-STD-883 standards. 

Micron's entire military assembly takes place in Boise, 
Idaho. Micron produces and tests our military products to 
specifications that meet or exceed the requirements of MIL
M-3851O and MIL-STD-883, methods 5004 and 5005. Every 
Micron product is tested on the AMBYX,m a unique, 
intelligent burn-in system designed by Micron to eliminate 
infant mortalities. Our internal processes provide an 
extensive data base that allows complete statistical process 
control and test data in real time. 

Many of Micron's military products have received military 

10-1 

qualification, including the 1 Meg VRAM and 1 Meg SRAM. 
To date, military qualification is pending on Micron's 4 Meg 
DRAMs and various SRAM modules. Products under 
development include cache data SRAMs and FIFOs. New 
package configurations will include a ceramic vertical (CV) 
package that meets high-density, through-hole designs. 
Micron is also looking into J-leaded LCC packages for high
density boards. 

Memory devices for military and space-level applications 
require both radiation tolerance and latch-up immunity. 
Micron is currently in the process of characterizing select 
CMOS SRAM and DRAM devices for total dose, dose rate 
and latch-up immunity. 

Micron is continually evaluating and improving our 
radiation tolerance processes on our military and commercial 
products for future use on land, sea and in space. We're 
assessing our 1 Meg SRAM, 4 Meg DRAM and 1 Meg 
VRAM devices beyond standard MlL-STD-883 and JAN 
Level-B reqUirements. Micron is developing a process flow 
that parallels the requirements of Class-S to be used for 
products not requiring Class-S compliance. These products 
will offer the high density and speed necessary in space
level applications. For more information, please refer to 
Micron's Military MOS Data Book. 
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MICRON MIL-STD-883C COMPLIANT PRODUCT ASSURANCE FLOW 
Description of 
Requirements and Screens 

General MIL-M-38510 

1. MIL-STD 883, Class B, Rev. C 

2. Certification 
3. Traceability 
4. Country of Origin 

(Not required for 883C) 

MIL-SID 883 Fabrication 

5. Incoming Materials 
6. Wafer Fabrication 
7. Assembly 

Methods and Test 
Conditions 

Establish and implement a plan for 
a product assurance program 
Manufacturer's QA survey 
Traceable to wafer production lot 
N/A 

Receiving inspection 
Method 2018, SEM monitors 
Process monitors 
Statistical process controls 

MIL-SID 883, Class B, Rev. C, Method 5004 Screening 

8. Internal Visual Method 2010, condo B 
9. Thermal Shock Method 1010, condo B 
10. Constant Acceleration Method 2001, condo E 
11. Hermeticity 

A.FineLeak 
B. Gross Leak 

12. Initial Electricals 

13. Burn-in 
14. Final Electrical Post 

Burn-in Test 
15. Marking 
16. External Visual 
17. Quality Conformance 

Inspection 
18. Pack/Ship 

Method 1014, condo A 
Method 1014, condo C 
Manufacturer's documented 
data sheet 
Method 1015 
Method 5004, Class B, 
paragraph 3.1.15, 5% PDA 
Method 2015 
Method 2009 
Method 5005 in-line Class B 

Includes C of C, with QCI 
data (attributes only) 

Quality Conformance Inspection per Method 5005 (attributes data only) 

19. Group A Manufacturer's documented 
data sheet 

20. GroupB 

21. GroupC 

22. GroupD 

Package functional and 
construction tests 
Die related 

Package-related test 
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Comment 

Self audit 
Computer lot history records 
Devices manufactured, 
assembled and tested in 
Boise, Idaho USA 

Vendor audits 
Sample 
Sample 
Sample 

100% 
100% 
100% 

100% 
100% 
100% 

100% 
100% 

100% 
100% 
Groups A, B, C, D 

100% 

Each inspection lot/sublot 

Each inspection lot/sublot 

Each microcircuit group, every 4 
calendar quarters 
Each package type, every 52 weeks 



DRAM 
Description Speed Micron Part Number SMD Part Number JAN Part Number 

(5962-) 

64Kxl CDlP 120ns MT4264C-12 883C 
l50ns MT4264C-15883C 8201004EX (-55°C / + 125°C) 

820l006EX (-55°C/+ll0°C) 
200ns MT4264C-20 883C 8201005EX (-55°C/+125°C) 

8201007EX (-55°C/+ll0°C) 

64KxlCLCC 120ns MT4264EC-12883C 
l50ns MT4264EC-15 883C 820100406ZX 
200ns MT4264EC-20 883C 820100607ZX 

64K x 1 Flat Pack 120ns MT4264F-12883C No Drawing 
1 SOns MT4264F-15883C No Drawing 
200ns MT4264F-20 883C No Drawing 

256Kx 1 CDlP lOOns MT1259C-1O 883C No Drawing 
l20ns MT1259C-12883C 851 5203EX JM3851O/2460l03BEX 
l50ns MT1259C-15883C 85l5201EX JM38510/2460204BEX -256Kx 1 CLCC lOOns MT1259EC-1O 883C No Drawing 3: l20ns MT1259EC-12883C 8515203XX JM385l0/2460l03BXX -l50ns MT1259EC-15883C 85l5201XX JM38510/2460204BXX r--

64Kx4CDlP lOOns MT4067C-1O 883C 8767604VX ~ 120ns MT4067C-12883C 8767601VX 
l50ns MT4067C-15883C 8767602VX :D 
200ns MT4067C-20 883C 8767603VX -< -64Kx4CLCC lOOns MT4067EC-l0 883C 8767604XX Z l20ns MT4067EC-12883C 876760lXX "T1 l50ns MT4067EC-15883C 8767602XX 
200ns MT4067EC-20 883C 8767603XX 0 

1 Meg x 1 CDlP JM3851O/2490lBVX 
:D 

80ns MT4Cl024C-8883C No Drawing 3: lOOns MT4Cl024C-lO 883C No Drawing JM38510/24902BVX 
l20ns MT4Cl024C-12883C No Drawing JM38510/24903BVX ~ l50ns MT4Cl024C-15883C No Drawing JM38510 /24904BVX -

1 Meg x 1 CLCC 80ns MT4C1024EC-8 883C JM38510 /2490lBZX 0 
lOOns MT4C1024EC-IO 883C JM38510 /24902BZX Z 
120ns MT4C1024EC-12883C JM38510 /24903BZX 
1 SOns MT4C1024EC-15883C JM38510 /24904BZX 

1 Meg x 1 Flat Pack 80ns MT4Cl024F-8883C JM38510 /2490lBXX 
lOOns MT4CI024F-IO 883C JM38510 /24902BXX 
120ns MT4Cl024F-12883C JM38510 /24903BXX 
150ns MT4CI024F-15883C JM3851O/24904BXX 
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DRAM 
Description Speed Micron Part Number SMD Part Number JAN Part Number 

(5962-) (5962-) 

1 Megx4CDIP 80ns MT4C400lC-8883C 90847M_X 90847B_X 
lOOns MT4C400lC-1O 883C 90847M_X 90847B_X 
l20ns MT4C400lC-12883C 90B47M_X 90847B_X 
l50ns MT4C400lC-15883C 90847M_X 90847B_X 

1 Megx4LCC 80ns MT4C400lEC-8 883C 90847M_X 90847B_X 
lOOns MT4C400lEC-lO 883C 90847M_X 90847B_X 
l20ns MT4C400lEC-12883C 90847M_X 90847B_X 
l50ns MT4C400lEC-15883C 90847M_X 90847B_X 

1 Meg x 4 Flat Pack 80ns MT4C4001F-8883C 90847M_X 90847B_X 
lOOns MT4C4001F-1O 883C 90847M_X 90847B_X 
l20ns MT4C4001F-12883C 90847M_X 90847B_X 
l50ns MT4C400lF-15883C 90847M_X 90847B_X 

- 4Megxl COIP 80ns MT4ClOO4C-8883C 90622M_X 90622B_X 
lOOns MT4Cl004C-lO 883C 90622M_X 90622B_X s: l20ns MT4ClOO4C-12883C 90622M_X 90622B_X - l50ns MT4ClOO4C-15883C 90622MJ( 90622B_X 

r-- 4Megx 1 LCC 80ns MT4ClOO4EC-8 883C 90622MJ( 90622B_X 

)! lOOns MT4ClOO4EC-lO 883C 90622M_X 90622B_X 
l20ns MT4ClOO4EC-12883C 90622MJ( 90622B_X 

~ l50ns MT4ClOO4EC-15883C 90622M_X 90622B_X 

- 4 Meg x 1 Flat Pack 80ns MT4ClOO4F-8883C 90622M_X 90622B_X 

Z lOOns MT4ClOO4F-1O 883C 90622M_X 90622B_X 

." 120ns MT4Cloo4F-12883C 90622M_X 90622B_X 

0 
l50ns MT4ClOO4F-15883C 90622M_X 90622B_X 

:xJ s: 
~ -0 
Z 

10-4 



1'II1c=F=tg~ MILITARY MULTI PORT DRAM 

MULTIPORT DRAM 
Description Speed Micron Part Number SMD Part Number JAN Part Number 

(5962-) 

64Kx4CDIP lOOns MT42C4064C-lO 883C 89952M_X 
l20ns MT42C4064C-12 883C 89952M_X 
l50ns MT42C4064C-15883C 89952M_X 

64Kx4LCC l20ns MT42C4064EC-lO 883C 89952M_X 
l50ns MT42C4064EC-12883C 89952M_X 
200ns MT42C4064EC-15 883C 89952M_X 

l28Kx8CDIP 80ns MT42C8l28CW-8883C No Drawing 
lOOns MT42C8l28CW-1O 883C No Drawing 
l20ns MT42C8l28CW-12883C No Drawing 

256Kx4CDIP 80ns MT42C4256-8883C No Drawing 
lOOns MT42C4256-l2 883C No Drawing 
120ns MT42C4256-l5 883C No Drawing 
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1'II1C:I=";;;t~ MILITARY SRAM 

SRAM 
Description Speed Micron Part Number SMD Part Number JAN Part Number 

(5962-) 

128Kx8CDIP 25ns MT5C1008C-25 883C 8959837MZX* 5962-8959837BZX* 
35ns MT5C1008C-30 883C 8959836MZX* 5962-8959836BZX* 
45ns MT5C1008C-45 883C 8959835MZX* 5962-8959835BZX* 

256Kx 1 CDIP 25ns MT5C2561C-25 L 883C 8872505LX JM38510/29310BLX 
35ns MT5C2561C-35 L 883C 8872501 LX JM38510/29302BLX 
45ns MT5C2561C-45883C 8872502LX JM3851O/29301BLX 

256Kx1 CLCC 25ns MT5C2561EC-25 L 883C 8872505XX JM38510/29310BNX 
35ns MT5C2561EC-35 L 883C 8872501XX JM38510/29302BNX 
45ns MT5C2561EC-45883C 8872502XX JM38510/29301BNX 

64Kx4CDIP 25ns MT5C2564C-25 L 883C Note 1 JM38510/29311BLX 
35ns MT5C2564C-35 L 883C 8868101LX JM3851O/29304BLX 
45ns MT5C2564C-45 883C 8868102LX JM3851O/29303BLX - 64Kx4CLCC 25ns MT5C2564EC-25 L 883C Note 1 JM3851O/29311BNX 
35ns MT5C2564EC-30 L 883C 8868101XX JM38510/29304BNX 

:s:: 45ns MT5C2564EC-45 883C 8868102XX JM38510/29303BNX -r- 64Kx4CDIP 25ns MT5C2565C-25 L 883C 8952405XX JM38510/29312BYX - w/OE 35ns MT5C2565C-35 L 883C 8952404XX JM38510/29315BYX 

~ 45ns MT5C2565C-45 883C 8952403XX JM38510/29314BYX 

:IJ 64Kx4CLCC 25ns MT5C2565EC-25 L 883C 8952405YX JM38510/29312BNX 

-< w/OE 35ns MT5C2565EC-30 L 883C 8952404YX JM38510/29315BNX 

- 45ns MT5C2565EC-45 883C 8952403YX JM38510/29314BNX 

Z 32Kx 8 CDIP 25ns MT5C2568C-25 L 883C No Drawing JM3851O/29313BYX ." 
0 

300 MIL 35ns MT5C2568C-30 L 883C No Drawing JM38510/29309BYX 
45ns MT5C2568C-45 883C No Drawing JM38510/29308BYX 

:IJ 55ns MT5C2568C-55 883C No Drawing JM38510/29307BYX 

:s:: 32Kx8CDIP 25ns MT5C2568CW-25 L 883C Note 1 JM38510/29313BXX 

~ 600 MIL 35ns MT5C2568CW-35 L 883C No Drawing JM3851O/29309BXX 
45ns MT5C2568CW-45 L 883C 8866204XX JM38510 /29308BXX - 55ns MT5C2568CW-55 L 883C 8866205XX JM38510/29307BXX 

0 
Z 32Kx8CLCC 25ns MT5C2568EC-25 L 883C Note 1 JM38510/29313BNX 

28 PIN 35ns MT5C2568EC-35 L 883C No Drawing JM38510/29309BNX 
45ns MT5C2568EC-45 L 883C 8866204UX JM38510/29308BNX 
55ns MT5C2568EC-55 L 883C 8866205UX JM38510/29307BNX 

*Preliminary 
Note: 1. The current SMDs are written for the slower grade devices. Micron has submitted new drawings to DESC 

for faster devices. 
L: Optional 2V data retention is available on all parts indicated by "L" after speed. 

Optional low-voltage data retention available on all SRAMs. 
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1VI1C:1=I9~ MILITARY SRAM 

SRAM 
Description 

32Kx8CLCC 
32 PIN 

32K x 8 Flat Pack 

64Kx 1 COIP 

64Kx 1 CLCC 

16Kx4COIP 

16Kx4CLCC 

8Kx8COIP 
300 MIL 

8Kx8COIP 
600 MIL 

8Kx8CLCC 
28PIN 

Speed 

25n8 
35n8 
45n8 
55ns 

25ns 
35ns 
45ns 
55ns 

20ns 
25ns 
30ns 
35ns 

20ns 
25ns 
30ns 
35ns 

20ns 
25ns 

20ns 
25ns 

15ns 
15ns 
20ns 
25ns 
30ns 
35ns 

20ns 
25ns 
30ns 
35ns 

15ns 
20ns 
25ns 
30n8 
35ns 

Micron Part Number 

MT5C2568ECW-25 L 883C 
MT5C2568ECW-30 L 883C 
MT5C2568ECW-45 L 883C 
MT5C2568ECW-55 L 883C 

MT5C2568F-25 L 883C 
MT5C2568F-35 L 883C 
MT5C2568F-45 L 883C 
MT5C2568F-55 L 883C 

MT5C6401C-20 L 883C 
MT5C6401C-25 L 883C 
MT5C6401C-30 L 883C 
MT5C6401C-35 L 883C 

MT5C6401EC-20 L 883C 
MT5C640lEC-25 L 883C 
MT5C6401EC-30 L 883C 
MT5C6401EC-35 L 883C 

MT5C6404C-20 L 883C 
MT5C6404C-25 L 883C 

MT5C6404EC-20 L 883C 
MT5C6404EC-25 L 883C 

MT5C6408C-15 L 883C 
MT5C6408C-15883C 
MT5C6408C-20 L 883C 
MT5C6408C-25 L 883C 
MT5C6408C-30 L 883C 
MT5C6408C-35 L 883C 

MT5C6408CW-20 L 883C 
MT5C6408CW-25 L 883C 
MT5C6408CW-30 L 883C 
MT5C6408CW-35 L 883C 

MT5C6408EC-15 L 883C 
MT5C6408EC-20 L 883C 
MT5C6408EC-25 L 883C 
MT5C6408EC-30 L 883C 
MT5C6408EC-35 L 883C 

SMD Part Number JAN Part Number 
(5962-) 

No Drawing JM3851O/29313BTX 
No Drawing JM38510/29309BTX 
8866204YX JM38510/29308BTX 
8866205YX JM3851O/29307BTX 

No Drawing JM38510/29313BMX 
No Drawing JM38510/29309BMX 
8866204TX }M38510/29308BMX 
8866205TX }M38510/29307BMX 

Note 1 
No Drawing 
No Drawing 
8601501XX 

Note 1 
No Drawing 
No Drawing 
8601501ZX 

8969204YX 
8969202YX 

8969204ZX 
8969202ZX 

3829418MZX 
3829419MZX 
8969104ZX or 3829416MZX 
8969102ZX or 3829414MZX 
No Drawing 
3829412MZX 

8969104XX 
8969102XX 
No Drawing 
No Drawing 

3829418MUX 
8969104NX or 3829416MUX 
8969102NX or 3829414MUX 
No Drawing 
3829412MUX 

Note: 1. The current SMDs are written for the slower grade devices. Micron has submitted new drawings to DESC 
for faster devices. 

L: Optional2V data retention is available on all parts indicated by "L" after speed. 
Optional low-voltage data retention available on all SRAMs. 
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I"IIC:F:U;:;!~ MILITARY SRAM 

SRAM 
Description 

8K x 8 Flat Pack 
32 PIN 

2Kx8CDIP 

2Kx8CLCC 

Speed Micron Part Number 

25ns MT5C6408F-25 L 883C 
35ns MT5C6408F-35 L 883C 

20ns MT5Cl608C-20 L 883C 
25ns MT5C1608C-25 L 883C 
30ns MT5Cl608C-30 L 883C 
35ns MT5Cl608C-35 L 883C 

20ns MT5C1608EC-20 L 883C 
25ns MT5C1608EC-25 L 883C 
30ns MT5C1608EC-30 L 883C 
35ns MT5Cl608EC-35 L 883C 

SRAM MODULE 
Description Speed Micron Part Number 

128Kx8CDIP 35ns MT4S1288CW-35 
512Kx 8 CDIP 35ns MT4S5128CW-35 
64Kx 16CDIP 35ns MT4S6416CW-35 
64Kx32CDIP 35ns MT4S6432CW-35 

CACHE DATA SRAM* 
Description 

8Kx16CLCC 

*Preliminary 

Speed 

20ns 
25ns 
35ns 

Micron Part Number 

MT56C0816C-20 L 883C 
MT56C0816C-25 L 883C 
MT56C0816C-35 L 883C 

SMD Part Number 

8969102YX 
No Drawing 

8969002LX 
8969001LX 
No Drawing 
No Drawing 

8969002ZX 
8969001ZX 
No Drawing 
No Drawing 

SMD Part Number 

No Drawing 
No Drawing 
No Drawing 
No Drawing 

SMD Part Number 

No Drawing 
No Drawing 
No Drawing 

JAN Part Number 

JAN Part Number 

JAN Part Number 

Note: 1. The current SMDs are written for the slower grade devices. Micron has submitted new drawings to DESC 
for faster devices. 

L: Optional 2V data retention is available on all parts indicated by "L" after speed. 
Optional low-voltage data retention available on all SRAMs. 
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1'II1C:::I::::I1;!~ M I LlTA RY FI FO 

FIFO* 
Description Speed Micron Part Number SMD Part Number JAN Part Number 

512x9CLCC 15ns MT52C9005EC-15883C No Drawing 
20ns MT52C9005EC-20 883C No Drawing 
25ns MT52C9005EC-25 883C No Drawing 
35ns MT52C9005EC-35 883C No Drawing 

lKx9CLCC 15ns MT52C9010EC-15883C No Drawing 
20ns MT52C901OEC-20 883C No Drawing 
25ns MT52C9010EC-25 883C No Drawing 
35ns MT52C901OEC-35 883C No Drawing 

2Kx9CLCC 15ns MT52C9020EC-15883C No Drawing 
20ns MT52C9020EC-20 883C No Drawing 
25ns MT52C9020EC-25 883C No Drawing 
35ns MT52C9020EC-35 883C No Drawing 

*Preliminary 
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PACKAGE TYPE PIN COUNT 

PLASTIC DIP .................... 16 
18 
20 
22 
24 
28 
32 

CERAMIC DIP .................. 16 
18 
20 
22 
24 
28 
32 

PLASTIC ZIP ..................... 16 
20 
24 
28 
40 

PLCC .................................... 18 
32 
52 

LPQFP ................................. 52 

PAGE 

11-2 
11-3 
11-4 
11-5 
11-6 
11-7 
11-9 
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11-18 
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11-21 
11-22 
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PACKAGE TYPE PIN COUNT 

PLASTIC SOJ .............. 20/26 
22/26 

24 
24/26 
24/28 

28 
32 
40 

CERAMIC LCC ................. 18 
20 
28 
32 

FLAT PACK ....................... 16 
20 
28 
32 

MODULE SIP .................... 30 

MODULE SIMM ............... 30 
72 

MODULE ZIP .................... 64 
72 

MODULE DIP ................... 32 
40 
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1VI1C:l=Ig~ PLASTIC DIP 

16-PIN PLASTIC DIP 
A-1 

r- .747 (18.97) r~~~- .753(19.131 -~~---<>I·I 

All dimensions in inches (millimeters) MM~ or typical where noted. 
In 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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I'IIIC:I=U;;;!~ PLASTIC DIP 

.253 (6.43) 

.247 (6.27) 

.140 (3.55) 

.130 (3.20) 

18-PIN PLASTIC DIP 
A-2 

""r~:>------ :~ 1~::~1 ------<<=>11 

PIN#1INDEX 

.800 (20.32) TVP 

PIN #1 INDEX 

18-PIN PLASTIC DIP 
A-3 

"'I 

~~------------~ 

rr :~~~ 1~:~~1 ~ 

A 
t~J .380 (9.65) 

.330 (8.38) 

rr~~ 

A t :~:~g:~~l J 
.380 (9.65) 
.330 (8.38) 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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I'IIIC=F:::";;~N PLASTIC DIP 

20-PIN PLASTIC DIP 
A-4 

r" 1.033 26.24) :1 1.027 26.09) 

i&:,:~::::] 
.170 (4.32) ~ 
'155(3.94)~ i 

~--------------~ ~ 

I 
.291 (7.39) 
.285(7.24) 

l-l I-,.~,~ ~:I::l 
:=g:~! 

.900 (22.86)TVP ----<=-I 

"' 

20-PIN PLASTIC DIP 
A-5 

1<>-1" --- ::~~f~::~} ----<>I~ 1 

L~=;==;==;=;=;=:;:=;=;==;==;==::::;==;=;y 
PIN'1 INDEX 

~~--------------~ 

l-l I-'.-'~~:I::l 
:g~!l:~H I·J 

~til 
.900 (22.88) TYP ----<=-I '"' '"' 

r-~I I, .300 (7.82) \ I 

A 
t~J .008 (0.20) 

.380 (9.65) 

.330 (8.38) 

I~I I r .310(7.87) \ I 

A t ·0140.38 J ~ .008(0.20 

.38019.65) 

.330 (B.3S) 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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.145 (3.68) 

.135 (3.43) 

PIN#lINDEX 

22-PIN PLASTIC DIP 

A-6 

.170 (4.32) 

.155 (3.94) 

1--------- 1.000 (25.38) TYP ---------t 

rr :i~~ ~:~~ ~ 

A 
t:g~1g::l J 

.380 9.65 

.330 8.38 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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1VI1C:1=I9~ PLASTIC DIP 

24-PIN PLASTIC DIP 
A-7 

I' ~ 'I 

~E&:".:~ ~ ~ ~ ~ ~ ~ J 

r 
.~5~m17) . 4 1 

TOP VIEW 

.170 (4.32) 

.155 (3.94) 

1------ 1.100(27.94) --------ool: ~! 
SIDE VIEW 

24-PIN PLASTIC DIP 
A-8 

~I ----~+:::~~~:~::m~I-------4 

L~~~~ 
PIN #1 INDEX 

.170 (4.32) 

.155 (3.94) 

I~I II .310 (7.87) "I 

A 
t~J .008 (0.20) 

.380 (9.65) 

.330 (8.38) 

END VIEW 

r,~=J 

A 
~~ -J .480 (12.19) 

.430 (10.92) 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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1'41C=l=Ig~ PLASTIC DIP 

I 
.373 (9.47) 
.367 (9.32) 

28-PIN PLASTIC DIP 
A-9 

.170 (4.32) 

.155 (3.94) 

1<>------- 1.300(33.02) ------1>1 

28-PIN PLASTIC DIP 
A-10 

1-1"------- ::~~!~:~~: ----------1 

L ~;==;==;=;==;==rr=;==;=;==r:=;==;=;==r==;=;==;==;==;=41 
PIN #1 INDEX 

1------- 1.300(33.02)TYP ---------1 

rr .~~~ !~~~l ~ 

A 
t .~~:!~.:: j 

.380 (9.65) 

.330 (8.38) 

r-~I II .410(10.41) ,I 

A 
~~J J-- .008 (0.20) 

.480 (12.18) 

.450 (11.42) 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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I'IIIC=F=lgN PLASTIC DIP 

28·PIN PLASTIC DIP 
A-11 

~------------1:~~~~~------------~ 

PIN #1 INDEX 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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~IC:I=II;;~~ PLASTIC DIP 

32-PIN PLASTIC DIP 
A-12 

1.577 (40.06) I
" 1.583 (40.21) "I 

l .425(10.79) r 
.410 (10.41) .170 (4.32) 

~r---------------------------------~~ .155(3.94) 
.145 (3.68) 
.135 (3.43) i r SEATING PLANE 

,---- t A 
.100 (2.54) TYP 

~ .140(3.56) 
.120 (3.05) 

1-------- 1.500 (38.10) TYP-----___ -I 

t 
.543 (13.79) 
.537 (13.64) 

1.653 (41.99) 
1.647 (41.83) 

32-PIN PLASTIC DIP 
A-13 

~~~~~~~~ 

.220 (5.59) 

.170 (4.32) 1 
.--------------.~ 

l.160(4.06) 
.125 (3.18) 

j l-- .0140.36 I 
.008 .20 

.480 (12.18) __ 
:45Ol1T42) 

r-~-1 
1,.590 (14.99) ,I 

FI 
t~j r=>- .008 (0.20) 

.680 (17.25) 

.630 (16.00) 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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I'IIIC:R9~ CERAMIC DIP 

16-PIN CERAMIC DIP 
8-1 

I---- .810 (20.57) --------..J 
I .790 (20.07) I 

r-I -:J.75) 

~ .285(7.24) 

~~======~~~ 
PIN NO.1 
INDEX MARKER 

.110 (2.79) 
[ .090 (2.29) SEATINGPL2 

All dimensions in inches (millimeters) MM~X or typical where noted. 
In 

.175 (4.45) 

.125 (3.18) 

11-10 

M::: :::::: 
I .310(7.87) I 

-1 .290 (7.37) r-



~l 

18-PIN CERAMIC DIP 
8-2 

.910(23.11) __________ ~ 

.890 (22.61) 

: 
I 

.305 (7. 
.285 (7. 

75) 
--24-) 

! 
~PINNO.1 

L"", .025 (0.64) 

L"", .025 (0.64) 

. 110 (2.79) 
.090 (2.29) 

.910 (23.11) 

.890 (22.61) 

18-PIN CERAMIC DIP 
8-3 

'~n'''fl 

J I 175(445) 

~ 125 (318) 

~ ~~~g ~~~- Il ~o,,~" 
.090 (2 29) --l 016 (0 41) 

11-11 

~~ ~ + .008 (0.20) 

I .310 (7.87) --I 
I-- .290 (7.37) 

.410 (10.41) 

.390 (9.91) 

.012 (0.30) 
.008 (0.20) 
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I'IIIC:I=U;~,~ CERAMIC DIP 

1\ 
~ 
~ 

1.010 (25.65) 
.990 (25.15) 

20-PIN CERAMIC DIP 
8-4 

.305 (7.75) 

.285(7.24) 

~ 
·~PINNO.1 

INDEX MARKER 

L 
.025 (0.64) 

~n~'u 

l .175(4.45) 

~.18) 

~JL .040 (1.02) .020 (0.51) 

.016(0.41) 

20-PIN CERAMIC DIP 
8-5 

.990 (25.15) I 1.010 (25.65) I 

~--~ 

~ l .175(4.45) 
.125(3.18) 

:::~: J~"" 
.110 (2.79) .016 (0.41) 

t 
.025 (0.64) 

.090 (2.29) 

11-12 

~~ 
~ + .008 (0.20) 

I .310 (7.87) I 
I-- .290 (7.37) ----! 

.410 (10.41) 
.390 (9.91) 

.012 (0.30) 
.008 (0.20) 



22-PIN CERAMIC DIP 
8-6 

1.088 (27.64) j
, 1.112 (28.24) 'j 

t~(,~ 
.028 (0.71) 

. 110(2.79) 

.090 (2.29) 

.045(1.14) 

.035 (0.89) 

11-13 

.305 (7.75) 

.285 (7.24) 

I 

R .012(0.30) ~ t .008 (0.20) 

I .310 (7.87) I 
1-.290 (7.37) ., .. 

~ o 
~ 
G) 
m -z 
." o 
:D 
3: 
!i 
(5 
z 
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fUllC:I=U;!~ CERAMIC DIP 

24-PIN CERAMIC DIP 
8-7 

1.212(30.78) 

1.188(30.18) 

.285 (7.24) [ 1 -:I75) 

~~~~~~~~~ 

.105 (2.67) 
[ .085 (2.16) 

CO" .025(0.64) 

PIN NO. 1 
INDEX MARKER 

~~'U 

U l .175 (4.45) 
.125 (3.18) 

~ JL---L 
.110 (2.79) .040 (1.02) .020 (0.51) 

.090 (2.29) .016 (0.41) 

24-PIN CERAMIC DIP 
8-8 

1.212 (30.78) 

1.188(30.18) 

I D .405(10.29) 

.385 (9.78) 

~Q,~~;==;::;=~;==;::;=~~~ ~ 
~PINNO.1 

.105 (2.67) 

[ .085 (2.16) 

INDEX MARKER 

.09012.29) 

11-14 

:~!~:~l --
I-- .31 0 (7.87) ---l 

.290 (7.37) 

.012 (0.30) _ I-

.008 (0.20) 

l--- .410 (10.41) --I 
.390 (9.91) 



, 

IVIIC:I=U;~~ CERAMIC DIP 

28-PIN CERAMIC DIP 

B-9 

1--------- 1.414 (35.92) 
1.386 (35.20) 

I 
) [ 

0... I 
-r 

.305 (7.75) 

.285 (7.24) 

-.l 
~ PIN NO.1 INDEX MARK 

.100 (2.54) 
[ .080 (2.03) 

r-
l 060 (152) 

.040 '1.02) 

D 
0,. I 

.110 (2.79) 

.090 (2.29) 

28-PIN CERAMIC DIP 

B-10 
1.414 (35.92) 
1.386 (35.20) 

I 
.405 (10.29) 
.385 (9.78) 

~ PIN NO.1 INDEX MARKER 

.110(2.79) 

[ .090 (2.29) 

t"~J .040 (1.02) .110 (2.79) 
.090 (2.29) 

SEATING PLAiE 7 
~ 
~8) 

~-'-:"":'- ~ ~ :~~~ ~~:~~~ 
11-15 

~ ·","'»1 ~ + .008 (0.20) 

I .310 (7.87) I 
I- .290 (7.37) -j 

.012 (0.30) 

.008 (0.20) 

I .410 (10.41) I r- .390 (9.91) ---j 

.. 
~ o 
~ 
G) 
m -z 
." o 
:0 
3: 
!i -o z 



-~ o 

~ 
m -z 
." o 
::J] 

3: 
~ -o z 

I"IIc::r=II;~N CERAMIC DIP 

28-PIN CERAMIC DIP 
8-11 

1-------- 1.414 (35.92) 
1.386 (35.20) 

I 

D 
'\. 

~ PIN NO.1 INDEX MARK 

.111 (2.82) 
[ .089 (2.26) 

t,,~ 
.040 (1.02) 

.110(2.79) 

.090 (2.29) 

11-16 

I 
.600 (15.24) 
.580 (14.73) 

~ 

.012 (0.30) . _ I

.oca (0.20) 

I .610 (15.49) I 
I-- .590 (14.99) ------I 



I'IIIC:R9N CERAMIC DIP 

32-PIN CERAMIC DIP 
8-12 

1--------- ~:~~~ ~:~:~~: 

) II -:L 
~~~~~===j="'~~~~~-=-='~78) 
~ PIN NO.1 INDEX MARK 

.111 (2.82) 
( .089 (2.26) 

32-PIN CERAMIC DIP 
8-13 

1--________ 1.615(41.02) 

1.585 (40.26) 

I 

) CJ 
a... 
~ PIN NO.1 INDEX MARK 

.111 (2.82) 
( .089 (2.26) 

t,~ 
.040 (1.02) 

.110 (2.79) 

.090 (2.29) 

11-17 

I 
.605 (15.37) 
.585 (14.86) 

~ 

:~~; ~~::: - - -
I .410 (10.41) I 
r-390 (9.91) ----j 

.012 (0.30) . _ I

.008 (0.20) 

I .610(15.49) I r-- .590 (14.99) ---1 

-~ o 

~ m -z 
C9 
::rJ 
3: 
~ o z 



.. 
~ o 

~ 
m -z 
." o 
::D 
s: 
~ 
6 z 

I'IIIC:F=lg~ PLASTIC ZIP 

.030 0.76 

.015 (0.38 

16-PIN PLASTIC ZIP 
C-1 

1-"1-=>----- :~~; i~~:~! ------c1'"" --.-----T"" 

~ PIN #1 INDEX .253 !.43) t 
.247r7) ,1 .335 (8.51) 

~=a='i"FEFiEFi"Fi''F'i'Fi'iFEi=rr=a='i''FU=EFi:Jl~ 11) 

~ SEATING PLANE 

.050 (1.27) TVP __ ___ 

1<>----- .750 (19.03) TVP -----c'"" 

~ II == 
20-PIN PLASTIC ZIP 

C-2 

~a_-~---JCI 
r- .050 (1.27) 

--y---...-

45V ~ 
.287(7.29) 

~ PIN #1 INDEX I 
~i"'EFi"'i"i'FfT'i5""t:;=c;=;:r;:r=Ei"'i:F;:;=;:;=;:;=;:;=;:;=;:;!I----1 

.368 (9.35) 

.332 (8.43) 

\00:= SEATING PLANE 

-- Ie>- .050(1.27)1YP 

1<>------- .950(24.13) -------<>1 

All dimensions in inches (millimeters) MM~ or typical where noted. 
In 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

11-18 



~ "J.<>-
_ I .050 (1.27) 

.999 (25.37) 

.993 (25.22) 

20-PIN PLASTIC ZIP 
C-3 

"' 

---,-----,-

.410 (10.41) 

.385 (9.7B) 

I 
\0:0 SEATING PLANE 

1 .113(2.87) 
.107 (2.72) 

~----r 

.014 (0.36) 

.008 (0.20) 
.950 (24.13) 

.015 (0.38) .016 (0.41) ~1r .024(0.61) 

24-PIN PLASTIC ZIP 
C-4 

I"'I::=========::::=-:=~=:~~=;=!~=g=:~g=l::::::::::::::::~_--' __ --r 

~ .050(1.27)X45° .333146) J 
.327 (B.31) 

if PIN #1 INDEX ~ .400 (10.16) 

~=a=;S=;:;=;C;=;:Fi''FEr=a=rr=a=;S=;:;=;C;=;:Fi''FEr=a=rr=a==a='EFC;=;'''' .350 (B.B9) 

I 
\: SEATING PLANE 

- - .05~~27) 
1--------- 1.150 (29.21) TYP--------I 

11-- .030 0.76) 11-- .024 0.61 I .01 (0.3B) I .016 0.41 

.014 (0.36) 

.OOB (0.20) 

.12B (3.25) 

.106 (2.69) 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

11-19 

-~ o 
~ 
G) 
m -z 
""T1 o 
::rJ 
s: 
~ -o z 



fVIII::: l=u;;!N PLASTIC ZIP 

.. 
~ 

-eo fc:>-- .050 (1.27) TYP 

28-PIN PLASTIC ZIP 
C-5 

1<>--------- 1.350(34.29) TYP --------<>1 

~ 
40-PIN PLASTIC ZIP 

o 1--__________ 1.999(50.771 __________ .'"i1 

~ 1.;---__ 1.994_(50.65 ----i-.----.-

C-6 

G) 
m -z 
~ 
::D 

== 
~ -o z 

1------------ 1.950(49.53) -----------1 

1r~ :::: 

1:-nr-i-1 __ :_~~3_7 !-~:~-~r 

.128 (3.25) 

.106 (2.69) 

1 -- :~~!~:~~l 
:-..-+------.. 

"'~ 6 6 .635 (16.13) ~I .. 
t3 ~ .585 (14.86) 

"',... 'l,J, 
:008 (0:20) --,...... .100 (2.54) 

- I-- .128 (3.25) 
.106 (2.69) 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

11-20 



.050 (1.27) TYP 

18-PIN PLCC 
0-1 

=g:~;q 
1---- :::!~~:~ 

TT==t=Fi==P-.rj:L=...o 

.025 (0.64) 

32-PIN PLCC 
0-2 

All dimensions in inches (millimeters) MM~ or typical where noted. 
In 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

11-21 

-~ o 
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i: 
!4 
6 
z 

NOTE: 

a. 
~ 

~. r ~ 
~'" C\l0 X 
~~ ~~ ;0:-

~~ 
<00 

~~ :s 

a. 
~ 
r:::-
"! 
:s 

52-PIN PLCC 
0-3 

.756 (19.20) --=j 

.795(20.19) =1 .785 (19.94) 

.750(19.05) .~~~ I 

.600 (15.24) 
TYP 

t 

.040 (1.02) 

.020 (0.51) 

Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

11-22 



j<:r-_ .567 (14.30) 
.544 (13.90) 

.555 (14.10) 

.547 (13.90) 

.687 (17.45) 

.667 (16.95) 

52-PIN LPQFP 
D-4 

1 
.397 (10.08) .567 (14.30) 
.391 (9.93) .544 (13.90) 

52-PIN LPQFP 
D-5 

1 
.555 (14.10) .687 (17.45) 
.547 (13.90) .667 (16.95) 

All dimensions in inches (millimeters) MM~X or typical where noted. 
In 

.012 (0.30) 1~ 

.006(0.15) I~ 

.008 (0.20) 

.006 (0.15) 

l .035 (0.89) 
.027 (0.69) 

.018 (0.46) 

.008 (0.20) 

.019 (0.48) 

.004 (0.10) 

l .037 (0.94) 
.026 (0.65) 

.018 (0.46) 

.012 (0.30) 

.097 (2.45) 

.080 (2.03) 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

11-23 
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-~ o 

~ m -z 
~ 
:D s:: 
~ 
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I'4IC:F:II;~N PLASTIC SOJ 

20/26-PIN PLASTIC SOJ 
E-1 

t------- :~~!H:~ -------i 

.:;(7.75) 

. (7.59) 

.050 (1.27) TYP 

~~----------------~ 
'~~!O:Jr-~)i--~~~ 
SEATING PLANE -~ lAAJ-V-V-l --II-- .020 (0.51) 

.015 (0.38) 

20/26-PIN PLASTIC SOJ 
E-2 

1-_____ .6781'7.25! ----~-II 
.673 17.08 -

on n a 

.353 8.97 

.347 8.81) 

.025(0.64) L-~ 

tl ~~ 
SEATING PLANE-- 1------ILf-V-V.W 

II-- O2Otr! --t .015 O. 8 

All dimensions in inches (millimeters) MM~ or typical where noted. 
In 

.275 (6.99) 

.260 (6.60) 

.325 (8.26) 

.310(7.87) 

NOTE: Package width and length do not Include mold protrusion, allowable mold protrusion is .01" per side. 

11-24 



I'IIIC=I=II;~N PLASTIC SOJ 

22/26-PIN PLASTIC SOJ 
E-3 

1<>------ .~~ gi~~l-'-----:-=il 
CJ 0 0 _ 

.340 (8.64) 

.330 (8.38) 

.305 7.75 

.299 7.59 

o 

.025 (0.64) 1 
X300rVP L-

SEATINGP~~~~-------~--~------' 
.020 (0.51) 
.015 (0.38) 

24-PIN PLASTIC SOJ 
E-4 

~ ___ ~ ______ ~.--1 1--~O 
.025 (0.64) r I=rt= ..... ::r-I;::;n;::r~'l=r-=-=-.:::I-,::;rt=m 

SEATING PLANE -

--ll-g~g IK~M 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

11-25 

-~ o 
~ 
G) 
m -z 
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:ll s: 
~ -C 
:z 



.. 
~ o 

~ 
m -z 
." o 
XI s: 
~ -o z 

I 

I'IIIC:R 9N PLASTIC SOJ 

24/26·PIN PLASTIC SOJ 
E-5 

1<>------ :mm~ ------<>1 

.305 (7.75) 

.299(7.59) 

.340 (8.64) 

.330 (B.3S) 

I .050(1.27)TYP I ~ I 
~ .600(15.24)TYP~ 

.025 (0.64) 1. 
X30"TYP ~ 

~ATINGP~~~--------------' 

.353 (8.97) 

.347 (8.81) 

II .020 (0.51) 
--<>I I<>- .015 (0.38) 

24/26·PIN PLASTIC SOJ 
E-6 

1------- :~~~ g~:~1 --------1 

1--~ ______________ ~ 

~loi¢~r~ 
SEATINGPlANE--

II .0f!(o.t) 
--I I--- .0 5 (0. ) 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

11-26 



I'IIIC:F:U;~N PLASTIC SOJ 

24/28-PIN PLASTIC SOJ 

E-7 

1<>------- ~;~ f~:~~:1------"'c-!1 

-'onnn 

.405 (10.29) 

.399 (10.13) 

.445 (11.30) 

.435(11.05) 

PIN#1INDEX 
.050 (1.27) TVP 

1<>------ .650 (16.51) ----.-....,"'i 

1 .~~~~!O.64) 
~TYP 

SEATINGPLA~J 
I I .020 (0.51) 

----c:--j j-d-- .015 (0.38) 

28-PIN PLASTIC SOJ 

E-8 

1------- :~~~ g::~!! ---------t 

1-~o 
.025 (0.64) r !:::r-J:::r-=--=-'::::r-J:=r-=-=r-t::ro=-=-=r-t::ro:::r-o 

SEATING PLANE-

II .020 (0.51) --i I-- .015 (0.38) 

:~~~:~!l R 

.275 (6.99) 

.260 (6.60) 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

11-27 
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-~ o 

~ m -Z 
-n o 
:lJ 
s: 
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28·PIN PLASTIC SOJ 

E-9 

~-----------;~g~~I----------~~ 

.405 (10.29) 

.399 (10.13) 

.445 (11.30) 

.435 (11.05) 

.050 (1.27) TYP 

~--------- .650 (16.51) ----------<=-1 

.1 .~~!0.64) 
~TYP 

SEATINGP~J 
--=-I j...,.- .020 (0.51) 

.015 (0.38) 

32·PIN PLASTIC SOJ 

E-10 

r=rOOODD nnnnn 

PIN#1ID 
.050 (1.27) TYP 

~-------- .750 (19.05) TYP 

r .~~~0.64) 
~TYP 

SEATING~ 
II .020 (0.51) 

--<=1 t<>- .015 (0.38) 

.375 l9·f) 

.360 9. 4) 

.275 (6.99) 

.260 (6.60) 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

11-28 



I'IIIC::I=U:2N PLASTIC SOJ 

.449 {11.4O) 

.435 (11.05) 

32-PIN PLASTIC SOJ 
E-11 

~----------- ::~l~:~~l ------------~:1~ 

PIN #1 10 .050 (1.27) TYP 

t<>----- .750 (19.05) TYP 

1 .~2;otO.64) 
~TYP 

SEATINGPT::-~~----------------------"" 

PIN #1 INDEX 

II .020 (0.51) 
-<>I I<>-- .015 (0.38) 

40-PIN PLASTIC SOJ 
E-12 

1<>------- ~:~~~ l~~:~l --------e>l~1 

.050 (1.27) TYP 

1<>------ .950 (24.13) --------<>1 

.025 (0.64) 1 
X 30° TYP L-

SEATING PLANE r~""------------------"" 

II .020 (0.51) 
-<>II<>-- .015 (0.38) 

.150 (3.81\ 

.138 (3.51) 

.380 (9.65) 

.370 (9.40) 

NOTE: Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

11-29 

.037 (0.94) 

.025 (0.64) 

.. 
~ o 
~ 
G') 
m -Z -n o 
:D s:: 
~ -o z 



-~ o 
~ 
C) 
m -Z 
-n 
o 
:II 
i: 
~ 
(5 
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I'IIIC:I=IC;:;"~ CERAMIC LCC 

I--- .456 (11.58) ---l 
I .444 (11.28) I 

18-PIN CERAMIC LCC 
F-1 

.290 (7.37) 

.280 (7.11) 

.083 (2.11) 

SEATING PLANE?_'t-------'['- .067 (1.70) 

linn n n n I \ r 
T .055 (1.40) 

.045 (1.14) 

18-PIN CERAMIC LCC 

I--- .505 (12.83) ----I 
1_ .485(12.32) II~ 

.295 (7.49) 

.280 (7.11) . 

F-2 

,<A"'" 'CAN' ~ ---+: :::;: 
'II DDDDD II 

1.045(1.14) 
.035 (0.89) 

All dimensions in inches (millimeters) MM~ or typical where noted. 
In 

11-30 

.205 (5.21) 

.195 (4.95) 

.205 (5.21) 

.195 (4.95) 

.055 (1.40) 

.045 (1.14) 

.014 (0.36)R 

.004 (0.10)R 

.055 (1.40) 
[3-----''- .045 (1.14) 

.014 (0.36) R 

.004 (0.10) R 

I .055 (1.40) r- .045 (1.14) 



I'IIIC:I=U;!N CERAMIC Lec 

.683 (17.35) 

.667 (16.94) 

20-PIN CERAMIC LCC 
F-3 

.355 (9.02) 

.345 (8.76) 

.095 (2.41) 

.075 (1.91) 

~=~~ 

SEATING PLANE ~.076 (1.93) _ --.L .066 (1.68) 

~r=1 0==0==0===0===0:======0====0 ==0 ===0 0 II 
1.050 (1.27) 

.040 (1.02) 

11-31 

1---- .610 (15.49) 
.590 (14.99) 
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m -z 
'"T1 
o 
:::D s:: 
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1"11 c:: 1=1 C?N CERAMIC LCC 

28-PIN CERAMIC LCC 
F-4 

r .560 (14.22) 
.540 (13.72) 

.358 (9.09) 

.342 (8.69) 

.073 (1.85) 

''''~'G "A"~ ~."" (>'''( 

¥n n n n n n n n n II 
1.045(1.14) 

.035 (0.89) 

r 

¥n n n 
1 .050 (1.27) 

.040 (1.02) 

.560 (14.22) 

.540 (13.72) 

28-PIN CERAMIC LCC 

F-5 

.358 (9.09) 

.342 (8.69) 

.080 (2.03) 

""~""'AN';\ ~ .06' (>''''1 

n n n n n n If 

11-32 

.095 (2.41) 

.075 (1.91) 

.095 (2.41) 

.075 (1.91) 

.055 (1.40) 

.045 (1.14) 

.014 (0.36)R 

.004 (0.10)R 

.055 (1.40) 

.045 (1.14) 

.014 (0.36)R 

.004 (0.1 O)R 



1'II1C:l=Ig~ CERAMIC LCC 

32-PIN CERAMIC LCC 
F-6 

C .560(14.22) =n .540 (13.72) 

= 

.458 (11.63) 

.442 (11.23) 

~=::::IU 

.080 (2.03) 

~TI""'~'~ ~ _<'," 

~n n n n n n n n n Ir 
[.050 (1.27) 

.040 (1.02) 

32-PIN CERAMIC LCC 
F-7 

C .758(19.25) ~ 

~'~',.., 11 I 
.458 (11.63) 
.442 (11.23) 

~~U 

.095 (2.41) 

.075 (1.91) 

.077 (1.96) 

.093 (2.36) 

'~~'-~~ =<'" 
LI -tF11 ~~n ~n n~n~n~n~n~n ~n =11 
[066(1.68) 

.054(1.37) 

11-33 

.055 (1.40) 

.045 (1.14) 

.014 (0.36)R 

.004 (0.1 O)R 

.055 (1.40) 

.045(1.14) 

.014 (0.36)R 

.004 (0.10)R 

.055 (1.40) 

.045(1.14) 

-~ o 
~ 
C) 
m -z 
." o 
:xl 
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~ -o z 
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G) 
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I'll IC:F=:u;!N CERAMIC LCC 

32-PIN CERAMIC LCC 

F-8 

.S35 (21.21) 
.110(2.79) 

.090 (2.29) tb== =.S1=5(20.=~ =t--r 
[ ]

.40S (10.36) 

.392 (9.96) 

~========:',U 
.oso (2.03) 

.070 (1.7S) 

~n n n n n n n n n n n n n n n nl~ 
L066 (1.6S) ---r 

.054 (1.37) 

.100 (2.54) 

.oso (2.03) 

11-34 

.760 (19.30) 

f=---- .740 (1S.S0) 

.055 (1.40) 

.022 (0.56) .014 (0.36) R 
.004 (0.10) R 



I'IIIC:Rg~ FLAT PACK 

r .310(7.87) T~l .290 (7.37) .265 (6.73) 

PIN NO 1 
INDEX \. 1 

t~ 
.004 (0.10) 

B 

i .196 (4.98) i 
-j .184 (4.67) I-

·16 

'9 

1.310 (7.87) t .370 (9.40) 1 
I ,"" (7'" "'" ~. '" 

PIN NO. 1 
INDEX ..... 1 

10 

t il I I 
.006 (0.15) L J 
.003 (0.08) .306 (7.77) 

.294 (7.471 

20 

11 

1S .. PIN FLAT PACK 

G-1 
.035 (0.89) r .015 (0.38) 

.055 (1.40) 

~ .045(1.14) 

---;\ 
.408 (10.36) 
.392 (9.96) 

--LJ 
L .019(0.48) 

.015 (0.38) 

-L 
.018(0.46) J .085(2.16) J 
.010 (0.25) .069 (1.75) 

20-PIN FLAT PACK 
G-2 

.455 (11.56) 

.445 (11.30) 

~ 

t .019 (0.48) 
.015 (0.38) 

.035 (0.89) J .105 (2.67) J 

.025 (0.64) .085 (2.16) 

All dimensions in inches (millimeters) MM~ or typical where noted. 
In 

11-35 

PIN NO 1 INDEX 

16 /, 
U 

9 8 

/ PIN NO.1 INDEX 

20 

11 10 

.. 
~ 
0 

~ 
C) 
m -z 
." 
0 
::x:J 
s::: 
~ -
~ 



.. 
~ o 
~ 
C) 
m -z 
"'TI o 
:D s:: 
~ 
(5 
Z 

l 
.310 (7.87) 
.290 (7.37) 

t .006 (0.15) 
.004 (0.10) 

1 

r .416 (10.57) 
.404 (10.26) 

8 

28-PIN FLAT PACK 
G-3 

.055 (1.40) 

.045(1.14) 

.655 (16.64) 

.645 (16.38) 

~ 
L .019(0.48) 

.015 (0.38) 

.728 (18.49) 

.712 (18.08) 

I rl======~-L~ ____ ~~ J .286 (7.26) L .033 (0.84) ] .117 (2.97) ] 
.274 (6.96) .027 (0.69) .097 (2.48) 

32-PIN FLAT PACK 
G-4 r·310 (7.87) +- .415(10.54) 1 

.290 (7.37) I .405 (10.29) .055 (1.40) 

.045 (1.14) 

t~ 
.004 (0.10) 

I I 

I-- .336 (8.53) -.I 
.324 (8.23) 

.828 (21.03) 

.812 (20.62) 

.755(19.18) 

.745 (18.92) 

~ 
=r-.0-1-9 (-0.48-)--'-

.015 (0.38) 

.L 

~J ~J 
.027 (0.69) .097 (2.46) 
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PIN NO.1 INDEX 
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30-PIN MODULE SIP 
H-1 

3.505 (89.03) 
3.495 (88.77) 'L .133(3.37) I TYP. 

r---------------------------------------~_, 

J L .100(2.54) 
TYP. .022 (.559) 

.018 (.018) 

30-PIN MODULE SIP 

H-2 

3.505 (89.03) 
3.495 (88.77) . L .133 (3.37) 

I TYP. 

~==~~~~==~==~ 

J L .100(2.54) 
TYP. 

All dimensions in inches (millimeters) MM~ or typical where noted. 
In 
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JL .022 (.559) 
.018 (.018) 

.513 (13.03) 

.507 (12.88) 

! 

.513 (13.03) 

.507 (12.88) 

! 

n .200 (5.08) 
MAX. 

rTI1 __ 
J .009 (.229) 

n .200 (5.08) 
MAX. 

~_'''I'''' .009 (.229) 
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30·PIN MODULE SIP 

H-3 

r' ------ 3.505(89.03) 
3.495 (88.77) 

~~L= [l][l][l][l][l][l][l][l] 
~~-~ .080-(2.03) '- PIN 1 J L .100 (2.54) JL .022 (.559) 

TYP. TYP. .018 (.018) 

.125(3.18) 
TYP . 

30·PIN MODULE SIP 

H-4 

3.495 (88.77) 

TYP. 

.838 (21.29) 

.832 (21.13) 

I 
3.505 (89.03) , ~ 

1 .133 (3.38) 

~~========================~+.----~ 

TYP. TYP. .018 (.018) 

.125(3.18) 
TYP. 
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.838 (21.29) 

.832 (21.13) 

H .200 (5.08) 

I J MAX. 

1!1~"=1 ~ .009 (.229) 

H .200 (5.08) 

I J MAX. 

I!l .." (.,rnl l- .009 (.229) 
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I" 

3D-PIN MODULE SIMM 

1-1 

3.505 (89.03) r .,MI'm 
3.495 (88.77) 

TYP. 

E8 
.400 (10.16) 
TYP. 

l- .100 (2.54) .070 (1.78) 
TYP. TYP. 

3D-PIN MODULE SIMM 

1-2 

.478 (12.14) 

.472 (11.99) 

I 

3.505 (89.03) 
3.495 (88.77) . L .133 (3.38) 

I TYP. 

~~~~I~~~~~~~:~~~I~~+ 7J L ___ --' 

.400 (10.16) 
TYP. 

t 
.478 (12.14) 
.472 (11.99) 

TYP. 

L\ 
. 080 (2.03) PIN 1 
TYP. 

--I L .100 (2.54) 
TYP . 

11-39 

--I L .070 (1.7}) 
TYP. 

j 

n .200 (5.08) 
MAX. 

q 
Jl- .053 (1.34) 

.047(1.19) 

.200 (5.08) 
MAX. 

j L.053 (1.34) 
.047 (1.19) 
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30-PIN MODULE SIMM 
1-3 

• 3.495 (88.77) • 

I 
3.505 (89.03) ~ 

.133 (3.38) 
TYP. 

.--===============~==============----~ 

=k EB [Q][Q][Q][Q][Q][Q][Q][Q] .400 (10.16) 
TYP. 

ill \ -J l.,oo.." 
. 080 (2.03) PIN 1 TYP. 

j L .070 (1.7}) 
TYP . 

TYP . 

30-PIN MODULE SIMM 
1-4 

• 3.495 (88.77) • I 
3.505 (89.03) ~ 

.133 (3.38) 
TYP. 

.803 (20.39) 

.797 (20.24) 

r--===========~================~===-~ 

~: ~[Q][Q][Q]~~~[Q]~ :+-----L.07-..,--:~'·------'-:~~~I~~:~~l 
.080 (2.03) PIN 1 TYP. TYP. 
TYP. 

11-40 

H .200 (5.08) 

I J MAX . 

~ 
j L .053 (1.34) 

.047(1.19) 

H .200 (5.08) 

I J MAX. 

~ 
j L .053 (1.34) 

.047 (1.19) 



72-PIN MODULE SIMM 
1-5 

4.255 (108.08) 

.133(3~~) 1 4.245(107.82) I 

~ 
rl-----------------------------~ 

.----tfHm D D D D D D D Do 

PIN 1 

PIN 1 

72-PIN MODULE SIMM 
1-6 

11-41 

T 
.235 
(5.97) 
TYP. 

T 
.235 
(5.97) 
TYP. 

l 1 0.20 (5.08) MAX. 

I 
1.005 (25.43) 
.955 (25.27) 

~ 
j I . . 054 (1.37) 

.047 (1.19) 
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~ 
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72-PIN MODULE SIMM 

1-7 

4.255 (108.08) 
4.245 (107.82) 

.-------ttt70 D D D D D D D Do 
PIN1 

ci .080 l 1.75 (44.45) 1YP. 

(2.03) 
1YP. 

PIN 1 

72-PIN MODULE SIMM 

1-8 

4.255 (108.08) 

4.245 (107.82) 'I 

11-42 

T 
.235 
(5.97) 
TYP. 

T 
.235 
(5.97) 
1YP. 

1 I' 0.20 (5.08) MAX. 

I 
1.005 (25.43) 
.955 (25.27) 

~ 
-II .054 (1.37) 

, .047 (1.19) 

1.00:r:ti .95 25. 

!J 
-II .054 (1.371 

.047(1.19) 
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72-PIN MODULE SIMM 
1-9 

4.255 (108.08) 

.133 (3~g) I 4.245 (107.82) I 
~ 

~. DDDDDDDDDDo j 

PINl 

72-PIN MODULE SIMM 
1-10 

4.255 (108.08) 
4.245 (107.82) 

~: DDDDDDDDDDo 
~ ~~ 

T 
.235 
(S.97) 
TYP. 

~.. ~~~~~~b!.!.!jL-f ~~~~~~b!.!jL--J 

ci .080 I 1.75 (44.4S) TYP. T I-- .235 
(2.03) (S.97) 
TYP. TYP. 

PINl 

11-43 

1 I 0.20 (5.08) MAX. 

I 
1.005 (25.43) 
.955 (2S.27) 

~ 
--II .054 (1.37) 

.047 (1.19) 

!J 
--II .. 054 (1.37) 

.047 (1.19) 
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1'II1C:l=Ig~ MODULE ZIP 

64-PIN MODULE ZIP 

J-1 

I 3.660 (92.96) I 
3.640 (92.45) 

64-PIN MODULE ZIP 

J-2 

I 4.060(103.12) _________ --1 
4.040 (102.61) 

11-44 

l r .200 
(5.06) 
MAX. 

'OO.MI~ 
TYP. 
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64-PIN MODULE ZIP 

J-3 

3.660 (92.96) 
1-1 .--------- 3.640(92.45) -----------1. 1 

PIN 1 D D D ----"T D D D D .605(15.37) 

~:~~E D D D D LJ5.11) 

tj l- .:::~::!i 1- ~i':::i b! J l- ~~eM) J l- ~""1 
TYP. 

11-45 

l (:.~~) r 
MAX. 

'OO.M)~ 
TYP. 
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72-PIN MODULE ZIP 
J-4 

133('~ 1llig~.~1 I 

lYP. H-----------ii l I 0.20 (5.08) MAX . 

.. ~ DDDD DDDDo-=r 
\..- 100 (2.54) lYP. 

\ 1.75 (44.45) lYP. J 1·050 (1.27) lYP . 

72-PIN MODULE ZIP 
J-5 

~ __________ m~_ll~_~I __________ ~li l 1 0 .• 5 (8.89) MAX. 

DODD OODOo-=r 
I- 100 (2.54) TYP. 

1.75(44.45 TYP. J 1·050(1.27)1YP. 
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.125 TYP. 

72-PIN MODULE ZIP 

J-6 

I 1 rSOS)MAX 

r-+---O 0-0-0 0-0 -0 O------lOo -:L 
o 0 0 000 0 0 0 ~ 

l -~~ 
1.75(44.45) TYP. J l·o50(1.27)TYP. 

72-PIN MODULE ZIP 

J-7 

133(3~ I jml18~il I 
~H---------------i 1 I 0.35 (S.S9) MAX. 

DDDDDDDDDo} 
l 100 (2.54) TYP. 

1.75 (44.45) TYP. J 1·050 (1.27) TY~. 
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1VI1C:1=1I:;~N MODULE ZIP 

72-PIN MODULE ZIP 

J-8 

~ 4255t108()8l I .133 (3.38) 4.245 (107.82) 

TYP. 1 I 020(508)MAX 

125~P 00000000000 -:L. i~ 0 0 0 0 0 0 0 0 0 0 ~ 
080 (203: TYP I- J I .100 (2.54) TYP 

1 75 (44 45) TYP 025 6 35 ~ 27) TYP 

\ TYP 

72-PIN MODULE ZIP 

J-9 

133(3~ H~!1g9~1 I 
TYP H------------1i 1 I B.89) MAX. 

DDDDDDDDDD -=r 
I- .100 (2.54) TYP. 

1.75 (44.45)TYP. J I·050(1.27)TYP. 
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32-PIN MODULE DIP 

K-1 

I 1790 (~.47) I " 1.780 (~.21) c 

<~~m 
,e. _______ ~ 
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I'IIICI=II;~N MODULE DIP 

40-PIN MODULE DIP 

K-2 

~ 
-= 

.~ n p 

~ ~ ~ 

.230 (5.635) MAX 

-C> 1-0- .100 (2.54) TYP 

.140 (3.56) TYP -c-

0 2.000 (50.80) TYP 0 

40-PIN MODULE DIP 

K-3 

o 2.010 (51.05) = I 2.020 (51.31) I 

,<~j~ 
-= q ~ ~ ~ II ~ ~ ~ 

M 

~~~~~R~ p H 

~ ~ ~ 
--= co- .100 (2.54) TYP 

.140 (3.56) TYP --=-
.600 (15.24) TYP 

2.000 (50.80) TYP c-
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ORDER INFORMATION 
Each Micron component family is manufactured and 

quality-controlled in the USA at our modern Boise, Idaho, 
facility employing Micron's low power, high performance 
CMOS silicon gate process. Micron products are function
ally equivalent to other manufacturers' products meeting 
JEDEC standards. Device functionality is consistently as
sured over a wider power supply, temperature range and 
refresh range than specified. Each unit receives continuous 

ORDER EXAMPLES: 

DRAM 
1 Meg xl, lOOns in Plastic SOJ 

PRODUCT# IPACKA!LE~ SPiED I 

MT4C1024DJ -10 

MUL TIPORT DRAM (V RAM) 
256K x 4, lOOns in ZIP 

PRODUCT# IpACK!;i~SPiED I 

MT 42C4256Z -10 

SRAM 
32K x 8, 45ns in Plastic SOJ 

L.---""T""~ 1 PACKAGj II :r I ....... ___ ~ 
MT5C2568DJ·45 

Synchronous SRAM 
16K x 16, Clocked, Register Inputs,17ns in Plastic LCC 

PRODUCT# IPACL:LE~ SPiED I 

MT58C1616 EJ-17 

12-1 

AMBYXTM system-level testing during many hours of ac
celerated burn-in prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's quality as
sured policy is to offer prompt, accurate and courteous 
service while assuring reliability and quality. 

DRAM MODULE 
1 Meg x 8, 120ns Fast Page Mode Access, Leaded SIP 

~ __ ~ __ ~IPACK~~I SPiED I 

MT8D18M -8 

CACHE DATA SRAM 
Dual 4K x 16, Single 8K x 16, 25ns in Plastic LCC 

PRODUCT# IPACKASLI! SPiED I 

MT56C0816EJ -25 

SRAM MODULE 
64K x 16, 25ns in DIP Module with 2V Data Retention 

L.---""T""~ 1 PAa<AG~ID 1 ....... ___ .... 

MT4S6416D·25L 

FIFO 
512 x 9, 15ns in 300mil DIP 

PRODUCT# IPAC~~~ SPiED I 

MT52C9005 -15 

-en 
l> rm en -Z 
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Component Product Numbering System 

Format = AA BB CC DDDD EEE-FF GG GG* 

PRODUCT FAMILY 

DRAM « 1 MEG) = BLANK 
DRAM (~1 MEG) = 4 
DPDRAM = 42 
TPDRAM = 43 
SRAM = 5 
FIFO = 52 
CACHE SRAM = 56 
SYNCHRONOUS SRAM = 58 

PRODUCT LINE 
IDENTIFIER 

MT = Micron Technology 
Component Product 

PROCESS 
TECHNOLOGY 

NMOS = BLANK 
CMOS = C 

ACCESS TIME 

-10 = 10ns or 100ns 
-12 = 12ns or 120ns 
-15 = 15ns or 150ns 
-20 = 20ns or 200ns 
-25 = 25ns or 250ns 
-35 = 35ns or 350ns 
-45 = 45ns 
-55 = 55ns 
-60 = 60ns 
-70 = 70ns 
-80 = 80ns 
-85 = 85ns 

PACKAGE CODE 

PLASTIC 
DIP 

PROCESSING" 
LEVELiTEMP/SPECIAL 

DIP (Wide Body) 
ZIP 
LCC 
SOJ 
SOIC 
QFP 
TSOPI 
TSOP II 

CERAMIC 

= BLANK 
=W 
=Z 
= EJ 
= DJ 
=G 
= LG 
=VG 
=TG 

DIP = C 
DIP (Wide Body) = cw 
LCC (Narrow Body) = ECN 
LCC = EC 
LCC (Wide Body) = ECW 
SOIC = CG 
PGA = CA 
FLAT PACK = F 

Commercial Process 
O°C to +70°C 

-55°C to + 125°C 
-40°C to + 125°C 
-40°C to +85°C 

MILSTD 883C 
-55°C to + 125°C 
or+110°C (DRAMs) 

O°C to +70°C 
2V Data Retention 
Tape and Reel 
Bar Code 

= BLANK 
=XT 
=AT 
=IT 

= 883C 

= M070 
=L 
=TR 
= BC 

• Multiple processing codes 
are separated by a space. 

Module Product Numbering System 

Format = AA BB C DDD EE-FF GG* 

NUMBER OF 
PARTS 

I 
DENSITY 

PACKAGE CODE 

DIP = D 
GOLD PLATE = G 
ZIP =Z 
SIP = N 
SIMM =M 

~ ____ .~I~ATt~I~B)g4=B~C~I_D_D_D~I_ELEQ~F~1GL?=*I ____ ~ 
PRODUCT LINE 

IDENTIFIER 

MT = Micron Technology 
Component Product 

RAM FAMILY 

SRAM =S 
DRAM = D 

12-2 

ORGANIZATION 

WORDS x BITS 

SPECIAL 
DESIGNATOR" 

PARTIAL = P 

• Multiple processing codes 
are separated by a space. 



1'II1C:l=Ig,~ PRODUCT RELIABILITY 

Overview 
Product reliability pertains to product performance over time, i.e., a product's ability to perform its intended functions within 
specified performance limit, while operating under specified environmental conditions, for a specified length of time. This 
section contains a brief overview of some of the issues that affect the reliability of IC devices, and briefly describes Micron's 
reliability program. For a more in-depth discussion of reliability, the reader may refer to Micron's Quality/Reliability 
Literature. 

Reliability Goals 
Reliability goals of semiconductor ICs are typically discussed with reference to the traditional reliability curve of component 
life. The reliability curve, commonly known as the "bathtub curve," is shown in the bottom half of Figure 1, where h(t) is the 
hazard rate or the probability of a component failing at to + 1 in time, given that it has survived at time to' 

Cumulative 
Failure Rate 
F(t) 

Hazard Rate 
h(t) 

Infant 
Mortality 

Infant 
Mortality 

Wearout 

Random Failures 

..... ,.------Useful Life------I.~I 

.. ... 

MTBF Applies in this Range 

Time 

Useful Life 

MTBF Applies in this Range 

Random Failures 

Time 

Figure 1 
RELIABILITY CURVE 
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I'IIIC:Rg~ PRODUCT RELIABILITY 

Figure 1 shows that the significant portion of this curve is the random failure segment. The first exponential segment (infant 
mortality) is attributed to gross manufacturing defects. Failures that occur in this region are screened out by Micron's in-house 
burn-in of all production material using the AMBYX" intelligent burn-in/test system, which is described in the following 
section. 

Micron's AMBYX™ Burn-inlTest System 

To effectively screen out infant mortalities Micron believes it is critical to have the ability to functionally test devices without 
removing them from the burn-in oven, and to do so several times during the duration of the burn-in cycle. This enables the 
manufacturer to determine if the failure rate curves of individual production lots have reached the random failure region of 
the bathtub curve by the end of the burn-in cycle. Production lots that do not exhibit a stable failure rate towards the end of 
the burn-in cycle are subjected to additional burn-in. This burn-in flow also alerts the manufacturer to the slightest variation 
in a product's failure rate, so that any needed corrective action can be taken. 

To meet this need for an intelligent burn-in system, Micron developed the AMBY)(TM burn-in/ test system. By "burn-in/ test" 
we mean that devices are tested for functionality without removing the DDT (device-under-test) boards from the burn-in oven. 
This effectively eliminates failures resulting from handling, thereby minimizing "noise" from the test results. During the test 
phase, the output produced by the devices under test is compared to the pattern expected. If a discrepancy occurs, the 
AMByxTM system hardware records the failure and provides the following information: bit address, device address, board 
address, temperature, V cc voltage, test pattern, time set. 

A functional test of the devices is conducted at burn-in conditions (125°C, 7.5V Vcc) at the beginning of the burn-in cycle, to 
verify that the devices under test are being properly exercised. All units that fail this test are screened from the production 
material. The burn-in cycle then proceeds. For our DRAM family, for example, Micron specifies that all production material 
is subjected to burn-in in four intervals at the following conditions: 125°C at 7.5V V cc for the first two intervals and 6.0V V cc 
for the last two intervals, with functional testing of the devices performed at 125°C between each interval. During temperature 
ramping to 125°C and back to 25°C, the AMByxTM system tests for thermal intermittent opens. This flow is illustrated 
Figure 2. 

It is also noteworthy that the stress conditions during the last two intervals of production burn-in (i.e., 125°C and 6.0V Vcc) 
are identical to the stress conditions for the extended high-temperature-operating-life (HTOL) test, with which we calculate 
the random failure rate (described on pages 5-6) of the device during its useful life. The usefulness of this scheme is that it 
allows for a comparison of the failure rate during the latter part of production burn-in and the HTOL test and, thus, enables 
Micron to determine whether production material has been effectively screened for infant mortalities. 

12-4 
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125 

Intelligent 
Burn-inlTest 100 

Flow 6 
2..-
CD 75 ... 
:::I -I'CI ... 
CD 50 Co 
E 

{!!. 
25 

TEST TEST 

0 Time 

Bathtub Curve of 
Component Life 

(Individual Production Lots) 
UI 
CD ... 
:::I 

~ 
U. -C 
CD 
() ... 
CD 

11. 

INFANT MORTALITIES RANDOM FAILURES 

Time 

Figure 2 
AMBYXTM BURN-INITEST FLOW AND TEST RESULTS 

Environmental Process Monitor Program 

Micron's environmental process monitor (EPM) program is designed to ensure the reliability of our standard 
products. Under this program, weekly samples of our various product and package types are subjected to a 
battery of environmental stress tests. During these tests, the devices are stressed for many hours under 
conditions designed to simulate years of normal field use. Equations, derived from intricate engineering models 
are applied to the data collected from these accelerated tests. From these calculations, we are able to predict 
failure rates under normal use conditions. The conditions for these tests, known as "accelerated environmental 
stress" tests are described in Figure 3. The EPM program described in this particular figure is for our 1 Meg 
DRAM. 

12-5 
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1'II1C:l=Ig~ PRODUCT RELIABILITY 

I Electrical Test I 
I 

I Finished Goods I 
I 

Sample Size 

Test Name and Description Test Duration Per Week 

HIGH TEMPERATURE OPERATING LIFE 1008 Hours 100 Parts 

(125°C, 6.0V, ckbd / ckbd Complement Pattern) 3024 Hours 100 Parts 

TEMPERATURE AND HUMIDITY 1008 Hours 100 Parts 

(85°C, 85% R.H., 5.5V, Alternating Bias) 3024 Hours 100 Parts 

AUTOCLAVE (121°C, 100% R.H., 15 PSI, No Bias) 288 Hours 50 Parts 

LOW TEMPERATURE LIFE (-25°C, 7.0V, Dynamic Bias) 1008 Hours 10 Parts 

TEMPERATURE CYCLE (-65°C TO + 150°C, Air to Air) 1000 Cycles 100 Parts 

THERMAL SHOCK (-55°C TO +125°C, Liquid to Liquid) 700 Cycles 25 Parts 

HIGH TEMPERATURE STORAGE (150°C, No Bias) 1008 Hours 25 Parts 

ELECTROSTATIC DISCHARGE (+ and-) MIL STD 3015.7 24 Parts 

NOTE: Samples Pulled from Five Different Lots at Finished Goods. 

Figure 3 
ENVIRONMENTAL PROCESS MONITOR -1 MEG DRAM 

12-6 
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Failure Rate Calculation 

The failure rate during the useful life of the device is expressed as percent failures per thousand device hours or as FITs (failures 

in time, per billion device hours), and is calculated as follows: 

Failure Rate = Pn + [ Device hours at X 
accelerated environment 

A.F. rel~tive to ~aximum ] 
operating envlronment 

where: Pn = Poisson Statistic (at a given confidence level). For the data above, Pn at 60% confidence level equals .916. 

Device hours = sample size multiplied by test time (in hours). In our example, to follow, device hours equal 1.929 X 

106• 

A.F. = acceleration factor between the stress environment and maximum use conditions. For the 1 Meg DRAM, the 

acceleration factor between 125°C, 6.0V (HTOL stress conditions) and 70°C, S.5V (maximum operating 

conditions) equals 16.5. (Calculation of this acceleration factor is described in the following section). 

Thus, the failure rate of the Micron 1 Meg DRAM family is computed as follows: 

Failure Rate = .916 + (1.929 X 106) (16.5) = 2.878 X 10-13 

where: Total device hours at test conditions = 1.929 X 106• 

Equivalent device hours at maximum use conditions (70°C, S.5V V cc) using an acceleration factor of 16.5 = 32 X 106• 

To translate the above failure rate into percent failures per thousand device hours, we multiply the failure rate obtained from 

the equation above by 105: 

Failure Rate = (2.878 X 10-8) X 105 = 0.0029% per 1K device hours 

To state the failure rate in FITs, we multiply the failure rate obtained from the equation above by 109 : 

Failure Rate = (2.878 X 10-8) X 109 = 29 FITs 

NOTE: Typical use conditions for the 1 Meg DRAM are 50°C and S.OV V cc. When we calculate the acceleration factor between 

the stress environment (70°C, S.5V Vcc) and these typical conditions, we find that A.F. equals 125.4. Using the 

acceleration factor 125.4, the FIT rate for the 1 Meg DRAM is calculated as follows: 

Failure Rate = 916 + (1.929 X 106) (125.4) = 3.787 X 10-9 

= (3.787 X 10-9) X 109 = 3.787 

= 4 FITs (rounded) 
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Acceleration Factor Calculation: 

Again, using the 1 Meg DRAM for our example, the acceleration factor between high temperature operating life stress 
conditions (125°C, 6.0V) and maximum operating conditions (70°C, 5.5V) is computed using the following models: 

1. Acceleration factor due to temperature stress: 

The acceleration factor due to temperature stress is computed using the Arrhenius equation, which is stated as follows: 

A.F.tl/t2 = exp[~ _~] 
kTI kT2 

where: k = Boltzmann's constant, which is equal to 8.617 x 10-5 

TI and T2 = operating and stress temperatures, respectively, in kelvins 
E = activation energy in eV (For oxide defects, which is the most common failure 

mechanism for the 1 Meg DRAM, used in our example, the activation energy is 
determined to be 0.3eV). 

Using these values, the temperature acceleration factor between 125°C and 70°C is computed to be 4.07. 

2. Acceleration factor due to voltage stress: 

The acceleration factor due to voltage stress is computed using the following model: 

A. F.VI1v2 = exp [ 13 (VI - v2) 1 

where: VI and v2 = stress voltage and operating voltage, respectively, in volts 
13 = constant, the value of which was derived experimentally by running several sessions of Micron' s intelligent bum

in test sequence at different voltages on large numbers of the device. (For the 1 Meg DRAM, used in our example, 

B equals 2.8). 

Thus, the voltage acceleration factor for the 1 Meg DRAM between 6.0V (stress condition) and 5.5V (maximum operating 
condition) is computed to be 4.06. 

Finally, the overall acceleration factor due to temperature and voltage stress is calculated as the product of the 

two respective acceleration factors or: 

A.F. 11 = A.F. X A.F. 1 overa temperature vo tage 
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Outgoing Product Quality 

Before being sent to our finished goods area, where products are prepared for shipping, a special unit within the quality 
assurance departmenttakes a 1 % sample from each production lot. These samples are subjected to visual and electrical testing 
in order to measure the AQL (acceptable quality level) of all outgoing product. A flowchart illustrating Micron's AQL test 
procedure is provided in Figure 4. 

Visual or mechanical testing consists of an unaided visual inspection of the sample devices for any physical irregularities 
which could negatively affect their performance. If a sample device is found to have, for example, a bent lead, a package 
irregularity or excess solder, the entire lot is returned to our test area for a 100% visual inspection. 

Electrical testing of the sample devices is performed using ATE (automatic test equipment) systems. Testing is conducted at 
room temperature (-25°C) and at 70°C. Should an electrical failure occur, the failing device is turned over to a quality 
assurance engineer for further testing and analysis. If after completing this analysis the electrical failure is confirmed, the QA 
engineer determines which production monitor / test should have caught the failure and the entire lot is retested at that point 
in the test flow. Correlating the failure to the test where it should originally have been detected, and discerning why it was 
not tested, are important steps in preserving the integrity of our test process. 

The percent devices found to be defective in the total number of devices sampled weekly is recorded using a control chart. This 
control chart, containing AQL data for the previous 52 weeks, is presented in weekly management meetings, where plans for 
corrective action are made, as needed. 
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Receive Lots from Test. 
(Lots with odd assembly-
split numbers and all SWR .. _________ , 
lots are sampled at AQL). 

Select a Sample Equal 
in Number to 1% of 
the Total Lot Size. 

Perform Mechanical AQL. 
(Visual Test) 

No 

Perform Electrical AQL. 

No 

No 

No 

Forward Lot to Shipping. 

Ves 

Ves 

Return Entire Lot to Test 
for 100% Visual Retest. 

Contact QA Engineer for 
Further Testing/Analysis. 

ves-0 
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QA Engineer determines which 
production test should have 

caught the failure and has the 
entire lot retested at that point 

in the test flow. (Lot may be run 
through subsequent tests as 

well, depending upon the 
nature of the failure.) 

Ves 

No 
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Example of Special Processing: 
Lot Mounted on Tape & Reel 

A 

~r 

Store Lot in Moisture 
Sensitive Area to Await 
Tape & Reel Mounting. 

Forward Lot to Tape & 
Reel for Mounting. 

Receive Tape & Reel 
Mounted Lot(s), Sealed in 
a Static Resistive Pouch. 

Visually Check Pouch to 
Ensure Proper Seal and 

Accuracy of Labels. 

Forward Tape & Reel 
Mounted Lots to 

Shipping. 

Figure 4 
AQL TEST FLOW FOR ALL OUTGOING PRODUCT 
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Automated Data Capture & Analysis 
Micron has developed a sophisticated data capture and analysis system with a computer network tailored to the needs of 
quality Ie manufacturing. Figure 5 shows the various functional areas that provide the input to our V AX data bases. 

Electrical 
Parametric 

Values 

Probe 
Yield 

Assembly 
Yield 

Data Capture 

Raw Materials Equipment 

Main Frame Computer 
70 Gigabytes Hard Disk 

Burn-in 
Yield 

Electrical 
Yield 

Figure 5 
STATISTICAL CORRELATION 

Operators 

• Experimental Design 
and Evaluation 

• Correlation Reports 

• XlR Charts, P Charts 

• Automatic E-Mail 
Notification 

Reliability 
Performance 

Automated, real-time data capture makes real-time charting (X and R charts, etc.) of all critical operations and processes 
possible, and ensures that appropriate manufacturing personnel are alerted on a timely basis, should unexpected variation 
occur. As production lots move through each manufacturing step, detailed information (including step number, lot number, 
machine number, date/ time, and operator number) are entered into the production data base. In addition; automated, highly
programmable measurement systems are utilized to capture a host of parameters associated with equipment, on-line process 
material, and environmental variables. 

Analytical Tools 
By using highly flexible, on-line data extraction programs, system users have the ability to tap this vast data base and to design 
their own correlation and trend analyses. The ability to correlate process variables to product performance allows us to make 
on-line projections of the quality of our finished product for a given lot or process run. In addition, we can estimate the impact 
of process improvements on quality well in advance and can make the impact of process deviations more visible to our 
engineers. This approach allows us to model yield and quality parameters based on on-line parameters. We then use this 
model to predict the final product results. Following is a description of the various means by which we analyze data: 

• GROUP SUMMARIES: Summaries, which provide the means and standard deviations of user-defined parametrics, 
enable system users to compare the parametric values of production lots as well as special engineering lots. 
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• TREND ANALYSIS: Trend charts are routinely generated for critical parameters. System users can trend the means and 
ranges of any probe or parametric data captured throughout the manufacturing process. 

• CORRELATION ANALYSIS: Correlation analysis can be performed on any combination of factors; such as equipment, 
masks, or electrical parameters. One report, regularly produced and disseminated to key personnel, takes two groups 
of lots (one with a high failure rate, the other with a low failure rate) and identifies all the pieces of equipment that are 
common to one or the other group. The report, thus, quickly alerts us should there be a correlation between a lot with a 
high failure rate and a particular piece(s) of equipment in the wafer fabrication or assembly areas. 

Another regularly produced report analyzes a user-selected set of database parametrics against an index, such as 
manufacturing yield. Lots are divided into three sub-groups(upper yielding, middle yielding and lower yielding). The 
report then correlates the yields with all electrical parametric values taken on individual lots at wafer sort. Thus, the report 
helps us determine which processing step may have caused the yields to vary among the three subgroups. 

• STATISTICAL PROCESS CONTROL CHARTS: SPC control charts are used throughout the company to monitor and 
evaluate critical process parameters, such as, critical dimensions (CDs), oxide thickness, chemical vapor depositions 
(CVDs), particle counts, temperature and humidity, and many other critical process and product quality parameters. 

OVERLAYS or WAFER MAPS: Maps, which are produced for all wafers during probe, show various parameters as a 
function of position on the wafer and are very useful for problem isolation. Maps may be analyzed individually or in 
groups. For example, wafers from an entire lot may be analyzed in relation to one particular parameter. 

• RS/1 DISCOVER/EXPLORE: This analysis software is used for experimental design, and evaluation of results. The 
statistical approach supported by this software (i.e., the use of t tests, ANOV A tables, multiregression analysis, etc.) has 
proven invaluable in reducing time expended for product development and for trouble shooting. It is also used to de
termine the relationships between process output and probe and parametric data. Using multiregression analysis, for 
example, we are able to determine the relationship between L effective and CD dimensions to the speed of a device. 

The use of automation in data capture, analysis, and feedback greatly enhances the flexibility and speed with which we are 
able to view all aspects of the manufacturing process. This effective data analysis and feedback system helps to reduce 
parametric deviations, improve margin to specifications, increase manufacturing yields, and provide for more accurate 
fabrication output planning. 
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ALABAMA Military Distributor Representatives (Southern California) 
Representative JAN Devices, Inc. Jones & McGeoy Sales Incorporated 

Southeast T echnica1 Group 6925 Canby, Bldg. 109 801 Parkcenter Drive, Ste 250 

101 Washington, Suite 6 Reseda, CA 91335 Santa Ana, CA 92705 

Huntsville, AL 35801 Phone - 818-708-1100 Phone -714-547-6466 

Phone - 205-534-2376 FAX -818-708-7436 FAX -714-547-7670 

Fax -205-534-2384 Zeus Components, Inc. 9868 Scranton Road, Suite 414 

Distributors 6276 San Ignacio Ave., Ste E San Diego, CA 92121 

Hall-Mark Electronics Corporation 
San Jose, CA 95119 Phone - 619-453-7948 
Phone -408-629-4789 FAX - 619-453-0034 

4900 Bradford Drive FAX -408-629-4892 
Huntsville, AL 35805 Distributors 
Phone - 205-837-8700 ARKANSAS Anthem Electronics Incorporated 
FAX -205-830-2565 Representative 1040 E. Brokaw Road 

Pioneer Technology Nova Marketing Incorporated 
San Jose, CA 95131 
Phone - 408-453-1200 4835 University Square, #5 4924 S. Memorial, Suite 1339 FAX - 408-452-2281 Huntsville, AL 35816 Tulsa, OK 74145 

Phone -205-837-9300 Phone - 918-660-5105 Anthem Electronics Incorporated 
FAX -205-837-9358 FAX - 918-665-3815 9131 Oakdale Avenue 

Military Distributor Distributors 
Chatsworth, CA 91311 
Phone - 818-775-1333 

Zeus Components, Inc. Anthem Electronics, Inc. FAX -818-775-1302 
1750 West Broadway, Suite 114 651 N. Plano Rd., Suite 429 

Anthem Electronics Incorporated Oviedo, FL 32765 Richardson, TX 75081 
Phone -407-365-3000 Phone - 214-238-7100 1 Old Field Drive 
FAX -407-365-2356 FAX - 214-238-0237 East Irvine, CA 92718-2809 

Phone - 714-768-4444 
ARIZONA Hall-Mark Electronics Corporation FAX -714-380-4747 
Representative 11420 Pagemill Road 

Anthem Electronics Incorporated Dallas, IX 75243 - Quatra Associates Phone -214-553-4300 580 Menlo Drive, Suite 8 
4645 South Lakeshore Dr., Ste #1 FAX -214-343-5988 Rocklin, CA 95677 

en Tempe, AZ 85282 Phone -916-624-9744 
Phone - 602-820-7050 Pioneer Electronics Fax - 916-624-9750 » FAX - 602-820-7054 13765 Beta 

Anthem Electronics Incorporated r- Dallas, IX 75244 
Distributors Phone - 214-386-7300 9369 Carroll Park Drive m Anthem Electronics Incorporated FAX - 214-490-6419 San Diego, CA 92121 

en 1555 West 10th Pl., #101 Phone - 619-453-9005 
Tempe, AZ 85281 Wyle Laboratories FAX - 619-546-7893 - 1810 N. Greenville Avenue 

Z Phone - 602-966-6600 Hall-Mark Electronics Corporation 
FAX - 602-966-4826 Richardson, IX 75081 

." Phone -214- 235-9953 9420 Topanga Canyon Blvd . 

0 Hall-Mark Electronics Corporation FAX -214-644-5064 Chatsworth, CA 91311 
4637 S. 36th Place Phone - 818-773-4500 

:D Phoenix, AZ 85040 Military Distributor FAX - 818-773-4555 

s: Phone -602-437-1200 Zeus Components, Inc. Hall-Mark Electronics Corporation 
FAX - 602-437-2348 1800 North Glenville, Ste 120 580 Menlo Drive, Suite 2 

~ Wyle Laboratories 
Richardson, TX 75081 Rocklin, CA 95677 
Phone -214-783-7010 

4141 E. Raymond St., Ste #1 FAX - 214-234-4385 
Phone - 916-624-9781 - Fax -916-961-0922 

0 Phoenix, AZ 85040 
Phone - 602-437-2088 CALIFORNIA Hall-Mark Electronics Corporation 

Z FAX - 602-437-2124 Representatives (Northern California) 3878 Ruffin Road, Ste. B 

Bay Area Electronics Sales, Inc San Diego, CA 92123 

2001 Gateway Place, Ste 315 Phone - 619-268-1201 

San Jose, CA 95110 FAX - 619-268-0209 

Phone - 408-452-8133 
FAX - 408-452-8139 
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Hall-Mark Electronics Corporation Zeus Components, Inc. Distributor 
2105 Lundy Avenue 22700 Savi Ranch Parkway Semad Electronic 
San Jose, CA 95131 Yorba Linda, CA 92686 85 Spy Court 
Phone -408-432-4000 Phone - 714-921-9000 Markham, Ontario L3R 424 
FAX -408-432-4044 FAX -714-921-2715 Canada 
Hall-Mark Electronics Corporation Zeus Components, Inc. Phone -416-475-8500 
#1 Mauchly 5236 Colodny Drive, Suite 102 FAX - 416-475-4158 
Irvine, CA 92718 Agoura Hills, CA 91301 Semad Electronic 
Phone - 714-727-6000 Phone - 818-889-3838 1825 Woodward Dr. 
FAX -714-727-6066 FAX - 818-889-2464 Ottawa, Ontario K2C 0R2 
Pioneer Technologies Zeus Components, Inc. Canada 
134 Rio Robles 5625 Ruffin Road, Ste 200 Phone - 613-727-8325 
San Jose, CA 95134 San Diego, CA 92123 FAX - 613-727-9489 
Phone -408-954-9100 Phone - 619-277-9681 Semad Electronic 
FAX - 408-954-9113 FAX -619-277-7105 8563 Government Street 
Wyle Laboratories Zeus Components, Inc. Burnaby, B C V3N 459 
(Accounting Office Only) 6276 San Ignacio Ave., Ste E Canada 
128 Maryland Ave. San Jose, CA 95119 Phone - 604-420-9889 
EI Segundo, CA 90245 Phone -408-629-4789 FAX - 604-420-0124 
Phone -213-322-1763 FAX -408-629-4892 Semad Electronic 
Wyle Laboratories CANADA 243 Place Frontenac 
3000 Bowers Avenue Pointe Claire, PQ H9R 4Z7 
Santa Clara, CA 95051 Representatives Canada 
Phone -408-727-2500 Clark-Hurman Associates Phone - 514-694-0860 
FAX -408-727-5896 20 Regan Road, Unit #14 FAX -514-694-0965 

Wyle Laboratories 
Brampton, Ontario L7 A 1C3 Semad Electronic 
Canada 6120 3rd 51. S.E., Unit 9 17872 Cowan Avenue Phone -416-840-6066 

Irvine, CA 92714 FAX -416-840-6091 
Calgary, Alberta T2H 1K4 .. Phone - 714-863-9953 Canada 

FAX - 714-863-0473 Clark-Hurman Associates Phone - 403-252-5664 
66 Colonnade Road, Ste 205 FAX -403-255-0966 en Wyle Laboratories Nepean, Ontario K2E 7K7 » 2951 Sunrise Blvd, Suite #175 Canada COLORADO 

Rancho Cordova, CA 95742 Phone - 613-727-5626 Representative r-
Phone - 916-638-5282 FAX - 613-727-1707 Wescom Marketing m FAX - 916-638-1491 en 
Wyle Laboratories 

Clark-Hurman Associates 4891 Independence 51. 
19 Donegani, Suite 5 Wheatridge, CO 80033 -9525 Chesapeake Drive Pointe Claire, Quebec H9R 2V6 Phone - 303-422-8957 Z San Diego, CA 92123 Canada FAX -303-422-9892 

." Phone - 619-565-9171 Phone -514-426-0453 Distributors FAX - 619-565-0512 0 FAX -514-426-0455 Anthem Electronics Incorporated 
Wyle Laboratories Davetek Marketing 373 Inverness Drive South l:J 
26677 W. Agoura Road #374429 Kingsway Englewood, CO 80112 3C Calabasas, CA 91302 Burnaby, B.c. V5H 2Al Phone - 303-790-4500 
Phone -818-880-9000 Canada FAX -303-790-4532 ~ FAX - 818-880-5510 Phone - 604-430-3680 
Military Distributors FAX -604-435-5490 Hall-Mark Electronics Corporation -12503 E. Euclid Dr., #20 0 JAN Devices, Inc. Davetek Marketing Englewood, CO 80111 

Z 6925 Canby, Bldg. 109 #206 2723 37th Avenue Phone -303-790-1662 
Reseda, CA 91335 N.E. Calgary, AB Tty 5R8 FAX - 303-790-4991 
Phone -818-708-1100 Canada 
FAX - 818-708-7436 Phone 403-291-4984 

FAX -403-250-3445 
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Wyle Laboratories DELAWARE Hall-Mark Electronics Corporation 
451 E 124th Street Representative 10491 72nd St. North 
Thornton, CO 80241 Largo, FL 34647 
Phone - 303-457-9953 Omega Electronic Sales Incorporated Phone - 800-282-9350 
FAX -303-457-4831 2655 Interplex Drive, Suite 104 FAX - 813-544-4394 

Trevose, PA 19047 
Military Distributor Phone -215-244-4000 Hall-Mark Electronics Corporation 
JAN Devices, Inc. FAX - 215-244-4104 3161 Southwest 15th Street 
6925 Canby, Bldg. 109 Distributor 

Pompano Beach, FL 33069-4806 
Phone - 305-971-9280 Reseda, CA 91335 

Pioneer Technologies FAX -305-971-9339 Phone - 818-708-1100 
FAX - 818-708-7436 Keith Valley Business Center 

Hall-Mark Electronics Corporation 500 Enterprise Road 
Zeus Components, Inc. Horsham, P A 19044 489 E Semoran Blvd, #145 
6276 San Ignacio Ave., Ste E Phone -215-674-4000 Casselserry, FL 32707 

San Jose, CA 95119 FAX - 215-674-3107 Phone -407-830-5855 
Phone - 408-629-4789 FAX -407-767-5002 
FAX - 408-629-4892 Military Distributor 

Pioneer Technologies 
Zeus Components, Inc. 337 South-North Lake #1000 

CONNECTICUT 8930-A Route 108 Altamonte Springs, FL 32701 
Representative Columbia, MD 21045 Phone -407-834-9090 
Advanced Tech Sales Incorporated Phone - 301-997-1118 FAX -407-834-0865 

FAX -301-964-9784 Westview Office Park Pioneer Technologies 
Building 2 , Suite 1 C DISTRICT OF COLUMBIA 5500 Rio Vista Drive 
850 N. Main St. Ext. 

Representative Clearwater, FL 34620 
Wallingford, CT 06492 Phone - 813-531-5037 
Phone - 203-284-0838 Electronic Engineering & Sales, Inc. 

FAX -918-492-0546 
FAX - 203-284-8232 235 Prince George Street 

Distributors 
Annapolis, MD 21401 Pioneer Technologies 
Phone - 301-269-6573 674 S. Military Trail 

Anthem Electronics FAX - 301-269-6476 Deerfield Beach, FL 33442 - 61 Mattatuck Heights 
Distributor Phone - 305-428-8877 

Waterbury, CT 06705 FAX - 305-481-2950 en Phone -203-575-1575 Pioneer Technologies 
Military Distributor 

l> FAX -203-596-3232 15810 Gaither Drive 

Hall-Mark Electronics Corporation 
Gaithersburg, MD 20877 Zeus Components, Inc. r- Phone -301-921-0660 1750 W. Broadway, Suite 114 

m 615 W. Johnson Ave, Bldg. 3 FAX -301-921-3852 Oviedo, FL 32765 
Cheshire, CT 06410 Phone -407-365-3000 en Phone -203-271-2844 FLORIDA FAX -407-365-2356 - FAX - 203-272-1704 Representatives 

Z Pioneer Standard Photon Sales, Inc. GEORGIA 
." 112 Main Street 1600 Sarno Rd., Ste #21 Representative 

0 Norwalk, CT 06851 Melbourne, FL 32935 Southeast Technical Group 
Phone -203-853-1515 Phone -407-259-8999 2620 Deer Isle Cove :II FAX - 203-838-9901 FAX -407-259-1323 Lawrenceville, GA 30244 :s:: Military Distributor Distributors Phone -404-979-2055 

FAX-same 

~ 
Zeus Components, Inc. Anthem Electronics Incorporated 
100 Midland Ave. 2555 Enterprise Rd, Ste #11-2 Distributors - Port Chester, NY 10573 Clearwater, FL 34623 Hall-Mark Eleetornics Corporation 

0 Phone -914-937-7400 Phone - 813-797-2900 3425 Corporate Way, Suite A 

Z FAX - 914-937-2553 FAX - 813-796-4880 Ouluth, GA 30136 
Phone-404-623-4400 Chip Supply 
FAX - 404-476-8806 7725 N. Orange Blossom Trail 

Orlando, FL 32810-2696 
Phone - 407-298-7100 
FAX - 407-290-0164 
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Pioneer Technologies ILLINOIS Distributors 
3100F Northwoods Place 
Norcross, GA 30071 

Representatives Hall-Mark Electronics Corporation 

Phone -404-448-1711 Oasis Sales Corporation 4275 W. 96th Street 

FAX - 404-446-8270 1101 Tonne Road Indianapolis, IN 46268 

Military Distributor 
Elk Grove Village, IL 60007 Phone -317-872-8875 

Phone - 708-640-1850 FAX -317-876-7165 

Zeus Components, Inc. FAX - 708-640-9432 Pioneer Standard 
1750 West Broadway, Ste 114 
Oveido, FL 32765 

Advanced Technical Sales 9350 N. Priority Wy, West Dr 

Phone - 407-365-3000 
1810 Craig Road, Ste 213 Indianapolis, IN 46240 

FAX -407-365-2356 
St. Louis, MO 63146 Phone -317-573-0880 

Phone - 314-878-2921 FAX -317-573-0979 

HAWAII FAX - 314-878-1994 Military Distributors 

Representative Distributors Zeus Components, Inc. 

Bay Area Electronics Anthem Electronics Incorporated 100 Midland Ave. 

2001 Gateway PI., Ste. 315 1300 Remington, Suite A Port Chester, NY 10573 

San Jose, CA 95110 Schaumburg, IL 60173 Phone -914-937-7400 

Phone - 408-452-8133 Phone - 708-884-0200 FAX -914-937-2553 

FAX -408-452-8139 FAX - 708-884-0480 Zeus Components, Inc. 

Distributors Hall-Mark Electronics Corporation 2912 Springboro West, Ste 106 

Anthem Electronics Incorporated 210 Mittel Drive Dayton, OH 45439 

1040 E. Brokaw Road Wooddale, IL 60191 Phone - 513-293-6162 

San Jose, CA 95131 Phone -708-860-3800 FAX - 513-293-1781 

Phone -408-453-1200 FAX - 708-860-0239 IOWA 
FAX -408-452-2281 Pioneer Standard 

Hall-Mark Electronics Corporation 2171 Executive Drive, Ste 200 
Representative 

2105 Lundy Avenue Addison, IL 60101 
Advanced Technical Sales 

San Jose, CA 95131 Phone - 708-495-9680 
375 Collins Road N.E. 

Phone - 408-432-4000 FAX -708-495-9831 Cedar Rapids, IA 52402 

FAX -408-432-4044 Military Distributors 
Phone -319-393-8280 -FAX -319-393-7258 

Wyle Laboratories Zeus Components, Inc. Distributors en 
3000 Bowers Avenue 100 Midland Ave. 
Santa Clara, CA 95051 Port Chester, NY 10573 

Anthem Electronics Incorporated » 
Phone -408-727-2500 Phone - 914-937-7400 

7646 Golden Triangle Dr. r-
FAX - 408-727-5896 FAX -914-937-2553 

Eden Prairie, MN 55344 m Phone - 612-944-5454 

IDAHO Zeus Components, Inc. FAX - 612-944-3045 en 
Representative 

2912 Springboro West, Ste 106 Hall-Mark Electronics Corporation -
Contact Micron Component Sales 

Dayton, OH 45439 Z 
Phone - 513-293-6162 

210 Mittel Drive 

Phone -208-368-3900 FAX - 513-293-1781 
Wooddale, IL 60191 ." 

Military Distributor 
Phone - 708-860-3800 0 

JAN Devices, Inc. 
INDIANA FAX - 708-860-0239 Jl 

6925 Canby, Bldg. 109 
Representatives Pioneer Standard 

Reseda, CA 91335 Electro Reps, Inc. 7625 Golden Triangle Drive s: 
Phone - 818-708-1100 7240 Shadeland Station Eden Prarie, MN 55344 :!:i FAX -818-708-7436 Suite 275 Phone -612-944-3355 

Zeus Components, Inc. 
Indianapolis, IN 46256 FAX - 612-944-3794 -
Phone -317-842-7202 Military Distributor 0 

6276 San Ignacio Ave., Ste E FAX - 317-841-0230 
San Jose, CA 95119 

Zeus Components, Inc. Z 
Phone -408-629-4789 Electro Reps, Inc. 1800 North Glenville, Ste 120 

FAX -408-629-4892 407 Airport North Office Park Richardson, TX 75081 
Fort Wayne, IN 46825 Phone -214-783-7010 
Phone -219-489-8502 FAX - 214-234-4385 
FAX - 219-489-8408 
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KANSAS Pioneer Standard (E. K y) HaIl-Mark Electronics Corporation 

Representative 4433 Interpoint Boulevard Pinehurst Park, 6 Cook Street 
Dayton, OH 45424 Billerica, MA 01821 

Advanced Technical Sales Phone -513-236-9900 Phone - 617-935-9777 
601 N. Mur-Len, Suite 8 FAX -513-236-8133 FAX - 617-667-4129 
Olathe, KS 66062 

Pioneer Standard Phone -913-782-8702 LOUISIANA 
FAX - 913-782-8641 Representative 

44 Hartwell Avenue 
Lexington, MA 02173 

Distributors Nova Marketing Incorporated Phone -617-861-9200 
HaIl-Mark Electronics Corporation 8350 Meadow Road Suite 174 FAX - 617-863-1547 
10809 Lakeview Drive Dallas, TX 75231 

Military Distributor Lenexa, KS 66215 Phone - 214-750-6082 
Phone - 913-888-4747 FAX -214-750-6068 Zeus Components, Inc. 
FAX - 913-888-0523 11 Lakeside Office Park 

Distributors 607 North Avenue 
Pioneer Electronics Hall-Mark Electronics Corporation Wakefield, MA 01880 
2029 Woodland Pkwy., Ste #101 11333 Pagemill Road Phone -617-246-8200 
SI. Louis, MO 63146 Dallas, TX 75243 FAX - 617-246-8293 
Phone -314-432-4350 Phone -214-343-5000 
FAX - 314-432-4854 FAX -214-343-5851 MARYLAND 
Military Distributor Pioneer Electronics Representative 
Zeus Components, Inc. 13765 Beta Electronic Engineering & Sales Inc. 
1800 North Glenville, Ste 120 Dallas, TX 75244 235 Prince George Street 
Richardson, TX 75081 Phone -214-386-7300 Annapolis, MD 21401 
Phone -214-783-7010 FAX -214-490-6419 Phone -301-269-6573 
FAX -214-234-4385 Wyle Laboratories FAX -301-269-6476 

KENTUCKY 1810 North Greenville Avenue Distributors 

Representatives 
Richardson, TX 75081 Anthem Electronics 
Phone -214-235-9953 9020A Mendenhall Court - Electro Reps., Inc. FAX -214-644-5064 Columbia, MD 21045 

7240 Shadeland Station, Ste. 275 Phone -301-995-6640 en Indianapolis, IN 46256 Military Distributors 
FAX - 301-381-4379 

317-842-7202 Zeus Components, Inc. 

l> FAX -317-489-8408 8930-A Route 108 Hall-Mark Electronics Corporation 

r Columbia, MD 21045 10240 Old Columbia Road 
Scott Electronics, Inc. Phone -301-997-1118 Columbia, MD 21046 m 10901 Reed-Hartman Hwy., Suite 301 FAX - 301-964-9784 Phone - 301-988-9800 en Cincinnati, OH 45242-2821 FAX -301-381-2036 
Phone - 513-791-2513 . Zeus Components, Inc. - FAX - 513-791-8059 1800 North Glenville, Suite 120 Pioneer Technologies 

Z Richardson, TX 75081 15810 Gaither Drive 
." Distributors Phone -214-783-7010 Gaithersburg, MD 20877 

0 HaIl-Mark Electronics Corporation (E. Ky) FAX - 214-234-4385 Phone -301-921-0660 
400 E Wilson Bridge Rd, Ste S FAX- 301-921-3852 

::D Worthington, OH 43085 MAINE 
Military Distributor s: Phone - 614-888-3313 Representative 

FAX - 614-888-0767 Advanced Tech Sales Incorporated 
Zeus Components, Inc. 

~ 
8930-A Route 108 

Hall-Mark Electronics Corporation (W. Ky) 348 Park Street, Ste 102 Columbia, MD 21045 
4275 W. 96th Street North Reading, MA 01864 Phone - 301-997-1118 - Indianapolis, IN 46268 Phone -508-664-0888 0 FAX - 301-964-9784 
Phone - 317-872-8875 FAX - 508-664-5503 

Z FAX - 317-876-7165 Distributors 
Pioneer Standard (W. Ky) Anthem Electronics 
9350 N. Priority Way, W. Dr. 36 Jonspin Road 
Indianapolis, IN 46240 Wilmington, MA 01887 
Phone - 317-573-0880 Phone - 508-657-5170 
FAX -317-573-0979 FAX- 508-657-6008 

12-18 



, 1'II1C:1=IC:;I1~ NORTH AMERICA 

MASSACHUSETTS Rathsburg Associates Incorporated Pioneer Standard 

Representative 2680 Horizon, S.E. 7625 Golden Triangle Drive 
Grand Rapids, MI 49506 Eden Prairie, MN 55344 

Advanced Tech Sales Phone -616-949-7400 Phone -612-944-3355 
348 Park Street, Ste 102 FAX -616-949-1909 FAX -612-944-3794 
North Reading, MA 01864 

Distributors Military Distributors Phone - 508-664-0888 
FAX - 508-664-5503 Hall-Mark Electronics Corporation Zeus Components, Inc. 

Distributors 38027 Schoolcraft Road 100 Midland Ave. 
Livonia, MI48150 Port Chester, NY 10573 

Anthem Electronics, Inc. Phone - 313-462-1205 Phone - 914-937-7400 
36 Jonspin Road FAX - 313-462-1830 FAX - 914-937-2553 
Wilmington, MA 01887 

Pioneer Standard Zeus Components, Inc. Phone -508-657-5170 
FAX - 508-657-6008 4505 Broadmoor Avenue, S.E. 2912 Springboro West, Ste 106 

Gerber Electornics 
Grand Rapids, MI 49512 Dayton, OH 45439 
Phone - 616-698-1800 Phone -513-293-6162 

128 Carnegie Row FAX - 616-698-1831 FAX - 513-293-1781 
Norwood, MA 02062 

Pioneer Standard Phone - 617-769-6000 MISSISSIPPI 
FAX - 617-762-8931 13485 Stamford 

Representative Livonia, MI 48150 
Hall-Mark Electronics Corporation Phone - 313-525-1800 Southeast Technical Group 
Pinehurst Park, 6 Cook Street FAX - 313-427 3720 Route 10, Box 368 
Billerica, MA 01821 Meridian, MS 39301 
Phone - 617-935-9777 Military Distributors Phone - 601-485-7055 
FAX - 617-667-4129 Zeus Components, Inc. FAX - 601-485-7063 
Pioneer Standard 100 Midland Ave. 

Distributor 
44 Hartwell Avenue Port Chester, NY 10573 

Hall-Mark Electronics Corporation 
Lexington, MA 02173 Phone - 914-937-7400 

FAX - 914-937-2553 4900 Bradford Drive 
Phone - 617-861-9200 Huntsville, AL 35805 
FAX - 617-863-1547 Zeus Components, Inc. Phone -205-837-8700 • Wyle Laboratories 2912 Springboro West, Ste 106 FAX - 205-830-2565 
15 3rd Avenue Dayton, OH 45439 

Pioneer Technologies U'J 
Burlington, MA 01803 Phone -513-293-6162 » FAX - 513-293-1781 4835 University Square, Ste #5 
Phone - 617-272-7300 Huntsville, AL 35816 r FAX - 617-272·6809 MINNESOTA Phone -205-837-9300 m Military Distributor Representative FAX - 205-837-9358 

U'J JAN Devices, Inc. HMR Incorporated Military Distributor -44 Cochrane St. 9065 Lyndale Avenue Zeus Components, Inc. Z Melrose, MA 02176 Minneapolis, MN 55420·3520 1800 North Glenville, Suite 120 
Phone· 617·662-3901 Phone - 612·888·2122 Richardson, IX 75081 " Zeus Components, Inc. FAX·612-884-4768 Phone -214-783-7010 0 
11 Lakeside Office Park Distributors FAX· 214-234-4385 :II Wakefield, MA 01880 Anthem Electronics Inc. MISSOURI s: Phone 617·246·8200 7646 Golden Triangle Dr. Representatives FAX· 617·246-8293 Eden Prairie, MN 55344 Advanced Technical Sales ~ MICHIGAN Phone· 612-944-5454 1810 Craig Road, Suite #213 

FAX -612-944-3045 -Representatives St. Louis, MO 63146 0 Hall-Mark Electronics Corporation Phone - 314-878-2921 Rathsburg Associates Incorporated 
10300 Valley View Rd, Ste 101 FAX - 314-878-1994 Z 34605 Twelve Mile Rd. 

Farmington Hills, MI 48331·3263 Eden Prairie, MN 55344 

Phone· 313-489·1500 Phone - 612·941·2600 

FAX· 313-489·1480 FAX -612·941-5778 
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Distributors Military Distributor Hail-Mark Electronics Corporation 
Hail-Mark Electronics Corporation Zeus Components, Inc. Pinehurst Park, 6 Cook Street 
3783 Rider Trail So. 1800 North Glenville, Suite 120 Billerica, MA 01821 
Earth City, MO 63045 Richardson, TX 75081 Phone - 617-935-9777 
Phone - 314-291-5350 Phone - 214-783-7010 FAX - 617-667-4129 
FAX - 314-291-0362 FAX -214-234-4385 

Pioneer Standard 
Pioneer Standard NEVADA 44 Hartwell Avenue 
2029 Woodland Pkwy #101 Representative Lexington, MA 02173 
St Louis, MO 63146 Bay Area Electronics Sales, Inc Phone - 617-861-9200 
Phone -314-432-4350 2001 Gateway Place, Suite 315 FAX - 617-863-1547 
FAX -314-432-4854 San Jose, CA 95110 Military Distributor 
Military Distributor Phone -408-452-8133 

Zeus Components, Inc. 
Zeus Components, Inc. FAX -408-452-8139 

11 Lakeside Office Park 
1800 North Glenville, Suite 120 Distributors 607 North Avenue 
Richardson, IX 75081 Anthem Electronics Incorporated Wakefield, MA 01880 
Phone -214-783-7010 580 Menlo Drive, Suite 8 Phone - 617-246-8200 
FAX -214-234-4385 Rocklin, CA 95677 FAX -617-246-8293 

MONTANA Phone - 916-624-9744 
NEW JERSEY FAX -916-624-9750 

Distributor 
Hail-Mark Electronics Corporation 

Representative 
Almac Electronics 

580 Menlo Dr., Suite 2 Applied Technical Marketing 
E 10905 Montgomery 

Rocklin, CA 95677 234 Main St., Suite 2 
Spokane, WA 99206 

Phone - 916-624-9781 Huntington, NY 11743 
Phone -509-924-9500 

FAX -916-961-0922 Phone -516-271-0200 
1-800-325-6545 FAX -516-271-4450 
FAX - 509-928-6096 Wyle Laboratories 

Representative (Southern) 2951 Sunrise Blvd., Suite 175 Military Distributor Rancho Cordova, CA 95742 Omega Electronics .. Zeus Components, Inc. Phone - 916-638-5282 2655 Interplex Dr., Suite 104 
6276 San Ignacio Ave., Suite E FAX -916-638-1491 Trevose, PA 19047 

CJ) 
San Jose, CA 95119 Phone -215-244-4000 
Phone - 408-629-4789 Military Distributor FAX -215-244-4104 » FAX -408-629-4892 JAN Devices, Inc. 

Distributors 44 Cochrane St. r- NEBRASKA Melrose, MA 02176 Anthem Electronics m Representative Phone -617-662-3901 26 Chapin Road, Unit K 
CJ) Advanced Technical Sales Zeus Components, Inc. 

Pine Brook, NJ 07058 
Phone - 201-227-7960 - 601 North Mur-Len, Suite 8 6276 San Ignacio Ave., Suite E FAX - 201-227-9246 Z Olathe, KS 66062 San Jose, CA 95119 

"TI Phone -913-782-8702 Phone - 408-629-4789 Hall-Mark Electronics Corporation 
FAX - 913-782-8641 FAX -408-629-4892 107 Fairfield Road 0 Distributors Fairfield, NJ 07006 

:D NEW HAMPSHIRE Phone -201-575-4415 
Hall-Mark Electronics Corporation 

Representative FAX - 201-882-9389 3: 10809 Lakeview Dr. 
Advanced Tech Sales Incorporated Hail-Mark Electronics Corporation 

~ 
Lenexa, KS 66215 
Phone - 913-888-4747 348 Park Street, Ste 102 11000 Midlantic Drive, Suite 5 
FAX -913-888-0523 North Reading, MA 01864 Mt. Laurel, NJ 08054 - Phone - 508-664-0888 Phone -609-235-1900 0 Wyle Laboratories FAX - 508-664-5503 FAX - 609-235-3381 

Z 451 E 124th Street 
Hall-Mark Electronics Corporation Thornton, CO 80241 Distributors 

Phone - 303-457-9953 Anthem Electronics 200 Lanidex Plaza, 2nd Fl. 
FAX - 303-457-4831 36 Jonspin Road Parsippany, NJ 07054 

Wilmington, MA 01887 Phone -201-515-3000 
Phone - 508-657-5170 FAX -201-515-4475 
FAX -508-657-6008 
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Military Distributor Electra Sales Corporation Military Distributor 
Zeus Components, Inc. 3000 Winston Rd. South Zeus Components, Inc. 
100 Midland Ave. Rochester, NY 14623 100 Midland Ave. 
Port Chester, NY 10573 Phone - 716-427-7860 Port Chester, NY 10573 
Phone -914-937-7400 FAX -716-427-0614 Phone - 914-937-7400 
FAX - 914-937-2553 Electra Sales Corporation FAX - 914-937-2553 

Zeus Components, Inc. I Alder Drive Zeus Components, Inc. 
8930-A Route 108 East Syracuse, NY 13057 2110 Smithtown Ave. 
Columbia, MD 21045 Phone - 315-463-1248 Ronkonkoma, L.I., NY 11779 
Phone -301-997-1118 FAX - 315-463-1717 Phone -516-737-4500 
FAX - 301-964-9784 Distributors FAX - 516-737-4520 

NEW MEXICO Anthem Electronics-Military Zeus Components, Inc. 

Representative 
47 Mall Drive 2912 Springboro West, Ste 106 
Commack, NY 11725-5703 Dayton, OH 45439 

Quatra Associates Incorporated Phone - 516-864-6600 Phone -513-293-6162 
600 Autumnwood Place, S.E. FAX - 516-493-2244 FAX - 513-293-1781 
Albuquerque, NM 87123 

Hall-Mark Electronics Corporation Phone -505-296-6781 NORTH CAROLINA 
FAX -602-820-7054 6605 Pittsford - Palmyra Road, Suite E8 

Representatives Fairport, NY 14450 
Distributors Phone - 716-425-3300 Southeast Technical Group 
Anthem Electronics Inc. FAX -716-425-7195 700 N. Arendell Ave 
1555 W. 10th PI., Suite #101 Hall-Mark Electronics Corporation 

Zebulon, NC 27597 
Tempe, AZ 85281 Phone - 919-269-5589 
Phone - 602-966-6600 

3075 Veterans Memorial Hwy FAX - 919-269-5670 
Ronkonkoma, NY 11779 

FAX - 602-966-4826 Phone -516-737-0600 Distributors 
HaIl-Mark Electronics Corporation FAX - 516-737-0838 Hall-Mark Electronics Corporation 
4637 South 36th Place MAST Distributors, Inc. 5234 Green's Dairy Road 
Phoenix, AZ 85040 710-2 Union Parkway Raleigh, NC 27604 -Phone - 602-437-1200 Ronkonkoma, NY 11799 Phone -919-872-0712 
FAX -602-437-2348 FAX - 919-878-8729 Phone - 516-471-4422 en Wyle Laboratories FAX - 516-471-2040 Pioneer Technologies 
4141 E. Raymond St., Ste#l Pioneer Standard 9401L Southern Pines Blvd l> 
Phoenix, AZ 85040 68 Corporate Drive Charlotte, NC 28210 r-Phone - 602-437-2088 Binghamton, NY 13904 Phone - 704-526-8188 m FAX - 602-437-2124 Phone - 607-722-9300 FAX -704-522-8564 en Military Distributor FAX - 607-722-9562 Pioneer Electronics 

2810 Meridian Parkway, #148 -JAN Devices, Inc. Pioneer Standard Z 6925 Canby, Bldg. 109 840 Fairport Park Durham, NC 27713 
Reseda, CA 91335 Fairport, NY 14450 Phone - 919-544-5400 "'T1 
Phone - 818-708-1100 Phone-716-381-7070 FAX -919-544-5885 0 
FAX - 818-708-7436 FAX -716-381-5955 Military Distributor :a 
Zeus Components, Inc. Zeus Components, Inc. 

Pioneer Standard 8930-A Route 108 s: 6276 San Ignacio Ave., Suite E 14A Madison Road 
San Jose, CA 95119 Fairfield, NY 07006 

Columbia, MD 21045 

~ Phone - 301-997-1118 Phone - 408-629-4789 Phone - 201-575-3510 FAX -301-964-9784 FAX -408-629-4892 FAX - 201-575-3454 -
NEW YORK Pioneer Standard NORTH DAKOTA 0 
Representatives 60 Crossways Park West Representative Z 
Applied Technical Marketing 

Woodbury, NY 11797 HMR Incorporated 
Phone - 516-921-8700 9065 Lyndale Avenue 234 Main St., Suite 2 FAX - 516-921-2143 Minneapolis, MN 55420-3520 Huntington Village, NY 11743 

Phone - 612-888-2122 Phone - 516-271-0200 
FAX - 612-884-4768 FAX -516-271-4450 
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Distributors Distributors Military Distributor 
Anthem Electronics Incorporated Hall-Mark Electronics Corporation Zeus Components, Inc. 
7646 Golden Triangle Dr. 5821 Harper Road 1800 N. Glenville, Ste 120 
Eden Prairie, MN 55344 Solon, OH 44139 Richardson, TX 75081 
Phone - 612-944-5454 Phone -216-349-4632 Phone - 214-783-7010 
FAX -612-944-3045 FAX - 216-248-4803 FAX -214-234-4385 

Hall-Mark Electronics Corporation Hall-Mark Electronics Corporation OREGON 
10300 Valley View Rd, Ste 101 400 E. Wilson Bridge Rd, Ste S Representative 
Eden Prairie, MN 55344 Worthington, OH 43085 Northwest Marketing Associates 
Phone - 612-941-2600 Phone - 614-888-3313 6975 SW Sandburg Rd, Ste 330 
FAX -612-941-5778 FAX - 614-888-0767 Portland, OR 97223 
Pioneer Standard Pioneer Standard Phone -503-620-0441 
7625 Golden Triangle Drive 4800 E l3lst Street FAX - 503-684-2541 
Eden Prairie, MN 55344 Cleveland, OH 44105 Distributors 
Phone - 612-944-3355 Phone -216-587-3600 

Almac Electronics FAX - 612-944-3794 FAX - 216-587-3906 
1885 N.w. 169th Place 

Military Distributors Pioneer Standard Beaverton, OR 97006 
Zeus Components, Inc. 4433 Interpoint Blvd. Phone - 503-629-8090 
100 Midland Ave. Dayton, OH 45424 FAX - 503-645-0611 
Port Chester, NY 10573 Phone - 513-236-9900 

Anthem Electronics Incorporated 
Phone -914-937-7400 FAX -513-236-8133 

9090 S.W. Gemini Drive 
FAX - 914-937-2553 Pioneer Standard Beaverton, OR 97005 
Zeus Components, Inc. 5440 Naiman Parkway Phone - 503-643-1114 
2912 Springboro West, Ste 106 Solon, OH 44139 FAX - 503-626-7928 
Dayton, OH 45439 Phone -216-349-1300 

Wyle Laboratories 
Phone - 513-293-6162 FAX -216-349-0754 

9640 SW Sunshine Ct, Ste. 200 
FAX - 513-293-1781 Military Distributors Beaverton, OR 97005 - OHIO Zeus Components, Inc. Phone -503-643-7900 

100 Midland Ave. FAX - 503-646-5466 

en Representatives Port Chester, NY 10573 Military Distributor Scott Electronics, Inc. Phone -914-937-7400 
l> Corporate Headquarters FAX - 914-937-2553 JAN Devices, Inc. 

r- 360 Alpha Park 
Zeus Components, Inc. 

6925 Canby, Bldg. 109 

m Cleveland OH 44143-2240 Reseda, CA 91335 
Phone - 216-473-5050 2912 Springboro West, Ste 106 Phone - 818-708-1100 en FAX -216-473-5055 Dayton, OH 45439 FAX - 818-708-7436 

Phone - 513-293-6162 - Scott Electronics, Inc. FAX -513-293-1781 Zeus Components, Inc. 
Z 3131 South Dixie Drive 6276 San Ignacio Ave., Ste E 

" Dayton, OH 45439-2223 OKLAHOMA San Jose, CA 95119 

0 Phone - 513-294-0539 Representative Phone - 408-629-4789 
FAX - 513-294-4769 FAX -408-629-4892 

::XI Nova Marketing Incorporated 

i: 
Scott Electronics, Inc. 4924 S. Memorial, Suite 1339 PENNSYLVANIA 
916 Eastwind Drive Tulsa, OK 74145 Representatives 

!i Westerville, OH 43081-3379 Phone -918-660-5105 
Phone - 614-882-6100 FAX - 918-665-3815 Omega Electronic Sales Incorporated 

FAX - 614-882-0900 2655 Interplex Dr., #104 - Distributor Trevose, P A 19047 
0 Scott Electronics, Inc. Hall-Mark Electronics Corporation Phone - 215-244-4000 

Z 10901 Reed Hartman, Ste. 301 5411 S. 125th East Ave., #305 FAX - 215-244-4104 
Cincinnati, OH 45242-2821 Tulsa, OK 74146 Scott Electronics, Inc. (W. PAl Phone - 513-791-2513 Phone - 918-254-6110 360 Alpha Park FAX - 513-791-8059 FAX - 918-254-6207 Cleveland, OH 44143-2240 

Phone -216-473-5050 
FAX - 216-473-5055 
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Distributors Hall-Mark Electronics Corporation Hall-Mark Electronics Corporation 
Anthem Electronics, Inc. 615 W. Johnson Ave., Bldg. 3 10300 Valley View Rd, Ste 101 
355 Business Ctr. Dr. Cheshire, CT 06410 Eden Prairie, MN 55344 
Horsham, P A 19044 Phone - 203-271-2844 Phone -612-941-2600 
Phone - 215-443-5150 FAX - 203-272-1704 FAX - 612-941-5778 
FAX - 215-675-9875 Pioneer Standard Pioneer Standard 
Hall-Mark Electronics Corporation 112 Main Street 7625 Golden Triangle Drive 
11000 Midlantic Drive, Suite 5 Norwalk, CT 06851 Eden Prairie, MN 55344 
Mt. Laurel, NJ 08054 Phone -203-853-1515 Phone - 612-944-3355 
Phone - 609-235-1900 FAX - 203-838-9901 FAX - 612-944-3794 
FAX - 609-235-3381 Military Distributor Military Distributors 
Hall-Mark Electronics Corporation (W. PAl Zeus Components, Inc. Zeus Components, Inc. 
5821 Harper Road 11 Lakeside Office Park 100 Midland Ave. 
Solon, OH 44139 607 North Avenue Port Chester, NY 10573 
Phone - 216-349-4632 Wakefield, MA 01880 Phone - 914-937-7400 
FAX - 216-248-4803 Phone - 617-246-8200 FAX - 914-937-2553 

Pioneer Technologies FAX - 617-246-8293 Zeus Components, Inc. 
500 Enterprise Road SOUTH CAROLINA 2912 Springboro West, Ste 106 
Horsham, P A 19044 Representative Dayton, OH 45439 
Phone - 215-674-4000 Southeast Technical Group Phone - 513-293-6162 
FAX - 215-674-3107 700 N. Arendell Ave. FAX - 513-293-1781 

Pioneer Technologies (W. P A) Zebulon, NC 27597 TENNESSEE 
259 Kappa Drive Phone - 919-269-5589 
Pittsburgh, P A 15238 FAX - 919-269-5670 Representative 

Phone - 412-782-2300 Distributor 
Southeast Technical Group 

FAX -412-963-8255 700 N. Arendell Ave. 

Military Distributors 
Pioneer Technologies Zebulon, NC 27597 
9401 1. Southern Pine Blvd Phone - 919-269-5589 

Zeus Components, Inc. Charotte, NC 28210 FAX - 919-269-5670 -100 Midland Ave. Phone - 704-526-8188 
Port Chester, NY 10573 FAX -704-522-8564 Distributors en Phone - 914-937-7400 Hall-Mark Electronics Corporation 
FAX - 914-937-2553 

Military Distributor 4900 Bradford Drive » 
Zeus Components, Inc. 

Zeus Components, Inc. Huntsville, AL 35805 r-1750 West Broadway, Ste 114 Phone -205-837-8700 m 2912 Springboro West, Ste 106 Oviedo, FL 32765 FAX - 205-830-2565 
Dayton, OH 45439 Phone - 407-365-3000 

Pioneer Technologies en 
Phone - 513-293-6162 FAX - 407-365-2356 -FAX - 513-293-1781 4825 University Square, #5 

Z SOUTH DAKOTA Huntsville, AL 35816 
RHODE ISLAND Representative Phone -205-837-9300 ." 
Representative HMR Incorporated 

FAX - 205-837-9358 0 
Advanced Tech Sales Incorporated 9065 Lyndale Avenue Military Distributor ::J:I 348 Park Street, Ste 102 Minneapolis, MN 55420-3520 Zeus Components, Inc. =: North Reading, MA 01864 Phone - 612-888-2122 8930-A Route 108 
Phone - 508-664-0888 FAX - 612-884-4768 Columbia, MD 21045 

~ FAX - 508-664-5503 
Distributors Phone -301-997-1118 

Distributors FAX - 301-%4-9784 -Anthem Electronics Incorporated 0 Anthem Electronics 7646 Golden Triangle Dr. TEXAS 
61 Mattatuck Heights Eden Prairie, MN 55344 Representatives Z 
Waterbury, CT 06705 Phone - 612-944-5454 
Phone - 203-575-1575 FAX - 612-944-3045 Nova Marketing Incorporated 
FAX -203-596-3232 8350 Meadow Road, Suite 174 

Dallas, IX 75231 
Phone -214-750-6082 
FAX -214-750-6068 
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Nova Marketing Incorporated Wyle Laboratories Zeus Components, Inc. 
9207 Country Creek #206 4030 W. Braker, Suite 330 6276 San Ignacio Ave., Suite E 
Houston, TX 77036 Austin, TX 78759 San Jose, CA 95119 
Phone - 713-988-6082 Phone - 512-345-8853 Phone -408-629-4789 
FAX -713-774-1014 FAX - 512-834-0981 FAX - 408-629-4892 

Nova Marketing Incorporated Wyle Laboratories VERMONT 
Stillhouse Canyon Office Park 1810 N. Greenville Avenue 

Representative 4807 Spicewood Springs Road Richardson, TX 75081 
Building 3, Suite 3140 Phone - 214-235-9953 Advanced Tech Sales Incorporated 
Austin, TX 78759 FAX - 214-644-5064 348 Park Street, Ste 102 
Phone -512-343-2321 Wyle Laboratories 

North Reading, MA 01864 
FAX -512-343-2487 Phone - 508-664-0888 

11001 S. Wilcrest, Suite 100 FAX - 508-664-5503 
Distributors Houston, TX 77099 
Anthem Electronics, Inc. Phone - 713-879-9953 Distributors 

651 N. Plano Road, Suite 429 FAX - 713-879-6540 Anthem Electronics 
Richardson, TX 75081 Military Distributor 36 Jonspin Road 
Phone -214-238-7100 Wilmington, MA 01887 
FAX -214-238-0237 

Zeus Components, Inc. Phone - 508-657-5170 
1800 N. Glenville, Suite 120 FAX - 508-657-6008 

Hall-Mark Electronics Corporation Richardson, TX 75081 
12211 Technology Boulevard Phone -214-783-7010 Hall-Mark Electronics Corporation 
Austin, TX 78727 FAX -214-234-4385 Pinehurst Park, 6 Cook Street 
Phone -512-258-8848 Billerica, MA 01821 
FAX - 512-258-3777 UTAH Phone - 617-935-9777 

Hall-Mark Electronics Corporation Representative FAX -617-667-4129 

11333 Pagemill Road Wescom Marketing Pioneer Standard 
Dallas, TX 75243 3500 So. Main, Suite 100 44 Hartwell Avenue 
Phone -214-343-5000 Salt Lake City, DT 84115 Lexington, MA 02173 
FAX -214-343-5851 Phone - 801-269-0419 Phone - 617-861-9200 .. Hall-Mark Electronics Corporation 

FAX - 801-269-0665 FAX - 617-863-1547 

en 11420 Pagemill Road Distributors Military Distributor 
Dallas, TX 75243 Anthem Electronics Incorporated Zeus Components, Inc. 

l> Phone -214-553-4300 1279 West 2200 South 11 Lakeside Office Park 

r- FAX -214-343-5988 Salt Lake City, DT 84119 607 North Avenue 

m Hall-Mark Electronics Corporation Phone -801-973-8555 Wakefield, MA 01880 
FAX - 801-973-8909 Phone -617-246-8200 en 8000 Westglen 

FAX - 617-246-8293 Houston, TX 77063 Hall-Mark Electronics Corporation - Phone -713-781-6100 2265 South 1300 West VIRGINIA Z FAX - 713-953-8420 West Valley City, DT 84119 

" Pioneer Standard Phone - 801-972-1008 Representative 

0 1826 Kramer Lane, Suite D FAX -303-790-4991 Electronic Enginnering & Sales Incorporated 
235 Prince George Street 

::xJ Austin, TX 78758 Wyle Laboratories Annapolis, MD 21401 

s: Phone - 512-835-4000 1325 West 2200 South, Suite E Phone -301-269-6573 
FAX - 512-835-9829 West Valley City, DT 84119 FAX -301-269-6476 

~ Pioneer Electronics Phone - 801-974-9953 

13765 Beta FAX - 801-972-2524 Distributors - Dallas, TX 75244 Military Distributor Anthem Electronics 

0 Phone -214-386-7300 JAN Devices, Inc. 
9020A Mendenhall Court 

Z FAX - 214-490-6419 6925 Canby, Bldg. 109 
Columbia, MD 21045 
Phone - 301-995-6640 

Pioneer Standard Reseda, CA 91335 FAX - 301-381-4379 
10530 Rockley Rd., Suite 100 Phone - 818-708-1100 
Houston, TX 77099 FAX - 818-708-7436 
Phone - 713-495-4700 
FAX - 713-495-5642 
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Hall-Mark Electronics Corporation Military Distributor Military Distributors 
10240 Old Columbia Road JAN Devices, Inc. Zeus Components, Inc. 
Columbia, MD 21046 6925 Canby, Bldg. 109 100 Midland Ave. 
Phone - 301-988-9800 Reseda, CA 91335 Port Chester, NY 10573 
FAX -301-381-2036 Phone -818-708-1100 Phone - 914-937-7400 
Pioneer Technologies FAX - 818-708-7436 FAX - 914-937-2553 
15810 Gaither Drive Zeus Components, Inc. Zeus Components, Inc. 
Gaithersburg, MD 20877 6276 San Ignacio Ave., Suite E 2912 Springboro West, Ste 106 
Phone - 301-921-0660 San Jose, CA 95119 Dayton, OH 45439 
FAX - 301-921-3852 Phone -408-629-4789 Phone -513-293-6162 
Military Distributor FAX - 408-629-4892 FAX - 513-293-1781 

Zeus Components, Inc. WEST VIRGINIA WYOMING 
8930-A Route 108 

Representative Representative Columbia, MD 21045 
Phone - 301-997-1118 Scott Electronics, Inc. Wescom Marketing 
FAX -301-964-9784 916 Eastwind Drive 3500 South Main, Suite 100 

Westerville, OH 43081-3379 Salt Lake City, UT 84115 
WASHINGTON Phone - 614-882-6100 Phone -801-269-0419 
Representative FAX - 614-882-0900 FAX - 801 - 269-0665 

Northwest Marketing Associates, Inc. Distributor Distributors 
12835 Bel-Red Road, Ste. 330 HaIl-Mark Electronics Corporation Anthem Electronics Incorporated 
Bellevue, WA 98005 400 E Wilson Bridge Rd, Ste S 1279 West 2200 South 
Phone - 206-455-5846 Worthington, OH 43085 Salt Lake City, UT 84119 
FAX -206-451-1130 Phone - 614-888-3313 Phone -801-973-8555 
Distributors FAX - 614-888-0767 FAX -801-973-8909 

AImac Electronics Military Distributor HaIl-Mark Electronics Coporation 
14360 Southeast Eastgate West Zeus Components, Inc. 2265 South 1300 West 
Bellevue, WA 98007 8930-A Route 108 West Valley City, UT 84119 • Phone - 206-643-9992 Columbia, MD 21045 Phone - 801-972-1008 
FAX -206-643-9709 Phone - 301-997-1118 FAX - 303-790-4991 

Almac Electronics FAX - 301-964-9784 Wyle Laboratories en 
East 10905 Montgomery 

WISCONSIN 
1325 West 2200 South, Suite E l> 

Spokane, WA 99206 West Valley City, UT 84119 I Phone -509-924-9500 Representative Phone - 801-974-9953 m 1-800-325-6545 Oasis Sales Corporation FAX - 801-972-2524 en FAX - 509-928-6096 1305 North Barker Road Military Distributor 
Brookfield, WI 53005 -Anthem Electronics Incorporated 
Phone -414-782-6660 JAN Devices, Inc. Z 19017-120th Ave. N.E:, Ste. 102 
FAX - 414-782-7921 6925 Canby, Bldg. 109 

"TI Bothell, WA 98011 Reseda, CA 91335 
Phone - 206-483-1700 Distributors Phone - 818-708-1100 0 FAX - 206-486-0571 Hall-Mark Electronics Corporation FAX -818-708-7436 ::D Hall-Mark Electronics Corporation 16255 West Lincoln Avenue Zeus Components, Inc. 
250 Northwest 39th, Suite #4 New Berlin, Wisconsin 53151 6276 San Ignacio Ave., Suite E s:: 
Seattle, WA 98107 Phone - 414-797-7844 San Jose, CA 95119 ~ Phone - 206-547-0415 FAX - 414-797-9259 Phone -408-629-4789 
FAX -314-291-0362 Pioneer Standard FAX -408-629-4892 -Wyle Laboratories 120 Bishops Way, #163 0 
15385 NE 90th Street Brookfield, WI 53005 Z Redmond, WA 98052-3522 Phone - 414-784-3480 
Phone -206-881-1150 FAX - 414-784-8207 
FAX -206-453-0071 
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AUSTRALIA FRANCE HONG KONG 
Representative Representative Representative 
Reptechnic Pte. Ltd. Rep'Tronic, SA Lestina International Ltd. 
3 I 36 Bydown Street 1 bis, Rue Marcel Paul Rm 405, Park Tower 
Neutral Bay NSW 2089 BatimentA 15 Austin Rd 
Australia Z.l. De La Bonde Tsimshatsui, Kowloon 
Phone - 612-953-9844 91300 Massy Hong Kong 
FAX -612-953-9683 Phone -33-1-60-13-9300 Phone -852-735-1736 

FAX -33-1-60-13-9198 FAX - 852-730-7538 
AUSTRIA 

Distributors 
Distributor INDIA 
Thomas Neuroth Ges. m.b.H. 

Datadis Distributor 
3 bis, rue Rene Cassin 

Hietzinger Hauptstrasse BP 84-Z.1. de la Bonde Silicon Electronics 
22/A/2 91303 Massy Cedex 3350 Scott Blvd. 
A-1130 Vienna Suite 1201 
Austria 

France 
Santa Clara, CA 95054 Phone -331-69-204141 

Phone -431-82-56-45 FAX -331-69-204900 Phone -408-988-4408 
FAX - 431-82-84-920 FAX -408-988-4431 

LEX Electronics 
BELGIUM 60-62, rue des Gemeaux-Silic 580 INDONESIA 
Representative & Distributor 94653 Rungis Cedex Representative 
MCA - Tronix SPRL France Desner Electronics 
Pare De Recherches Du Phone - 33-1-49-78-4848 (FE) Ltd. 
SartTilman FAX - 33-1-49-78-0699 42 Mactaggart Rd. 
Av. Des Noisetiers Paris Sud Electronique #04-01 Mactaggart Bldg. 
B-4031 Angleur 12, rue Rene Cassin Singapore, 1336 
Belgium 91300 Massy Phone -65-285-1566 
Phone - 32-41-67-4208 France FAX - 65-284-9466 
FAX - 32-41-67-6331 Phone - 33-1-69-20-6699 .. FAX - 33-1-69-20-7532 IRELAND 
DENMARK Representative en RTF Diffusion Distributor 79 Rue Pierre Semard New England Technical Sales Ltd. » Henckel Elektronik 92320 Chatillon The Diamond 

r- Industriparken 4 France Malahide County Dublin 

m 4960 Holeby Phone - 1-49-65-2626 Ireland 
Denmark FAX -1-49-65-2649 Phone - 353-1-450635 en Phone - 45-53-906333 FAX - 353-1-453625 - FAX -45-53-906422 GERMANY Distributor 

Z FINLAND Representative Lyco, Ltd. 
." Representative & Distributor Advanced Semi Conductor Products Estuary House 

0 KapeIIenstrasse 9 New Street 
Integrated Electronics OY AB D-8025 Unterhaching Malahide, Dublin ::a Turkhaudantie 1 Munich, Germany Ireland 

3: P.O. Box 160 Phone - 49-89-61-9076 Phone - 353-1-452-020 
00700 Helsinki FAX -49-89-61-9070 FAX - 353-1-452-414 

~ 
Finland 
Phone - 358-0-351-3133 Distributor - FAX - 358-0-351-3134 Metronik GmBH 

0 Leonhardsweg 2 

Z 8025 Unterhaching 
Germany 
Phone - 089-611-08-0 
FAX - 089-611-64-68 
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ISRAEL THE NETHERLANDS SPAIN 
Representative/Distributor Distributor Distributor 
Rapac Electronic, Ltd. Microtron AID Electronica, S.A. 
Mailing Address: Postbus 188 Plaza Cuidad de Viena, 6 
P.O. Box 18053 NL - 1243 ZK Graveland 28040 Madrid 
Tel Aviv, Israel 61180 The Netherlands Spain 
Office Address: Phone - 31-35-61834 Phone - 341-534-4000 
#7, Kehilat Saloniki Street FAX -31-35-62709 FAX - 341-534-7663 
Tel Aviv, Israel 69513 

NEW ZEALAND SWEDEN Phone - 972-3-477115 
FAX - 972-3-493-272 Representative Representative & Distributor 

ITALY Reptechnic IE Komponenter AB 
3/36 Bydown Street Box 11113 

Representative & Distributor Neutral Bay, NSW 2089 S16111 
Moxel S.R.L. Australia Bromma, Sweden 
Via C Frova 34 Phone - 612-953-9844 Phone -46-8-804685 
20092 Cinisello Balsamo FAX -612-953-9683 FAX - 46-8-262286 
(MI) Italy 

NORWAY SWITZERLAND Phone -39-261290521 
FAX -39-261-72582 Distributor Representative 

Distributor BIT Elektronikk AS Micron Technology 

EUR Elettronica S.P.A. P.O. Box 36 Casa Fuchs CH-6984 

20094 Assago (MI) 3401 lier Pura Switzerland 

Sede: Via E. Fermi, 8 lierbyen, Norway Phone - 41-9171-3785 

Partita IVA 00883800153 Phone - 47-3-847099 FAX -41-9171-3889 

Italy FAX - 47-3-'845510 Distributor 
Phone -02-4880022 PHILLIPINES Anatec 
FAX -02-4880275 

Representative Sumpfstrasse 7 

JAPAN Desner Electronics 
CH-63OOZUG -Switzerland 

Distributor (FE) Ltd. Phone -41-42-412-441 en Sanyo Electronic Co. 42 Mactaggart Rd. FAX -41-42-413-124 
Natsume Bldg., 4th Floor #04-01 Mactaggart Bldg. :t> 
18-6,2-Chome Singapore, 1336 Pabstronic AG r Phone - 65-285-1566 Aarauerstrasse 20 
Yushima, Bunkyo-Ku, Tokyo 113 

FAX - 65-284-9466 5200 Brugg m Japan Switzerland en Phone - 81-3-3818-4330 
FAX - 813-3818-1124 

PORTUGAL Phone - 41-56-41-7957 -Representative & Distributor FAX -41-56-41-0792 Z 
KOREA AID Electronica LDA. TAIWAN, R.O.C. ." 
Representative Rua dos Lusiadas 5,5. 

Representative & Distributor 0 Eastern Electronics, Inc. Sa1a B/K 
1300Lisboa ASEC :xl 3rd Floor, Yoowha Bldg. 
Portugal 7F, No. 344-1 Min-Sheng E Rd 

995-16, Daechi-Dong Phone -351-1-362-0290 Min-Sheng Commercial Bldg s: Kangnam-Ku, Seoul, Korea 
FAX - 361-1-362-1068 Taipei, Taiwan R.O.c. 

~ Phone - 822-553-2997 Taiwan 
FAX - 822-553-2998 SINGAPORE Phone - 886-2-505-7025 -Representative FAX - 886-2-501-1524 0 

Desner Electronics Z (FE) Ltd. 
42 Mactaggart Rd. 
#04-01 Mactaggart Bldg. 
Singapore, 1336 
Phone -65-285-1566 
FAX - 65-284-9466 
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UNITED KINGDOM 
Representative 
Micron Technology, Inc 
European Office 
Suite 17 
Kinetic Centre 
Theobald Street 
Borehamwood 
Hertfordshire 
WD6 4SE United Kingdom 
Phone -44-81-905-1255 
FAX -44-81-905-1126 

EURORep. 
Saville Court, Saville Place, 
Clifton, Bristol BS8 4EJ 
United Kingdom 
Phone -44-272-237-594 
FAX - 44-272-237-598 

Distributor 
Abacus Electronics PLC 
Abacus House, Bone Lane 
Newbury, Bukshire 
RG145SF 
United Kingdom 
Phone - 0635-36222 
FAX -0635-38670 

Bytech Computers, Ltd. 
12 A Cedarwood, Chineham 
Business Park 
Crockford Lane, Basingstoke 
Hampshire, RG24 OWD 
United Kingdom 
Phone - 44-256-707-107 
FAX -44-256-707-162 

Thame Components 
Thame Park Road 
Thame, Oxon, OX9 3UQ 
United Kingdom 
Phone -44-84-426-1188 

. FAX - 44-84-426-1681 
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Micron Technology, Inc. 
Marketing Department 
2805 East Columbia Road 
Boise, Idaho 83706 
Telephone: (208) 368-3900 
FAX: (208) 368-4617 

TECHNOLOGY, 


