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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 ap
propriate 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 APPROVAL 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. 



I'll IC: 1=1 ON CONTENTS OVERVIEW 

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

Sections 1 through 7 cover individual product families. Each section contains a· 
product selection guide followed by data sheets. Three different types of data sheets 
are used: Ad vance Information, which contains initial descriptions of products still 
under development; Preliminary Information, which contains initial device charac
terization limits which are subject to change upon full characterization of produc
tion devices; and Final Information, which contains minimum and maximum limits 
specified over the complete power supply and temperature range for production 
devices. 

Section 8 contains application information. 

Section 9 contains selected information about Micron's growing Defense Electronics 
product offering. 

Section 10 contains packaging information. 

Section 11 contains ordering information and a list of sales representatives and dis
tributors 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) 386-3900 
FAX: (208) 389-4617 

All registered and unregistered trademarks are the sole property of their respective companies. 
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DRAM PRODUCT SELECTION GUIDE 
Memory Opllonal Power Olsslpallon 
Conllgurallon Access Cycle Part Number Access TIme (ns) Standby Active POIP 

64Kx 1 Page Mode MT4264 100,120,150,200 15mw 75mw 16 

64Kx4 Page Mode MT4067 80,100,120,150 15mw 150mw 18 

256Kx 1 Page Mode MT1259 80,100,120,150 15mw 150mw 16 

256Kx 4 Fast Page Mode MT4C4256 80,100,120,150 5mw 175mw 20 

256Kx 4 Stactic Column MT4C4258 80,100,120,150 5mw 175mw 20 

1MEG x 1 Fast Page Mode MT4C1024 80,100,120,150 5mw 175mw 18 

1MEG x 1 Nibble Mode MT4C1025 80,100,120,150 5mw 175mw 18 

1MEG x 1 Static Column MT4C1026 80,100,120,150 5mw 175mw 18 

1MEGx4 Fast Page Mode MT4C4001 80,100,120 5mw 175mw 20 

1MEG x4 Static Column MT4C4003 80,100,120 5mw 175mw 20 
4MEGx 1 Fast Page Mode MT4C1004 80,100,120 5mw 175mw 18 

4MEGx 1 Nibble Mode MT4C1005 80,100,120 5mw 175mw 18 

4MEG x 1 Static Column MT4C1006 80,100,120 5mw 175mw 18 

I DRAM 

Package and Number 01 Pins 
PLCC ZIP SDJ COIP CLCC 
- - - 16 18 

18 20 - 18 18 

18 16 - 16 18 

- 20 20 20 -
- 20 20 20 -
- 20 20 18 -
- 20 20 18 -

- 20 20 18 -
- - 20 20 -

- - 20 20 -
- - 20 18 -
- - 20 18 -
- - 20 18 -

Flat Pack Process 
16 NMOS 
16 NMOS 

16 NMOS 

20 CMOS 

20 CMOS 
18 CMOS 
18 CMOS 
18 CMOS 

- CMOS 

- CMOS 

- CMOS 

- CMOS 

- CMOS 

Page 
1-3 

1-13 
1-23 

1-33 

1-43 
1-53 

1-63 
1-73 
1-83 

1-93 
1-103 
1-113 
1-123 
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DRAM 

FEATURES 
• Industry standard pin-out, 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 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), 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. 

Returning RAS and CAS HIGH terminates a memory 

MT4264 
REV. 7189 1-3 

64Kx 1 DRAM 
PAGE MODE 

PIN ASSIGNMENT (Top View) 

16 Pin DIP 
(PA, CA) 

NC 
o 

WE 
RAS 

AD 
A2 
A1 

Vee 

Vss 
CAS 
Q 

A6 
A3 
A4 
AS 
A7 

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 or HIDDEN re
fresh) so that all 256 combinations of RAS addresses (AO
Al) are executed at least every 4ms, regardless of se
quence. 

PAGE MODE operations allow faster data operations 
(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. By 
holding RAS LOW, CAS may be toggled strobing in differ
ent column addresses executing faster memory cycles. 
Returning RAS HIGH terminates the PAGE MODE 
operation. 

Micron Technology, Inc. reserves the right to change products or speci/ications without notice. 
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WE 

CAS 

AO 
Aj 
A2 
A3 
A. 
" "4 

A5 
A6 
A7 

FUNCTIONAL BLOCK DIAGRAM 
PAGE MODE 

ir:;;;;:;-;;:;-l----OD 
~------------------------------~~ 

TRUTH TABLE 

Function lIAS" ~ WE" 

Standby H H H 

READ L L H 

WRITE L L L 
(EARL V-WRITE) 

READ-WRITE L L H-+L-+H 

PAGE-MODE L H-+L-+H H 
READ 

PAGE-MODE L H-+L-+H L 
WRITE 

PAGE-MODE L H-+L-+H H-+L-+H 
READ-WRITE 

"RASONLV L H H 
REFRESH 

HIDDEN L -+H-+L L H 
REFRESH 

CAS-BEFORE- H-+L L H 
RAS REFRESH 

1-4 

Addresses 

IR Ie 

X X 

ROW COL 

ROW COL 

ROW COL 

ROW COL 

ROW COL 

ROW COL 

ROW nfa 

ROW COL 

X X 

r;:~~I---oQ 

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 

......-----0 Vee 

----aVss 
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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 Watt 
Short Circuit Output Current ...................................... SOmA 

·Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions 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%) . 

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 :s; VIN :s; Vee). II -10 10 IlA 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (0 is disabled. loz -10 10 !!A 
OV :s; VOUT :s; Vee) 

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

(Notes: 1. 2. 3. 4. 6) (O°C :s; T A:S; 70°C; Vee = 5.0V ± 10%) 

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

OPERATING CURRENT ICC2 30 mA 2 
(RAS and 'CAS" Cycling) 

RAS ONLY REFRESH CURRENT ICC3 20 mA 2 
(CAS' = VIH) 

PAGE MODE CURRENT ICC4 30 mA 2 
(RAS = VIL. -eAS' = Cycling) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: Ao-A? D CI1 5 pF 18 

Input Capacitance: RAS. 'CAS'. 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) WC s T A s 70°C; Vee = 5.0V ±10%) 

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 tRc 195 230 260 330 ns 6 7 
READ-MODIFY-WRITE cycle time tRWC 220 255 295 370 ns 

PAGE-MODE cycle time tpc 90 100 120 170 ns 6 7 

Access time from RAS tRAC 100 120 150 200 ns 7 8 

Access time from CAS tCAC 50 60 75 120 ns 7 9 
RAS" pulse width tRAS 100 10 000 120 10 000 150 10 000 200 10 000 ns 
RAS hold time tRSH 50 60 75 100 ns, 

RAS precharge time tRP 80 20000 90 20000 100 20000 120 20000 ns 
CAS puise width 

t ........... 
50 iO 000 60 10000 75 10000 120 10 000 'vA::> ns 

CAS hold time ICSH 100 120 150 200 ns 
CAS" precharoe time tCPN 25 25 30 35 ns 19 
CAS precharoe time (PAGE-MODE) tcp 30 30 35 40 ns 
RAS to CAS delay time tRCD 25 50 25 60 25 75 30 80 ns 13 

Row address set-up time tASR 0 0 0 0 ns 

Row address hold time IRAH 15 15 20 25 ns 
Column address set-up time IASC 0 0 0 0 ns 
Column address hold time tCAH 20 20 25 50 ns 
Column address hold time tAR 70 80 100 130 ns 
referenced to RAS" 
READ command set-uj:> time tRcs 0 0 0 0 ns 

READ command hold time tRCH 0 0 0 0 ns 14 
referenced to CAS 

READ command hold time tRRH 0 0 0 0 ns 
referenced to RAS 

Output buffer turn-off delay IOFF 0 30 0 30 0 35 0 40 ns 12 
WE command set-up time twcs 0 0 0 0 ns 16 
WRITE command hold time IWCH 35 40 45 60 ns 

WRITE command hold time tWCR 85 100 120 140 ns 
referenced to RAS" 
WRITE command pulse width twp 35 40 45 50 ns 
WRITE command to RAS lead time tRWL 35 40 45 55 ns 
WRITE command to CAS lead time tCWL 35 40 45 55 ns 
Data-in set-up time tDS 0 0 0 0 ns 15 
Data-in hold time tDH 35 40 45 55 ns 15 
Data-in hold time tDHR 85 100 120 135 ns 
referenced to RAS 

CAS" to WE delay ICWD 40 50 60 100 ns 16 

RAS to WE delay tRWD 90 110 135 180 ns 16 

Transition time (rise or fall) tT 3 100 3 100 3 100 3 100 ns 5 17 
Refresh Period (256 cycles) tREF 4 4 4 4 ms 
CAS" to RAS set-up time tCRP 10 15 20 20 ns 

1-6 
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NOTES 
1. All voltages referenced to Vss. 
2. lee 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 lOOJ.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 require
ment is exceeded. 

4. AC characteristics assume IT = Sns. 
5. 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 
a/:ld VIH). 

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 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 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. IOFF (max) defines the time at which the output 

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

1-7 

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

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 and WE leading edge in 
late WRITE or READ-WRITE cycles. 

16. IWCS, IRWD and ICWD are restrictive operating 
parameters in late 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. 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 data out (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 = ~t with I'N = 3V and Vee = 
SV. llV 

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. 
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READ CYCLE 

'AC 

'AAS 

AAS 
VIH -
VIL _ 

'CSH 

'ASH 

'CAP 'ACD 'CAS 

CAS 
VIH -
VIL -

'ASA 

ADDA 

WE 

'CAC 

'AAC 'OFF :1 
Q ~gt -~-----------OPEN--------------< VALID DATA .~ OPEN 

AAS 

CAS 

ADDR 

WE 

Q 

EARLY-WRITE CYCLE 

VIH -
VIL 

tCSH 

'ASH 

'CAP 'CAS 

VIH -
VIL 

VIH 
VIL 

VIH 
VIL 

VIH 
VIL 

_'D_s_,I __ 'DH_:1 

VALID DATA _ 

VOH -
VOL ~------------------------------------OPEN----------------------------------------
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RAS 
VIH -
VIL _ 

ICSH 

IRSH 

ICRP IRCD teAS 

CAS VIH -
VIL _ 

IASR IRAH 

AD DR VIH 
VIL ROW ROW 

. I 
ICWD 

WE ~:t I I IDS IDH 

D ~:t $/$/!$/$#///#$/)i!l//)i//)i/////$/$/$)r:DDATA ~/I#/$M/)i/$/I!1//h 
I I ICAC I I • • tRAC: ~ 

Q ~gt----------OPEN VALID DATA ~OPEN--
PAGE-MODE READ CYCLE 

tePN 

ADDR 

Q ~gt -'-----OPEN--------{ ~~~R }-----{ 
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PAGE-MODE EARL V-WRITE CVCLE 

---------------------------------------------OPEN--------------------------------------------
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leRP 

ADDR ~:t ROW 

'RAS" ONLY REFRESH CYCLE 
(ADDR = Ao - A7) 

ROW 

DQ ~gt -~--------------OPEN---------------
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I'4IC:RON MT4067 

DRAM 

FEATURES 
• Industry standard pin-out, 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 ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 256 cycle refresh in 4ms 
• Optional Page Mode access cycle 

OPTIONS MARKING 
• Timing 

80ns access - 8 
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 usin~S 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 is latched when 
WE strobes LOW. 

By holding RAS LOW, CAS may be toggled to execute 

MT4067 
REV. 7/89 1-13 

64Kx4 DRAM 

PIN ASSIGNMENT (Top View) 

18 Pin DIP 20 Pin ZIP 
(PB, CB) 

DE 
DQ1 
DQ2 
WE 

RAS 
A6 
AS 
A4 

Vee 

OQ2 
WE 

RAS 
A6 
AS 

(ZB) 

Vss DQ3 1 '-' 2 '-
DQ4 DQ4 3 '-' '- 4 
CAS OE 5 '-' 6 ,-
DQ3 DQ2 7 '-' 8 '-
AO RAS 9 '-' 10 '-

NC 11 '-' A1 '- 12 A5 13 '-' 
A2 '- 14 

Vee 15 '-' 
A3 '- 16 A3 17 '-' 
A7 A1 19 '- 18 

'-' '- 20 

18 Pin PLCC 
(EJA) 

3 
4 
5 
6 
7 

~ ... 
0lwo lZo o >0 

16 
15 
14 
13 
12 

eAS 
OQ3 
AD 
A1 
A2 

CAS 
Vss 
DQ1 
WE 
NC 
A6 
A4 
A7 
A2 
AO 

several faster READ, WRITE, READ-WRITE or READ
MODIFY-WRITE cycles within the RAS address 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 4 ms (regard
less of sequence). Micron recommends evenly spaced re
fresh cycles for maximum data integrity. 

Micron Technology, Inc, reserves the right to change products or specifications without notice. 
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WE 0------<>1'""--..., 

FUNCTIONAL BLOCK DIAGRAM 
PAGE MODE 

c~ ~---------------~-~ 

RAS o-----i 
L-____ j-----------~----~ 

TRUTH TABLE 

Addresses 

Function lIE "CXS" WE 'tJE" tR te 

Standby H H H H X X 

READ L L H L ROW COL 

WRITE L L L H 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 

liAS" ONLY L H H H ROW nfa 
REFRESH 

HIDDEN L-H-L L H H ROW COL 
REFRESH 

Wi:S"-BEFORE- H-L L H H X X 
RASREFRESH 
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MEMORY 
ARRAY 

---..0 Vee 

---..oVss 

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 
Ie 

Valid Data Out 

High Impedance 

OQ1 
OQ2 
OQ3 
OQ4 
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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 + IS0°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C $ T A $ 70°C; Vcc = S.OV ±10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.S S.S 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 
Input leakage current, any input (OV $ VIN $ Vcc), II -10 10 /!A 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (Q is disabled, loz -10 10 /!A 
OV $ VOUT $ Vcc) 

OUTPUT LEVELS 
Output High (Logic 1) voltage (lOUT = -SmA) VOH 2.4 V 1 
Output Low (Logic 0) voltage (lOUT = SmA) VOL 0.4 V 

(Notes: 1,2,3,4,6) (O°C $ T A $ 70°C; Vcc = S.OV ±10%) MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 -15 UNITS NOTES 

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

OPERATING CURRENT Icc2 65 55 55 45 mA 2 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: PAGE MODE Icc3 65 55 55 45 mA 2 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

REFRESH CURRENT: RAS ONLY Icc4 55 40 40 35 mA 2 
(RAS = Cycling: CAS = VIH: tRC = tRC(MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS ICC5 65 55 55 45 mA 2,22 
(RAS and CAS = cycling, tRC = tRC(MIN)) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-As Cll S pF 18 

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

Input/Output Capacitance: DQ CIO 7 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 ±10%) 

A.C. CHARACTERISTICS -8 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cvcle time tRC 150 190 220 260 ns 6 7 

READ-MODIFY-WRITE cycle time tRwc 200 250 295 345 ns 

PAGE-MODE cvcle time tpc 75 90 100 120 ns 6 7 

Access time from RAS tRAC 80 100 120 150 ns 7 8 

Access time from CAS tCAC 40 50 60 75 ns 7 9 

OulPul Enable tOE 25 25 30 40 ns 

RAS pulse width tRAS 80 10000 100 10000 120 10000 150 10000 ns 

RAS hold time tRSH 40 50 60 75 ns 

RAS precharQe lime tRP 60 80 90 100 ns 
CAS pulse width tCAS 40 10 000 50 10.000 60 10000 75 10000 ns 

"CAS" hold lime tCSH 80 100 120 150 ns 

CAS precharoe lime tCPN 20 25 25 30 ns 19 

CAS precharae lime (PAGE-MODE) tcp 25 30 30 35 ns 

RAS 10 "CAS" delay lime tRCD 20 40 25 50 25 60 25 75 ns 13 

CAS 10 RAS sel-up lime tCRP 10 15 20 20 ns 

Row address sel-up lime tASR 0 0 0 0 ns 

Row address hold time tRAH 15 15 15 15 ns 

Column address sel-uo lime tAsc 0 0 0 0 ns 

Column address hold lime tCAH 15 20 20 25 ns 

Column address hold lime tAR 50 70 80 100 ns 
referenced to RAS 

READ command sel-up time tRCS 0 0 0 0 ns 

READ command hold lime IRCH 0 0 0 0 ns 14 
referenced 10 CAS 

READ command hold lime IRRH 0 0 0 0 ns 
referenced 10 RAS 

Oulput buffer turn-off delay tOFF 0 25 0 30 0 30 0 35 ns 12 

Output Disable too 25 30 30 35 ns 

WE command set-up lime twcs 0 0 0 0 ns 16 

WRITE command hold lime tWCH 15 35 40 45 ns 

WRITE command hold lime tWCR 35 85 100 120 ns 
referenced 10 RAS 

WRITE command pulse widlh twp 15 35 40 45 ns 

WRITE command 10 RAS lead lime tRWL 35 35 40 45 ns 

WRITE command 10 CAS lead lime tCWL 35 35 40 45 ns 

Dala-in sel-up lime tDS 0 0 0 0 ns 15 

Data-in hold time tDH 15 35 40 45 ns 15 

Dala-in hold lime reference to RAS tDHR 35 60 65 70 ns 

CAS 10 WE delay tCWD 50 70 90 110 ns 16 

RAS 10 WE delav tRWD 90 120 150 185 ns 16 

Transilion lime (rise or fall) tT 3 100 3 100 3 100 3 100 ns 5 17 

Refresh Period (256 cycles) tREF 4 4 4 4 ms 22 

CAS hold lime tCHR 15 20 25 30 ns 21 
(CAS-BEFORE-RAS refresh) 

CAS sel-up lime tCSR 10 15 20 20 ns 21 
(CAS-BEFORE-RAS) refresh 

RAS 10 CAS precharge lime tRPC 0 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 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 4ms refresh require
ment is exceeded. 

4. AC characteristics assume IT = 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 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. 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 eoint only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by ICAC. 

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

1-17 

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 IRWD are restrictive operating 
parameters in READ-WRITE and READ-MODlFY
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. 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 data out (at 
access time and until CAS goes back to VIH) is inde
terminate. 

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. Capacitance calculated from the equation C = LM 
flV 

with flV = 3V and Vee = SV. This parameter is 
sampled. 

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 ICp. 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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tRP 

ROW 

~ I_ iRCS ·1 I 
WE ~:t =wa7/$'/;l/1_'(I1I_0'1I_WII_WII_7_' --+-1. =:~:~'---_I I '~ff$/ft;//////;/;Z 

I~ 
DQ ~:g~ ----------OPEN-----------'GV:;::;AL~,D~DA;:;:TA~~--OPEN---

tOE r! )~ 

EARLY-WRITE CYCLE 

RAS 
V,H -
V,L -

tCSH 

tCRP 

CAS V,H -
V,L -

AD DR V,H 
V,L ROW ROW 

tWCR 

twcs tWCH 

'WP 

OE ~:t _--------------HIGH --------------
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CAS 

ADDA 

WE 

00 

OE VIH 
VIL 

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

ICSH 

lASH 

PAGE-MODE READ CYCLE 
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PAGE-MODE EARLY-WRITE CYCLE 

---------------------------------------------OPEN---------------------------------------------
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. 

tCRP 

1 
, , 

:--' 

RAS ONLY REFRESH CYCLE 
(ADDR = AO - A7; WE = DON'T CARE.) 

tRAS . '1' 
,tRPC .. , 

tRP 

'--I 

:1 
1 

tASR tRAH . . . . 
ADDR ~:t _~-RO-W --kw////I!!////////!I///ffil/////$!II!!I/J;Xr----Ro-W --

DO ~gt -'-----------------OPEN--------------

CAS-BEFORE-RAS REFRESH CYCLE 
(AO - A7' WE, OE = DON'T CARE.) 

DO ~gt ---------------OPEN--------------

. 

~ . tRCD 

CAS ~:t-J 
tAR 

I~ tRAH 

lr---
ADDR 

HIDDEN REFRESH CYCLE 
(WE = HIGH)22 

(READ) 

. 
II. 
~ 'I; 

tRSH . , . 

r 
~11·tCAH: 

(REFRESH) 

tRAS 

tCHR 
Y 
1 

DO ~:gt =~------OPEN-------~ VALID DATA r-0PEN-
~-----------f 

tOE 

OE ~:t -W';/#///$$//;@/$//////$;/d-
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DRAM 

FEATURES 
• Industry standard pin-out, timing and functions 
• All inputs, outputs, and clocks are fully TIL 

compatible 
• Single +5V±1O% power supply 
• Low power, 15mW standby; 150mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 256 cycle refresh in 4ms 
• Optional Page Mode access cycle 

OPTIONS MARKING 
• Timing 

80ns access -8 
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 is latched when 
WE strobes LOW. 

By holding RAS LOW, CA:S may be toggled to execute 
several faster READ, WRITE, READ-WRITE or READ
MODIFY-WRITE cycles within the RAS address defined 
page boundary. Returning RAS HIGH terminates the 

MT1259 
REV. 7/89 1-23 

256K x 1 DRAM 

PIN ASSIGNMENT (Top View) 

16 Pin DIP 16 Pin ZIP 

AS" 
0 

WE 
RAS 

AO 
A2 
A1 

Vee 

(PA, CA) (ZA) 

Vss A6 1 -, 
'-

CAS CAS 3 '-' ,-
Q AS" 5 '-' '-
A6 WE 7 -, 

'-
A3 AO 9 '-' '-
A4 A1 11 '-' '-
A5 A7 13 '-' '-
A7 A4 15 -, 

'-

18 Pin PLCC 
(EJA) 

WE 3 
RAS 4 

NC 5 
AD 6 
A2 7 

16 Q 
15 A6 
14 NC 
13 A3 
12 A4 

2 Q 

4 Vss 
6 0 
S RAS 
10 A2 
12 Vee 
14 A5 
16 A3 

" ADDRESS NOT USED FOR RAS ONLY REFRESH 

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 re
tained in its correct state by maintaining power and execut
ing a RAS (refresh) cycle so that all 256 combinations of 
RAS addresses are executed at least every 4 ms (regardless 
of sequence). Micron recommends evenly spaced refresh 
cycles for maximum data integrity. 

Microll Technology, Inc. reserves the righllo change products or speclflcations without notice. 
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WE 

CAS 

Ao 
Aj 
A2 
Aa 
A, 
As 
A6 
A, 
AS 

FUNCTIONAL BLOCK DIAGRAM 
PAGE MODE 

MEMORY 
ARRAY 

RAS 0------1 
~~~~----------~ 

TRUTH TABLE 

Addresses 
Function 'RJiS" ~ WE" 

tR tC 

Standby H H H 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 H ROW nfa High Impedance 
REFRESH 

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

CAS-BEFORE- H-+L L H 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 (Ceramic) ................ -65°C to + 150°C 
Storage Temperature (Plastic) ................... -55°C to +150°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(DOC $ 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 0.8 V 1 

INPUT LEAKAGE 
Input leakage current, any input (OV $ VIN $ Vcc), II -10 10 I1A 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (0 is disabled, loz -10 10 I1A 
OV $ VOUT $ Vcc) 

OUTPUT LEVELS 
Output High (Logic 1) voltage (lOUT = -5mA) VOH 2.4 V 1 

Output Low (Logic 0) voltage (lOUT = 5mA) VOL 0.4 V 

(Notes: 1,2,3,4,6) (DOC $ T A $ 70°C; Vcc = 5.0V ±1 0%) MAX 

PARAMETER/CONDITION SYMBOL -8 -10 ·12 -15 UNITS NOTES 

STANDBY CURRENT: TTL input levels Icc1 5 5 5 5 mA 
(RAS = CAS = VIH after 8 RAS cycles) 

OPERATING CURRENT Icc2 65 55 55 45 mA 2 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: PAGE MODE Icc3 65 55 55 45 mA 2 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

REFRESH CURRENT: RAS ONLY Icc4 55 40 40 35 mA 2 
(RAS = Cycling: CAS = VIH: tRC = tRC(MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc5 65 55 55 45 mA 2,20 
(RAS and CAS = cycling, tRC = tRC(MIN)) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-As, D CI1 5 pF 18 

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

Output Capacitance: 0 Co 7 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 ±10%) 

A.C. CHARACTERISTICS -8 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 150 190 220 260 ns 6 7 
READ-MODIFY-WRITE cycle time tRWC 180 220 255 295 ns 
PAGE-MODE cycle time tpc 75 90 100 120 ns 67 
Access time from "RAS" tRAC 80 100 120 150 ns 78 

Access time from "CAS" tCAC 40 50 60 75 ns 79 
RAS" pulse width tRAS 80 10000 100 10000 120 10000 150 10 000 ns 

RAS" hold time tRSH 40 50 60 75 ns 
RAS" precharge time tRP 60 80 90 100 ns 
"CAS" pulse width iCAS 40 10000 50 10000 60 10000 75 10000 ns 

"CAS" hold time tCSH 80 100 120 150 ns 
CAS precharae time tCPN 20 25 25 30 ns 19 
CAS precharae time (PAGE-MODE) tcp 25 30 30 35 ns 
RAS" to CAS delay time tRCD 20 40 25 50 25 60 25 75 ns 13 
"CAS" to "RAS set-up time tCRP 10 15 20 20 ns 

Row address set-l!Q time tASR 0 0 0 0 ns 

Row address hold time tRAH 15 15 15 15 ns 
Column address set-up time tAsc 0 0 0 '0 ns 

Column address hold time tCAH 15 20 20 25 ns 
Column address hold time tAR 50 70 80 100 ns 
referenced to RAS" 

READ command set-up time tRCS 0 0 0 0 ns 

READ command hold time tRCH 0 0 0 0 ns 14 
referenced to "CAS" 
READ command hold time tRRH 0 0 0 0 ns 

referenced to RAS" 

Output buffer turn-off delay 'oFF 0 25 0 30 0 30 0 35 ns 12 

wr:. command set-up time twcs 0 0 0 0 ns 16 

WRITE command hold time tWCH 15 35 40 45 ns 
WRITE command hold time tWCR 35 85 100 120 ns 
referenced to RAS" 

WRITE command pulse width twp 15 35 40 45 ns 

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

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

Data-in set-up time tDS 0 0 0 0 ns 15 
Data-in hold time tDH 15 35 40 45 ns 15 

Data-in hold time tDHR 35 85 100 120 ns 
referenced to RAS 
"CAS" to WE delay tCWD 30 40 50 60 ns 16 

RAS to WE delay tRWD 70 90 110 135 ns 16 
Transition time (rise or fall) tT 3 100 3 100 3 100 3 100 ns 5 17 
Refresh Period (256 cycles) tREF 4 4 4 4 ms 21 

"CAS" hold time tcHR 15 20 25 30 ns 20 
(~AS-before-"RAS" refresh) 

"CAS" set-up time tCSR 10 15 20 20 ns 20 
("CAS"-BEFORE-RAS") refresh 

"RAS to "CAS precharge time tRPC 0 0 0 0 ns 20 
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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 8 RAS cycles before proper device 
operation is assured. The 8 RAS cycle wake-up 
should be repeated any time the 4ms refresh require
ment is exceeded. 

4. AC characteristics assume IT = 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 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. 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 Fr0int only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con-
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trolled 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 IRWD are restrictive operating 
parameters in 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. 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 data out (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. Capacitance calculated from the equation C = Mt 
!!.V 

with I'N = 3V and Vee = SV. This parameter is 
sampled. 

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 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. 
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READ CYCLE 

. 
'RP ~I 'RAS . . . 

I 
RAS 

'CSH . 
'RSH tRRH . . 

'CRP . . 'RCD . . 'CAS . . 
I 

CAS :--' 
'AR 

'ASR . 
I ~I I~ ~ 

ADDR &L~_ ROW COLUMN _Will 1111111111111111111,0( ROW 
I--"~--

W/!/////II//!/!//h 
.~ 

::t $///#/#/#///~_.W_Wh_Wh_W ____ I--,-,'CA=--e _ 

1__ . 'RAe :! ~OFF 
Q ~gr ---------opEN-------------<- VALID =-~>----OPEN---

EARLY-WRITE CYCLE 
'RC 

'RAS 'RP 

RAS 
V,H -
V,L _ 

'CSH 

'RSH 

'CRP 'RCD 'CAS 

CAS V,H -
V,L _ 

tASR tRAH 

ADDR V,H 
V,L ROW ROW 

'RWL 

tWCR 

'wcs 'WCH 

'WP 

WE V,H -
V,L 

'DHR 

_'D_S _.I_'DH~:1~ 
VALID DATA _ 

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

1-28 

~ DON'T CARE 

~ UNDEFINED 



IVIIC:I=ICN MT1259 

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

, C RW 
'RAS , 'RP 1 

J 

, 'CSH 
" 'RSH 

I' 
'CRP , , 'RCD . . 'CAS . 

J ~ 
I>RAH 

'AR . 
I . 'ASR . . ~I I~ 

ADDR ~:~ _,--_RO,-W _~'---,~C_OLU-.--MN~b/$/ij'ij'ij'//ij'ij'///ij'/ij'M~_RO_W_ 
I-------,'-:::.;..;~s=-D.+I----,i!-,---,'-cw-D--:I 'CWL 'I 

WE ~:~ I 'DS 'DH 

, ~:~ :0'/ij' ij' ff ij'ij' ij'ij' 1-/$ #,1ij' ij' #!ij'/ ff//ij' h0'r/ ~ .~" M" b $ r~#ffjl ff/ij' ij'ij' /i 

Q ~g~==------'--~rn I .~"'" l-"rn--

PAGE-MODE READ CYCLE 

'CSH 

ADDR 

Q ~gt -c--____ OPEN-------{ ~~~~ )------{ 
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PAGE·MODE EARLY·WRITE CYCLE 

RAS ~l~ -
tCSH 

'I 

ADDR ~:t -
'-Llff"-_---,_--" 

tos ~ 

VALID DATA VALID DATA 

Q ~:t ---------------------------------------------OPEN--------------------------------------------
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RAS" ONLY REFRESH CYCLE 
(ADDR = AO - A7; AS and WE = DON'T CARE.) 

tRAS , tRP ,I 

~ 
I 

\ 
leRP . ,tRPc;_1 

I' 
CAS ~:~_ ~ '---I 

tASR tRAH . . I • . 
ADDR ~:~ =-r----Ro-W --W!//§#$////////////§$!I§!I/$/$$;(r---Ro-w --

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

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

CAS ~:~ =--LLL1L-_-----.::l!~ ___ ~tLL.ULJ.ilLliL _ __:L ______________ _"_ __ 

o ~gr -'-----------------OPEN---------------

RAS 

CAS 

ADDR 

Q 

VIH-
VIL_ 

tCRP 

VIH-
VIL_ 

V1H 
VIL 

HIDDEN REFRESH CYCLE 
(WE = HIGH)21 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

VOH-
VOL ~-----OPEN-------- VALID DATA 
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DRAM 

FEATURES 
• Industry standard x4 pin-out, timing, functions and 

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

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

HIDDEN 
• Optional Fast Page Mode access cycle 

OPTIONS 
• Timing 

SOns access 
lOOns access 
120ns access 

• Packages 
Plastic DIP 
Ceramic DIP 
Plastic ZIP 
Plastic SOJ 

MARKING 

- S 
-10 
-12 

None 
C 
Z 
DJ 

GENERAL DESCRIPTION 
TheMT4C4265is arandomlyaccessedsolid-statememory 

containing 1,048,576 bits organized in a x4 configuration. 
During READ or WRITE cycles each bit is uniquely ad
dressed 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 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 outpu~(s) remain 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. The 4 data inputs and 4 data outputs are 
routed through ~ usi~ommon I/O and pin direction 
is controlled by WE and OE. 

MT4C4256 
REV. 7/89 1-33 

256Kx4DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

20 Pin DIP 
(PO, CD) 

20 Pin ZIP 
(ZB) 

DQ1 Vee OE 1 ~_ 2 "CAS 
DQ2 DQ4 DQ3 3 ~_ 

4 DQ4 
WE DQ3 Vss 5 "-;_ 

6 DQ1 
RAS CAS DQ2 7 L;_ 

8 WE 
NC OE RAS 9 r_;_ 

10 NC 
AO 11 -" 

A8 '- 12 A1 
A2 13 -, 

A1 A7 '- 14 A3 
Vee 15 -, 

A2 A6 '- 16 A4 
A5 17 -, 

A3 AS '- 18 A6 
Vee A4 

A7 19 ~_ 20 A8 

20 Pin SOJ 
(DJA) 

DOl Vss 
D02 D04 
WE D03 

!lAS CAS" 
NC N 

AO 9 AS 
Al 10 A7 
A2 11 A6 
A3 12 A5 

Vee 13 A4 

"TF = Test Function, V,N must be disconnected or between Vss and Vee 
for normal 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 cor
rect state by maintain~ower and executing any RAS 
cycle (READ, WRITE, RAS ONLY, CAS-BEFORE-RAS, or 
HIDDEN refresh) so that all 512 combinations of RAS ad
dresses (AO-AS) are executed at least every Sms, regardless 
of sequence. 

PAGE MODE operations allow faster data operations 
(READ, WRITE or READ-MODIFY-WRITE) within a row 
address(AO -AS) 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. By 
holding RAS LOW, CAS may be toggled strobing in differ
ent column addresses executing faster memory cycles. 
Returning RAS HIGH terminates the PAGE MODE 
operation. 

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

CAS 

TF 

Ao 
A, 
A2 
A3 
A4 
A5 
AS 
A7 
As 

RAS 0------1 

TRUTH TABLE 

Function ~ ~ 

Standby H H 

READ L L 

WRITE L L 
(EARLY-WRITE) 

READ-WRITE L L 

PAGE-MODE L H-L-H 
READ 

PAGE-MODE L H-L-H 
WRITE 

PAGE-MODE L H-L-H 
READ-WRITE 

RAS ONLY L H 
REFRESH 

HIDDEN L-H-L L 
REFRESH 

CAS-BEFORE- H-L L 
RAS REFRESH 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

Addresses 

WE' 't5E' TF tR tC 

H H X X X 

H L X ROW COL 

L H X ROW COL 

H-L-H L-H X ROW COL 

H L X ROW COL 

L H X ROW COL 

H-L -H L-H X ROW COL 

H H X ROW n/a 

H H X ROW COL 

H H X X X 
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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 

D01 
D02 
D03 
DQ4 



1'41C:I=ION MT 4C4256 

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 Watt 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(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; 6.5V, II -10 10 JlA 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV S; VOUT S; 5.5V) loz -10 10 JlA 

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

(Notes: 1, 3, 4, 6, 7) (O°C S; T A S; 70°C; Vcc = 5.0V ±10%) 
MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 UNITS NOTES 
OPERATING CURRENT 
Average power supply operating current Icc1 70 60 50 mA 3,4 
(RAS, CAS, Address Cycling: tRC = tRC(MIN)) 

STANDBY CURRENT (TIL) 
Power supply standby current (RAS = CAS = VIH) Icc2 3 2 2 mA 

RAS ONLY REFRESH CURRENT 
Average power supply current, RAS ONLY mode Icc3 70 60 50 mA 3 
(RAS Cycling, CAS=VIH: tRC = IRC(MIN)) 

FAST PAGE MODE CURRENT 
Average power supply current, Fast Page Mode Icc4 50 40 30 mA 3,4 
(RAS = VIL, CAS, Address Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT (CMOS) 
Power supply standby current (RAS = CAS = Vcc -0.2V) Iccs 1 1 1 mA 25 

CAS-BEFORE-RAS REFRESH CURRENT 
Average power supply current, CAS-BEFORE-RAS Mode Icc6 70 60 50 mA 3 
(RAS, CAS, Address Cycling: tRC = tRC(MIN)) 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-As Cit 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) (O°C:o; T A :0; +70DC, Vcc = 5.0V ± 10%) 

I I I I I I I A.C. CHARACTERISTICS -B -i 0 -i2 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cycle time tRC 160 190 220 ns 

READ-WRITE cvcle time tRwc 215 220 295 ns 
FAST PAGE MODE READ or WRITE tpc 45 55 70 ns 
cycle time 

FAST PAGE MODE READ-WRITE tpRWC 100 115 140 ns 
cycle time 

Access time from RAS tRAC 80 100 120 ns 14 
Access time from CAS tCAc 20 25 30 ns 15 
Ou!Qut Enable toE 20 25 30 ns 

Access time from column address tAA 40 50 60 ns 

Access time from CAS precharge tCPA 45 55 65 ns 

RAS pulse width tRAS 80 10,000 100 10,000 120 10,000 ns 

RAS pulse width (PAGE MODEt tRASP 80 100,000 100 100,000 120 100,000 ns 
RAS hold time tRSH 25 25 35 ns 

RAS precharQe time tRP 70 80 90 ns 

CAS pulse width tCAS 20 10,000 25 10,000 35 10,000 ns 

CAS hold time tCSH 80 100 120 ns 
CAS· precharge time tCPN 15 15 20 ns 16 
CAS precharQe time (PAGE MODE) tcp 10 10 15 ns 
RAS to CAS delay time tRCD 20 60 25 75 25 90 ns 17 
CAS to RAS precharQe time tCRP 5 5 10 ns 

Row address set-LJQ time tASR 0 0 0 ns 

Row address hold time tRAH 12 15 15 ns 

RAS to column tRAD 17 40 20 50 20 60 ns 18 
address delay time 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 15 20 25 ns 

Column address hold time tAR 60 70 85 ns 
(referenced to RAS) 

Column address to tRAl 40 50 60 ns 
RAS lead time 

Read command set-up 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 

I 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (oOe s T AS +70oe, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Output buffer turn-off delay tOFF 0 20 0 20 0 35 ns 20 

Output Disable IOD 20 20 35 ns 

WE command set-up time IWCS 0 0 0 ns 21 

Write command hold time IWCH 15 20 25 ns 

Write command hold time IWCR 60 75 85 ns 
(referenced to RAS) 

Write command pulse width IWp 15 20 25 ns 

Write command to RAS lead time IRWL 25 25 30 ns 

Write command to CAS lead time ICWL 25 25 30 ns 

Data-in set-up time IDS 0 0 0 ns 22 

Data-in hold time IDH 20 20 25 ns 22 
Data-in hold time IDHR 60 75 90 ns 
(referenced to RAS) 

RAS to WE delay time IRWD 110 130 160 ns 21 

Column address IAWD 70 80 100 ns 21 
to WE delay time 

CAS to WE delay time ICWD 55 65 75 ns 21 
Transition time (rise or fall) IT 3 50 3 50 3 50 ns 9,10 

Refresh Period (512 cycles) IREF 8 8 8 ms 

RAS to CAS Precharoe time IRPC 0 0 0 ns 

CAS set-up time ICSR 10 10 10 ns 5 
(CAS-BEFORE-RAS refresh) 

CAS hold time ICHR 30 30 30 ns 5 
(CAS-BEFORE-RAS refresh) 
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NOTES 
1. 
2. 

3. 
4. 

5. 
6. 

7. 

All voltages referenced to Vss. 
This parameter is sampled. Capacitance is calculated 
from the equation C = Mt with t:N = 3V and Vee = 
5V. I:!V 
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 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:'> T A:'> 70°C) is assured. 
An initial pause of 100j.lS is required after power-up 
followed by any B RAS cycles before proper device 
operation is assured. The B RAS cycle wake-up 
should be repeated any time the Bms refresh require
ment is exceeded. 

B. AC characteristics assume tT = 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 < 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, 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 ~int only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by tCAe. 

lB. Operation within the tRAD (max) limit ensures that 
tRCD (max) can be met. tRAD (max) is specified as a 
reference f.0int only; if tRAD is greater than the 
specified RAD (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, 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 tRWD ~ 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 data out (at access 
time a~d until CAS goes back to VI H) is indetermi
nate. 

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. 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 READ-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 -0.2V. 
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RAS 
VIH -
VIL _ 

CAS 

ADDR 

DO 

RAS 
V,H V,L 

CAS 
V,H V,L 

READCVCLE 

tRC 

tRAS tRP 

tCSH 

tASH tRRH 

leRP IReD teAs 

EARL V-WRITE CVCLE 

tRC 

--
tCSH 

ICAP 

--

ROW 

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

, IRWC , 
, tRAS , tRP , 

, tCSH 

"I, lASH 

'CRP tRCD teAs 

" 

, , , . 

.. tRAD ... I IIRAL-I 

CAS VIH - I ~ 
V,L -------1 '---+--------------1 

tAR 

DO ~ig~ -'---------OPEN-------~~(~~~~~~~}-----OPEN ---
tOE 

6E ~:r $#/$//$/////$$////#M'///$/##&1-

PAGE-MODE READ CYCLE 

tCSH 

~ I~'-----"""'---I 
CAS ~:t:::: 

tAR 

ADOR 

DQ ~:gt ::::------OPEN-----~lm.J,'!.~t------{Q~LQ;~r_--__ibl29U,'ffi'J 
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ADD!=! 

PAGE-MODE EARLY-WRITE CYCLE 

~------------------------------------HIGH--------------------------------------

I~ 
:J 

r 

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

IRASP 

tCSH 'PC tRSH . . tRCD 'cAS ~ teAs ~ tCAS 

r----, ,-----, 

~ 
1~1 
/ ~'i 

'AR . 
'~I I~ 'RAl I .IRAD 

IIRAH·"I IASC leAH ~I ~I~ I 1--=-
V,H 
V 1L _ 1ILX. ROW l0m COLUMN ~/, COLUMN ~/h. COLUMN 

~ 

• tRCS I .1 I 
'RWD:n 

'CWl- ~ I =, ~:lWl 'CW'i 1 
'WP 'WP- I _ ~'WP 

tAWD IAWD tAWD 

leWD . leWD leWD 

'1///////////////! '- '- '- ~ 

I. 'AA 'M 'AA . 
I 

tCPAI tCPAI 
tRAG tOH __ 'DH __ tOH 

'CAcd • 
1 ~i ~ 'DS- 1- 'DS- 'DS-- 'CAC~ - 'CAC~ -

tell'" r telz -- r- tell r-
VALID VAll ~AlID ~ALiii' "'" Ip ~f---OPEN--OPEN 

~ ~ ~ 'KXY-~r--1L UY ~I~ 
_too _100 _too 

tOE- - 'OE - toE- -

DE ~:~ 4//!I///§///$/////$$II/////~ =J---D---O----
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RAS 

CAS 

I' 
V,H 
VIL _ ~ 

teRP 

RAS ONLY REFRESH CYCLE 
(ADDR = Ao - As; WE = DON'T CARE.) 

. IRAS 

'I 
IRP 

. ~l 
LI 

J 
1 

ADDR 

tASR IRAH . . . . 
~:t _,------RO-W -----,b$////#$#////##ff$/$flff§/#&r---Ro-W --

DO ~gt -,---------------OPEN--------------

'CAS-BEFORE-~ REFRESH CYCLE 
(Ao - As' WE and OE = DON'T CARE) 

'RAS 

CAS ~:t: ·~~ _ _L ____ ~Uli~~_~ _____________ ~ __ 

DO ~gt -'--------------OPEN--------------

IRCD 

ADDR 

HIDDEN REFRESH CYCLE 
(WE = HIGH, OE=LOW)24 

(READ) 

IRAS 

IRSH 

(REFRESH) 

IRAS 

tcHR 

-!oFF 

DO ~:g~ -.------ OPEN'-----41222~----~VA~LlD~D~AT~A---_f OPEN-

DE ~:~ -.Ll..<'-LLLLLL..ICLLLUliLl.LLLL/..L..L..L,ULL.Ll.L..<'-LLLLLLJ."'-__________ ~ 
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DRAM 

FEATURES 
• Industry standard x4 pin-out, timing, functions and 

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

CMOS compatible 
• 512 cycle refresh distributed across 8ms 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• Optional Static Column access cycle 

OPTIONS 
• Timing 

80ns access 
lOOns access 
120ns access 

• Packages 
Plastic DIP 
Ceramic DIP 
Plastic ZIP 
Plastic SOJ 

MARKING 

- 8 
-10 
-12 

None 
C 
Z 
DJ 

GENERAL DESCRIPTION 
The MT4C4258isa randomly accessed solid-state memory 

containing 1,048,576 bits organized in a x4 configuration. 
During READ or WRITE cycles each bit is uniquely ad
dressed 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 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), Q is activated and retains 
the selected cell data as long as CAS remains LOW (regard
less of WE or RAS). This late WE pulse results in a READ
WRITE cycle. The 4 data inputs and 4 data outputs are 
routed through ~s using common I/O and pin direction 
is controlled by WE and OE. 

MT4C4258 
REV. 7:89 1-43 

256Kx4DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

20 Pin DIP 20 Pin ZIP 
(PO, CD) 

DQ1 Vee OE 

DQ2 19 DQ4 DQ3 

WE 18 DQ3 Vss 

RAS 17 CAS DQ2 

NC 16 OE RAS 

AO 15 A8 AD 

A1 14 A7 A2 

A2 13 A6 Vee 

A3 12 A5 A5 

Vee 11 A4 
A7 

20 Pin SOJ 

001 
002 
Wi" 

I'!J\S 
NC 

AO 
AI 
A2 
A3 

Vee 

(DJA) 
I' 26 
2 25 
3 24 
4 23 
5 22 

9 18 
10 17 

{ 11 16 
{ 12 15 
{ 13 14 

Vss 
004 
D03 
CJ\S" 
TIE' 

AS 
A7 
A6 
AS 
A4 

(28) 
1 '-" 

CAS 3 ;.- 2 
~- 4 DQ4 

5 ;.- 6 DQ1 
7 

_~- 8 WE 
9 ;.- 10 NC 11 ;.- 12 A1 13 ;,- 14 A3 15 

_~- 16 A4 17 ;,- 18 A6 19 '- 20 AS 

"TF = Test Function, V,N must be disconnected or between Vss and Vee 
for normal 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 cor
rect 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 ad
dresses (AO -A8) are executed at least every 8ms, regardless 
of sequence. 

STATIC COLUMN operations allow faster data 
operations (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. By holding RAS LOW, the column 
address may be toggled strobing in different column ad
dresses executing faster memory cycles. Returning RAS 
HIGH terminates the STATIC COLUMN operation. 

Micron Technology_ Inc. reserves the right to change products or speCifications without notice. 
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WE 

CAS 

TF 

Ao 
A, 
A2 
A3 
A4 
AS 
AS 
A7 
AS 

FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

0: 

3:~ 
00 
0:0 

W 
o 

RAS 0------1 
~~J=~----------~ 

TRUTH TABLE 

Addresses 

Function FfAS CAS WE DE TF tR tC 

Standby H H H H X X X 

READ L L H L X ROW COL 

WRITE L L L H X ROW COL 
(EARLY-WRITE) 

READ-WRITE L L H~L~H L~H X ROW COL 

STATIC COLUMN L L H L X ROW COL ~COL 
READ 

STATIC COLUMN L L L H X ROW COL ~COL 
WRITE 

STATIC COLUMN L L H~L~H L~H X ROW COL ~COL 
READ-WRITE 

RAS ONLY L H H H X ROW n/a 
REFRESH 

HIDDEN L~H~L L H H X ROW COL 
REFRESH 

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

~ A A 

MEMORY 
ARRAY 

---aVec 

---aVss 

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 

001 
002 
003 
004 



ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss .......... -1.0V to +7.0V 
Operating Temperature, T A(Ambient) .......... (J°C to +7(J°C 
Storage Temperature (Ceramic) ................ -6SoC to + lS(J°C 
Storage Temperature (Plastic) ................... -SSoC to + lS(J°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C S T A S 70°C) 

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 Vce), II -10 10 ~A 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV S VOUT S Vcc) loz -10 10 ~A 

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

(Notes: 1,3,4,6,7) (O°C S T A S 70°C; Vcc = 5.0V ± 10%) 
MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 UNITS NOTES 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) Icc1 70 60 50 mA 3,4 

OPERATING CURRENT: STATIC COLUMN 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) Icc2 70 60 50 mA 3,4 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH Icc3 3 2 2 mA 
after 8 RAS cycles min.) 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = CAS = Vcc -0.2V Icc4 1 1 1 mA 
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V) 

REFRESH CURRENT: RAS ONLY 
(RAS = Cycling: CAS = VIH) Icc5 70 60 50 mA 3 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) Icc6 70 60 50 mA 3, 5 
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CAPACITANCE 

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: DQ CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C s T AS + 70°C; Vcc = 5,OV ± 10%) 

A,C, CHARACTERISTICS -8 -10 -12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cvcle time tRC 150 180 220 ns 

READ-MODIFY-WRITE cycle time tRWC 205 245 255 ns 

Access time from RAS tRAC 80 100 120 ns 14 
Access time from CAS tCAC 25 30 30 ns 15 
Output Enable toE 25 25 25 ns 

Access time from column address tAA 40 50 60 ns 

Access time from CAS precharQe tCPA 45 55 65 ns 

RAS pulse width tRAS 80 10,000 100 10,000 120 10,000 ns 

RAS hold time tRSH 25 25 30 ns 

RAS precharge time tRP 60 70 90 ns 

CAS pulse width CAS 25 10,000 30 10,000 30 10,000 ns 

CAS hold time tCSH 80 100 120 ns 

CAS· precharge time tCPN 10 15 20 ns 16 
RAS to CAS delay time tRCD 20 55 25 70 15 90 ns 17 
CAS to RAS precharge time tCRP 10 15 10 ns 

Row address set-up time tASR 0 0 ns 

Row address hold time tRAH 10 15 15 ns 

RAS to column tRAD 15 40 20 50 15 60 ns 18 
address delay time 

Column address set-up_time tASC 0 0 ns 

Column address hold time tCAH 15 20 20 ns ) 

Column address hold time tAR 95 115 130 ns 
(referenced to RAS) 

Column address to tRAl 40 50 60 ns 
RAS lead time 

Read command set-up 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 30 0 25 ns 20 
Output Disable tOD 20 30 25 ns 

WE command set-up time twcs 0 0 ns 21 
Write command hold time tWCH 15 20 25 ns 
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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 -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time tWCR 60 75 80 ns 
(referenced to RAS) 

Write command pulse width twp 15 20 25 ns 

Write command to RAS lead time tRWL 20 25 30 ns 

Write command to CAS lead time tCWL 20 25 30 ns 

Write inactive time tWI 10 10 10 ns 

Data-in set-up time tDS 0 0 0 ns 22 

Data-in hold time tDH 15 20 20 ns 22 

Data-in hold time tDHR 70 80 90 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 110 135 150 ns 21 

Column address tAWD 70 85 100 ns 21 
to WE delay time 

CAS to WE delay time tCWD 55 65 80 ns 21 

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

Refresh Period (512 cycles) tREF 8 8 8 ms 

RAS to CAS Precharae time tRPC 0 0 0 ns 

CAS set-up time tCSR 10 10 10 ns 5 
(CAS-BEFORE-R!\S refresh) 

CAS hold time tCHR 30 30 30 ns 5 
(CAS-BEFORE-RAS refresh) 

STATIC COLUMN MODE tsc 45 55 65 ns 
cycle time 

RAS p).Jlse width (STATIC COLUMNl tRASC 80 100000 100 100000 120 100000 ns 

CAS precharoe time (STATIC COLUMN tcp 10 10 15 ns 

STATIC COLUMN READ-MODIFY- tSRMW 110 135 160 ns 
WRITE cycle time 

Last write to column address tLWAD 20 40 25 45 30 55 ns 
delay time 

Last write to column address tAHLW 75 95 115 ns 
hold time 

RAS hold time referenced to OE tROH 10 20 20 ns 

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

OulPut data enable from write tow 20 30 35 ns 

OE to data delay tOED 20 25 30 ns 

OE command hold time tOEH 20 25 25 ns 

Access time from last write tALW 75 95 115 ns 
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NOTES 
1. 
2. 

3. 
4. 

5. 
6. 

7. 

All voltages referenced to Vss. 
This parameter is sampled. Capacitance is calculated 
from the equation C = I.1.t with.1.V = 3V and Vee = 
5V. .1.V 
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 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::: T A :::; 70°C) is assured. 
An initial pause of lOOl-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 require
ment is exceeded. 

8. AC characteristics assume tT = 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 VI H) 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 < 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, 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. 

1-4R 

17. Operation within the tRCD (max) limit ensures that 
tRAC (max) can be met. tRCD (max) is specified as a 
reference ~oint only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by tCAe. 

18. Operation within the tRAD (max) limit ensures that 
tRCD (max) can be met. tRAD (max) is specified as a 
reference ~oint only; if tRAD is greater than the 
specified RAD (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, tA WD 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 tRWD ;:: 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 data out (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

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. During a READ cycle, if OE is LOW then taken 
HIGH, Q goes open. If OE is tied permanently LOW 
a READ-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. 
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READ CYCLE 

tRC . tRAS tRP ,I 
1 

RAS 

'CSH . 
'ASH IRRH . . . leRP . tRCo . tCAS . 

1 

:-./ 
tAR 

tRAD tRAl . . 
AOOR 

I~~l ~ ~ 
~ ROW ~ COLUMN ~ ROW 

'RCS ~ 
1 

:!f/ I I I I 11111111111111111111111111 VIIIIIIIIII~ 
tAA 

'RAG 

tCAC ~ 
--~~-t 

OPEN VALID DATA OPEN 

. t~~1 ~ )r------

EARLY-WRITE CYCLE 

tRC 

'RAS 

RAS 
V,H -
VIL -

lCSH 

lASH 

leAP tRCD tCAS 

CAS 
VIf-1 -
VIL -

tAR 

tRAL 

~ 

ADDR ROW 

tCWL 

'RWL 

'WCR 

IWCH 

twP 

OE ~:~ _----------------HIGH ----------------
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ADDR 

CAS 

WE 

OE 

DQ 

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

IRwe 

tRAS 

RAs VIH -
VIL _ 

ICSH 

tRSH 

'cAP tRCD tCAS 

CAs 

ADDR 

DQ ~:g~ :------OPEN------~~~~~it~~;j 

5E ~:~ 4'$/I#$/j'j'j'ff$$#$ff/j'j'/j'#j'ff&l~ 
STATIC COLUMN READ CYCLE 

VIH -
VIL 

VIH -
V1L 

VIH 
V 1L 
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RAS 

ADDR 

CAS 

DQ 

RAS 

ADDR 

CAS 

WE 

OE 

STATIC COLUMN EARLY-WRITE CYCLE 

VIH -
VIL 

VIH -
VIL 

VIH -
VIL 

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

tRASC 

VIH-:j 
V1L - ~---------------------~ 

tASR _ +- tRAH 

VIH 1,--------.\ 
VIL _ COLUMN ADDRESS COLUMN ADDRESS 

VIH- lRWL 
VIL- i--

tRCD leWD 

tAWD tAWD lCWL 

VIH_ 
V1L -

tRWD 

V1H -
VIL-

DO ~:g~=:------'------~Wl!JI 
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ICAP , 
I 

RAS ONLY REFRESH CYCLE 
(ADDR = AO - As; WE = DON'T CARE.) 

, 
, tRAS . . tRP 

, • tAPc·~1 

CAS ~:t-:~ '-----I 
tASR tRAH . , . . 

ADOR 

DQ ~gtl -:--------------OPEN-

----f 

tRP 

tRPe 

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

, tRAS .11. tRP . tRAS 

~ ~ 

tCPN I~ ~ ~ leSR 

V 

'J 
I 

~ 

DQ ~g~ --------------OPEN-------------

RAS VIH-
VIL_ 

tRCO 

CAS V1H-
VIL_ 

tAR 

HIDDEN REFRESH CYCLE 
(WE = HIGH, OE=LOW)24 
(READ) 

tRAS 

.~ 

I' tCAC 

(REFRESH) 

'AAS 

tCHR 

-tOFF 

DQ ~:gt -,.------- OPEN-----~~====::::V~AL~ID~DA~rA~===t OPEN-

tOE 

OE ~:~ j'SSff/////##/////##&J~-
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DRAM 

FEATURES 
• Industry standard xl pin-out, timing, functions and 

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

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

HIDDEN 
• Optional Fast Page Mode access cycle 

OPTIONS MARKING 
• Timing 

SOns access - S 
lOOns access -10 
120ns access -12 

• Packages 
Plastic DIP None 
Ceramic DIP C 
Plastic ZIP Z 
Plastic SO] DJ 

GENERAL DESCRIPTION 
The MT4C1024isa randomly accessed solid-state memory 

containing 1,048,576 bits organized in a xl 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 mo(.ie while a logic LOW on WE dictates WRITE 
mode. During a WRIT~e, 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~ (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. 

Returning RAS and CAS HIGH terminates a memory 

MT4C1024 
REV. 7/89 

1MEG x 1 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

20 Pin DIP 20 Pin ZIP 
(PO, CD) 

D 
WE 

RAS 
""TF 

AD 
A1 
A2 
A3 

Vee 

Vss A9' 
Q Q 
0 

CAS RAS 
AS" NC 
AS AO 
A7 A2 
A6 Vee 

AS A5 
A4 A7 

20 Pin SOJ 
(DJA) 

o Vss 
Wl:;:r;;----;~Q 

liAS CAS" 
NC 
A9' 

A8 
A7 
AS 

A3 AS 
Vee A4 

'-----' 

• Address not used for ~ ONLY refresh 

(28) 
1 :1 

CAS " 2 3 .::1 

'- 4 Vss 
5 -, 
7 ;,- 6 WE 

9 ;.- 8 TF" 

11 ;,- 10 NC 
'- 12 A1 13 -, 
'- 14 A3 15 '-, 
" 16 A4 17 ''=' 

A6 19 ~- 18 
'- 20 A8 

"TF = Test Function, V,N must be disconnected or between Vss and 
Vee for normal operation. 

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 cor
rect state by maintaini~ower and executing any RAS 

. cycle (READ, WRITE, RAS ONLY, CAS-BEFORE-RAS, or 
HIDDEN refresh) so that all 512 combinations of RAS ad
dresses (AO -AS) are executed at least every Sms, regardless 
of sequence. 

. PAGE MODE operations allow faster data operations 
(READ, WRITE or READ-MODIFY-WRITE) within a row 
address (AO-A9) defined page boundary. The PAGE 
MOD~e 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 strobmg 
in different column addresses executing faster memory 
cycles. Returning RAS HIGH terminates the PAGE MODE 
operation. 

1-53 Micron technology, Inc. reserves the right to change products or. specifications without notice. 
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WE 

CAS 

TF 

AO 
A, 
A2 
A3 
A4 
AS 
A6 
A, 
AS 
Ag 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

I+---<>D 

r;:~~t---oQ L-____ -+ __ ~ 

MEMORY 
ARRAY 

RAS 0----1 

~~~=---------~ 
-----0 Vee 

-----oVss 

TRUTH TABLE 

Addresses 

Function RAS CAS WE TF tR tC 

Standby H H H X X X High Impedance 

READ L L H X ROW COL Data Out 

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

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

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

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

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

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

HIDDEN L ..... H ..... L L H X ROW COL Valid Data Out 
REFRESH 

CAS-BE FORE- H ..... L L H X X X High Impedance 
RAS REFRESH 
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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) ................ -SsoC to + ISO°C 
Storage Temperature (Plastic) ................... -SSoC to +ISO°C 
Power Dissipation ...................................................... 600m W 
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 de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C $ T A $ 70°C) 

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, II -10 10 f.lA 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV $ VOUT $ 5.5V) loz -10 10 /lA 

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

(Notes: 1, 3, 4, 6, 7) (O°C $ T A $ 70°C; Vcc = 5.0V ± 10%) 
MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 UNITS NOTES 
OPERATING CURRENT 
Average power supply operating current Icc1 70 60 50 mA 3,4 
(RAS, CAS, Address Cycling: tRC = tRC(MIN)) 

STANDBY CURRENT (TTL) 
Power supply standby current (RAS = CAS = VIH) Icc2 3 2 2 mA 

RAS ONLY REFRESH CURRENT 
Average power supply current, RAS ONL Ymode ICC3 70 60 50 mA 3 
(RAS Cycling, CAS=VIH: tRC = tRC(MIN)) 

FAST PAGE MODE CURRENT 
Average power supply current, Fast Page Mode Icc4 50 40 30 mA 3,4 
(RAS = VIL, CAS, Address Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT (CMOS) 
Power supply standby current (RAS = CAS = Vcc -0.2V) ICC5 1 1 1 mA 24 

CAS-BEFORE-RAS REFRESH CURRENT 
Average power supply current, CAS-BEFORE-RAS Mode ICCG 70 60 50 mA 3 
(RAS, CAS, Address Cycling: tRC = tRC(MIN)) 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-Ag, 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) (O°C::; TA ::; +70°C, Vce = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cvcle time tRC 160 190 220 ns 

READ-WRITE cycle time IRWC 185 220 255 ns 

FAST PAGE-MODE READ tpc 45 55 70 ns 
or WRITE cycle time 

FAST PAGE-MODE READ-WRITE tpRWC 70 85 105 ns 
cycle time 

Access time from RAS tRAC 80 100 120 ns 14 
Access time from CAS ICAC 20 25 30 ns 15 
Access time from column address tAA 40 50 60 ns 

Access time from CAS precharQe tCPA 45 55 65 ns 

RAS pulse width tRAS 80 10,000 100 10,000 120 10,000 ns 

RAS pulse width (PAGE MODE) tRASP 80 100,000 100 100,000 120 100,000 ns 

RAS hold time tRSH 25 25 30 ns 
RAS' precharge time tRP 70 80 90 ns 

CAS pulse width tCAS 20 10,000 25 10,000 30 10,000 ns 
CAS hold time tCSH 80 100 120 ns 

CAS precharQe time tCPN 15 15 20 ns 16 
CAS precharae time (PAGE MODEl tcp 10 10 15 ns 

RAS to CAS delay time tRCD 20 60 25 75 25 90 ns 17 
CAS to RAS precharge time tCRP 5 5 10 ns 
Row address set-uo time tASR 0 0 0 ns 

Row address hold time tRAH 12 15 15 ns 

RAS to column tRAD 17 40 20 50 20 60 ns 18 
address delay time 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 15 20 25 ns 

Column address hold time tAR 60 70 85 ns 
(referenced to RAS) 

Column address to tRAL 40 50 60 ns 
RAS lead time 

Read command set-up 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 delav tOFF 0 20 0 20 0 35 ns 20 
WE command set-up time IWCS 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) (O°C :s; T A :s; +70°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time tWCH 15 20 25 ns 

Write command hold time tWCR 60 75 85 ns 
(referenced to 1!AS") 
Write command pulse width IWp 15 20 25 ns 

Write command to RAS lead time IRWL 25 25 30 ns 

Write command to CAS lead time leWL 20 25 30 ns 
Data-in set-up time IDS 0 0 0 ns 22 

Data-in hold time IDH 20 20 25 ns 22 

Data-in hold time IDHR 60 75 90 ns 
(referenced to RAS) 

1!AS" to WE delay time IRWD 80 100 120 ns 21 

Column address IAWD 40 50 60 ns 21 
to WE delay time 

CAS to WE delay time leWD 20 25 30 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 Precharae time IRPC 0 0 0 ns 
CAS set-up time ICSR 10 10 10 ns 5 
(CAS-BEFORE-RAS refresh) 

CAS hold time tCHR 30 30 30 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 = IAt with AV = 3V and Vee = 
SV. AV 

3. Ice is dependent on cycle rates. 
4. Ice 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 :5 T A :5 70°C) is assured. 

7. An initial pause of l00j.ls is required after power-up 
followed by any B RAS cycles before proper device 
operation is assured. The B RAS cycle wake-up 
should be repeated any time the Bms refresh require
ment is exceeded. 

B. 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 VI H) 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. 

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 
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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 F:.0int only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by ICAe. 

lB. Operation within the lRAD (max) limit ensures that 
IRCD (max) can be met. lRAD (max) is specified as a 
reference F:.0int only; if lRAD is greater than the 
specified RAD (max) limit, then access time is con
trolled exclusively by IAA. 

19. Either tRCH or 'RRH 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. IWCS, IRWD, IAWD and ICWD 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 through 
out the entire cycle. If IRWD ~ IRWD (min), IAWD ~ 
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 data out (at access 
time and until CAS goes back to VI H) is indetermi
nate. 

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. All other inputs equal Vcc -0.2V. 
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READCVCLE 

IRC 

tRAS IRP 

RAs VIH -
VIL _ 

tCSH 

IRSH tARH 

leRP IRCD tCAS 

CAs 

ADDA 
VIH "Tn~I------~------~A7T.n7,r----~--~----~'n7n77n7T.h7n77n~~r-------------
VIL 

Q ~gr ---------------------opEN-----------------i~~~V~AL~ID~D~A~TA~;_-----OPEN-------

EARL V-WRITE CVCLE 

IRAS 

tCSH 

leRP • tCAS 

ADDR ~[r ROW 

o ~g~-:-------~-------------------------OPEN-----------------------------
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tAWC 

'AAS tAP , 

AAS V'H 
V'L 

, 'cSH 

'I tASH 

, 'cAP . 'ACO , 'CAS , 

CAS V'H 
V'L J 

tAA ~ 
I 

tRAD I I 'AAL I 
tASR 'RAH I I~I I~ 

AOOR ~:~ a---Ao-'w---kmJ, COLUMN 

~ 'Rwol I 

WE ~:~ _ .LLLLLLLLLLLLLLLL.Lf1-:.t.LJ.:.t.LJ.:.t.LJ.:.t.LJ. 

Q ~g~=------------------OPEN--------------~~~L-__ ~V~AL~'O~O~A~TA~ ____ J 

PAGE-MODE READ CYCLE 

tCSH tpc 

tep tCAS tcp tCAS 

a ~g~ -'----------- OPEN------------t~)(~DL-----~~C~'}------~~:]~} 
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IVIICRON MT4C1024 

PAGE-MODE EARLY-WRITE CYCLE 

RAS VIH -
VIL _ 

tCSH 'PC 

~ . 'CP tCAS 'CP teAs 

CAS V,H -
VIL -

ADDR 

WE ~:t 

D VIH VALID DATA VALID DATA VALID DATA V,L ~ULLULU~ULLULU~-~ ____________ ~-~~-L-____________ ~~LU'lL ____________ ~'~LU~ULULLULUCU 

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

RAS 
V'H -
V,L 

~ 

CAS V'H -
V'L 

ADDR ~:~ 

o 

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

tRASP 

tCSH Ipe tRSH 

I_------'-"R"'CD"--------I-~ I--__ ''''CP'----_I ~ I_''''CP'----__ ----I ~ 
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~ ONLY REFRESH CYCLE 
(ADDR = Ao - As; Ag and WE = DON'T CARE.) 

IRAS IRP I 

RAS 1 
I 
t 

I' 
ICRP . ~I 

CAs ~ '---I 

ADDR 

IASR lRAH . I I. . 
~:~ _"'---RO-W ---,iwlt!$//!/$$/&$$!lIt!It!It!t!I4X,----Ro-W --

a ~g~ -,---------------OPEN---------------

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

- VIH-
CAS VIL -~r..tL..._--" ____ ~r..t..L..<r..LLI..LJ.LLII__....JL ______________ _L_ __ 

a ~g~ ::::....---------------OPEN---------------

RAS VIH-
VIL_ 

leRP IRCD 

CAS VIH-
VIL_ 

lAR 

ADDR 

HIDDEN REFRESH CYCLE 
(WE = HIGH)23 

(READ) 

IRAS 

IRSH 

(REFRESH) 

IRAS 

leHR 

-toFF 

VALID DATA OPEN-a ~g~::....------OPEN------{N)~ 
~-----------~ 
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DRAM 

FEATURES 
• Industry standard xl pin-out, timing, functions and 

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

CMOS compatible 
• 512 cycle refresh distributed across Sms 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• Optional Nibble Mode access cycle 

OPTIONS MARKING 
• Timing 

SOns access - S 
lOOns access -10 
120ns access -12 

• Packages 
Plastic DIP None 
Ceramic DIP C 
Plastic ZIP Z 
Plastic SOJ OJ 

GENERAL DESCRIPTION 
TheMT4Cl025isarandomlyaccessedsolid-statememory 

containing 1,04S,576 bits organized in a xl configuration. 
Ouring 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. Ouring a WRITE cycle, data in (0) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE 
goes LOW prior to CAS going LOW, the outp~in(s) 
remain open (high Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin(s), 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. 

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 

MT4C1025 
REV. 7189 1-63 

1MEG x 1 DRAM 
NIBBLE MODE 

PIN ASSIGNMENT (Top View) 

20 Pin DIP 
(PO, CD) 

D [ 1 ·'--'1B ]Vss 
WE[2 17]0 

RAS[3 1S]CAS 
"TF 4 1S]A9' 

AO[S 14bAB 
A1 [6 13bA7 
A2[ 7 12bAS 
A3[B 11 JAS 

VCC[LJ..QJA4 

20 Pin ZIP 
(Z8) 

A9' 16"" 
CAS 

Q 3 r.='J~ 2 

D 5 r_,t.: 4 Vss 

RAS 
'- 6 WE 7 r.:1 

TF" 
NC 

'- 8 
9 "':_ 10 NC 

AO .11 -;_ 
12 A1 

A2 13 ." 

'- 14 A3 
Vcc 15 ." 

'- 16 A4 
A5 17.=1 

A6 
A7 

'- 18 19 -, 
'--'" 20 A8 

20 Pin SOJ 
(DJA) 

D [ 1 • 26 Vss 
WE [2 25 Q 

RAS [ 3 24 CAS" 
"TF[ 4 23 NC 

NC [ 5 22 Ago 

AO g 18 AS 
AI 10 17 A7 
A2 11 16 A6 
A3 12 15 AS 

Vee 13 14 A4 

'Address not used for RAS" ONLY refresh 
"TF = Test Function, V,N must be disconnected or between Vss and 
Vcc for normal operation. 

the RAS high time. Memory cell data is retained in its cor
rect state by maintaini.E£.Power and executing any RAS 
cycle (READ, WRITE, RAS ONLY, CAS-BEFORE-RAS, or 
HIDDEN refresh) so that all 512 combinations of RAS ad
dresses (AO -AS) are executed at least every Sms, regardless 
of sequence. 

NIBBLE MODE operation allows faster sequential serial 
data operations (READ, WRITE or READ-MODIFY
WRITE) up to 4 bits. The first of 4 bits is accessed in the usual 
manner with CAS address A9 (nibble MSB) and RAS 
address A9 (nibble LSB) selecting one of 4 bits within a 
nibble for initial access. By holding RAS LOW, CAS can be 
toggled incrementing the nibble address field in modulo 4 
fashion with wrap around (see below). 

CA. RA9 r (0,0) -- (0,1) - (I,D) --- (1,1) J 

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

CAS 

TF 

Ao 
A1 
A2 
A3 
A4 
As 
Ae 
A7 
Ae 
Ag 

FUNCTIONAL BLOCK DIAGRAM 
NIBBLE MODE 

RAS 0-----1 
~~~~--------~ 

TRUTH TABLE 

Addresses 

Function RAS ~ WE' TF tR tC 

Standby H H H X X X 

READ L L H X ROW COL 

WRITE L L L X ROW COL 
(EARLY-WRITE) 

READ-WRITE L L H-+L-+H X ROW COL 

NIBBLE L H-+L-+H H X ROW COL 
READ 

NIBBLE L H-+L-+H L X ROW COL 
WRITE 

NIBBLE L -H-+L-+H H-+L-+H X ROW COL 
READ-WRITE 

RAS ONLY L H H X ROW nfa 
REFRESH 

HIDDEN L-+H-+L L H X ROW COL 
REFRESH 

CAS-BE FORE- H-+L L H X 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 

1---00 

+-----<> Vee 

+-----<> Vss 
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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 Watt 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the de-
vice. 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 C 
not implied. Exposure to absolute maximum rating condi- ~ 
tions for extended periods may affect reliability. §: 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C S; T A S; 70°C) . 

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 -10 10 ~A 
all other pins hot under test = 0 volts) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV S; VOUT S; Vcc) loz -10 10 ~ 
OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) VOH 2.4 V 
Output Low voltage (lOUT = 4.2mA) VOL 0.4 V 

(Notes: 1, 3, 4, 6, 7) (O°C S; T A S; 70°C; Vcc = 5.0V ± 10%) 
MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 UNITS NOTES 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) Icc1 70 60 50 mA 3,4 

OPERATING CURRENT: NIBBLE MODE 
(RAS = VIL, CAS" = Cycling: tpc = tpC(MIN)) Icc2 70 60 50 mA 3,4 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH Icc3 3 2 2 mA 
after 8 RAS cycles min.) 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = CAS = Vcc -0.2V Icc4 1 1 1 mA 
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V) 

REfRESH CURRENT: RAS ONLY 
(RAS = Cycling: CAS" = VIH) Icc5 70 60 50 mA 3 

REfRESH CURRENT: CAS-BEfORE-RAS 
(RAS and CAS = Cycling) Iccs 70 60 50 mA 3,5 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-Ag, 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) WC ~ TA ~ +70°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRc 150 180 220 ns 
READ-MODIFY·WRITE cycle time tRWC 175 210 255 ns 
Access time from RAS tRAC 80 100 120 ns 14 
Access time from CAS tCAC 20 25 30 ns 15 
Access time from column address tAA 40 50 60 ns 
Access time from CAS precharlle tCPA 45 55 65 ns 
RAS pulse width tRAS 80 10000 100 10,000 120 10,000 ns 
RAS hold time tRSH 20 25 30 ns 
RAS precharlle time tRP 60 80 90 ns 
CAS oulse width teAS 20 10000 25 10000 30 10000 ns 
CAS hold time tCSH 80 100 120 ns 
CAS orecharae time tCPN 10 10 20 ns 16 
RAS to CAS delay time tRCD 20 60 10 75 15 90 ns 17 
CAS to RAS precharae time teRP 5 10 15 ns 
Row address set-up time tASR 0 0 0 ns 
Row address hold time tRAH 10 15 20 ns 
RAS to column tRAD 15 40 20 50 15 60 ns 18 
address delay time 

Column address set-up time tASC 0 0 0 ns 
Column address hold time tCAH 15 20 25 ns 
Column address hold time tAR 60 75 110 ns 
(referenced to RAS) 
Column address to tRAL 40 50 60 ns 
RAS lead time 

Read command set-uo 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 "RA$) 

CAS to output in low-Z teLz 0 0 0 ns 
Output buffer turn-off delay taFF 0 20 0 20 0 25 ns 20 
WE command set-up time twcs 0 0 0 ns 21 
Write command hold time tWCH 15 20 25 ns 
Write command hold time tWCR 60 75 80 ns 
(referenced to RAS) 

Write command pulse width WP 15 20 25 ns 
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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 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Write command to RAS lead time IRWL 20 25 30 ns 

Write command to CAS' lead time tcWL 20 25 30 ns 

Data-in set-up time IDS 0 0 0 ns 22 

Data-in hold time IDH 15 20 20 ns 22 

Data-in hold time IDHR 60 75 110 ns 
(referenced to RAS) 
RAS' to WE delav time IRWD 80 100 120 ns 21 

Column address IAWD 40 50 60 ns 21 
to WE delay time 

CAS' to WE delay time ICWD 20 25 35 ns 21 

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

Refresh Period (512 cvclesl IREF 8 8 8 ms 

'FiAS'to CAS Precharge time IRPC 0 0 0 ns 

CAS set-up time ICSR 10 10 10 ns 5 
(CAS'-BEFORE-RAS' refresh) 

CAS hold time tcHR 30 30 30 ns 5 
(CAS'-BEFORE-RAS' refresh) 

RAS pulse width (NIBBLE MODEl IRASN 80 100,000 100 100,000 120 100.000 ns 

CAS precharae time (NIBBLE MODE INCP 10 10 15 ns 

NIBBLE MODE cycle time INC 40 45 55 ns 

NIBBLE MODE READ-MODIFY- INRWC 65 75 85 ns 
WRITE cycle time 

NIBBLE MODE access time INCAC 20 20 35 ns 15 

NIBBLE MODE pulse width INCAS 20 25 35 ns 

NIBBLE MODE 'CAS' precharge time INCP 10 10 10 ns 

NIBBLE MODE 1\AS hold time INRSH 20 25 30 ns 

NIBBLE MODE CAS' to WE INCWD 20 25 35 ns 
delay time 

NIBBLE MODE WE command INRWL 20 25 30 ns 
to RAS lead time 

NIBBLE MODE WE command tNCWL 20 25 30 ns 
to 'CAS' lead time 
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NOTES 
1. 
2. 

3. 
4. 

5. 
6. 

7. 

All voltages referenced to Vss. 
This parameter is sampled. Capacitance is calculated 
from the equation C = ILlt with /).V = 3V and Vee = 
5V. /).V 
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 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:::; T A :::; 70°C) is assured. 
An initial pause of 100Jls is required after power-up 
followed by any B RAS cycles before proper device 
operation is assured. The B RAS cycle wake-up 
should be repeated any time the Bms refresh require
ment is exceeded. 

B. AC characteristics assume tT = 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 < 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). 
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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 ~int only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by tCAe. 

lB. 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, 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 tRWD ~ tRWD (min), tAWD ~ 
tAWD (min) and leWD ~ 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 (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

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. 



I'IIIC:I=ION MT4C1025 

ADDR 
V'H -ITTT7A}-------'----{177777Jd .... ---'--L---{JJ'7T.777TT7TTJ!n;'7T.777mn.. r-------
V'L -.LI..LLI.:,. .. ---..... --.......-"':Ll..I.CUfl-';-,...,...,.-... ..,..--...Jr'<LLLLLLLLLLLfLLLf:':L£.<"'T'u '-_____ _ 

Q 

EARL V-WRITE CVCLE 

tRC 

RAS VIH -
V'L 

tCSH 

ICRP tRCD teAS 

CAS V'H -
V'L 

'AR 

ADDR ~:e ROW 

D ~l~ VALID DATA 

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

RAS 
VIH -
VIL _ 

ICSH 

'I 
ICRP , . IRCD teAS 

CAS VIH -
VIL _ 

IRAD 

ADDR ~:~ 

IASR I >RAH 

ROW 

VALID DATA Q ~g~ ::---------OPEN-------~!W\M 
~------------~ 

NIBBLE MODE READ CYCLE 
tRASN 

tAR 

RAS 
VIH-
VIL_ 

tCSH 

t~ tRCD 

CAS 

AD DR V,H 
VIL 

WE V,H 
VIL 
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NIBBLE MODE EARLY-WRITE CYCLE 

RAS ~Jt: .. _..--__ . 
--------",----tAR --+--tR_ASN ---,r~ 

AODR 

lCSH 

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

RAS ~:t: __________ ~ __________ '~I~ __________________________________ -1 

tCSH I 
ItCAS 

CAS ~:~: _____ J 

ADDR 

WE ~:t: 

Q ~gt:------------------~~~~ 
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~ ONLY REFRESH CYCLE 
(ADDR = AO - AS; Ag and WE = DON'T CARE.) 

, , I 
tRAS tRP 

RAS ~ 
I 

11 

I' 
tCRP . 

1
tRPQ·1 

CAS "--l "---I 

AD DR 

tASR • I. tRAH . . 
~:~ _--RO-W ----,b/l////I//I$//I@//I#/I//!$$#//J;(r---RO-W--

o ~g~ :'----------------OPEN---------------

tRP 

RAS VIH -
VIL -

CAS ~:~: 
d~ 

VOH -
Q VOL-

RAS VIH-
VIL_ 

tCRP 

CAS VIH-
VIL_ 

ADDR 

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

tRAS tRAS 

tcHR r=t:= 
OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH)23 

(READ) (REFRESH) 

tRAS tRAS 

tRCD tRSH tcHR 

tAR 

Q ~g~ :'-------OPEN----------<W'll1lM L-__________ --A VALID DATA OPEN-
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DRAM 

FEATURES 
• Industry standard xl pin-out, timing, functions and 

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

CMOS compatible 
• 512 cycle refresh distributed across Sms 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
Optional Static Column access cycle 

OPTIONS MARKING 
• Timing 

SOns access - S 
lOOns access -10 
120ns access -12 

• Packages 
Plastic DIP None 
Ceramic DIP C 
Plastic ZIP Z 
Plastic SOJ OJ 

GENERAL DESCRIPTION 
TheMT4C1026 is a randomly accessed solid-state memory 

containing 1,04S,576 bits organized in a xl configuration. 
During READ or WRITE cycles each bit is uniquely ad
dressed through the 20 address bits which are entered 10 
bits (AD -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(s) 
remain open (high Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin(s), 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. 

Returning RAS and CAS HIGH terminates a memory 

MT4Cl026 
REV, 7:'89 1-73 

1MEG x 1 DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

20 Pin DIP 20 Pin ZIP 
(PO, CD) (Z8) 

D [1·'-"18 Jvss A9' 1"" CAS 
Q 

'- 2 
WE[2 17 Ja 

3 ~-.., 

Vss 
D 

'- 4 
RAS[3 16JCAS 

5 r~_ 
6 WE 

"TF 4 15 JAg' 
RAS 7 '-;._ 

8 TF" 

AO[ 5 14PA8 
NC 9 '-;._ 

10 NC 
AO 11 '-' 

A1 [6 13PA7 '- 12 A1 
A2 13 '-' 

A2[ 7 12PA6 
'- 14 A3 

Vee 15 '-" 

A3 [8 11 PA5 
'- 16 A4 

A5 17 '-' 
A6 

Vcd g 1OPA4 A7 
'- 18 

19 '-" 
A8 - c.-=- 20 

20 Pin SOJ 
(DJA) 

D [ 1 • 26 b Vss 
WE [ 2 25 Q 

RAS [ 3 24 CAS 
"TF [ 4 23 NC 

NC [ 5 22 A9' 

AO g 18 A8 
A1 10 17 A7 
A2 11 16 A6 
A3 12 15 A5 

Vee 13 14 A4 

'Address not used for RAS ONLY refresh 
"TF = Test Function. V,N must be disconnected or between Vss and 
Vee for normal operation. 

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 cor
rect 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 ad
dresses (AD -AS) are executed at least every Sms, regardless 
of sequence. 

STATIC COLUMN operations allow faster data 
operations (READ, WRITE or READ-MODIFY-WRITE) 
within a row address (AD -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. By holding RAS LOW, the column 
address may be toggled strobing in different column ad
dresses executing faster memory cycles. Returning RAS 
HIGH terminates the STATIC COLUMN operation. 

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

CAS 

TF 

AO 
A, 
A2 
A3 
A4 
AS 
AS 
A7 
AS 
Ag 

RASo--_~ 

TRUTH TABLE 

Function 'FDrn' 

Standby H 

READ L 

WRITE L 
(EARLY-WRITE) 

READ-WRITE L 

STATIC COLUMN L 
READ 

STATIC COLUMN L 
WRITE 

STATIC COLUMN L 
READ-WRITE 

RASONLY L 
REFRESH 

HIDDEN L-+H-+L 
REFRESH 

CAS-BE FORE- H-+L 
RAS REFRESH 

FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

Addresses 

~ WE" TF tR tC 

H H X X X 

L H X ROW COL 

L L X ROW COL 

L H-+L-+H X ROW COL 

L H X ROW COL-+COL 

L L X ROW COL-+COL 

L H-+L-+H X ROW COL-+COL 

H H X ROW n/a 

L H X ROW COL 

L H X X X 
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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 Out 

Valid Data Out, 
Valid Data In 

High Impedance 

Valid Data Out 

High Impedance 

1+---00 

+---0 Vee 

+---OVss 
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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 ........................................................ 1 Watt 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C S; T A S; 70°C) 

PARAIVIETER/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 0.8 V 1 

INPUT LEAKAGE CURRENT 
any input (OV S; VIN S; Vcc), II -10 10 IlA 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV S; VOUT S; Vee) loz -10 10 !lA 
OUTPUT LEVELS 
Output High voltage (lOUT = -SmA) VOH 2.4 V 
Output Low voltage (lOUT = 4.2mA) VOL 0.4 V 

(Notes: 1,3,4,6, 7) (O°C S; T AS; 70°C; Vcc = S.OV ± 10%) 
MAX 

PARAMETER/CONDITION SYMBOL -8 ·10 ·12 UNITS NOTES 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) Icc1 70 60 SO mA 3,4 

OPERATING CURRENT: STATIC COLUMN 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) Icc2 70 60 SO mA 3,4 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH Icc3 3 2 2 mA 
after 8 RAS cycles min.) 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = CAS = Vcc -0.2V lee4 1 1 1 mA 
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V) 

REFRESH CURRENT: RAS ONLY 
(RAS = Cycling: CAS = VIH) Iccs 70 60 SO mA 3 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) Icc6 70 60 SO mA 3,S 
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CAPACITANCE 

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) (O°C ::; TA ::; +70°C, Vee = 5.0V ± 10%) 

I A C CHARACTERISTICS 8 10 L 12 .. - - -
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cycle 1ime tRc 150 ;80 220 ns 

READ-MODIFY-WRITE cycle time tRWC 175 210 255 ns 

Access time from RAS tRAC 80 100 120 ns 14 

Access time from CAS tCAC 20 25 30 ns 15 

Access time from column address tAA 40 50 60 ns 

RAS pulse width tRAS 80 10000 100 10,000 120 10,000 ns 

RAS hold time tRSH 20 25 30 ns 

RAS" precharQe time tRP 60 70 90 ns 

CAS pulse width tCAS 20 10,000 25 10,000 30 10,000 ns 

CAS hold time tCSH 80 100 120 ns 

CAS precharge time tCPN 10 15 20 ns 16 

RAS" to CAS delay time tRCD 20 60 25 75 15 90 ns 17 

CAS to RAS precharQe time tCRP 5 5 10 ns 
Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 15 15 ns 

RAS to column tRAD 15 40 20 50 20 60 ns 18 
address delay time 

Column address set-up time tASC 0 0 0 ns 

Column address hold time 'cAH 15 20 20 ns 

Column address hold time tAR 90 115 115 ns 
(referenced to RAS) 

Column address to tRAl 40 50 60 ns 
RAS lead time 

Read command set-up 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 25 ns 20 

WE command set-up time twcs 0 0 0 ns 21 

Write command hold time tWCH 15 20 25 ns 

Write command hold time tWCR 60 75 80 ns 
(referenced to RAS) 
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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 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command pulse width twp 15 20 25 ns 
Write command to "RAS lead time tRWL 20 25 30 ns 
Write command to CAS" lead time tcWL 20 25 30 ns 
WE inactive time tWi 10 10 10 ns 
Data-in set-up time tDS 0 0 0 ns 22 
Data-in hold time tDH 15 20 20 ns 22 
Data-in hold time tDHR 60 75 80 ns 
(referenced to "RAS) 

"RAS to WE delay time tRWD 80 100 110 ns 21 

Column address tAWD 40 50 60 ns 21 
to WE delay time 

CAS" to WE delay time leWD 20 25 30 ns 21 
Transition time (rise or fall) tT 3 50 3 50 3 50 ns 9,10 
Refresh Period (512 cycles) tREF 8 8 8 ms 
"RAS to CAS" Precharae time tRPC 0 0 0 ns 
CAS set-up time tcSR 10 10 10 ns 5 
(CAS-BEFORE-"RAS refresh) 

CAS" hold time tCHR 30 30 30 ns 5 
(CAS"-BEFORE-"RAS refresh) 

RAS· pulse width (STATIC COLUMN) tRASC 80 100,000 100 100,000 120 100000 ns 
CAS" precharae time (STATIC COLUMN tcp 10 10 15 ns 
STATIC COLUMN MODE tsc 45 55 65 ns 
cycle time 

STATIC COLUMN READ-MODIFY- tSRMW 80 100 160 ns 
WRITE cycle time 

Last Write to column address tLWAD 20 35 25 45 30 5S ns 
delay time 

Last Write to column address tAHLW 75 95 115 ns 
hold time 

Output data hold time from tAOH 5 5 5 ns 
column address 
Output data enable from Write tow 20 25 2S ns 
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NOTES 
1. 
2. 

3. 
4. 

5. 
6. 

7. 

All voltages referenced to Vss. 
This parameter is sampled. Capacitance is calculated 
from the equation C = Mt with t1V = 3V and Vee = 
5V. t1V 
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 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' (ooe: <:: T A <; 70°C) is assured. 
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 require
ment is exceeded. 

8. AC characteristics assume tT = 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 IRCD < tRCD (max). If tRCD 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 2 tRCD (max). 
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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 
IRAC (max) can be met. IRCD (max) is specified as a 
reference fr0int only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by ICAe. 

18. Operation within the tRAD (max) limit ensures that 
IRCD (max) can be met. tRAD (max) is specified as a 
TPfpTPnrp noint on lv· if tR A f) is PTPatpr than the 
~~;~if;~d tRAD (~-~~)-ii~it,th~; access time is con-
trolled exclusively by tAA. 

19. Either IRCH or tRRH 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. IWCS, IRWD, IAWD and ICWD are restrictive 
operating parameters in late WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If IWCS 2 
IWCS (min), the cycle is an early WRITE cycle and 
the data output will remain an open circuit through 
out the entire cycle. If IRWD 2 tRWD (min), tAWD 2 
IAWD (min) and ICWD 2 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 data out (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

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. 



I'IIIC:RON MT4C1026 

READ CYCLE 

tAC 

tAAS tAP 

AAS 
VIH -
VIL _ 

tCSH 

tASH tRRH 

leRP tRCD teAs 

CAS 
VIH -
VIL -

tAR 

ADDA 

0 VOH -
VOL OPEN VAUDDATA OPEN 

EARLY-WRITE CYCLE 

tAC 

tRAS 

RAs VIH -
VIL 

tCSH 

tASH 

'CAP tRCD teAs 

CAS VIH -
VIL 

tAR 

IRAD tAAL 

ADDR VIH 
VIL AOW 

o ~g~-:-------------------------------------QPEN-------------------------------------
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iYl1C:I=ION MT 4C1 026 

AAS 
V1H -
VIL _ 

CAS VIH -
VIL _ 

AUUH ~:r -yrrn 

WE V,H 
VIL 

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

tAWC 

tRAS 

tCRP tRCD 

tAA 

tRAD 

tASA tRAH 

ROW 

j tCAG 
-~C-LZ---'=-·I 

tCSH 

tRSH 

tCAS 

tAP 

'I, 

Q ~gr -'---------OPEN�-------1~~t=~V~AL~ID~D~AT~A==j 

ADDR 

tAR 

tRAD 

tRCD 

tRAC 

STATIC COLUMN READ CYCLE 

tRASC 

tsc tsc 

COLUMN COLUMN 

tASC _, II 
II 

tRCS 

l-r II 
I. I tM I. 
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STATIC COLUMN EARLY-WRITE CYCLE 

ADOA VIH -
V,L 

D 

Q 

ADDR 

V IH _ ,",,",rT77-rl-r,",,",rT77777"""""'" 

V,L 

~gt-:----------QPEN ----------------

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

tRASC 

IASC_ _ I 
---'----+--.JI~I 1 'LWAD 

CAS ~:t= I 'RCSI-I
I- r---'A-W-D 7.-----'---1 -----"'-----'A-W-D ----'--------1 

IRWD I twp --- tCWL 

WE ~:r= 'I" I I I----'--~-I 'RCD, I~II~ 
~:r=i'//11I////j//////////§///~//////////~///§//////////j'//J 

I , I :~:C I I 'AJtOr I ::: I ' 
__ ~====='=RA=C~==I~~~~'A~~~~I~I~~~. ==~~~==~~~O~F~F ___ Q ~gt: - I VALID DATA VALID DATA 

tCLz_1 _ 
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I'IIIC:F=lON MT 4C1 026 

RAS ONLY REFRESH CYCLE 
(ADDR = AO - AS; Ag and WE = DON'T CARE.) 

RAS 

. :' . tRAS . tRP . ~ I 
\ 

, . tCRP . ,tRPC __ 
1 

CAS ~ ~ 

ADDR 

tASR tRAH . I. . 
~:~ _,-----RO-W --k/$//;1//;1/;l//$;l/;1/$/$/J////$Xr---Ro-w --

o ~g~ -~--------------OPEN---------------

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

t=:11- tCSR tCHR ":=-=:1 ~ tCHR'I_ 

CAs ~:r :::---,~,--_""",, _______ ~~,--_-,,-______________ --,~ __ 
Q ~gr -:---------------OPEN---------------

ADDR 

HIDDEN REFRESH CYCLE 
(WE = HIGH)23 

(READ) 

tRAS 

(REFRESH) 

tRAS 

o ~gt -~-----OPEN------\iOO:lOOil 
~-----------~ 
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PRELIMINARY 

I'4ICRON MT4C4001 

DRAM 

FEATURES 
• Industry standard x4 pin-out, timing, functions and 

packages 
• High performance CMOS silicon gate process 
• Single +5V±10% power supply 
• Low power, 5mW standby, 175mW 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, and 
HIDDEN 
Optional Fast Page Mode access cycle 

OPTIONS MARKING 
• Timing 

80ns access - 8 
lOOns access -10 
120ns access -12 

• Packages 
Plastic DIP None 
Ceramic DIP C 
Plastic ZIP Z 
Plastic SOJ DJ 

GENERAL DESCRIPTION 
The MT 4C4001 is a randomly accessed solid-state memory 

containing 4,194,304 bits organized in a x4 configuration. 
During READ or WRlTE 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 WRlTE 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(s) 
remain open (high Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin(s), 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-WRlTE cycle. The 4 data inputs and 4 data 
outputs are routed through 4 pins using common I/O and 
pin direction is controlled by WE and OE. 

MT4C4001 
REV. 7/89 1-83 

1MEG x4DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

20 Pin DIP 20 Pin ZIP 

D01 
D02 
WE 

RAS 
A9 
AO 
A1 
A2 
A3 

Vee 

Vee OE 

D04 D03 
D03 Vss 

CAS D02 
OE RAS 

A8 AO 

A7 A2 

A6 Vee 

A5 A5 

A4 A7 

20 Pin SOJ 

DOl 
D02 
~ 

i'iAS 
A9 

AO 
Al 
A2 
A3 

Vee 

[ l' 
[ 2 
[ 3 
[ 4 
[ 5 

[ 9 
[ 10 
[ 11 
[ 12 
[ 13 

26 
25 
24 
23 
22 

18 
17 
16 
15 
14 

Vss 
D04 
D03 
c:AS 
~ 

A8 
A7 
A6 
A5 
A4 

NOTE: packaging information to be determined 

1 r-=;_ 
2 CAS 3 '-;_ 
4 D04 5 r-=;_ 
6 D01 

7 ~_ 8 WE 
9 '-" 

'- 10 A9 11 -" 
'- 12 A1 13 _. 
'- 14 A3 15 '-" 
'- 16 A4 17 '_' 
'- 18 A6 19 '-" 
'- 20 A8 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current toa reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its cor
rect 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, re
gardless of sequence. 

PAGE MODE operations allow faster data operations 
(READ, WRITE or READ-MODIfY-WRITE) within a row 
address(AO -A9) 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. By 
holding RAS LOW, CAS may be toggled strobing in differ
ent column addresses executing faster memory cycles. 
Returning RAS HIGH terminates the PAGE MODE 
operation. 

Micron Technology, Inc. reserves the right to d1ange products or specifications without notice 
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I'IIIC:I=ION MT 4C4001 

WE 

CAS 

Ao 
A, 
A, 
A3 

A, 
AS 
AS 
A7 
AS 
Ag 

TRUTH TABLE 

Function RAS 

Standby H 

READ L 

WRITE L 
(EARLY-WRITE) 

READ-WRITE L 

PAGE MODE L 
READ 

PAGE MODE L 
WRITE 

PAGE MODE L 
READ-WRITE 

RAS ONLY L 
REFRESH 

HIDDEN L --+H--+L 
REFRESH 

CAS-BEFORE- H--+L 
RAS REFRESH 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

Addresses 

~ WE tR te 

H H X X 

L H ROW COL 

L L ROW COL 

L H--+L --+H ROW COL 

H--+L --+H H ROW COL 

H--+L --+H L ROW COL 

H--+L --+H H--+L --+H ROW COL 

H H ROW n/a 

L H ROW COL 

L H X X 
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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 

D01 
D02 
D03 
DQ4 

~Vcc 

~VSS 



PRELIMINARY 

I'IIIC:I=ION MT 4C4001 

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 Watt 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ 70°C) 

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 0.8 V 1 

INPUT LEAKAGE CURRENT 
any input (OV ~ VIN ~ 6.SV, II -10 10 ~A 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ~ VOUT ~ S.SV) loz -10 10 ~A 

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

(Notes: 1, 3, 4, 6, 7) (O°C ~ T A ~ 70°C; Vee = S.OV ± 10%) 
MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 UNITS NOTES 

OPERATING CURRENT 
Average power supply operating current Icc1 100 85 60 mA 3,4 
(RAS, CAS, Address Cycling: tRC = tRC(MIN)) 

STANDBY CURRENT (TTL) 
Power supply standby current (RAS = CAS = VIH) lee2 3 2 2 mA 

RAS ONLY REFRESH CURRENT 
Average power supply current, RAS ONLY mode Icc3 100 85 60 mA 3 
(RAS Cycling, CAS=VIH: tRC = tRC(MIN)) 

FAST PAGE MODE CURRENT 
Average power supply current, Fast Page Mode Icc4 60 SO 30 mA 3,4 
(RAS= VIL, CAS, Address Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT (CMOS) 
Power supply standby current (RAS = CAS = Vcc -0.2V) ICC5 1 1 1 mA 

CAS-BEFORE-RAS REFRESH CURRENT 
Average power supply current, CAS-BEFORE-RAS Mode lee6 100 85 60 mA 3 
(RAS, CAS, Address Cycling: tRC = tRC(MIN)) 
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1'4 IC: 1=10 N MT 4C4001 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-A9 CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE, DE 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) (O°C ~ TA ~ +70°C, Vcc = 5.0V ± 10%) 

I A C CHARACTERISTICS .. -8 -10 -12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRiTE cycle time tRc 160 190 220 ns 

READ-MODIFY-WRITE cycle time tRWC 205 245 295 ns 

PAGE-MODE READ or WRITE tpc 50 60 70 ns 
cycle time 

Access time from RAS tRAC 80 100 120 ns 14 
Access time from CAS tCAC 20 25 35 ns 15 
Output Enable tOE 25 25 30 ns 

Access time from column address tAA 40 50 60 ns 

Access time from "CAS" precharQe tCPA 45 55 65 ns 

RAS pulse width tRAS 80 10,000 100 10,000 120 10,000 ns 

RAS pulse width (PAGE MODE) tRASP 80 100,000 100 100,000 120 100,000 ns 

RAS hold time tRSH 20 25 35 ns 

RAS precharQe time tRP 70 80 90 ns 

CAS pulse width tCAS 20 10 000 25 10,000 35 10,000 ns 

CAS hold time tCSH 80 100 120 ns 

CAS precharQe time tCPN 15 15 20 ns 16 
CAS precharge time (PAGE MODE) tcp 15 25 15 25 15 25 ns 

RAS to CAS delay time tRCD 20 60 25 75 35 85 ns 17 
CAS to RAS precharge time tCRP 10 10 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 12 15 20 ns 

RAS to column tRAD 15 40 20 50 30 ns 18 
address delay time 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 15 20 25 ns 

Column address hold time tAR 60 75 90 ns 
(referenced to RAS) 

Column address to tRAl 40 50 60 ns 
RAS lead time 

Read command set-up 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 25 0 25 ns 20 
Output Disable too 25 25 30 25 ns 
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IViIC=F=lON MT4C4001 

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 = S.OV ± 10%) 

A.C. CHARACTERISTICS -8 -10 12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
WE command set-up time twcs 0 0 0 ns 21 
Write command hold time tWCH 15 20 25 ns 
FAST PAGE MODE READ- tpRWC 100 115 140 ns 
MODIFY-WRITE cycle time 

Write command hold time tWCR 60 75 90 ns 
(referenced to RAS") 
Write command Dulse width twp 15 20 25 ns 
Write command to RAS lead time tRWl 20 25 30 ns 
Write command to CAS lead time tCWl 20 25 30 ns 
Data-in set-up time tDS 0 0 0 ns 22 

Data-in hold time tDH 15 20 25 ns 22 
Data-in hold time tDHR 60 75 90 ns 
(referenced to RAS") 
RAS to WE delav time tRWD 110 135 160 ns 21 
Column address tAWD 70 85 100 ns 21 
to WE delay time 

CAS to WE delay time leWD 25 25 75 ns 21 
Transition time (rise or falll tT 3 50 3 50 3 50 ns 9, 10 
Refresh Period (512 cycles) tREF 16 16 16 ms 
RAS" to CAS Precharae time tRPC 0 0 0 ns 
CAS set-up time tCSR 10 10 10 ns 5 
(CAS-BEFORE-"RAS refresh) 

CAS hold time leHR 20 20 30 ns 5 
(CAS-BEFORE-RAS refresh) 
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iUl1C:RCN MT4C4001 

NOTES 
1. 
2. 

3. 
4. 

5. 
6. 

7. 

All voltages referenced to Vss. 
This parameter is sampled. Capacitance is calculated 
from the equation C = Mt with eN = 3V and Vee = 
5V. ~V 

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 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 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 16ms refresh 
requirement is exceeded. 

8. AC characteristics assume tT = 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 < 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, 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 
IRAC (max) can be met. IRCD (max) is specified as a 
reference Fr0int only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by tCAe. 

18. Operation within the lRAD (max) limit ensures that 
IRCD (max) can be met. tRAD (max) is specified as a 
reference Fr0int only; if tRAD is greater than the 
specified RAD (max) limit, then access time is con
trolled 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. IWCS, tRWD, IA WD 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. If tRWD ? IRWD (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 data out (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

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. During a READ cycle, if OE is LOW then taken 
HIGH, Q goes open. If OE is tied permanently 
LOW, a READ-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. 



PRELIMINARY 

I'IIIC:RON MT4C4001 

READ CYCLE 

lAC 

tRAS lAP 

AAS 
VIH -
Vil _ 

tCSH 

IRSH tRRH 

leRP tRCO leAS 

CAS 
VtH -
VIL -

IAA 

ADOR ROW 

DO ~:g~ -'---------OpEN--------~~0~~~}_---OPEN---

~:~ -W////////!$$//!//////!!I$$$////$$d' 

EARLY-WRITE CYCLE 

IRC 

RAS ~:r: 

leRP teAS 

IAR 

ROW 

IDS 

VALID DATA 

DE ~:r _,------------------HIGH ---------------
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I'IIIC:I=ION MT 4C4001 

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

, RWC 

'I tRAS 'RP 

1 

RAS 

tCSH 

1 tRSH 

tCRP tRCD teAs 
1 

, , 

CAS 

ADDR 

J ~ 'AR , 
1 1 'I , IRAQ , 'RAL , 

I, ICAH ,·1 I' I~ tRAH ~I 
1 

W//j! ROW l0W COLUMN W////h1////////////////////////////h~ ROW x!~ 
'IL _ 

1 1 IRWD ~II 
i tRCS 

1 I 
leWD ~ 

1 
'AWO j 1///////////////////1//////////,1 

I 
'AA 
tRAC 

ICLZ-I 

iCAC 

b. r .tDH·~1 
OPEN VALID DOUT X VALlDD 1N OPEN 

~ too·1 

DE ~:r :W$//!/!!ff////,&///,@'!!//////$/,&/d)L---------

DO ~igtl 

PAGE-MODE READ CYCLE 
1 ________________________ t~RA~SP~ ____________________ ~~ 

tCSH 

'---------- OPEN---------~OC~D------«mGVA~LltD }-----~OC]VA~LlDD :- DATA DATA 
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fJl1C:I=ION MT 4C4001 

PAGE-MODE EARLY-WRITE CYCLE 

DE ~:~ _------------------- HIGH ------------------

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

~ __ ~,~ ____ ~ ________ tAA_s_P~~ ________ ~~_--1FLtRP 
RAS ~I~ =: II 

tcSH tpc. tRSH 

I~ 1------'tR""C"'-D--~.----"tC""AS"---__I ~11--t:::.CA"'-S----<__I ~ 1_--"'tC""AS'-----I 0 
CAS VIH - ! ~ \I r---------, r---------, ! 

VIL ---f \, 11'-----+.-' 
tAR 

ADDR 
VIH --n-n rTTn ffTTTTT7 ~ ~ 
Vil J~ ROW.J(jff) COLUMN ~ COLUMN __ M~ COLUMN ~ 

tRCS 1 1 tRWD I II ~ I - Il-tRWL . I I tCWL -of w.- 'CWL -I I+- - ~ 'eWL 
'WP I 1 'WP- 1 _ l-'WP 

I_----+--'!"A"'W"-D --I 'Awe 'Awe 
leWD leWD leWD 

WE ~Ir -!lI/III/II/I//I//! 
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I'IIICRON MT4C4001 

I' 
leRP 

CAS ~:~_ :--.J 

"RAS" ONLY REFRESH CYCLE 
(ADDR = Ao - Ag; WE = DON'T CARE.) 

, 
IRAS IRP 

. ~ 
"----1 

'I 
1 

IASR tRAH . .11 . 
ADDR ~:~ ::~--RD-W --kw//&////#/!/##//###///#/Iw/#/ar---RO-W --

DO ~g~ -'--------------OPEN--------------

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

IRAS 

CAS ~:~:: ·~~_~ ____ ~~UllL_~L-____________ ~ ___ 

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

HIDDEN REFRESH CYCLE 
(WE = HIGH, OE=LOW)24 

(READ) 
IRAS 
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fJl1C:I=ION MT 4C4003 

DRAM 

FEATURES 
• Industry standard x4 pin-out, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single +5V±10% power supply 

Low power, 5mW standby; 175mW 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, and 

HIDDEN 
• Optional Static Column access cycle 

OPTIONS MARKING 
• Timing 

SOns access - S 
lOOns access -10 
120ns access -12 

• Packages 
Plastic DIP None 
Ceramic DIP C 
Plastic ZIP Z 
Plastic SOJ DJ 

GENERAL DESCRIPTION 
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 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 pines) 
remain open (high Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pines), 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 4 data inputs and 4 data 
outputs are routed through 4 pins using common II 0 and 

MT4C4003 
REV. 7189 1-93 

1MEG x4DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

20 Pin DIP 20 Pin ZIP 

DQ1 Vee OE 1 r_;._ 
2 CAS 

DQ2 DQ4 DQ3 3 -=:'_ 4 DQ4 
WE DQ3 Vss 5 '-=:'_ 6 DQ1 

RAS CAS DQ2 7 -;._ 
WE 

A9 OE RAS 9'~ 8 
A9 '-" 10 

AO A8 AO 11 '-;_" 12 A1 
A1 A7 A2 13 '-=:'_" 14 A3 
A2 A6 Vee 15 '-=:'_ 16 A4 
A3 A5 

A5 17 '-;._ 18 A6 
A7 19 '-=:'_" 20 A8 Vee A4 

20 Pin SOJ 

DQ1 Vss 
DQ2 DQ4 
WE DQ3 

RAS CAS 
OE 

AS 
A1 A7 
A2 A6 
A3 A5 

Vee A4 

NOTE: Package information to be determined 

pin direction is controlled by WE and OE. 
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 cor
rect 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, re
gardless of sequence. 

The STATIC COLUMN cycle is always initiated with a 
row address strobed in by RAS followe~ a column 
address strobed in by CAS. By holding RAS LOW, the 
column address may be toggled strobing in different col
umn addresses executing faster memory cycles. Returning 
RAS HIGH terminates the STATIC COLUMN operation. 

Micron Technology, Inc. reserves the right to change products or specifications Without notice 
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1'41C: 1=1 ON MT 4C4003 

WE 

CAS 

Ao 
A, 
A2 . ~ 
":j 

A4 
As 
A6 
A7 
As 
Ag 

FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

MEMORY 
ARRAY 

RAS~--~~~::~J=====~ ____________________ ~ 

TRUTH TABLE 

Addresses 

Function RAS" ~ WE tR te 

Standby H H H 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 

STATIC COLUMN L L H ROW COL Valid Data Out 
READ COL Valid Data Out 

STATIC COLUMN L L L ROW COL Valid Data In 
WRITE COL Valid Data In 

STATIC COLUMN L L H---+L---+H ROW COL Valid Data Out, 
READ-WRITE COL Valid Data In 

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

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

CAS-BEFORE- H-+L L H X X High Impedance 
RAS REFRESH 
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I'4IC:RON MT4C4003 

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) ................ -65°C to +150°C 
Storage Temperature (Plastic) ................... -55°C to +150°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under" Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional _ 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this C 
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) 

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+l 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:; 6.5V, II -10 10 ~A 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV s:; VOUT s:; 5.5V) loz -10 10 ~A 

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

(Notes: 1, 3, 4, 6, 7) (O°C s:; T A s:; 70°C; Vcc = 5.0V ± 10%) 
MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 UNITS NOTES 
OPERATING CURRENT 
Average power supply operating current Icc1 100 85 60 mA 3, 4 
(RAS, CAS, Address Cycling: tRC = tRC(MIN)) 

STANDBY CURRENT (TTL) 
Power supply standby current (RAS = CAS = VIH) Icc2 3 2 2 mA 

RAS ONLY REFRESH CURRENT 
Average power supply current, RAS ONLY mode Icc3 100 85 60 mA 3 
(RAS Cycling, CAS=VIH: tRC = tRC(MIN)) 

STATIC COLUMN CURRENT 
Average power supply current, Fast Page Mode Icc4 60 50 30 mA 3,4 
(RAS = VIL, CAS, Address Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT (CMOS) 
Power supply standby current (RAS = CAS = Vcc -0.2V) Iccs 1 1 1 mA 24 

CAS-BEFORE-RAS REFRESH CURRENT 
Average power supply current, CAS-BEFORE-RAS Mode Icc6 100 85 60 mA 3 
(RAS, CAS, Address Cycling: tRC = tRC(MIN)) 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-A9 Cit 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) (O°C ::; TA ::; +70°C, Vcc = 5.0V ± 10%) 

I A C CHARACTERISTICS .. 
I I I 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
-8 -10 -12 

Random READ or WRITE cycle time tRc 160 190 220 ns 
READ-MODIFY-WRITE cvcle time tRwc 205 245 295 ns 
Access time from RAS tRAC 80 100 120 ns 14 
Access time from CAS teAC 20 25 35 ns 15 
Output Enable toE 25 25 35 ns 
Access time from column address tM 40 50 60 ns 
Access time from CAS precharae tCPA 45 55 65 ns 
RAS pulse width tRAS 80 10,000 100 10000 120 10000 ns 
RAS hold time tRSH 20 25 35 ns 
RAS precharae time tRP 70 80 90 ns 
CAS pulse width teAS 20 10,000 25 10,000 35 10,000 ns 
CAS" hold time tCSH 80 100 120 ns 
CAS" precharae time tCPN 15 15 20 ns 16 
RAS to CAS delay time tRCD 20 60 25 75 35 85 ns 17 
CAS" to RAS precharge time tCRP 5 10 15 ns 
Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 15 20 ns 

RAS to column tRAD 15 40 20 50 25 60 ns 18 
address delay time 

Column address set-up time tASC 0 0 0 ns 

Column address hold time teAH 15 20 25 ns 

Column address hold time tAR 95 115 140 ns 
(referenced to RAS) 
Column address to tRAl 40 50 60 ns 
RAS lead time 

Read command set-up 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 telZ 0 0 0 ns 
Output buffer turn-off delav tOFF 0 20 0 20 0 35 ns 20 
Output Disable toD 20 20 35 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 -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
WE command set-up time twcs 0 0 0 ns 21 

Write command hold time tWCH 15 20 25 ns 

Write command hold time tWCR 60 75 90 ns 
(referenced to RAS) 

Write command pulse width twp 15 20 25 ns 

Write command to RAS lead time tRWL 20 25 35 ns 
Write command to CAS lead time tCWL 20 25 35 ns 
Write inactive time tWI 10 10 10 ns 
Data-in set-up time tDS 0 0 0 ns 22 
Data-in hold time tDH 15 20 25 ns 22 

Data-in hold time tDHR 60 75 90 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 110 135 155 ns 21 

Column address tAWD 70 85 100 ns 21 
to WE delay time 

CAS to WE delay time tCWD 50 60 75 ns 21 

Transition time (rise or fall) tT 3 50 3 50 3 50 ns 9,10 
Refresh Period (512 cycles) tREF 16 16 16 ms 

RAS to CAS PrecharQe time tRPC 0 0 0 ns 

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

CAS hold time tCHR 20 20 30 ns 5 
(CAS-BEFORE-RAS refresh) 

RAS pulse width (STATIC COLUMN) tRASC 80 100,000 100 100,000 120 100,000 ns 

CAS precharge time (STATIC COLUMN) tcp 10 25 10 25 15 30 ns 

STATIC COLUMN MODE tsc 45 55 65 ns 
cycle time 

STATIC COLUMN READ-MODIFY- tSRMW 110 135 160 ns 
WRITE cycle time 

Last write to column address tLWAD 20 35 25 45 30 55 ns 
delay time 

Last write to column address tAHLW 75 95 115 ns 
hold time 

RAS hold time orecharaed to OE tROH 10 20 20 ns 
Output data hold time from tAOH 5 5 5 ns 
column address 

Output data enable from write tow 20 30 40 ns 
OE to data delay tOED 20 25 30 ns 

OE command hold time tOEH 20 25 30 ns 
Access time from last Write tALW 75 95 115 ns 
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NOTES 
1. 
2. 

3. 
4. 

5. 
6. 

7. 

All voltages referenced to Vss. 
This parameter is sampled. Capacitance is calculated 
from the equation C = I~t with ~V = 3V and Vee = 
SV. ~V 

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 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 100l1s 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 require
ment 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, 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. 
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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 ~oint only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by ICAC. 

18. Operation within the IRAD (max) limit ensures that 
IRCD (max) can be met. lRAD (max) is specified as a 
reference ~oint only; if lRAD is greater than the 
specified RAD (max) limit, then access time is con
trolled 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. IWCS, IRWD, IAWD and ICWD 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 through
out the entire cycle. If IRWD ~ IRWD (min), IAWD ~ 
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 data out (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

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. During a READ cycle, if OE is LOW then taken 
HIGH, Q goes open. If OE is tied permanently 
LOW, a READ-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. 
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1'41C::I=ION MT 4C4003 

READ CYCLE 

. tRAS , tRP 1 

1 

. tCSH 

IRSH IRRH 

'CRP . tACO , , ICAS , 
I' 

, 

CAS J 
tAR 

tRAD tRAL 

~I~~L ~ ~ 
1'I//M ROW N/////) COLUMN W//;7;7////////////////;0( ROW 
~ 

ADOA 

tRCS ~ 
1 

:fj / /////////////////////////////1 (j////////; 
tAA 

tRAG 

'CAG ~ 

OPEN 
I~ 

VALID DATA OPEN 

~:t 1//;/';/'//// ;/'// #$/ $/// ;/'//// ;/'////;/'/ ;/,//;/'/ d 
tOE .1 ~ ) 

EARLY-WRITE CYCLE 

tRC 

tAAS 

RAS 
VIH -
VIL _ 

tCSH 

'RSH 

'CRP tRCD 'CAS 

CAS 
VIH -V1L _ 

tRAD 

'ASR 

ADDR 
V,H 
V,L ROW ROW 

tWCR 

twes 'WCH 

twp 

---------------HIGH - _____________ _ 

OE ~:t-
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RAS 
V,H 
VIL 

CAS V,H 
VIL 

ADDR V,H 
VIL 

WE V,H 
VIL 

RAS 
VIH -
VIL 

AOOR 
VIH 
VIL 

-

CAS 
VIH -
VIL 

WE 
VIH -
VIL 

OE VIH 
VIL 

00 

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

'RAS 

--
tCSH 

I 'RSH 

I~ IRCD tCAS 

:~ t 'AR 

IRAD I I tRAl I 
_~I~~I ~I I~I I' 
71111/.lt ROW WIIIIJ COLUMN 

I I I IAWO 

"~ 
I 

I IRCS 

1 

leWD 'AWL I 

1 

IAWD twp 

J :ljjjllll~ WIIIIIII" 
'AA 
IRAG 

J~ 
r~ lelZ 1:-

OPEN VALID Dour X VALID DIN 

I~I 
I 

STATIC COLUMN READ CYCLE 
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RAS 
VIH -
VIL 

ADDR 
VIH -
VIL 

CAS 
VIH -
VIL 

DO 

DO 

STATIC COLUMN EARLY-WRITE CYCLE 

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

tRASC 

COLUMN ADDRESS 

'ASC 'CAH I 1- tSRMW 

I~ 
leWD 

I IAWD 

'WP I 
IRWD 

tOEH 
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COLUMN ADDRESS 

tRAL 

IAWD 

tRWL 
i--

tCWL 

~ DON'TeARE 

~ UNDEFINED 
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RAS 

tCRP . 
I 

CAS ~ 

RAS ONLY REFRESH CYCLE 
(ADDR = AO - Ag; WE = DON'T CARE.) 

. . tRAS . tRP 

'} 
, 

.. tRPC·"
1 

'--I 

:1 
I 

ADDR 

'ASR tRAH .. . .. , 

~:~ ::~--RO-W ------,k$II$$g$/////$!$$$//gll/!;X~-RO-W --

DC ~gr -.-------------OPEhi-------------

.--.-l 

tRP 

~ 

~-BEFORE-RAS REFRESH CYCLE 
(AO - Ag, WE and OE = DON'T CARE) 

. tRAS .11. 'RP . . tRAS 

Vf ~ 
'CPN l~ ~ 'RP leSR 

PIII//lllli jt" 

'V 
~CHR. 

DO ~gr -'----------------OPEN-------------

RAS VIH-
VIL_ 

tRCD 

CAS VIH-
VIL_ 

'AR 

ADDR VIH-
VIL_ 

HIDDEN REFRESH CYCLE 
(WE = HIGH, OE=LOW)24 

(READ) 

tRAS 

.~ 

(REFRESH) 

tRAS 

tCHR 

-toFF 

DO ~:gr ------OPEN-----~2W----VAVAillLlD;oDArATAA--~ OPEN-

'OE 

DE ~:r =1//@'////$j'$###$j'j'$#ff&1-----
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DRAM 

FEATURES 
• Industry standard xl pin-out, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single +5V±10% power supply 
• Low power, 5mW standby; 175mW 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, and 

HIDDEN 
• Optional Fast Page Mode access cycle 

OPTIONS MARKING 
• Timing 

SOns access - S 
lOOns access -10 
120ns access -12 

• Packages 
Plastic DIP None 
Ceramic DIP C 
Plastic ZIP Z 
Plastic SOJ OJ 

GENERAL DESCRIPTION 
The MT4Cl 004is a randomly accessed solid-state memory 

containing 4,194,304 bits organized in a xl configuration. 
During READ or WRITE cycles each bit is uniquely ad
dressed through the 22 address bits which are entered 11 
bits (AD -A 10) 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. Ouring 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), 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. 

Returning RAS and CAS HIGH terminates a memory 

4MEG x 1 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

20 Pin DIP 20 Pin ZIP 
D 

WE 
RAS 
*A10 

AD 
A1 
A2 
A3 

Vee 

Vss A9 
Q Q 

CAS D 
RAS 

A9 NC 
A8 AO 
A7 A2 
A6 Vee 
A5 A5 
A4 A7 

20 Pin SOJ 

NC 
'Al0 

AD 
Al 
A2 
A3 

Vee 

l' 
2 

3 
[ 4 

[ 5 

[ 9 
[ 10 

[ 11 

[ 12 
[ 13 

26 

25 

24 

23 

22 

18 

17 

16 

15 

14 

Vss 
Q 

CAS 
NC 

A9 

A8 

A7 

A6 

A5 

A4 

'Address not used for RAS ONLY refresh 
NOTE: Packaging information to be determined 

1 c~_ 2 CAS 3 r_-:_ 
4 Vss 

5 '-' 
WE '- 6 

7 '-' 
'- 8 A10* 

9 '-' 
'- 10 NC 11 '-' 
'- 12 A1 13 ,_. 
'- 14 A3 15 '-' 
'- 16 A4 17 '-' 
'- 18 AS 19 '-' 
'- 20 A8 

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 cor
rect 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, re
gardless of sequence. 

PAGE MODE operations allow faster data operations 
(READ, WRITE or READ-MODIFY-WRITE) within a row 
address (AO-AlO) 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. By holding RAS LOW, CAS may be toggled 
strobing in different column addresses executing faster 
memory cycles. Returning RAS HIGH terminates the 
PAGE MODE operation. 

MT4Cl004 
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WE 

CAS 

AO 
A1 
A2 
Aa 
A4 
AS 
As 
A7 
As 
Ag 
A10 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

14---oD 

r.:::;:-;:::t----oQ 

MEMORY 
ARRAY 

RAS o-----f 
~~~~----------~ 

---0 Vee 

---oVss 

TRUTH TABLE 

Addresses 

Function FIAS' ~ WE' tR tC 

Standby H H H 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 H ROW nfa High Impedance 
REFRESH 

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

CAS-BE FORE- H--L L H X X High Impedance 
RAS REFRESH 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss .......... -1.0V to +7.0V 
Operating Temperature, TA(Ambient) .......... OCC to +70°C 
Storage Temperature (Ceramic) ................ -65°C to + 150°C 
Storage Temperature (Plastic) ................... -55°C to + 150°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C $ T A $ 70°C) 

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, II -10 10 IlA 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV $ VOUT $ 5.5V) loz -10 10 IlA 

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

(Notes: 1, 3, 4, 6, 7) (O°C $ T A $ 70°C; Vcc = 5.0V ± 10%) 
MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 UNITS NOTES 

OPERATING CURRENT 
Average power supply operating current ICC1 100 85 60 mA 3,4 
(RAS, CAS, Address Cycling: tRC = tRC(MIN)) 

STANDBY CURRENT (TTL) 
Power supply standby current (RAS = CAS = VIH) ICC2 3 2 2 mA 

RAS ONLY REFRESH CURRENT 
Average power supply current, RAS ONLY mode ICC3 100 85 60 mA 3 
(RAS Cycling, CAS=VIH: tRC = tRC(MIN)) 

FAST PAGE MODE CURRENT 
Average power supply current, Fast Page Mode Icc4 60 50 30 mA 3,4 
(RAS = VIL, CAS, Address Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT (CMOS) 
Power supply standby current (RAS = CAS = Vcc -0.2V) ICC5 1 1 1 mA 24 

CAS-BEFORE-RAS REFRESH CURRENT 
Average power supply current, CAS-BEFORE-RAS Mode ICC6 100 85 60 mA 3 
(RAS, CAS, Address Cycling: tRC = tRC(MIN)) 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-A1O, 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) (O°C ~ TA ~ +70°C, Vee = 5.0V ± 10%) 

I A C CHARACTERISTICS I 8 10 .. 12 -
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRc 160 i90 220 ns 

READ-MODIFY-WRITE cvcle time tRWC 185 220 255 ns 
PAGE-MODE READ or WRITE tpc 50 60 70 ns 
cycle time 

Access time from"RAS tRAC 80 100 120 ns 14 
Access time from CAS tCAC 20 25 35 ns 15 
Access time from column address tAA 40 50 60 ns 

Access time from CAS precharQe tCPA 45 55 60 ns 
RAS pulse width tRAS 80 10000 100 10 000 120 10000 ns 

"RAS pulse width (PAGE MODE) tRASP 80 100000 100 100000 120 100000 ns 

"RAS hold time tRSH 20 25 35 ns 

"RAS precharge time tRP 70 80 90 ns 

CAS pulse width tCAS 20 10 000 25 10 000 35 10000 ns 

CAS hold time tCSH 80 100 120 ns 

CAS precharQe time tCPN 15 15 20 ns 16 
CAS precharae time (PAGE MODE) 'cP 15 25 15 25 15 25 ns 

RAS to CAS delay time tRCD 20 60 25 75 30 85 ns 17 
CAS to RAS" precharae time tCRP 10 10 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 12 15 20 ns 

RAS" to column tRAD 15 40 20 50 30 60 ns 18 
address delay time 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 15 20 25 ns 

Column address hold time tAR 60 75 110 ns 
(referenced to RAS) 

Column address to tRAL 40 50 60 ns 
"RAS lead time 

Read command set-up 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 10 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 25 0 25 ns 20 
WE command set-up time twcs 0 0 0 ns 21 
Write command hold time tWCH 15 20 25 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (oOe $ TA $ +70oe, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Write command hold time tWCR 60 75 110 ns 
(referenced to RAS) 

Write command Dulse width twp 15 20 25 ns 

Write command to RAS lead time tRWL 20 25 35 ns 

Write command to CAS lead time tCWL 20 25 35 ns 

Data-in set-up time tDS 0 0 0 ns 22 
Data-in hold time tDH 15 20 25 ns 22 
Data-in hold time tDHR 60 75 110 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 80 100 120 ns 21 

Column address tAWD 40 50 60 ns 21 
to WE delay time 

CAS to WE delay time tCWD 25 25 35 ns 21 

Transition time (rise or fall) tT 3 50 3 50 3 50 ns 9,10 
Refresh Period (512 cycles) tREF 16 16 16 ms 

RAS to CAS Precharge time tRPC 0 0 0 ns 

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

CAS hold time tCHR 20 20 30 ns 5 
(CAS-BEFORE-RAS refresh) 
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NOTES 
1. 
2. 

3. 
4. 

5. 
6. 

7. 

All voltages referenced to Vss. 
This parameter is sampled. Capacitance is calculated 
from the equation C = I~t with ~V = 3V and Vee = 
SV. ~V 

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 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 ~ TA ~ 70°C) is assured. 
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 16ms refresh 
requirement is exceeded. 

8. AC characteristics assume tT = 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 

100pP. 
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, 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 
tRAC (max) can be met. IRCD (max) is specified as a 
reference F.0int only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by tCAe. 

18. Operation within the lRAD (max) limit ensures that 
IRCD (max) can be met. tRAD (max) is specified as a 
reference point only; if lRAD is greater than the 
specified fRAD (m~x) limit, the~ access time is con
trolled 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, tRWD, IAWD and ICWD 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 through
out the entire cycle. If IRWD ~ IRWD (min), tAWD ~ 
tAWD (min) and leWD ~ 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 (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

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. 
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READCVCLE 

tRC 

tRAS tRP 

RAS 
VIH -
VIL _ 

leSH 

tRSH tRRH 

'CAP tRCD tCAS 

CAS 
VIH -
VIL -

tAR 

ADDR 
VIH -
Vil ROW 

WE 

a ~g~ ::::---------oPEN---------4~K~~~=~---OPEN----

EARL V-WRITE CVCLE 

tRAS tRP J 
II I 

- ~ \ 
leSH 

tASH 

tCRP tRCD tCAS 

I 
:::~ 

tAR 

tRAD tRAL 

ADDR ~:r 

IASR 'AAH ~ ~ 
~I I~ 
~ ROW ~ COLUMN ~,,1( ROW 

tcWl 

'AWl 

twCR 

1weB twCH 

twP 

-.Y//////////// 1////////////// 
tOHR 

o ~:~ ~ ..... -tD-S-·-V~-l-ID-!A-~-A-tD-H-: 
a ~g~_:-----------------OPEN-----------------
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

t C RW , 
, tRA$ tRP :1 

'II' 1 

ft 
tCSH 

I, tRSH 

tCRP , , tRCD , , tCAS , 
I' 

:~ ~ , tAR 

·1 
1·1 

, tRAD 

'I' tA<::/O 

1 1 tRAL 

t:".SR tRAH I I tr,AH I . • II • . ~ ~ 
ADDR ~it _~-R--'--ow-~~~,-------,-C_OLU-.---MN----,bff&$/;!);pl/EZZIX,--_RO_W _ 

1_----+-..c.tR::.:.W=-D+I-If-----,----..... 1 ~II 
tRCs.1 I. tewD ,tRWL. 

l_t"'AW'-"D-----+-_____ 11 ~ 

WE ~:t 
-~~~~~~~~~~ I lOS tOH 

D ~:t ::WI/;!##II/J/J#$/;!$///;!///;!$/#//J///J///#ffd VALID ~Wmll///;I///#$!///////;I& 
' 1 tRAC I 1 1 tAA I 

J ~ 
~CLZ 

Q ~gt ::--------OPENI------~&\QQ~ __ '!!.VA~L1~D D~A~TA~_~ OPEN--

PAGE-MODE READ CYCLE 
'RASP 

AODR 

Q ~gt ------OPEN----~~)C~}---~~(]~}_--~ll}{~iD 
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PAGE-MODE EARLY-WRITE CYCLE 

'PC 

'CP teAs 

WE ~:~ "-'eLLlilLt.LL..'fL'eLLlLlL"-__ +--+----:-_~eLLlLl3..--_++_---1.LlL<Lf--_++_-:__---"'ULf:.t..l.LllLl.L.UeLLlLLL. 
tWCR 

I 'DHR 

I~ 'os 

D VIH VALID DATA VALID DATA 
V,L --:Ll:.t..l.LLlLl.L.UeLLlilLl.L.U"'lI.. ______ Jr\Lil.I"-_____ JrY..lil'-_____ -"''U.Ll.L.U''-LLLLLLlL<Ll..l'..U 

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

RAS 
V,H 
V,L 

CAS V,H 
V,L 

ADDR ~t 

-
-

~ 

-
-

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

tCSH tpc tASH 

1_---'R"'C""D--_1_--"C"'AS"----II-_'-"'CP_.J ~ I.....,'C,,--P_-+I ~ 

-.LLI.OI1I...._-;-_Jr"<LUJ 

Q ~g~ =-------OPEN-----~mn§j?1--------<~~ 
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'RAS" ONLY REFRESH CYCLE 
(ADDR = Ao - Ag; A10 and WE = DON'T CARE.) 

'RAS 'RP I 

RAS ! I 
\ 

'CRP 

.'RP«. "' I 
CAS ~ "----I 

AD DR 

'ASR 'RAH . . I. . 
~:~ .--RO-W -~kw//§/$/////§/$I!I!//§//$§//I///;X--RO-W --

Q ~gt ----------------OPEN---------------

~-BEFORE-'RAS" REFRESH CYCLE 
(Ao - A10 and WE = DON'T CARE) 

'CSR I--'-'.;,::CH.::.;R'---__ -l 

CAS ~:~ = 
~----~--------------~--~----------------------------~--

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

RAS VIH-
VIL_ 

'CRP 'RCD 

CAS 
VIH-
VIL_ 

'AR 

ADDR VIH-
VIL-

Q VOH-
VOL - OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH)23 

(READ) 

'RAS 'RP 

'RSH 
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DRAM 

FEATURES 
• Industry standard xl pin-out, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single +5V±lO% power supply. 
• Low power, 5mW standby; 175mW 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, and 

HIDDEN 
• Optional Nibble Mode access cycle 

OPTIONS MARKING 
• Timing 

SOns access 
lOOns access 
120ns access 

• Packages 
Plastic DIP 
Ceramic DIP 
Plastic ZIP 
Plastic SOJ 

GENERAL DESCRIPTION 

- S 
-10 
-12 

None 
C 
Z 
DJ 

TheMT4CI 005 is a randomly accessed solid-state memory 
containing 4,194,304 bits organized in a xl configuration. 
During READ or WRITE cycles each bit is uniquely ad
dressed through the 22 address bits which are entered 11 
bits (AO -AIO) 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 (0) 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), 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. 

Returning RAS and CAS HIGH terminates a memory 

MT4Cl005 
REV. 7189 1-113 

4MEG x 1 DRAM 
NIBBLE MODE 

PIN ASSIGNMENT (Top View) 

20 Pin DIP 20 Pin ZIP 
D 

WE 
RAS 
*A1D 

AD 
A1 
A2 
A3 

Vee 

Vss A9 

Q Q 

CAS D 

A9 
RAS 

NC 
AS AO 
A7 A2 
A6 Vee 
AS A5 
A4 A7 

20 Pin SOJ 
D 

WE 
RAS 

Ne 
'A10 

AO 
A1 
A2 
A3 

Vee 

1-

2 
3 
4 

5 

l 9 
[ 10 
[ 11 
[ 12 
[ 13 

26 b 
25 ] 

24 
23 b 
22 

18 
17 
16 
15 
14 

Vss 
Q 

CAS 
NC 
A9 

A8 
A7 

A6 
A5 
A4 

• Address not used for RAS ONLY refresh 
NOTE: Packaging information to be determined 

1 r_~_ 2 CAS 
3 '"--:_ 4 Vss 
5 c~_ 6 WE 
7 c:._ 

8 A10* 
9 '-;._ 

11 '-' 
10 NC 

'- 12 A1 13 '-' '- 14 A3 15 '-, 
'- 16 A4 17 '-' '- 18 A6 19 '-, 
'- 20 A8 

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 cor
rect 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 16ms, re
gardless of sequence. 

NIBBEL MODE operation allows faster sequential serial 
data operations (READ, WRITE or READ-MODIFY
WRITE) up t04 bits. The first of 4 bits is accessed in the usual 
manner with CAS address A9 (nibble MSB) and RAS 
address A9 (nibble LSB) selecting one of 4 bits within a 
nibble for initial access. By holding RAS LOW, CAS can be 
toggled incrementing the nibble address field in modulo 4 
fashion with wrap around (see below). 

r (0,0) - (Q.1) - (1.0) - (1,1) l 
CA 10 RA10 L-___________________ ...J 

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

CAS 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
As 
Ag 
Al0 

TRUTH TABLE 

Function ~ 

Standby H 

READ L 

WRITE L 
(EARLY-WRITE) 

READ-WRITE L 

NIBBLE MODE L 
READ 

NIBBLE MODE L 
WRITE 

NIBBLE MODE L 
READ-WRITE 

RAS ONLY L 
REFRESH 

HIDDEN L-H-L 
REFRESH 

CAS-BE FORE- H-L 
RAS REFRESH 

FUNCTIONAL BLOCK DIAGRAM 
NIBBLE MODE 

Addresses 

~ WE' tR tC 

H H X X 

L H ROW COL 

L L ROW COL 

L H-L-H ROW COL 

H-L-H, H ROW COL 
L-H-L 

H-L-H, L ROW COL 
L-H-L 

H-L-H, H-L-H ROW COL 
L-H-L 

H H ROW nfa 

L H ROW COL 

L H X X 
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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 Daa Out, 
Valid Dal"~ In 

High Impf'dance 

Valid Oat" Out 

High Imredance 
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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) ................ -6SoC to + lS0°C 
Storage Temperature (Plastic) ................... -SsoC to + lS0°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ 70°C) 

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+l V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1,25 

INPUT LEAKAGE CURRENT 
any input (OV ~ VIN ~ S.5V, Ii -10 10 IlA 
all other pins not under test = 0 volts) 

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

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

(Notes: 1, 3, 4, S, 7) (O°C ~ T A ~ 70°C; Vcc = 5.0V ± 10%) 
MAX 

PARAMETER/CONDITION SYMBOL -8 -10 ·12 UNITS NOTES 

OPERATING CURRENT 
Average power supply operating current Icc1 100 85 SO mA 3, 4 
(RAS, CAS, Address Cycling: tRC = tRC(MIN)) 

STANDBY CURRENT (TTL) 
Power supply standby current (RAS = CAS = VIH) Icc2 3 2 2 mA 

RAS ONLY REFRESH CURRENT 
Average power supply current, RAS ONLY mode Icc3 100 85 SO mA 3 
(RAS Cycling, CAS=VIH: tRC = tRC(MIN)) 

NIBBLE MODE CURRENT 
Average power supply current, Icc4 SO 50 30 mA 3,4 
(RAS = VIL, CAS, Address Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT (CMOS) 
Power supply standby current (RAS = CAS = Vcc -0.2V) ICC5 1 1 1 mA 24 

CAS-BEFORE-RAS REFRESH CURRENT 
Average power supply current, CAS-BEFORE-RAS Mode ICC6 100 85 60 mA 3 
(RAS, CAS, Address Cycling: tRC = tRC(MIN)) 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-A10, 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) (O°C:o; TA:O; +70°C, Vee = 5,OV ± 10%) 

, ... , "". -v .. ...,1. - - -12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 150 180 220 ns 

READ-MODIFY-WRITE cvcle time tRWC 175 210 255 ns 
Access time from RAS tRAC 80 100 120 ns 14 
Access time from CAS teAC 20 25 35 ns 15 
Access time from column address tAA 40 50 60 ns 

Access time from CAS precharae tePA 45 55 65 ns 
RAS pulse width tRAS 80 10,000 100 10,000 120 10,000 ns 

RAS hold time tRSH 20 25 35 ns 
RAS precharae time tRP 60 70 90 ns 

CAS pulse width tCAS 20 10000 25 10 000 35 10,000 ns 

CAS hold time teSH 80 100 120 ns 

CAS precharge time tCPN 10 15 20 ns 16 
RAS to CAS' delay time tRCD 20 60 25 75 35 85 ns 17 
CAS to RAS precharae time tCRP 5 10 10 ns 
Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 15 20 ns 

RAS to column tRAD 15 40 20 50 30 60 ns 18 
address delay time 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time teAH 15 20 25 ns 

Column address hold time tAR 60 75 110 ns 
(referenced to RAS) 

Column address to tRAl 40 50 60 ns 
RAS lead time 

Read command set-up 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 outItut in low-Z tClZ 0 0 0 ns 
Output buffer turn-off delay DFF 0 20 0 25 0 25 ns 20 
WE"cornmand set-up time twcs 0 0 0 ns 21 
Write command hold time tWCH 15 20 25 ns 

Write command hold time tWCR 60 75 80 ns 
(referenced to RAS) 
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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 -8 ·10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command pulse width IWp 15 20 25 ns 
Write command to liAS" lead time IRWL 20 25 35 ns 
Write command to CAS lead time 'CWL 20 25 30 ns 

Data·in set·up time 'DS 0 0 0 ns 22 

Data-in hold time IDH 15 20 25 ns 22 
Data-in hold time IDHR 60 75 110 ns 
(referenced to RAS) 

RAS to WE delay time IRWD 80 100 120 ns 21 

Column address IAWD 40 50 60 ns 21 
to WI: delay time 

CAS'to WE delav time 'cWD 20 25 35 ns 21 
Transition time (rise or fall) IT 3 50 3 50 3 50 ns 9 10 
Refresh Period (512 cycles) 'REF 16 16 16 ms 

liAS" to CAS' Precharge time IRPC 0 0 0 ns 
CAS' set-up time tCSR 10 10 10 ns 5 
(CAS'-BEFORE-RAS refresh) 

CAS' hold time 'cHR 30 30 30 ns 5 
(CAS'·BEFORE-liAS" refresh) 

RAS pulse width (NIBBLE MODE) tRASN 80 100000 100 100000 120 100,000 ns 

CAS'precharae time (NIBBLE MODE 'NCP 10 10 15 ns 

NIBBLE MODE cycle time INC 40 45 55 ns 

NIBBLE MODE READ-MODIFY- tNRWC 65 75 85 ns 
WRITE cycle time 

NIBBLE MODE access time 'NCAC 20 25 30 ns 15 

NIBBLE MODE pulse width tNCAS 20 25 30 ns 

NIBBLE MODE CAS' precharge time tNCP 10 10 15 ns 

NIBBLE MODE liAS" hold time tNRSH 20 25 30 ns 

NIBBLE MODE CAS to WE tNCWD 20 25 30 ns 
delay time 

NIBBLE MODE WE command 'NRWL 20 25 30 ns 
to liAS" load time 

NIBBLE MODE WE command tNCWL 20 25 30 ns 
to CAS' load time 
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NOTES 
1. 
2. 

3. 
4. 

5. 
6. 

7. 

All voltages referenced to Vss. 
This parameter is sampled. Capacitance is calculated 
from the equation C = 1M with I'N = 3V and Vee = 
5V. ~V 

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 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..l.s is required aiter 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 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 VI H) 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, 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 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 Eoint only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled 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 IRAD is greater than the 
specified "RAD (max) limit, then access time is con
trolled 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. IWCS, IRWD, IAWD and ICWD 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 through
out the entire cycle. If IRWD ~ IRWD (min), IAWD ~ 
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 data out (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

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. 
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READ CYCLE 

'RC 

'RAS 'RP 

RAS 
VIH -
VIL _ 

tCSH 

tASH tRRH 

teRP tRCO 'CAS 

CAS 
VIH -
VIL -

'AR 

ADDR 
VIH 
Vil _ ROW 

WE 

Q VOH -
VOL OPEN OPEN 

EARLY-WRITE CYCLE 

'RC 

'RAS 

RAS 
VIH -
VIL _ 

tCSH 

tRSH 

leAP tRCD teAs 

CAS VIH -
VIL _ 

'AR 

'RAD 

ADDR VIH 
VIL ROW 

Q VOH 
VOL ~---------------------------------~EN-----------------------------------
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

. 
: I tRAS , . tRP , 
I 

RAS "Ii 

, tCSH 

'I . tRSH . 
tCRP tRCD tCAS 

I • . . . . , 

CAS J ~ \ :~11 , tAR 

'! tRAD I I tnAL . . . I I 

!_tA:..=.:.sR_,I~1 I~I I~I II I 
ADDR ~:t.' ROW kmJ ~OLU~N k1$$!$#$}}/$!;I/@:,--_RO_W_ 

NLLLLII' 'RWD I I 'CWL 1 I 
• I tRCS 1 I tCWD 'tRWL . .. ... 

tAWD twp 

WE ~: t -...L.L,LLLLLLLLLLLi..L..LL.f:..LLL..LLLLLLLLU 

I 'DS tDH 

o ~:t ::WIII!;I$//$$M!;Ij'$$$$ff!;l//#M#&l--:D ~b$!;I$!/!;I!;I!;I#///J!;Ih 
I. I· II' ~:~ l~ 

--.. telz 

VALID DATA Q ~gt ::-------OPEN--------<J\MJ'JI)\)(I 
"----------" 

NIBBLE MODE READ CYCLE 

tRASN 

'AR 

tCSH 

tCRP I __ ---"'RC"---O _I 'NC 

ADDR ~It 
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NIBBLE MODE EARLY-WRITE CYCLE 

____ ~----------------~IM~S~N----------------------------------------II--I-RP-
IAR 

RAS ~:~:-------tt-----------------+-------------------------------------------------1 

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

RAS ~:~:----------+l'-----------!I----------------------------------'I 
I 

ADDR 

Q ~g~::------------------i'JNw.1)l 
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RAS ONLY REFRESH CYCLE 
(ADDR = AO - Ag; A10 and WE = DON'T CARE.) 

tRAS tRP 1 

~ 
I 

I' 
tCRP . I~ 

"--' '----I . tASR , I. tRAH , 

ADDR ~:~ =~--RO-W --k//I///I//I//$/$//Iff$$$//I//I/$;(r---Ro-w --

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

RAS 

CAS 

0 

RAS 

CAS 

ADDR 

tRP 

VIH -
VIL -

tCSR 

VIH -
VIL -

~BEFORE-RAS REFRESH CYCLE 
(Ao - A10 and WE = DON'T CARE 

tRAS 

tCHR 

VOH ---------------OPEN---------------
VOL -

VIH-
VIL_ 

tCRP tRCD 

VIH-VIL _ 

tAR 

HIDDEN REFRESH CYCLE 
(WE = HIGH)23 

(READ) 

tRSH 

(REFRESH) 

tRAS 

tCHR 

-!oFF 

Q ~g~ -------OPEN,--------i~m _____ :.:.VA~LI~D~DA~TA~ ___ J OPEN-
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DRAM 

FEATURES 
• Industry standard xl pin-out, timing, functions and 

packages 
• High performance, CMOS silicon gate process 
• Single +5V±10% power supply. 
• Low power, 5mW standby; 175mW 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, and 

HIDDEN 
• Optional Static Column access cycle 

OPTIONS 
• Timing 

SOns access 
lOOns access 
120ns access 

• Packages 
Plastic pIP 
Ceramic DIP 
Plastic ZIP 
Plastic SOJ 

MARKING 

- S 
-10 
-12 

None 
C 
Z 
DJ 

GENERAL DESCRIPTION 
TheMT4CI006isarandomlyaccessedsolid-statememory 

containing 4,194,304 bits organized in a xl configuration. 
During READ or WRITE cycles each bit is uniquely ad
dressed 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 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 pines) 
remain open (high Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pines), Q is activated 
and retains the selected cell data as long as CAS remains 
LOW (regardless of WE or RAS). 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 

4MEG x 1 DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

20 Pin DIP 20 Pin ZIP 
D 

WE 
RAS 
*A10 

AO 
A1 
A2 
A3 

Vss A9 

Q Q 

CAS D 

A9 
RAS 

NC 
AS AO 
A7 A2 
A6 Vee 
A5 A5 
A4 A7 

20 Pin SOJ 
D 

WE 
liAS 

NC 
'A10 

AO 
A1 
A2 
A3 

Vee 

[ l' 
2 
3 
4 
S 

9 
10 
11 
12 
13 

26 b 
25 f.I 
24 ~ 
23 ~ 
22~ 

18 P 
17P 
16 p 
15 ~ 
14 

Vss 
a 
CAS 
NC 
A9 

AS 
A7 
A6 
AS 
A4 

*Address not used for "!lAS" ONLY refresh 
NOTE: Packaging information to be determined 

1 L;_ 
2 CAS 

3 <'"L 4 Vss 5 r_~ 
6 WE 7 '-;._ 8 A10* 9 '-;._ 

11 '-' 10 NC 
'- 12 A1 13 .:1 

'- 14 A3 15 ~ 

'- 16 A4 17 .... , 
.... ~- 18 A6 19 '- 20 A8 

Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memorycell data is retained in its cor
rect 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 ad
dresses (AO-A9) are executed at least every 16ms, regard
less of sequence. 

STATIC COLUMN operations allow faster data 
operations (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 i~ RAS followed by a column 
address strobed in by CAS. By holding RAS LOW, the 
column address may be toggled strobing in different col
umn addresses executing faster memory cycles. Returning 
RAS HIGH terminates the STATIC COLUMN operation. 

MT4Cl006 
REV. 7/89 1-123 Micron Technology, Inc. reserves the right to change products or specificatIOns without notice. 
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WE 

CAS 

AO 
A1 
A2 
AS 
A. 
As 
As 
A7 
AS 
Ag 
A10 

FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

1---00 

r;:::;::-:~I---oQ 
L---------------4-~ 

MEMORY 
ARRAY 

RAS 0------1 
~~~~----------~ 

-Vee 
-Vss 

TRUTH TABLE 

Addresses 

Function ~ ~ WE tR tC 

Standby H H H X X High Impedance 

READ L L H ROW COL Data Out 

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

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

STATIC COLUMN L L H ROW COL Valid Data Out, 
READ COL Valid Data Out 

STATIC COLUMN L L L ROW COL Valid Data In 
WRITE COL Valid Data In 

STATIC COLUMN L L H--+L--+H ROW COL Valid Data Out, 
READ-WRITE COL Valid Data In 

RAS ONLV L H H ROW n/a High Impedance 
REFRESH 

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

. CA&BEFORE, _ H:::+L L H X X High Impedance . 
RAS REFRESH 
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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) ................ -65°C to +150°C 
Storage Temperature (Plastic) ................... -55°C to +150°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C S; T A S; 70°C) 

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; 6.5V, II -10 10 IlA 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV S VOUT S 5.5V) loz -10 10 IlA 

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

(Notes: 1, 3, 4, 6, 7) (O°C S; T A S; 70°C; Vcc = 5.0V ± 10%) 
MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 UNITS NOTES 
OPERATING CURRENT 
Average power supply operating current Icc1 100 85 60 mA 3,4 
(RAS, CAS, Address Cycling: tRC = tRC(MIN)) 

STANDBY CURRENT (TTL) 
Power supply standby current (RAS = CAS = VIH) Icc2 3 2 2 mA 

RAS ONLY REFRESH CURRENT 
Average power supply current, RAS ONLY mode Icc3 100 85 60 mA 3 
(RAS Cycling, CAS=VIH: tRC = tRC(MIN)) 

STATIC COLUMN CURRENT 
Average power supply current Icc4 60 50 30 mA 3,4 
(RAS = VIL, CAS, Address Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT (CMOS) 
Power supply standby current (RAS = CAS = Vcc -0.2V) Iccs 1 1 1 mA 

CAS-BEFORE-RAS REFRESH CURRENT 
Average power supply current, CAS-BEFORE-RAS Mode Icc6 100 85 60 mA 3 
(RAS, CAS, Address Cycling: tRC = tRC(MIN)) 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-A10, 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) (O°C:5 T A :5 +70°C, Vcc = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE qcle time IRC 160 190 220 ns 
READ-MODIFY-WRITE cycle time IRWC 185 220 255 ns 
Access time from FIAS" IRAC 80 100 t20 ns 14 

Access time from CI\S ICAC 20 25 35 ns 15 
Access time from column address IAA 40 50 60 ns 
Access time from CAS precharge tePA 45 55 65 ns 
RAS pulse width IRAS 80 10000 100 10,000 120 10 000 ns 
FIAS" hold time IRSH 20 25 35 ns 
RAS precharge time IRP 70 80 90 ns 
CAS pulse width ,teAS 20 10 000 25 10,000 35 10,000 ns 
CAS hold time teSH 80 100 120 ns 
CAS precharge time ICPN 15 15 20 ns 16 

RAS to CAS' delay time IRCD 20 60 25 75 35 85 ns 17 

CAS to "RAS' precharge time ICRP 5 10 15 ns 
Row address set-up time IASR 0 0 0 ns 
Row address hold time IRAH 10 15 20 ns 
RAS" to column IRAD 15 40 20 50 25 60 ns 18 
address delay time 

Column address set-up time IASC 0 0 0 ns 

Column address hold time teAH 15 20 25 ns 

Column address hold time IAR 95 115 140 ns 
(referenced to RAS) 

Column address to IRAL 40 50 60 ns 
RAS lead time 

Read command set-up time IRCS 0 0 0 ns 

Read command hold time IRCH 0 0 0 ns 19 
(referenced to CI\S) 
Read command hold time IRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to outout in low-Z ICLZ 0 0 0 ns 

Output buffer turn-off delay IOFF 0 20 0 20 0 25 ns 20 
M cQffifIlam:\.set-liP time· IWGS·· 0 () ... {) ns 21 

Write command hold time IWCH 15 20 25 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (DoC::; T A::; +70°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time tWCR 60 75 90 ns 
(referenced to RAS) 

Write command pulse width twp 15 20 25 ns 

Write command to RAS lead time tRWL 25 30 35 ns 

Write command to CAS lead time tCWL 25 25 35 ns 

Data-in set-up time tDS 0 0 0 ns 22 

Data-in hold time tDH 15 20 25 ns 22 

Data-in hold time tDHR 60 75 90 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 80 100 120 ns 21 

Column address tAWD 40 50 100 ns 21 
to WE delay time 

CAS to WE delay time tCWD 20 25 35 ns 21 

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

Refresh Period (512 cycles) tREF 16 16 16 ms 

RAS to CAS PrecharQe time tRPC 0 0 0 ns 

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

CAS hold time tCHR 20 20 30 ns 5 
(CAS-BEFORE-RAS refresh) 

RAS pulse width (STATIC COLUMN) tRASC 80 100,000 100 100,000 120 100,000 ns 

CASprecharge time (STATIC COLUMN tcp 10 10 15 ns 

STATIC COLUMN MODE tsc 45 55 65 ns 
cycle time 

STATIC COLUMN READ-MODIFY- tSRMW 80 100 160 ns 
WRITE cycle time 

Last write to column address tLWAD 20 35 25 45 30 55 ns 
delay time 

Last write to column address tAHLW 75 95 115 ns 
hold time 

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

Output data enable from write tow - 20 - 25 - 30 ns 
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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 tN = 3V and Vee = 
SV. tN 

3. Ice is dependent on cycle rates. 
4. Ice 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 
t~mperature range (O°C-~ T A-~ 70°C) is assured. 

7. An initial pause of 100~s 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 16ms refresh 
requirement is exceeded. 

8. AC characteristics assume tT = 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 VI H) 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 < 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, 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 Eoint only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by tCAe. 

18. Operation within the tRAD (max) limit ensures that 
tReD (max) can be met. tRAD (max) is specified as a 
reference ~int only; if tRAD is greater than the 
specified RAD (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, tA WD 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 tRWD ~ 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 data out (at access 
time and until CAS goes back to VI H) is indetermi
nate. 

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. 
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READCVCLE 

tRC 

tRAS tRP 

RAS 
VIH -
VIL _ 

ICSH 

tRSH tRRH 

ICAP tACO teAs 

CAS 

ADDR 

Q ~gr -:----------opEN---------~~t~~~ji----OPEN----

EARL V-WRITE CVCLE 

tRAS tRP .I 
I I 

- 1 \ 
tcSH 

tRSH 

leRP tRCD teAs I 
=-.1 

tAR 

tRAO . tRAL 

ADDR ~t~ 

tASR tRAH ~ ~ 
~I I~ 
~ ROW lW& COLUMN 'W//////////////JI.. ROW 

tCWL II IRWl 

tWCR 

twcs . tWCH 

twp 

Y////////////// ////////////;?, W////////////// 
I I tOHR, 

~I ~ 
o ~:r ~~---V-A-liO-OA-T-A--
Q ~gr ~------------------OPEN-------------------

1-129 

I@ DON'T CARE 

~ ONDEFINED 

-C 

~ s: 



.. 
C 

~ 

PRELIMINARY 

1'411:::I=ION MT 4C1 006 

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

tCSH 

'I 
leRP teAs 

STATIC COLUMN READ CYCLE 

'RASC 

'SC 'SC 

ADDR COLUMN COLUMN 

'RAC 

Q ~g~:------~------------~~~~~~~ 
tCLZ-. 
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STATIC COLUMN EARLY-WRITE CYCLE 

ADDR 

D 

Q 

ADDR 

VtH
v IL -t./.Ll.L£.,u.L<CLilCL.ULLLLJ "---"=--" 

~gt-----------OPEN ----------------

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

tRASC 

tASC_ I 
~---,--------+--,j--; I CWD I I 'LWAD 

CAS ~:r= I 'Rcsl-1

1 

If'-'-AW-D ~-'--I ---'-I-'A-WD-'-----1 
lRWD I twp ---

WE ~:r= 'I 'I -I 1 I---'-"-~-
I 'RCD 1 I~II~ 

~:r-W///////j/////$///)/j~//////////~///"//////"m;0 

I 1 I :~:C I I 'AJwor I ::: I ' 
___ ~===='=RA=C~==~I ~~~'A~LW~~I~,~~~~~~~~~~~O~f~F--Q ~gt: I VALID DATA VALID DATA 

tcLZ_! _ 
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RAS ONLY REFRESH CYCLE 
(ADDR = AO - Ag; A10 and WE = DON'T CARE.) 

RAS 

, 
:1 , 'RAS 'RP 

'1' J 

'CRP , ,'RPC,., 1 • 
CAS :--' '------I 

'ASR 
I , . 'RAH 

I 

AD DR 

Q ~gt ----------------OPEN---------------

'RP 

RAS VIH -
VIL -

CAS 
VIH -
VIL -
d~ 

Q 
VOH 
VOL 

RAS VIH-
VIL_ 

'CRP 

CAS 
VIH-
VIL_ 

ADDR 

CAS'-BEFORE-'RAS' REFRESH CYCLE 
(Ao - A10 and WE = DON'T CARE) 

'RAS 'RAS 

'CHR r=t:= 
OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH)23 

(READ) (REFRESH) 

'RAS 'RAS 

'RCD 'RSH 'CHR 

'AR 

VALID DATA OPEN-Q ~gt -------OPEN------«YJ~ 
~-----------~ 
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DRAM MODULE PRODUCT SELECTION GUIDE 
Memory Optional Power Dissipation Package 
Configuration Access Cycle Pari Number Access Time (ns) Standby Active SIP SIMM ZIP Process Page 

64Kx 8 Page Mode MT8068M,MN 100,120,150 45mw 450mw 30 30 NMOS 2-3 I 

64Kx 9 Page Mode MT9068M,MN 100,120,150 45mw 450mw 30 30 NMOS 2-13 

256K x 4 Page Mode (low profile) MT4259M,MN 80,100,120,150 60mw 600mw 30 30 NMOS 2-23 

256K x 5 Page Mode (low profile) MT85259M,MN 80,100,120,150 75mw 750mw 30 30 NMOS 2-33 

256K x 8 Page Mode (low profile) MT8259DMN 80,100,120,150 135mw 1350mw 30 30 NMOS 2-43 

256K x 8 Fast Page Mode (512 cycle/8ms) MT8C8256M,MN 80,100,120 120mw 1200mw 30 30 CMOS 2-53 

256K x 8 Page Mode MT8259M,MN 80,100,120,150 120mw 1200mw 30 30 NMOS 2-63 

256K x 9 Page Mode (low profile) MT9259DMN 80,100,120,150 135mw 1350mw 30 30 NMOS 2-73 

256K x 9 Page Mode (512 cycle/8ms) MT8C9256M,MN 80,100,120 135mw 1350mw 30 30 CINMOS 2-83 

256K x 9 Page Mode MT9259M,MN 80,100,120,150 135mw 1350mw 30 30 NMOS 2-93 

N 
N 

256K x 36 Page Mode (512 cycle/8ms) MT8C36256M ,ZN 80,100,120 100mw 2000mw 72 72 C/NMOS 2-103 

512K x 36 Page Mode (512 cycle/8ms) MT8C36512DM,DZN 80,100,120 100mw 2000mw 72 72 CINMOS 2-113 

lMEG x 8 Fast Page Mode MT8C8024M,MN 80,100,120,150 40mw 1400mw 30 30 CMOS 2-123 

lMEG x 8 Fast Page Mode (low profile) MT8C8024DMN 80,100,120 40mw 1400mw 30 30 CMOS 2-133 

lMEG x 8 Nibble Mode MT8C8025M,MN 80,100,120 45mw 1575mw 30 30 CMOS 2-143 

lMEG x 8 Static Column MT8C8026M,MN 80,100,120 45mw 1575mw 30 30 CMOS 2-153 

lMEG x 9 Fast Page Mode MT8C9024M,MN 80,100,120 45mw 1575mw 30 30 CMOS 2-163 

lMEG x 9 Fast Page Mode (low profile) MT8C9024DMN 80,100,120 45mw 1575mw 30 30 CMOS 2-173 

lMEG x 9 Nibble Mode MT8C9025M,MN 80,100,120 45mw 1575mw 30 30 CMOS 2-183 

lMEG x 9 Static Column MT8C9026M,MN 80,100,120 45mw 1575mw 30 30 CMOS 2-193 

I DRAM MODULE 
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DRAM 
MODULE 
FEATURES 
• Industry standard pin-out in a 30-pin single-in-line 

memory module 
• Single 5V±10% power supply 
• All inputs, outputs and clocks are fully TIL 

compatible 
• Low power, 45mW standby; 450mW active, typical 
• On-board power supply decoupling capacitors 

(O.2~f) for low noise 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 256 cycle refresh distributed across 4ms 
• Optional Page Mode access cycle 

OPTIONS MARKING 
• Timing 

80ns access 
lOOns access 
120ns access 
150ns access 

• Packages: 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

GENERAL DESCRIPTION 

- 8 
-10 
-12 
-15 

M 
MN 

The MT8068M/MN is a randomly accessed solid-state 
memory containing 65,536 words organized in a x8 con
figuration. The 14 address bits are entered 7 bits at a time 
using RAS to latch the first 7 bits and CAS the latter 7 bits. 
If the WE pin goes LOW prior to CAS going LOW, the 
output pin remains open until the next CAS cycle. 

By holding RAS LOW, CAS may be toggled to execute 
several faster READ or WRITE cycles within the RAS 
address defined page boundary. Returning RAS HIGH ter-

MT8068 
REV. 7/89 2-3 

64Kx8 DRAM 

PIN ASSIGNMENT (Top View) 

30 PIN SIMM 30 PIN SIP 
(MJ) (Me) 

Vee 1 
CAS 2 

Vee 1 D01 3 
CAS 2 AO 4 
D01 3 A1 5 AO 4 

A1 5 D02 6 
D02 6 A2 7 

A2 7 A3 8 
A3 8 Vss 9 

Vss 9 D03 10 
003 10 A4 11 

A4 11 A5 12 s:: A5 12 i: D04 13 ;f D04 13 
A6 14 -I A6 14 

CO A7 0 A7 15 0 
15 

0') 
D05 16 0') D05 16 CO 

NC 17 CO NC 17 s:: NC 18 !5: NC 18 
NC 19 NC 19 Z 

D06 20 D06 20 
W 21 W 21 

Vss 22 
Vss 22 D07 23 

NC 24 D07 23 
D08 25 NC 24 
·09 26 D08 25 

!'lAS 27 NC 26 
·CAS9 28 RAS 27 

·D9 29 NC 28 
Vee 30 NC 29 

Vee 30 

minates 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 4 ms (regard
less of sequence). Micron recommends evenly spaced re
fresh cycles for maximum data integrity. 

Micron Technology, Inc. reserves the right to change products or specificatIOns wrthout notice. 
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I'IIIC:RON MT8068 

TRUTH TABLE 

Function 

Standby 

READ 

WRITE 
(EARLY-WRITE) 

PAGE-MODE 
READ 

PAGE-MODE 
WRITE 

RAS ONLY 
REFRESH 

HIDDEN 
REFRESH 

CAS-BEFORE-
RASREFRESH 

FUNCTIONAL BLOCK DIAGRAM 

mrn----------------~ 
~----------------~ 

W ---------------, 

U1, U2 = MT4067EJ 

AD-A? 

mrn 
H----I"CAS 

t-t-+--""'IW 
rt-++----I N U1 

D01-D04 

D05-D08 

v~------------4-------~~~ 
v~------------~----------~ 

Addresses 
~ ~ WE 

tR tC 

H H H X X High Impedance 

L L H ROW COL Data Out 

L L L ROW COL Data In 

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

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

L H H ROW n/a High Impedance 

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

H-+L L H X X High Impedance 

2-4 

NOTES 
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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 ........................................................ 8 Watt 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(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 0.8 V 1 

INPUT LEAKAGE 
Input leakage current, any input (OV :::; VIN :::; Vcc), II -80 80 /lA 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (0 is disabled, loz -80 80 /lA 
OV :::; VOUT :::; Vcc) 

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

MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 -15 UNITS NOTES 

STANDBY CURRENT: TTL input levels ICCl 15 15 15 15 mA 
(RAS = CAS = VIH after 8 RAS cycles) 

OPERATING CURRENT Icc2 195 165 165 135 rnA 2 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: PAGE MODE Icc3 195 165 165 135 mA 2 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

REFRESH CURRENT: RAS ONLY Icc4 165 120 120 105 mA 2 
(RAS = Cycling: CAS = VIH: tRC = tRC(MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc5 195 165 165 135 mA 2,19 
(RAS and CAS = cycling, tRC = tRC(MIN)) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-A7 Cll 15 pF 18 

Input Capacitance: RAS, CAS, WE CI2 24 pF 18 

Input/Output Capacitance: DO CIO 7 pF 18 

2-5 
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I'IIIC:I=ION MT8068 

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

A.C. CHARACTERISTICS -8 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cycle time tRc 150 190 220 260 ns 6 7 
READ-MODIFY-WRITE cycle time tRwc 200 250 295 345 ns 

PAGE-MODE cycle time tpc 75 90 100 120 ns 6 7 
Access time from RAS tRAC 80 100 120 150 ns 7 8 

Access time from CAS tcAC 40 50 60 75 ns 7 9 
Output Enable tOE 25 25 30 40 ns 
RAS· Dulse width tRAS 80 10000 100 10000 120 10000 150 10000 ns 
RAS hold time tRSH 40 50 60 75 ns 
RAS precharae time tRP 60 80 90 100 ns 
CAS Dulse width tCAS 40 10 000 50 10000 60 10000 75 10000 ns 
CAS hold time tCSH 80 100 120 150 ns 
CAS Drecharae time tCPN 20 25 25 30 ns 19 
CAS precharae time (PAGE-MODEl tcp 25 30 30 35 ns 
RAS to CAS delay time tRCD 20 40 25 50 25 60 25 75 ns 13 

CAS to RAS set-uD time tCRP 10 15 20 20 ns 
Row address set-up time tASR 0 0 0 0 ns 
Row address hold time tRAH 15 15 15 15 ns 

Column address set-up time tASC 0 0 0 0 ns 
Column address hold time tCAH 15 20 20 25 ns 
Column address hold time tAR 50 70 80 100 ns 
referenced to RAS 

READ command set-uD time tRCS 0 0 0 0 ns 

READ command hold time tRCH 0 0 0 0 ns 14 
referenced to CAS 

READ command hold time tRRH 0 0 0 0 ns 
referenced to RAS 

Output buffer turn-off delay tOFF 0 25 0 30 0 30 0 35 ns 12 
Output Disable tao 25 30 30 35 ns 
WE command set-up time twcs 0 0 0 0 ns 16 
WRITE command hold time tWCH 15 35 40 45 ns 

WRITE command hold time tWCR 35 85 100 120 ns 
referenced to RAS 

WRITE command Dulse width twp 15 35 40 45 ns 

WRITE command to RAS lead time tRWL 35 35 40 45 ns 
WRITE command to CAS lead time tCWL 35 35 40 45 ns 
Data-in set-up time tDS 0 0 0 0 ns 15 
Data-in hold time tDH 15 35 40 45 ns 15 
Data-in hold time reference to RAS tDHR 35 60 65 70 ns 

CAS to WE delay tCWD 50 70 90 110 ns 16 
RAS to WE delay tRWD 90 120 150 185 ns 16 
Transition time (rise or falll tT 3 100 3 100 3 100 3 100 ns 5 17 
Refresh Period (256 cycles) tREF 4 4 4 4 ms 22 
CAS hold time tCHR 15 20 25 30 ns 21 
(CAS-BEFORE-RAS refresh) 

CAS set-up time tCSR 10 15 20 20 ns 21 
(CAS-BEFORE-RAS) refresh 

RAS to CAS precharge time tRPC 0 0 0 0 ns 21 

2-6 
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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~ 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 4ms refresh require
ment 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 ~ 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. 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) canbe met. IRCD (max) is specified as a 
reference fr0int only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by ICAe. 

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

2-7 

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, 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 an open circuit throughout the entire cycle. If 
tCWD ;:: tCWD (min) and IRWD;:: 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 to VI H) is inde
terminate. 

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. Capacitance calculated from the equation C = IAt 
!J.V 

with!J.V = 3V and Vee = 5V. This parameter is 
sampled. 

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 ICp. 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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I'IIIC:I=ION MT8068 

RAS 

CAS 

ADDR 

WE 

DO 

CAS 

ADOR 

READ CYCLE 

VIH -
VIL _ 

ICSH 

'ASH 

ICRP 

VIH -
VIL -

VIH -
VIL _ ROW 

VtH -
VIL _ 

VIOH -
VIOL OPEN ---------------------t~~~~}_------OPEN-------

I. tOE .1 

~i~ -W/;J////$///;J JlJIJ//////$//J/J$JlJ/// $ffil' 

EARLY-WRITE CYCLE 

tCSH 

'CAP tRCD tCAS 

VIH -
VIL _ 

!ASR tRAH 

VIH 
VIL ROW 

.---------------------------------HIGH---------------------------------

2-8 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tCSH 

COLUMN ROW 

lACS .1 

DQ ~:g~ ---------OPEN---------:--:p~~~~~~~j----OPEN ---

OE ~:t :1///ff#,1'##ff###$$#Iffi'$$$/$/Al~ 
PAGE-MODE READ CYCLE 

2-9 

~ DON'T CARE 

!888 UNDEFINED 

-C 
:rJ 
l> 
s: 
s: 
o 
c 
c: 
r 
m 



-C 
:D 
l> s: 
s: 
o 
c 
c: 
r
m 

I'IIIC:I=ION MT8068 

PAGE-MODE EARLY-WRITE CYCLE 

ADDR ~:~ 

DO ~:g~ -:.u.:.t..LL:.t..LL:LLI.:LLI.:LLI.:LLI..LLJ"-______ .Jr\L/.L"' _______ Ir'oU<LJ'-______ .Jr'(.L/.LLLLL/.LL/.LL/.LL/.Lr..L< 

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

2-10 
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IVIIC:RON MT8068 

, 

I' 
'CRP , 

CAS ~:~ _ ~ 

RAS ONLY REFRESH CYCLE 
(ADDR = Ao - A7; WE = DON'T CARE.) 

'RAS . 
'1 

, 

.'RPC·_I 

'RP 

'----I 

: 1 

I 

'ASR 'RAH .. . . . 
ADDR ~:~ ::_,----RO-W ----,b$$$///§$//////$$/$////$&~-RO-W --

DQ ~g~ ---------------OPEN--------------

'RP 

RAS ~:~_ .---./ 

~ 
'CPN 'CSR --I--='-'-

CAS-BEFORE-RAS REFRESH CYCLE 
(Ao - A7' WE, OE = DON'T CARE.) 

'RAS I, 'RP • II. 'RAS 

1 ~ 
'CHR 

I~·~ 
'RPC ~ 

,I 

\ 

~ 

DQ ~g~ -'----------------OPEN-------------

ADDR 

, 

~ , 
'RCD 

J 

HIDDEN REFRESH CYCLE 
(WE = HIGH)22 

(READ) 
, S RA RP 

'II I 
Vt "Ii 

'RSH . . , . 

(REFRESH) 
'R S A 

'CHR 

'1 
r 'AR 

I~ tRAH ~II~ 
Ir---"~'~'"'~ 

1_.-----~I~'R=Ac~-_1 I 
I 'CAC 

.. --- -tOFF 

DQ ~:g~ ::----- QPEN-------r-----VAVA:wLlD;CD;;\,AT~A -----)r-OPEN-

'QE 

DE ~:~ $///;/;//j'/M&JI##$////////d-

2-11 
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DRAM 
MODULE 
FEATURES 
• Industry standard pin-out in a 30-pin single-in-line 

memory module 
• Single 5V±10% power supply 
• All inputs, outputs and clocks are fully TTL 

compatible 
• Low power, 45mW standby; 450mW active, typical 
• On-board power supply decoupling capacitors 

(O.2flf) for low noise 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 256 cycle refresh distributed across 4ms 
• Optional Page Mode access cycle 

OPTIONS MARKING 
• Timing 

80ns access 
lOOns access 
120ns access 
150ns access 

• Packages: 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

GENERAL DESCRIPTION 

- 8 
-10 
-12 
-15 

M 
MN 

The MT9068M/MN is a randomly accessed solid-state 
memory containing 65,536 words organized in a x9 con
figuration. The 16 address bits are entered 8 bits at a time 
using RAS 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. 

By holding RAS LOW, CAS may be toggled to execute 
several faster READ or WRITE cycles within the RAS 
address defined page boundary. Returning RAS HIGH ter-

MT9068 
REV_ 6/89 2-13 

64Kx9 DRAM 

PIN ASSIGNMENT (Top View) 

30 PIN SIMM 30 PIN SIP 
(MJ) (Me) 

Vee 1 
CAS 2 

Vee 1 D01 3 
CAS 2 
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 

A4 11 
AS 12 s:: A5 12 :s: 

D04 13 D04 13 -I 
A6 14 -I A6 14 CO 
A7 15 CO A7 15 0 0 

DOS 16 en D05 16 en 
NC 17 CO NC 17 CO 
NC 18 s:: NC 18 :s: 
NC 19 NC 19 Z 

D06 20 
W 21 D06 20 

Vss 22 W 21 
D07 23 Vss 22 

NC 24 D07 23 
D08 25 NC 24 

09 26 D08 25 
RAS 27 

CAS9 28 09 26 
D9 29 RAS 27 

Vee 30 CAS9 28 
D9 29 

Vee 30 

minates 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 4 ms (regard
less of sequence). Micron recommends evenly spaced re
fresh cycles for maximum data integrity. 

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

Function 

Standby 

READ 

WRITE 
(EARLY-WRITE) 

PAGE-MODE 
READ 

PAGE-MODE 
WRITE 

RAS ONLY 
REFRESH 

HIDDEN 
REFRESH 

CAS-BEFORE-
RASREFRESH 

FUNCTIONAL BLOCK DIAGRAM 

~--------------, 
~------------~ 

w ----------~ 

AO·A? 

U1, U2 = MT 4067EJ 
U3 = MT1259EJ 

CAS9 -----------+-+----+----1 
D9 -----------+-----+----1 
v~----------+---_r--~ 

v~----------~--~~--~ 

Addresses 
~ ~ M 

tR tC 

H H H X X 

L L H ROW COL 

L L L ROW COL 

L H-+L -+H, H ROW COL 
H-+L -+H 

L H-+L -+H, L ROW COL 
H-+L -+H 

L H H ROW n/a 

L -+H-+L L H ROW COL 

H-+L L H X X 

2-14 

DQ1·DQ4 

DQ5-00a 

09 

High Impedance 

Data Out 

Data In 

Valid Data Out, 
Valid Data Out 

Valid Data In, 
Valid Data In 

High Impedance 

Valid Data Out 

High Impedance 

NOTES 
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ABSOLUTE MAUMUM RATINGS* 
Voltage on Vee supp¥ relative to Vss .......... -1.0V to +7.0V 
Operating Temperattre, TA(Ambient) .......... O°C to +70°C 
Storage Temperature .................................. -55°C to +150°C 
Power Dissipation ....................................................... 9 Watt 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under U Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C :0; T A :0; 70°C; Vcr; = 5.0V ±10%) 

PARAMETER/CONDIlON SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 11 Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

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

INPUT LEAKAGE 
Input leakage curr61t, any input (OV :0; VIN :0; Vcc), " -90 90 ~A 
all other pi ns not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage cunent (0 is disabled, loz -90 90 ~A 
OV :0; VOUT :0; Vcc) 

OUTPUT LEVELS 
Output High (Logic1) voltage (lOUT = -SmA) VOH 2.4 V 1 
Output Low (Logic 0) voltage (lOUT = SmA) VOL 0.4 V 

MAX 

PARAMETER/CONDIlON SYMBOL -8 -10 ·12 ·15 UNITS NOTES 

STANDBY CURR8\JT: TTL input levels Icc1 15 15 15 15 mA 
(RAS = CAS = VIH after 8 RAS cycles) 

OPERATING CURRENT Icc2 195 165 165 135 mA 2 
(RAS and CAS = Cycling: tRe = tRC(MIN)) 

OPERATING CURRENT: PAGE MODE Icc3 195 165 165 135 mA 2 
(RAS = VIL, CAS =Cycling: tpc = tpC(MIN)) 

REFRESH CURRENT: RAS ONLY Icc4 165 120 120 105 mA 2 
(RAS = Cycling: CAS = VIH: tRC = tRC(MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc5 195 165 165 135 mA 2,19 
(RAS and CAS = qcling, tRC = tRC(MIN)) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance:D CI1 7 pF 18 

Input Capacitance:Ao-A7 CI2 15 pF 18 

Input Capacitance:RAS, CAS, WE CI3 24 pF 18 

Output Capacitancl: 0 CO2 7 pF 18 

Input/Output Capacitance: DO C01 7 pF 18 

2-15 
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IYIIC:I=ION MT9068 

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

A.C. CHARACTERISTICS -8 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cy~le lime tRc 150 190 220 260 ns 67 
READ-MODIFY-WRITE cycle lime tRwc 180 220 255 295 ns 

PAGE-MODE cycle lime tpc 75 90 100 120 ns 6 7 

Access lime from RAS tRAC 80 100 120 150 ns 7 8 

Access lime from CAS tCAC 40 50 60 75 ns 7 9 

RAS pulse widlh tRAS 80 10 000 100 10000 120 10000 150 10000 ns 

RAS hold lime tRSH 40 50 60 75 ns 

RAS' precharae lime tRP 60 80 90 100 ns 

C"AS pulse width tl"A c... 40 "'n nnn 50 10000 60 10000 75 10 000 ns "'f"\'-' IV vuv 

CAS hold time tCSH 80 100 120 150 ns 

CAS precharQe lime tCPN 20 25 25 30 ns 19 

CAS precharae lime (PAGE-MODE) tcp 25 30 30 35 ns 

RAS 10 CAS delav lime tRCD 20 40 25 50 25 60 25 75 ns 13 

CAS 10 RAS sel-up lime tCRP 10 15 20 20 ns 

Row address sel-up lime tASR 0 0 0 0 ns 

Row address hold lime tRAH 15 15 15 15 ns 

Column address sel-up lime tASC 0 0 0 0 ns 

Column address hold lime tCAH 15 20 20 25 ns 

Column address hold lime tAR 50 70 80 100 ns 
referenced 10 RAS 

READ command set-up lime tRCS 0 0 0 0 ns 

READ command hold lime tRCH 0 0 0 0 ns 14 
referenced 10 CAS 

READ command hold lime tRRH 0 0 0 0 ns 

referenced 10 RAS 

Oulput buffer lurn-off delay taFF 0 25 0 30 0 30 0 35 ns 12 

WE command sel-uQtime twcs 0 0 0 0 ns 16 

WRITE command hold lime tWCH 15 35 40 45 ns 

WRITE command hold lime tWCR 35 85 100 120 ns 
referenced 10 RAS 

WRITE command pulse widlh twp 15 35 40 45 ns 

WRITE command 10 RAS lead lime tRWL 35 35 40 45 ns 

WRITE command 10 CAS lead lime tCWL 35 35 40 45 ns 

Dala-in sel-up lime tDS 0 0 0 0 ns 15 

Dala-in hold lime tDH 15 35 40 45 ns 15 

Dala-in hold lime tDHR 35 85 100 120 ns 
referenced 10 RAS 

CAS 10 WE delay tCWD 30 40 50 60 ns 16 

RAS 10 WE delay tRWD 70 90 110 135 ns 16 

Transilion lime (rise or fall) tT 3 100 3 100 3 100 3 100 ns 5 17 

Refresh Period (256 cycles) tREF 4 4 4 4 ms 21 

CAS hold lime tCHR 15 20 25 30 ns 20 
(CAS-before-RAS refresh) 

CAS set-up lime tCSR 10 15 20 20 ns 20 
(CAS-BEFORE-RAS) refresh 

RASIO CAS precharge time tRPc (j I () ... 0 0 ns 20 
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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 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 4ms refresh require
ment is exceeded. 

4. AC characteristics assume tT = 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 < tRCD (max). H 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. H 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 
tRAC (max) can be met. tRCD (max) is specified as a 
reference Fr0int only; if ~CD is greater than the 
specified RCD (max) limit, then access time is con-

2-17 

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 in early WRITE cycles and to the 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 an 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 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. Capacitance calculated from the equation C = 1M 
tN 

with tN = 3V and Vee = 5V. This parameter is 
sampled. 

19.1£ CAS is LOW at the falling e<l.ge 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. 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. 
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READ CYCLE 
I C R . 

'I 'RAS , 'RP . 
1 
~ -

'CSH , 
'RSH tRRH . , 

'CRP . 'RCo , 'CAS 

I 
=~ 

'AR . 'ASR , 'RAH I~ ~ ,.,.,..,.,...,1 1 

~. ROW COLUMN W;/////////~ ROW 
,-

AooR 

~:r -fI!JI@,I!I!I!~,W __ II;j_W;j_W;j_0 ___ I.~ICA~C _I 
~ 'MC : '" 

Q ~gr -'----------opEN------------<- VALID :-~>-----OPEN ----

EARLY-WRITE CYCLE 
'RC 

'RAS 

RAs V,H -
V,L _ 

'CSH 

'RSH 

'CRP tReD 'CAS 

CAs V,H -
V,L _ 

'ASR tRAH 

AoDR V,H 
V,L ROW ROW 

tRWL 

'WCR 

'WCS 'WCH 

IWp 

WE V,H -
V,L 

tOHR 

~lo_S_,I __ ,oH_:1~ 
VALID DATA _ 

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

2-18 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RWC 
'RAS . 'RP ,I 

1 

, ICSH 
'I 'RSH 

'CRP , 'RCD , . 'CAS , 
1 

J ~ I: 'RAH 
'AR , 

I , tASR , , ~I I~ 
ADDR ~:t ___ RO,--w ~_~--,-CO-.LUMN~b/§§§/§//§$§§//#/X~RO_W_ 

'RWD 1 1 ICWL 1 I 
IRCS, 1 I' ICWD 

WE ~:t I I 'DS 'DH 

o ~:r -Z1$/$/$§1W/$'/§§§$/§§§////f$~OO'" \w$Itf$&$$////§,0 

1_ 1::1 ~I 
Q ~gt-~-------OPEN '. VALID DATA }---OPEN--

PAGE-MODE READ CYCLE 

1 __ -----------~tR~AS~-----------~~ 

tCSH 

~I-----"""+-~ tcp 'CAS tcp 

ADDA 

WE 

tRAC • 

I~ 
DO ~:gt -'------OPEN-------l" 
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PAGE·MODE EARLY·WRITE CYCLE 

IRAS 

RAS 
VIH -
V,L 

tCSH , I - tpc 'RSH 

C 
CAS 

:D 
l> ADDR 

:s: 
:s: ViH WE 

0 
V,L 

C ~ c: DQ VIOH 
VALID DATA VALID DATA VIOL .... 

m DE V,H OPEN 
V,L 
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'FDrn' ONLY REFRESH CYCLE 
(ADDR = AO - A7; AS and WE = DON'T CARE.) 

'RAS 'RP I 

! I 
11 

'CRP ~I I 
CAS ~i~-:---.! "---I 

'ASR I. tRAH . , . 
ADDR ~i~ _,-----RO-W --kJ$$$$/$/$///$/#ff$##/$;(r---RO-W --

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

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

- VIH-
CAS VIL -....L.L.""-_-"-____ --LUL<:.LLLt..L.U<----''--_____________ -L-__ 

Q ~gr :'----------------OPEN---------------

RAS 

CAS 

ADDR 

Q 

VIH-
VIL_ 

'cRP 

VIH-
VIL_ 

VIH 
VIL 

HIDDEN REFRESH CYCLE 
(WE = HIGH)21 

(READ) 

'RAS 

(REFRESH) 

'RAS 

VOH-
VOL ------OPENI-------~ VALID DATA 
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I'4IC:RCN MT4259 

DRAM 
MODULE 
FEATURES 
• Industry standard pin-out in a 22-pin single-in-line 

memory module 
• Low profile 
• Single 5V±10% power supply 
• All inputs, outputs and clocks are fully TTL 

compatible 
• Low power, 60m W standby; 600m W active, typical 
• On-board power supply decoupling capacitors 

(O.2).!f) for low noise 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 256 cycle refresh distributed across 4ms 
• Optional Page Mode access cycle 

OPTIONS MARKING 
• Timing 

80ns access 
100ns access 
120ns access 
150ns access 

• Packages: 
Leaded 22-pin SIP 

GENERAL DESCRIPTION 

- 8 
-10 
-12 
-15 

MN 

The MT4259MN is a randomly accessed solid-state 
memory containing 262,144 words organized in a x4 con
figuration. The 16 address bits are entered 8 bits at a time 
using RAS 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. 

By holding RAS LOW, CAS may be toggled to execute 
several faster READ or WRITE cycles within the RAS 
address defined page boundary. Returning RAS HIGH ter-

MT4259 
REV, 7.'89 2-23 

256Kx4 DRAM 
LOW PROFILE 

PIN ASSIGNMENT (Top View) 

A8 
Vee 
01 
01 

CAS 
A7 
A5 
A4 
02 
02 
W 

A1 
A3 
A6 
03 
03 
A2 
AO 

RAS 
04 
04 

Vss 

22 PIN SIP 
(MA) 

1 
2 
3 
4 
5 
6 

~ s: 
9 -I 
10 ~ I\) 
11 U1 
12 CD 
13 s: 
14 Z 
15 
16 
17 
18 
19 
20 
21 
22 

minates 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 4 ms (regard
less of sequence). Micron recommends evenly spaced re
fresh cycles for maximum data integrity. 

Micron Technology, Inc. reserves the right to change products or speciiications without notiCe 
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IVIIC:RCN MT4259 

TRUTH TABLE 

Function 

Standby 

READ 

WRITE 
(EARL V-WRITE) 

PAGE-MODE 
READ 

PAGE-MODE 
WRITE 

RAS ONLV 
REFRESH 

HIDDEN 
REFRESH 

CAS-BEFORE-
RAS REFRESH 

FUNCTIONAL BLOCK DIAGRAM 

U1 - U4 = MT1259EJ 

mrn CAS' 

H H 

L L 

L L 

L H~L~H, 

H~L~H 

L H~L~H, 

H~L~H 

L H 

L~H~L L 

H~L L 

AO-AS 

1'IAS 
0;;; 

w 

01 

02 

03 

0;;; U4 
'------IW 

04------1 

Vee Vss 

v~ -------' 

v" --------' 

Addresses 
WE 

tR tC 

H X X 

H ROW COL 

L ROW COL 

H ROW COL 

L ROW COL 

H ROW n/a 

H ROW COL 

H X X 

2-24 

01 

02 

03 

04 

High Impedance 

Data Out 

Data In 

Valid Data Out, 
Valid Data Out 

Valid Data In, 
Valid Data In 

High Impedance 

Valid Data Out 

High Impedance 

NOTES 
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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 .................................. -55°C to +150°C 
Power Dissipation ........................................................ 4 Watt 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(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 0.8 V 1 

INPUT LEAKAGE 
Input leakage current, any input (OV ~ VIN ~ Vcc), II -40 40 itA 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (0 is disabled, loz -40 40 itA 
OV ~ VOUT ~ Vee) 

OUTPUT LEVELS 
Output High (Logic 1) voltage (lOUT = -SmA) VOH 2.4 V 1 
Output Low (Logic 0) voltage (lOUT = SmA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 -15 UNITS NOTES 

STANDBY CURRENT: TTL input levels Icc1 20 20 20 20 mA 
(RAS = CAS = VIH after 8 RAS cycles) 

OPERATING CURRENT ICC2 260 220 220 180 mA 2 
(RAS and CAS = Cycling: tRe = tRC(MIN)) 

OPERATING CURRENT: PAGE MODE Icc3 260 220 220 180 mA 2 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

REFRESH CURRENT: RAS ONLY Icc4 220 160 160 140 mA 2 
(RAS = Cycling: CAS = VIH: tRe = tRC(MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc5 260 220 220 180 mA 2,19 
(RAS and CAS = cycling, tRC = tRC(MIN)) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-As CI1 20 pF 18 

Input Capacitance: RAS, CAS, WE CI2 32 pF 18 

Input Capacitance: D CI3 7 pF 18 

Output Capacitance: 0 Co 7 pF 18 
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1'41C::I=ION MT 4259 

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,OV ±1 0%) 

A.C. CHARACTERISTICS -8 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cycle time tRc 150 190 220 260 ns 6 7 

READ-MODIFY-WRITE cycle time tRwc 180 220 255 295 ns 

PAGE-MODE cvcle time tpc 75 90 100 120 ns 6 7 

Access time from RAS tRAC 80 100 120 150 ns 7 8 

Access time from CAS tCAC 40 50 60 75 ns 79 

RAS pulse width tRAS 80 10000 100 10000 120 10000 150 10000 ns 

RAS hold time tRSH 40 50 60 75 ns 

RAS precharae time tRP 60 80 90 100 ns 

Ci\S" pulse width tCAS 40 10000 50 10000 60 10 000 75 10000 ns 

CAS hold time tCSH 80 100 120 150 ns .. -
CAS precharge time tCPN 20 25 25 30 ns 19 

CAS precharqe time (PAGE-MODE) tcp 25 30 30 35 ns 

RAS to CAS delay time tRCD 20 40 25 50 25 60 25 75 ns 13 

CAS to RAS set-up time tCRP 10 15 20 20 ns 

Row address set-up time tASR 0 0 0 0 ns 

Row address hold time tRAH 15 15 15 15 ns 

Column address set-up time tASC 0 0 0 0 ns 

Column address hold time tCAH 15 20 20 25 ns 

Column address hold time tAR 50 70 80 100 ns 
referenced to RAS 
READ command set-up time tRCS 0 0 0 0 ns 

READ command hold time tRCH 0 0 0 0 ns 14 
referenced to CAS 
READ command hold time tRRH 0 0 0 0 ns 

referenced to RAS 

Output buffer turn-off delay tOFF 0 25 0 30 0 30 0 35 ns 12 

WE command set-up time twcs 0 0 0 0 ns 16 

WRITE command hold time tWCH 15 35 40 45 ns 

WRITE command hold time tWCR 35 85 100 120 ns 
referenced to RAS 

WRITE command pulse width twp 15 35 40 45 ns 

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

WRITE command to CAS lead time tCWL 35 35 40 45 ns 

Data-in set-up time tDS 0 0 0 0 ns 15 
Data-in hold time tDH 15 35 40 45 ns 15 

Data-in hold time tDHR 35 85 100 120 ns 
referenced to RAS 

CAS to WE delav tCWD 30 40 50 60 ns 16 

RAS to WE delay tRWD 70 90 110 135 ns 16 

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

Refresh Period (256 cycles) tREF 4 4 4 4 ms 21 

CAS hold time tCHR 15 20 25 30 ns 20 
(CAS-before-RAS refresh) 

CAS set-up time tCSR 10 15 20 20 ns 20 
(CAS-BEFORE-RAS) refresh 

RASto CAS prechargelime 
... 

tRPc 0 0 0 0 ns 20 
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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 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 4ms refresh require
ment is exceeded. 

4. AC characteristics assume tT = 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 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 = 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. IRCD (max) is specified as a 
reference fr0int only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con-
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trolled 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 to the WE leading 
edge in late WRITE or READ-MODIFY-WRITE 
cycles. 

16. IWCS, 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 an open circuit throughout the entire cycle. If 
ICWD ~ ICWD (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 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 VI H) in a monotonic manner. 

18. Capacitance calculated from the equation C = M.t 
AV 

with AV = 3V and Vee = 5V. This parameter is 
sampled. 

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. 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. 
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fUl1C:RON MT4259 

READCVCLE 

tRAS tRP I 
I 
1 - . tCSH . 

tRSH tRRH 

tCRP tRCD tCAS 

I 
CAs VIH 

VIL =-' 
V 

tAR 

ADDR 
VIH 
VIL 

tASR ~I ~ tCAH 

~I ~ 

WII/lilio ~ ROW 'NVVVVV//l COLUMN 'II' ROW - tRCS tRCH 

I 
WE 

VIH 
VIL =WIIIIIIIIIIIIIIIIIIIIIIIIIIIII/ Vlllllllllllllllllilit 

I. tCAC : tRAC tOFF 

Q ~8t' -'------------opEN-----------~! .~'";af-----OPEN----
EARL V-WRITE CVCLE 

RAS 
VIH -
VIL 

'CSH 

'CRP 

CAS 

ADDR VIH 
V1L 

Q ~g~='---------------------OPEN-------------------
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RAS 

CAS 

AOOR 

WE 

0 

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

RAS 
VIH -V1L _ 

'CSH , I, 'RSH 

teRP tRCD 'CAS 

CAS VIH -
VIL -

tASR tRAH 

VIH ADOR VIL ROW 

I~ 
nn7nTn7nn7n7h+nn7n~ 

COLUMN ROW 

'RWO I I 
'RCS, 1 I' 'cwo 

WE ~:~ I I 'os 'OH 

::r ~/#$$llf#I.$$#I$I#ge#/~-:OO'" brl~~,@'II#II#/% 
o ~g~-~-----'--oe," -1 """m ~~'"--

V1H -
VIL -

~ 

VIH -
V1L -

V,H -
VIL -

VOH -
VOL 

PAGE-MODE READ CYCLE 

�-----------------------~tR~A~S--------------------------~~ 

tCSH 

tpe r I tRSH 

1----------'-""'--+---I~~tCA"'S'------II--t-"'cP--II~-t-"'CA"'-S-II-t-"'cP--.1 ~ . 

OPEN 
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I'IIIC::RON MT 4259 

PAGE-MODE EARL V-WRITE CVCLE 

'I 
ICp teAs ICp 

ROW 

tos ~ 

o ~IH VALID DATA· VALID DATA VALID DATA 
IL ~~LliLUUL~UUCUlL-__________ ~-~u~ __________ ~r\uLf~ __________ ~r~UL~UU~~~ 

a ~:t -~------------------------------------------OPEN--------------------------------------------
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~ ONLY REFRESH CYCLE 
(ADDR = Ao - A7; As and WE = DON'T CARE.) 

I . 
tRAS tRP 

! 1 
"\ 

I" 
tCRP 

I ~, 

:--.I '---I 
tASR tRAH . . I. I 

AD DR ~:t ::_~-RO-W --iw/$//I!/#////$//!I/###!$////#ff/;X~-RO-W --
a ~gt -----------------OPEN----------------

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

CAS ~:~ :::...L.LUI..-_--"' _____ LLLl..LLJ.'..LLLLIL_....JL ______________ -L __ 

a ~g~ ----------------OPEN---------------

RAS 

CAS 

ADDR 

a 

VIH-V1L _ 

tCRP 

V1H-V1L _ 

V1H 
VIL 

HIDDEN REFRESH CYCLE 
(WE = HIGH)21 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

VOH-
VOL 

_-----------_'-tOFF 

:------OPEN-------- VALID DATA }-OPEN-
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DRAM 
MODULE 
FEATURES 
• Industry standard pin-out in a 24-pin single-in-line 

memory module 
• Low profile (0.415 inch, typical) 
• Single 5V±10% power supply 
• All inputs, outputs and clocks are fully TIL 

compatible 
• Low power, 75mW standby; 750mW active, typical 
• On-board power supply decoupling capacitors 
(0.2~ for low noise 

• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 256 cycle refresh distributed across 4ms 
• Optional Page Mode access cycle 

OPTIONS MARKING 
• Timing 

80ns access 
lOOns access 
120ns access 
150ns access 

• Packages: 
Leaded 24-pin SIP 

GENERAL DESCRIPTION 

- 8 
-10 
-12 
-15 

MN 

The MT85259MN is a randomly accessed solid-state 
memory containing 262,144 words organized in a x5.con
figuration. The 16 address bits are entered 8 bits at a time 
using RAS 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. 

By holding RAS LOW, CAS may be toggled to execute 
several faster READ or WRITE cycles within the RAS 
address defined page boundary. Returning RAS HIGH ter-

MT85259 
REV. 7/69 2-33 

256Kx5 DRAM 
LOW PROFILE 

PIN ASSIGNMENT (Top View) 

A8 
Vee 
D1 
01 

CAS 
A7 
A5 
A4 
D2 
02 
W 

A1 
A3 
A6 
03 
D3 
A2 
AO 

RAS 
D4 
04 

Vss 
D5 
05 

24 PIN SIP 
(MB) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

minates 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 4 ms (regard
less of sequence). Micron recommends evenly spaced re
fresh cycles for maximum data integrity. 

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

D2-++HI!H Q2 

Q3 

U1 " U5 = MT1259EJ 

Q 

VOC Vss 

TRUTH TABLE VA----....J 

Addresses 
Function mrn- ~ WE' NOTES 

tR te 

Standby H H H X X High Impedance 

READ L L H ROW COL Data Out 

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

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

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

RAS ONLY L H H ROW nfa High Impedance 
REFRESH 

HIDDEN L-+H~L L H ROW COL Valid Data Out 
REFRESH 

CAS-BEFORE- H-+L L H X X High Impedance 
RAS REFRESH 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ............ -l.0V to +7.0V 
Operating Temperature, TA(Ambient) .......... O°C to +70°C 
Storage Temperature .................................. -55°C to +150°C 
Power Dissipation ........................................................ 5 Watt 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(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 

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 
Input leakage current, any input (OV :s; VIN :s; Vcc), II -50 50 ~A 
all other pins not under test = a volts 

OUTPUT LEAKAGE 
Output leakage current (0 is disabled, loz -50 50 ~A 
OV :s; VOUT :s; Vcc) 

OUTPUT LEVELS 
Output High (Logic 1) voltage (lOUT = -SmA) VOH 2.4 V 1 
Output Low (Logic 0) voltage (lOUT = SmA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 -15 UNITS NOTES 

STANDBY CURRENT: TTL input levels Icc1 25 25 25 25 rnA 
(RAS = CAS = VIH after 8 RAS cycles) 

OPERATING CURRENT Icc2 325 275 275 225 rnA 2 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: PAGE MODE Icc3 325 275 275 225 rnA 2 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

REFRESH CURRENT: RAS ONLY Icc4 275 200 200 175 rnA 2 
(RAS = Cycling: CAS = VIH: tRC = tRC(MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc5 325 275 275 225 rnA 2,19 
(RAS and CAS = cycling, tRC = tRC(MIN)) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-As CI1 25 pF 18 

Input Capacitance: RAS, CAS, WE CI2 40 pF 18 

Input Capacitance: D CI3 7 pF 18 

Output Capacitance: 0 Co 7 pF 18 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 17, 18) (O°C :5 T A :5 70°C; Vee = 5.0V ±10%) 

A.C. CHARACTERISTICS -8 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cycle time IRC 150 190 220 260 ns 6 7 
READ-MODIFY-WRITE cycle time IRWC 180 220 255 295 ns 

PAGE-MODE cycle time IpC 75 90 100 120 ns 6 7 

Access time from RAS IRAC 80 100 120 150 ns 78 

Access time from "CAS" ICAC 40 50 60 75 ns 7 9 

RAS Dulse width IRAS 80 10000 100 10 000 120 10 000 150 10 000 ns 
RAS hold time IRSH 40 50 60 75 ns 

RAS Drecharae time IRP 60 80 90 100 ns 
CAS pulse width ICAS 40 10 000 50 10 000 60 10 000 75 10 000 ns 

"CAS" hold time ICSH 80 100 120 150 ns 

CAS Drecharae time ICPN 20 25 25 30 ns 19 
CAS precharae time (PAGE-MODE) ICp 25 30 30 35 ns 
RAS to "CAS" delay time IRCD 20 40 25 50 25 60 25 75 ns 13 
CAS to FIAS" set-up time ICRP 10 15 20 20 ns 

Row address set-uD time IASR a a a a ns 

Row address hold time IRAH 15 15 15 15 ns 

Column address set-uD time IASC a a a a ns 
Column address hold time leAH 15 20 20 25 ns 

Column address hold time IAR 50 70 80 100 ns 
referenced to FIAS" 

READ command set-up time IRCS a a a a ns 
READ command hold time IRCH a a a a ns 14 
referenced to CAS 

READ command hold time IRRH a a a a ns 
referenced to FIAS" 

OutPut buffer turn-off delay taFF a 25 0 30 a 30 a 35 ns 12 
WE" command set-uD time IWCS a 0 a a ns 16 
WRITE command hold time IWCH 15 35 40 45 ns 
WRITE command hold time IWCR 35 85 100 120 ns 
referenced to "RAS 
WRITE command Dulse width IWp 15 35 40 45 ns 

WRITE command to RAS lead time IRWL 35 35 40 45 ns 

WRITE command to CAS lead time ICWL 35 35 40 45 ns 

Data-in set-up time IDS a a a a ns 15 
Data-in hold time IDH 15 35 40 45 ns 15 
Data-in hold time IDHR 35 85 100 120 ns 
referenced to RAS 

CAS to WE" delay leWD 30 40 50 60 ns 16 
RAS to WE delay IRWD 70 ·90 110 135 ns 16 
Transition time (rise or falll IT 3 100 3 100 3 100 3 100 ns 5 17 
Refresh Period (256 cycles) IREF 4 4 4 4 ms 21 

CAS hold time ICHR 15 20 25 30 ns 20 
(CAS-before-FIAS" refresh) 

CAS set-up time ICSR 10 15 20 20 ns 20 
("CAS"-BEFORE-RAS) refresh 

RAS to CAS precharge time IRPC a a a a ns 20 
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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 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 4ms refresh require
ment 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 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. 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 Eoint only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con-
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trolled 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, ICWO and IRWD are restrictive operating 
parameters in READ-WRITE and READ-MODlFY
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. If 
ICWO ~ 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 data out (at 
access time and until CAS goes back to VlH) 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. Capacitance calculated from the equation C = 1M 
tN 

with tN = 3V and Vee = 5V. This parameter is 
sampled. 

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. 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. 
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READCVCLE 

tRC 

tRAS tRP 

RAS 
VIH -
VIL _ - tCSH 

tRSH tRRH 

C tCRP tRCD tCAS 

::XJ CAS 

l> s: 
VIH 

ADDR VIL s: 
0 WE 

C 
c: 
r- 0 

m 
EARL V-WRITE CVCLE 

tRC 

tRAS tRP 

RAS 
VIH -
VIL _ 

teSH 

tRSH 

tCRP tRCD teAS 

CAS VIH -
VIL 

tASR tRAH 

ADDR VIH 
VIL ROW ROW 

tRWL 

tWCR 

!wCS tWCH 

twp 

WE VIH -
VIL 

tDHR 

tDS tDH 

D 
VIH 
VIL VALID DATA 

0 VOH -
VOL HIGH 

~ DON'T CARE 

~ UNDEFINED 

2-38 



1'41C:F=lON MT85259 

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

'RWC 

'RAS 

RAS 
VIH -
VIL _ 

'CSH 

"I 'RSH 

'CRP 'RCD 'CAS 

CAS VIH -
VIL _ 

'ASR tRAH 

ADDR 
VIH 
VIL ROW ROW 

WE ~:~ I I 'OS 'DH 

" ~:t $II$$d$#~/ff$$I$$#I$e,'l'p'~ '~'"M" b/f l/'@,'l'$I$$I,0 

Q ~g~ -______ ~~-~. ~~~-O-P-EN~~~~-=--=--=--=-----~--------"R-~""~-C::! .~. M" ~~~ __ 

PAGE-MODE READ CYCLE 

tcSH 

ADDR ~:t 

Q ~g~ -'-----OPEN-------{ ~~~R }-----{ 
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ADDR 

o ~lt 

PAGE-MODE EARLY-WRITE CYCLE 

'RAS 

tCSH 

~ I~'~----='+--='--

:----------------------OPEN----------------------
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~ ONLY REFRESH CYCLE 
(ADDR = AO - A7; As and WE = DON'T CARE.) 

tRAS tRP I 

1 I 
11 

I' 
leRP 

I ~ 
~ L.I 

tASR tRAH . • I. I 

ADDR ~:r _~-RO""-W --_#!I!1$M$///$ff#!I!1!1$!&Ir---Ro-w --

Q ~gr ------~---------OPEN--------------___:_ 

RAS ~:r:: 

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

CAS ~:r:: ~~_~ ____ -LUU~~L-~L-_____________ ~ __ 

Q ~gr -'"---------------OPEN---------------

RAS 

CAS 

ADDR 

Q 

VIH-
VIL_ 

leRP 

VIH-
VIL_ 

VIH 
VIL 

HIDDEN REFRESH CYCLE 
(WE = HIGH)21 

(READ) 

tRAS 

(REFRESH) 

tRAS 

leHR 

VOH-
VOL 

:.--_____ OPENI----1-/-CA-C---:j,-------VA-L-ID-DA-TA------, 
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DRAM 
MODULE 
FEATURES 
• Industry standard pin-out in a 30-pin single-in-line 

package 
• Low profile, double-side mount (0.45 in) 
• Single 5V±10% power supply 
• All inputs, outputs and clocks are fully TIL 

compatible 
• Low power, 135mW standby; 1350mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 256 cycle refresh distributed across 4ms 
• Optional Page Mode access cycle 

OPTIONS MARKING 
• Timing 

80ns access 
lOOns access 
120ns access 
150ns access 

• Packages: 

- 8 
-10 
-12 
-15 

Leaded 30-pin SIP (low profile) DMN 

GENERAL DESCRIPTION 
The MT8259 is a randomly accessed solid-state memory 

containing 262,144 bits organized in a x8 configuration. 
The 18 address words 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. 

By holding RAS LOW, CAS may be toggled to execute 
several faster READ or WRITE cycles within the RAS 
address defined page boundary. Returning RAS HIGH ter-

MT8259 
REV. 7189 2-43 

256Kx8 DRAM 
LOW PROFILE 

PIN ASSIGNMENT (Top View) 

Vee 
CAS 
001 

AO 
A1 

002 
A2 
A3 

Vss 
003 

A4 
AS 

004 
A6 
A7 

DOS 
A8 
NC 
NC 

006 
W 

Vss 
007 
PRO 
008 

NC 
RAS 

NC 
NC 
Vee 

30 PIN SIP 
(ME) 

1 
2 
3 
4 
S 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

s:: 
aI 
N 
U'I 
CD 
C 
s:: 
Z 

minates 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 4 rns (regard
less of sequence). Micron recommends evenly spaced re
fresh cycles for maximum data integrity. 

Micron Technology, Inc. reserves the righllo change products or specifications withOtJt notk:e. 
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U1 - us = MT1259EJ 

TRUTH TABLE 

Function ~ 

Standby H 

READ L 

WRITE L 
(EARLY-WRITE) 

PAGE-MODE L 
READ 

PAGE-MODE L 
WRITE 

RAS ONLY L 
REFRESH 

HIDDEN L --+H--+L 
REFRESH 

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

FUNCTIONAL BLOCK DIAGRAM 

~----~m--------------, 
~---4~D-------------~ 

w--~-Hm-----------~ 

D01 Das 

DQ2 DQ6 

Da, Da? 

DO. Das 

v", 

v" 
1'RD 

Addresses 
~ m 

tR tC 

H H X X High Impedance 

L H ROW COL Data Out 

L L ROW COL Data In 

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

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

H H ROW nfa High Impedance 

L H ROW COL Valid Data Out 

L H X X 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 +lS0°C 
Power Dissipation ........................................................ 8 Watt 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater tha'n those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C :5; T A :5; 70°C; Vcc = S.OV ±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 
Input leakage current, any input (OV :5; VIN :5; Vcc), Ii -80 80 IlA 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (Q is disabled, loz -80 80 I!A 
OV :5; VOUT :5; Vcc) 

OUTPUT LEVELS 
Output High (Logic 1) voltage (lOUT = -SmA) VOH 2.4 V 1 
Output Low (Logic 0) voltage (lOUT = SmA) VOL 0.4 V 

MAX 
PARAMETER/CONDITION 

"- SYMBOL -8 -10 -12 -15 UNITS NOTES 

STANDBY CURRENT: TTL input levels Icc1 40 40 40 40 mA 
(RAS = 'CAS" = VIH after 8 RAS' cycles) 

OPERATING CURRENT Icc2 500 440 440 360 mA 2 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: PAGE MODE ICC3 520 440 440 360 mA 2 
('RA$' = VIL, CAS = Cycling: tpc = tpC(MIN)) 

REFRESH CURRENT: 'RA$' ONLY Icc4 440 320 320 280 mA 2 
(RAS = Cycling: 'CAS" = VIH: tRC = tRC(MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS' Icc5 520 440 440 360 mA 2,19 
(RAS and CAS = cycling, tRC = tRC(MIN)) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-As CI1 40 pF 18 

Input Capacitance: RAS, CAS, WE CI2 64 pF 18 

Input/Output Capacitance: DQ CIO 12 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 ±10%) 

A.C. CHARACTERISTICS -8 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cvcle time tRc 150 190 220 260 ns 6 7 
READ-MODIFY-WRITE cvcle time tRWC 180 220 255 295 ns 

PAGE-MODE cyclEltime --
tpc 75 90 100 120 ns 6 7 

Access time from RAS tRAC 80 100 120 150 ns 7 8 

Access time from "CAS tCAC 40 50 60 75 ns 79 
RAS pulse width tRAS 80 10000 100 10 000 120 10 000 150 10 000 ns 
RAS hold time tRSH 40 50 60 75 ns 
RAS precharqe time tRP 60 80 90 100 ns 

CAS pulse width tCAS 40 10 000 50 10 000 60 10 000 75 10 000 ns 

CAS hold time tCSH 80 100 120 150 ns 

CAS precharge time tCPN 20 25 25 30 ns 19 
"CAS precharqe time (PAGE-MODE) tcp 25 30 30 35 ns 

RAS to CAS delav time tRCD 20 40 25 50 25 60 25 75 ns 13 

CAS to RAS set-up time tCRP 10 15 20 20 ns 

Row address set-up time tASR 0 0 0 0 ns 

Row address hold time tRAH 15 15 15 15 ns 

Column address set-up time tASC 0 0 0 0 ns 
Column address hold time tCAH 15 20 20 25 ns 

Column address hold time tAR 50 70 80 100 ns 
referenced to RAS 

READ command set-up time tRCS 0 0 0 0 ns 

READ command hold time tRCH 0 0 0 0 ns 14 
referenced to CAS 

READ command hold time tRRH 0 0 0 0 ns 

referenced to RAS 

Output buffer turn-off delav tOFF 0 25 0 30 0 30 0 35 ns 12 

WE command set-up time twcs 0 0 0 0 ns 16 

WRITE command hold time tWCH 15 35 40 45 ns 

WRITE command hold time tWCR 35 85 100 120 ns 
referenced to RAS 

WRITE command pulse width twp 15 35 40 45 ns 

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

WRITE command to CAS lead time tCWL 35 35 40 45 ns 

Data-in set-up time tDS 0 0 0 0 ns 15 

Data-in hold time tDH 15 35 40 45 ns 15 

Data-in hold time tDHR 35 85 100 120 ns 
referenced to RAS 

"CAS to WE delav tCWD 30 40 50 60 ns 16 

RAS to WE delay tRWD 70 90 110 135 ns 16 

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

Refresh Period (256 cycles) tREF 4 4 4 4 ms 21 

"CAS hold time tCHR 15 20 25 30 ns 20 
(CAS-before-RAS refresh) 

CAS set-up time tCSR 10 15 20 20 ns 20 
(CAS-BEFORE-RAS) refresh 

RAS to CAS precharge time tRPC 0 0 0 0 ns 20 
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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 lOOI1S 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 4ms refresh require
ment 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 (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. 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 Pr0int only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con-
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trolled 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 and to the WE leading 
edge in late WRITE or READ-MODIFY-WRITE 
cycles. 

16. IWCS, ICWD and IRWD are restrictive operating 
parameters in READ-WRITE and READ-MODlFY
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. 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 data out (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. Capacitance calculated from the equation C = 1:lt 
/),.V 

with /),.V = 3V and Vee = SV. This parameter is 
sampled. 

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 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. 
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I'IIIC:F=lON MT8259 

READ CYCLE 

~: 
tRC 

:~ tRAS 

:~: 
tRP 

RAS 
VIH 
VIL _ 

tCSH 

I_ tASH 

'" . 
tRRH 

'I tC:ir 1RCD tC.4J3 , 

CAS 
VIH -
VIL -

tAA 

tASA 

ADDR ROW 

WE 

tCAC 

:1 
tRAC tOFF 

VALID D:TA '~ 0 VOH - OPEN OPEN VOL 

EARLY-WRITE CYCLE 

tRC 

tRAS 

RAS 
VIH -
VIL 

tCSH 

tRSH 

tCRP tRCD tCAS 

CAS VIH -
VIL 

tAR 

tASR tAAH 

ADDR VIH 
VIL ROW COLUMN ROW 

tCWL 

tRWL 

tWCR 

twcs tWCH 

twp 

_tD_s_,I __ tDH_:1~ 
VALID DATA _ 

o ~g~ -.------------------- HIGH -------------------
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'RAS 

'CSH 

'RSH 

'cAS 

WE ~:~ _ .LI..LLI..LLLLL..LLI.'JJ..<r..L.f"I..LLLLLLLLLllJ 

'RAC 

a ~g~:~-----------------OPENI--------------------~ ____ ~V~AL~ID~D~A~TA~ ____ ~ 

PAGE-MODE READ CYCLE 

tcsH 
tpc tRSH 

1-----------'-"'''-f_-I_-''''''cA''-'S'-<~1 f-~-"c"-P--.. II~----"C"'AS"-.. I f-.......,,'c"-P ___ 1 ~ 

AD DR ~:~ -

a ~g~ -'-----------OPEN---------------{ ~~¥R }--'---------{ 
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IVIIC:r=lON MT8259 

PAGE-MODE EARL V-WRITE CVCLE 

Q ~:t -~------------------------------------------OPEN--------------------------------------------
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RAS ONLY REFRESH CYCLE 
(ADDR = AO - A7; AS and WE = DON'T CARE.) 

tRAS tRP 

! "\ 
tCRP 

~ I 
"--l '-----I 

tASR tRAH . • I. . 
ADDR ~:t _'---RO-W ---'~//$#$//#$/#/##ff#M/$#$))(r---RO-W --

a ~gt -'----------------OPEN---------------

~-BEFORE-RAS REFRESH CYCLE 
(AO - AS' WE = DON'T CARE.) 

leHR 

CAS ~:~ :-....L.LtL-_-1 ____ ---LLLL..r.LLLLLL..tL----=L-_____________ -L. __ 

a ~g~ :"'----------------OPENI---------------

I 
:~ 

leRP tRCD 

HIDDEN REFRESH CYCLE 
(WE = HIGH)21 

(READ) 
tRAS 

t 
tRSH 

II I 
~ 1 

(REFRESH) 
tRAS 

tCHR 

J 
tAR 

I~ tRAH tAScll~ 
Ir---~~,~ 

I. I tRAC I I 
I· tCAC : -1-toopFEF

N
_ 

a ~gt-------OPEN "" VAliD DATA }-
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I'4IC::RON MT8C8256 

DRAM 
MODULE 
FEATURES 
• Industry standard pin-out in a 30-pin single-in-line 

memory module 
• Single 5V±100/0 power supply 
• All inputs, outputs and clocks are fully TTL 

compatible 
• Low power, 120mW standby; 1200mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• Optional Fast Page Mode access cycle 
• 512 cycle refresh distributed across 8ms 

OPTIONS 
• Timing 

80ns access 
lOOns access 
120ns access 

• Packages: 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

MARKING 

- 8 
-10 
-12 

M 
MN 

GENERAL DESCRIPTION 
The MT8C8256 is a randomly accessed solid-state mem

ory containing 262,144 words organized in a x8 configura
tion. 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. 

By holding RAS LOW, CAS may be toggled to execute 
several faster READ or WRITE cycles within the RAS 
address defined page boundary. Returning RAS HIGH ter-

MT8C8256 
REV. 7189 2-53 

256K x8 DRAM 
REFRESH: 512 CYCLE/SMS 

PIN ASSIGNMENT (Top View) 

30 PIN SIMM 30 PIN SIP 
(MM) (MH) 

Vee 1 
CAS 2 

Vee 1 001 3 
CAS 2 AO 4 
D01 3 A1 5 AO 4 

A1 5 002 6 
D02 6 A2 7 

A2 7 A3 8 
A3 8 Vss 9 

Vss 9 003 10 
D03 10 A4 11 3: A4 11 s:: A5 12 A5 12 -t 
D04 13 -I 004 13 CO 

CO A6 14 (') A6 14 (') 
A7 15 A7 15 CO 

DOS 16 
CO 005 16 I\) 
I\) 01 A8 17 U1 A8 17 en NC 18 0) NC 18 s:: NC 19 s:: NC 19 

D06 20 006 20 Z 
W 21 W 21 Vss 22 

D07 23 Vss 22 
Pm) 24 DQ7 23 
D08 25 PRO 24 

NC 26 008 25 
RAS 27 NC 26 

NC 28 RAS 27 
NC 29 NC 28 Vee 30 

NC 29 
Vee 30 

minates 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 main
taining power and executing a RAS (refresh) cycle so that 
all 512 combinations of RAS addresses are executed at least 
every 8 ms (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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I'IIIC:RON MT8C8256 

TRUTH TABLE 

Function 

Standby 

READ 

WRITE 
(EARLY-WRITE) 

PAGE-MODE 
READ 

PAGE-MODE 
WRITE 

RAS ONLY 
REFRESH 

HIDDEN 
REFRESH 

CAS-BEFORE-
RAS REFRESH 

FUNCTIONAL BLOCK DIAGRAM 

~----------------~ 
~--------------~ w ---------------, 

U1, U2 = MT4C4256DJ 

AO-AS 

Vee -------------------t----' 

D01-D04 

D05-DOS 

Vss ------------------_------' 

Addresses 
~ ~ WE" 

tR te 

H H H X X High Impedance 

L L H ROW COL Data Out 

L L L ROW COL Data In 

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

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

L H H ROW nfa High Impedance 

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

H-+L L H X X 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 + lS0°C 
Power Dissipation ........................................................ 8 Watt 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(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 0.8 V 1 

INPUT LEAKAGE 
Input leakage current, any input (OV :::; VIN :::; Vcc), II -20 20 IlA 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (0 is disabled, 102 -20 20 IlA 
OV :::; VOUT :::; Vcc) 

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

MAX 

PARAMETER/CONOITION SYMBOL -8 -10 -12 -15 UNITS NOTES 

STANDBY CURRENT: TTL input levels Icc1 6 4 4 4 mA 
(RAS = CAS = VIH after 8 RAS cycles) 

OPERATING CURRENT ICC2 140 120 100 80 mA 3,4 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: FAST PAGE MODE ICC3 100 80 60 40 mA 3,4 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

REFRESH CURRENT: RAS ONLY Icc4 140 120 100 80 mA 3,4 
(RAS = Cycling: CAS = VIH: tRC = tRC(MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS Iccs 140 120 100 80 mA 3,4 
(RAS and CAS = cycling, tRC = tRC(MIN)) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-As CI1 10 pF 2 

Input Capacitance: RAS, CAS, WE CI2 14 pF 2 

Input/Output Capacitance: DO CIO 12 pF 2 
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iVl1C:I=ION MT8C8256 

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 -8 -10 -12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cvcle time IRC 160 190 220 ns 
READ-WRITE cycle time IRWC 215 220 295 ns 
FAST PAGE MODE READ or WRITE IpC 45 55 70 ns 
cycle time 

FAST PAGE MODE READ-WRITE tpRWC 100 115 140 ns 
cycle time 

Access time from "RAS" tRAC 80 100 120 ns 14 
Access time from "CAS" tCAC 20 25 30 ns 15 
Outout Enable toE 20 25 30 ns 
Access time from column address tAA 40 50 60 ns 
Access time from "CAS" orecharae tCPA 45 55 65 ns 
RAS" pulse width tRAS 80 10000 100 10,000 120 10,000 ns 
RAS" pulse width (PAGE MODE) tRASP 80 100000 100 100,000 120 100,000 ns 
RAS" hold time tRSH 25 25 35 ns 
RAS" orecharae time tRP 70 80 90 ns 
"CAS" pulse width tCAS 20 10,000 25 10000 35 10000 ns 
"CAS" hold time tCSH 80 100 120 ns 
"CAS" orecharae time tCPN 15 15 20 ns 16 
"CAS" precharge time (PAGE MODE) tep 10 10 15 ns 
"RAS" to "CAS" delay time tRCD 20 60 25 75 25 90 ns 17 
"CAS" to "RAS precharge time tCRP 5 5 10 ns 
Row address set-uo time tASR 0 0 0 ns 
Row address hold time tRAH 12 15 15 ns 
"RAS" to column tRAD 17 40 20 50 20 60 ns 18 
address delay time 

Column address set-up time tASC 0 0 0 ns 
Column address hold time tCAH 15 20 25 ns 
Column address hold time tAR 60 70 85 ns 
(referenced to RAS") 

Column address to tRAl 40 50 60 ns 
RAS lead time 

Read command set-uo 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 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°c:=;; T A:=;; +70°C, Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Outout buffer turn-off delav IOFF 0 20 0 20 0 35 ns 20 

Output Disable too 20 20 35 ns 

WE command set-up time IWCS 0 0 0 ns 21 

Write command hold time WCH 15 20 25 ns 

Write command hold time WCR 60 75 85 ns 
(referenced to RAS) 

Write command pulse width IWp 15 20 25 ns 

Write command to RAS lead time IRWL 25 25 30 ns 

Write command to CAS lead time tcWL 25 25 30 ns 

Data-in set-up time IDS 0 0 0 ns 22 

Data-in hold time tDH 20 20 25 ns 22 

Data-in hold time IDHR 60 75 90 ns 
(referenced to RAS) 

'RAS" to WE delay time tRWD 110 130 160 ns 21 

Column address IAWD 70 80 100 ns 21 
to WE' delay time 

CAS to WE delav time ICWD 55 65 75 ns 21 

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

Refresh Period (512 <:ycles) IREF 8 8 8 ms 

RAS to CAS Precharae time IRPC 0 0 0 ns 

CAS set-up time tcSR 10 10 10 ns 5 
(CAS-BEFORE-RAS refresh) 

CAS hold time tcHR 30 30 30 ns 5 
(CAS-BEFORE-RAS refresh) 
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I'IIICRON MT8C8256 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = 1M with!:J.V = 3V and Vee = 
SV. !:J.V "3. 

4. 
Ice is dependent on cycle rates. 
Ice is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle C 
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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/-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 require
ment 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, 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 data out buffer, CAS must be 
pulsed HIGH for ICPN. 

2-58 

17. Operation within the IRCD (max) limit ensures that 
lRAC (max) can be met. IRCD (max) is specified as a 
reference fr0int only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by ICAe. 

18. Operation within the lRAD (max) limit ensures that 
IRCD (max) can be met. IRAD (max) is specified as a 
reference fr0int only; if IRAD is greater than the 
specified RAD (max) limit, then access time is con
trolled 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. IWCS, IRWD, IA WD and ICWD 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 through 
out the entire cycle. If IRWD;:: IRWD (min), IAWD;:: 
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 data out (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

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. 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 READ-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 -0.2V. 
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RAS 

CAS 

AODR 

WE 

DO 

OE 

RAs 

CAS 

ADDR 

READ CYCLE 

'RC 

tRAS 'RP 

V,H -
V,L _ 

tesH 
tRSH tRRH 

'cRP tRCO teAs 

EARLY-WRITE CYCLE 

'RC 
tRAS 'AP 

VIH -
VIL _ 

'CSH 
tASH 

tCRP tRCD 'CAS 

VIH -
V,L 

'AA 

V,H 
V,L ROW 

-------------------HIGH ------____________ _ 
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I'IIIC:RON MT8C8256 

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

AAS 
VIH -
VIL _ 

tCSH 

'I, tRSH 

leAP tRCD tCAS 

CAS VIH -
VIL _ 

tAA 

IRAD 

~ tAAH 

ADDA VIH -
Vil _ AOW ROW 

!CAG 

DO ~:g~ =-------OPEN------~~~~~ac~~j----OPEN---
I_ toE 

DE ~:t :J/I!I!I/!!////!lI//!lI/////!lI//////!/!////!I!I/ffiA -

PAGE-MODE READ CYCLE 
1 __ ---_______ ~t~AA~SP ___________ ~~ 

tCSH tpc 

-tOFF 

DQ ~:gr -:------OPEN----~m(]~}---~~~D--~m(]~ OPEN--
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PAGE-MODE EARLY-WRITE CYCLE 

DE ~:~ _------------------HIGH------------------

PAGE·MODE READ-WRITE CYCLE 
(LATE-WRiTE and READ-MODiFY-WRITE CYCLES) 

_----~"I_' ____ ~ ________ R_As_P~---------~--__4.i~ 
RAS ~:t - II t L 

tCSH tpc IRSH 

J~ 1 ___ --"R""e"'-o __ ~---='e""As<---__l~ 1_----"e""As'--_-1 ~ 1--_--='e""A8'--_1 cl 
:J 'AR ~ Il'-----f-;-JI / 

I"'ASR'~I '~II~ ~~I ~~iL 1 

ADDR ~it ~ ROW..w!j COLUMN W'f/&.a COLUMN W###/~ COLUMN 

I-,-:--+'Res 1---+--+---,,1 'R"""-!WO 1 ~ I 11 I - I ~ 'RWL . .1 I 'ewLi.1f- 'eWL-.1f- - ~'eWL 
1--_--f_-f'A"'-WOe..'W_P ~- - 'AW~WP - 'AWO -: - 'WP 

leWD ICWD leWD 

WE ~:~ JIII/ii/ii////i//} 

I 'AA '-- 'AA f--' I....::'A:::..A +-.J 
tRAC I 1 1 --=---+--l 'OH - 'OH ~ -'OH d 'os- 1- 1 tePA 'os- ~ I tePA 'os- ~ 

tCAe __ tCAG ..J I-- tCAC ..J 
telz ~ r- teLz ~ r- tell -./ r-

oo ~:gt-~-----OPEN ------l1lW'~.t/~~~~~I~'lJ~]~Af!;,~I~D ~--_l"UY~.t!~~~~WI~'lJ"-=-''W~~~~liiJD ~--_l1W'!8&i.rl~~~~~I~)l~]~A~,~ID}D f--- OPEN--

'OE-1 :j '-'00 'oE-+1 1:1 -'00 'OE--: 1:1-'00 
DE ~:t _'7TW/J77TW77TWfiTTTWfiT77WfiTT7WfiTT7W7T7~7T7W7771!Ifi777%7Tl0'&l J~--U~--'lJ----
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I'IIIt:RON MT8C8256 

ADDR 

'cRP 

1 

~ 

~ ONLY REFRESH CYCLE 
(ADDR = Ao - As; WE = DON'T CARE.) 

tRAS tRP 

J 
~I 

"--I 

.1 
1 

\ 

tASR tRAH . .11. . 
~:r _r---Ro-w -~kw/##!l$f!!lM#$/M/!lf!$//IJ;(r---RO-W --

DO ~gr ::.--------------OPEN--------------

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

CAS ~:r:: ~~ _ _L ____ ~UU~UL_~ ______________ ~ __ 

OQ ~gr -'---------------OPEN--------------

ADDR 

DO 

HIDDEN REFRESH CYCLE 
(WE = HIGH, OE=LOW)24 

(READ) 

tRAS 
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DRAM 
MODULE 
FEATURES 
• Industry standard pin-out in a 30-pin single-in-line 

memory module 
• Single 5V±1O% power supply 
• All inputs, outputs and clocks are fully TIL 

compatible 
• Low power, 120mW standby; 1200mW acti~pical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 256 cycle refresh distributed across 4ms 
• Optional Page Mode access cycle 

OPTIONS MARKING 
• Timing 

80ns access 
lOOns access 
120ns access 
150ns access 

• Packages: 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

GENERAL DESCRIPTION 

- 8 
-10 
-12 
-15 

M 
MN 

The MT8259 is a randomly accessed solid-state memory 
containing 262,144 words organized in a x8 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. 

By holding RAS LOW, CAS may be toggled to execute 
several faster READ or WRITE cycles within the RAS 
address defined page boundary. Returning RAS HIGH ter-

MT8259 
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256Kx8 DRAM 

PIN ASSIGNMENT (Top View) 

30 PIN slMM 30 PIN SIP 
(MK) (MD) 

Vee 1 
CAS 2 

Vee 1 D01 3 
CAS 2 AD 4 D01 3 

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 A4 11 

A5 12 3: 
A5 12 s:: 

DQ4 13 D04 13 ..... 
A6 14 -f A6 14 Q) 
A7 15 

(X) 
A7 15 N N U1 D05 16 U1 D05 16 

AS 17 CO A8 17 
CD 

NC 18 3: NC 18 s:: 
NC 19 NC 19 Z 

D06 20 
W 21 D06 20 

Vss 22 W 21 
D07 23 Vss 22 
Pm> 24 D07 23 
DOB 25 PRD 24 

NC 26 D08 25 
!!ViS 27 NC 26 NC 28 

RAS 27 NC 29 
Vee 30 NC 28 

NC 29 
Vee 30 

minates 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 a11256 combinations 
of RAS addresses are executed at least every 4ms (regard
less of sequence). Micron recommends evenly spaced re
fresh cycles for maximum data integrity. 

Micron Tedlnology, Inc. reserves the right to change products or speCifications without notice. 
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fUl1CI=ION MT8259 

U1 - U8 = MT1259EJ 

TRUTH TABLE 

Function 'RAS" 

Standby H 

READ L 

WRITE L 
(EARLY-WRITE) 

PAGE-MODE L 
READ 

PAGE-MODE L 
WRITE 

RAS ONLY L 
REFRESH 

HIDDEN L~H~L 

REFRESH 

CAS-BEFORE- H~L 

RAS REFRESH 

FUNCTIONAL BLOCK DIAGRAM 

~----~*r---------------. 
~----T+~+------------~ 
W--~rrt.------------~ 

DO, DOS 

D02 D06 

D03 D07 

DO' DO' 

V~ 

V" 

""" 
Addresses 

CAS" WE 
tR tC 

H H X X 

L H ROW COL 

L L ROW COL 

H~L~H, H ROW COL 
H~L~H 

H~L~H, L ROW COL 
H~L~H 

H H ROW n/a 

L H ROW COL 

L H X X 
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High Impedance 

Data Out 

Data In 

Valid Data Out, 
Valid Data Out 

Valid Data In, 
Valid Data In 

High Impedance 

Valid Data Out 

High Impedance 

NOTES 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ........... -l.OV to +7.0V 
Operating Temperature, TA{Ambientl .......... O°C to +70°C 
Storage Temperature .................................. -55°C to + 150°C 
Power Dissipation ........................................................ 8 Watt 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. -C 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS :IJ 
(O°C:-; T A:-; 70°C; Vcc = S.OV ±10%) l> 

PARAMETER/CONDITION SYMBOL 

Supply Voltage Vcc 

Input High (Logic 1) Voltage, All Inputs VIH 

Input Low (Logic 0) Voltage, All Inputs VIL 

INPUT LEAKAGE 
Input leakage current, any input (OV :-; VIN :-; Vcc), II 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (Q is disabled, loz 
OV :-; VOUT :-; Vcc) 

OUTPUT LEVELS 
Output High (Logic 1) voltage (lOUT = -SmA) VOH 

Output Low (Logic 0) voltage (lOUT = SmA) VOL 

PARAMETER/CONDITION SYMBOL 

STANDBY CURRENT: TTL input levels Icc1 
(RAS = CAS = VIH after 8 RAS cycles) 

OPERATING CURRENT Icc2 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: PAGE MODE Icc3 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

REFRESH CURRENT: RAS ONLY Icc4 
(RAS = Cycling: CAS = VIH: tRC = tRC(MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc5 
(RAS and CAS = cycling, tRC = tRC(MIN)) 

CAPACITANCE 

PARAMETER SYMBOL 

Input Capacitance: Ao-A8 CI1 

Input Capacitance: RAS, CAS, WE CI2 

Input/Output Capacitance: DQ CIO 

2-65 

MIN MAX 

4.S S.S 

2.4 Vcc+1 

-1.0 0.8 

-80 80 

-80 80 

2.4 

0.4 

MAX 

-8 -10 -12 -15 

40 40 40 40 

520 440 440 360 

520 440 440 360 

440 320 320 280 

520 440 440 360 

MIN MAX 

40 

64 

12 

UNITS 

V 

V 

V 

IlA 

IlA 

V 

V 

UNITS 

mA 

mA 

mA 

mA 

mA 

UNITS 

pF 

pF 

pF 

NOTES 

1 

1 

1 

NOTES 

2 

2 

2 

2,19 

NOTES 
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18 
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I"IIC:F=lON MT8259 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 17, 18) (ODC ::; T A::; 70DC; Vee = 5.0V ±10%) 

A.C. CHARACTERISTICS -8 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cycle time IRC 150 190 220 260 ns 6 7 

READ-MODIFY-WRITE cycle lime tRwc 180 220 255 295 ns 

PAGE-MODE cycle time IpC 75 90 100 120 ns 6 7 

Access time from RAS tRAC 80 100 120 150 ns 78 

Access time from CAS ICAC 40 50 60 75 ns 7 9 

RAS" pulse width tRAS 80 10 000 100 10000 120 10 000 150 10000 ns 

RAS hold time tRSH 40 50 60 75 ns 

RAS" orecharae time tRP 60 80 90 100 ns 

"CAS pulse width tCAS 40 10 000 50 10000 60 10 000 75 10000 ns 

CAS hold time ICSH 80 100 120 150 ns 

CAS precharge time tCPN 20 25 25 30 ns 19 

CAS orecharae time (PAGE-MODE) tcp 25 30 30 35 ns 

RAS to CAS delay time tRCD 20 40 25 50 25 60 25 75 ns 13 

"CAS to RAS set-up time ICRP 10 15 20 20 ns 

Row address set-uo time IASR 0 0 0 0 ns 

Row address hold time tRAH 15 15 15 15 ns 

Column address set-up time tASC 0 0 0 0 ns 

Column address hold time tCAH 15 20 20 25 ns 

Column address hold time tAR 50 70 80 100 ns 
referenced to RAS 

READ command set-up time IRCS 0 0 0 0 ns 

READ command hold time tRCH 0 0 0 0 ns 14 
referenced to CAS 

READ command hold time tRRH a 0 a 0 ns 

referenced to RAS 

Output buffer turn-off delay tOFF 0 25 0 30 0 30 0 35 ns 12 

WE command set-up time twcs 0 0 0 0 ns 16 

WRITE command hold time IWCH 15 35 40 45 ns 

WRITE command hold time IWCR 35 85 100 120 ns 
referenced to RAS" 

WRITE command pulse width IWp 15 35 40 45 ns 

WRITE command to RAS" lead time tRWL 35 35 40 45 ns 

WRITE command to CAS lead time tCWL 35 35 40 45 ns 

Data-in set-uo time tDS 0 0 0 0 ns 15 

Data-in hold time tDH 15 35 40 45 ns 15 

Data-in hold time tDHR 35 85 100 120 ns 
referenced to RAS 

CAS to WE delay ICWD 30 40 50 60 ns 16 

RAS" to WE" delay tRWD 70 90 110 135 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 21 

CAS hold time tCHR 15 20 25 30 ns 20 
(CAS-before-RAS" refresh) 

CAS set-up time tCSR 10 15 20 20 ns 20 
(CAS-BEFORE-RAS) refresh 

RAS" to CAS precharge time tRPc 0 0 0 0 ns 20 
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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 lOOl1s 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 4ms refresh require
ment is exceeded. 

4. AC characteristics assume tT = 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 :5 T A :5 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 = 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 
tRAC (max) can be met. tRCD (max) is specified as a 
reference Eoint only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con-

2-67 

trolled 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 and to the 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-MODlFY
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 
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.Jleither of 
the above conditions are met, the state of data out (at 
access time and until CAS goes back to VI H) 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 VI H) in a monotonic manner. 

18. Capacitance calculated from the equation C = lilt 
IW 

with b.V = 3V and Vee = SV. This parameter is 
sampled. . 

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. 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. 
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IVIIC:F=lON MT8259 

READ CYCLE 

tAC 

tAAS 

AAS 
VIH -
VIL _ 

tCSH 

tASH 

tCAP tACO tCAS 

CAS 
VIH -
VIL -

tAR 

tASR 

ADDR 
VIH 
VIL 

WE 

! .. tCAC 

:j 
tAAC tOFF 

VALID D~TA .~ Q VOH - OPEN OPEN 
VOL 

EARLY-WRITE CYCLE 

RAS 
VIH -
V 1L _ 

tCSH 

tCRP 

CAS 
VIH -
VIL 

tASR tRAH 

ADDA 
VIH 
VIL ROW 

_tD_s_.I __ tDH_:1~ 
VALID DATA _ 

Q ~g~ -_-----------------------------------------HIGH-----------------------------------------
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RAS 

CAS 

ADDR 

WE 

0 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODiFY-WRiTE CYCLES) 

teAs 

I~ 
nn7n7nTI7n7riTn+.nTI7n~ COLUMN ROW 

'RWD I I 
'RCS .1 I' 'CWD 

WE ~:t I I 'DS 'DH 

~:t -Wff#$&I/$$;1#;1//##/#$###$/$;1&r:DDATA k/#$//$$###$#i 
.. .. tRAC: ~ I I 'CAC I I 

o ~gt---------OPEN VALID DATA ~OPEN--

V,H -V,L -

~ 
V,H -V,L -

V,H -V,L -

VOH -VOL 

PAGE-MODE READ CYCLE 

'CSH 
'CP teAs 

OPEN -------f ~~~R }-----{ 
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teAs tePN 

~ DON'T CARE 

~ UNDEFINED 
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I'IIIC: 1=1 ON MT8259 

PAGE-MODE EARL V-WRITE CVCLE 

tCSH 

D VIH 
V,L ~kUkUkUkUkUkU~'~ ____________ ~~U~ ____________ J'UL'~ ____________ ~~ULULULULULULLU 

~-------------------------------------OPEN---------------------------------------
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~ ONLY REFRESH CYCLE 
(ADDR = AO - A7; AS and WE = DON'T CARE.) 

tRAS tRP I 

! I 
11 

. tCRP . ~I I 
":-I "----! 

tASR .. I. tRAH .. . 
ADDR ~:~ _,----RO-W --~$////$#/ffi'$#//###/##//M$I""""'--RO-W --

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

~-BEFORE-RAS" REFRESH CYCLE 
(AO - As' WE = DON'T CARE.) 

tCHR 

C~ ~:~=.~~_~ ____ _1~~~L-~~ _____________ ~ __ 

a ~g~ -'----------------OPEN---------------

tCRP tRCD 
I 

J 
tAR 

I~ tRAH 

It---

HIDDEN REFRESH CYCLE 
(WE = HIGH)21 

(READ) 
tRAS 

tRSH 

1 . 
t~cl~ 

II I 
~ "'Ii 
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(REFRESH) 
tR~ 

tcHR 

! 

~ DON'T CARE 

m UNDEFINED 
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IVIIC:RON MT9259 

DRAM 
MODULE 
FEATURES 
• Industry standard pin-out in a 30-pin single-in-line 

package (SIP) 
• Low profile, double-side mount (0.45 in) 
• Single 5V±10% power supply 
• All inputs, outputs and clocks are fully TIL 

compatible. 
• Low power, 135mW standby; 1350mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 256 cycle refresh distributed across 4ms 
• Optional Page Mode access cycle 

OPTIONS MARKING 
• Timing 

80ns access 
lOOns access 
120ns access 
150ns access 

• Packages: 

- 8 
-10 
-12 
-15 

(low profile) Leaded 30-pin SIP DMN 

GENERAL DESCRIPTION 
The MT9259 is a randomly accessed solid-state memory 

containing 262,144 words organized in a x9 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. 

By holding RAS LOW, CAS may be toggled to execute 
several faster READ or WRITE cycles within the RAS 
address defined page boundary. Returning RAS HIGH ter-

MT9259 
REV. 7/89 2-73 

256Kx9 DRAM 
LOW PROFILE 

PIN ASSIGNMENT (Top View) 

Vdd 
CAS 
D01 

AO 
A1 

D02 
A2 
A3 

Vss 
D03 

A4 
A5 

D04 
A6 
A7 

D05 
A8 
NC 
NC 

D06 
W 

Vss 
D07 
PRJ) 

D08 
09 

RAS 
CAS9 

D9 
Vdd 

30 PIN SIP 
(ME) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

s:: 
cd 
N 
CJ1 
CD 
C 
s:: 
Z 

minates the memory cycle and decreases chip current to a 
reduced standby level. Also, the chip is preconditioned fQr 
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 (regard
less of sequence). Micron recommends evenly spaced re
fresh cycles for maximum data integrity. 

Micron Technology, Inc. reserves the right to change products or specifiCations without notice. 
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I'IIII:::I=ION MT9259 

FUNCTIONAL BLOCK DIAGRAM 

.--

~:: ~:." 
"'" u, """ u, 
W W 

DO' DOl D05 
o a~ IVi vi T-T-

~~ 
"'" u, 

~~ 
"'" Us W W 

DOl DOS 
o a~ 'iD Vi II~ 

002 

~~ 
"'" Us 

~~ 
"'" u, w w 

DOl D07 DOl 
T-T IYiC vi 

~,-L-L- ~~ ... M 

'---- ~ u, "'" u, 

U1 - U9 = MT1259EJ 

- w r- W 

I 
0 

~~ 
DOS DOl 

VD~ 'I viS 
DO' 

~~ 
---'- "'" 

"'" u. 
'---W D a-a. 

:iT 
TRUTH TABLE ~ 

Addresses 
Function 'FIirn' ~ WE" NOTES 

tR te 

Standby H H H X X High Impedance 

READ L L H ROW COL Data Out 

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

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

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

1tl\S ONLY L H H ROW n/a High Impedance 
REFRESH 

HIDDEN L-+H-+L L H ROv.{ COL Valid Data Out 
REFRESH 

CAS-BEFORE- H-+L L 
'RAS" REFRESH 

H X X High Impedance 
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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 .................................. -55°C to +150°C 
Power Dissipation ........................................................ 9 Watt 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ 70°C; Vcc = 5.0V ±1 0%) 

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 
Input leakage current, any input (OV ~ VIN ~ Vcc), II -90 90 IlA 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (0 is disabled, loz -90 90 IlA 
OV ~ VOUT ~ Vcc) 

OUTPUT LEVELS 
Output High (Logic 1) voltage (lOUT = -SmA) VOH 2.4 V 1 
Output Low (Logic 0) voltage (lOUT = SmA) VOL 0.4 V 

MAX 
PARAMETER/CONDITION SYMBOL -8 -10 -12 -15 UNITS NOTES 

STANDBY CURRENT: TTL input levels Icc1 45 45 45 45 mA 
(RAS = CAS = VIH after 8 RAS cycles) 

OPERATING CURRENT Icc2 585 495 495 405 mA 2 
(RAS and CAS = Cycling: tRC = tRC(MIN») 

OPERATING CURRENT: PAGE MODE 1CC3 585 495 495 405 mA 2 
(RAS = VIL, "CAS = Cycling: tpc = tpC(MIN») 

REFRESH CURRENT: RAS ONLY Icc4 495 360 360 315 mA 2 
(RAS = Cycling: CAS = VIH: tRC = tRC(MIN») 

REFRESH CURRENT: CAS-BEFORE-RAS Iccs 585 495 495 405 mA 2,19 
(RAS and CAS = cycling, tRC = tRC(MIN») 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-As CI1 45 pF 18 

Input Capacitance: RAS, CAS, WE CI2 72 pF 18 

Input/Output Capacitance: DO CIO 12 pF 18 
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I'4ICI=ION MT9259 

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 -8 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cy~le time tRc 150 190 220 260 ns 6 7 

READ-MODIFY-WRITE cycle time tRWC 180 220 255 295 ns 

PAGE-MODE cvcle time tpc 75 90 100 120 ns 6 7 

Access time from RAS tRAC 80 100 120 150 ns 7 8 

Access time from CAS tCAC 40 50 60 75 ns 7 9 

RAS pulse width tRAS 80 10000 100 10000 120 10000 150 10000 ns 

RAS hold time tRSH 40 50 60 75 ns 

RAS orecharae time tRP 60 80 90 100 ns 

CAS pulse width tCAs 40 10000 50 10000 60 10000 75 10000 ns 

CAS hold time tCSH 80 100 120 150 ns 

CAS precharge time tCPN 20 25 25 30 ns 19 

CAS orecharoe time (PAGE-MODE) tcp 25 30 30 35 ns 

RAS to CAS delay time tRCD 20 40 25 50 25 60 25 75 ns 13 

CAS to RAS set-up time tCRP 10 15 20 20 ns 

Row address set-uo time tASR 0 0 0 0 ns 

Row address hold time tRAH 15 15 15 15 ns 

Column address set-uo time tAsc 0 0 0 0 ns 

Column address hold time ICAH 15 20 20 25 ns 

Column address hold time tAR 50 70 80 100 ns 
referenced to RAS 

READ command set-up time tRcs 0 0 0 0 ns 

READ command hold time tRCH 0 0 0 0 ns 14 
referenced to CAS 

READ command hold time tRRH 0 0 0 0 ns 

referenced to RAS 

Output buffer turn-off delay tOFF 0 25 0 30 0 30 0 35 ns 12 

WE command set-up time twcs 0 0 0 0 ns 16 

WRITE command hold time tWCH 15 35 40 45 ns 

WRITE command hold time tWCR 35 85 100 120 ns 
referenced to RAS 

WRITE command oulse width twp 15 35 40 45 ns 

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

WRITE command to CAS lead time tCWL 35 35 40 45 ns 

Data-in set-up time tDS 0 0 0 0 ns 15 

Data-in hold time tDH 15 35 40 45 ns 15 

Data-in hold time tDHR 35 85 100 120 ns 
referenced to RAS 

CAS to WE delav tCWD 30 40 50 60 ns 16 

RAS to WE delay tRWD 70 90 110 135 ns 16 

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

Refresh Period (256 cycles) tREF 4 4 4 4 ms 21 

CAS hold time tCHR 15 20 25 30 ns 20 
(CAS-before-RAS refresh) 

CAS set-up time tCSR 10 15 20 20 ns 20 
(CAS-BEFORE-RAS) refresh 

RAS to CAS precharge time tRPC 0 0 0 0 ns 20 
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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~s 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 4ms refresh require
ment 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 :5 T A :5 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. 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 roint only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con-
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trolled 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 and to the WE leading 
edge in late WRITE or READ-MODIFY-WRITE 
cycles. 

16. IWCS, ICWD and IRWD are restrictive operating 
parameters in 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. 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 data out (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. Capacitance calculated from the equation C = L1.t 
!J.V 

with!J.V = 3V and Vee = 5V. This parameter is 
sampled. 

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 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. 
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I'4ICRON ,MT9259 

READ CYCLE 

tRC 

tRAS 

RAS 
V1H -
V1L _ 

tCSH 

tRSH 

tCRP tRCD tCAS 

CAS 
V 1H -
VIL -

tAR 

ADDR 

Q ~gt -:.--.---------- OPEN---------------<L::VA~L~ID:..D~A~T~A_}---- OPEN ----

EARLY-WRITE CYCLE 

RAS 
VIH -
VIL 

tCRP tCAS 

CAS VIH -
VIL 

tASR tRAH 

ADDR VIH 
VIL ROW 

Q ~gt ---------------------HIGH ----------------------
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I'4IC:RON MT9259 

RAS 

CAS 

ADDR 

WE 

Q 

READ-WRITE CYCLE 
(LATE-WRiTE and READ-MODiFY-WRiTE CYCLES) 

RAS 
V 1H -
VIL _ 

ICSH 

'I, 'RSH 

ICRP 'RCD teAs 

CAS 
VIH -
VIL -

'ASR 'RAH 

ADDR 
VIH 
VIL ROW ROW 

I' ICWD 

WE 0:~ I I IDS IDH 

D ~:~ !;W$#$!#&i#///$ffi1/$#/##$//##/d::DDATA k##///M#//;/,$/$h 

I. I. ~::! 14 
Q ~g~-::---------OPEN '. VALID DATA }--OPEN--

VIH -
VIL -

VIH -
VIL -

VIH -
VIL -

VOH -
VOL 

~ 

PAGE-MODE READ CYCLE 

1 __ ------------2�R~AS~------------~~ 

tCSH 
tpc • ) tRSH 

I------..:.::=-+~·I--'IC""AS"--II_-I=CP-~II--I=CA"'S-II--I=CP--I ~ 

OPEN 
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IVIIC:RON MT9259 

PAGE-MODE EARL V-WRITE CVCLE 

ADDR ~lt 

tos ~ 

VALID DATA VALID DATA 

Q ~:~ -'-------------------OPEN-------------------
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'RAS' ONLY REFRESH CYCLE 
(ADDR = AO - A7; As and WE = DON'T CARE.) 

tRAS tRP 

~ '\ 
leRP 

~ I 
CAS ~:~_ "----/ '--I 

tASR • I. tRAH . . 
ADDR ~:~ _,-----RO-W --~/#$$/$#$/#!I//#####ff#$);('----RO-W --

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

'CAS'-BEFORE-RAS REFRESH CYCLE 
(Ao - As' WE = DON'T CARE.) 

CAS ~:~:: ~~_~ ____ _LUU~UUL_~L_ _____________ ~ __ 

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

HIDDEN REFRESH CYCLE 
(WE = HIGHf1 

(READ) 
tRAS 

(REFRESH) 
tRAS 

Q ~g~-------OPENI--~-----:Ir------V-AL-ID-D-AT-A-----,I 
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1'41C:I=ION MT8C9256 

DRAM 
MODULE 
FEATURES 
• Industry standard pin-out in a 30-pin single-in-line 

memory module 
• Single 5V±10% power supply 
• All inputs, outputs and clocks are fully TIL 

compatible 
• Low power, 135mW standby; 1350mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• Optional Page Mode access cycle 
• 512 cycle refresh distributed across 8ms 

OPTIONS 
• Timing 

80ns access 
lOOns access 
120ns access 

• Packages: 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

MARKING 

- 8 
-10 
-12 

M 
MN 

GENERAL DESCRIPTION 
The MT8C9259 is a randomly accessed solid-state 

memory containing 262,144 words organized in a x9 con
figuration. 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. 

By holding RAS LOW, CAS may be toggled to execute 
several faster READ or WRITE cycles within the RAS 
address defined page boundary. Returning RAS HIGH ter-

MT8C9256 
REV, 7189 2-83 

256K x 9 DRAM 
REFRESH: 512 CYCLE/8MS 

PIN ASSIGNMENT (Top View) 

30 PIN SIMM 30 PIN SIP 
(MM) (MH) 

Vdd 1 
CAS 2 

Vdd 1 D01 3 
CAS 2 AO 4 D01 3 A1 5 AO 4 

A1 5 D02 6 
D02 6 A2 7 

A2 7 A3 8 
A3 8 Vss 9 

Vss 9 D03 10 
D03 10 A4 11 :s:: A4 11 

A5 12 s:: A5 12 -I 
D04 13 -i D04 13 co 

A6 14 CD AS 14 0 
A7 15 

(') A7 15 CD <0 
D05 16 I\) D05 16 N 

A8 17 U1 AB 17 UI 
NC 18 en NC 

en 
18 :s:: NC 19 s: NC 19 

D06 20 DOS 20 Z 
W 21 

Vss 22 Vii 21 
D07 23 Vss 22 
j5Jm 24 D07 23 
D08 25 PRD 24 

09 26 DOB 25 
RAS 27 09 26 

CAS9 28 RAS 27 D9 29 CAS9 28 Vdd 30 
D9 29 

Vdd 30 

minates 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 512 combinations 
of RAS addresses are executed at least every 8ms (regard
less of sequence). Micron recommends evenly spaced re
fresh cycles for maximum data integrity. 

Micron Technology. Inc. reserves the rightto change products or specifications without notice. 
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I'IIIC:RON MT8C9256 

TRUTH TABLE 

Function 

Standby 

READ 

WRITE 
(EARL V-WRITE) 

PAGE-MODE 
READ 

PAGE-MODE 
WRITE 

RAS ONLV 
REFRESH 

HIDDEN 
REFRESH 

CAS-BEFORE-
RAS REFRESH 

FUNCTIONAL BLOCK DIAGRAM 

~------------~ 
"CAS -------------, 

W ------------, 

M·AB 

U1, U2 = MT4C4256DJ 
U3 = MT1259EJ 

~ ----------++----1--1 

09----------+-----1--1 

v~----------r_--+-~ 

v"----------4---~----~ 

Addresses 
'R1rn' ~ WE 

tR tC 

H H H X X 

L L H ROW COL 

L L L ROW COL 

L H-+L-+H, H ROW COL 
H-+L-+H 

L H-+L-+H, L ROW COL 
H-+L-+H 

L H H ROW nfa 

L-+H-+L L H ROW COL 

H-+L L H X X 

2-84 

OQ1-004 

DOS·DOS 

09 

High Impedance 

Data Out 

Data In 

Valid Data Out, 
Valid Data Out 

Valid Data In, 
Valid Data In 

High Impedance 

Valid Data Out 

High Impedance 

NOTES 



1'41C:I=ION MT8C9256 

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 .................................. -SSoC to +lSO°C 
Power Dissipation ........................................................ 9 Watt 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(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 0.8 V 1 

INPUT LEAKAGE 
Input leakage current, any input (OV ~ VIN ~ Vcc), Ii -30 30 I1A 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (0 is disabled, loz -30 30 I1A 
OV ~ VOUT ~ Vcc) 

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

MAX 
PARAMETER/CONDITION SYMBOL -8 -10 -12 -15 UNITS NOTES 

STANDBY CURRENT: TTL input levels Icc1 11 9 9 9 mA 
(RAS = CAS = VIH after 8 RAS cycles) 

OPERATING CURRENT Icc2 205 175 155 125 mA 2 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: PAGE MODE Icc3 165 135 115 85 mA 2 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

REFRESH CURRENT: RAS ONLY Icc4 195 160 140 115 mA 2 
(RAS = Cycling: CAS = VIH: tRC = tRC(MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS Iccs 205 175 155 125 mA 2,19 
(RAS and CAS = cycling, tRC = tRC(MIN)) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: Ao-As CI1 15 pF 18 

Input Capacitance: RAS, CAS, WE CI2 27 pF 18 

IllJ>.ut CClpacitance: D CI3 7 pF 18 

Input/Output Capacitance: DO CIO 12 pF 18 

Output Capacitance: DQ Co 7 pF 18 
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I'IIIC:RON MT8C9256 

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 ·8 ·10 ·12 ·15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time IRC 150 190 220 260 ns 67 

READ·MODIFY·WRITE cycle time IRWC 180 220 255 295 ns 

PAGE·MODE cycle time IpC 75 90 100 120 ns 67 

Access time from RAS IRAC 80 100 120 150 ns 78 

Access time from "CAS' ICAC 40 50 60 75 ns 79 

RAS pulse width IRAS 80 10000 100 10000 120 10000 150 10000 ns 

RAS hold lime IRSH 40 50 60 75 ns 

RAS precharge time IRP 60 80 90 100 ns 

'OAS' pulse width ICAS 40 10000 50 10000 60 10000 75 10000 ns 

'OAS' hold time ICSH 80 100 120 150 ns 

"CAS' precharae time ICPN 20 25 25 30 ns 19 

"CAS' precharae time (PAGE·MODEI 'cP 25 30 30 35 ns 

'RAS'to "CAS' delaY time IRCD 20 40 25 50 25 60 25 75 ns 13 

CAS to 'RAS set·up time ICRP 10 15 20 20 ns 

Row address set·uo time IASR 0 0 0 0 ns 

Row address hold time lRAH 15 15 15 15 ns 

Column address set· UP time IASC 0 0 0 0 ns 

Column address hold time ICAH 15 20 20 25 ns 

Column address hold time IAR 50 70 80 100 ns 
referenced to RAS 

READ command set·up 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 'oFF 0 25 0 30 0 30 0 35 ns 12 

WE command set-up time IWCS 0 0 0 0 ns 16 

WRITE command hold time IWCH 15 35 40 45 ns 

WRITE command hold time IWCR 35 85 100 120 ns 
referenced to RAS 

WRITE command pulse width IWp 15 35 40 45 ns 

WRITE command to'RAS' lead time IRWL 35 35 40 45 ns 

WRITE command to CAS lead time ICWL 35 35 40 45 ns 

Data-in set·up time IDS 0 0 0 0 ns 15 

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

Data·in hold time IDHR 35 85 100 120 ns 
referenced to 'RAS' 

"CAS'to WE delay 'cWD 30 40 50 60 ns 16 

'RAS'to WE delay IRWD 70 90 110 135 ns 16 

Transition time (rise or fall I IT 3 100 3 100 3 100 3 100 ns 5 17 

Refresh Period (256 cycles) IREF 4 4 4 4 ms 21 

"CAS' hold lime 'cHR 15 20 25 30 ns 20 
(CAS·before-RAS refresh) 

CAS set·up time ICSR 10 15 20 20 ns 20 
("CAS'·BEFORE-RAS) refresh 

RAS to CAS precharge time IRPC 0 0 0 0 ns 20 
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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 lOOfls 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 4ms refresh require
ment 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 :s:; T A :s:; 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, 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. 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 
IRAC (max) can be met. tRCD (max) is specified as a 
reference l,:0int only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con-
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trolled exclusively by tCAe. 
14. tRCH is referenced to the first rising edge of RAS or 

CAS. 
lS. 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, tCWD and tRWD are restrictive operating 
parameters in READ-WRITE and READ-MODIFY
WRITE cycles only. If twcs ~ IWCS (min), the cycle is 
an EARLY-WRITE cycle and the data output will 
remain an 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 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. Capacitance calculated from the equation C = IAt 
/:o.V 

with /:o.V = 3V and Vee = SY. This parameter is 
sampled. 

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. 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. 
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I'4IC:RON MT8C9256 

READ CYCLE 
IRC 

IRAS IRP 

RAS 
VIH -
VIL _ 

ICSH 

IRSH IRRH 

ICRP IRCD ICAS 

CAS 
VIH -
VIL -

ADDR 

WE 

a YaH -
VOL OPEN VALID DATA OPEN 

EARL Y-WRITE CYCLE 

IRC 

IRAS IRP 

RAS 
VIH -
VIL 

ICSH 

IRSH 

ICRP IRCD ICAS 

CAS VIH -
VIL 

IAR 

ADDR VIH 
VIL ROW 

D ~:~ VALID DATA 

Q ~g~ -:.--------------------HIGH --------------------

2-88 

~ DON'T CARE 

E88I UNDEFINED 



1'41C:I=ION MT8C9256 

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

tcSH 

tCAS 

ADDR ~:~ 
I~ 

tCAC ! 
_________ tR_A_C-{: ________ ~ 

a ~g~::::----------OPEN - VALID DATA 
~-------~ 

PAGE-MODE READ CYCLE 

tCSH 

AODR ~:r 

a 
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I"IIC:I=ION MT8C9256 

PAGE-MODE EARLY-WRITE CYCLE 

Ipe 'I 
tCAS lep teAs lep 

ROW 

o V1H VALID DATA VALID DATA VALID DATA VIL -..t..~~~!..l.L!..l.L!..l.L!..l.Lf"L ______ ---,,""-LU-"' ______ Jr'''-'-'''--_____ ----'''U.LLLLLLLLLLLLLLLL.l.l.L> 

Q ~:t ------------------------------------------OPEN------------------------------------------
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FUrn" ONLY REFRESH CYCLE 
(ADDR = AO - A7; AS and WE = DON'T CARE.) 

tCRP 

ADDR ROW ROW 

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

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

CAS ~:~ =--LLLL-__ ---=L-________ ....LLULl..£.L,~"__ __ :L-____________________________ ~ __ _ 

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

ADDR ~:~ 

HIDDEN REFRESH CYCLE 
(WE = HIGH)21 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

1--"'-"'---1:1--------,1 r-"OpFEFN_ 
Q ~g~ -'---------- OPEN---------------1-_L-___ _____ ~V~AL~ID~D~AT~A ______ _.J}_ 
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I'4IC:RON MT9259 

DRAM 
MODULE 
FEATURES 
• Industry standard pin-out in a 30-pin single-in-line 

memory module 
• Single 5V±10% power supply 
• All inputs, outputs and clocks are fully TIL 

compatible 
• Low power, 135mW standby; 1350mW acti~ical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 256 cycle refresh distributed across 4ms 
• Optional Page Mode access cycle 

OPTIONS MARKING 
• Timing 

SOns access 
lOOns access 
120ns access 
150ns access 

• Packages: 
Leadless 3D-pin SIMM 
Leaded 30-pin SIP 

GENERAL DESCRIPTION 

- 8 
-10 
-12 
-15 

M 
MN 

The MT9259 is a randomly accessed solid-state memory 
containing 262,144 words organized in a x9 configuration. 
The 18 address bits are entered 9 bits at a time using RAS 
to latch the first 9 bitaand 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. 

By holding RAS LOW, CAS may be toggled to execute 
several faster READ or WRITE cycles within the RAS 
address defined page boundary. Returning RAS HIGH ter-

MT9259 
REV. 7189 2-93 

256Kx9 DRAM 

PIN ASSIGNMENT (Top View) 

30 PIN SIMM 30 PIN SIP 
(MKl (MOl 

Vdd 1 
CAS 2 

Vdd 1 D01 3 
~ 2 AO 4 001 3 A1 5 AO 4 

D02 6 A1 5 
002 6 A2 7 

A2 ? A3 8 
A3 8 Vss 9 

Vss 9 D03 10 
003 10 A4 11 

A4 11 A5 12 s:: AS 12 3: DQ4 13 D04 13 -I 
A6 14 -I A6 14 co 
A? 15 CD A7 15 N 

N U1 DOS 16 c.n D05 16 co A8 17 CD A8 17 s:: NC 18 3: NC 18 
NC 19 NC 19 Z 

006 20 D06 20 W 21 W 21 Vss 22 
DO? 23 Vss 22 
J5R'O 24 D07 23 
008 25 PRO 24 

09 26 D08 25 
!=!AS 27 09 26 
~9 28 ~ 27 

09 29 ~9 28 
Vdd 30 D9 29 

Vdd 30 

minates 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 (regard
less of sequence). Micron recommends evenly spaced re
fresh cycles for maximum data integrity. 

Micron Technology, Inc. reserves the right to change products or speCifications without notice. 
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I'4IC:RON MT9259 

Ul - U9 = MT1259EJ 

TRUTH TABLE 

Function "RAS" 

Standby H 

READ L 

WRITE L 
(EARLY-WRITE) 

PAGE-MODE L 
READ 

PAGE-MODE L 
WRITE 

RAS ONLY L 
REFRESH 

HIDDEN L -+H-+L 
REFRESH 

CAS-BEFORE- H-+L 
RAS REFRESH 

FUNCTIONAL BLOCK DIAGRAM 

~:: 
""" U, 
w 

-+++-mIM~ l 005 

,...L-L 
",." 

""" """ U, w 

--+++-«ilMij l 006 

~~ 
""" U, w 

D 0 ~ 

II T-T~J 
~~ 

""" U, 
w 

II~l 

~~ 
m U, 
w 

II ~ l D07 --+++MlIMI~ l 

~~ 
m U, 

t-- w 

~l 
~~ 

-------+-r-----+--~~~U, 
-------+-r-------~--~: 0---

------~-+----------~~ '[' 

Addresses 
~ WE' 

tR tC 

H H X X High Impedance 

L H ROW COL Data Out 

L L ROW COL Data In 

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

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

H H ROW n/a High Impedance 

L H ROW COL Valid Data Out 

L H X X High Impedance 
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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 .................................. -SSoC to +lS0°C 
Power Dissipation ........................................................ 9 Watt 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C ::; T A::; 70°C; Vcc = S.OV ±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 
Input leakage current, any input (OV ::; VIN ::; Vcc), II -90 90 IlA 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (0 is disabled, loz 

,. 
-90 90 IlA 

OV ::; VOUT ::; Vcc) 

OUTPUT LEVELS 
Output High (Logic 1) voltage (lOUT = -SmA) VOH 2.4 V 1 
Output Low (Logic 0) voltage (lOUT = SmA) VOL 0.4 V 

MAX 
PARAMETER/CONDITION SYMBOL -8 -10 -12 -15 UNITS NOTES 

STANDBY CURRENT: TTL input levels Icc1 45 45 45 45 rnA 
(RAS = CAS = VIH after 8 RAS cycles) 

OPERATING CURRENT Icc2 585 495 495 405 rnA 2 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: PAGE MODE Icc3 585 495 495 405 rnA 2 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

REFRESH CURRENT: RAS ONLY Icc4 495 360 360 315 rnA 2 
(RAS = Cycling: CAS = VIH: tRC = tRC(MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS Iccs 585 495 495 405 rnA 2,19 
(RAS and CAS = cycling, tRC = tRC(MIN)) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: Ao-As CI1 45 pF 18 
Input Capacitance: RAS, CAS, WE CI2 72 pF 18 
Input Capacitance: D CI3 7 pF 18 
Input/Output Capacitance: DO CIO 12 pF 18 
Output Capacitance: DO Co 7 pF 18 
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I'IIIC:RON MT9259 

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 -8 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 150 190 220 260 ns 6 7 

READ-MODIFY-WRITE cvcle time tRWC 180 220 255 295 ns 

PAGE-MODE cycle time tpc 75 90 100 120 ns 6 7 

Access time from "RAS tRAC 80 100 120 150 ns 78 

Access time from "CAS" tCAC 40 50 60 75 ns 79 

RAS pulse width tRAS 80 10000 100 10 000 120 10000 150 10000 ns 

RAS hold time tRSH 40 50 60 75 ns 

"RAS" Drecharae time tRP 60 80 90 100 ns 

CAS pulse width tCAS 40 10000 50 10000 60 10000 75 10000 ns 

"CAS" hold time tCSH 80 100 120 150 ns 

CAS precharge time tCPN 20 25 25 30 ns 19 

CAS precharae time (PAGE-MODE) tc;p 25 30 30 35 ns 

"RAS" to CAS delay time IRCD 20 40 25 50 25 60 25 75 ns 13 

CAS to RAS set-up time tCRP 10 15 20 20 ns 

Row address set-uD time tASR 0 0 0 0 ns 

Row address hold time tRAH 15 15 15 15 ns 

Column address set-uD time tASC 0 0 0 0 ns 

Column address hold time tCAH 15 20 20 25 ns 

Column address hold time tAR 50 70 80 100 ns 
referenced to RAS 
READ command set-up time tRCS 0 0 0 0 ns 

READ command hold time tRCH 0 0 0 0 ns 14 
referenced to CAS 
READ command hold time tRRH 0 0 0 0 ns 

referenced to RAS 
Output buffer turn-off delav !oFF 0 25 0 30 0 30 0 35 ns 12 

M command set-uD time twcs 0 0 0 0 ns 16 

WRITE command hold time tWCH 15 35 40 45 ns 

WRITE command hold time tWCR 35 85 100 120 ns 
referenced to RAS 
WRITE command Dulse width twp 15 35 40 45 ns 

WRITE command to"RAS lead time tRWL 35 35 40 45 ns 

WRITE command to CAS lead time tCWL 35 35 40 45 ns 

Data-in set·up time tDS 0 0 0 0 ns 15 

Data-in hold time tDH 15 35 40 45 ns 15 

Data-in hold time tDHR 35 85 100 120 ns 
referenced to "RAS" 
"CAS" to WE" delay tCWD 30 40 50 60 ns 16 

"RAS" to WE delav tRWD 70 90 110 135 ns 16 

Transition time (rise or falll tT 3 100 3 100 3 100 3 100 ns 517 

Refresh Period (256 cvcles) IREF 4 4 4 4 ms 21 

CAS hold time tc;HR· 15 20 25 30 ns 20 
~-before-"RAS refresh) 

CAS set-up time tCSR 10 15 20 20 ns 20 
(CAS-BEFORE-RAS) refresh 

"RAS to CAS precharge time tRPC 0 0 0 0 ns 20 
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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 1001JS 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 4ms refresh require
ment is exceeded. 

4. AC characteristics assume tT = 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 2 TIL gates and 
100pF. 

8. Assumes that tReD < 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 = 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 
tRAC (max) can be met. tRCD (max) is specified as a 
reference roint only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con-
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troned 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 and to the WE leading 
edge in late WRITE or READ-MODIFY-WRlTE 
cycles. 

16. twcs, leWD 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 an open circuit throughout the entire cycle. If 
tCWD ~ leWD (min) and tRWD ~ tRWD (min), the 
cycle is a READ-WRITE and the data output win 
contain data read from the selected cen. If neither of 
the above conditions are met, the state of data out (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. Capacitance calculated from the equation C = LM 
tN 

with tN = 3V and Vee = 5V. This parameter is 
sampled. 

19. If CAS is LOW at the faning 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 leP. 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. 
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READ CYCLE 

'RC 

'RAS 'RP 

RAS 
VIH -
VIL _ - tCSH 

'RSH 'RRH 

C 'CRP 'RCD 'CAS 

JJ CAS 
VIH -
VIL -

l> 
'ASR 

3: 
AOOR 

VIH 
ROW VIL _ 

3: 
0 WE 

C I. 'CAC 

:l c: 'RAC 'OFF 

VALID O~TA .; r a VOH - OPEN OPEN VOL 

m 
EARL Y-WRITE CYCLE 

'RC 

'RAS 

RAS 
VIH -
VIL 

'CSH 

'RSH 

ICRP 'RCO 'CAS 

CAS VIH -
VIL 

'AR 

'ASC 

AOOR VIH 
VIL COl,UMN ROW 

'CWL 

'RWL 

'WCR 

IWCS tWGH 

'WP 

WE VIH 
VIL 

.1 
'OHR 

:~ 'os 'OH 

0 
VIH 

VALID DATA VIL 

a VOH -
VOL HIGH 

~ DON'T CARE 

8881 UNDEFINED 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRWC 

tCSH 

'I 
tCAS 

COLUMN ROW 

tRWD I I 
tRCS , 1 I' tCWD 

WE ~:~ I I tDS tDH 

, ::~ -W$!#,w!/,.Y#M'!#//$.Y/'!#,@!$#f~€'"''' b#,-p///,,w/'$$/,M 

1_ t~1 I~I 
Q ~g~---------OPEN - VALID DATA }---OPEN--

PAGE-MODE READ CYCLE 

1 __ ------------~tR~AS~------------~~ 

tCSH 

~ 1---------'-"""--I~~--="-------II--t-"'cP-_II~-t-"'CA"'S-II-t-"'cP--1 

AD DR ~I~:= 

I~~ 
Q ~gt ------OPEN---------i ~~~Z l----~ 

2-99 

tePN 

IZ::iI DON'T CARE 

Il88l UNDEFINED 

-C 
lJ 
l> s: 
s: 
o 
c 
C 
r 
m 



.. 
C 
JJ 
:t
s:: 
s:: 
o 
c 
c: 
r
m 

I'IIIC:I=ION MT9259 

PAGE-MODE EARL V-WRITE CVCLE 

ICSH 

D VIH 
V,L -:.u:.<LI"-""-"====,"-______ -lr\lL<'-'''' ______ ...1r'UL'"'-______ Jr'<.LLLLLLLLLLLLLLLLLL.t..L< 

o ~:~ ---------------------OPEN--------------------
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RAS ONLY REFRESH CYCLE 
(ADDR = AO - A7; AS and WE = DON'T CARE.) 

'RAS 

tcRP 

ADDR ~:~ -'1JjWJr;»Jr-----R;;;o:;;;w;--->kmmmWJWJWJ77i7lJ7lJmmm77liWJ7J>, 
~--------

ROW 

Q ~gr -----------------OPEN----------------

~BEFORE-~ REFRESH CYCLE 
(Ao - As' WE = DON'T CARE.) 

tcHR 

CAS ~:r:~UL_~~ ____ ~liLUL~L-~1-______________ ~~ __ 

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

ADDR ~:r 

HIDDEN REFRESH CYCLE 
(WE = HIGH)21 

(READ) 

tRAS 

(REFRESH) 

tRAS 

VALID DATA OPEN-Q ~gr ::.------OPENI---------4 L-___________ ~ 
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DRAM 
MODULE 
FEATURES 
• Industry standard pin-out 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, 100mW standby; 2000mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 512 cycle refresh distributed across 8ms 
• Optional Page Mode 

OPTIONS 
• Timing 

80ns access 
lOOns access 
120ns access 

• Lead dress 
Tin/Lead 
Gold (SIMM only) 

• Packages: 
Leadless 72-pin SIMM 
Leaded 72-pin ZIP 

MARKING 

- 8 
-10 
-12 

None 
G 

M 
ZN 

GENERAL DESCRIPTION 
The MT8C36256 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) 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 ~ on WE 
dictates READ mode while a logic LOW on WE dictates 
WRITE mode. During a WRITE cycle, data in (D) is latched 
~he falling edge of WE or CAS, whichever occurs last. If 
WE goes LOW prior to CAS going LOW, the outp~in(s) 
remain open (high Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin(s), 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. 

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 

256K x 36 DRAM 

PIN ASSIGNMENT (Top View) 

72 PIN SIMM (MN) 

~""I111""'i""""""III"i"" 0 111"""""""11111,,,,,,,,,,,,,,01 1 3. 36 72 

72 PIN ZIP (MP) 

== 1 35 36 72 

PIN. SYMBOL PIN. SYMBOL PIN' SYMBOL PIN. SYMBOL 
1 Vss 19 NC 37 D017 55 D012 
2 DOO 20 D04 38 D035 56 D030 
3 D018 21 D022 39 Vss 57 D013 
4 D01 22 D05 40 "CilSll 58 D031 
5 D019 23 D023 41 "CJl.S2 59 Vee 
6 DQ2 24 D06 42 "CJ\S3 60 D032 
7 D020 25 D024 43 ~ 61 D014 
8 D03 26 D07 44 ll7iSO 62 D033 
9 D021 27 D025 45 NC 63 D015 
10 Vee 28 A7 46 NC 64 D034 
11 NC 29 NC 47 WE" 65 D016 
12 AO 30 Vee 48 NC 66 NC 
13 A1 31 A8 49 D09 67 PRD1 
14 A2 32 NC 50 D027 68 PRD2 
15 A3 33 NC 51 D010 69 PRD3 
16 A4 34 llAS2 52 D028 70 PRD4 
17 A5 35 D026 53 D011 71 NC 
18 A6 36 DOS 54 D029 72 Vss 

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 -A8) are executed at least every 8ms, re
gardless of sequence. 

PAGE MODE operations allow faster data operations 
(READ, WRITE or READ-MODIFY-WRITE) within a row 
address (AO -A8) 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. By 
holding RAS LOW, CAS may be toggled strobing in differ
ent column addresses executing faster memory cycles. 
Returning RAS HIGH terminates the PAGE MODE 
operation. 

MT8C36256 
REV. 7169 2-103 

Micron Technology, Inc. reserves the right to change products or specifications without notice. 
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I'IIIC:I=ION MT8C36256 

FUNCTIONAL BLOCK DIAGRAM 

000 ················································008 

ttl t tttt ~ 
001-4 001-4 D Q 

WE WE ~ WE 
U1 U2 U3 - CAS - CAS r--- CAS 

r-- RAS r--- RAS r--- RAS 

~ AO-AS DE A(}-AS AO-AS 

"" ~ '-:;j ~ '-::; ~ = = 
CASO t--
CAS1 

RAsa 

-WE 0018 .............................................•. 0026 

t tt t tttt 
OQ1-4 D01-4 

WE r- WE 
U7 us 

r-- CAS r-- CAS 

r-- RAS r--- RAS 

.2.E 
AO-AS .2.EA~ ... ~ ... ~ 

= = 

AO-AS 

Ul, U2, U4, U5, U7, U8, Ul0, Ull = MT4C42560J 
U3, U6, U9, U12 = MT1259EJ 

l"-

~ 
D Q 

WE 
U9 

r-- CAS 

r-- RAS 

L_.!O"'A~ 
... ~ 

f--
f--
t---

2 ... 104 

009 ·················································0017 

ttl! t tt t ~ 
OQ1-4 DQ1 -4 D Q 

WE WE WE 
U4 U5 U6 - CAS - CAS r-- CAS 

r--- RAS r--- RAS - RAS 

DE AO-AS DE AO ... AS AO-AS 
--::;; ~ --::;; ~ '-::; ~ = = 

r-
r-r-
I"-

0027 ················································0035 

tttt t t t t ...6 
001-4 DQ1-4 D Q 

r- WE r- WE WE 
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TRUTH TABLE 

Addresses 
Function 'RE ~ WE' NOTES 

tR te 

Standby H H H X X High Impedance 

READ L L H ROW COL Data Out 

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

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

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

RAS ONLV L H H ROW nfa High Impedance 
REFRESH 

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

CAS-BEFORE- H-L L H X X High Impedance 
RAS REFRESH 

PRESENCE DETECT 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

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) ................... -55°C to +150°C 
Power Dissipation ...................................................... 12 Watt 
Short Circuit Output Current ...................................... 50mA 

-8 -10 -12 

GND GND GND 

NC NC NC 

GND GND NC 

NC GND NC 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 
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I'4IC:RON MT8C36256 

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 0.8 V 1 

INPUT LEAKAGE CURRENT 
(any input (OV :::: VIN :::: Vcc), II -120 120 j..lA 
all other pins not under test = 0 volts) (For each package input) 

OUTPUT LEAKAGE CURRENT 
(Q is disabled, OV :::: VOUT :::: Vcc) (For each package input) loz -120 120 j..lA 

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

Output Low voltage (louT = SmA) VOL 0.4 V 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

OPERATING CURRENT Icc1 720 mA 2 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: PAGE MODE Icc2 720 mA 2 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS Icc3 36 mA 
Power supply standby current (RAS = CAS = VIH 
after 8 RAS cycles min.) 

STANDBY CURRENT: CMOS INPUT LEVELS Icc4 14 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 ONLY Icc5 840 mA 2 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc6 840 mA 2 
(RAS and CAS = Cycling) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: Ao-As CI1 60 pF 18 

Input Capacitance: WE CI2 84 pF 18 

Input Capacitance: RASO, RAS2 CI3 42 pF 18 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 21 pF 18 

Input/Output Capacitance: DQO - DQ35 CIO 17 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 -8 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time 'RC 150 190 220 260 ns 6 7 

READ-MODIFY-WRITE cycle time 'RWC 180 220 255 295 ns 

PAGE-MODE cycle time 'PC 75 90 100 120 ns 6 7 
Access time from RAS" 'RAe 80 100 120 150 ns 78 
Access time from ~ 'CAC 40 50 60 75 ns 79 
RAS" pulse width 'RAS 80 10000 100 10000 120 10000 150 10000 ns 
RAS" hold time 'RSH 40 50 60 75 ns 

RAS" precharae time 'RP 60 80 90 100 ns 

"CAS" pulse width 'cAS 40 10000 50 10 000 60 10000 75 10 000 ns 
~holdtime 'CSH 80 100 120 150 ns 
~ precharae time 'CPN 20 25 25 30 ns 19 
"CAS" precharge time (PAGE-MODE) 'cP 25 30 30 35 ns 
RAS" to "CAS" delay time 'RCD 20 40 25 50 25 60 25 75 ns 13 
"CAS" to "RAS" set-up time 'CRP 10 15 20 20 ns 
Row address set-up time 'ASR 0 0 0 0 ns 
Row address hold time 'RAH 15 15 15 15 ns 

Column address set-up time 'ASC 0 0 0 0 ns 

Column address hold time 'CAH 15 20 20 25 ns 
Column address hold time 'AR 50 70 80 100 ns 
referenced to RAS" 
READ command set-up time 'RCS 0 0 0 0 ns 

READ command hold time tRCH 0 0 0 0 ns 14 
referenced to ~ 

READ command hold time IRRH 0 0 0 0 ns 

referenced to RAS" 
Output buffer turn-off delay 'oFF 0 25 0 30 0 30 0 35 ns 12 
WE command set-up time 'wcs 0 0 0 0 ns 16 

WRITE command hold time 'WCH 15 35 40 45 ns 
WRITE command hold time 'wCR 35 85 100 120 ns 
referenced to RAS" 
WRITE command pulse width 'WP 15 35 40 45 ns 
WRITE command to RAS lead time 'RWL 35 35 40 45 ns 

WRITE command to "CAS" lead time 'CWL 35 35 40 45 ns 
Data-in set-up time 'DS 0 0 0 0 ns 15 
Data-in hold time 'oH 15 35 40 45 ns 15 
Data-in hold time 'DHR 35 85 100 120 ns 
referenced to RAS" 
CAS to WE delay ICWD 30 40 50 60 ns 16 
RAS" to WE delay 'RWD 70 90 110 135 ns 16 
Transition time (rise or fall) 'T 3 100 3 100 3 100 3 100 ns 5 17 
Refresh Period (256 cycles) 'REF 4 4 4 4 ms 21 
CAS hold time 'CHR 15 20 25 30 ns 20 
(~-before-"RAS" refresh) 

CAS set-up time 'CSR 10 15 20 20 ns 20 
(CAS-BEFORE-RAS) refresh 

RAS 10 ~ precharge time 'RPC 0 0 0 0 ns 20 
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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 8 RAS cycles before proper device 
operation is assured. The 8 RAS cycle wake-up 
should be repeated any time the 4ms refresh require
ment 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 :::; 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 tRCD;:O: tRCD (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 
IRAC (max) can be met. IRCD (max) is specified as a 
reference F,0int only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con-

trolled 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 IRWD are restrictive operating 
parameters in READ-WRITE and READ-MODIFY
WRITE cycles only. If IWCS;:O: IWCS (min), the cycle is 
an EARLY-WRITE cycle and the data output will 
remain an open circuit throughout the entire cycle. If 
ICWD ;:0: ICWD (min) and IRWD;:O: 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 data out (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. Capacitance calculated from the equation C = 1M 
!:J.V 

with!:J.V = 3V and Vee = 5V. This parameter is 
sampled. 

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 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. 
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IVIIC:F=lON MT8C36256 

READCVCLE 

IRC 

IRAS 

RAs VIH -
VIL _ 

tcSH 

IRSH 

ICRP IRCD ICAS 

CAS 
VIH -
VIL -

ADDR 

Q ~gr ------------OPEN----------------( VALIDDATA ~---OPEN----
'-------' 

EARL V-WRITE CVCLE 

RAs VIH -
VIL 

ICSH 

ICRP 

CAS VIH -
VIL 

IASR IRAH 

ADDR VIH 
VIL ROW ROW 

IRWL 

IWCR 

IWCS IWCH 

IWp 

IDHR 

lOS IOH 

VALID DATA 

Q ~gr -~---------------------- HIGH 

~ DON'T CARE 

E88I UNDEFINED 
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I'4IC:RCN MT8C36256 

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

tCSH 

'I, 

I~ 
ffn~n<.~~n+n,,~7nA 

COLUMN ROW 

tRWO I I 
tRCS, 1 I' tcwo 

WE ~:~ I I tos tOH 

o :i~ -W'@,0''//'@40',7/0!,0'/,/,0'!t0''/$#(:W~-:",'" b#f///$#//,0'///////,l 

I.,. t~1 I~I 
Q ~g~-:---------OPEN .. VALlOOATA }--OPEN--

PAGE-MODE READ CYCLE 

tCSH 

'I tpc tRSH 

~ 1~' ____ -"=+-_I_,........,tC""AS'---II_--",tcP'---_II~_t-",CA",-S_II_t-",cP __ II_t""CA"'-S_I 

ADOR 

Q ~g~ -'-------OPEN---------{ ~~~~ }--------{ 
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I'4ICRCN MT8C36256 

PAGE-MODE EARLY-WRITE CYCLE 

'RAS 

RAS 
V,H -
V,L -

tCSH 

~ 

CAS 
V,H -
V,L 

ADOR V,H 
V,L 

-

Q ~:t -----------------------OPEN----------------------

2-111 

~ DON'T CARE 

~ UNDEFINED 
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fJl1C:I=ION MT8C36256 

~ ONLY REFRESH CYCLE 
(ADDR = Ao - A7; AS and WE = DON'T CARE.) 

leRP 

ADDR ~:t -7J7J7i%lr----;uRO;VWV--~m,mmm7J7i7J7i7J7i7li7l}77l.77l.mmm~ 
~---------

ROW 

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

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

~s ~:~:~UL_~L_ ____ _ULU~ULL-__ 1-___________________ ~_ 

a ~g~ :'-----------------------OPEN------------------

ADDR ~:~ 

HIDDEN REFRESH CYCLE 
(WE = HIGH)21 

(READ) 

tRAS 

(REFRESH) 

tRAS 

:IL..--__ _ Q ~g~ -'----------- OPENI-----------~.:r-_-------;V~AL~ID;[D;;AT~A:-----1 
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I'IIIC:I=ION MT8C36512 

DRAM 
MODULE 
FEATURES 
• Industry standard pin-out 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 TIL and 

CMOS compatible 
• Low power, 100mW standby; 2000mW acti~ical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 512 cycle refresh distributed across Sms 
• Optional Page Mode 

OPTIONS 
• Timing 

SOns access 
lOOns access 
120ns access 

• Lead dress 
Tin/Lead 
Gold (SIMM only) 

• Packages: 
Leadless 72-pin SIMM 
Leaded 72-pin ZIP 

MARKING 

- S 
-10 
-12 

None 
G 

DM 
DZN 

GENERAL DESCRIPTION 
The MTSC36256 is a randomly accessed solid-state 

memory containing 524,2SS words organized in a x36 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. 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 
~he 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), 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. 

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 

512K x 36 DRAM 

PIN ASSIGNMENT (Top View) 

72 PIN SlUM (MO) 

~i1"''''i1i1i1''''''i1i1i1i1i1i1i1i1" i1i1i1i1i1i1l111"II!!II!!IIillI!! i1 01 
1 35 36 72 

72 PIN ZIP (MQ) 

[litffllilllM11lfIiJjIfl1li1llWll " iIlIil~ 
1 35 36 72 

PIN. SYMBOL PIN. SYMBOL PIN. SYMBOL PINt SYMBOL 
1 Vss 19 NC 37 D017 55 D012 
2 DOO 20 D04 38 0035 56 0030 
3 0018 21 0022 39 Vss ' 57 0013 
4 001 22 005 40 l:i\Slj 58 0031 
5 0019 23 0023 41 "CAS2 59 Vee 
6 002 24 006 42 "C1iS3 60 0032 
7 0020 25 0024 43 1:7iSl 61 0014 
8 D03 26 D07 44 "RJ\Sl! 62 0033 
9 0021 27 0025 45 "RJ\Sl 63 0015 

10 Vee 28 A7 46 NC 64 0034 
11 NC 29 NC 47 TNt 65 0016 
12 AO 30 Vee 48 NC 66 NC 
13 Al 31 AS 49 DOS 67 PROl 
14 A2 32 NC 50 0027 68 PR02 
15 A3 33 ~ 51 DOlO 69 PRD3 
16 A4 34 "Rl\Sl1 52 0028 70 PR04 
17 AS 35 0026 53 0011 71 NC 
18 A6 36 008 54 0029 72 VSs 

during the RAS high time. Memory cell data is retained in 
its correct state by maintainin...£..E?wer 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, re
gardless of sequence. 

PAGE MODE operations allow faster data operations 
(READ, WRITE or READ-MODIFY-WRITE) within a row 
address (AO -AS) defined page boundary. The PAGE MODE 
cycle is always initiated With a row address strobed in by 
RAS followed Py a column address strobed in by CAS. By 
holding RAS LOW,.CAS may be toggled strobing in differ
ent column addresses executing faster memory cycles. 
Returning RAS HIGH terminates the PAGE MODE 
operation. 

MTBC36256 
REV. 7/89 2-113 Micron Tedmology, Inc. reserves the right to change products or specifications without notice. 
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I'IIIC:F=lON MT8C36512 

FUNCTIONAL BLOCK DIAGRAM 

DOO ------------------------------------------------ DOS 

Jill Jill 
DQl ·4 DOl ·4 0 Q 

,--- WE - WE r--- WE 

- CAS 
U1 

r-- CAs 
U2 

r-- CAS 
U3 

r--- RAS r--- RAS - RAS 

~ AO~ 
.. i'- ~ 

'" 
AO~ 

~ 
,-:AO-A';,-

-= -= 
CAsa I--
CASl 
RASa 

WE ~ D018 ----------------------------------------------- D026 

Jill DOl -4 Jill DOl -4 0 Q 

WE - WE - WE 
U7 U8 U9 - CAS - CAS r-- CAS 

- RAS r- RAS r--- RAS 

~ .. AO~ ... ~ 
"" 

AO~ 

~ 
L:AO-A~ 

... i"'-
-= -= 

CAS2 -
CAS3 
RAS2 

AO-AS 

DOO ------------------------------------------------ DOS 

Jill Jill 
DOl -4 DQl -4 0 Q 

- WE r--- WE - WE 
U13 U14 U15 

r--- CAS - CAS - "i5"As 

- RAS - RAS r--- RAS 

.r~ AO~ DE A~~ ,-:AO-A~ 

-= 
... ... .. 1"-

-

- D01S ----------------------------------------------- D026 

Jill Jill 
DOl -4 DQl -4 0 Q 

I---- WE - WE r--- WE 
U19 U20 U21 

r--- CAS r--- CAS - CAS 

r--- RAS - RAs - RAS 

~AO~ .r~ AO~ -;AO-ASo-

.. 1'0- .. 
-= 

I--

AO-AS ~ 
U1. U2. U4. U5. U7. U8. U10. U11. U13. U14. U16. U17. U19. U20. U22. U23 = MT4C4256DJ 
U3. U6, U9, U12. U15. U1 S, U21. U24 = MT1259EJ 
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D09 .------------------------------------------------ D017 

Jill Jill 
001-4 DQl -4 0 Q 

r--- WE - WE r--- WE 

- CAS 
U4 - CAs 

us 
r-- CAs 

U6 

,---- RAS r--- RAS - RAS 

~ 
"" 

Aa-...~ ... ~ .. AO~ AO-A8;:-

-= -= 
I--
I--
I--

D027 .----------------------------------------------- D035 

Jill Jill DOl ·4 OQl-4 0 Q 

r--- WE - WE - WE 
U10 U11 U12 - CAS - CAS r--- CAS 

- RAS r--- RAS - RAS 

~ AO-AS ~ AOF-
AO--AS .. ~ '" '":;; ~ -= -= 

I--
I--
I--

D09 .------------------------------------------------ D017 

Jill Jill 
DQl ·4 OQl-4 0 Q 

r--- WE r--- WE - WE 
U16 U17 U18 

r--- CAS - CAS r-- CAS 

,.---- RAS - RAs r- RAS 

~AO~ ~ AO~ ,-:AO-A~ 

-= '" i'" -= 
.. '" i"'-

---

D027 .----------------------------------------------- D035 

Jill Jill 
DQl ·4 DQl -4 0 Q 

- WE r--- WE r------ WE 
U22 U23 U24 

r--- CAS r--- CAS - CAS 

,.---- RAS - RAS r- RAS 

~A~ 
'" i"'-

~ AO~ -;AO-A';:,-

"" ... -= -= 
-
-f-
-



I'IIIC:I=ION MT8C36512 

TRUTH TABLE 

Addresses 
Function 'J!IA§' ~ WE' NOTES 

tR tC 

Standby H H H X X High Impedance 

READ L L H ROW COL Data Out 

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

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

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

RAS ONLY L H H ROW nfa High Impedance 
REFRESH 

HIDDEN L ..... H ..... L L H ROW COL Valid Data Out 
REFRESH 

~-BEFORE- H ..... L L H X X High Impedance 
RAS REFRESH 

PRESENCE DETECT 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

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) ................... -SS°C to +1S0°C 
Power Dissipation ...................................................... 12 Watt 
Short Circuit Output Current ...................................... SOmA 

·8 ·10 ·12 

NC NC NC 

GND GND GND 

GND GND NC 

NC GND NC 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 
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I'IIIC:I=ION MTBC36512 

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 0.8 V 1 

INPUT LEAKAGE CURRENT 
(any input (OV :,; VIN :,; Vcc), II -240 240 IlA 
all other pins not under test = 0 volts) (For each package input) 

OUTPUT LEAKAGE CURRENT 
(a is disabled, OV :,; VOUT :,; Vcc) (For each package input) loz -240 240 IlA 

OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) VOH 2.4 V 1 

Output Low voltage (lOUT = 5mA) VOL 0.4 V 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

OPERATING CURRENT Icc1 1.2 A 2 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: PAGE MODE Icc2 1.2 A 2 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS Icc3 72 mA 
Power supply standby current (RAS = CAS = VIH 
after 8 RAS cycles min.) 

STANDBY CURRENT: CMOS INPUT LEVELS Icc4 28 mA 
Power supply standby current (RAS = CAS = Vcc -0.2V 
after 8 RAS cycles min. All other inputs at Vcc-O.2V or Vss + 0.2V) 

REFRESH CURRENT: RAS ONLY Icc5 1.6 A 2 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc6 1.6 A 2 
(RAS and CAS = Cycling) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: Ao-As CI1 60 pF 18 

Input Capacitance: WE CI2 84 pF 18 

Input Capacitance: RASO, RAS2 CI3 42 pF 18 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 21 pF 18 

Input/Output Capacitance: 000 - 0035 CIO 17 pF 18 
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1'41C:I=ION MTBC36512 

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 -8 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cycle time tRC 150 190 220 260 ns 6 7 

READ-MODIFY-WRITE cvcle time tRwc 180 220 255 295 ns 

PAGE-MODE cycle time tpc 75 90 100 120 ns 6 7 

Access time from RAS tRAC 80 100 120 150 ns 78 

Access time from CAS tCAC 40 50 60 75 ns 7 9 

RAS pulse width tRAS 80 10000 100 10000 120 10000 150 10000 ns 

'RAS hold time tRSH 40 50 60 75 ns 

'RAS precharQe time tRP 60 80 90 100 ns 
CAS' pulse width tCAS 40 10000 50 10 000 60 10000 75 10000 ns 

'CAS hold time tCSH 80 100 120 150 ns 

'CAS precharae time tCPN 20 25 25 30 ns 19 

CAS precharQe time (PAGE-MODE) tcp 25 30 30 35 ns 

RAS to CAS delay time tRCD 20 40 25 50 25 60 25 75 ns 13 

CAS to RAS set-up_time tCRP 10 15 20 20 ns 

Row address set-up time tASR 0 0 0 0 ns 

Row address hold time tRAH 15 15 15 15 ns 

Column address set-up time tASC 0 0 0 0 ns 

Column address hold time tCAH 15 20 20 25 ns 

Column address hold time tAR 50 70 80 100 ns 
referenced to RAS 

READ command set-up time tRCS 0 0 0 0 ns 

READ command hold time tRCH 0 0 0 0 ns 14 
referenced to CAS 

READ command hold time tRRH 0 0 0 0 ns 

referenced to RAS 

Output buffer turn-off delay taFF 0 25 0 30 0 30 0 35 ns 12 

WE command set-up time twcs 0 0 0 0 ns 16 

WRITE command hold time tWCH 15 35 40 45 ns 

WRITE command hold time tWCR 35 85 100 120 ns 
referenced to RAS 

WRITE command pulse width twp 15 35 40 45 ns 

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

WRITE command to CAS lead time tCWL 35 35 40 45 ns 

Data-in set-up time tDS 0 0 0 0 ns 15 

Data-in hold time tDH 15 35 40 45 ns 15 

Data-in hold time tDHR 35 85 100 120 ns 
referenced to RAS 

'CAS to WE delay tCWD 30 40 50 60 ns 16 

RAS to WE delay tRWD 70 90 110 135 ns 16 

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

Refresh Period (256 cycles) tREF 4 4 4 4 ms 21 

CAS hold time tCHR 15 20 25 30 ns 20 
(CAS-before-RAS refresh) 

CAS set-up time tCSR 10 15 20 20 ns 20 
('CAS-BEFORE-RAS) refresh 

RAS to CAS precharge time tRPC 0 0 0 0 ns 20 
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I'IIICI=ION MTBC36512 

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 1001J.S 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 4ms refresh require
ment is exceeded. 

4. AC characteristics assume tT = 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 :s; T A :s; 70°C) is assured. 

7. Measured with a load equivalent to 2 TIL 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 = 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 
tRAC (max) can be met. tRCD (max) is specified as a 
reference e0int only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con-

trolled 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 and to the 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 an 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 9me 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. Capacitance calculated from the equation C = ItJ.t 
tN 

with tN = 3Vand Vee = SV. This parameter is 
sampled. 

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. 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. 
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I'4ICRON MT8C36512 

I. tCAC 

:) tRAC tOFF 

VALID D:TA .~ 0 VOH - OPEN OPEN VOL 

EARL Y-WRITE CYCLE 

tRC 

tRAS tRP 

RAS 
VIH -
V,L _ 

tCSH 

tRSH 

tCRP tRCD tCAS 

CAs V,H -
V,L 

tASR tRAH 

ADDR V,H 
V,L ROW ROW 

tRWL 

tWCR 

twcs tWCH 

twp 

IDHR 

~tD_s __ I._tDH~:1_u~_u __ _____ 

VALID DATA _ 

Q ~g~ --------------------- HIGH --------------------
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I'4IC:RON MT8C36512 

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

RAS 
VIH -
VIL _ 

tCSH 

tRSH 

tCRP tRCO tCAS 

CAS VIH -
VIL -

tASR tRAH I~ 
AOOR VIH 

ROW VIL ROW 

tRCS, I I ' 

WE ~:~ I tos tOH 

::r :?1$#$$$41I$I$#I$I#I$#,f$ell~ '~"M" !w$~II$I,f$«l 
~I-____ t=-==I ~I 

Q ~g~-~-------OPEN VALID DATA . }---OPEN--

PAGE-MODE READ CYCLE 

tCSH 

a ~gt -----,-----OPEN--------4 
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1'41C:I=ION MT8C36512 

AODR ~l~ 

PAGE-MODE EARL V-WRITE CVCLE 

1CSH 

'I 

VALID DATA 

:-------------------------------------OPEN-------------------------------------
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1'41C:I=ION MT8C36512 

~ ONLY REFRESH CYCLE 
(ADDR = AO - A7; AS and WE = DON'T CARE.) 

tRAS tRP 

j \ 
tCRP 

~ I 
CAS ~:~: "--.J '---I 

tASR tRAH . • I. . 
ADDR ~:~ _~--RO-W --i&////#ffffU'/$ffU'&'ff&'/////$$/ar---Ro-w --

Q ~8~ ---------------OPEN'---------------

~-BEFORE-~ REFRESH CYCLE 
(AO - As and WE = DON'T CARE.) 

- VIH-
CAS VIL -"...1.4J.~_-:L ____ ....LLJ.~LI.LI.:.t.IL_....:L_ _____________ ..L-_ 

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

RAS 

CAS 

ADDR 

Q 

VIH-
VIL_ 

tCRP 

VIH-
VIL_ 

VIH 
VIL 

HIDDEN REFRESH CYCLE 
(WE = HIGH)21 

(READ) 

tRAS 

VOH-:...-------OPEN----------< VOL -
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I'IIIC:F=lON MTBCB024 

DRAM 
MODULE 
FEATURES 
• Industry standard pin-out 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, 40mW standby; 1400mW activ~cal 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 512 cycle refresh distributed across Sms 
• Optional Fast Page Mode 

OPTIONS 
• Timing 

SOns access 
lOOns access 
120ns access 

• Packages: 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

MARKING 

- S 
-10 
-12 

M 
MN 

GENERAL DESCRIPTION 
The MTSCS024 is a randomly accessed solid-state 

memory containing 1,048,576 words organized in a xS 
configuration. 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 
EY.!he falling edge of WE or CAS, whichever occurs last. If 
WE g~es LOW ~or to CAS going LOW, the outp~in(s) 
remam open (high Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin(s), 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. 

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 

1MEG x8DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

30 PIN SIMM 30 PIN SIP 
(ML) (MG) 

Vee 1 
CAS 2 

1 D01 3 
2 AO 4 
3 A1 5 4 
5 D02 6 
6 A2 7 
7 A3 8 
8 Vss 9 

Vss 9 D03 10 
D03 10 A4 11 s:: A4 11 !: AS 12 

A5 12 -I 
004 13 @ D04 13 CO 

A6 14 0 
A6 14 0 

A7 15 CO 
A7 15 CO 

005 16 Q DOS 16 0 
N A8 17 N AS c 17 ~ A9 18 .1:10 A9 18 s::: NC 19 !: NC 19 

D06 20 D06 20 Z 
W 21 W 21 Vss 22 

007 23 Vss 22 
NC 24 D07 23 

DOB 25 NC 24 
NC 26 DOB 25 
~ 27 NC 26 

NC 28 RAS 27 
NC 29 NC 28 
Vee 30 NC 29 

Vee 30 

its correct state by maintaini~wer and executing any 
RAS cycle (READ, WRITE, ~ ONLY, CAS-BEFORE
RAS, or HIDDEN refresh) so that all 512 combinations of 
RAS addresses (AO-AS) are executed at least every Sms, re
gardless of sequence. 

PAGE MODE operations allow faster data operations 
(READ, WRITE or READ-MODIFY-WRITE) within a row 
address(AO-A9) defined page boundary. The PAGE MODE 
~ 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 differ
ent column ~~esses executing faster memory cycles. 
Returning RAS HIGH terminates the PAGE MODE 
operation. 

MTBC8024 
REV. 7/89 2-123 Micron Technology, Inc. reserves the right 10 change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

-C 
DQ, DOS 

:J] 
l> 
3: 
3: DO' DOS 

0 
C 
c: 
r- OO, DO? 

m 
U1 - U8 = MT4C1024DJ 

DO' Das 

V~ 

V" 

TRUTH TABLE -
Addresses 

Function 'RAS" ~ WE NOTES 
tR te 

Standby H H H X X High Impedance 

READ L L H ROW COL Data Out 

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

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

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

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

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

CAS-BEFORE- H-L L H 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 (Plastic) ................... -SsoC to + lS0°C 
Power Dissipation ........................................................ 8 Watt 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended 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 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 ~ VIN ~ Vcc), II -80 80 IlA 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CUR'RENT 
(Q is disabled, OV ~ VOUT ~ Vcc) loz -80 80 IlA 

OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) VOH 2.4 V 1 

Output Low voltage (lOUT = 5mA) VOL 0.4 V 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

OPERATING CURRENT Icc1 400 mA 3,4 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: FAST PAGE MODE ICC2 400 mA 3,4 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS Icc3 16 mA 
Power supply standby current (RAS = CAS = VIH 
after 8 RAS cycles min.) 

STANDBY CURRENT: CMOS INPUT LEVELS ICC4 8 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 ONLY Icc5 280 mA 3 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS ICC6 280 mA 3,5 
(RAS and CAS = Cycling) 
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I"IICRON MT8C8024 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-A9 Cit 40 pF 2 

Input Capacitance: RAS, CAS, WE CI2 56 pF 2 

Input/Output Capacitance: DQ CIO 12 pF 2 

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 -12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cvcle time 'RC 160 190 220 ns 

READ-WRITE cvcle time 'RWC 185 220 255 ns 

FAST PAGE-MODE READ 'PC 45 55 70 ns 
or WRITE cycle time 

FAST PAGE-MODE READ-WRITE 'PRWC 70 85 105 ns 
cycle time 

Access time from"RAS" 'RAC 80 100 120 ns 14 
Access time from CAS 'CAC 20 25 30 ns 15 
Access time from column address 'AA 40 50 60 ns 
Access time from "CAS" precharge 'CPA 45 55 65 ns 

RAS pulse width 'RAS 80 10000 100 10 000 120 10000 ns 

RAS pulse width (PAGE MODE) 'RASP 80 100000 100 100,000 120 100,000 ns 

RAS hold time 'RSH 25 25 30 ns 
RAS· precharge time 'RP 70 80 90 ns 

CAS pulse width 'cAS 20 10000 25 10,000 30 10,000 ns 

CAS hold time 'cSH 80 100 120 ns 

CAS precharge time 'cPN 15 15 20 ns 16 
CAS Pl"echarge time (PAGE MODE) 'CP 10 10 15 ns 

RAS to CAS delav time 'RCD 20 60 25 75 25 90 ns 17 
CAS to RAS precharge time 'CRP 5 5 10 ns 
Row address set-up time 'ASR 0 0 0 ns 

Row address hold time 'RAH 12 15 15 ns 

RAS to column 'RAD 17 40 20 50 20 60 ns 18 
address delay time 

Column address set-up time 'ASC 0 0 0 ns 

Column address hold time 'cAH 15 20 25 ns 

Column address hold time 'AR 60 70 85 ns 
(referenced to RAS) 
Column address to 'RAL 40 50 60 ns 
RAS lead time 

Read command set-up time 'RCS 0 0 0 ns 

Read command hold time 'RCH 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 'cLl 0 0 0 ns 

Output buffer turn-off delav 'oFF 0 20 0 20 0 35 ns 20 
WE command set-up time 'wcs 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) (O°C ~ T A ~ +70°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time IWCH 15 20 25 ns 

Write command hold time IWCR 60 75 85 ns 
(referenced to "RAS") 

Write command pulse width IWp 15 20 25 ns 

Write command to RAS lead time IRWL 25 25 30 ns 

Write command to "CAS lead time tc;WL 20 25 30 ns 

Data-in set-up time tDS 0 0 0 ns 22 

Data-in hold time tDH 20 20 25 ns 22 

Data-in hold time IDHR 60 75 90 ns 
(referenced to "RAS") 
"RAS" to WE delay time tRWD 80 100 120 ns 21 

Column address IAWD 40 50 60 ns 21 
to WE delay time 

"CAS to WE delay time ICWD 20 25 30 ns 21 

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

Refresh Period (512 cycles) IREf 8 8 8 ms 

"RAS" to "CAS Precharae time IRPC 0 0 0 ns 

"CAS set-up time tCSR 10 10 10 ns 5 
(CAS-BEfORE-RAS refresh) 

"CAS hold time tCHR 30 30 30 ns 5 
("CAS-BEfORE-RAg" refresh) 
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iVl1C:RON MT8C8024 

NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = 1M with!:N = 3V and Vee = 
SV. !:N 

3. Ice is dependent on cycle rates. 
4. Ice 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 :s; T A :s; 70°C) is assured. 

7. An initial pause of 100!!s is required after power-up 
followed by any B RAS cycles before proper device 
operation is assured. The B RAS cycle wake-up 
should be repeated any time the Bms refresh require
ment is exceeded. 

B. AC characteristics assume tT = 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 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, 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 con
trolled exclusively by tCAe. 

lB. 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 tAk 

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 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 tRWD ~ tRWD (min), tA WD ~ 
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 (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

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. All other inputs equal Vcc -0.2V. 
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READCVCLE 
tRC 

tRAS tRP 

RAS 
VIH -
VIL _ 

tCSH 

tRSH tRRH 

tCRP tRCO tCAS 

CAS 
VIH -
VIL -

tAR 

ADDR 
VIH 
VIL _ ROW 

WE 

a VOH-
VOl OPEN OPEN 

EARL V-WRITE CVCLE 

tRC 

tRAS 

RAS VIH -
VIL 

tCSH 

tRSH 

tCRP tRCD ICAS 

CAs VIH -
VIL _ 

IAR 

tRAD tRAL 

ADDR VIH 
VIL ROW 

a ~ge_~------------~---------------------OPEN--------------------------~---------
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I'4ICI=ION MT8C8024 

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

'RWC 

'CSH 

'I, 
'CRP 'RCD teAS 

CAS VIH -
VIL -

'AR 

tRAD I 
~ tRAH ~I 

ADDR VIH 
ROW COLUMN VIL ROW 

'RWD I I 
tRCs·1 I, tCWD 

1AWD 

WE ~:t 
~~~~~~~~~~ 

1 'os tOH 

D ~:t =W//&/$///$$/////#/////////////////$/$$&l-:D =-b////////Iff///$$/////h 
I 1 i 'AA I~ 

Q ~gt =:---------QPEN------~::;w,)<.)IJt '---_____ -.-Jf VALID DATA 

PAGE-MODE READ CYCLE 

tCSH 'PC 'RSH 

ADDR ~i~ 

'-----OPEN-----~N y,~Wl1---mXM 
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PAGE-MODE EARLY-WRITE CYCLE 

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

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

ADDA ~:~ -.LI.:ulL----,--.Jr'<.LL..!ll'---:----;--,--..Jr'<-LffLLul'---.---"'CL¥.L/.L.fl'---.----;,.-"OLf'~LL£fLLLLLL.f 
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tvllC:RON MT8C8024 

"RAS' ONLY REFRESH CYCLE 
(ADDR = Ao - AS; Ag and WE = DON'T CARE.) 

tRAS tRP 1 

J 
J 

I' 
tCRP . ~I 

-----' ~ 
, tASR . I. tRAH . 

ADDR ~:~ ~r---RO-W ----,W;///M/ff$/$$/$/R/M/ff/ff$/J;(-----RO-W --

Q ~g~ :::'--------------OPEN!---------------

tRP 

.-----.l 
~ 

tCPN tCSR --I-='-

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

tRAS II. tRP • II tRAS 

~ It 

tCHR 
I"·~· 

tRPC tCSR ----
.1 

Y \ 

~ 

Q ~gt -.--------------OPEN--------------

tCRP tRCD 

AD DR 

HIDDEN REFRESH CYCLE 
(WE = HIGH)23 

(READ) 

tRAS 

COLUMN 

(REFRESH) 

tRAS 

Q ~gt -'------- OPEN-------\lCIOOOi~ 
~----------~ 
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DRAM 
MODULE 
FEATURES 
• Industry standard pin-out in a 3D-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, 40mW standby; 1400mW activ~ical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN . 
• 512 cycle refresh distributed across Sms 
• Optional Fast Page Mode 

OPTIONS 
• Timing 

SOns access 
lOOns access 
120ns access 

• Packages: 
Leaded 30-pin SIP 

MARKING 

- S 
-10 
-12 

DMN 

GENERAL DESCRIPTION 
The MTSCS024 is a randomly accessed solid-state 

memory containing 1,04S,576 words organized in a xS 
configuration. 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 
~he falling edge of WE or CAS, whichever occurs last. If 
WE goes LOW prior to CAS going LOW, the outp~in(s) 
remain open (high Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin(s), 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. 

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 

1MEG x8DRAM 
LOW PROFILE 

PIN ASSIGNMENT (Top View) 

Vee 
CAS 
D01 

AD 
A1 

D02 
A2 
A3 

Vss 
D03 

A4 
A5 

D04 
A6 
A7 

D05 
AB 
A9 
NC 

D06 
IN 

Vss 
D07 

NC 
DOB 

NC 
RAS 

NC 
NC 
Vee 

30 PIN SIP 
(Mil 

1 
2 
3 
4 
5 
6 
7 
B 
9 
10 
11 
12 
13 
14 
15 
16 
17 
1B 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2B 
29 
30 

its correct state by maintaini~wer and executing any 
RAS cycle (READ, WRITE, RAS ONLY, CA5-BEFORE
RAS, or HIDDEN refresh) so that all 512 combinations of 
RAS addresses (AO-AS) are executed at least every Sms, re
gardless of sequence. 

PAGE MODE operations allow faster data operations 
(READ, WRITE or READ-MODIFY-WRITE) within a row 
address (AO-A9) 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. By 
holding RAS LOW, CAS may be toggled strobing in differ
ent column ~iresses executing faster memory cycles. 
Returning RAS HIGH terminates the PAGE MODE 
operation. 

MT8CB024 
REV. 7189 2-133 
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FUNCTIONAL BLOCK DIAGRAM 

-C 
:D 

001 005 

» 
i: 
i: 002 0Q6 

0 
C 
c: 
r- 003 007 

m 
U1 - U8 = MT4C1024DJ 

004 0Q8 

Vro 

Vos 

TRUTH TABLE 1'Rll 

Addresses 
Function "RAS" CAS' WE' NOTES 

tR te 

Standby H H H X X High Impedance 

READ L L H ROW COL Data Out 

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

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

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

RAS ONLY L H H ROW nla High Impedance 
REFRESH 

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

CAS-BEFORE- H-+L L H X X High Impedance 
RAS REFRESH 

2-134 



1'41C:I=ION MTBCB024 

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 ........................................................ 8 Watt 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under U Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

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.S 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), II -80 80 IlA 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(Q is disabled, OV :S VOUT :S Vcc) loz -80 80 IlA 

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

Output Low voltage (lOUT = SmA) VOL 0.4 V 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

OPERATING CURRENT Icc1 400 mA 3,4 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc2 400 mA 3,4 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS Icc3 16 mA 
Power supply standby current (RAS = CAS = VIH 
after 8 RAS cycles min.) 

STANDBY CURRENT: CMOS INPUT LEVELS Icc4 8 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 ONLY Icc5 280 mA 3 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc6 280 mA 3,S 
(RAS and CAS = Cycling) 
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-C 

CAPACITANCE 

PARAMETER 

Input Capacitance: Ao-A9 

Input Capacitance: RAS, CAS, WE 

Input/Output Capacitance: DQ 

SYMBOL 

CI1 

CI2 

CIO 

MIN MAX UNITS NOTES 

40 pF 2 

56 pF 2 

12 pF 2 

:II ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
:J> (Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C :5 T A :5 + 70°C, Vcc = 5.0V ± 10%) 

s:: 
s: 
o 
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 ~ 

Access time from CAS 
Access time from column address 

Access time from CAS Drecharae 

"RAS" pulse width 

RAS" Dulse width (PAGE MODEl 

RAS hold time 

RAS precharae time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharaetime (PAGE MODE) 

"RAS" to "CAS" delay time 

CAS to RAS precharae time 

Row address set-uD time 

Row address hold time 

"RAS" to column 
address delay time 

Column address set-up time 

Column address hold time 

Column address hold time 
(referenced to liAS) 

Column address to 
~Ieadtime 

Read command set-up time 

Read command hold time 
(referenced to CAS) 
Read command hold time 
(referenced to "FIAS") 

CAS to output in low-Z 

Output buffer turn-off delay 

WE command set-up time 

-8 
SYM MIN 
IRC 160 

IRWC 185 
IpC 45 

IpRWC 70 

IRAC 

ICAC 
lAA 

tePA 
IRAS 80 

IRASP 80 
IRSH 25 
IRP 70 

teAS 20 
teSH 80 
tePN 15 
ICp 10 

IRCD 20 
teRP 5 
IASR 0 
IRAH 12 
IRAD 17 

IASC 0 
ICAH 15 
IAR 60 

IRAl 40 

IRCS 0 
IRCH 0 

IRRH 0 

IClZ 0 
IOFF 0 
twcs 0 

-10 -12 
MAX MIN MAX MIN MAX UNITS NOTES 

190 220 ns 

220 255 ns 

55 70 ns 

85 105 ns 

80 100 120 ns 14 
20 25 30 ns 15 
40 50 60 ns 

45 55 65 ns 

10000 100 10000 120 10000 ns 

100000 100 100000 120 100,000 ns 

25 30 ns 

80 90 ns 

10000 25 10000 30 10 000 ns 

100 120 ns 

15 20 ns 16 
10 15 ns 

60 25 75 25 90 ns 17 
5 10 ns 

0 0 ns 

15 15 ns 

40 20 50 20 60 ns 18 

0 0 ns 

20 25 ns 

70 85 ns 

50 60 ns 

0 0 ns 

0 0 ns 19 

0 0 ns 19 

0 0 ns 

20 0 20 0 35 ns 20 
0 0 ns 21 
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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 -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Write command hold time tWCH 15 20 25 ns 

Write command hold time tWCR 60 75 85 ns 
(referenced to RAS) 

Write command pulse width twp 15 20 25 ns 

Write command to RAS lead time tRWL 25 25 30 ns 

Write command to CAS lead time tCWL 20 25 30 ns 

Data-in set-up time tDS 0 0 0 ns 22 

Data-in hold time tDH 20 20 25 ns 22 

Data-in hold time tDHR 60 75 90 ns 
(referenced to RAS") 

RAS to WE delay time tRWD 80 100 120 ns 21 

Column address tAWD 40 50 60 ns 21 
to WE delay time 

CAS to WE delay time tCWD 20 25 30 ns 21 

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

Refresh Period (512 cycles) tREf 8 8 8 ms 

RAS to CAS Precharae time tRPC 0 0 0 ns 

CAS set-up time tCSR 10 10 10 ns 5 
(CAS-BEfORE-RAS refresh) 

CAS hold time tCHR 30 30 30 ns 5 
(CAS-BEfORE-RAS refresh) 
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I'IIIC:F=lON MT8C8024 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = !At with I'N = 3V and Vee = 
SV. IN 

3. Ice is dependent on cycle rates. 
4. Ice 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 :0; T A :0; 70°C) is assured. 

7. An initial pause of lOOl1s 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 require
ment is exceeded. 

8. AC characteristics assume tT = 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 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, Q 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 ~oint only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by tCAe. 

18. Operation within the tRAD (max) limit ensures that 
tRCD (max) can be met. tRAD (max) is specified as a 
reference ~oint only; if tRAD is greater than the 
specified RAD (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, 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 tRWD ~ 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 data out (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

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 mDDEN REFRESH may also be performed after 
a WRiTE cycle. In this case WE = LOW. 

24. All other inputs equal Vcc -0.2V. 
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ADDR 

V,H _--------.J 
V,L _ 

Q ~gr -:-----------

RAS 
VIH -
V,L 

teRP 

CAS VIH -
V,L 

~ 

ADDR V,H 
V,L ROW 

READ CYCLE 

tRC 

tCSH 

tCAS 

OPEN OPEN 

EARL Y-WRITE CYCLE 

tRC 
tRAS tRP 

tCSH 

IRSH 

tRCD 'CAS 

tAR 

ROW 

'RWl 

tWGR 

twcs tWCH 

twp 

o ~g~-~-------------------OPEN--------------------
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I'IIIC:F=lON MT8C8024 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODiFY-WRiTE CYCLES) 

'CSH 

'CRP 

ADDR ~:t ROW ROW 

WE ~:t -..u.:.t..LL.LLLI..LL..<.LLJ.'.LL(-LLLI..LL..<.LLJ.'-L.LI I tDS tDH 

D ~:t ::W///ff//$$//Mffff#lffllff/fI///$/////lIff&A VALID DATA ~/#M$///ff///II/////~ 
I. I· I 'M I J ~ 

'CLZ 

Q ~gt :::--------OPENI------~~~t=~VA~LI~D~DA~TA~=::j 

PAGE-MODE READ CYCLE 

ADDA ~:~ 
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IVIIC:I=ION MT8C8024 

PAGE-MODE EARLY-WRITE CYCLE 

tCSH 

tcp 

ROW 

o VIH VALID DATA 
VIL -:LL.LL.LJ.'.LLLULLLL.LJ.'.LLLLL.. "-_____ -" VALID DATA 

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

PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 
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I'4IC::I=ION MT8C8024 

RAS ONLY REFRESH CYCLE 
(ADDR = AO - AS; Ag and WE = DON'T CARE.) 

IRAS IRP I 

! I 

ICRP ~I I 
"--J "---I 

IASR IRAH . • I. . 
ADDR ~:t ::~r---RO-W ----,kwUIIIU/$//////I!II!IUIUI///$$J;?<r---Ro-W --

Q ~gt -'---------------OPEN---------------

RP 

.~ 

~ 
ICPN I~ 

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

RAS II RP II RAS 

kf ~ 
ICHR IRP ~ . ~ 

I 

} \ 

ICHR -
o ~gt -'---------------OPEN--------------

RAS VIH-
VIL_ 

ICRP 

CAS VIH-
VIL_ 

ADDR 

IRCD 

lAR 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) (REFRESH) 

IRAS 

Q ~gt -'------- OPEN-------«'IYi:'J.~ 
~----------~ 
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I'4IC:RON MT8C8025 

DRAM 
MODULE 
FEATURES 
• Industry standard pin-out in a 30-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, 45mW standby; 1575mW activ~ical 

Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 
HIDDEN 

• 512 cycle refresh distributed across 8ms. 
• Optional Nibble access mode. 

OPTIONS 
• Timing 

80ns access 
100ns access 
120ns access 

• Packages: 
Leaded 30 -pin SIP 
Leadless 30-pin SIMM 

MARKING 

- 8 
-10 
-12 

MN 
M 

GENERAL DESCRIPTION 
The MT8C8025 is a randomly accessed solid-state 

memory containing 1,048,576 words organized in a xl 
configuration. 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 
~he 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), 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. 

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 

1MEG x8DRAM 
NIBBLE MODE 

PIN ASSIGNMENT (Top View) 
30 PIN SIMM 30 PIN SIP 

(ML) (MG) 

Vee 1 
CAS 2 

Vee 1 D01 3 
CAS 2 
D01 3 AO 4 

AO 4 A1 5 
A1 5 D02 6 

D02 6 A2 7 
A2 7 A3 8 
A3 S Vss 9 

Vss 9 D03 10 
D03 10 A4 11 s: A4 11 

AS 12 s:: A5 12 -I 
D04 13 -I D04 13 CO 

A6 14 CO A6 14 (") 
0 A7 15 CO A7 15 CO 

DOS 16 0 D05 16 0 
AS 17 N A8 17 N 
A9 1S C11 A9 

UI 
NC s:: 18 s: 19 NC 19 

D06 20 Z 
W 21 DOG 20 

Vss 22 W 21 
D07 23 Vss 22 

NC 24 D07 23 
DOS 25 NC 24 

NC 26 D08 25 
F!AS 27 NC 26 

NC 28 RAS 27 
NC 29 

Vee 30 NC 28 
NC 29 

Vee 30 

RAS cycle (READ, WRITE, RAS ONLY, CAS-BEFORE
RAS, or HIDDEN refresh) so that all 512 combinations of 
RAS addresses (AO-A8) are executed at least every 8ms, re
gardless of sequence. 

NIBBLE MODE operation allows faster sequential serial 
data operations (READ, WRITE or READ-MODIFY
WRITE) on up to 4 bits. The first of 4 bits is accessed in the 
usual manner with CAS address A9 (nibble MSB) and RAS 
address A9 (nibble LSB) selecting on of 4 bits within a 
nibble for initial access. By holding RAS LOW, CAS can be 
toggled incrementing the nibble address field in modulo 4 
fashion with wrap around (see below). 

r (0.0) -- (0.1) - (1.0) -- (1.1) l 
CAgRA g ~----------------------------------~-

MT8C8025 
REV. 7/89 2-143 Micron Technology, Inc. reserves the right to change products or specifications without notice 
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1Vi1C:I=ION MT8C8025 

FUNCTIONAL BLOCK DIAGRAM 

-C 001 005 

::D 
l> 
s:: 

00' DQ6 

i: 
0 
c 
c: DQ3 007 

r 
m U1 - U8 = MT4C1025DJ 

004 DOB 

Yoe 

Y .. 

TRUTH TABLE 1'R1l 

Addresses 

Function ~ ~ ~ TF IR Ie NOTES 

Standby H H H GNDINC X X High Impedance 

READ L L H GNDINC ROW COL Data Out 

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

NIBBLE MODE L H--+L --+H H GNDINC ROW COL Valid Data Out, 
READ Valid Data Out 

NIBBLE MODE L H--+L --+H L GNDINC ROW COL Valid Data In, 
WRITE Valid Data In 

RAS ONLY L H H GNDINC ROW nfa High Impedance 
REFRESH 

HIDDEN L --+H--+L L H GNDINC ROW COL Valid Data Out 
REFRESH 

CAS-BEFORE- H--+L L H GNDINC X X High Impedance 
RAS REFRESH 

TEST L L H H ROW COL Data Out, 
FUNCTION Test Function ModE 
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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 (Plastic) ................... -SSoC to +lS0°C 
Power Dissipation ........................................................ 8 Watt 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

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 Vec 4.5 5.5 V 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vec+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 Vee), II -80 80 ~ 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(0 is disabled, OV S VOUT S Vee) loz -80 80 ~ 
OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) VOH 2.4 V 1 
Output Low voltage (lOUT = 5mA) VOL 0.4 V 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

OPERATING CURRENT lec1 400 mA 3,4 
(RAS and CAS = Cycling: tAC = tAe(MIN)) 

OPERATING CURRENT: NIBBLE MODE Icc2 400 mA 3,4 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS ICC3 16 mA 
Power supply standby current (RAS = CAS = VIH 
after 8 RAS cycles min.) 

STANDBY CURRENT: CMOS INPUT LEVELS lee4 8 mA 
Power supply standby current (RAS = CAS = Vee -0.2V 
after 8 RAS cycles min. All other inputs at Vee-0.2V or Vss + 0.2V) 

REFRESH CURRENT: RAS ONLY Iccs 280 mA 3 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc6 280 mA 3,5 
(RAS and CAS = Cycling) 
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1'4~C::RON MT8C8025 

-C 
::D 

CAPACITANCE 

PARAMETER 

Input Capacitance: Ao-A9 

Input Capacitance: RAS, CAS, WE 

Input/Output Capacitance: DQ 

SYMBOL 

Cit 

CI2 

CIO 

MIN MAX UNITS NOTES 

40 pF 2 

56 pF 2 

12 pF 2 

» ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS :s:: (Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ~ TA ~ +70°C; Vee = 5.0V ± 10%) 

:s:: 
o 
c 
C 
r 
m 

A.C. CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ-MODIFY-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 hold time 

RAS precharqe time 

CAS pulse width 

CAS hold time 

CAS precharge time 

RAS to CAS delay time 

CAS to liAS"J)recharge time 

Row address set-up time 

Row address hold time 

RAS to column 
address delay time 

Column address set-up time 

Column address hold time 

Column address hold time 
(referenced to RAS) 
Column address to 
RAS lead time 

Read command set-up time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

Output buffer turn-off delay 

WE command set-up time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

SYM 
tRC 

tRWC 

tRAC 

tCAC 

tAA 

tCPA 
tRAS 

tRSH 
tRP 

tCAS 

tCSH 

tCPN 

tRCD 
tCRP 
tASR 

tRAH 

tRAD 

tASC 

tCAH 

tAR 

tRAl 

tRCS 

tRCH 

tRRH 

tClZ 

tOFF 

twcs 

tWCH 
tWCR 

twp 

-8 
MIN MAX MIN 

150 180 
175 210 

80 
20 
40 
45 

80 10,000 100 
20 25 
60 80 
20 10000 25 
80 100 
10 10 
20 60 10 
5 10 
0 0 
10 15 
15 40 20 

0 0 
15 20 
60 75 

40 50 

0 0 
0 0 

0 0 

0 0 
0 20 0 
0 0 
15 20 
60 75 

15 20 
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-10 -12 
MAX MIN MAX UNITS NOTES 

220 ns 

255 ns 

100 120 ns 14 
25 30 ns 15 
50 60 ns 

55 65 ns 

10,000 120 10,000 ns 

30 ns 

90 ns 

10,000 30 10,000 ns 

120 ns 

20 ns 16 
75 15 90 ns 17 

15 ns 

0 ns 

20 ns 

50 15 60 ns 18 

0 ns 

25 ns 

110 ns 

60 ns 

0 ns 

0 ns 19 

0 ns 19 

0 ns 

,:0 0 25 ns 20 
0 ns 21 
25 ns 

80 ns 

25 ns 



I'IIIC:RON MT8C8025 

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 = S.OV ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Write command to RAS lead time 'RWL 20 25 30 ns 

Write command to CAS lead time 'cWL 20 25 30 ns 

Data-in set-up time 'DS 0 0 0 ns 22 

Data-in hold time 'DH 15 20 20 ns 22 

Data-in hold time 'DHR 60 75 110 ns 
(referenced to RAS) 

~ to WE' delay time 'RWD 80 100 120 ns 21 

Column address 'AWD 40 50 60 ns 21 
to WE delay time 

CAS to WE delay time 'cWD 20 25 35 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 Precharae time 'RPC 0 0 0 ns 

CAS set-up time 'CSR 10 10 10 ns 5 
(CAS-BEFORE-Fi'.l\S" refresh) 

CAS hold time 'CHR 30 30 30 ns 5 
(CAS-BEFORE-RAS refresh) 

RAS Dulse width(NIBBLE MODE) 'RASN 80 100000 100 100000 120 100000 ns 

CAS' precharge time (NIBBLE MODE 'NCP 10 10 15 ns 

NIBBLE MODE cycle time 'NC 40 45 55 ns 

NIBBLE MODE READ-MODIFY- 'NRWC 65 75 85 ns 
WRITE cycle time 

NIBBLE MODE access time 'NCAC 20 20 35 ns 15 

NIBBLE MODE pulse width 'NCAS 20 25 35 ns 

NIBBLE MODE CAS precharge time 'NCP 10 10 10 ns 

NIBBLE MODE RAS hold time 'NRSH 20 25 30 ns 

NIBBLE MODE CAS to WE 'NCWD 20 25 35 ns 
delay time 

NIBBLE MODE WE command 'NRWL 20 25 30 ns 
to RAS lead time 

NIBBLE MODE WE command 'NCWL 20 25 30 ns 
to CAS' lead time 
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1'4 IC: I=ION MT8C8025 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = 1M with AV = 3V and Vee = 
5V. AV 

3. Ice is dependent on cycle rates. 
4. Ice 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 :s; T A :s; 70°C) is assured. 

7. An initial pause of lOOf..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 require
ment is exceeded. 

8. AC characteristics assume tT = 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 < 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 2: tRCD (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 fr0int only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by tCAe. 

18. Operation within the tRAD (max) limit ensures that 
tRCD (max) can be met. tRAD (max) is specified as a 
reference fr0int only; if tRAD is greater than the 
specified RAD (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, tAWD and tCWD are restrictive 
operating parameters in late WRITE, READ-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: tRWD (min), tAWD 2: 

tAWD (min) and tCWD 2: 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 (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

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. 
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READ CYCLE 

. 
'I tRAS , tRP 

J 
\ 

tCSH 

IRSH tARH 

tCAP tRCD 'CAS 

I 
:~ 

tAR 

I tAAD tRAL 
.. p 

tASR 

~ ~ ~ 
ADDR ~ 

~ 

WIIIIIIIIIII§!!!II!IIId\ ROW WIIIII? COLUMN ROW 

IRCS tRCH 

I ~ 

J&I!!Iff!l!llffl!l/ IIIILW'I ~ 
tAA 

'RAG 

tCAG 
,'OFF '01 

~b 
OPEN VALID DATA OPEN 

"fIaiY' 

EARL Y-WRITE CYCLE 

. 'I tRAS tRP 

II I 
- it \ 

tCSH 

IRSH 

teRP , tRCD teAs 
I 

=~ 
tAR 

'RAD tRAL . , 

ADDR ~It 
I~ tRAH ~ ~ 

I 
~ ROW ~ COLUMN ~ ROW 

tCWl IJ 
IRWl 

iWCR 

twcs tWCH . . 
twp 

~ W/////////////////////// /M 
'OHR . 

Q ~gt---------------------------------------OPEN-------------------------------------
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I'IIIC:RON , MTBCB025 

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

tRWC 

RAS 
VtH -
VIL _ 

tCSH 

'I tRSH 

tCRP tRCD tCAS 

CAS VIH -
VIL _ 

tAR 

I tRAD I tRAL 

tASR tRAH I~ 
ADDR VIH 

ROW COLUMN VIL 

tRWD I I 
tRCS, I I· leWD 

tAWD 

WE VIH 
VIL 

a ~g~ ::----------OPENI-------~~~ ___ V~A~LI~D~DA~TA~ __ J 

NIBBLE MODE READ CYCLE 
tRASN 

ADDR ~i~ 
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RAS 
V,H 
VIL-

CAs VIH-
VIL-

ADDA 

WE 

NIBBLE MODE EARLY-WRITE CYCLE 

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

tAR 

I 
tCSH I 

tCRP ItCA~ 

ADDR ~:t::..LLL.L.L.L..l..J:.J 

WE ~:t: 

Q ~gt:------------------~IN~~ 
tCLZ __ __ 
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I"IICRON MT8C8025 

"RA! ONLY REFRESH CYCLE 
(ADDR = Ao - As; Ag and WE = DON'T CARE.) 

tCRP 

AOOR ~:~ -:.LJ.'..LLJ.'.LJlL-___ R°_W ___ ...Jf'U.LLLLLLLlJ..LlJ..LUJ.JUJ.J'..LLJ.'..LLJ.'..LLJ.'..LLJ.'..LLJ.LLLLLLUJ '-____ RO_W ___ _ 

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

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

CAS ~:~ =-LLLL.. __ ..L.-____ ----"CLL.I.CLL.I...L.L.<.LIL._--" ____________ ~---.L---

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

RAS VIH-
VIL_ 

leRP 

CAS VIH-
VIL_ 

AOOR 

tRCO 

tAR 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

Q ~g~ ::::-------OPEN------~~~ L-____________ ~ 
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DRAM 
MODULE 
FEATURES 
• Industry standard pin-out in a 3O-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, 45mW standby; 1575mW activ~ical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 512 cycle refresh distributed across Bms 
• Optional Static Column access mode 

OPTIONS 
• Timing 

BOns access 
lOOns access 
120ns access 

• Packages: 
Leaded 30 -pin SIP 
Leadless 30-pin SIMM 

MARKING 

- B 
-10 
-12 

MN 
M 

GENERAL DESCRIPTION 
The MTBCB026 is a randomly accessed solid-state 

memory containing 1,048,576 words organized in a xl con
figuration. 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 
~he falling edge of WE or CAS, whichever occurs last. If 
WE goes LOW prior to CAS going LOW, the outp~in(s) 
remain open (high Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pines), 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. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby 
lev~l. Also, the chip is preconditioned for the next cycle 
dunng the RAS high time. Memory cell data is retained in 
its correct state by maintaining power and executing any 

1MEG x 8 DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

30 PIN SIMM 30 PIN SIP 
(ML) (MG) 

Vee 1 
CAS 2 

Vee 1 DOl 3 
CAS 2 AD 4 DOl 3 

AO 4 A1 5 
Al 5 DQ2 6 

D02 6 A2 7 
A2 7 A3 8 
A3 8 Vss 9 

Vss 9 OQ3 10 
D03 10 A4 11 i: A4 11 s:: A5 12 AS 12 -I 
D04 13 ..... D04 13 ClO 

A6 14 CO A6 14 0 0 A7 15 CO A7 15 ClO 
D05 16 0 D05 16 0 

AS 17 N A8 17 N 
A9 18 0) A9 18 

en 
NC 19 s:: NC 19 i: 

DOS 20 Z 
W 21 D06 20 

Vss 22 Vi 21 
D07 23 Vss 22 

NC 24 D07 23 
D08 25 NC 24 

NC 26 D08 25 
FlAS 27 NC 26 NC 28 RAS 27 NC 29 
Vee 30 NC 28 

NC 29 
Vee 30 

RAS cycle (READ, WRITE, RAS ONLY, CAS-BEFORE
RAS, or HIDDEN refresh) so that all 512 combinations of 
RAS addresses (AO-AB) are executed at least every Bms, re
gardless of sequence. 

STATIC COLUMN operations allow faster data opera
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row address (AD -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. By holding RAS LOW, the column address may 
be toggled strobing in different column addresses execut
ing faster memory cycles. Returning RAS HIGH termi
nates the STATIC COLUMN operation. 

MTSC8026 
REV. 7189 2-153 

Micron Technology, Inc. reserves the right 10 change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

-C 001 0Q5 

:::c 
l> 
:s:: 

002 0Q6 

:s:: 
0 
c 
c: 0Q3 007 

r-
m U1 - US = MT4C1026DJ 

0Q4 oas 

V", 

Vos 

TRUTH TABLE 1'Rl! 

Addresses 

Function lOrn" ~ WE" TF tR tC NOTES 

Standby H H H GNDINC X X High Impedance 

READ L L H GNDINC ROW COL Data Out 

WRITE L L L GNDINC ROW COL Data In 
(EARL V-WRITE) 

STATIC COLUMN L L H GNDINC ROW COL Valid Data Out, 
READ COL Valid Data Out 

STATIC COLUMN L L L GND/NC ROW COL Valid Data In, 
WRITE COL Valid Data Out 

RAS ONLV L H H GNDINC ROW nfa High Impedance 
REFRESH 

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

CAS-BEFORE- H-L L H GNDINC X X High Impedance 
RAS REFRESH 

TEST L L H H ROW COL Data Out, 
FUNCTION Test Function Mode 
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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 (Plastic) ................... -SSoC to +lSO°C 
Power Dissipation ........................................................ 8 Watt 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

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 

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 -80 80 I1A 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(0 is disabled, OV :s; VOUT :s; Vcc) loz -80 80 l1A 
OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) VOH 2.4 V 1 
Output Low voltage (lOUT = 5mA) VOL 0.4 V 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

OPERATING CURRENT Icc1 400 mA 3,4 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: STATIC COLUMN ICC2 400 mA 3,4 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT: TIL INPUT LEVELS Icc3 16 mA 
Power supply standby current (RAS = CAS = VIH 
after 8 RAS cycles min.) 

STANDBY CURRENT: CMOS INPUT LEVELS ICC4 8 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 ONLY ICC5 280 mA 3 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS ICC6 280 mA 3,5 
(RAS and CAS = Cycling) 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-A9 CI1 40 pF 2 

Input Capacitance: RAS, CAS, WE CI2 56 pF 2 

InpuUOutput Capacitance: DO CIO 12 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ~ TA ~ +70°C, Vcc = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 
PARAMmR SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cvcle time IRC 150 180 220 ns 
READ-MODIFY-WRITE cycle time tRWC 175 210 255 ns 
Access time from RAS tRAC 80 100 120 ns 14 
Access time from CAS tCAC 20 25 30 ns 15 
Access time from column address tAA 40 50 60 ns 
RAS pulse width tRAS 80 10000 100 10000 120 10000 ns 
RAS hold time tRSH 20 25 30 ns 
RAS r:>recharge time tRP 60 70 90 ns 
CAS pulse width teAS 20 10 000 25 10 000 30 10,000 ns 
CAS hold time teSH 80 100 120 ns 
CAS precharge time tCPN 10 15 20 ns 16 
RAS to 'CAS' delav time tRCD 20 60 25 75 15 90 ns 17 

CAS to "RAS' precharge time tCRP 5 5 10 ns 
Row address set-up time tASR 0 0 0 ns 
Row address hold time tRAH 10 15 15 ns 
RAS to column tRAD 15 40 20 50 20 60 ns 18 
address delay time 

Column address set-up time IASC 0 0 0 ns 

Column address hold time tCAH 15 20 20 ns 
Column address hold time tAR 90 115 115 ns 
(referenced to RAS) 
Column address to tRAl 40 50 60 ns 
RAS lead time 

Read command set-up 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 outout in low-Z tClZ 0 0 0 ns 
Output buffer turn-off delay tOFF 0 20 0 20 0 25 ns 20 
WE command set-up time twcs 0 0 0 ns 21 
Write command hold time tWCH 15 20 25 ns 
Write command hold time tWCR 60 75 80 ns 
(referenced to RAS) 
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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 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command pulse width twp 15 20 25 ns 

Write command to 'RAS" lead time tRWL 20 25 30 ns 
Write command to 'CAS" lead time tcWL 20 25 30 ns 
WE inactive time tWI 10 10 10 ns 

Data-in set-up time tDS 0 0 0 ns 22 
Data-in hold time VH 15 20 20 ns 22 
Data-in hold time tDHR 60 75 80 ns 
(referenced to RAS) 

'RAS" to WE" delay time tRWD 80 100 110 ns 21 

Column address tAWD 40 50 60 ns 21 
to WE delay time 

'CAS to WE delav time tCWD 20 25 30 ns 21 
Transition time (rise or fall) tT 3 50 3 50 3 50 ns 9,10 
Refresh Period (512 cycles) tREF 8 8 8 ms 
'RAS" to CAS Precharae time tRPC 0 0 0 ns 

CAS set-up time tcSR 10 10 10 ns 5 
(CAS-BE FORE-"RAS refresh) 

'CAS" hold time tCHR 30 30 30 ns 5 
(CAS"-BEFORE-RAS refresh) 

'RAS" pulse wid1h (STATIC COLUMN) tRASC 80 100,000 100 100000 120 100000 ns 

'CAS" precharge time (STATIC COLUMN tcp 10 10 15 ns 

STATIC COLUMN MODE tsc 45 55 65 ns 
cycle time 

STATIC COLUMN READ-MODIFY- tSRMW 80 100 160 ns 
WRITE cycle time 

Last Write to column address tLWAD 20 35 25 45 30 55 ns 
delay time 

Last Write to column address tAHLW '75 95 115 ns 
hold time 

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

Output data enable froin Write tow 20 25 25 ns 
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I I'IIIC::F=lON MT8C8026 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = I~t with ~V = 3V and Vee = 
SV. ~V 

3. Ice is dependent on cycle rates. 
4. Ice 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 :s; T A :s; 70°C) is assured. 

7. An initial pause of 100/iS is required after power-up 
followed by any B RAS cycles before proper device 
operation is assured. The B RAS cycle wake-up 
should be repeated any time the Bms refresh require
ment is exceeded. 

B. AC characteristics assume tT = 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 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, 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 roint only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by tCAC. 

lB. Operation within the tRAD (max) limit ensures that 
tRCD (max) can be met. tRAD (max) is specified as a 
reference roint only; if tRAD is greater than the 
specified RAD (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, tA WD 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 tRWD ~ tRWD (min), tA WD ~ 
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 (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

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. 
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READCVCLE 

tRC 

tRAS tRP 

RAS 
VIH -
VIL _ 

tCSH 

IRSH tRRH 

'CAP tACO tCAS 

CAS 

ADDR 
V,H 
V,L 

WE 

a VOH -
VOL OPEN VALID DATA OPEN 

EARL V-WRITE CVCLE 

tRC 

tRAS 

RAS 
V,H -
VIL _ 

tCSH 

tRSH 

'CRP tRCD tCAS 

CAS VIH -
V,L 

tAR 

tRAD tRAL 

ADDR V,H 
V,L ROW 

o ~:r VALID DATA 

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

IAWe 

lRAS IRP .. RAS 
VIH -
VIL _ 

ICSH 

'I IRSH 

C ICAP tRCD tCAS 

::rJ CAS VIH -
VIL _ 

» tRAD 

s:: IABR lRAH 

VIH ADDR VIL ROW ROW 

iC 
0 
c WE VIH 

VIL 

c: 
r D VIH 

VIL 

m 
j leLZ 

tCAO 

a VOH-
VOL OPEN VALID DATA 

STATIC COLUMN READ CYCLE 
tRAse 

ADDR 

Q ~g~:---.L------~~~.Y.Pf;. 

2-160 



I'IIIC::I=ION MT8C8026 

AODA 

D 

Q 

STATIC COLUMN EARLY-WRITE CYCLE 

VIH _ --~========LI 
VIL _ 

~~-:---------OPEN--------------

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

2-161 

~ DON'T CARE 

B88l UNDEFINED 

-C 
::D 
l> s:: 
s:: 
o 
c 
c: 
r
m 



-c 
:::c 
» 
3: 
3: 
o 
c 
c: 
r
m 

I"IIC:I=ION MT8C8026 

RAS' ONLY REFRESH CYCLE 
(ADDR = AO - AS; Ag and WE = DON'T CARE.) 

. tRAS tRP .1 ., .. I 

f \ 
i_. tCRP . ~I 1 

CAS ~:~ _ :--.I '----J 
tASR tRAH .. . I. . 

ADDR ~:~ ~r----RO-W ----,i&/;!/;!//$/;!$//I$/;!$;///$///;!/;!j'/m:.----RO-W --

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

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

Q ~gt -'--------------OPEN---------------

RAS 
V 1H-
VIL_ 

tCRP tRCD 

CAS 
VIH-VIL _ 

tAR 

ADDR 

HIDDEN REFRESH CYCLE 
(WE = HIGH)23 

(READ) 

IRSH 

(REFRESH) 

tRAS 

tCHR 

VALID DATA 

-tOFF 

OPEN-Q ~gt -------OPEN------<X'l'M~ L-__________ ~ 

2-162 

~ DON'T CARE 

~ UNDEFINED 



I'IIIC:I=ION MT8C9024 

DRAM 
MODULE 
FEATURES 
• Industry standard pin-out 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 TIL and 

CMOS compatible 
• Low power, 45mW standby; 1575mW activ~ical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 512 cycle refresh distributed across 8ms 
• Optional Fast Page Mode 

OPTIONS 
• Timing 

SOns access 
lOOns access 
120ns access 

• Packages: 
Leadless 30-pin SIMM 
Leadless 30-pim SIP 

MARKING 

- 8 
-10 
-12 

M 
MN 

GENERAL DESCRIPTION 
The MT8C9024 is a randomly accessed solid-state 

memory containing 1,048,576 words organized in a x8 
configuration. 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 ~ cycle, data in (D) is latched 
by the falling edge of WE or AS, whichever occurs last. If 
WE goes LOW prior to CAS going LOW, the outp~in(s) 
remain open (high Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin(s), 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. 

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 

1MEG x 9 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

30 PIN SIMM 30 PIN SIP 
(ML) (MG) 

Vee 1 
CAS 2 

Vee 1 DQl 3 
CAS 2 AO 4 001 3 Al 5 AD 4 

DQ2 6 A1 5 
D02 6 A2 7 

A2 7 A3 8 
A3 8 Vss 9 

Vss 9 DQ3 10 
D03 10 A4 11 i: A4 11 i: A5 12 -4 A5 12 

~ DQ4 13 CO DQ4 13 
A6 14 0 A6 14 0 A7 15 A7 15 CO 

D05 16 
U) 

DQ5 16 0 0 N A8 17 N AS 17 0l:Io A9 18 ~ A9 18 !: NC 19 3!: NC 19 Z D06 20 Das 20 W 21 W 21 Vss 22 
D07 23 Vss 22 

NC 24 DQ7 23 
008 25 NC 24 
09 26 DQ8 25 

RAS 27 Q9 26 
CAS9 28 RAS 27 D9 29 CAS"9 28 Vee 30 

D9 29 
Vee 30 

its correct state by maintain~wer and executing any 
RAS cycle (READ, WRITE, RAS ONLY, CAS-BEFORE
RAS, or HIDDEN refresh) so that all 512 combinations of 
RAS addresses (AO-A8) are executed at least every 8ms, re
gardless of sequence. 

PAGE MODE operations allow faster data operations 
(READ, WRITE or READ-MODIFY-WRITE) within a row 
address (AO -A9) 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. By 
holding RAS LOW, CAS may be toggled strobing in differ
ent column addresses executing faster memory cycles. 
Returning RAS HIGH terminates the PAGE MODE 
operation. 

MTSC9024 
REV. 7/89 2-163 

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

U1 - U9 = MT 4C1 024DJ 

oo'---ri 

CAS9 ----+-+----+----1 

TRUTH TABLE """ 

Addresses 
Function RAS CAS WE" NOTES 

tR te 

Standby H H H X X High Impedance 

READ L L H ROW COL Data Out 

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

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

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

RAS ONLV L H H ROW n/a High Impedance 
REFRESH 

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

CAS-BEFORE- H-+L L H 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 (Plastic) ................... -SsoC to + ISO°C 
Power Dissipation ........................................................ 9 Watt 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions 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 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 :5 VIN :5 VCC), II -90 90 ~A 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(Q is disabled, OV :5 VOUT :5 Vcc) loz -90 90 ~ 
OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) VOH 2.4 V 1 

Output Low voltage (lOUT = 5mA) VOL 0.4 V 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

OPERATING CURRENT ICCl 450 mA 3,4 
(RAS and CAS = Cycling: tRC = tRC{MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc2 450 mA 3,4 
(RAS = VIL, CAS = Cycling: tpc = tpC{MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS ICC3 18 mA 
Power supply standby current (RAS = CAS = VIH 
after 8 RAS cycles min.) 

, 

STANDBY CURRENT: CMOS INPUT LEVELS Icc4 9 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 ONLY ICC5 315 mA 3 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS Iccs 315 mA 3,5 
(RAS and CAS = Cycling) 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: Ao-A9 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, 8, 9, 10, 11, 12, 13) (O°C S; TA S; +70°C, Vce = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRc 160 190 220 ns 
READ-WRITE cycle time tRwc t85 220 255 ns 
FAST PAGE-MODE READ tpc 45 55 70 ns 
or WRITE cycle time 

FAST PAGE-MODE READ-WRITE tpRWC 70 85 105 ns 
cycle time 

Access time from "RAS tRAC 80 100 120 ns 14 
Access time from ~ teAC 20 25 30 ns '15 
Access time from column address tAA 40 50 60 ns 
Access time from CAS precharae tCPA 45 55 65 ns 
"RAS piJlse width tRAS 80 10,000 100 10000 120 10,000 ns 

"RAS pulse width (PAGE MODE) tRASP 80 100000 100 100,000 120 100,000 ns 
"RAS hold time tRSH 25 25 30 ns 
"RAS" precharge time tRP 70 80 90 ns 
CAS" pulse width teAS 20 10,000 25 10000 30 10000 ns 
CAS hold time tCSH 80 100 120 ns 

~ precharae time tePN 15 15 20 ns 16 

~ precharge time (PAGE MODE) tcp 10 10 15 ns 
"RAS to CAS delay time tRCD 20 60 25 75 25 90 ns 17 
~ to "RAS precharge time teRP 5 5 10 ns 

Row address set·up time tASR 0 0 0 ns 
Row address hold time tRAH 12 15 15 ns 

"RAS to column tRAD 17 40 20 50 20 60 ns 18 
address delay time 

Column address set-up time tASC 0 0 0 ns 

Column address hold time teAH 15 20 25 ns 

Column address hold time tAR 60 70 85 ns 
(referenced to "RAS) 
Column address to tRAL 40 50 60 ns 
"RAS lead time 

Read command set-up 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) 

2-166 



I"IICI=ION MT8C9024 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C :5 TA :5 +70°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 

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 tOFF 0 20 0 20 0 35 ns 20 
WE command set-up time twcs 0 0 0 ns 21 
Write command hold time tWCH 15 20 25 ns 

Write command hold time tWCR 60 75 85 ns 
(referenced to RAS) 

Write command pulse width twp 15 20 25 ns 

Write command to RAS lead time tRWL 25 25 30 ns 

Write command to CAS lead time tCWL 20 25 30 ns 
Data-in set-up time tDS 0 0 0 ns 22 
Data-in hold time tDH 20 20 25 ns 22 
Data-in hold time tDHR 60 75 90 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 80 100 120 ns 21 
Column address tAWD 40 50 60 ns 21 
to WE delay time 

CAS to WE delay time tCWD 20 25 30 ns 21 
Transition time (rise or fall) tT 3 50 3 50 3 50 ns 9,10 

Refresh Period (512 ~clesl tREF 8 8 8 ms 

RAS to CAS Precharge time tRPC 0 0 0 ns 
CAS set-up time tcSR 10 10 10 ns 5 
(CAS-BEFORE-RAS refresh) 

CAS hold time tcHR 30 30 30 ns 5 
(CAS-BEFORE-RAS refresh) 
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I'IIIC:RON MT8C9024 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = LM with I!N = 3V and Vee = 
5V. ~V 

3. Ice is dependent on cycle rates. 
4. Ice 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 ~ T A ~ 70°C) is assured. 

7. An initial pause of 100)lS is required after power-up 
followed by any B RAS cycles before proper device 
operation is assured. The B RAS cycle wake-up 
should be repeated any time the Bms refresh require
ment 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 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. 

15. Assumes that IRCD ;e: 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 l:',int only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by ICAC. 

lB. Operation within the lRAD (max) limit ensures that 
IRCD (max) can be met. lRAD (max) is specified as a 
reference ~int only; if lRAD is greater than the 
specified RAD (max) limit, then access time is con
trolled exclusively by IAA. 

19. Either tRCH 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. IWCS, tRWD, IAWD and ICWD are restrictive 
operating parameters in late WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If IWCS ;e: 
IWCS (min), the cycle is an early WRITE cycle and 
the data output will remain an open circuit through 
out the entire cycle. If IRWD;e: IRWD (min), IAWD;e: 
IAWD (min) and ICWD;e: 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 data out (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

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. All other inputs equal Vcc -0.2V. 
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READ CYCLE 

tAC 

tRAS tAP 

RAS 
VIH -
Vil _ 

tCSH 

tRSH tRRH 

leRP tRCD teAs 

CAS 
VIH -
Vil -

tAR 

ADDR 

Q ~g~ ----------------------OPEN--------------------~~~_V~A~L~ID~D~A~TA~~-------OPEN--------

EARLY-WRITE CYCLE 

RAS 
VIH -
V,L 

tCSH 

leRP 

CAS VIH -
V,L 

tRAD 

~ tRAH 

ADDR V,H 
V,L ROW 

o ~g~-~-------------------------------------OPEN---------------------------------------
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1'41 C:I=IO N MT8C9024 

AOOR ~:~ 

o VIH 
VIL 

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

tcSH 

'cRP tRCO 'cAs 

Q ~g~ -:---------- OPENI----------i~~9t==~VA~L~IO~O~AT~A~==) 

PAGE·MODE READ CYCLE 
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PAGE-MODE EARLY-WRITE CYCLE 
tRASP 

tCSH 'PC 

'CP tCAS 'CP 

ADDR ~:r -rJ.,U/1L-_--,-_-'I ROW 

o VIH VALID DATA VALID DATA V,L ~ULULULULULULUL/~ ______ ~-~~-L-_____ ~'~U1~ _____ -K'~LULULULULU~ 

a ~:r -::---------------------OPEN--------------------

RAS VIH -
VIL _ 

CAS V,H 
V,L 

ADDR ~:r 

a VOH 
VOL 

-
-

~ 

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

tCSH tpc tRSH 

I ___ --''''''''C'''D __ ~-i~ !---,'c"-P __ 1 ~ !--"c"'-P __ .j ~ 
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'RAS' ONLY REFRESH CYCLE 
(ADDR = Ao - AS; Ag and WE = DON'T CARE.) 

, oJ tRAS tRP 

J I 

\ 
tCRP . ~I I' 

:--' "-------1 
tASR tRAH .. . .. . 

ADDR ~:t ::~--RO-W --b!l;/';/';/'//$$$//$//$$!;/'//;/'ar----RO-W --

Q ~gt -----------------OPEN---------------

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

tCHR --
CAS ~:t::: -~u-__ ~ ________ -L~~~L_~~ __________________________ ~ ___ 

Q ~gt _.---------------OPEN---------------

AD DR ~:r:: 

Q ~gr ----------

HIDDEN REFRESH CYCLE 
(WE = HIGH)23 

(READ) 

tRAS 
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DRAM 
MODULE 
FEATURES 
• Industry standard pin-out in a 3D-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, 45mW standby; 1575mW activ~ical 
• Refresh modes: RAS.oNLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 512 cycle refresh distributed across 8ms 
• Optional Fast Page Mode 

OPTIONS 
• Timing 

80ns access 
lOOns access 
120ns access 

• Packages: 

MARKING 

- 8 
-10 
-12 

Leadless 30-pim SIP (low profile) DN 

GENERAL DESCRIPTION 
The MT8C9024 is a randomly accessed solid-state 

memory containing 1,048,576 words organized in a x8 
configuration. 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 (0) is latched 
~he faIling edge of WE or CAS, whichever occurs last. If 
WE goes LOW prior to CAS going LOW, the outp~in(s) 
remain open (high Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pints), 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. 

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 

1MEG x 9 DRAM 
LOW PROFILE 

PIN ASSIGNMENT (Top View) 

Vee 
~ 
D01 

AO 
A1 

D02 
A2 
A3 

Vss 
D03 

A4 
A5 

DQ4 
A6 
A7 

D05 
A8 
A9 
NC 

DOS 
W 

Vss 
D07 

NC 
D08 

09 
I1AS 

CAS"9 
D9 

Vee 

30 PIN SIP 
(MI) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

its correct state by maintainin~wer and executing any 
RAS cycle (READ, WRITE, RAS ONLY, CAS-BEFORE
RAS, or HIDDEN refresh) so that all 512 combinations of 
RAS addresses (AO -A8) are executed at least every 8ms, re
gardless of sequence. 

PAGE MODE operations allow faster data operations 
(READ, WRITE or READ-MODIFY-WRITE) within a row 
address (AO-A9) 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. By 
holding RAS LOW, CAS may be toggled strobing in differ
ent column addresses executing faster memory cycles. 
Returning RAS HIGH terminates the PAGE MODE 
operation. 

MTSC9024 
REV. 7/89 2-173 
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FUNCTIONAL BLOCK DIAGRAM 

DQt--t-1H-11irl 

U1 - U9 " MT 4C1 024DJ 

v" ____ -4-+-_____ ---' 

TRUTH TABLE 

Addresses 
Function RAS CAS" WE NOTES 

tR tC 

Standby H H H X X High Impedance 

READ L L H ROW COL Data Out 

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

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

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

RAS ONLV L H H ROW n/a High Impedance 
REFRESH 

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

CAS-BEFORE- H-+L L H 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 (Plastic) ................... -SSoC to + IS0°C 
Power Dissipation ........................................................ 9 Watt 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi
mUlp. Ratir,tgs" may cause permanent damage to the de
vice. 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 condie 
tiqrs for extended periods m~y 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%) I' 

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 ::; VIN ::; Vcc), II -90 90 IlA 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(0 is disabled, OV ::; VOUT ::; Vcc) loz -90 90 !lA 
OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) . VOH 2.4 V 1 

Output Low voltage (lOUT = 5mA) VOL 0.4 V 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

OPERATING CURRENT Icc1 450 mA 3,4 
(RAS and cAs = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc2 450 mA 3,4 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT: TIL INPUT LEVELS Icc3 18 mA 
Power supply standby current (RAS = CAS = VIH 
atter 8 RAS cycles min.) 

STANDBY CURRENT: CMOS INPUT LEVELS Icc4 9 mA 
Power supply standby current (RAS = CAS = Vcc -0.2V 
atter8 RAScycles min. All other inputs at Vcc-0.2V or Vss + 0.2V) 

REFRESH CURRENT: RAS ONLY Iccs 315 mA 3 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS Iccs 315 mA 3,5 
(RAS atldCAS = Cycling) 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: Ao-A9 CI1 45 pF 2 

Input Capacitance: RAS, CAS, WE CI2 63 pF 2 

Input Capacitance: D CI3 7 pF 2 

InpuUOutput Capacitance: DO CIO 12 pF 2 

Output Capacitance: 0 Co 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,OV ± 10%) 

A,C. CHARACTERISTICS -8 -10 -12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 160 190 220 ns 
READ-WRITE cycle time tRWC 185 220 255 ns 

FAST PAGE-MODE READ tpc 45 55 70 ns 
or WRITE cycle time 

FAST PAGE-MODE READ-WRITE tpRWC 70 85 105 ns 
cycle time 

Access time from RAS tRAC 80 100 120 ns 14 
Access time from CAS tCAC 20 25 30 ns 15 
Access time from column address tAA 40 50 60 ns 

Access time from CAS precharQe tCPA 45 55 65 ns 

RAS pulse width tRAS 80 10,000 100 10,000 120 10,000 ns 

RAS pulse width (PAGE MODE) tRASP 80 100,000 100 100,000 120 100,000 ns 
RAS hold time tRSH 25 25 30 ns 

RAS precharge time tRP 70 80 90 ns 

CAS pulse width tCAS 20 10,000 25 10,000 30 10,000 ns 

CAS hold time leSH 80 100 120 ns 

CAS precharQe time tCPN 15 15 20 ns 16 
CAS precharge time (PAGE MODE) tcp 10 10 15 ns 

RAS to 'CAS delay time tRCD 20 60 25 75 25 90 ns 17 
CAS to RAS precharge time tCRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 12 15 15 ns 

RAS to column tRAD 17 40 20 50 20 60 ns 18 
address delay time 

Column address set-up time tASC 0 0 0 ns 

Column address hold time leAH 15 20 25 ns 

Column address hold time tAR 60 70 85 ns 
(referenced to RAS) 

Column address to tRAL 40 50 60 ns 
RAS lead time 

Read command set-up 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) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8,9, 1 D, 11, 12, 13) (DOC ~ T A ~ +7DoC, Vee = 5.DV ± 1 D%) 

A.C. CHARACTERISTICS -8 -10 -12 
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 tOFF 0 20 0 20 0 35 ns 20 
WE command set-up time twcs 0 0 0 ns 21 
Write command hold time tWCH 15 20 25 ns 

Write command hold time tWCR 60 75 85 ns 
(referenced to RAS) 

Write command pulse width twp 15 20 25 ns 

Write command to RAS lead time tRWl 25 25 30 ns 

Write command to CAS lead time tCWl 20 25 30 ns 

Data-in set-up time tDS 0 0 0 ns 22 
Data-in hold time tDH 20 20 25 ns 22 
Data-in hold time tDHR 60 75 90 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 80 100 120 ns 21 
Column address tAWD 40 50 60 ns 21 
to WE delay time 

"CAS to WE delay time tCWD 20 25 30 ns 21 
Transition time (rise or fall) tT 3 50 3 50 3 50 ns 9,10 
Refresh Period (512 cycles) tREF 8 8 8 ms 

RAS to CAS Precharae time tRPC 0 0 0 ns 

"CAS set-up time tCSR 10 10 10 ns 5 
("CAS-BEFORE-RAS refresh) 

CAS hold time tCHR 30 30 30 ns 5 
("CAS-BEFORE-RAS refresh) 
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1'41C:I=ION MTBC9024 

NOTES 
1. All voltages referenced to V ss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = 1M with tN = 3V and Vee = 
SV. ~V 

3. Ice is dependent on cycle rates. 
4. Ice 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 :0:; T A :0:; 70°C) is assured. 

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

S. AC characteristics assume tT = 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 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, 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 con
trolled exclusively by tCAe. 

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 con
trolled exclusively by tAA. 

19. Either tRCH or tRRH 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, IAWD and ICWD 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 tRWD ~ 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 data out (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

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. All other inputs equal Vcc -0.2V. 
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READ CYCLE 

. 
: I tRAS . tRP 

I 
- \ 

tCSH 

IRSH . tRAH . 
leAP tACO . teAs . 

I 
=--.-1 V 

tAR 

I IRAO tRAl 

'ASA 

~I ~ I~ I 
ADDR =WlM 

H"T7777>. 

Wllllllllllt'l"IIt'l"IIIIt'l"a. ROW Willi/? COLUMN ROW 
~ 

lACS tRCH 

I 
=fJ/IIIIIIIIIIIIIIIIIIIIIIIIIIIII/ YIIIIIIIII/Jl/IIII~ 

tAA 
tRAC 

tCAC Ii I~ 
- OPEN 

WU 
VAllO DATA OPEN 

EARLY-WRITE CYCLE 

'CRP leAS 

IRAQ 

ADDR ~:~ -LlL.L:dl'-___ r-__ ~ ".LL.!fl'lL __ ,--,_--;-_"'U'-£L.Ll..o'f"f'-''-£L.Ll..o'-£LLLJI '---___ R_O_W ___ _ 

VALID DATA 

Q ~g~ :---------------------OPEN---------------------
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I'IIIC:I=ION MT8C9024 

RAS 
VIH -
VIL _ 

CAS VIH -
VIL _ 

ADDR VIH 
VIL 

ADDR ~lr 

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

'RWC 

tcSH 

'I 'RSH 

'CRP IRCD teAS 

IAR 

1 tRAD I tRAL , 
'ASR tRAH ~I I~ 

ROW COlUMN 

IRWD 

. I IRCs·1 
tAWD 

PAGE-MODE READ CYCLE 
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PAGE-MODE EARLY-WRITE CYCLE 
IRASP 

tCSH tpc IRSH 

~ 1_--------"R"'C"'D-_1_-"'C"'AS"--_II----"'c"-P _----1I_-"'C"'AS'------1I--"c"-P--.II~>---"'C"'AS'---1 

ADDR ~:t- ROW 

o VIH VAllO DATA VALID DATA VALID DATA 
V,L -:L,lLLlLLLLL.LL<lLLlLLlLLUl'-______ ---1r\lLU '-______ -A 'LLLJ '-______ ..11 '<.<'-l.LI..LJ.LLI..LL<lLLUJ.1-LL< 

Q ~:t -~---------------------QPEN-----------------------

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

'RASP 

ICSH tpc I--'R"'S"-H'----~I 
~ I-----"'R"'CD"------I~.. tcp • ~ I-''''cp __ --I ~ 

CAS ~:t-

ADDR ~:t --'-'c.u."---_---, __ Jt",LLI."l'--;-_-,------, __ JrV.~lLLUl'--,------" 

2-181 

~ DON'TeARE 

~ UNDEFINED 

-C 
:II » 
i: 
i: 
o 
c 
c: .... 
m 



-C 
::D 
:J> 
3: 
3: 
o 
c 
c: 
r
m 

I'IIIC:RON MT8C9024 

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

tRAS tRP J 

J 
I 

11 

leRP :=-t I 
CAS ~:~ = ~ '---I 

tASR tRAH . . I. . 
ADDR ~:~ _,----RO-W ---'W;lfffflfffflff/lfffflfffflffllfflfflff$IZ?<r---Ro-w --

o ~g~ ----------------OPEN---------------

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

- VIH-
CAS VIL --.J..J..<A-_--"-____ ----L<LLL.LLL'-'-'-"'-----'~ _____________ _'__ 

o ~g~ =----------------OPEN---------------

ADDR 

a ~g~ :.....------

HIDDEN REFRESH CYCLE 
(WE = HIGH)23 

(READ) 

2-182 

(REFRESH) 

tRAS 

~ DON'T CARE 

~ UNDEFINED 



1'41C:F=lON MTBC9025 

DRAM 
MODULE 
FEATURES 
• Industry standard pin-out 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, 45mW standby; 1575mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 512 cycle refresh distributed across Sms 
• Optional Nibble access mode 

OPTIONS 
• Timing 

SOns access 
lOOns access 
120ns access 

• Packages: 
Leaded 30 -pin SIP 
Leadless 30-pin SIMM 

MARKING 

- S 
-10 
-12 

MN 
N 

GENERAL DESCRIPTION 
The MTSC9025 is a randomly accessed solid-state 

memory containing 1,04S,576 words organized in a x9 con
figuration. 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 pines) 
remain open (high Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pines), 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. 

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 

1MEG x9DRAM 
NIBBLE MODE 

PIN ASSIGNMENT (Top View) 

30 PIN SIMM 30 PIN SIP 
(ML) (MG) 

Vee 1 
CAS 2 

Vee 1 DOl 3 
CAS 2 AD 4 001 3 

AO 4 Al 5 
A1 5 D02 6 

002 6 A2 7 
A2 7 A3 8 
A3 8 Vss 9 

Vss 9 D03 10 
003 10 A4 11 is: A4 11 s: A5 12 A5 12 -I 
004 13 -4 D04 13 CO 

A6 14 
Q) A6 14 0 0 A7 15 <0 A? 15 CO 

005 16 0 D05 16 0 
A8 17 I\) A8 17 N 
A9 18 01 

A9 
U'I 

NC 19 s: 18 is: 
006 20 NC 19 Z W 21 D06 20 
Vss 22 W 21 

007 23 Vss 22 
NC 24 DO? 23 

008 25 NC 24 
09 26 D08 25 R7iS 27 

CAS9 28 09 26 
09 29 R1iS 27 

Vee 30 CAS9 28 
D9 29 

Vee 30 

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, re
gardless of sequence. 

NIBBLE MODE operation allows faster sequential serial 
data operations (READ, WRITE or READ-MODIFY
WRITE) on up to 4 bits. The firstof 4 bits is accessed in the 
usual manner with CAS address A9 (nibble MSB) and RAS 
address A9 (nibble LSB) selecting on of 4 bits within a 
nibble for initial access. By holding RAS LOW, CAS can be 
toggled incrementing the nibble address field in modulo 4 
fashion with wrap around (see below). 

GAg RAg [ (0.0) - (0,1) - (1,0) - (1.1) J 

MT8C9025 
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I""IC:RON MT8C9025 

FUNCTIONAL BLOCK DIAGRAM 

00'-+++I11III,-1 

D02 -++Hlltr-l 

ooa-++tfirl 

U1 - U9 - MT4C1025DJ 

D04---rl 

~--------+-+-----~--~ 

~--------~+-----------~ 

TRUTH TABLE """ 

Addresses 
Function "An -en WE NOTES 

tR te 
Standby H H H X X High Impedance 

READ L L H ROW COL Data Out 

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

NiBBLE MODE L H-+L-+H, H ROW COL Valid Data Out, 
READ H-+L-+H Valid Data Out 

NIBBLE MODE L H-+L-+H, L ROW COL Valid Data In, 
WRITE H-+L-+H Valid Data In 

RASONLY L H H ROW nfa High Impedance 
REFRESH 

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

CAS-BEFORE- H-+L L H X X High Impedance 
RAS REFRESH 
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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) ................... -55°C to +150°C 
Power Dissipation ........................................................ 9 Watt 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended 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 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 ~ VIN ~ Vcc), II -90 90 IlA 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(0 is disabled, OV ~ VOUT ~ Vcc) loz -90 90 IlA 

OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) VOH 2.4 V 1 

Output Low voltage (lOUT = 5mA) VOL 0.4 V 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

OPERATING CURRENT Icc1 450 rnA 3,4 
(RAS and CAS = Cycling: tRC = tRC(MIN) 

OPERATING CURRENT: NIBBLE MODE Icc2 450 mA 3,4 
(RAS '= VIL, CAS = Cycling: tpc = tPC(MIN) 

STANDBY CURRENT: TTL INPUT LEVELS Icc3 18 mA 
Power supply standby current (RAS = CAS = VIH 
after 8 RAS cycles min.) 

STANDBY CURRENT: CMOS INPUT LEVELS Icc4 9 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 315 mA 3 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc6 315 mA 3,5 
(RAS and CAS = Cycling) 
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iUl1C: 1=10 N MT8C9025 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: Ao-A9 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, 8, 9, 10, 11, 12, 13) (O°C ::; TA ::; +70°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 150 180 220 ns 

READ-MODIFY-WRITE cycle time tRWC 175 210 255 ns 

Access time from RAS tRAC 80 100 120 ns 14 
Access time from CAS tCAC 20 25 30 ns 15 
Access time from column address tAA 40 50 60 ns 

Access time from CAS precharge tCPA 45 55 65 ns 

RAS pulse width tRAS 80 10,000 100 10,000 120 10,000 ns 
RAS hold time tRSH 20 25 30 ns 

RAS precharge time tRP 60 80 90 ns 

CAS pulse width tCAS 20 10,000 25 10,000 30 10,000 ns 

CAS hold time tCSH 80 100 120 ns 

CAS precharQe time tCPN 10 10 20 ns 16 
RAS to CAS delay time tRCD 20 60 10 75 15 90 ns 17 
CAS to RAS precharge time tCRP 5 10 15 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 15 20 ns 

RAS to column tRAD 15 40 20 50 15 60 ns 18 
address delay time 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 15 20 25 ns 

Column address hold time tAR 60 75 110 ns 
(referenced to RAS) 

Column address to tRAl 40 50 60 ns 
RAS lead time 

Read command set-up 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 25 ns 20 
WE command set-up time twcs 0 0 0 ns 21 
Write command hold time tWCH 15 20 25 ns 

Write command hold time tWCR 60 75 80 ns 
(referenced to RAS) 

Write command pulse width twp 15 20 25 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 -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command to 'RAS lead time IRWL 20 25 30 ns 

Write command to ~ lead time ICWL 20 25 30 ns 

Data-in set-up time IDS 0 0 0 ns 22 

Data-in hold time IDH 15 20 20 ns 22 

Data-in hold time IDHR 60 75 110 ns 
(referenced to 'RAS) 

RAS to WE delay time IRWD 80 100 120 ns 21 

Column address IAWD 40 50 60 ns 21 
to WE delay time 

~ to wr: delay time ICWD 20 25 35 ns 21 

Transition timejrise or fall) IT 3 50 3 50 3 50 ns 9 10 

Refresh Period (512 cycles) IREF 8 8 8 ms 

RAS to ~ Precharoe time IRPC 0 0 0 ns 

~ set-up time tcSR 10 10 10 ns 5 
(~-BEFORE-'RAS refresh) 

~holdtime tcHR 30 30 30 ns 5 
(~-BEFORE-'RAS refresh) -

RAS pulse width (NIBBLE MODEl IRASN 80 100000 100 100,000 120 100000 ns 

~ precharge time (NIBBLE MODE INCP 10 10 15 ns 

NIBBLE MODE cycle time INC 40 45 55 ns 

NIBBLE MODE READ-MODIFY- INRWC 65 75 85 ns 
WRITE cycle time 

NIBBLE MODE access time INCAC 20 20 35 ns 15 

NIBBLE MODE pulse width INCAS 20 25 35 ns 

NIBBLE MODE ~ precharge time INCP 10 10 10 ns 

NIBBLE MODE 'RAS hold time tNRSH 20 25 30 ns 

NIBBLE MODE 'CAS' to wr: tNCWD 20 25 35 ns 
delay time 

NIBBLE MODE WE command INRWL 20 25 30 ns 
to RAS lead time 

NIBBLE MODE WE command tNCWL 20 25 30 ns 
to 'CAS' lead time 
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IVIICI=ICN MT8C9025 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = 1M with fj, V = 3V and Vee = 
SV. fj,V 

3. Ice is dependent on cycle rates. 
4. Ice 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 100f,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 require
ment 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, IRAC will increase by the amount that 
IRCD exceeds the value shown. 

15. Assumes that IRCD ~ tRCD (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 
lRAC (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 ICAe. 

18. Operation within the lRAD (max) limit ensures that 
IRCD (max) can be met. lRAD (max) is specified as a 
reference fr0int only; if IRAD is greater than the 
specified RAD (max) limit, then access time is con
trolled exclusively by tAA. 

19. Either tRCH 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. IWCS, tRWD, IAWD and ICWD 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 through
out the entire cycle. If IRWD ~ tRWD (min), IAWD ~ 
IA WD (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 data out (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

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. 
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READ CYCLE 

'RC 
tRAS 'RP 

RAS 
VIH -
VIL _ 

tCSH 

lASH tRRH 

leRP tRCD teAs 

CAS 
VIH -
VIL -

'AR 

ADDR 

o 

EARLY-WRITE CYCLE 

'RC 
tRAS 

tCSH 

IRSH 

leRP tRCD 'CAS 

'AR 
IRAD tRAL 

tASR tRAH 

ADDR ~lt ROW ROW 

IRWL 

tWCR 

twes tWGH 

'WP 

c--'O_S _,I _1'_'0"_:1 
VALID DATA 

o ~g~-----------------------------------------OPEN---------------------------------------
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1'41C:I=ION MTBC9025 

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

RAS 
V1H -
Vil _ 

ICSH 

'I tRSH , 
ICRP IRCD tCAS 

CAS VIH -
Vil -

IAR 

1 IRAD I IRAl 

IASR IRAH : IASC'I I~ 
ADDR VIH 

ROW COLUMN Vil ROW 

IRWD I I 
IRCS, 1 
IAWD I· 

WE ~it 
1 IDS IDH 

D ~it =W1ff/;/ff/#$U/ff/ffffl/$/IMlffff!l$ff/$Id VALID DATA kr/U&#ffffi'ffff!llff/#& 
I 1 I IAA I • • I IRAC 

J. ~ 
IClZ 

VALID DATA Q ~8t =----------OPENI--------'Y-N'JINl 
~-------~ 

NIBBLE MODE READ CYCLE 

tRASN 

'NC 

ADD A ~:t 
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RAS ~:t-

ADDR 

NIBBLE MODE EARLY-WRITE CYCLE 

------~----------------~----------------------------------------------~ 

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

RAS ~:~= __________ ~ __________ I~ ________________________________ ~ 
I tCSH 

I tCAS 

ADDR 

Q ~g~=------------------~NV~ 
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I'IIIC:I=ION MT8C9025 

'Rn ONLY REFRESH CYCLE 
(ADDR = AO - As; Ag and WE = DON'T CARE.) 

tRAS tRP J 

J J 
11 

I' 
tCRP . ~ 

CAS ~:~: ----.J "--! 
tASR • !. tRAH , . 

ADDR ~:r _'----RO-W ---,k&!Wto//ff&i/llff/$!lllfffflffllff&,-----RO-W --

Q ~g~ ::---------------OPENI---------------

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

tCHR 

CAS ~:~ :-.:.tL'fL_--1~ ___ _'_'fif,{ffL'fif,L-.JL _____________ L_ 

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

leRP 

ADDR 

HIDDEN REFRESH CYCLE 
(WE = HIGH)23 

(READ) (REFRESH) 

tRAS 

leHR 

--!oFF 

Q ~ge-~-----OPENI----------1l222m _____ ~VA~LI~D~DA~TA~ ___ J OPEN-
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DRAM 
MODULE 
FEATURES 
• Industry standard pin-out 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, 45mW standby; 1575mW active, typical. 

Refresh modes: RAS ONLY, CAS -BEFORE-RAS, and 
HIDDEN 

• 512 cycle refresh distributed across 8ms 
• Optional Static Column access mode 

OPTIONS 
• Timing 

80ns access 
lOOns access 
120ns access 

• Pack~ges: 
Leaded 30 -pin SIP 
Leadless 30-pin SIMM 

MARKING 

- 8 
-10 
-12 

MN 
M 

GENERAL DESCRIPTION 
The MT8C9026 is a randomly accessed solid-state 

memory containing 1,048,576 words organized in a x9 con
figuration. 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(s) 
remain open (high Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin(s), 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. 

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 

1MEG x 9 DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

30 PIN SIMM 30 PIN SIP 
(ML) (MG) 

Vee 1 
CAS 2 

Vee 1 D01 3 
CAS 2 AO 4 D01 3 

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 3: A4 11 s: A5 12 A5 12 -t 
D04 13 -I D04 13 CO 

A6 14 
(XI A6 14 (") 

A7 15 
() A7 15 CO 

D05 16 
(XI 

D05 16 0 0 
A8 17 I\) A8 17 

I\) 

A9 18 0) A9 18 
en 

NC 19 s: NC 19 3: 
D06 20 D06 20 Z 

W 21 
Vss 22 W 21 

DO? 23 Vss 22 
NC 24 DQ7 23 

D08 25 NC 24 
NC 26 D08 25 

liAS 2? NC 26 
NC 28 RAS 27 
NC 29 NC 28 Vee 30 NC 29 

Vee 30 

RAS cycle (READ, WRITE, RAS ONLY, CAS-BEFORE
RAS, or HIDDEN refresh) so that all 512 combinations of 
RAS addresses (AO-A8) are executed at least every 8ms, re
gardless of sequence. 

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. By holding RAS LOW, the column address may 
be toggled strobing in different column addresses execut
ing faster memory cycles. Returning RAS HIGH termi
nates the STATIC COLUMN operation. 

MT8C9026 
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I'IIIC:RON MT8C9026 

TRUTH TABLE 

Function 

Standby 

READ 

WRITE 
(EARLY-WRITE) 

STATIC COLUMN 
READ 

STATIC COLUMN 
WRITE 

RAS ONLY 
REFRESH 

HIDDEN 
REFRESH 

CAS-BEFORE-
RAS REFRESH 

TEST 
FUNCTION 

FUNCTIONAL BLOCK DIAGRAM 

Ul - U9 = MT4Cl026DJ 

lIE ~ 

H H 

L L 

L L 

L H-L-H 

L H-L-H 

L H 

L-H-L L 

H-L L 

L L 
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H GNOINC 

H GNOINC 

L GNOINC 

H GNOINC 

L GNOINC 

H GNOINC 

H GNOINC 

H GNOINC 

H H 
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Addresses 

IR IC 

X X High Impedance 

ROW COL Data Out 

ROW COL Data In 

ROW COL Valid Data Out, 
COL Valid Data Out 

ROW COL Valid Data In, 
COL Valid Data Out 

ROW nfa High Impedance 

ROW COL Valid Data Out 

X X High Impedance 

ROW COL Data Out, 
Test Function Mode 

NOTES 
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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 (Plastic) ................... -SsoC to + ISO°C 
Power Dissipation ........................................................ 9 Watt 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under U Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended 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 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 ::; VIN ::; Vcc), II -90 90 IlA 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(Q is disabled, OV ::; VOUT ::; Vcc) loz -90 90 IlA 

OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) VOH 2.4 V 1 

Output Low voltage (lOUT = 5mA) VOL 0.4 V 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

OPERATING CURRENT ICC1 450 mA 3,4 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc2 450 mA 3,4 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS Icc3 18 mA 
Power supply standby current (RAS = CAS = VIH 
after 8 RAS cycles min.) 

STANDBY CURRENT: CMOS INPUT LEVELS Icc4 9 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 ONLY ICC5 315 mA 3 
(RAS = Cycling: GAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc6 315 mA 3,5 
(RAS and CAS = Cycling) 

2-195 

-C 
::xJ 
l> 
s: 
s: 
o 
c 
C 
r 
m 



-C 
::J] 

l> 
s: 
s: 
o 
c 
c: 
r
m 

IVIICI=ION MT8C9026 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: Ao-A9 CI1 45 pF 2 

Input Capacitance: RAS, CAS, WE CI2 63 pF 2 

Input Capacitance: D CI3 7 pF 2 

Input/Output Capacitance: DQ CIO 12 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) (O°C ::;; TA ::;; +70°C, Vce = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 
PARAMETER SYM MIN MAX. MIN MAX MIN MAX UNITS NOTES 
Random. READ or WRITE cycle time tRC 150 180 220 ns 

READ-MODIFY-WRITE cycle time tRWC 175 210 255 ns 

Access time from RAS tRAC 80 100 120 ns 14 
Access time from CAS tCAC 20 25 30 ns 15 
Access time from column address tAA 40 50 60 ns 

RAS pulse width tRAS 80 10000 100 10.000 120 10000 ns 

RAS hold time tRSH 20 25 30 ns 

RAS precharge time tRP 60 70 90 ns 

CAS pulse width tCAS 20 10,000 25 10,000 30 10,000 ns 

CAS hold time tCSH 80 100 120 ns 

CAS precharrle time tCPN 10 15 20 ns 16 
RAS to CAS delay time tRCD 20 60 25 75 15 90 ns 17 
CAS to RAS precharge time tCRP 5 5 10 ns 

Row address set-uD time tASR 0 0 0 ns 

Row address hold time tRAH 10 15 15 ns 

RAS to column tRAD 15 40 20 50 20 60 ns 18 
address delay time 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 15 20 20 ns 

Column address hold time tAR 90 115 115 ns 
(referenced to RAS) 

Column address to tRAl 40 50 60 ns 
RAS lead time 

Read command set-uD 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 outout in low-Z tClZ 0 0 0 ns 

OutPut buffer turn-off delay tOFF 0 20 0 20 0 25 ns 20 
WE command set-u~time twcs 0 0 0 ns 21 
Write command hold time tWCH 15 20 25 ns 

Write command hold time tWCR 60 75 80 ns 
(referenced to RAS) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C :0; TA :0; +70°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 ·10 ·12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command pulse width IWp 15 20 25 ns 

Write command to RAS lead time , IRWL 20 25 30 ns 

Write command to CAS" lead time leWL 20 25 30 ns 

WE inactive time IWI 10 10 10 ns 

Data-in set-up time IDS 0 0 0 ns 22 

Data-in hold time IDH 15 20 20 ns 22 
Data-in hold time IDHR 60 75 80 ns 
(referenced to RAS) 
RAS to WE delay time IRWD 80 100 110 ns 21 

Column address IAWD 40 50 60 ns 21 
to WE delay time 

CAS to WE delav time leWD 20 25 30 ns 21 
Transition time (rise or fall) IT 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 set-up time ICSR 10 10 10 ns 5 
(CAS-BEFORE-"RAS refresh) 

CAS hold time leHR 30 30 30 ns 5 
(CAS-BEFORE-RAS refresh) 

RAS pulse width (STATIC COLUMN) IRASC 80 100,000 100 100000 120 100000 ns 

CAS precharge time (STATIC COLUMN ICp 10 10 15 ns 

STATIC COLUMN MODE ISC 45 55 65 ns 
cycle time 

STATIC COLUMN READ·MODIFY- ISRMW 80 100 160 ns 
WRITE cycle time 

Last Write to column address ILWAD 20 35 25 45 30 55 ns 
delay time 

Last Write to column address IAHLW 75 95 115 ns 
hold time 

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

Output data enable from Write lOW 20 25 25 ns 
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1'41C:I=ION MT8C9026 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = I~t with ~V = 3V and Vee = 
SV. ~V 

3. Ice is dependent on cycle rates. 
4. Ice 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 100l1s 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 require
ment 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 VI H) 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, 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 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 eoint only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by ICAe. 

18. Operation within the lRAD (max) limit ensures that 
IRCD (max) can be met. lRAD (max) is specified as a 
reference eoint only; if lRAD is greater than the 
specified RAD (max) limit, then access time is con
trolled 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. IWCS, IRWD, IAWD and ICWD 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 through 
out the entire cycle. If IRWD ~ IRWD (min), IA WD ~ 
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 data out (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

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. 
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READ CYCLE 

tRC 

tRAS tRP 

RAS VIH -
VIL _ 

tCSH 

tRSH tRRH 

teRP tRCD teAs 

CAS 
VIH -
VIL -

tAR 

ADDR 
VIH -
VIL ROW 

WE 

Q ~g~- OPEN OPEN 

EARLY-WRITE CYCLE 

tRC 

tRAS 

RAS 
VIH -
VIL 

tCSH 

tRSH 

ICAP . tACO tCAS 

CAS VIH -
VIL 

tAR 

ADDR VIH 
VIL ROW 

~----------------------_____________ OPEN __________________________________ ___ 
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I'IIIC:I=ICJN MT8C9026 

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

'AWC 

tcsH 
'I 

ICAP 'CAS 

AOOR ~ir -:.u.LLI"----,-__ --"':L/.LLll'---..=.,----r __ n""'''r.t.L�.~~~r"f""'r.t.LI.U '-___ _ 

STATIC COLUMN READ CYCLE 
tRASC 

tsc tsc 

ADDR COLUMN COLUMN 

l---:..::..:.-tAR --+-----_11 
___ ~====t=M=D==~~=S~C'I----I~I--t~cS~C~I~ 

CAS ~:~: 

II 

Q ~g~:---..L--------f.1I00(~ Yf.!: 
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ADDR 

D 

Q 

STATIC COLUMN EARLY-WRITE CYCLE 

V'H_·7T7777TTr.rT77777TTr."Jr--;;'=-'1777\ ,.-,m;;;" 
v 'L -LLL..r..LLI...t..LL.u..t..I..Ll.LULJ 1I--='----'f'ILLU '----"""-"--...J 

~~::-------------------~EN------------------------------

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

ADDR 

'ASC - ~111_-+-'':::LW!::!AD''-1 
I 'RCS I 

I~ I 1 'AWD 
'AWD I 'WP ----

WE ~Ir- I' 'I 1~1------'1I~~-
I 'ACD .I~I~ 

D ~lr~//!I/$j////$////)/j~/////ff///~////ffff/§!I$#t0 

I 1 /::c I I~HI :: I, 
___ ~====='R=~~==tl~~~'~~W~~I:9,~~~~~~~=>~~~oiFF __ __ a ~gr: - II VAUD DATA VAUD DATA 

tcLZ_ 
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1'41C:I=ION MT8C9026 

tCRP 

I' 

"----' 

'RAS ONLY REFRESH CYCLE 
(ADDR';" AO - AS; Ag and WE'= DON'T CARE.) 

. 
tRAS 

J 
tRP , 

. .. tRPe·"
1 

L.J 

:J 
J 
\ 

tASR tRAH . I • . 
ADDR ~:r _r---Ro-w --kl)!ff/l)!$/ff)!/I)!$//)!//)!////$ff//;Xr---Ro-w --

Q ~gr ----------------OPEN---------------

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

Q ~gr -----------------OPENI---------------

ADDR 

HIDDEN REFRESH CYCLE 
(WE = HIGH)23 

(READ) (REFRESH) 

tRAS 

tCHR 

-tOFF 

Q ~gr :::~-----OPEN--------ifll22M _____ :!.!.VA~LI~D ~DA~TA~ ___ J OPEN-
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MULTIPORT PRODUCT SELECTION GUIDE 
VRAM 

Memory Access Part Access Power Dissipation Package & Number 01 Pins 
Configuration Cycle Number Time (ns) Standby Active PDlP ZIP SOJ CDIP Process Page 

64Kx4 Page Mode MT42C4064 100,120,150 10mw 150mw 24 24 24 24 CMOS 3-3 

C\I 
M 

128K x 8 Fast Page MT42C8128 80,100,120,150 5mw 200mw 40 - 40 - CMOS 3-27 

256K x 4 Fast Page MT42C4256 80,100,120,150 5mw 200mw 28 28 28 28 CMOS 3-65 
- ------

I MUL TIPORT DRAM 
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VRAM 

FEATURES 
• Industry standard pin-out, 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 
• 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: 10mW standby; 150mW 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) 
Plastic ZIP 
Plastic SOJ (300 mil) 

GENERAL DESCRIPTION 

MARKING 

-10 
-12 
-15 

None 
C 
Z 
DJ 

The MT42C4064 is a high speed, dual port CMOS dy
namic random access memory (DPDRAM) containing 
262,144 bits. They can be accessed either by a four bit wide 
DRAM port or by a 256 x 4 bit serial access memory (SAM) 
port. Data can be transferred bidirectionally between the 
DRAM and the SAM. 

The DRAM portion of the DPDRAM 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 DPDRAM. Data I/O and internal data transfer is ac
complished using three separate bidirectional data paths; 
the four bit random access I/O port, the four internal 256 
bit wide paths between the DRAM and the SAM, and the 
four bit serial 1/ 0 port for the SAM. The rest of the circuitry 

MT42C4064 
REV.7/89 3-3 

64Kx4 DRAM 
with 256 x 4 SAM 

PIN ASSIGNMENT (Top View) 

24 Pin DIP 24 Pin ZIP 
(PH, CG) (ZC) 

SC Vss OQ3 1 '-' 
SE '- 2 OQ4 

SOQ1 SOQ4 3 '-' '- 4 SOQ3 
SOQ2 SOQ3 SOQ4 5 '-' 

'- 6 Vss 
TR/OE SE SC 7 '-' '- 8 SOQ1 

OQ1 OQ4 SOQ2 9 '-' TR/OE '- 10 
OQ2 OQ3 OQ1 11 '-' 

'- 12 OQ2 
MEIWE CAS MEIWE 13 '-' 

'- 14 RAS 
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 

24 Pin SOJ 
(OJ8) 

sc Vss 
SD01 SDQ4 
SD02 3 SD03 

TRiOE SE 
DOl D04 
D02 D03 

MEIWE CAS 
RAS AO 

A6 A1 
A5 A2 
A4 A3 

Vee A7 

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 DPDRAM 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 DPDRAM is fully static and does 
not require any refresh. 

Micron Technology. Inc. reserves the right to change products or specifications without notice. 
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--------- .. ------ ... -------------------.---------------------------1 

256x256x4 
DRAM ARRAY 

Figure 1 
MT42C4064 BLOCK DIAGRAM 
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PIN DESCRIPTIONS 

DIP/SOJ 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 TR/OE 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 impedance state. 

7 13 MEIWE Input Mask Enable: If MEIWE 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 ~ = L) cycle when"acc~ssirg 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 25~K available. During TRANSFER operations, 
AD to A7 indicate Hie DRAM row being accessed (when 
RAS goes LQW) and the SAM start address (when CAS" goes 
LOW). 

18 24 CAS Input Column Address Strobe: RAS is used to clock in the 8 column 
address bits and enable the DRAM output buffers (TRIOE must 
also be LOW). 

21 3 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 impedance state."SE is also used 
during a TRANSFER operation to indicate whether a SAM-TO-
DRAM TRANSFER or a SERIAL INPUT MODE ENABLE cycle is 
performed. 

5,6,19,20 11,12,1,2 DQ1-DQ4 Input! DRAM Data I/O: Inputs, Outputs, or high impedance, and/or 
Output Mask Data Inputs: For MASKED WRITE cycle only. 

2,3,22,23 8.9.4.5 SDQ1 -SDQ4 Input! Serial.Data"I/O: Input, OutPl-lt, ~r high impedance. 
Output 

12 18 Vcc Supply Pow~r Supply: +5 Volts ±10% 

24 6 Vss Supply Ground 
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FUNCTIONAL DESCRIPTION 
The DPDRAM can be divided into three functional 

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 as well as 
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 TRjOE pin will be shown as TRj(OE). 

DRAM OPERATION 
The DRAM portion of the DPDRAM 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 unde
fined or "don't care" states for the DRAM are specified for 
the DPDRAM. These conditions are highlighted in the 
following discussion. 

READ/WRITE Cycles 

The 16 address bits that are used to select four memory 
bits from the 65,536 x 4 available are latched into the chip 
using the AO -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 
RAS goes LOW. For the DPDRAM, (TR)/OE is used, when 
RAS goes LOW, to select between an internal transfer 
operation and a DRAM operation. (TR) JOE must be HIGH 
at the RAS HIGH to LOW transition for a DRAM port 
READ or WRITE operation. 

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 DQl - DQ4 port. 
The (TR)/OE input must be LOW to enable the DRAM 
output port. 
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For single port DRAMs, WE is a "don't care" when RAS 
goes LOW. For the DPDRAM, (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 operation is 
selected. For a normal DRAM WRITE operation, (ME) /WE 
must be HIGH at the RAS HIGH to LOW transition. (ME) / 
WE is a "don't care" at the RAS 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 
DQl - DQ4 port will be written into the selected memory 
cells. If ME/ (WE) is LOW when RAS goes LOW, the input 
data will be "masked" before being stored in the DRAM. 

The DPDRAM can perform all the normal DRAM cycles 
including EARLY-WRITE, LATE-WRITE, READ-WRITE, 
READ-MODIFY-WRITE, PAGE-MODE READ, PAGE
MODE WRITE, and PAGE-MODE READ-MODIFY
WRITE. Refer to the AC timing parameters and diagrams 
in this data sheet for more details on these operations. 

MASK-WRITE 

If ME/(WE) is LOW at the RAS HIGH to LOW transi
tion, the data (mask data) present on the DQl - 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 
DQl - 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 writ
ten 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 CAS goes LOW, the bits present on the DQl - 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. 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 ex
ample of a typical MASK-WRITE cycle is shown in 
Figure 2. 
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RAS \ / \ I 

CAS \ / \ I , , , , 

MEIWE \ 11111IA 11!l!1!!l! IA tfl////A fIlII/lIa-

OLD MASK INPUT NEW OLD MASK INPUT NEW 

DATA DATA DATA (RE-WRITE) DATA 

~ 
0 x 

~ ~ 
0 x 

~ 1 o .-----J!> .-----J!> 

0 x 0 x 
1 .-----J!> 1 .-----J!> 

AFTER 

OIl ADDRESS 0 • OIl ADDRESS 1 • 
x = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

~ UNDEFINED 

Figure 2 
MT42C4064 Bit MASK-WRITE 

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 
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as he must in RAS ONLY refresh. TR/ (OE) must be HIGH 
when RAS goes LOW for the RAS ONLY and CAS
BEFORE-RAS types of refresh cycles. Any READ, WRITE, 
or TRANSFER operation also refreshes the DRAM row 
that is being accessed. 
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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 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 internal 8 bit 
register. There must be no rising edges on the serial clock 
(SC) input while the transfer is taking place (refer to the AC 
timing diagrams). TRANSFER cycles are the only time 
when SC must be synchronized with the DRAM RAS and 
CAS timing. If SE is LOW, the first bits of the new row data 
will ap~ar 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. 

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 starting address of the next SERIAL 
INPUT cycle for the SAM data registers. If SE is HIGH 
when RAS goes LOW, a SERIAL INPUT MODE ENABLE 
cycle is performed. 

SAM OPERATION 
SERIAL INPUT/OUTPUT MODE CONTROL 

The SAM port is automatically placed in the serial out
put mode after a DRAM-TO-SAM TRANSFER operation. 
Conversely, after a SAM-TO-DRAM TRANSFER, the SAM 
port will be in the serial input mode. 
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II 

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 a SERIAL 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 serial start address that was loaded during the 
DRAM-TO-SAM TRANSFER cycle. The SC input incre
ments the address counter and presents the contents of the 
next SAM location to the four 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 
contents of the serial address register, which was loaded 
when the serial input mode was enabled, will determine 
the serial address that the first bit will be written. SE acts as 
an enable for serial data input and must be LOW for normal 
serial input. IfSE is HIGH, the data inputs are disabled 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"IIC:RON MT42C4064 

TRUTH TABLE 
DRAM Operations (SC, 'SE', and SOQ1 - SOQ4 are "don't care") 

rom ~ DE"fWE" 
Function 

tR* tC* 

Standby H H X X 

READ L L X H 

WRITE L L H L 
(EARLY-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 ONLY L H X nfa 
REFRESH 

HIDDEN L ..... H ..... L L X H 
REFRESH 

CAS-BEFORE- H ..... L L X X 
RAS REFRESH 

TRANSFER Operations (OQ1 - OQ4 are "don't care") 

Function RAS ~ 
MEfWE 

tR* tC* 

DRAM-TO-SAM L L H X 
TRANSFER 

SAM-TO-DRAM L L L X 
TRANSFER 

SERIAL INPUT L L L X 
MODE ENABLE 

• tR ~ when RAS goes from HIGH to LOW 
tC ~ when CAS goes from HIGH to LOW 

•• SSA ~ SAM Start Address, the serial address that the next 
serial input or output cycle will start with 

'mfOE" Addresses OQ1 
to Notes 

tR* tC* tR* tC* OQ4 

X X X X High Impedance 

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 Impedance 

H L ROW COL Valid Data Out 

H X X X High Impedance 

'mf"OE Addresses SC SE SOQ1 

tR* 

L 

L 

L 
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to Notes 
tC* tR* tC' SOQ4 

L ROW SSA** X X X 2 

X ROW SSA** X L X 3 

X ROW SSA** X H X 4 

Noles: 1. Any type of WRITE cycle may also be a MASKED WRITE cycle. 
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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Serial 1/0 Operations (RAS", 'CAS", DE"tWE", TR/'OE", 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 (Ceramic) ................ -6SoC to + IS0°C 
Storage Temperature (Plastic) ................... -SsoC to + IS0°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ...................................... SOmA 

'§E' 

L 

L 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A S; 70°C) 

PARAMETER/CONOITION 

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 ~ TA ~ 70°C, Vee = 5.0V ± 10%) 

PARAMETER/CONOITION 

INPUT LEAKAGE CURRENT 

SDQ1-SDQ4 Notes 

Valid Data Out 5 

Valid Data In 6 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions 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 I1A 
(any input (OV~VIN~Vee), all other pins not under test = 0 volts). 

OUTPUT LEAKAGE CURRENT loz -10 10 ~A 
(DO, SOO disabled, OV~VouT~Vee). 

OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) VOH 2.4 V 

Output Low voltage (lOUT = 5mA) VOL 0.4 V 1 
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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 ~ T A ~ 70°C, Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION OF DRAM 

OPERATING CURRENT (RAS and CAS=Cycling; TRc= TRC(MIN)). 

OPERATING CURRENT: PAGE-MODE 

(RAS=VIL,CAS=Cycling; Tpc= Tpc(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 ONLY (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 ~ T A ~ 70°C, Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION OF DRAM 

OPERATING CURRENT (RAS and CAS=Cycling; TRc= TRc(MIN)). 

OPERATING CURRENT: PAGE-MODE 
(RAS=VIL,CAS=Cyciing; Tpc= Tpc(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 ONLY (RAS=Cycling; CAS=VIH). 

REFRESH CURRENT: CAS-BEFORE-RAS (RAS and CAS=Cycling). 

SAM/DRAM DATA TRANSFER 
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SYMBOL 

CI1 

CI2 

Co 

SYMBOL 

Icc1 

Icc2 

Icc3 

Icc4 

Iccs 

Icc6 

Icc? 

SYMBOL 

Iccs 

Iccg 

Icc10 

Icc11 

Icc12 

ICC13 

Icc14 

MIN MAX UNITS NOTES 

5 pF 18 

7 pF 18 

7 pF 18 

MIN MAX UNITS NOTES 

40 mA 4 

40 mA 4 

10 mA 

4 mA 

30 mA 

30 mA 5 

60 mA 

MIN MAX UNITS NOTES 

60 mA 4 

60 mA 4 

30 mA 

25 mA 

50 mA 

50 mA 5 

90 mA 
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DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3,4,5,10,11,17) (oOe ~ T A ~ + 70oe, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN 

Random READ or WRITE cycle time tRC 190 220 260 

READ-MODIFY-WRITE cycle time tRWC 250 295 345 

PAGE-MODE READ or WRITE tpc 75 90 110 
cycle time 

PAGE-MODE READ-MODIFY- tpRWC 125 150 175 
WRITE cycle time 

Access time from 'RAS' tRAC 100 120 

Access time from ~ tCAC 50 60 

'RAS pulse width tRAS 100 10,000 120 10,000 150 

'RAS' pulse width (PAGE-MODE) tRASP 100 100,000 120 100,000 150 

'RAS hold time tRSH 50 60 75 

~ precharge time tRP 80 90 100 

CAS pulse width tCAS 50 10,000 60 10,000 75 

CAS hold time tCSH 100 120 150 

CAS precharge time tCPN 15 20 25 

~ precharge time tcp 15 20 25 
(PAGE-MODE) 

'RAS' to CAS delay tRCD 10 50 15 60 15 

CAS to "RAS' precharge time tCRP 10 10 10 

Row address set-up time tASR 0 0 ·0 

Row address hold time tRAH 15 15 15 

Column address set-up time tASC 0 0 0 

Column address hold time tCAH 20 20 25 

Column address hold time tAR 45 70 80 
(referenced to 'RAS) 

READ command set-up time tRCS 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) 
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MAX UNITS NOTES 

ns 6, 7 

ns 20,21 

ns 6, 7 

ns 20,21 

150 ns 7,8 

75 ns 7,9 

10,000 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 
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DRAM TIMING PARAMETERS (Continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5, 10, 11, 17) (O°C .,; T A .,; + 70°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN 

WE command set-up time twcs 0 0 0 

WRITE command hold time tWCH 20 25 30 

WRITE command hold time tWCR 70 80 90 
(referenced to RAS) 

WRITE command pulse width IWp 20 25 30 

WRITE command 10 RAS lead lime IRWL 25 30 35 

WRITE command 10 CAS lead time ICWL 25 30 35 

Dala-in sel-up time tDS 0 0 0 

Data-in hold lime tDH 15 20 25 

Data-in hold time tDHR 70 80 90 
(referenced 10 RAS) 

CAS 10 WE delay ICWD 65 80 95 

RAS to WE delay IRWD 120 150 185 

MEIWE to "RAS Sel Up Time tWSR 0 0 0 

ME/WE to RAS Hold Time tRWH 10 10 15 

Mask Dala (DO_) to RAS tMS 0 0 0 
Set Up Time 

Mask Data (DO_) to RAS tMH 20 20 25 
Hold Time 

Transition time (rise or fall) IT 3 50 3 50 3 

Refresh Period (256 cycles) tREF 4 4 

CAS set-up time ICSR 10 10 10 
(CAS-BEFORE-RAS refresh) 

CAS hold time tCHR 20 25 30 
(CAS-BEFORE-RAS refresh) 

CAS to output in low-Z ICLZ 5 5 5 

Output buffer turn-off delay IOFF 0 25 0 25 0 

Output Enable tOE 25 25 

Output Disable IOD 25 25 
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MAX UNITS NOTES 

ns 16 

ns 

ns 

ns 

ns 

ns 

ns 15 

ns 15 

ns 

ns 16,20 

ns 16,20 

ns 

ns 

ns 

ns 

50 ns 

4 ms 

ns 

ns 22 

ns 

30 ns 12 

30 ns 

30 ns 
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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 100fJS is required after power-up 
followed by any 8 RAS cycles 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 IT = 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 S T A S 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 ~ IRCO (max). 
10. If CAS = Vlli, DRAM data output is high impedance. 
11. If CAS = VIL, DRAM 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 
~C (max) can be met. IRCD (max) is specified as a 
reference fr0int only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by ICAC. 

14. IRCH 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 WE leading edge in 
LATE WRITE or READ-MODIFY-WRITE cycles. 

16. IWCS, ICWD and IRWD are restrictive operating 
parameters in 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 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 data out (at 
access time and until CAS goes back toVIH) is inde
terminate. 

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. Capacitance calculated from the equation C = Idt 
flV 

with flV = 3V and Vee = 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 ICp. 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 (VIH) DQ goes open. If OE is tied perma
nently 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. NON-TRANSFER command means that TR/(OE) is 

HIGH when RAS goes LOW. 
25. Measured with a load equivalent to 2 TTL gates and 

SOpF. 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5, 17, 25) (0° e::;; T A::;; + 700 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 Set Up Time 

TRANSFER Command to IRTH 80 90 100 
RAS Hold Time 

TRANSFER Command to ICTH 30 30 35 
"CAS Hold Time 

TRANSFER Command to ITSL 5 5 10 
SC Lead Time 

TRANSFER Command to ITRL 10 10 10 
"RAS" Lead Time 

TRANSFER Command to ITRD 15 15 20 
RAS Delay Time 

TRANSFER Command to ITCL 10 10 10 
"CAS Time 

TRANSFER Command to tTCD 15 15 20 
"CAS" Delay Time 

First SC edge to TRANSFER ITSD 10 10 20 
Command Delay Time 

SAM-TO-DRAM (WRITE) Transfer IRTHW 10 10 15 
Command to RAS Hold Time 

Serial Output Buffer Turn Off ISDZ 10 40 10 50 10 
Delay from "RAS" 

SC to RAS Set Up Time tSRS 35 40 45 

"RAS" to SC Delay Time tSRD 25 30 35 

Serial Data Input to SE Delay Time ISZE 0 0 0 

RAS to SD Buffer Turn On Time ISRO 0 0 0 

Serial Data Input Delay from RAS ISDD 50 55 60 

Serial Data Input to RAS tszs 0 0 0 
Delay Time 

Serial Input Mode Enable tESR 0 0 0 
(SE) to RAS Set Up Time 

Serial Input Mode Enable tREH 10 10 15 
(SE) to RAS Hold Time 

NON-TRANSFER Command lyS 0 0 0 
to RAS Set Up Time 

NON-TRANSFER Command IYH 15 15 20 
to flAg 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 

ns 

60 ns 

ns 

ns 

ns 

ns 

ns 
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ns 

ns 
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1'41C: 1=1 ON MT 42C4064 

SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5, 17, 25) (0° e ~ T A ~ + 700 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 Set Up Time tSDS 0 0 0 

Serial Data in Hold Time tSDH 15 20 25 

SERIAL INPUT (Write) Enable tsws 0 0 0 
Set UpTime 

SERIAL INPUT (Write) Enable tSWH 20 35 45 
Hold Time 

SERIAL INPUT (Write) Disable tSWIS 0 0 0 
Set UpTime 

SERIAL INPUT (Write) Disable tSWIH 20 35 45 
Hold Time 
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MAX UNITS NOTES 

50000 ns 

60 ns 

ns 

ns 

40 ns 

ns 

ns 

ns 

30 ns 

ns 

ns 

ns 

ns 

ns 



I'IIIC:I=ION MT 42C4064 

DRAM READ CYCLE 

ICSH 

ICAP tCAS 

ADDR ~:r '-~U",-___ R"O_W_--"T<LLtJJ.flL_---,-_;--_....-,LL(..jCLL.L(..LL.I.~<..L.U.LL(..jp ,-__ R_OW __ _ 

DO 1--------1=~~~1---0PEN---:--

DRAM EARLY-WRITE CYCLE 

tCSH 

'I, 
tCAS 

AODR ~:~- ROW 

DQ ~:~:: VALID 0 OUT 

~I~ . 
~:r ~==:JVI/ //!//I////I!/!I///I /Ill /////I11!////!///I!!/l //1$ 
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ROW 

~ DON'T CARE 

~ UNDEFINED 
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fUilCI=ION MT 42C4064 

DRAM MASKED WRITE CYCLE 
IRC 

RAS 
VIH -
VIL _ 

tCSH 

'I 'RSH 

tCAP 'RCD ICAS 

CAS VIH -
VIL _ 

ADDR V,H 
V,t ROW ROW 

DQ ~:~- VALID DIN 

miCE 

'YS II IYM 

~:~ -.- -~$/$##//;@M'$//#$#/$M'$//$j'ff'@ 

I 
:----.1 

DRAM READ-WRITE CYCLE 
(READ-MODiFY-WRITE CYCLE and LATE-WRITE CYCLE) 

, 
tRAS , , 

II 
¥ 

, tCSH 

'I, , IRSH 

tCRP 'ACD , leAS 

t IAR , 
I~ 

IRP ~I 
I 

~I~~~I~I 
:I I I 1;0{ ROW WI dffi COLUMN WIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;X ROW ADDR ~:t_ 

I ____ I~RC~S_,II I __ I~CW~D ____________ ~ 

j tCAC 

telz --=--

tCWL 

DO -----~~~~~~t~~Q-----OPEN----

NOTE 1: If MEIWE is LOW, a MASKED WRITE cycle will be performed. 

3-18 

~ DON'T CARE 

I2l8l UNDEFINED 
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1'41C:I=ICN MT 42C4064 

DRAM PAGE-MODE EARL V-WRITE CVCLE 

RAs VIH -
VIL _ 

tCSH 

'I 'pc tRSH 

~ tACO 'cAS 'CP 'cAS 'CP 'CAS 

CAS VIH -
VIL _ 

ADDR VIH 
VIL ROW 

~~'-MH------~-+--~~~ 
DO ~:~ =_ MASKD~N- VALID DIN VALIO,OIN Ir---V-AL-IO-O-IN---,LrTT1'77777T.'77777T.77TT7 

~~-.yHJ 

~:~ -7J/llJ --iw////ff///////////////////////////////////1/////////////////$////////11/1/$/;1//$///1//$#4 

NOTE: If ME/WE is LOW, a MASKED WRITE cycle will be performed. 

~ DON'T CARE 

~ UNDEFINED 
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I"IIC:RON MT42C4064 

DRAM PAGE-MODE READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

'RASP 

tCAC --I -

'RSH 

'CAS 

__ j __ tDH 

I-,os l' 'RAc,_1 

v ~~~ 'CLZ--

00 '~=~~ - ." '''1~ff_~1~-m,~00~-'-OE-.:J_!O<tJM_- -'00 'OE_tJ- :~, 
TR/OE ~:t -J 'o/$//I!I!!I!lJ0,l) ~--~ ,...------

OPEN--

NOTE: 1: If ME/WE is LOW, a MASKED WRITE cycle will be performed. 

RAS 
VIH 
VIL _ 

'CRP , 
I 

CAS VIH ~ 
VIL -.' 'ASR 

AOOR VIH -
ROW VIL _ 

DO VIOH-

.11. 
VIOL 

VIH~' 
tyS 

TRIOE VIL 

"RAS ONLY REFRESH CYCLE 
(MEIWE = Don't Care) 

'RC 

tRAS 

'II' 
Jf 

'RAH 

tRP :1 
I 
\ 

'bl##l#&/,@'!/l&#l&#l!;@< ROW '---____ 'I!lJ 
OPEN 

tYH 

'~#///$/h'$$/J!l$/#####$lll 
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~ DON'T CARE 

~ UNDEFINED 



I'IIIC:I=ION MT 42C4064 

~-BEFORE-RAS" REFRESH CYCLE 
(AO - A7 and MEIWE are Don't Care.) 

tCSR tCHR 

DQ ~:gt::: OPEN--------------

tyS tYH 

TRIOE ~:t ~_- -~/"J/$#"J#////!I/$MII!#//#M/#J7 

tCRP 

AD DR 

HIDDEN REFRESH CYCLE 
(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

"~ ~it ~#$#Mk#j'/$$rl 
tRAC 

I !RRft I 
~"J@//#/#;//$$M//////"Jff$$& 

J toFF 

OPEN-DO ~gt :::----++---OPEN ------«XXXXlOII 
~~~------------~~. 

VALID DATA 

TRIOE ~IH -~ IL _ 
tyS ~ LLLLLLLL.LLLJ.:.L.L.L<,",-· <.LLLLLA._tO_E ______________ ----'J-" t_OD __ " ____ _ 

WI/#/&1"J"J/#/d . 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 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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I'IIIC:RON MT42C4064 

RAS 
VIH -
VIL _ 

2. 
CAS VIH -

VIL 

AOOR 

MElWE VIH 
VIL 

SE VIH 
VIL 

SC 

soa 

DRAM-TO-SAM TRANSFER 
(READ TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode.) 

'RC 

tRAS 'RP 

'CSH 

'RSH I . . 'RCO 'CAS 

TRICE ~:t ~~~ ______________________________ -J 

~ DON'T CARE 

~ UNDEFINED 

NOTE 1: This SE pulse is shown to illustrate the SERIAL OUTPUT ENABLE and DISABLE timing. It is not required. 
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I"'IC:I=ION MT 42C4064 

DRAM-TO-SAM TRANSFER 
(READ TRANSFER) 

(When part was previously in the SERIAL INPUT mode.) 

VIH -
RAS VIL _ 

CAS VIH -
VIL -

AooR VIH -
VIL -

MElWE 

SE 

SC VIH -
VIL -

tRC 

tRAS 

tCSH 

tRSH 

• tCRr 1_.--t-"oRC"'-o---__ 1 tCAS 

I. tCAH 

SAM START 

NOTE 1 

tSoH tSRO 

~ ~tszs 
SoO ~:gt:: 1--VA- Ll-o o-IN----l,jJ VALID oOUT 

~:r :zJ.J . On, I. "lli :~: ~ 
~~~---------------------------

NOTE 1: There must be no rising edges on the SC input during this time. 
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tRP 
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tTAO 

tTCo 

~ DON'TeARE 

~ UNDEFINED 
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IVIU::RON MT42C4064 

ICRP 

CAS ~:t::: 

ADDR 

SC ~:t::: 

SDO ~:t 

SAM-TO-DRAM TRANSFER 
(WRITE TRANSFER) 

(When part was previously in the SERIAL INPUT mode.) 

ICSH 

ICAS .11 

I~ 

VALID DIN 

II. 
'0//,///,7,J/'//&0W'////$'///$//'/'//'///;W'//$/'/$/'////$/$$Z 

NOTE 1: If SE is LOW, the SAM data will be transferred to the DRAM. 

fill DON'T CARE 

~ UNDEFINED 

If SE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL INPUT MODE ENABLE cycle). 

NOTE 2: SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 
of SE. 

NOTE 3: There must be no rising edges on the SC input during this time. 

3-24 



I'IIIC:F=lON MT 42C4064 

RAS 
VIH -
VIL _ 

CAS VIH -
VIL -

AD DR 

MEIWE VIH 
VIL 

SAM-TO-DRAM TRANSFER 
(WRITE TRANSFER or PSEUDO WRITE TRANFER) 

(When part was previously in the SERIAL OUTPUT mode.) 

tRAS 'RP 

'CSH 

'RSH 

'RCD 'CAS 

'AR . 
--- __ 'RAH I 

'ASR _I ~ 

SAM START 

I ISWS 

'ESR 'REH I: : I 'SWI~ I 
SE ~:t :=~-:T::-~#$!;0'$$#/#$#/$$$#//$//M=' =:=1 =':==NO=TE=2 ======= 

::::: II 
SC ~:t:= NOTE 3 

'SDD 
tSOH· tSDZ 

SDa ~:gt_ VALlDD~~- VALID DOUT -~ HIGHZ 

I_ ITS II 'RTHW·
1 

TRICE ~:t:=~ -- ---f///##$#/#////!##//$///$#$//$#///#$##$$///J//!$$#///##$/#iJ 

NOTE 1: If SE is LOW, the SAM data will be transferred to the DRAM. 

~ DON'T CARE 

I88a UNDEFINED 

If SE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL INPUT MODE ENABLE cycle). 
NOTE 2: SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 

of SE. 
NOTE 3: There must be no rising edges on the SC input during this time. 
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IVIIC:I=ION MT 42C4064 

SAM SERIAL INPUT 

SE 

tSAS - SC 
VIH-
VIL-

s:: tSDS tSDH 

c: SDO 
VIH- VALID DIN VALID DIN VIL-

!:f -"'C 
0 
:J] 
-I 
C 
:J] 
l> s:: SAM SERIAL OUTPUT 

SE 

SC 
VIH-
VIL-

SDO VALID DOUT 

~ DON'T CARE 

~ UNDEFINED 
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PRELIMINARY 

I'I'IC:RON MT42C8128 

VRAM 

FEATURES 
• Industry standard pin-out timing, and functions 
• High performance CMOS silicon gate process 
• Single +5V ±10% power supply 
• Inputs and outputs are fully TIL and CMOS 

compatible 
• Refresh modes: RAS ONLY, CA5-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: 5m W standby; 200m W active, typical 
• Fast access times - 80ns random, 25ns serial 

SPECIAL FUNCTIONS 
• JEDEC Standard Function set 
• PERSISTENT MASK WRITE 
• SPLIT READ TRANSFER 
• Serial Input 
• ALTERNATE WRITE TRANSFER 
• BLOCK WRITE 

OPTIONS 
• Timing (DRAM, SAM) 

80ns,25ns 
100ns,30ns 
120ns,35ns 
150ns,40ns 

GENERAL DESCRIPTION 

MARKING 

-8 
-10 
-12 
-15 

The MT42C8128 is a high speed, dual port CMOS dy
namic random access memory (DPDRAM) containing 
1,048,576 bits. They can be accessed either by an eight bit 
wide DRAM port or by a 256 x 8 bit serial access memory 
(SAM) port. Data can be transferred bidirectionally be
tween the DRAM and the SAM. 

Eight 256 bit data registers make up the seria~ access 
memory portion of the DPDRAM. Data I/O and mternal 
data transfer is accomplished using three separate bidirec
tional data paths; the eight bit random access 110 port, the 
eight internal 256 bit wide paths between the DRAM and 
the SAM, and the eight bitseriall/ 0 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 

MT42C8128 
REV. 7189 3-27 

128K X 8 DRAM 
with 256 x 8 SAM 

SC 
SOO1 
SOO2 
SOO3 
SOO4 
WOE 

001 
002 
003 
004 

Vcc1 
MEJWE 

NC 
RAS 

NC 
AS 

PIN ASSIGNMENT (Top View) 

40-Pin DIP 
600 MIL 

vss1 sc 
SOO8 SD01 

SD02 
SOO7 SD03 

SOO6 SD04 
ffiiOE 

SOO5 D01 

SE D02 
D03 

DOS D04 
DO? Vcc1 

MEIWE 
006 NC 
005 RAS 

NC 
Vss2 A8 
OSF A6 

NC A5 
A4 

CAS Vcc2 

OSF 
AO 
A1 
A2 
A3 
A? 

40-PinSOJ 
400 MIL 

1 40 
2 39 
3 38 
4 37 
5 36 
6 35 
7 34 
8 33 
9 32 
10 31 
11 30 
12 29 
13 28 
14 27 
15 26 
16 25 
17 24 
18 23 
19 22 
20 21 

Vcc1 
SD08 
SD07 
SD06 
SD05 
SE 
D08 
D07 
D06 
D05 
Vss2 
DSF 
~ 
CAS 
OSF 
AO 
A1 
A2 
AS 
A7 

independently of the other except when. data is being 
transferred internally between them. As WIth all DRAMs, 
the DPDRAM must be refreshed to maintain data. The 
refresh cycles must be timed so that a1l512 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 MT42C8128IS co~pat
ible with the operation of the MT42C4064 (64Kx4) VIdeo 
RAM. However, the MT42C8128 offers several additional 
functions which may be used to increase system perform
ance or ease critical timing requirements. These "special 
functions" are described in detail in the following section. 

Micron Technology, Inc. reserves the right to Change products or specifications without notice. 
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Figure 1 
MT42C8128 BLOCK DIAGRAM 

I MUL TIPORT DRAM 

• 
DQS 

RAS 
CAS 
TR/OE 
MEIWE 
DSF 
SC 
SE 100 

SDQ1 

• 
SDQS 

QSF 
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I 
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PRELIMINARY 

IVIIC:F=lON MT 42C8128 

PIN DESCRIPTIONS 

DlP/SOJ PIN ZIP PIN 
NUMBER(S) NUMBER(S) SYMBOL TYPE OESCRIPTION 

1 SC Input Serial Clock: Clock input to the serial address counter for the 
SAM registers. 

6 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 impedance state. 

12 MEIWE Input Mask Enable: If ME/WE 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 
TRANSFER (ME/WE = L). 

35 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 impedance 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 DSF Input 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. 

14 RAS Input Row Address Strobe: RAS is used to clock in the 9 row address 
bits and as a strobe for the ME/WE, TRlOE, DSF and DO 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 
TR/OE), and as a strobe for the DSF input. 

16,17,18 AOto A8 Input Address Inputs: For the DRAM operation, these inputs are 
19,21,22 multiplexed and clocked by RAS and CAS to select 8 bits 
23,24,25 out of the 128K x 8 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). 

7,8,9,10,31 D01-D08 Input! DRAM Data I/O inputs for MASK DATA REGISTER and COLOR 
32,33,34 Output REGISTER load cycles, and ADDRESS MASK inputs for BLOCK 

WRITE. 

2,3,4,5,36 SD01 - SD08 Input! Serial Data I/O: Input, Output, or high impedance. 
37,38,39 Output 

26 OSF Output Split SAM Status: OSF indicates which half of the SAM is being 
accessed when the Split SAM Transfer mode is being used. 

28 NC - No Connect - This pin should be either left unconnected or tied to 
ground. 

11,20 Vcc Supply Power Supply: +5 Volts 10% 
30,40 Vss Supply Ground 
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PRELIMINARY 

IVIIC:I=ION MT 42C8128 

FUNCTIONAL DESCRIPTION 
The MT42C8128 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 also shown in the AC Timing Dia
grams section of this data sheet as well as 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 TRjOE pin will be shown as TRj(OE). 

DRAM OPERATION 
DRAM REFRESH 

Like any DRAM based memory, the MT42C8128 Video 
RAM must be refreshed to retain data. All 512 row address 
combinations must be accessed within8ms. The MT42C8128 
supports CAS-BEFORE-RAS, RAS ONLY and HIDDEN 
types of refresh cycles. 

For the CAS-BEFORE-RAS refresh mode, 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 RAS ONLY refresh cycles. The 
DQ I/O pins remain in a high -Z state for both the RAS 
ONLY 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 refresh 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 MT42C8128 does not require any refreshing. 

DRAM READ AND WRITE CYCLES 

The DRAM portion of the DPDRAM 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 
DPDRAM. These conditions are highlighted in the follow
ing discussion. In addition, the DPDRAM has several 
special functions that can be used when writing to the 
DRAM. 

The 17 address bits that are used to select eight memory 
bits from the 131,077 x 8 available are latched into the chip 
using the AO-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 ~s from HIGH to LOW. 

For single port DRAMs, the OE pin i~ "don't care" 
whenRAS goes LOW. For the DPDRAM, (TR) JOE is used, 
when RAS goes LOW, t~elect between DRAM and 
TRANSFER cycles. (TR)/OE must be HIGH at the RAS 
HIGH to LOW transition for all DRAM operations (except 
CAS-BEFORE-RAS refresh). 

3-30 

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 is a "don't care" 
when RAS goes LOW. For the DPDRAM, (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 operation is selected. For any DRAM 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 DPDRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ
MODIFY-WRITE, PAGE-MODE READ, PAGE-MODE 
WRITE, and PAGE-MODE READ-MODIFY-WRITE. Re
fer to the AC timing parameters and diagrams in the data 
sheet for more details on these operations. 



PRELIMINARY 

fUl1C:F=lON MT 42C8128 

f +- NON-PERSISTENT MASKED WRITE -1 ...... --- NON-PERSISTENT MASKED WRITE -I 
RAS \ / \ ! 

CAS \ / \ ! 

MEIWE \ IIllllA 1/11 II II lilA fllllA /!I1I/!11 /h 

DSF 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA (RE-WRITE) DATA 

0 X 0 0 X 0 

o .-----~ 0 0 1 .-----~ 

0 0 X 0 0 0 X 0 

0 1 1 .-----~ 1 0 1 1 .-----~ 1 

0 0 X 0 0 0 X 0 
o .-----~ 0 0 1 0 .-----~ 0 

1 0 X 0 0 X 0 

0 o .-----~ 0 0 0 .-----~ 0 

.. ADDRESS 0 ~ .. ADDRESS 1 ~ 

X = NOT EFFECTIVE (DON'T CARE) 

Figure 2 IfJ DON'T CARE 

~ UNDEFINED 
NON-PERSISTENT MASKED WRITE EXAMPLE 

NON-PERSISTENT MASKED WRITE 

The MASKED WRITE feature eliminates the need to do 
a READ-MODIFY-WRITE cycle when changing only cer
tain bits within an eight bit word. The MT42C8128 sup
ports two types of MASKED WRITE cycles, NON-PERSIS
TENT MASKED WRITE and PERSISTENT MASKED 
WRITE. 

If MEl (WE) is LOW and DSF is LOW at the RAS HIGH 
to LOW transition, the data (mask data) present on the 
DQI-DQ8 inputs will be written into the mask data regis
ter. The mask data acts as an individual write enable for 
each of the four 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 following WRITE operation and no 
new data will be written to that DRAM cell location. A 

3-31 

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-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). The DRAM contents that cor
respond to the masked bits will not be changed during the 
WRITE cycle. When using NON-PERSISTENT MASKED 
WRITE, the data present on the DQ inputs is loaded into the 
mask data register at the falling edge of RAS. FAST PAGE 
MODE can be used with NON-PERSISTENT MASKED 
WRITE to write several column locations. The same mask is 
used during the entire FAST PAGE RAS cycle. An example 
of NON-PERSISTENT MASKED WRITE cycle is shown in 
Figure 2. 
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PRELIMINARY 
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1- LOAD MASK REGISTER -1-- PERSISTENT MASKED WRITE -1-- PERSISTENT MASKED WRITE -I 
RAS ~'-______ ~ 

MEIWE 

DSF 

x = NOT EFFECTIVE (DON'T CARE) 

Figure 3 
PERSISTENT MASKED WRITE EXAMPLE 

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 
HIGH 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 performing a NON-PERSISTENT MASKED WRITE cycle 
before the PERSISTENT MASKED WRITE cycles. 

PERSISTENT MASKED WRITE cycles can then be per
formed by simply 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 NON-PERSISTENT MASKED WRITE 
cycle, the data present on the DQ inputs is not loaded into 
the mask register when RAS falls. Another PERSISTENT 
MASKED WRITE cycle can be performed without having 
to reload the mask data register. Figure 3 shows the LOAD 
MASK REGISTER and PERSISTENT MASKED WRITE 
cycle operation. The LOAD MASK REGISTER and PERSIS
TENT MASKED WRITE cycles allow controllers that can
not put data out atRAStimeto perform MASKED WRITES. 
PERSISTENT MASKED WRITE can be performed during 
FAST PAGE MODE cycles. 
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COLUMN MASK (A~ 
ON THE INPUTS AT CAS 

(MASKED WRITE IS OPTIONAL, 
AND MAY BE EITHER PERSISTENT 

OR N()N.PERSISTENT.) 

MASK 
DATA 

REGISTER 

LOAD 

COLUML 
(A2.A7 at CAS) 

REG~= ---+ '--'-....JCO'-LO-'-R....JRE'-G-'-'STE...JR--'-...J 

(must be previously loaded)-

Figure 4 
BLOCK WRITE EXAMPLE 

BLOCK WRITE 

If DSF is LOW 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 eight 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 
inputs are used. A2-A7 specify the "block" offour adjacent 
column locations that will be accessed. The DQ inputs 
(DQl, 3, 5, and 7) are then used to determine what combi
nation of the eight 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 
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active HIGH; a logic 1 enables the WRITE funtion 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 
D03 1 0 
DOS 0 1 

DO? 1 1 
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NON-PERSISTENT MASKED BLOCK WRITE 

The MASKED WRITE functions can also be used during 
BLOCK WRITE cycles. NON-PERSISTENT 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 NON-PERSISTENT MASKED WRITE, the combi
nation of MEl (WE) LOW and DSF LOW when CAS goes 
LOW initiates the NON-PERSISTENT MASKED BLOCK 
WRITE. By using both the column mask input and the 
MASKED WRITE function, any combination of the four 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 PER
SISTENT MASKED WRITE exceptthat DSFis 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 PER
SISTENT MASKED BLOCK WRITE. 

LOAD MASK DATA REGISTER 

The LOAD MASK DATA REGISTER operation and tim
ing 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), 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 register to be loaded and must be LOW for a 
LOAD MASK DATA 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 the 
mask data register will not be changed unless a NON-PER
SISTENT MASKED WRITE cycle or a LOAD MASK DATA 
REGISTER cycle is performed. 

The ROW address supplied will be refreshed, but it is not 
necessary to provide any particular ROW address. The 
COLUMN address inputs are ignored during a LOAD 
MASK DATA 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. 
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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 re
tained 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 TRI (OE) is 

LOW thenRAS goes LOW. The state of (ME)/WE when 
RAS goes LOW indicates the direction of the TRANSFER, 
and DSF is used to select between NORMAL TRANSFER 
cycles and SPLIT READ TRANSFER and ALTERNATE 
WRITE TRANSFER cycles. Each of the TRANSFER cycles 
available are described below. 

column address bits indicate the start address (or Tap 
point) of the next serial output cycle from the SAM data 
registers. To complete the TRANSFER, TR/(OE) is taken 
HIGH while RAS and CAS are still LOW. The rising edge 
ofTRI (OE) must occur between the rising edges of succes
sive clocks on the SC input (refer to the AC Timing Dia
grams). The 2048 bits of DRAM data are then written into 
the SAM data registers and the serial shift start address is 
stored in an internal 8bitregister. IfSE is LOW, the first bits 
of the new row data will ~ear 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. Per
forming 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) IWE is HIGH and DSF is LOW when RAS goes 
LOW, a READ TRANSFER cycle is selected. The row 
address bits indicate the eight 256 bit DRAM rows that are 
to be tranferred to the eight SAM data registers and the 
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aSF 

ROW 0 I ROW a I ROW 0 I ROW 0 

______ HIG_H_Z ______ H_IGH_Z ____ ~~~ ~ /~----4~~r--------------_ 

(NORMAL) READ TRANSFER 

FROM: ROWa 
TO: FULL SAM 
SAM VO IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 

SPLIT READ TRANSFER 

FROM: ROWa 
TO: UPPER SAM 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 
(QSF GOES LOW) 

Figure 5 

SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (QSF 
GOES HIGH) 

SPLIT READ TRANSFER 

FROM: ROW 1 
TO: LOWER SAM 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(QSF REMAINS HIGH) 

TYPICAL SPLIT READ TRANSFER INITIATION SEQUENCE 

~ DON"TCARE 

~ UNDEFINED 

3-35 

-:s: 
c: 
!:4 -"tJ o 
~ 
C 
::D » :s: 



-s: 
c: 
~ --a o 
~ 
c ::c » s: 

PRELIMINARY 

, I"IIC:I=ION MT 42C8128 

SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER cycle eliminates the criti
cal transfer timing required to maintain a continuous serial 
output data stream. When using normal TRANSFER cycles, 
the READ TRANSFER cycle had to occur immediately after 
the last bit of "old data" was 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 ~chronized with the SC clock. 

The TR/(OE) timing is also relaxed for SPLIT TRANS
FER cycles. The rising edge of TR/(OE) is not used to 
complete the TRANSFER cycle and therefore is independ
ent of the rising edges of RAS or CAS. The transfer timing 
is generated internally for SPLIT TRANSFER cycles. 

SPLIT TRANSFERS do not change the SAM I/O direc
tion. A normal, or non-split, READ TRANSFER cycle must 
precede any sequence of SPLIT READ TRANSFER cycles 
to put the SAM 1/ 0 in the output mode and provide a SAM 
access (which half) reference. Then SPLIT READ TRANS
FERS can 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 most significant column address, A7, 
is used to select which SAM half accepts the transfer 
(1=upper half, O=lower half). The remainder of the column 
address bits determine the starting address (Tap) for the 
SAM half selected by A7. 

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 enable the QSF output. Serial 
access continues, and when the SAM address counter 
reaches 128 (A7=1, AO-A6=O) the QSF output goes HIGH. 
Since the serial access has now switched to the upper SAM, 

new data can now be transferred to the lower SAM. 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 can now be repeated. For example, the next step 
in Figure 5 would be to wait until QSF went LOW (indicat
eding that row 1 data is shifting out the lower SAM) and 
then transferring the upper half of row 1 to the upper SAM. 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

The operation of the WRITE TRANSFER function is iden
tical to the READ TRANSFER FUNCTION described pre
viously except (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 (SSA or Tap) indicates the starting address 
of the next SERIAL INPUT cycle for the SAM data registers. 
Performing a WRITE TRANSFER sets the direction of the 
SAM I/O buffers to the input mode. 
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PSUEDO WRITE TRANSFER (SERIAL INPUT MODE 
ENABLE) 

The PSUEOO WRITE TRANSFER cycle can be used to 
change the direction of SAM port from output to input 
without performing a WRITE TRANSFER cycle. APSUEOO 
WRITE TRANSFER cycle is a WRITE TRANSFER cycle 
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 taken HIGH, with (ME) /WE LOW, allowing SE to be 
a "don't care." This allows the outputs to be disabled using 
SE during a WRITE TRANSFER cycle. 
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TRUTH TABLE 

CODE FUNCTION lIAS FALLING EDGE ClI"SFAll AD - A8' D01 - D082 

-rn TR"tot lilt/wt OSF "SE OSF m -rn m -rn3 
A8=X 

DRAM OPERATIONS 
CBR CA5-BEFORE-RAS REFRESH 0 X 1 X X X - X - X 

ROR RAS ONLY REFRESH 1 1 X X X - ROW - X -

RW NORMAL DRAM READ OR WRITE 1 1 1 0 X 0 ROW COLUMN X VALID 
DATA 

RWNM NON-PERSISTENT (LOAD AND USE) MASKED 1 1 0 0 X 0 ROW COLUMN WRITE VALID 
WRITE TO DRAM MASK DATA 

RWOM PERSISTENT (USE REGISTER) MASKED 1 1 0 1 X 0 ROW COLUMN X VALID 
WRITE TO DRAM DATA 

BW BLOCK WRITE TO DRAM (NO DATA MASK) 1 1 1 0 X 1 ROW COLUMN X COLUMN 
(A2-A7) MASK 

BWNM NON-PERSISTENT (LOAD & USE) MASKED 1 1 0 0 X 1 ROW COLUMN WRITE COLUMN 
BLOCK WRITE TO DRAM (A2-A7) MASK MASK 

BWOM PERSISTENT (USE MASKED REGISTER) 1 1 0 1 X 1 ROW COLUMN X COLUMN 

REGISTER OPERATIONS 

LMR LOAD MASK REGISTER 1 1 1 1 X 0 ROW' X X WRITE 
MASK 

LCR LOAD COLOR REGISTER 1 1 1 1 X 1 ROW' X X COLOR 
OATA 

TRANSFER OPERATIONS 
RT READ TRANSFER (DRAM-TO-SAM TRANSFER) 1 0 1 0 X X ROW SSA' X X 

(TAP) 

SRT SPLIT READ TANSFER (SPLIT DRAM-TO-SAM TRANSFER) 1 0 1 1 X X ROW SSA' X X 
(TAP) 

WT WRITE TRANSFER (SAM-TO'DRAM TRANSFER) 1 0 0 0 0 X ROW SSA' X X 
(TAP) 

PWT PSUEDO WRITE TRANSFER (SERIAL INPUT MODE ENABLE) 1 0 0 0 1 X ROW' SSA' X X 
(TAP) 

AWT ALTERNATE WRITE TRANSFER 1 0 0 1 X X ROW SSA' X X 
(SAM-TO-DRAM TRANSFER) (TAP) 

NOTES: 1. These cDlumns show what must be present on the AO-A8 inputs when RAS falls and 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 ME/WE, whichever is later. 

Similarly, on READ cycles, the output data is latched at thefalling 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. SSA = SAM Starting Address or Tap Point. This is the first SAM location that the next SC cycle will access. 

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 

X X 
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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 Watt 
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 
(Notes 3, 4, 5) (O°C ~ T A ~ 70°C, Vce = 5.0V ± 10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 

*Stresses greater than those listed under U Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.5 5.5 V 1 

VIH 2.4 Vce+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX- UNITS NOTES 

IL -10 10 J.lA 
(any input (OV~VIN~Vee), all other pins not under test = 0 volts). 

OUTPUT LEAKAGE CURRENT loz -10 10 J.lA 
(DO, SDO disabled, OV~VOUT~VCC). 

OUTPUT LEVELS 
Output High voltage (lOUT = -2.5mA) VOH 2.4 V 

Output Low voltage (lOUT = 2.5mA) VOL 0.4 V 1 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-As CI1 5 pF 2 

Input Capacitance RAS, CAS, MEIWE, TRIOE, SC, SE, DSF CI2 7 pF 2 

Output Capacitance: DO, SDO, OSF Co 7 pF 2 
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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::;; TA ::;; +70°C, Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX 
Write command set-uptime 'wcs 0 0 0 

Write command hold time 'WCH 15 20 25 

Write command hold time 'WCR 60 75 85 
(referenced to RAS) 
Write command pulse width 'WP 15 20 25 
Write command to 'RAS" lead time 'RWL 25 25 30 

Write command to CAS" lead tiine 'cWL 25 25 30 

Data-in set-up time 'DS 0 0 0 

Data-in hold time 'DH 20 20 25 

Data-in hold time 'DHR 60 75 90 
(referenced to RAS) 
RAS to ~ delay time 'RWD 110 130 160 

Column address 'AWD 70 80 100 
to ~ delay time 

CAS" to WE delay time 'CWD 55 65 75 

Transition time (rise or fall) 'T 3 50 3 50 3 50 
Refresh Period (512 cycles) 'REF 8 8 8 

RAS to CAS" Precharge time 'RPC 0 0 0 

CAS" set-up tlme 'cSR 10 10 10 
(CAS"-BEFORE-'RAS" refresh) 

"CAS" hold time 'cHR 30 30 30 
(CAS"-BEFORE-~ refresh) 

MEiWE to RAS set-up time 'WSR 0 0 0 

MEIWE to RAS hold time 'RWH 10 10 10 

Mask Data to RAS set-up time 'MS 0 0 0 

Mask Data to RAS hold time 'MH 10 15 15 
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-15 

MIN MAX UNITS NOTES 
0 ns 21 

30 ns 

90 ns 

30 ns 

35 ns 

35 ns 

0 ns 22 

25 ns 22 

100 ns 

185 ns 21 

120 
, 

21 ns 

85 ns 21 

3 50 ns 9, 10 

8 ms 

0 ns 

10 ns 5 

40 ns 5 

0 ns 

15 ns 

0 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 = IL\t with L\V = 3V and Vee = 
5V. L\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 
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 s T A S 70°C) is assured. 

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

S. 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 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 
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. 

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. 
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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 roint only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by ICAe. 

IS. Operation within the IRAD (max) limit ensures that 
IRCD (max) can be met. IRAD (max) is specified as a 
reference roint only; if lRAD is greater than the 
specified RAD (max) limit, then access time is con
trolled 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. IWCS, IRWD, IAWD and ICWD 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 through
out the entire cycle. If IRWD ~ IRWD (min), IAWD ~ 
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 data out (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

22. These parameters are referenced to CAS leading 
edge in early WRITE cycles and WE/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. 

24. A HIDDEN REFRESH may also be performed after 
a WRITE cycle. In this case, WE/WE = LOW and 
TR/OE=HIGH. 

25. SAM output timing is measured with a load 
equivalent to 2 TTL gate and 30pF. 

26. TRANSFER command means that TR/OE is LOW 
when RAS goes LOW. 

27. NON-TRANSFER command means that TR/OE is 
HIGH when RAS goes LOW. 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5, 17, 25) (0° e ::;; T A::;; + 700 e, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX 
TRANSFER Command to ITlS 0 0 0 
RAS Set Up Time 

Transfer Command to RAS Hold Time TlH 10 10,000 10 10000 10 10000 
TRANSFER Command to RAS Hold Time IRTH 70 10,000 80 10,000 90 10,000 
(REAL-TIME READ TRANSFER only) 

TRANSFER Command to CAS Hold Time ICTH 20 25 30 
(REAL-TIME READ TRANSFER only) 

TRANSFER Command to Column Address Hold lATH 25 30 35 
Time (For REAL-TIME READ TRANSFER only) 

TRANSFER Command to SC lead Time ITSl 5 5 5 
TRANSFER Command to ITRl 10 10 10 
RAS lead Time 

TRANSFER Command to TRD 15 15 15 
RAS Delay Time 

TRANSFER Command to ~ Time ITCl 10 10 10 
TRANSFER Command to ITCD 15 15 15 
CAS Delay Time 

First SC edge to TRANSFER ITSD 10 10 10 
Command Delay Time 

Serial Output Buffer Turn Off ISDl 10 35 10 40 10 50 
Delay from RAS 

SC to RAS Set Up Time ISRS 30 35 40 
RAS to SC Delav Time SRD 20 25 30 
Serial Data Input to SE Delay Time ISlE 0 0 0 
RAS to SO Buffer Turn On Time SRO 0 0 0 
Serial Data Input Delay from RAS ISDD 45 50 55 
Serial Data Input to RAS Delay Time ISlS 0 0 0 
Serial Input Mode Enable IESR 0 0 0 
(~E) to RAS Set Up Time 

Serial Input Mode Enable IREH 10 10 10 
(SE) to RAS Hold Time 

NON-TRANSFER Command lyS 0 0 0 
to RAS Set Up Time 

NON-TRANSFER Command to m Hold Time IYH 10 10 10 
DSF to RAS Set Up Time IFSR 0 0 0 
DSF to RAS Hold Time IRFH 10 15 15 
DSF to RAS Hold Time FHR 60 65 70 
DSF to ~ Set-up ;Time IFSC 0 0 0 
DSF to CAS Hold Time CFH 15 20 20 
SC to OSF Delay Time ISOD 25 30 35 
SPLIT TRANSFER Set Up Time ISTS 30 35 40 
SPLIT TRANSFER Hold Time ISTH 30 35 40 
TRiOi:' to OSF Delav Time ITOD 25 30 35 
~ to OSF Delay Time ICOD 35 40 45 
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0 ns 26 

15 10000 ns 
100 10,000 ns 26 

35 ns 26 

40 ns 

10 ns 26 
10 ns 26 

20 ns 26 

10 ns 26 
20 ns 26 

20 ns 26 

10 60 ns 

45 ns 
35 ns 
0 ns 
0 ns 

60 ns 
0 ns 
0 ns 

15 ns 

0 ns 27 

10 ns 27 
0 ns 

20 ns 
75 ns 
0 ns 

25 ns 
40 ns 

45 ns 
45 ns 

40 ns 
50 ns 
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PRELIMINARY 

I'IIIC:RON MT42C8128 

SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5, 17, 25) (0" C ::.; T A::'; + 70°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX 
Serial Clock Cycle Time ISC 25 30 35 
Access Time from SC tSAC 25 30 35 
SC Precharge Time (SC Low Time) ISp 10 10 12 
SC Pulse Width (SC Hiah Time) SAS 10 10 12 
Access Time from SE ISEA 20 25 30 
SE Precharge Time tSEP 15 15 15 
SE Pulse Width ISE 15 15 15 

Serial Data Out Hold Time after SOH 5 10 10 
SC High 

Serial Output Buffer Turn Off ISEZ 0 15 0 15 0 25 
Delay from SE 

Serial Data in Set Up Time ISDS 0 0 0 
Serial Data in Hold Time ISDH 20 20 20 
SERIAL INPUT (Write) Enable ISWS 0 0 0 
Set Uo Time 
SERIAL INPUT (Write) Enable SWH 25 30 35 
Hold Time 

SERIAL INPUT (Write) Disable tSWIS 0 0 0 
Set Up Time 

SERIAL INPUT (Write) Disable tSWIH 25 30 35 
Hold Time 
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40 ns 

40 ns 

15 ns 

15 ns 

40 ns 

20 ns 

20 ns 

10 ns 

0 30 ns 

0 ns 

25 
0 ns 

45 ns 

0 ns 

45 ns 



PRELIMINARY 

I'IIIC::F=lON MT 42C8128 

DRAM READ CYCLE 

RAS VIH 
VIL -

~ __________________ ~IC~SH~ ____ I 

I RSH 1_...:.1 R=RH:....-

I CAS ICRP 

1 

CAS 
VIH 
VIL =---' 

AOOR VIH 
VIL 

MEIWE VIH 
VIL 

OSF 
VIH 
VIL 

1 __ ~IR~~~ ____ I~IA_R~I __ ~I~I~RA~Lrl _____ 1 

II---,IAS=R.:..- IRAH ~I I ~ J7TJ'7'TTOrrrr;m-r.rTTT:7TTT~ 
L __ -----.:R;oW=-___ ~*'IiLLLLi'<LLL.(L.f1i COLUMN lV. II. 1 I 11111111//////// a.~----RO-W---

I tWSR IRWH J .L I IRCS I I 1 IRCH 

:'/;////t'l~fj///// VI!I!II I IFHR I I k I \///11.11=1 __ 
IFSR IRFH .1" I IFSC I I tCFH ~ 

:I ---- - ($&/11&1- - y!//!/I!/!/!///!////I!A 
1_-+---:1 I:-:::--AA _I 

I IRAC 

IOFF 

I~L 
DO ~:g~: I~II~I OPEN-------------,.--~I~~E~~V~}~lo~o~~;:j~~~~~~--OP-EN ______ _ 

TRiOE :!j1/1///lJ ~1///////I//P/I///ffll/l///d . 
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PRELIMINARY 

I'4IC:RON MT42C8128 

WRITE CYCLE FUNCTION TABLE 

LOGIC STATES 
RAS Falling Edge CAS Falling Edge FUNCTION 

A B C 0 E 
MEIWE DSF DQ (Input) DSF DQ (Input) 

1 0 X 0 DRAM Normal DRAM WRITE (or READ) 
Data 

0 0 Write 0 DRAM Non-Persistent (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 Non-Persistent (Load and Use) Masked 
Mask Mask Block Write to DRAM 

0 1 X 1 Column Persistent (Use Register) Masked 
Mask Block Write to DRAM 

1 1 X 0 Write Load Mask Data Register 
Mask 

1 1 X 1 Color Load Color Register 
Data 

NOTE: 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. 
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PRELIMINARY 

I'4IC:RON MT42C8128 

DRAM EARLY-WRITE CYCLE 

tRC 

tRAS tRP 

tCSH 

I d:: =J 
tCRP tRCO 

tAR ~ I tRAO I I tRAL 

tASR tRAH ~I I~ I 
ADOR ~:t=~~-------;-;-Row_~6d OOW~ kW/'O/'O//'O//,/,////,0('--__ ROW __ 

I tCWL II 
I i I :: 1 

I tMS tMHI I tos I I tOH :1 

DO ~:gr-W'//ff&A-c-~ E )w$/ff#$!;1$#/!;1////$////$$///;/& 

J'~ I~ 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 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'IIIC:RON MT42C8128 

DRAM LATE-WRITE CYCLE 

tCSH 

.1 I: tRSH 

CAS ~i~:_d----lr __ tC_RP_;-;--__ t_RC_D -tA-R --.l-fyi>-: -,-_tC_AS ___ .;-----------

I I tRAL 

ADDR ~i~ ROW COLUMN 

tASR ~11 ___ tC=AH"____ 

JTTT.77TT7'77rrTTTT;77TT77777\ 

I I tRWD 

I I tCWD tRWL 

tAWD 

~ ~ I I ~ 

MElWE ~i~-
I 

~I tCFH II 
II 

DSF ~i~- ,-__ ~D_----;-;-_;JYL'LLLL'LLLL(1L{J.'L1iL'LlLL'LLLL'LLLL(1L{J.'L1iL'LlLLLfLLL, 

I'~ '~I I~~I 
DQ ~ig~:'$//ff/&J - c-W!J/#//#/ff//$/M E W//$##$!//#ff#/$#/#ff/#ff!l/#§';0 

J~I~ 
TRIOE :'I/////////k W//!//#//$#/ff/#/!///#//$//#II!/////$/$#//#//ff//!//#////#/##//& 

~ DON'T CARE 

I88!l UNDEFINED 

NOTE 1: The Logic states of "A", "B", "C", "D", and "E" determine the type of WRITE operation performed. 
See the Write Cycle Function Table for a detailed description. 

NOTE 2: The Column Mask data for a BLOCK WRITE cycle mList be valid at the falling edge ofCliS, 
regardless of the level of ME!WE. See the BLOCK WRITE cycle timing diagram. 
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PRELIMINARY 

I'IIIC:RON MT42C8128 

DRAM BLOCK-WRITE CYCLE 

RC 

tRAS II tRP 

II 
It 

tCSH 

I 
I d:: =J 

tCRP tRCD } 
tAR 

I tRAD I I tRAL 

tASR tRAH ~I I~ - ~:t:wzJ - kJ oo~, b#//;$///$#/#/h( ~ 
.-- :rJ$ff$,J-"""-~--"""-!&///$ff40'/ff//1j'//@!0'///ff///@///,@'ff/$$/&0'$#///@;Z; 

I. tFSR II tRFHI tFHR I tFSC IIII tCFH I 
DSF ~:r-W.@'M--B-1WZIlIdfi W;J/$/I/@/;J/W$;///$///;J//////4 

tDHR 

tMS tMH .1 1 . J tDS I I tDH k 
DO ~:gr-W/;Jff4 -C - ~ E J//$l!//l!!ff;J;JI!I!!;J/;J/////;J///$/II/I 

J''"I~ 
~ DON'T CARE 

B88l UNDEFINED 

NOTE: The Logic states of "A", "8", "C", and "E" determine the type of 8LOCK WRITE operation per
formed. See the Write Cycle Function Table for a detailed description. 
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PRELIMINARY 

I'IIIC:I=ION MT 42C8128 

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

tRWC 

tRAS tRP 

RAS VIH-
VIL-

ICSH 

tRSH 

tCRP tRCD tCAS 

CAS 
VIH-
VIL-

tAR 

tRAL I tRAD I 
I~ 

ADDR COLUMN ROW 

tRWD 

tCWD 

tAWD 

MEIWE 

tFHR 

DSF VIH 
VIL 

DO ~:g~:-----t-,,---_....-_.J-------------1IXJO(XXXlJll'-_---'-'--'\ r-E-i---- OPEN ---

~II~I 
TRiCE ~:~_ ,'--________ "'--__ ---' --------------

~ DON'T CARE 

~ UNDEFINED 

NOTE: 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'IIIC:I=ION MT 42C8128 

DRAM PAGE-MODE READ CYCLE 

tRASP 

ADDR 

OPEN-

~ DON'T CARE 

Il88! UNDEFINED 

NOTE: WRITE cycles or READ-MODIFY-WRITE cycles can be mixed with READ cycles while in PAGE
MODE. Use the Write Function Table to determine the proper DSF state for the desired WRITE 
operation. 
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PRELIMINARY 

tvllC:F=lON MT42C8128 

DRAM PAGE-MODE EARL V-WRITE CVCLE 

'RASP 

'CSH 'PC 'RSH 

'RCO 'CAS 'CP 'CAS 

AOOR ~ir 

OSF ~ir- 0 

1--+-+' '---,=,----'WCR I II-fr---'-'=-I I 'OHR 

00 ~g<~ ........ 61--'"'---1 E ~bA~ E -""-61_'_os_-=-__ _ 

~I 
~ DON'TCARE 

~ UNDEFINED 

NOTE 1: READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in PAGE
MODE. 

NOTE 2: 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 

I'IIIC:RON MT42C8128 

ADDR ~:~: 

A 

DO ~:g~: 

DRAM PAGE-MODE READ-WRITE CYCLE 
(PAGE-MODE READ-MODIFY-WRITE CYCLE) 

tRASP 

VillI/III 
Y..LLLLLLLJ. 

_too 

) 
_too ~I 1_ -I _too ~I 1_ -I 

tOE1 ~ ~ ____ t_OE_Dr. ____ t_O_EDr. ______ _ 

~ DON'T CARE 

~ UNDEFINED 

NOTE 1: READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in PAGE-MODE. 
Use the Write Function Table to determine the proper DSF state for the desired WRITE operation. 

NOTE 2: The Logic states of "A", "8" and "Cn determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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PRELIMINARY 

I'IIIC:F=lON MT 42C8128 

RAS ~:~: 

- VIH =::1 
tcRP 

CAS VIL-

ADDR VIH_ 
VIL 

tASR 

~ 
Ii 

ROW 

DRAM RAS ONLY REFRESH CYCLE 
(ADDR = AO-AS) 

tRAH 

MEtWE ~:~:'!/ # # #$ SW// II #/# # !l1II//I//I/I/I// //11/1/ //I 1/1/ //1//1/ //1//1 

DO ~:g~:_---------;-;--OPEN--------OPEN------
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PRELIMINARY 

fUlU:::F=lON MT 42C8128 

CAS-BEFORE-RAS REFRESH CYCLE 

tRAS 

Jv----------,J 
['-----------" ~---

__ ~I~ tCHR'I~ ________________________ _ 

CAS ~:~_ "i . ! 

ADDR ~:~ JIII!///!////////I//////ll II!!/!////I///I/ ///!!////// II!/I!!/I////!/I////////I///I//II/II!!//I////I////I/I//I/& 

r'=-II~ 
MEiWE ~:~:1!$/I$/lJlII/III!/!/I!IIII/IIII/!//II!!/////////////I///I/lJ W//II/I& 

DSF ~:~:1 /1/ /I II //!II// 111/ /I ///!III 1111 I!! II II /1/ III 1/11/1 /II II /1// 1II/111///!/ 1//1 111/// 1/ III/III /I I!! II /1// /1// II 1/ /h 

DQ ~:g~ :-----OPEN-------------OPEN-----

TR/OE ~:~ :1/11 /I//I!! !lll!!1!!/l1!! //I//I!!III!!II!! //I////I!! II II I!!//////I!!/ //111//1/111/ I!! II //!/I//I 1//1 1!!111!/l !IIh 
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PRELIMINARY 

I'4IC:RCN MT42C8128 

DRAM HIDDEN REFRESH CYCLE 

(READ) (REFRESH) 

)~~: 
IRAS 

l 
IRP 

~: RAS V1H 
VIL-

tRCD IRSH 

CAS 
VIH-
VIL-

tRAS 

tCHR 

tAR 

II IRAL 'I tRAD 

ADDR COLUMN 

MEiWE 

I~~ I 
1///////////////////////////////////////////////////1 

~OFF 

00 ~:~: r'-II~" 1--"'- ,~'OOOO, 1._10_0 __ OP_EN_ 

TFVOE ~:t =~ \'-_____ --"'~ ___________ ~if 
IZZI DON'T CARE 

~ UNDEFINED 

NOTE: A HIDDEN REFRESH may also be performed after a WRITE cycle. In this case ME/WE = LOW (when CAS 
goes LOW) and TR/OE = HIGH. 
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I'IIIC:RON MT42C8128 

READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode.) . 

- VIH 
RAS VIL-

~ 

~ 

tASR 
-1-

tRCD 

I 

tAR } 
I~ I I 
~ ~I I 

tRC I 
tRAS tRP I 

It 'I 

tCSH 

tRSH 

I 
ICAS 

/ 
tRAL I 
tCAH 

MEJWe ~:~- I f WlII/I/I// /1//1//1/1/111//1/11 /1// II//! I/!l/il 1/11/1/11// I/I//IIII/////!II! ///liIIIh. WIII//III / Ih 
_I~~.' I II 

DSF ~:~:Wi I ~I /II! 1/11/11///1///1//////// //1I//!/!lI!/// II//!II/!I/i////!I/I/II/II////////I///I ////////////1/ 112 

DO ~:8t'-~' II ,_ I II oPEN----

tCTH I 

TRiCE ~:~:~Ll.LLi..l.LL/l._tTLS---;-;-_tTL_H ~J-=--=--=-========~u::: =::=~ ~1_1 ___ :~:~-----.l-~rrr:Wh7777W7T7W1/T7T~ 

aSF ~8t'-·----OPEN ---------OPEN ---------

NOTE 1: There must be no riSing edges on the SC input during this time period. 
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PRELIMINARY 

I'IIIC:I=ICN MT 42C8128 

RAS VIH -
Vil -

REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode.) 
'RC 

tRAS 'RP 

tCSH 

_. , ~ '00. l :: I 

-~- I' / 

I 

:::0 I I I 'RAl I 
Ir ~I ~I -I I-'CAH 

ADDR ~:r: W))f ROW iwll? SAM START WffT17C////77777/////77Tr.////'777T/////TTTT7////777T/////n-m/////77Tr.////'777T/////TTTT7////777T/////77777/////77Tr.////'7777/////TTT77////777T/////T7T.~ 

:;~II'·~C- I II 
MEIWE ~:t-II'/I/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 1I111I11111111///111111111111111~ 

_I~~L I I II 

OSF ~:t:frW! I fI /II 1/11 II /11111111#11111/11 /III $////!II II /1111 IIII/III! 1/111 III /1111 lilli/III /II /II 1/$////1112 

I:£!,-i-;---__ ---;-__ ;--_OPEN -----'--'--------OPEN __ _ 

I __ '~MH~~I _____ I I I 
1 ICTH tTRL -+--___ ---"'TR"'-..O __ II 

I:TlS 'RTH ------"=-1 'TCl I ____ ---"T""CO ___ I 
TRICE ~:r_ V/////////;/ 

~~----------~ 

'SC 

se ~:r:------" 

~SAC 

--!SOH 

soa ~igr=-----< v~g~T }----t=V~Al~IO O~OU~T J ,--_V_ALI_O O_OU_T J,,--_V_Al_IO O_OU_T --' '-__ --------' VAllO Dour 

OSF ~gt------- OPEN -------------OPEN-----

NOTE 1: The SE pulse is shown to illustrate the SERIAL OUTPUT 
ENABLE and DISABLE timing. It is not required. 
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PRELIMINARY 

I'IIIC:RON MT42C8128 

~ 

-.l 
'AR 

tASR ;;::.;;- 'RAD 

-I -

SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

'RC 

'RAS 

L 

tCSH 

tRSH 

I tReD tCAS 

L 
I ~ J 

I 

I 
I I tRAL 

~I J _teAH 

_I 
'RP 

J 
1 

DSF ~it -1- -- W/ /!/! /$//!I!/II/I/!///!I!////!///!!I! III!II!////// /!I///////!/ /!///!////$ /I//!!Ii/! /I//!I///h 

oo'~ ~j ~"I __ _ 
,~ 1'= ~ 

TRIDE ~ir_ V~=Y' ;o'7T.WT77Y'~T77W07T7Y'/~7T7W~777Y' ~777W~=W ~'7T.W~=W~'7T.W~T77W ~7T7W ~7T7W~7T7W~777Y'~7nW~7nW~'7T.W ~=W ~'7T.Y'/~T77W~7T7W ~7T7W07T7W7T7W~7T7W ~7nY'~7nW~'7T.W ;o=Y' ~T77W77777)Y'/~ 

I I tSTH 
_ 'STS _ 1-='---1 

'SP 

SC ~it: I 
_ I~SAC I~SAC 
~OOH rOOH 

X 128(0) ~ ::: I r-i -255-('2-7) - .,,~ ~~ ,-- X ,.~, I X r 
VIL---+---+-______ ---{::r---______ +--_+--___ _ 

= :~:~=-====SA~MMSB~~~(NOTE=') =====I~-,____'~ J,---~ _-NEW=MSB = 
NOTE 1: 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'IIIC:RON MT42C8128 

WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode.) 
'RC 

tRAS 'RP 

tCSH I 

J 
IRSH 

'RCD t 'CAS I 7 
'AR 

_I 

, 

=1'~ 
I tRAL 

I 
~ I I 

IASR -
~RAH ~I I~ ~I--::~ ~ bl -.~ ~llllffffl4W4Wffffllffl$llff$/fflffffff$ff$$ffllllffll!' 

~II~ I MefiiiE~it~1 =====~ 
tFSR i 'RFH 

DSF ~:r:ml~I- -- % 

DO ~:gr: 1 II OPEN I OPEN __ _ 

"" r _W$ffffffffl$ffffllffll$ffffffff&ff$ff$ffffT:ff~ffff$$$4Wffl$ffl,w 

I_----"O"-P ~ 1_----"'--11 

VAliD DIN 

'ows 
IESR IREH r lSWIS 

5E ~:r~-N=-bWI//lffff/I/I/I////,/Iff/I////ff;l;ffff///IM,--_-_-_-_--'-_-_-_-NO=TE=2 ======== 

QSF ~8t'-:--------OPEN ----------OPEN -------

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). 
NOTE 2: SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 

of SE. 
NOTE 3: There must b~ no rising edges on the SC input during this time period. 
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PRELIMINARY 

iUl1C:I=ION MT 42C8128 

WRITE TRANSFER and PSEUDO WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode.) 
tRe 
tRAS tRP 

tCSH 

I 

'~t J 
'RSH 

~""'I 
tCAS 1 7 

tAR 

I 

I 

I tRAD I I tRAL 

--:J;,; I 1 1~ tASR 1 ~ -1-

I tTLS tTlHI 

_I 
J 

\ 

OPEN--

fA/DE ~:t=&1 19=W/;=j'ijj77Tj'ijjTTlj'//;777Wijj777/;7T!j'ijj=W/;=W/;777W/;TTlW/;777W/777/;/;771W/;=W/;'7T.W/;777W/;TTlj'ijj7T7W/;7771j;771W/;=/i/;'7T./i/;77Tj'ijjTTl/;/;7T7W/;777/;;777W/;777W/;=W/;'7T.W/;77TWTTlWijj7T7T7j'/; 

~ I~I-=tse_--.,.-_ 
~ ~~~ 

tSDD II NOTE' 
tSOH 1-------:-'sD-z ------

saD ~:gt- VAlIDDo:-i5<r---VAl-'DD-OUT--~ HIGHZ---'~~W&~~~~~~~WlZL 
tsws 

'ESR 'REH r tSWIS 

SE ~:t= ~#//###!IM#//###$$/#$#/#$~=-_=:-_~=-~-_-_-NO=TE2======== 

aSF ~gt:-----OPEN----------OPEN-------

~ DON'T CARE 

NOTE 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). 
NOTE 2: SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 

of SE. 

NOTE 3: There must be no rising edges on the SC input during this time period. 
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PRELIMINARY 

I'IIIC:RON MT42C8128 

==f, 
tASA 1 -1-

ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

RC 

tRAS 

tCSH I 

J 
tRSH 

tAR tRCD f teAs 1 
I I tRAD I I tAAL 

~1 I I~ ASC 

_I 
tRP I 

J 
\ 

7 

DSF ~:~~ I W!IIII!III! I!! II!! 11/1 /I III!///// II !I! II II ///II //$/ III !I! /11111 II $11 $/I!II!III!//! ##1/// /h 
_IOF1 I 

DQ ~lg~-) OPEN OPEN--

I tTLS tTLH I 

TRICE ~:~=_ Y;;rTTjIj jT771' jj;7T7j1j /;7T7j1j /;7771' /;777j1j /;=1' jj;=jIj /;=jIj/;=jIj /;TT71' jj;T771' jj;7T7j1j j7T7j1j /;777%77lWj;=jIj /;=1/ j;=jIj /;TT7j1j/;TTT1' I /;T77j1j /;7T7j1j j;7T7%777Wj;777j1j j;'7TJjIj j;'7T.1'jj;=jIj j;TTTjIj j;777j1j/;T77Wj;T17j1j /;TT77% 

I~I-=tsc_----:-_ 
~~~ 

NOTE 2 

tSDD 

tSDZ 

SDO ~:gt--_------=-=0- ,----VAL-ID D-OUT--~ HIGHZ 

tsws 

j: 1SWIS 

SE ~:~-W/lIIIIIII!IIIIIlIIlIIII///I!!IIIIIIIIIII!III!II!$!III////ffi1//II!!IM----N-OTE-1 ----

QSF ~gt-:-----OPEN ----------OPEN-------

NOTE 1: SE must be LOW to input new serial data, but the serial address register is 
incremented by SC regardless of SE. 

NOTE 2: There must be no rising edges on the SC input during this time period. 
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SE VIH-
VIL-

SC 
VIH-
VIL-

SDO 
VIH-
VIL -

SAM SERIAL INPUT 

tSWH tSWIS tSWIH 

tSDS tSDH 

VALID DIN 

SAM SERIAL OUTPUT 
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I'IIICRON MT 42C4256 

VRAM 

FEATURES 
• Industry standard pin-out, timing and functions 
• High performance CMOS silicon gate process 
• Single +5V ±lO% power supply 
• Inputs and outputs are fully TIL and CMOS 

compatible 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 512 cycle refresh within Sms 
• 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: 5mW standby; 200mW active, typical 
• Fast access times - 80ns random, 25ns serial 

SPECIAL FUNCTIONS 
• JEDEC Standard Function set 
• PERSISTENT MASK WRITE 
• SPLIT READ TRANSFER 
• ALTERNATE WRITE TRANSFER 
• BLOCK WRITE 

OPTIONS 
• Timing (DRAM, SAM) 

SOns, 25ns 
lOOns,3Ons 
120ns,35ns 
15Ons,40ns 

GENERAL DESCRIPTION 

MARKING 

-8 
-lO 
-12 
-15 

The MT42C4256 is a high speed, dual port CMOS dy
namic random access memory (DPDRAM) containing 
1,048,576 bits. They can be accessed either by a four bit 
wide DRAM port or"by a 512 x 4 bit serial access memory 
(SAM) port. Data can be transferred bidirectionally be
tween the DRAM and the SAM. 

The DRAM portion of the DPDRAM 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 DPDRAM. Data I/O and internal data transfer is 
accomplished using three separate bidirectional data paths; 
the four bit random access I/O port, the four internal 512 
bit wide paths between the DRAM and the SAM, and the 
four bit serial II 0 portfor the SAM. The rest of the circuitry 
consists of the control, timing, and address decoding logic. 

MT42C4256 
REV. 7189 3-65 

256K X 4 DRAM 
with 512 X 4 SAM 

SC 

S001 

S002 

WOE 
001 

002 

MEJWE 
NC 

RAS 

A8 

A6 

A5 

A4 

Vee 

PIN ASSIGNMENT (Top View) 

28-Pln DIP 
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 

S004 

S003 

SE 
004 

003 

OSF 

CAS 

OSF 

AO 

A1 

A2 

A3 

SC 
SOOl 
S002 

A7 TRiCE 
001 
002 

iiiE/WE 
NC 

RAS 
A8 
A6 
AS 
A4 

Vee 

28·PinSOJ 

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 

28-Pin ZIP 

OSF 1 " 
004 3 • .':: 2 ~03 

S003 5 .:> 4 SE 
"'.:: 6 S004 

Vss 7 ." __ 8 SC 
S001 9 __ c. 
__ ---.:: 10S002 

TRlOE11 '''.:: 12001 
00213 

NC 15 
".:: 14 liifEiWE 
".:: 16RAS 

A817 ". __ 18A6 

A519 '''.:: 20 A4 
Vee 21 .:'-' 

VSS .-- 22 A7 

S004 A3 23 '''.:: 24 A2 
S003 A1 25 ---

004 
003 
OSF 
CAS 
OSF 
AD 
Al 
A2 
A3 
A7 

OSF27 '-.:: 26AO 

".:: 28 CAS 

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 DPDRAM 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 Sms (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 MT42C4256 is compat
ible with (and can be identical to) the operation of the 
MT42C4064 (64Kx4) Video RAM. However, theMT42C4256 
offers several additional functions which may be used to 
increase system performance or ease critical timing re
quirements. These "special functions" are described in 
detail in the following section. 

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



> a: 
<C z 
:i 
:J 
w 
a: 
Il.~=- :I!B "I ~!;; I 

512x512x4 
DRAM ARRAY 

" • 

MASKED WRITE 
CONTROL 

LOGIC 

Figure 1 
MT42C4256 BLOCK DIAGRAM 

I MUL TIPORT DRAM 

BLOCK 
WRITE 

CONTROL 
LOGIC 

.:.4 ... DQ1 

TIMING 
GENERATOR 

& 
CONTROL 

LOGIC 

• • 
DQ4 

RAS 
CAS 
mOE 
MEtWE 
DSF 
SC 
SE 

SDQ1 

• • 
SDQ4 

QSF 

<.0 
<.0 

I 
C") 



PRELIMINARY 

IVIIC::I=ION MT 42C4256 

PIN DESCRIPTIONS 

DlP/SOJ PIN ZIP PIN 
NUMBER(S) NUMBER(S) SYMBOL TYPE DESCRIPTION 

1 8 SC Input Serial Clock: Clock input to the serial address counter for the 
SAM registers. 

4 11 TR/OE 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 impedance state. 

7 14 ME/WE Input Mask Enable: If MEIWE is LOW at the falling edge of RAS 
a MASKED WRITE cycle is performed, or 
Write Enable: ME/WE is also used to select a READ 
(ME/WE = H) or WRITE (MEIWE = L) cycle when accessing the 
DRAM. This includes a READ TRANSFER (ME/WE = H) or 
WRITE TRANSFER (ME/WE = L). 

25 4 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 impedance 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. 

22 1 DSF Input 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. 

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, TR/OE, DSF, 
and DO inputs. 

21 28 CAS Input Column Address Strobe: CAS is used to clock in the 9 
column address bits, enable the DRAM output buffers 
(along with mOE), and as a strobe for the DSF input. 

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 256K x 4 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). 

5, 6, 23, 24 12,13,2,3 D01 - D04 Input/ DRAM Data I/O inputs for MASK DATA REGISTER and COLOR 
Output REGISTER load cycles, and ADDRESS MASK inputs for 

BLOCK WRITE. 

2, 3, 26, 27 9, 10,5,6 SD01 - SD04 Input/ Serial Data I/O: Input, Output, or high impedance. 
Output 

20 27 OSF Output Split SAM Status: OSF indicates which half of the SAM is being 
accessed when the Split SAM Transfer mode is being used. 

8 15 NC - No Connect - This pin should be either left unconnected or tied 
to ground. 

14 21 Vcc Supply Power Supply: +5 Volts ±1 0% 

28 7 Vss Supply Ground 
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I'4IC:RCN MT42C4256 

FUNCTIONAL DESCRIPTION 

The MT42C4256 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 also shown in the AC Timing Dia
grams section of this data sheet as well as 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 TRjOE pin will be shown as TRj(OE). 

DRAM OPERATION 

DRAM REFRESH 

Like any DRAM based memory, the MT42C4256 Video 
RAM must be refreshed to retain data. All 512 row address 
combinations must be accessed within Sms. The MT 42C4256 
supports CAS-BEFORE-RAS, RAS ONLY and HIDDEN 
types of refresh cycles. 

For the CAS-BEFORE-RAS refresh mode, 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 ONLY refresh cycles. The 
DQ I/O pins remain in a high -Z state for both the RAS 
ONLY 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 refresh 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 does not require any refreshing. 

DRAM READ AND WRITE CYCLES 

The DRAM portion of the DPDRAM is nearly identical 
to standard 256K x 4 DRAMs. However, because several of 
the DRAM control pins are used for additional functions 
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on this part, several conditions that were undefined or 
"don't care" states for the DRAM are specified for the 
DPDRAM. These conditions are highlighted in the follow
ing discussion. In addition, the DPDRAM has several 
special functions that can be used when writing to the 
DRAM. 

The IS address bits that are used to select four memory 
bits from the 262,144 x 4 available are latched into the chip 
using the AD-AS, 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. For the DPDRAM, (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 (except 
CAS-BEFORE-RAS refresh). 

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 is a "don't care" 
when RAS goes LOW. For the DPDRAM, (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 operation is selected. For any DRAM 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 DQI-DQ4 data port will be written 
into the selected memory cells. 

The DPDRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ
MODIFY-WRITE, PAGE-MODE READ, PAGE-MODE 
WRITE, and PAGE-MODE READ-MODIFY-WRITE. Re
fer to the AC timing parameters and diagrams in the data 
sheet for more details on these operations. 
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1-NON-PERSISTENT MASKED WRITE -I ..... c---- NON-PERSISTENT MASKED WRITE --I 
RAS \ i \ I 

CAS \'----_----'i \~_----'I 

ME/WE \ I7!ll!!b. III III! I!I!Ib. //I//illa 

DSF 

STORED MASK INPUT STORED STORED MASK STORED STORED 

DATA DATA DATA (RE-WRITE) DATA 

~ 
0 

0 

x 
0-----;:. 

X 
. ---- -;:. ~ [ 

X 

~ 1 . -----;:. 

X 
-----;:. 

o 

o 

BEFORE AFTER BEFORE AFTER 

ADDRESS 0 ------~ ..... ------- ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) 

Figure 2 

tm DON'T CARE 

~ UNDEFINED 

NON-PERSISTENT MASKED WRITE EXAMPLE 

NON-PERSISTENT MASKED WRITE 

The MASKED WRITE feature eliminates the need to do 
a READ-MODIFY -WRITE cycle when changing only cer
tain bits within a four bit word. The MT42C4256 supports 
two types of MASKED WRITE cycles, NON-PERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

If MEl (WE) is LOW and DSF is 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 regis
ter. The mask data acts as an individual write enable for 
each of the four DQI-DQ4pins. 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 
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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 was HIGH) or ignored (if 
the mask data bit was LOW). The DRAM contents that cor
respond to the masked bits will not be changed during the 
WRITE cycle. When using NON-PERSISTENT MASKED 
WRITE, the data present on the DQ inputs is loaded into the 
mask data register at the falling edge of RAS. FAST PAGE 
MODE can be used with NON-PERSISTENT MASKED 
WRITE to write several column locations. The same mask is 
used during the entire FAST PAGE RAS cycle. An example 
of NON-PERSISTENT MASKED WRITE cycle is shown in 
Figure 2. 
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1- LOAD MASK REGISTER -I +---------PERSISTENT MASKED WRITE -1- PERSISTENT MASKED WRITE-I 

RAS ~~ ____________ ~/ \'-____ ----.-J/ \'-------

CAS \ / \ / 

ME/WE \~~------------~----~----------~----~--------

DSF \'--~--~/ 

MASK 

o 

(Stored in 

Mask Data 

Register) 

x ~ NOT EFFECTIVE (DON'T CARE) 

STORED 

DATA ; 
BEFORE 

\'--~------I/ 

INPUT STORED STORED 

DATA DATA 

~ --3> rn tE 
~ --3> ~ tE 

AFTER BEFORE 

ADDRESS 0 --------+. .4----------

Figure 3 
PERSISTENT MASKED WRITE EXAMPLE 

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
edl y. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking ME/WE 
HIGH 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 performing a NON-PERSISTENT MASKED WRITE cycle 
before the PERSISTENT MASKED WRITE cycles. 

PERSISTENT MASKED WRITE cycles can then be per
formed by simply taking ME/(WE) LOW and DSF HIGH 
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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 NON-PERSISTENT MASKED WRITE 
cycle, the data present on the DQ inputs is not loaded into 
the mask register when RAS falls. Another PERSISTENT 
MASKED WRITE cycle can be performed without having 
to reload the mask data register. Figure 3 shows the LOAD 
MASK REGISTER and PERSISTENT MASKED WRITE 
cycle operation. The LOAD MASK REGISTER and PERSIS
TENT MASKED WRITE cycles allow controllers that can
not put data out at RAS time to perform MASKED WRITES. 
PERSISTENT MASKED WRITE can be performed during 
FAST PAGE MODE cycles. 
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ROW 

COLUMN 
(A2-AB at CAS) 

\I 
,----->-------, 

(AO-AB at RAS) .mummuum~ 

COLUMN MASK (AO,A t) 
ON THE INPUTS AT CAS 

(MASKED WRITE IS OPTIONAL, 
AND MAY BE EITHER PERSISTENT 

OR NON-PERSISTENT.) 

DOt 

D02 

D03 

D04 

MASK 
DATA 

REGISTER 

COLOR REGISTER 
(must be previously loaded) 

Figure 4 
BLOCK WRITE EXAMPLE 

BLOCK WRITE 

If DSF is LOW 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 to determine what combination of the four 
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column locations will be changed. DQI acts as a write 
enable for column location AO=O, AI=O; DQ2 controls 
column location AO=I, AI=O; DQ3 controls AO=O, AI=I; 
and DQ4 controls AO=I, AI=I. 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 th~n 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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1'111 c: I=ION MT 42C4256 

NON-PERSISTENT MASKED BLOCK WRITE 

The MASKED WRITE functions can also be used during 
BLOCK WRITE cycles. NON-PERSISTENT 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 NON-PERSISTENT MASKED WRITE, the combi
nation of ME/(WE) LOW and DSF LOW when CAS goes 
LOW initiates the NON-PERSISTENT MASKED BLOCK 
WRITE. By using both the column mask input and the 
MASKED WRITE function, any combination of the four 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 PER
SISTENT 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 PER
SISTENT MASKED BLOCK WRITE. 

LOAD MASK DATA REGISTER 

The LOAD MASK DATA REGISTER operation and tim
ing are identical to a normal WRITE cycle except that DSF 
is HIGH when RAS goes LOW. As shown in the Truth 
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Table, the combination of TR/(OE), ME/(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 register to be loaded and must be LOW for a 
LOAD MASK DATA 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-PERSIS
TENT MASKED WRITE cycle or a LOAD MASK DATA 
REGISTER cycle is performed. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The 
column address inputs are ignored during a LOAD MASK 
DATA 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/(OE) is 
LOW then RAS goes LOW. The state of (ME)/WE when 
RAS goes LOW indicates the direction of the TRANSFER, 
and DSF is used to select between NORMAL TRANSFER, 
SPLIT READ TRANSFER, and ALTERNATE WRITE 
TRANSFER cycles. Each of the TRANSFER cycles avail
able are 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 
address bits indicate the four 512 bit DRAM rows that are 
to be tranferred to the four SAM data registers and the 

column address bits indicate the start address (or Tap 
point) of the next serial output cycle from the SAM data 
registers. To complete the TRANSFER, TR/(OE) is taken 
HIGH while RAS and CAS are still LOW. The rising edge 
of TR/ (OE) must occur between the rising edges of succes
sive clocks on the SC input (refer to the AC Timing Dia
grams). The 2048 bits of DRAM data are then written into 
the SAM data registers and the serial shift start address is 
stored in an internal 9 bit register. If SE is LOW, the first bits 
of the new row data wi1l~pear 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. Per
forming a READ TRANSFER cycle sets the direction of the 
SAM I/O buffers to the output mode. 

, , , , 
Ilff4 ~ 1lff4J$/ff///ff//$/#$I~ ~'--__ --1LL1.fl!l2CLLL , , , , , , 

mm',;: nmf Fn r" \'-----P.J...<tulUf~' \'--~tulUf'.1LLL.Lf'1I$###$//ffff$//4:f \ Il!l/; 
, , , 

AD-AS ~/////ffff4~7z;/#//$$##/$ffl4~ 
, , , , , , 

MENiE 777@r--V77'o/~'777~/~777~//;777:~rTTJW'7T7W~7TTW~TTT.~~rTTJW ~777f01{7 'WI! I!I//#////j $1!!4}1f1$////// ####/I!I;4r W/# #lII!lII!ff/#/ IJ 
, , , , , , 

fRi6E \'-_____ --'/ ;0J ~~ ~0J , , 

DSF Th //$$##/##;/'#$#$4 11 WlI!;/'$I!!I!#///4}/$/ff/III!!I!////$/4~ W//////!I////$///12 
, , , , , , 

SC ff~~~ , f, f, , , , 

SDO W;/,I!!/$h:,---~~D X ~~ 255 ~~ 320 x==x 
Output ROW 0 I ROW 0 I ROW a I Rowe 

OSF ___ H'_GH_Z ____ H'G_H_Z __ -J;h Z I~---{~~>-' --------

(NORMAL) READ TRANSFER 

FROM: ROwa 
TO: FULL SAM 
SAM I/O IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 

SPLIT READ TRANSFER 

FROM: ROwa 
TO: UPPER SAM 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 
(OSF GOES LOW) 

Figure 5 

, , 

SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (OSF 
GOES HIGH) 

SPLIT READ TRANSFER 

FROM: ROW 1 
TO: LOWER SAM 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(OSF REMAINS HIGH) 

~ DON'T CARE 

~ UNDEFINED 

TYPICAL SPLIT READ TRANSFER INITIATION SEQUENCE 
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PRELIMINARY 

IVIIC:I=ION MT 42C4256 

SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER cycle eliminates the criti
cal transfer timing required to maintain a continuous serial 
output data stream. When using normal TRANSFER cycles, 
the READ TRANSFER cycle had to occur immediately after 
the last bit of "old data" was 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 also relaxed for SPLIT TRANS
FER cycles. The rising edge of TR/(OE) is not used to 
complete the TRANSFER ~e and therefore is independ
ent of the rising edges of RAS or CAS. The transfer timing 
is generated internally for SPLIT TRANSFER cycles. 

SPLIT TRANSFERS do not change the SAM I/O direc
tion. A normal, or non-split, READ TRANSFER cycle must 
precede any sequence of SPLIT READ TRANSFER cycles to 
put the SAM I/O in the output mode and provide a SAM 
access (which halO reference. Then SPLIT READ TRANS
FERS can 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 most significant column address, AS, 
is used to select which SAM half accepts the transfer 
(1=upper half, O=lower half). The remainder of the column 
address bits determine the starting address (Tap) for the 
SAM half selected by AS. 

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 enable the QSF output. Serial 
access continues, and when the SAM address counter 
reaches 256 (AS=l, AO-A7=O) the QSF output goes HIGH. 
Since the serial access has now switched to the upper SAM, 
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new data can now be transferred to the lower SAM. 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 can now be repeated. For example, the next step 
in Figure 5 would be to wait until QSF went LOW (indicat
ing that row 1 data is shifting out the lower SAM) and then 
transferring the upper half of row 1 to the upper SAM. 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

The operation of the WRITE TRANSFER function is iden
tical to the READ TRANSFER FUNCTION described pre
viously except (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 (SSA or Tap) indicates the starting address 
of the next SERIAL INPUT cycle for the SAM data registers. 
Performing a WRITE TRANSFER sets the direction of the 
SAM I/O buffers to the input mode. 

PSEUDO WRITE TRANSFER (SERIAL INPUT MODE 
ENABLE) 

The PSEUDO WRITE TRANSFER cycle can be 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 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 
~ is taken HIGH, with (ME)/WE LOW, allowing 
SE to be a "don't care." This allows the outputs to be 
disabled using SE during a WRITE TRANSFER cycle. 
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TRUTH TABLE 

CODE FUNCTION m FALLING EDGE WFALL AU-AS' 001- 0042 

W TR"(I£ Mt/wr- DSF SI DSF lin W 1Il\S W 3 

DRAM OPERATIONS 
CBR CAS'BEFORE-RAS REFRESH 0 X 1 X X X - X - X 

ROR ro\S" ONLY REFRESH 1 1 X X X - ROW - X -

RW NORMAL DRAM READ OR WRITE 1 1 1 0 X 0 ROW COLUMN X VALID 
DATA 

RWNM NON-PERSISTENT (LOAD AND USE) MASKED 1 1 0 0 X 0 ROW COLUMN WRITE VALID 
WRITE TO DRAM MASK DATA 

RWOM PERSISTENT (USE REGISTER) MASKED 1 1 0 1 X 0 ROW COLUMN X VALID 
WRITE TO DRAM DATA 

BW BLOCK WRITE TO DRAM (NO DATA MASK) 1 1 1 0 X 1 ROW COLUMN X COLUMN 
(A2-AS) MASK 

BWNM NON-PERSISTENT (LOAD & USE) MASKED 1 1 0 0 X 1 ROW COLUMN WRITE COLUMN 
BLOCK WRITE TO DRAM (A2-AS) MASK MASK 

BWOM PERSISTENT (USE MASKED REGISTER) 1 1 0 1 X 1 ROW COLUMN X COLUMN 

REGISTER OPERATIONS 

LMR LOAD MASK REGISTER 1 1 1 1 X 0 ROW' X X WRITE 
MASK 

LCR LOAD COLOR REGISTER 1 1 1 1 X 1 ROW' X X COLOR 
DATA 

TRANSFER OPERATIONS 
RT READ TRANSFER (DRAM-TO-SAM TRANSFER) 1 0 1 0 X X ROW SSA' X X 

(TAP) 

SRT SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 1 0 1 1 X X ROW SSA' X X 
(TAP) 

WT WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 1 0 0 0 0 X ROW SSA' X X 
(TAP) 

PWT PSEUDO WRITE TRANSFER (SERIAL INPUT MODE ENABLE) 1 0 6 0 1 X ROW' SSA' X X 
(TAP) 

AWT ALTERNATE WRITE TRANSFER 1 0 0 1 X X ROW SSA' X X 
(SAM-TO-DRAM TRANSFER) (TAP) 

NOTES: 1. These columns show what must be present on the AO-A8 inputs when liJ\S falls and when CliS 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 CliS or MEIWE, whichever is later. 

Similarly, on READ cycles, the output data is latched at the falling edge of CliS or TRIOE, whichever is later. 
4. The ROW that is addressed will be refreshed, but no particular ROW address is required. 
5. SSA = SAM Starting Address or Tap Point. This is the first SAM location that the next SC cycle will access. 

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 

X X 
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PRELIMINARY 

I'IIIC:I=ION MT 42C4256 

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) ................ -6SoC to +lS0°C 
Storage Temperature (Plastic) ................... -SSoC to +lS0°C 
Power Dissipation ........................................................ 1 Watt 
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 
(Notes 3, 4, S) (O°C :;; T A :;; 70°C, Vcc = S.OV ± 10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 

"Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions for extended 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 llA 
(any input (OV:;;VIN:;;VCC), all other pins not under test = 0 volts). 

OUTPUT LEAKAGE CURRENT loz -10 10 llA 
(~O, SOO disabled, OV:;;VOUT:;;VCC). 

OUTPUT LEVELS 
Output High voltage (lOUT = -SmA) VOH 2.4 V 

Output Low voltage (lOUT = SmA) VOL 0.4 V 1 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-As CI1 S pF 2 

Input Capacitance: RAS, CAS, MEIWE, TRlOE, SC, SE, OSF CI2 7 pF 2 

Output Capacitance: DO, SOO, OSF Co 7 pF 2 
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CURRENT DRAIN, SAM IN STANDBY 
(Notes 2, 3) (O°C $; T A $; 70°C, Vcc = 5.0V ± 10%) MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 -15 UNITS NOTES 

OPERATING CURRENT Icc1 90 80 70 70 mA 3,4 
(RAS and CAS = Cycling: TRc = TRc(MIN)) 

OPERATING CURRENT: PAGE MODE Icc2 70 60 50 50 mA 
(RAS = VIL CAS = CYCLING; Tpc = Tpc(MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS Icc3 5 5 5 5 mA 3 
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 Icc4 1 1 1 1 mA 3,4 
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2). 

REFRESH CURRENT: RAS ONLY Iccs 90 80 60 60 mA 25 
(RAS=Cycling; CAS=VIH). 

REFRESH CURRENT: Iccs 80 70 60 60 mA 3 
CAS-BEFORE-RAS (RAS and CAS=Cycling). 

SAM/DRAM DATA TRANSFER Icc7 90 80 75 75 mA 

CURRENT DRAIN, SAM ACTIVE (tse = MIN) 
(Notes 2, 3) (O°C $; T A $; 70°C, Vcc = 5.0V ± 10%) MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 -15 UNITS NOTES 

OPERATING CURRENT Iccs 115 110 100 100 mA 3,4 
(RAS and CAS = Cycling: TRc = TRC(MIN)) 

OPERATING CURRENT: PAGE MODE Iccs 95 90 85 85 mA 
(RAS = VIL CAS = CYCLING; Tpc = Tpc(MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS ICClO 30 30 30 30 mA 3 
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 Icc11 25 25 25 25 mA 3,4 
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2). 

REFRESH CURRENT: RAS ONLY Icc12 115 110 100 100 mA 25 
(RAS=Cycling; CAS=VIH). 

REFRESH CURRENT: Icc13 105 100 95 95 mA 3 
CAS-BEFORE-RAS (RAS and CAS=Cycling). 

SAM/DRAM DATA TRANSFER Icc14 115 110 100 100 mA 

3-77 

-s: 
c: 
!:t -""0 o 
JJ 
-I 
C 
JJ » s: 



-s: 
c: 
!:i -"tJ o 
=I 
c 
::rJ 
l> s: 

PRELIMINARY 

I'IIIC:I=ION MT 42C4256 

DRAM TIMING PARAMETERS 
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 = S.OV ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX 
Random READ or WRITE cycle time 'RC 160 190 220 
READ-MODIFY-WRITE cycle time 'RWC 215 220 295 
PAGE-MODE READ or WRITE 'PC 45 55 70 
cycle time 

Access time from ~ 'RAC 80 100 120 
Access time from "CAS" 'cAC 20 25 30 
Access time from (TAliOE" 'oE 20 25 30 
Access time from column address 'AA 40 50 60 
Access time from (;AS" precharge 'cPA 40 50 60 
"RAS" pulse width 'RAS 80 10,000 100 10000 120 10 000 
~ pulse width (PAGE MODE) 'RASP 80 100,000 100 100,000 120 100,000 
RAS hold time 'RSH 25 25 35 
~ precharae time 'RP 70 80 90 
(;AS" pulse width 'CAS 20 10000 25 10,000 30 10 000 
"CAS" hold time 'cSH 80 100 120 
"CAS"jlrecharge time 'cPN 15 15 20 
~ precharge time (PAGE MODEl 'CP 10 10 15 
RAS to "CAS" delay time 'RCD 20 60 20 75 25 90 
"CAS" to "RAS precharge time 'cRP 5 5 10 
Row address set-up time 'ASR 0 0 0 
Row address hold time 'RAH 12 15 15 
RAS '0 column 'RAD 17 40 20 50 25 60 
address delay time 

Column address set-up time 'ASC 0 0 0 
Column address hold time 'CAH 20 20 25 
Column address hold time 'AR 60 70 85 
(referenced to RAS) 

Column address to 'RAL 40 50 60 
~Ieadtime 

Read command set-up time 'RCS 0 0 0 
Read command hold time 'RCH 0 0 0 
(referenced to (;AS") 

Read command hold time 'RRH 0 0 0 
(referenced to ~) 

"CAS" to output in low-Z 'cLZ 0 0 0 
Output buffer turn-off delay 'oFF 0 20 0 20 0 35 
Output Disable 'oD 20 20 35 
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-15 
MIN MAX UNITS NOTES 
260 ns 
330 ns 
85 ns 

150 ns 14 
45 ns 15 
45 ns 
70 ns 
70 ns 

150 10000 ns 
150 100,000 (IS 

45 ns 
100 ns 
45 10000 ns 
150 ns 
25 ns 16 
20 ns 
25 105 ns 17 
10 ns 
0 ns 
15 ns 
25 70 ns 18 

0 ns 
25 ns 
95 ns 

70 ns 

0 ns 
0 ns 19 

0 ns 19 

0 ns 
0 35 ns 20 

35 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) (ooe::; T A::; +70oe, Vee = S.OV ± 10%) . 

A.C. CHARACTERISTICS ·8 ·10 ·12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX 
Write command set-up time IWCS 0 0 0 
Write command hold time IWCH 15 20 25 
Write command hold time IWCR 60 75 85 
(referenced to liAS) 

Write command pulse width IWp 15 20 25 
Write command to liAS lead time IRWL 25 25 30 
Write command to CAS lead time 'cWL 25 25 30 
Data-in set-up time IDS 0 0 0 
Data-in hold time IDH 20 20 25 
Data-in hold time IDHR 60 70 90 
(referenced to liAS) 

RAS to WE delay time IRWD 110 130 160 
Column address IAWD 70 80 100 
to WE delay time 

CAS to M delay time ICWD 55 65 75 
Transition time (rise or fall) IT 3 50 3 50 3 50 
Refresh Period (512 cycles) REf 8 8 8 
~ to CAS Precharge time tRPC 0 0 0 
CAS set-up time 'cSR 10 10 10 
(CAS-BEfORE-liAS refresh) 

CAS hold time ICHR 30 30 30 
(CAS-BEFORE-FiAS refresh) 

MElWE to m\S set-up time WSR 0 0 0 
~!WE to liAS hold time tRWH 10 10 10 
Mask Data to RAS set-up time IMS 0 0 0 
Mask Data to RAS hold time IMH 10 15 15 
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·15 
MIN MAX UNITS NOTES 
0 ns 21 

30 ns 

90 ns 

30 ns 
35 ns 

35 ns 

0 ns 22 

25 ns 22 

100 ns 

185 ns 21 

120 ns 21 

85 ns 21 

3 50 ns 9, 10 

8 ms 

0 ns 

10 ns 5 

40 ns 5 

0 ns 

15 ns 

0 ns 

20 ns 
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PRELIMINARY 

I"IIC:RON MT42C4256 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = 1M 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 
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 :s; T A :s; 70°C) is assured. 

7. An initial pause of 100~s 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 require
ment is exceeded. 

8. AC characteristics assume tT = 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 (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. 

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. 
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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 Eoint only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by tCAe. 

18. Operation within the tRAD (max) limit ensures that 
tRCD (max) can be met. tRAD (max) is specified as a 
reference Eoint only; if tRAD is greater than the 
specified RAD (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, tAWD and ICWD 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 tRWD ~ 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 (at access 
time and until CAS goes back to VIH) is indetermi
nate. 

22. These parameters are referenced to CAS leading 
edge in early WRITE cycles and WE/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. 

24. A HIDDEN REFRESH may also be performed after 
a WRITE cycle. In this case, WE/WE = LOW and 
TR/OE=HIGH. 

25. SAM output timing is measured with a load 
equivalent to 2 TTL gate and 50pF. 

26. TRANSFER command means that TR/OE is LOW 
when RAS goes LOW. 

27. NON-TRANSFER command means that TR/OE is 
HIGH when RAS goes LOW. 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5, 17, 25) (0° C S; T AS; + 70°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX 
TRANSFER Command to ITlS 0 0 0 
RAS Set Up Time 

Transfer Command to RAS Hold Time ITlH 10 10,000 10 10,000 10 10,000 
TRANSFER Command to RAS Hold Time IRTH 70 10,000 80 10,000 90 10,000 
(REAL-TIME READ TRANSFER only) 

TRANSFER Command to CAS Hold Time ICTH 20 25 30 
(REAL-TIME READ TRANSFER only) 

TRANFER Command to Column Address Hold lATH 25 30 35 
Time (For REAL TIME READ TRANSFER only) 

TRANSFER Command to SC lead Time ITSl 5 5 5 
TRANSFER Command to ITRl 10 10 10 
RAS lead Time 

TRANSFER Command to ITRD 15 15 15 
RAS Delay Time 

TRANSFER Command to CAS Time ITCl 10 10 10 
TRANSFER Command to ITCD 15 15 15 
CAS Del<lY. Time 

First SC edge to TRANSFER lTSD 10 10 10 
Command Delay Time 

Serial Output Buffer Turn Off lSDl 10 35 10 40 10 50 
Delay from RAS 

SC to RAS Set Up Time SRS 30 35 40 
RAS to SC Delay Time lSRD 20 25 30 
Serial Data Input to SE Delay Time ISlE 0 0 0 
RAS to SD Buffer Turn On Time SRO 0 0 0 
Serial Data Input Delay from RAS 'SDD 45 50 55 
Serial Data Input to RAS Delay Time 'SlS 0 0 0 
Serial Input Mode Enable IESR 0 0 0 
(SE) to RAS Set Up Time 

Serial Input Mode Enable lREH 10 10 10 
(SE) to RAS Hold Time 

NON-TRANSFER Command YS 0 0 0 
to RAS Set Up Time 

NON·TRANSFER Command to m Hold Time YH 10 10 10 
DSF to RAS Set Up Time lFSR a 0 0 
DSF to RAS Hold Time 'RFH 10 15 15 
DSF to RAS Hold Time lFHR 60 65 70 
DSF to CAS Set-up Time lFSC 0 0 0 
DSF to CAS Hold Time ICFH 15 20 20 
SC to OSF Delay Time ISOD 25 30 35 
SPLIT TRANSFER Set Up Time ISTS 30 35 40 
SPLIT TRANSFER Hold Time ISTH 30 35 40 
TRioE to OSF Delay Time ITOD 25 30 35 
CAS to OSF Delay Time ICOD 35 40 45 

3-81 

-15 
MIN MAX UNITS NOTES 
0 ns 26 

15 10 000 ns 

100 10.000 ns 26 

35 ns 26 

40 ns 

10 ns 26 
10 ns 26 

20 ns 26 

10 ns 26 
20 ns 26 

20 ns 26 

10 60 ns 

45 ns 

35 ns 

0 ns 

0 ns 

60 ns 

0 ns 

0 ns 

15 ns 

0 ns 27 

10 ns 27 
0 ns 

20 ns 

75 ns 

0 ns 

25 ns 

40 ns 

45 ns 

45 ns 

40 ns 

50 ns 
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SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5, 17, 25) (00 C ~ T A ~ + 70°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX 
Serial Clock Cycle Time lSC 25 30 35 
Access Time from SC SAC 25 30 35 
SC Precharlle Time (SC Low Time) lSp 10 10 12 
SC Pulse Width (SC Hiah Time) SAS 10 10 12 
Access Time from SE lSEA 20 25 30 
SE Precharlle Time lSEP 15 15 15 
'SE" Pulse Width lSE 15 15 15 

Serial Data Out Hold Time after SOH 5 10 10 
SC High 

Serial Output Buffer Turn Off lSEZ 0 15 0 15 0 25 
Delay from SE 
Serial Data in Set Up Time lSDS 0 0 0 
Serial Data in Hold Time lSDH 20 20 20 
SERIAL INPUT (Write) Enable lSWS 0 0 0 
Set UoTime 
SERIAL INPUT (Write) Enable SWH 25 30 35 
Hold Time 

SERIAL INPUT (Write) Disable lSWIS 0 0 0 
Set UpTime 

SERIAL INPUT (Write) Disable lSWIH 25 30 35 
Hold Time 
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-15 

MIN MAX UNITS NOTES 
40 ns 

40 ns 
15 ns 
15 ns 

40 ns 
20 ns 
20 ns 

10 ns 

0 30 ns 

0 ns 
25 
0 ns 

45 ns 

0 ns 

45 ns 



PRELIMINARY 

I'4IC::RON MT42C4256 

DRAM READ CYCLE 

'RC 

'RAS 'RP 

-
'CSH 

1 'RSH 'RRH 

I 
'CRP 'RCD 'CAS 

I 
:.--' 

ADDR ~:~ 

'AR 

'RAL I I 'RAD I I 
'ASR 'RAH 

J ~I I~ I 
- ROW ~ COLUMN WI#lllljllll#d'////////& ROW - 'LLLLLP 

I I 
'RCH I 'WSR 'RWH _I 'RCS I 

-- II 

': V!I!!!I I 'FHR I ""~L I '0//$///= 'RFH k 1 'FSC I ~ 

I YI /l1III/1Il!!!l III!!/A - .P"11;111$j-DSF ~:~ 

I I 'M 

I 'RAC 

I 'CAG 

- OPEN 

~b 
~II~ ,~ 

DO ~:g~ 

TIi;OE :/'11/1;1 J 
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WRITE CYCLE FUNCTION TABLE 

LOGIC STATES 
lDrn' Failing Edge ~ Falling Edge FUNCTION 

A B C 0 E 
DE'IWE" DSF DQ (Input) DSF DQ (Input) 

1 0 X 0 DRAM Normal DRAM WRITE (or READ) 
Data 

0 0 Write 0 DRAM Non-Persistent (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 Non-Persistent (Load and Use) Masked 
Mask Mask Block Write to DRAM 

0 1 X 1 Column Persistent (Use Register) Masked 
Mask Block Write to DRAM 

1 1 X 0 Write Load Mask Data Register 
Mask 

1 1 X 1 Color Load Color Register 
Data 

NOTE: 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. 
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PRELIMINARY 

1'41C:I=ION MT 42C4256 

DRAM EARLY-WRITE CYCLE 

tRC 

tRAS II tRP 

II 

tCSH 

I 

~ 
tRSH 

=J 
tCRP tRCD tCAS 

f tAR ~ I tRAD I I tRAL 

tASR tRAH ~I I~ I 
ADDR ~:~=~_----;RO-;--W __ ~_---;-COL_UMN-,-------:-_~#,fJ,f!§!!!$$,)('--__ RO_W __ 

I tCWL II 
I I:::; 1 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 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'IIIC::RCN MT 42C4256 

-

--0 
ICRP 

: 
IRAD 

AD DR ~:~ 
I' 

IASR IRAH 

ROW 

~ IRWH 

:'I111111111i? A 

DRAM LATE-WRITE CYCLE 

IRC 

IRAS 

H 
IRCD 

IAR 

I I 

~II 'm. Nj COLUMN 

I I tRWD 

I I I ICWD 

IAWD 

II 
IFHR I I 

I IRP 

I 
tt 

ICSH 

I 
IRSH 

ICAS 

I IRAL 

ICAH I 
'{(j/!///IIIIII//;//////////X 
ICWL 

'I IRWL 

~ 

'11111, 1////IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII,j 

~ DON'T CARE 

~ UNDEFINED 

NOTE 1: The Logic states of "A", "B", "C", "0", and "E" determine the type of WRITE operation performed. 
See the Write Cycle Function Table for a detailed description. 

NOTE 2: The Column Mask data for a BLOCK WRITE cycle must be valid at the falling edge of CAS, 
regardless of the level of ME/WE. See the BLOCK WRITE cycle timing diagram. 
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PRELIMINARY 

I'4IC:RON MT42C4256 

DRAM BLOCK-WRITE CYCLE 

'RC 

'RAS II 'RP 

II 
If 

'CSH 

I 
1 

~ 
'RSH 

--J 
'CRP 'RCD 'CAS } f 'AR 

I 'RAD I I 'RAL 

'ASR 'RAH ~I I~ 
"'" ::r:ml - 6;J COW," k,J//$$,J//,J//,JffO< 00. 

.-"" ::r -W/,/,J/,J-""'-~---""'--b////,ff,0W'$1/l,J,J/,0!$,J$,0!&,J,J/,0l/_/_/,J$12 
I. 'FSR II 'RFHI 'FHR I 'FSC II II 'CFH I 

DSF ~:~_W;WJ!0(--B-Y@llIljfi 1&//1/1$$///1/$$$/1//$/1//$1111& 
'DHR 

'MS 'MH .1 1 J 'DS I I 'DH k 
DQ ~:g~:1/1##$ --C-~ E1!/;WI//!/I/!////!//I!////////!////////$//I 

J"I~ TAtGE ~:U/l $/!lffil/1 /I//II/!//! /1///1 $11/$/ /!//II/I!////! I//I!!II // /1//1///$/1 !II!!!//I /1/1 /I/I!/. 

~ DON'T CARE 

!l88! UNDEFINED 

NOTE: The Logic states of "A", "B", "C", and "E" determine the type of BLOCK WRITE operation per
formed. See the Write Cycle Function Table for a detailed description. 
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PRELIMINARY 

I"IIC:RCN MT42C4256 

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

IRWC 

IRAS IRP 

RAS VIH-
VIL-

ICSH 

IRSH 

ICRP IRCD ICAS 

CAS 
VIH-
VIL-

lAR 

IRAD I IRAL I 
I~ 

ADDR COLUMN ROW 

IRWD 

ICWD 

IAWD 

ME!WE 

IFHR 

DSF VIH 
VIL 

DQ ~:gt:----{[,,---_-;-:-_J---------~()()()omr'-_--:--1 "--__ J---- OPEN ---

~II~I 
TR/OE ~:t_ \'-_________ "--___ ~-------------

~ DON'T CARE 

~ UNDEFINED 

NOTE: The Logic states of "A", "B", "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'IIIC:I=ION MT 42C4256 

RAS VIH-
VIL-

tCRP 

CAS 
VIH-
VIL-

AOOR 

DRAM PAGE-MODE READ CYCLE 

tCSH tpc 

1 ____ t...:.;R""CO'--_II_tC""A:::,.S __ II._---=tC::..-P_1 ~ 1 __ ....:tC::,,-P_1 tCAS tCPN 

OPEN-

~ DON'T CARE 

m UNDEFINED 

NOTE: WRITE cycles or READ-MODIFY-WRITE cycles can be mixed with READ cycles while in PAGE
MODE. Use the Write Function Table to determine the proper DSF state for the desired WRITE 
operation. 
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PRELIMINARY 

IVIIC:I=ION MT 42C4256 

DRAM PAGE-MODE EARLY-WRITE CYCLE 

'RASP 

RAS VIH-
VIL-

'CSH 'PC 

~ 'RCO 'CAS 

CAS 
VIH-
VIL-

AODR ~:~_ 

DSF ~:~_ 0 

1_--+--+-1 I-,,=,-----'WCR I I~_ 
I I 'OHR 

00 ~g<~~ -""-61--'"'--1 E I-'""--bl--'"'--E ---'"'-b!~_'_OS ____ _ 

"'" ~r~..,y 
~ DON'TeARE 

~ UNDEFINED 

NOTE 1: READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in PAGE
MODE. 

NOTE 2: 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 

IVIIC:RON MT42C4256 

DRAM PAGE-MODE READ-WRITE CYCLE 
(PAGE-MODE READ-MODIFY-WRITE CYCLE) 

-----~L· ______________________________________________________ ~· I~I 
RAS ~:~- ,_ r---L 

tCSH 

ADDR ~:~: 

DQ ~:g~: 

tpc 

~ DON'T CARE 

~ UNDEFINED 

NOTE 1: READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in PAGE-MODE. 
Use the Write Function Table to determine the proper DSF state for the desired WRITE operation. 

NOTE 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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PRELIMINARY 

I'IIIC:F=lON MT 42C4256 

RAS ~:~_ 
tCRP 

VtH---J CAS VIL-

tASR 

ADDR ~:~_ 

DRAM RAS ONLY REFRESH CYCLE 
(ADDR = AD-A8) 

tRC j 
________ t~RAS _______ ~---tR~P--\~ ____ __ 

~ 
Ii 

tRAH 

ROW 

WII#II/j 

DSF ~:r=77771i'7777J;T77777.T77TJ}77177i'7777J;T77777.77777i77177irnm,T77777.77777i71777irnm,77777777171i71777i7J7777.77777l77777im 

DQ ~:g~=:-----H--OPEN------------- OPEN -------

tyS tYH ~ 

ml5E ~:~ =W!,1'1;I gJ- ---. !l,1'11II! 1/I!1#,1' II!!II !II!I!/#,1',1' II!! ,1'/ III!I ,1' 1,1'1;1 /I 
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PRELIMINARY 

I'IIIC:I=ION MT 42C4256 

~-BEFORE-RAS" REFRESH CYCLE 

tRAS 

II I 
\'-----

tCSR tCHR ~I 

CAS ~:t-__ ~..:L....---4+_-L!=--=--=--=-===============~~~~~~~~~ _ 
ADDR ~:t -71/111 / II 1/11/111/1/1 /II!/III II /1/// /////!///!I//// /II 1/ II IIII!!IIIIIII/IIIIII /II 11111/1 1/IIII!!lII!!I/II III /!12 

t==11~ 
MEIWE ~:t$$II$! ~!III//II!III/IIIII//////!I/IIIIIIIIIIII!/////III! W/lIl/lIIh 

DSF ~:t:tl/III II 1I!11 III III 111/ II //II! II II 11/// II///!/ /!II!I//// II 1/11 II /!II/I /!I //!///!/I!!!I//I/////! /!II II II II! III!a 

DQ ~:gt-.-----OPEN-------OPEN------

ffitOE ~:t :/jIll /II II 1/11 II///!/ $i///!III!!II /!I III/II /II!//! II 1I!111!! $111/11 /II!! II IIIII!// 1111 /!I II II I/I/////!IIII & 
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PRELIMINARY 

I'IIIC:RON MT42C4256 

DRAM HIDDEN REFRESH CYCLE 

(READ) (REFRESH) 

~: RAS VIH-
VIL-

) 
tCRP 

CAS 
VIH-
VIL-

~tRC-' '~-,-r" ~~: -::: ----'~~ 
ADDR 

~:t I tFHR II l W//!/$//////$/////!//#///////!///////////!////;/ 

I~ tFS :;J- II~tFSC II tCFH 

DSF ~:t:_ -L. J/////l£w/////!/!II!/////!!/////////////!///////////////////////!////fh 

I I 
..JOFF 

DQ ~:gt: OPEN -------<~~----V,VA;:uLIDiD D;-;:;O~UT:------~ OPEN-

_ ~r :r~'-_____ --L ___________ ---,)-tO_D----

f7JI DON'T CARE 

~ UNDEFINED 

NOTE: A HIDDEN REFRESH may also be performed after a WRITE cycle. In this case MEIWE = LOW (when CAS 
goes LOW) and TRioE = HIGH. 
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PRELIMINARY 

1'41C:I=ION MT 42C4256 

RAS VIH-
VIL-

~ 

CAS 
VIH-
VIL-

ADDR ~:t- ROW 

READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode.) 

'RC 

'RAS 'RP 

'CSH 

tRSH 

'RCD 'CAS 

'AR 

I 'CAH 

SAM START 

~~II~~ I II 
MElViE ~:t-- IJlIIi 11/111 /l11I11///!1 /l1//1I1I1Ii II!! I!I!I!! //I//III!! /1111 /III/II III!I/I/ll /II/II II II /I /I /lili/l 

_I~~I_---I II 
DSF ~:t=Wi I lI/IIII/I/Ii/I/IIII//I/II////!/I/II///IIi/Ii//I/II!I!!//II!III/I//I/IIII//!/II/////lI//1/I1I/llIi/l/2 

'SC 

NOTE 1 

SDO ~:gt= VALID DOUT 

I~ 
-1'7T7TTT777777'7777TTT77777"l'TTTTTT777777T7TTTTT77777'<rrTTTTTTTTT77"';-1 .lSEA 

SE ~:t= lI////1I/ /I II /1//////11 II//!!! II I!!!/II! 11/111/11 /II! II 11/1111 / /iIX: 

OPEN 

tTRD 

'TCD 

QSF ~gt ----OPEN ----------OPEN ----------

NOTE 1: There must be no rising edges on the SC input during this time period. 

3-95 

~ DON'T CARE 

~ UNDEFINED 

-s: 
c: 
!:i -"tJ o 
~ 
C 
:D 
l> 
s: 



PRELIMINARY 

I'IIIC:RON MT42C4256 

RAS V,H -
VIL -

REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode.) 

'RC I 
tRAS 'RP I 

1* \ 
tCSH 

~~- I' / 
'RAD I I I 'RAL 

_. / 2'! 'AR 'RCD t :::: II 

Ir- ~I ~I -I .I_'eAH 

ADDR ~it= ROW ~ SAM START WITTTT////T"TT"r.////'7777/////7TTT////77"77J////'7777/////rTrn////'TTTT/////T"TT"r.////'7777/////7TTT////77"77J////'7777/////TT/;/f/77"77J / / /'7777// / / /T"TT"r. / / / #'777: ~ 

"'" :t_~fll~#ff//!$o/$L///M///$//_$/$JJ&:W'$#$!////$ff_4M'J,0W:2 
_I~~I_ I I II 

DSF t:ta 1 fill fll/ 1// III 1// 11/1// //II 1/ 111//// I////J/ III II/ /11//1/ 1/ ///III!//i///J JI/////! /I/////!/IIII! II! & 

DQ ~:gt- 12('-i-i-__ ----;-__ ---;-__ OPEN ------;--c-------OPEN __ _ 

I_'=AT,,--H --+1 ____ I II 
I 'eTH 'TRL -+-____ '-"'TR"'-D __ -'I 

I:TLS 'RTH ------'-=-1 'TCL 1-----....:.' T=CD __ • I 
TRICE ~:t_ "0//////////;/ 

~~~----------~ 

--!SAC 

soo ~:gt::------( V~~~T}----i~VA~LI~DD~OU~T J,-_VAL_'D_DO_UT---./,,~V_AL_'DD_OU_T-.J '-__ ---f VALID DOUT 

QSF ~gt--------OPEN -------------OPEN------

NOTE 1: The SE pulse is shown to illustrate the SERIAL OUTPUT 
ENABLE and DISABLE timing. It is not required. 
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PRELIMINARY 

IVIIC:RCN MT42C4256 

~ 
- VIH 
CAS VIL_ ---.I 

'AR 

-, 
'ASR ~ RAD 

r-

SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

'RC 

'RAS 

tCSH 

lASH 

I tRCD tCAS 

I 
I ~ / 

1 

I 
I I tRAL 

~I _I _leAH 

'RP 

MEIWE ~:~- II WI!II /I!III /I /I /II!! II! /II! I!! III! I! /III! I! I! I! II! II! I! I! I!! I! 1!!1!1!!///!1!I1I! I! II!! III! II! I! I!!h 
:wz) 'FSR 'RFH ~ I 

- ~r- r -1//1/1/1////1$///////////$//////////////1/////////$//////////////////II!I!/l/l/////////I///!h 

DO VIOH- -! OPEN ___ ----!..-I _____ OPEN ---

.~ I'~ I'~j 
TRJOE ~:~_ Wj777ytj7771jj'7711jj=W=1jj77T1jj7T71jj7T71j;07771j7771j'771W'7711j=1j.o=1j.o77T1jj7T7W777yt;0777ytjrn1j;07770'7711jj=1j.o=1jj=1jj77T1jj7T7W=W7771jj7771j.o7771j'7711j.o=W=;01j7T7WTn 

I I 18TH 

_'STS_ ~I 

'SP 

sc ~:~: I 

-=L--'~:~ fl~:~ 
SDO ~:g~: ==:xl 511 (255) 0 (256) 253 (509) X 254 (510) X 255 (511) X 256(0) ~~ 

aS
S-F' ,:-+--+-JJ~==:J=' -==--=--=-I--+-,J-== 
VOL~~'-. ______ SAM_MS--JB~;f-: (NO_TE_') _______ --'~'--. __ 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"IIC:RON MT42C4256 

WRITE TRANSFER and PSEUDO WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode.) 
'Re J 
tRAS 'RP J 

\ 
tCSH 

I 

J 
IRSH 

=i~1 
'ReD t tCAS 1 / 

'AR 

I 
I 

I'RAD I I IRAL 

tASR 1 ~~ I~ -1-

OPEN--

I'TLS ITLHI 

TAlOE ~:~= ~ },i;=1/ )=W;;=1/ )=1/ /;777/ / )TTT1/ )TTT1/ /;777/ / /;7771/ /;7771/)777/;;7771/ /;777/ ffi7n1/ )=1/ /;=/ ffi7n/ / )'7T./ ffi=1/)=1/ /;=1/ ffi=/ ffi777/ /;7771/ /;777/ ffi7T7/ ffiTT71/ )777/;;7771/ ;;777/ ffi7njl ffi""'// )'T7777/ / ffi 

I~ 'se 
~ 1---""ISAS-~_,s-p~1 ~ 

tSAS 

--II 
se VIH_ 

V1L -

tSOD II 
NOTE 3 

tSOH ---:-='SD"--Z ------1 

SOD ~:g~ _ VAllO OO:-.--VAL-,O O-OUT-------,~ HIGH z 1n-ncm7777T7777771l--:::c-:!:-::----1 

I ,_ 

d 'REH 1----'-:-----'--'SWls l 

SE ~:~= ~#/$#!;j'/ff$U/;j'/##$;j'/;/#!#/IIjlM,--_-_-_-_-_-_-_-NO=TE_'-_-_-_~-_-_-_-

QSF ~g~-:-----OPEN ----------OPEN -------

~ DON'T CARE 

NOTE 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). 
NOTE 2: SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 

of SE. 
NOTE 3: There must be no rising edges on the SC input during this time period. 
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PRELIMINARY 

I'IIIC:F=lON MT 42C4256 

WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode.) 
'RC 

'RAS 'RP 

tCSH 

I 

J 
IRSH 

'RCD t tCAS 

17 
'AR 

-1 
J 

"\ 

=f, 
ItRAL 

I 
I'RAD I I 

tABR - ..JRAH~ I~ -1-"":~ ~J:l -"- kwff#'$#'/$#'$#'$#$/$###$#'####$#$#'/#$ 
~I 'RWH I 

MEME ~:~~ -Jw##§§$$§$//I//§////§§$#/#I#§/§/##/#$/I/II////#$$#$/#///lbW/)1 

'FSR 'RFH I 
DSF ~:~:ml-I- --k#!I////$#$/////I#/#/##$###/§//#/#/$/$$§$//##/§/#$IIII/1IIiff/ffi 

DO ~:gr: 1 II OPEN I OPEN __ _ 

I 'TLS 'T~I 
TAIOE ~:Wffd W777,'l~777WM7nW7770771W,'l'77:W,'l777W7T7W,'l777VIh'771r,'l7TlW,'l'7T:W,'l777{'/,'l777W7nV,'l'771Wp'7T:Wp=Wp777W,'l777W,'linV,'l777W,'l'7T,W,'l=W777WIh7T7~7n~'771W7TlW,'l77:Wp=W777W,'l777W07n~77J~ 

'SRS I 'SRD 11~'",,-SC ___ -::::-_1 
~ tsp ~ tsp 

tsws 
tSWIS 

NOTE: 2 

VALID DIN 

OSF ~8C-c-------OPEN -----...:...:....------OPEN - ______ _ 

~DON'TCARE 

NOTE 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). 
NOTE 2: SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 

ofSE. 
NOTE 3: There must be no rising edges on the SC input during this time period. 
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PRELIMINARY 

I'IIIC:F=lON MT 42C4256 

tAR 

ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

tRC 

tRAS 

tCSH 

I 
'00' t J 

tASH 

tCAS 1 7 

J 
tRP J 

\. 

==fJ I I tRAD I I tRAL 

~~I I~ 1ASR I ---r-- ~r:wJ ~ bI ~M~ b$$llllff$IIII,01,01llllllffl,0WffIMIIIIMIIIIIII,@ 
tWSR II tRWH I 

MEIWE ~:~~-I - -1ff;1/ffffffff;1$$;1!$i//$ff$;1//////$$/ff$///$////$$//ffff;1/$ff;1/ff& 

wf'-II~ I 
OSF ~:~:' I W/!!;1;1/$;1;1//$ff;1///////;1;1!111!;1$ff$;1$//////;1I!!!I!!!/ffffff!l////////$//!/h 

_toF1 I 
DO ~~~_) OPEN OPEN ---

"'" lr:_ ..w!/!/ff$II$llllllffl$ffffff,0WIIIIII$I$'II~/$~II,01ffllllllll#'$ff.0 

~~~ 

NOTE 2 

tsop 

tSDZ 

soo ~~~_ 
----='-

'---VA-LiD-DO-UT--~ H~HZ 

tsws 

r tSWIS 

SE ~:~-WI!!//////////$$/ff!l!!//I!!!/$//I!//$$///////$!lff$;1I1RA----NO=T=-E1 ----

aSF ~g~-'------OPEN----------OPEN -------

NOTE 1: SE must be LOW to input new serial data, but the serial address register 
is incremented by SC regardless of SE. 

NOTE 2: There must be no rising edges on the SC input during this time period. 
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PRELIMINARY 

IVIIC:I=ION MT 42C4256 

SAM SERIAL INPUT 

SE 

tSAS 

SC 
VIH- -VIL-

tSDS tSDH 

s: VIH- VALID DIN VALID DIN SDO VIL- e 
r 
-t -"'C 
0 
:D 
-t 
C 
:D 

SAM SERIAL OUTPUT 
l> s:: 

l' 
tSEP 

" 
SE 

VIH-
VIL -

tsc tsc tsc 

SC 
V IH -
VIL-

SDO VALID DOUT 

~ DON'T CARE 

~ UNDEFINED 
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PRELIMINARY 

fUllC 1=1 ON MT 42C4256 
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SRAM PRODUCT SELECTION GUIDE 
Memory Control Part Access Package and Number of Pins 
Configuration Functions Number Time (ns) PDIP SDJ CDIP LCC Process Page 

2Kx 8 CE&OE MT5C1608 12 to 35 24 24 24 24 CMOS 4-3 

2Kx 8 CE, OE & ALE MT5C1628 15 to 45 28 28 28 28,32 CMOS 4-11 

4Kx4 CE only MT5C1604 12 to 35 20 24 20 20 CMOS 4-19 

4Kx4 CE&OE MT5C1605 12 to 35 22 24 22 22 CMOS 4-27 

4Kx4 Separate VO MT5C1606 12 to 35 24 24 24 28 CMOS 4-35 

4Kx4 Separate VO HI-Z MT5C1607 12 to 35 24 24 24 28 CMOS 4-35 

8Kx 8 CE1, CE2 & OE MT5C6408 12 to 35 28 28 28 32 CMOS 4-43 

16K x 1 CE only MT5C1601 12 to 35 20 24 20 20 CMOS 4-51 

16Kx4 CE only MT5C6404 12 to 35 22 24 22 22 CMOS 4-59 
16Kx4 CE&OE MT5C6405 12 to 35 24 24 24 28 CMOS 4-67 

C\I 
I 

""" 
16Kx4 Separate 110, CE1, CE2 MT5C6406 12 to 35 28 28 28 28 CMOS 4-75 

16Kx4 Separate 1/0 HI-Z MT5C6407 12 to 35 28 28 28 28 CMOS 4-75 

32Kx8 CE&OE MT5C2568 20 to 45 28 28 28 32 CMOS 4-83 

64Kx 1 CE only MT5C6401 12 to 35 22 24 22 22 CMOS 4-91 

64Kx4 CE only MT5C2564 20 to 45 24 24 24 28 CMOS 4-99 
64Kx4 CE&OE MT5C2565 20 to 45 28 28 28 28 CMOS 4-107 

128K x 8 CE&OE MT5C1008 20 to 45 28 - 28 - CMOS 4-115 
256Kx 1 CE only MT5C2561 20 to 45 24 24 24 28 CMOS 4-117 
256Kx4 CE&OE MT5C1005 20 to 45 28 - 28 - CMOS 4-125 

1MEG x 1 CE&OE MT5C1001 20 to 45 28 - 28 - CMOS 4-127 

I FASTSRAM 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ........... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................ -6SoC to +lS0°C 
Storage Temperature (Plastic) ................... -SsoC to + lS0°C 
Power Dissipation ........................................................ 1 Watt 
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 
(ooG ::;; T A ::;; 70oG, 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:'> Vce ILl -5 5 I1A 

Output Leakage Current Output(s) Disabled, ILo -5 5 I1A 
OV :'> VOUT :'> Vec 

Output High Voltage IOH = -4.0mA VOH 2.4 V 1 

Output Low Voltage IOL = B.OmA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -30 -35 UNITS NOTES 

Power Supply CE :'> VIL, Vec = Max., lee 140 130 120 110 100 100 mA 3 
Current: Operating Outputs Open 

CE ~ VIH, Vce = Max IS81 60 50 30 30 30 30 mA 

Power Supply IT ~ Vce - 0.2, Vee = Max. 
Current: Standby VIL :'> Vss + 0.2, IS82 5 5 5 5 5 5 mA 

VIH ~ Vee - 0.2, 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) (ace:::; T A:::; 70ce, 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 12 15 20 25 30 35 ns 

Output hold from access change tOH 3 3 3 3 3 3 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 5 5 ns 

Chip disable to output in high Z 
tHZCE 10 10 15 15 20 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 8 8 10 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 10 10 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 tcw 10 12 15 20 25 25 ns 

Address valid to end of write tAW 12 15 15 20 25 25 ns 

Address set-up 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 set-up time 
tDS 10 10 10 10 15 15 ns 

Data hold time tDH 0 0 0 0 0 0 ns 

Write disable to output in low Z 
tLZWE 0 0 0 0 0 0 ns 

Write enable to output in high Z 
tHZWE 0 10 0 10 0 12 0 15 0 15 0 15 ns 6 

4-6 
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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, tHZWE and tHZOE are specified with CL 

= SpF as in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 

+5V 

~480 
a,,, ~"" 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 
a", ~'''' 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

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. 

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 - 0.2V) IVcc=2v IccoR 95 500 
VIN ~ Vee - 0.2V) 

or::;; 0.2V "Vcc=3v 350 750 

tCDR 0 -
tR tac 

LO"" Vee PATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4.5V 

!cDR 

4-7 
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UNIT NOTES 
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ADDR 

o 

DO 

Icc 

READ CYCLE NO.1 (NOTES 8, 9) 

VALID 

tAA 

toH 

n-rT'lt. 

PREVIOUS DATA VALID ~ DATA VALID 

HIGHZ 

I. 

READ CYCLE NO.2 (NOTES 7, 8,10) 

tAOE 

tLZOE tHZOE 

\ V 

tACE 

tLZCE tHZCE 

I~ 
I~ 

DATA VALID 

tpu I, tpD L 1.---------,---· .. -~ 
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AOOR 
~ 

-----./ 

I. 

WfflllllllA 
lAS I 

I 

VIII;? 

o 

Q 

AOOR 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

Iwe 

lAW 

lew 

Iwp 

I lOS 

IAH 

Vf/ II ff III/Iffl II ff ff/~ 

IOH I 

~ ,j 
DATA VALID 

'\ I' 

IHZWE I 

.1 
'J,lI' 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

Iwe 

lew 

IWp 

lOS 

ILZWE I 

1 
HIGHZ 

o --------------+-------~ '--____________ ---J 

a ~I-.-----HIGHZ----
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LATCHED 
SRAM 
FEATURES 
• Functionally compatible with Intel MCS-96 families of 

microcontrollers 
• Eliminates the need for an external 74LS373 latch 
• Low power, CMOS double metal process 
• Single +5V (±1O%) power supply 
• Flexible memory expansion with CEl, CE2 and OE 

options 
• All inputs and outputs are TTL compatible 

OPTIONS 
• Timing 

15ns access 
30ns access 
45ns access 

• Packages 
Plastic DIP (300 mil) 
Ceramic DIP (300 mil) 
Plastic SOJ (300 mil) 
Ceramic LCC (28 pin) 
Ceramic LCC (32 pin) 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-15 
-30 
-45 

None 
C 
DJ 
EC 

ECW 

L 

The Micron SRAM family employs high speed, low 
power CMOS designs using a 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

Addresses are latched with a dedicated address latch 
enable (ALE) pin. These transparent, on-board latches 
eliminate the need for an external address latch in multi
plexed address/ data bus applications typical in microcon
troller based systems. 

Writin...£..!o these devices is accomplished when write 
enable (WE) and CEl, inputs are both LOW and CE2 is 
HIGH. Reading is accomplished when WE remains HIGH, 
CEI and OE go to LOW, and CE2 goes HIGH. The device 
offers a reduced power standby mode when disabled. This 
allows system designs to achieve low standby power re
quirements. 

For flexibility in high performance applications, Micron 
offers two chip enables. This enhancement can place the 
outputs in a high impedance state for additional flexibility 
in system design. 

Micron's latched 2K x 8 SRAM readily complements 

MT5C1628 
REV. 7189 4-11 

2Kx8SRAM 
WITH ADDRESS LATCH 

PIN ASSIGNMENT (Top View) 

28L1DIP 28L1 SOJ 
(PJ, CI) (DJC) 

ALE 1 \J 28 

A10 2 27 

A7 3 26 

A6 4 25 

AS 5 24 

A4 6 23 

A3 7 22 

A2 8 21 

A1 9 20 

AO 10 19 

D01 11 18 

D02 12 17 

D03 13 16 

Vss 14 15 

28L1LCC 
(ECF) 

< ~I~ ~I~ 
/3212827 

A6 4 • 26 
A5 5 25 
A4 6 24 
A3 7 23 
A2 8 22 
A1 9 21 
AD 10 20 

001 [ 11 19 
002 [ 12 18 

1314151617 

g~ggg 

Vee 

WE 

CE2 

A8 

NC 

NC 

OE 

A9 

CE1 

D08 

D07 

D06 

DOS 

D04 

CE2 
AS 

NC 
NC 
OE 
A9 
CE1 
008 
DQ7 

ALE 

A10 

A7 

A6 

AS 

A4 

A3 

A2 

A1 

AO 

D01 

D02 

DQ3 

V,S 

28 Vee 

27 WE 
3 26 CE2 

4 25 A8 

5 2. NC 

6 23 NC 

7 22 OE 
8 21 A9 

9 20 CE1 
10 19 DOS 

11 18 D07 

12 17 D06 

13 16 DOS ,. 15 004 

32L/LCC 
(ECH) 

,...., ,.... ...J () 0 :> UJ °IUJ °IUJ '" «««z»() 

4 3 2 1 32 31 30 
A6 • 29A8 

AS 28 NC 

A47 27NC 

A3 26 NC 

A2 25 OE 
A1 10 24 A9 

AO 11 23 CE1 

NC 12 22 D08 

001 13 21 007 
14151617181920 

n~~~f~g 

Intel's 87C257 latched 32K x 8 EPROM and 80C51 8-bit 
microcontroller and other similar microcontroller devices 
by providing additional memory capacity and latched ad
dressing for complete embedded controller solutions. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

Micron Technology. Inc. reserves the right to change products or specifications without nolice 
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FUNCTIONAL BLOCK DIAGRAM 

Vcc GND 

A2 --+ 

Ag --+ 

A3 --+ a:: 
....J UJ 

0 0 
0 a:: 

A4 --+ () 32,768 - BIT I-z UJ MEMORY ARRAY 0 0 

s: () 

A5 --+ 0 0 ~ a:: 
As --+ 

A1 --+ 

(LSB) 

COLUMN DECODER 
(LSB) 

ALE 

TRUTH TABLE 

MODE "CEl CE2 WE" M AIT DQ OPERATION 

STANDBY H X X X X HIGHZ 

STANDBY X L X X X HIGHZ 

READ L H H L X Q 

READ DISABLE L H H H X HIGHZ 

WRITE L H L X X D 

POWER 
DOWN 

POWER 

STANDBY 

STANDBY 

ACTIVE 

ACTIVE 

ACTIVE 

D08 

. D01 

10--..- CE1 
1----1+ CE2 

NOTE: The address latch is transparent when ALE is HIGH and the address is latched when ALE goes LOW. 
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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 + lS0°C 
Storage Temperature (Plastic) ................... -SSoC to +l50°C 
Power Dissipation ........................................................ 1 Watt 
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 
(ODe, ~ T A ~ 70ce, 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 -10 10 itA 

Output Leakage Current Output(s) Disabled, ILo -10 10 itA 
OV :;:; Your :;:; 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 -15 -30 -45 UNITS NOTES 
Power Supply CE :;:; Vll, Vee = Max., Icc 120 90 90 mA 3 
Current: Operating Outputs Open 

CE ~ VIH, Vee = Max 1581 50 40 40 mA 

Power Supply cr ~ Vee - 0.2, Vee = Max. 
Current: Standby Vil :;:; Vss + 0.2, 1582 5 5 5· mA 

VIH ~ Vee - 0.2, 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 

4-13 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (oOe ::; T A::; 70oe, Vcc = 5V ± 10%) 

-15 -30 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time 
tRC 15 30 45 ns 

Address access time tAA 15 30 45 ns 11 

Chip enable access time 
tACE 15 30 45 ns 

Output hold from access change tOH 3 3 3 ns 

Chip enable to output in low Z tLZCE 5 5 5 ns 

Chip disable to output in high Z tHZCE 10 20 20 ns 6,7 

Chip enable to power up time tpu 0 0 0 ns 

Chip disable to power down time tpD 15 30 45 ns 

Output enable access time 
tAOE 10 15 20 ns 

Output enable to output in low Z tLZOE 0 0 0 ns 

Output disable to output in high Z tHZOE 10 15 20 ns 6 

WRITE Cycle 

WRITE cycle time twc 15 30 45 ns 

Chip enable to end of write tcw 12 25 30 ns 

Address valid to end of write tAW 15 25 30 ns 

Address set-up time 
tAS 0 0 0 ns 

Address hold from end of write tAH 0 0 0 ns 

Write pulse width twp 12 25 30 ns 

Data set-up 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 12 0 20 ns 6 

LATCH Characteristics 

Address setup time for latch enable tLAS 0 0 0 ns 

Address hold from latch enable tLAH 8 10 15 ns 

Latch deselect width tLPW 6 10 15 ns 

ALE to output enable LOW tLOE 0 0 0 ns 

4-14 
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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 

= SpF as in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 

+5V 

~480 

",.. ~ '''' 
Fig. 1 OUTPUT LOAD 

EQUIVALENT 

+5V 

~480 
",.. ~". 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

8. WE is HIGH for READ cycle. 
9. Address valid prior to or coincident with latest 

occurring chip enable and the falling edge of ALE. 
10. tRC = Read Cycle Time. 
11. Assume ILOE and ILAS operating at MIN limits. If 

ILAS, tLOE + IAOE > IAA, then access time is deter
mined by the sum. CE and CE2 are active. 

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 -

IT ~ (Vee - 0.2Vll Vcc=2v lecoR 95 500 
VIN ~ (Vee - 0.2V) I 

or ~ 0.2V Vcc=3v 350 750 

ICDR 0 -
IR IRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4-15 
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UNIT NOTES 

V 

!JA 

!JA 
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READ CYCLE (NOTES 8, 9) 

ADDR VALID 

tLAS tLAH 

ALE ----1 
tLPW tLOE 

tACE 

CE W//A 
tAOE 

tLZOE 

OE 

tLZCE 

tAA 

DQ ~ 
~ 

ICC 
4 

J 

4-16 

~xx ~x :x 

tHZCE 

tHZOE 

DATA VALID 

~ 
\ 

~ DON'T CARE 

~ UNDEFINED 
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ADDR ------- VALID 
~ 

tLAS 

t tLPW tLAH 

1 
ALE 

CE '/IIII/; 1j1§Jk 
tAS _I 

VII~ 

DO 

--------, 
ADDR VALID 

----' 

tLAS 

tLPW tLAH 

1 
ALE 

tAS 

CE 

1///;"//////// &l 
I 

DO 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twc 

tAW 

tcw 

twp 

tHZWE I tDS 

,I 

0/1 I I I I I I I I I I I IIIIIIII/; 
tHZCE 

tLZWE 

tDH J 

V ~ klOoooo 
"' 

DATA VALID 
/I ~ 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

WC 

tAW 

tcw 

{ 
twp 

tDS 

,I 
X 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 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 
Ceramic LCC EC 

• Two Volt Data Retention L 

GENERAL DESCRIPTION 
The Micron SRAM family employs high speed, low 

power CMOS designs using a 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

For flexibility in high ~eed 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 C~uts 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. 

MTSC1604 
REV, 7/89 4-19 

4Kx4SRAM 

PIN ASSIGNMENT (Top View) 

20Ll300 DIP 
(PE, CD) 

24L1300 SOJ 
(DJB) 

A4 A4 

AS 
AS 
A6 

A6 A2 A7 
A8 

A7 A1 A9 

A8 AO NC 
A10 

A9 DQ4 A11 

A10 DQ3 CE 
NC 

A11 DQ2 Vss 

CE DQ1 
Vss WE 

20LlLCC 
(ECG) 

L()"Q"8(Y) 
<t<t><t 

2 '1,2019 
A6 

'.J 
18 A2 

A7 17 A1 
A8 16 AO 
A9 6 15 DQ4 

A10 14 DQ3 
A11 13 DQ2 

9101112 

IUJ "'IUJ ~ ()~:s:g 

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 
TM Trademark of Micron Technology, Inc. 
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FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

~ ~ 
Ag ---+ .. DQ4 

A2 ---+ 

~ As ---+ a: 
...J 

~ 
W 
C 0 
0 a: 

en A7 ---+ U 16,384 - BIT I-
w MEMORY ARRAY 

z 

i 
c 0 • DQ1 U 

As ---+ 3: 
~ 0 a: 

As ---+ 
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 HIGHZ STANDBY 

READ L H Q ACTIVE 

WRITE 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 + IS0°C 
Storage Temperature (Plastic) ................... -SSOC to + IS0°C 
Power Dissipation ........................................................ 1 Watt 
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 
(OOe ~ T A ~ 70oe, 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 -0.5 0.8 V 1,2 

Input Leakage Current OV :5 VIN :5 Vee ILl -5 5 ~A 

Output Leakage Current Output(s) Disabled, ILo -5 5 IlA 
OV :5 Your :5 Vee 

--1------
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 :5 VIL, Vee = Max., Icc 140 130 120 110 100 100 rnA 3 
Current: Operating Outputs Open 

CE 2: VIH, Vee = Max 1561 60 50 30 30 30 30 rnA 

Power Supply CE 2: Vee - 0.2, Vee = Max. 
Current: Standby VIL :5 Vss + 0.2, 1562 5 5 5 5 5 5 rnA 

VIH > Vee - 0.2, 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) (oOe ::; T A::; 70oe, 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 12 15 20 25 30 35 ns 

Output hold from access change tOH 3 3 3 3 3 3 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 10 10 15 15 20 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 15 15 20 25 25 ns 

Address set-up 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 set-up time tDS 10 10 10 10 15 17 ns 

Data hold time tDH 0 0 0 0 0 0 ns 

Write disable to output in low Z tLZWE 0 0 0 0 0 0 ns 

Write enable to output in high Z tHZWE 0 10 0 10 0 12 0 15 0 15 0 15 ns 6 
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I"IIC:F=lON MT5C1604 

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. 
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 = 5pF as 

in Fig. 2. Transition is measured ± 500m V from 
steady state voltage. 

+5V 

~480 
0", "-l, "''' 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 
0", "-l,'" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

7. Atany given temperature and voltage condition, 
tHZCE is less than tLZCE. 

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. 

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 leeDR 95 500 
VIN ~ Vee - 0.2V 

or ~ 0.2V 'I Vee=3v 350 750 

tCDR 0 -
tR IRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4.5V 

tCDR 
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4.5V 

~DON'TCARE 

~ UNDEFINED 

UNIT NOTES 
V 

~ 

I1A 

ns 4 
ns 4, 10 



I'IIIC:I=ION MT5C1604 

READ CYCLE NO.1 (NOTES 8, 9) 

ADDR VALID 

lAA 

IOH 

~ PREVIOUS DATA VALID DATA VALID 
~ 

Q 

READ CYCLE NO.2 (NOTES 7, 8,10) 

CE 

lACE 

tLZCE _I 
tHZCE -' 

~ ~ -- HIGHZ DATA VALID J' 
Q 

I.. tpu I tpD 

Vee .- "}r-----.. -"'L 
SUPPLY ICC - " 

_ ______ ~ 50% 50,}. CURRENT ISB - _ 
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~ DON'T CARE 

~ UNDEFINED 



1'41C:I=ION MT5C1604 

ADDR -------.-J 

L 

I/III/h 'l"IIIA 
lAS I 

I 

VIII;/ 

D 

Q 

ADDR 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

Iwe 

lAW 

lew IAH 

Wlllllllllllllllllllli% 
IWp 

I IDS 

t DATA VALID 
'\ 

IHZWE I 

.1 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

Iwe 

lew 

HIGHZ 

IDH I 

J 
I' 

ILZWE 

IDS IDH 

I 

I. 

D DATA VALID 
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~ UNDEFINED 
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I'IIIC:I=ICN MT5C1605 

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) 
Ceramic LCC 

• 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 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

For flexibility in high ~eed 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 arc 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. 

MT5C16ds 
REV. 7/89 4-27 

4Kx4SRAM 
WITH OUTPUT ENABLE 

PIN ASSIGNMENT (Top View) 

22L1300DIP 
(PF, CE) 

24L1300 SOJ 
(DJ8) 

A4 
AS 
A6 
A7 
A8 
A9 

A10 
A11 
CE 
OE 
Vss 

Vee A4 Vee 
A5 A3 

A3 A6 A2 

A2 
A7 A1 
AS AD 

A1 A9 NC 
NC NC 

AO A1D 004 

NC A11 003 
CE 002 

D04 OE 001 

D03 
Vss WE 

D02 
D01 
WE 

22L1LCC 
(ECE) 

LO'=tgC') 
««>« 

A6 3 
2 1112221 

I.J 20 A2 
A7 4 19 A1 
A8 5 18 AO 
A9 6 17 NC 

A10 7 16 D04 
A11 8 15 D03 
CE 9 14 002 

10111213 

IUJ °IUJ ~ oz~g 

Micron Technology, Inc. reserves the right to change products or specifications without notice 
TM Trademark of Micron Technology, Inc 



I'IIII::I=ION MT5C1605 

FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

~ ~ 
Al0 .,........ 

- DQ4 

A2 .,........ 

~ Ag .,........ c: 
..J 

~ 
W 
Cl 0 
0 c: 

en As .,........ () 16,384 - BIT I-
w MEMORY ARRAY 

z 

i 
Cl 0 • DQ1 () 

A7 .,........ ;: 0 0 :::::: c: 
A6 .,........ 

CE 

A5 .,........ 

(LSB) 

DE 
WE 

COLUMN DECODER 
(LSB) POWER 

t t t t t DOWN 

All Al A3 AO A4 

TRUTH TABLE 

MODE 'OE "CE WE DQ POWER 

STANDBY X H X HIGHZ STANDBY 

READ L L H Q ACTIVE 

READ H L H HIGHZ ACTIVE 

WRITE X L L D ACTIVE 
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I"IIC:RON MT5C1605 

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 Watt 
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 
(OOe ::;; T A ::;; lOoe, 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 -0.5 0.8 V 1,2 

Input Leakage Current OV :5 VIN :5 Vee ILl -5 5 J.lA 

Output Leakage Current Output(s) Disabled, ILo -5 5 J.lA 
OV :5 VOUT :5 Vec 

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 :5 VIL, Vee = Max., Icc 140 130 120 110 100 100 rnA 3 
Current: Operating Outputs Open 

CE ~ VIH, Vce = Max 1581 60 50 30 30 30 30 rnA 

Power Supply CE ~ Vce - 0.2, Vee = Max. 
Current: Standby VIL:5 Vss + 0.2, IS82 5 5 5 5 5 5 rnA 

VIH ~ Vee - 0.2, 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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I'IIIC:I=ION MT5C1605 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (oOe ::;; T A::;; 70oe, 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 12 15 20 25 30 35 ns 

Output hold from access change tOH 3 3 3 3 3 3 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 10 10 15 15 20 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 8 8 10 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 10 10 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 tcw 10 12 15 20 25 25 ns 

Address valid to end of write tAW 12 15 15 20 25 25 ns 

Address set-up 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 set-up time tDS 10 10 10 10 15 15 ns 

Data hold time tDH 0 0 0 0 0 0 ns 

Write disable to output in low Z tLZWE 0 0 0 0 0 0 ns 

Write enable to output in high Z tHZWE 0 10 0 10 0 12 0 15 0 15 0 15 ns 6 

4-30 



1'41C:I=ICN, MT5C1605 

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 

= SpF as in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 

+5V 

~480 
Q", ~'"'> 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~920 
Q"", ~ .,> 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

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. 

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 lee DR 95 500 
VIN ;:: (Vee - 0.2V) I 

or $ 0.2V Vee=3v 350 750 

ICDR 0 -

IR IRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4.5V 

tCDR 
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4.5V 

~ DON'T CARE 

!88a UNDEFINED 

UNIT NOTES 

V 

IlA 

IlA 

ns 4 

ns 4, 11 



1'111 c: 1=1 ON MT5C1605 

ADDR 

o 

CE 

OE 

DO 

Icc 

READ CYCLE NO.1 (NOTES 8, 9) 

VALID 

IAA 

IOH 

PREVIOUS DATA VALID ~ DATA VALID 

HIGHZ 

I. 

'\..JU!...A.I 

READ CYCLE NO.2 (NOTES 7, 8, 10) 

IAOE 

\~ 
IHZOE 

J 
lACE I 
ILZCE IHZCE 

~ DATA VALID 
/ 

IpU ______ ~_'PD~ .. L 1" :-
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~ DON'T CARE 

~ UNDEFINED 



I'IIIC:I=ION MT5C1605 

AOOR --------------1 

I 

1/1111;; 'i'IIIA 
lAS I 

I 

VIII~ 

o 

Q 

AODR 

CE 

o 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

Iwe 

lAW 

lew 

Iwp 

I lOS 

IAH 

Vf!I!!!!!I!!I!!///////!' 

IDH J 

~ -J DATA VALID 
'\ /' 

IHZWE I 

, I 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

IWC 

ICW 

lOS 

ILZWE J 
I 

HIGHZ 

a ~---HIGHZ----
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~ DON'T CARE 

~ UNDEFINED 
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I'IIIC:I=ION MT5C1606/7 

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 
• 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) 
Ceramic LCC 

• 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 4-transistor memory cell. 
They 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. The x 4 configu
ration 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. 

MTSCI606/7 
REV. 7/89 4-35 

4Kx4SRAM 
WITH SEPARATE INPUTS ANO OUTPUTS 

PIN ASSIGNMENT (Top View) 

24L1300DIP 24L1300 SOJ 
(PG, CG) (OJ8) 

A4 Vee Vee 
A3 

A5 A3 A2 

A6 A2 
A1 
AD 

A7 A1 D4 
D3 

A8 AD A11 04 

A9 04 
D1 03 
D2 02 

A1D 03 CE 01 
Vss WE 

A11 04 
01 03 
02 02 
CE 01 
Vss WE 

28L/LCC 
(ECF) 

COLO-.:t8M 
<C<C<C><C 

3 2 '112827 
A7 4 IJ 

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 19 04 
02 12 18 03 

1314151617 

ILU UlILU ~ C\J 
0g;::OO 

Micron Technology, Inc. reserves the right to change products or specifications without notice. 
TM Trademark of Micron Technology, Inc. 
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I'IIIC::I=ION MT5C1606/7 

Al0 --. 
Al --. 

a: 
Ag W --. 0 

0 
As --. U w 

0 
A 7 --. 3: 

0 
AS --. a: 

As --. (LSB) 

FUNCTIONAL BLOCK DIAGRAM 

VCC GNO 

16,384 - BIT 
MEMORY ARRAY 

COLUMN DECODER 

t t t 
All AO A2 

TRUTH TABLE 

MODE 

STANDBY 

READ 

WRITE (1) 

WRITE (2) 
NOTES: 1. MTSC1607 ONLY 

2. MTSC1S06 ONLY 

t t 
A3 A4 

'CE" WE 
H X 

L H 

L L 

L L 
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....J o 
a: 
I
Z o 
U 

~ 

POWER 
DOWN 

MT5C1607 

MT5C1606 

04 

01 

Q4 

Q1 

10--'--- CE 

--, , , , 
t--t--+-+ WE , 

----~ 
~----....'-----' , , , , , , 

-------------------------------- ______ 1 

DQ POWER 

HIGHZ STANDBY 

Q ACTIVE 

HIGHZ ACTIVE 

D ACTIVE 



I'IIIC:I=ION MT5C1606/7 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ............ -1.0V to +7.0V 
Storage Temperature (Ceramic) ................ -6SOC to + lS0°C 
Storage Temperature (Plastic) ................... -SSoC to +lS0°C 
Power Dissipation ........................................................ 1 Watt 
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 
(OOe S; T A S; 70oe, 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 :5 VIN :5 Vee ILl -5 5 f..I.A 

Output Leakage Current Output(s) Disabled, ILo -5 5 f..I.A 
OV :5 VOUT :5 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 :5 VIL, Vee = Max., Icc 140 130 120 110 100 100 rnA 3 
Current: Operating Outputs Open 

CE ~ VIH, Vee = Max IS81 60 50 30 30 30 30 rnA 

Power Supply erE ~ Vee - 0.2, Vee = Max. 
Current: Standby VIL :5 Vss + 0.2, IS82 5 5 5 5 5 5 rnA 

VIH ~ Vee - 0.2, 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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1'111 c:: 1=1 ON MT5C1606/7 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (oOe ::;; T A::;; 70oe, 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 15 20 25 30 35 ns 

Output hold from access change tOH 3 3 3 3 3 3 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 10 10 15 15 20 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 15 15 20 25 25 ns 

Address set-up 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 WP 10 12 15 20 25 25 ns 

Data set-up time tDS 10 10 10 10 15 15 ns 

Data hold time tDH 0 0 0 0 0 0 ns 

Write disable to output in low Z tLZWE 0 0 0 0 0 0 ns 

Write enable to output valid tAWE 12 15 20 25 30 35 ns 

Data valid to output valid tADV 12 15 20 25 30 35 ns 
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I'IIIC=RCN MT5C1606/7 

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 ± SOOm V from 
steady state voltage. 

+5V 

~480 

"", ~ "" 
Fig. 1 OUTPUT LOAD 

EQUIVALENT 

+5V 

~480 
0", ~'" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

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. 

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 -
CE ~ (Vec - 0.2V) I Vee=2v leeDR 95 500 
VIN ~ (Vee - 0.2V) I 

or ~ 0.2V Vec=3v 350 750 

ICDR 0 -
IR IRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4.5V 

ICDR 
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4.5V 

~ DON'T CARE 

~ UNDEFINED 

UNIT NOTES 

V 

IlA 

IlA 

ns 4 

ns 4, 11 



I'IIIC:I=ION MT5C1606/7 

READ CYCLE NO.1 (NOTES 8, 9) 

ADDR VALID 

tAA 

toH 

Q PREVIOUS DATA VALID ~ DATA VALID 
.'UI..LI.I. 

READ CYCLE NO.2 (NOTES 7, 8, 10) 

tACE 

tLZCE .1 

I.. tpu 

Vee .- .~ 
SUPPLY ICC - _____ ----.....J 50% 
CURRENT ISB - _ 

~ -- HIGHZ DATA VALID 
I~, 

a 
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tHZCE.1 

J 
I .. tpD "'L 

50% 

~ DON'T CARE 

~ UNDEFINED 
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ADDR 

D 

Q 

ADDR 

D 

Q 

~ 
--I 

I 

1///////////A 
lAS I 

I 

WIM 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

Iwe 

lAW 

lew 

twp 

'DS 

DATA VALID 

IADV 
~ 

IHZWE 

IAH 

V///////////I/////////j 

IDH I 
J 

ILZWE 

DATA VALID 

~ 

----1 

lAS 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

Iwe 

tAW 

I lew , 
IWp 

'I////////////////////////////) 
IDS 

DATA VALID 

IADV 

IAWE 
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tAH 

r;///////////I/////////; 
IDH 

t 

DATA VALID 

~ DON'T CARE 

~ UNDEFINED 
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I'4ICI=ION MT5C6408 

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 CEl, CE2 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) 
Ceramic LCC (32 pin) 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-12 
-15 
-20 
-25 
-30 
-35 

None 
C 
DJ 
EC 

ECW 

L 

The Micron SRAM family employs high speed, low 
power CMOS designs using a 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

For flexibility in high speed memory applications, Mi
cron offers two chip enables on the x 8 organizations. This 
enhancement can place the outputs in a high impedance 
state for additional flexibility in system design. 
Writ~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. 

MT5C6408 
REV.71B9 4-43 

8Kx8SRAM 

PIN ASSIGNMENT (Top View) 

28L/300 DIP 

NC 
A12 

A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 

DQ1 
DQ2 
DQ3 
Vss 

(PJ, CI) 

1 '--'28 ~ Vee 
2 27 ~ WE 
3 26 ~ CE2 
4 25 ~ A8 
5 24 h A9 
6 23 A11 
7 22 DE 
8 21 A10 
9 20 CE1 
10 19 DQ8 
11 18 DQ7 
12 17 DQ6 
13 16 DQ5 
14 15 DQ4 

28L1LCC 
(ECF) 

.... ~ C) gil;! «z» 

/32'1'2827 
A6 4 '" 26 CE2 
A55 25A8 
A46 24A9 
A3 7 23 All 
A28 220E 
Al 9 21 Al0 
AO 10 20 CEl 

DOl 11 19 D08 
D02 12 18 DQ7 

1314151617 

g~gg~ 

28L1300 SOJ 
(DJC) 

NC 1 28 Vee 
A12 2 27 WE 

A7 3 26 CE2 
A6 4 25 A8 
A5 5 24 A9 
A4 6 23 All 
A3 7 22 OE 
A2 8 21 Al0 
Al 9 20 CEl 
AO 10 19 D08 

DOl 11 18 D07 
D02 12 17 D06 
D03 13 16 D05 
Vss 14 15 DQ4 

32L/LCC 
(ECH) 

.... ~ <..> <..> 81~ ill c(c(zz> 0 

4 3 2 '1132 3130 
A6 '" 29 A8 
A5 28 A9 
A4 7 27 All 
A3 8 26 NC 
A2 9 25 OE 
Al 10 24 Al0 
AO 11 23 CEl 
NC 12 22 DQ8 

DOl 13 21 DQ7 
14151617181920 

Micron Technology, Inc. reserves the right to change products or specifications without notice. 
1M Trademark of Micron Technology, Inc. 
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I"IIC:I=ION MTSC6408 

TRUTH TABLE 

MODE "CE"1 CE2 WE" M DQ OPERATION POWER 

STANDBY H X X X HIGHZ STANDBY 

STANDBY X L X X HIGHZ STANDBY 

READ L H H L Q ACTIVE 

READ L H H H HIGHZ ACTIVE 

WRITE L H L X D ACTIVE 
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I'IIIC:RON MT5C6408 

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 Watt 
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 
impJied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(ODe::;; T A ::;; 70De, 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 jJA 

Output Leakage Current Output(s) Disabled, ILo -5 5 jJA 
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 140 130 120 110 100 100 rnA 3 
Current: Operating Outputs Open 

CE ~ VIH, Vee = Max IS81 60 50 30 30 30 30 rnA 

Power Supply CE ~ Vce - 0.2, Vcc = Max. 
Current: Standby VIL ~ Vss + 0.2, IS82 5 5 5 5 5 5 rnA 

VIH ~ Vce - 0.2, 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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I'IIIC:I=ION MTSC6408 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (oOe ::; T A::; 70oe, 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 12 15 20 25 30 35 ns 

Output hold from access change tOH 3 3 3 3 3 3 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 10 10 15 15 20 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 8 8 10 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 10 10 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 tcw 10 12 15 20 25 25 ns 

Address valid to end of write tAW 12 15 15 20 25 25 ns 

Address set-up 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 set-up time tDS 10 10 10 10 15 15 ns 

Data hold time tDH 0 0 0 0 0 0 ns 

Write disable to output in low Z tLZWE 0 0 0 0 0 0 ns 

Write enable to output in high Z tHZWE 0 10 0 10 0 12 0 15 0 15 0 15 ns 6 
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1'41C:I=ION MT5C6408 
I 

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. tHZCE, tHZWE and tHZOE are specified with CL 

= SpF as in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 

+5V 

~480 
0", ~ """ 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 
0", ~' .. 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

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. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX 
Vee for Retention Data VDR 2 -
Data Retention Current CE' ~ (Vee - 0.2V~ I Vee=2v lecDR 9S SOO 

VIN ~ (Vce - 0.2V, I 
or:S; 0.2V Vee=3v 3S0 7S0 

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 

4-47 

4.5v lr------

~ DON'T CARE 

~ UNDEFINED 

UNIT NOTES 
V 

!lA 

llA 

ns 4 
ns 4,11 



I'IIIC:RON MT5C6408 

ADDR 

o 

OE 

DO 

Icc 

READ CYCLE NO.1 (NOTES 8, 9) 

VALID 

tAA 

tOH 

IIAX7:7t. 
PREVIOUS DATA VALID ~ DATA VALID 

READ CYCLE NO.2 (NOTES 7, 8, 10) 

tAOE 

tLZOE 

tACE I 
tLZCE 

~V HIGHZ DATA VALID NQQQYl\ 
I tpu 

__ .. --J) 
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tHZOE 

tHZCE 

I. IpD L 
~ DON'T CARE 

~ UNDEFINED 



I'IIIC::RON MT5C6408 

ADDR 
~ 

----.l 

I 

I;Illd 'IIIIII/; 
lAS J 

I 

VII/;~ 

D 

Q 

ADDR 

CE 

WE 

o 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

Iwe 

lAW 

lew 

IWp 

I IDS 

IAH 

c; I I I I I I I I I I /11111111111/, 

IDH J 
V -J DATA VALID 
'\ J' 

IHZWE J 

~ 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

twc 

ICW 

IDS 

ILZWE 

HIGHZ l 

Q ~f----HIGHZ----
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~ UNDEFINED 
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I'IIIC:I=ION MT5C1601 

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 TIL 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) 
Ceramic LCC 

• 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 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

For flexibility in high.~eed 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. The x 1 configu
ration features separate data input and output. 
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. 

MTSC1601 
REV. 7189 4-51 

16Kx 1 SRAM 

PIN ASSIGNMENT (Top View) 

20L/300 DIP 24U300 SOJ 
(PO, CD) (DJB) 

AO Vee AO Vee 
Al A13 

A1 A13 A2 A12 
A3 4 All 

A2 A12 A4 Al0 
NC NC 

A3 A11 NC NC 
AS A9 

A4 A10 AS 9 AS 
Q 10 A7 

AS A9 WE 11 D 
Vss 12 CE 

A6 A8 
Q A7 

WE D 
Vss CE 

20ULCC 
(ECC) 

0('1) 
,....00.,... 
«>< 
2 '1,2019 

A2 3 
1...1 

18 A12 
A3 4 17 A11 
A4 5 16 A10 
A5 6 15 A9 
A6 7 14 A8 
Q 8 13 A7 

9101112 

IW gljw 0 3:>0 

Micron Technology, Inc. reserves the right to change products or specifications without notice. 
TM Trademark of Mlaon Technology, Inc. 
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I'IIIC:F=lON MTSC1601 

FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

~ ~ 

As --. .. A12 --. c: 
W ....J 0 

~ 
A4 --. 0 0 

0 c: 
A3 U 16,384 - BIT I---. w MEMORY ARRAY 

z Q 

~ 0 0 
A2 --. ;: U 

en A1 0 ~ --. c: CE 

i Ao --. 
(LSB) 

WE 

COLUMN DECODER 
(LSB) POWER 

t t t t t t t DOWN 

As Ag As A7 A13 A10 A11 

TRUTH TABLE 

MODE 'CE" WE' OUTPUT POWER 

STANDBY H X HIGHZ STANDBY 

READ L H Q ACTIVE 

WRITE L L HIGHZ ACTIVE 
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1'41C:I=ICN MT5C1601 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ........... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................ -6SoC to +lS0°C 
Storage Temperature (Plastic) ................... -SSoC to +lS0°C 
Power Dissipation ........................................................ 1 Watt 
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 
(OOe ::; 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 ~ Vce ILl -5 5 J..I.A 

Output Leakage Current Output(s) Disabled, ILo -5 5 J..I.A 
OV ~ VOUT ~ Vec 

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 IT ~ VIL, Vce = Max., Icc 140 130 120 110 100 100 mA 3 
Current: Operating Outputs Open 

CE ~ VIH, Vcc = Max IS81 60 50 30 30 30 30 mA 

Power Supply CE ~ Vee· 0.2, Vce = Max. 
Current: Standby VIL ~ Vss + 0.2, 1582 5 5 5 5 5 5 mA 

VIH ~ Vce - 0.2, 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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I'IIIC: 1=1 ON MT5C1601 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (oOe :::;; 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 tM 12 15 20 25 30 35 ns 

Chip enable access time tACE 12 15 20 25 30 35 ns 

Output hold from access change tOH 3 3 3 3 3 3 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 10 10 15 15 20 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 15 15 20 25 25 ns 

Address set-up 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 'wp 10 12 15 20 25 25 ns 

Data set-up time tDS 10 10 10 10 15 17 ns 

Data hold time tDH 0 0 0 0 0 0 ns 

Write disable to output in low Z tLZWE 0 0 0 0 0 0 ns 

Write enable to output in high Z tHZWE 0 10 0 10 0 12 0 15 0 15 0 15 ns 6 
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IVIIC::I=ICN MT5C1601 

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. tHZCE and tHZWE are specified with CL = SpF as 

in Fig. 2. Transition is measured ± SOOm V from 
steady state voltage. 

+sv 

~480 

"", ~ "" 
Fig. 1 OUTPUT LOAD 

EQUIVALENT 

+sv 

~480 
Q", ~'" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

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. 

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 :2: (Vee - 0.2V) I Vee=2v leeoR 9S SOO 
VIN :2: (Vee - 0.2V) I 

or S; 0.2V Vee=3v 3S0 7S0 

ICDR 0 -
IR IRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4.SV 

ICDR 
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~ DON'T CARE 

~ UNDEFINED 

UNIT NOTES 

V 

/-lA 

/-lA 

ns 4 

ns 4, 11 



I'IIIC:F=lON MT5C1601 

READ CYCLE NO.1 (NOTES 8, 9) 

ADDR VALID 

lAA 

IOH 

IlI'T'r'lt. 

Q PREVIOUS DATA VALID ~ DATA VALID 

READ CYCLE NO.2 (NOTES 7, 8, 10) 

lACE 

ILZCE -.l 

VOO I. IpU .~ 
SUPPLY ICC - 50% 
CURRENT IS8 - ______ --J 

b -- HIGHZ DATA VALID NQQQfI , Q 
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IHZCE J 

J 

I. IpD "L 
50% 

~ DON'TeARE 

~ UNDEFINED 



I'IIIC:I=ICN MT5C1601 

AD DR 
~ 

--.J 

I 

~////////// A 
lAS I 

I 

'11111/ 

D 

Q 

AooR 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

Iwe 

lAW 

lew IAH 

VI / / /IIIIIIIIIIIIIIIII~ 
IWp 

L IDS 

~ DATA VALID 
'\ 

IHZWE I 

.1 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

Iwe 

lew 

HIGHZ 

IDH J 
{ 
j' 

ILZWE 

lOS loH 

I 

1 

o DATA VALID 
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~ UNDEFINED 
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I'IIIC:I=ION MT5C6404 

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) 
Ceramic LCC 

• 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 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

For flexibility in high~eed 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 C~uts 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 
AEV.&189 4-59 

16K x 4 SRAM 

PIN ASSIGNMENT (Top View) 

22L/300 DIP 24L1300 SOJ 

A5 
A6 
A7 
AS 
A9 

A10 
A11 
A12 
A13 

CE 
Vss 

(PF, CF) (DJ8) 

A7 3 
A8 4 
A9 5 

A10 6 
A11 7 
A12 8 
A13 9 

AS 
AS 

:::r=-_--;:::-;:;Vcc 
A4 
A3 
A2 
A1 
AO 
NC 
D04 
D03 
D02 
D01 
WE 

A7 

A3 
AS 
A9 

A2 A10 
A11 

A1 A12 

AO 
A13 
CE 

DQ4 
NC 
Vss 

DQ3 
DQ2 
DQ1 
WE 

22L1LCC 
(ECE) 

~~g~ 
2 1112221 

1-1 20 A3 
19 A2 
18 A1 
17 AO 
16 DQ4 
15 DQ3 
14 DQ2 

10111213 

IW UlIW ,.... OUl3: 0 > 0 

Micron Technology, Inc. reserves the right to change products or specifications without notice. 
TM Trademark of Micron Technology, Inc. 



I'IIICF=lON MT5C6404 

FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

! ! 
A11 -

DQ4 - A3 -

~ A10 -
a: 

.....I UJ 

~ 0 0 
0 a: 

Ag - () 65,536 - BIT I-
CJ) UJ MEMORY ARRAY 

z 
0 0 . DQ1 

~ ~ 
() 

As - 0 0 ~ s: a: 
A7 - CE 

Ae - (LSB) 

WE 

COLUMN DECODER 
(LSB) POWER 

t t t t t t t 
DOWN 

A2 A1 A12 A13 A4 Ao A5 

TRUTH TABLE 

MODE "CE" WE DQ POWER 

STANDBY H X HIGHZ STANDBY 

READ L H Q ACTIVE 

WRITE L L DIN ACTIVE 
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I'IIIC:RCN MT5C6404 

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 Watt 
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 -0.5 0.8 V 1,2 

Input Leakage Current OV:S; VIN:S; Vee ILl "5 5 !LA 
Output Leakage Current Output(s) Disabled, ILo -5 5 ~A 

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., lec 140 130 120 110 100 100 rnA 3 
Current: Operating Outputs Open 

CE ~ VIH, Vee = Max IS81 60 50 30 30 30 30 rnA 

Power Supply CE ~ Vee - 0.2, Vee = Max. 
Current: Standby VIL :s; VS5 + 0.2, 1582 5 5 5 5 5 5 rnA 

VIH ~ Vee - 0.2, 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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I"IIC:F=lON MTSC6404 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (oOe ::;; T A ::;; 70oe, 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 12 15 20 25 30 35 ns 

Output hold from access change tOH 3 3 3 3 3 3 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 10 10 15 15 20 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 15 15 20 25 25 ns 

Address set-up 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 'wp 10 12 15 20 25 25 ns 

Data set-up time tDS 10 10 10 10 15 17 ns 

Data hold time tDH 0 0 0 0 0 0 ns 

Write disable to output in low Z tLZWE 0 0 0 0 0 0 ns 

Write enable to output in high Z tHZWE 0 10 0 10 0 12 0 15 0 15 0 15 ns 6 
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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 < 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. tHZCE and tHZWE are specified with CL = SpF as 

in Fig. 2. Transition is measured ± sOOrn V from 
steady state voltage. 

+5V --r-d 480 

Q", ~"" 
Fig. 1 OUTPUT LOAD 

EQUIVALENT 

+5V --r-d 480 

",.. ~'" 
Fig. 2 OUTPUT LOAD 

EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

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. 

DATA . RETENTION ELECTRICAL CHAR4CTERISTICS (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 -
cr ~ (Vee - 0.2Vl1Vee=2v leeoR 95 500 
VIN ~ (Vee - 0.2V)j 

or ::; 0.2V Vee=3v 3S0 7S0 

ICDR 0 -
IR IRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4.5V 

ICDR 
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4.5V 

~ DON'T CARE 

~ UNDEFINED 

UNIT NOTES 

V 
!LA 

!LA 

ns 4 
ns 4,11 



I'IIIC: 1=1 ON MT5C6404 

READ CYCLE NO.1 (NOTES 8, 9) 

ADDR VALID ~ 
tAA 

tOH 

Q PREVIOUS DATA VALID ~ DATA VALID 

READ CYCLE NO.2 (NOTES 7,8,10) 

Q -- HIGHZ--------lX.x~ DATA VALID 

Vee I. IpU .~r-------I-. _IPD_"L SUPPLY ICC-
_ _______ 50% 50% CURRENT IS8 - _ 
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~ UNDEFINED 



I'IIIC::F=lON MTSC6404 

-
ADDR 
~ 

I 

t'111111111 d 
lAS J 

I 

'I///J.I 

D 

Q 

ADDR 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

IWC 

lAW 

lew IAH 

VI I I I I I I I /II I!III/IIIIIi, 
IWp 

I IDS 

V DATA VALID 
'\ 

IHZWE 1 

,I 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

Iwe 

lew 

IWp 

HIGHZ 

IOH I 
-.,J 
f 

ILZWE 

IDS IDH 

.1 

I 

D DATA VALID 
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~ DON'T CARE 

~ UNDEFINED 
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I'IIIC:RON MT5C6405 

SRAM 

FEATURES 
• High speed: 12, 15,20, 25, 30 and 35ns 
• High performance, low power, CMOS double metal 

process 
• Single +5V (±1O%) power suPI?!L 
• 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(300mil) DJ 
Ceramic LCC EC 

• Two Volt Data Retention L 

GENERAL DESCRIPTION 
The Micron SRAM family employs high speed, low 

power CMOS designs using a 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

For flexibility in high ~eed 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. 
Writi~o these devices is accomplished when write 

enable (WE) and C~uts 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. 7/89 4-67 

16K x 4 SRAM 
WITH OUTPUT ENABLE 

PIN ASSIGNMENT (Top View) 

24U300 DIP 24L/300 SOJ 
(PG, CG) (DJ8) 

AS Vee AS Vee A6 A4 

A6 A4 A7 A3 
AS A2 

A7 A3 A9 A1 

A8 A2 A1D AD 
A11 NC 

A9 A1 A12 004 
A13 003 

A1D AD CE 002 
OE 001 

A11 NC Vss WE 

A12 DQ4 
A13 DQ3 
CE OQ2 
OE DQ1 
Vss WE 

28ULCC 
(ECF) 

LOuu8u 
<zz>z 

3 2 '1,2827 
A6 4 I~ 26 NC 
A7 5 25 A4 
A8 6 A3 
A9 7 A2 

A10 8 A1 
A11 9 21 AO 
A12 10 D04 
A13 11 D03 
CE 12 D02 

1314151617 

IW IIlUIW ~ 
O~Z3:g 

Micron Technology, Inc. reserves the right to change products or specifications without notiCe. 
TM Trademark. of Micron Technology, Inc. 
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I'IIIC:I=ION MT5C6405 

FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

! ! 
A10 A11 ---+-

DQ4 - A4 A3 ---+-

~ Ag A10 ---+- a: 
.....J w 

0 0 

~ 0 a: 
As Ag ---+- 0 65,536 - BIT I-

w MEMORY ARRAY 
z 

CJ) 0 0 . 
DQ1 0 

~ A7 As ---+- 3: 0 0 ::::: a: 
:s:: A6 A7 ---+-

CE 

A5 A6 ---+-

(LSB) 
DE 

WE 

COLUMN DECODER 
(LSB) POWER 

t t t t t t t 
DOWN 

DIP/SOJ A2 A1 A 12 A13 A4 AO A5 

Lee A3 A2 A11 A13 A 12 A1 Ao 

TRUTH TABLE 

MODE 'DE" 'CE WE DQ POWER 

STANDBY X H X HIGHZ STANDBY 

READ L L H Q ACTIVE 

READ H L H HIGHZ ACTIVE 

WRITE X L L D ACTIVE 
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I'IIIC::I=ION MT5C6405 

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 +lS0°C 
Power Dissipation ........................................................ 1 Watt 
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 
(OOe ::;; T A::;; 70oe, 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 S; VIN S; Vee ILl -5 5 I1A 

Output Leakage Current Output(s) Disabled, ILo -5 5 I1A 
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., Icc 140 130 120 110 100 100 rnA 3 
Current: Operating Outputs Open 

CE ~ VIH, Vee = Max IS61 60 50 30 30 30 30 rnA 

Power SUpply CE ~ Vee - 0.2, Vee = Max. 
Current: Standby VIL s; Vss + 0.2, IS62 5 5 5 5 5 5 rnA 

VIH ~ Vee - 0.2, f = 0 

CAPACITANCE < 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C, f = 1MHz CI 7 ):iF 4 

Output Capacitance Vce = 5V Co 7 pF 4 
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I'IIIC:RON MT5C6405 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (ODe ~ T A ~ 70De, 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 12 15 20 25 30 35 ns 

Output hold from access change tOH 3 3 3 3 3 3 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 5 5 ns 

Chip disable to output in high Z 
tHZCE 10 10 15 15 20 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 8 8 10 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 10 10 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 tcw 10 12 15 20 25 25 ns 

Address valid to end of write tAW 12 15 15 20 25 25 ns 

Address set-up 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 set-up time 
tDS 10 10 10 10 15 15 ns 

Data hold time tDH 0 0 0 0 0 0 ns 

Write disable to output in low Z 
tLZWE 0 0 0 0 0 0 ns 

Write enable to output in high Z tHZWE 0 10 0 10 0 12 0 15 0 15 0 15 ns 6 
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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.SY 

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. tHZCE, tHZWE and tHZOE are specified with CL 

= SpF as in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 

+5V 

~480 
"", ~ ,"p' 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 

"", ~'" 
Fig. 2 OUTPUT LOAD 

EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

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. 

DATA RETENTION ELECTRICAL CHARACTERISTICS(L Version Only) 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX 
Vec for Retention Data VOR 2 -
Data Retention Current CE ~ (Vce - o.2Vll Vec=2v lecoR 9S SOO 

VIN ~ (Vcc - 0.2V 
or::;; 0.2V 'I Vec=3v 3S0 750 

Chip Deselect to Data 
Retention Time ICDR 0 -
Operation Recovery Time IR IRC 

LOW Vee DATA RETENTION WAVEFORM 

Vee 
-------..1 4.5V 

!cDR 

DATA RETENTION MODE 
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4.5V 

~ DON'T CARE 

~ UNDEFINED 

UNIT NOTES 

V 

IlA 

IlA 

ns 4 
ns 4,11 
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ADDR 

o 

DO 

Icc 

READ CYCLE NO.1 (NOTES 8, 9) 

VALID 

IAA 

IOH 

n:A1r7t. 

PREVIOUS DATA VALID ~ DATA VALID 

READ CYCLE NO. 2 (NOTES 7, 8,10) 

IAOE 

ILZOE I 

Y 
lACE I 
ILZCE 

-- HIGHZ ~ DATA VALID 
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IHZCE 

I- tpD L 
~ DON'T CARE 
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AOOR ----" 
-----1 

1 

I////~ 'l'//d 
lAS _ f 

1 
V///j) 

o 

Q 

AOOR 

o 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

Iwe 

lAW 

lew 

IWp 

I lOS 

IAH 

V I I I I I I I I I IIIIIIIIIIII/!' 

IOH J 
~ ~ DATA VALID 
'\ I' 

IHZWE _I 

, I 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

'we 

lew 

lOS 

ILZWE J 
I 

HIGHZ 

a ~f----HIGHZ----

4-73 

~ DON'T CARE 

~ UNDEFINED 



I'IIIC:RON MT5C6405 

4-74 



I"IIC::I=ION MT5C6406/7 

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 
• MT5C6406 - output tracks input during WRITE 
• MT5C6407 - 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) 
Ceramic LCC 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-12 
-15 
-20 
-25 
-30 
-35 

None 
C 
OJ 
EC 

L 

The Micron SRAM family employs high speed, low 
power CMOS designs using a 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

For flexibility in high~eed 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. The x 4 configu
ration features separate data input and output. 

Writing to these devices is accomplished when write 
enable (WE) and C~uts 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. 

MT5C6406/7 
REV, 7/89 4-75 

16K x 4 SRAM 
WITH SEPARATE INPUTS AND OUTPUTS 

PIN ASSIGNMENT (Top View) 

28L1300 DIP 28L1300 SOJ 
(DJC) 

A5 
A6 
A7 
A8 
A9 

A10 
A11 
A12 
A13 

01 
02 

CE1 
OE 

Vss 

(PJ, CI) 

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 

A8 
A9 

A10 
A11 
A12 
A13 

01 
02 

CE1 

Vee 
A4 
A3 
A2 
A1 
AO 
04 
03 
04 
03 
02 
01 
WE 
CE2 

A5 
A6 
A7 
A8 
A9 

A10 
A11 
A12 
A13 

D1 
02 

CE1 
OE 
Vss 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

28L1LCC 
(ECF) 

r--.<OL{)g~ «««>« 
3 2 '1,2827 

'-1 26 
25 
24 
23 
22 
21 
20 
19 
18 

1314151617 

IW UlI"'IW ~ O~~~O 

A3 
AA2 
A1 
AO 
04 
03 
04 
03 
02 

28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 

Vee 
A4 
A3 
A2 
A1 
AO 
D4 
03 
04 
03 
02 
01 
WE 
CE2 

Micron Technology, Inc. reserves the right to change products or specifications without nolice. 
TM Trademark of Micron Technology, Inc. 
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I'IIIC: 1=1 ON MT5C6406/7 

A 12 ---... 

A2 ---... 
II: 

All ---... 
W 
CI 
0 

A 10 ---... 0 
w 
CI 

Ag ---... 3: 
0 

As ---... II: 

A7 ---... (LSB) 

FUNCTIONAL BLOCK DIAGRAM 

Vcc GNO 

65,536 - BIT 
MEMORY ARRAY 

COLUMN DECODER 

t t t t t t t 

TRUTH TABLE 

MODE ~1 ~2 

STANDBY H X 

STANDBY X H 

READ L L 

READ L L 

WRITE.(1) L L 

WRITE (2) L L 

WRITE (2) L L 
NOTES: 1. MT5C6407 ONLY 

2. MT5C6406 ONLY 

OE" WE 

X X 

X X 

L H 

H H 

X L 

L L 

H L 

4-76 

...J 
0 
II: 
I-z 
0 
0 
0 :::::: 

POWER 1-+--I<lI 
DOWN 

MT5C6407 

MT5C6406 

OUTPUTS POWER 

HIGHZ STANDBY 

HIGHZ STANDBY 

Q ACTIVE 

HIGHZ ACTIVE 

HIGHZ ACTIVE 

D ACTIVE 

HIGHZ ACTIVE 

04 

01 

04 

01 



I'4IC::RON MT5C6406/7 

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 Watt 
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 
(OOe :s; T A :s; 70oe, 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 -0.5 0.8 V 1,2 

Input Leakage Current OV::; VIN::; Vee ILl -5 5 JlA 

Output Leakage Current Output(s) Disabled, ILa -5 5 JlA 
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 -3~ -35 UNITS NOTES 

Power Supply CE ::; VIL, Vee = Max., lee 140 130 120 110 100 100 rnA 3 
Current: Operating Outputs Open 

IT ~ VIH, Vee = Max IS81 60 50 30 30 30 30 rnA 

Power Supply CE ~ Vee - 0.2, Vee = Max. 
Current: Standby VIL ::; Vss + 0.2, IS82 5 5 5 5 5 5 rnA 

VIH ~ Vee - 0.2, 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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I'IIIC:I=ION MT5C6406/7 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (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 12 15 20 25 30 35 ns 

Output hold from access change tOH 3 3 3 3 3 3 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 10 10 15 15 20 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 8 8 10 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 10 10 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 tcw 10 12 15 20 25 25 ns 

Address valid to end of write tAW 12 15 15 20 25 25 ns 

Address set-up 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 set-up time tDS 10 10 10 10 15 15 ns 

Data hold time tDH 0 0 0 0 0 0 ns 

Write disable to output in low Z ILZWE 0 0 0 0 0 0 ns 

Write enable to output in high Z tHZWE 0 10 0 10 0 12 0 15 0 15 0 15 ns 6 

Write enable to output valid tAWE 12 15 20 25 30 35 ns 

Dala 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 ....................................... 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. 
S. 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 = 

SpF as in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 

+5V --r-J 480 

0", ~ 00" 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V --r-J 480 

0", ~'" 
Fig. 2 OUTPUT LOAD 

EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

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. 

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 
VOR 2 -

"CE 2: (Vee - 0.2V11 Vee=2v leeoR 9S SOO 
VJN 2: (Vee - 0.2V) I 

or $ 0.2V Vee=3v 3S0 750 

ICDR 0 -
IR IRC 

LOW Vee DATA RETENTION WAVEFORM 
DATA RETENTION MODE 

4.5V 

!cDR 
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UNIT NOTES 
V 
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ADDR 

o 

DO 

Icc 

READ CYCLE NO.1 (NOTES 8, 9) 

VALID 

lAA 

IOH 

IJJnnnI. 
PREVIOUS DATA VALID ~ DATA VALID 

READ CYCLE NO.2 (NOTES 7,8,10) 

IAOE 

ILZOE 

tACE I 
tLZCE 

~ HIGHZ DATA VALID 

I IpU 

; 

tHZOE 

IHZCE 

\ 
/ 

I. IpO L 
~ DON'T CARE 

~ UNDEFINED 
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ADDR 

CE 

D 

Q 

ADDR 

CE 

D 

-----, 
------1 

I 

IIIII/; 1j111A 
tAS J 

I 

Vllih 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twc 

tAW 

tcw 

twp 

tDS 

DATA VALID 

IADV 
I~ 

tHZWE 

tAH 

V I I I I I I I I I I IIIIIIIIIII/; 

tDH J 
,I 

tLZWE 

DATA VALID 

~ 

----.J 

tAS 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

twc 

tAW 

ICW , 
IWp 

'I I I I I I I I I IIIIIIIIIIIIIIIIIII/; 
IDS 

DATA VALID 

tAH 

r; I I I I I I I I I II IIIIIIIII/; 
tDH 

t 
tADV 

tAWE 

Q ~---D-AT-A-VA-lID---
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I'IIIC:RON MT5C2568 

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 TIL compatible 

OPTIONS 
• Timing 

20ns access 
25ns access 
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 

GENERAL DESCRIPTION 

MARKING 

-20 
-25 
-30 
-35 
-45 

None 
W 
C 

CW 
DJ 
EC 

ECW 

L 

The Micron SRAM family employs high speed, low 
power CMOS designs using a 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

For flexibility in high ~eed 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 C~utsare 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. 

MT5C2568 
REV. 7189 4-83 

32Kx8SRAM 

PIN ASSIGNMENT (Top View) 

28L1300/600 DIP 28L1300 SOJ 
(PJ, PK, CI, CK) (OJC) 

A14 1 '--'28 Vee A14 1 28 Vee 

A12 2 27 WE 

A12 2 27 WE A7 3 26 A13 

A7 [ 3 26 A13 A6 4 25 A8 

A5 5 24 A9 

A6 [ 4 25 P A8 A4 6 23 A11 

A5 [ 5 24 P A9 
A3 7 22 OE 
A2 [ 8 21 A10 

A4[ 6 23 P A11 A1 [ 9 20 CE 

A3 [ P DE 
AO [ 10 19 D08 

7 22 D01 [ 11 18 DOl 

A2 [ 8 21 P A10 D02[ 12 17 D06 

A1 [ P CE 
D03[ 13 16 DQ5 

9 20 Vss [ 14 15 D04 

AO 10 19 P 008 
001 11 18 P 007 
002 12 17 P 006 
003 13 16 005 
Vss 14 15 004 

32L1LCC 
(ECH) 

28L1LCC 
~ ~ ~ ~ ~I~ ~ (ECF) 
4 3 2 ",323'30 

C\I v UILU A6 5 
,~ 

29 A8 
r--~~o;;: «<> A5 6 28 A9 

32'1,2827 
A4 7 27 A11 

A6 4 ' ~ A13 
A3 8 26 NC 

26 A2 9 25 DE 
A5 5 25 AS AI 10 24 A10 
A4 6 24 A9 AD 11 23 CE 
A3 7 23 A11 NC 12 22 D08 
A2 8 22 OE DOl 13 21 D07 
A1 9 21 A10 14151617181920 
AO 10 20 CE 

g§~~ggg D01 11 19 D08 
D02 12 18 D07 

1314151617 

MOO"'d"LOCO 

g~ggg 

Micron Technology, Inc. reserves the right to change products or specifications without notice 
TM Trademark of Micron Technology, Inc. 



1'111 c:: 1=10 N MT5C2568 

FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

~ ~ 
A11 ---. 

Ag ---. DQ8 .. 
~ 

A 10 ---. a: 
UJ ....J 
Cl 0 

AO ---. 0 a: 
() 262,144 - BIT I-

en Z UJ MEMORY ARRAY 0 Cl . DQ1 

~ 
As ---. 

~ 
() 

0 0 ::::: a: 
As ---. 

CE 
A7 ---. 

A 12 ---. (LSB) 
OE 

WE 

COLUMN DECODER 
(LSB) POWER 

t t t t t t t 
DOWN 

A1 A2 A3 A4 A14 A13 As 

TRUTH TABLE 

MODE tiE 'CE' M DQ POWER 

STANDBY X H X HIGHZ STANDBY 

READ L L H Q ACTIVE 

READ H L H HIGHZ ACTIVE 

WRITE X L L D ACTIVE 
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I'IIIC::I=ION MT5C2568 

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 Watt 
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 
(OOe ::;; T A ::;; 70oe, 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 -O.S 0.8 V 1,2 

Input Leakage Current OV :5 VIN :5 Vee ILl -S S !lA 
Output Leakage Current Output(s) Disabled, ILo -S S !lA 

OV :5 VOUT :5 Vec 

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 :5 VIL, Vee = Max., Icc 100 rnA 3 

Current: Operating Outputs Open 

CE ;:: VIH, Vee = Max. IS61 30 rnA 

Power Supply CE ;:: Vee - 0.2, Vee = Max. 
Current: Standby VIL :5 Vss + 0.2, IS62 7 rnA 

VIH ;:: Vee - 0.2, f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 2SoC, f = 1 MHz CI 8 pF 4 

Output Capacitance Vee = SV Co 8 pF 4 
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I'IIICRCN MTSC2568 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (oOe :5: T A :5: 70oe, 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 
tRC 20 25 30 35 45 ns 

Address access time tAA 20 25 30 35 45 ns 

Chip enable access time tACE 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 tLZCE 5 5 5 5 5 ns 

Chip disable to output in high Z 
tHZCE 15 15 20 20 20 ns 6, 7 

Chip enable to power up time tpu 0 0 0 0 0 ns 

Chip disable to power down time tpD 20 25 30 35 45 ns 

Output Enable Access Time tAOE 10 10 15 20 20 ns 

Output Enable to output in low Z tLZOE 0 0 0 0 0 ns 

Output disable to out put in high Z tHZOE 10 10 15 20 20 ns 

WRITE Cycle 

WRITE cycle time twc 20 25 30 35 45 ns 

Chip enable to end of write tcw 15 20 25 25 30 ns 

Address Valid to end of write tAW 15 20 25 25 30 ns 

Address set-up time tAS 0 0 0 0 0 ns 

Address hold from end of write tAH 0 0 0 0 0 ns 

Write pulse width twp 15 20 25 25 30 ns 

Data set-up time tDS 10 12 15 15 20 ns 

Data hold time tDH 0 0 0 0 0 ns 

Write disable to output in low Z 
tLZWE 0 0 0 0 0 ns 

Write enable to output in high Z tHZWE 0 12 0 15 0 15 0 15 0 20 ns 6 
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IVIICI=ION MT5C2568 

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. tHZCE, tHZOE and tHZWE are specified with CL = 

SpF asin Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 

+5V 

~480 
a", ~ "''' 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 
a", ~'" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

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. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX 

Vee for Retention Data VOR 2 -
Data Retention Current CE::?: (Vee - 0.2V~ I Vee=2v leeoR 9S SOO 

VIN ::?: (Vee - 0.2V, I 
or ~ 0.2V Vee=3v 3S0 750 

, Chip Deselect to Data 
Retention Time !cDR 0 -
Operation Recovery Time IR IRC 

LOW Vee DATA RETENTION WAVEFORM 
DATA RETENTION MODE 

Vee 
4.5V 4.5V 

!cDR 

- V1H- "TTTT7mr----.. VDR CE vIL- '--____ ...::..;.;c _____ J 
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fUl1C:I=ION MT5C2568 

ADDR 

o 

OE 

DO 

Icc 

READ CYCLE NO.1 (NOTES 8, 9) 

VALID 

IAA 

IOH 

PREVIOUS DATA VALID ~ DATA VALID 
uu..u 

READ CYCLE NO.2 (NOTES 7, 8, 10) 

1\ 
tAOE 

ILZOE 

\ II 
'\ I 

lACE I 
ILZCE 

~II HIGHZ DATA VALID NQQQY'r\. 
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I'IIICI=ION MT5C2568 

AD DR 

D 

Q 

AOOR 

o 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

Iwe 

lew 

twp 

IDS IDH 

DATA VALID 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

Iwe 

lew 

IWp 

lOS 

Q ~---HIGHZ--'----
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I'IIIC:F=lON MT5C6401 

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 
Ceramic LCC EC 

• Two Volt Data Retention L 

GENERAL DESCRIPTION 
The Micron SRAM family employs high speed, low 

power CMOS designs using a 4-transistor memory cell. 
They are fabric\lted using double layer metal, double layer 
polysilicon technology. 

For flexibility in high ~eed 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. The x 1 configu
ration features separate data input and output. 
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. 

MT5C6401 
REV.71B9 4-91 

64Kx 1 SRAM 

PIN ASSIGNMENT (Top View) 

22L/300 DIP 24L/300 SOJ 

AD 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
Q 

WE 
Vss 

(PF, CI) (DJ8) 

Vee AO Vee 
Al A15 

A15 A2 3 A14 

A14 A3 4 A13 
A4 A12 

A13 A5 NC 
NC All 

A12 A6 Al0 

A11 A7 A9 
Q AS 

A1D WE D 
Vss CE 

A9 
A8 
D 
CE 

22L/LCC 
(ECE) 

Oil) 
,....00,.... 
<C<C><C 

2 1112221 
A2 3 I...J 20 A14 
A3 4 19 A13 
A4 5 18 A12 
A5 6 17 A11 
A6 7 16 A10 
A7 8 15 A9 
Q 9 14 A8 

10111213 

IW llljw 0 
3:>() 

Micron Tecflnology.lnc. reserves tile right 10 change products or specifications without notice. 
1M Trademark of Micron Technology, Inc. 
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fUl1CI=ICN MT5C6401 

FUNCTIONAL BLOCK DIAGRAM 

Vcc GND 

! ! 
A6 -+ - A14 -+ 0: 

...J 0 

~ 
W 

A5 -+ 0 0 
0 0: 

~ 
A4 () 65,536 - BIT I-

-+ w MEMORY ARRAY 
z Q 

0 0 

en A3 -+ 3: 
() 

0 

i 
A2 0 ~ 

-+ 0: CE 

A1 -+ 

(LSB) 

WE 

COLUMN DECODER 
(LSB) POWER 

t t t t t t t t t DOWN 

A13 A 12 A7 A10 Ag AS A 15 A11 AO 

TRUTH TABLE 

MODE a- WE" DQ POWER 

STANDBY H X HIGHZ STANDBY 

READ L H Q ACTIVE 

WRITE L L HIGHZ ACTIVE 
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I'IIIC:I=ION MT5C6401 

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 Watt 
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 ::;; 70oe, 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 (Logie 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV S; VIN s; Vee ILl -5 5 /LA 

Output Leakage Current Output(s) Disabled, ILo -5 5 IJA 
OV S; VOUT S; Vee 

Output High Voltage 10H = -4.0rnA VOH 2.4 V 1 

Output Low Voltage 10L = 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., Icc 140 130 120 110 100 100 rnA 3 
Current: Operating Outputs Open 

CE ~ VIH, Vee = Max 1581 60 50 30 30 30 30 rnA 

Power Supply CE ~ Vee - 0.2, Vee = Max. 
Current: Standby VIL S; Vss + 0.2, IS82 5 5 5 5 5 5 rnA 

VIH'~ Vee - 0.2, f = 0 

. CAPACITANCE 

DESCRIPTION COND.ITIONS SYMBOL MIN MAX UNITS· NOTES 

Input Capacitance TA '" 25°0, f '" 1MHz CI. 7 pF A 
Output Capacitance Vee = 5V Co 7 pF 4 
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iVl1C:RON MTSC6401 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (oOe $; T A $; 70oe, 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 12 15 20 25 30 35 ns 

Output hold from access change tOH 3 3 3 3 3 3 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 10 10 15 15 20 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 15 15 20 25 25 ns 

Address set-up 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 set-up time tDS 10 10 10 10 15 17 ns 

Data hold time tDH 0 0 0 0 0 0 ns 

Write disable to output in low Z tLZWE 0 0 0 0 0 0 ns 

Write enable to output in high Z tHZWE 0 10 0 10 0 12 0 15 0 15 0 15 ns 6 
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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. tHZCE and tHZWE are specified with CL = SpF as in 

Fig. 2. Transition is measured ± SOOm V from steady 
state voltage. 

+5V 

~480 
0", ~"""' 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 
0,,, ~'" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than T LZCE. 

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. 

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 9S SOO 
VIN ;:: (Vee - 0.2V) I 

or ~ 0.2V Vee=3v 3S0 7S0 

ICDR 0 -
IR IRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4.5V 

ICDR 
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I"IICI=ION MT5C6401 

READ CYCLE NO.1 (NOTES 8, 9) 

ADDR VALID 

tM 

tOH 

~ PREVIOUS DATA VALID DATA VALID 
"UUU./ 

Q 

READ CYCLE NO.2 (NOTES 7, 8,10) 

tACE 

tLZCE _I 
tHZCE 

Q 
~V -- HIGHZ DATA VALID \ 
NQQUV / 

I_ tpu I tpD 

Vee -- "}-----"L SUPPLY ICC-
ISB _ ______ ---1 50% 50% 

CURRENT - -
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AOOR 

WE 

o 

a 

AOOR 

o 

~ 
-----1 

I. 
I 

Wlffi'IIIffi'A 
lAS J 

I 

VIII~ 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

Iwe 

lAW 

lew 

IWp 

I lOS 

IAH 

i'. VIII§IIII§llllllllllj 

IOH J 
.1 ~ DATA VALID 

------, 
~ 

lAS _I 

rr' 
IHZWE I 

,I 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

Iwe 

lAW 

lew 

HIGHZ 

'\ 
IWp 

'I I I I I I I I I IIIIIIIIIIII/) 
lOS 

J 
DATA VALID 

IHZWE 

ILZWE J 

~ 

IAH 

'If II IiII!!!!!!!!!!Ii!! 
IOH 

,I, 

QI---- HIGHZ ---
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I'IIIC:F=lON MT5C2564 

SRAM 

FEATURES 
• High speed: 20, 25, 30, 35, and 45ns 
• High performance, low power, CMOS double metal 

process 
• Single +5V (±1O%) power sup~ 
• Easy memory expansion with CE option 
• All inputs and outputs are TTL compatible 

OPTIONS MARKING 
• Timing 

20nsaccess -20 
25nsaccess -25 
30nsaccess -30 
35nsaccess -35 
45nsaccess -45 

• Packages 
Plastic DIP (300 mil) None 
Ceramic DIP (300 mil) C 
Plastic SO] (300 mil) OJ 
CeramicLCC EC 

• Two Volt Data Retention L 

GENERAL DESCRIPTION 
The Micron SRAM family employs high speed, low 

power CMOS designs using a 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

For flexibility in high ~ed 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. 
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. 

fvtT5C2564 
REV. 7189 4-99 

64Kx4SRAM 

PIN ASSIGNMENT (Top View) 

24L1300 DIP 24L1300S0J 
(PG, CG) (DJ8) 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 
CE 
Vss 

AO Vee 
A1 A15 
A2 3 A14 

A14 A3 A13 
A4 A12 

A13 A5 A11 

A12 A6 7 A10 
A7 8 DQ4 

A11 A8 D03 
A9 D02 A10 CE D01 

DQ4 Vss 13 WE 

DQ3 
DQ2 
DQ1 
WE 

28L1LCC 
(ECF) 

~o<.)g<.> 
<C<Cz>z 

3 2 '1,2827 
A2 4 I.J 

26 A15 
A3 5 25 A14 
A4 6 A13 
A5 7 23 A12 
A6 8 A11 
A7 9 A10 
A8 10 DQ4 
A9 11 DQ3 
CE 12 DQ2 

1314151617 
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I'IIIC:I=ION MT5C2564 

TRUTH TABLE 

MODE CE WE DQ POWER 

STANDBY H X HIGHZ 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 +l50°C 
Storage Temperature (Plastic) ................... -SSoC to +l50°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ...................................... SOmA 

"Stresses greater than those listed under" Absolute Maxi
mumRatings" 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, VCC = 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::;; Vee ILl -5 5 ~ 

Output Leakage Current Output(s) Disabled, ILo -5 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 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Power Supply cr ::;; VIL, Vee = Max., Icc 100 rnA 3 
Current: Operating Outputs Open 

cr ~ VIH, Vee = Max. 1581 30 rnA 

Power Supply cr ~ Vee - 0.2, Vee = Max. 
Current: Standby VIL ::;; Vss + 0.2, ISB2 7 rnA 

VIH ~ Vee - 0.2, f = 0 

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 
(Note 5) (O°C ~ T A ~ 70°C, Vee = 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 tRC 20 25 30 35 45 ns 

Address access time tM 20 25 30 35 45 ns 

Chip enable access time tACE 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 tLZCE 5 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 15 15 20 20 20 ns 6,7 

Chip enable to power up time tpu 0 0 0 0 0 ns 

Chip disable to power down time tpD 20 25 30 35 45 ns 

WRITE Cycle 

WRITE cycle time twc 20 25 30 35 45 ns 

Chip enable to end of wrhe tcw 15 20 25 25 30 ns 

Address valid to end of write tAW 15 20 25 25 30 ns 

Address set-up time tAS 0 0 0 0 0 ns 

Address hold from end of write tAH 0 0 0 0 0 ns 

Write pulse width twp 15 20 25 25 30 ns 

Data set-up time tDS 10 12 15 15 20 ns 

Data hold time tDH 0 0 0 0 0 ns 

Write disable to output in low Z tLZWE 0 0 0 0 0 ns 

Write enable to output in high Z tHZWE 0 15 0 15 0 15 0 15 0 20 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 tHZWE are specified with CL = ?pF as 

in- Fig. 2. Transition is measured ± SOOmV from 
steady state voltage. 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V a...-q: 
Rg. 2 OUTPUT LOAD 

EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

8. M 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. tRG = Read Cycle Time. 

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 
V[}R 2 -

'CE ~ ~vcc - O.2V~ I Vee=2v leeDR 95 500 
VIN ~ Vee - 0.2V 

or ~ 0.2V 'I Vee=3v 350 750 

ICDR 0 -
IR IRC 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

4.5V 

ICDR 
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READ CYCLE NO.1 (NOTES 8, 9) 

ADDR VALID 

tAA 

tOH 

Q PREVIOUS DATA VALID 
I~ 

~ DATA VALID 

READ CYCLE NO.2 (NOTES 7, 8,10) 

tACE 

tLZCE tHZCEJ 

~V ~ -- HIGHZ DATA VALID I'MM , /' a 

I.. tpu I tpD 

Vee .- -~.------.. --L 
SUPPLY ICC-

_ ______ ----' 50% 50% 
CURRENT ISB - _ 
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ADDR 
~ 

--l 

L 

CE ~////////// A 
tAS I 

I 

'1'///;1 

D 

Q 

ADDR 

CE 

D 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twc 

tAW 

tcw 

twp 

I tDS 

tAH 

v///////////@P!!I~ 

tDH I 

l -,J 
DATA VALID 

'\ I' 

tHZWE 1 

.J 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

twc 

ICW 

IDS 

tLZWE _I 

I 
HIGHZ 

Q ~'----HIGHZ----
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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 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 
Ceramic LCC EC 

• Two Volt Data Retention L 

GENERAL DESCRIPTION 
The Micron SRAM family employs high speed, low 

power CMOS designs using a 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

For flexibility in high ~eed 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. 
Writi~o the~evices is accomplished when write 

enable (WE) and C~uts 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. 

MT5C2565 
REV. 7/89 4-107 

64Kx4SRAM 
WITH OUTPUT ENABLE 

PIN ASSIGNMENT (Top View) 

28L/300 DIP 28L/300 SOJ 

NC 
AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
CE 
OE 

Vss 

(PJ, CI) (DJC) 

1 ~28 ~ Vee NC 1 
AO 2 

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 

D A15 A1 

~ A14 
A2 
A3 

A13 A4 
A5 

A12 A6 
A7 A11 A8 

A10 A9 

NC CE 
OE 

NC Vss 

DQ4 
DQ3 
DQ2 
DQ1 
WE 

28ULCC 
(ECF) 

~ou8u ««z>z 
~~~~~ 

3 2 '1,2827 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

A2 [ 4 '-' 26 P A15 
A3 [5 25 P A14 
A4 [ 6 24 P A13 
A5 [ 7 23 P A12 
A6[8 22PAll 
A7 [ 9 21 PAlO 
A8 [ 10 20 P OQ4 
A9[11 19POQ3 
CE [ 12 18 P OQ2 

1314151617 

Iw UlUlw ~ 
o~zs:g 

28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 

Vee 
A15 
A14 
A13 
A12 
A11 
A10 
NC 
NC 
D04 
D03 
D02 
D01 
WE 

Micron Technology, Inc. reserves the right tochange products or specifications without notice. 
1M Trademark of Micron Technology, Inc. 
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FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

! ! 
All -+ 

A1D -+ 
DQ4 -

~ 
A12 -+ a: 

w .....J 

~ 
0 0 

AS -+ 0 a: 
() 262,144 - BIT I-
w Z en 0 MEMORY ARRAY 0 . DQ1 

~ 
A3 -+ s: () 

0 0 ~ a: 
A2 -+ 

CE 

Al -+ 

Ao -+ (LSB) 

OE 
WE 

COLUMN DECODER 
(LSB) POWER 

t t t t t t t t 
DOWN 

A7 A6 A5 A4 Ag A 15 A 14 A 13 

TRUTH TABLE 

MODE ~ "CE" WE DQ POWER 

STANDBY X H X HIGHZ STANDBY 

READ L L H Q ACTIVE 

READ H L H HIGHZ 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 + lS0°C 
Storage Temperature (Plastic) ................... -SSoC to +lS0°C 
Power Dissipation ........................................................ 1 Watt 
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 
(OOe :$ T A :$ 70o e, 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 -0.5 0.8 V 1,2 

Input Leakage Current OV:O; VIN:O; Vee ILl ·5 5 /o-lA 

Output Leakage Current Output(s) Disabled, ILo -5 5 /o-lA 
OV :0; VOUT :0; 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 :0; VIL, Vee = Max., Icc 100 rnA 3 

Current: Operating Outputs Open 

CE ~ VIH, Vee = Max. IS81 30 rnA 

Power Supply IT ~ Vee - 0.2, Vee = Max. 
Current: Standby VIL :0; Vss + 0.2, IS82 7 rnA 

VIH ~ Vee - 0.2, f = 0 

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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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (oOe ~ T A ~ 70oe, 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 tRC 20 25 30 35 45 ns 

Address access time tAA 20 25 30 35 45 ns 

Chip enable access time tACE 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 tUCE 5 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 15 15 20 20 20 ns 6, 7 

Chip enable to power up time tpu 0 0 0 0 0 ns 

Chip disable to power down time tpD 20 25 30 35 45 ns 

Output Enable Access Time tAOE 10 10 15 20 20 ns 

Output Enable to output in low Z tUOE 0 0 0 0 0 ns 

Output disable to out put in high Z tHZOE 10 10 15 20 20 ns 

WRITE Cycle 

WRITE cycle time twc 20 25 30 35 45 ns 

Chip enable to end of write tcw 15 20 25 25 30 ns 

Address Valid to end of write tAW 15 20 25 25 30 ns 

Address set-up time tAS 0 0 0 0 0 ns 

Address hold from end of write tAH 0 0 0 0 0 ns 

Write pulse width twp 15 20 25 25 30 ns 

Data set-up time tDS 10 12 15 15 20 ns 

Data hold time tDH 0 0 0 0 a ns 

Write disable to output in low Z tLZWE 0 0 0 0 0 ns 

Write enable to output in high Z tHZWE 0 12 0 15 0 15 0 15 0 20 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, tHZOE and tHZWE are specified with CL = 

SpF as in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 

+5V ---r-d 480 

Q", ~ M" 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V ---r-d 480 

Q", ~'" 
Fig. 2 OUTPUT LOAD 

EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. ' 

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. 

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 - 0.2V) I Vcc=2v lecoR 95 500 
VIN ;:: (Vee - 0.2V) I 

or ~ 0.2V Vee=3v 350 750 

ICDR 0 -
IR IRC 

LOW Vee DATA RETENTION WAVEFORM 
DATA RETENTION MODE 

4.5V 

ICDR 
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READ CYCLE NO.1 (NOTES 8, 9) 

ADDR VALID 

IAA 

IOH 

o PREVIOUS DATA VALID ~ DATA VALID 

READ CYCLE NO.2 (NOTES 7,8,10) 

CE 

IAOE 

~ 
IHZOE 

Y 
lACE J 

I t .. ___ 

I ILZCE I I 1 .. 'HLIJt:1 
DO -- HIGH :------.-,-~---D-A-TA-V-A-LlD----'---~r---

I. IpU j~----I. _IP_D L 
Icc 
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~ 
ADDR 

----./ 

I 

CE I!///~ 'l'//d 
tAS -' 

I 

V///j 

D 

Q 

ADDR 

CE 

D 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twc 

tAW 

tcw 

twp 

l tDS 

tAH 

V///////////ij///L"//& 

tDH J 
J; -l DATA VALID 
'\ .J' 

tHZWE -' 
~ 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

IWC 

lew 

IDS 

tLZWE J 
I 

HIGHZ 

Q ~---HIGHZ----
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fVl1C:RON MT5C1008 

SRAM 

FEATURES 
• High speed: 25, 35 and 45ns 
• Automatic chip enable power down 
• All inputs and outputs are TTL compatibJ,e 
• High performance, low power, CMOS process 
• Singfe +5V (±10%) power supply 
• Low power, ICC (max.) 70mA 

OPTIONS MARKING 
• Timing 

25ns access -25 
35ns access -35 
45ns access -45 

• Packages 
Plastic DIP None 
Ceramic DIP C 

• Two Volt Data Retention L 

GENERAL DESCRIPTION 
The Micron SRAM family employs high speed, low 

power CMOS designs using a 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

For flexibility in high ~ed memory applications, Mi
cron offers chip enable (CE) on all organizations. Output 
enable (OE) is an enhancement available and can place the 
output in a high impedance state for additional flexibility 
in system design. 

WritinJL!o these devices is accomplished when write 
enable (WE) and C~uts are both LOW. Reading is ac
complished when WE remains HIGH and CE goes to 
LOW. OE must also be LOW to read the device. The devices 
offer a reduced power standby mode when disabled. This 
allows system designs for low power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MT5Cl00a 
REV. 7/89 4-115 

128Kx 8 SRAM 

PIN ASSIGNMENT (Top View) 

NC 32 Vee 
A16 31 A15 
A14 30 CE2 
A12 29 WE 

A7 28 A13 
A6 27 A8 
A5 7 26 A9 
A4 8 25 A11 
A3 9 24 OE 
A2 10 23 A10 
A1 11 22 CE1 
AO 12 21 D08 

D01 13 20 D07 
D02 14 19 D06 
D03 15 18 D05 
Vss 16 17 D04 

Micron Technology, Inc. reserves the right to dlange products or specifications without notice. 
TM Trademark of Mia"on Technology, Inc. 

-~ 
~ 
en 

i 



ADVANCE 

I'IIIC:RON MT5C1008 

4-116 



'-

I'IIIC::I=ION MT5C2561 

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 SO] (300 mil) D] 
Ceramic LCC EC 

• Two Volt Data Retention L 

GENERAL DESCRIPTION 
The Micron SRAM family employs high speed, low 

power CMOS designs using a 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

For flexibility in high ~eed 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. The x 1 configu
ration features separate data input and output. 
Writ~o the~devices is accomplished when write 

enable (WE) and C~uts 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. 7/89 4-117 

256Kx 1 SRAM 

PIN ASSIGNMENT (Top View) 

24L/300 DIP 24L/300 SOJ 
(PG, CG) (DJ8) 

AO Vee AO Vee 
Al A17 

A1 A17 A2 A16 

A2 A16 
A3 A15 
A4 A14 

A3 A1S A5 A13 

A4 A14 
A6 A12 
A7 All 

AS A13 A8 Al0 
a A9 

A6 A12 WE D 

A7 A11 
Vss CE 

AS A10 
Q A9 

WE D 
VSS CE 

28L/LCC 
(ECF) 

0 .... 
~~OO~ <C<C><C 

3 2 '1,2827 
NC 

,~ 

26 NC 
A3 25 A16 
A4 24 A15 
A5 23 A14 
A6 22 A13 
A7 21 A12 
A8 20 All 
Q 19 Al0 

NC 18 NC 
1314151617 

I~ ~I~ 0 ~ 

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

vcc GND 

! ! 
A 14 --. 

A 13 --. - A 12 --. 
II: 

--I D W 
Cl 0 

~ AS 0 II: --. u 262,144 - BIT I-
w MEMORY ARRAY 

z a 
~ 

A3 0 --. Cl 
U 

A2 ~ 
~ en --. 0 

II: CE 

~ 
A1 --. 
Ao --. s:: (LSB) 

WE 

COLUMN DECODER 
(LSB) POWER 

t t t t t t t t t t 
DOWN 

A7 A6 A5 A4 A11 A 10 A9 A17 A 16 A 15 

TRUTH TABLE 

MODE 'C'E" WE" OUTPUT POWER 

STANDBY H X HIGHZ STANDBY 

READ L H a ACTIVE 

WRITE L L HIGHZ ACTIVE 

4-118 



I'IIIC:F=lON MT5C2561 

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 Watt 
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 
(OOe :5; T A :5; 70oe, 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 -0.5 0.8 V 1,2 

Input Leakage Current OV:O; VIN:O; Vee ILl -5 5 ~A 

Output Leakage Current Output(s) Disabled, ILo -5 5 ~A 
OV :0; VOUT :0; 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 IT :0; VIL, Vee = Max., Icc 100 rnA 3 
Current: Operating Outputs Open 

CE ~ VIH, Vee = Max. IS81 30 rnA 

Power Supply CE ~ Vee - 0.2, Vee = Max. 
Current: Standby VIL :0; Vss + 0.2, IS82 7 rnA 

VIH ~ Vee - 0.2, f = 0 

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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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (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 tRC 20 25 30 35 45 ns 

Address access time tM 20 25 30 35 45 ns 

Chip enable access time tACE 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 tLZCE 5 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 15 15 20 20 20 ns 6, 7 

Chip enable to power up time tpu 0 0 0 0 0 ns 

Chip disable to power down time tpD 20 25 30 35 45 ns 

WRITE Cycle 

WRITE cycle time WC 20 25 30 35 45 ns 

Chip enable to end of write tcw 15 20 25 30 40 ns 

Address valid to end of write tAW 15 20 25 30 40 ns 

Address set-up time tAS 0 0 0 0 0 ns 

Address hold from end of write tAH 0 0 0 0 0 ns 

Write pulse width WP 15 20 25 15 30 ns 

Data set-up time tDS 10 12 15 17 20 ns 

Data hold time tDH 0 0 0 0 0 ns 

Write disable to output in low Z tLZWE 0 0 0 0 0 ns 

Write enable to output in high Z tHZWE 0 15 0 15 0 15 0 15 0 20 ns 6 
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AC TEST CONDITIONS 
Input pulse levels ................................... Vss to 3.0V 

Input rise and fa" 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. 
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 ± SOOm V from 
steady state voltage. 

+5V 

~480 
Q", ~ ,",p' 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 
Q", ~'" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

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. at Vcc = 2V. 
12. at Vcc = 3V. 
13. tRC = Read Cycle Time. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX 
Vcc for Retention Data VOR 2 -
Data Retention Current ~ ~ ~vcc - 0.2Vll Vcc=2v ICCOR 95 500 

VIN ~ Vcc - 0.2V 
or::; 0.2V 'I Vcc=3v 350 750 

Chip Deselect to Data 
'CDR Retention Time 0 -

Operation Recovery Time 'R 'RC 

LOW Vee DATA RETENTION WAVEFORM 

Vee 
-----,1 4.5V 

'CDR 

DATA RETENTION MODE 

4-121 

4.5V Ir------

~ DON'T CARE 

~ UNDEFINED 

UNIT NOTES 
V 

~ 

].LA 

ns 4 
ns 4,11 



I"IIC:I=ION MT5C2561 

READ CYCLE NO.1 (NOTES 8, 9) 

ADDR VALID 

lAA 

IOH 

~ PREVIOUS DATA VALID DATA VALID 
\..l.A..AI 

a 

READ CYCLE NO.2 (NOTES 7, 8, 10) 

/ 
lACE 

IUCE 

Q -- HIGHZ 

I. IpU .1 

Vee } SUPPLY ICC-
158 _ ______ --' 50% 

CURRENT - . 

J 

6 DATA VALID NQQQ9' 

4-122 

IHZCE 

/ 

I. IpD .. I 

50%L 

~ DON'T CARE 

~ UNDEFINED 



I'IIIC:RON MT5C2561 

AOOR 
~ 

I 

1/////////// A 
lAS .I 

1 
WE W/;0 

o 

Q 

AOOR 

CE 

WE 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twc 

tAW 

tcw tAH 

VlIII// / / IlI!!!!!!!!!!il 
IWp 

I lOS 

,I 

IHZWE J 
.1 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

IWC 

ICW 

IOH 

DATA VALID 

ILZWE 

HIGHZ 

lOS IOH 

I 
.1 

J 
I, 

o DATA VALID 

Q ~f----HIGHZ----

4-123 

~ DON'T CARE 

~ UNDEFINED 
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I'IIIC::I=ICN, MT5C1005 

SRAM 

FEATURES 
• High speed: 25, 35 and 45ns 
• Automatic chip enable power down 
• All inputs and outputs are TTL compatible 
• High performance, low power, CMOS process 
• Single +5V (±1O%) power supply 
• Low power, ICC (max.) 70mA 

OPTIONS 
• Timing 

25ns access 
35ns access 
45ns access 

• Packages 
Plastic DIP 
Ceramic DIP 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-25 
-35 
-45 

None 
C 

L 

The Micron SRAM family employs high speed, low 
power CMOS designs using a 4-transistor memory cell. 
They 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. Output 
enable (OE) is an enhancement available and can place the 
output 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. OE must also be LOW to read the device. The devices 
offer a reduced power standby mode when disabled. This 
allows system designs for low power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 

MT5C1005 
REV. 7/89 4-125 

256Kx4SRAM 
WITH OUTPUT ENABLE 

PIN ASSIGNMENT (Top View) 

28L/DIP 

A7 Vee 
A8 A6 
A9 A5 

A1D A4 
A11 A3 
A12 A2 
A13 A1 
A14 AD 
A15 NC 
A16 DQ4 
A17 DQ3 

-
CE DQ2 
-
DE DQ1 --

Vss WE 

Micron Technology, Inc. reserves the tight to change products or specifications without notice. 
TM Trademark of Micron Technology, Inc 

-~ 
~ 
en 

~ 
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ADVANCE 

I'IIICI=ION MT5C1001 

SRAM 

FEATURES 
• High speed: 25, 35 and 45ns 
• Automatic chip enable power down 
• All inputs and outputs are TIL compatible 
• High performance, low power, CMOS process 
• Single +5V (±10%) power supply 
• Low power, ICC (max.) 70mA 

OPTIONS 
• Timing 

25ns access 
35ns access 
45ns access 

• Packages 
Plastic DIP 
Ceramic DIP 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-25 
-35 
-45 

None 
C 

L 

The Micron SRAM family employs high speed, low 
power CMOS designs using a 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

For flexibility in high ~ed memory applications, Mi
cron offers chip enable (CE) on all organizations. The x 1 
organization features separate data input and output. 
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 devices offer a reduced power standby mode 
when disabled. This allows system designs for low power 
requirements. 

All devices operate from a single +5V power supply and 
'1.11 inputs and outputs are fully TTL compatible. 

mC1001 
~EV. 7/89 4-127 

1MEG X 1 SRAM 

PIN ASSIGNMENT (Top View) 

28L1DIP 

A10 [ 1 '-'28 ~ Vee 
A11 [ 2 27 D A9 
A12 [ 3 26 a A8 
A13 4 25 ] A7 
A14 5 24 ] A6 
A15 6 23 ] A5 
NC 7 22 ] A4 

A16 l 8 21 ] NC 
A17 [ 9 20 ] A3 
A18 [ 10 19 A2 
A19 [ 11 18 A1 

Q[ 12 17 AD 
WEI 13 16 D 

-
Vss [ 14 15 CE 

Micron Technology, Inc. RlS6N8S the right to change products or speclflC8.t1ons w1thout notice. 
TM Trademark of Micron Technology, Inc. 
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SRAM MODULE PRODUCT SELECTION GUIDE 
Memory Optional Package and No. 01 Pins 
Conllgurallon Access Cycle Pari Number Access lime (ns) DIP Process Page C\I 

32K X16 CE &OE MT85C1632 30,35,45ns 40 CMOS 5-3 til 
64K X16 CE &OE MT85C1664 30,35,45ns 40 CMOS 5-11 

128K X 8 CE &OE MT85C8128 30,35,45ns 32 CMOS 5-19 
- ------- L- _______ - -- -- - --- --- - - ------ --- --- .. - - - -- --



I'4ICRON MT85C1632 

SRAM 
MODULE 
FEATURES 
• High speed: 30ns, 35ns and 45ns 
• High performance, low power, CMOS process 
• Single +5V (±10%) power supply 
• Easy memory expansion with CE function 
• Upper and Lower Byte Select 
• All inputs and outputs are TIL compatible 

OPTIONS 
• Timing 

30ns access 
35ns access 
45ns access 

• Packages: 
40-pin DIP (600 mil) 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-30 
-35 
-45 

None 

L 

The MT85C1632 is a high speed SRAM memory module 
containing 32,768 words organized in a x16-bit configura
tion. The Micron DIP style module is manufactured using 
two 32Kx8 fast static RAMs together with a CMOS decoder 
which are mounted on a FR4 printed circuit board. 

The Micron SRAM family employs high speed, low 
power CMOS designs using a 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

Writing to these devices is accomplished when write 
enable (WE) and chip enable (CE) inputs are both LOW. 
Reading is accomplished when WE remains HIGH and 

MT85C1632 
REV. 7/89 5-3 

32Kx 16 SRAM 

PIN ASSIGNMENT (Top View) 

40 PIN DIP 

*A15 1 

CE 2 

0016 3 

0015 4 

0014 5 

0013 6 

0012 7 

0011 8 

0010 9 

009 

OO? 

004 
003 
002 
001 

OE 

(MT) 

WE 

US 
LS 
A14 
A13 
A12 
A11 
A10 

31 A9 

GNO 
A8 
A7 

* Address A 15 must be connected to Vss 

CE goes LOW. LB and UB control the lower and upper byte 
selection. CE can place the output in a high impedance 
state for additional flexibility in system design. Memory 
expansion is accomplished by use of the output enable 
(OE) function. Address bit (A15) should be externally 
grounded for proper operation. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. The L 
option offers a reduced power standby mode when dis
abled. This allows system designs to achieve low standby 
power requirements. 

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

-CJ) 
:xJ 
l> 
s: 
s: o c 
C 
rm 
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I'4IC:RON MT85C1632 

FUNCTIONAL BLOCK DIAGRAM 

AO - 14 

DO 1 - 8 

DO 9 - 16 

WE 

OE 

A15 

CE 

LB 

US 

DFr.ODER 

TRUTH TABLE 

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 

cr 
H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

AO-A14 

OQ9-0Q16 
'-------I WE 

OE CE 

A15=GND 

UB m M WE A15 DQ OPERATION 

X X X X L HIGHZ 

H H X X L HIGHZ 

L L L H L Q (1-16) 

H L L H L Q (1-8) 

L H L H L Q (9-16) 

L L H H L HIGHZ 

H L H H L HIGHZ 

L H H H L HIGHZ 

L L X L L D (1-16) 

H L X L L D (1-8) 

L H X L L D (9-16) 

5-4 

AO-A14 

OQ9-0Q16 
'-------I WE 

OE CE 

POWER 

STANDBY 

STANDBY 

ACTIVE (X16) 

ACTIVE (X8) 

ACTIVE (X8) 

ACTIVE (X16) 

ACTIVE (X8) 

ACTIVE (X8) 

ACTIVE (X16) 

ACTIVE (X8) 

ACTIVE (X8) 



I'IIIC:I=ION MT85C1632 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ............ -l.OV to +7.0V 
Storage Temperature .................................. -SSoC to +1S0°C 
Power Dissipation ........................................................ 1 Watt 
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 
(OOe ::;; T A ::;; 70oe, 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 -O.S O.B V 1,2 

Input Leakage Current OV s; VIN S; Vee ILl -S 10 I1A 

Output Leakage Current Output(s) Disabled, 

OV s; VOUT S; Vee ILo -10 10 !1A 
Output High Voltage IOH = -4.0mA VOH 2.4 V 1 

Output Low Voltage IOL = B.OmA VOL 0.4 V 1 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 
Power Supply CE S; VIL, Vee = Max., 

Current: Operating in x16 Mode Outputs Open leex16 290 mA 3 

Power Supply CE s; VIL, Vee = Max., 

Current: Operating in xB Mode Outputs Open leexB 1BO mA 3 

CE ~ VIH, Vee = Max. ISB1 110 mA 

Power Supply CE ~ Vee - 0.2, Vee = Max. 
Current: Standby VIL s; Vss + 0.2, ISB2 20 mA 

VIH ~ Vee - 0.2, f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 2SoC, f = 1 MHz CI 32 pF 4 

Output Capacitance Vce = SV Co 32 pF 4 

5-5 

-en 
:::D » s: 
s: 
o 
c 
c: 
rm 



-en ::c 
l> 
s: 
s: o c 
C 
r
m 

I'4ICI=ION MT85C1632 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (oOe ~ T A ~ 70oe, Vcc = 5V ± 10%) 

-30 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 30 35 45 ns 

Address access time tAA 30 35 45 ns 

Chip Enable access time tACE 30 35 45 ns 

Output hold from address change tOH 5 5 5 ns 

Chip Enable LOW to output in low Z tLZCE 5 5 5 ns 7 

Chip Enable to output in high Z tHZCE 20 20 25 ns 6, 7 

Chip Enable LOW to power up time tpu 0 0 0 ns 

Chip Enable HIGH to power down time tpD 30 35 45 ns 

Output Enable Access Time tAOE 20 20 25 ns 

Output Enable LOW to output in low Z tLZOE 0 0 0 ns 

Output Enable HIGH to output in high Z tHZOE 20 20 30 ns 

WRITE Cycle 

WRITE cycle time twc 30 35 45 ns 

Chip enable to end of write tcw 25 30 30 ns 

Address Valid to end of write tAW 25 25 30 ns 

Address set-up time tAS 0 0 0 ns 

Address hold from end of write tAH 2 2 2 ns 

Write pulse width twp 25 25 30 ns 

Data set-up time tDS 15 15 18 ns 

Data hold time tDH 0 0 0 ns 

Write Enable LOW to output in low Z tLZWE 0 0 0 ns 

Write Enable HIGH to output in high Z tHZWE 0 20 0 15 0 15 ns 6 

5-6 



IVIIC:I=ION MT85C1632 

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. tHZCE and tHZWE are specified with CL = 5pF as 

in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 

+5V 

~480 
0", ~'"" 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 
"", ~' .. 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

8. WE ~s 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. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION CONDITIONS SYMBOL MIN TVP MAX UNIT NOTES 

Vcc for Retention Data VOR 2 - V 

CE ~ (Vee - 0.2V~ I Vcc=2v ICCOR 0.9 4 mA 
Data Retention Current VIN ~ (Vcc - 0.2V) I 

or S; 0.2V Vcc=3v 1.9 S mA 

Chip Deselect to Data 
Retention Time ICDR 0 - ns 4 
Operation Recovery Time 'R RC ns 4 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

Vee 4.5V 4.5V 

ICDR 

~ DON'T CARE 

5-7 
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I'4IC::RON MT85C1632 

READ CYCLE NO.1 (Notes 8, 9) 

ADDR VALID 

tAA 

tOH 

~ PREVIOUS DATA VALID DATA VALID 
"-u..xu 

Q 

READ CYCLE NO.2 (Notes 7, 8,10) 

f'----l ',e-E -{ 
• 

tLZOE I I tHZOE 

) 
lACE 

ILZCE tHZCE 

I. tpu 

~~cpPLY ICC - _________ --.J"l 50% 
CURRENT ISB - Y 

~ HIGHZ DATA VALID t-- HIGHZ-Mf:Nj , Q 

\. IpO 

L 50% 

~ DON'T CARE 

~ UNDEFINED 

5-8 



1'41C:I=ION MT85C1632 

------AOOR 
~ 

I 

WIIIIIIIII&!. 
lAS J 

I 

V///j 

o 

Q 

AOOR 

o 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

Iwe 

lAW 

lew 

Iwp 

1 lOS 

IAH 

VI I I I I I /1/1111 /l111111/!' 

IOH .1 

~ ~ DATA VALID 
'\ /' 

IHZWE I 
.1 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

Iwe 

lew 

IWp 

lOS 

ILZWE J 
1 

HIGHZ 

a ~r----HIGHZ----

5-9 

~ DON'T CARE 

~ UNDEFINED 
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JUlICRON MT85C1664 

SRAM 
MODULE 
FEATURES 
• High speed: 30ns, 35ns and 45ns 
• High performance, low power, CMOS process 
• Single +5V (±10%) power supE!L 
• Easy memory expansion with CE function 
• Upper and Lower Byte Select 
• All inputs and outputs are TTL compatible 

OPTIONS 
• Timing 

30ns access 
35ns access 
45ns access 

• Packages: 
4O-pin DIP (600 mil) 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-30 
-35 
-45 

None 

L 

The MT85C1664 is a high speed SRAM memory module 
containing 65,536 words organized in a x16-bit configura
tion. The Micron DIP style module is manufactured using 
four 32I<x8 fast static RAMs together with a CMOS decoder 
mounted on a FR4 printed circuit board. 

The Micron SRAM family employs high speed, low 
power CMOS designs using a 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

Wri~ to these devices is accomplished when write 
enable (WE) and chip enable (CE) inputs are both LOW. 
The CMOS decoder is used to interpret the high order 

MT85C'664 
REV. 7189 5-11 

64Kx 16 SRAM 

PIN ASSIGNMENT (Top View) 

40 PIN DIP 
(MS) 

A15 1 

CE 2 

0016 3 

0015 4 

0014 5 

0013 6 

0012 7 

0011 8 3 A11 
0010 9 A10 
0Q9 
GNO 11 

oos 1 

DO? 
006 
005 1 

0Q4 1 

003 1 

002 1 

001 1 

address bit (A15) to select two of the four fast static RAMs. 
LB and UB control the lower and upper byte selection. 
Reading is accomplished when WE remains HIGH and 
CE goes LOW. CE can place the output in a high impedance 
state for additional flexibility in system design. Memory 
~sion is accomplished by use of the output enable 
(OE) function. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. The L 
option offers a reduced power standby mode when dis
abled. This allows system designs to achieve low standby 
power requirements. 

Micron Technology. Inc. reserves the right to change products or specifications without notice. 
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lUll c: 1=1 ON MT85C1664 

FUNCTIONAL BLOCK DIAGRAM 

AD -14 

001-8 

.d .1'~ 
DO 9 -16 

WE 

~ 

J 
~I I !:: 

OE -en 
:c » 

~ AO-A14 ~ AO-A14 AO-A14 AO-A14 

-mt 009-0016 009-0016 001-008 001-008 
WE WE 

-
WE WE s: - - - - - -

DE CE DE CE DE CE DE CE s: 
0 c 
C A15 ----<: 

0-

r- CE 

m LB 
----<: 

----<: 
DECODER 

UB ----<: 

TRUTH TABLE 

MODE CE mJ m ~ WE' DQ OPERATION POWER 

STANDBY H X X X X HIGHZ STANDBY 

STANDBY L H H X X HIGHZ STANDBY 

READ: WORD L L L L H Q (1-16) ACTIVE (X16) 

READ: LOWER BYTE L H L L H Q (1-8) ACTIVE (X8) 

READ: UPPER BYTE L L H L H Q (9-16) ACTIVE (X8) 

READ: WORD L L L H H HIGHZ ACTIVE (X16) 

READ: LOWER BYTE L H L H H HIGHZ ACTIVE (X8) 

READ: UPPER BYTE L L H H H HIGHZ 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) 

5-12 



I'IIII:::I=ION MT85C1664 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to V ss ............ -1.0V to + 7.0V 
Storage Temperature .................................. -SsoC to + 1S0°C 
Power Dissipation ........................................................ 1 Watt 
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 
(OOe ::;; T A ::;; lOoe, Vee = 5.0V ± 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 -O.S O.B V 1,2 

Input Leakage Current OV ~ VIN ~ Vee ILl -S 10 ~A 

Output Leakage Current Output(s) Disabled, 

OV ~ VOUT ~ Vee ILo -10 10 ~ 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = B.OrnA VOL 0.4 V 1 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Power Supply CE ~ VIL, Vee = Max., 

Current: Operating in x16 Mode Outputs Open leex16 290 rnA 3 

Power Supply CE ~ VIL, Vee = Max., 

Current: Operating in xB Mode Outputs Open leexB 1BO rnA 3 

CE ~ VIH, Vee = Max. IS81 110 rnA 

Power Supply CE ~ Vee - 0.2, Vee = Max. 
Current: Standby VIL ~ Vss + 0.2, IS82 20 rnA 

VIH ~ Vee - 0.2, f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input CapaCitance TA = 2SoC, f = 1MHz CI 32 pF 4 

Output Capacitance Vee = SV Co 32 pF 4 

5-13 
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I'IIIC: 1=1 ON MT85C1664 

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 
tRC 30 35 45 ns 

Address access time tAA 30 35 45 ns 

Chip Enable access time 
tACE 30 35 45 ns 

Output hold from address change tOH 5 5 5 ns 

Chip Enable LOW to output in low Z 
tLZCE 5 5 5 ns 7 

Chip Enable to output in high Z 
tHZCE 20 20 25 ns 6, 7 

Chip Enable LOW to power up time tpu 0 0 0 ns 

Chip Enable HIGH to power down time tpD 30 35 45 ns 

Output Enable Access Time 
tAOE 20 20 25 ns 

Output Enable LOW to output in low Z 
tLZOE 0 0 0 ns 

Output Enable HIGH to output in high Z 
tHZOE 20 20 30 ns 

WRITE Cycle 

WHII t: cycle time 
t..._ 

30 VVI.J 35 .,,' ns 

Chip enable to end of write tcw 25 30 30 ns 

Address Valid to end of write tAW 25 25 30 ns 

Address set-up time tAS 0 0 0 ns 

Address hold from end of write tAH 2 2 2 ns 

Write pulse width twp 25 25 30 ns 

Data set-up time 
tDS 15 15 18 ns 

Data hold time tDH 0 0 0 ns 

Write Enable LOW to output in low Z 
tLZWE 0 0 0 ns 

Write Enable HIGH to output in high Z 
tHZWE 0 20 0 15 0 15 ns 6 

5-14 



I'IIIC:I=ION MT85C 1664 

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 = 5pF as 

in Fig. 2. Transition is measured ± 500m V 
from steady state voltage. 

+5V 

~480 
Q", ~'"'. 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~480 

"", ~'" 
Fig. 2 OUTPUT LOAD 

EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

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. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION CONDITIONS SYMBOL MIN TYP MAX UNIT NOTES 
Vcc for Retention Data VOR 2 - V 

CE ~ (Vcc - 0.2V) I Vcc=2v ICCOR 0.9 4 mA 
Data Retention Current VIN ~ (Vcc - 0.2V) I 

or:5 0.2V Vcc=3v 1.9 5 mA 
Chip Deselect to Data 
Retention Time ICDR 0 - ns 4 
Operation Recovery Time IR RC ns 4 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

Vee -------""\1 4.5V 4.5V 1r------

ICDR 

~ DON'T CARE 

5-15 

-en 
:0 » 
3: 

~ c 
C 
r m 



-en 
::D 
l> s: 
s: o 
c 
C 
rm 

tullC:I=ICN MT85C1664 

READ CYCLE NO.1 (Notes 8, 9) 

AD DR VALID 

tAA 

tOH 

JJnnnI. 

Q PREVIOUS DATA VALID ~ DATA VALID 

READ CYCLE NO.2 (Notes 7, 8,10) 

t,--' -1<:-::-1 -",--1.,,0'1 
i y 

lACE 

ILZCE IHZCE 

~ HIGHZ DATA VALID r- HIGHZ-
IY::l:£Ij \ Q I, IpU 

~~~PLY ICC -_________ ---J"l ~O% 
CURRENT ISB - Y 

I, IpD 

-1 
50%,\ 

'-----
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I'4IC:RON MT85C1664 

AD DR 
~ 

I 

ij'lld /l111//; 
lAS J 

I 

Villil 

o 

Q 

AD DR 

o 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

Iwe 

lAW 

lew 

Iwp 

L lOS 

IAH 

WI I I 1111 I /!!!I!!!!!!!iL 

IOH J 

~ ~ DATA VALID 
'\ I' 

IHZWE J 

~I 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

Iwe 

lew 

IWp 

lOS 

ILZWE J 

HIGHZ l 

Q ~r-----HIGHZ----
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I'4ICI=ICN MT85C8128 

SRAM 
MODULE 
FEATURES 
• High speed: 3Ons, 35ns and 45ns 
• High performance, low power, CMOS process 
• Single +5V (±10%) power sup~ 
• Easy memory expansion with IT function 
• All inputs and outputs are TIL compatible 

OPTIONS 
• Timing 

30ns access 
35ns access 
45ns access 

• Packages: 
32-pin DIP (600 mil) 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-30 
-35 
-45 

None 

L 

The MT85C8128 is a high speed SRAM memory module 
containing 131,072 words organized in a x8-bit configura
tion. The Micron DIP style module is manufactured using 
four 32Kx8 fast static RAMs together with a TIL (30ns and 
35ns) or CMOS (45ns) decoder mounted on a FR4 printed 
circuit board. 

The Micron SRAM family employs high speed, low 
power CMOS designs using a 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 
W~ to these devices is accomplished when write 

enable (WE) and chip enable ITinputs are both LOW. The 

MT3SC8128 
REV.7R8 5-19 

128Kx 8 SRAM 

PIN ASSIGNMENT (Top View) 

32 PIN DIP 
(MR) 

NC • Vee 

A1S A15 

Al4 NC 

WE 

Al3 

AS AS 

AS A9 

M All 

6E 

A2 Al0 

Al CE 

AO DO? 

DOO DOS 

DOl DOS 

D02 DQ4 

GND DQ3 

CMOS decoder is used to interpret the higher order ad
dress bits (A15-16) to select one of the four fast static RAMs. 
Reading is accomplished when WI! remains HIGH and 
IT goes LOW. IT can place the output in a high impedance 
state for additional flexibility in system design. Memory 
~nsion is accomplished by use of the output enable 
(Om funtion. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TIL compatible. The L 
option offers a reduced power standby mode when dis
abled. This allows system designs to achieve low standby 
power requirements. 

Micron Technology. Inc. reBerY8IIlhe rigl1tm cha'Ioe products or apecificatiOl'lswilhou1 notice. 
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iUllCRON MT85C8128 

FUNCTIONAL BLOCK DIAGRAM 

I L:J-·.~-: A-O_-A1-4---1H-t 

iJm:mrl: D01-DOS 

001::11 
li?<: AO-A14 

I~kmmcl: DQ1-DOS 
L....--~WE L....-_~ WE L....-_~ WE 

A15 - ~ 

A16 - DECODER 10---------1 

CE --c 

TRUTH TABLE 

MODE 'DE' ~ WE DQ POWER 

STANDBY X H X HIGHZ STANDBY 

READ L L H Q ACTIVE 

READ H L H HIGHZ 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 .................................. -55°C to + 150°C 
Power Dissipation ........................................................ 1 Watt 
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 
(OOe ~ T A ~ lOoe, Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN -30, -35 -45 UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vcc+1 Vcc+1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 0.8 V 1,2 

AO-A14 -10 10 10 !!A 
Input Leakage Current OV ~ VIN ~ Vee ILl 

A15, A16, CE -10 600 10 !!A 

Output Leakage Current Output(s) Disabled, ILo -10 10 10 !!A 
OV ~ VOUT ~ Vee 

Output High Voltage IOH = -4.0mA VOH 2.4 10 V 1 

Output Low Voltage IOL = 8.0mA VOL 0.4 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL MIN -30, "35 -45 UNITS NOTES 

Power Supply CE ~ VIL, Vee = Max., Icc 180 160 mA 3 

Current: Operating Outputs Open 

CE ;:: VIH, Vee = Max. IS81 110 110 mA 

Power Supply CE ;:: Vee - 0.2, Vee = Max. 
Curren\: Standby VIL ~ Vss + 0.2, 1582 40 20 mA 

VIH ;:: Vee - 0.2, f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C, f = 1 MHz CI 32 pF 4 

Output Capacitance Vee = 5V Co 32 pF 4 
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I'4IC:RON MT85C8128 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (O°C :5: T A:5: 70°C, Vcc = 5V ± 10%) 

-30 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 30 35 45 ns 

Address access time tM 30 35 45 ns 

Chip Enable access time tACE 30 35 45 ns 

Output hold from address change tOH 5 5 5 ns 

Chip Enable LOW to output in low Z tLZCE 5 5 5 ns 7 

Chip Enable to output in high Z tHZCE 20 20 25 ns 6, 7 

Chip Enable LOW to power up time tpu 0 0 0 ns 

Chip Enable HIGH to power down time tpD 30 35 45 ns 

Output Enable Access Time tAOE 20 20 25 ns 

Output Enable LOW to output in low Z tLZOE 0 0 0 ns 

Output Enable HIGH to output in high Z tHZOE 20 20 30 ns 

WRITE Cycle 

vVRiTE (;y'ci~ ii'-flt:, t'A',," ~~ 35 45 nv ->V .. ~ 
Chip enable to end of wrhe tcw 25 30 30 ns 

Address Valid to end of write tAW 25 25 30- ns 

Address set-up time tAS 0 0 0 ns 

Address hold from end of write tAH 2 2 2 ns 

Write pulse width twp 25 25 30 ns 

Data set-up time tDS 15 15 18 ns 

Data hold time tDH 0 0 0 ns 

Write Enable LOW to output in low Z tLZWE 0 0 0 ns 

Write Enable HIGH to output in high Z tHZWE 0 20 0 15 0 15 ns 6 

5-22 
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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. tHZCE and tHZWE are specified with CL = 5pF as 

in Fig. 2. Transition is measured ± SOOmV 
from steady state voltage. 

+5V ---r-l480 
",.. ~ "" 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

7. At any given temperature and voltage condition, 
tHZCE is less than tLZCE. 

8. Wl! is I-llGH for READ cyde. 
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. 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

DESCRIPTION 
Vec for Retention Data 
Data Retention Current 

Chip Deselect to Data 
Retention Time 
Operation Recovery Time 

Vee 

CE V,H-
v,L-

CONDITIONS SYMBOL MIN TYP MAX 
VDR 2 -

~ ~ ~vce - 0.2V) I Vec=2v leeDR .9 4 
V,N ~ Vee - 0.2V) 

or ~ 0.2V 'I Vec=3v 1.9 S 

ICDR 0 -
IR IRC 

LOW Vee DATA RETENTION WAVEFORM 
DATA RETENTION MODE 

4.5V vDR 
ICDR 

VDR 

5-23 

4.5V 

IR 

~ DON'T CARE 

~UNDEFINED 

UNIT NOTES 
V 

mA 

mA 

ns 4 
ns 4, 10 
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I"IIC::RON MT85C8128 

READ CYCLE NO.1 (Notes 8, 9) 

ADDR VALID 

tAA 

tOH 

I JJ\1\1\JI. 
Q PREVIOUS DATA VALID ~ DATA VALID 

READ CYCLE NO.2 (Notes 7, 8,10) 

r~-----IA-O-E-------------1 
I' "ILZOE I °1 'I IHZOE I , ! 

lACE .1' 
\ 

ILZCE IHZCE 

Q ~ HIGHZ DATA VALID t- HIGHZ-
~\ I. IpU 

~~CpPL Y ICC _____________________ Oi 50% 
CURRENT ISB - 1 

I. IPD 

L 50% 
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~ 

ADDR 
----J 

I 

I;IIIIIIIIIIIA 
tAS -' -I 

VO'f1 

D 

Q 

AD DR 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twe 

tAW 

tew 

twp 

1 tDS 

tAH 

VII II II IIII II/IIIIIIII/!' 

tDH J 
~ ~ DATA VALID '\ /' 

tHZWE -' 
~I 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

Iwe 

lew 

IWp 

lOS 
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CACHE DATA RAM PRODUCT SELECTION GUIDE 
Memory Control Part Access Package 
Configuration Functions Number Time (ns) PLCC Process Page 

Dual4K x 16 Mode, Byte Select MT56C0816 25,35,45 52 CMOS 6-3 

or CE,OE 

Single 8K x 16 Address Latch 

Dual4Kx 18 Mode, Byte Select MT56C0818 25,35,45 52 CMOS 6-13 
or CE,OE 

Single 8K x 18 Address Latch 

I CACHE DATA~ STATIC RAMS 



MIC:~CJN MT56C0816 

CACHE DATA 
STATIC RAM 
FEATURES 
• Operates as two 4K x 16 SRAMs with common 

addresses and data; also configurable as a single 
8Kx16 SRAM 

• Built-in input address latches 
• Separate upper and lower Byte Select 
• Fast access times: 25ns, 35ns and 45ns allows 

operation with 33, 25, and 20 MHz microprocessor 
systems 

• Fast output enable: lOns 
• Directly interfaces with the Intel 82385 cache memory 

controller and 80386 microprocessor 

OPTIONS 
• Timing 

25ns access (33 MHz) 
35ns access (25 MHz) 
45ns access (20 MHz) 

• Packages 
52-pin PLCC 

GENERAL DESCRIPTION 

MARKING 

-25 
-35 
-45 

EJ 

The MT56C0816 is one of a family of fast SRAM cache 
memories. It employs a high speed, low power design 
using a 4-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 the Intel 82385 
cache controller 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. 
-.Ihe memor~nctions are controlled by the chip select 
~CE, CSO and CSl), output enable (CEOA and COEB) and 

.1T56COB16 
lEV. 7/89 6-3 

DUAL 4K x16 SRAM, 
SINGLE 8K x 16 SRAM 
CONFIGURABLE CACHE DATA SRAM 

PIN ASSIGNMENT (Top View) 

52 Pin Lee 
(EJ8) 

z 
LJ.J 

(,)....J O<y--
T"""C'-/M,",,"LOCOuc:t:r--.OOQ')T""""'" ««««««>u<C«««« 

7 6 5 4 3 2 
AO 8 A12 

Vss 9 IT 
Vss 10 Vss 

DQ1 11 DQ16 
DQ2 12 DQ15 
DQ3 13 DQ14 
DQ4 14 DQ13 
Vss 15 Vss 

DQ5 16 DQ12 
DQ6 17 DQ11 
DQ7 18 D010 
DQ8 19 D09 

NC 20 NC 

tl tll°I'"T ~ ~n"'lU) LJ.J tl 8 »~~~»~~ug» 
ou au:'2: 

write enable (CWEA and CWEB) signals. 
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 output enable. 

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. 

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 specifications without notice 
TM Trademark of Micron Technology, Inc 
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MIC:~CJN MT56C0816 

FUNCTIONAL BLOCK DIAGRAM 

CALEN 

BANK A BANK A 
AO 

• L 

• A 4KX8 4KX8 

• T SRAM SRAM 

• C 
H 

A11 

COEA 
CWEA 

110 001 - B • 
U • 
F 008 

0 F DOg 

l> E • 
COEB • 

0 R 0016 

::I: 
CWEB 

m 
C 

~ BANKB BANKB 

~ 4KX8 4KX8 
SRAM SRAM 

~ CE CE -0 
::c CSO 

LOWER BYTE SELECT 

l> 
CE MODE = HIGH s: UPPER BYTE SELECT 

en CSI 

DUAL4KX 16 
(Two-Way Set Associative) 



MIC:~CJN MT56C0816 

FUNCTIONAL BLOCK DIAGRAM 

CALEN 

BANK A BANK A 
AO 

• L 
• A 4KX8 4KX8 

T SRAM SRAM • C • H 
A11 

COEA 
1/0 001 
B • 
U • -CWEA F 008 

A12 F DOg 0 COEB E • • l> R 0016 
0 

CWEB :J: m 
BANKB BANKB ~ 4KX8 4KX8 
SRAM SRAM 

E CE CE 

-
CSO 

LOWER BYTE SELECT ("') 

CE MODE = LOW ::D 
UPPER BYTE SELECT l> 

CS1 :s: 
CJ) 

8KX 16 
(Direct Map) 
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PIN DESCRIPTIONS 

PlCC PIN SYMBOL TYPE DESCRIPTION 
NUMBER(S) 

8,7,6,5,4,3,2, AD - 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 
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 16 configuration. 
When the pin is tied LOW, the device is configured as an 
8K X 16 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 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 'COEA, "COEB Input OUTPUT ENABLE: In the dual configuration these signals, 
whichever 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 
allows A 12 to determine which memory bank is enabled. 

25, 24 "CWEA, "CWrB Input WRITE ENABLE: In the dual configuration these signals, 
whichever is LO\A./ enables a d3.ta \:!r!te to the addressed 
memory location. In the direct mode, these signals should be 
externally connected and when asserted LOW allows A 12 to 
determine which memory bank is written. 

11, 12, 13, 14, 16 001 - 0016 Input! SRAM Data I/O: 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: GND 



MICI=ION MT56C0816 

TRUTH TABLE 
DUAL 4K X 16 (MODE PIN = HIGH) 

OPERATION ~ "CSii "CSf "COEA "COm ~ "CWED 
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 DOt - DOS bank A L L H L H H H 
Read 001 - DOS bank 8 L L H H L H H 
Read 009 - 0016 bank A L H L L H H H 
Read 009 - 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 - DOS bank A L L H X X L H 
Write 001 - DOS bank B L L H X X H L 
Write 009 - 0016 bank A L H L X X L H 
Write 009 - 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 - DOS bank A & B L L H X X L L 
Write 009 - 0016 bank A & 8 L H L X X L L 
Write 001 - 0016 bank A & B L L L X X L L 

NOTE: CE, when taken inactive while CWEA or CWEB remain active, allows a chip enable controlled WRITE to be 
performed. 

TRUTH TABLE 
8K X 16 (MODE PIN = LOW) 

OPERATION "CE m "CSf "COEA "COEB "CWE"A "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 001 - DOS L L H L L H H 
Read 009 - 0016 L H L L L H H 
Read 001 - 0016 L L L L L H H 
Write 001 - DOS L L H X X L L 
Write 009 - 0016 L H L X X L L 
Write 001 - 0016 L L L X X L L 

NOTE: CE, when taken inactive while CWEA and CWEB remain active, allows a chip enable controlled WRITE to be 
performed. 
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1'41C:I=ICJN MT56C0816 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss .......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................ -6SoC to +lS0°C 
Storage Temperature (Plastic) ................... -SsoC to + lS0°C 
Power Dissipation ..................................................... 1.2 Watt 
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 
(OOe ::; T A ::; lOoe, 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 ~A 

Wo = GND to Vcc 
Output Leakage Current CSO, CS1 = VIL or COEA, ILo -10 10 ~A 

COES & CWEA, CWES = VIL 

Output Low Voltage 10L = 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: 100% Duty cycle Icc1 220 mA 
Avp.ragp. Operatina 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 2 Vcc - 0.2V IS8 20 mA 
CMOS Standby Vcc = MAX. 

3: CAPACITANCE 
en DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C, f = 1 MHz CIN 8 pF 3 

Output Capacitance Vcc = 5V Clio 8 pF 3 

6-8 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(O°C $ T A $ +70°C, Vee = 5.0V ±5%) 

DESCRIPTION 
SYM 

READCvcle 
READ cycle time IRC 

Address access time (AO-A 11) 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 chanoe tOH 

Chip select to output low-Z ILZCS 

Output enable to output low-Z ILZOE 

Chip deselect to output high-Z tHZCS 

Output disable to output hioh-Z IHZOE 

Address latch enable pulse width tCALEN 

Address setup to latch low IASL 

Address hold from latch low IAHL 

WRITE Cycle 

WRITE cycle time IWC 

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 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 twp 

CE pulse width (durino chip enable controlled write) tcp 

Address setup time lAS 

Write recovery time IWR 

Address latch enable pulse width ICALEN 

Address setuo 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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-25 -35 

MIN MAX MIN MAX 

25 

3 

3 

2 

8 

4 

5 

25 

18 

18 

18 

10 

0 

3 

18 

18 

0 

0 

8 

4 

5 

35 

25 35 

17 25 

20 25 

25 35 
10 13 

3 

3 

2 

15 25 

10 14 

10 

6 

5 

35 

25 

25 

25 

10 

0 
15 15 

3 

25 

25 

0 

0 

10 

6 

5 

+5V 

~1000 
Q .. , ~ """ 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

MIN 

45 

3 

3 

2 

15 

10 

5 

45 

40 

40 

30 

15 

0 

3 

30 

30 

0 

2 

15 

10 

5 

-45 

MAX UNITS NOTES 

ns 4,5 

45 ns 

30 ns 

35 ns 

45 ns 

16 ns 

ns 

ns 

ns 

30 ns 6 

14 ns 6 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

20 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. tHZCS, tHZOE, and tHZWE are specified with CL = 

SpF as in Fig. 2. Transition is measured ± SOOmV 
from steady state voltage. 
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MICI=1CJN MT56C0816 

CALEN 

CE, CSO, CS1 

ADDR 

Q 

CALEN 

CE,CSO,CS1 

AO-A11 

A12 

Q 

I tcALEN 

} 

'I I I IIIIIIIIII/; 

READ CYCLE NO.1 
(Address Controlled) 

IASL 

ADDRESS VALID 

IAA 

lA12A 

toH 

,I 

lACE, lACS 

READ CYCLE NO.2 
(CALEN Controlled) 

IAHL 

r!ifIifIifif"-

DATA VALID 

_},----: _tcALEN -1-----1-
I IASL 

I I I IIIIIIIIIII} 

ADDRESS AO-A11 VALID 

lAA 

A12VALID 

IA12A 

toH 

,I 

lACE, lACS 

IAHL 

I 

VIIIIIIIIII!J 

X. 

DATA VALID 

fill DON'T CARE 

~ UNDEFINED 



MIC:I=ICJN MT56C0816 

READ CYCLE NO.3 

IRc 
tcALEN 

CALEN 

IASL 

ADDR ADDRESS VALID 

1M 
IAt2A 

CE, CSO, CSt 1111111111111111111111// / /; 
lACE 

lACS 

ILZCS 

{CEOA or COEB} 'l I I I I I I I 11111111111111111) 

ILZOE 

Q HIGHZ 

IAOE 

6-11 

IAHL 

'(j / / IfifiififlL!ifi 

IHzcs 

V / / IIiIliiiliL '/ffUf!L 
IHZOE 

DATA VALID 

~ DON'T CARE 

~ UNDEFINED 
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CALEN 

ADDR 

CE, csa, CS1 

CWEA, eWES 

0 

Q 

CALEN 

ADDR 

CE, esa, eS1 

eWEA,eWES 

0 

Q 

----' 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twe 

1cALEN 

tASL tAHL 

ADDRESS VALID 

tAW 

tA12W 

1cw 

.I 
'/11111111111111111111111/;1 

tAS twp 

1 

Wlb 

HIGHZ 

L tow 

tHZWE 

HIGHZ 

WRITE CYCLE NO.2 
(Chip Select Controlled) 

} 1cALEN 

twc 

--

'(jIIIIIIIIIIIIIIIIIIIIIIIIJIIIIII~ 
twR 

tOH J 

DATA IN VALID !fN.Nv 

ILZWE 
I 

~-
tASL r tAHL 

ADDRESS VALID 

tAW 

1A12W 

1cw 

tAS I 1cp twA 

V//It. 
I twp 

.I 
Ijlllllllllllllllllllllili/J.. WIIIIIIIIIIIIIIIIIIIIIIIIIIIIII/, 

I tow tDH J 
.1 ,I 

HIGHZ DATA IN VALID 

--------------HIGHZ--------~-

6-12 
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MIC:::J=lCJN MT56C0818 

CACHE DATA 
STATIC RAM 
FEATURES 
• Operates as two 4K x 18 SRAMs with common 

addresses and data; also configurable as a single 
8Kx18SRAM 

• Built-In input address latches 
• Separate upper and lower Byte Select 
• Fast access times: 25ns, 35ns and 45ns allows 

operation with 33, 25, and 20 MHz microprocessor 
systems 

• Fast output enable: IOns 
• Directly interfaces with the Intel 82385 cache memory 

controller and 80386 microprocessor 
• Parity bits provided for large cache applications such 

as secondary cache for the 80486 microprocessor 

OPTIONS 
• Timing 

25ns access (33 MHz) 
35ns access (25 MHz) 
45ns access (20 MHz) 

• Packages 
52-pin PLCC 

GENERAL DESCRIPTION 

MARKING 

-25 
-35 
-45 

EJ 

The MT56C0818 is one of a family of fast SRAM cache 
memories. It employs a high speed, low power design 
using a 4-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 the Intel 82385 
cache controller in either the direct mapped or two-way set 
associative mode. A mode control pin (MODE) determ1nes 
the configuration of the memory. When this pin is held 
LOW, the device functions as an 8K word by 18 bitSRAM. 
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 74L5373. 
~e memor~nctions are controlled by the chip select 
(CE, CSO and CSl), output enable (CEOA and COEB) and 

MT56C0818 
I9.EV.7/89 6-13 

DUAL 4K x18 SRAM, 
SINGLE 8K x 18 SRAM 
CONFIGURABLEGACHE 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 
DO? 18 
008 19 

00P1 

52 Pin Lee 
(EJ8) 

? 6 5 4 3 2 

8 81°lffil~ ~ ~1~lffil~~ 8 8 »~:s::s:»oouo» 
uu CJU:E 

write enable (CWEA and CWEB) signals. 

A12 
CE 
Vss 
0016 
0015 
0014 
0013 
Vss 
0012 
0011 
OQ1O 
009 
OOP2 , 

In either the direct mapped (direct) or two-way set 
associative (dual) operational modes, CE is a global chip 
enable, whileCSO 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 output enable. 

Write enable is activated on a HIGH to LOW transition 
of CWEA or CWEB. In the dual mode, data may be written 
to bank "N' or bank "B". In the direct mode, CWEA and 
CWEB should be connected together externally and used 
as a single write enable. 

The MT56C0818 operates from a +5V power. supply and 
all mputs and outputs are fully TTL compatible. 

MiCron Technology, Inc. reserves the right to change products or specifications without notice. 
TM Traclemar\( of Micron Technology, Inc. 
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PRELIMINARY 

MIC:I=ION MT56C0818 

FUNCTIONAL BLOCK DIAGRAM 

CALEN 

BANK A BANK A 
AO 

• L 

• A 4KX9 4KX9 

• T SRAM SRAM 

• C 
H 

A11 

COEA DQ1 

CWEA 
I/O • - B DQ8 
U 
F DQP1 

0 F DQ9 » E • 
0 COEB R DQ16 

::I: CWEB DQP2 

m 
c 

5 BANKB BANKB 

~ 4KX9 4KX9 
SRAM SRAM 

~ CE CE -0 
:D CSO 

LOWER BYTE SELECT 

» MODE = HIGH s: CE UPPER BYTE SELECT 

en CSI 

DUAL4KX 18 
(Two-Way Set Associative) 
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'MIC:I=ION MT56C0818 

FUNCTIONAL BLOCK DIAGRAM 

CALEN 

BANK A BANK A 
AD 

• L 

• A 4KX9 4KX9 
T SRAM SRAM • 

• C 
H 

A11 

COEA 001 
I/O • 
B 008 -CWEA U DOP1 F 

A12 F 009 0 
COEB E • » 0016 R 0 DOP2 

::E: 
CWEB m 

C 
BANK B BANKB ~ » 
4KX9 4KX9 en 
SRAM SRAM -f 

CE CE ~ -0 
CSD 

LOWER BYTE SELECT :rJ 
CE MODE = LOW » 

UPPER BYTE SELECT s: 
CS1 en 

8KX 18 
(Direct Map) 
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MIC:~CJN 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 dual 4K 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-A 11). 

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 
8KX 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 CSO is 
LOW, D01-D08 and DOP1 are enabled. When CS1 is LOW, 
D09-D016 and DOP2 are enabled. 

45 IT 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 rotA, COEB Input OUTPUT ENABLE: In the dual configuration these signals, 
whichever 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 
allows A 12 to determine which memory bank is enabled. 

25, 24 CWIA, CWTIi Input WRITE ENABLE: In the dual configuration these signals, 
whichever 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 allows A 12 to 
determine which memory bank is written. 

20,34 DQP1, DQP2 Input! 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 Input! 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 

6-16 
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TRUTH TABLE 
DUAL 4K X 18 (MODE PIN = HIGH) 

OPERATION "CE "CSiI "CS1 "Clln "COED "CWEA "CWm 
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 - 008, 00P1 bank A L L H L H H H 
Read 001 - 008, 00P1 bank B L L H H L H H 
Read OOg - 0016, 00P2 bank A L H L L H H H 
Read OOg - 0016, 00P2 bank B L H L H L H H 
Read 001 - 0016, 00P1, 00P2 bank A L L L L H H H 
Read 001 - 0016, 00P1, 00P2 bank B L L L H L H H 
Write 001 - 008, 00P1 bank A L L H X X L H 
Write 001 - 008, 00P1 bank B L L H X X H L 
Write OOg - 0016, 00P2 bank A L H L X X L H 
Write OOg - 0016, 00P2 bank B L H L X X H L 
Write 001 - 0016, 00P1, 00P2 bank A L L L X X L H 
Write 001 - 0016, 00P1, 00P2 bank B L L L X X H L 
Write 001 - 008, 00P1 bank A & B L L H X X L L 
Write OOg - 0016, 00P2 bank A & B L H L X X L L 
Write 001 - 0016, 00P1, 00P2 bank A & B L L L X X L L 

NOTE: CE, when taken inactive while CWEA or eWEB remain active, allows a chip enable controlled WRITE to be 
performed. 

TRUTH TABLE 
8K X 18 (MODE PIN = LOW) 

OPERATION CE "CIII m con "ClJEB "CWEl "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 001 - 008, 00P1 L L H L L H H 
Read OOg - 0016, 00P2 L H L L L H H 
Read 001 - 0016, 00P1, 00P2 L L L L L H H 
Write 001 - 008, 00P1 L L H X X L L 
Write OOg - 0016, 00P2 L H L X X L L 
Write 001 - 0016, 00P1, 00P2 L L L X X L L 

NOTE: CE, when taken inactive while eWEA and CWEB remain active, allows a chip enable controlled WRITE to be 
performed. 
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PRELIMINARY 

MIC:I=ICJN MT56C0818 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ........... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................ -6SoC to + IS0°C 
Storage Temperature (Plastic) ................... -SSoC to +IS0°C 
Power Dissipation ..................................................... 1.2 Watt 
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 ± 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 Vec ILl -10 10 ~A 

Wa = GND to Vcc 
Output Leakage Current CSO, CS1 = VIL or COEA, ILa -10 10 ~A 

COEB & CWEA, CWEB = VIL 

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: 100% 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 IS8 20 mA 
CMOS Standby Vcc = MAX. 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C, f = 1 MHz CIN 8 pF 3 

Output Capacitance Vce = 5V Clio 8 pF 3 

6-18 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(O°C ::; T A::; +70°C, Vee = 5.0V ±5%) 

DESCRIPTION 
SYM 

READ Cycle 

REAO cycle time IRC 

Address access time_LAO-A 111 tAA 

A 12 address access time IA12A 

Chip enable access time lACE 

Chip select access time tACS 

Output enable access time tAOE 

Output hold from address change IOH 

Chip select to output low-Z tLZCS 

OulQut enable to output low-Z tLZOE 

Chip deselect to output hiQh-Z IHZCS 

Output disable to output hiah-Z IHZOE 

Address latch enable pulse width tCALEN 

Address setup to latch low IASL 

Address hold from latch low tAHL 

WRITE Cycle 

WRITE cvcle time twc 

Address valid to end of write tAW 

A 12 address valid to end of write tA12W 

ChiQselect to end of write tcw 

Oata valid to end of write tow 

Oata hold from end of write tOH 

Write enable output in hiQh-Z tHZWE 

Write disable to output in low-Z tLZWE 

Write pulse width twp 

CE pulse width (durina chip enable controlled write) tcp 

Address setup time tAS 

Write recoverv 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 3.0V 

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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-25 -35 

MIN MAX MIN MAX 

25 35 

25 35 

17 25 

20 25 

25 35 

10 13 

3 3 

3 3 

2 2 

15 25 

10 14 

8 10 

4 6 

5 5 

25 35 

18 25 

18 25 

18 25 

10 10 

0 0 

15 15 

3 3 

18 25 

18 25 

0 0 
0 0 

8 10 

4 6 

5 5 

+5V 

o.~:::, 
Fig. 1 OUTPUT LOAD 

EQUIVALENT 

MIN 

45 

3 

3 

2 

15 

10 

5 

45 

40 

40 

30 

15 

0 

3 

30 

30 

0 
2 

15 

10 

5 

-45 

MAX UNITS NOTES 

ns 4,5 

45 ns 

30 ns 

35 ns 

45 ns 

16 ns 

ns 

ns 

ns 

30 ns 6 

14 ns 6 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

20 ns 6 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

+5V 

-rl tOOO 

0", ~ '" 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

S. All READ cycle timings are referenced from the last 
valid address to the first transitioning address. 

6. tHZCS, tHZOE, and tHZWE are specified with CL = 
SpF as in Fig. 2. Transition is measured ± SOOmV 
from steady state voltage. 

-o 
l> 
o 
::J: 
m 
C 

~ 
~ 
~ -o 
::D 
l> 
s: 
en 



-0 
l> 
0 
:J: 
m 
C 

~ 
l> 
~A 
UI 

E -0 
l] 
» s: en 

PRELIMINARY 

MIC:~ClN MT56C0818 

CALEN 

CE, CSO,CS1 

ADDR 

Q 

CALEN 

CE, CSO,CS1 

AO-A11 

A12 

Q 

L tcALEN 

} 

/IIIIIIIIIIII~ 

READ CYCLE NO.1 
(Address Controlled) 

IASL 

ADDRESS VALID 

IAA 

IA12A 

toH 

J 

IACE,IACS 

READ CYCLE NO.2 
(CALEN Controlled) 

IAHL 

'I II I I I I I I I I;; 

[X DATA VALID 

-f~: tcA~LEN -1------1-
'ASL i lAHL 

If I I IIIIIIII I;; 

ADDRESS AO-A 11 VALID 

lAA 

A12 VALID 

IA12A 

toH 

.1 

lACE, lACS 

6-20 
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DATA VALID 

~ DON'T CARE 

~ UNDEFINED 
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READ CYCLE NO.3 

tcALEN 

CAL EN 
-----1 

tASL 

ADDR 
----, 
-----1 

ADDRESS VALID 

tAA 

tA12A 

;1 I I I I I 1111111111111111111/ 
tACE 

tACS 

tLZCS 

(CEOA or COEB) 'l I I I I I I 111111111111111111/ 

tLZOE 

Q HIGHZ 

tAOE 

6-21 

tAHL 

Iflllllllll1l111111111// 

tHZCS 

fI I 11111111111; '/IIIIII~ 
tHZOE 

DATA VALID 

~ DON'T CARE 

~ UNDEFINED 
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PRELIMINARY 

MIc:a:::aON MT56C0818 

CALEN 
~ 

ADDR 

o 

a 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

WC 

1cALEN 

IASL IAHL 

ADDRESS VALID 

lAw 

lA12W 

1cw 

I////////Il. 

lAs WP 

VI//, 

HIGHZ 

I lOW 

tHzwE 

HIGHZ 

WRITE CYCLE NO.2 
(Chip Select Controlled) 

WC 

WR 

tDH 

DATA IN VALID 

tzwE 
I 

1/, 

J 
,I 

~: 1cALEN 

,--------.~ 
CALEN ~ 

j 

ADDR 

CE, cso, CSl 

o 

a 

tASL tAHL 

ADDRESS VALID 

lAw 

lA12W 

1cw 

lAs I 1cp WR 

Villi 
L WP 

I 
If / / / /////////////////////!J" r/////////////////////////////////. 

L tow lDH J 
.I. .I 

HIGHZ DATA INVALID 

---------------HIGHZ-----------
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FIFO PRODUCT SELECTION GUIDE 
Memory Control Part Cycle Package & Number of Pins 
Conllguratlon Function Number Time (ns) PDlP CDiP LCC PLCC Page 

512 x 8 MB, VF MT52C8006 25,30,35 28 28 - - 7-3 

512 x 9 E MT52C9005 25,30,35 28 28 32 32 7-5 

512 x 9 MB MT52C9006 25,30,35 28 28 32 32 7-17 

512 x 9 VF MT52C9007 25,30,35 28 28 32 32 7-19 

512 x 16 E, MB, VF MT52C1605 25,30,35 48 48 - - 7-21 

512 x 16/8 E, MB, VF MT52C1607 25,30,35 40 40 - - 7-23 

1K x 8 MB, VF MT52C8011 25,30,35 28 28 - - 7-25 

1Kx 9 E MT52C9010 25,30,35 28 28 32 32 7-27 

1Kx 9 MB MT52C9011 25,30,35 28 28 32 32 7-39 

1K x 9 VF MT52C9012 25,30,35 28 28 32 32 7-41 

1K x 16 E, MB, VF MT52C1610 25,30,35 48 48 - - 7-43 C\I 
I 

1Kx16/8 E, MB, VF MT52C1612 25,.30,35 40 40 - - 7-45 ....... 

2Kx 8 MB, VF MT52C8021 25,30,35 28 28 - - 7-47 

2Kx 9 E MT52C9020 25,30,35 28 28 32 32 7-49 

2Kx9 MB MT52C9021 25,30,35 28 28 32 32 7-61 

2Kx9 VF MT52C9022 25,30,35 28 28 32 32 7-63 

2Kx 16 E, MB, VF MT52C1620 25,30,35 48 48 - - 7-65 

2K x 16/8 E, MB, VF MT52C1622 25,30,35 40 40 - - 7-67 

4Kx8 E, MB, VF MT52C8041 25,30,35 28 28 - - 7-69 

4Kx 9 E MT52C9040 25,30,35 28 28 32 32 7-71 

4Kx9 MB MT52C9041 25,30,35 28 28 32 32 7-83 

4Kx9 VF MT52C9042 25;30,35 28 28 32 32 7-85 

MB ......................................................... Mailbox Register 
VF .............................................................. Variable Flags 
E ......................................... Depth and Width Expandable 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Asynchronous and simultaneous READ and WRITE 
• Empty and Full Flags 
• Automaticretransmit 
• Transistor loads for maximum data integrity 
• Lowpower 
• Programmable Mailbox register 
• Programmable Empty /Full Flags (128 increments) 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP 
Ceramic DIP 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 

None 
C 

The Micron FIFO family employs high speed, low power 
CMOS designs using a true dual-port 6-transistor memory 
cell with resistive loads. They are fabricated using silicon 
gate CMOS technology. 

There are three major user options that are available 
separately or in combination: expandable, mailbox regis
ter, and variable flags. Expandable FlFOs are designed to 
be compatible with industry standard devices and have 
fixed full and empty flags. Mailbox FIFOs have an on-chip 
programmable register that is used to bypass specific 
words around the FIFO. Variable flag FlFOs allow the user 
to program the level of two additional full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

MT52C8006 
REV. 7189 7-3 

512 x 8 FIFO 
VARIABLE FLAGS/MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

28L DIP 

IN Vee 

MBS 05 

04 06 

03 07 

02 08 

01 RT 

VF RS 

FF EF 

01 VE 

02 08 

03 07 

04 06 

MBF 05 

Vss R 

Micron Technology, Inc. reserves the right tochange products or specifiCations without notice. 
TM Trademark of Micron Technology, Inc. 
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FIFO 

FEATURES 
• Very high speed: 25,30, and 35ns access 
• High performance, low power CMOS process 
• Single +5V ±1O% supply 
• Low power: 5m W typo (standby); 350m W typo (active) 
• TTL compatible inputs and outputs 
• Asynchronous and simultaneous READ and WRITE 
• Empty, Half-Full and Full Flags 
• Auto-retransmit capability 
• Fully expandable width and depth 
• Pin function compatible with higher density FIFOs 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP (600 mil) 
Ceramic DIP (600 mil) 
PLCC 
CeramicLCC 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 

None 
C 
EJ 
EC 

The Micron FIFO family employs high speed, low power 
CMOS designs using a true dual-port, 6-transistor mem
ory cell with resistive 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 
AEV.7189 7-5 

512 x 9 FIFO 

PIN ASSIGNMENT (Top View) 

28L DIP 
W 1 28 Vee 

09 27 05 

04 26 06 

03 4 25 07 

02 5 24 08 

01 6 23 FURT 

Xi 22 AS 
ff 21 EF 
a1 9 20 XO/Hi' 
a2 10 19 a8 

a3 11 18 a7 

a4 12 1-7 a6 32ULCC 
a9 13 16 as 

;g~I~~~~~ 
Vss 14 15 R nn c=== 

"'l:I"(t)~~N,....C) ,.,," '" 
03 5 • 29 07 
02 6 28 08 
01 7 27 NC 
Xi 8 26 F"uRT 
FF 9 25 RS 
01 10 24 IT 
02 11 23 XliiiiF 
NC 12 22 08 
03 13 21 07 

oo::tLt')c.ol""--COQ)O 
T""",....,....,....,....,....~ 

~~ ';;~I~:;; ~ 
cc~z co 

flag is asserted, further reads are inhibited and the outputs 
remain high impedance. Expansion out, expansion in, and 
first load pins are provided to expand the depth ofthe FIFO 
memory array, with no performance degradation. A re
transmit pin allows data to be re-sent on the receiver's 
request when the FIFO is in the stand alone mode. 

The depth of the FIFO can be expanded by cascading 
multiple devices in the depth expansion mode. Also, the 
MT52C9005 is speed, function and pin compatible with 
higher density FIFOsfrom Micron. This upward compati
bility with lK, 2K and 4K x 9 FlFOs provides a single chip 
depth expansion solution. 

Micron Technology, Inc. reserves the right to change products or specification without notice 
TM Trademarltof Micron Technology, Inc. 
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READ I 
CONTROL I 

r.~ 
READ ADDRESS POINTER 

~OB 
512 X9 BIT U U 

~ 
DUAL-PORT T F 

r _ 
MEMORY -1Jj r 

U E 
I-- T R 

01-09 D1 - D9 

~ 
WRITE ADDRESS POINTER 

EXPAND W 
LOGIC 

WRITE I r I 
CONTROL! 

I I I 
I 

: FLAG 

RESET LOGIC 

XO/HF 

EF 

FF 
LOGIC 

FUNCTIONAL BLOCK DIAGRAM 
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PIN DESCRIPTIONS 

LCC PIN DIP PIN SYMBOL TYPE DESCRIPTION 
NUMBER(S) NUMBER(S) 

25 22 AS 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. Reset also 
samples XI and FURT to set the depth expansion mode. 

2 1 W Input Write Strobe: W isJaken 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: Sets mode of operation on the L -H transition of 
AS; stand alone when LOW; depth expansion when HIGH. When 
in depth expansion, XI will be pulsed LOW once to enable write 
pointer, then again to enable read pointer. 

26 23 FURT Input First Load: In depth expansion mode, FL will enable the device 
as the first to be loaded, (enables read and write pointers) when 
LOW during the L -H transition of RS. 
Retransmit: 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 conditil:>ns. 

3,4,5,6,7 2,3,4,5,6 
28, 29, 30,31 24, 25, 26,27 

P1 - 09 Input Data Inputs 

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: During depth expansion, XC will pulse LOW on 
the last physical WRITE and READ operations, disabling writes 
then reads to the FIFO. 

Half-full Flag: During stand alone operation HF indicates when 
the (Haif-full + 1) memory location is written; will stay LOW until 
the (Half-full + 1) location is read. 

10,11,13,14 9,10,11,12,13 Q1 -Q9 Output Data Output: Output or high impedance. 
15,19,20.21,22 16,17,18,19 

32 28 Vcc Supply Power Supply: +5V 10% 
16 14 Vss Supply Ground 

7-7 
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FUNCTIONAL DESCRIPTION 
The MT52C9005 uses a dual-port SRAM memory cell 

with separate read and write pointers that results in a 
flexible length FIFO buffer memory, with independent, 
asynchronous READ and WRITE capabilities and with no 
fallthrough or bubblethrough time constraints. 

Note: For dual function pins, the function that is not 
being discussed will be surrounded by parentheses. 
For example, when discussin£J:alf-full flags the 
XO/HF pin will be shown as (XO)/HF. 

RESET 

After V ccis stable, RESET (RS) must be taken LOW to ini
tialize the read and write pointers and flags. RESET also 
sets the mode of operation, stand alone or expanded. 
During the RESET pulse, the state of the XI pin will deter
mine if the FIFO will operate in the stand alone or depth ex
pansion mode. The stand alone mode is entered when XI is 
LOW dur~ th~~ESET cycle. When XI is HIGH or is con
nected 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, while FF is HIGH. The WRITE cycle is 
initiated by the falling edge of Wand data on the Dl-D9 
pins is 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 
LO\A!, any atte!!'tpted ~AJrites ~A!i!! be inhibited, with!!o 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 (512/2 + 1) is written. It will stay 
asserted until the half-full-plus-one location is read or the 
FIFO is reset. The first write to an em£!)' FIFO will cause 
EF to go HIGH after the rising edge of W. When operating 
in the ~th expansion mode, the last write to a FIFO will 
cause FF to go LOW and will cause XI to pulse LOW. This 
will enable writes to the next FIFO in the chain. 

READING THE FIFO 

Information is read from the FIFO when the read strobe 
(R) pin is taken LOW and data is available (EF is HIGH). 
The data-out (Q1 - Q9) pins will go active (low Z) tRLZ 
after the falling edg~ofRand valid data will appear tA after 
the falling edge of R. When the last data word is read, EF 
will go LOW after the falling edge ofR. While EF is asserted 
LOW, any attempted reads will be inhibited and the out
puts will stay inactive (high Z). When the FIFO is being 
used in the single devic~~lOde and the half-full-plus-one 
locationJs read, (XO) /HF will go HIGH after the rising 
edge of R. When the FIFO is full (FF asserted) and a read is 
initiated, FF will go HIGH after the rising edge ofR. When 
operating in the expanded mode, the last read to a FIFO 
will cause the EF to go LOW and will cause XI 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 data just read from the 
FIFO to be repeated. 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 a~ain start reading 
the data from the beginning of the FIFO RTR after (FL) / 
RT is taken HIGH. The empty, half-full and full flags will 
be affected as specified for the data volume. 

DATAFLOW-THROUGH 
Data flow-through is a method of writing and reading 

the FIFO~t its full and empty points, respectively. By 
holding W LOW when the FIFO is full, a WRITE can be 
initiated from the next ensuing READ pulse. This is re
ferred to as a flow-through write. Flow-through writes are 
initiated from the rising edge ofR. 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 of Wand access 
time measured from the rising edge of EF. 
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w ------------4-----~~I+--_.--~----------R 

D1-D9 ••••••••••• Q1-Q9 

-+-+--+--11-------- 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 expanded 
depth mode FIFOs. Expanded width operation is acheived 
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, XI, XO / (HF) and FL/(RT). Figure 1 illus
trates a typical three device expansion. The depth expan
sion mode is entered during a RESET cycle, by tying the 
XO / (HB 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) ~grounded. The remaining devices in the chain ~ 
have FL/(RT) tied HIGH. During RESET cycle, XO/(HF) 
of each device goes HIGH, disabling the read and write 

7-9 

pointers of every FIFO, except the first load device. When 
the la~.rhysicallocation 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 the first. The 
writes will continue to go to the second device until itis full. 
Then it will "pass" the write pointer to the third device. 
This process continues until all devices are full. When the 
entire FIFO array is written, the full condition is signaled 
by ~Ring all the FF pins, further writes are inhibited. On 
the last physical read of the first device, its XO / (HB will 
pulse again. On the falling edge aiR, 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 
"ORingi' 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. 

-:II a 
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TRUTH TABLE 

INPUTS 

MODE W 'R" 'R"S FURl 

RESET H H L X 

WRITE L X H X 

READ X L H X 

EMPTY X H-L H X 
(LAST READ) 

FULL H-L X H X 
(LAST WRITE) 

HALF-FULL H-L X H X 

RETRANSMIT H H H L 

NOTES: 
1. WRITE operations are independent of READ opera

tions. 
2. READ operations are independent of WRITE 

operations. 

XI 

X 

X 

X 

X 

X 

X 

X 

OUTPUTS 

01-09 EF "FF xoiR'F Q1-Q9 NOTES 

X L H X X 

Data In X H X X 1 

X H X X Data Out 2 

X H-L X X Data Out 

Data In X H-L L X 

Data In X H H-L X 3,4 

X H X X X 4 

3. The half-full location is (512/2 + 1) or 257. 
4. Functional in stand alone mode only. 
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ABSOLUTE MAXIMUM RA TINGS* 
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 Watt 
Short Circuit Output Current ...................................... 50mA 

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 ~ VIL, Vee = Max., 

Current: Operating Outputs Open 

W, R ~ VIH, Vcc = 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 

Icc 100 mA 3 

IS81 10 mA 

Power Supply W, R ~ Vec - 0.2, Vee = Max. 
Current: Standby VIL ~ Vss + 0.2, IS82 1 mA 

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 = -2.0mA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0mA 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 Vec = 5V Co 8 pF 4 

7-11 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(O°c::; TA ::; 70°C, Vee = 5.0V ±10%) 

A.C. CHARACTERISTICS -25 -30 -35 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Access Time 'A 25 30 35 ns 

READ Cycle Time 'RC 35 40 45 ns 

READ Recovery Time tRR 10 10 10 ns 

Read Pulse Width 'RPW 25 30 35 ns 

Read LOW '0 low Z tRLZ 5 5 5 ns 

Read to HIGH to high Z IRHZ 18 20 20 ns 

Read HIGH to Data Valid IDV 18 20 20 ns 

WRITE CYcle Time 'WC 35 40 45 ns 

Write Pulse Width IWPW 25 30 35 ns 

WRITE Recovery Time 'WR 10 10 10 ns 

Write HIGH to LOW Z tWLZ 5 5 5 ns 5 
Data Set-up Time 'DS 15 18 20 ns 

Data Hold Time IDH 0 0 0 ns 

RESET Cycle Time 'RCS 35 40 45 ns 

Reset Pulse Width 'RSP 25 30 35 ns 6 

RESET Recovery Time IRSR 10 10 10 ns 

Read HIGH to Reset HIGH 'RRS 25 30 35 ns 

Write HIGH to Reset HIGH 'WRS 25 30 35 ns 

RETRANSMIT Cycle Time 'RTC 35 40 45 ns 

Retransmit Pulse Width 'RT 25 30 35 ns 

RETRANSMIT Recovery Time tRTR 10 10 12 ns 

Retransmit Set-up Time 'RTS 25 30 35 ns 

Reset to IT LOW 'EFL 35 40 45 ns 

Reset to FF HIGH 'FFH 35 40 45 ns 

Reset to HF HIGH 'HFH 35 40 45 ns 

Read LOW to EF LOW 
t 

25 30 35 'REf rJ::i 

Read HIGH to FF HIGH 'RFF 25 30 35 ns 

Write LOW to IT LOW tWFF 25 30 35 ns 

Write HIGH to IT HIGH tWEF 25 30 35 ns 

Write LOW to HF LOW tWHF 35 40 45 ns 

Read HIGH to HF HIGH tRHF 35 40 45 ns 

Read Pulse after EF HIGH tRPE 25 30 35 ns 5 
Write Pulse Width after FF HIGH tWPF 25 30 35 ns 

ReadlWrite to XO LOW tXOL 25 30 35 ns 

ReadlWrite to XO HIGH 'XOH 25 30 35 ns 

XI Pulse Width 'XIP 25 30 35 ns 
XI Set-up Time tXIS 15 15 15 ns 

XI Recovery Time IXIR 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. Data flow-through data 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 ......................................... 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 1 

EF 

HF, FF 

RESET 

+5V 

~500 
Q", ~ '''' 

Fig. 1 OUTPUTLOAD 
EQUIVALENT 

ASYNCHRONOUS READ AND WRITE 

tRLZ 

al -a9 

tov 
DATA OUT (1) 

VALID 
DATA OUT (2) 

VALID 

.i-: t_~} '- "i 
~--tos---'J: '" ~_---,I 

twc 

01 -09 -----IK OAJ~~fb (1) ~:t-----1('---.;O..,AJt. .... I~..,O (2'") ---'j-
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LAST READ 

01 ~ 09 

LAST WRITE 

W 

FF 

HALF-FULL OR LESS 

W 

HF 

IGNORED 
READ 

IGNORED 
WRITE 

EMPTY FLAG 

FIRST WRITE ADDITIONAL 
WRITES 

FIRST READ 

tWEF --Ir-----r-------+---------------

FULL FLAG 

FIRST READ ADDITIONAL FIRST WRITE 
READS 

t RFF - r----f--------+-------+-------

HALF-FULL FLAG 

MORE THAN 
HALF-FULL 

tWHF I 

{ 

HALF~FULL OR LESS 

tRHF 

1,,--

~ DON'TeARE 

~ UNDEFINED 
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XO(I) 

Dl-D9 

XO(I) 

01-09 

W 

EXPANSION MODE (XO) 

WRITE FROM LAST PHYSICAL 
LOCATION OF DEVICE 1 

WRITE FROM FIRST PHYSICAL 
LOCATION OF DEVICE 2 

~ 
tXOL tXOH - -

tSD tHO tSD tHD - .- . . ~ 
~ VALIDDATA~ VALIDOATA C 

READ FROM LAST PHYSICAL 
LOCATION OF DEVICE 1 

tXOL tXOH 

tDV tDV 

Note 1: XO of the Device 1 is connected to XI of Device 2. 

EXPANSION MODE (XI) 

WRITE TO FIRST PHYSICAL LOCATION 

, 
IXIS . . S 

/ 

tXIP tXIR . . . . 
----. 

1\ 

7-15 

. 
READ FROM FIRST 
PHYSICAL LOCATION 

~ DON'T CARE 

~ UNDEFINED 
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R,W 

Vi 

Fe 

D1 - D9 

Q1-09 

Dl-D9 

01-09 

RETRANSMIT 

I 

~~~------------~I~ 

FLAG VALID 

WRITE FLOW-THROUGH 

tWPF 

WlllA Ir---

1RFF 

tWFF '\\ 

_,I_tDH 
DATA IN 
VALID 

I 'OS 

I~ _____ --<~I DATA OUT ~ _____ _ 
~ VALID ~ 

READ FLOW-THROUGH 

X DATA IN 
----------~ 

XL ______________ _ 

___________________ ~_~~l_W~L~Z_-_=Q" ~~~~ 
_. DATA OUT '--

VALID r---

7-16 

~ DON'T CARE 

~ UNDEFINED 



ADVANCE 

I'IIIC:I=ION MT52C9006 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Asynchronous and simultaneous READ and WRITE 
• Empty and Full Flags 
• Automatic retransmit 
• Transistor loads for maximum data integrity 
• Lowpower 
• Programmable Mailbox register 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP 
Ceramic DIP 
PLCC 
Ceramic LCC 

GENERAL DESCRIPTION 

MARKING 

-25 
-30· 
-35 

None 
C 
EJ 
EC 

The Micron FIFO family employs high speed, low power 
CMOS designs using a true dual-port 6-transistor memory 
cell with resistive loads. They are fabricated using silicon 
gate CMOS technology. 

There are three major user options _ that are available 
separately or in combination: expandable, mailbox regis
ter, and variable flags. Expandable FIFOs are designed to 
be compatible with industry standard devices and have 
fixed full and empty flags. Mailbox FIFOs have an on-chip 
programmable register that is used to bypass specific 
words around the FIFO. Variable flag FIFOs allow the user 
to program the level of two additional full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

MT52C9006 
REV. 7189 7-17 

512 x 9 FIFO 
MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

03 
02 
01 

MBS 
FF 
01 
02 
NC 
03 

28L DIP 

iii 
09 

04 

03 

02 

01 

[ 1 '-/ 28 ~ Vee 

[ 2 27 ] 05 

3 26 06 

4 25 07 

5 24 08 

6 23 RT 

7 22 RS 

8 21 EF 
MBS 

FF 
01 

02 

03 

04 

09 

Vss 

9 20 MBF 

10 19 P 08 

l 11 18 P 07 

[ 12 17p 06 

[ 13 16 P 05 

[ 14 15 P R 

32L1LCC 
~en u8o.nco 
00/3: Z > 0 0 

-.:::t(V)C\lT"""C\I.,.....O 
C') C') C') 

5 • 29 
6 28 
7 27 
8 26 
9 25 
10 24 
11 23 
12 22 
13 21 

"<I" o.n co r-. co en 0 .,..... .,..... .,..... ,..... .,.... ,.... C\I 

"<I" en U) U fa: o.n co 
OO~Z 00 

07 
08 
NC 
RT 
RS 
EF 
MBF 
08 
07 

Micron Technology, Inc. reserves the right to change products or specifications without notice. 
TAA Trademark of Micron Technology, Inc. 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Asynchronous and simultaneous READ and WRITE 
• Empty and Full Flags 
• Automatic retransmit 
• Transistor loads for maximum data integrity 
• Lowpower 
• Programmable Empty/Full Flags (128 increments) 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP 
Ceramic DIP 
PLCC 
Ceramic LCC 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 

None 
C 
EJ 
EC 

The Micron FIFO family employs high speed, low power 
CMOS designs using a true dual-port 6-transistor memory 
cell with resistive loads. They are fabricated using silicon 
gate CMOS technology. 

There are three major user options that are available 
separately or in combination: expandable, mailbox regis
ter, and variable flags. Expandable FIFOs are designed to 
be compatible with industry standard devices and have 
fixed full and empty flags. Mailbox FIFOs have an on-chip 
programmable register that is used to bypass specific 
words around the FIFO. Variable flag FIFOs allow the user 
to program the level of two additional full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

MT52C9007 
REV. 7/89 7-19 

512 x 9 FIFO 
VARIAB~E FLAGS 

PIN ASSIGNMENT (Top View) 

28L DIP 
W Vee 
09 05 

OA 06 

03 07 

02 08 

01 RT 

VF RS 

FF EF 
01 VE 
02 08 

03 11 18 07 

04 12 17 06 

09 13 16 05 

Vss 14 15 R 

32L/LCC 

25 ~13 ~ ~:£ ~ 
~('t)N,....C\I"""'O 

C') C') C') 

03 5 • 29 07 
02 6 28 08 
01 7 27 NC 
VF 8 26 RT 
FF 9 25 RS 
01 10 24 EF 
02 11 23 VE 
NC 12 22 08 
03 13 21 07 

'<t L() to ,.... 00 en C) ,....,....,....,....,....,....N 

'<t '" '" c..:l I a: L() to 
OO~z ClO 

Micron Technolog)l. Inc. rB89fV8S the right to change products Of specifications without notice. 
1M Trademark Of Mia-on TechnOlogy. Inc. 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• 16-bit word width 
• Asynchronous and simultaneous READ and WRITE 
• Empty and Full Flags 
• Easy expansion capability 
• Automatic retransmit 
• Transistor loads for maximum data integrity 
• Low power 
• Programmable Mailbox register 
• Programmable Empty I Full Flags (128 increments) 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP 
Ceramic DIP 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 

None 
C 

The Micron FIFO family employs high speed, low power 
CMOS designs using a true dual-port 6-transistor memory 
cell with resistive loads. They are fabricated using silicon 
gate CMOS technology. 

There are three major user options that are available 
separately or in combination: expandable, mailbox regis
ter, and variable flags. Expandable FIFOs are designed to 
be compatible with industry standard devices and have 
fixed full and empty flags. Mailbox FIFOs have an on-chip 
programmable register that is used to bypass specific 
words around the FIFO. Variable flag FIFOs allow the user 
to program the level of two additional full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

MT52C1605 
REV, 7/89 7-21 

512 x 16 FIFO 
VARIABLE FLAGS/MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

48L DIP 

w 48 Vee 
08 2 47 09 
07 3 46 010 
06 4 45 011 
05 5 44 012 
04 6 43 013 
03 7 42 014 
02 8 41 015 
01 9 40 016 
XI 10 39 FURT 
VF 11 38 RS 

Vss 12 37 XO/HF 
FF 13 36 Vss 

MBS 14 35 EF 
MBF 15 34 VE 

Q1 16 33 Q16 
Q2 17 32 Q15 
Q3 18 31 Q14 
Q4 19 30 Q13 
Q5 20 29 Q12 
Q6 21 28 Q11 
Q7 22 27 Q10 
Q8 23 26 Q9 

Vss 24 25 R 

Micron Technology, Inc. reserves the right to change products or specifications without notice. 
TM Trademark of Micron Technology, Inc 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Asynchronous and simultaneous READ and WRITE 
• Empty and Full Flags 
• Easy expansion capability 
• Automatic retransmit 
• Transistor loads for maximum data integrity 
• Lowpower 
• One chip interface between a 16 bit bus and an 8 bit 

bus 
• Programmable Mailbox register 
.. Programmable Empty /Full Flags (128 increments) 

OPTIONS MARKING 
• Timing 

25ns access time -25 
30ns access time -30 
35ns access time -35 

• Packages 
Plastic DIP None 
Ceramic DIP C 

GENERAL DESCRIPTION 
The MlcronFIFO family employs high speed, low power 

CMOS designs using a true dual-port 6-transistor memory 
cell with resistive loads. They are fabricated using silicon 
gate CMOS technology. 

There are three major user options that are available 
separately or in combination: expandable, mailbox regis
ter, and variable flags. Expandable FIFOs are designed to 
be compatible with industry standard devices and have 
fixed full and empty flags. Mailbox FIFOs have an on-chip 
programmable register that is used to bypass specific 
words around the FIFO. Variable flag FIFOs allow the user 
to program the level of two additional full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

MT52C1607 
REV.71B9 7-23 

512 x 16 to 8 FIFO 
VARIABLE FLAGS/MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

40L DIP 

W 1 40 Vee 
08 2 39 09 
07 3 38 010 
06 4 37 011 
05 5 36 012 
04 6 35 013 
03 7 34 014 
02 8 33 015 
01 9 32 016 
XI 10 31 FURT 
VF 11 30 RS 
FF 12 29 XO/HF 

MBS 13 28 EF 
MBF 14 27 VE 

NC 15 26 RC 
01 16 25 08 
02 17 24 07 
03 18 23 06 
04 19 22 05 

Vss 20 21 R 

Micron Technology, Inc. reserves the right to change products Of specifications without notice. 
TM Trademark of Micron Technology, Inc. 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Asynchronous and simultaneous READ and WRITE 
• Empty and Full Flags 
• Automatic retransmit 
• Transistor loads for maximum data integrity 
• Lowpower 
• Programmable Mailbox register 
• Programmable Empty /Full Flags (128 increments) 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP 
Ceramic DIP 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 

None 
C 

The Micron FIFO family employs high speed, low power 
CMOS designs using a true dual-port 6-transistor memory 
cell with resistive loads. They are fabricated using silicon 
gate CMOS technology. 

There are three major user options that are available 
separately or in combination: expandable, mailbox regis
ter, and variable flags. Expandable FIFOs are designed to 
be compatible with industry standard devices and have 
fixed full and empty flags. Mailbox FIFOs have an on-chip 
programmable register that is used to bypass specific 
words around the FIFO. Variable flag FIFOs allow the user 
to program the level of two additional full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

MT52C801' 
REV. 7189 7-25 

1K x 8 FIFO 
VARIABLE FLAGS/MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

28L DIP 

W Vee 

MBS 05 

04 06 

03 07 

02 08 

01 RT 

VF RS 

FF EF 

01 VE 

02 08 

03 07 

04 06 

MBF 05 

Vss R 

Micron Technology, Inc. reserves the right I!) change products or specifications without notice. 
TM Trademarkof Micron Technology, Inc. 
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FIFO 

FEATURES 
• Very high speed: 25,30, and 35ns access 
• High performance, low power CMOS process 
• Single +5V ±1O% supply 
• Low power: 5mW typo (standby); 350mW typo (act.) 
• TTL compatible inputs and outputs 
• Asynchronous and simultaneous READ and WRITE 
• Empty, Half-Full and Full Flags 
• Auto-retransmit capability 
• Fully expandable width and depth 
• Pin function compatible with higher density 9000 

series FlFOs 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP (600 mil) 
Ceramic DIP (600 mil) 
PLCC 
Ceramic LCC 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 

None 
C 
EJ 
EC 

The Micron FIFO family employs high speed, low power 
CMOS designs using a true dual-port, 6-transistormemory 
cell with resistive 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 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 

MT52C9OtO 
REV.7f89 7-27 

1K x 9 FIFO 

PIN ASSIGNMENT (Top View) 

28LDIP 
W 28 Vee 

09 27 05 

043 2606 

0342507 

0252408 

01 6 23 FLiiiT 
Xi7 22RS 

21 EF FF 8 

01 9 

02 10 

03 11 

Q4 12 

09 13 

Vss 14 

20 xoiHF 
19 08 

18 07 

17 as 32ULCC 
16 05 

~~I3:~~~~ 
15 ii 

/oo::rMN,.-N,.-O 

03 5 • '" '" "'29 P 07 
026 28P08 
017 27pNC 
Xi 8 26 P F"uRT 
FF 9 25p~ 
01 10 24 EF 
02 11 23 XliiHF 
NC 12 22 08 
03 13 21 07 

flag is asserted, further reads are inhibited and the outputs 
remain high impedance. Expansion out, expansion in, and 
firstload pins are provided to expand the depth of the FIFO 
memory array, with no performance degradation. A re
transmit pin allows data to be .recsent on the receiver's 
request when the FlFO is in the stand alone mode. 

The depth of the FIFO can be expanded by cascading 
multiple devices in the depth expansion mode. Also, the 
MT52C9010 is speed, function and pin compatible with 
higher density FIFOs from Micron. This upward compati
bilitywith 2Kand 4Kx9 FlFOs provides a single chip depth 
expansion solution. 

Micron Technology, Inc. reserves the right to change products or specifications without notice. 
TM TrademarkotMlcronTechnology, Inc. 
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READ I 
CONTROL I 

r." 
READ ADDRESS POINTER 

r---
r-- 0 B 

1024 X 9 BIT U U 
..A ... DUAL-PORT T F 

rnbiME4!1t7 
r MEMORY P F ...,. 01 - 09 D1 - D9 

U E 

r-- .L£!. 

~ 
WRITE ADDRESS POINTER 

XI EXPAND W 
LOGIC 

WRITE I 
t CONTROL I 

XO/HF 

w 

FU:: j' .... _~_~~_7_~----'1--___ --41 ______ -----: LI_L~F~..:..G G_IC_.I_": :: 
FUNCTIONAL BLOCK DIAGRAM 
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PIN DESCRIPTIONS 

LCC PIN DIP PIN SYMBOL TYPE DESCRIPTION 
NUMBER(S) NUMBER(S) 

25 22 AS Input Reset: Taking AS 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. Reset also 
samples XI and FURT to set the depth expansion mode. 

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 (01 - 09). 

8 7 XI Input Expansion In: Sets mode of operation on the L -+H transition of 
RS; stand alone when LOW; depth expansion when HIGH. When 
in depth expansion, XI will be pulsed LOW once to enable write 
pointer, then again to enable read pOinter. 

26 23 FURT Input First Load: In depth expansion mode, F[ will enable the device 
as the first to be loaded, (enables read and write pOinters) when 
LOW during the L -+H transition of AS. 
Retransmit: In stand alone mode, RT is used to enable the 
RETRANSMIT cycle. When taken LOW, AT 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. 

3,4,5,6,7 2,3,4,5,6 01 - 09 Input Data Inputs 
28, 29, 30,31 24, 25, 26,27 

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: During depth expansion, XO will pulse LOW on 
the last physical WRITE and READ operations, disabling writes 
then reads to the FIFO. 

Half-full Flag: During stand alone operation HFindicates when 
the (Half-full + 1) memory location is written; will stay LOW until 
the (Half-full + 1) location is read. 

10,11,13,14 9,10,11,12,13 01 -09 Output Data Output: Output or high impedance. 
15, 19, 20,21,22 16,17,18,19 

32 28 Vee Supply Power Supply: +5V 10% 
16 14 Vss Supply Ground 

7-29 
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FUNCTIONAL DESCRIPTION 

The MT52C9010 uses a dual-port SRAM memory cell 
with separate read and write pointers that results in a 
flexible length FIFO buffer memory, with independent, 
asynchronous READ and WRITE capabilities and with no 
fall through or bubblethrough time contraints. 

Note: For dual function pins, the function that is not 
being discussed will be surrounded by parentheses. 
For example, when discussing ~-fu/l flags the 
XO/HF pin will be shown as (XO)/HF. 

RESET 

After V cc is stable, RESET (RS) must be taken LOW to ini
tialize the read and write pointers and flags. RESET also 
sets the mode of operation, stand alone or expanded. 
During the RESET pulse, the state of the XI pin will deter
mine if the FIFO will operate in the stand alone or depth ex
pansion mode. The stand alone mode is entered when XI is 
LOW dur~ th~~ESET cycle. When XI is HIGH or is con
nected 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, while FF is HIGH. The WRITE cycle is 
initiated by the falling edge of Wand data on the Dl-D9 
pins is 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)/HFis asserted when the 
half-full-plus-one location (1024/2 + 1) is written. It will 
stay asserted until the half-full-plus-one location is read or 
the FIFO is reset. The first write to an em.J:ty FIFO will cause 
EF to go HIGH after the rising edge of W. When operating 
in the ~th expansion mode, the last write to a FIFO will 
cause FF to go LOW and will cause XI to pulse LOW. This 
will enable writes to the next FIFO in the chain. 

7-30 

READING THE FIFO 

Information is read from the FIFO when the read strobe 
(R) pin is taken LOW and data is available (EF is HIGH). 
The data-out (Ql - Q9) pins will go active (low Z) tRLZ 
after the falling edge ofR and valid data will appear tA after 
the falling edge of R. When the last data word is read, EF 
will go LOW after the falling edge ofR. While EF is asserted 
LOW, any attempted reads will be inhibited and the out
puts will stay inactive (high Z). When the FIFO is being 
used in the single devic~!!l0de and the half-full-plus-one 
10cationJs read, (XO)/HF will go HIGH after the rising 
edge of R. When the FIFO is full (FF asserted) and a read is 
initiated, FF will go HIGH after the rising edge ofR. When 
operating in the expanded mode, the last read to a FIFO 
will cause the EF to go LOW and will cause XI 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 data just read from the 
FIFO to be repeated. 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 aqain start reading 
the data from the beginning of the FIFO RTR after (FL)/ 
RT is taken HIGH. The empty, half-full and full flags will 
be affected as specified for the data volume. 

DATAFLOW-THROUGH 
Data flovv-throLigh is a method af "vvriting ~:nd rc~dir..g 

the FlFO~t its full and empty points, respectively. By 
holding W LOW when the FIFO is full, a WRITE can be 
initiated from the next ensuing READ pulse. This is re
ferred to as a flow-through write. Flow-through writes are 
initiated from the rising edge ofR. When the FI~Ois 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 of Wand access 
time measured from the rising edge of EF. 
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w ----------~~---+I~~·+-~~--+_--------R 

D1-D9 

-r~-+~~-------------V~ 

FULL -G:==~-l- -LL-=:t:=::~ 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 acheived 
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/(HB and FL/(RT). Figure 1 illus
trates a typical three device expansion. The depth expan
sion mode is entered during a RESET cycle, by tying the 
XO I (HF) pin of each device to the XI pin ofthe next device 
in the chain. The first device to be loaded will have its FLI 
(RT) ~grounded. The remaining devices in the chain will 
have FLI (RT) tied IDGH. During RESET cycle, XO I (HF) 
of each device goes IDGH, disabling the read and write 

7-31 

pointers of every FIFO, except the first load device. When 
the la~.Ehysicallocation 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 chrun, 
enabling writes to that device and disabling the first. The 
writes will continue to go to the second deviceuntilit is full. 
Then it will "pass" the write pointer to the third device. 
This process continues until all devices are full. When the 
entire FIFO array is written, the full condition is signaled 
by ORing all the FF pins, further writes are inhibited. On 
the last physical read of the first device, its XO I (HF) will 
pulse again. On the falling edge of R, 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 
"ORing" 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 

INPUTS 

MODE W R 'R'§" 

RESET H H L 

WRITE L X H 

READ X L H 

EMPTY X H-L H 
(LAST READ) 

FULL H-L X H 
(LAST WRITE) 

HALF-FULL H-L X H 

RETRANSMIT H H H 

NOTES: 
1. WRITE operations are independent of READ 

operations. 
2. READ operations are independent of WRITE 

operations. 

FURT 

X 

X 

X 

X 

X 

X 

L 

XI 

X 

X 

X 

X 

X 

X 

X 

7-32 

OUTPUTS 

01-09 EF 'FF" xoiRF Q1-Q9 NOTES 

X L H X X 

Data In X H X X 1 

X H X X Data Out 2 

X H-L X X Data Out 

Data In X H-L L X 

Data In X H H-L X 3,4 

X H X X X 4 

3. The half-full location is (1024/2 + 1) or 513. 
4. Functional in stand alone mode only. 
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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 + ISO°C 
Storage Temperature (Plastic) ................... -SSOC to + 1S0°C 
Power Dissipation ........................................................ 1 Watt 
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; 70o e, Vee = S.OV ± 10%) 

DESCRIPTION CONDITIONS 

Power Supply W, R :0; VIL, Vec = 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 

Vee 4.S s.s V 1 

VIH 2.0 Vee+1 V 1 

VIL -O.S 0.8 V 1,2 

SYMBOL MIN MAX UNITS NOTES 

Icc 100 rnA 3 

15B1 10 rnA 

Power Supply W, R ;:: Vee - 0.2, Vee = Max. 
Current: Standby VIL :0; V5S + 0.2, 15B2 1 rnA 

VIH ;:: Vee - 0.2, f = 0 

Input Leakage Current OV:O; VIN:O; Vee ILl -10 10 ~A 

Output Leakage Current Output(s) Disabled, ILo -10 10 ~A 
OV :0; VOUT :0; Vce 

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 = 2SoC, f = 1 MHz CI 8 pF 4 

Output Capacitance Vee = SV Co 8 pF 4 

7-33 

-J] 

2J 



-]] a 

ADVANCE 

I'IIIC::I=ION MT52C9010 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(oOe ~ T A ~ 70oe, Vee = S.OV ±1 0%) 

A.C. CHARACTERISTICS -25 -30 -35 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Access Time IA 25 30 35 ns 

READ Cycle Time IRC 35 40 45 ns 

READ Recoverv Time IRR 10 10 10 ns 

Read Pulse Wid1h IRPW 25 30 35 ns 

Read LOW to low Z IRLZ 5 5 5 ns 

Read to HIGH to hiah Z tRHZ 18 20 20 ns 

Read HIGH 10 Dala Valid IDV 18 20 20 ns 

WRITE Cycle Time IWC 35 40 45 ns 

Write Pulse Width twpw 25 30 35 ns 

WRITE Recoverv Time tWR 10 10 10 ns 

Write HIGH to LOW Z IWLZ 5 5 5 ns 5 

Data Set-uD Time IDS 15 18 20 ns 

Data Hold Time tDH 0 0 0 ns 

RESET CYcle Time IRCS 35 40 45 ns 

Reset Pulse Width IRSP 25 30 35 ns 6 

RESET Recoverv Time IRSR 10 10 10 ns 

Read HIGH to Reset HIGH tRRS 25 30 35 ns 

Write HIGH to Reset HIGH tWRs 25 30 35 ns 

RETRANSMIT Cycle Time IRtC 35 40 45 ns 

Retransmit Pulse Width tRT 25 30 35 ns 

RETRANSMIT Recoverv Time tRTR 10 10 12 ns 

Retransmit Set-UD Time tRTS 25 30 35 ns 

Reset to ~ LOW IEFL 35 40 45 ns 

Reset to IT HIGH tFFH 35 40 45 ns 

Reset to HF HIGH IHFH 35 40 45 ns 

Read LOW to IT LOW tREF 25 30 35 ns 

Read HIGH to rr HIGH IRFF 25 30 35 ns 

Write LOW to FF' LOW IWFF 25 30 35 ns 

Write HIGH to IT HIGH IWEF 25 30 35 ns 

Write LOW to HF LOW IWHF 35 40 45 ns 

Read HIGH to HF HIGH IRHF 35 40 45 ns 

Read Pulse after IT HIGH IRPE 25 30 35 ns 5 

Write Pulse Width after FF' HIGH IWPF 25 30 35 ns 

ReadlWrite to XLi LOW IXOL 25 30 35 ns 

ReadlWrite to XO HIGH IXOH 25 30 35 ns 

XI Pulse Width IXIP 25 30 35 ns 

Xl Set-uD Time IXIS 15 15 15 ns 

XI Recovery Time IXIR 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. Data flow-through data 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 ......................................... 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 1 

EF 

HF, FF 

RESET 

tRSP(6) 

+5V 

~500 
Q,,, "--i "''' 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

ASYNCHRONOUS READ AND WRITE 

tRLZ 

01-09 

~ 
twc 

twpw 

Vi 

01-09 

tov 

DATA OUT (1) 
VALID 

tWR 

tOH 

i 
DATA OUT (2) 

VALID 

~ r-____ ~(~ __ 0~~=~=~(_2)~j-

~ DON'T CARE 

~ UNDEFINED 
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LAST READ 

Vi 

R 

EF 

IA 

al ·09 

LAST WRITE 

HALF·FULL OR LESS 

EMPTY FLAG 

IGNORED 
READ 

IGNORED 
WRITE 

FIRST WRITE 

FULL FLAG 

FIRST READ 

ADDITIONAL 
WRITES 

FIRST READ 

ADDITIONAL FIRST WRITE 
READS 

HALF-FULL FLAG 

MORE THAN 
HALF·FULL 

j 

IWHF 

{ 

7·36 

HALF·FULL OR LESS 

IRHF 

Ir--

~ DON'T CARE 

~ UNDEFINED 
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XO(1) 

D1 - D9 

XO(1) 

01-09 

R 

XI 

EXPANSION MODE (XO) 

WRITE FROM LAST PHYSICAL 
LOCATION OF DEVICE 1 

IXOL --
ISD 

WRITE FROM FIRST PHYSICAL 
LOCATION OF DEVICE 2 

f\ 
IXOH --
IHD ISD IHD - - . .-

~VALIDDATA~ VALIDDATA C 
READ FROM LAST PHYSICAL 
LOCATION OF DEVICE 1 

IXOL IXOH 

IDV 

READ FROM FIRST PHYSICAL 
LOCATION OF DEVICE 2 

r------

IDV 

Note 1: XO of the Device 1 is connected to XI of Device 2. 

EXPANSION MODE (XI) 

WRITE TO FIRST PHYSICAL LOCATION 

. 
IXIS . . } / IXIS 

IXIP IXIR . . . . 
------, 
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RETRANSMIT 
'ATC 

I 

R,W ~~----~I~ 

EF,FF,HF FLAG VALID 

WRITE FLOW-THROUGH 

tWPF 

w ~ 
,--

tRFF - Fe 
tWFF 

"\ 

:II 
23 

01·09 

01-09 

-.I_tDH 
DATA IN 
VALID 

I~ 
I 'OS 

__________ ~~ D~~~T ~~---------

READ FLOW-THROUGH 
\/ jjATAir.i \I 

01-09 1\ 1\ 

W 
1RPE 

R 

1WEF 

EF 

1WL2 ~. 
01-09 OATAOUT >--VAllO 

~ DON'TeARE 

~ UNDEFINED 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Asynchronous and simultaneous READ and WRITE 
• Empty and Full Flags 
• Automatic retransmit 
• Transistor loads for maximum data integrity 
• Low power 
• Programmable Mailbox register 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP 
Ceramic DIP 
PLCC 
Ceramic LCC 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 

None 
C 
EJ 
EC 

The Micron FIFO family employs high speed, low power 
CMOS designs using a true dual-port 6-transistor memory 
cell with resistive loads. They are fabricated using silicon 
gate CMOS technology. 

There are three major user options that are available 
separately or in combination: expandable, mailbox regis
ter, and variable flags. Expandable FIFOs are designed to 
be compatible with industry standard devices and have 
fixed full and empty flags. Mailbox FIFOs have an on-chip 
programmable register that is used to bypass specific 
words around the FIFO. Variable flag FIFOs allow the user 
to program the level of two additional full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

MT52C9011 
REV. 7/89 7-39 

1Kx 9 FIFO 
MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

28L DIP 

iN 28 Vee 

09 2 27 05 

04 26 06 

03 25 07 

02 08 

01 RT 

MBS 7 RS 

IT 8 21 EF 

Q1 9 MBF 

Q2 10 Q8 

Q3 11 Q7 

Q4 12 Q6 

Q9 13 Q5 

Vss 14 R 

32L1LCC 

;g; ~ 13 ~ 4;! 8 ~ 
-.:::tMN-r-NT"""O 

C') C') C') 

03 5 • 29 07 
02 6 28 08 
01 7 27 NC 

MBS 8 26 RT 
FF 9 25 RS 

Q1 10 24 EF 
Q2 11 23 MBF 
NC 12 22 Q8 
Q3 13 21 Q7 

""""LO(,Of'.,,COcnO 
T""" T"'" T""'T"""T""""'-- N 

q- 0> en U IOC LO <.0 
oo~z 00 

Micron Technology, Inc. reserves the right to change products or specifications without notice 
TM Trademark of Micron Technology, Inc 

-J] a 



-J] 

21 

ADVANCE 

I'll I c:: 1=1 ON MT52C9011 

7-40 



ADVANCE 

I'4U:::-=-ON MT52C9012 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Asynchronous and simultaneous READ and WRITE 
• Empty and Full Flags 
• Automatic retransmit 
• Transistor loads for maximum data integrity 
• Lowpower 
• Programmable Empty IFull Flags (128 increments) 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP 
Ceramic DIP 
PLCC 
Ceramic LCC 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 

None 
C 
EJ 
EC 

The Micron FIFO family employs high speed, low power 
CMOS designs using a true dual-port 6-transistor memory 
cell with resistive loads. They are fabricated using silicon 
gate CMOS technology. 

There are three major user options that are available 
separately or in combination: expandable, mailbox regis
ter, and variable flags. Expandable FlFOs are designed to 
be compatible with industry standard devices and have 
fixed full and empty flags. Mailbox FIFOs have an on-chip 
programmable register that is used to bypass specific 
words around the FIFO. Variable flag FIFOs allow the user 
to program the level of two additional full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

MT52C9012 
REV. 7189 7-41 

1K x 9 FIFO 
VARIABLE FLAGS 

PIN ASSIGNMENT (Top View) 

28L DIP 

03 
02 
01 
VF 
FF 
01 
02 
NC 
03 

W 
09 

OA 
03 

02 

01 

VF 
FF 

01 

02 

03 

04 

09 

Vss 

[ 1 '-../ 28 Vee 
[ 2 27 05 

3 26 06 

4 25 07 

5 24 08 

6 23 RT 

7 22 RS 

8 21 EF 
9 20 VE 
10 19 P 08 

11 18 P 07 

[ 12 17p 06 

[ 13 16 P 05 

[ 14 15 b R 

32L1LCC 

i3~IS:~~~~ 
V C"Je'iT""" NT""" 0 

MMM 

5 • 29 
6 28 
7 27 
8 26 
9 25 
10 24 
11 23 
12 22 
13 21 

'V Lt> co ...... co 0') C> 
'T""" T""""" T"""""" T""" C'\I 

'V 0') '" u Ia: Lt> co 
oo~z 00 

07 
08 
NC 
RT 
RS 
EF 
VE 
08 
07 

Micron Technology, Inc. reserves the right to change products or spacIfIcations without notice" 
1M Trademark of Micron Technology, Inc. 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• 16-bit word width 
• Asynchronous and simultaneous READ and WRITE 
• Empty and Full Flags 
• Easy expansion capability 
• Automatic retransmit 
• Transistor loads for maximum data integrity 
• Lowpower 
• Programmable Mailbox register 
• Programmable Empty /Full Flags (128 increments) 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP 
Ceramic DIP 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 

None 
C 

TheMicronFIFOfamilyemployshighspeed,lowpower 
CMOS designs using a true dual-port 6-transistor memory 
cell with resistive loads. They are fabricated using silicon 
gate CMOS technology. 

There are three major user options that are available 
separately or in combination: expandable, mailbox regis
ter, and variable flags. Expandable FIFOs are designed to 
be compatible with industry standard devices and have 
fixed full and empty flags. Mailbox FIFOs have an on-chip 
programmable register that is used to bypass specific 
words around the FIFO. Variable flag FIFOs allow the user 
to program the level of two additional full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

MT52C1610 
REV. 7/89 7-43 

1K x 16 FIFO 
VARIABLE FLAGS/MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

48L DIP 

w 1 48 Vee 
08 2 47 09 
07 3 46 010 
06 4 45 011 
05 5 44 012 
04 6 43 013 
03 7 42 014 
02 8 41 015 
01 9 40 016 
XI 10 39 FLIRT 
VF 11 38 RS 

Vss 12 37 XO/HF 
FF 13 36 Vss 

MBS 14 35 EF 
MBF 15 34 VE 

01 16 33 016 
02 17 32 015 
03 18 31 014 
04 19 30 013 
05 20 29 012 
06 21 28 011 
07 22 27 010 
08 23 26 09 

Vss 24 25 R 

Micron Technology, Inc. reserves the right to change products or specifications without notice 
TM Trademark of Micron Technology, Inc 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Asynchronous and simultaneous READ and WRITE 
• Empty and Full Flags 
• Easy expansion capability 
• Automatic retransmit 
• Transistor loads for maximum data integrity 
• One chip interface between a 16 bit bus and an 8 bit 

bus 
• Low power 
• Programmable Mailbox register 
• Programmable Empty/Full Flags (128 increments) 

OPTIONS MARKING 
Timing 
25ns access time -25 
30ns access time -30 
35ns access time -35 

• Packages 
Plastic DIP None 
Ceramic DIP C 

GENERAL DESCRIPTION 
The Micron FIFO family employs high speed, low power 

CMOS designs using a true dual-port 6-transistor memory 
cell with resistive loads. They are fabricated using silicon 
gate CMOS technology. 

There are three major user options that are available 
separately or in combination: expandable, mailbox regis
ter, and variable flags. Expandable FIFOs are designed to 
be compatible with industry standard devices and have 
fixed full and empty flags. Mailbox FIFOs have an on-chip 
programmable register that is used to bypass specific 
words around the FIFO. Variable flag FIFOs allow the user 
to program the level of two additional full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

MT52C1612 
REV, 7-'89 7-45 

1Kx 16 to 8 FIFO 
VARIABLE FLAGS/MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

40L DIP 

W 1 40 Vee 
08 2 39 09 
07 3 38 010 
06 4 37 011 
05 5 36 012 
04 6 35 013 
03 7 34 014 
02 8 33 015 
01 9 32 016 
XI 10 31 FURT 
VF 11 30 RS 
FF 12 29 XO/HF 

MBS 13 28 EF 
MBF 14 27 VE 

NC 15 26 RC 
01 16 25 08 
02 17 24 07 
03 18 23 06 
04 19 22 05 

Vss 20 21 R 

Micron Technology, 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Asynchronous and simultaneous READ and WRITE 
• Empty and Full Flags 
• Automatic retransmit 
• Transistor loads for maximum data integrity 
• Low power 
• Programmable Mailbox register 
• Programmable Empty I Full Flags (128 increments) 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP 
Ceramic DIP 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 

None 
C 

The Micron FIFO family employs high speed, low power 
CMOS designs using a true dual-port 6-transistor memory 
cell with resistive loads. They are fabricated using silicon 
gate CMOS technology. 

There are three major user options that are available 
separately or in combination: expandable, mailbox regis
ter, and variable flags. Expandable FlFOs are designed to 
be compatible with industry standard devices and have 
fixed full and empty flags. Mailbox FIFOs have an on-chip 
programmable register that is used to bypass specific 
words around the FIFO. Variable flag FIFOs allow the user 
to program the level of two additional full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

MT52G8021 
REV. 7189 7-47 

2K x 8 FIFO 
VARIABLE FLAGS/MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

28L DIP 

IN Vee 

MBS 05 

04 06 

03 07 

02 08 

01 RT 

VF RS 

FF EF 

01 VE 

02 08 

03 07 

04 06 

MBF 05 

Vss R 

Micron Technology, Inc. reserves the right to change products or specifications without notice 
TM Trademark. of Micron Technology. Inc 
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FIFO 

FEATURES 
• Very high speed: 25, 30, and 35ns access 
• High performance, low power CMOS process 
• Single +5V ±10% supply 
• Low power: 5mW typo (standby); 350m W typo (act.) 
• TIL compatible inputs and outputs 
• Asynchronous and simultaneous READ and WRITE 
• Empty, Half-Full and Full Flags 
• Auto-retransmit capability 
• Fully expandable width and depth 
• Pin function compatible with higher density 9000 

series FIFOs 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP (600 mil) 
Ceramic DIP (600 mil) 
PLCC 
CeramicLCC 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 

None 
C 
EJ 
EC 

The Micron FIFO family employs high speed, low power 
CMOS designs using a true dual-port, 6-transistor mem
ory cell with resistive 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 

MT52C9020 
REV. 7189 7-49 

2K x 9 FIFO 

PIN ASSIGNMENT (Top View) 

28L DIP 

W 1 28 Vee 

09 2 27 05 

04 3 26 06 

03 4 25 07 

02 5 24 08 

01 6 23 FliRT 
Xi 22 AS 
FF 21 IT 
01 9 20 rolilF 
Q2 10 19 08 

03 11 18 07 

Q4 12 17 06 32L/LCC 
09 13 16 05 

C!;~I~~~~~ Vss 14 15 i\ 
'"I:t('l)C\J ...... N ...... O 

C'"'' '" 03 5 • 29 07 
02 6 28 08 
01 7 27 NC 
Xi 8 26 i=LJiiT 
FF 9 25 AS 
01 10 24 IT 
02 11 23 xoiHF 
NC 12 22 08 
03 13 21 07 

'o::rLt)cor....como 
...... ..-,......- ...... ..-N 

~ 8 ~ ~Ia: cg ~ 

flag is asserted, further reads are inhibited and the outputs 
remain high impedance. Expansion out, expansion in, and 
first load pins are provided to expand the depth of the FIFO 
memory array, with no performance degradation. A re
transmit pin allows data to be re-sent on the receiver's 
request when the FIFO is in the stand alone mode. 

The depth of the FIFO can be expanded by cascading 
multiple devices in the depth expansion mode. Also, the 
MT52C9020 is speed, function and pin compatible with 
higher density FIFOs from Micron. This upward compati
bility with the 4K x 9 FIFO provides a single chip depth 
expansion solution. 

Micron Technology, In(:. reserves the right to change products or specifications without notice. 
TM Trademark of Micron Technology, Inc. 
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READ I 
CONTROL I 

r. READ ADDRESS POINTER 

2048 X 9 BIT 
*".: .. 

.,. . ... .: ,: .. ·~,t . .J*~% .. ·'1g.f&Willillffilli DUAL-PORT , . 01 - D9 
r MEMORY 

~ 
WRITE ADDRESS POINTER 

! WR!TE ! 

I I I 
CONTROL 

: RESET 
LOGIC 

FUNCTIONAL BLOCK DIAGRAM 
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EXPAND W 
LOGIC 

r 
FLAG 
LOGIC 

01 - 09 

EF 

FF 
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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. Reset also 
samples XI and FURT to set the depth expansion mode. 

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: Sets mode of operation on the L -H transition of 
RS; stand alone when LOW; depth expansion when HIGH. When 
in depth expansion, XI will be pulsed LOW once to enable write 
pointer, then again to enable read pointer. 

26 23 FURT Input First Load: In depth expansion mode, FL will enable the device 
as the first to be loaded, (enables read and write pointers) when 
LOW during the L -H transition of RS. 

Retransmit: 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. 

3,4,5,6,7 2,3,4,5,6 D1 - D9 Input Data Inputs 
28, 29, 30,31 24, 25, 26,27 

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: During depth expansion, XO will pulse LOW on 
the last physical WRITE and READ operations, disabling writes 
then reads to the FIFO. 

Half-full Flag: During stand alone operation HF indicates when 
the (Half-full + 1) memory location is written; will stay LOW until 
the (Half-full + 1) location is read. 

10,11,13,14 9,10,11,12,13 01 -09 Output Data Output: Output or high impedance. 
15, 19, 20,21,22 16,17,18,19 

32 28 Vcc Supply Power Supply: +5V 10% 
16 14 Vss Supply Ground 

7-51 
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FUNCTIONAL DESCRIPTION 
The MT52C9020 uses a dual-port SRAM memory cell 

with separate read and write pointers that results in a 
flexible length FIFO buffer memory, with independent, 
asynchronous READ and WRITE capabilities and with no 
fallthrough or bubblethrough time constraints. 

Note: For dual function pins, the function that is not 
being discussed will be surrounded by parentheses. 
For example, when discussing half-~ags the 
XO/HF pin will be shown as (XO)/HF. 

RESET 

AfterVcc is stable, RESET (RS) must be taken LOW to ini
tialize the read and write pOinters and flags. RESET also 
sets the mode of operation, stand alone or expanded. 
During the RESET pulse, the state of the XI pin will 
detennine if the FIFO will operate in the stand alone or 
depth expansion mode. The stand alone mode is entered 
when XI is LOW during.!!t~ RESET cycle. When XI is HIGH 
or is connected to XO / (HF) of another FIFO, the depth ex
pansion 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 
initiated by the falling edge of Wand data on the D1-D9 
pins is 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) /ill is asserted when the 
half-full-plus-one location (2048/2 + 1) is written. It will 
stay asserted until the half-full-plus-one location is read or 
the FIFO is reset. The first write to anem...E.ty FIFO will cause 
EF to go HIGH after the rising edge of W. When operating 
in the ~th expansion mode, the last write to a FIFO will 
cause FF to go LOW and will cause XI to pulse LOW. This 
will enable writes to the next FIFO in the chain. 

7-52 

READING THE FIFO 

Information is read from the FIFO when the read strobe 
d~) pin is taken LOW and data is available (EF is HIGH). 
The data-out (Q1 - Q9) pins will go active (low Z) tRLZ 
after the falling edg~ofR and valid data will appear tA after 
the falling edge of R. When the last data word is read, EF 
will go LOW after the falling edge ofR. While EF is asserted 
LOW, any attempted reads will be inhibited and the out
puts will stay inactive (high Z). When the FIFO is being 
used in the single device mode and the half-full-plus-one 
10cationJs read, (XO)/HF will go HIGH after the rising 
edge of R. When the FIFO is full (FF asserted) and a read is 
initiated, FF will go HIGH after the rising edge ofR. When 
operating in the expanded mode, the last read to a FIFO 
will cause the EF to go LOW and will cause XI 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 data just read from the 
FIFO to be repeated. 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 a~ain start reading 
the data from the beginning of the FIFO RTR after (FL) / 
RT is taken HIGH. The empty, half-full and full flags will 
be affected as specified for the data volume. 

DATAFLOW-THROUGH 
Ditta flow-through lS a llLethod of't-vriting o.nd readir'Lg 

the FIFO~t its full and empty points, respectively. By 
holding W LOW when the FIFO is full, a WRITE can be 
initiated from the next ensuing READ pulse. This is re
ferred to as a flow-through write. Flow-through writes are 
initiated from the rising edge ofR. When the FI!::..O 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 of Wand access 
time measured from the rising edge of EF. 
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------------~----.r~~--~~--~---------R 

D1-D9 ••••••••••• 01-09 

-+-+--+-1-------- Vcc 

FULL --G-----+-

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 expanded 
depth mode FIFOs. Expanded width operation is acheived 
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. '!:!t..!:.ee 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~
s~.!! 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) ~grounded. The remaining devices in the cha~~ill 
have FL/ (RT) tied HIGH. During reset cycle, XO / (HF) of 
each device goes HIGH, disabling the read and write point-

7-53 

ersof every FIFO, except the first load device. When the last 
~r.sical location of the first device is written, the XO / 
(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 the first. The 
writes will continue to go to the second device until it is full. 
Then it will "pass" the write pointer to the third device. 
This process continues until all devices are full. When the 
entire FIFO array is written, the full condition is signaled 
by ORing all the FF pins, further writes are inhibited. On 
the last physical read of the first device, its XO / (fiB will 
pulse again. On the falling edge of R, 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 
"ORing" 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 

INPUTS 

MODE W R AS 

RESET H H L 

WRITE L X H 

READ X L H 

EMPTY X H---L H 
(LAST READ) 

FULL H---L X H 
(LAST WRITE) 

HALF·FULL H---L X H 

RETRANSMIT H H H 

NOTES: 
1. WRITE operations are independent of READ 

operations. 
2. READ operations are independent of WRITE 

operations. 

FLIRT 

X 

X 

X 

X 

X 

X 

L 

OUTPUTS 

XI 01-09 EF FF XO/HF Q1-Q9 NOTES 

X X L H X X 

X Data In X H X X 1 

X X H X X Data Out 2 

X X H---L X X Data Out 

X Data In X H---L L X 

X Data In X H H---L X 3,4 

X X H X X X 4 

3. The half·fulllocation is (2048/2 + 1) or 1025. 
4. Functional in stand alone mode only. 
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ABSOLUTE MAXIMUM RA TINGS* 
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 Watt 
Short Circuit Output Current ...................................... 50mA 

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 :0; 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 

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 

Icc 100 rnA 3 

IS81 10 rnA 

Power Supply W, R ~ Vee - 0.2, Vee = Max. 
Current: Standby VIL :0; Vss + 0.2, IS82 1 rnA 

VIH ~ Vee - 0.2, f = 0 

Input Leakage Current OV:o; VIN:O; Vee ILl -10 10 J.lA 
Output Leakage Current Output(s) Disabled, ILo -10 10 J.lA 

OV :0; VOUT :0; Vee 

Output High Voltage IOH = -2.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0f1lA 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 

7-55 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(O°C ::; T A::; 70°C, Vee = S.OV ±10%) 

A.C. CHARACTERISTICS -25 -30 -35 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Access Time 'A 25 30 35 ns 

READ Cycle Time 'RC 35 40 45 ns 

READ Recoverv Time 'RR 10 10 10 ns 

Read Pulse Width 'RPW 25 30 35 ns 

Read LOW to low Z 'RLZ 5 5 5 ns 

Read to HIGH to high Z IRHZ 18 20 20 ns 

Read HIGH to Data Valid tDV 18 20 20 ns 

WRITE Cvcle Time 'WC 35 40 45 ns 

Write Pulse Width 'WPW 25 30 35 ns 

WRITE Recoverv Time 'WR 10 10 10 ns 

Write HIGH to LOW Z 'WLZ 5 5 5 ns 5 
Data Set-up Time 'DS 15 18 20 ns 

Data Hold Time IDH 0 0 0 ns 

RESET Cycle Time 'RCS 35 40 45 ns 

Reset Pulse Width 'RSP 25 30 35 ns 6 
RESET Recovery Time IRSR 10 10 10 ns 

Read HIGH to Reset HIGH 'RRS 25 30 35 ns 

Write HIGH to Rese' HIGH 'WRS 25 30 35 ns 

RETRANSMIT CYcle Time 'RTC 35 40 45 ns 

Retransmit Pulse Width 'RT 25 30 35 ns 

RETRANSMIT Recovery Time 'RTR 10 10 12 ns 

Retransmit Set-up Time 'RTS 25 30 35 ns 

Reset to EF LOW 'EFL 35 40 45 ns 

Reset to FF HIGH 'FFH 35 40 45 ns 

Reset to HF HIGH 'HFH 35 40 45 ns 

Read LO\"! to EF L()\"! 'RI=F ?5 . 30 ::1<; n" 
Read HIGH to FF HIGH 'RFF 25 30 35 ns 

Write LOW to FF LOW 'WFF 25 30 35 ns 

Write HIGH to IT HIGH 'WEF 25 30 35 ns 

Write LOW to HF LOW 'WHF 35 40 45 ns 

Read HIGH to HF HIGH 'RHF 35 40 45 ns 

Read Pulse after EF HIGH 'RPE 25 30 35 ns 5 
Write Pulse Width after IT HIGH 'WPF 25 30 35 ns 

ReadIWrite to XO LOW 'XOL 25 30 35 ns 

ReadIWrite to XO HIGH 'XOH 25 30 35 ns 

XI Pulse Width 'XIP 25 30 35 ns 

XI Set-up Time 'XIS 15 15 15 ns 

XI Recovery Time 'XIR 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. Data flow-through data 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 ......................................... 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 1 

EF 

HF, FF 

RESET 

tRSP(6) 

+5V 

~500 
Q", ~'''> 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

ASYNCHRONOUS READ AND WRITE 

Q1-09 

--_.---
tov 

DATA OUT (1) 
VALID 

DATA OUT (2) 
VALID 

• ~_t_~ '" 1~' '"~- {,--------,I 
------{K OAJ~~~(1) ~t--_---«,--------O:OA=J~-;-;~IN=O{2;:;-) ----"r-

twe 

01 - 09 
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LAST READ 

Q1-09 

LAST WRITE 

HALF-FULL OR LESS 

EMPTY FLAG 

IGNORED 
READ 

IGNORED 
WRITE 

FIRST WRITE 

FULL FLAG 

FIRST READ 

ADDITIONAL 
WRITES 

FIRST READ 

ADDITIONAL FIRST WRrrE 
READS 

HALF-FULL FLAG 

MORE THAN 
HALF-FULL 

1WHF _I 

_I 

'\ 
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W 

XO(I) 

01 - 09 

XO(I) 

01-09 

W 

EXPANSION MODE (XO) 

WRITE FROM LAST PHYSICAL 
LOCATION OF DEVICE 1 

lXOL 

---:1 
~ 

ISO 

WRITE FROM FIRST PHYSICAL 
LOCATION OF DEVICE 2 

n 
IXOH -
IHO ISO IHO - ---- . .-

~VALlOOATA~ VALlOOATA C 
READ FROM LAST PHYSICAL 
LOCATION OF DEVICE 1 

10V 

READ FROM FIRST PHYSICAL 
LOCATION OF DEVICE 2 

~----

10V 

Note 1: XO of the Device 1 is connected to XI of Device 2_ 

EXPANSION MODE (XI) 

WRITE TO FIRST PHYSICAL LOCATION 

/ 'XIS . 
'XIS . . 
'XIP 'XIR . . . . 

~ 

1\ 
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R.W 

EF. FF, HF 

Vi 

FF 

01·09 

Q1·09 

01-09 

01-09 

RETRANSMIT 

L 
I 

I 
~~--------~I~ 

FLAG VALID 

WRITE FLOW-THROUGH 

tWPF 

WllllA 
,---

tRFF 

tWFF l 

_~I_tDH 

DATA IN 
VALID 

I lOS 

I~ _____ ---1~I. DATA OUT ~>--____ _ 
~ VALID ~ 

READ FLOW-THROUGH 

_____ ---'x DATA IN x~ ______ __ 

tWEF 

___________ -_t~w_~:Q"-=~)---
__ DATA OUT 

VALID 

7-60 

~ DON'T CARE 

~ UNDEFINED 



ADVANCE 

I'IIIC:I=ION MT52C9021 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Asynchronous and simultaneous READ and WRITE 
• Empty and Full Flags 
• Automatic retransmit 
• Transistor loads for maximum data integrity 
• Low power 
• Programmable Mailbox register 

OPTIONS MARKING 
• Timing 

25ns access time -25 
30ns access time -30 
35ns access time -35 

• Packages 
Plastic DIP None 
Ceramic DIP C 
PLCC EJ 
Ceramic LCC EC 

GENERAL DESCRIPTION 
The Micron FlFO family employs high speed, low power 

CMOS designs using a true dual-port 6-transistor memory 
cell with resistive loads. They are fabricated using silicon 
gate CMOS technology. 

There are three major user options that are available 
separately or in combination: expandable, mailbox regis
ter, and variable flags. Expandable FlFOs are designed to 
be compatible with industry standard devices and have 
fixed full and empty flags. Mailbox FlFOs have an on-chip 
programmable register that is used to bypass specific 
words around the FlFO. Variable flag FlFOs allow the user 
to program the level of two additional full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

MT52C9021 
REV. 7189 7-61 

2Kx 9 FIFO 
MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

28L DIP 
W 1 28 Vee 

D9 2 27 D5 

D4 3 26 D6 

D3 4 25 D7 

D2 5 24 D8 

D1 6 23 RT 
MBS 7 22 RS 

ff 8 21 EF 
01 9 20 MBF 
02 10 19 08 

03 11 18 07 

04 12 17 06 

09 13 16 05 

Vss 14 15 R 

32L/LCC 

(g~I3:~~~;g 
'""" ('f')N 'T""" NT""" 0 

'" '" '" D3 5 • 29 D7 
D2 6 28 D8 
D1 7 27 NC 

MBS 8 26 RT 
FF 9 25 RS 

01 10 24 EF 
02 11 23 MBF 
NC 12 22 08 
03 13 21 07 

-.::tLO<OI"'--COO')O 
'T""" 'T""" .,..- 'T""" .,- 'T""" N 

"<T '" en '_:>1 a: .,., CD 
oo~z 00 

Micron Technology. Inc. reserves the righllo change products or specifications without notice 
TM Trademark of Micron Technology, Inc 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Asynchronous and simultaneous READ and WRITE 
• Empty and Full Flags 
• Automatic retransmit 
• Transistor loads for maximum data integrity 
• Low power 
• Programmable Empty/Full Flags (128 increments) 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP 
Ceramic DIP 
Plastic LCC 
Ceramic LCC 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 

None 
C 
EJ 
EC 

The Micron FIFO family employs high speed, low power 
CMOS designs using a true dual-port 6-transistor memory 
cell with resistive loads. They are fabricated using silicon 
gate CMOS technology. 

There are three major user options that are available 
separately or in combination: expandable, mailbox regis
ter, and variable flags. Expandable FIFOs are designed to 
be compatible with industry standard devices and have 
fixed full and empty flags. Mailbox FIFOs have an on-chip 
programmable register that is used to bypass specific 
words around the FIFO. Variable flag FIFOs allow the user 
to program the level of two additional full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

MT52C9022 
REV. 7189 7-63 

2K x 9 FIFO 
VARIABLE FLAGS 

PIN ASSIGNMENT (Top View) 

28L DIP 

IN Vee 
09 05 

OA 06 

03 07 

02 08 

01 RT 

VF RS 

FF EF 
01 VE 
02 10 19 08 

03 11 18 07 

04 12 06 

09 13 05 

Vss 14 R 

32L1LCC 

~~I$~~C3~ 
oo:::tMN..-N.,..-O 

C') C') C') 

03 5 • 29 07 
02 6 28 08 
01 7 27 NC 
VF 8 26 RT 
FF 9 25 RS 

01 10 24 EF 
02 11 23 VE 
NC 12 22 08 
03 13 21 07 

<o::t'Lnc'cI""--CXlCJ')O 
,-..-,-,-,-,.-N 

3 ~ ~ ~IC: cg ~ 

Micron Technology, Inc. reserves the right to change products or specifications without notice. 
TM Trademark of Micron Technology, Inc 
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FIFO 

FEATURES 
• Very high speed: 25,30, and 35ns access 
• High performance, low power CMOS process 
• Single +5V ±1O% supply 
• Low power: 5mW typo (standby); 350mW typo (act.) 
• TTL compatible inputs and outputs 
• Asynchronous and simultaneous READ and WRITE 
• Empty, Half-Full and Full Flags 
• Auto-retransmit capability 
• Fully expandable width and depth 
• Mailbox Register 
• Programmable Full and Empty Flags (128 increments) 
• 16 bit data bus reduces chip count 

OPTIONS MARKING 
• Timing 

25ns access time -25 
30ns access time -30 
35ns access time -35 

• Packages 
Plastic DIP (600 mil) None 
Ceramic DIP (600 mil) C 
PLCC EJ 
CeramicLCC EC 

GENERAL DESCRIPTION 
The Micron FIFO family employs high speed, low power 

CMOS designs using a true dual-port, 6-transistor memory 
cell with resistive 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, 
variable empty, half-full, variable full, and full flags. While 
the full flag is asserted, attempted writes are inhibited. 

MT52C1620 
REV. 7189 7-65 

2K x 16 FIFO 
VARIABLE FLAGS/MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

48L DIP 

W 1 48 Vee 
D8 2 47 D9 
D7 3 46 Dl0 
D6 4 45 Dll 
D5 5 44 D12 
D4 6 43 D13 
D3 7 42 D14 
D2 8 41 D15 
Dl 9 40 D16 
Xi 10 39 FURT 
VF 11 38 Rs 

vss 12 37 Xo/HF 
FF 13 36 Vss 

MBS 14 35 EF 
MBF 15 34 VE 

01 16 33 016 
02 17 32 015 
03 18 31 014 
04 19 30 013 
05 20 29 012 
06 21 28 011 
07 22 27 010 
08 23 26 09 

Vss 24 25 R 

Likewise, while the empty flag is asserted, further reads are 
inhibited and the outputs remain high impedance. The 
variable empty, and full flags are programmed to an offset 
from empty and full, respectively. A mailbox register and 
mailbox full flag provide single word transfer around the 
FIFO memory array. 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 of the FIFO can be expanded by cascading 
multiple devices in the depth expansion mode. Expansion 
out, expansion in, and first load pins are provided to 
expand the depth of the FIFO memory array, with no 
performance degradation. 

Micron Technology, Inc. reserves the right tochange products or Specifications without notice. 
1M Trademark Of Micron Technology, Inc. 
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FIFO 

FEATURES 
• Very high speed: 25, 30, and 35ns access 
• High performance, low power CMOS process 
• Single +5V ±10% supply 
• Low power: 5m W typo (standby), 350m W typo (act.) 
• TIL compatible inputs and outputs 
• Asynchronous and simultaneous READ and WRITE 
• Empty, Half-Full and Full Flags 
• Auto-retransmit capability 
• Fully expandable width and depth 
• Mailbox Register 
• Programmable Full and Empty Flags (128 increments) 
• Bus muxing from 16 to 8 bits 

OPTIONS MARKING 
• Timing 

25ns access time -25 
30ns access time -30 
35ns access time -35 

• Packages 
Plastic DIP (600 mil) None 
Ceramic DIP (600 mil) C 
PLCC EJ 
CeramicLCC EC 

GENERAL DESCRIPTION 
The Micron FIFO family employs high speed, low power 

CMOS designs using a true dual-port, 6-transistormemory 
cell with resistive 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, 
variable empty, half-full, variablefull,and full flags. While 
the full flag is asserted, attempted writes are inhibited. 

MT52G1622 
REV. 7/89 7-67 

2Kx 16/8 FIFO 
VARIABLE FLAGS/MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

40L DIP 

W 40 Vee 
D8 2 39 D9 
D7 3 38 D10 
D6 4 37 D11 
D5 5 36 D12 
D4 6 35 D13 
D3 7 34 D14 
D2 8 33 D15 
D1 9 32 D16 
XI 10 31 FURl 
VF 11 30 RS 
FF 12 29 XO/HF 

MBS 13 28 EF 
MBF 14 27 VE 

NC 15 26 RC 
a1 16 25 a8 
a2 17 24 a7 
a3 18 23 a6 
a4 19 22 a5 

Vss 20 21 R 

Likewise, while the empty flag is asserted, further reads are 
inhibited and the outputs remain high impedance. The 
variable empty, and full flags are programmed to an offset 
from empty and full, respectively. A mailbox register and 
mailbox full flag provide single word transfer around the 
FIFO memory array. 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 of the FIFO can be expanded by cascading 
multiple devices in the depth expansion mode. Expansion 
out, expansion in, and first load pins are provided to 
expand the depth of the FIFO memory array, with no 
performance degradation. 

Micron Technology, Inc. reserves the right to change products or specifications without notice. 
1M Trademarkof Micron Technology, Inc. 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Asynchronous and simultaneous READ and WRITE 
• Empty and Full Flags 
• Automatic retransmit 
• Transistor loads for maximum data integrity 
• Lowpower 
• Programmable Mailbox register 
• Programmable Empty/Full Flags (128 increments) 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP 
Ceramic DIP 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 

None 
C 

The Micron FIFO family employs high speed, low power 
CMOS designs using a true dual-port 6-transistor memory 
cell with resistive loads. They are fabricated using silicon 
gate CMOS technology. 

There are three major user options that are available 
separately or in combination: expandable, mailbox regis
ter, and variable flags. Expandable FIFOs are designed to 
be compatible with industry standard devices and have 
fixed full and empty flags. Mailbox FlFOs have an on-chip 
programmable register that is used to bypass specific 
words around the FIFO. Variable flag FIFOs allow the user 
to program the level of two additional full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

MT52C8041 
Rev. 7/89 7-69 

4K x 8 FIFO 
VARIABLE FLAGS/MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

28L DIP 

IN Vee 
MBS D5 

D4 D6 

D3 D7 

D2 D8 

D1 RT 
VF RS 
FF EF 
01 VE 
02 08 

03 07 

04 06 

MBF 05 

Vss R 

Micron Technology, Inc. reserves the right to change products or specifications without notice. 
TM Trademark of Micron Technology, Inc. 
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FIFO 

FEATURES 
• Very high speed: 25,30, and 35ns access 
• High performance, low power CMOS process 
• Single +5V ±10% supply 
• Low power: 5mW typo (standby); 350mW typo (act.) 
• TTL compatible inputs and outputs 
• Asynchronous and simultaneous READ and WRITE 
• Empty, Half-Full and Full Flags 
• Auto-retransmit capability 
• Fully expandable width and depth 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP (600 mil) 
Ceramic DIP (600 mil) 
PLCC 
Ceramic LCC 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 

None 
C 
EJ 
EC 

The Micron FIFO family employs high speed, low power 
CMOS designs using a true dual-port, 6-transistor memory 
cell with resistive 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, 

MT52C9040 
REV.7/S9 7-71 

4K x 9 FIFO 

PIN ASSIGNMENT (Top View) 

28L DIP 

w 1 ~ 28 

09 2 27 

04 3 26 

03 4 25 

02 24 

01 23 

Xi 7 22 

FF 8 21 

01 9 20 

02 10 19 

03 11 18 

04 12 17 

09 13 16 

Vss 14 15 

Vee 

05 

06 

07 

08 

FLiRT" 
AS 
IT 
XliiHi' 

08 

07 

06 

05 

R 

32L/LCC 

C!;~Is:§E~~~ 
-.:tMC'\J"-~C;;g 

03 • 02 
29 
28 

07 
08 

01 27 NC 
Xi 26 FLiRT 
FF 25 RS 
01 10 24 IF 
02l 11 23 xoiR"F 
NC[ 12 22 08 
03 [ 13 21 07 

-.:t LC) to ,....., co en 0 
..-..- ...... T""" T""" ...... C\J 

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 high impedance. Expansion out, expansion in, and 
first load pins are provided to expand the depth of the FIFO 
memory array, with no performance degradation. A re
transmit pin allows data to be re-sent on the receiver's 
request when the FIFO is in the stand alone mode. 

The depth of the FIFO can be expanded by cascading 
multiple devices in the depth expansion mode. 

Micron Technology, Inc. reserves the right to change products or specifications without notice. 
TM Trademark of Micron Technology, Inc 
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READ I 
CONTROL I 

_ D1-D9 

]] 

r.~ 
READ ADDRESS POINTER 

--fo-- 0 B 

4096 X 9 BIT U U ... 
DUAL-PORT - T F 

r MEMORY P F r 
I- -ijJ r-- T R 

01-09 

a 1-----+ 
WRITE ADDRESS POINTER 

EXPAND W 
LOGIC 

WRITE I 
i I CONTROL I 

I I I : FLAG 

RESET LOGIC 

LOGIC 

FUNCTIONAL BLOCK DIAGRAM 

7-72 



ADVANCE 

I'IIIC:RON MT52C9040 

PIN DESCRIPTIONS 

LCC PIN DIP PIN SYMBOL TYPE DESCRIPTION 
NUMBER(S) NUMBER(S) 

25 22 ~ 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. Reset also 
samples XI and FiJRT to set the depth expansion mode. 

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 (01 - 09). 

8 7 XI Input Expansion In: Sets mode of operation on the L -H transition of 
~; stand alone when LOW; depth expansion when HIGH. When 
in depth expansion, XI" will be pulsed LOW once to enable write 
pointer, then again to enable read pointer. 

26 23 FURT Input First Load: In depth expansion mode, FL will enable the device 
as the first to be loaded, (enables read and write pointers) when 
LOW during the L -H transition of RS. 

Retransmit: 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. 

3,4,5,6,7 2,3,4;5,6 01 - 09 Input Data Inputs 
28, 29, 30,31 24, 25, 26,27 

24 21 EF Output Empty Flag: Indicates empty FIFO memory when LOW, inhibiting 
further READ cycles. 

9 8 IT Output Full Flag: Indicates full FIFO memory when LOW, inhibiting 
further WRITE cycles. 

23 20 XO/HF Output Expansion Out: During depth expansion, m::; will pulse LOW on 
the last physical WRITE and READ operations, disabling writes 
then reads to the FIFO. 

Half-full Flag: During stand alone operation HF indicates when 
the (Half-full + 1) memory location is written; will stay LOW until 
the (Half-full + 1) location is read. 

10,11,13,14 9,10,11,12,13 01 - 09 Output Data Output: Output or high impedance. 
15, 19, 20,21 ,22 16,17,18,19 

32 28 Vcc Supply Power Supply: +5V ±10% 

16 14 Vss Supply Ground 
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FUNCTIONAL DESCRIPTION 

The MT52C9040 uses a dual-port SRAM memory cell 
with separate read and write pointers that results in a 
flexible length FIFO buffer memory, with independent, 
asynchronous READ and WRITE capabilities and with no 
fallthrough or bubblethrough time constraints. 

Note: 

RESET 

For dual function pins, the function that is not 
being discussed will be surrounded by parentheses. 
For example, when discussing half-full flags the 
XO/HF pin will be shown as (XO)/HF. 

After V cc is stable, RESET (RS) must be taken LOW to ini
tialize the read and write pointers and flags. RESET also 
sets the mode of operation, stand alone or expanded. 
During the RESET pulse, the state of the XI pin will deter
mine if the FIFO will operate in the stand alone or depth ex
pansion mode. The stand alone mode is entered when XI is 
LOW dur~ th~~ESET cycle. When XI is HIGH or is con
nected 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, while FF is HIGH. The WRITE cycle is 
initiated by the falling edge of Wand data on the DI-D9 
pins is 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, anv attempted writes will be inhibited, with no loss 
of data aiready 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 (4096/2 + 1) is written. It will 
stay asserted until the half-full-plus-one location is read or 
the FIFO is reset. The first write to an emEty FIFO will cause 
EF to go HIGH after the rising edge ofW. When operating 
in the ~th expansion mode, the last write to a FIFO will 
cause FF to go LOW and will cause XI 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 data is available (EF is HIGH). 
The data-out (Ql - Q9) pins will go active (low Z) tRLZ 
after the falling edge ofR and valid data will appear t A after 
the falling edge ofR. When the last data word is read, EF 
will go LOW after the falling edge ofR. While EF is asserted 
LOW, any attempted reads will be inhibited and the out
puts will stay inactive (high Z). When the FIFO is being 
used in the single device mode and the half-full-plus-one 
10cationJs read, (XO)/HF will ~ HIGH after the rising 
edge of R. When the FIFO is full (FF asserted) and a read is 
initiated, FF will go HIGH after the rising edge ofR. When 
operating in the expanded mode, the last read to a FIFO 
will cause the EF to go LOW and will cause XI to pulse 
LOW. This will enable further reads from the next FIFO in 
the chain. 

RETRANSMIT 

In the stand alone mode, the MT52C9040 allows the 
receiving device to request that data just read from the 
FIFO to be repeated. 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 a~ain start reading 
the data from the beginning of the FIFO RTR after (FL)/ 
RT is 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~t its full and empty points, respectively. By 
holding W LOW when the FIFO is full, a WRITE can be 
initiated from the next ensuing READ pulse. This is re
ferred to as a flow-through write. Flow-through writes are 
initiated from the rising edge ofR. 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 of Wand access 
time measured from the rising edge of EF. 
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w ----------~~---+~~I+---._--4_---------R 

01-09 ••••••••• 01-09 

-+-+-4-1-------- Vee 

FULL --o:::==~- Ll-L-=±:=:::D- EMPTY 

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 expanded 
depth mode FIFOs. Expanded width operation is acheived 
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 MT52C9040s 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 expan
sionmode 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) ~grounded. The remaining devices in the chain will 
have FL/(RT) tied HIGH. During RESET cycle, XO/(HF) 
of each device goes HIGH, disabling the read and write 
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pointers of every FIFO, except the first load device. When 
the la~"physicallocation of the first device is written, the 
XO / (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 the first. The 
writes will continue to go to the second device until it is full. 
Then it will "pass" the write pointer to the third device. 
This process continues until all devices are full. When the 
entire FIFO array is written, the full condition is signaled 
by ORing all the FF pins, further writes are inhibited. On 
the last physical read of the first device, its XO / (IfF) will 
pulse again. On the falling edge of R, 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 
"ORing" 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 

INPUTS 

MODE W "F[ "Fm 'FLiRT 

RESET H H L X 

WRITE L X H X 

READ X L H X 

EMPTY X H"'L H X 
(LAST READ) 

FULL H"'L X H X 
(LAST WRITE) 

HALF-FULL H"'L X H X 

RETRANSMIT H H H L 

NOTES: 
1. WRITE operations are independent of READ opera

tions. 
2. READ operations are independent of WRITE 

operations. 

OUTPUTS 

xr 01-09 "EF" 'FF" mlRF" Q1-Q9 NOTES 

X X L H X X 

X Data In X H X X 1 

X X H X X Data Out 2 

X X H"'L X X Data Out 

X Data In X H"'L L X 

X Data In X H H"'L X 3,4 

X X H X X X 4 

3. The half-full location is (4096/2 + 1) or 2049. 
4. Functional in stand alone mode only. 
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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 + 1S0°C 
Storage Temperature (Plastic) ................... -SsoC to + 1S0°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C ::;; T A ::;; 70°C, Vee = S.OV ± 10%) 

DESCRIPTION 

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 = 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 Vce+1 V 1 

VIL -0.5 0.8 V 1,2 

SYMBOL MIN MAX UNITS NOTES 

Icc 100 rnA 3 

ISB1 10 rnA 

Power Supply W, R ~ Vee - 0.2, Vee = Max. 
Current: Standby VIL ::;; Vss + 0.2, ISB2 1 rnA 

VIH ~ Vee - 0.2, f = 0 

Input Leakage Current OV::;; VIN::;; Vee ILl -10 10 /lA 

Output Leakage Current Output(s) Disabled, ILo -10 10 JlA 
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 Vee = 5V Co 8 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(oOe :s; T A :s; 70oe, Vee = 5.0V ±10%) 

A.C. CHARACTERISTICS -25 -30 -35 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Access Time tA 25 30 35 ns 

READ Cycle Time tRC 35 40 45 ns 

READ Recoverv Time tRR 10 10 10 ns 

Read Pulse Width tRPW 25 30 35 ns 

Read LOW to low Z tRLZ 5 5 5 ns 

Read to HIGH to high Z tRHZ 18 20 20 ns 

Read HIGH to Data Valid tDV 18 20 20 ns 

WRITE CYcle Time twc 35 40 45 ns 

Write Pulse Width twpw 25 30 35 ns 

WRITE Recovery Time tWR 10 10 10 ns 

Write HIGH to LOW Z tWLZ 5 5 5 ns 5 
Data Set-up Time tDS 15 18 20 ns 

Data Hold Time tDH 0 0 0 ns 

RESET Cycle Time tRCS 35 40 45 ns 

Reset Pulse Width tRSP 25 30 35 ns 6 
RESET Recovery Time tRSR 10 10 10 ns 

Read HIGH to Reset HIGH tRRS 25 30 35 ns 

Write HIGH to Reset HIGH tWRS 25 30 35 ns 

RETRANSMIT Cycle Time tRTC 35 40 45 ns 

Retransmit Pulse Width tRT 25 30 35 ns 

RETRANSMIT Recovery Time tRTR 10 10 12 ns 

Retransmit Set-up Time tRTS 25 30 35 ns 

Reset to EF LOW tEFL 35 40 45 ns 

Reset to fF HIGH tFFH 35 40 45 ns 

Reset to HF HIGH tHFH 35 40 45 ns 

Reed LO\A/ to I=F lOW tRFF 25 30 35 ns 

Read HIGH to FF HIGH tRFF 25 30 35 ns 

Write LOW to FF LOW tWFF 25 30 35 ns 

Write HIGH to EF HIGH tWEF 25 30 35 ns 

Write LOW to HF LOW tWHF 35 40 45 ns 

Read HIGH to HF HIGH tRHF 35 40 45 ns 

Read Pulse after EF HIGH tRPE 25 30 35 ns 5 
Write Pulse Width after FF HIGH tWPF 25 30 35 ns 

ReadIWrite to XO LOW tXOL 25 30 35 ns 

Read/Write to XO HIGH tXOH 25 30 35 ns 

XI Pulse Width tXIP 25 30 35 ns 

XI Set-up Time tXIS 15 15 15 ns 

XI Recovery Time tXIR 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. Data flow-through data 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 ......................................... 0 to 3.0V 

Input rise and fall times ...................................... 5ns 

Input timing reference level .............................. 1.5V 

Output reference level ...................................... 1 .5V 

Output load .......................................... See Figure 1 

RESET 

'RSP(6) 

EF 

+5V --r-J500 
"", ~ "" 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

tHFH, tFFH 

HF. FF W$$$ffffM////$//////$$/$ffff/_//////ff///4 

01-09 

ASYNCHRONOUS READ AND WRITE 

'RPW 

--·---1 

tov 

OATAOUT(1) 
VAllO 

OATAOUT(2) 
VALlO 

• i-t~w~ '00 f;:::::===:: ":~ 'l'-------ll 
-----IK OAJ~~~(1) ~l------«'----=:OA=J~""'~r"""'0(2::C-) -----,.>-

twc 

01-09 
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LAST READ 

EF 

Q1 -Q9 

LAST WRITE 

HALF-FULL OR LESS 

IGNORED 
READ 

IGNORED 
WRITE 

EMPTY FLAG 

FIRST WRITE 

FULL FLAG 

FIRST READ 

ADDITIONAL 
WRITES 

FIRST READ 

ADDITIONAL FIRST WRITE 
READS 

HALF-FULL FLAG 

MORE THAN 
HALF-FULL 

1WHF 

i 
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HALF-FULL OR LESS 

1RHF 

1,-----

~ DON'T CARE 

~ UNDEFINED 
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W 

XO(1) 

D1-D9 

XO(1) 

01-09 

XI 

EXPANSION MODE (XO) 

WRITE FROM LAST PHYSICAL 
LOCATION OF DEVICE 1 

tXOL 

~I 
l 

tSD 

WRITE FROM FIRST PHYSICAL 
LOCATION OF DEVICE 2 

~ 
tXOH -
tHD tSD tHD - - , I~ 

~VALIDDATA~ VALIDDATA t= 
READ FROM LAST PHYSICAL 
LOCATION OF DEVICE 1 

tXOL tXOH 

tDV 

READ FROM FIRST PHYSICAL 
LOCATION OF DEVICE 2 

,-----

tDV 

Note 1: XO of the Device 1 is connected to XI of Device 2. 

EXPANSION MODE (XI) 

WRITE TO FIRST PHYSICAL LOCATION 

, 
IXIS 

I , J / IXIS 

IXIP IXIR , , . . 
~ 
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READ FROM FIRST 
PHYSICAL LOCATION 

~ DON'T CARE 

~ UNDEFINED 
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R,W 

EF,FF,RF 

D1- 09 

01-09 

01-09 

Q1-09 

RETRANSMIT 

I 'RT 

I ____ -----""RT"'-s ____ II tRTR 

~~~------------~I~ 

FLAG VALID 

WRITE FLOW-THROUGH 

tWPF 

~ 
1,-----

tRFF 

tWFF t 

DATA IN 

_ ~1_tDH 
VALID 

I 'OS I 
~ 

_____ ~I. DATA OUT ~~~~~_ ~ VALID ~ 

READ FLOW-THROUGH 

_____ -'x OATAIN x~ ____ _ 

_________ I~~-1_W~LZ~~-I~1 M'''~ >-~_-'-V::::=AL"'_IO~ 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Asynchronous and simultaneous READ and WRITE 
• Empty and Full Flags 
• Automatic retransmit 
• Transistor loads for maximum data integrity 
• Lowpower 
• Programmable Mailbox register 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP 
Ceramic DIP 
PLCC 
Ceramic LCC 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 

None 
C 
EJ 
EC 

The Micron FIFO family employs high speed, low power 
CMOS designs using a true dual-port 6-transistor memory 
cell with resistive loads. They are fabricated using silicon 
gate CMOS technology. 

There are three major user options that are available 
separately or in combination: expandable, mailbox regis
ter, and variable flags. Expandable FIFOs are designed to 
be compatible with industry standard devices and have 
fixed full and empty flags. Mailbox FIFOs have an on-chip 
programmable register that is used to bypass specific 
words around the FIFO. Variable flag FIFOs allow the user 
to program the level of two additional full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

MT52C9041 
REV. 7189 7-83 

4Kx 9 FIFO 
MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

28L DIP 

IN 28 Vee 

09 2 27 05 

04 3 26 06 

03 4 07 

02 5 08 

01 6 RT 

MBS 7 RS 

FF 8 21 EF 

Q1 9 MBF 

Q2 10 Q8 

Q3 11 18 Q7 

Q4 12 17 Q6 

Q9 13 16 Q5 

Vss 14 15 R 

32L/LCC 
<.> 

~ ~I~ ~ ~~ ~ 
-.:::t('I'JC'\IT"""C'\IT"""O 

C') C') C') 

03 5 • 29 07 
02 6 28 08 
01 7 27 NC 

MBS 8 26 RT 
FF 9 25 RS 

Q1 10 24 EF 
Q2 11 23 MBF 
NC 12 22 Q8 
Q3 13 21 Q7 

"<I" LOCO f'ooo coO> 0 
T""" T""" T""" 'T""" ,.... T""" C\J 

"<I" 0> gl U III: LO co 
00>2: 00 

Micron Technology, Inc. reserves the right to change products or specifications without notice. 
TM Trademark of Micron Technology, Inc. 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Asynchronousand simultaneous READ and WRITE 
• Empty and Full Flags 
• Automatic retransmit 
• Transistor loads for maximum data integrity 
• Low power 
• Programmable Empty/Full Flags (128 increments) 

OPTIONS 
• Timing 

25ns access time 
30ns access time 
35ns access time 

• Packages 
Plastic DIP 
Ceramic DIP 
PLCC 
Ceramic LCC 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 

None 
C 
EJ 
EC 

The Micron FIFO family employs high speed, low power 
CMOS designs using a true dual-port 6-transistor memory 
cell with resistive loads. They are fabricated using silicon 
gate CMOS technology. 

There are three major user options that are available 
separately or in combination: expandable, mailbox regis
ter, and variable flags. Expandable FIFOs are designed to 
be compatible with industry standard devices and have 
fixed full and empty flags. Mailbox FIFOs have an on-chip 
programmable register that is used to bypass specific 
words around the FIFO. Variable flag FIFOs allow the user 
to program the level of two additional full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs arc TTL compatible. 

MT52C9042 
REV. 7/89 7-85 

4K x 9 FIFO 
VARIABLE FLAGS 

PIN ASSIGNMENT (Top View) 

28L DIP 
Iii Vee 

09 05 

OA 06 

03 07 

02 08 

01 RT 

VF RS 

FF EF 
Q1 VE 
Q2 Q8 

Q3 Q7 

Q4 Q6 

Q9 16 Q5 

Vss 14 15 R 

32L1LCC 

C5 ~I$ ~ ~ (3 ~ 
vCVJN..-N..-O 

MM M 

03 • 29 07 
02 28 08 
01 7 27 NC 
VF 8 26 RT 
FF 9 25 RS 

Q1 10 24 EF 
Q2 11 23 VE 
NC 12 22 Q8 
Q3 13 21 Q7 

-.::::t LC) CD r- co C'> 0 
T"""T""" T"""T""" T"""T"""N 

"'" a> en (.) Ie: U') CD 
00~2 00 

Micron Technology, Inc. reserves the fight to change products or specifications without notice. 
TM Trademark of Micron Technology, Inc 
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Technical 
Note 
INTRODUCTION 

Micron has introduCed two new features to offer the 
system designer a FIFO solution· that will give the highest 
system performance. Variable flags and mailbox registers 
will be incorporated on a variety of Micron FIFOs both 
separately and together, with expandability. An on-chip 
mailbox register will facilitate high speed, single word data 
exchange between devices buffered by the FIFO. The 
varia bleflagoption provides programmable variable empty 
and full flags. The variable flag option provides improved 
monitoring of the FIFO capacity to enhance the elasticity of 
the FIFO buffer. These functions will increase system 
efficiency through improved data management. 

Introduction to Mailbox 
and Variable Flag FIFOs 

MAILBOX REGISTER 
The mailbox register function provides a data path from 
input to output of the FIFO that is completely separate 
from the dual-port memory array. It allows one data word 
to be written "around" the FIFO memory array to a dedicated 
register that can be selected for output at any time. The 
mailbox register allows data to bypass the FIFO memory 
and is availllble to the receiving device without resetting 
the FIFO. Information (i.e. bus control handshaking) can be 
sent asynchronously and independent of the data loaded 
into the FIFO memory buffer. 

DATA 
IN 

FIFO MEMORY 
ARRAY 

MAILBOX 
REGISTER 

MBS------------------------~--------------------~--------------------~ 

TN·52·01 
REV. 7. 

Figure 1. Mailbox FIFO Functional Block Diagram 

8-3 

DATA 
OUT 

-» 
'"'0 
'"'0 r--
£ 
6 z -Z 
." o 
:D 
3: 
~ 
6 z 



.. 
J> 

" " r -n 
'I-!. 
~ 

-I -o 
z -Z 
"T1 o 
JJ 
5: 
J> 
-I -o z 

ADVANCE 

I'4IC:RON TN - 52 - 01 

w 
... 4- t MSS 

t MWF 

R 
t MSH'" 4- ... 4- t MSS ... 4- t MSH 

----; 

MBF 

t MRF ... 1-
'I 

t os tA .1 

Q1 - Q9 -<it VALID 

~ 
D1 - D9 VALID 

Figure 2. Mailbox Register Timing 

Figure 1 illustrates the basic data path in and out of the 
mailbox equipped FIFO. Detail of the general control lines 
(W, R, etc.) is deleted for simplicity. The mailbox register 
is loaded via the same 01-09 input pins as the FIFO 
memory array and controlled by the same Rand W pins. 
The WRITE cycle timing is the same as that of a write to the 
FIFO memory with the addition of the mailbox select 
(MBS) pin. 

MAILBOX WRITE/FIFO READ 

tMWR 

R 

Figure 2 illustrates the write and read timing for the 
mailbox register. The read timing is the same. The select 
pin is taken LOW tMSS before the falling edge of the write 
strobe (W) to initiate a MAILBOX WRITE~. The 
combination of a LOW MBS pin and an active WR: or ID:5 
pin will inhibit a WRITE or READ to the FIFO memory 
array during a mailbox write or read, respectively. 

MAILBOX READ/FIFO WRITE 

t MWR 

MBF --{----o---t-
Figure 3. Overlapped Mailbox/FIFO Timing 
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Data is latched into the mailbox register on the rising 
edge of Wand the ~ pin is held LOW for tM$". 
Dedicated control logic for the mailbox register is selected 
by the ~ control signal. This logic plus the standard 
read and writesignalscontrolmailboxREADSand WRITFS. 

To inform the receiving device of valid mailbox data, a 
mailbox full (QBP) flag is provided. The JJBP" ~n will be 
asserted (LOW) tMWF after the rising edge ofW and will 
MllOW until the mailbox register is read. By asserting 

on the rising edge ofW, overlapping of WRITE and 
READ cycles to the mailbox is automatically inhibited. 
Further WRITES to the mailbox are inhibited when the 
mailbox is full. 

To initiate a READ cycle, the ~ must again be taken 
LOW tM$ before a read strobe (R) falling edge.When 
'FJBSis LOW during a READ cycle, the mailbox data will be 
valid at the output pins (QI-Q9) tA after the falling edge of 
R'. The MI'W signal will go invalid (IllGH) tMRF after the 
rising edge of R. As with writes, this will prohibit over-

VARIABLE EMPTY CONDITION 

RP WP 

VE if (WP-RP) ~ (OFFSET) 

IappinfIr::EADSand WR1TESsince WRITES are inhibited 
while is LOW. A mailbox access can occur coincident 
with a FIFO access. H the FIFO access is initiated first, no 
special timing considerations apply. However, if the 
mailbox access is initiated first, the ~ pin must be 
invalid tMWR before the rising edge of the FIFO access 
control signal <R or W), see Figure 3. 

VARIABLE FLAGS 
The second of the new options provides, in addition to 

industry standard empty and full flags, two "variable" 
empty and full flags. The variable flags provide another 
level of data monitoring capability in addition to the 
standard full, half-full and empty flags. Their 
programmability allows the system designer to tailor full 
and empty conditions to the system performance 
requirements. This will resultin a data rate buffer optimized 
to the system design. These flags are programmed with an 
offset from empty and full. 

VARIABLE FULL CONDITION 

VF if (WP-RP) ~ (FULL-OFFSET) 

Figure 4. Variable Flag Regions 
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I'IIICRON TN - 52 - 01 

OFFSET LOAD WRITE/READ WRITE/READ 

-:OOa {~trnl I 
OllL VALID f!Z/l/ZOZW71WWOZumOZOW710ZWZ 

AS 

D1 - D8 

; 

R 

w 

VE 

tWVF 

VF 

Figure 5. Variable Flag Timing 

The offset is programmed into the FIFO via the 01-08 
pins during a RESET cycle. On the rising edge of R5, the 
levels of the 01-08 nins a,..,. latl"hPd into thp nffspt rpoi"tpr 
see Figure 4. The 01-07 pins define the offset ~~lu~ (O~127) 
and the 08 pin selects the programming mode. The mode 
pin (08) will select the default offset value of 4 when LOW 
or the binary offset value of 01-07 when illGH. The mode 
pin allows the offset to be set by one data pin if the variable 
offset is not needed. Because one data byte is loaded on the 
L -H transition ofR5, the variable empty <Vm and variable 
full (VIl) flags are set to the same offset. Figure 5 illustrates 
the programmable conditons for the flags. 

Valid data is indicated by the (B) shaded area. Both 
flags are simultaneously set to trigger any~here in a region 
127 or less locations from empty for the Wflagand 127 or 
less locations from full for the VI'" flag. This region is 
determined by the relative difference between the write 
pointer (WP) and the read pointer (RP). The W flag is 
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asserted LOW when the relative address difference of the 
WP and RP is equal or less than the programmed offset 
vah,P. T.i1cpwi"p. thp V'l'"fl",," i" ""...,.riPrt (LOW) ,.,hpn thp 

relative differenc~ ~f th~ WP~~d RP ~ ~~l ~r ~~~t~-th~-~ 
the full condition less the offset. 

SUMMARY 
As system speeds continue to increase, the role of the 
hardware FIFO buffer is likely to increase. The mailbox 
register and variable flag options will provide more 
flexibility through better data management and an increase 
in overall system speeds. The Micron FIFO family includes 
these functions as well as the industry standard options on 
a variety of device types and densities. 
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Technical 
Note 
INTRODUCTION 
These curves represent the typical operating characteristics 
of a 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 this data 
book. 
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I'IIIC::I=ION MILITARY INFORMATION 

MICRON TECHNOLOGY, DEFENSE ELECTRONICS DIVISION 

Micron Technology, Inc. is a Pacific Northwest company with manufacturing facilities located 
in Boise, Idaho, U.S.A. We are now the only U.S.-based memory manufacturer of Fast static 
RAMs and dynamic RAMs maintaining both the CMOS and NMOS Joint Army Navy (JAN) cer
tification. Micron has maintained the Mil-Std-3851O certification status on our NMOS product 
line since 1986. We achieved CMOS JAN certification in March of 1989 becoming the only sup
plier of military SRAMs, video RAMs and DRAMs as an on-shore JAN-certified facility. 

Current assembly package capabilities include ceramic DIP, LCC and flat pack. One hundred 
percent of our military assembly is performed in Boise, Idaho. Military products are tested on 
MegaTest Q2/52 and Teradyne J937 test stations as well as in intelligent burn-in ovens which 
were designed and manufactured by Micron exclusively for memory burn-in - model name 
AMBYXTM. 

As a supplier to the defense electronics industry, Micron offers a broad line of military memory 
products including: 256K SRAMs in 32Kx8, 64Kx4 and 256Kxl configurations compatible with 
military industry standard pin-outs and offered in 25 nanoseconds (ns) through 45ns access 
speeds; 64K SRAMs in 8Kx8, 16Kx4 and 64Kxl configurations compatible with military standard 
pin-outs with speeds available in 20ns through 35ns; and 16K SRAMs available in 2Kx8 offered in 
20ns through 35ns access speeds. All SRAMs are processed as CMOS products and are packaged 
in 300 mil dual-in-line packages (DIP) and leadless chip carriers (LCC). Micron's line of DRAMs, 
SRAMs and VRAMs are available meeting Defense Electronic Supply Center (DESC) Standard 

_ Military Drawings and Mil-Std-883 Class B Rev. C. We also have next generation devices under 
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development including the 4-Meg DRAM, I-Meg VRAM and I-Meg SRAM. 

MILITARY PRODUCTS - FUTURE REQUIREMENTS 

hl the Mea of radIation tolerance, Micron believes most contracts will require a defined level of 
radiation immunity. In response, we are currently characterizing SRAM and DRAM CMOS 
products through total dose, dose rate, single event upset and latch up. 

We believe the defense industry is heading toward higher-density memory, faster speeds and 
more sophisticated "memory solutions." This may include more system functionality on chip or 
non- standard packaging concepts specially designed for cooling or higher density than currently 
available from individual components. 

Micron further believes that the defense memory industry will move towards tighter process
ing geometries, new package concepts and more advanced hardware development through an 
interface of the component designer and the systems design engineer. Our processes, technology 
and marketing resources are poised to support such requirements. 
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I'IIIC:I=ION MILITARY INFORMATION 

MICRON MIL-STD aa3C COMPLIANT PRODUCT ASSURANCE FLOW 

Description of 
ReqLiirements and Screens 

General MIL-M-38510 

1. MIL-SID 883, Class B, Rev. C 

2. Certification 
3. Traceability 
4. Country of Origin 

(Not required for 883C) 

MIL-STD 883 Fabrication 

5. Incoming Materials 
6. Wafer Fabrication 
7. Assembly 

Methods and Test 
Conditions 

Establish and implement 
a product assurance program 
plan 

Manufacturer's QA survey 
Traceable to wafer production lot 
N/A 

Receiving inspection. Vendor Audits 
Method 2018, SEM Monitors 
Process Monitors 
Statistical Process Controls 

MIL-STD 883, Class B, Rev. C, Method 5004 Screening 

8. Internal Visual Method 2010, condo B 
9. Temperature Cycle Method 1010, condo C 
10. Constant Acceleration Method 2001, condo E 
11. Hermeticity 

A. Fine Leak 
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 SODS 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. Group B Package functional and 
construction tests 

21. Group C Die related 

22. Group D Package related test 

9-3 

Comment 

Self audit 
Computer lot history records 
Devices manufactured, 
assembled and tested in 
Boise, Idaho USA 

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 52 
weeks 
Each package type, every 52 weeks 
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I'IIIC:RON MILITARY DRAM 

DRAMs 
Micron SMD JAN 

Description Speed Part Number Part Number Part Number 

64KX 1 COIP 120ns MT4264C-12883C 
150ns MT4264C-15883C 8201004EC 

8201006EC 
200ns MT4264C-20 883C 8201005EC 

8201007EC 

64KXICLCC 120ns MT4264EC-12883C 
150ns MT4264EC-15883C 8201004-06ZA 
200ns MT4264EC-20 883C 8201006-07ZA 

64K X 1 Flat Pack 120ns MT4264F-12883C 
150ns MT4264F-15883C 
200ns MT4264F-20 883C 

256KX1 COIP 120ns MT1259C-12883C 8515203EC M38510 /24601-03BEC 
150ns MT1259C-15883C 8515201EC M38510 /24602-04BEC 
200ns MT1259C-20 883C 8515202EC 

256KX1 CLCC 120ns MT1259EC-12883C 8515203XA M38510 /24601-03BX 
150ns MT1259EC-15883C 8515201XA M38510 /24602-04BX - 200ns MT1259EC-20 883C 8515202XA 

64KX4COIP lOOns MT4067C-10 883C 8767604VC s: 120ns MT4067C-12883C 8767601VC - 150ns MT4067C-15883C 8767602VC r- 200ns MT4067C-20 883C 8767603VC --I 64KX 4CLCC lOOns MT4067EC-1O 883C 8767604XA 

l> 120ns MT4067EC-12883C 8767601XA 

::rJ 150ns MT4067EC-15883C 8767602XA 

-< 200ns MT4067EC-20 883C 8767603XA 

- 1MBXl COIP lOOns MT4C1024C-10 883C AVAILABLE FY'89 AVAILABLE FY'89 
Z 120ns MT4C1024C-12883C 
." 150ns MT4C1024C-15883C 

0 1MB X 1 CLCC lOOns MT4C1024EC-1O 883C AVAILABLE FY'89 AVAILABLE FY'89 

::rJ 120ns MT4CI024EC-12883C 

s:: 150ns MT4C1024EC-15883C 

~ 1MB X 1 Flat Pack lOOns MT4C1024F-I0 883C AVAILABLE FY'89 AVAILABLE FY'89 
120ns MT4C1024F-12883C - 150ns MT4C1024F-15883C 

0 
Z 
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fUllI:::RON MILITARY SRAM 

SRAMs 
Micron SMD JAN 

Description Speed Part Number Part Number Part Number 

256KX 1 CDIP 25ns MT5C256lC-25(L) 883C 8872505LC M38510/293 
35ns MT5C2561C-30(L) 883C 8872501LC Call Factory 
45ns MT5C256lC-45883C 8872502LC AVAILABLE FY'89 

256KX 1 CLCC 25ns MT5C2561EC-25(L) 883C 8872505XA 
35ns MT5C2561EC-30(L) 883C 8872501XA 
45ns MT5C2561EC-45883C 8872502XA 

256K X 1 Flat Pack 25ns MT5C2561F-25(L) 883C TBD M38510/293 
35ns MT5C2561F-30(L) 883C 
45ns MT5C2561F-45(L) 883C AVAILABLE FY'89, call factory 

64KX4CDIP 25ns MT5C2564C-25(L) 883C 
35ns MT5C2564C-30(L) 883C 8868101LC 
45ns MT5C2564C-45883C 8868101LC 

64KX4CLCC 25ns MT5C2564EC-25(L) 883C 
35ns MT5C2564EC-30(L) 883C 8868101XA 
45ns MT5C2564EC-45883C 8868101XA 

64K X 4 Flat Pack 25ns MT5C2564F-25(L) 883C TBD 
35ns MT5C2564F-30(L) 883C -45ns MT5C2564F-45(L) 883C A V AILABLE FY'89 

32KX 8CDIP 25ns MT5C2568C-25(L) 883C :s: 
300 MIL 35ns MT5C2568C-30(L) 883C -45ns MT5C2568C-45883C 8866204XC r -32KX 8CDIP 25ns MT5C2568CW-25(L) 883C -f 
600 MIL 35ns MT5C2568CW-30(L) 883C l> 

45ns MT5C2568CW-45(L) 883C 8866204XC :c 
32KX8CLCC 25ns MT5C2568EC-25(L) 883C -< 
28 PIN 35ns MT5C2568EC-30(L) 883C -45ns MT5C2568EC-45(L) 883C Z 
32KX8CLCC 25ns MT5C2568ECW-25(L) 883C ." 
32 PIN 35ns MT5C2568ECW-30(L) 883C 0 

45ns MT5C2568ECW-45(L) 883C 8866204YA :c 
32K X 8 Flat Pack 25ns MT5C2568F-25(L) 883C TBD :s: 

35ns MT5C2568F-30(L) 883C 

~ 45ns MT5C2568F-45(L) 883C 

64KX 1 CDIP 20ns MT5C640lC-20(L) 883C Note 1 -
25ns MT5C6401C-25(L) 883C 0 
30ns MT5C6401C-30(L) 883C Z 
35ns MT5C6401C-35(L) 883C 

(L): Optional low volt data retention available on all parts with (L) indentifier. 
Note 1: The current SMD are written for the slower grade devices, Micron has submitted new drawings to DESC for 
faster devices. 
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I'IIIC:RCN MILITARY DRAM 

SRAMs cont. 
Micron SMD JAN 

Description Speed Part Number Part Number Part Number 

64KX 1 CLCC 20ns MT5C640lEC-20(L) 883C Note 1 
25ns MT5C6401EC-25(L) 883C 
30ns MT5C6401EC-30(L) 883C 
35ns MT5C6401EC-35(L) 883C 

16K X 4CDIP 20ns MT5C6404C-20(L) 883C Note 1 
25ns MT5C6404C-25(L) 883C 
30ns MT5C6404C-30(L) 883C 
35ns MT5C6404C-35(L) 883C 

16KX4CLCC 20ns MT5C6404EC-20(L) 883C Note 1 
25ns MT5C6404EC-25(L) 883C 
30ns MT5C6404EC-30(L) 883C 
35ns MT5C6404EC-35(L) 883C 

8KX 8CDIP 20ns MT5C6408C-20(L) 883C Note 1 
300 MIL 25ns MT5C6408C-25(L) 883C 

30ns MT5C6408C-30(L) 883C 
35ns MT5C6408C-35(L) 883C 

8KX 8CDIP 20ns MT5C6408CW-20(L) 883C Note 1 - 600 MIL 25ns· MT5C6408CW-25(L) 883C 
30ns MT5C6408CW-30(L) 883C 

s:: 35ns MT5C6408CW-35(L) 883C -r- 8KX 8CLCC 20ns MT5C6408EC-20(L) 883C Note 1 - 28 PIN 25ns MT5C6408EC-25(L) 883C ..... ''''''''\_- - "K"T"r::'-'r II nor.,...... '")n/T' 00..,"'" 

l> ..JUH~ lV.l.l,.n ..... u":tuOJ...j\....-JU\LI 00""''"-

35ns MT5C6408EC-35(L) 883C 

:c 8KX8CLCC 25ns MT5C6408EC-25(L) 883C -< 32 PIN 35ns MT5C6408EC-35(L) 883C -Z 2KX 8CDIP 20ns MT5C1608C-20(L) 883C Note 1 

." 25ns MT5C1608C-25(L) 883C 

0 30ns MT5C1608C-30(L) 883C 
35ns MT5C1608C-35(L) 883C :c 2KX8CLCC 20ns MT5C1608EC-20(L) 883C Note 1 s:: 25ns MT5C1608EC-25(L) 883C 

~ 30ns MT5C1608EC-30(L) 883C 
35ns MT5C1608EC-35(L) 883C -0 (L): Optional low volt data retention available on all parts with (L) indentifier 

Z Note 1: The current SMD are written for the slower grade devices, Micron has submitted new drawings to DESC for 
faster devices. 
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I'IIICI=ION MILITARY DRAM 

VRAMs 
Micron SMD JAN 

Description Speed Part Number Part Number Part Number 

64KX4 CDIP lOOns MT42C4064C-l0 883C TBD 

l20ns MT42C4064C-12883C 

l50ns MT42C4064C-15883C 

64KX 4 CDIP l20ns MT42C4064EC-l0 883C TBD 

l50ns MT42C4064EC-12883C 

200ns MT42C4064EC-15883C 

9-7 

-s: -I 
~ 
Jl 
-< -Z 
II o 
Jl s: 
~ -o 
z 



-s: -

-Z 
." 
o 
::D s: 
~ -o 
z 

I'JIIC:::I=ION MILITARY INFORMATION 

9-8 



I"IIC:I=ION 

PACKAGE INFORMATION ................................................... ~ 

10-1 



-"'C 
l> 
o 

" l> 
G) 
m -z 
." o 
::rJ s:: 
l> 
"-'I -o z 

I'IIIC:I=ION 

PACKAGE TYPE PIN COUNT 
PLASTIC DIP .............................................. 16 

18 
20 
22 
24 
28 

CERAMIC DIP ........................................... 16 
18 
20 
22 
24 
28 

PLASTIC ZIP .............................................. 16 
20 
24 
28 

PLCC ............................................................. 18 
52 

PLASTIC SOl .............................................. 20 
24 
28 

CERAMIC LCC .......................................... 18 
20 
22 
28 
32 

FLAT PACK ................................................ 16 
20 
28 

MODULE SIP ............................................. 22 
24 
30 

MODULE SIMM ........................................ 30 
72 

MODULE DIP ............................................ 32 
40 
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I'IIIC:RON PLASTIC DIP 

PINl 

16-PIN PLASTIC DIP 

PA r-- .760 (19.29) -------j 
I .740 (18.78) I 
r=-"=~~~=-=' --1 
) 
o 

7 

.260 (6.60) 

.240 (6.10) 

L-~---------, --1---....... 
.140(3.56) ~ 

'" r-lf M H H 0-·1'-:4-=-0 (1::-3.=~~5::-)5T(3.94) 

.062(1.58) U LJ l JLI.::!·05) 

.050(1.27) L .016(0.41) 

.100 (2.54) 
TYP. I 

.700 (17.78) ---l 
TYP. 

All dimensionS in inches (millimeters) MM~ or typical where noted. 
In 
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1'41C:I=ION PLASTIC DIP 

18-PIN PLASTIC DIP 

PB 

r- .860 (21.84) I 
.840 (21.34) 

L-r-----------, _+-_...L 
.140 (3.S6) ~ ~ 

.12Sr If I~ V V V V V V] .140(3.~:~S(3.94) 

.062 (1.S8) U lJ l JLI::!OS) 

.OSO (1.27) L .016 (0.41) 

.1 00 (2.S4) I 
TYP . 

. 800 (20.32) 

PIN 1 

TYP. 

18-PIN PLASTIC DIP 

PC 
r---- .880 (22.3S) -------j 
I .860 (21.84) I 

------r 
.290 (7.37) 

.270 (6.86) 

~~~~~~~~--1 

SEATING PLANE 

L- r--------------, -+---'-

.14S(3.68) ~lll II .170(4.32) "'r .1111.w')-OD-U-l,,~,,;::"'M' J Lull II II II I,,,,,",, 

~:~ ~::~; J JL .;;; 
.100 (2.S4) 
TYP. 
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l:::::::: r 
~ .014(0.36) f --t .008 (0.20) 

j .380 (9.6S) l 
.330 (8.38) 

l:::'~:;' r 
!5\ .014 (0.36) f -t .008 (0.20) 

j .380 (9.65) L 
.330 (8.38) 



I'IIIC:F=lON PLASTIC DIP 

PIN 1 

20-PIN PLASTIC DIP 

PD 
r--- .980 (24.89) --r 

I .960 (24.36) I 

---r 
.290 (7.37) 

.270 (6.86) 

'="""-'=-<=~~r-=-=-=-~d -----1 

~ ,---------------, -+----1-
.145(3.68) Muuuuuum ~170(4.32) 

'~f"'- ~ I~ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ~.,~,,~~"~J 
.060(1.52) --ll J l JL .::1.05

) 

.050 (1.27) .017 (0.43) 

.100 (2.54) 

PIN 1 

TYP. 

20-PIN PLASTIC DIP 

PE 
r--- 1.04(26.41)--r 

I 1.02 (25.90) I 

---r 
.260 (6.60) 

.240 (6.10) 

'='~~=-=~~~~= -----1 

~ ,---_______ ----, _+-_-1-
.145(3.68) Muuuuuum ~170(4.32) 

'~f"'-n n n n H'~ ,,;~:"'~J 
::: ::~ -J l- J l", :;;MJ 

TYP. 
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l:::(~!l 

'A-::: :::::: 
j .380 (9.65) L 

.330 (8.38) 

l ·325 (8.26) r 
.310 (7.87) 

H-::::::: 
j .380 (9.65) L 

.330 (8.38) 
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I"IIC:RON PLASTIC DIP 

22-PIN PLASTIC DIP 

PF 

PIN 1 

1 1.050 (26.67) I 
1.030 (26.16) 

J ~ ~ ~ ~ ~ ~ ~ ~ ]~::: 
L-~ ________ ~~~ 

:::1:::: ~,."",~ 
.062(~58) I LJ l JL .021 (0.53) 4.05

) 

.050(1.27) L: .016(0.41) 

.100 (2.54) 
TYP. 

1.00 (25.38) ----I 
TYP. 
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l ·325 (8.26) r 
.300 (7.62) 

~ .014(0.36) 

~ T .008 (0.20) 

J .380 (9.65) L 
.330 (8.38) 



PIN 1 

PIN 1 

C DIP 

24-PIN PLASTIC~D~I:P~------===~~ 
I 

1.250(31.75) PG ---

1.230 (31.24) I 

§ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I=~~~, -----r 

.170 (4.32) 

.155 (3.94) 

.140 (3.56) 

.120 (3.05) 

I 

24-PIN PLASTIC DIP 

PH 
1.1S0 (29.97) 

1.160 (29.46) r=-=-"~ -~~~. _II 
I 

.360 (9.14) 

.340 (S.64) 

~~~----1 

l .325 (8.26) 

.310 (7.S7) r 
~ .014(0.36) 

~ ~ .OOS (0.20) 

J .380 (9.65) l 
.330 (S.3S) 

.145 (3.6S) SEATING PLANE L-

'Mr:"~J L JL :~;~~::~::5(3.94) 
l "425 (10.79) 

.400 (10.16) r 
~ .014(0.36) 

.050 (1.27) l l-----r L .021 (0.53) 

.016(041) 

~~(2.54) I· 
~~0(27.94) 

Jf -+ .008 (0.20) 

.480(12.19) L 

.430 (10.92) 

10-7 

-"tJ 
l> o 

" l> 
C) 
m -z 
." 
o 
::D s:: 
:r> 
-I -o 
z 



-"'tJ 
l> 
o 
~ 
G) 
m -z 
" o 
::D s:: 
l> 
-I -o z 

28-PIN PLASTIC DIP 

I' ,,~,~~, PJ 
1.44 (36.57) I 

L-
.145 (3.68) 

'~F-~~~ ~ J l JL .120(3.05) 

.062 (1.58) ------r 

.050 (1.27) .021 (0.53) 
.016(0.41) 

.100 (2.54) 
TYP. 

~~o (33.02) ___ 1 

28-PIN PLASTIC DIP 

I 
1.46(37.08) PK 
1.44 (36.57) ---- I 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ]~~~, 
PIN1) -r 

L-
.152(3.86) ~~==-------

'~F-~~ 
.062 (1.58) J L J l JL 4.05

) 
.050 (1.27) .021 (0.53) 

.016(0.41) 

~~(2.54) 

~:~o (33.02) ----I 

10-8 

p 

l .330 (8.26) 

.315(7.87) r 
~ .014(0.36) 

~ -t .008 (0.20) 

j .380 (9.65) I 
.350 (8.89) I---

l .625 (15.88) 

.600 (15.24) r 
~ .014(0.36) 

~ -t .008 (0.20) 

j .680 (17.28) I 
.650 (16.51) I---



I'IIIC:F=lON CERAMIC DIP 

PIN 1 

16-PIN CERAMIC DIP 

CA 

r------ .810 (20.57) --------t 
I .790 (20.07) I 

D 
.305 (7.75) 

.285 (7.24) 

L.;Q:,..-..d~====~=b----c~ -----1 

[ .,,,,,.m, '~TI'G~l .090 (2.29) 

I ~ 1- ~ ~ .175(4.45) C(L'" .,~".,. 
.025 (0.64) I 

~:(1.37) J l JL :~~~:~::~; 
.100 (2.54) 
TYP. 

10-9 

~ .0>"'.',, ~ + .008 (0.20) 

J .310(7.87) L 
.290 (7.37) 

-"tJ 
l> 
o 

" l> 
G') 
m -Z 
." 
o 
:D s: 
l> 
-I -o z 



-"tJ » o 

" » 
G) 
m -z 
." 
o 
II 
s: » 
-I -o 
z 

I'IIIC:I=ION CERAMIC DIP 

18-PIN CERAMIC DIP 
CB 

r----- .910(23.11) ------r 
I .890 (22.61) I 

---r 
.305 (7.75) 

.285 (7.24) 

'-=-"==".....",,--=--==""'~?--=-' ---1 
PIN 1 

r~ 'm"G'~Z ~ 

I, unnm 
j - ~ ~ .175(4.45) L .045(1.14) .125(3.18) 

.025 (0.64) J l JL ! 
~;p4 (1.37)' :~~~ :~:=~~ 

.100 (2.54) 
TYP. 

18-PIN CERAMIC DIP 
CC 

r---- 1.010(25.65) I 
.990 (25.15) 

~J =~ll;:: 
"-- PIN 1 

-~~ 

i8i .""0.00' ~ + .008 (0.20) 

J .310 (7.87) L 
.290 (7.37) 

f~"". l .1?S(4.4S) 

.125 (3.18) 

.055 (1.40~l------L 
.012 (0.30) 

410 (10 41)\ ----00 I-- .008 (0.20) 
. '--

.025 (0.64) .045 (1.14) 
--,390 (9.91) 

.020 (0.50) 
.100 (2.54) .016 (0.41) 

10-10 



I'4IC:RCN CERAMIC DIP, 

~ 

20-PIN CERAMIC DIP 

CD 
1,010 (25.65) 

.990 (25.15) ----I 

.~ .~ ? -I 
.305 (7.75) 

~24) 

~PIN1 
110 (2.79) 

20-PIN CERAMIC DIP 

CE 

1 ___ 1.010 (25.65) ------II 
.990 (25.15) 

I • 2". 
I1LJ~:;:;;::::::;;;;;;:::::::;;;;;;::::::;;;;;;::::::;:;;;;::::::;;;:;::;:=;;::;;;::=:::='L 1 91

) 

''( PiN 1 

.116 (2.95) 

L~ 

r-
L .045 (114) 

.025 (0.64) 

"~,,~ '~TIJ, 

~ l YV:~' .175(4.45) 
.125 (3.18) 

-----.l 
.055 (1.40) 

.045 (1.14) JL .020 (0.51) 
.110 (2.79) '016 (0.41) 

'090 (2.29) 

10-11 

n t' 

.012 (0.30) 

: - .008 (0.20) 

~':10 (7.8~L~ 
290 (7.37) 

.410 (10.41) 

.390 (9.91) 

.012 (0.30) 

.008 (0.20) 

-"'C 
l> 
o 

" l> 
C) 
m -z 
." o 
JJ 
s: 
l> 
-I -o 
z 



-"'C 
l> o 

" l> 
C) 
m -z 
." 
o 
:u 
3: 
~ 
6 
z 

I'IIIC:RON CERAMIC DIP 

PIN1 

22-PIN CERAMIC DIP 

CF 
1------ 1.110 (28.19) -------tl 

1.090 (27.67) 

--r 
i\ .305 (7.75) 

f.J .285 (7.24) 

~O~--d-=;:",....""~~,,.-.b-~=-" --1 

~"~~z [ 
.105 (2.67) 

_ .085 (2.16) 

c-l--!-=---r:==wmmm=======~~~~~~= :~~~~.~7: 
.048 (1.22) --r 
.028 (0.71) :~:~ ~~.~:~) J l Jl- :~~: «~.::: 

.100 (2.54) 
TYP. 

10-12 

F1-"'''~J .008 (0.20) 

J .310 (7.87) l-
.290 (7.37) 



I'IIIC:I=ION CERAMIC DIP 

24-PIN CERAMIC DIP 

CG 
1.188 (30.18) I 
'-212 (30.78) I 

_ .085 (2.16) r ,",,,.," '~"'o~z 

T:1_~~""oo, 
:~:~ ;;:~:: I j II l ~ IL I ~.81) 

:~:; ;;:~: -It.- ~~~~ ;~::;: L- .100(2.54) 
TYP. 

1.100 (27.94) -----<>I 
TYP. 

24-PIN CERAMIC DIP 

CH 
t------- '-212 (30.78) -----II 

1.188 (30.18) 

) A05 (10.29) 

.385 (9.78) 

L."",'"~~",""="",,=-=-~~~ 
PIN 1 

r ,"",'~' 'W~ "~l ~ .080 (2.03) 

I Ivvl~?n?nW-r l-
L ':060 (1.52) j L ;:: ~::: 

.040 (1.02) I J l JL l---r 
.050 (1.27) ~ 

TYP. L .016(0.41) 

.100 (2.54) 
TYP. 

1.100(27.94) --------I 
TYP. 

10-13 

n '012 (0'30) 

.008 (0.20) 

j .310 (7.87) L 
.290 (7.37) 

~~ 
~ + .009 (0.23) 

J .420 (10.67) L 
.400 (10.16) 

-"tJ » 
o 

" » 
G) 
m -z 
." o 
:IJ 
s: » 
-f -o 
z 



I'IIIC::I=ION CERAMIC DIP 

28-PIN CERAMIC DIP 
CI 

1 .386 (35.20) I 1.414 (35.92) I 

'~'~~L [ 
.105 (2.67) 

_ .065 (2.16) 

~-'--t_=urmnnnnnnnnnrnmC==="j;:;;;=;~==""~""=== :~~~~.;7: 
L~2) l V V V ~ V V V V V V V V V------r 

.040(1.02) JI I I 

:~:: ~~ ::; J L I-- :~~~ ~~::: ~ 
.100 (2.54) 
TVP. 

l----- 1.300 (33.02) -----I 

28-PIN CERAMIC DIP 
CJ 

1\ [ I -.:I29) ~ .385 (9.78) 

~~~~~.--J~ 
~PIN1 

.110 (2.79) 

[ .090 (2.29) 

.040 (1.02) 

SEATING PLA~ 

J l .175(4.45) 

.125f·18) 

.060 (1.52) 

.110 (2.79) .040 (1.02) II .020 (0.51) 

.090 (2.29) -t \--- .016 (0.41) 

10-14 

~ .012(0.30) ~ T .008 (0.20) 

J .310 (7.87) I 
.290 (7.37) 

.012 (0.30) 

.008 (0.20)' - l-
I .410 (10.41) I r- .390 (9,91) -1 



I'IIICI=ICN CERAMIC DIP 

28-PIN CERAMIC DIP 

CK 

1--------- ~::~: ~::~: 
I 

D 

~ 

~PIN1 
.111 (2.82) 

[ .OB9 (2.26) 

t,,~ 
.040 (1.02) 

.110 (2.79) 

.090 (2.29) 

1 
.600 (15.24) 
.580 (14.73) 

~ 
~'~~~ 

.175 (4.45) 

.125/3.18) 

II .020 (0.51) 
-it- .016 (0.41) 

10-15 

.012 (0.30) __ _ 

.008 (0.20) - -

I--~ I 
.590 (14.99) ------t 

.. 
." 
l> o 

" l> 
C) 
m ... 
z 
." 
o 
:D s: 
l> 
::I 
o z 



-." 
l> 
o 

" l> 
G) 
m -z 
"'TI 
o 
:c s: 
~ o z 

I'IIU:::RON PLASTIC ZIP 

PIN 1 

PIN 1 

16-PIN PLASTIC ZIP 

ZA I·S1O (20.56) 
.790 (20.05) ~~ 

.260 (6.61) 

.240 (6.09) 
0 

---r 
.014 (0.36) 

.OOS (0.20) 

C:~(WI j ll.024 (0.61) 

. 016 (0.41) 

.750 (19.05) ·1 
TYP. 

20-PIN PLASTIC ZIP 

ZB r-- 1.010 (25.65) -----j 
I .990 (25.15) I 

r=====================l-r 
.300 (7.62) 

.280 (7.11) 

~O~~~~~~~~--1 

J 1-- .050 (1.27) 
TYP. 

J 1-- .024 (0.61) 

. 016 (0.41) 

10-16 

.014 (0.36) 

.OOS (0.20) 

l 

j 

J 

r- .113 (2.S7) 
.107 (2.72) 

SEATING PLANE 

.100 (2.54) 

l.100 (2.54) 
TYP . 

j--.113(2.S7) 

I .107 (2.72) 

f 

SEATING PLANE 

.100 (2.54) 

I I 
I-- .100 (2.54) 

TYP . 



I'IIICRON PLASTIC ZIP 

PIN 1 

24-PIN PLASTIC ZIP 

ZC 

t-____ 1.210 (30.73) ____ ----I 

" 1.190 (30.23) " 

I 
.350 (8.89) 

.290 (7.37) 

'rn-r0 
TTTTTTTTTTTTTTTTTTTTTTTTTTl-rrrTTTTTlrTTTTTTTT' ---1 

. 016 (0.41) 

28-PIN PLASTIC ZIP 

ZD 

11---:-::-:-__ 1.430 (36.33) ______ _ 
lj-.050 1.380 (35.05) 

• 
'-450 

. 350 (8.89) 

.290 (7.37) 

j .400 (18.16) 
~;:::;:;=;rr=;:;=:;:;:::;:;:::;:;::;::;::;:;:::;:;:::;:;=m:;::n=;::;:::;:;:::;:;:::;:;=;rr=;:;=:;:;:::;:;:::;:;::;::;::;:;:::;:;::;:;11-- .350 (8.89) 

t 

fSEATING 
PLANE PIN 1 J I -I 1-.050 (1.27)TYP 

-1.350 (34.29)TYP---------

_11_ .040 (1.016) II .024 (0.61) 
.015 (.038) - -.016 (0.41) 

10-17 

l r .113(2.87) 

.107 (2.72) 

SEATING PLANE 

.075 (1.91) 

.014 (0.36) 

.008 (0.20) .100 (2.54) 

-J L .100(2.54) i 

.014 (.036) - '1 

.008 (0.20) _Il 

TYP . 

1
_.113 (2.87) 

.107 (2.72) 

.075 (1.91) 

.045 (1.14) 

-.l 
-, .140 (3.56) 

.100 (2.54) 

1-.100 (2.54)TYP 

+ 
.550 (13.97) 
.450 (11.43) 

-"tJ 
l> o 

" l> 
C) 
m -z 
'"T1 
o 
XI s: 
l> 
-I -o z 



-""C » o 

" » 
G) 
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3: 
~ -o z 

I'IIIC: 1=1 ON PLCC 

PIN 1 

r .493(12.52) l 
.487 (12.37) 

18-PIN PLCC 

EJA 

---r-

.293 (7.44) 

.287 (7.29) 

j 

52-PIN PLCC 

EJB 

L .756(19.20) ~ 
.750 (19.05) 

Innnnnnn 

_ PIN1 
.756 (19.20) 
.750 (19.05) 

'= .795(20.19) ~ 
.785 (19.93) 

_1 __ .180(4.57) 

.165 (4.19) 

.120 (3.05) -, - J I~ I 

.090 (2.29) _ .021 (0.53) 
.013 (0.33) 

_ .050 (1.27) TYP. 

10-18 

l ·335 (8.51) r 
.320 (8.13) 

trnMJJ 
j L .265 (6.73) 

.250 (6.35) 

r- .795 (20.19) ---j 
I.r:=:= .785 (19.93) :::=::::=:1..1 

bAAi\AAAAAiiiiA 



I"IIC:I=ION PLASTIC SOJ 

PIN 1 

20-PIN PLASTIC SOJ 

DJA 
r--- .680 (17.27) -----1 
1 ___ .. 670 (17.02) ___ I 

-----r 
.305 (7.75) 

.295 (7.49) 

enC -rr=l::O-=--==C:r=='---.l 

~~--------~--~--~ 

J~-----¥--------i-
.118 (3.00) 

.108 (2.74) J L .050(1.27) JL .020(0.51) 
TYP. .015 (0.38) 

24-PIN PLASTIC SOJ 
DJB r-- .637 (16.18) ------r 

1 ___ .620 (15.75) ___ I 

-----r 
.305 (7.75) 

.295 (7.49) 

~:n:::rrn==-d -----1 
PIN 1 ~ .550 (13.97) ~ 

TYP. 

.118 (3.00) 

.108 (2.74) 

~~--------~-~--~ 

J~--'-----+ 
j L ~pO (1.27) JL 

.020 (0.51) 

.015 (0.38) 

10-19 

.340 (8.64) l=".aT 
t J 

--J l- .275 (6.99) 

.260 (6.60) 

l::::~::: r 
J~[ .040R(1.02) 

.030R (0.76) 

.275 (6.99) 

.260 (6.60) 

-"tJ » 
o 

" » 
G) 
m -Z 
"TI 
o 
:0 
3: » 
-I -o 
z 



-"tJ 
l> 
n 

" l> 
G) 
m -z 
." o 
Jl 
3: 
l> 
-I -o z 

I"IIC:RON PLASTIC SOJ 

28-PIN PLASTIC SOJ 

DJC 

1 

,730 (18,54) 'I • ,720 (18,29) 

:~--'-------:='i~' ~ f~i 11l:::::::::::] 
J I ,050 (1 ,27)TYP_1 I.. I 

PIN 1. ,650 (16,51) _ 

t 
,025(0,64) • ~ 
X 30'TYP -.J 

SEATING PLANE- II ,020 (0,51) 

- -:-015 (0,38) 

-1 't j~ ,144 (3,66) r030 (0,76) 
,132(3,35) _ 

(2 41) j 1 ,275 (6,99) 1 -t -
,095 ' J --- 260 (6 60) ---,080 (2,03) " 

,040 (1 ,02)R 
,030 (0,76) 

28-PIN PLASTIC SOJ 

DJD 

------==1' ,730(18,54) 'I • ,720 (18,29) 

'~9)~1;~~1 
,445 (11,30) ,395 (lmro, 

.435 r05
) -lki0;!;=;=;=;=rT"i'T=n=i=r=r=;=n=;=;=r=r=;=;=n=Fi"i'" 

J I ,050 (1 ,27)TYP_1 I.. I 
PIN 1 ... , ---,650 (16,51) --__ 

t 
,025(0,64) I ~ 
X 30'TYP -.J 

SEATING PLANE - 11_ ,020 (0,51) 

- ,015 (0,38) 

10-20 

-1 't j ~ ,144 (3,66) r;/========li1 f,030 (0,76) 
,132(3,35) _---. 

(2 41) j 1 ,375 (9,53) ---I t 
,095 , 1- 360(914) ,080 (2,03) " 

,040 (1 ,02)R 
,030 (0,76) 



i 

I 

1'1111::: 1=1 ON CERAMIC LCC 

r-- .456 (11.58) ---I 
I .444 (11.28) I 

18-PIN CERAMIC LCC 
ECA 

.290 (7.37) 

.280(7.11) 

.083 (2.11) 

J_-R==~~~S~EA~T::=IN=;:G::=P=LA=NTI~~_""'~_ .067 (1.70) 

linn n n n n r T .055 (1.40) 
.045 (1.14) 

18-PIN CERAMIC LCC 
ECB 

I-- .505 (12.83) --j 
I~ '485(12'32)~~ 

.295 (7.49) 

.280(7.11) 

~.""~ + r::::: 
I II n n n nnW 

T.045(1.14) 

.035 (0.89) 

10-21 

.090 (2.29) 

.080 (2.03) 

.205 (5.21) 

.195 (4.95) 

.055 (1.40) 

.045(1.14) 

.014 (0.36)R 

.004 (0.10)R 

.205 (5.21) 

.195 (4.95) 

.075(1.91) 

.055 (1.40) 

6_--1-.045 (1.14) 

.014 (0.36) R 

.004 (0.10) R 

t .055(1.40) 

t- .045 (1.14) 

-"tJ » o 

" » 
C) 
m -z 
." 
o 
:%J 
3: 
~ -o 
z 



.. 
"'C 
:t> 
o 

" :t> 
G) 
m -z 
." o 
:0 s:: 
:t> 
-I 
(5 
Z 

I"IIC:RCN CERAMIC LCC 

20-PIN CERAMIC LCC 

EGG 

r .435 (11.05) 1 
.415 (10.54) 

PIN 1 l r .255 (6.48) 

.244 (6.22) 

.055 (1.40) 

~ .045(1.14) D ------r 

.295 (7.49) 

.285 (7.24) 

I 

SEATING PLANE~ .073 (1.85) 
.057 (1.45) 

i II D D D D D D II 
~1.14) 

.035 (.089) 

.100 (2.54) 

.080 (2.03) 

f 
.014R (0.36) 

L .004R (0.10) 

.050 (1.27) 

.040 (1.02) 

.022 (0.56) 

20-PIN CERAMIC LCC 

EGD 

c .683 (17.35) 

.667 (16.94) 

.355 (9.02) 

.345 (8.76) 

SEATING PLANE ~.076 (1.93) _ ---L .066 (1.68) 

~r=1 n===n===n===n===o==o==o=====n ==0 n II 
1.050 (1.27) 

.040 (1.02) 

.610 (15.49) r--- .590 (14.99) 
.055 (1.40) n r .205 (5.21) 
.045 (1.14) .195 (4.95) 

~~~~~--~~~~ 
PIN1--_ 

.095 (2.41) 

.075 (1.91) 

10-22 



I'JIIC:::F=lON CERAMIC LCC 

r- .500 (12.70) 1 
I .480 (12.19) 

D 

22-PIN CERAMIC LCC 

ECE 

.295 (7.49) 

.285 (7.24) . 

-----1 
.155(3.94) JJ 
.145 (3.68) 

.100 (2.54) 

.080 (2.03) 

SEATING PLANE~ .073 (1.85) 
.057 (1.45) 

! II D D D D D D D II 
~1.14) 

.035 (.089) 

10-23 

.055 (1.40) 

-----I .045(1.14) 

f 
.014R (0.36) 

.022 (0.56) 
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o 

" l> 
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l> 
-I -o 
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I'IIIC: 1=1 ON CERAMIC LCC 

r .560 (14.22) 

.540 (13.72) 

28-PIN CERAMIC LCC 

ECF 

.358 (9.09) 

.342 (8.69) 

.073 (1.85) 

+0 0 0 0 
1.045(1.14) 

.035 (0.89) 

=TI~~" ~ ~ OO,,'M, 
o 0 0 0 0 II 

r .560 (14.22) 
.540 (13.72) 

28-PIN CERAMIC LCC 

ECG 

.358 (9.09) 

.342 (8.69) 

.083 (2.11) 

~TI~.~' ~~ ="ro, 
l..fFn n n n n n n n n II 
1 .050 (1.27) 

.040 (1.02) 

10-24 

.410 (10.41) 

.390 (9.91) 

.410(10.41) 

.390 (9.91) 

.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 (0.10)R 



fUl1C:F=lON CERAMIC LCC 

32-PIN CERAMIC LCC 

ECH 

C .560(14.22) ~ 

=~""'" 11 I 
.458 (11.63) 

.442 (11.23) 

~====6U 

.080 (2.03) 

,~,,~~, n\ ~ -,,~ 
-±-to 0 0 0 0 0 0 0 0 II 
[.050 (1.27) 

.040 (1.02) 

10-25 

.410 (10.41) 

.390 (9.91) 

.075(1.91) 

.055 (1.40) 

.045 (1.14) 

.014 (0.36)R 

.004 (0.10)R 

I- .055 (1.40) 
.045 (1.14) 

-"'tJ 
l> 
o 
~. 
l> 
C) 
m 
Z -n 
o :a 
== l> 
-I -o z 



-"'C » o 

" » 
G) 
m -z 
" o 
:IJ s: » 
-I -o z 

I'4IC:RON FLAT PACK 

16-PIN FLAT PACK 

FA 

·~~:~~'r l 
::~ ~:~:~ r J: TOy5pO (1.27) 

PIN1/~' 0-:3:': 
l.017 (0.43) 

TYP. 

.005 (0.13) 1 
TYP. 

J L .196 (4.98) 

.189 (4.80) 

.069 (1.75) 

~ .053 (1.34) 

:=1 

[ .010
1

(0.25) 
TYP. 

20-PIN FLAT PACK 

FB 

~.~~!~ ~~::: 
! .620 )5.75) 

.600 (15.24) 

.455 (11.56) 

.445 (11.30) 

Ll 
10 I 
L-'=====C.J -----L .019 (0.48) 

.006 (0.15) L j 

.003 (0.08) .306 (7.77) 
.294 (7.47) 

t I I I I 

.015 (0.38) 

.035 (0.89) ] .105 (2.67) ] 

.025 (0.64) .085 (2.16) 

10-26 

PIN 1 

20 1/ P1N1 

10 



I"IIC:I=ION FLAT PACK 

.300 (7.62) .404 (10.26) l~r~l 

t~ 
.004 (0.10) 

I I 
j .286 (7.2~) L 

.274 (6.96) 

28-PIN FLAT PACK 

Fe 

#fn 
.728 (18.49) 

.712 (18.08) 

.E!55 (16.64) 

.645 (16.38) 

t!~, 
-1-

.033 (0.84) ] 

.027 (0.69) 

.015 (0.38) 

.117 (2.97) ] 

.097 (2.46) 

10-27 

PIN1 

.. 
" l> o 

" l> 
G') 
m -z 
." 
o 
::D as: » 
-I 
5 
z 
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1'41C:I=ION MODULE SIP 

22-PIN MODULE SIP (LOW PROFILE) 

MA 

2.205 (56.01) 1-,----- 2.195(55.75) -------t" , 

-1....----

.453 (11.51) 

.447(1135)! ~ 

Ir--
T~2p5 (3.18) \ -J L .100 (2.54) -JL .022 (.559) 

TYP .018 (.457) 

PIN 1 

24-PIN MODULE SIP (LOW PROFILE) 
MB 

2.735 (69.47) 
1-1 ,------ 2.725 (69.22)--------+"1 

::!~-->-----~~~ .. :1-~) -~~ 

.125 (3.18) 
TYP. \ j L ;;~ I''') 

PIN 1 

1 0-28 

JL .022 (.559) 

.018 (.457) 

l r .200 (5.08) 
MAX. 

,-·"'Im) 
.009 (.229) 

--1 r .200 (5.08) 
I MAX. 

\- .'" 1"9) 
.009 (.229) 



I'IIIC:F=lON MODULE SIP 

30-PIN MODULE SIP 

Me 

1-----3.105(78.87) __ ---I 
3.095 (78.61) 

=~~ .617 (15.67) 

I 

I \ JL JL .. 125 (3.18) 
TYP. .100 (2.54) .022 (.559) 

PIN 1 

TYP. .018 (.457) 

30-PIN MODULE SIP 

MD 

3.105 (78.87) 1--1' --- 3.095 (78.61) ----------ll 

.~~ ~ [gJ[gJ[gJ[Q][gJ[Q][gJlQJ[[ 
L-i~f~~~~~~~J~ 

.
12r::-\ TYP. 

PIN 1 

J L .100 (2.54) 
TYP. 

JL .022 (.559) 

.018 (.457) 

10-29 

l I ~~XO (5.08) 

\ ""=, 
.009 (.229) 

1 r- .200 (5.08) 
I MAX. 

~"J{'''' 
.009 (.229) 

-"'tJ » o 

" » 
C) 
m -z 
." 
o 
:0 
i: » 
-I -o 
z 
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I'4IC:RON MODULE SIP 

30-PIN MODULE SIP (LOW PROFILE) 

ME 

3.105 (78.87) 1-1' ---- 3.095 (78.61) ------t'l 
:::~-I--~~~ .. :~-)) _~ 

.125 (3.18) 
TYP. \ -J L .100 (2.54) -JL .022 (.559) 

TYP. .018 (.457) 

PIN 1 

30-PIN MODULE SIP 

MG 

3.105 (78.87) 

t--I" ----3.095(78.61) -------I a I 

~:1~; Imi gll~~j~J~~~~ 
L 

T~:' (3.18) \ J L .100 (2.54) JL .022 (.559) 

TYP. .018 (.457) 

PIN 1 

10-30 

~(8.89) 

I MAX. I 

, '" (."9, 
.009 (.229) 

1 r- .200 (5.08) 

I MAX. 

.011 (.279) 

.009 (.229 



I"IIC::RON MODULE SIP 

I" 
r- 1-----' 

.513 (13.03) I I 

.507 (12.88) 
I _____ ..! 

~ 

30-PIN MODULE SIP (LOW PROFILE) 

MH 

3.105 (78.87) 

-I 3.095 (78.61) 

1-----, 
I I 
I _____ ..! 

f 

\PIN1 
J L .100 (2.54) JL .125 (3.18) 

.022 (.559) TVP. 
TVP. .018 (.018) 

-'-----

.513 (13.03) 

.507 (12.88) 

.125(3.18) 
TVP. 

30-PIN MODULE SIP (LOW PROFILE) 

MI 

3.65 (92.71) I" 3.75(95.25) 'I 

~~~~~ 
~~~~~ 

\ PIN 1 
--ll- .100 (2.54) 

TVP. 

10-31 

.022 (.559) 

.018 (.018) 

H .200 (5.08) 

I I MAX. 

ril .011 (.2791 ~ .009 (.229) 

r---l .350 (8.89) 

I I MAX. 

~ .011 (."" 
.009 (.229) 

--a 
l> n 

" l> 
C) 
m -z 
." 
o 
:x:J 
i: 
l> 
-I 
(5 
Z 



I'IIIC:I=ION MODULE SIMM 

-"tJ 

30-PIN MODULE SIMM 

MJ 

3.505 (89.03) -------I 
1------- 3.495(88.77) ~ 

.133 (3.38) 
TYP. 

-----r-j 
I ttl I 0 J 8) .653 (16.59) 
-'----- ADO (10.16) .647 (16.43) 

;;:' I "~J '------..II..JL.JL.IIL.LJL.LILJL.L.II..JL.L.IL.IL.IL.JJI...JL.L.IL.LJL.ILII...LJL.lL.II...LJL-----.J TYP. I 

.080~3)\ 
TYP. 

PIN 1 

30-PIN MODULE SIMM 

MK 

0»" r--- 3.505 (89.03) -----I~ 3.495 (88.77) 

~ .133 (3.38) 
TYP. 

~"f.", 1'----;= ((8 [g]=11 [Q====;-Fn [QJ===cio [QJ====;-o c===;[QJr===[Q=[Qj~[gJ=;-;==[gJ=;-t-,8) W-T~~. (10-.16) ----r-:::~ :~::::; 
~ TYP~ l . I U • W • U I I U U I • W U I I U WI. I • U • I • m I I I 

~ I~ (~)\ j L T~pO (2.54) j L To;pO (1.7!) 

o TYP. 

:::0 
3: » 
-I -o z 

PIN 1 

10-32 

l r- .200 (5.08) I MAX. 

~ 
j L .055 (1.40) 

.047 (1.19) 

1 r- .200 (5.08) I MAX 

~ 
j L .055 (1.40) 

.047 (1.19) 



fVlU:::F=lON MODULE SIMM 

30-PIN MODULE SIMM 

ML 

3.505 (89.03) --------iL 
3.495 (88.77) I 

~ .133 (3.38) 
TYP. 

0 0 0 0 0 0 0 0 0 -----1 EEl EEl 
.400 (10.16) 1-

Tn .. II .. ,oot"] TYP. 

'080(~3)\ 
.. .1 II 

J L .100 (2.54) 
TYP. 

iii 
TYP. 

HI 

JL070(17:) 

TYP. 

PIN 1 

1----_______ 3.505 (89.03) 
3.495 (88.77) 

TYP. 

30-PIN MODULE SIMM 

MM 

L. .133 (3.38) I TYP. 

~~==~~==~==~~ 

1 
.803 (2 0.39) 

0.24) .797(2 

I 

EEl .653 (16.59) 

J L .100(2.54) 
TYP. 

.400 (10.16) .647 (16.43) 
TYP. 

j L .070 (1.7: 
TYP. 

10-33 

1 j-- .200 (5.08) 
I MAX. 

~ 
JL .055(1.40) 

.047 (1.19) 

H .200 (5.08) 

I rl MAX. 

~ 
j L .055 (1.40) 

.047(1.19) 

-"tJ 
l> o 

" l> m 
m -z 
." 
o ::u 
i: 
~ -o z 
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" » 
C) 
m -z 
." 
o 
:II. 
3: » 

I'll IC: 1=1 ON MODULE SIMM 

PIN 1 

72-PIN MODULE SIMM 

MN 

4.25 (107.95) 

72-PIN MODULE SIMM 

MO 

I 0.20 (5.08) MAX. 

r j I .055(1.40) 
(5.97) .047(1.19) 
TIP. 

4.25(107.95) 

r-t----____ ----;I 1 

DDDDBBDDDDo ~ 
0.35 (8.89) MAX. 

3.75 95.25 

T II· .055(1.40) 
.235 --I IfvW) .047 (1.19) 

PIN1 

-I 
- Note: All dimensions listed as typical. o 
Z 

10-34 
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72·PIN MODULE ZIP 

MP 

3.915 (99.44) 

! 3.905 (99.19) I 

""' UDDD88DDDD }, 
l r 5.0S) MAX. 

l 1.00 (2.54) TYP. -

1.75 (44.45) 

3.75 (95.25) 

72·PIN MODULE ZIP 

MQ 

3.915 (99.44) ~S.S9) MAX _ I 3.905(99.19) I l I 

eo, DDDD88LJDDD 1" 
l - 1.00 (2.54) TYP. - -

1.75 (44.45) I 0.25 (6.35) I J 1·050 (1.27) 

3.75 (95.25) 

Note: All dimensions listed as typical. 

10-35 
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I'IIIC:I=ION MODULE DIP 

32-PIN MODULE DIP 

MR 

I 1.790 (45.47) Co I ~ 1.780(45.21) 

"'~~~ 1. _________ ~ 

. 40 (3.56) TYP 

fc>---- 1.50 (38.10) TYP ----eo-

40-PIN MODULE DIP 

MS 

t=+'~""~"'~~ = 
:~ ~ ~ ~ ~ ~ ~ 

PI ll! l.Ij i 'III H ~ 
~ ~ ~ ~ ~ ~ ~ H 

.062 (1.57) TYP 
---Coo j<>- .100 (2.54) TYP 

.140 (3.56) TYP ---

2.000 (50.80) TYP eo-

10-36 

.600 (15.24) TYP 



40-PIN MODULE DIP 

MT 

I 2.020 (S1.31) 1 2.010 (S1.0S) 

"<~j;: 
r=+'~l"O"m '''""00'''" 

.062 (1 .S7) TYP 

flj~ jl.j fl1flt 
= 

~ ~ ~ ftH 
f1I 

P H H 

r'-' l 
~ ~ .100 (2.54) TYP 

.140 (3.S6) TYP ---<>-

~ 2.000 (SO.80) TYP ~ 

10-37 

.230 (S.63S) MAX 

600 (1S.24) TYP 

-"'C » 
o 

" » 
G) 
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Micron Component Group Product Numbering System 

Format = AA BB CC DODD EEE-FF GG GG* ACCESS TIME 
-10 = 1 Ons or 1 OOns 
-12 = 12ns or 120ns 
-15 = 15ns or 150ns PRODUCT FAMILY 

DRAM « 1 MEG) = BLANK 
DRAM (~1 MEG) = 4 

DEVICE NuMBER -20 = 20ns or 200ns 
-25 = 25ns or 250ns 

DPDRAM = 42 
SRAM = 5 
FIFO =52 
CACHE SRAM =56 
MODULE 
DRAM 
SRAM 

-35 = 35ns or 350ns 
-45 = 45ns 
-55 = 55ns 
-60 = 60ns 
-70 = 70ns 
-80 = 80ns 
-85 = 85ns 

.---___ I---'Af' I smc I DODD I E~ FF IGG GL-I G_*_I __ --. 

PRODUCT LINE 
IDENTIFIER 

MT = Micron Technology 
Component Product 

PROCESS 
TECHNOLOGY 

NMOS 
CMOS 

= BLANK 
=C 

* Multiple processing codes are separated by a space. 

PACKAGE CODE 

PLASTIC 
DIP 
DIP (Wide Body) 
ZIP 
LCC 
SOJ 
SOIC 

CERAMIC 
DIP 
DIP (Wide Body) 
LCC 
LCC (Wide Body) 
SOIC 
PGA 
FLAT PACK 

MODULE 

= BLANK 
=W 
=Z 
= EJ 
= OJ 
=G 

=C 
=CW 
= EC 
=ECW 
=CG 
=CA 
=F 

PC BOARD DIP = BLANK 
CERAMIC DIP = C 
SIMM = M 
SIMM (Gold plated) = GM 
SIP = MN,N 
SIP (Double Sided) = DMN,DN 
SIP, ZIG-ZAG ,; ZN 

11-2 

PROCESSING" 
LEVELITEMP/SPECIAL 

Commercial Process 
OCTO+70C = BLANK 
-55 C TO +125 C = XT 
-40 C TO +125 C = AT 
-40 C TO +85 C = IT 

MIL STD 883C 
-55 C to +125 C 
or+110 C (DRAMs)= 883C 
OCTO +70 C = M070 

2V Data Retention = L 
Tape and Reel = TR 
Bar Code = BC 



1'41C:F=lON 

ORDER INFORMA nON 
Micron products are manufactured and quality controlled in our state-of-the-art Boise, Idaho USA 

facility. All products are functionally equivalent to other manufacturers' products meeting industry 
standards. 

Device functionality is consistently assured over a wider power supply, temperature range and 
operational range than specified. Each unit receives accelerated burn-in and several hours of system 
level testing prior to final test and shipment. 

Please contact the factory for technical, test and application assistance. Micron can also furnish the 
sales representative and distributors nearest you. Our QUALITY ASSURED policy is to offer prompt, 
accurate and courteous service while assuring quality and reliability. 

ORDER EXAMPLES: 

DRAM 

1 MEG X 1, 100ns in Plastic SOJ 

________ ~lpACKA,E~::iED I 

MT4C1024DJ -10 

MUL TIPORT DRAM (VRAM) 

256K X 4, 100ns in ZIP 

~ ____ ~IPACKA,E!~PiED I 

MT42C4256Z -10 

SRAM 

32K X 8, 45ns in Plastic SOJ 

...... ---,-... 1 "CKAIE ~LJED 1......., ___ ... 

MT5C2568DJ-45 

DRAM MODULE 

1 MEG X 8, 120ns Fast Page Mode Access, Leaded SIP 

______ ....,-~ I PACKA,EI,I S,PE1ED I 

MT8C8024MN -12 

CACHE DATA SRAM 

SRAM MODULE 

64K X 16, 25ns in DIP Module with 2 volt data retention 

...... ---,-... 1 PACKA1GE 1 ~Sj"D I........,r----....I 
MT85C1664 -25 L 

11-3 
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I'IIIC:RON NORTH AMERICA 

ALABAMA 
Representative 

Southeast Technical Group 
101 Washington, Suite 6 
Huntsville, AL 35801 
Phone - 205-534-2376 
Fax - 205-534-2384 

Distributors 

Hall-Mark Electronics Corporation 
4900 Bradford Drive 
Huntsville, AL 35807 
Phone - 205-837-8700 
TWX - 810-726-2187 

Pioneer Technology 
4825 University Square 
Huntsville, AL 35816 
Phone - 205-837-9300 
TWX - 810-726-2197 
FAX - 205-837-9358 

ARIZONA 
Representative 

Quatra Associates 
4645 South Lakeshore Drive 
Suite #1 
Tempe, AZ 85282 
Phone 602-820-7050 
FAX 602-820-7054 

Distributors 

Anthem Electronics Incorporated 
1727 East Weber Drive 
Tempe, AZ 85281 
Phone - 602-966-6600 
TWX - 910-950-0110 
FAX - 602-966-4826 

Hall-Mark Electronics Corporation 
4637 S. 36th Place 
Phoenix, AZ 85040 
Phone - 602-437-1200 
FAX - 602-437-2348 

Wyle Laboratories 
4141 E. Raymond 
Suite #1 
Phoenix,AZ 85040 
Phone - 602-437-2088 
TWX - 371-2871 
FAX - 602-437-2124 

11-5 

ARKANSAS 
Representative 

Nova Marketing Incorporated 
7955 East 50th Street 
Suite 1339 
Tulsa, OK 74145 
Phone - 918-660-5105 

Distributors 

Hall-Mark Electronics Corporation 
11420 Pagemill Road 
Dallas, TX 75243 
Phone - 214-553-4300 
TWX - 910-860-5577 
FAX - 214-343-5988 

Pioneer Electronics 
13710 Omega Road 
Dallas, TX 75234 
Phone - 214-386-7300 
TWX - 910-860-5563 
FAX - 214-490-6419 

Wyle Laboratories 
1810 N. Greenville Avenue 
Richardson, TX 75083 
Phone - 214- 235-9953 
FAX - 214-644-5064 

CALIFORNIA 
Representatives (Northern California) 

Bay Area Electronics 
1590 Oakland Road 
Suite B 203 
San Jose, CA 95131 
Phone - 408-452-8133 
FAX - 408-452-8139 

Representatives (San Diego Region) 

C-K Associates 
8333 Clairemont Mesa Boulevard 
Suite 102 
San Diego, CA 92111 
Phone - 619-279-0420 
TWX - 910-335-2009 
FAX - 619-279-7650 
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I"IIC:I=ION NORTH AMERICA 

Representatives (Southern California) 

Jones & McGeoy Sales Incorporated 
801 Parkcenter Drive 
Suite 250 
Santa Ana, CA 92705 
Phone - 714-547-6466 
TWX - 510-601-4878 
Telex - 989057 
FAX - 714-547-7670 

Representatives (Southern California) 

Jones & McGeoy Sales Incorporated 
15350 Shennan Way 
Van Nuys, CA 91406 
Phone - 818-994-6500 
FAX - 818-994-8929 

Distributors 

Anthem Electronics Incorporated 
1040 E. Brokaw Road 
San Jose, CA 95131 
Phone - 408-295-4200 
FAX - 408-282-1542 

Anthem Electronics Incorporated 
9131 Oakdale Avenue 
Chatsworth, CA 91311 
Phone - 818-700-1000 
FAX - 818-709-7639 

Anthem Electronics Incorporated 
1 Old Field Drive 
East Irvine, CA 92718 
Phone - 714-768-4444 
TWX - 910-595-1583 
FAX - 714-480-4747 

Anthem Electronics Incorporated 
580 Menlo Drive 
Suite 8 
Rocklin, CA 95677 
Phone - 916-624-9744 
Fax - 916-624-9750 

Anthem Electronics Incorporated 
9369 Carroll Park Drive 
San Diego, CA 92121 
Phone - 619-453-9005 
FAX - 619-546-7893 

11-6 

Hall-Mark Electronics Corporation 
9420 Topanga Canyon Blvd. 
Chatsworth, CA 91331 
Phone - 213-217-8400 

Hall-Mark Electronics Corporation 
580 Menlo Drive 
Suite 2 
Rocklin, CA 95677 
Phone - 916-624-9781 

Hall-Mark Electronics Corporation 
3878 Ruffin Road 
Unit lOA 
San Diego, CA 92123 
Phone - 619-268-1201 

Hall-Mark Electronics Corporation 
8130 Remmet Avenue 
Canoga Park, CA 91304 
Phone - 818-716-7300 

Hall-Mark Electronics Corporation 
2105 Lundy Avenue 
San Jose, CA 95131 
Phone - 408-432-0900 
TWX - 910-339-9505 
FAX - 408-433-0745 

Hall-Mark Electronics Corporation 
One Mauchly 
Irvine, CA 92718 
Phone - 714-727-6000 
FAX - 714-727-6006 

Hall-Mark Electronic Corporation 
6341 Auburn Blvd. 
Suite D 
Citrus Heights, CA 95610 
Phone - 916-722-8600 

Hall-Mark Electronic Corporation 
19220 South Nonnandie Ave . 
Torrance, CA 90502 
Phone - 213-217-8400 

Hall-Mark Electronics Corporation 
14831 Franklin Ave. 
Tustin, CA 92680 
Phone - 714-669-4100 
FAX - 714-730-0543 



IVIIC:RON NORTH AMERICA 

Wyle Laboratories 
124 Maryland Street 
EI Segundo, CA 90245 
Phone - 213-322-8100 

Wyle Laboratories 
3000 Bowers Avenue 
Santa Clara, CA 95051 
Phone - 408-727-2500 
TWX - 910-338-0296 
FAX - 408-727-58% 

Wyle Laboratories 
17872 Cowan Avenue 
Irvine, CA 92714 
Phone - 714-863-9953 
Telex - 714-371-9599 
FAX -714-863-0473 

Wyle Laboratories 
11151 Sun Center Dr. 
Rancho Cordova, CA 95670 
Phone - 916-638-5282 
TWX -713719279 
Telex - 3103719279 
FAX - 916-638-1491 

Wyle Laboratories 
9525 Chesapeake Drive 
San Diego, CA 92123 
Phone - 619-565-9171 
Telex - 3719592 

Wyle Laboratories 
26677 W. Agoura Road 
Calabasas, CA 91302 
Phone - 818-880-9000 
Telex - 3103720232 

CANADA 
Representatives 

Clark-Hurman Associates 
37 George Street North 
Suite 404 
Brampton, Ontario L6X lR5 
Canada 
Phone - 416-453-1118 
Telex - 06988501 
FAX - 416-453-5609 

11-7 

Clark-Hurman Associates 
66 Colonnade Road 
Suite 205 
Nepean, Ontario K2E 7K7 
Canada 
Phone - 613-727-5626 
FAX - 613-727-1707 

Distributor 
Semad Electronic 
85 Spy Court 
Markham, Ontario 
Canada L3R 4Z4 
Phone - 416-475-8500 
FAX - 416-475-4158 

COLORADO 
Representative 

Wescom Marketing 
4851 Independence Street 
Suite 159 
Wheatridge, CO 80033 
Phone - 303-422-8957 
FAX - 303-422-9892 

Distributors 
Anthem Electronics Incorporated 
373 Inverness Drive South 
Englewood, CO 80112 
Phone - 303-790-4500 
FAX - 303-790-4532 

Hall-Mark Electronics Corporation 
6950 South Tucson Way 
Englewood, CO 80112 
Phone - 303-790-1662 
TWX - 910-931-0472 

Wyle Laboratories 
451 E 124th Street 
Thornton, CO 80241 
Phone - 303-457-9953 
Telex - 372-0529 
FAX - 303-457-4831 
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CONNECTICUT 

Representative 

Advanced Tech Sales Incorporated 
Westview Office Park 
Building 2 Suite 1 C 
850 N. Main St. Ext. 
Wallingford, CT 06492 
Phone - 203-284-0838 
FAX - 203-284-8232 

Distributors 

Anthem Electronics 
170 Research Parkway 
Meriden, CT 06450 
Phone - 203-237-2282 

Hall-Mark Electronics Corporation 
33 Village Lane 
Wallingford, CT 06492 
Phone - 203-271-2844 
FAX - 203-271-1704 

Pioneer Electronics 
112 Main Street 
Norwalk, CT 06851 
Phone - 203-853-1515 
TWX - 710-468-3373 
FAX - 203-838-9901 

DELAWARE 

Representative 

Omega Electronic Sales Incorporated 
1 Fairway Plaza 
Suite 108 
Huntingdon Valley, PA 19006 
Phone - 215-947-4135 
TWX - 510-665-5485 
FAX - 215-938-1984 

Distributor 

Pioneer Technologies Incorporated 
261 Gibraltar Road 
Horsham, PA 19044 
Phone - 215-674-4000 
TWX - 510-665-6778 
FAX - 215-674-3107 

11-8 

DISTRICT OF COLUMBIA 

Representative 

Electronic Engineering & Sales, Inc. 
235 Prince George Street 
Annapolis, MD 21401 
Phone - 301-269-4234 
FAX - 301-269-6476 

Distributor 

Pioneer Technologies Corporation 
9100 Gaither Road 
Gaithersburg, MD 20877 
Phone - 301-921-0660 
TWX -710-828-0545 
FAX - 301-921-4255 

FLORIDA 

Representatives 

Contact Micron Component Sales 
Phone - 1-800-642-7661 

Distributors 

Anthem Electronics Incorporated 
255 S. Enterprise Road 
Suite #11-2 
Clearwater, FL 34623 
Phone - 813-797-2900 
FAX - 813-796-4880 

Hall-Mark Electronics Corporation 
301 Roosevelt Boulevard 
Suite 303 
Clearwater, FL 33520 
Phone - 813-530-4543 
TWX - 810-863-0410 
FAX - 813-535-3865 

Hall-Mark Electronics Corporation 
3161 Southwest 15th Street 
Pompano Beach, FL 33069 
Phone - 305-971-9280 
TWX - 510-956-9720 

Hall-Mark Electronics Corporation 
7648 Southland Boulevard 
Suite 100 
Orlando, FL 32809 
Phone - 407-830-5855 
TWX - 810-850-0105 
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Pioneer Electronics 
337 South-North Lake #1000 
Altamonte Springs, FL 32701 
Phone - 407-834-9090 
TWX - 810-853-0284 
FAX - 407-834-0865 

Pioneer Electronics 
674 S. Military Trail 
Deerfield Beach, FL 33442 
Phone - 305-428-8877 
TWX - 510-955-9653 
FAX - 305-481-2950 

GEORGIA 

Representative 

Southeast Technical Group 
2620 Deer Isle Cove 
Lawrenceville, GA 30244 
Phone - 404-978-2699 
FAX - same 

Distributors 

Hall-Mark Electronics Corporation 
6410 Atlantic Boulevard 
Suite 115 
Norcross, GA 30071 
Phone - 404-447-8000 
TWX - 810-766-4510 

Pioneer Technology 
3100F Northwoods Place 
Norcross, GA 30071 
Phone - 404-448-1711 
TWX - 810-766-4515 
FAX - 404c446-8270 

HAWAII 

Representative 

Bay Area Electronics 
1590 Oakland Road 
Suite B 203 
San Jose, CA 95131 
Phone - 408-452-8133 
FAX - 408-452-8139 

Distributors 

Anthem Electronics Incorporated 
1040 E. Brokaw Road 
San Jose, CA 95131 
Phone - 408-295-4200 
FAX - 408-282-1542 

11-9 

Hall-Mark Electronics Corporation 
2105 Lundy Avenue 
San Jose, CA 95131 
Phone - 408-432-0900 
TWX - 910-339-9505 
FAX - 408-433-0745 

Wyle Laboratories 
3000 Bowers A venue 
Santa Clara, CA 95051 
Phone - 408-727-2500 
TWX - 910-338-0296 
FAX - 408-727-5896 

IDAHO 

Representative 

Wescom Marketing 
3501 South Main 
Salt Lake City, Utah 84115 
Phone - 801-269-0419 
FAX - 801-269-0665 

Distributor 

Contact Micron Component Sales 
Phone - 1-800-642-7661 

ILLINOIS 

Representatives 

Oasis Sales Corporation 
1101 Tonne Road 
Elk Grove Village, IL 60007 
Phone - 312-640-1850 
TWX - 62578340 
FAX - 312-640-9432 

Distributors 

Anthem Electronics Incorporated 
180 Crossen Avenue 
Elk Grove Village, IL 60007 
Phone - 312-640-6066 
FAX - 312-640-6302 

Hall-Mark Electronics Corporation 
210 Mittel Drive 
Wooddale, IL 60191 
Phone - 312-860-3800 
FAX - 312-860-0239 
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Pioneer Electronics 
2171 Executive Drive 
Suite 200 
Addison,IL 60101 
Phone - 312-495-9680 
FAX - 312-495-9831 

INDIANA 
Representative 

Electronic Marketing Consultants Incorporated 
4470 North College Avenue 
Indianapolis, IN 46205 
Phone - 317-921-3450 
Telex - 62880527 
FAX - 317-921-3459 

Distributors 

Hall-Mark Electronics Corporation 
4275 W. 96th Street 
Indianapolis, IN 46268 
Phone - 317-872-8875 

Pioneer Electronics 
6408 Castleplace Drive 
Indianapolis, IN 46250 
Phone - 317-849-7300 
TWX - 810-260-1794 
FAX - 317-842-5998 

IOWA 
Representative 

Contact Micron Component Sales 
Phone - 1-800-642-7661 

Distributors 

Anthem Electronics Incorporated 
10025 Valley View Road 
Suite 160 
Eden Prairie, MN 55344 
Phone - 612-944-5454 
FAX - 612-944-3405 

Hall-Mark Electronics Corporation 
3783 Rider Trail South 
Earth City, MO 63045 
Phone - 314-291-5350 
TWX - 910-762-0672 

Hall-Mark Electronics Corporation 
210 Mittel Drive 
Wooddale,IL 60191 
Phone - 312-860-3800 
FAX - 312-860-0239 

Pioneer Electronics 
7625 Golden Triangle Drive 
Eden Prarie, MN 55344 
Phone - 612-944-3355 
TWX- 910-576-2737 
FAX - 612-935-1921 

KANSAS 
Representative 

Contact Micron Component Sales 
Phone - 1-800-642-7661 

Distributors 

Hall-Mark Electronics Corporation 
10809 Lakeview Avenue 
Lenexa, KS 66215 
Phone - 913-888-4747 
TWX - 910-380-6767 
FAX - 913-888-0532 

Pioneer Electronics 
10551 Lackman Road 
Lenexa, KS 66215 
Phone - 913-492-0500 
TWX - 510-601-6411 
FAX - 913-492-7832 

KENTUCKY 
Representative 

Electronic Marketing Consultants Incorporated 
4470 North College Avenue 
Indianapolis, IN 46205 
Phone - 317-921-3450 
Telex - 62880527 
FAX - 317-921-3459 

Distributors 

11-10 

Hall-Mark Electronics Corporation 
400 East Welson Bride Road 
Suite S 
Worthington,OH 43085 
Phone - 614-888-3313 
TWX - 810-339-2586 
FAX - 614-888-0767 
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Pioneer Electronics 
4433 Interpoint Boulevard 
Dayton, OH 45424 
Phone - 513-236-9900 
TWX - 810-459-1622 
FAX - 513-236-8133 

LOUISIANA 
Representative 

Nova Marketing Incorporated 
8350 Meadow Road Suite 174 
Dallas, TX 75231 
Phone - 214-750-6082 
TWX - 910-861-9185 
FAX - 214-750-6068 

Distributors 
Hall-Mark Electronics Corporation 
11420 Pagemill Road 
Dallas, TX 75243 
Phone - 214-553-4300 
TWX - 910-860-5577 
FAX - 214-343-5988 

Pioneer Electronics 
13710 Omega Road 
Dallas, TX 75234 
Phone - 214-386-7300 
TWX - 910-860-5563 
FAX - 214-490-6419 

Wyle Laboratories 
1810 North Greenville Avenue 
Richardson, TX 75083 
Phone - 214-235-9953 
FAX - 214-644-5064 

MAINE 
Representative 

Advanced Technology Sales Incorporated 
Park Place West 
Suite 102 
348 Park Street 
North Reading, MA 01864 
Phone - 508-664-0888 
TWX - 510-100-9762 
FAX - 508-664-5503 
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Distributors 

Anthem Electronics 
36 Jonspin Road 
Wilmington, MA 01887 
Phone - 508-657-5170 
FAX - 508-657-6008 

Hall-Mark Electronics Corporation 
6 Cook Street 
Billerica, MA 01821 
Phone - 617-935-9777 
TWX - 710-348-0617 
FAX - 617-667-4129 

Pioneer Electronics 
44 Hartwell Avenue 
Lexington, MA 02173 
Phone - 617-861-9200 
TWX - 710-326-6617 
FAX - 617-863-1547 

MARYLAND 
Representative 

Electronic Engineering & Sales Inc. 
235 Prince George Street 
Annapolis, Maryland 21401 
Phone - 301-269-4234 
FAX - 301-269-6476 

Distributors 

Anthem Electronics 
9020A Menden Hall Court 
Columbia, MD 21045 
Phone - 301-995-6640 

Hall-Mark Electronics Corporation 
10240 Old Columbia Road 
Columbia, MD 21046 
Phone - 301-988-9800 
TWX - 910-862-1907 

Pioneer Technology Corporation 
9100 Gaither Road 
Gaithersburg, MD 20877 
Phone - 301-921-0660 
TWX - 710-828-0545 
FAX - 301-921-4255 
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MASSACHUSETTS 

Representative 

Advanced Tech Sales Incorporated 
Park Place West 
Suite 102 
348 Park Street 
North Reading, MA 01864 
Phone - 508-664-0888 
TWX - 510-100-9762 
FAX - 508-664-5503 

Distributors 
Anthem Electronics 
36 Jonspin Road 
Wilmington, MA 01887 
Phone - 508-657-5170 
FAX - 508-657-6008 

Hall-Mark Electronics Corporation 
6 Cook Street 
Billerica, MA 01821 
Phone - 617-935-9777 
TWX - 710-348-0617 
FAX - 617-667-4129 

Pioneer Electronics 
44 Hartwell Avenue 
Lexington, MA 02173 
Phone - 617-861-9200 
TWX - 710-326-6617 
FAX - 617-863-1547 

Wyle Laboratories 
15 3rd Avenue 
Burlington, MA 01803 
Phone - 617-272-6617 
FAX - 617-272-6809 

MICHIGAN 
Representatives 

Rathsburg Associates Incorporated 
17600 Northland Park Court 
Suite 100 
P.O. Box 5037 
Southfield, MI 48086-5037 
Phone - 313-559-9700 
TWX - 810-243-4064 
FAX - 313-559-1405 

Rathsburg Associates Incorporated 
2680 Horizon, S.B. 
Grand Rapids, MI 49506 
Phone - 616-949-7400 
FAX - 616-949-1909 

Distributors 
Hall-Mark Electronics Corporation 
38027 Schoolcraft Road 
Livonia, MI 48150 
Phone - 313-462-1205 

Pioneer Electronics 
4505 Broadmoor Avenue, S.E. 
Grand Rapids, MI 46508 
Phone - 616-698-1800 
TWX - 510-600-1800 
FAX - 616-698-1831 

Pioneer Electronics 
13485 Stanford 
Livonia, MI 48150 
Phone - 313-525-1800 
TWX - 810-242-3271 
FAX - 313-4273720 

MINNESOTA 
Representative 

HMR Incorporated 
9065 Lyndale Avenue South 
Minneapolis, MN 55420 
Phone - 612-888-2122 
TWX - 910-576-2755 
FAX - 612-884-4768 

Distributors 
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Anthem Electronics Incorporated 
10025 Valley View Road 
Suite 160 
Eden Prairie, MN 55344 
Phone - 612-944-5454 
FAX - 612-944-3405 

Hall-Mark Electronics Corporation 
10300 Valley View Road 
Suite 101 
Eden Prairie, MN 55344 
Phone - 612-941-2600 
FAX - 612-941-5778 
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Pioneer Electronics 
7625 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone - 612-944-3355 
TWX - 910-576-2737 
FAX - 612-935-1921 

MISSISSIPPI 

Representative 

Southeast Technical Group 
101 Washington, Suite 6 
Huntsville, AL 35801 
Phone - 205-534-2376 
FAX - 205-534-2384 

Distributor 
Hall-Mark Electronics Corporation 
4900 Bradford Drive 
Huntsville, AL 35807 
Phone - 205-837-8700 
TWX - 810-726-2187 

MISSOURI 
Representatives 

Contact Micron Component Sales 
Phone - 1-800-642-7661 

Distributors 

Hall-Mark Electronics Corporation 
3783 Rider Trail 
Earth City, MO 63045 
Phone - 314-291-5350 
TWX - 910-762-0672 

Pioneer Electronics 
655 Craig Road 
St Louis, MO 63141 
Phone - 314-432-4350 

MONTANA 
Distributors 

Almac Electronics 
E 10905 Montgomery 
Spokane, WA 99206 
Phone - 509-924-9500 
1-800-325-6545 
FAX - 509-928-6096 
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Oakley Electronics 
2801 West Idaho 
Boise, ID 83702 
Phone - 208-343-7937 

NEBRASKA 
Representative 

Wescom Marketing 
4851 Independence Street 
Suite 159 
Wheatridge, CO 80033 
Phone - 303-422-8957 
FAX - 303-422-9892 

Distributors 

Hall-Mark Electronics Corporation 
6950 South Tucson Way 
Englewood, CO 80112 
Phone - 303-790-1662 
TWX - 910-931-0472 
FAX - 303-790-4991 

Wyle Laboratories 
451 E 124th Street 
Thornton, CO 80241 
Phone - 303-457-9953 
TWX - 372-0529 
FAX - 303-457-4831 

NEVADA 
Representative 

Bay Area Electronics 
1590 Oakland Road 
Suite B 203 
San Jose, CA 95131 
Phone - 408-452-8133 
FAX - 408-452-8139 

Distributors 
Anthem Electronics Incorporated 
580 Menlo Drive 
Suite S 
Rockland, CA 95677 
Phone - 916-624-9744 
FAX - 916-624-9750 

-en 
l> 
r
m 
en -Z 
." o 
:D 
3: 
~ -o z 



-en 
l> .... 
m 
en -Z 
." o 
lJ 
s: 
~ o 
z 

iUllC::I=ICN NORTH AMERICA 

Hall-Mark Electronics Corporation 
6341 Auburn Boulevard 
Suite D 
Citrus Heights, CA 95610 
Phone - 916-722-8600 

Wyle Laboratories 
11151 Sun Center Drive 
Rancho Cordova, CA 95670 
Phone - 916-638-5282 
TWX - 7l37l9279 
Telex - 3103719279 
FAX - 916-638-1491 

NEW HAMPSHIRE 

Representative 

Advanced Technology Sales Incorporated 
Park Place West 
Suite 102 
348 Park Street 
North Reading, MA 01864 
Phone - 508-664-0888 
TWX - 510-100-9762 
FAX - 508-664-5503 

Distributors 

Anthem Electronics 
36 Jonspin Road 
Wilmington, MA 01887 
Phone - 508-657-5170 
FAX - 508-657-6008 

Hall-Mark Electronics Corporation 
6 Cook Street 
Billerica, MA 01821 
Phone - 617-935-9777 
TWX - 710-348-0617 
FAX - 617-667-4129 

Pioneer Electronics 
44 Hartwell Avenue 
Lexington, MA 02173 
Phone - 617-861-9200 
TWX - 710-326-6617 
FAX - 617-863-1547 

NEW JERSEY 

Representative (Northern) 

Em Tech 
299 Ridgedale Avenue 
E. Hanover, NJ 07936 
Phone - 201-428-0600 
TWX - 710-994-4867 
FAX - 215-428-9594 

Representative (Southern) 

Omega Electronics 
1 Fairway Plaza 
Suite 108 
Huntingdon Valley, PA 19006 
Phone - 215-947-4135 
FAX - 215-938-1984 

Distributors 
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Anthem Electronics 
311 Rt 46 West 
Fairfield, NJ 07006 
Phone - 210-227-7960 

Hall-Mark Electronics Corporation 
107 Fairfield Road 
Fairfield, NJ 07006 
Phone - 201-575-4415 
TWX - 710-734-4409 

Hall-Mark Electronics Corporation 
11000 Midlantic Drive 
Mt. Laurel, NJ 08054 
Phone - 609-235-1900 
TWX - 710-940-0660 

Hall-Mark Electronics Corporation 
10 Old Bloomfield Avenue 
Pinebrook, NJ 07058 
Phone - 201-882-97 

Pioneer Electronics 
45 Route 46 
Pinebrook, NJ 07058 
Phone - 201-575-3510 
TWX - 710-734-4382 
FAX - 201-575-3454 
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NEW MEXICO 
Representative 

Quatra Associates Incorporated 
9704 Admiral Dewey Northeast 
Albuquerque, NM 87111 
Phone - 505-821-1455 

Distributors 

Anthem Electronics Inc. 
1727 East Weber Drive 
Tempe, AZ 85281 
Phone - 602-966-6600 
TWX - 910-950-0110 
FAX - 602-966-4826 

Hall-Mark Electronics Corporation 
4937 South 36th Place 
Phoenix,AZ 85040 
Phone - 602-437-1200 
FAX - 602-437-2348 

Wyle Laboratories 
17855 North Black Canyon Highway 
Phoenix,AZ 85023 
Phone - 602-437-2088 
Telex - 3712871 
FAX - 602-866-6937 

NEW YORK 
Representatives (Northern) 

Gen-Tech Electronics 
4855 Executive Drive 
Liverpool, NY 13088 
Phone - 315-451-3480 
TWX - 710-545-0250 
FAX - 315-451-0988 

Gen -Tech Electronics 
41 Burning Tree Lane 
Penfield, NY 14526 
Phone - 716-381-5159 

Gen-Tech Electronics 
70 Sandoris Circle 
Rochester, NY 14622 
Phone - 716-467-5016 

Gen-Tech Electronics 
5 Arbutus Lane 
MR 97 Binghamton, NY 13901 
Phone - 607-648-8833 

Representatives (Southern) 

Em Tech 
299 Ridgedalve Avenue 
E. Hanover, NJ 07936 
Phone - 201-428-0600 
FAX - 201-428-9594 

Distributors 

Anthem Electronics 
400 Oser Avenue 
Hauppaugen NY 11787 
Phone - 516-273-1660 

Hall-Mark Electronics Corporation 
6605 Pittsford - Palmyva Road 
Suite E8 
Fairport, NY 14450 
Phone - 716-425-3300 

Hall-Mark Electronics Corporation 
101 Comac Street 
Ronkonkoma, NY 11779 
Phone - 516-737-0600 
TWX - 516-222-0162 

Pioneer Electronics 
68 Corporate Dirve 
Binghamton, NY 13904 
Phone - 607-722-9300 
TWX - 510-252-0893 
FAX - 607-722-9562 

Pioneer Electronics 
840 Fairport Park 
Fairport, NY 14450 
Phone - 716-381-7070 
TWX - 510-253-7001 
FAX - 716-381-5955 

Pioneer Electronics 
60 Crossways Park West 
Woodbury,NY 11797 
Phone - 516-921-8700 
TWX - 510-221-2184 
FAX - 516-921-2143 

NORTH CAROLINA 

Representatives 

Southeast Technical Group 
110 Longshadow Lane 
Cary, NC 27511 
Phone - 919-851:1329 
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Distributors 

Hall-Mark Electronics Corporation 
5237 North Boulevard 
Raleigh, NC 27604 
Phone - 919-872-0712 
TWX - 510-928-1831 

Pioneer Technology 
9801A Southern Pine Boulevard 
Charlotte, NC 28210 
Phone - 704-527-8188 
TWX - 810-621-0366 
FAX - 704-522-8564 

Pioneer Electronics 
2810 Meridian Parkway 
#148 
Durham, NC 27708 
Phone - 919-544-5400 

NORTH DAKOTA 
Representative 

HMR Incorporated 
9065 Lyndale Avenue South 
Minneapolis, MN 55420 
Phone - 612-888-2122 
TWX - 910-576-2755 
FAX - 612-884-4768 

Distributors 

Anthem Electronics Incorporated 
10025 Valley View Road 
Suite 160 
Eden Prairie, MN 55344 
Phone - 612-944-5454 
FAX - 612-944-3405 

Hall-Mark Electronics Corporation 
10300 Valley View Road 
Suite 101 
Eden Prairie, MN 55344 
Phone - 612-941-2600 
FAX - 612-941-5 

Pioneer Electronics 
7625 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone - 612-944-3355 
TWX - 910-576-2737 
FAX - 612-935-1921 

OHIO 
Representatives 

Rathsburg Associates 
13965 Chillicothe Road 
Novelty, OH 44072 
Phone - 216-338-8899 
FAX - 216-729-6435 

Distributors 

Hall-Mark Electronics Corporation 
5821 Harper Road 
Solon,OH 44139 
Phone - 216-349-4632 
FAX - 216-248-4803 

Hall-Mark Electronics Corporation 
400 E. Welson Bridge Road 
Suite S 
Worthington,OH 43085 
Phone - 614-888-3313 
TWX - 810-339-2586 
FAX - 614-888-0767 

Pioneer Electronics 
4800 E 131st Street 
Cleveland,OH 44105 
Phone - 216-587-3600 
TWX - 810-421-0011 
FAX - 216-663-1004 

Wyle Laboratories 
5289 N.E. Elam Young Parkway 
Bldg. E100 
Hillsboro, OR 97123 
Phone - 503-640-6000 
TWX - 371-0379 
FAX - 503-640-5846 

OKLAHOMA 
Representative 

Nova Marketing Incorporated 
7955 East 50th Street 
Suite 1339 
Tulsa, OK 74145 
Phone - 918-660-5105 
FAX - 918-665-3815 

Distributor 
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Hall-Mark electronics Corporation 
2510 N. Hemlock Lane 
Broken Arrow, OK 74012 
Phone - 918-660-5105 
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OREGON 

Representative 

Northwest Marketing Associates 
6975 SW Sandburg Road 
Suite 330 
Portland, OR 97223 
Phone - 503-620-0441 
TWX - 910-464-5157 
FAX - 503-684-2541 

Distributors 

Almac Electronics 
1885 N.w. 169th Place 
Beaverton, OR 97006 
Phone - 503-629-8090 
FAX - 503-645-0611 

Anthem Electronics Incorporated 
9705 SW Sunshine Ct #900 
Beaverton, OR 97005 
Phone - 503-643-1114 
FAX - 503-626-7928 

PENNSYL VANIA 
Representatives (Western Pennsylvania) 

Rathsburg & Associates 
13965 Clillicothe Road 
Novelty,OH 44072 
Phone - 216-338-8899 
FAX - 216-729-6435 

Representatives (Eastern Pennsylvania) 

Omega Electronic Sales Incorporated 
1 Fairway Plaza 
Suite 108 
Huntingdon Valley, PA 19006 
Phone - 215-947-4135 
TWX - 510-665-5485 
FAX - 215-938-1984 

Distributors 

Anthem Electronics 
101 Rock Road 
Horsham, P A 19044 
Phone - 215-443-5150 

Hall-Mark Electronics Corporation 
11000 Midlantic Drive 
Mt. Laurel, NJ 08054 
Phone - 609-235-1900 
TWX - 710-940-0660 

Pioneer Technology 
261 Gibraltar Road 
Horsham, P A 19044 
Phone - 215-674-4000 
TWX - 510-665-6778 
FAX - 215-674-3107 

Pioneer Electronics 
259 Kappa Drive 
Pittsburgh, P A 15238 
Phone - 412-782-2300 
TWX - 710-795-3122 
FAX - 412-963-8255 

RHODE ISLAND 
Representative 

Advanced Technology Sales Incorporated 
Park Place West 
Suite 102 
348 Park Street 
North Reading, MA 01864 
Phone - 508-664-0888 
TWX - 510-100-9762 
FAX - 508-664-5503 

Distributors 

Anthem Electronics 
170 Research Parkway 
Meriden, CT 06450 
Phone - 203-237-2282 

Hall-Mark Electronics Corporation 
33 Village Lane 
Wallingford, CT 06492 
Phone - 203-271-2844 
FAX - 203-271-1704 

Pioneer Electronics 
112 Main Street 
Norwalk, CT 06851 
Phone - 203-853-1515 
TWX - 710-468-3373 
FAX - 203-838-9901 

SOUTH CAROLINA 
Representative 

Southeast Technical Group 
110 Longshadow Lane 
Cary, NC 27511 
Phone - 919-851-1329 
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Distributor 
Pioneer Technology 
9801A Southern Pine Boulevard 
Charlotte, NC 28210 
Phone - 704-527-8188 
TWX - 810-621-0366 
FAX - 704-522-8564 

SOUTH DAKOTA 

Representative 
HMR Incorporated 
9065 Lyndale Avenue South 
Minneapolis, MN 55420 
Phone - 612-888-2122 
TWX - 910-576-2755 
FAX - 612-884-4768 

Distributors 

Anthem Electronics Incorporated 
10025 Valley View Road 
Suite 160 
Eden Prairie, MN 55344 
Phone - 612-944-5454 
FAX - 612-944-3405 

Hall-Mark Electronics Corporation 
10300 Valley View Road 
Suite 101 
Eden Prairie, MN 55344 
Phone - 612-941-2600 
FAX - 612-941-5778 

Pioneer Electronics 
7625 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone - 612-944-3355 
TWX - 910-576-2737 
FAX - 612-935-1921 

TENNESSEE 

Representative 

Southeast Technical Group 
110 Longshadow Lane 
Cary, NC 27511 
Phone - 919-851-1329 

Distributors 

Hall-Mark Electronics Corporation 
4900 Bradford Drive 
Huntsville, AL 35807 
Phone - 205-837-8700 
TWX - 810-726-2187 

Pioneer Technology 
4825 University Square 
Huntsville, AL 35816 
Phone - 205-837-9300 
TWX - 810-726-2197 
FAX - 205-837-9358 

TEXAS 

Representatives 
Nova Marketing Incorporated 
8350 Meadow Road 
Suite 174 
Dallas, TX 75231 
Phone - 214-750-6082 
FAX - 214-750-6068 

Nova Marketing Incorporated 
9207 Country Creek #206 
Houston, TX 77036 
Phone - 713-988-6082 
FAX - 713-774-1014 

Nova Marketing Incorporated 
Stillhouse Canyon Office Park 
4807 Spicewood Springs Road 
Building 3, Suite 3140 
Austin, TX 78759 
Phone - 512-343-2321 
FAX - 512-343-2487 

Distributors 
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Hall-Mark Electronics Corporation 
11333 Pagemill Road 
P.O. Box 660091 
Dallas, TX 75266 
Phone - 214-343-5000 
FAX - 214-343-5988 

Hall-Mark Electronics Corporation 
12211 Technology Boulevard 
Austin, TX 78727 
Phone - 512-258-8848 
TWX - 910-874-2031 
FAX - 512-258-3777 
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Hall-Mark Electronics Corporation 
11420 Pagemill Road 
Dallas, TX 75243 
Phone - 214-553-4300 
TWX - 910-860-5577 
FAX - 214-343-5988 

Hall-Mark Electronics Corporation 
8000 Westglen 
Houston, TX 77063 
Phone - 713-781-6100 
TWX - 910-881-2711 

Pioneer Electronics 
1826 - DKramer Lane 
Austin, TX 78758 
Phone - 512-835-4000 
TWX - 910-874-1323 
FAX - 512-835-9829 

Pioneer Electronics 
13710 Omega Road 
Dallas, TX 75234 
Phone - 214-386-7300 
TWX - 910-860-5563 
FAX - 214-490-6419 

Pioneer Electronics 
5853 Point West Drive 
Houston, TX 77036 
Phone - 713-988-5555 
TWX - 910-881-1606 
FAX - 713-988-1732 

Wyle Laboratories 
2120-F West Braker Lane 
Austin, TX 78758 
Phone - 512-834-9957 
FAX - 512-834-0981 

Wyle Laboratories 
1810 N. Greenville Avenue 
Richardson, TX 75083 
Phone - 214-235-9953 
FAX - 214-644-5064 

Wyle Laboratories 
1101 S. Wi1crest 
Suite 105 
Houston, TX 77099 
Phone - 713-879-9953 
FAX - 713-879-6540 
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UTAH 
Representative 

Wescom Marketing 
3501 S. Main 
Salt Lake City, UT 84115 
Phone - 801-269-0419 
FAX - 801-269-0665 

Distributors 

Anthem Electronics Incorporated 
1279 West 2200 South 
Suite A 
Salt Lake City, UT 84119 
Phone - 801-973-8555 
FAX - 801-973-8909 

Hall-Mark Electronics Corporation 
2265 South 1300 West 
West Valley City, UT 84119 
Phone - 801-972-1008 

Wyle Laboratories 
1325 West 2200 South 
Suite E 
Salt Lake City, UT 84119 
Phone - 801-974-9953 
TWX - 310-371-0506 
Telex - 713-710-506 
FAX - 801-972-2524 

VERMONT 
Representative 

Advanced Technology Sales Incorporated 
Park Place West 
Suite 102 
348 Park Street 
North Reading, MA 01864 
Phone - 508-664-0888 
TWX - 510-100-9762 
FAX - 508-664-5503 

Distributors 

Anthem Electronics 
36 Jonspin Road 
Wilmington, MA 01887 
Phone - 508-657-5170 
FAX - 508-657-6008 
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IVIIC::RON NORTH AMERICA 

Hall-Mark Electronic Corporation 
6 Cook Street 
Billerica, MA 01821 
Phone - 617-935-9777 
TWX - 710-348-0617 
FAX - 617-667-4129 

Pioneer Electronics 
44 Hartwell Avenue 
Lexington, MA 02173 
Phone - 617-861-9200 
TWX - 710-326-6617 
FAX - 617-863-1547 

VIRGINIA 
Representative 

Electronic Engineering & Sales Incorporated 
235 Prince George Street 
Annapolis, MD 21401 
Phone - 301-269-4234 
FAX - 301-269-6476 

Distributors 

Anthem Electronics 
9020A Menden Hall Court 
Columbia, MD 21045 
Phone - 301-995-6640 

Hall-Mark Electronics Corporation 
10240 Old Columbia Road 
Columbia, MD 21046 
Phone - 301-988-9800 
TWX - 910-862-1907 
FAX - 301-381-2036 

Pioneer Technology Corporation 
9100 Gaither Road 
Gaithersburg, MD 20877 
Phone - 301-921-0660 
TWX - 710-828-8545 
FAX - 301-921-4255 

WASHINGTON 
Representative 

Northwest Marketing Associates 
12835 Bellevue-Redmond Road 
Suite 330N 
Bellevue, W A 98005 
Phone - 206-455-5846 
TWX - 910-443-2445 
FAX - 206-451-1130 

Distributors 

Almac Electronics 
14360 Southeast Eastgate West 
Bellevue, W A 98007 
Phone - 206-643-9992 
FAX - 206-643-9709 

Almac Electronics 
East 10905 Montgomery 
Spokane, WA 99206 
Phone - 509-924-9500 
1-800-325-6545 
FAX - 509-928-6096 

Anthem Electronics 
19017-120th Avenue N.E. 
Bothell, W A 98011 
Phone - 206-483-1700 
Telex - 910-997-0118 
FAX - 206-885-4041 

Anthem Electronics Incorporated 
5020 148th Avenue N.E. 
Redmond, WA 98052 
Phone - 206-483-1700 
Telex - 910-997-0118 
FAX - 206-885-4041 

Hall-Mark Electronics Corporation 
250 Northwest 39th 
Suite #4 
Seattle, W A 98107 
Phone - 206-547-0415 

Wyle Laboratories 
15385 NE 90th Street 
Redmond, WA 98052-3522 
Phone - 206-881-1150 
TWX - 310-372-4260 
Telex - 713724260 
FAX - 206-453-0071 

WEST VIRGINIA 

Representative 
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Rathsburg & Associates 
13965 Chillicothe 
Novelty,OH 44072 
Phone - 216-338-8899 
FAX - 216-729-6435 
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Distributor 

Hall-Mark Electronics Corporation 
400 E Welson Bridge Road 
Suite S 
Worthington,OH 43085 
Phone - 614-888-3313 
TWX - 810-339-2586 
FAX - 614-888-0767 

WISCONSIN 
Representative 

Oasis Sales Corporation 
1305 North Barker Road 
Brookfield, WI 53005 
Phone - 414-783-6660 
TWX - 62951740 
FAX - 414-782-7921 

Distributors 

Hall-Mark Electronics Corporation 
16255 West Lincoln Avenue 
New Berlin, Wisconsin 53151 
Phone - 414-797-7844 

WYOMING 
Representative 

Wescom Marketing 
3501 South Main 
Salt Lake City, UT 84115 
Phone - 801-269-0419 
FAX - 801 - 269-0665 

Distributors 

Anthem Electronics Incorporated 
1279 West 2200 South 
Salt Lake City, UT 84119 
Phone - 801-973-8555 
FAX - 801-973-8909 

Hall-Mark Electronics Corporation 
2265 South 1300 West 
West Valley City, UT 84119 
Phone - 801-972-1008 

Wyle Laboratories 
1325 West 2200 South 
West Valley City, UT 84119 
Phone - 801-974-9953 
TWX - 310-371-0506 
Telex - 713-710-5604 
FAX - 801-972-2524 
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I"IIC:I=ION INTERNATIONAL 

ARGENTINA 

Distributor 

Systar - Startsis S.A. 
Avenue Pte. Roue Saenz 
Rena 720 - Riso 7 
1035 Buenos Aires 
Argentina 
Phone - 1-71-8763 

AUSTRALIA 

Representative 

Reptechnic Pte. Ltd. 
Suite #5 
130-134 Pacific Highway 
St. Leonards NSW 2065 
Australia 
Phone - 02-436-3422 
FAX - 02-436-3764 

Distributor 

N.S.D. Australia 
205 Middleborough Road 
Box Hill 3128 
Victoria 
Australia 
Phone - 3-890-0900 
FAX - 3-899-0819 

AUSTRIA 

Distributor 

Otronic Bauteile und Computer 
Handels Ges. m. b. h. 
A-llllO Wien 
Fickeystrabe 1-11 
Austria 
Phone - 43-767001 
FAX - 43-767001-20 

BELGUIM 

Distributor 

MeA - Tronix SPRL 
Parc Industriel 
de Recherches 
Du Sart Tilman 
Avenue Des Noisetiers 
B4900 Angleur 
Belgium 
Phone - 041-674208 
Telex - 42052 
FAX - 41-67-6331 

DENMARK 

Distributor 

Henkel Electronic 
Industriparken 4 
4960 Holeby 
Denmark 
Phone - 03-906333 
Telex - 43219 
FAX - 3-906422 

FINLAND 

Distributor 

Turion Oy 
Granittitie 9 
00710 Helsinki SF- Finland 
Phone - 0-372144 
Telex - 124388 Turio SF 
Liusketie 3, Pihlajamaki 
FAX - 0373558 

FRANCE 

Representative 

Rep'Tronic, SA 
11, Escalier des Ulis 
91400 Orsay, France 
Phone - 1-69288700 
Telex - 610-969 
FAX - 1-69281750 

Distributors 
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Feutrier (LEX) S. A. 
5, Reu Jean Zay, B.P. 12 
F-42271 Saint-Priest-En-Jarez 
Cadex, France 
Phone - 011-33-77-93-4040 
FAX - 011-33-77-93-2631 

RTF Diffusion 
79 Rue Pierre Semard 
92320 Chatillon 
Paris, France 
Phone -1-47-46-0113 
Telex - 260832 
FAX - 1-47-46-0589 
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HONGKONG 
: Representative 

Kaltec International Ltd. 
Rm 1204, Hanford House 
221 Nathan Road 
Kowloon, Hong Kong 
Phone - 3-7391618 
Telex - 51695 
FAX - 3-7214570 

INDONESIA 

Representative 

Desner Electronics 
(FE) Ltd. 
190 Middle Road 
16-07 Fortune Centre 
Singapore, 0718 
Phone - 3373188 
Telex - 39191 
FAX - 3373180 

ISRAEL 
Representative/Distributor 

Rapac Electronic, Ltd. 
P.O. 18053 
Tel Aviv, Israel 61180 
Street address: 
#7, Saloniki Street 
Tel Aviv, Israel 61100 
Phone - 3-477115 
Telex - 342173 
FAX - 3-493-272 

ITALY 

Distributor 

Moxel S.r.L. 
Via C Frova 34 
20092 Cinisello Balsamo 
(MI) Italy 
Phone - 02-61290521 
Telex - 352045 
FAX - 261-72582 
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NEW ZEALAND 

Representative 

Reptechnic Pte. Ltd. 
Suite #5 
130-134 Pacific Highway 
St Leonards NSW 2065 
Australia 
Phone - 011-02-436-3422 
FAX-011-02-436-3764 

NORWAY 
Distributor 

BIT Elektronikk AS 
Postboks 36-Lier 
3401 Lier 
Norway 
Phone - 03-847099 
FAX - 03-845510 

PHILIPPINES 
Representative 

Desner Electronics 
(FE) Ltd. 
190 Middle Road 
16-07 Fortune Centre 
Singapore, 0718 
Phone - 3373188 
Telex - 39191 
FAX - 3373180 

REPUBLIC OF CHINA 
Representative 

Kaltec International Ltd. 
Rm 1204, Hanford House 
221 Nathan Road 
Kowloon, Hong Kong 
Phone - 3-7391618 
Telex - 51695 
FAX - 3-7214570 

REPUBLIC OF IRELAND 

Representative 

New England Technical Sales Ltd. 
The Diamond 
Malahide County Dublin 
Republic of Ireland 
Phone - 0001-450635 
FAX - 0001-453625 
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REPUBLIC OF KOREA TAIWAN 

Representative Representative 

Eastern Electronics, Inc. Kaltec International Ltd. 
3rd Floor, Yoowha Building Rm 1204, Hanford House 
995-16, Oaechi-Ding, 221 Nathan Road 
Kangnam Ku Kowloon, Hong Kong 
Seoul, Korea Phone - 3-7391618 
Phone - 2-566~0511 Telex - 51695 
FAX - 2-553-2998 FAX - 3-7214570 

SINGAPORE UNITED KINGDOM 

Representative Representative 

Oesner Electronics Micron Technology 
(FE) Ltd. European Office 
190 Middle Road Ste.17 
16-07 Fortune Centre Kinetic Centre 
Singapore, 0718 Theobald Street 
Phone - 3373188 Borehamwood 
Telex - 39191 Hertfordshire 
FAX - 3373180 W064SE 

Phone - 01-44-1-905-1255 
SPAIN FAX - 01-44-1-905-1126 

Distributor Distributors 
ATO Electronica, S.A. Abacus Electronics PLC 
Paza Cuidad de Veena, 6 Abacus House, Bone Lane 
28040 Madrid Newbury, Bukshire 
Spain RG1455F 
Phone - 1-2344000 United Kingdom 
1-2344009 Phone - 0635-30680 - Telex - 42754 Telex - 847589 
FAX - 1-234-7663 FAX - 0635-38670 en SWEDEN » Thame Components, Ltd. 

• Distributor Thame Park Road 
Thame, Oxon, OX9 3XO m IE Komponenter AB United Kingdom en Box 11113 Phone - 011-440-84-421-4561 

S161 11 FAX - 011-440-84-421-8847 -Z Stockholm, Sweden 
Phone - 08-804685 -n FAX - 08-262286 WEST GERMANY 

0 Distributor 

::xJ SWITZERLAND A.5.P. 

=: Representative Kapellenstrasse 9 
0-8025 Unterhaching 

~ 
Micron Technology Munich, W. Germany 
Casa Fuchs CH-6984 Phone - 011-49-89-61-10-80 - Pura Switzerland FAX - 011-49-89-611-9070 

0 Phone -1-9171-3785 

Z FAX - 1-9171-3889 
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I MUL TIPORT DRAM 

TRUTH TABLE 

CODE FUNCTION ~ FALLING EDGE ~FALL AD - A81 001 - 0082 

ClIS 1'11)"1£ liltrWt DSF ~ DSF lIAS CAS lIAS CAS3 
A8=X 

DRAM OPERATIONS 

CBR CAS-BEFORE-RAS" REFRESH a x 1 X X X - X - X 

ROR RAS" ONLY REFRESH 1 1 X X X - ROW - X -

RW NORMAL DRAM READ OR WRITE 1 1 1 0 X 0 ROW COLUMN x VALID 
DATA 

RWNM NON-PERSISTENT (LOAD AND USE) MASKED 1 1 a 0 x a ROW COLUMN WRITE VALID 
WRITE TO DRAM MASK DATA 

RWOM PERSISTENT (USE REGISTER) MASKED 1 1 0 1 X 0 ROW COLUMN X VALID 
WRITE TO DRAM DATA 

BW BLOCK WRITE TO DRAM (NO DATA MASK) 1 1 1 0 X 1 ROW COLUMN X COLUMN 
(A2-A7) MASK 

BWNM NON-PERSISTENT (LOAD & USE) MASKED 1 1 a 0 x 1 ROW COLUMN WRITE COLUMN 
BLOCK WRITE TO DRAM (A2-A7) MASK MASK 

BWOM PERSISTENT (USE MASKED REGISTER) 1 1 0 1 X 1 ROW COLUMN X COLUMN 

REGISTER OPERATIONS 

LMR LOAD MASK REGISTER 1 1 1 1 X 0 ROW' x X WRITE 
MASK 

LCR LOAD CDLOR REGISTER 1 1 1 ·1 X 1 ROW' X x COLOR 
DATA 

TRANSFER OPERATIONS 

RT READ TRANSFER (DRAM-TO-SAM TRANSFER) 1 0 1 0 X x ROW SSA' X X 
(TAP) 

SRT SPLIT READ TANSFER (SPLIT DRAM-TO-SAM TRANSFER) 1 0 1 1 X X ROW SSA' X X 
(TAP) 

WT WRITE TRANSFER (SAM-TOcDRAM TRANSFER) 1 0 0 0 a x ROW SSA' X x 
(TAP) 

PWT PSUEDO WRITE TRANSFER (SERIAL INPUT MODE ENABLE) 1 0 0 0 1 X ROW' SSA' X X 
(TAP) 

AWT ALTERNATE WRITE TRANSFER 1 0 a 1 x X ROW SSA' X X 
(SAM-TO-DRAM TRANSFER) (TAP) 

NOTES: 1_ These columns show what must be present on the AO-A8 inputs when RAS falls and when CAS falls_ 
2_ These columns show what must be present on the D01-D08 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/WE, whichever is later. 

Similarly, on READ cycles, the output data is latched at thefalling edge of CAS or TR/OE, whichever is later. 
4. The ROW that is addressed will be refreshed, but no particular ROW address is required. 
5. SSA = SAM Starting Address or Tap Point. This is the first SAM location that the next SC cycle will access. 

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 

X x 

....... 
(") 
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PRELIMINARY 

I'IIIC:RCN MT42C8128 

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 (Ceramic) ................ -65°C to +150°C 
Storage Temperature (Plastic) ................... -55°C to +150°C 
Power Dissipation ........................................................ 1 Watt 
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 
(Notes 3, 4, 5) (O°C $; T A $; 70°C, Vcc = 5.0V ± 10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 

*Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to the de
vice. 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 condi
tions 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 flA 
(any input (OV$;VIN$;VCC), all other pins not under test = 0 volts). 

OUTPUT LEAKAGE CURRENT loz -10 10 flA 
(DO, SDO disabled, OV$;VOUT$;VCC). 

OUTPUT LEVELS 
Output High voltage (lOUT = -2.5mA) VOH 2.4 V 

Output Low voltage (lOUT = 2.5mA) VOL 0.4 V 1 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: Ao-As CI1 5 pF 2 

Input Capacitance RAS, CAS, ME/WE, TR/OE, SC, SE, DSF CI2 7 pF 2 

Output Capacitance: DO, SDO, OSF Co 7 pF 2 

3-38 
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I'IIIC:I=ION MT 42C8128 

CURRENT DRAIN, SAM IN STANDBY 
(Notes 2,3) (O°C ~ T A ~ 70°C, Vcc = 5.0V ± 10%) MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 -15 UNITS NOTES 

OPERATING CURRENT Icc1 90 80 70 70 rnA 3,4 
(RAS and CAS = Cycling: TRC = TRC(MIN)) 

OPERATING CURRENT: PAGE MODE Icc2 70 60 50 50 rnA 
(RAS = VIL CAS = CYCLING; Tpc = TpC(MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS Icc3 5 5 5 5 rnA 3 
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 Icc4 1 1 1 1 rnA 3,4 
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2). 

REFRESH CURRENT: RAS ONLY ICC5 90 80 60 60 rnA 25 
(RAS=Cycling; CAS=VIH). 

REFRESH CURRENT: Icc6 80 70 60 60 rnA 3 
CAS-BEFORE-RAS (RAS and CAS=Cycling). 

SAM/DRAM DATA TRANSFER Icc7 90 80 75 75 rnA 

CURRENT DRAIN, SAM ACTIVE (tsc = MIN) 
(Notes 2, 3) WC ~ T A ~ 70°C, Vcc = 5.0V ± 10%) MAX 

PARAMETER/CONDITION SYMBOL -8 -10 -12 -15 UNITS NOTES 

OPERATING CURRENT ICC8 115 110 100 100 rnA 3,4 
(RAS and CAS = Cycling: TRC = TRC(MIN)) 

OPERATING CURRENT: PAGE MODE Icc9 95 90 85 85 rnA 
(RAS = VIL CAS = CYCLING; Tpc = TpC(MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS ICClO 30 30 30 30 rnA 3 
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 Icc11 25 25 25 25 rnA 3,4 
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2). 

REFRESH CURRENT: RAS ONLY Icc12 115 110 100 100 rnA 25 
(RAS=Cycling; CAS=VIH). 

REFRESH CURRENT: Icc13 105 100 95 95 rnA 3 
CAS-BEFORE-RAS (RAS and CA8=Cycling). 

SAM/DRAM DATA TRANSFER Icc14 115 110 100 100 rnA 
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PRELIMINARY 

I'4IC:RON MT42C8128 

DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) we::; T A::; +70oe, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX 

Random READ or WRITE cycle time tRC 160 190 220 
READ-MODIFY-WRITE cycle time tRWC 215 220 295 
PAGE-MODE READ or WRITE tpc 45 55 70 
cycle time 

Access time from RAS tRAC 80 100 120 
Access time from CAS tCAC 20 25 30 
Access time from (TRVOE toE 20 25 30 
Access time from column address tAA 40 50 60 
Access time from CAS precharqe tCPA 40 50 60 
RAS' pulse width tRAS 80 10,000 100 10,000 120 10,000 
RAS pulse width (PAGE MODE) tRASP 80 100,000 100 100,000 120 100,000 
RAS hold time tRSH 25 25 35 
RAS' precharqe time tRP 70 80 90 
CAS pulse width tCAS 20 10,000 25 10,000 35 10,000 
CAS hold time tCSH 80 100 120 
CAS precharqe time tCPN 15 15 20 
CAS precharge time (pAGE MODE) tcp 10 10 15 
RAS to CAS delay time tRCD 20 60 25 75 25 90 
CAS to RAS precharge time tCRP 5 5 10 
Row address set-up time tASR 0 0 0 
Row address hold time tRAH 12 15 15 
RAS'to column tRAD 17 40 20 50 25 60 
address delay time 

Column address set-up time tASC 0 0 0 
Column address hold time tCAH 20 20 25 
Column address hold time tAR 60 70 85 
(referenced to RAS) 

Column address to tRAl 40 50 60 
RAS' lead time 

Read command set-up time tRCS 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) 

CAS to output in low-Z tClZ 0 0 0 
Output buffer turn-off delay tOFF 0 20 0 20 0 35 
Output Disable tOD 20 20 35 
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MIN MAX UNITS NOTES 

260 ns 

330 ns 

85 ns 

150 ns 14 
45 ns 15 
45 ns 

70 ns 

70 ns 

150 10,000 ns 

150 100,000 ns 

45 ns 

100 ns 

45 10,000 ns 

150 ns 

25 ns 16 
20 ns 

25 105 ns 17 
10 ns 

0 ns 

15 ns 

25 70 ns 18 

0 ns 

25 ns 

95 ns 

70 ns 

0 ns 

0 ns 19 

0 ns 19 

0 ns 

0 35 ns 20 
35 ns 
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SRAM PRODUCT SELECTION GUIDE 
Memory Control Part Access Package and Number 01 Pins 
Conllguratlon Functions Number Time (ns) PDlP SOJ CDiP LCC Process Page 

2K x 8 CE &OE MT5C1608 12 to 35 24 24 24 24 CMOS 4-3 

2Kx8 CE, OE & ALE MT5C1628 15 to 45 28 28 28 28,32 CMOS 4-11 

4Kx4 CE only MT5C1604 12 to 35 20 24 20 20 CMOS 4-19 

4Kx4 CE&OE MT5C1605 12 to 35 22 24 22 22 CMOS 4-27 

4Kx4 Separate 1/0 MT5C1606 12 to 35 24 24 24 28 CMOS 4-35 -4Kx4 Separate 1/0 HI-Z MT5C1607 12 to 35 24 24 24 28 CMOS 4-35 

8Kx 8 CE1, CE2 & OE MT5C6408 12 to 35 28 28 28 32 CMOS 4-43 

16K x 1 CE only MT5C1601 12 to 35 20 24 20 20 CMOS 4-51 

16Kx4 CE only MT5C6404 12 to 35 22 24 22 22 CMOS 4-59 

16K x4 CE&OE MT5C6405 12 to 35 24 24 24 28 CMOS 4-67 

C\I 
I 

'<t 

16Kx 4 Separate 1/0, CE1, CE2 MT5C6406 12 to 35 28 28 28 28 CMOS 4-75 

16Kx 4 Separate 1/0 HI-Z MT5C6407 12 to 35 28 28 28 28 CMOS 4-75 

32Kx 8 CE &OE MT5C2568 20 to 45 28 28 28 32 CMOS 4-83 

64Kx 1 CE only MT5C6401 12 to 35 22 24 22 22 CMOS 4-91 

64Kx4 CE only MT5C2564 20 to 45 24 24 24 28 CMOS 4-99 

64Kx4 CE &OE MT5C2565 20 to 45 28 28 28 28 CMOS 4-107 

128K x 8 CE&OE MT5C1008 20 to 45 28 - 28 - CMOS 4-115 I 

256K x 1 CE only MT5C2561 20 to 45 24 24 24 28 CMOS 4-117 ' 

256K x 4 CE &OE MT5C1005 20 to 45 28 - 28 - CMOS 4-125 ! 

1MEG x 1 CE&OE MT5C1001 20 to 45 28 - 28 - CMOS 4-1~7_.1 

I FASTSRAM 



I'4IC:RON MT5C1608 

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 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 

• Two Volt Data Retention L 

GENERAL DESCRIPTION 
The Micron SRAM family employs high speed, low 

power CMOS designs using a 4-transistor memory cell. 
They are fabricated using double layer metal, double layer 
polysilicon technology. 

For flexibility in high .2E.eed 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 the~evices 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. 
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PIN ASSIGNMENT (Top View) 

24L/300DIP 24L1300 SOJ 

A? 
A6 
A5 
A4 
A3 
A2 
A1 
AO 

D01 
D02 
D03 
VSS 

(PG, CF) (DJ8) 

VCC A7 Vee 

A8 A6 A8 
AS A9 

A9 A4 WE 

WE A3 OE 
A2 A10 

OE A1 CE 

A10 AO D08 

CE 
D01 D07 
D02 D06 

D08 D03 DOS 

DO? 
Vss D04 

D06 
D05 
D04 

28L1LCC 
(ECF) 

~~~g~ 
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 
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FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

~ ~ 
A1 ----. 

D08 - Ag ----. 

~ A2 ----. a:: 
....J 

~ 
UJ 

0 0 
0 a:: 

I-en A3 ----. () 16,384 - BIT z UJ MEMORY ARRAY 0 

~ 
0 () . D01 

A4 ----. 3: 0 

:s:: 0 :::: 
a:: 

A5 ----. 
CE 

A6 ----. 
(LSB) 

OE 

WE 

COLUMN DECODER 
(LSB) POWER 

t t t t 
DOWN 

Ao As A 10 A7 

TRUTH TABLE 

MODE ~ ~ WE" DQ POWER 

STANDBY X H X HIGHZ STANDBY 

READ L L H Q ACTIVE 

READ H L H HIGHZ ACTIVE 

WRITE X L L D ACTIVE 
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