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IMPORTANT NOTICE 

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

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

MICRON'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COM
PONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS 
WRITTEN 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'IIIC:F=lON CONTENTS OVERVIEW 

The MOS Data Book has been organized into nine 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: Advance 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 detailed mechanical data on each package used by Micron. 

Section 9 contains sales information, with a list of sales representatives and distribu
tors 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 
TWX - (910) 970-5973 
FAX - (208) 343-2536 
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I DRAM 

DRAM PRODUCT SELECTION GUIDE 

Memory Optional Power OissiDation Paclta!lt and Number 01 Pins Process 
Configuration Access Cycle Part Number Access Time (ns) Standby Active POIP PlCC ZIP SOJ COIP ClCC Flat Pack Process Page ' 

64K x 1 Page Mode MT4264 100,120,150,200 15mw 75mw 16 - 16 18 16 NMOS 1-3 
64K x 4 Page Mode MT4067 80,100,120,150 15mw 150mw 18 18 20 18 18 16 NMOS 1-13 

256K x 1 PaJje Mode MT1259 80,100,120,150 15mw 150mw 16 18 16 - 16 18 16 NMOS 1-23 . 

256K x 4 Fast Page Mode MT4C4256 80,100,120,150 5mw 175mw 20 20 20 20 - 20 CMOS 1-33 
256K x 4 Static Column MT4C4258 80,100,120,150 5mw 175mw 20 - 20 20 20 - 20 CMOS 1-45 "';" 

1 Meg x 1 Fast Page Mode MT4C1024 80,100,120,150 5mw 175mw 18 20 20 18 18 CMOS 1-57 
.--

1 Meg x 1 Nibble Mode MT4C1025 80,100,120,11'1'1 5mw 175mw 18 20 20 18 18 CMOS 1-69 
1 Meg x 1 Static Column MT4C1026 80,100,120,150 5mw 175mw 18 - 20 20 18 18 CMOS 1-81 
1 Meg x 4 Fast Page Mode MT4C4001 80,100,120 5mw 175mw 20 20 20 - CMOS 1-93 
1 Meg x 4 Static Column MT4C4003 80,100,120 5mw 175mw 20 - 20 20 - CMOS 1-105 
4 Meg x 1 Fast Pa[e Mode MT4C1004 80,100,120 5mw 175mw 18 - 20 18 CMOS 1-117 
4 Meg x 1 Nibble Mode MT4C1005 80,100,120 5mw 175mw 18 20 18 - CMOS 1-129 
4 Megx 1 Static Column _MT4Q10()§ _ __ 80,1QO,12~ 5mw 175mw 18 20 18 - CMOS 1-141 --_ .. __ .- - -- - -
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DRAM 

FEATURES 
• Industry standard pin-out, funtions, timing 
• Single +5V ±10% power supply 
• Low power, 15mW standby, 75mW active, typical 
• Common I/O using EARLY-WRITE 
• DoUT held indefinitely by CAS 
• 256 cycle refresh in 4ms 
• Fully compatible with MT1259 (256K) 
• Optional Page Mode 

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 (AD -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 ~ on WE dictates 
READ mode while a logic low on WE dictates WRITE 
mode. During a WRITE cycle data in (DIN) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE 
goes low prior to CAS going low, the output pints) remain 
open (High Z) until the next CAS cycle. If WE goes low 
after data reaches the output pints), DouT 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. 

MT4.264 
REV. 10188 1-3 

64Kx 1 DRAM 
PAGE MODE 

PIN ASSIGNMENT (Top View) 

MT4264 16 Pin DIP 

NC VSS 

DIN CAS 
WE DOUT 

RAS A6 
AD A3 
A2 A4 

A1 A5 
Vee A7 

PA, CA 

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

PAGE MODE operations allows faster data operations 
(READ, WRITE or READ-MODIFY-WRITE) within a row 
address (AD -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 tolumn addresses executing faster memory cycles. 
Returning RAS high terminates the PAGE MODE operation. 

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

.. 
C 
JJ 
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FUNCTIONAL BLOCK DIAGRAM 
PAGE MODE 

WRITE <>------<>1-----..., 
CAS ~----------------------------~~ 

RAS <>-------1 

MEMORY 
ARRAY 

L-____ r-----------------~ 

FUNCTIONAL 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 
(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 
RAS" REFRESH 

1-4 

DouT 

NOTES 



iVIlCI=ION MT 4264 

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 

DC ELECTRICAL CHARACTERISTICS 
(O°C ~ T A ~ 70°) (Vee = S.OV ± 10%) 

PARAMETER/CONDITION 
STANDBY CURRENT 
(RAS = CAS = VIH 
after 8 RAS cycles) 

OPERATING CURRENT 
(RAS and CAS Cycling) 

RAS ONLY REFRESH CURRENT 
(CAS = VIH) 

PAGE MODE CURRENT 
(RAS = VIL, CAS = Cycling) 

INPUT LEAKAGE 
Input leakage current, any input (OV ~ VIN ~ Vee), 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE 
Output leakage current (DOUT is disabled, 
OV ~ VOUT ~ Vee) 

OUTPUT LEVELS 
Output High (Logic 1) voltage (lOUT = -SmA) 

Output Low (logic 0) voltage (lOUT = SmA) 

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

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

CAPACITANCE 

PARAMETER 

Input Capacitance (Ao-Al), DIN 

Input Capacitance RAS, CAS, WE 

Output Capacitance DOUT 
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*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 
lecl 4 mA 

Icc2 30 mA 2 

Icc3 20 mA 2 

Icc4 30 mA 2 

II -10 10 flA 

loz -10 10 flA 

VOH 2.4 V 1 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.5 S.S V 1 

VIH 2.4 Vee+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

Cll S pF 18 

CI2 8 pF 18 

Co 8 pF 18 

-c 
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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%) 

C 
:tJ 
l> 
s: 

A.C. CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cvcle time 

READ-MODIFY-WRITE cycle time 

PAGE-MODE cycle time 

Access time from RAS 
Access time from CAS 
RAS pulse width 

RAS hold time 

RAS precharae time 

CAS pulse width 

CAS hold time 

CAS precharae time 

CAS precharge time (PAGE-MODE) 

RAS to CAS delay time 

Row address set-up time 

Row address hold time 

Column address set-up time 

Column address hold time 

Column address hold time 
referenced to RAS 

READ command set-up time 

READ command hold time 
referenced to CAS 
READ command hold time 
referenced to RAS 
OU!put buffer turn-off delay 

WI: command set-up time 

WRITE command hold time 

WRITE command hold time 
referenced to RAS 
WRITE command pulse width 
WRITE command to RAS lead time 

WRITE command to CAS lead time 

Data-in set-up time 

Data-in hold time 

Data-in hold time 
referenced to RAS 
CAS to WE delay 

RAS to WE delav 

Transition time (rise or fall) 

Refresh Period (256 cycles) 

CAS to "RAS set-up time 

SYM 
tRC 

tRWC 

tpc 

tRAC 

tCAC 
tRAS 

tRSH 
tRP 

tCAS 

tCSH 
tCPN 

tcp 
tRCD 

tASR 
tRAH 
tASC 
tCAH 

tAR 

tRcs 
tRCH 

tRRH 

tOFF 

twcs 

tWCH 

tWCR 

twp 
tRWL 

tCWL 

tDS 

tDH 

tDHR 

ICWD 
tRWD 

IT 

tREF 
ICRP 

-10 

MIN MAX MIN 
195 230 
220 255 

90 100 

100 

50 

100 10 000 120 

50 60 

80 20 000 90 

50 10 000 60 

100 120 

25 25 

30 30 

25 50 25 

a a 
15 15 

a a 
20 20 

70 80 

a a 
a a 

a a 

a 30 a 
a a 
35 40 

85 100 

35 40 
35 40 

35 40 

a a 
35 40 

85 100 

40 50 

90 110 

3 100 3 

4 
10 15 
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-12 -15 -20 

MAX MIN MAX MIN MAX UNITS NOTES 
260 330 ns 6 7 

295 370 ns 

120 170 ns 6 7 

120 150 200 ns 7 8 

60 75 120 ns 7 9 

10 000 150 10 000 200 10 000 ns 

75 100 ns 

20 000 100 20 000 120 20 000 ns 

10 000 75 10 000 120 10 000 ns 

150 200 ns 

30 35 ns 19 

35 40 ns 

60 25 75 30 80 ns 13 

a a ns 

20 25 ns 

a a ns 

25 50 ns 

100 130 ns 

a a ns 

a a ns 14 

a a ns 

30 a 35 a 40 ns 12 

a a ns 16 

45 60 ns 

120 140 ns 

45 50 ns 
45 55 ns 

45 55 ns 

a a ns 15 

45 55 ns 15 

120 135 ns 

60 100 ns 16 

135 180 ns 16 

100 3 100 3 100 ns 5 17 

4 4 4 ms 

20 20 ns 
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NOTES 
1. All voltages referenced to V 55. 

2. Ice is dependent on output loading and cycle rates. 
Specified values are obtained the output open. 

3. An initial pause of lOOl-ls 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. 

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 

and VIH). 

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

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

9. Assumes that IRCD 2 IRCD (max). 
pulsed high for ICPN. 

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 ot VOL. 

1-7 

13. 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. 

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 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 2 IWCS (min) 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If ICWD 2 ICWD (min) and IRWD 2 
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 = IM with tN = 3V and Vee = 
SV. AV 

19. If CAS is low at the falling edge of RAS, DOUT will 
be maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer CAS must be 

-C 
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READ CYCLE - tRC 
I RAS tRP 

C 1<i'3 VIH -

JJ VIL -
tCSH 

l> tRSH tRRH 

tCRP tRCD tCAS s: 
"CAS 

AD DR 

"OH -DOUT "OL --------OPEN ----------t._VA_L_ID_DA_T_A --"~-- OPEN ---

EARLY-WRITE CYCLE 

1<i'3 VIH -
VIL -

tCSH 

tCRP 

"CAS VIH -
VIL -

tASR tRAH 

ADDR ROW COLUMN ROW 

tCWL 

tWCR 

twcs tWCH 
twp 

~ tOHR 

~:~ _W/§§$$;//;/ff$ff/§§;/Iff&A-tOS-VA-LIO-OAT-AtD-H -1w/////$.//////$###///#///,0l///##£0 
"OH -DOUT VOL _.---------------DPEN---------------

~ DON'T CARE 
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:! ______ IO_ff~ 
DOUT ~g~-.----------OPEN----------~.. VALID DATA ~OPEN-
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~ 
:--.! 

~ ~ 
ROW 

lIllllllllllllllIllllll;> 
I 

I 
WIIIIIIIIIII!I~ 

l<A!> VIH -
V1L -

tCRP 

~ VIH -
VIL -

ADDR 

PAGE-MODE EARLY-WRITE CYCLE 

I 
t 

tCSH 

tpc tRSH 

tRCD tCAS tcp tCAS tcp tCAS 

II I I 
\ l* t I 

tAR 

I C ~ r ~ r ~ 
COLUMN Wiiff&IM COLUMN WIIIIJIM COLUMN W;,2 
I I tCWL II tCWL II tCWL J 

twcs tWCH ~ tWCH twcs tWCH 

twp twp twp 

~ flll!J! Ijl/; 

tDS 

tWCR 

I I tDHR 

I I tDH tDS tDH 

~I I~I 
VALID DATA ~ VALID DATA Jo/l&t 

RAS ONLY REFRESH CYCLE 
(ADDR = Ao - A7) 

tRC 

tRWL 

tDS tDH 

I 
VALID DATA W, 

ROW ROW 

I 

I 

tCPN 

I 

ROW 

!l111111111/; 

DOUT 
VOH -
VOL 

----------------------------------OPEN----------------------------------

~ DON'T CARE 

1-10 



fUl1C::I=ION MT 4264 

ORDER INFORMATION 

64K x 1, 150ns in Ceramic DIP 

L...-_-"""T"" ..... I PACKA~~ SPE,ED I 
MT4264 C -15 

The Micron MT4264 is functionally equivalent to other 
manufacturers' product meeting JEDEC standards. It is 
manufactured and quality controlled in Micron's modern 
Boise, Idaho USA facility using the NMOS double-poly 

1-11 

process. Micron's QUALITY ASSURED policy is to offer 
prompt, accurate and courteous service while assuring 
reliability and quality. Functionality is consistently as
sured over a wider power supply range, temperature and 
refresh than specified. Each unit receives accelerated burn
in and several hours of AMBYXTM system level testing 
prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 

TM Trademark of Micron Technology. Inc 

.. 
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DRAM 

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

compatible 
• Single +5V±10% 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 
Plastic PLCC EJ 

• Temperature 

OOC ~ T A ~ 70°C None 

-55°C ~ T A ~ 110°C XT 

GENERAL DESCRIPTION 
The MT4067 is 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 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. If WE goes low after Data reaches 
the output pin, the output pin is activated and retains the 
selected cell data as long asCAS 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 

1-13 

64Kx4 DRAM 

PIN ASSIGNMENT (Top View) 

MT4067 18 Pin DIP 

OE Vss 

DQ1 DQ4 

DQ2 CAS 

WE DQ3 

RAS AO 

A6 A1 PB, CB 

AS A2 

A4 A3 

Vee A7 

MT4067 18 Pin PLCC 
~ Vl V alw VIa 
00>0 

roi' 
N~~~ 

• 
DQ2 3 16 CAS 
WE 4 150Q3 
RAS 5 14 AO 
A6 6 13 A1 
AS 7 12 A2 

EJA 
roms:::: 

v131'r<) 
<1:><1:<1: 

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 msec (regard
less of sequence). Micron recommends evenly spaced re
fresh cycles for maximum data integrity. 

.. 
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WRITE 

CAS 

TF 

Ao 
A, 
A2 
A3 
A4 
As 
As 
A7 
As 

RAS 0------1 

FUNCTIONAL BLOCK DIAGRAM 
PAGE MODE 

a: 
w 

~o 
00 
a:O w o 

L-____ ~~----------------~ 

FUNCTIONAL TRUTH TABLE 

Addresses 

Function "RAS" ~ WE <:>E tR tC 

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 

RAS ONLY L H H H ROW nfa 
REFRESH 

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

CAS-BE FORE- H-+L L H H X X 
RAS REFRESH 
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MEMORY 
ARRAY 

---0 Vee 

---oVss 

NOTES 

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 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ........... -1.0V to +7.0V 
Operating Temperature, T A (Ambient) .......... O°C to +70°C 
Storage Temperature (Ceramic) ................ -6SoC to + lS0°C 
Storage Temperature (Plastic) ................... -SsoC to + lS0°C 
Power Dissipation ........................................................ 1 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) (Vee = 5.0V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN' MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 

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

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

INPUT LEAKAGE 
Input leakage current, any input (OV $; Y,N $; Vec), II -10 10 I-LA 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (DOUT is disabled, loz -10 10 I-LA 
OV $; VOUT $; Vec) 

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

(Notes: 1,2,3,4,6) (O°C $; T A $; 70°C) (Vcc = 5.0V ±10%) MAX 

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

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

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

OPERATING CURRENT: PAGE MODE Icc3 65 55 55 45 mA 2 
(RAS = V,L, CAS = Cycling: t~c = tpC(MIN)) 

REFRESH CURRENT: RAS ONLY iCC4 55 40 40 35 mA 2 
(RAS = Cycling: CAS = V,H: tRe = tRC(MIN)) 

REFRESH CURRENT: CAS-before-RAS Icc5 65 55 55 45 mA 2,22 
(RAS and CAS = cycling, tRe = tRC(MIN)) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-As), DIN CI1 5 pF 18 

Input Capacitance "R"AS", CAS, WE, DE" CI2 8 pF 18 

Output Capacitance DOUT' Co 7 pF 18 

1-15 
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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 IRC 150 190 220 260 ns 6 7 

READ·MODIFY·WRITE cycle time IRWC 200 250 295 345 ns 

PAGE·MODE cycle time IpC 75 90 100 120 ns 6 7 

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

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

Out~ut Enable tOE 25 25 30 40 ns 

RAS pulse width tRAS 80 10000 100 10000 120 10000 150 10000 ns 
ltlffi hold ti me tRSH 40 50 60 75 ns 

"FiAS precharge 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 precharae time tCPN 20 25 25 30 ns 19 

"CAS~rechartte time (PAGE·MODE) tcp 25 30 30 35 ns 

"FiAS to "CAS delay time tRCD 20 40 25 50 25 60 25 75 ns 13 

"CAS to "FiAS 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·uQ 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 ltlffi 
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 

Output Disable tOD 25 30 30 35 ns 

WI;" 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 "FiAS 
WRITE command pulse width twp 15 35 40 45 ns 

WRITE command to ~ 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 IDS 0 0 0 0 ns 15 

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

Data·in hold time tDHR 35 60 65 70 ns 
referenced to ltlffi 
"CAS to M delay tCWD 50 70 90 110 ns 16 

ltlffi to WI;" delay tRWD 90 120 150 185 ns 16 
Transition time (rise or fall) IT 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 
("OAS·before·RAg refresh) 
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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 100l-1s 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, 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 Vo H or Vo L. 

13. Operation within the IRCD (max) limit ensures that 
lRAC (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 ICAe. 

14. tRCH is referenced to the first rising edge of RAS or 
CAS. 
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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. twcs, ICWD and IRWD 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 ~ 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 = 1M 
,'::,V 

with I:!.V = 3V and Vee = SV. This parameter is 
sampled. 

19. If CAS is low at the falling edge of RAS, DOUT will 
be maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer CAS must be 
pulsed high for tcP. Note 8 applies to determine 
valid data out. 

20. During a READ cycle if OE is low then taken high 
(VIH) Dout 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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READCVCLE 
tRC 

tRAS tRP 

tCSH 

tRSH tRRH 

tCRP tRCO tCAS 

I 

:------' 
tAR 

tASR tRAH tASC tCAH 

I I I 
ROW COLUMN rI///IIIIIIIIIIIIIIIIIIIIIII/;, ROW 

I 
tRCS tRCH I 

I I 
-I/I////////Ij/////IIIIIIII/lIIIIIIIII/ W!!!!I!iI//////// I I I I II/; 

tCAC ~ 
tRAC 

OPEN VALID OUTPUT DATA OPEN 

tOE too 

I I 
\ \ I 

EARL V-WRITE CVCLE 

tRAS tRP J 
II J 
jt 

tCSH 

tRSH 

tCRP tRCO tCAS 

I 
! 1\ 

tAR 

tASR tRAH tASC tCAH 

I I I 
JIIII////////IM ROW ~ COLUMN WIIIIIIIIIIIIIIIIII/;, r;JJJA ROW 

'''-'-"-"-LJJ 

I I tCWL 

II 
I 

I I tRWL 

I I tWCR 

twcs tWCH 

twp 

:/ /11//1//////// ////////ljlll /l111/l111111111//; tjjjjjjjjjjjjjj Ijjjjjjjjjjjjjj 
I tOHR 

tos I I tOH I 
--V-A-UD-I-NP-U-T -OA-TA-~ -------OPEN ------DIO 

VIOH - OPEN ~ VIOL 

or VIH 
VIL -

-----------------HIGH----------------

~ DON'T CARE 
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READ-WRITE CYCLE 
READ-MODIFY-WRITE CYCLE -

tRP I 
C 

II J J] 

tCSH 

It » 
I 3: 

I 
ROW COLUMN ¥I///IIIIIII! f////////I/////////A ROW 

~ __________ ~ __ ~I __ TI-7tR~w~ __________ ~, tCWL II 
l--_tR=C",-S -I i---,tC,-"W",-D -------------1 ~ 

_~~~I~~--~,Dt~~-
we ~:~ i///////////////////////////////////// 

tCAC 

tRAC 

010 
VIOH -

OPEN 
VILH 

r~ lr-----.., 
-----------------j[ VALID DOUT M VALID DIN ~ OPEN ---

tOE 

1 or VIH \ VIL -
~ 

L-__________ ~ ____ ~I 
~ DON'T CARE 
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PAGE-MODE READ CYCLE 

VIH -77li7J1j,7!ll,7lT;mr-----i---ii:Jj7!ll,r-i--i---1;m7Jfi----i--iz77lT!777i 
v IL - .I../..L,<..Li..LL.I..l1'"-','-UJJ 

VIOH - _____ _ 
DID VIOL-

VIH -
VIL -~<..Li..L~L.I..l1~.I../..L,<..Li..L~~~~~UL __ ~~~<..Li..LULUA __ ~UL<..Li..LLU~~~_~<..Li..LLU~~~<..Li..L~U 

PAGE-MODE EARLY-WRITE CYCLE 

I I 
t 

tCSH 

tpc tRSH 

~ 
t RCo tCAS tcp tCAS tcp tCAS tCPN 

II ,I I I 
:J \ t t ! 

tAR 

I ~~ ~ ~ ~ ~ ~ ~ 
AD DR VIH -

VIL 

~ 

}\IIIIIIIII/M }\IIIIIIIIIIIII! ROW }\IIIIM COLUMN COLUMN COLUMN ROW 

~ I I tCWL II tcWL II tcWL J 
twcs tWCH twcs tWCH twcs tWCH 

twp twp twp 

-I///////////ljllllllili/)) ~ ~ (jllllllllllllllili/;, 
tWCR tRWL 

I I toHR 

tos I toH tos toH tos tDH 

I ,..,..,..,...1 I I I 
:;1 I I I I I I I I I I I I I I I I I 1!II!1JA VALID DATA ~ VALID DATA ~ VALID DATA }\IIIIIIIIIIIIIIIIIIII/!' 

HIGH 
OE 

~ DON'T CARE 
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!<AS 
VIH -
VIL -

tCRP 

CAS VIH -
VIL -

tASR 

AD DR 

DID 
VIOH -
VIOL 

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

tRC 

tRAS 

tRAH 

ROW 

OPEN 

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

tRP 

, tRAS tRP 

ROW 

~I,----;-___ '~c---' -( 
!<AS 0:~ - l----"tco::.sR,----ll 'rn. ) '--____ _ 
CAS VIH :: I ~----------------------

VIL ~ 
VIOH -

DID VIOL ----------------OPEN----------------

AOOR 

DID 

TIE' 

HIDDEN REFRESH CYCLE 
(WE = HIGH)22 

(READ) (REFRESH) 

tRAS 

VIOH -
VIOL :--------OPEN-----~-_t==========V~A~LlO~OA~T~A======~~ 

tOE 

VIH -
VIL -
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I"IIC:RON MT4067 

ORDER INFORMATION 

64K x 4, 100ns in Plastic PLCC 

The Micron MT4067 is functionally equivalent to other 
manufacturers' product meeting JEDEC standards. It is 
manufactured and quality controlled in Micron's modern 
Boise, Idaho USA facility using the NMOS double-poly 

1-22 

process. Micron's QUALITY ASSURED policy is to offer 
prompt, accurate and courteous service while assuring 
reliability and quality. Functionality is consistently as
sured over a wider power supply range, temperature and 
refresh than specified. Each unit receives accelerated burn
in and several hours of AMBYXTM system level testing 
prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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DRAM 

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

compatible 
• Single +5V±10% 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 

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

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

• Temperature 

O°C S; T A S; 70°C None 

-55°C S; T A S; 110°C XT 

GENERAL DESCRIPTION 
The MT1259 is randomly accessed solid-state memory 

containing 262,144 bits organized in a xl configuration. The 
IS address bits are entered 9bitsata time using RAStolatch 
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, CAS may be toggled to execute 
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256K x 1 DRAM 

PIN ASSIGNMENT (Top View) 

MT1259 16 Pin DIP 

A8* Vss 

DIN CAS 

WE DOUT 

RAS A6 

AD A3 

A2 A4 

A1 A5 

Vee A7 

PA, CA 

EJA 

MT1259 16 Pin ZIP 

A6 
DOUT 

Vss 

DIN 
WE 

RAS 
AD 

A1 
12 Vee 

A7 
14 A5 

A4 
c 16 A3 

ZA 

MT1259 18 Pin PLCC 

WE 3 
RAS 4 
NC 5 
AD 6 
A2 7 

~~~I~ 0«>0 
cor--

N~~~ 

• 
P16 DouT 
p15 A6 
p14 NC 
p13 A3 
P12 A4 

• ADDRESS NOT USED FOR 
RAS ONLY REFRESH 

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 msec (regard
less of sequence). Micron recommends evenly spaced re
fresh cycles for maximum data integrity. 
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iVl1C:I=ION MT1259 

WRITE o-----...q---.", 

FUNCTIONAL BLOCK DIAGRAM 
PAGE MODE 

CAS ~----------------------------~~ 

MEMORY 
ARRAY 

RAS 0------, 
~~~~==~------------~ 

FUNCTIONAL 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 

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) .......... 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 ~ 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 -10 10 IlA 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (DouT is disabled, loz -10 10 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 

(Notes: 1,2,3,4,6) (O°C ~ T A ~ 70°C) (Vcc = 5.0V ±10%) 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), DIN CI1 5 pF 18 

Input Capacitance RAS, CAS, WE CI2 8 pF 18 

Output Capacitance DouT 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 :0; T A :0; 70°C) (Vee = 5.0V ±10%) 

o 
JJ 
» 
s:: 

A.C. CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-MODIFY-WRITE cvcle time 

PAGE-MODE QYcle time 

Access time froni RAS 

Access time from CAS 

RAS pulse width 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharQe time 

"CAS precharae time (PAGE-MODEl 

RAS to CAS delay time 

CAS to RAS set-up time 

Row address set-uD time 

Row address hold time 

Column address set-uD time 

Column address hold time 

Column address hold time 
referenced to RAS 

READ command set-up time 

READ command hold time 
referenced to CAS 

READ command hold time 

referenced to RAS 

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 

WRITE command to RAS lead time 

WRITE command to CAS lead time 

Data-in set-up time 

Data-in hold time 

Data-in hold time 
referenced to RAS 
CAS to WE" delay 

RAS to WE delay 

Transition time (rise or fall) 

Refresh Period (256 cyclesl 

CAS hold time 
(CAS-before-RAS refresh) 

SYM 
IRC 

IRWC 
IpC 

IRAC 

ICAC 

IRAS 
IRSH 
IRP 

ICAS 

ICSH 

ICPN 
ICp 

IRCD 
ICRP 
IASR 

IRAH 

IASC 

ICAH 

IAR 

IRCS 
IRCH 

tRRH 

IOFF 
IWCS 

IWCH 
IWCR 

IWp 
IRWL 

ICWL 

IDS 

IDH 

IDHR 

ICWD 
IRWD 

IT 

IREF 

ICHR 

-8 

MIN MAX MIN 
150 190 

180 220 

75 90 

80 

40 

80 10 000 100 

40 50 

60 80 

40 10000 50 

80 100 

20 25 

25 30 

20 40 25 

10 15 

0 0 

15 15 

0 0 

15 20 

50 70 

0 0 

0 0 

0 0 

0 25 0 

0 0 

15 35 

35 85 

15 35 

35 35 

35 35 

0 0 

15 35 

35 85 

30 40 

70 90 

3 100 3 

4 

15 20 

1-26 

-10 -12 -15 

MAX MIN MAX MIN MAX UNITS NOTES 

220 260 ns 6 7 

255 295 ns 

100 120 ns 6 7 

100 120 150 ns 7 8 

50 60 75 ns 7 9 

10 000 120 10000 150 10 000 ns 

60 75 ns 

90 100 ns 

10000 60 10 000 75 10 000 ns 

120 150 ns 

25 30 ns 19 

30 35 ns 

50 25 60 25 75 ns 13 

20 20 ns 

0 0 ns 

15 15 ns 

0 0 ns 

20 25 ns 

80 100 ns 

0 0 ns 

0 0 ns 14 

0 0 ns 

30 0 30 0 35 ns 12 

0 0 ns 16 

40 45 ns 

100 120 ns 

40 45 ns 

40 45 ns 

40 45 ns 

0 0 ns 15 

40 45 ns 15 

100 120 ns 

50 60 ns 16 

110 135 ns 16 

100 3 100 3 100 ns 5 17 

4 4 4 ms 21 

25 30 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 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 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, 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 
IRAC (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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trolled exclusively by tCAC. 
14. IRCH is referenced to the first rising edge of RAS or 

CAS. 
15. These parameters are referenced to CAS leading 

edge in early WRITE cycles and to the WE leading 
edge in late WRITE or READ-MODIFY-WRITE 
cycles. 

16. IWCS, tCWD and IRWD 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 
ICWD ~ ICWD (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 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 = 1M 
tJ..V 

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

19. If CAS is low at the falling edge of RAS, Dour 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 

C RAS VIH -

:xJ 
V1L -

tCSH » tRSH tRRH 

tCRP tRCD tCAS 

3: 
CAS VIH -

VIL -
tAR 

ADDR 

we VIH -
VIL -

DOUT 
VDH - OPEN VALID DATA OPEN VOL -

EARL V-WRITE CVCLE 

VOH -DOUT VOL "--------------OPEN-----------------

~ DON'T CARE 
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WE 

DIN VIH -
VIL -

DOUT 
VOH -

OPEN 
VOL 

:! _____ to_FF_ ---------~"" VALID DATA ·~OPEN--

~ DON"T CARE 
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PAGE-MODE READ CYCLE 

tpc 

AD DR 

VIH 
VIL -'-"-,-,,-,-"-,,"-"-,CLU,",,"".L.U 

tCAC 

DOUT ~g~ ""'-------OPEN-----------{ ~!~~ }--------{ ~!~~ OPEN--

VIH------. 
VIL -

PAGE-MODE EARLY-WRITE CYCLE 

tCSH 

VIH _,_,_--++--------,1:---, 
VIL -

V IH _ 77l77l77J77J.rr,'7T.'7T.17\ 

VIL-ULULUL~~LULULUL----I:____+~--~ULLUA---_+I:___--~ULL4~ULqL--_4~_,_--~~~~ULULULU 
tRWL 

~ DON'T CARE 
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RAS 

~ 

ADDR 

DOUT 

RAS 

~ 

DOUT 

RAS 

~ 

AD DR 

DOUT 

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

VIH -
VIL -

tCRP 

VIH -
VIL -

ROW 

VOH -
VOL 

--------------------------------OPEN--------------------------------

~: V1H 
V1L -

VIH -==i 
t CRP 

V1L -

VOH -
VOL 

VIH -
VIL -

ICRP 

VIH -
VIL -

ROW 

~-BEFORE-"RAS" REFRESH CYCLE 
(AO - As WE = DON'T CARE,) 

tCHR 

tRAS 

l 
) 

OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH)21 

(READ) 

tRAS 

tRP 

(REFRESH) 

tRAS 

'\ 

VOH -
VOL 

--------------- OPEN -------I-----------VA-L-ID-D-A-TA---------~I:::N-
~ DON'T CARE 
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I'IIIC:RCN MT1259 

ORDER INFORMATION 

256K x 1, 100ns in Plastic PLCC 

L..-__ ........... IPACKAE!lTED i ......, ____ .... 

MT1259 EJ -10 

The Micron MT1259 is functionally equivalent to other 
manufacturers' product meeting JEDEC standards. It is 
manufactured and quality controlled in Micron's modern 
Boise, Idaho USA facility using the NMOS double-poly 

process. Micron's QUALITY ASSURED policy is to offer 
prompt, accurate and courteous service while assuring 
reliability and quality. Functionality is consistently as
sured over a wider power supply range, temperature and 
refresh than specified. Each unit receives accelerated burn
in and several hours of AMBYXTM system level testing 
prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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1'II1c:r=aON MT 4C4256 

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 TTL and 

CMOS compatible 
• 512 cycle refresh distributed across Sms 
• Refresh modes: RAS only, CAS before RAS, and 

Hidden 
• Optional Fast Page Mode access cycle 

OPTIONS MARKING 
• Timing 

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

• Organization 
256Kx4 MT4C4256 

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

GENERAL DESCRIPTION 
TheMT4C4265isarandomlyaccessedsolid-statememory 

containing 1,04S,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 
(AD-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 ~ on WE dictates READ 
mode while a logic Iowan WE dictates WRITE mode. 
During a WRI~cle data in (DIN) 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), DouT 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 pin direction 
is controlled by WE and OE. 
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256Kx4DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 
MT4C4256 
20 Pin DIP 

DOl 1 20 \Iss 
D02 D04 
WE 0Q3 

RAS CAS 
·TF OE 

NJ /IS 
Al A7 
A2 N; 

~ AS 
Vee A4 

PO, 
CD 

MT4C4256 ZB 
20 Pin SOJ 

001 \Iss 1 26 

002 D04 [ 2 25 
WE D03 [ 3 24 
m CAS [ 4 23 
.,.F Of [ 5 22 

NJ 
Al 
A2 
A3 

\,\:c 

9 
10 
11 
12 
13 

18 
17 
16 
15 
14 

AS 
A7 
AS 
AS 
A4 

DJA 

·TF = Test Function, ground of leave as a no-connect for normal device 
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 maintainin~er and executing any RAS 
cycle (READ, WRITE, RAS only, CA5-before-RAS, or 
Hidden refresh) so that all 512 combinations of RAS ad
dresses (AD-AS) are executed at least every 8ms, regardless 
of sequence. 

PAGE MODE operations allows faster data operations 
(READ, WRITE or READ-MODIFY-WRITE) within a row 
address (AD -A8) defined page boundary. ThePAGEMODE 
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. 

-C 
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FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

WRITE o-------<or-~ 

CAS r--------------~~~t~~~-~~~ 

RAS o-----l 
L-____ ~~~--------------~ 

FUNCTIONAL TRUTH TABLE 

Addresses 

Function ~ ~ WE" OE TF tR te 

Standby H H H H GNOINe X X 

READ L L H L GNOINe ROW COL 

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

READ-WRITE L L H-->L -->H L -->H GNOINe ROW COL 

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

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

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

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

HIDDEN L -->H-->L L H H GNOINe ROW COL 
REFRESH 

CAS-BEFORE- H-->L L H H GNOINe X X 
RAS REFRESH 

TEST L L H H H ROW COL 
FUNCTION 
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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 

Data Out, 
Test Funtion Mode 

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

DC ELECTRICAL CHARACTERISTICS 
(Notes: 1, 3, 4, 6, 7) (O°C :0:; T A :0:; 70°C, = 5.0V ± 10%) 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRe = tRe(MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = VIL, CAS = Cycling: tpe = tpC(MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = V,H 
after 8 RAS cycles min.) 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = CAS = Vee -0.2V 

*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 

Icc1 50 mA 3,4 

Icc2 50 mA 3,4 

lec3 2 mA 

Icc4 1 mA 

after 8 RAS cycles min. All other inputs at Vee-0.2V or Vss + 0.2V) 

REFRESH CURRENT: RAS ONLY 
(RAS = Cycling: CAS = V,H) 

REFRESH CURRENT: CAS-before-RAS 
(RAS and CAS = Cycling) 

INPUT LEAKAGE CURRENT 
(any input (OV :0:; Y,N :0:; Vee), 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV :0:; VOUT :0:; Vee) 

OUTPUT LEVELS 
Output High voltage (lOUT = -SmA) 

Output Low voltage (lOUT = 5mA) 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C :0:; T A :0:; 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 
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Iccs 

Icc6 

II 

loz 

VOH 

VOL 

SYMBOL 

Vee 

V,H 

V,L 

35 mA 3 

35 mA 3,5 

-10 10 ~A 

-10 10 ~A 

2.4 V 1 

0.4 V 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vcc+1 V 1 

-1.0 0.8 V 1 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-As), DIN CI1 5 pF 2 

Input Capacitance RAS, CAS, WE, ()"E" CI2 7 pF 2 

Output Capacitance Dour Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C S; T A S; +70°C, Vce = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time IRC 190 220 260 ns 

READ-MODIFY-WRITE cycle time IRWC 220 255 295 ns 

PAGE-MODE READ or WRITE IpC 55 70 85 ns 
cycle time 

Access time from RAS IRAC 100 120 150 ns 14 
Access time from CAS ICAC 25 30 45 ns 15 
Output Enable IOE 25 25 30 ns 

Access time from column address IAA 50 60 70 ns 

Access time from CAS precharge ICPA 50 65 75 ns 
RAS pulse width tRAS 100 10,000 120 10,000 150 10,000 ns 

RAS pulse width (PAGE MODE) IRASP 100 100,000 120 100000 150 100,000 ns 

"FiAS' hold time IRSH 25 30 45 ns 

RAS precharQe time IRP 80 90 100 ns 

CAS pulse width tCAS 25 -10,000 30 10,000 45 10,000 - ns 

CAS hold time ICSH 100 120 150 ns 

CAS precharQe time ICPN 15 20 25 ns 16 
CAS precharge time (PAGE MODE) ICp 10 15 20 ns 

ro\S" to CAS delay time IRCD 10 75 15 90 15 105 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 IRAH 10 15 15 ns 

"FiAS'to column tRAD 10 50 15 60 15 70 ns 18 
address delay time 

Column address set-up time IASC 0 0 0 ns 

Column address hold time ICAH 15 20 25 ns 

Column address hold time tAR 60 70 80 ns 
(referenced to RAS) 

Column address to tRAL 50 60 70 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 IRRH 0 0 0 ns 19 
(referenced to RAS) 
CAS to output in low-Z tCLZ 5 5 5 ns 

Output buffer turn-off delay tOFF 0 25 0 25 0 30 ns 20 
Output Disable '00 25 25 30 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7,8, 9, 10, 11, 12, 13) (O°C :5 T A :5 +70°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 

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

Write command hold time IWCH 20 25 30 ns 

Write command hold time IWCR 70 80 90 ns 
(referenced to RAS) 

Write command pulse width IWp 20 25 30 ns 

Write command to RAS lead time IRWL 25 30 35 ns 

Write command to CAS lead time ICWL 25 30 35 ns 

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

Data-in hold time IDH 15 20 25 ns 22 

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

RAS to WE delay time IRWD 120 150 185 ns 21 

Column address IAWD 80 100 120 ns 21 
to WE delay time 

CAS' to WE delay time ICWD 65 75 85 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 ICHR 20 25 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 = ILlt with Ll V = 3V and Vee = 
5V. LlV 
Icc is dependent on cycle rates. 
Icc is dependent on output loading. Specified values 
are obtained 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 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 = 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, 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, DoUT 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 ~oint only; if tRCD is greater than the 
specified RCD (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 ~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 ot VOL. 

21. twcs, tRWD, tAWDand 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 throughout 
the entire cycle. If tRWD;:: tRWD (min), tAWD;:: 
tA WD (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 DouT goes open. If OE is tied permanently 
Iowa 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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ADDR 

'v'IH -
Vll -

J 

tCRP 

READ-WRITE CYCLE 
READ-MODIFY-WRITE CYCLE 

RWC 

tRAS 

tCSH 

tRSH 

tReo teAs 

tAR ~ 
tRAD I I tRAL 

~~ ~~ 

tRP 

~ 

I lI//j!,( ROW _ AODR ~:t : COLUMN 'l(/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII/X. ROW 

I I tRWO 

~ tRCS tcwo tRWL 

I tAWO 

t:} '//1111111111111111111111111111111111/ 
tAA 

I tRAC 

,~ tell t ~~ 
OPEN VALID Dour X VALID DIN 

fL ~ \ / 

PAGE-MODE READ CYCLE 

V,H -.----,1 
VIL -
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OPEN----

~ DON'T CARE 

~ UNDEFINED 
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~ 

"CAS" 

ADDR 

wr 

D,N 

D,O 

ll£ 

V,H 
V,L 

V,H 
V,L 

V,H 
V,L 

V,H 
V,L 

V'OH 
V,OL 

V,OH 
V,OL 

V,H 
V,L 

PAGE-MODE EARL V-WRITE CYCLE 

-
-

--~----------------------------------------OPEN-----------------------------------------
~-------------------------------------------HIGH---------------------------------------------

PAGE-MODE READ-WRITE CYCLE 

V'H :-______ ~~ ______________ ~----------~-R-A5-P--------------------~--------_1It=:=J 
v\L - II r L 

tCSH IpC tRSH 

tReD teAs ~ teAs ~ teAs 

~ r--- l£=j 
/ 

'AR 

ADDR ~:~ :'///M ROW ¥@//,i I CDL~MN'RWD ~II COILUMN ~II COILUMN ~ 
1--__ --+II-'R"'c5~ I ICWLi ~ 'C",-- ~ : ~:~:: 

Iwp- I Iwp- I _ r--'wp 
1--____ -+-7'A"'WD"'-__ ~ tAWD t AWD 

teWD tC'NO teWD 

~:~ =/$$;///;////$1 
~ 'AA ~:--

'RAC dl :D~=-f.:- 'CPA I :~~=-f.:- 'CPA I '05- f.:- - 'DH 
'CAC :'5 ICACll- I- ICACll- I-
telz t tClZ~ L tCLZ~ I.....,. 

~',OOHL ::--------- OPEN ----------j~~~lI~DI{JD~' }-------m~o~LI~'~T~'f5v~D~C'N~"' }-------m~~~LlU~I~T>e'~~'N~' ~~ OPEN----
~ ....Qlil, ---JlL ~ r--='"' t-=- - I'-"""" ~ 

~:~ _.--------\''--_-_-_-_-_-_-_-_-_-_-_-_-_-_'-O~E_l~_-_'J,--_'I_O_D _____ '_O_ED_I-__ 'I_O_D _____ '_DE_D_I-__ '_O_D __________ _ 

~ DON'T CARE 

~ UNDEFINED 
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RAS VIH -
VIL -

!:AS' VIH -
VIL -

ADDR 

DIO 
VIOH-
VIOL 

RAS VIH -
VIL -

!:AS' VIH -==i 
Vll -

DIO 
VIOH-
VIOL 

RAS VIH -
VIL -

!:AS' VIH -
VIL -

ADDR VIH -
VIL -

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

tCRP 

tASR 

tCSR 

tRC 

tRAS tRP 

tRAH 

ROW 

OPEN 

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

~ 
tRAS 

~ 
tCHR ) 

OPEN 

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

(READ) 

tRAS 
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tRP 

(REFRESH) 

tRAS 

\ 

ROW 

~ DON'T CARE 

~ UNDEFINED 
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ORDER INFORMATION 

256K x 4, 120ns in Plastic DJ 

1..-__ ~ ..... IPACKAIEllJED I 
MT4C4256 OJ -10 

The Micron 1 MEG DRAM family is manufactured and 
quality controlled in Micron's modern Boise, Idaho USA 
facility using its low power, high performance CMOS 
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silicon gate process. They are functionally equivalent to 
other manufacture's products meeting JEDEC standards. 
Several parameters are sampled; however, fuctionality is 
consistently assured over a wider power supply, tempera
ture and refresh range than specified. Each unit receives 
accelerated burn-in and several hours of AMBYXTM system 
level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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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 MARKING 
• Timing 

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

• Organization 
256K x 4 MT4C4258 

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

GENERAL DESCRIPTION 
The MT4C4258 is a 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 ~ on WE dictates READ 
mode while a logic low on WE dictates WRITE mode. 
During a WRITE cycle data in (DIN) 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), DouT 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.Es using common 1/ 0 and pin direction 
is controlled by WE and OE. 
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256Kx4DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 
MT4C4258 
20 Pin DIP 

DOt Vss 
002 004 
WE 003 

RAS CAS 
"TF OE 

PO, AD N3 
At A7 CD 
A2 AS 
A3 

Vee 

MT4C4258 

001 
002 
WE 

RAS 
"TF 

NJ 
AI 
A2 
A3 

Vee 

20 Pin SOJ 
1 26 

( 2 25 P 
( 3 24 ~ 
( 4 23 ~ 
( 5 22 P 

( 9 18 
( 10 17 
[ 11 16 
[ 12 15 
[ 13 14 

\Iss 
OQ4 
003 
CAS 
OE 

AS 
A7 
AS 
AS 
A4 

DJA 

MT4C4258 
20 Pin ZIP 

OE [::]1 
2[::] 

003 C:~3 
4[::J 

\Iss [::]5 
6U 

002 [::17 
8U 

RAS [::]9 
10[::~ 

NJ [::]11 
12C] 

A2 C113 14[::1 
Vee [::J15 16C] 

AS [::J17 18[::J 
A7 [:]19 20[::J 

ZB 

CAS 
D04 

001 

WE 
TF" 

AI 

A3 

A4 

AS 

AS 

'TF = Test Function, ground of leave as a no-connect for normal device 
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 allows 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. 
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WRITE 0------01--.... 

FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

C~ r---------------r-----i~----~1L~~~~· 

RAS o-------i 

MEMORY 
ARRAY 

L-____ ~------------------~ 

FUNCTIONAL TRUTH TABLE 

Addresses 

Function ~ ~ WE" M TF tR te 
Standby H H H H GNDINC X X High Impedance 

READ L L H L GNDINC ROW COL Data Out 

WRITE L L L H GND/NC ROW COL Data In 
(EARLY-WRITE) 

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

STATIC COLUMN L L H L GND/NC ROW COL--COL Valid Data Out, 
READ Valid Data Out 

STATIC COLUMN L L L H GNDINC ROW COL --COL Valid Data In, 
WRITE Valid Data In 

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

RASONLY L H H H GNDINC ROW nfa High Impedance 
REFRESH 

HIDDEN L --H--L L H H GND/NC ROW COL Valid Data Out 
REFRESH 

CAS-BEFORE- H--L L H H GNDINC X X High Impedance 
RAS REFRESH 

TEST L L H H H ROW COL Data Out, 
FUNCTION Test Funtion Mode 
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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 

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

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: STATIC COLUMN 
(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 

'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 

Icc1 50 mA 3,4 

Icc2 50 mA 3,4 

Icc3 2 mA 

Icc4 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) 

REFRESH CURRENT: CAS-before-RAS 
(RAS and CAS = Cycling) 

INPUT LEAKAGE CURRENT 
(any input (OV ~ VIN ~ Vcc), 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV ~ VOUT ~ Vcc) 

OUTPUT LEVELS 
Output High voltage (lOUT = -SmA) 

Output Low voltage (lOUT = SmA) 

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 
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Icc5 

Icc6 

II 

loz 

VOH 

VOL 

SYMBOL 

Vcc 

VIH 

VIL 

35 mA 3 

35 mA 3,5 

-10 10 ~A 

-10 10 ~A 

2.4 V 1 

0.4 V 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vcc+1 V 1 

-1.0 0.8 V 1 
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CAPACITANCE. 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-A9), DIN Cit 5 pF 2 

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

Output Capacitance Dour 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 ·10 -12 -15 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE ~cle time tRc 190 220 260 ns 

READ-MODIFY-WRITE cycle time tRWC 220 255 295 ns 

Access time from RAS tRAC 100 120 150 ns 14 
Access time from CAS tCAC 25 30 45 ns 15 
Output Enable tOE 25 25 30 ns 

Access time from column address tAA 50 60 70 ns 

Access time from CAS precharge tCPA 50 65 75 ns 

RAS" pulse width tRAS 100 10,000 120 10,000 150 10,000 ns 

RAS" hold time tRSH 25 30 45 ns 

RAS" precharge time tRP 80 90 100 ns 

CAS QUlse width tCAS 25 10,000 30 10,000 45 10,000 ns 

CAS hold time tCSH 100 120 150 ns 

CAS precharae time tCPN 15 20 25 ns 16 
RAS to CAS delay time tRCD 10 75 15 90 15 105 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 10 15 15 ns 

RAS to column tRAD 10 50 15 60 15 70 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 80 ns 
(referenced to RAS) 

Column address to tRAL 50 60 70 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 5 5 5 ns 

Output buffer turn-off delav tOFF 0 25 0 25 0 30 ns 20 
Output Disable too 25 25 30 ns 

WE command set·up time twcs 0 0 0 ns 21 
Write command hold time tWCH 20 25 30 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (ODe :s; T A :s; +70DC, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Write command hold time tWCR 70 80 90 ns 
(referenced to RAS) 

Write command pulse width twp 20 25 30 ns 

Write command to RAS lead time tRWL 25 30 35 ns 

Write command to CAS lead time tCWL 25 30 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 DHR 70 80 90 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 120 150 185 ns 21 

Column address tAWD 80 100 120 ns 21 
to WE delay time 

CAS to WE delav time tCWD 65 80 95 ns 21 

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

Refresh Period (512 cvcles) 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 20 25 30 ns 5 
(CAS-before-RAS refresh) 

STATIC COLUMN MODE tsc 55 65 75 ns 
cycle time 

RAS pulse width (STATIC COLUMN) tRASC 100 100,000 120 100,000 150 100,000 ns 

CAS precharge time (STATIC COLUMN tcp 10 15 20 ns 

STATIC COLUMN READ-MODIFY- tSRMW 135 160 185 ns 
WRITE cycle time 

Last write to column address tLWAD 25 45 30 55 45 70 ns 
delay time 

Last write to column address tAHLW 95 115 135 ns 
hold time 

RAS hold time referenced to OE tROH 20 20 20 ns 

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

Output data enable from write tow 30 35 40 ns 

OE to data delay tOED 25 30 35 ns 

OE command hold time tOEH 25 25 30 ns 

Access time from last write tALW 95 115 140 ns 
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NOTES 
l. 
2. 

3. 
4. 

5. 
6. 

7. 

All voltages referenced to Vss. 
This parameter is sampled. Capacitance is calculated 
from the equation C = 1M with tl V = 3V and Vee = 
5V. tlV 
Ice is dependent on cycle rates. 
Iec is dependent on output loading. Specified values 
are obtained 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 s T A S 70°C) is assured. 
An initial pause of IOOlls 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 = 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, DOUT 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 {,'oint only; if tRCD is greater than the 
specified RCD (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 {,'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 ot VOL. 

21. twcs, tRWD, tAWDand tCWDarerestrictive 
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 throughout 
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 DouT goes open. If OE is tied permanently 
Iowa 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 

tCSH 

ROW 

0,0 0:g~ =:--------OPEN--------:~~~~~1---0PEN---

V,H _-----r--------------., 
VJL -

EARLY-WRITE CYCLE 

tCSH 

tCRP 

ADDR ~:~ =-=Wf"L-__ R_O,W __ -1 ROW 

V,H .--------------- HIGH ---------------

V,L - ~ DON'T CARE 

~ UNDEFINED 
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ADOR ~:~ 

RAS 

.oOR 

CAS 

WE 

DE 

DID 

-
-

tCRP 

=~ 

-~ 

READ-WRITE CYCLE 
READ-MODIFY-WRITE CYCLE 

RWC 
tRAS 

tCSH 

tRSH 

tReD teAs 

tAR 1 
tRAD I I tRAL 

~ c==i ~ 

'RP 

V' 

I 
:W!b( ROW r&!L) COLUMN Y/////////////////////////////////////////////X ROW 

I I 'RWO 

~ tRes 'cwo 'RWC 

J 'AWO 'WP 

U -:!fIII!IIIIIII 
'AA 

I tRAC 

z~ tCLZ L ~~ - OPEN VAlID DOUT K VALID DIN - r ~ 
- \ ! 

STATIC COLUMN READ CYCLE 

V,H -V,L 

V,H -
V,L 

V,H -V,L 

V,H -V,L 

V,H 
V,L 
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ADOR 

1/01-1104 

RAS 

ADOR V,H 
V,L 

CAS 

WE 

DE 

010 

VIH _ 
V,L 

STATIC COLUMN EARLY-WRITE CYCLE 

VIOH -

V,OL - ======='"f---""" 

STATIC COLUMN READ-WRITE CYCLE 

COLUMN ADDRESS COLUMN ADDRESS 

~ 
tRAL 

tRWL 1-
tRCD 'CWO 

tAWD tAwe tCWL 
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~ DON'T CARE 

~ UNDEFINED 
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= VIH -
VIL -

= VIH -
VIL -

ADDR 

010 
VIOH-
VIOL 

= VIH 
VIL -

= VIH -==1 
VIL -

010 
V1OH-
VIOL 

= VIH -
VIL -

= VIH -
VIL -

ADDR 

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

tRC 

tRAS tRP 

tCRP 

tASR tRAH 

ROW 

OPEN 

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

~ 
tRAS 

~ 
tRP 

tCSR 
tCHR ) 

OPEN 

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

(READ) (REFRESH) 
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ROW 

~ DON'r CARE 

~ UNDEFINED 
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ORDER INFORMATION 

256K x 4, 120ns in Plastic DJ 

The Micron 1 MEG DRAM family is manufactured and 
quality controlled in Micron's modern Boise, Idaho USA 
facility using its low power, high performance CMOS 
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.. 
silicon gate process. They are functionally equivalent to C 
other manufacture's products meeting JEDEC standards. 
Several parameters are sampled; however, fuctionality is JJ 
consistently assured over a wider power supply, tempera- l> 
ture and refresh range than specified. Each unit receives 
accelerated burn-in and several hours of AMBYXTM system s: 
level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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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 8ms __ 
• Refresh modes: RAS only, CAS before RAS, and 

Hidden 
• Optional Fast Page Mode access cycle 

OPTIONS MARKING 
• Timing 

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

• Organization 
1MEGx1 MT4C1024 

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

GENERAL DESCRIPTION 
TheMT4C1024 is a 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 2D 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 ~ on WE dictates 
READ mode while a logic low on WE dictates WRITE 
mode. During a WRITE cycle data in (DIN) 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 af
ter data reaches the output pin(s), DouT 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 
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1MEG x 1 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 
MT4C1024 
18 Pin DIP 

Din 
WE 

RAS 
"TF 

AD 

MT4C1024 

Din 
WE 

RAS 
"TF 

NC 

20 Pin SOJ 
1 26 

[ 2 25 
[ 3 24 
[ 4 23 
[ 5 22 

( 9 18 
( 10 17 
( 11 16 

Vss 
Dou! 
CAS 
A9" 
AB 
A7 

AS 
AS 
A4 

Vss 
Dou! 
CAS 
NC 
AS" 

AS 
A7 
AS 

NJ 
A1 
A2 
A3 

Vee 
12 

[ 13 
15 t' 
14 P 

AS 
A4 

PC, 
CC 

DJA 

• Address no! used for tlAS only refresh 

MT4C1024 
20 Pin ZIP 

"AS [:::1 
2n 

Oaul n3 4r::J 
Din U5 

6n 
RAS U7 

8n 
NC U9 

10C:~ 
NJ r--'11 

'---' 12r::1 
A2 CH3 

14[::] 
Vee "--'15 

L __ ' 16[::] 
AS '--'17 1.._-, 18[::] 
A7 [::]19 20C] 

ZB 

CAS 

\'ss 

WE 
TF" 

NC 

A1 

A3 

A4 

AS 

AS 

""TF = Test Function. ground of leave as a no-connect for normal device 
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 -A8) are executed at least every 8ms, regardless 
of sequence. 

PAGE MODE operations allows faster data operations 
(READ, WRITE or READ-MODIFY-WRITE) within a row 
address(AD-A9)definedpageboundary.ThePAGEMODE 
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. 
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WRITE o-----.q----.,. 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

CAS r--------------~-----t~---~-=:~~ 

10 

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

FUNCTIONAL TRUTH TABLE 

Addresses 

Function ~ ~ WE" TF tR tC 

Standby H H H GNOlNe X X 

READ L L H GNOlNe ROW COL 

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

READ-WRITE L L H ..... L ..... H GNOlNe ROW COL 

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

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

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

RAS ONLV L H H GNOlNe ROW n/a 
REFRESH 

HIDDEN L ..... H ..... L L H GNOINe ROW COL 
REFRESH 

CAS-BEFORE- H ..... L L H GNOlNe X X 
RAS REFRESH 

TEST L L H H ROW COL 
FUNCTION 
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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 

Data Out, 
Test Funtion Mode 

DOUT 

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

DC ELECTRICAL CHARACTERISTICS 
(Notes: 1, 3, 4, 6, 7) (O°C s T A S 70°C = 5.0V ± 10%) 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: FAST 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 

'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 

Icc1 50 mA 3,4 

Icc2 50 mA 3,4 

Icc3 2 mA 

Icc4 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) 

REFRESH CURRENT: CAS-before-RAS 
(RAS and CAS = Cycling) 

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

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV S VOUT S Vcc) 

OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) 

Output Low voltage (lOUT = 5mA) 

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

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 
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Icc5 

Icc6 

Ii 

loz 

VOH 

VOL 

SYMBOL 

Vcc 

VIH 

VIL 

35 mA 3 

35 mA 3,5 

-10 10 ~A 

-10 10 ~A 

2.4 V 1 

0.4 V 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vcc+1 V 1 

-1.0 0.8 V 1 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-Ag), DIN CI1 5 pF 2 

Input Capacitance RAS, CAS, WE CI2 7 pF 2 

Output Capacitance DouT Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (ODC :s; TA :s; +70DC, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cycle time tRc 190 220 260 ns 

READ-MODIFY-WRITE cycle time tRwc 220 255 295 ns 

PAGE-MODE READ or WRITE tpc 55 70 85 ns 
cycle time 

Access time from RAS tRAC 100 120 150 ns 14 
Access time from "CAS tCAC 25 30 45 ns 15 
Access time from column address tAA 50 60 70 ns 

Access time from CAS precharge tCPA 50 65 75 ns 

RAS pulse width tRAS 100 10,000 120 10.000 150 10,000 ns 

RAS pulse width (PAGE MODE) tRASP 100 100,000 120 100,000 150 100,000 ns 

RAS hold time tRSH 25 30 45 ns 

RAS precharge time tRP 80 90 100 ns 

"CAS pulse width tCAS 25 10,000 30 10,000 45 10.000 ns 

"CAS hold time tCSH 100 120 150 ns 

CAS preeharge time tCPN 15 20 25 ns 16 
"CAS preeharge time (PAGE MODE) tcp 10 15 20 ns 

RAS to "CAS delay time tRCD 10 75 15 90 15 105 ns 17 
"CAS to RAS prechame time tCRP 10 10 10 ns 

Row address set-up time tASR a a a ns 

Row address hold time tRAH 10 15 15 ns 

RAS to column tRAD 10 50 15 60 15 70 ns 18 
address delay time 

Column address set-up time tASC a a 0 ns 

Column address hold time tCAH 15 20 25 ns 

Column address hold time tAR 60 70 80 ns 
(referenced to RAS) 

Column address to tRAl 50 60 70 ns 
RAS lead time 

Read command set-up time tRCS a 0 a ns 

Read command hold time tRCH a a a ns 19 
(referenced to "CAS) 
Read command hold time tRRH a a a ns 19 
(referenced to RAS) 

CAS to output in low-Z tCll 5 5 5 ns 

Output buffer turn-off delay tOFF a 25 a 25 a 30 ns 20 
Wt command set-up time twcs 0 a a ns 21 
Write command hold time tWCH 20 25 30 ns 
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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 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time tWCR 70 80 90 ns 
(referenced to RAS) 

Write command pulse width twp 20 25 30 ns 

Write command to RAS lead time tRWL 25 30 35 ns 

Write command to CAS lead time tCWL 25 30 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 70 80 90 ns 
(referenced to RAS) 

RAS to WE: delay time tRWD 90 110 135 ns 21 

Column address tAWD 50 60 70 ns 21 
to WE delay time 

CAS to WE: delay time tCWD 25 30 45 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 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 25 30 ns 5 
(CAS-before·RAS refresh) 
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NOTES 
1. 
2. 

3. 
4. 

S. 
6. 

7. 

All voltages referenced to Vss. 
This parameter is sampled. Capacitance is calculated 
from the equation C = LM with!:J.V = 3V and Vee = 
SV. !:J.V 
Ice is dependent on cycle rates. 
Ice is dependent on output loading. Specified values 
are obtained 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 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 = 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. 

IS. Assumes that tRCD ~ tRCD (max). 
16. If CAS is low at the falling edge of RAS, DOUT will 
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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. tRCD (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 tCAe. 

18. Operation within the lRAD (max) limit ensures that 
IRCD (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 IAA. 

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 ot VOL. 

21. IWCS, IRWD, tAWDand ICWDarerestrictive 
operating parameters in late WRITE, 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. IftRWD ~ IRWD (min), tAWD ~ 
IAWD (min) and tCWD ~ ICWD (min) the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected celL If neither of the above 
conditions are met the 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 IRP 

~ 
VIH -
VIL -

tCSH 

IRSH IRRH 

ICRP tRCD teAs 

"CAS VIH -
VIL -

tAR 

tRAD 

tASR tRAH 

ADDR 
VIH -

ROW ROW 
VIL -

VIH -wr VIL -

Dour ~~ -:--------- OPEN --------~~K~V~AL~ID~D~A~rA~~---OPEN----

Dour ~~~ =:'----------------Of'EN--------------
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~ DON'T CARE 

~ UNDEFINED 

-C 
::tJ 
l> 
s: 



-C 
::IJ » s: 

I'IIIC:RCN MT4C1024 

ADDR 

tCRP 

ADDR 

READ-WRITE CYCLE 
READ-MODIFY -WRITE CYCLE 

tCSH 

tCAS 

DOUT ~g~----------------------OPEN-----------------E8282~====~V~A~LlD~D~A~TA~=====> 

VIH _~----lLl 
VIL -

PAGE-MODE READ CYCLE 
tRASP 

tCSH 

Dour ~g~ :'------ OPEN ------~/ 
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ADDR 

DDUT 

PAGE-MODE EARLY-WRITE CYCLE 

RA5 V'H 
VIL -

= V'H -
VIL -

ADOR 
VIH -
VIL -

we: 

DOUT ~g~ ---------------------OPEN--------------------

PAGE-MODE READ-WRITE CYCLE 

V,H _:----~l 
V,L -

V,H _:-...y----tt-------y--""""\ 
V,L -

tpc 
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~ DON'T CARE 

~ UNDEFINED 
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I'IIIC:RON MT4C1024 

lUiS VIH -
VIL -

l:J'S VIH -
VIL -

ADDR 

Dour 
VOH -
VOL -

lUiS VIH -
V1L -

l:J'S VIH -==---i 
VIL -

Dour 
VOH -
VOL -

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

tCRP 

tASR 

tCSR 

tRC 

tRAS tRP 

tRAH 

ROW 

OPEN 

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

~ 
tRAS 

~ 
tCHR 

) 
OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) 
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tRP 

(REFRESH) 

\ 

ROW 

~ DON'T CARE 

~ UNDEFINED 
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ORDER INFORMA nON 

1 MEG x 1, 100ns in Plastic SOJ 

'--__ -.-.... 1 PACKAiE ~JED I 
MT4C1024 OJ -10 

The Micron 1 MEG DRAM family is manufactured and 
quality controlled in Micron's modern Boise, Idaho USA 
facility using its low power, high performance CMOS 
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silicon gate process. They are functionally equivalent to 
other manufacture's products meeting JEDEC standards. 
Several parameters are sampled; however, fuctionality is 
consistently assured over a wider power supply, tempera
ture and refresh range than specified. Each unit receives 
accelerated burn-in and several hours of AMBYXTM system 
level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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DRAM 

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

packages. 
• High performance CMOS silicon gate process. 
• Single +5V±100/0 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 Nibble Mode access cycle 

OPTIONS MARKING 
• Timing 

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

• Organization 
IMEGx1 MT4C1025 

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

GENERAL DESCRIPTION 
The MT4CI 025 is a 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 mode while a logic low on WE dictates WRITE 
mode. During a WRITE cycle data in (DIN) 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), DouT 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 
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1MEG x 1 DRAM 
NIBBLE MODE 

PIN ASSIGNMENT (Top View) 

··TF 

/IIJ 
A1 
A2 
A:3 

MT4C1025 
18 Pin DIP 

MT4C1025 
20 Pin SOJ 

Vss 
Dout 
CAS 
A9* 
AS 
A7 
AS 
AS 
A4 

Din [J-L----""'{i Vss 
WE 

RAS 
··TF 

NC 

Dou! 
CAS 
NC 
/>S. 

NJ 
A7 
NJ 
AS 
A4 

PC, 
CC 

DJA 

• Address not used for "RAS only refresh 

MT4C1025 
20 Pin ZIP 

ZB 

··TF = Test Function. ground of leave as a no·connect for normal device 
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 (AO -A8) are executed at least every 8ms, regardless 
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). 

CAg RAg r (0.0) --+ (0,1) - (1,0) --+ (1,1) J 
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WRITE 0------<>1 _____ 

FUNCTIONAL BLOCK DIAGRAM 
NIBBLE MODE 

CAS ~----------------~~ 
r---r--+L~~~ 

TFo---Ti~~~~~-r-----------~--~~~~~ 
10 

MEMORY 
ARRAY 

RAS o------l 
~~~~~--------------~ 

+------0 Vee 

+------0 Vss 

FUNCTIONAL TRUTH TABLE 

Addresses 

Function RAS" "CAS" WE" TF tR te NOTES 

Standby H H H GNOINe X X High Impedance 

READ L L H GNOINe ROW COL Data Out 

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

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

NIBBLE L H~L~H H GNOINe ROW COL Valid Data Out, 
READ Valid Data Out 

NIBBLE L H~L~H L GNOINe ROW COL Valid Data In, 
WRITE Valid Data In 

NIBBLE L H~L~H H~L~H GNOINe ROW COL Valid Data Out, 
READ-WRITE Valid Data In 

RAS ONLY L H H GNOINe ROW nfa High Impedance 
REFRESH 

HIDDEN L~H~L L H GNOINe ROW COL Valid Data Out 
REFRESH 

CAS-BE FORE- H~L L H GNOINe X X High Impedance 
RAS REFRESH 

TEST L L H H ROW COL Data Out, 
FUNCTION Test Funtion Mode 
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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 

DC ELECTRICAL CHARACTERISTICS 
(Notes: 1, 3, 4, 6, 7) (DOC ~ T A ~ 70°C = 5.0V ± 10%) 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: NIBBLE 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 

*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 

Icc1 50 mA 3, 4 

Icc2 50 mA 3,4 

Icc3 4 mA 

Icc4 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) 

REFRESH CURRENT: CAS-before-RAS 
(RAS and CAS = Cycling) 

INPUT LEAKAGE CURRENT 
(any input (OV ~ VIN ~ VCC), 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV ~ VOUT ~ Vcc) 

OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) 

Output Low voltage (lOUT = 5mA) 

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) \toltage, All Inputs 
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Iccs 

Icc6 

Ii 

loz 

VOH 

VOL 

SYMBOL 

Vcc 

VIH 

VIL 

35 mA 3 

35 mA 3,5 

-10 10 IlA 

-10 10 !lA 

2.4 V 1 

0.4 V 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vcc+1 V 1 

-1.0 0.8 V 1 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-A9), DIN CI1 5 pF 2 

Input Capacitance RAS, CAS, WE CI2 7 pF 2 

Output Capacitance DouT 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 -10 -12 -15 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cycle time tRC 190 220 260 ns 

READ-MODIFY-WRITE cycle time tRWC 220 255 295 ns 

Access time from RAS' tRAC 100 120 150 ns 14 
Access time from CAS tCAC 25 30 45 ns 15 
Access time from column address tAA 50 60 70 ns 

Access time from CAS precharge tCPA 50 65 75 ns 

RAS pulse width tRAS 100 10,000 120 10,000 150 10,000 ns 

RAS hold time tRSH 25 30 45 ns 

RAS precharge time tRP 80 90 100 ns 

CAS pulse width tCAS 25 10,000 30 10,000 45 10,000 ns 

CAS hold time tCSH 100 120 150 ns 

CAS precharae time tCPN 15 20 25 ns 16 
RAS to CAS delay time tRCD 10 75 15 90 15 105 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 10 15 15 ns 

RAS to column tRAD 10 50 15 60 15 70 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 80 ns 
(referenced to RAS) 

Column address to tRAL 50 60 70 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 5 5 5 ns 

Output buffer turn-off delav tOFF 0 25 0 25 0 30 ns 20 
WE command set-up time twcs 0 0 0 ns 21 
Write command hold time tWCH 20 25 30 ns 

Write command hold time tWCR 70 80 90 ns 
(referenced to RAS) 

Write command pulse width twp 20 25 30 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 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Write command to RAS lead time IRWL 25 30 35 ns 

Write command to CAS lead time ICWL 25 30 35 ns 
Data-in set-up time 'DS 0 0 0 ns 22 

Data-in hold time 'DH 15 20 25 ns 22 

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

RAS to WE delay time 'RWD 90 110 135 ns 21 

Column address 'AWD 50 60 70 ns 21 
to WE delay time 

CAS to WE delay time ICWD 35 40 45 ns 21 

Transition time (rise or fall) 'T 3 50 3 50 3 50 ns 9, 10 

Refresh Period (512 cycles) 'REF 8 8 8 ms 

RAS to CAS Precharge time 'RPC 0 0 0 ns 
CAS set-up time 'CSR 10 10 10 ns 5 
(CAS-before-RAS relresh) 

CAS hold time 'CHR 20 25 30 ns 5 
(CAS-belore-RAS refresh) 

RAS pulse width (NIBBLE MODE) 'RASN 100 100,000 120 100,000 150 100,000 ns 
CAS precharge time (NIBBLE MODE 'NCP 10 15 20 ns 

NIBBLE MODE cycle time 'NC 35 40 45 ns 
NIBBLE MODE READ-MODIFY- 'NRWC 55 65 75 ns 
WRITE cycle time 

NIBBLE MODE access time 'NCAC 15 20 25 ns 15 

NIBBLE MODE pulse width 'NCAS 15 20 25 ns 
NIBBLE MODE CAS precharge time 'NCP 10 10 10 ns 

NIBBLE MODE RAS hold time INRSH 15 20 25 ns 

NIBBLE MODE CAS to WRITE 'NCWD 15 20 25 ns 
delay time 

NIBBLE MODE WRITE command 'NRWL 15 20 25 ns 
to RAS lead time 

NIBBLE MODE WRITE command 'NCWL 15 20 25 ns 
to CAS lead time 
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NOTES 
l. 
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 = 
5V. ~V 

Ice is dependent on cycle rates. 
Ice is dependent on output loading. Specified values 
are obtained 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 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, 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, DO!.!T will 
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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 l,'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 tRAD (max) limit ensures that 
tRCD (max) can be met. tRAD (max) is specified as a 
reference l,'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 ot VOL. 

21. twcs, tRWD, tAWDand tCWDarerestrictive 
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 throughout 
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. 
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RAS 

"CAS 

ADDR 

WE 

DOUT 

READ CYCLE 
IRC 

IRAS tRP 

VIH -
VIL -

tCSH 

tRSH tRRH 

tCRP tRCD teAs 

VIH -
VIL -

tRAD 

tASR tRAH 

VIH - ROW ROW 
VIL -

torr 

VOH - OPEN VALID DATA OPEN VOL 

DOUl ~~-·--------------OPEN--------------

1-75 

~ DON'T CARE 
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VIH _-------..1 
VIL -

READ-WRITE CYCLE 
READ-MODIFY-WRITE CYCLE 

tCSH 

tCAS 

ROW 

VIH _:TT77T7TTTTTTrm'777TnTTTTTTrm'7777T7TTTmrm'7777T7n7TTTrm'777\r---:--:--i. rTTrTn7n7T7TTTTTTrm'7777TTTTTTT77 

VIL -1..L.i.I..LI.===i.LLLfL-===i.LLLi.L=r-u=Li.LLi.LUf'""f.i..LL/../.ll'------.... "-I..LL.I..I..L<';'-'-'-==='-'-'-'==='-'-

00UT ~~-~------------OPEN--------~~~{---~V~AL~IO~O~A;TA~--_} OPEN--

RAS 
VIH-
VIL-

CAS 

ADDA V,H 
Vil 

WE V,H 
Vil 

Dour ~gt 

DE 

NIBBLE MODE READ CYCLE 
IRASN 

'CRP 
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NIBBLE MODE EARLY-WRITE CYCLE 
tRASN 

IAR 

RAS ~lr:---------H~---------------------T---------------------------------------------------1 

ADOR 

AAS 
VIH_ 
VIL_ 

CAS 

AO~A9 

WRITE 

DIN V,H 
Vll-

DOUT VOH-
VOl -

'CSH 

NIBBLE MODE READ-WRITE CYCLE 
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~ DON'T CARE 

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

tCRP 

tASR tRAH 

ADDR ROW ROW 

Dour ~~-:---------------OPEN---------------

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

~ tRAS 1l,-----tR_P J, __ 
RA!; ~:~: Y '------

tCSR tCHR ) ___ _ 

= VIH _ t 
V1L -_==:J_---''----_____ -'---_____________________ _ 

Dour ~g~ -'----------------OPEN---------------

RA!; VIH -
V1L -

= VIH -
VIL -

ADDR VIH -
VIL -

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

Dour ~g~ --------OPEN------~~t====V~A~LlD~DA~rA~===:=J OPEN-
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ORDER INFORMATION 

1 MEG x 1, 100ns in Plastic SOJ 

""'---__ ....,-..... 1 PACKr ~:r 1 

MT4C1025 OJ -10 

The Micron 1 MEG DRAM family is manufactured and 
quality controlled in Micron's modern Boise, Idaho USA 
facility using its low power, high performance CMOS 
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silicon gate process. They are functionally equivalent to 
other manufacture's products meeting JEDEC standards. 
Several parameters are sampled; however, fuctionality is 
consistently assured over a wider power supply, tempera
ture and refresh range than specified. Each unit receives 
accelerated burn-in and several hours of AMBYXTM system 
level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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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 

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

• Organization 
1 MEG x 1 MT4C1026 

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

GENERAL DESCRIPTION 
The MT 4Cl 026 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 (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 (DIN) 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), Dour 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 
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1MEG x 1 DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

Din 
WE 

RAS 
··TF 

AI) 

Al 

A2 
A3 

Vec 

Din 
WE 

RAS 
··TF 

NC 

lice 

MT4C1026 
18 Pin DIP 

3 

MT4C1026 
20 Pin SOJ 

Vss 
Dout 
CAS 
AS-
AS PC, 
A7 CC 
A6 
AS 
A4 

'Iss 
00tJ1 
CAS 
NC 
AB' 

DJA 

"Address nol used for ro;;s only refresh 

MT4C1026 
20 Pin ZIP 

ZB 

""TF = Test Function. ground of leave as a no·connect for normal device 
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, CA5-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. 

STATIC COLUMN operations allows faster data 
operations (READ, WRITE or READ-MODIFY-WRlTE) 
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. 
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FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

10 

RAS o------l 
L-____ ~------------------~ 

FUNCTIONAL TRUTH TABLE 

Addresses 

Function "RAS" "CAS" WE TF tR tC 

Standby H H H GNOINC X X 

READ L L H GNOINC ROW COL 

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

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

STATIC COLUMN L L H GNOINC ROW COL -+COL 
READ 

STATIC COLUMN L L L GNOINC ROW COL -+COL 
WRITE 

STATIC COLUMN L L H-+L-+H GNOINC ROW COL -+COL 
READ-WRITE 

RAS ONLV L H H GNOINC ROW nfa 
REFRESH 

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

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

TEST L L H H ROW COL 
FUNCTION 
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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 

Data Out, 
Test Funtion Mode 

Dour 

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

DC ELECTRICAL CHARACTERISTICS 
(Notes: 1, 3, 4, 6, 7) (DOC ~ T A ~ 70°C = 5.0V ± 10%) 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRe = tRe(MIN)) 

OPERATING CURRENT: STATIC COLUMN 
(RAS = VIL, CAS = VIL, Addr. = Cycling, tpe = tpe(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 = Vee -0.2V 

'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 

ICCl 50 mA 3,4 

Icc2 50 mA 3,4 

Icc3 2 mA 

Icc4 1 mA 

after 8 RAS cycles min. All other inputs at Vce-0.2V or Vss + 0.2V) 

REFRESH CURRENT: RAS ONLY 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-before-RAS 
(RAS and CAS = Cycling) 

INPUT LEAKAGE CURRENT 
(any input (OV ~ VIN ~ Vee), 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV ~ VOUT ~ Vee) 

OUTPUT LEVELS 
Output High voltage (lOUT = -SmA) 

Output Low voltage (lOUT = SmA) 

RECOMMENDED DC OPERATING CONDITIONS 
(DOC ~ T A ~ 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 
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Iccs 

Icc6 

II 

loz 

VOH 

VOL 

SYMBOL 

Vce 

VIH 

VIL 

35 mA 3 

35 mA 3,5 

-10 10 ~A 

-10 10 ~A 

2.4 V 1 

0.4 V 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vec+1 V 1 

-1.0 0.8 V 1 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-A9), DIN Cll 5 pF 2 

Input Capacitance RAS, CAS, WE CI2 7 pF 2 

Output Capacitance DouT 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 -10 -12 -15 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cycle time tRC 190 220 260 ns 

READ-MODIFY-WRITE cycle time tRWC 220 255 295 ns 

Access time from RAS tRAC 100 120 150 ns 14 
Access time from CAS tCAC 25 30 45 ns 15 
Access time from column address tAA 50 60 70 ns 

Access time from CAS precharae tCPA 50 65 75 ns 

RAS pulse width tRAS 100 10,000 120 10,000 150 10,000 ns 

RAS hold time tRSH 25 30 45 ns 

RAS precharge time tRP 80 90 100 ns 

CAS pulse width tCAS 25 10,000 30 10,000 45 10,000 ns 

CAS hold time tCSH 100 120 150 ns 

CAS precharge time tCPN 15 20 25 ns 16 
RAS to CAS delay time tRCD 10 75 15 90 15 105 ns 17 
CAS to RAS· precharge time tCRP 10 10 10 ns 

Row address set-up time tASR 0 0 a ns 

Row address hold time tRAH 10 15 15 ns 

RAS to column tRAD 10 50 15 60 15 70 ns 18 
address delay time 

Column address set-up time tASC 0 0 a ns 

Column address hold time tCAH 15 20 25 ns 

Column address hold time tAR 60 70 80 ns 
(referenced to RAS) 

Column address to tRAL 50 60 70 ns 
RAS lead time 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time tRCH 0 a 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 5 5 5 ns 

Output buffer turn-off delav tOFF 0 25 a 25 0 30 ns 20 
WE command set-up time twcs 0 a a ns 21 
Write command hold time tWCH 20 25 30 ns 

Write command hold time tWCR 70 80 90 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 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command QUlse width twp 20 25 30 ns 

Write command to RAS lead time IRWL 25 30 35 ns 

Write command to CAS lead time tCWL 25 30 35 ns 

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

Data-in hold time IDH 15 20 25 ns 22 

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

RAS to WE delay time IRWD 90 110 135 ns 21 

Column address IAWD 50 60 70 ns 21 
to WE delay time 

CAS to WE delay time ICWD 25 30 45 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 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 25 30 ns 5 
(CAS-before-RAS refresh) 

RAS pulse width (STATIC COLUMN) IRASC 100 100,000 120 100,000 150 100,000 ns 

CAS precharqe time (STATIC COLUMN tcp 10 15 20 ns 

STATIC COLUMN MODE tsc 55 65 75 ns 
cycle time 

STATIC COLUMN READ-MODIFY- tSRMW 135 160 185 ns 
WRITE cycle time 

Last Write to column address tLWAD 25 45 30 55 45 70 ns 
delay time 

Last Write to column address IAHLW 95 115 135 ns 
hold time 

RAS hold time referenced to OE tROH 20 20 20 ns 

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

Output data enable from Write lOW - 25 - 25 - 25 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 = 1M with I'1V = 3V and Vee = 
5V. I'1V 
Icc is dependent on cycle rates. 
Icc is dependent on output loading. Specified values 
are obtained 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 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 = VlH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 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, DOUT will 
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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 l:.0int only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by ICAe. 

IS. Operation within the lRAD (max) limit ensures that 
IRCD (max) can be met. IRAD (max) is specified as a 
reference l:.0int only; if lRAO 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 ot VOL. 

21. IWCS, IRWD, IAWOand 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 throughout 
the entire cycle. If IRWD;::: IRWD (min), IAWD;::: 
I AWD (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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= 

= 

ADDR 

WE: 

Dour 

READ CYCLE 
tRC 

tRAS tRP 

VIH -
V1L -

tCSH 

tRSH tRRH 

tCRP tRCD teAs 

VIH -
V1L -

tRAD 

tASR tRAH 

VIH - ROW ROW 
VIL -

VIH -
VIL -

torr 

VOH - OPEN VALID DATA OPEN 
VOL 

DOUT ~~='---------------OPEN--------------
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tCRP 

READ-WRITE CYCLE 
READ-MODIFY-WRITE CYCLE 

tCSH 

DOUT vOH----------------------OPEN----------------~~~M'----~V~A~LlDD~D~A~TA;-----_) 
VOL 

STATIC COLUMN READ CYCLE 
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~ DON'T CARE 

~ UNDEFINED 

ROW 



IVIIC:RON MT4C1026 

STATIC COLUMN EARLY-WRITE CYCLE 
____________________ ~tA~A~~~ ____________________ I ___ tA_P __ _ 

ADDR ~Ir 

DOUT~g~::------------------------OPEN--------------------------------------

STATIC COLUMN READ-WRITE CYCLE 
tRASe 

AAS 

AOOR VIH 
VIL 

CAS 

WE 

DIN 

DOUT~gr:~ ____ ~============~~~~~~~~~~~~t-~~~~---;I"TTTTT"L 
tCLZ_1 
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~ DON'T CARE 
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RAS ONL Y REFRESH CYCLE 
(ADDR = AO - AS; Ag and WE = DON'T CARE.) 

VIH _:-------1l1 
VIL - f--------------J 

tCRP 

VIH _:--~r_---~----------------------------
VIL -

ADDR ROW ROW 

DOUT ~g~ :::---------------------------- OPEN -----------------------------

= VIH -
VIL -

VIH -==1 tCSR 

1:AS VIL -

DOUT 
VOH -
VOL 

= VIH -
VIL -

CAS" VIH -
VIL -

ADDR VIH -
VIL -

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

n 
tRAS 

~ 
tCHR 

) 
OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(REAO) 

tRAS 

tRCD tRSH 

tRP 

(REFRESH) 

tRAS 

tCHR 

\ 

tOFF 

DOUT ~g~ -:----------OPEN ------------~~t====V~A~LlD~DA~TA~===~ OPEN-
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ORDER INFORMA nON 

1 MEG x 1, 1 OOns in Plastic SOJ 

-------r-...... 'pACKr~jr I 
MT4C1026 OJ -10 

The Micron 1 MEG DRAM family is manufactured and 
quality controlled in Micron's modern Boise, Idaho USA 
facility using its low power, high performance CMOS 
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silicon gate process. They are functionally equivalent to 
other manufacture's products meeting ]EDEC standards. 
Several parameters are sampled; however, fuctionality is 
consistently assured over a wider power supply, tempera
ture and refresh range than specified. Each unit receives 
accelerated burn-in and several hours of AMBYXTM system 
level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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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 
• 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 
l20ns access -12 

• Organization 
1 MEGx4 MT4C4001 

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

GENERAL DESCRIPTION 
The MT4C4001 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 ~ on WE dictates 
READ mode while a logic low on WE dictates WRITE 
mode. During a WRITE cycle data in (DIN) 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), DouT 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 I/O and pin 
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1MEG x4DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

MT4C4001 
20 Pin DIP 

DOl 1 20 Vss 
D02 2 DQ4 
WE 3 DQ3 

RAS CAS 
AS OE 
NJ M 
Al 
A2 
A3 

001 
002 
WE 

RAS 
AS 

A1 
A2 
1>3 

Vee 

Mf4C4001 
20 Pin SOJ 

26 

4 
5 

A7 
M 
AS 
A4 

\Iss 
DQ4 

DQ3 

as 
DE 

NJ 
A7 
NJ 
AS 
A4 

NOTE: Package Information To Be Determined. 

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 8ms, regard
less of sequence. 

PAGE MODE operations allows faster data operations 
(READ, WRITE or READ-MODIFY-WRITE) within a row 
address (AO -A9) defined page boundary. The P AGE 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. 
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FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

COLUMN ADDRESS 

STROBE INPUT CAS 8f----------i:~L__r_.J2.!J~!!.L-..J 
ROW ADDRESS RAS . 
STROBE INPUT 

WRITE CONTROL 
INPUT WE 

ADDRESS INPUTS 

FUNCTIONAL 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 

WE" 

H 

H 

L 

H-L-H 

H 

L 

H-L-H 

H 

H 

H 

SENSE REFRESH 
AMPLIFIER & 1/0 CONTROL 

MEMORY 
ARRAY 

(4,194,304 BITS) 

Addresses 

tR te 

X X 

ROW COL 

ROW COL 

ROW COL 

ROW COL 

ROW COL 

ROW COL 

ROW n/a 

ROW COL 

X X 

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 
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-0 Vcc (5V) 

-0 Vss (OV) 

NOTES 

01100 

OliO 1 

01102 

01103 
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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 ..................................... 50mA 

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

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = VIL, CAS = Cycling: tpe = 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 

'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 

Icc1 60 mA 3,4 

Icc2 50 mA 3,4 

Icc3 2 mA 

Icc4 0.5 mA 

after 8 RAS cycles min. All other inputs at Vce-0.2V or Vss + 0.2V) 

REFRESH CURRENT: RAS ONLY 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-before-RAS 
(RAS and CAS = Cycling) 

INPUT LEAKAGE CURRENT 
(any input (OV ::; VIN ::; Vee), 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV ::; VOUT ::; Vcc) 

OUTPUT LEVELS 
Output High voltage (lOUT = -SmA) 

Output Low voltage (lOUT = SmA) 

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 
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Iccs 

Icc6 

II 

loz 

VOH 
VOL 

SYMBOL 

Vcc 

VIH 

VIL 

60 mA 3 

60 mA 3,5 

-10 10 ~A 

-10 10 ~A 

2.4 V 1 

0.4 V 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vcc+1 V 1 

-1.0 0.8 V 1 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-A9), DIN CI1 5 pF 2 

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

Output Capacitance Dour Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, S, 9, 10, 11, 12, 13) (DOC"; 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 eyde time tRC 160 190 220 ns 

READ-MODIFY-WRITE cyde time tRWC 185 220 295 ns 

PAGE-MODE READ or WRITE tpc 50 55 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 precharge tCPA 40 50 65 ns 

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

RAS pulse width JPAGE MOD!::) tRASP 80 100,000 100 100,000 120 100,000 ns 

RAS hold time tRSH 20 25 35 ns 
RAS precharae 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 10 15 20 ns 16 
CAS precharge time (PAGE MODE) tcp 10 25 10 25 15 ns 

RAS to CAS delay time tRCD 10 60 10 75 25 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 10 10 15 ns 

RAS to column tRAD 10 40 10 50 15 ns 18 
address delay time 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 15 15 25 ns 

Column address hold time tAR 50 60 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 5 5 5 ns 

Output buffer turn-off delay tOFF 0 25 0 25 0 25 ns 20 
Output Disable tOD 25 25 30 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 

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 75 90 140 ns 
MODIFY-WRITE cycle time 

Write command hold time tWCR 60 70 90 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 

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

Data-in hold time tDH 15 15 25 ns 22 

Data-in hold time tDHR 60 70 90 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 90 120 160 ns 21 

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

CAS to WE delay time tCWD 50 65 75 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 15 20 15 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 = 1M with f'>.V = 3V and Vee = 
5V. f'>.V 
Icc is dependent on cycle rates. 
Icc is dependent on output loading. Specified values 
are obtained the output open. 
Enables on-chip refresh and address counters. 
The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C ~ T A ~ 70°C) is assured. 
An initial pause of lOOlls is required after power-up 
followed by any 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 = 5ns. 
9. VlH min and VIL max are reference levels for 

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

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

11. If CAS = 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, DOUT 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 ICAe. 

18. Operation within the lRAD (max) limit ensures that 
IRCD (max) can be met. IRAD (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 ot VOL. 

21. IWCS, IRWD, IAWDand 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 throughout 
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 DouT goes open. If OE is tied permanently 
Iowa 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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iUllC:F=lON MT 4C4001 

READ CYCLE 

tCSH 

tCRP 

ADDR ~:~ =.liilliJ''-----__ R_O,W __ -''':LLULl1---,---_,-----,--_--'''l.LL<'"""-':LiLL~(_'_LL.LLLL"_F '--__ R_O_W __ 

VIH -
V IL -LLU.LLLLLLLLLLLLLLLL"P-'-LLLLLLLLLLLL:i.A... __ --!f--+-.,--_--'-'''-'-'-'''-'-'-'''-'-'-'''-'-'-'''-'-'-'CJ..J..J..,'-LJ..J..<CJ..J..J..,CJ..J..J..,CLLL.CLLL.<.LLLL 

'. :::' 4I§,J,J,J$W,J~,J$,Jff,J#ffPll------""---jVALID DAI--TA ~:kwff$#/////M'ff$$$$;W/#////ff/;; 
VIH _:---------------HIGH --------------

VIL - ~ DON'T CARE 

~ UNDEFINED 
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PRELIMINARY 

I'IIU::: 1=1 ON MT 4C4001 

J 

tCRP 

READ-WRITE CYCLE 
READ-MODIFY-WRITE CYCLE 

tRAS 

tCSH 

tRSH 

tRee teAs 

'AR ~ 
tRAQ I I tRAL 

~~ ~~ 

'RP 

~ 

I 
~ ROW ~ ADDR ~:~ =: COLUMN 't(////////////////////////////////////////////f. ROW 

WE 

\ 

1m" V,H -
VIL -

!:AS V,H -
VIL -

ADDR V,H -
V,L -

WE V,H -
VIL -

I I 'RWO 

~ tRes 'cwo 'R"'-

I 'AWO 

D 
'AA 

I tRAC 

,~ teLZ t ~~ 
OPEN VAllO Dour X VALID DIN r ~ 

! 

PAGE-MODE READ CYCLE 
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OPEN----

~ DON'T CARE 
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PAGE-MODE EARLY-WRITE CYCLE 

= V,H 
V,L 

"CAS" V,H 
V,L 

ADDR V,H 
V,L 

WE: V,H 
V,L 

D,N 

D,O 
V10H -

OPEN 
VIOL 

V,H HIGH 
or V,L 

PAGE-MODE READ-WRITE CYCLE 

V,H _-------~,~ ______________ ~--------.--~~R-A5-P--------------------~--------_1t=:=J vlL - II t L 
tCSH tpc tRSH r 1-________ '~RC"D'___t-'C"'A"'5'------___I ~ 1-'~C"'A5"---____ ___1 ~ 1-''''C'''A5'---____ --I ~ 

V,H . ! .......--, r-----+-------J I 
vlL ----1 }------------h-.I 

'AR 

ADOR ~:~ 

~:~ ~!j//////////////////! 

~:~ _------~\''--_-_-_-_-_-_-_-_-_-_-_-_-_-_'-D~£_1_''__I-__'Jr-"--"_O_D ______ ,O_£ tJ __ --'-O-D-----,-o-£ tJ_-__ '_OD __________ __ 

~ DON'T CARE 

~ UNDEFINED 
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I'IIICRON MT4C4001 

= VIH -
VIL -

= VIH -
VIL -

ADDR 

DIO 
VIOH-
VIOL 

= VIH -
VIL -

= VIH -==1 V1L -

DIO 
VIOH-
VIOL -

AODR ~:~ := 

RA5 ONLY REFRESH CYCLE 
(ADDR = Ao - As; Ag and WE = DON'T CAREo) 

tCRP 

tASR 

tCSR 

tRC 

tRAS tRP 

tRAH 

ROW 

OPEN 

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

~ 
tRAS 

~ 
tCHR 

) 
OPEN 

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

(READ) 

tRP 

(REFRESH) 

tRAS 

tCHR 

ROW 

\ 

DIO ~:g~-------OPEN------{m~====~VA~U~D~DA~TA~====i OPEN-
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PRELIMINARY 

I'IIIC:I=ION MT 4C4001 

ORDER INFORMA nON 

1 MEG x 4, 1 OOns in Plastic OJ 

...... ____ ..... IPACKAjE1lJED I 
MT4C4001 OJ -10 

The Micron 4 MEG DRAM family is manufactured and 
quality controlled in Micron's modern Boise, Idaho USA 
facility using its low power, high performance CMOS 

-silicon gate process. They are functionally equivalent to C 
other manufacture's products meeting JEDEC standards . 
Several parameters are sampled; however, fuctionality is lJ 
consistently assured over a wider power supply, tempera- ...... 
ture and refresh range than specified. Each unit receives ~ 
accelerated burn-in and several hours of AMBYXTM system :s:: 
level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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PRELIMINARY 

IVIIC:I=ION MT 4C4003 

DRAM 

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

packages. 
• High performance CMOS silicon gate process. 
• Single +SV±10% power supply. 
• Low power, SmW standby, 17SmW 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 

80ns access -8 
100ns access -10 
120ns access -12 

• Organization 
1 MEGx4 MT4C4003 

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

GENERAL DESCRIPTION 
The MT4C4003 isa 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 (DIN) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE 
goes low prior to CAS going low, the ou~pin(s) remain 
open (High Z) until the next CAS cycle. If WE goes low after 
data reaches the output pin(s), DouT 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 I/O and pin 

1MEGx4 DRAM_ 
STATIC COLUMN 
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PIN ASSIGNMENT (Top View) 
MT4C4003 MT4C4003 
20 Pin DIP 20 Pin ZIP 

001 \Iss l5E Ul 
2l::J ~ 

002 OQ4 003 C]3 
4l::J DQ4 

WE D03 'Iss [:]5 
6[::] 001 

RAS CAS 002 U7 WE 
A9 OE liAS ~::] 9 1~~~~~ TF·· 
NJ N3 NJ [::]11 

[::J13 ~:~~~~ Al 
A1 A7 A2 

A3 
A2 AS Vee [::]15 

16[::] A4 
f',:3 p.fj AS C:]17 1S r --, AS 

Vec A4 A7 [:]19 20~~~~ fIB 

MT4C4003 
20 Pin SOJ 

001 'Iss 
002 DQ4 

WE DQ3 

liAS CAS 
/IS l5E 

fIB 
Al A7 
A2 AS 
A3 AS 

Vee A4 

NOTE: Package Information To Be Determined. 

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 8ms, regard
less of sequence. 

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 col
umn addresses executing faster memory cycles. Returning 
RAS high terminates the STATIC COLUMN operation. 
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PRELIMINARY 

I'IIIC:I=ION MT 4C4003 

COLUMN ADDRESS 

FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

STROBE INPUT CAS 8f-------... :.L-r-.J:i.!J~:!.!.!...---l 
ROW ADDRESS RAS 
STROBE INPUT 

WRITE CONTROL 
INPUT WE 

ADDRESS INPUTS 

FUNCTIONAL TRUTH TABLE 

Function "Rn ~ 

Standby H H 

READ L L 

WRITE L L 
(EARLY-WRITE) 

READ-WRITE L L 

STATIC COLUMN L L 
READ 

STATIC COLUMN L L 
WRITE 

STATIC COLUMN L L 
READ-WRITE 

RAS ONLY L H 
REFRESH 

HIDDEN L-+H-+L L 
REFRESH 

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

SENSE REFRESH 
AMPLIFIER & 110 CONTROL 

WE" 

H 

H 

L 

H-+L-+H 

H 

L 

H-+L-+H 

H 

H 

H 

MEMORY 
ARRAY 

(4,194,304 BITS) 

Addresses 

tR te 

X X 

ROW COL 

ROW COL 

ROW COL 

ROW COL 
COL 

ROW COL 
COL 

ROW COL 
COL 

ROW nla 

ROW COL 

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 Data Out, 
Valid Data In 

High Impedance 

Valid Data Out 

High Impedance 

...-.0 V cc (5V) 

...-.0 V ss (OV) 

01/00 

01/01 

01/02 

01/03 

NOTES 



PRELIMINARY 

I"IIC:RCN 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 

DC ELECTRICAL CHARACTERISTICS 
(Notes: 1, 3, 4, 6, 7) (O°C s T A S 70°C, ~ 5.0V ± 10%) 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS ~ Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: FAST STATIC COLUMN 
(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 

'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 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Icc1 60 mA 3, 4 

Icc2 50 mA 3, 4 

Icc3 2 mA 

Icc4 0.5 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) 

REFRESH CURRENT: CAS-before-RAS 
(RAS and CAS ~ Cycling) 

INPUT LEAKAGE CURRENT 
(any input (OV S VIN s Vce), 
all other pins not under test ~ 0 volts) 

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV s VOUT S Vcc) 

OUTPUT LEVELS 
Output High voltage (lOUT ~ -SmA) 

Output Low voltage (lOUT ~ SmA) 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C s T A S 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

1-107 

Iccs 

Icc6 

II 

loz 

VOH 

VOL 

SYMBOL 

Vce 

VIH 

VIL 

60 mA 3 

60 mA 3,5 

-10 10 J.lA 

-10 10 J.lA 

2.4 V 1 

0.4 V 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vee+1 V 1 

-1.0 0.8 V 1 
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I'IIIC:RON MT4C4003 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-A9), DIN Cll 5 pF 2 

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

Output Capacitance Dour Co 7 pF 2 

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 
Random READ or WRITE cycle time IRC 160 190 220 ns 

READ-MODIFY·WRITE cycle time IRWC 185 220 295 ns 

Access time from"RAS IRAC 80 100 120 ns 14 
Access time from CAS ICAC 20 25 35 ns 15 
Outout Enable IOE 25 25 35 ns 

Access time from column address 1M 40 50 60 ns 

Access time from CAS orecharae ICPA 40 50 60 ns 

"RAS pulse width IRAS 80 10,000 100 10,000 120 10,000 ns 

RAS hold time IRSH 20 25 35 ns 

RAS m-echarge time IRP 70 80 90 ns 

CAS pulse width ICAS 20 10000 25 10,000 35 10,000 ns 

CAS hold time ICSH 80 100 120 ns 

CAS precharge time ICPN 10 15 20 ns 16 
RAS to CAS delay time IRCD 10 60 10 75 15 85 ns 17 
CAS to RAS precharge time ICRP 10 10 10 ns 

Row address set-uo time IASR 0 0 0 ns 

Row address hold time IRAH 10 10 10 ns 

RAS to column IRAD 10 40 10 50 15 45 ns 18 
address delay time 

Column address set-up time IASC 0 0 0 ns 

Column address hold time ICAH \15 15 25 ns 

Column address hold time IAR 50 60 140 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 CAS) 

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

CAS to output in low-Z ICLZ 5 5 5 ns 

Output buffer turn-off delay IOFF 0 25 0 25 0 35 ns 20 
Outout Disable tao 25 25 30 ns 
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I'IIIC:I=ION MT 4C4003 

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 
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 70 90 ns 
(referenced to RAS) 

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 ICWL 20 25 30 ns 
Data-in set-up time IDS 0 0 0 ns 22 

Data-in hold time IDH 15 15 25 ns 22 

Data-in hold time IDHR 60 70 90 ns 
(referenced to RAS) 

RAS to WE delay time IRWD 90 120 160 ns 21 

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

CAS to WE delay time ICWD 50 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 Precharqe time IRPC 0 0 0 ns 
CAS set-up time ICSR 10 10 10 ns 5 
(CAS-before-RAS refresh) 

CAS hold time ICHR 15 20 15 ns 5 
(CAS-before-RAS refresh) 

RAS~ulse widthJSTATIC COLUMN) IRASC 80 100,000 100 100,000 120 100,000 ns 
CAS precharge time (STATIC COLUMN) ICp 10 25 10 25 15 30 ns 

STATIC COLUMN MODE ISC 55 65 55 ns 
cycle time 

STATIC COLUMN READ-MODIFY- ISRMW 135 160 160 ns 
WRITE cycle time 

Last write to column address ILWAD 25 45 30 55 30 55 ns 
delay time 

Last write to column address IAHLW 95 115 115 ns 
hold time 

RAS hold time prechar(led to TIE" IROH 20 20 20 ns 

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

Output data enable from write lOW - 30 - 35 - 40 ns 

TIE" to data delay IOED 25 30 , 30 ns 

Ol: command hold time IOEH 25 25 30 ns 

Access time from last Write IALW 95 115 . 115 ns 

1-109 

-C 
::II 
l> 
3: 



-C 
::c » s: 

PRELIMINARY 

I'IIIC::RON MT 4C4003 

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 !1 V = 3V and Vee = 
5V. !1V 
Ice is dependent on cycle rates. 
Ice is dependent on output loading. Specified values 
are obtained 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 100jis 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, 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, DOUT 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 fr0int 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 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 Vo H ot Vo L. 

21. IWCS, IRWD, IAWDand ICWDarerestrictive 
operating parameters in late WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If IWCS ~ 
IWCS (min) the cycle is an early WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If IRWD ~ IRWD (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. During a READ cycle, if OE is LOW then taken 
HIGH DouT goes open. If OE is tied permanently 
Iowa 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 

tRAS tRP 

J 
\ 

tCSH 

tRSH tRRH 

tCRP tReD teAs 
I 

t::E ---( 
tRAD I I tRAL 

CAS ~:~ _ 

ADOR ~:~ -

tASR tRAH c=:i ~ I J 
1&JZ( ROW W!£Ilb COLUMN ¥II II I III II 111111111111111111/1.. ROW 

I 
tRes tRCH 

II' 

I 
'AA 

I tRAC 

t CAC ~ 

~ VALID DATA OPEN OPEN 
.~ 

~ ~ \ ! 

EARLY-WRITE CYCLE 

tCSH 

tCRP 

ADDR ~:~ :: ROW ROW 

tWCR 

twcs 'WCH 

'WP 

VIH _-------------- HIGH --------------

VIL - ~ DON'T CARE 

~ UNDEFINED 
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PRELIMINARY 

I'IIIC:RON MT4C4003 

ADDR 

J 

tCRP 

READ-WRITE CYCLE 
READ-MODIFY-WRITE CYCLE 

tRAS 

tCSH 

tRSH 

tRCD teAs 

tAR ~ 
tRAO 1 1 tRAL 

~~ ~~ 

tRP 

~ 

I 
~ ROW _ 

AODR ~:~ _ COLUMN WIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII!X ROW 

0'0 

WIIIIIIIIII! 

VIOH -
VIOl.. -

VIH __ ------..1 
VIL -

\ 

1 1 tRWO 

~ tRes tewo tRWL 

I 
tAwo 

~ 
tM 

1 tRAC 

,~ telz t ~~ 
OPEN VALID Dour X VALID DIN 

F ~ 
! 

STATIC COLUMN READ CYCLE 

1-112 

OP[N---

~ DON'T CARE 

~ UNDEFINED 



PRELIMINARY 

I'IIIC:I=ION MT 4C4003 

AODA 

V01-1/04 

AAS 

AODA 

CAS 

WE 

6E 

VIH _ 
V,L 

STATIC COLUMN EARLY-WRITE CYCLE 

V,H _ --~=====~t .. ,,:iF~---! 
Vil -

V1H - ---I------\l+l-~_Ih~ 
V1l -

~r_~uu~~-~uu~---J 

VIOH -

V,OL - il.L.llli.'.L.l.LUil.llli.Uil.W-t--~~ 

STATIC COLUMN READ-WRITE CYCLE 
'RASe 

COLUMN ADDRESS COLUMN ADDRESS 

I~ 'ASC leAH I 1- -ISRMW tRAl 

V1H-

I I~ I~ 1 AWL 
Vil- 1-

IRCD leWD 

I I , 'Awe 'AWO ICWL 

V1H-

1 1 'W~OE", Vll_ 
'AWO 

1 1 
V,H 
Vll-
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= VIH -
VIL -

= VIH -
VIL -

ADDR 

010 
VIOH-
VIOL 

= VIH -
VIL -

= VIH -==1 
VIL -

010 
V1OH-
VlOL -

= 

ADDR 

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

tRC 

tRAS tRP 

teRP 

tASR tRAH 

ROW 

OPEN 

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

tCSR ~ 
tRAS 

P 
tCHR 

) 
OPEN 

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

(READ) 

tRP 

(REFRESH) 

ROW 

\ 

010 ~:g~-'---------OPEN-----~~K====~VA~LI~D ~DA~TA~===:j OPEN-
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I'IIIC:RON MT4C4003 

ORDER INFORMATION 

1 MEG x 4, 1 DOns in Plastic DJ 

~ ____ ~~IPACKAIEI~j[jED I 
MT 4C4003 OJ -10 

The Micron 4 MEG DRAM family is manufactured and 
quality controlled in Micron's modern Boise, Idaho USA 
facility using its low power, high performance CMOS 

1-115 

-silicon gate process. They are functionally equivalent to C 
other manufacture's products meeting JEDEC standards. 
Several parameters are sampled; however, fuctionality is ::tJ 
consistently assured over a wider power supply, tempera-
ture and refresh range than specified. Each unit receives l> 
accelerated burn-in and several hours of AMBYXTM system 3: 
level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 





PRELIMINARY 

I'IIIC:RON MT4C1004 

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 

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

• Organization 
4MEGx 1 MT4CI004 

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

GENERAL DESCRIPTION 
TheMT4Cl004 isa 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 (DIN) 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), DouT 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) 
MT4C1004 
18 Pin DIP 

Din 
WE 

RAS 
'AID 4 

AD 
AI 
A2 
A:3 

MT4C1004 
20 Pin SOJ 

Din 
WE 

RAS 
NC 

'Al0 

AO 
AI 
A2 
A3 

Vee 

1 

[ 2 

i ! 
[ 5 

[ 9 

i 10 
11 

[ 12 
[ 13 

26 

25 
24 
23 
22 

18 
17 
16 
15 
14 

Vss 
Dout 
CAS 
1'9 
AD 
A7 

\/ss 
Dout 
CAS 
NC 
A9 

AS 
A7 
A6 
AS 
A4 

'Address not used for RAS only refresh 

NOTE: Package Information To Be Determined. 

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 ad
dresses (AO -A9) are executed at least every 16ms, regard
less of sequence. 

PAGE MODE operations allows faster data operations 
(READ, WRITE or READ-MODIFY-WRITE) within a row 
address (AO-A1O) 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. 
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PRELIMINARY 

I'IIIC:I=ION MT 4C1 004 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

COLUMN ADDRESS 

STROBE INPUT CAS 8'"-______ :.LI_C_LorC_K~G!t!E~N~E!.!.R-A-TO-R..J 
ROW ADDRESS RAS . CIRCUIT 
STROBE INPUT ~ 

WRITE CONTROL 
INPUT WE 

~ Vee (5V) 

~ Vss (OV) 

lA~o~~o+-~~----~ _ COLUMN DECODER L..... A 0 r"')-_~ 1-' 
~~ 
~~ ~ D DATAINTPUT 
(3~ 

A1 >-<}---+I .------------------. A 2 ~ z ffi SENSE REFRESH 
A 3 ~ :::; LL AMPLIFIER & 1/0 CONTROL 

~ ::>LL-

ADDRESS INPUTS ~ 45 >-< <5 ffi • a:: :-: }--~UCl) 1!5 ~ 
A6 ~ O/jCl) Ao a ~ 
A 7 >-< 3: ~ ~o t;3: 

00 "-- Cl ~ 
As ~}-_~a::o ~ 3: !; 

MEMORY CELL 
(4,194,304 BITS) 

Ag ~ «~: 
A 10 t '-- '-- r-I--_____ ---' 

FUNCTIONAL TRUTH TABLE 

Addresses 

Function 'RAS' ~ WE' tR tC 

Standby H H H X X 

READ L L H ROW COL 

WRITE L L L ROW COL 
(EARLY-WRITE) 

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

PAGE MODE L H~L~H H ROW COL 
READ 

PAGE MODE L H~L~H L ROW COL 
WRITE 

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

RAS ONLY L H H ROW n/a 
REFRESH 

HIDDEN L~H~L L H ROW COL 
REFRESH 

CAS-BEFORE- H~L L H X X 
RAS REFRESH 
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Q DATA OUTPUT 

NOTES 

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 
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I'IIICRCN MT4C1004 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ....... d.-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 

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

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: FAST 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 

'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 

Icc1 60 mA 3, 4 

Icc2 50 mA 3, 4 

Icc3 2 mA 

Icc4 0.5 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) 

REFRESH CURRENT: CAS-before-RAS 
(RAS and CAS = Cycling) 

INPUT LEAKAGE CURRENT 
(any input (OV ~ VIN ~ VCC), 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OV ~ VOUT ~ Vce) 

OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) 

Output Low voltage (lOUT = 5mA) 

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 
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Icc5 

Icc6 

II 

loz 

VOH 

VOL 

SYMBOL 

Vec 

VIH 

VIL 

60 mA 3 

60 mA 3, 5 

-10 10 IlA 

-10 10 IlA 

2.4 V 1 

0.4 V 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vcc+1 V 1 

-1.0 0.8 V 1 
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::c » s: 



-C 
JJ 
l> 
s:: 

PRELIMINARY 

I'IIIC:RON MT4C1004 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-A9), DIN CI1 5 pF 2 

Input Capacitance RAS, CAS, WE CI2 7 pF 2 

Output Capacitance DouT 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, Vcc = 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-MODIFY-WRITE cycle time tRWC 185 220 255 ns 

PAGE-MODE READ or WRITE tpc 50 55 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 40 50 60 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 precharll!l 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 10 10 20 ns 16 
"CAS precharqe time (PAGE MODE) tcp 10 25 10 25 15 ns 

RAS to CAS delay time tRCD 10 60 15 75 25 85 ns 17 
"CAS to RAS precharqe time tCRP 10 10 10 ns 

Row address set-up time tASR a a 0 ns 

Row address hold time tRAH 10 10 15 ns 

RAS to column tRAD 10 40 10 50 10 60 ns 18 
address delay time 

Column address set-up time tAsc 0 0 a ns 

Column address hold time tCAH 15 15 25 ns 

Column address hold time tAR 50 60 110 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 a ns 19 
(referenced to CAS) 

Read command hold time tRRH 0 a 10 ns 19 
(referenced to RAS) 
"CAS to output in low-Z tClZ 5 5 5 ns 

Output buffer turn-off delay tOFF 0 25 0 25 0 25 ns 20 
WE command set-up time twcs a 0 a ns 21 
Write command hold time tWCH 15 20 25 ns 
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I'I'IC:RCN MT4C1004 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (oOe :0; TA :0; +70oe, Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time IWCR 60 70 110 ns 
(referenced to RAS) 

Write command pulse width IWp 15 20 25 ns 

Write command to RAS lead time IRWL 20 25 35 ns 

Write command to CAS lead time ICWL 20 25 35 ns 

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

Data-in hold time IDH 15 15 25 ns 22 
Data-in hold time IOHR 60 70 110 ns 
(referenced to RAS) 

RAS to WE delay time IRWD 70 80 120 ns 21 

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

CAS to WE delav time ICWD 20 25 35 ns 21 

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

Refresh Period (512 cycles) IREF 16 16 16 ms 

RAS to CAS Precharge time IRPC 0 0 0 ns 

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

CAS hold time ICHR 15 20 20 ns 5 
(CAS-before·RAS refresh) 
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PRELIMINARY 

tvllCI=ION MT 4C1 004 

NOTES 
1. 
2. 

3. 
4. 

S. 
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 = 
SV. AV 
Ice is dependent on cycle rates. 
Ice is dependent on output loading. Specified values 
are obtained 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 :s; T A :s; 70°C) is assured. 
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 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. 

IS. Assumes that tRCD ~ tRCD (max). 
16. If CAS is low at the falling edge of RAS, DouT 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 ot VOL. 

21. twcs, tRWD, tAWDand tCWDarerestrictive 
operating parameters in late WRITE, READ;WRITE 
and READ-MODIFY-WRITE cycles only. If WCS ~ 
twcs (min) the cycle is an early WRITE cycle and the 
data output will remain an open circuit throughout 
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. 
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RE 

= 

AD DR 

WE: 

DOUT 

READ CYCLE 
tRe 

tRAS tRP 

VIH -
VIL -

tCSH 

tRSH tRRH 

tCRP tRCD teAs 

VIH -
V1L -

tAR 

tRAD 

tASR tRAH 

VIH -
ROw ROW 

VIL -

VIH -
V 1L -

torF 

VOH -
OPEN VAUD DATA OPEN 

VOL -

Dour ~~~ -:-------------OPEN-------------
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PRELIMINARY 

fUl1C:F=lON MT4C1004 

= 

ADDR 

ADDR 

VIH _-------'11 
VIL -

tCRP 

READ-WRITE CYCLE 
READ-MODIFY-WRITE CYCLE 

tCSH 

VIH _.7n7n7n7n7n7n~7n7n7n7n7n~-+-----+-----~LI 
V IL -l.LLl.LLI..L4l.LLL.J..I..L.J..I..LJ.-";L.J..I..L.J..I..L.J..I..L.J..I..L.J.J.J 

VIH _.7n7T77TT77T.777l'7T7TnT7T777:rm777l'7T7TT7mrm777l'7T7-m777:rm'777\.r-------.J.rT7TT7n7TTT:'7T1'7T7TT7TTTTTT,'7T17TT7 

VIL -LLJ..'-'-'-',,",-,.LU..LLLLLL'-'r"<.LUJ..L<.LU.JJ..L'-'-'-''-'-'-'r'-'-'.LU.JJ..L'-'-'-''-'-';''"-"f.LU."-J..J.J '--___ .... "-==r'-'-'=====-'-'-'-=LL 

Dour ~~ -,------------

PAGE-MODE READ CYCLE 
tRASP 

VIH -.-------,~I 
V1L -

tCSH 
tCPN 

Dour ~g~-~------OPEN------~~~~~~---~~~~~~---~~~~qfl 
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IVIIC:RON MT4C1004 

= 

l:A!; 

PAGE-MODE EARLY-WRITE CYCLE 

!!AS V'H -
Vil -

1 __ -------------~---- tRASP --------~--------;,---_,. 

tCRP 

CAS V'H -
Vil -

AOOR V'H -
Vil -

we V'H -
Vil -

D'N 
V'H -
Vil -

DOUT 
VOH -
VOL ----------------------OPEN---------------------------------------

PAGE-MODE READ-WRITE CYCLE 
tRASP 

VIH -
VIL -

tCSH tpc 

VIH -
VIL -

VIH _"'rTTrTTTT7TT7".,.,7n,j.----+------1H 

VIL -1..LI..J..J..J..J..J..J.:.J..i..<"-'-'\,-,-UJ 

VIH _Jn7n7n7nr.n7n7n7n7nr.n7n7n~.~~--~r~nT~~}_~--_i,~7n~7n\~-L--_{n77nTn7n7n7n7n7nTT7n 

v IL -"l../..LW.L.LLL~'.ip-.LLLW.L.LLLLilrW.Lil1.il ...... --:-_-' ""'f.I..J."-'-';I..J..J..,<J '--;--;-_-" ""''f.l..I..~U.JJ ...... --:-_-" <..I..J..J.J..u..u.~u..u.u..u=-u..u-,-

J tOFF 

DOUT ~g~--------------OPEN------------t'l7,~~~'\------~f7;~r1~fl~------tij~t:~~ OPEN---

1-125 

~ DON'T CARE 

~ UNDEFINED 

-c 
::c 
l> 
s: 



-C 
:D » s: 

PRELIMINARY 

I'IIIC:RON MT4C1004 

!!AS" VIH -
VIL -

'CAS VIH -
VIL -

ADDR 

DOUT 
VOH -
VOL 

!!AS" VIH -
VIL -

'CAS VIH-~ V1l -

DOUT 
VOH -
VOL 

!<AS" VIH -
V1l -

'CAS VIH -
VIL -

ADDR 

DDUT 

RAS ONLY REFRESH CYCLE 
(ADDR = Ao - Ag; A10 and WE = DON'T CARE,) 

tRe 

tRAS tRP 

tCRP 

tASR tRAH 

ROW 

OPEN 

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

~ 
tRAS 

~ 
tRP 

tCSR tCHR 

) 
OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) (REFRESH) 
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IVIICF=lON MT 4C1 004 

ORDER INFORMA nON 

4 MEG x 1, 1 OOns in Plastic SOJ 

1...-__ ..,... ..... 1 PACKAjE ~:;r I 
MT4C1004 OJ -10 

The Micron 4 MEG DRAM family is manufactured and 
quality controlled in Micron's modern Boise, Idaho USA 
facility using its low power, high performance CMOS 

silicon gate process. They are functionally equivalent to 
other manufacture's products meeting JEDEC standards. 
Several parameters are sampled; however, fuctionality is 
consistently assured over a wider power supply, tempera
ture and refresh range than specified. Each unit receives 
accelerated burn-in and several hours of AMBYXTM system 
level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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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 
• 1024 cycle refresh distributed across 16ms 
• Refresh modes: RAS only, CAS before RAS, and 

Hidden 
• Optional Nibble Mode access cycle 

OPTIONS 
• Timing 

80ns access 
lOOns access 
120ns access 

• Organization 
4MEGxl 

• Packages 
Plastic DIP 
Ceramic DIP 
Plastic ZIP 
Plastic SOJ 

MARKING 

-8 
-10 
-12 

MT4C1005 

None 
C 
Z 
DJ 

GENERAL DESCRIPTION 
The MT4Cl 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 -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 ~h on WE dictates 
READ mode while a logic low on WE dictates WRITE 
mode. During a WRITE cycle data in (DIN) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE 
goes low prior to CAS going low, the ou~pin(s) remain 
open (High Z) until the next CAS cycle. If WE goes low after 
data reaches the output pin(s), DouT 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-WRIT~le. __ 

Returning RAS and CAS high terminates a memory 
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4MEG x 1 DRAM 
NIBBLE MODE 

PIN ASSIGNMENT (Top View) 

MT4C1005 
18 Pin DIP 

Din \Iss 
WE Dout 

RAS CAS 
"Al0 A9 

NJ AS 
Al A7 
A2 A8 
A:3 11 AS 

Vee A4 

Din 
WE 

RAS 
NC 

'A10 

NJ 
A1 
A2 
A3 

vee 

MT4C1005 
20 Pin SOJ 
1 26 

2 25 P 
3 24 ~ 
4 23 
5 22 P 

9 18 P 
10 17 ~ 
11 
12 ~: p 
13 14 P 

IIss 
Dout 
CAS 
NC 
i>S 

AS 
A7 
A8 
W, 

A4 

"Address not used for RAS" only refresh 

MT4C1005 
20 Pin ZIP 

i>S l::] 1 2C] CM 
Oout ~::J 3 4 ~-., \Iss 

ROin ~::~57 6 ;~~; WE 
RAS ._-. 8 U A10' 

NC U9 10'--' NC 

= ~~~1:~ ::~::; : 
w, • __ .17 , __ 
A7 [::119 18L __ ~ N3 

2IlU AS 

NOTE: Package Inform!\tion To Be Determined. 

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. 

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 
CAlO RAw L _________________ ....J_ 
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1VI1t:I=ION MT 4C1 005 

FUNCTIONAL BLOCK DIAGRAM 
NIBBLE MODE 

COLUMN ADDRESS 
STROBE INPUT 

ROW ADDRESS 
STROBE INPUT 

WRITE CONTROL 
INPUT 

ADDRESS INPUTS 

CAS 

RAS 

WE 

Ao 
A1 
A2 
A3 
A4 
As 
A6 
A7 
As 
Ag 
A 10 

8 

>--~zffi 
:2LL 

}---"3~ 
Oco 

>--~O(f) 
}-_-+lo(J(f) 

~~ 
}--~oo 

>--~c:~ 

FUNCTIONAL TRUTH TABLE 

Function FIAS" ~ 

Standby H H 

READ L L 

WRITE L L 
(EARLY-WRITE) 

READ-WRITE L L 

NIBBLE MODE L H--+L --+H, 
READ L --+H--+L 

NIBBLE MODE L H--+L --+H, 
WRITE L--+H--+L 

NIBBLE MODE L H--+L --+H, 
READ-WRITE L --+H--+L 

RAS ONLY L H 
REFRESH 

HIDDEN L --+H--+L L 
REFRESH 

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

MEMORY CELL 
(4,194,304 BITS) 

Addresses 

WE tR tC 

H X X 

H ROW COL 

L ROW COL 

H--+L--+H ROW COL 

H ROW COL 

L ROW COL 

H--+L --+H ROW COL 

H ROW nfa 

H ROW COL 

H X X 
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--0 Vcc (5V) 

--0 Vss (OV) 

~ 0 DATAINTPUT 

Q DATA OUTPUT 

NOTES 

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 



PRELIMINARY 

iUl1C:I=ION MT4C1005 

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 

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

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: NIBBLE 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 

'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 

Icc1 60 mA 3,4 

Icc2 SO mA 3, 4 

Icc3 2 mA 

Icc4 O.S 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) 

REFRESH CURRENT: CAS-before-RAS 
(RAS and CAS = Cycling) 

INPUT LEAKAGE CURRENT 
(any input (OV :s; VIN :s; Vce), 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OV ~ VOUT :s; Vee) 

OUTPUT LEVELS 
Output High voltage (lOUT = -SmA) 

Output Low voltage (lOUT = SmA) 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C :s; T A :s; 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 
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Icc5 

Icc6 

II 

loz 

VOH 

VOL 

SYMBOL 

Vee 

VIH 

VIL 

60 mA 3 

60 mA 3,S 

-10 10 I-lA 

-10 10 I-lA 

2.4 V 1 
0.4 V 

MIN MAX UNITS NOTES 

4.S S.S V 1 

2.4 Vec+1 V 1 

-1.0 0.8 V 1 
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PRELIMINARY 

I'IIIC:I=ION MT 4C1 005 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-Ag), DIN CI1 5 pF 2 

Input Capacitance RAS, CAS, WE CI2 7 pF 2 

Output Capacitance DouT 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 160 190 220 ns 

READ-MODIFY-WRITE cycle time 'RWC 185 220 255 ns 

Access time from RAS 'RAC 80 100 120 ns 14 
Access time from CAS tCAC 20 25 35 ns 15 
Access time from column address 'AA 40 50 60 ns 

Access time from CAS precharge tCPA 40 50 60 ns 
RAS pulse width 'RAS 80 10,000 100 10,000 120 10,000 ns 

RAS hold time tRSH 20 25 35 ns 

RAS precharge time tRP 70 80 90 ns 
CAS pulse width tCAS 20 10000 25 10,000 35 10,000 ns 

CAS hold time 'CSH 80 100 120 ns 

CAS precharge time 'CPN 10 15 20 ns 16 
RAS to CAS delay time tRCD 10 60 15 75 25 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 10 10 15 ns 

RAS to column 'RAD 10 40 10 50 10 60 ns 18 
address delay time 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 15 15 25 ns 

Column address hold time tAR 50 60 110 ns 
(referenced to RAS) 

Column address to tRAl 40 50 60 ns 
RAS lead time 

Read command set-up time 'RCS 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 'ClZ 5 5 5 ns 

Output buffer turn-off delay tOFF 0 25 0 25 0 25 ns 20 
WE command set-up time 'WCS 0 0 0 25 ns 21 
Write command hold time tWCH 15 20 0 ns 

Write command hold time 'WCR 60 70 25 ns 
(referenced to RAS) 
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I'I'IC:I=ION MT 4C1 005 

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 RAS lead time IRWL 20 25 35 ns 

Write command to CAS lead time ICWL 20 25 35 ns 

Data-in set-uptime IDS 0 0 0 ns 22 

Data-in hold time IDH 15 15 25 ns 22 
Data-in hold time IDHR 60 70 110 ns 
(referenced to RAS) 

RAS to WE delay time IRWD 70 90 120 ns 21 

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

CAS to WE delay time ICWD 20 35 35 ns 21 

Transition time_(rise or faill. IT 3 50 3 50 3 50 ns 9,10 
Refresh Period (512 cycles) IREF 16 16 16 ms 

RAS to CAS Precharqe time IRPC 0 0 0 ns 

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

CAS hold time ICHR 15 20 20 ns 5 
(CAS-before-RAS refresh) 

RAS pulse width (NIBBLE MODE) IRASN 80 100,000 100 100,000 120 100,000 ns 

CAS precharge time (NIBBLE MODE INCP 10 25 10 25 15 30 ns 

NIBBLE MODE cycle time INC 35 35 40 ns 

NIBBLE MODE READ- INRWL 50 55 70 ns 
MODIFY-WRITE cycle time 

NIBBLE MODE READ-MODIFY- INRWC 55 55 60 ns 
WRITE cycle time 

NIBBLE MODE access time INCAC 15 15 20 ns 15 

NIBBLE MODE pulse width INCAS 15 15 20 ns 

NIBBLE MODE CAS precharqe time INCP 10 10 15 ns 

NIBBLE MODE RAS hold time INRSH 15 15 20 ns 

NIBBLE MODE CAS to WRITE INCWD 15 15 20 ns 
delay time 

NIBBLE MODE WRITE command INRWL 15 15 20 ns 
to RAS load time 

NIBBLE MODE WRITE command INCWL 15 15 20 ns 
to CAS load time 
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I'IIIC:RON MT4C100S 

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 AV = 3V and Vee = 
5V. AV 
Ice is dependent on cycle rates. 
Ice is dependent on output loading. Specified values 
are obtained 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 S; T A S; 70°C) is assured. 
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 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, DouT 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 
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 t AA. 

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 ot VOL. 

21. twcs, tRWD, t A WD and tCWD are restrictive 
operating parameters in late WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If IWCS ~ 
IWCS (min) the cycle is an early WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If IRWD ~ IRWD (min), IAWD ~ 
I A WD (min) and ICWD ~ tCWD (min) the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions are met the state of 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 

= V'H -
V,L -

tCSH 

tRSH 'RRH 

'CRP tRCD teAs 

V;S V,H -
Vtl -

'AR 

'RAD 

tASR tRAH 

ADDR V'H - ROW ROW 
V'L -

WE: 

DOUT ~g~ -:---------OPEN --------~Z&l~~V~A~LlD~DA~T~Aj_---OPEN----

EARL Y-WRITE CYCLE 
tRe 
iRAS tRP 

= V,H -
V,L -

tCSH 

tRSH 

tCRP IReD tCAS 

= V,H -
V,L -

"DDR ROW 

tweR 
twes tweH 

twp 

DOUl ~~ _'----------------OPEN--------------
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I'IIIC:RON MT4C1005 

ADDA 

V'H _--------li 

READ-WRITE CYCLE 
READ-MODIFY-WRITE CYCLE 

V'L - 11-------------cti":C=SH-:----------'!" 

tRSH 

tCRP 

ROW 

V'H _.7n7nn7n7nT.ryninn7n7nT.ryn7nn7~nT.ryn7nn7n7nT.ryn\r--------inn7ni~7n7nn7n7n77n7nn 
V'L -=====J.U.¥===J.U.==r.u=J.U.='-'-f'""t..l..l..l..J..IJJ '--___ -" "-=I..U.<'f"".i..U..l-LLI..LL===.I-LL'-L 

DOUT ~g~:c------------------oPEN---------------~&l)~-------;v~A:uLlDD[D;;;:A:;;TA;-----1 DPEN--

NIBBLE MODE READ CYCLE 
tRASN 

tAR 

I 
leSH 

~ 'RCO 
tNC 

I 

'NRSH 

DOUT ~gt::----'--
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NIBBLE MODE EARLY-WRITE CYCLE 
'RASN 

RAS ~:~:----ff-----------+-----------------------1 
tCSH 

IRCD 

ICAS 

'NCP 

AODR 

NIBBLE MODE READ-WRITE CYCLE 

'RASN 

RAS ~:~:.-----ff----+---------------f 

MJ-A9 

Dour ~gr.::--------~@'l]~'a 
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RAS" ONLY REFRESH CYCLE 
(ADDR = Ao - Ag; A10 and WE = DON'T CARE.) 

tRC 

tRAS tRP 

!!AS" VIH -
VIL -

tCRP 

eAS VIH -
VIL -

tASR tRAH 

ADDR ROW 

DOUT 
VOH -

OPEN 
VOL 

CAS"-BEFORE-RAS" REFRESH CYCLE 
(Ao - A10 and WE = DON'T CARE) 

~ 
tRAS 

~ 
tRP 

!!AS" VIH -
VIL -

VIH -==1 tCSR tCHR 

) eAS 
VIL -

DOUT 
VOH -

OPEN 
VOL 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) (REFRESH) 

tRAS tRAS 

!!AS" VIH -
VIL -

eAS VIH -
VIL -

DOUT ~g~::------
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PRELIMINARY 

I"IIC:r=lON I MT4C1005 

ORDER INFORMATION 

4 MEG x 1, 1 DOns in Plastic SOJ 

....... _--r-..... I PACKAjE ~ ~ED I 
MT4Cl005 OJ -10 

The Micron 4 MEG DRAM family is manufactured and 
quality controlled in Micron's modern Boise, Idaho USA 
facility using its low power, high performance CMOS 

silicon gate process. They are functionally equivalent to 
other manufacture's products meeting JEDEC standards. 
Several parameters are sampled; however, fuctionality is 
consistently assured over a wider power supply, tempera
ture and refresh range than specified. Each unit receives 
accelerated burn-in and several hours of AMBYXTM system 
level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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PRELIMINARY 

I'IIU:::I=ICN MT 4C1 006 

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 

80ns access 
lOOns access 
120ns access 

• Organization 
4MEGxl 

• Packages 
Plastic DIP 
Ceramic DIP 
Plastic ZIP 
Plastic SOJ 

MARKING 

-8 
-10 
-12 

MT4C1006 

None 
C 
Z 
DJ 

GENERAL DESCRIPTION 
TheMT4CI006isa 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-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 (DIN) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE 
goes low prior to CAS going low, the output pints) remain 
open (High Z) until the next CAS cycle. If WE goes low after 
data reaches the output pints), DouT 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 currentto a reduced standby level. 
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4MEG x 1 DRAM 
STATIC COLUMN 

Din 
WE 

RAS 
NC 

·AIO 

AD 
A1 
A2 
A3 

vee 

PIN ASSIGNMENT (Top View) 
MT4C1006 
18 Pin DIP 

MT4C1006 
20 Pin SOJ 
1 26 

[ 2 25 
[ 3 24 
[ 4 23 
[ 5 22 

i ~O 18 
17 

[ 11 16 
[ 12 15 
[ 13 14 

Vss 
Dou! 
CAS 
A9 
A8 
A7 
AS 

Vss 
Dou1 
CAS 
NC 
NJ 

NJ 
A7 
AS 
AS 
A4 

• Address no! used for"RAS" only refresh 

NOTE: Package Information To Be Determined. 

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, CA5-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. 

STATIC COLUMN operations allows 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 col
umn addresses executing faster memory cycles. Returning 
RAS high terminates the STATIC COLUMN operation. 
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PRELIMINARY 

1'41C:I=ION MT4C1006 

FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

COLUMN ADDRESS 

STROBE INPUT CAS 81 _______ ..... : .. LC_L"T"o_C~K:!..!:G:!!;E~N!..!..!ER!....A-T-O-RJ 
ROW ADDRESS RAS CIRCUIT 
STROBE INPUT ~ 

--0 Vee (5V) 

--0 Vss (OV) --WRITE CONTROL 

--0 0 DATA INTPUT 

INPUT WE 

lA~o~~o+-~~----~ _ :I COLUMN DECODER l..... Ao ~'J---" I 
A 1 >-C}----+I ~------------------. 

A 2 >-c}-_~ SENSE REFRESH 
A 3 >-c ~ ~ AMPLIFIER & I/O CONTROL 
A 4 )-< 3~ - ~r='"""""""""''''-''-';;';';';;=-~-+-~ 

ADDRESS INPUTS A5 >-c 0"" ... cr: , >----I~<..:> '" ~ ~ 
A 6 )-< ..,~ Ao 0 I: 
A 7 >-c ~ ~ ~o ~ I: MEMORY CELL 

(4,194,304 BITS) 
As )-< cr:~ ..... ;s: I: 
Ag >-c ~ u... 
A 10 )-< _ r"'"L...-_____ ---' 

..... -

FUNCTIONAL TRUTH TABLE 

Addresses 

Function ~ 'CAS" WE tR tC 

Standby H H H X X 

READ L L H ROW COL 

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

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

STATIC COLUMN L L H ROW COL 
READ COL 

STATIC COLUMN L L L ROW COL 
WRITE COL 

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

RAS ONLV L H H ROW n/a 
REFRESH 

HIDDEN L-H-L L H ROW COL 
REFRESH 

CAS-BEFORE- H-L L H X X 
RAS REFRESH 
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Q DATA OUTPUT 

NOTES 

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 



PRELIMINARY 

I"IIC::I=ION MT 4C1 006 

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 

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

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: STATIC COLUMN 
(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 

*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 

ICCl 60 mA 3,4 

Icc2 50 mA 3, 4 

Icc3 2 mA 

Icc4 0.5 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) 

REFRESH CURRENT: CAS-before-RAS 
(RAS and CAS = Cycling) 

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

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV S; VOUT S; Vcc) 

OUTPUT LEVELS 
Output High voltage (lOUT = -SmA) 

Output Low voltage (lOUT = SmA) 

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

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 
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Icc5 

Icc6 

II 

loz 

VOH 

VOL 

SYMBOL 

Vcc 

VIH 

VIL 

60 mA 3 

60 mA 3,5 

-10 10 I!A 

-10 10 I!A 

2.4 V 1 

0.4 V 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vcc+1 V 1 

-1.0 0.8 V 1 
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PRELIMINARY 

IV'IC:I=ION MT 4C1 006 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-A9), DIN CI1 5 pF 2 

Input Capacitance RAS, CAS, WE CI2 7 pF 2 

Output Capacitance Dour Co 7 pF 2 

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 

Random READ or WRITE cycle time tRC 150 190 220 ns 
READ-MODIFY·WRITE cycle time tRWC 180 220 255 ns 
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 precharge tCPA 40 50 60 ns 

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

RAS hold time tRSH 20 25 35 ns 

RAS precharge time tRP 60 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 
RAS to CAS delay time tRCD 10 75 10 75 25 85 ns 17 
CAS to RAS precharQe time tCRP 10 10 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

RAS to column tRAD 10 50 10 50 10 60 ns 18 
address delay time 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 15 15 25 ns 

Column address hold time tAR 50 60 110 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 IRRH 0 0 0 ns 19 
(referenced to RAS) 
CAS to output in low-Z tClZ 5 5 5 ns 

Output buffer turn-off del~ tOFF 0 25 0 25 5 ns 20 
WE command set-up time twcs 0 0 0 ns 21 
Write command hold time tWCH 15 20 0 ns 
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IVIIC:RON MT4C1006 

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

A.C. CHARACTERISTICS -8 -10 -12 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Write command hold time IWCR 35 70 105 ns 
(referenced to RAS) 

Write command pulse width IWp 15 20 25 ns 

Write command to RAS lead time IRWL 25 25 35 ns 
Write command to CAS lead time ICWL 25 25 35 ns 

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

Data-in hold time IDH 15 15 25 ns 22 
Data-in hold time IDHR 35 70 110 ns 
(referenced to RAS) 

RAS to WE delay time IRWD 70 90 120 ns 21 

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

CAS to WE delay time ICWD 30 35 35 ns 21 
Transition time (rise or fall) IT 3 50 3 50 3 50 ns 9,10 

Refresh Period (512 cycles) IREF 16 16 16 ms 

RAS to CAS Precharge time IRPC 0 0 0 ns 

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

CAS hold time ICHR 20 20 20 ns 5 
(CAS-before-RAS refresh) 

RAS pulse width (STATIC COLUMN) IRASC 80 100,000 100 100.000 120 100,000 ns 
CAS precharqe time (STATIC COLUMN ICp 10 10 15 ns 
STATIC COLUMN MODE tsc 55 55 60 ns 
cycle time 

STATIC COLUMN READ-MODIFY- ISRMW 135 135 140 ns 
WRITE cycle time 

Last write to column address tLWAD 20 85 25 95 30 100 ns 
delay time 

Last write to column address IAHLW 85 95 100 ns 
hold time 

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

Output data enable from write tow - 25 - 25 - 30 ns 
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_NOTES 

c 
:::c 
» 
3: 

1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = If,.t with f,. V = 3V and Vee = 
5V. f,.V 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading. Specified values 

are obtained 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 TA 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 16ms refresh 
requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH min and VIL max are reference levels for 

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

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

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

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

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, DouT will 

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

17. Operation within the IRCD (max) limit ensures that 
tRAC (max) can be met. IRCD (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 IRAD (max) limit ensures that 
IRCD (max) can be met. lRAD (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 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 ot VOL. 

21. twcs, IRWD, tAWDand ICWDarerestrictive 
operating parameters in late WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If IWCS::> 
IWCS (min) the cycle is an early WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If IRWD ::> tRWD (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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RAS 

CAS" 

ADDR 

WE: 

DOUT 

READ CYCLE 
tRC 

tRAS tRP 

VIH -
V,L -

tCSH 

tRSH tRRH 

tCRP tCAS 

V,H -
VIL -

tAR 

tRAD 

tASR tRAH 

VIH -
ROW ROW 

VIL -

V,H -
V,l -

tOFF 

VOH -
OPEN VALID DATA OPEN 

VOL 

Dour ~g~-'---------------OPEN-------------
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fUl1C:F=lON MT4C1006 

VIH _c-------,1.1 
VIL -

tCRP 

READ-WRITE CYCLE 
READ-MODIFY-WRITE CYCLE 

ROW 

DOUT ~~-:-----------OPEN---------t£~&(====~V~A~LI~D~D~A~TA~====) OPEN--

STATIC COLUMN READ CYCLE 
IRASC 

"DOR ~lt 
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STATIC COLUMN EARLY-WRITE CYCLE 

ADDR ~:~ 

DOUT~g~ :-----------------------OPEN------------------------------------

STATIC COLUMN READ-WRITE CYCLE 

RAS 

ADDR VIH 
Vil 

CAS 

ICWl 

WE 

DIN 

DOUT~g~::------~===========Jt1~~~~~~~~~~:-~~~~~ 
tCLZ_1 
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"RAS ONLY REFRESH CYCLE 
(ADDR = AO - Ag; A10 and WE = DON'T CARE.) 

tRC 

tRAS tRP 

= VIH -
VIL -

tCRP 

"CAS" VIH -
VIL -

tASR tRAH 

ADDR ROW 

Dour 
VOH -

OPEN 
VOL 

CAS"-BEFORE-RAS REFRESH CYCLE 
(AO - A10, WE and OE = DON'T CARE) 

~ 
tRAS 

~ 
tRP 

= VIH 
VIL -

VIH-~ 
tCSR 

tCHR ) 

"CAS" V1L -

DOUT 
VOH -

OPEN 
VOL 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) (REFRESH) 

= VIH -
Vtl -

"CAS" 

ADDR 

DOUT ~g~ -------
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ORDER INFORMA nON 

4 MEG x 1, 1 OOns in Plastic SOJ 

~ ____ ~~IPACKAIEI~JCJED I 
MT4C1006 OJ -10 

The Micron 4 MEG DRAM family is manufactured and 
quality controlled in Micron's modern Boise, Idaho USA 
facility using its low power, high performance CMOS 

1-151 

silicon gate process. They are functionally equivalent to 
other manufacture's products meeting JEDEC standards. 
Several parameters are sampled; however, fuctionality is 
consistently assured over a wider power supply, tempera
ture and refresh range than specified. Each unit receives 
accelerated burn-in and several hours of AMBYXTM system 
level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 

TM Trademark 01 Micron Technology, Inc. 
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DYNAMIC RAM MODULES ................................................ .. -
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I DRAM MODULES 

DRAM MODULE PRODUCT SELECTION GUIDE 

Memory Optional Power Dissipation Package 
Configuration Access Cycle Part Number Access Time (ns) Standby Active SIP SIMM Process Page 

64K x 8 Page Mode MT8068M,MN 100,120,150,200 45mw 450mw 30 30 NMOS 2-3 

64Kx 9 Page Mode MT9068M,MN 100,120,150,200 45mw 450mw 30 30 NMOS 2-13 

256K x 4 Page Mode MT4259M,MN 80,100,120,150 60mw 600mw 22 22 NMOS 2-23 

256K x 5 Page Mode MT85259M,MN 80,100,120,150 60mw 600mw 24 24 NMOS 2-33 

256K x 8 Page Mode MT8259DMN 80,100,120,150 135mw 1350mw 30 30 NMOS 2-43 

256K x 8 Page Mode MT8259M,MN 80,100,120,150 135mw 1350mw 30 30 NMOS 2-53 

256K x 9 Page Mode MT9259DMN 80,100,120,150 135mw 1350mw 30 30 NMOS 2-63 

.-
N 

256K x 9 Page Mode MT9259M,MN 80,100,120,150 135mw 1350mw 30 30 NMOS 2-73 

256K x 36 Page Mode MT8C3656M,MN 100,120,150 140mw 2000mw 72 72 CINMOS 2-83 

1 Meg x 8 Static Column MT8C8026M, M N 100,120,150 45mw 1575mw 30 30 CMOS 2-115 

1 Meg x 8 Nibble Mode MT8C8025M,MN 100,120,150 45mw 1575mw 30 30 CMOS 2-103 

1 Meg x 8 Fast Page Mode MT8C8024M,MN 100,120,150 45mw 1575mw 30 30 CMOS 2-93 

1 Meg x 9 Static Column MT8C9026M,MN 100,120,150 45mw 1575mw 30 30 CMOS 2-149 

1 Meg x 9 Nibble Mode MT8C9025M,MN 100,120,150 45mw 1575mw 30 30 CMOS 2-137 

1 Meg x 9 Fast Page Mode MT8C9024M,MN 100,120,150 45mw 1575mw 30 30 CMOS 2-127 





iVl1c:r=aON MT8068 

DRAM 
MODULES 
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 TTL 

compatible 
• Low power, 45mW standby, 450mW active, typical 
• On-board power supply decoupling capacitors 

(0.2!lf) 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 

• Organization 
64K x 8 

-8 
-10 
-12 
-15 

MT8068 

Packages: Leadless 30-pin SIMM M 
Leaded 30-pin SIP MN 

AD-A7 Address Inputs CAS Column Address Strobe 

D01 - D08 Data-ln/Data-Out D9 Data-In 

09 Data-Out m Row Address Strobe 

W Write Enable VDD Power (+5V) 

Vss Ground 

GENERAL DESCRIPTION 
The MT8068M/MN is a randomly accessed solid-state 

memory containing 65,536 bits organized in a x8 configu
ration. 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 
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64K x8 DRAM 

PIN ASSIGNMENT (Top View) 

Vo> (1) 

CAS (2) 
DQl D01 (3) 

AD (4) 

Al A1 (5) 

D02 (6) 

A2 (7) 

A3 (8) 

Vss (9) 
10 D03 (10) 

11 A4 (11) s: 12 A5 (12) 

13 s: D04 (13) ;I ,. ;I A6 (14) 0 
15 A7 (15) en 

DQ5 16 0 D05 (16) 00 
17 en NC (17) s: 
18 00 NC (18) 

19 NC (19) Z 
20 D06 (20) 

21 iii (21) 

22 Vss (22) 

23 D07 (23) 

2. NC (24) 

25 D08 (25) 

26 ~ (26) 

27 RAS (27) 

28 NC (28) 

29 NC (29) 

30 VOo (30) 

0 Me 
MH 

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 
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 combi
nations of RAS addresses are executed at least every 4 msec 
(regardless of sequence). Micron recommends evenly 
spaced refresh cycles for maximum data integrity. 
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I'IIIC::RON MT8068 

FUNCTIONAL BLOCK DIAGRAM 

AD 

RA!: 
(27) 

(2) 

(4) / = (21) 
W 

A1 
(S) / 

A2 
(7) / 

A3 
(8) / .. (11) / 

AS 
(12) / 

A6 
(1.) / 

A7 
(1S) 

U" U2 = MT4067EJ 
C1 - C2 = 0.2 /At 

VOO 
(1.30) 

~ AO-A7 

r-- RA!: 

= W 

"OC U1 OQ1 

OQ2 

OQ3 

OQ4 

VOO VSS 

I 
l..'!,t- AO-A7 

L--.. RA!: 

= W 

"OC U2 OQ1 

OQ2 

OQ3 

OQ. 

VOO VSS 

I 

~ 
(6) 

~ 
~ 

(16) 

~ 
~ 
~ 

OQ1 

OQ2 

OQ3 

OQ. 

OQS 

OQ6 

OQ7 

OQ8 

1C1 .lC3 

VSS 
(9.22) r ···r 

FUNCTIONAL 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 
(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-BE FORE- H-+L L H X X High Impedance 
RAS REFRESH 

2-4 

NOTES 



IVIIC:RON MT8068 

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 + ISO°C 

*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 Power Dissipation ........................................................ 8 Watt 

Short Circuit Output Current ..................................... SOmA 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 ~A 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (DOUT is disabled, loz -80 80 ~ 
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 15 15 15 15 rnA 
(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 rnA 2 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

REFRESH CURRENT: RAS ONLY Icc4 165 120 120 105 rnA 2 
(RAS = Cycling: CAS = VIH: tRC = tRC(MIN)) 

REFRESH CURRENT: CAS-before-RAS Iccs 195 165 165 135 rnA 2,19 
(RAS and CAS = cycling, tRC = tRC(MIN)) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-As) CI1 15 pF 17 

Input Capacitance RAS, CAS, WE CI2 24 pF 17 

Output Capacitance DOUT, DIN Co 7 pF 17 
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I'IIIC::I=ION MT8068 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 17, 18) (DOC 5 T A ~:;?O°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 IRC 150 195 230 260 ns 6, 7 
PAGE-MODE cycle time IpC 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 pJllse width tRAS 80 10,000 100 10,000 120 10,000 150 10,000 ns 

RAS hold time tRSH 40 50 60 75 ns 

RAS precharae time IRP 60 80 90 100 ns 

CAS pulse width tCAS 40 10,000 60 10,000 60 10,000 75 10,000 ns 

CAS hold time tCSH 80 110 120 150 ns 

CAS precharge time tCPN 20 25 25 30 ns 18 

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 hold time lRCH 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 

~ command set-lJ]:ltime twcs 0 0 0 0 ns 

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-~p time , IDS 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 

Transition time (rise or fall) tT 3 100 3 100 3 100 3 100 ns 5,16 

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

CAS set-up time tCSR 10 10 10 10 ns 19 
(CAS-before·RAS refresh) 

CAS hold time tCHR 15 20 25 30 ns 19 
(CAS"-before·RAS refresh) 
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NOTES 
1. All voltages referenced to V S5. 

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 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 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 2 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. 

2-7 

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 r.0int only; if IRCD is greater than the 
specified ReD (max) limit, then access time is con
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. 

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

17. Capacitance calculated from the equation C = I~t 
~V 

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

18. If CAS is low at the falling edge of RAS, Dour will 
be maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer CAS must be 
pulsed high for ICp. Note 8 applies to determine 
valid data out. 

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

a WRITE cycle. In this case set WE = LOW. 
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I'IIIC:RON MT8068 

READ CYCLE 

tRAS tRP J 
I 

tCSH 

I tRSH tRRH 

tCRP tRCO tCAS I 
I 

YI J 
tAR 

tASR tRAH 

~ ~ I I 
ROW COLUMN WI/ 1/////\ ROW 

I 
tRCS tRCH 

I 

!jll/ II////I//; v/ /II/////; 
t CAC ~ 
t RAC 

OPEN VALID DATA OPEN 

EARLY-WRITE CYCLE 

RAS VIH -
VIL -

tCSH 

tCRP 

~ 
VIH -
VIL -

tASR tRAH 

AoDR 
VIH -

ROW 
VIL - ROW 

tWCR 

twcs tWCH 
twp 

V IH _7TTi7TT77TT7TTT7TTT77-rrrTTT7TT7TTTn. 

VIL -li.LLlJ..LLlJ..LLLLLLLLLL'f'-l--''-'--1.h'-'--1.h'J.1.14:L-__ -+--I---:-__ ..ILLlJ..LLLLLLLLLLLLLL'-'--1.h'-'--1.h'-'--1.h'-'--1.h'-'--1.h'J.1.14'J.MJ.~ 

~ 
toHR 

tos I tDH 1 
DIN ~:~ $11U#I/,1',1'/,1'///;W/II//#$/d~' -VA-Lio-oAT-A -)&I///$/;I##ml//,1'/$m/////,1'#/,1'////;;/ 

VOH -
DOUT VOL .-------------OPEN----------------

~ DON'T CARE 
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PAGE-MODE EARLY-WRITE CYCLE 

II I 
~ 

tCSH 

tpc tRSH 

~ 
tRCD tCAS tcp tCAS tCAS tCPN 

II I I 
:~ ~ / 

tAR 

I ~~~~~ ~ ~ ~ ~ ~ 
111M ROW (JIIM COLUMN WIIIIIII/; COLUMN WI I I 11;/.1/1 1M COLUMN WI I I I I I I I I 111/1.. ROW 

~ 

I I tCWL I II tCWL II tCWL 

twcs tWCH ~ tWCH ~ tWCH 

twp twp twp 

'!/JIIIIIII!: /llll)) W!t.~ Vll!ll!111111111111111/; 
I tWCR tRWL 

L I I tDHR 

'",I~ ~ ~ tDS ~ 
I 

VALID DATA MW:~ !J/ II II II / / /I; VALID DATA @L>( VALID DiCWII/!//////////////4 
~"""" 

~ DON'T CARE 
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I'IIIC:I=ION MT8068 

!!AS" VIH -
VIL -

"CAS VIH -
VIL -

ADDR 

DOUT 
VOH -
VOL 

!!AS" VIH 
VIL -

"CAS VIH -===1 
VIL -

DOUT 
VOH -
VOL 

!!AS" VIH -
VIL -

"CAS VIH -
VIL -

AD DR 

DOUT 
VOH -
VOL -

"RAS ONLY REFRESH CYCLE 
(ADDR = Ao - A7; As and WE = DON'T CARE.) 

tCRP 

tCRP 

tRAS 

tCRP 

tASR tRAH 

ROW 

OPEN 

~-BEFORE-"RAS REFRESH CYCLE 

.~ 
. (Ao - As WE, OE = DON'T CARE.) 

tRAS 

~ 
tCHR ) 

OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

tRP 

(READ) (REFRESH) 

tRAS tRAS 
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iVIlC=I=ION 0 MT8068 

ORDER INFORMATION 

64K x 8, 120ns access, Leadless SIMM 

L..-__ ............. I PACKA~E~ SPEjED I 
MT8068M -12 

The Micron 64K x 8 DRAM module is manufactured and 
quality controlled in Micron's modern Boise, Idaho USA 
facility using its low power, high performance NMOS 

2-11 

double-poly process. They are functionally equivalent to 
other manufacture's products meeting JEDEC standards. 
Several parameters are sampled; however, fuctionality is 
consistently assured over a wider power supply, tempera
ture and refresh range than specified. Each unit receives 
accelerated burn-in and several hours of AMBYXTM system 
level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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I'4ICRCN MT9068 

DRAM 
MODULES 
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.21lf) for low noise 
• Refresh modes: RAS only, CAS before RAS, and 

Hidden 
• 256 cycle refresh distributed across 4ms 
• Optional Page Mode access cycle 

OPTIONS 
• Timing 

80ns access 
lOOns access 
120ns access 
150ns access 

• Organization 
64K x 9 

MARKING 

-8 
-10 
-12 
-15 

MT9068 

• Packages: Leadless 30-pin SIMM M 
Leaded 30-pin SIP MN 

AO-A7 Address Inputs "CAS, "CAS9 Column Address Strobe 

DOt - 008 Data-ln/Data-Out 09 Data-In 

09 Data-Out lU\S Row Address Strobe 

W Write Enable Voo Power (+5V) 

Vss Ground 

GENERAL DESCRIPTION 
The MT9068M/MN is a randomly accessed solid-state 

memory containing 65,536 bits organized in a x9 configu
ration. 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 
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64Kx9 DRAM 

PIN ASSIGNMENT (Top View) 

Voo Voo (1) 

CAS CAs (2) 

001 001 (3) 

AD AO (4) 

Al AI (5) 

002 002 (6) 

A2 A2 (7) 

A3 A3 (8) 

V" ~ (9) 

003 10 003 (10) 

A4 11 A4 (11) 

A5 12 A5 (12) s: 
004 13 s: 004 (13) 

cd A6 14 
-I 

A6 (14) 

A7 15 co A7 (15) 0 
005 16 0 005 (16) 0') 

NC 17 0') NC (17) CIO 
NC 18 CIO NC (18) s: 
NC 19 NC (19) Z 

006 2D 006 (20) 

'IV 21 W (21) 

V" 22 ~ (22) 

007 23 007 (23) 

NC 24 NC (24) 

008 25 008 (25) 

09 26 09 (26) 

AAS 27 RAS (27) 

CAS9 28 CAs9 (28) 

09 29 09 (29) 

V" 3D \II> (30) 

0 Me 
MH 

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 
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 combi
nations of RAS addresses are executed at least every 4 msec 
(regardless of sequence). Micron recommends evenly 
spaced refresh cycles for maximum data integrity. 
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tvilC:RON MT9068 

FUNCTIONAL BLOCK DIAGRAM 

A2 

(4) 

(5) 

(7) 

RAS" (27) 

~ (2) 

W (21) 

u1, U2 = MT4067EJ 
U3 = MT1259EJ 
C1 - C3 = 0.2 /Af 

Ao-A7 

""" """ +-+-l-+-"""""W 
1:JE"U'OQl (3) DOl 

002 (6) DQ2 
OQ3 (10) 003 

OQ4 (18) 004 

""" t--l-+-"""""W 
ilr'U20Q1 (16) DOS 

D02 (20) 006 

DQ3 (23) D07 

OQ4 (25) DaB 

'100 "SS 

"""9~(2~6)-------tt==t~ 
(29) Q (26) Q9 

'100 (1,30) 

"S5 (9,22) 

FUNCTIONAL TRUTH TABLE 

Addresses 
Function RAS" 'CAS" 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) 

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-BE FORE- H-L L H X X High Impedance 
RAS REFRESH 
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I'IIIC::I=ION MT9068 

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 

'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 Power Dissipation ........................................................ 9 Watt 

Short Circuit Output Current ..................................... 50mA 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 ±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 :s; VIN :s; Vcc), II -90 90 IlA 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (DOUT is disabled, loz -90 90 i!A 
OV:s; VOUT :s; Vcc) 

OUTPUT LEVELS 
Output High (Logic 1) voltage (lOUT = -5mA) VOH 2.4 V 1 
Output Low (LoJ)ic 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 mA 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-A8) Cll 15 pF 17 

Input Capacitance RAS, CAS, WE CI2 24 pF 17 

Output Capacitance DOUT, DIN Co 7 pF 17 
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I'IIIC:RON MT9068 

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 c}'Cle time tRC 150 195 230 260 ns 6, 7 

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 

RAS pulse width tRAS 80 10,000 100 10,000 120 10,000 150 10,000 ns 

RAS hold time tRSH 40 50 60 75 ns 

RAS precharge time tRP 60 80 90 100 ns 
CAS pulse width tCAS 40 10,000 60 10,000 60 10,000 75 10,000 ns 

CAS hold time tCSH 80 110 120 150 ns 

CAS precharge time tCPN 20 25 25 30 ns 18 

CAS precharge 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-u~ 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 hold time tRCH 0 0 0 0 ns 14 
referenced to CAS 

READ command hold time RRH 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 

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 

Transition time (rise or fall) tT 3 100 3 100 3 100 3 100 ns 5, 16 

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

CAS set-up time tCSR 10 10 10 10 ns 19 
(CAS-before-RAS refresh) 

CAS hold time tCHR 15 20 25 30 ns 19 
(CAS-before·RAS refresh) 

2-16 



I'IIIC:RON MT9068 

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

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

3. An initial pause of 100/-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 VII.. 

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). 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. 

2-17 

12. tOFF (max) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOl I or VOL. 

13. Operation within the IRCD (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. 

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

15. These parameters are referenced to CAS leading 
edge in early WRITE cycles. 

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

17. Capacitance calculated from the equation C = Il>t 
l>V 

wi th l> V = 3V and Vee = 5V. This parameter is 
sampled. 

18. If CAS is low at the falling edge of RAS, DOUT will 
be maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer CAS must be 
pulsed high for tcP. Note 8 applies to determine 
valid data out. 

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

a WRITE cycle. In this case set WE = LOW. 
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fUl1C:RON MT9068 

I 
.----.1 

.-AD DR VIH -
VIL -~ 

tCRP 

tASR 

ROW 

I 
f I I I I I I III If//// /I/////; 

tRAH 

READ CYCLE 

tRAS 

tCSH 

tRSH 

tRCD tCAS 

\ 
tAR 

I ~ ~ 
~ COLUMN KI ~ 

tRCS 

I 
!j//I 

t CAC 

tRAC 

OPEN 

tRP J 
I 

I tRRH 

I 

1 
IJ!!I!I!I/lJ\ ROW 

tRCH 

~ 
~ 

VALID DATA OPEN 

VOH -DOUT VOL ------------OPEN---------------

~ DON'T CARE 
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IVIIC:RON MT9068 

VIH .~-------"\LI 
VIL . 

PAGE·MODE READ CYCLE 

------------OPEN------------~ VALID 
DATA 

VALID 
DATA 

V IH .-----------.,. 

VIL· 

PAGE·MODE EARLY·WRITE CYCLE 

VIH .--+-----+t--------------+____. 
VIL· 

tRP 

tRSH 

tCAC 

VALID OPEN--DATA 

ROW 

twcs tWCH 
twp 

V IH .~777777TTT7TT.,.,.n7T!777T7\ 
VIL·UL~UliLllarUL~~L-----_t--~----~~ilL~----~------2UL4IUL~----_H~-----ll~ULUh~LllilLUL 

tRW!.. 

tos I~ 
VALID D~'TT7w'TT7WhJ7T7r;;/7T7/;r;//;T7TWT7T//;lj/;rrn0 VIH··777777TTT7TT.ryn7T!777TTT~r--------------~r7TT.,r------------~ 

V1L ·i..LJ..,UJ..J..L/..Ll..i."-'Lll~UJ..J.JJ../ "--____________ --" \l..L,u..r"---____________ X\Ll..I..l.4 

~ DON'T CARE 
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I"IIC:RON MT9068 

~ 
VIH -
VIL -

ViS" VIH -
VIL -

ADDR 

DOUT 
VOH -
VOL 

~ 
VIH 
VIL -

VIH -==-i 
tCRP 

ViS" 
VIL -

DOUT 
VOH -
VOL 

AD DR 

RAS ONLY REFRESH CYCLE 
(ADDR = Ao - A7; and WE = DON'T CARE,) 

tRAS 

tCRP 

tASR tRAH 

ROW 

OPEN 

CAS'-BEFORE-RAS REFRESH CYCLE 

~ 
(Ao - As WE, OE = DON'T CARE,) 

tRAS 

~ 
tCHR ) 

OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) 

tRAS 

tRP 

(REFRESH) 

tRAS 

\ 

DOUT ~gt-:--------OPEN-------!-----V-A-LiD-DA-T-A----~~t:::N-
~ DON'T CARE 
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I'IIIC:RON MT9068 

ORDER INFORMA nON 

64K x 9, 120ns access, Leadless SIMM 

~ ____ ~~IPACKA~E~ SPEjD I 
MT9068M -12 

The Micron 64K x 9 DRAM module is manufactured and 
quality controlled in Micron's modern Boise, Idaho USA 
facility using its low power, high performance NMOS 

2-21 

double-poly process. They are functionally equivalent to 
other manufacture's products meeting JEDEC standards. 
Several parameters are sampled; however, fuctionality is 
consistently assured over a wider power supply, tempera
ture and refresh range than specified. Each unit receives 
accelerated burn-in and several hours of AMBYX'M system 
level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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1Vi1C:I=ION MT 4259 

DRAM 
MODULES 
FEATURES 
• Industry standard pin-out in a 22-pin single-in-line 

memory module 
• Single 5V±1O% power supply 
• All inputs, outputs and clocks are fully TIL 

compatible 
• Low power, 60mW standby, 600mW active, typical 
• On-board power supply decoupling capacitors 

(O.21lfl 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 

• Organization 
256K x 4 

• Packages: Leaded 22-pin SIP 

AD-A8 Address Inputs CAS 

01 - 04 Data-In 01- 04 

RAS Row Address Strobe W 

Vee Power (+5V) Vss 

GENERAL DESCRIPTION 

-8 
-10 
-12 
-15 

MT4259 

MN 

Column Address Strobe 

Data-Out 

Write Enable 

Ground 

The MT4259MN is a randomly accessed solid-state 
memory containing 262,144 bits organized in a x4 configu
ration. 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 
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256Kx4 DRAM 

~--------------------~ ... 
PIN ASSIGNMENT (Top View) 

AB (1) 

Vee (2) 
01 (3) 
01 (4) 

"CAS (5) 
A7 (S) 
AS (7) 
A4 (8) 
02 (9) :s:: 
02 (10) :g 
W (11) I\) 
A1 (12) c.n 
A3 (13) co 

:s:: AS (14) Z 
03 (15) 
03 (1S) 
A2 (17) 
AO (18) 

RAS (19) 
04 (20) 
04 (21) 

VSS (22) 

MA 

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 
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 combi
nations of RAS addresses are executed at least every 4 msec 
(regardless of sequence). Micron recommends evenly 
spaced refresh cycles for maximum data integrity. 
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I'IIIC:RON MT4259 

FUNCTIONAL BLOCK DIAGRAM 

(18) 

(12) 

A2 (17) 

AJ (13) 

U1 - U4 = MT1259EJ 
C1 - C4 = 0.2 I-If 

'RAS (19) 

~ (5) 
W (11) 

D1 (3) 

02 (9) 

{16} 

04 (20) 

Vee (2) 

Vss (22) 

FUNCTIONAL TRUTH TABLE 

Addresses 
Function RAS" CAS 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) 

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-BE FORE- 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 .................................. -SsoC to + ISO°C 

*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 Power Dissipation ........................................................ 4 Watt 

Short Circuit Output Current ..................................... SOmA 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 -40 40 I1A 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (Dour is disabled, loz -40 40 I1A 
OV $ Your $ 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 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: tRC = 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: tRC = 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 (AD-As) CI1 20 pF 17 

Input Capacitance RAS, CAS, WE CI2 32 pF 17 

Output Capacitance Dour, DIN Co 7 pF 17 
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fUllCRON MT4259 

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 cvcle time tRC 150 195 230 260 ns 6,7 

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 
RAS pulse width tRAS 80 10,000 100 10,000 120 10,000 150 10,000 ns 

AAS hold time tRSH 40 50 60 75 ns 

RAS precharge time tRP 60 80 90 100 ns 
"CAS pulse width tCAS 40 10,000 60 10,000 60 10,000 75 10,000 ns 

CAS hold time tCSH 80 110 120 150 ns 
"CAS precharge time tCPN 20 25 25 30 ns 18 

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

AAS 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 hold time tRCH 0 0 0 0 ns 14 
referenced to CAS 
READ command hold time 'RRH 0 0 0 0 ns 

referenced to RAS 

Output buffer tum-off delav tOFF 0 25 0 30 0 30 0 35 ns 12 

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

WRITE command hold time 'WCH 15 35 40 45 ns 

WRITE command hold time IWCR 35 85 100 120 ns 
referenced to AAS 

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 'CWL 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 

Transition time (rise or fall) IT 3 100 3 100 3 100 3 100 ns 5, 16 

Refresh Period (256 cycles) IREF 4 4 4 4 ms 

CAS set-up time ICSR 10 10 10 10 ns 19 
(CAS"-before-AAS refresh) 

CAS hold time ICHR 15 20 25 30 ns 19 
(CAS-before-RAS refresh) 
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NOTES 
1. All voltages referenced to V 55. 

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 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 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 $ 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. 
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12. tOFF (max) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOII or VOL. 

13. Operation within the tRCD (max) limit ensures that 
tRAC (max) can be met. tRCD (max) is specified as a 
reference fr0int only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by tCAe. 

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

15. These parameters are referenced to CAS leading 
edge in early WRITE cycles. 

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

17. Capacitance calculated from the equation C = 1M 
tlV 

with tl V = 3V and Vee = 5V. This parameter is 
sampled. 

18. If CAS is low at the falling edge of RAS, Dour will 
be maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer CAS must be 
pulsed high for tcP. Note 8 applies to determine 
valid data out. 

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

a WRITE cycle. In this case set WE = LOW. 
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READ CYCLE 
RC 

tRAS tRP J 
I 
\ 

tCSH 

1 tRSH tRRH 

tCRP tRCD tCAS I 
I Y J 

tAR 

tASR tRAH 

~ ~ I I 
ROW COLUMN !/I/////////////M ROW 

I 
tRCS tRCH 

I 
'1/1 I I I I I I I I I I I I I I I I I III/ V, II//; 

t CAC ~ 
tRAC 

OPEN VALID DATA OPEN 

V IH _7TTl7TTl7TTl7TTl7TT7'rrnTTT7TTT7TTT7\ 

V IL -liLLli.li.li.li.li.li.li.li.ifLLlJ..L.LlJ..L.L'.LLLJ.~ __ -+-----1---;-__ -ZLLli.li.LLLLLLLLIJ..L.L'.LLLJ.'.LLLJ.'.LLLJ.'.LLLJ.'.LLLJ.:.LLU.:.LLU.:J.L 

~ 
I~R 

IDs.1 I. IDH 1 
DIN ~:~ $////#/;/###////;1//;0'/$/;0'&1-' -VA-L1D-DAT-A -'~/#//#//##$###//#$/////####///a 

VOH -DOUT VOL .-------------OPEN----------------

~ DON'T CARE 
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VIH-------, 

VIL -

PAGE-MODE EARLY-WRITE CYCLE 

VIH _--+---tt-------+-___ 
VIL -

ADDR VIH
V IL -LLLU1'---_----, __ Ji 
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m VIH -
VIL -

l:AS VIH -
VIL -

AD DR 

DOUT 
VOH -
VOL 

m VIH 
VIL -

l:AS VIH -==1 
VIL -

DOUT 
VOH -
VOL 

m VIH -
VIL -

VIH -l:AS 
VIL -

ADDR 

DOUT 
VOH -
VOL -

~ ONLY REFRESH CYCLE 
(ADDR = Ao - A7; AS and WE = DON'T CARE.) 

tCRP 

tCRP 

tRAS 

tCRP 

tASR tRAH 

ROW 

OPEN 

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

~.,~ ) 
tRAS 

~ 

OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) 

tRAS 

tRCD 

OPEN 

I 

tRSH 

tCAH 

tCAc 

! tRAC 
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(REFRESH) 

tRAS 

VALID DATA 
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ORDER INFORMATION 

256K x 4, 150ns access, Leaded SIP 

'--__ ",.........IpACKA~~PEIED I 

MT 4259MN ·15 

The Micron 256K x 4 DRAM module is functionally 
equivalent to other manufacturers' product meetingJEDEC 
standards. It is manufactured and quality controlled in 
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Micron's modern Boise, Idaho USA facility using the NMOS 
double-poly process. Micron's QUALITY ASSURED pol
icy is to offer prompt, accurate and courteous service while 
assuring reliability and quality. Functionality is consis- _ 
tently assured over a wider power supply range, tempera-
ture and refresh than specified. Each unit receives acceler- C 
ated burn-in and several hours of AMBYXTM system level .... 
testing prior to final test and shipment. ..AI 

Please contact the factory for technical, test and applica- » 
tion assistance. Micron can also furnish the sales represen- , 
tative and distributors nearest you. Micron's QUALITY =
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality. s: 
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DRAM 
MODULES 
FEATURES 
• Industry standard pin-out in a 24-pin single-in-Iine 

memory module 
• Low profile (0.415 inch, typical) 
• Single 5V±100/0 power supply 
• All inputs, outputs and clocks are fully TTL 

compatible 
• Low power, 75mW standby, 750mW 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 -8 
100ns access -10 
120ns access -12 
150ns access -15 

• Organization 
256K x 5 MT85259 

• Packages: Leaded 24-pin SIP MN 

AD-A8 Address Inputs -cAS Column Address Strobe 

01- 05 Data-In 01- 05 Data-Out 

liAS Row Address Strobe W Write Enable 

Voo Power (+5V) Vss Ground 

GENERAL DESCRIPTION 
The MT85259MN is a rand.omly accessed solid-state 

memory containing 262,144 bits organized in a x5 configu
ration. 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 
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256Kx5 DRAM 

PIN ASSIGNMENT (Top View) 

A8 (1) 

Voo (2) 
01 (3) 
01 (4) 

CAS (S) 
A7 (6) 
AS (7) 
A4 (8) 
02 (9) s: Q2 (10) 

~ w (11) 
A1 (12) U'1 

I\) 

A3 (13) U'1 
A6 (14) co 

s: 
03 (1S) Z 
03 (16) 
A2 (17) 
AD (18) 

RAS (19) 
04 (20) 
04 (21) 

VSS (22) 
OS (23) 
OS (24) 

MB 

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 
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 combi
nations of RAS addresses are executed at least every 4 msec 
(regardless of sequence). Micron recommends evenly 
spaced refresh cycles for maximum data integrity. 
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FUNCTIONAL BLOCK DIAGRAM 

(18) 

(12) 

(17) 

(13) ,., 
p, 
(1.) ,., 
,,' 

U1 - U5 = MT1259EJ 
C1 - C5 = 0.2 ~f 

FUNCTIONAL TRUTH TABLE 

Function ~ ~ WE" 

Standby H H H 

READ L L H 

WRITE L L L 
(EARLY-WRITE) 

PAGE-MODE L H-L-H, H 
READ H-L-H 

PAGE-MODE L H-L-H, L 
WRITE H-L-H 

~ONLY L H H 
REFRESH 

HIDDEN L-H-L L H 
REFRESH 

"CAS-BE FORE- H-L L H 
~REFRESH 

"" 
(19) ,., '" • (11) 

" 
p, 

02 (9) 

(16) 

(20) 

05 (23) 

Voo (2) 

Vss (22) 

Addresses 

tR tC 

X X High Impedance 

ROW COL Data Out 

ROW COL Data In 

ROW COL Valid Data Out, 
Valid Data Out 

ROW COL Valid Data In, 
Valid Data In 

ROW n/a High Impedance 

ROW COL Valid Data Out 

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 ........................................................ S 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 ±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 -50 50 jJ.A 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (DOUT is disabled, loz -50 50 jJ.A 
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 25 25 25 25 mA 
(RAS = CAS = VIH after 8 RAS cycles) 

OPERATING CURRENT Icc2 325 275 275 225 mA 2 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: PAGE MODE Icc3 325 275 275 225 mA 2 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

REFRESH CURRENT: RAS ONLY Icc4 275 200 200 175 mA 2 
(RAS = Cycling: CAS = VIH: tRC = tRC(MIN)) 

REFRESH CURRENT: CAS-before-RAS Icc5 325 275 275 225 mA 2,19 
(RAS and CAS = cycling, tRC = tRC(MIN)) 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-AB) CI1 25 pF 17 

Input Capacitance RAS, CAS, WE CI2 40 pF 17 

Output Capacitance DOUT, DIN Co 7 pF 17 
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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 ±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 150 195 230 260 ns 6,7 

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 

RASJluise width tRAS 80 10,000 100 10,000 120 10,000 150 10,000 ns 
RAS hold time tRSH 40 50 60 75 ns 

RAS precharge time tRP 60 80 90 100 ns 
CAS pulse width tCAS 40 10,000 60 10,000 60 10,000 75 10,000 ns 

CAS hold time tCSH 80 110 120 150 ns 

CAS precharge time tCPN 20 25 25 30 ns 18 

CAS precharge 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 a a a a ns 

Row address hold time tRAH 15 15 15 15 ns 

Column address set-up time tASC a a a a 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 hold time tRCH a a a a ns 14 
referenced to CAS 

READ command hold time IRRH a a a a ns 

referenced to RAS 

Output buffer turn-off delay tOFF a 25 a 30 a 30 a 35 ns 12 

WE command set-up time twcs a a a a ns 

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 a a a a 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 

Transition time (rise or fall) IT 3 100 3 100 3 100 3 100 ns 5, 16 

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

CAS set-up time tCSR 10 10 10 10 ns 19 
(CAS-before-RAS refresh) 

CAS hold time tCHR 15 20 25 30 ns 19 
(CAS-before·RAS refresh) 
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NOTES 
1. All voltages referenced to V ss. 
2. Icc is dependent on output loading and cycle rates. 

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

3. An initial pause of 100~s is required after power-up 
followed by any 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. 
S. VIli min and Vil. max are reference levels for 

measuring timing of input signals. Transition times 
are measured between VlfI 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 
100pP. 

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. 
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12. tOFF (max) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Vall or VOL. 

13. Operation within the tRCD (max) limit ensures that 
tRAC (max) can be met. tRCD (max) is specified as a 
reference fr0int only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by tCAe. 

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

IS. These parameters are referenced to CAS leading 
edge in early WRITE cycles. 

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

17. Capacitance calculated from the equation C = 1M 
!:J.V 

with!:J.V = 3V and Vee = SV. This parameter is 
sampled. 

18. If CAS is low at the falling edge of RAS, Dour will 
be maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer CAS must be 
pulsed high for tcP. Note 8 applies to determine 
valid data out. 

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

a WRITE cycle. In this case set WE = LOW. 
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READ CYCLE 
tRC 

tRAS tRP 

RAS VIH -- VIL -
tCSH 

tRSH tRRH 

C tCRP tRCD tCAS 

::D "CAS VIH -
VIL -

l> tASR tRAH s:: 
ROW ROW ADDR 

s:: 
0 we 

C 
t CAC tOFF 

tRAC 

c: VOH -

r DOUT VOL OPEN VALID DATA OPEN 

m 
en 

we 

tDS I tDH 1 ~ 
tDHR 

DIN ~:~ $#$///!M$$o///$/!//ld~-VA-L1D-DAT-A -)@;//I/!;/#//I#$/$I#/!$!I//!//!I//!/a 
YaH -DOUT VOL -------------OPEN----------------

~ DON'T CARE 
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PAGE-MODE EARLY-WRITE CYCLE 

VIH _,-------<1 
VIL -

t RCD 

VIH _.-+---t+--------t--, 
V1L -

AD DR V1H
VIL -

COLUMN 

tCSH 

tpc 

tCAS tcp tCAS 

tCAH 

tCWL 

tWCH 

twp 

ROW 

VIH -

VIL-ULULULUL~~UL~~---+_~~--_4LULUA---_H----LUL~~~~--1+~---U~LULULULUUL~ 
tRWL 

VIH -
VIL -ULULULULLU..'-'-'-''-'-'-'~'-'-' '-_______ -.JO 

tDS I~ 
VALID D~777W77T0'~rrnll~777W77T0'mrrn%'7T7ll 

~ DON'T CARE 
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m 

~ 

ADDR 

DDUT 

m 

~ 

DOUT 

m 

~ 

ADDR 

DOUT 

VIH -
VIL -

VIH -
VIL -

VDH -
VOL 

VIH 
VIL -

VIH -==1 
VIL -

VOH -
VOL 

VIH -
VIL -

VIH -
VIL -

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

tCRP 

tCRP 

tRAS 

tCRP 

tASR tRAH 

RDW 

OPEN 

CAS-BEFORE-RAS REFRESH CYCLE 

~ 
(AO - As WE, OE = DON'T CARE,) 

tRAS 

~ 
tCHR ) 

OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

tRP 

(READ) (REFRESH) 

tRAS tRAS 

\ 

VOH -
VOL 

'----------OPEN ---I-:-~~-~--~:I~----V-A-LiD-DA-T-A-----
~ DON'T CARE 
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ORDER INFORMATION 

256K x 5, 120ns access, Leaded SIP 

"'---__ ""'T"" .... I PACKA~;EIED I 
MT85259MN -12 

The Micron 256K x 5 DRAM module is functionally 
equivalent to other manufacturers' product meetingJEDEC 
standards. It is manufactured and quality controlled in 
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Micron's modern Boise, Idaho USA facility using the NMOS 
double-poly process. Micron's QUALITY ASSURED pol
icy is to offer prompt, accurate and courteous service while 
assuring reliability and quality. Functionality is consis
tently assured over a wider power supply range, tempera
ture and refresh than specified. Each unit receives acceler
ated burn-in and several hours of AMBYXTM system level 
testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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DRAM 
MODULES 
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 TTL 

compatible 
• Low power, 135mW standby, 1350mW active, typical 
• On-board power supply decoupling capacitors 

(O.2f1f) 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 

• Organization 
256K x 8 

• Packages: Leaded 30-pin SIP 
(low profile) 

AD-AS Address Inputs CAS 
001 - DOB Data-ln/Data-Out 09 

PRO Presence Detect 09 

RAS Row Address Strobe W 

Vee Power (+5V) Vss 

GENERAL DESCRIPTION 

-8 
-10 
-12 
-15 

MT8259 

DMN 

Column Address Strobe 

Data-In 

Data-Out 

Write Enable 

Ground 

The MT8259DMN is a randomly accessed solid-state 
memory containing 262,144 bits organized in a x8 configu
ration. 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 
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256Kx8 DRAM 

PIN ASSIGNMENT (Top View) 

vcc (1) 
CAS (2) 
DOl (3) 

AO (4) 
A1 (5) 

D02 (6) 
A2 (7) 
A3 (8) 

Vss (9) 
D03 (10) 

A4 (11) 
AS (12) :s: 

D04 (13) ~ AS (14) 
N 

A7 (15) CJ1 ME 
DOS (16) U) 

AS (17) C 
NC (18) :s: 
NC (19) Z 

D06 (20) 
W (21) 

Vss (22) 
DQ7 (23) 
PFiD (24) 
D08 (25) 

NC (26) 
RAg (27) 

NC (28) 
NC (29) 

VCC (30) 

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 
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 combi
nations of RAS addresses are executed at least every 4 msec 
(regardless of sequence). Micron recommends evenly 
spaced refresh cycles for maximum data integrity. 
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FUNCTIONAL BLOCK DIAGRAM 

(.) 

(5) 

(7) 

(8) 

(,,) 

(12) 

(14) 

(15) 

(17) 

RAS" (27) 
'CAS (2) 
W (21) 

DQ' (3) 

DQ2 (6) 

000 (10) 

U1 - Us = MT1259EJ 
C1 - Cs = O.2/-1f 

OQ4 (lJ) 

Vcc (1,30) 

Vss (9,22) 

1'1m (24) 

FUNCTIONAL TRUTH TABLE 

Function RAS' CAS' 

Standby H H 

READ L L 

WRITE L L 
(EARL V-WRITE) 

PAGE-MODE L H~L~H, 

READ H~L~H 

PAGE-MODE L H~L~H, 

WRITE H~L~H 

RAS ONLV L H 
REFRESH 

HIDDEN L~H~L L 
REFRESH 

CAS-BEFORE- H~L L 
RAS REFRESH 

Addresses 
WE 

tR tC 

H X X High Impedance 

H ROW COL Data Out 

L ROW COL Data In 

H ROW COL Valid Data Out, 
Valid Data Out 

L ROW COL Valid Data In, 
Valid Data In 

H ROW n/a High Impedance 

H ROW COL Valid Data Out 

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 

*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 Power Dissipation ........................................................ 8 Watt 

Short Circuit Output Current ..................................... SOmA 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 ~A 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (DOUT is disabled, loz -80 80 ~A 
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 -1D -12 -15 UNITS NOTES 

STANDBY CURRENT: TTL input levels ICCl 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 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

REFRESH CURRENT: RAS ONLY Icc4 440 320 320 280 mA 2 
(RAS = Cycling: CAS = VIH: tRC = tRC(MIN)) 

REFRESH CURRENT: CAS-before-RAS Iccs 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) Cll 40 pF 17 

Input Capacitance RAS, CAS, WE CI2 64 pF 17 

Output Capacitance DOUT, DIN Co 12 pF 17 
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I'IIIC:I=ION MT8259DMN 

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 150 195 230 260 ns 6, 7 

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 tCAG 40 50 60 75 ns 7,9 

RAS pulse width tRAS 80 10,000 100 10,000 120 10,000 150 10,000 ns 

RAS hold time tRSH 40 50 60 75 ns 

RAS precharge time tRP 60 80 90 100 ns 

CAS pulse width tCAS 40 10,000 60 10,000 60 10,000 75 10,000 ns 

CAS hold time tCSH 80 110 120 150 ns 

CAS precharge time tCPN 20 25 25 30 ns 18 -
CAS precharge 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 hold time RCH 0 0 0 0 ns 14 
referenced to CAS 

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

Output buffer turn-off delay tOFF 0 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 

Transition time (rise or fall) tT 3 100 3 100 3 100 3 100 ns 5,16 

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

CAS set-up time tCSR 10 10 10 10 ns 19 
(CAS-before-RAS refresh) 

CAS hold time tCHR 15 20 25 30 ns 19 
(CAS-before-RAS refresh) 
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NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

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

3. An initial pause of 100~s is required after power-up 
followed by any 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. VIII 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). 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 
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achieves the open circuit condition and is not 
referenced to VOII or VOL. 

13. Operation within the tRCD (max) limit ensures that 
tRAC (max) can be met. tRCD (max) is specified as a 
reference fr0int only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by tCAe. 

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

15. These parameters are referenced to cAs leading 
edge in early WRITE cycles. 

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

17. Capacitance calculated from the equation C = I,lt 
,lV 

with,lV = 3V and Vee = 5V. This parameter is 
sampled. 

18. If CAS is low at the falling edge of RAS, DouT will 
be maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer CAS must be 
pulsed high for tcP. Note 8 applies to determine 
valid data out. 

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

a WRITE cycle. In this case set WE = LOW. 
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I'IIIC:RON MT8259DMN 

I 
:.-/ 

:-AOOR VIH -
VIL -
~ 

JlIIIII/;, 

tCRP 

tASR tRAH 

I 
ROW 

I I 
'lIP / / / / / / / / / / /111 

OPEN 

READ CYCLE 

tRAS tRP I 
J 

tCSH 

I tRSH tRRH 

tRCD tCAS I 

~/ 
tAR 

~ ~ 
COLUMN r014J//&////////////////;?\ ROW 

tRCS tRCH 

Willi/;, 
t CAC ~ 
tRAC 

VALID DATA OPEN 

VIH -~~~~~~~~~l--jJ-----;---Jz~~~~~~~~~~~(Z VIL -/.L 

~ 
tOHR 

tos I tOH 1 

DIN ~:~ $##1ff##ff$!Jff!l/$/ff/aJ~-VA-LiO-OAT-A ~}w/ff#/ffl///!I//ff/M'ff///W/ff/ff/////P; 
VOH -Dour VOL -------------OPEN----------------

~ DON'T CARE 
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ADDR 

VIH------, 

VIL -

PAGE-MODE EARL V-WRITE CVCLE 

~r~ ~ ~ ~~ r~ 
~:~ i///M ROW ____ COLUMN W§jj'j'd COLUMN WIIIIIIIIIIII!ff. COLUMN 1/11111111/////1. 
~ ~ I I tCWL II tCWL I II tCWL '------

ROW 

twcs tWCH 

~:~ ::W0,~!/_///////;,//;~'I/!JL-l--L-JWl0,@hl_L~~/lll/!~mll!J_-1L-~V;j~'I///_////////~I!'I//~///////; 
tWCR tRWL 

~ ~ I tDS ~ tos tOH 
L I ItDHR I~ 

~:~ _--Ij7/;TT./j/m/;!j/;'77/j/TT.TT.jjjjm77§ffi'l/TT./;'l/m/;'I/'7TT7\///M VALID DATA ~ VALID DATA _~ VALID OjTC ]7TWTTlIj/;77W/TTl/;0"'1//;7T.fjj;"'Ijj/;TT.1j/;rT70 

~ DON'T CARE 
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I'IIIC:F=lON MT8259DMN 

!<AS" 

"CAS" 

AD DR 

DOUT 

!<AS" 

"CAS" 

DOUT 

ADDR 

RAS-BEFORE-CAS REFRESH CYCLE 
(ADDR = Ao - A7; AS and WE = DON'T CARE.) 

V1H -
V1l -

VIH -
Vil -

VOH -
Val 

VIH 
V1l -

VIH -==-i 
tCRP 

Vil -

VOH -
Val 

VIH -~----,,

Vil -

tRAS 

tCRP 

tASR tRAH 

ROW 

OPEN 

CAS-BEFORE-RAS REFRESH CYCLE 

~ 
(AO - AS WE, OE = DON'T CARE.) 

tRAS 

~ 
tCHR ) 

OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) 

tRAS 

tRP 

(REFRESH) 

tRAS 

~ 

DOlJT ~gr --------OPEN _______ I-----V-A-liD-DA-TA-----~t::N-
~ DON·T CARE 
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ORDER INFORMA nON 

256K x 8, 150ns access, Leaded SIP 

L..-_-"""T"" ..... I PACKA~ II ;EIED I 
MT8259DMN -15 

The Micron 256K x 8 DRAM module is functionally 
equivalent to other manufacturers' product meetingJEDEC 
standards. It is manufactured and quality controlled in 
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Micron's modern Boise, Idaho USA facility using the NMOS 
double-poly process. Micron's QUALITY ASSURED pol
icy is to offer prompt, accurate and courteous service while 
assuring reliability and quality. Functionality is consis
tently assured over a wider power supply range, tempera
ture and refresh than specified. Each unit receives acceler
ated burn-in and several hours of AMBYX T \1 system level 
testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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tv'1C:I=ION MT8259M/MN 
I 

DRAM 
MODULES 
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, 120mW standby, 1200mW active, typical 
• On-board power supply decoupling capacitors 

(O.2~O 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 

• Organization 

-8 
-10 
-12 
-15 

256K x 8 MT8259 

• Packages: Leadless 30-pin SIMM M 
Leaded 30-pin SIP MN 

AO-A8 Address Inputs "CAS Column Address Strobe 

D01- D08 Data-lniData-Out D9 Data-In 

"PRO Presence Detect 09 Data-Out 

lUiS Row Address Strobe W Write Enable 

Vee Power (+5V) Vss Ground 

GENERAL DESCRIPTION 
The MT8259M/MN is a randomly accessed solid-state 

memory containing 262,144 bits organized in a x8 configu
ration. 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 
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256Kx8 DRAM 

PIN ASSIGNMENT (Top View) 

Voo (1) 
CAS (2) 
DOl (3) 

AO (4) 
Al (S) 

D02 (6) 
A2 (7) 
A3 (8) 

Vss (9) 
D03 (10) 10 

A4 (11) 11 

AS (12) s::: 12 s::: DQ4 (13) ;J 13 

A6 (14) ,. ;J 
A7 (lS) N 15 

D05 (16) (J1 16 N 
AS (17) co 17 

(J1 

s::: co 
NC (18) 18 s::: NC (19) Z ,. 

DQ6 (20) 20 

W (21) 21 

Vss (22) 22 

D07 (23) 23 

PRO (24) 2. 

DQ8 (25) 25 

Q9 (26) 26 

RAS (27) 27 

CAS9 (28) 28 

D9 (29) 29 

Voo (30) 30 

MD 0 
MI 

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 
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 combi
nations of RAS addresses are executed at least every 4 msec 
(regardless of sequence). Micron recommends evenly 
spaced refresh cycles for maximum data integrity. 
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I'IIIC=I=ION MT8259M/MN 

FUNCTIONAL BLOCK DIAGRAM 

(.) 

(11) 

(12) 

(14) 

(15) 

(17) 

RAS" (27) 
~ (2) 
W (21) 

U1 - Us = MT1259EJ 
C1 - Cs = 0.2 Jolt 

PFm (24) 

FUNCTIONAL TRUTH TABLE 

Function 'RE ~ 

Standby H H 

READ L L 

WRITE L L 
(EARLY-WRITE) 

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

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

RAS ONLY L H 
REFRESH 

HIDDEN L-+H-+L L 
REFRESH 

GAS-BE FORE- H-+L L 
RAS REFRESH 

Addresses 
WE' 

tR tC 

H X X High Impedance 

H ROW COL Data Out 

L ROW COL Data In 

H ROW COL Valid Data Out, 
Valid Data Out 

L ROW COL Valid Data In, 
Valid Data In 

H ROW n/a High Impedance 

H ROW COL Valid Data Out 

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 

*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 Power Dissipation ........................................................ 8 Watt 

Short Circuit Output Current ..................................... SOmA 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) (Vcc = S.OV ±10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.S 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 
Input leakage current, any input (OV :0; VIN :0; Vcc), II -80 80 IlA 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (DouT is disabled, loz -80 80 IlA 
OV :0; VOUT :0; 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 520 440 440 360 mA 2 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: PAGE MODE Icc3 520 440 440 360 mA 2 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

REFRESH CURRENT: RAS 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 17 

Input Capacitance RAS, CAS, WE CI2 64 pF 17 

Output Capacitance DOUT, DIN Co 12 pF 17 
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~IC:I=ION MT8259M/MN 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 17, 18) (ODC ::; T A ::; 70DC) (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 IRC 150 195 230 260 ns 6, 7 

PAGE-MODE cycle time IpC 75 90 100 120 ns 6,7 

Access time from RAS IRAC 80 100 120 150 ns 7,8 

Access time from CAS ICAC 40 50 60 75 ns 7,9 

RAS pulse width IRAS 80 10,000 100 10 000 120 10,000 150 10,000 ns 

RAS hold time IRSH 40 50 60 75 ns 

RAS precharge time IRP 60 80 90 100 ns 
CAS pulse width ICAS 40 10,000 60 10,000 60 10,000 75 10,000 ns 

CAS hold time ICSH 80 110 120 150 ns 

CAS precharge time ICPN 20 25 25 30 ns 18 

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 RAS set-up time ICRP 10 15 20 20 ns 
Row address set-up time IASR 0 0 0 0 ns 

Row address hold time IRAH 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 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 IOFF 0 25 0 30 0 30 0 35 ns 12 

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

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 

Transition time (rise or fall) IT 3 100 3 100 3 100 3 100 ns 5, 16 

Refresh Periodl256 c:yclesJ IREF 4 4 4 4 ms 

CAS set-up time tCSR 10 10 10 10 ns 19 
(CAS-before-RAS" refresh) 

CAS hold time ICHR 15 20 25 30 ns 19 
(CAS-before-RAS refresh) 
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NOTES 
1. All voltages referenced to V 55. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100/1s 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. VII! min and V!L max are reference levels for 

measuring timing of input signals. Transition times 
are measured between V!H and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C:O; T A :0; 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. 
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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 l,'0int 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. 

15. These parameters are referenced to CAS leading 
edge in early WRITE cycles. 

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

17. Capacitance calculated from the equation C = ILlt 
LlV 

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

18. If CAS is low at the falling edge of RAS, DouT will 
be maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer CAS must be 
pulsed high for ICp. Note 8 applies to determine 
valid data out. 

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

a WRITE cycle. In this case set WE = LOW. 
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READ CYCLE 
tRC 

tRAS tRP 

l<IiS" VIH -- VIL -
tCSH 

tRSH tRRH 

C tCRP tRCD tCAS 

JJ "CAS" 

l> 
s: 

ADDR 

s: 
0 WE: 

C 
c: 

VOH -r- DOUT VOL OPEN VALID DATA OPEN 

m 
en 

EARLY-WRITE CYCLE 

l<IiS" VIH -
VIL -

tCSH 

tCRP 

"CAS" VIH -
VIL -

tASR tRAH 

AODR VIH - ROW 
VIL - ROW 

twcs 
twp 

VIH -·~~~~~W7lLWJ@~---ll-:---~~~~~7lL7lLWJ@~~~~ VIL -/J. 

~ 
tOHR 

~ tDs.1 tOH .~ 

~:~ $/$;JI/;J/$/#l@,f'$;Jffff&l~' -VA~LlD~DAT~A -W#/l/;J$/$#$$f'###f'####I/f'M 
DOUT VOH-:----------___ OPEN _______________ _ 

VOL 

~ DON'T CARE 
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"CAS" 

ADDR 

WE: 

DOUT 

AODR 

VIH -----" 

VIL -

VIH -
VIL -

VIH -
VIL -

VOH -
VOL 

OPEN 

PAGE-MODE READ CYCLE 

VALID VALID 
DATA DATA 

PAGE-MODE EARLY-WRITE CYCLE 

VIH-----'LI 

VIL -

VIH _:--+---++-------i--, 
VIL -
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ROW 

~ DON'T CARE 
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I'IIIC::RON MT8259M/MN 

RAS-BEFORE-CAS REFRESH CYCLE 
(ADDR = Ao - A7; AS and WE = DON'T CAREo) 

tCRP 

AD DR ROW ROW 

00UT ~g~-.--------------OPEN---------------

ADDR 

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

\'----~ ~:~ - I--t-"CS""R'-----i~ ',"e) '"'" ~ 'e, 
CAS" V,H _t 

V,L -_~ _ __" _____ _L ____________________ _ 

00UT ~g~=--------------OPEN--------------

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

VOH ---------OPEN _______ -<:j-----------
DOUT VOL . VALID DATA 

~ DON°T CARE 
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ORDER INFORMATION 

256K x 8, 120ns access, Leaded SIP 

~ ____ ~~IPACKA~~ SPEjD I 
MT8259M -12 

The Micron 256K x 8 DRAM module is functionally 
equivalent to other manufacturers' product meetingJEDEC 
standards. It is manufactured and quality controlled in 
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Micron' smodern Boise, Idaho USA facility using the NMOS 
double-poly process. Micron's QUALITY ASSURED pol
icy is to offer prompt, accurate and courteous service while 
assuring reliability and quality. Functionality is consis
tently assured over a wider power supply range, tempera
ture and refresh than specified. Each unit receives acceler
ated burn-in and several hours of AMBYXTM system level 
testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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I'IIIC:RON MT9259DMN 

DRAM 
MODULES 
FEATURES 
• Industry standard pin-out in a 30-pin single-in-line 

package (SIP) 
• Low profile, double-side mount (0.45 in) 
• Single 5V±100/0 power supply 
• All inputs, outputs and clocks are fully TIL 

compatible. 
• Low power, 135mW standby, 1350mW active, typical 
• On-board power supply decoupling capacitors 

(O.21lf) 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 

• Organization 
256K x 9 

• Packages: Leaded 30-pin SIP 
(low profile) 

-8 
-10 
-12 
-15 

MT9259 

DMN 

AD-AS Address Inputs "CAS, "CAS9 Column Address Strobe 

001 - DOS Data-I n/Data-Out 09 Data-In 

PTID Presence Detect 09 Data-Out 

lUIS Row Address StrobE W Write Enable 

Vee Power (+5V) Vss Ground 

GENERAL DESCRIPTION 
The MT9259DMN is a randomly accessed solid-state 

memory containing 262,144 bits organized in a x9 configu
ration. 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 
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256Kx9 DRAM 

~--------------------~ .... 
PIN ASSIGNMENT (Top View) 

vcc (1) 

CAS (2) 
DOl (3) 

AO (4) 
Al (5) 

D02 (6) 
A2 (7) 
AS (8) 

VSS (9) 
D03 (10) 

A4 (11) 

AS (12) s:: 
D04 (13) 

""'" AS (14) CD 
A7 (15) 

I\) 
U1 ME DOS (16) CD 

AS (17) 0 
NC (18) s:: 
NC (19) Z 

D06 (20) 
W (21) 

VSS (22) 
D07 (23) 
J5'AD (24) 
D08 (25) 

NC (26) 
RAS (27) 

NC (28) 
NC (29) 

VCC (30) 

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 
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 combi
nations of RAS addresses are executed at least every 4 msec 
(regardless of sequence). Micron recommends evenly 
spaced refresh cycles for maximum data integrity. 
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IVIICI=ION MT9259DMN 

FUNCTIONAL BLOCK DIAGRAM 

IIA!' (27) 
'C13 (2) 

,,"0 (4) W (21) 

A' (1I) 

DQ1 (l) 

DQ2 (6) 

(10) 

U1 - Ug = MT1259EJ 
C1 - Cg = 0.2 !-If 

(13) 

~,~'''~'----+-r-----+-~ 
,,----"""L' ----+-1-----------1, , 

Vee Vss 

Vee (1,30) 

Vss (i,22) 

(H) 

(26) Q9 

FUNCTIONAL 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 
(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 RATINGS* 
Voltage on Vee supply relative to Vss ........... -l.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. 

C 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS :c 
(O°C :0; T A :0; 70°C) (Vcc = 5.0V ±1 0%) » 

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 :0; VIN :0; Vcc), II 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (DOUT is disabled, loz 
OV:O; VOUT :0; Vcc) 

OUTPUT LEVELS 
Output High (Logic 1) voltage (lOUT = -5mA) VOH 
Output Low (Logic 0) voltage (lOUT = 5mA) 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 Iccs 
(RAS and CAS = cycling, tRC = tRC(MIN)) 

CAPACITANCE 

PARAMETER SYMBOL 

Input Capacitance (Ao-As) CI1 

Input Capacitance RAS, CA$", WE CI2 

Output Capacitance DOUT, DIN Co 

2-65 

MIN MAX 

4.5 5.5 

2.4 Vcc+1 

-1.0 0.8 

-90 90 

-90 90 

2.4 
0.4 

MAX 
-8 -10 -12 -15 

45 45 45 45 

585 495 495 405 

585 495 495 405 

495 360 360 315 

585 495 495 405 

MIN MAX 

45 

72 

12 

UNITS 

V 

V 

V 

~A 

~A 

V 
V 

UNITS 

mA 

mA 

mA 

mA 

mA 

UNITS 

pF 

pF 

pF 

NOTES 

1 

1 

1 

NOTES 

2 

2 

2 

2,19 

NOTES 

17 

17 
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I'IIIC::I=ION MT9259DMN 

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 150 195 230 260 ns 6 7 
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 10,000 100 10,000 120 10,000 150 10,000 ns 
FiJi$ hold time tRSH 40 50 60 75 ns 
FiJi$ precharge time tRP 60 80 90 100 ns 
C"AS" pulse width tCAS 40 10,000 60 10,000 60 10,000 75 10,000 ns 

CAS hold time tCSH 80 110 120 150 ns 

CAS precharge time tCPN 20 25 25 30 ns 18 
CAS precharge time (PAGE-MODE) tcp 25 30 30 35 ns 

FiJi$ to CAS delay time tRCD 20 40 25 50 25 60 25 75 ns 13 
C"AS" 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 hold time tRCH 0 0 0 0 ns 14 
referenced to C"AS" 
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 

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 

Transition time (rise or fall) tT 3 100 3 100 3 100 3 100 ns 5, 16 
Refresh Period L256 cy_cle~ tREF 4 4 4 4 ms 

CAS set-up time tCSR 10 10 10 10 ns 19 
(CAS-before-RAS refresh) 

CAS hold time tCHR 15 20 25 30 ns 19 
(CAS-before-RAS refresh) 
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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 (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 
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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 ~oint 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. 

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

17. Capacitance calculated from the equation C = 1M 
I'!V 

with I'!V = 3V and Vee = 5V. This parameter is 
sampled. 

18. If CAS is low at the falling edge of RAS, Dour will 
be maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer CAS must be 
pulsed high for ICp. Note 8 applies to determine 
valid data out. 

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

a WRITE cycle. In this case set WE = LOW. 
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fUllC: 1=10 N MT9259DMN 

READ CYCLE 

tRAS tRP J 
J 

tCSH 

tRSH tRRH 

tCRP tRCD tCAS 

I 
.~ 1\ 

tAR 

tASR tRAH 

~ ~ I I 
ROW COLUMN r/I I I I I I I I I I I I I I 11//////////// A ROW 

I 
tRCS tRCH 1 

I I 
Jlj I;'i. 1/111/111/1 W!I!!!!!!!IL 

tCAc ~ 
tRAC 

OPEN VALID DATA OPEN 

EARLY-WRITE CYCLE 

ROW 

tWCR 

I-_t-",=WC",-S-i tWCH 
twp 

VIH -

VIL -·lil.L�J.LL�J.LL�J.LLL1..LLifLLL1..LLUJ..J...UJ..J...'-L-__ -+---1~---Ill.IJ.LLIJ.LLL1..LLL1..LLL1..LLu.u.,u.u.,u.u.,r..LL.i..<'-'-'-'-''-'-'-'-'''-L 

~ 
tOHR 

lOS I tOH .~ 

DIN ~:~ -W$I!I!I!&$al/llffl&lIlld--vA-L10 -OAT-A ---.lWI!$l!fl!l!l!ff/l!lI/ffllfflllfflfffflffll&/ 
DOUT VOH-_____________ OPEN _______________ _ 

VOL 

~ DON'T CARE 
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ADDR 

VIH------,. 

Vil -

PAGE-MODE EARLY-WRITE CYCLE 

tCSH 
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ROW 

tDs.l~ 
VALID D~=Wjr7TWl7T7Y'07T71!o=Y' O""Y'/jT771/!TT70 

~ DON'T CARE 
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I'IIIC:I=ION MT9259DMN 

RAS-BEFORE-CAS REFRESH CYCLE 
(ADDR = AO - A7; AS and WE = DON'T CARE.) 

tASR tRAH 

AOOR ROW ROW 

DOUT ~g~ -'----------------OPEN---------------

ADDR 

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

/lAS 0:~ _ \1'-----,:--____ tR_A_S ____ ~~r---tR-P __ ~~ ____ _ 

tCSR n tCHR 

= V,H - t J,------------
V,L --_~ _ ____''___ ____ ----L ______________________ _ 

DOUT 0g~ ---------------OPEN--------------

V,H -----" 
V,L -

tCRP 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

I tCAC 1 
VOH _ tRAC : _-----------~ltOFF 

DOUT VOL -------OPEN----------<. VALID DATA }-OPEN-

~ DON'T CARE 
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ORDER INFORMATION 

256K x 9, 150ns access, Leaded SIP 

L..-__ -r-.... I PACKA~ II ~PEIED I 
MT9259DMN -15 

The Micron 256K x 9 DRAM module is functionally 
equivalent to other manufacturers' product meetingJEDEC 
standards. It is manufactured and quality controlled in 
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Micron's modern Boise, Idaho USA facility using the NMOS 
double-poly process. Micron's QUALITY ASSURED pol
icy is to offer prompt, accurate and courteous service while 
assuring reliability and quality. Functionality is consis- _ 
tently assured over a wider power supply range, tempera-
ture and refresh than specified. Each unit receives acceler- C 
ated burn-in and several hours of AMBYXTM system level .... 
testing prior to final test and shipment. ,JIJ 

Please contact the factory for technical, test and applica- ):> 
tion assistance. Micron can also furnish the sales represen- ,. 
tative and distributors nearest you. Micron's QUALITY =
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality. s: 
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DRAM 
MODULES 
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 TTL 

compatible 
• Low power, 135mW standby, 1350mW active, typical 
• On-board power supply decoupling capacitors 

(O.2!-(D 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 

• Organization 

-8 
-10 
-12 
-15 

256K x 9 MT9259 

• Packages: Leadless 30-pin SIMM M 
Leaded 30-pin SIP MN 

AD-AB Address Inputs ~~9 Column Address Strobe 

D01 - DQB Data-lnfData-Out D9 Data-In 

~ Presence Detect 09 Data-Out 

liAS Row Address StrobE W Write Enable 

Vee Power (+5V) Vss Ground 

GENERAL DESCRIPTION 
The MT9259M/MN is a randomly accessed solid-state 

memory containing 262,144 bits organized in a x9 configu
ration. 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 
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256Kx9 DRAM 

PIN ASSIGNMENT (Top View) 

0 
VDD (1) 
CAS (2) 
DOl (3) 

AO (4) 
A1 (5) 

D02 (6) 
A2 (7) 
A3 (8) 

Vss (9) 
D03 (10) 10 

A4 (11) " A5 (12) s: 12 

DQ4 (13) ca 13 s: 
A6 (14) ,. ca A7 (15) I\) 15 

D05 (16) U'I 16 I\) 

AS (17) CD 17 U'I 
NC (18) s: ,. CD 
NC (19) Z ,. s: 

D06 (20) 20 

W (21) 21 

Vss (22) 22 

D07 (23) 23 

PI'ID (24) 2. 

D08 (25) 25 

09 (26) 26 

"RAS (27) 27 

CAS9 (28) 2. 

D9 (29) 2. 

VDD (30) 30 

MD 0 
MI 

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 
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 combi
nations of RAS addresses are executed at least every 4 msec 
(regardless of sequence). Micron recommends evenly 
spaced refresh cycles for maximum data integrity. 
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IVIIC:I=ION MT9259M/MN 

(., 
(0' 

'" 

(17) 

FUNCTIONAL BLOCK DIAGRAM 

IfAS' (27) 

'CAS (2) 
'II (21) 

001 (3) 

CQ2 (6) 

(10) 

U1 - U9 = MT1259EJ 
C1 - C9 = 0.2 /-If 

(13) 

m,~("L' ____ +-~ ____ +-~ 
~-=("~, ----~--------~O , 

IICC Vss 

Vee (1,30) 

Vss (9.22) 

(2+) 

(26) Q9 

FUNCTIONAL TRUTH TABLE 

Addresses 
Function "RAS" CAS 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) 

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 .................................. -55°C to +150°C 

*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 Power Dissipation ........................................................ 9 Watt 

Short Circuit Output Current ..................................... 50mA 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) (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 :0; VIN :0; VCC), II -90 90 j.LA 
all other pins not under test = 0 volts 

OUTPUT LEAKAGE 
Output leakage current (DOUT is disabled, loz -90 90 j.LA 
OV :0; VOUT :0; 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 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 Icc3 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 Icc5 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 17 

Input Capacitance RAS, CAS, WE CI2 72 pF 17 

Output Capacitance DOUT, DIN Co 12 pF 17 
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I'IIICRON MT9259M/MN 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 10, 11, 17, 18) (O°C ~ T A ~ 70°G) (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 150 195 230 260 ns 6, 7 
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 
RAS pulse width tRAS 80 10,000 100 10,000 120 10,000 150 10,000 ns 

RAS hold time tRSH 40 50 60 75 ns 

RA8 precharge time tRP 60 80 90 100 ns 
CAS pulse width tCAS 40 10,000 60 10,000 60 10,000 75 10,000 ns 

CAS hold time tCSH 80 110 120 150 ns 
CAS precharge time tCPN 20 25 25 30 ns 18 
CASQI'echarge 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 hold time IRCH 0 0 0 0 ns 14 
referenced to CAS 

READ command hold time tRRH 0 0 0 0 ns 

referenced to RAS 

Ou1Qut buffer turn-off delay tOFF 0 25 0 30 0 30 0 35 ns 12 
WE command set-up lime twcs 0 0 0 0 ns 

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 10 RAS lead lime 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 

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 set-up time tCSR 10 10 10 10 ns 19 
(CAS-before-RAS refresh) 

CAS hold time tCHR 15 20 25 30 ns 19 
(CAS-before-RAS refresh) 
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I'IIIC:RON MT9259M/MN 

NOTES 
1. All voltages referenced to V 55. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minill\um cycle 
time and the output open. --

3. An initial pause of lOOl-ls is require<!:gfter 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 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. 

2-77 

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

13. Operation within the tRCD (max) limit ensures that 
tRAc (max) can be met. tRCD (max) is specified as a 
reference fr0int only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by tCAc. 

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

15. These parameters are referenced to CAS leading 
edge in early WRITE cycles. 

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

17. Capacitance calculated from the equation C = 1M 
AV 

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

18. If CAS is low at the falling edge of RAS, DOUT will 
be maintained from the previous cycle. To initiate a 
ne\y cycle and clear the data out buffer CAS must be 
pulsed high for tcP. Note 8 applies to determine 
valid data out. 

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

a WRITE cycle. In this case set WE = LOW. 
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I"IIC:I=ION MT9259M/MN 

READCVCLE 

tRAS tRP J 
J 
\ 

tCSH 

tRSH tRRH 

tCRP tRCD tCAS 

I 
:~ 

tAR 

tASR tRAH 

~ ~ I I 
wg{ ROW ~ COLUMN Will ROW 

I 
tRCS tRCH 

I 
J I I I I I 111111111111111111111111111111/ VlIIIIIIIIIIIIIIIIIIIIII/; 

t CAG ~ 
tRAC 

OPEN VALID DATA OPEN 

EARL V-WRITE CVCLE 

tCSH 

tCRP 

tCAH 

ADDR VIH - ROW 
VIL - COLUMN ROW 

tcWL 

tRWL 

tWCR 

twcs tWCH 

twp 

V IH _7TT77TTT7TTT.TTTnW7TTT7TTT.TTTn'77\ 

V IL -LLf..L,UL/.4CJ..LU..l..i..U.L.I..licUJ..i..<CJ..LU..l..i..U.l..I..I.A ___ +--+---;--_--'-'-LLLJ..,UL/.4cu.L./..l..i..U.J..i.LL<J..I..L<u.LUJ..LLLJ..i.LL<J..I..L<u..LLLI.. 

~ 
tDHR 

tDS.[ [. tDH :~ 

DIN ~:~ _lI#/$#//#/$/JlIj'$M///&l~-VA-LiD-DA-TA -_//$/////I/!/////////////////#/////////O 
VOH -

DOUT VOL ------------OPEN---------------

~ DON'T CARE 
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ADDR 

VIH------" 

VIL -

PAGE-MODE EARLY-WRITE CYCLE 

~ DON'T CARE 
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I'IIIC:I=ION MT9259M/MN 

!<AS 

CAS 

ADDR 

DOUT 

!<AS 

CAS 

DOUT 

!<AS 

CAS 

AD DR 

DOUT 

VIH -
VIL -

VIH -
VIL -

VOH -
VOL -

V1H 
VIL -

VIH -==i 
VIL -

VOH -
VOL 

VIH -
VIL -

V1H -
VIL -

RAS-BEFORE-CAS REFRESH CYCLE 
(ADDR = Ao - A7; AS and WE = DON'T CARE.) 

teRP 

tCRP 

tRAS 

tCRP 

tASR tRAH 

ROW 

OPEN 

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

r~" ) 
tRAS 

~ 

OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

tRP 

(READ) (REFRESH) 

tRAS tRAS 

tCAH 

\ 

VOH -
VOL 

-------OPEN --'-:~-:~---:l-----VA-L-ID-D-AT-A-----
~ DON'T CARE 
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ORDER INFORMA nON 

256K x 9, 100ns access, Leadless SIP 

'--__ -r-.... I PACKI~ SPEtD I 
MT9259M -10 

The Micron 256K x lJ DRAM module is functionally 
equivalent to other manufacturers' product meeting) EDEC 
standards. It is manufactured and quality controlled in 

2-81 

Micron's modern Boise, Idaho USA facility using the NMOS 
double-poly process. Micron's QUALITY ASSURED pol
icy is to offer prompt, accurate and courteous service while 
assuring reliability and quality. Functionality is cons is
tl'ntly assurl'd over a wider power supply range, tempera
ture and refresh than specified. Each unit receives acceler
ated burn-in and several hours of AMBYX 1M system level 
testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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I'IIIC:I=ION MT8C3656 

DRAM 
MODULES 
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 active, typical. 
• On-board power supply decoupling capacitors 

(0.2!1f) for low noise. 
• Refresh modes: RAS only, CAS before RAS, and 

Hidden. 
• 512 cycle refresh distributed across Sms. 
• Optional Fast Page Mode. 

OPTIONS 
• Timing 

lOOns access 
120ns access 
150ns access 

• Organization 
256Kx36 

MARKING 

-10 
-12 
-15 

MTSC3656 

• Packages: Leadless 72 -pin SIMM M 
Leaded 72-pin SIP MN 

AO-AB Address Inputs "CAS0 - "CAS3 Column Address Strobe 

000-0035 Oata-ln/Oata-Out PJIDO-PJID3 Presence Detect 

W Write Enable WO, W2 Row Address Strobe 

NC No Connection Voo Power (+5V) 

Vss Ground 

GENERAL DESCRIPTION 
The MTSC3656 is a randomly accessed solid-state 

memory containing 262,144 bits 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 ~ on WE 
dictates READ mode while a logic low on WE dictates 
WRITE mode. During a WRITE cycle data in (DIN) is 
latched~e falling edge of WE or CAS, whichever occurs 
last. If WE goes low prior to CAS going low, the output 
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256K x 36 DRAM 
PAGE MODE 

PIN ASSIGNMENT (Top View) MK 

~~JIU~]GG~~0~ o ~ 0 ~ a ~ a ~ a (P:~~':"I G ~ 0 ~ a ~ a ~ a 0 

llllllllllllllllllllllllllllllllllill 111111111111111111111111111111111111 
1 35 36 72 

PiNt SYMBOL PIN. SYMBOL PIN' SYMBOL PIN. SYMBOL 
1 Vee 19 NC 37 0017 55 0012 
2 000 20 004 38 0035 56 0030 
3 0018 21 0022 39 Vss 57 0013 
4 001 22 005 40 "CASli 58 0031 
5 0019 23 0023 41 ~ 59 Vee 
6 002 24 006 42 "CliS3 60 0032 
7 0020 25 0024 43 ~ 61 0014 
8 003 26 007 44 11ASO 62 0033 
9 0021 27 0025 45 NC 63 0015 

10 Vee 28 A7 46 NC 64 0034 
11 NC 29 NC 47 WE 65 0016 
12 AD 30 Vee 48 NC 66 NC 
13 A1 31 A8 49 009 67 PR01 
14 A2 32 NC 50 0027 68 PR02 
15 A3 33 NC 51 0010 69 PR03 
16 A4 34 J17iSlI 52 0028 70 PR04 
17 A5 35 0026 53 0011 71 NC 
18 A6 36 008 54 0029 72 Vss 

~s) remain open (High Z) until the next CAS cycle. If 
WE goes low after data reaches the output pints), DouT is 
activated and retains the selected cell data as lon~ 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 
RAS cycle (READ, WRITE, RAS only, CA5-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 allows faster data operations 
(~AD, 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. 
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I'IIIC::I=ICN MT8C3656 

FUNCTIONAL BLOCK DIAGRAM 
DOC ------------------------------------------------ 008 DOg .------------------------------------------------ 0017 

ttl t 1 t t t ~ t t t t tltl ~ - DQ1-4 DQ1-4 'IN "oUT DQl -4 001-4 'IN "oUT 

WE WE WE WE WE WE 
x, x, x1 x, x. x1 

C 
:II 

-- CAS ,--- CAS -- CAS ,--- CAS -- CAS ,--- CAS -- RAS ,- RAS ,- RAS ,- RAS ,- RAS ,-- RAS 

DE AO-AS 5E A~8 AO-AS 5E AD-AS DE AD-AS AD-AS 

l> L ::.. L ~ L ~ L ~ L ~ L ::.. 
= = = = s: CAsa 

CAS1 
I--

f--
RASa ~ s: -

0 
WE 

C 

- 0018 ----------------------------------------------- 0026 0027----------------------------------------------- 0035 

ttl t t t t t ~ t t t t tltl ~ 
C 
r-
m 
en 

001-4 DQl-4 'IN "oUT OQl-4 001-4 'IN "oUT 

WE WE WE r- WE WE WE 
x, x, x1 x, x, x1 -- CAS ,--- CAS ,--- CAS .------ CAS .------ CAS -- CAS -- RAS -- RAS ,-- RAS -- RAS ,-- RAS -- RAS 

DE AO-AS 5E AD-AS AO-AS 5E AQ-AS DE AO-AS AD-AS 

L ;:.. L ::.. L ~ L ~ L ~ L ~ = = = = 
CAS2 -
GAS3 - f--
RAS2 - t--

-
AD-AS 

FUNCTIONAL 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 
(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 

2-84 



PRELIMINARY 

I'IIIC:I=ION MT8C3656 

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 

*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 Power Dissipation ...................................................... 12 Watt 

Short Circuit Output Current ..................................... SOmA not implied. Exposure to absolute maximum rating condi- _ 
tions for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS 
(Notes: 1, 3, 4, 6, 7) (O°C .:; T A .:; 70°C = 5.0V ± 10%) 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = VIL, CAS = Cycling: tpe = tpe(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 = Vee -0.2V 
after 8 RAS cycles min. All other inputs at Vee-0.2V or Vss + 0.2V) 

REFRESH CURRENT: RAS ONLY 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-before-RAS 
(RAS and CAS = Cycling) 

INPUT LEAKAGE CURRENT 
(any input (OV .:; VIN .:; Vee), 
all other pins not under test = 0 volts) (For each package input) 

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV .:; VOUT .:; Vee) (For each package input) 

OUTPUT LEVELS 
Output High voltage (lOUT = -SmA) 

Output Low voltage (lOUT = SmA) 

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 
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SYMBOL 

Icc1 

Icc2 

ICC3 

Icc4 

Iccs 

ICC6 

II 

loz 

VOH 

VOL 

SYMBOL 

Vee 

VIH 

VIL 

MIN MAX 

720 

720 

55 

28 

500 

500 

-10 10 

-10 10 

2.4 

0.4 

MIN MAX 

4.5 5.5 

2.4 Vee+1 

-1.0 0.8 

UNITS 

mA 

mA 

mA 

mA 

mA 

mA 

J.1A 

J.1A 

V 

V 

UNITS 

V 

V 

V 

NOTES 

3,4 

3, 4 

3 

3,5 

1 
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PRELIMINARY 

I'IIIC::RON MT8C3656 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance (Ao-As) Cit 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 Capacitance (000 - 0035) CI5 7 pF 18 

Output Capacitance (000 - 0035) COt 7 pF 18 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ~ T A ~ + 70°C, Vcc = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time IRC 190 220 260 ns 

PAGE-MODE READ or WRITE IpC 90 100 120 ns 
cycle time 

Access time from RAS IRAC 100 120 150 ns 14 
Access time from CAS ICAC 50 60 75 ns 15 
Access time from column address IAA 50 60 75 ns 

Access time from CAS precharoe ICPA 50 65 75 ns 

RAS pulse width IRAS 100 10,000 120 10,000 150 10,000 ns 

RAS pulse width (PAGE MODE) IRASP 100 100,000 120 100,000 150 100,000 ns 

RAS hold time IRSH 50 60 75 ns 
RAS precharge time IRP 80 90 100 ns 

CAS pulse width ICAS 50 10,000 60 10,000 75 10,000 ns 

CAS hold time ICSH 100 120 150 ns 

CAS precharoe time ICPN 25 25 30 ns 16 
CAS precharge time {PAGE MODE} ICp 30 30 35 ns 

RAS to CAS delay time IRCD 25 50 25 60 25 75 ns 17 
CAS to RAS precharoe time ICRP 15 20 20 ns 

Row address set-up time IASR 0 0 0 ns 

Row address hold time IRAH 15 15 15 ns 

RAS to column IRAD 20 50 20 60 20 75 ns 18 
address delay time 

Column address set-up time IASC 0 0 0 ns 

Column address hold time ICAH 20 20 25 ns 

Column address hold time IAR 70 80 100 ns 
{referenced to RAS} 

Column address to IRAL 50 60 75 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 CAS} 

Read command hold time IRRH 0 0 0 ns 19 
{referenced to RAS} 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (ODe ~ T A ~ +70°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
CAS to output in low-Z tClZ 5 5 5 ns 

Output buffer turn-off delay tOFF 0 30 0 30 0 30 ns 20 

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

Write command hold time tWCH 35 40 45 ns 

Write command hold time tWCR 85 100 120 ns 
(referenced to RAS) 

Write command pulse width twp 35 40 45 ns 

Write command to RAS lead time tRWl 35 40 45 ns 

Write command to CAS lead time tCWl 35 40 45 ns 

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

Data-in hold time tDH 35 40 45 ns 22 

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

RAS to WE delay time tRWD 90 110 135 ns 21 

Column address tAWD 50 60 70 ns 21 
to WE delay time 

CAS to WE delay time tCWD 35 40 45 ns 21 

Transition time_(rise or fall) tT 3 50 3 50 3 50 ns 9 10 
Refresh Period (512 cycles) tREF 4 4 4 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 20 25 30 ns 5 
(CAS-before-RAS refresh) 
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1'41C:I=ION MT8C3656 

NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Capacitance is calculated 
from the equation C = lto.t with to. V = 3V and Vee = 
SV. to.V 

_ 3. Icc is dependent on cycle rates. 
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4. Icc is dependent on output loading. Specified values 
are obtained 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 ::; TA ::; 70°C) is assured. 

7. An initial pause of lOOlls 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 

100pP. 
14. Assumes that tRCD < tRCD (max). If tRCD 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 tRCD ~ tRCD (max). 
16. If CAS is low at the falling edge of RAS, DOUT will 
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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 {,'oint 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 {,'oint only; if tRAD is greater than the 
specified RAD (max) limit, then access time is con
trolled exclusively by IAA. 

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 ot VOL. 

21. twcs, tRWD, tAWD and tCWD are restrictive 
operating parameters in late WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If IWCS ~ 
IWCS (min) the cycle is an early WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. 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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!lAS 

CAS 

ADDR 

wr 

DOUT 

READ CYCLE 
tRC 

tRAS tRP 

VIH -
VrL -

tCSH 

tRSH tRRH 

tCRP tRCD teAs 

VIH -
VIL -

tRAD 

tASR tRAH 

VIH - ROW ROW 
VIL -

tOFF 

VOH -
OPEN VALID DATA OPEN 

VOL -

DOUT ~: ::-------------OPEN -------------
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PRELIMINARY 

I"IIC: F=I ON MTBC3656 

PAGE-MODE READ CYCLE 
tRASP 

RAS" V,H -
V,L -

tCPN 

"CAS V,H -
V,L -

ADDR 
V,H -
V,L -

VIr V,H -
V,L -

DOUT ~~=--------------OPEN------------~~z?(J~~}-------~~~~~=>--------(Z~~~~} 

PAGE-MODE EARLY-WRITE CYCLE 

m V,H -
Vil -

m V,H -
Vil -

"OOR 

D,N 

DOUT ~~ -'--------------------------------------OP£N---------------------------------------
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PRELIMINARY 

iUllC:RON MT8C3656 

tCRP 

ADDR ROW 

R'AS ONLY REFRESH CYCLE 
(AO - AS and WE = DON'T CARE.) 

ROW 

Dour ~g~ =:--------------DPEN---------------

= V,H -
V,L -

V,H -==1 tCSR 

"CAS V,L -

Dour 
VOH -
VOL 

ADDR 

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

~ tCHR 

tRAS 

~ 
) 

OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) 

tRAS 

tRP 

(REFRESH) 

tRAS 

\ 

Dour ~~ '------OPEN -----~~~=====V~AL~ID~D~A~rA====j OPEN-
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~ DON·r CARE 
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PRELIMINARY 

I'IIU:::F=lON MT8C3656 

ORDER INFORMATION 

256K x 36, 120ns access, Page Mode Access, SIMM 

~ ____ ~lpA~iE~::EiD I 
MT8C3656 M -12 

The Micron DRAM module family is manufactured and 
quality controlled in Micron's modem Boise, Idaho USA 
facility using its low power, high performance CMOS and 
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NMOS silicon gate processes. They are functionallyequiva
lent to other manufacture's products meeting JEDEC stan
dards. Several parameters are sampled; however, fuction
ality is consistently assured over a wider power supply, 
temperature and refresh range than specified. Each unit 
receives accelerated bum-in and several hours of AM
ByxTM system level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 



I'IIIC:I=ION MT8C8024 

DRAM 
MODULES 
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 docks are fully TIL and 

CMOS compatible. 
• Low power, 40mW standby, 1400mW active, typical. 
• On-board power supply decoupling capacitors 

(0.2110 for low noise. 
• 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 
150ns access 

• Access Mode Option 
Fast Page Mode 

MARKING 

-8 
-10 
-12 
-15 

MT8C8024 

• Packages: Leadless 3D-pin SIMM M 
Leaded 30-pin SIP MN 

AO-A9 Address Inputs "CAS. "CAS9 Column Address Strobe 

Da1 - DaS Data-I n/Data-O ut D9 Data-In 

l5RD Presence Detect a9 Data-Out 

m Row Add ress Strob W Write Enable 

Voo Power (+5V) Vss Ground 

GENERAL DESCRIPTION 
The MT8C8024M/MN is a randomly accessed solid

state memory containing 1,048,576 bits 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 
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1MEG x 8 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

VDD (1) 0 
CAS (2) 
001 (3) 

AD (4) 
A1 (5) 

D02 (6) 
A2 (7) 
A3 (8) 

Vss (9) 

3: D03 (10) "3: A4 (11) 

~ A5 (12) M " ..... DQ4 (13) 

0 CC) 
AS (14) M :: 0 A7 (15) CD ., 

005 (16) 0 "CD 
AS (17) N "0 
A9 (18) 

~ N 
NC (19) " ~ 006 (20) 3: : i: w (21) 

Z Vss (22) 
D07 (23) " I'Rli (24) " 008 (25) 
NC (26) 

J1AS (27) 
NC (28) MG MJ NC (29) 

VDD (30) 0 

WRITE mode. During a WRITE cycle data in (DIN) 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), Dour 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 
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. 

PAGE MODE operations allows 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. 
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IVIIC: 1=10 N MT8C8024 

FUNCTIONAL BLOCK DIAGRAM 

(7) 

(.) 

(11) 

(12) 

(1<t) 

(HS) 

U, - Us = MT4C1024DJ 
C, - Cs = 0.2 fAf 

FUNCTIONAL TRUTH TABLE 

RAS" (2.7) 
'C;i;S' (2) 
W (21) 

OQ1 (3) 

DQ2 (6) 

000: (10) 

(13) 

Voo (l.JO) 

Vss (9,22) 

JIIm (24) 

Addresses 
Function ~ ~ WE" 

tR tC 

Standby H H H X X 

READ L L H ROW COL 

WRITE L L L ROW COL 
(EARLY-WRITE) 

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

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

RAS ONLY L H H ROW n/a 
REFRESH 

HIDDEN L-H-L L H ROW COL 
REFRESH 

CAS-BEFORE- H-L L H X X 
RAS REFRESH 
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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 



IVIIC:RON MT8C8024 

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 + 1S0°C 
Power Dissipation ........................................................ 8 Watt 
Short Circuit Output Current ..................................... SOmA 

DC ELECTRICAL CHARACTERISTICS 
(Notes: 1, 3, 4, 6, 7) (O°C s T A S 70°C = S.OV ± 10%) 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: FAST 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 = Vec -0.2V 

'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 

Icc1 400 

Icc2 400 

Icc3 16 

Icc4 8 

UNITS 

mA 

mA 

mA 

mA 

NOTES 

3,4 

3,4 
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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) 

INPUT LEAKAGE CURRENT 
(any input (OV S VIN S VCC), 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV S VOUT S Vcc) 

OUTPUT LEVELS 
Output High voltage (lOUT = -SmA) 

Output Low voltage (lOUT = SmA) 

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

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 
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Icc5 

Icc6 

II 

loz 

VOH 

VOL 

SYMBOL 

Vcc 

VIH 

VIL 

280 mA 3 

280 mA 3, S 

-80 80 ~A 

-80 80 ~A 

2.4 V 1 

0.4 V 

MIN MAX UNITS NOTES 

4.S S.S V 

2.4 Vcc+1 V 1 

-1.0 0.8 V 1 
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I'IIIC:RON MT8C8024 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-As) Cll 40 pF 18 

Input Capacitance RAS, CAS, WE CI2 56 pF 18 

Output Capacitance DouT, DIN Co 12 pF 18 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11,12, 13) (O°C $ T A $ +70°C, Vcc = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 190 220 260 ns 

PAGE-MODE READ or WRITE tpc 55 70 85 ns 
cycle time 

Access time from RAS tRAC 100 120 150 ns 14 
Access time from CAS tCAC 25 30 45 ns 15 
Access time from column address tAA 50 60 70 ns 

Access time from CAS precharge tCPA 50 65 75 ns 

RAS pulse width tRAS 100 10,000 120 10,000 150 10,000 ns 

RAS pulse width (PAGE MODE) tRASP 100 100,000 120 100000 150 100000 ns 

RAS hold time tRSH 25 30 45 ns 

RAS precharge time tRP 80 90 100 ns 

CAS pulse width tCAS 25 10,000 30 10,000 45 10000 ns 

CAS hold time tCSH 100 120 150 ns 

CAS precharge time tCPN 15 20 25 ns 16 
CAS precharge time (PAGE MODE) tcp 10 15 20 ns 

RAS to CAS delay time tRCD 10 75 15 90 15 105 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 10 15 15 ns 

RAS to column tRAD 10 50 15 60 15 70 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 80 ns 
(referenced to RAS) 

Column address to tRAL 50 60 70 ns 
RAS lead time 

Read command set-uptime 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 outgut in low-Z tCLZ 5 5 5 ns 

Output buffer turn-off delay tOFF 0 25 0 25 0 30 ns 20 
Write command hold time tWCH 20 25 30 ns 
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IVIIC:RON MT8C8024 

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 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time tWCR 70 80 90 ns 
(referenced to RAS) 

Write command pulse width twp 20 25 30 ns 

Write command to RAS lead time tRWL 25 30 35 ns 

Write command to CAS lead time tCWL 25 30 35 ns 

Data-in set-u~time tDS 0 0 0 ns 21 

Data-in hold time tDH 15 20 25 ns 21 

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

RAS to WE delay time tRWD 90 110 135 ns 

Column address tAWD 50 60 70 ns 
to WE delay time 

CAS to WE delay time tCWD 35 40 45 ns 

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 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 25 30 ns 5 
(CAS-before·RAS refresh) 
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tvll c::: 1=1 ON MT8C8024 

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. Icc is dependent on cycle rates. 
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4. Icc is dependent on output loading. Specified values 
are obtained 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 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 = 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. 
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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, DOUT 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 F,0int only; if IRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by ICAc. 

lS. Operation within the IRAD (max) limit ensures that 
IRCD (max) can be met. IRAD (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 I AA. 

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 ot VOL. 

22. These parameters are referenced to CAS leading 
edge in early WRITE cycles. 

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



IVIIC:RON MT8C8024 

RAS 

"CAS 

ADDR 

WE: 

DOUT 

READ CYCLE 
tRC 

tRAS tRP 

VIH -
VIL -

tCSH 

tRSH tRRH 

tCRP tRCD teAs 

VIH -
VIL -

tRAD 

tASR tRAH 

VIH - ROW ROW 
VIL -

VOH -
OPEN VALID DATA OPEN 

VOL 

Dour ~~~ :'----------------OPEN-------------
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IVIIC::F=lON MT8C8024 

= 

"CAS 

ADDR 

WI': 

DOUT 

PAGE-MODE READ CYCLE 
tRASP 'RP 

VIH -
VIL -

'CSH 'pc 'RSH 

'RCD 'CAS tcp 'CAS tcp teAs tCPN 

tAR 

VIH -
VIL -

VIH -
VIL -

VOH -
OPEN 

VOL -

PAGE-MODE EARLY-WRITE CYCLE 

DaUl ~g~ :,---------------------OPEN--------------------

2-100 

~ DON'T CARE 

~ UNDEFINED 



I"IIC:RON MT8C8024 

!lAS VIH -
VIL -

CAS VIH -
VIL -

ADDR 

DDUT 
YOH -
VOL 

!<AS VIH 
V1L -

CAS VIH -==1 V1L -

DOUT 
VOH -
VOL 

ADDR 

DOUT 

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

tCRP 

tASR 

tCSR 

tRe 

tRAS tRP 

tRAH 

ROW 

OPEN 

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

~ tCHR 

tRAS 

~ 
) 

OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) 
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tRP 

(REFRESH) 

\ 

ROW 

~ DON'T CARE 

~ UNDEFINED 
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I'IIIC:RON MT8C8024 

ORDER INFORMA nON 

1 MEG x 8, 120ns access, Fast Page Mode Access, 
Leaded SIP 

______ .... lpACKAiE~:r i 
MT8C8024MN -12 

The Micron 1 MEG DRAM module family is manufac
tured and quality controlled in Micron's modern Boise, 
Idaho USA facility using its low power, high performance 

CMOS silicon gate process. They are functionally equiva
lent to other manufacture's products meeting JEDEC stan
dards. Several parameters are sampled; however, fuction
ality is consistently assured over a wider power supply, 
temperature and refresh range than specified. Each unit 
receives accelerated burn-in and several hours of AM
BYXTM system level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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I'IIIC::F=lON MT8C8025 

DRAM 
MODULES 
FEATURES 
• Industry standard pin-out in a 30-pin single-in-line 

package. 
• High performance CMOS silicon gate process. 
• Single 5V±100/0 power supply. 
• All inputs, outputs and clocks are fully TTL and 

CMOS compatible. 
• Low power, 45mW standby, 1575mW active, typical. 
• On-board power supply decoupling capacitors 

(O.2f.lf) for low noise. 
• Refresh modes: RAS only, CAS before RAS, and 

Hidden. 
• 512 cycle refresh distributed across 8ms. 
• Optional Nibble access mode. 

OPTIONS 
• Timing 

lOOns access 
120ns access 
150ns access 

• Access Mode Option 
Nibble Mode 

MARKING 

-10 
-12 
-15 

MT8C8025 

• Packages: Leaded 30-pin SIP MN 
Leadless 30-pin SIMM M 

AO-A9 Address Inputs CAS, CAS9 Column Address Strobe 

DOl - D08 Data-ln/Data-Out D9 Data-In 

PRD Presence Detect 09 Data-Out 

liAS Row Address Strob W Write Enable 

VDD Power (+5V) Vss Ground 

GENERAL DESCRIPTION 
The MT8C8025 M/MN is a randomly accessed solid

state memory containing 1,048,576 bits 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 ~ on WE 
dictates READ mode while a logic low on WE dictates 
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1MEG x SCRAM 
NIBBLE MODE -PIN ASSIGNMENT (Top View) 

Voo (1), -:- 0 = (2),_ 
DOl ~!~~ AD 

Al (5)~ D02 (6) 
A2 In-
A3 (8) ==:: 

3: V55 (.)~ .S:: OQ3 (10) --

~ A4 (11}r::-_ -I AS (12) .~ 
"CC) D04 (13) 0 AS (14) 

CC) ,.0 
A7 (15) CC) DOS (16) 0 
AS (17) I\) M ,,0 
A9 (18) U'I 

.. "I\) 
NC (19) U'I D06 (20) s:: Vii (21) "S:: 

V5S (22) Z " D07 (23) ~ -(24) 
D08 (25) 

Q9 (26) 
IW! (27) =. (28) MG MJ '09 (29) 
Voo (30) 0 

WRITE mode. During a WRITE cycle data in (DIN) 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), DouT 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 -
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. 

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). 

CA, RA, [ (0,0) -- (0,1) -- (1,0) -- (1,1) J 
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I'IIICRON MT8C8025 

FUNCTIONAL BLOCK DIAGRAM 

,., 
,,' 

U1 - Us = MT4C1025DJ 
C1 - Cs = 0.2 /if 

FUNCTIONAL TRUTH TABLE 

Function ~ ~ 

Standby H H 

READ L L 

WRITE L L 
(EARL V-WRITE) 

NIBBLE MODE L H--+L--+H 
READ 

NIBBLE MODE L H--+L--+H 
WRITE 

RAS ONLV L H 
REFRESH 

HIDDEN L --+H--+L L 
REFRESH 

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

TEST L L 
FUNCTION 

~ (27) 

~ (2) 
W (21) 

OQl (J) 

DQ2 (6) 

(10) 

(IJ) 

'.100 (I,JO) 

'.Iss (9,22) 

PRIJ (24) 

Addresses 

WE TF tR tC 

H GNOINe X X 

H GNOINe ROW COL 

L GNOINe ROW COL 

H GNOINe ROW COL 

L GNOINe ROW COL 

H GNOINe ROW nfa 

H GNOINe ROW COL 

H GNOINe X X 

H H ROW COL 
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NOTES 

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 

Data Out, 
Test Funtion Mode 
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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 ........................................................ 8 Watt 
Short Circuit Output Current ..................................... 50mA 

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

PARAMETER/CONOITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRe = tRe(MIN)) 

OPERATING CURRENT: NIBBLE MODE 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT: TIL 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 = Vce -0.2V 

'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 

Icc1 400 

lee2 400 

Icc3 16 

Icc4 8 

UNITS 

mA 

mA 

mA 

mA 

NOTES 

3, 4 

3,4 
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after 8 RAS cycles min. All other inputs at Vec-0.2V or Vss + 0.2V) 

REFRESH CURRENT: RAS ONLY 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-before-RAS 
(RAS and CAS = Cycling) 

INPUT LEAKAGE CURRENT 
(any input (OV ~ VIN ~ Vce), 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV S; VOUT S; Vee) 

OUTPUT LEVELS 
Output High voltage (lOUT = -SmA) 

Output Low voltage (lOUT = SmA) 

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

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

2-105 

Icc5 

ICC6 

II 

loz 

VOH 

VOL 

SYMBOL 

Vcc 

VIH 

VIL 

280 mA 3 

280 mA 3,5 

-80 80 ~A 

-80 80 ~A 

2.4 V 1 

0.4 V 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vec+1 V 1 

-1.0 0.8 V 1 
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-C 
JJ 

CAPACITANCE 

PARAMETER 

Input Capacitance (Ao-A9) 

Input Capacitance RAS, CAS, WE 

Output Capacitance DouT, DIN 

SYMBOL 

Cit 

CI2 

Co 

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:s; TA:S; +70°C, Vce = 5.0V ± 10%) 

s:: 
o 
c 
C 
r
m 
en 

A.C. CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column address 

Access time from GAS precharQe 

RAS pulse width 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

RAS to CAS delay time 

CAS to RAS precharge time 

Row address set·up time 

Row address hold time 

RAS 10 column 
address delay lime 

Column address set-up time 

Column address hold lime 

Column address hold time 
(referenced 10 RAS) 

Column address 10 
RAS lead time 

Read command hold time 
(referenced 10 CAS) 

Read command hold lime 
(referenced to RAS) 

CAS to output in low-Z 

Oulput buffer turn-off delay 

WE command sel-up time 

Write command hold time 

Write command hold lime 
(referenced to RAS) 

SYM 
tRC 

tRAG 

tCAG 
tAA 

tCPA 

tRAS 

tRSH 
tRP 

tCAs 

tCSH 

tCPN 

tRCD 

tCRP 
tASR 

tRAH 

tRAD 

tAsc 

tCAH 

tAR 

tRAL 

tRCH 

tRRH 

tCLZ 

tOFF 

twcs 
tWCH 
tWCR 

-10 
MIN MAX MIN 
190 220 

100 
25 
50 
50 

100 10,000 120 
25 30 
80 90 
25 10,000 30 
100 120 
15 20 
10 75 15 
10 10 
0 0 
10 15 
10 50 15 

0 0 
15 20 
60 70 

50 60 

0 0 

0 0 

5 5 
0 25 0 
0 0 
20 25 
70 80 
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-12 -15 
MAX MIN MAX UNITS NOTES 

260 ns 

120 150 ns 14 
30 45 ns 15 
60 70 ns 

65 75 ns 

10,000 150 10,000 ns 

45 ns 

100 ns 

10.000 45 10,000 ns 

150 ns 

25 ns 16 
90 15 105 ns 17 

10 ns 

0 ns 

15 ns 

60 15 70 ns 18 

0 ns 

25 ns 

80 ns 

70 ns 

0 ns 19 

0 ns 19 

5 ns 

25 0 30 ns 20 
0 ns 

30 ns 

90 ns 
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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 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command pulse width twp 20 25 30 ns 

Write command to RAS lead time tRWL 25 30 35 ns 

Write command to CAS lead time tCWL 25 30 35 ns 

Data-in set-up time tDS 0 0 0 ns 21 

Data-in hold time tDH 15 20 25 ns 21 

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

Column address tAWD 50 60 70 ns 
to WE delay time 

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 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 25 30 ns 5 
(CAS-before-RAS refresh) 

RAS pulse width (NIBBLE MODE) tRASN 100 100,000 120 100,000 150 100,000 ns 

CAS precharge time (NIBBLE MODE) tNCP 10 15 20 ns 

NIBBLE MODE cycle time tNC 35 40 45 ns 

NIBBLE MODE access time tNCAC 15 20 25 ns 15 

NIBBLE MODE pulse width tNCAS 15 20 25 ns 

NIBBLE MODE CAS precharqe time tNCP 10 10 10 ns 

NIBBLE MODE RAS hold time tNRSH 15 20 25 ns 

NIBBLE MODE CAS to WRITE tNCWD 15 20 25 ns 
delay time 

NIBBLE MODE WRITE command tNRWL 15 20 25 ns 
to RAS lead time 

NIBBLE MODE WRITE command tNCWL 15 20 25 ns 
to CAS lead time 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = 1M with!:J.V = 3V and Vee = 
SV. !:J.V 

_ 3. Icc is dependent on cycle rates. 
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4. Icc is dependent on output loading. Specified values 
are obtained 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~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 = 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, Docr 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 tCAC. 

18. Operation within the tRAD (max) limit ensures that 
tRCD (max) can be met. tRAD (max) is specified as a 
reference r.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 ot VOL. 

21. These parameters are referenced to CAS leading 
edge in early WRITE cycles. 

22. A HIDDEN REFRESH may also be performed after 
a WRITE cycle. In this case WE = LOW. 
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READ CYCLE 
tRC 

tRAS 

!fA!: V,H -
V,L -

tCSH 

tRSH 

tCRP tRCD tCAS 

CAS" V,H -v,L -

tAR 

tRAO 

tASR tRAH 

AODR 
VIH -

ROW 
VIL -

WI':' 

VOH -Dour VOL 
OPEN 

Dour ~g:' -'--------------OPEN----
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tRP 

tRRH 

tOFF 

VAllO DATA 

ROW 

OPEN 

~ DON'T CARE 

~ UNDEFINED 
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I'IIICI=ION MT8C8025 

IAA 

AAS VIH-
VIL-

ICRP 

CAS 
VIH-
VIL-

ADOR V,H 
VIL 

WE 

Dour ~gt-:----'--OPEN ----+--1 

DE 
V 1H _ 
V1L_ 

NIBBLE MODE READ CYCLE 
IRASN 

INC 

2-110 

tNASH 

~ DON'r CARE 

~ UNDErlNED 
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NIBBLE MODE WRITE CYCLE 
(Early Write) 

I _____ ~------------------~IR~A~SN~--------------------------------I--I-RP---
IAR 

RAS ~:t=------I+--------------------;-------------------------------------------4 
fCSH 

INC 

tCAS 

INCP 

ADOR 

2-111 

INRSH 

----==---11 INRWL 

VALID DATA 

~ DON'T CARE 

~ UNDEFINED 
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fUilC:I=ION MT8C8025 

!!AS" 

"CAS 

ADDR 

DOUT 

!!AS" 

"CAS 

DOUT 

ADDR 

DOUT 

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

VIH -
VIL -

tCRP 

VIH -
VIL -

tASR 

VOH -
VOL 

VIH 
VJl -

VIH -==-1 
tCSR 

V1L -

VOH -
VOL 

VIH _----------L 

VIL -

tRC 

tRAS tRP 

tRAH 

ROW 

OPEN 

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

~ tCHR 

tRAS 

~ 
) 

OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) 
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tRP 

(REFRESH) 

\ 

ROW 

~ DON'T CARE 

~ UNDEFINED 
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ORDER INFORMA nON 

1 MEG x 8, 120ns access, Nibble Mode Access, Leaded 
SIP 

"""-__ .,--.II PACKAiE ~LJED I 
MT8C8025MN -12 

The Micron 1 MEG DRAM module family is manufac
tured and quality controlled in Micron's modern Boise, 
Idaho USA facility using its low power, high performance 

CMOS silicon gate process. They are functionally equiva
lent to other manufacture's products meeting JEDEC stan
dards. Several parameters are sampled; however, fuction
ality is consistently assured over a wider power supply, 
temperature and refresh range than specified. Each unit 
receives accelerated burn-in and several hours of AM
BYXTM system level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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DRAM 
MODULES 
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 active, typical. 
• On-board power supply decoupling capacitors 

(0.2I1f) for low noise. 
• Refresh modes: RAS only, CAS before RAS, and 

Hidden. 
• 512 cycle refresh distributed across 8ms. 
• Optional Static Column access mode. 

OPTIONS 
• Timing 

lOOns access 
120ns access 
150ns access 

• Access Mode Option 
Static Column 

MARKING 

-10 
-12 
-15 

MT8C8026 

• Packages: Leaded 30 -pin SIP MN 
Leadless 30-pin SIMM M 

AO-A9 Address Inputs c:AS, c:AS9 Column Address Strobe 

DQ1- DQ8 Data-ln/Data-Out D9 Data-In 

l'RD Presence Detect Q9 Data-Out 

liAS Row Address Strob W Write Enable 

VOD Power (+5V) Vss Ground 

GENERAL DESCRIPTION 
The MT8C8026 M/MN is a randomly accessed solid

state memory containing 1,048,576 bits 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 (DIN) is 
latched by the falling edge of WE or CAS, whichever occurs 

1MEG x 8 DRAM 
STATIC COLUMN 
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PIN ASSIGNMENT (Top View) 

Voo (1) 0 
CAS (2) 
001 (3) 

An (4) 
Al (5) 

002 (6) 
A2 (7) 
A3 (6) 

Vss (9) :s:: :s:: 0Q3 (10) " A4 (11) 

~ " "-1 AS (12) "Q) 004 (13) 0 AS (14) 0 
A7 (15) CC) 

"CC) 0Q5 (16) 0 "0 AS (17) I\) 
.. 

AS (16) Q) 
"I\) 

NC (19) :s:: ~ 0') 
006 (20) . :s:: 'Ii (21) Z Vss (22) 
007 (23) 
J5RIj (24) 
006 (25) 
as (26) 

RAS (27) 
CAS9 (26) MG MJ 09 (29) 
Voo (30) 0 

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), DouT 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 
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 allows 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. 
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FUNCTIONAL BLOCK DIAGRAM 

'" I. 
(11) 

(15) 

(17) 

U, - Us = MT4C1026DJ 
C, - Cs = 0.2 /-If 

JII!lI" (24) 

FUNCTIONAL TRUTH TABLE 

Function "RAS" ~ W£ 

Standby H H H 

READ L L H 

WRITE L L L 
(EARL V-WRITE) 

STATIC COLUMN L L H 
READ 

STATIC COLUMN L L L 
WRITE 

RAS ONLV L H H 
REFRESH 

HIDDEN L ..... H ..... L L H 
REFRESH 

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

TEST L L H 
FUNCTION 

Addresses 

TF tR te 

GNOINC X X 

GNO/NC ROW COL 

GNOINC ROW COL 

GNOINC ROW COL 
COL 

GNOINC ROW COL 
COL 

GNOINC ROW nfa 

GNOINC ROW COL 

GNOINC X X 

H ROW COL 

2-116 

NOTES 

High Impedance 

Data Out 

Data In 

Valid Data Out, 
Valid Data Out 

Valid Data In, 
Valid Data Out 

High Impedance 

Valid Data Out 

High Impedance 

Data Out, 
Test Funtion Mode 
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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) ................... -SsoC to + ISO°C 
Power Dissipation ........................................................ 8 Watt 
Short Circuit Output Current ..................................... SOmA 

DC ELECTRICAL CHARACTERISTICS 
(Notes: 1, 3, 4, 6, 7) (O°C .;; T A .;; 70°C = 5.0V ± 10%) 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: STATIC COLUMN 
(RAS = VIL, CAS = Cycling: tpc = tpC(MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH 
after S RAS cycles min.) 

STANDBY CURRENT: CMOS INPUT LEVELS 
Power supply standby current (RAS = CAS = VCC -0.2V 

'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 

ICCl 400 

Icc2 400 

ICC3 16 

Icc4 S 

UNITS 

mA 

mA 

mA 

mA 

NOTES 

3,4 

3,4 
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after S 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) 

INPUT LEAKAGE CURRENT 
(any input (OV .;; VIN .;; Vcc), 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV .;; VOUT .;; Vcc) 

OUTPUT LEVELS 
Output High voltage (lOUT = -SmA) 

Output Low voltage (lOUT = SmA) 

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 
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ICC5 

Icc6 

II 

loz 

VOH 

VOL 

SYMBOL 

Vcc 

VIH 

VIL 

2S0 mA 3 

200 mA 3, 5 

-SO SO IlA 

-SO SO IlA 

2.4 V 1 

0.4 V 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vcc+1 V 1 

-1.0 O.S V 1 



tvllC=I=ION MT8C8026 

-C 
::D 

CAPACITANCE 

PARAMETER 

Input Capacitance (Ao-A9) 

Input Capacitance RAS, CAS, WE 

Output Capacitance Dour, DIN 

SYMBOL 

Cll 

CI2 

Co 

MIN MAX UNITS NOTES 

40 pF 2 

56 pF 2 

12 pF 2 

l> 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::: 
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A.C. CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

Access ti me from RAS" 
Access time from CAS 
Access time from column address 

Access time from CAS precharge 

RAS" jlUlse width 

RAS" hold time 

RAS" precharae time 

CAS" pulse width 

CAS hold time 

CAS precharge time 

"FiAS to CAS delay time 

CAS to RAS Drechar~e 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 hold time 
(referenced to CAS) 
Read command hold time 
(referenced to RAS") 
CAS" to output in low-Z 

Out~t buffer turn-off del~ 

WE command set-up time 

Write command hold time 

Write command hold time 
(referenced to RAS") 

SYM 
tRc 

tRAC 
tCAC 

tAA 

tCPA 
tRAS 

tRSH 
tRP 

tCAS 

tCSH 

tCPN 
tRCD 
tCRP 
tASR 

tRAH 

tRAD 

tAsc 

tCAH 

tAR 

tRAL 

tRCH 

tRRH 

tCLl 

tOFF 

twcs 
tWCH 
tWCR 

-10 
MIN MAX MIN 
190 220 

100 
25 
50 
50 

100 10,000 120 
25 30 
80 90 
25 10,000 30 
100 120 
15 20 
10 75 15 
10 10 
0 0 
10 15 
10 50 15 

0 0 
15 20 
60 70 

50 60 

0 0 

0 0 

5 5 
0 25 0 
0 0 
20 25 
70 80 
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-12 -15 
MAX MIN MAX UNITS NOTES 

260 ns 

120 150 ns 14 
30 45 ns 15 
60 70 ns 

65 75 ns 

10,000 150 10,000 ns 

45 ns 

100 ns 

10,000 45 10,000 ns 

150 ns 

25 ns 16 
90 15 105 ns 17 

10 ns 

0 ns 

15 ns 

60 15 70 ns 18 

0 ns 

25 ns 

80 ns 

70 ns 

0 ns 19 

0 ns 19 

5 ns 

25 0 30 ns 20 
0 ns 

30 ns 

90 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11,12,13) (ODC:o; TA:O; +70DC, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command pulse width twp 20 25 30 ns 

Write command to RAS lead time tRWL 25 30 35 ns 

Write command to CAS lead time tCWL 25 30 35 ns 

Data-in set-up_ time tDS 0 0 0 ns 21 
Data-in hold time tDH 15 20 25 ns 21 
Data-in hold time tDHR 70 80 90 ns 
(referenced to RAS) 

Column address tAWD 50 60 70 ns 
to WE delay time 

Transition time (rise or fall) tT 3 50 3 50 3 50 ns 9, 10 
Refresh Period (512 cvclesl 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 20 25 30 ns 5 
(CAS-before-RAS refresh) 

RAS pulse width (STATIC COLUMN) tRASC 100 100,000 120 100,000 150 100,000 ns 

CAS precharQe time (STATIC COLUMN tcp 10 15 20 ns 
STATIC COLUMN MODE tsc 55 65 75 ns 
cycle time 

Last Write to column address tLWAD 25 45 30 55 45 70 ns 
delay time 

Last Write to column address tAHLW 95 115 135 ns 
hold time 

RAS hold time referenced to OE tROH 20 20 20 ns 

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

Output data enable from Write tow - 25 - 25 - 25 ns 
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I'IIICI=ION MT8C8026 

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 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 100J.ls 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, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

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

100pF. 

14. Assumes that IRCD < IRCD (max).·If IRCD is greater 
than the maximum recommended value shown in 
this table, tRAC will increase by the amount that 
tRCD exceeds the value shown. 

15. Assumes that IRCD;:: IRCD (max). 
16. If CAS is low at the falling edge of RAS, Dour 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 
lRAC (max) can be met. IRCD (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. 

IS. Operation within the IRAD (max) limit ensures that 
IRCD (max) can be met. IRAD (max) is specified as a 
reference fr0int only; if lRAD is greater than the 
specified RAD (max) limit, then access time is con
trolled exclusively by IAA. 

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 ot VOL. 

21. These parameters are referenced to CAS leading 
edge in early WRITE cycles. 

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

2-120 



IVIIC:I=ION MTBCB026 

RAS 

= 

ADDR 

wr 

Dour 

READ CYCLE 
tRC 

tRAS tRP 

VIH -
VIL -

tCSH 

tRSH tRRH 

tCRP tRCD tCAS 

VIH -
VIL -

tAR 

tRAD 

tASR tRAH 

VIH - ROW ROW 
VIL -

tOFF 

VDH -
VOL 

OPEN VALID DATA OPEN 

DOUT ~~ :'-------------OPEN-------------
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I'IIIC:RON MT8C8026 

STATIC COLUMN READ CYCLE 
tRASC 

tse tse 

ADDR ~:~ COLUMN COLUMN 
ADDRESS ADDRESS 

IRAQ 

~I 
tAR 
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STATIC COLUMN EARLY-WRITE CYCLE 
tRASC 

AAS 

ADDR V'H 
V'L 

CAS 
VIH_ V1L _ 

WE V'H 
Vll-

I I 'sc I ~ 

_~~kdl ~ I--I~~WL~_ ---'--------- [Wp ~ at I 
___ ~'D~H~A __ ~,~,-

~I 'DH 
~I 

D'N 
,-=;n-, 

DOUl ~g~ :-------------OPEN--------------------
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I'IIICF=lON MT8C8026 

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

tRC 

tRAS tRP 

= VIH -
VIL -

tCRP 

¥IH -!:AS VIL -
tASR tRAH 

ADDR ROW ROW 

DOUT 
VOH -

OPEN 
VOL 

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

~ 
tRAS 

~ 
tRP 

\ = VIH -
VIL -

VIH -==i tCSR tCHR 

) !:AS VIL -

DOUT 
VOH -

OPEN 
VOL 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) (REFRESH) 

tRAS tRAS 

= VIH -
VIL -

tRSH tCHR 

!:AS VIH -
VIL -

ADDR 

tOfF 

DOUT ~gr -'---------oPEN ------~~t====V~A~LlO~DA~TA~====:J OPEN-
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ORDER INFORMATION 

1 MEG x 8, 120ns access, Static Column Access, Leaded 
SIP 

L-__ ...,-..... IPACKAIE~:r I 
MT8C8026MN -12 

The Micron 1 MEG DRAM module family is manufac
tured and quality controlled in Micron's modern Boise, 
Idaho USA facility using its low power, high performance 

CMOS silicon gate process. They are functionally equiva
lent to other manufacture's products meeting JEDEC stan
dards. Several parameters are sampled; however, fuction
ality is consistently assured over a wider power supply, 
temperature and refresh range than specified. Each unit 
receives accelerated burn-in and several hours of AM
BYXI'M system level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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DRAM 
MODULES 
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 TIL and 

CMOS compatible. 
• Low power, 45mW standby, 1575mW active, typical. 
• On-board power supply decoupling capacitors 

(0.21lf) for low noise. 
• Refresh modes: RAS only, CAS before RAS, and 

Hidden. 
• 512 cycle refresh distributed across 8ms. 
• Optional Fast Page Mode. 

OPTIONS 
• Timing 

lOOns access 
120ns access 
150ns access 

• Organization 
1 MEGx9 

MARKING 

-10 
-12 
-15 

MT8C9024 

• Packages: Leadless 30-pin SIMM M 
Leadless 30-pim SIP MN 

AO-A9 Address Inputs 'CAS, 'CAS9 Column Address Strobe 

D01 - DOS Data-ln/Data-Out D9 Data-In 

'PliO Presence Detect 09 Data-Out 

'RAS Row Address Strobe W Write Enable 

Voo Power (+5V) Vss Ground 

GENERAL DESCRIPTION 
The MT8C9024M/MN is a randomly accessed solid

state memory containing 1,048,576 bits 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 (DIN) is 
latched by the falling edge of WE or CAS, whichever occurs 

1MEG x 9 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

VDD (1) 0 
CAS (2) 
DOl (3) 

AD (4) 
Al (5) 

D02 (6) 
A2 (7) 
A3 (8) 

V55 (9) s:: DC3 (10) "s:: A4 (11) ;J AS (12) " ,,-4 
DQ4 (13) "co 

AS (14) 0 " "0 A7 (15) CD " CD DOS (16) 0 AS (17) " "0 
AS (18) 

I\) 
"I\) 

NC (19) ~ " ~ DQ6 (20) s:: "S:: w (21) Z V55 (22) 
D07 (23) 
l'Rli (24) 
D08 (25) 
as (26) 

RAS (27) 
CAS. (29) MG '00 " MJ DO (29) 

VDD (30) 0 

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), DouT is 
activated and retains the selected cell data as lon~ 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 
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. 

PAGE MODE operations allows 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. 
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1'41C:F=lCN MT8C9024 

FUNCTIONAL BLOCK DIAGRAM 

,., 
", 
en 

'0' 
[11) 

(12) 

(14) 

(15) 

(17) 

(111) 

U1 - Us = MT4C1024DJ 
C1 - Cs = 0.2 (.Af 

I!A!l' (27) 

m (2) 
W (21) 

DOl (J) 

002 (6) 

Cl0) 

(1J) 

m.~'H~' ____ ~~ ____ r-~ 
DO (28) (26) Q9 

IIoD (1,)0) 

Yss (&.22) 

(24) 

FUNCTIONAL TRUTH TABLE 

Addresses 
Function lIAS" CAS" W£ 

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 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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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 -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time tWCR 70 80 90 ns 
(referenced to RAS) 

Write command pulse width twp 20 25 30 ns 

Write command to RAS lead time tRWL 25 30 35 ns 

Write command to CAS lead time tCWL 25 30 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 70 80 90 ns 
(referenced to RAS) 

RAS to WE delay time tRWD 90 110 135 ns 21 

Column address tAWD 50 60 70 ns 21 
to WE delay time 

CAS to WE delav time tCWD 35 40 45 ns 21 

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

Refresh Period (512 cvcles) 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 20 25 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 = ILl.t with Ll.V = 3V and Vee = 
SV. Ll.V 

_ 3. Ice is dependent on cycle rates. 
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4. Ice is dependent on output loading. Specified values 
are obtained 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 100lls 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 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, DouT 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'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 IRAD (max) limit ensures that 
IRCD (max) can be met. lRAD (max) is specified as a 
reference l'0int 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 ot VOL. 

21. IWCS, IRWD, IAWDand ICWD are restrictive 
operating,~rameters in late WRITE, READ-WRITE 
and READ ODIFY-WRITE cycles only. If IWCS ~ 
IWCS (min) he cycle is an early WRITE cycle and the 
data output will remain an open circuit throughout 
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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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 

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

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = VIL, CAS = Cycling: tpc = tpe(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 = Vee -0.2V 

'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 

ICCl 450 

Icc2 450 

Icc3 18 

Icc4 9 

UNITS 

mA 

mA 

mA 

mA 

NOTES 

3,4 

3,4 
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after 8 RAS cycles min. All other inputs at Vec-0.2V or Vss + 0.2V) 

REFRESH CURRENT: RAS ONLY 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-before-RAS 
(RAS and CAS = Cycling) 

INPUT LEAKAGE CURRENT 
(any input (OV :s; VIN :s; Vce), 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV :s; VOUT :s; Vec) 

OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) 

Output Low voltage (lOUT = 5mA) 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C :s; T A :s; 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 
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Icc5 

Icc6 

II -90 

loz -90 

VOH 2.4 

VOL 

SYMBOL MIN 

Vec 4.5 

VIH 2.4 

VIL -1.0 

315 mA 3 

315 mA 3, 5 

90 IlA 

90 IlA 

V 1 

0.4 V 

MAX UNITS NOTES 

5.5 V 

Vec+1 V 1 

0.8 V 1 
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-o 
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CAPACITANCE 

PARAMETER 

Input Capacitance (Ao-A9) 

Input Capacitance RAS, CAS, WE 

Output Capacitance DouT, DIN 

SYMBOL 

CI1 

CI2 

Co 

MIN MAX UNITS NOTES 

45 pF 2 

63 pF 2 

12 pF 2 

» ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 3: (Notes: 6, 7, 8, 9, 10, 11,12,13) (O°C ~ T A ~ +70°C, Vcc = 5.0V ± 10%) 
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A.C. CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cvcle time 

PAGE-MODE READ or WRITE 
cycle time 

Access time from RAS 

Access time from "CAS 
Access time from column address 

Access time from CAS precharae 

"RAS pulse width 

"RAS pulse width (PAGE MODE) 

"RAS hold time 

"RAS precharge time 

"CAS pu Ise width 

CAS hold time 

CAS precharae time 

CAS precharge time (PAGE MODE) 

"RAS to CAS delay time 

CAS to "RAS precha~e time 

Row address set-up time 

Row address hold time 

tiAS to column 
address delay time 

Column address set-up time 

Column address hold time 

Column address hold time 
(referenced to "RAS) 
Column address to 
tiAS 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 

SYM 
tRc 
tpc 

tRAC 

tCAC 

tAA 
tCPA 

tRAS 

tRASP 
tRSH 
tRP 

tCAS 

tCSH 

tCPN 
tcp 

tRCD 
tCRP 
tASR 

tRAH 

tRAD 

tASC 

tCAH 

tAR 

tRAL 

tRCS 

tRCH 

tRRH 

tCLZ 

tOFF 

twcs 
tWCH 

-10 
MIN MAX MIN 

190 220 
55 70 

100 
25 
50 
50 

100 10,000 120 
100 100,000 120 
25 30 
80 90 
25 10,000 30 
100 120 
15 20 
10 15 
10 75 15 
10 10 
0 0 
10 15 
10 50 15 

0 0 
15 20 
60 70 

50 60 

0 0 
0 0 

0 0 

5 5 
0 25 0 
0 0 
20 25 
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-12 ·15 
MAX MIN MAX UNITS NOTES 

260 ns 

85 ns 

120 150 ns 14 
30 45 ns 15 
60 70 ns 

65 75 ns 

10,000 150 10,000 ns 

100,000 150 100,000 ns 

45 ns 

100 ns 

10,000 45 10,000 ns 

150 ns 

25 ns 16 
20 ns 

90 15 105 ns 17 
10 ns 

0 ns 

15 ns 

60 15 70 ns 18 

0 ns 

25 ns 

80 ns 

70 ns 

0 ns 

0 ns 19 

0 ns 19 

5 ns 

25 0 30 ns 20 
0 n5 21 
30 ns 
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= 

V;S 

ADDR 

WI': 

DOUT 

READ CYCLE 
tRC 

tRAS tRP 

V1H -
V1L -

tCSH 

tRSH tRRH 

tCRP tRCD teAs 

VIH -
V1L -

tRAD 

tASR tRAH 

VIH - ROW ROW 
VIL -

VOH - OPEN VALID DATA OPEN 
VOL 

DOUT ~g:' ::---------------OPEN---------------
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iVl1C:F=lON MT8C9024 

ADDR 

PAGE-MODE READ CYCLE 

V,H _.------".1 
V,L -

tCRP 
V,H _:-+---+1----------.:____, 
VrL -

tpc 

DOUT ~g~=--------OPEN------~~~(J~~}_---~~)(~~=t---~~ZJ~~~} 

PAGE-MODE EARLY-WRITE CYCLE 

Dour ~~ :.--------------------OPEN---------------------
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RA!; V,H -
V,L -

~ 
V,H -
V,L -

AD DR 

DOUT 
VOH -
VDL 

RA!; V,H -
VIL -

~ V,H -==1 
VIL -

DOUT 
VOH -
VOL 

AD DR 

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

tCRP 

'ASR 

tCSR 

'RC 

tRAS 'RP 

tRAH 

ROW 

OPEN 

CAS-BEFORE-RAs REFRESH CYCLE 
(Ao - Ag WE, OE = DON'T CARE.) 

~ tCHR 

tRAS 

~ 
) 

OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) 

'RP 

(REFRESH) 

ROW 

\ 

'OFF 

DOUT ~g~ -~------OPEN ------i':2wt====V~A~LlD~DA~TA~====1 OPEN-
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I'IIIC:RON MT8C9024 

ORDER INFORMA nON 

1 MEG x 9, 120ns access, Fast Page Mode Access, 
Leaded SIP 

'--__ ...,.... ... lpACKAiE~JED I 
MT8C9024MN -12 

The Micron 1 MEG DRAM module family is manufac
tured and quality controlled in Micron's modern Boise, 
Idaho USA facility using its low power, high performance 

CMOS silicon gate process. They are functionally equiva
lent to other manufacture's products meeting JEDEC stan
dards. Several parameters are sampled; however, fuction
ality is consistently assured over a wider power supply, 
temperature and refresh range than specified. Each unit 
receives accelerated burn-in and several hours of AM
BYXTM system level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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DRAM 
MODULES 
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 TIL and 

CMOS compatible. 
• Low power, 45mW standby, 1575mW active, typical. 
• On-board power supply decoupling capacitors 

(0.2I1D for low noise. 
• Refresh modes: RAS only, CAS before RAS, and 

Hidden. 
• 512 cycle refresh distributed across 8ms. 
• Optional Nibble access mode. 

OPTIONS 
• Timing 

100ns access 
120ns access 
150ns access 

• Access Mode Option 
Nibble Mode 

MARKING 

-10 
-12 
-15 

MT8C9025 

• Packages: Leaded 30 -pin SIP MN 
Leadless 30-pin SIMM N 

AO-A9 Address Inputs CAS, CAS9 Column Address Strobe 

D01 - DOB Data-ln/Data-Out D9 Data-In 

PliD Presence Detect 09 Data-Out 

RAS Row Address Strobe W Write Enable 

Voo Power (+5V) Vss Ground 

GENERAL DESCRIPTION 
The MT8C9025 is a randomly accessed solid-state 

memory containing 1,048,576 bits 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 
c~cle 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 (DIN) is 
latched by the falling edge of WE or CAS, whichever occurs 
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1MEG x9DRAM 
NIBBLE MODE 

PIN ASSIGNMENT (Top View) 

VDD (1) 0 
CAS (2) 
DOl (3) 

AO (4) 
Al (5) 

002 (6) 
A2 (7) 
A3 (6) 

Vss (9) s: D03 (10) " s: M (11) aI AS (12) " -I 
D04 (13) 

0 " co 
AS (14) .. " 0 A7 (15) CD 

DOS (16) 0 " CD 
AB (17) I\) 

.. " 0 
A9 (lB) " " I\) 
NC (19) en " en s: " 006 (20) " s: Vii (21) Z Vss (22) 

D07 (23) 
PRO (24) " 
DOB (25) " 

Q9 (26) 
m (27) 

CAS9 (28) MG MJ D9 (29) 

VDD (30) 0 

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), DouT is 
activated and retains the selected cell data as lon~ 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 
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 atleast every Sms, regardless 
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). 

GAg RAg r (0.0) ---+ (0.1) ---+ (1.0) ---+ (1,1) J 
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IVIIC:RCN MT8C9025 

FUNCTIONAL BLOCK DIAGRAM 

,., 
'" I" 

'0' 
(ll) 

U1 - Ug = MT4C1025DJ 
C1 - Cg = 0.2 /-If 

m (27) 

c;i3 (2) 

w (tI) 

OQl (3) 

DQ2 (&) 

(10) 

(13) 

m.~'DL) ____ ~ ______ ~~ 

-='''L' ____ ~--------~, • (28) 011 

"" '" 

\Iss (U2) 

PIlI' (24) 

FUNCTIONAL TRUTH TABLE 

Addresses 
Function "RAS" CAS" 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) 

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 

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 

2-138 

NOTES 



IVIIC:I=ION MT8C9025 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vce 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. 

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

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: NIBBLE MODE 
(RAS = VIL, CAS = Cycling: tpc = tpe(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 = Vee -0.2V 
after 8 RAS cycles min. All other inputs at Vec-0.2V or Vss + 0.2V) 

REFRESH CURRENT: RAS ONLY 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-before-RAS 
(RAS and CAS = Cycling) 

INPUT LEAKAGE CURRENT 
(any input (OV :s; VIN :s; Vee), 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV :s; VOUT :s; Vcc) 

OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) 

Output Low voltage (lOUT = 5mA) 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C :s; T A :s; 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 
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SYMBOL MIN 

ICCl 

Icc2 

ICC3 

Icc4 

Iccs 

Icc6 

II -90 

loz -90 

VOH 2.4 

VOL 

SYMBOL MIN 

Vcc 4.5 

VIH 2.4 

VIL -1.0 

MAX UNITS 

450 mA 

450 mA 

18 mA 

9 mA 

315 mA 

315 mA 

90 ~A 

90 ~A 

V 

0.4 V 

MAX UNITS 

5.5 V 

Vee+1 V 

0.8 V 

NOTES 

3, 4 

3, 4 

3 

3, 5 

1 

NOTES 

1 

1 

1 
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I'IIIC:RCN MT8C9025 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-Ag) Cll 45 pF 2 

Input Capacitance RAS, CAS, WE CI2 63 pF 2 

Output Capacitance DouT, DIN Co 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 -10 -12 -15 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cvcle time tRC 190 220 260 ns 

Access time from RAS tRAG 100 120 150 ns 14 
Access time from ~ tCAG 25 30 45 ns 15 
Access time from column address tAA 50 60 70 ns 

Access time from ~ precharge tCPA 50 65 75 ns 

RAS pulse width tRAS 100 10,000 120 10,000 150 10,000 ns 

RAS hold time tRSH 25 30 45 ns 

RAS precharge time tRP 80 90 100 ns 

~ pulse width teAS 25 10,000 30 10,000 45 10,000 ns 

~holdtime tCSH 100 120 150 ns 

"CAS precharge time tCPN 15 20 25 ns 16 
RAS to CAS delav time tRCD 10 75 15 90 15 105 ns 17 

CAS to RAS precharge time tCRP 10 10 10 ns 

Row address set·up time tASR 0 a a ns 

Row address hold time tRAH 10 15 15 ns 

RAS to column tRAD 10 50 15 60 15 70 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 80 ns 
(referenced to RAS) 
Column address to tRAl 50 60 70 ns 
RAS lead time 

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

Read command hold time tRRH 0 0 a ns 19 
(referenced to RAS) 
CAS to output in low-Z tClZ 5 5 5 ns 

Output buffer turn-off delay taFF 0 25 0 25 0 30 ns 20 
WE" command set-up time twcs 0 0 a ns 

Write command hold time tWCH 20 25 30 ns 

Write command hold time tWCR 70 80 90 ns 
(referenced to RAS) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (DOC ~ TA ~ +70°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Write command pulse width IWp 20 25 30 ns 

Write command to RAS lead time IRWL 25 30 35 ns 

Write command to CAS lead time ICWL 25 30 35 ns 

Data-in set-up time IDS 0 0 0 ns 21 

Data-in hold time IDH 15 20 25 ns 21 

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

Column address IAWD 50 60 70 ns 
to WE delay time 

Transition time (rise or falD 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 ICSR 10 10 10 ns 5 
(CAS-before-RAS refresh) 

CAS hold time ICHR 20 25 30 ns 5 
(CAS-before-RAS refresh) 

RAS pulse width (NIBBLE MODE) IRASN 100 100,000 120 100,000 150 100,000 ns 

CAS precharge time (NIBBLE MODE) INCP 10 15 20 ns 
NIBBLE MODE cycle time INC 35 40 45 ns 

NIBBLE MODE access time INCAC 15 20 25 ns 15 

NIBBLE MODE pulse width INCAS 15 20 25 ns 

NIBBLE MODE CAS Ql"echarge time INCP 10 10 10 ns 

NIBBLE MODE RAS hold time INRSH 15 20 25 ns 

NIBBLE MODE CAS to WRITE INCWD 15 20 25 ns 
delay time 

NIBBLE MODE WRITE command INRWL 15 20 25 ns 
to RAS lead time 

NIBBLE MODE WRITE command INCWL 15 20 25 ns 
to CAS lead time 
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I'I'IC::RON MT8C9025 

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. Icc is dependent on cycle rates. 
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4. Icc is dependent on output loading. Specified values 
are obtained 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 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 IT = 5ns. 
9. VlH min and VIL max are reference levels for 

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

10. 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. 

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, DouT 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 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. lRAD (max) is specified as a 
reference Fr0int 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 VA H ot Va L. 

21. These parameters are referenced to CAS leading 
edge in early WRITE cycles. 

22. A HIDDEN REFRESH may also be performed after 
a WRITE cycle. In this case WE = LOW. 
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!lAS 

~ 

ADDR 

WE: 

Dour 

READ CYCLE 
tRC 

tRAS tRP 

VIH -
VIL -

tCSH 

tRSH tRRH 

tCRP tRCD tCAS 

VIH -
VIL -

tAR 

tRAD 

tASR tRAH 

VIH - ROW ROW 
VIL -

tOFF 

VOH -
VOL 

OPEN VALID DATA OPEN 

DOUT ~g:<-'-'---------------OPEN--------------
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MIC::RON MT8C9025 

AAS VIH-
VIL_ 

CAS 

AOOR V,H 
V,L 

WE 

Dour ~gr-'----'--OPEN---+-) 

OE 
V1H _ 
V1L _ 

NIBBLE MODE READ CYCLE 
tAASN 
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I'IIIC:RON MT8C9025 

'AR 

NIBBLE MODE WRITE CYCLE 
(Early Write) 

tAASN _'R_P_ 

RAS ~:t='------lJ-----------'f----------------------1 

~ DON'T CARE 

~ UNDEFINED 
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I'I'IC:RON MT8C9025 

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

ADDR ROW ROW 

DOUT ~g~ -~--------------OPEN---------------

RAS" VIH -
V1L -

V1H -==--i 
tCSR 

"CAS" VIL -

DOUT 
VOH -
VOL -

"DOR 

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

~ tCHR 

tRAS 

~ 
) 

OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) 

tRAS 

tRP 

(REFRESH) 

tRAS 

\ 

DOUT ~~ :'-------OPEN------.~t====V~AU~D~DA~TA~====:J OPEN-
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I'I'IC::I=ION MT8C9025 

ORDER INFORMA nON 

1 MEG x 9, 120ns access, Nibble Mode Access, Leaded 
SIP 

L..-_-""'T"" ..... I PACKAiE ~~ED I 
MT8C9025MN -12 

The Micron 1 MEG DRAM module family is manufac
tured and quality controlled in Micron's modern Boise, 
Idaho USA facility using its low power, high performance 

CMOS silicon gate process. They are functionally equiva
lent to other manufacture's products meeting JEDEC stan
dards. Several parameters are sampled; however, fuction-
ality is consistently assured over a wider power supply, _ 
temperature and refresh range than specified. Each unit 
receives accelerated burn-in and several hours of AM- C 
BYXTM system level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica- ::D 
tion assistance. Micron can also furnish the sales represen- ):> 
tative and distributors nearest you. Micron's QUALITY ,. 
ASSURED policy is to offer prompt, accurate and courte- =
ous service while assuring reliability and quality. s: 
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IVIIC:RON MT8C9026 

DRAM 
MODULES 
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, 45mW standby, 1575mW active, typical. 
• On-board power supply decoupling capacitors 

(O.211f) for low noise. 
• Refresh modes: RAS only, CAS before RAS, and 

Hidden. 
• 512 cycle refresh distributed across Sms. 
• Optional Static Column access mode. 

OPTIONS 
• Timing 

lOOns access 
120ns access 
150ns access 

• Access Mode Option 
Static Column 

MARKING 

-10 
-12 
-15 

MTSC9026 

• Packages: Leaded 3D-pin SIP MN 
Leadless 3D-pin SIMM M 

AO-A9 Add ress Inputs "CAS, "CAS9 Column Address Strobe 

D01 - D08 Data-ln/Data-Out D9 Data-In 

]5RD Presence Detect 09 Data-Out 

'RAS Row Address StrobE W Write Enable 

Voo Power (+5V) Vss Ground 

GENERAL DESCRIPTION 
The MTSC9026M/MN is a randomly accessed solid

state memory containing 1,04S,576 bits organized in a xl 
configuration. Ouring READ or WRITE cycles each bit is 
uniquely addressed 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 Iowan WE dictates 
WRITE mode. Ouring a WRITE cycle data in (DIN) is 
latched by the falling edge of WE or CAS, whichever occurs 
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1MEG x 9 DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

VDD (I) 0 
CAll (2) 
DOl (3) 

AD (4) 
AI (5) 

D02 (6) 
A2 (7) 
AS (8) 

Vss (9) 3: 3: DO:3 (10) 
A4 (II) 01 M "--I A5 (12) 

Q) D04 (13) 0 AS (14) " "0 
A7 (15) U) 

" U) 005 (16) 0 ,,0 
AS (17) I\) 

.. 
" "I\) A9 (18) 0') " "0') NC (19) 

3: D06 (20) "3: w (21) Z Vss (22) 
D07 (23) 
PIID (24) 
DQ8 (25) 

Q9 (26) = (27) 
CAS. (28) MG MJ D9 (29) 

VDD (SO) 

last. If WE goes low prior to CAS going low, the outE 
pints) remain open (High Z) until the next CAS cycle. If WE 
goes low after data reaches the output pints), DOI,;T is 
activated and retains the selected cell data as lon~ 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 
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 allows 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. 
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I'IIIC:I=ION MT8C9026 

FUNCTIONAL BLOCK DIAGRAM 

,. ,., 

U1 - Ug = MT4C1026DJ 
C1 - Cg = 0.2 I-If 

'''''-'''''''''----IH---t-----i 
01 (:tel 

FUNCTIONAL TRUTH TABLE 

Addresses 

Function "RAS" ~ WE TF tR tC 

Standby H H H GNOINC X X 

READ L L H GNOINC ROW COL 

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

STATIC COLUMN L H ..... L ..... H H GNOINC ROW COL 
READ COL 

STATIC COLUMN L H ..... L ..... H L GNOINC ROW COL 
WRITE COL 

"RAS"ONLV L H H GNO/NC ROW nfa 
REFRESH 

HIDDEN L ..... H ..... L L H GNOINC ROW COL 
REFRESH 

"CAS"-BEFORE- H ..... L L H GNOfNC X X 
'RAS REFRESH 

TEST L L H H ROW COL 
FUNCTION 
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NOTES 

High Impedance 

Data Out 

Data In 

Valid Data Out, 
Valid Data Out 

Valid Data In, 
Valid Data Out 

High Impedance 

Valid Data Out 

High Impedance 

Data Out, 
Test Funtion Mode 
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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) ................... -SsoC to + lS0°C 
Power Dissipation ........................................................ 9 Watt 
Short Circuit Output Current ..................................... SOmA 

DC ELECTRICAL CHARACTERISTICS 
(Notes: 1, 3, 4, 6, 7) (O°C :5 T A :5 70°C = 5.0V ± 10%) 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: STATIC COLUMN 
(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 

'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 

ICCl 450 

Icc2 450 

Icc3 18 

Icc4 9 

UNITS 

mA 

mA 

mA 

mA 

NOTES 

3, 4 

3,4 
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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) 

INPUT LEAKAGE CURRENT 
(any input (OV :5 VIN :5 VCC), 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV :5 VOUT :5 Vcc) 

OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) 

Output Low voltage (lOUT = 5mA) 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C :5 T A :5 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 
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Icc5 

Icc6 

II -90 

loz -90 

VOH 2.4 
VOL 

SYMBOL MIN 

Vcc 4.5 

VIH 2.4 

VIL -1.0 

315 mA 3 

315 mA 3, 5 

90 ~A 

90 ~A 

V 1 

0.4 V 

MAX UNITS NOTES 

5.5 V 1 

Vcc+1 V 1 

0.8 V 1 
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-C 
:::0 

CAPACITANCE 

PARAMETER 

Input Capacitance (Ao-A9) 

Input Capacitance RAS, CAS, WE 

Output Capacitance Dour, DIN 

SYMBOL 

Cll 

CI2 

Co 

MIN MAX UNITS NOTES 

45 pF 2 

63 pF 2 

12 pF 2 

l> 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 
en 

A.C. CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

Access time from RAS 
Access time from "CAS 
Access time from column address 

Access time from "CAS precharge 

~ pulse width 

RAS hold time 

"RAS" precharge time 

"CAS pulse width 

"CAS hold lime 

~ precharge time 

~ to ~ delay time 

"CAS to RAS precharae lime 

Row address sel-up lime 

Row address hold time 

"RAS" to column 
address delay lime 

Column address set-up time 

Column address hold time 

Column address hold time 
(referenced to "RAS") 
Column address to 
'RAS lead lime 

Read command hold time 
(referenced 10 "CAS) 
Read command hold time 
(referenced to RAS) 
~ to output in low-Z 

Outout buffer turn-off del~ 

M command sel-up time 

Write command hold time 

Write command hold time 
(referenced to'RAS) 

SYM 
tRe 

tRAC 

tCAc 
lAA 

tCPA 

tRAS 

tRSH 
tRP 

tCAS 

tCSH 
tCPN 

tReD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

tCAH 

tAR 

tRAl 

tRCH 

tRRH 

telz 

tOFF 

twcs 

tWCH 
tWCR 

-10 
MIN MAX MIN 
190 220 

100 
25 
50 
50 

100 10,000 120 
25 30 
80 90 
25 10 000 30 
100 120 
15 20 
10 75 15 
10 10 
0 0 
10 15 
10 50 15 

0 0 
15 20 
60 70 

50 60 

0 0 

0 0 

5 5 
0 25 0 
0 0 
20 25 
70 80 
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-12 -15 
MAX MIN MAX UNITS NOTES 

260 ns 

120 150 ns 14 
30 45 ns 15 
60 70 ns 

65 75 ns 

10,000 150 10,000 ns 

45 ns 

100 ns 

10,000 45 10,000 ns 

150 ns 

25 ns 16 
90 15 105 ns 17 

10 ns 

0 ns 

15 ns 

60 15 70 ns 18 

0 ns 

25 ns 

80 ns 

70 ns 

0 ns 19 

0 ns 19 

5 ns 

25 0 30 ns 20 
0 ns 

30 ns 

90 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (DOC :0; TA :0; +70°C, Vee = S.OV ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command pulse width IWp 20 25 30 ns 

Write command to RAS lead time IRWL 25 30 35 ns 

Write command to CAS lead time ICWL 25 30 35 ns 

Data-in set-up time IDS a a a ns 21 

Data-in hold time IDH 15 20 25 ns 21 

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

Column address IAWD 50 60 70 ns 
to WE delay time 

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

CAS hold time ICHR 20 25 30 ns 5 
(CAS-before-"RAS refresh) 

"RAS pulse width (STATIC COLUMN) IRASC 100 100,000 120 100,000 150 100,000 ns 

CAS precharQe time (STATIC COLUMN ICp 10 15 20 ns 

STATIC COLUMN MODE ISC 55 65 75 ns 
cycle time 

Last Write to column address ILWAD 25 45 30 55 45 70 ns 
delay time 

Last Write to column address IAHLW 95 115 135 ns 
hold time 

RAS hold time referenced to OE tROH 20 20 20 ns 

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

Output data enable from Write tow - 25 - 25 - 25 ns 

2-153 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is calculated 

from the equation C = Mt with t;,.V = 3V and Vee = 
SV. t;,.V 

_ 3. Ice is dependent on cycle rates. 

c 
:c 
» 
3: 
3: 
o 
c 
c: 
r
m 
en 

4. Ice is dependent on output loading. Specified values 
are obtained the output open. 

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

cycle time at which proper operation over the full 
temperature range (DoC::; T A ::; 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. 

lS. Assumes that tRCD ~ tRCD (max). 
16. If CAS is low at the falling edge of RAS, Dour 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~. 

17. Operation within the tRCD (max) limit ensures that 
tRAc (max) can be met. tRCD (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 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 ot VOL. 

21. These parameters are referenced to CAS leading 
edge in early WRITE cycles. 

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

2-154 
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!!AS 

"CAS 

ADDR 

~ 

Dour 

READ CYCLE 
tRC 

tRAS tRP 

VIH -
VIL -

tCSH 

tRSH tRRH 

tCRP tRCD tCAS 

VIH -
VIL -

tAR 

tRAD 

tASR tRAH 

VIH - ROW ROW 
VIL -

tOFF 

VOH - OPEN VAllO DATA OPEN 
VOL 

DOOT ~:=~--------------------------~EN----------------------------
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I'IIIC::RON MT8C9026 

STATIC COLUMN READ CYCLE 
tRASC 

'SC 'sc 
V,H COLUMN COLUMN 

ADDR VIL--:LlilJ,l-''''''''''''''-J'-'<l.UlJ.'''l'--'A'''O'''OA'''E'''S''-S--'!l'-_-''AO'''O'''A''''ES'''S'--.Jf-_--''=='-;.-'f"=~LLLUL 
tRAD tASe 1--==--1-1 
'AA -~~U~------

CAS ~:~:----T==i'~A~CS~1 =t=t===W,I-':C:CSC~-W==t=JJ 
'ACO -I - 1'--~;;-----1 

tCSH 
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STATIC COLUMN EARLY-WRITE CYCLE 
'RASC 

AAS 

ADDR V,H 
v" 

CAS 

WE V,H 
VIL-

a lN VIH_ 
Vll_ 

I I 'sc I ~ 

_~~6d1 ~ I-I~A---;::.WL~_ 
-----:-----~ [wp ~ a1 / 

___ ~la~H~A_~f"r_1 
~I 'aH 

~I 
"7Tl'TT77T7m-T7T.'7n'TT77>. r---,,=,.-, 

DOUT ~gt :--------------OPEN--------------------
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I'IIIC:RON MT8C9026 

!lAS VIH -
V1L -

= VIH -
VIL -

ADDR 

Dour 
VOH -
VOL 

!lAS VIH 
Vil -

= VIH -==--i V1L -

Dour 
VOH -
VOL 

ADDR 

Dour 

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

tCRP 

tASR 

tCSR 

tRC 

tRAS tRP 

tRAH 

ROW 

OPEN 

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

~ tCHR 

tRAS 

~ 
) 

OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) 
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ORDER INFORMATION 

1 MEG x 9, 120ns access, Static Column Access, Leaded 
SIP 

L..-__ """T"" ..... lpACKAiE~~ED I 
MT8C9026MN -12 

The Micron 1 MEG DRAM module family is manufac
tured and quality controlled in Micron's modern Boise, 
Idaho USA facility using its low power, high performance 

CMOS silicon gate process. They are functionally equiva
lent to other manufacture's products meeting JEDEC stan
dards. Several parameters are sampled; however, fuction
ality is consistently assured over a wider power supply, 
temperature and refresh range than specified. Each unit 
receives accelerated burn-in and several hours of AM
BYXTM system level testing prior to final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. Micron's QUALITY 
ASSURED policy is to offer prompt, accurate and courte
ous service while assuring reliability and quality. 
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MULTIPORT DYNAMIC RAMs (VRAMs) -





IVRAM 

VRAM PRODUCT SELECTION GUIDE 

Memory Aceen Part AcCIU Power Dlnipatlon Packaae .. Number 01 Pins I 
Contlllullllon Cycl. Number TIme (nl) Sltndlly ActIve PDIP ZIP SDJ CDIP PIIICau Paal 
64Kx4 Page Mode MT42C4064 100,120,150 10mw 150mw 24 24 24 24 CMOS 3-3 I 
256K x 4 Fas~ Pa~e_M~de_ MT42C4256 80,100,120,150 _ _ 20m~ ,--300m~ --~ 28 28 28 CMOS 3-29J 
~- - - - - -

.... 
rf> 

FOOTNOTES: 
All devices require +5 Volt ± 10% power supply. 
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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 TIL and CMOS 

compatible 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 256 cycle refresh within 4ms 
• Optional PAGE MODE access cycles 
• Dual port organization: 64K x 4 DRAM port 

256 x 4 SAM port 
• Bit MASK-WRITE mode capability on DRAM port 
• No refresh required for Serial Access Memory 
• Low power: lOmW standby, 150mW active, typical 
• Fast access times - lOOns parallel, 40ns serial 

OPTIONS 
• Timing (DRAM, SAM) 

1oons,40ns 
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 accom
plished 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 I/O port for the SAM. The rest of the circuitry 

3-3 

64Kx4 DRAM 
with 256 x 4 SAM 

PIN ASSIGNMENT (Top View) 
24-Pin DIP 24-Pin ZIP 

SC Vss DQ3 
DQ4 

SD01 SD04 SE 
SDQ2 SD03 SDQ4 

SDQ3 

SC 
Vss 

TR"jOC SE 
D01 D04 SD02 

DQ2 D03 D01 

Mr/WE CAS 
RAS AD 

A6 A1 
A5 A2 
A4 A3 

Vee A7 

PH,CG 
ZC 

24-Pln SOJ 

,. 24 sc Vss 
2 ;~ ~ 3 

SDQ1 SD04 
SDQ2 SDQ3 

4 21 ffi/OE ~ 
5 20 DQ1 DQ4 
6 19 DQ2 DQ3 
7 18 
8 17 

Mr/WE CAS 
RAS AD 

9 16 A6 Al 

i 10 15 
11 14 

AS A2 
A4 A3 

[ 12 13 Vee A7 

DJB 

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 in order to maintain data. 
The refresh cycles must be timed so that all 256 combina
tions 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. 

-< ::c 
» 
~ 
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Figure 1 
MT42C4064 BLOCK DIAGRAM 

DQ1 DQ2 -
r----------~--~---i---+-------, 
J f--+- I/O BUFFER I/O BUFFER I/O BUFFER I/O BUFFER 1 

1 f--+- MASK! h.4Asirl h.4Asirl h.4Asirl 1 
1 DRAu BiT I laiT I laiT I I BiT I 1 

1 ~ ~ 1 COUNTER 
1 f--+- 256 x 256 256 x 256 256 x 256 256 x 256 1 

1 r- 1 

~~~--t----------------~-------~ 
I 

1 

1 

1 

lRANSFER 
CONlROL 

LOGIC 

... 
~~_.-_LI __ lR.-AN_S_FE~R_G_A_~,NG-~I-_,r_~ 

1 
1 

lRANSFER CONlROL 1 

lIE: ----IJ1--+--_--1 ... ... ... ... 1 

1 

1 rl-
1 

---t ----- ----------- .... sERiALAOoREsSABu: -;EMoR~ 
J 256 x 1 BITS -!---

1 '--

sc _ ..... .1.----1 _---1 

1 

1 

1 

1 

SERIAL 
LOGIC/ 

COUNTER 

.....-+=:: IB':'::IT""'S==E""'LE"'CT==-+----1-------11-----+------t I/O BUFFER 1 SDQI 

L- 256 • 1 BITS I/O BUFFER ----t-- SIIQ2 
r- BIT SELECT I 

~--------_r2~56~.~1~B~ITS~---+---~I/OBUFFER I. ~ 
BIT SELECT --r--

L _____________________________ ~ 
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PIN DESCRIPTIONS 

PIN NUMBER(S) SYMBOL TYPE DESCRIPTION 

1 SC Input Serial Clock: Clock input to the serial address counter for the 
SAM registers. 

2,3,22,23 SDQ1-SDQ4 InpuV Serial Data I/O: Input, Output, or high impedance. 
Output 

4 TR/CE 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. 

5,6,19,20 DQ1 - DQ4 InpuV DRAM Data I/O: Inputs, Outputs, or high impedance, and/or 
Output Mask Data Inputs: For MASK-WRITE cycle only. 

7 "MEIWE Input Mask Enable: If MElWE is LOW at the falling edge of RAS 
a MASK-WRITE cycle is performed, or 

Write Enable: WE is used to select a READ (WE = H) or 
WRITE (WE = L) cycle when accessing the DRAM. This 
includes a DRAM-TO-SAM TRANSFER (WE = H) or 
SAM-TO-DRAM TRANSFER (WE = L). 

8 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, AD to A7 Input Address Inputs: For the DRAM operation these inputs are 
14, 15, 16, 17 multiplexed and clocked by RAS and CAS to select 4 bits 

out of the 256K available. During TRANSFER operations, 
AD to A7 indicate the DRAM row being accessed (when 
RAS goes low) and the SAM start address (when CAS 
goes slow). 

12 Vcc Supply Power Supply: +5 Volts ±10% 

18 CAS Input Column Address Strobe: RAS is used to clock in the 8 
column address bits and enable the DRAM output buffers 
(TR/CE must also be LOW). 

21 "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. 

24 Vss Supply Ground 

3-5 
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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 Functional Truth Table. 

Note: For dual function pins, the function that is not 
being discussed will be surrounded by paranthesis. 
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. 

READIWRITE 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) IOE is used, when 
RAS goes LOW, to select between an internal transfer 
o~ration and a DRAM operation. 
(TR) IOE must be HIGH at the RAS HIGH to LOW transi
tion 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. 

3-6 

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 MASK WRITE ~ 
and a normal WRITE cycle. If (ME) IWE is LOW at the RAS 
HIGH to LOW transition a MASK WRITE operation is 
selected. For a normal DRAM WRITE operation, (ME) lWE 
must be HIGH at the RAS HIGH to LOW transition. (ME) I 
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 MEl (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 DQ1 - DQ4 inputs 
will be written into the bit mask data register. The mask 
data acts as an individual write enable for each of the four 
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 DQ1 - DQ4 
inputs will be either written to the DRAM (if the mask data 
bit was HIGH) or ignored (if the mask data bit was LOW). 
The DRAM contents that correspond to the masked bits 
will not be changed during the WRITE cycle. Since the 
mask data register is reset (to all l's) at the end of every 
MASK-WRITE cycle, new mask data must be supplied at 
the beginning of each MASK-WRITE cycle. An example of 
a typical MASK-WRITE cycle is shown in Figure 2. 
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OLD MASK INPUT NEW OLD MASK INPUT NEW 
DATA DATA DATA (RE-WRITE) DATA 

1 0 X 1 0 0 X 0 
1 1 0---> 0 0 1 1----> 1 
0 0 X 0 0 0 X 0 
0 1 1----> 1 0 1 1----> 1 

ADDRESS 0 ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~Don't Care 

Figure 2 
MT42C4064 Bit MASK-WRITE 

REFRESH 

The MT42C4064 supports RAS ONLY, CA5-BEFORE
RAS, and HIDDEN types of refresh cycles. All 256 row 
address combinations must be accessed within 4ms. For 
the CA5-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/ (DE) must be HIGH 
when RAS goes LOW for the RAS ONLY and CA5-
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 
INPU~le 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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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. If SE 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. 
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FUNCTIONAL TRUTH TABLE 
DRAM Operations (SC, ~, and SDQ1 - SDQ4 are don't care) 

Function ~ ~ 
ME"IWE" 

tR" tC" 

Standby H H X X 

READ L L X H 

WRITE L L H L 
(EARL V-WRITE) 

MASK-WRITE H .... L L L L 

READ-WRITE L L H H .... L 

PAGE-MODE L H .... L .... H. H H 
READ H .... L .... H 

PAGE-MODE L H .... L .... H. H L 
WRITE H .... L .... H 

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

RAS"ONLV L H X nfa 
REFRESH 

HIDDEN L .... H .... L L X H 
REFRESH 

CAS-BEFORE- H .... L L X X 
RAS" REFRESH 

TRANSFER Operations (DQ1 - DQ4 are don't care) 

~ ~ 
ME"IWE" 

Function 
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 
te = when ~ goes from HIGH to LOW 

•• SSA = SAM Start Address. the serial address that the next 
serial input or output cycle will start with. 

TRfM Addresses DQ1 
to Notes 

tR" tC" tR" tC" DQ4 

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 

TR/OE" Addresses SC ~ SDQ1 

tR" 

L 

L 

L 

3-9 

to Notes 
tC" tR" tC" SDQ4 

L ROW SSA** X X X 2 

X ROW SSA** X L X 3 

X ROW SSA** X H X 4 

Notes: 1. Any type of WRITE cycle may also be a MASK-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. 

-< 
::rJ 
l> 
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Serial 1/0 Operations (AU, 'CU", MEiWE', TRmE, and DQ1 - DQ4 are don't care) 

Function SC 

SERIAL OUTPUT L .... H 

SERIAL INPUT L .... H 

No ... : 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) ................ -65°C to +150°C 
Storage Temperature (Plastic) ................... -55°C to + 150°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ..................................... 50mA 

§' 

L 

L 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C :s; T A :s; 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:s; T A :s; 70°C, Vee = S.OV ± 10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 

SDQ1-SDQ4 Notes 

Valid Data Out S 

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 opera.tion 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.S S.S 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:S;VIN:!>Vee, all other pins not under test = 0 volts). 

OUTPUT LEAKAGE CURRENT loz -10 10 I1A 
(Dout is disabled, OV:S;VOUT:!>Vcc). 

OUTPUT LEVELS 
Output High voltage (lOUT = -SmA) VOH 2.4 V 

Output Low voltage (lOUT = SmA) VOL 0.4 V 1 

3-10 
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CAPACITANCE 

PARAMETER 

Input Capacitance (Ao-Al), DIN 

Input Capacitance RAS", "CAS, WE", QE, SC, "SE" 

Output Capacitance DouT 

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=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 
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SYMBOL 

CI1 

CI2 

Co 

SYMBOL 
Icc1 

Icc2 

Icc3 

IcC4 

Iccs 

ICC6 

Icc7 

SYMBOL 

Icca 

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 

-< :a 
):. 
s: 
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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 lime IRC 190 220 260 

READ-MODIFY-WRITE CY91e time tRWC 250 295 345 

PAGE-MODE READ or WRITE IpC 75 90 110 
cycle time 

PAGE-MODE READ-MODIFY- IpRWC 125 150 175 
WRITE cycle time 

Access time from 'RAS IRAC 100 120 

Access time from 'CAS" tCAC 50 60 

'RAS pulse width lRAS 100 10,000 120 10,000 150 

"RAS pulse width (PAGE-MODE) tRASP 100 100,000 120 100,000 150 

'RAS hold time IRSH 50 60 75 

"RAS precharge time tRP 80 90 100 

'CAS" pulse width ICAS 50 10,000 60 10,000 75 

'CAS" hold time tCSH 100 120 150 

'CAS" precharge time ICPN 15 20 25 

'CAS" precharge time tcp 15 20 25 
(PAGE-MODE) 

'RAS to 'CAS" delay IRCD 10 50 15 60 15 

'CAS" to 'RAS precharge time tCRP 10 10 10 

Row address set-up time IASR 0 0 0 

Row address hold time tRAH 10 15 15 

Column address set-up time IASC 0 0 0 

Column address hold time tCAH 20 20 25 

Column address hold time tAR 60 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 b 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) (oOe ~ T A ~ + 70oe, 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 twp 20 25 30 

WRITE command to RAS lead time IRWL 25 30 35 

WRITE command to CAS" lead time ICWL 25 30 35 

Data-in set-up time tDS 0 0 0 

Data-in hold time IDH 15 20 25 

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

CAS" to WE delay ICWD 65 80 95 

RAS to WE delay tRWD 120 150 185 

MElWE to RAS Set Up Time tWSR 0 0 0 

ME!WE to "RAS" Hold Time tRWH 10 10 15 

Mask Data (DQ-.J to RAS tMS 0 0 0 
Set Up Time 

Mask Data (DQ-.J 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 'CSR 10 10 10 
~-before-RAS refresh) 

CAS" hold time ICHR 20 25 30 
("CAS"-before- refresh) 

CAS" to output in low-Z tCLZ 5 5 5 

Output buffer turn-off delay tOFF 0 25 0 25 0 

Output Enable IOE 25 25 

Output Disable too 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 l00l1s 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 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, DRAM data output is high impedance. 
11. If CAS = VIL, DRAM data output may contain data 

from the last valid READ cycle. 
12. tOFF (max) defules 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 
~C (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 tCAC. 

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

3-14 

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. 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 open circuit throughout the entire cycle. 
If tCWD ;::: tCWD (min) and tRWD ;::: tRWD (min) the 
cycle is a READ-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met the state of data out (at 
access time and until CAS goes back toVIH) is inde
terminate. 

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 
IN 

with fN = 3V and Vee = 5V. This parameter is 
sampled. 

19. If CAS is low at the falling edge of RAS, DoUT will 
be maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer CAS must be 
pulsed high for tcP. Note 8 applies to determine 
valid data out. 

20. Includes the OE delay time (30ns for the -10, 40ns for 
the -12, and SOns for the -15). 

21. During a READ cycle if OE is low then taken high 
(VIH) DoUT goes open. If OE is tied permanently low 
a READ-MODIFY-WRITE operation is not possible. 

22. Enables on-chip refresh and address counters. 
23. TRANSFER Command means that TR/(OE) is LOW 

when RAS goes LOW. 
24. NON-TRANSFER Command means that TR/(OE) is 

HIGH when RAS goes LOW. 
25. Measured with a load equivalent to 2 TTL gates and 

50pF. 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5, 17,25) (00 C S; T AS; + 70°C, Vee = S.OV ± 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 

TRAt,.ISFER Command to ITRL 10 10 10 
RAS Lead Time 

TRANSFER Command to ITRD 15 15 . 20 
RAS Delay Time 

TRANSFER Command to tTCL 10 10 10 
"CAS Time 

TRANSFER Command to ITCD 15 15 20 
"CAS Delay Time 

First SC edge to TRANSFER ITSD 10 10 20 
Command Delay Time 

SAM-TO-DRAM (WRITE) Transfer tRTHW 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 ISRS 35 40 45 

'RAS to SC Delay Time ISRD 25 30 35 

Serial Data Input to SE Delay Time ISZE 0 0 0 

'RAS'to SD Buffer Turn On Time tSRO 0 0 0 

Serial Data Input Delay from RAS tSDD 50 55 60 

Serial Data Input to'RAS 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 tyS 0 0 0 
to 'RAS' Set Up Time 

NON-TRANSFER Command tYH 10 10 10 
to RAS Hold Time 
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MAX UNITS NOTES 

ns 23 

ns 23 

ns 23 

ns 23 

ns 23 

ns 23 

ns 23 

ns 23 

ns 23 

ns 

60 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 24 

ns 24 
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SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5,17,25) (0° C:;; T A:;; + 70°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN 

Serial Clock Cycle Time tsc 40 50000 40 50000 60 

Access Time from SC tSAC 40 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 15 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 20 20 25 

SERIAL INPUT (Write) Enable tsws 0 0 0 
Set UpTime 

SERIAL INPUT (Write) Enable tSWH 30 35 45 
Hold Time 

SERIAL INPUT (Write) Disable tSWIS 0 0 0 
Set UpTime 

SERIAL INPUT (Write) Disable tSWIH 30 35 45 
Hold Time 

3-16 

MAX UNITS NOTES 

50000 ns 

60 ns 

ns 

ns 

40 ns 

ns 

ns 

ns 

30 ns 

ns 

ns 

ns 

ns 

ns 
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DRAM READ CYCLE 

tCSH 

--------:--{==~~~j~--OPEN---

DRAM EARLY-WRITE CYCLE 
tRC 

tRAS tRP 

!!AS" VIH -
VIL -

tCSH 

tRSH 

tCRP tRCD teAs 

!:AS" VIH -
VIL -

tASR tRAH 

ROW ADDR VIH -
VIL -

tcW!. 

tRW!. 

tWCR 

twcs tWCH 
twp 

tOHR 

tos tDH 

VAUD DIN 

'!R/DE ~:~ -1IlII!!!Iff WI /II /II 1111/// /////II/I!// ////I! /II! III! I! I! I!/ /I! III! II! /II 
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~ DON'T CARE 

~ UNDEFINED 
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'll!jllE ~:~ :1flllllllI Will I////!/ II II 11111 II III JIll /II II! ////!IIIIIIIII III//!/!III IIIJl 

AODR 

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

tRWC 

VIH _---------,l 

VIL - 1l---------------------.:tC=SH-:------------------1 

tRSH 

~ __ ~tC~R~P ~ __________ t~RC~D~~ __ t~CA~S ______________ ~ 

VIH __ --r------tt---------------r ___ 
VIL - '--t--------------------1 

-

ROW 

-----.~~~~~~~~1----0PEN----

NOTE 1: If ME/WE" is LOW, a MASK-WRITE cycle will be performed" 
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~ DON"T CARE 

~ UNDEFINED 
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ADDR 

VIH __ ---"-1 
VIL -

DQ1-DQ' ~~ :::----+1----

ADDR 

DRAM PAGE-MODE READ CYCLE 

tCSH 
tpc tCAS tCAS tCPN 

DRAM PAGE-MODE EARLY-WRITE CYCLE 

ROW 

Mr/WE VIH-

_4.::~m~%~~~t-;-~Tlr;-;~~~--~+~-~~~-~-~-U~D~D-~--~~~-t-:-L~~+D7:=~-~~F~~~~ 

IL ~_~ 

m,lO£ ~:~ ::1llllI W!l//II/1 /1/ 1/1 1/1 1/1 11/1 //II III!! 1/1 /II!!! /I 11/1////1// 1/1/ I!! 1111/1/ 11/1 II III!! III!! 1///1 II II II II /I/I///!/ 1/1/ & 

NOTE: If MEiWE" is LOW, a MASK-WRITE cycle will be performed. 
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~ DON'T CARE 
~ UNDEFINED 
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ADOR 

DRAM PAGE-MODE READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

tCSH 

VIH _-i----+r-----.----; 
V1L -

1 too -i l-1 
)_tOE""L.J~ 

too 

NOTE: 1: IfliifE"lWE"is LOW, a MASK-WRITE cycle will be performed 

ADDR 

"RAS ONLY REFRESH CYCLE 
(MEIWE = Don't Care) 

VIH __ ------,ll 

VIL - I"f----------------I 
tCRP 

VIH ----~~---#---------------------------
VIL -

ROW ROW 

DQ1-DQ4 ~:gt' -,.------------rl---------------OPEN ------------------------------
I-----"'-----ll YS 1----"-'---11 YH 

~:~ =- !w$//;/'!#$!#$!$//ffl/lff!$!ff$$! 
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~ DON'T CARE 

~ UNDEFINED 
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CAS-BEFORE-RAS REFRESH CYCLE 
(AO - A7 and ME/WE are Don't Care.) 

V,H ----------." 

VIL -

tCSR tCHR 

DQ1-DQ4 0:g~ =~-----+t--------OPEN-------------

AD DR 

HIDDEN REFRESH CYCLE 

(READ) 

1--___ ---"tR""AS'-----__ IRP 

V,H _~-----cl 

V,L - }---------;-tR-CD-7"tR-SH--f1 

(REFRESH) 

tRAS 

tCHR 

~ I 
W;l/ $/$ I #/;///$/ $//// !III/I# /l/!II $#;/# /J 

J tOFF 

DQ1-0Q4 ~g~ :=----tt-- OPEN --------t2~t===~VA~LI:O:D ~DO;U~T ==~~ OPEN-

~ 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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RAS 

CAS 

AOOR 

ME';wt 

SC 

SDQ1-SDQ4 

m;or 

VIH -
VIL -

VIH -
V 1L -

VIH -
VIL -

VIH -
VIL -

V1H -
VIL -

VOH -
VOL -

V1H -
V 1L -

DRAM-TO-SAM TRANSFER 
(READ TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode.) 

tCSH 

~ DON'T CARE 

NOTE 1: This SE pulse is shown to illustrate the SERIAL OUTPUT ENABLE and DISABLE timing. It is not required. 
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ADDR 

SC 

DRAM-TO-SAM TRANSFER 
(READ TRANSFER) 

(When part was previously in the SERIAL INPUT mode.) 

V,H _------il 

V,L - 11----------.,-tC-SH--------f 

tRSH 

V,H _.--+---++-------1:-\ 
VIL -

NOTE 1 

SDO,-SDQ4 ~:~ :X~~~r---t====~IN~VA~U~D ~DO~UT!:::::=~=:=) ";--_-=..;....A ... _---"-=..:....A"--_-=..;...J 

tCTH 

tTCD 

~ DON'T CARE 

NOTE 1: There must be no rising edges on the SC input during this time. 
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!lAS VIH -
VIL -

VIH -"CAS" 
VIL -

AooR 

tlr/WE" 

SC 

SAM-TO-DRAM TRANSFER 
(WRITE TRANSFER) 

(When part was previously in the SERIAL INPUT mode.) 

tRC 

tRAS 

tCSH 

tRSH 

tCRP tRCo teAs 

SDQ1-SDQ4 ~:~ :"l.Ll.LI"'-_--"'..J~'fL1t'.Li.JJ.LLLLI.I.J.L.'.Li.JJ.'.Li.JJ.I.I.J.L.'.Li.JJ.'.Li.JJ.LLLLI.I.J.L.'.Li.JJ.'.Li.JJ.l.I.J.L.u.t.I.I.'.J.il,L--....::.:....Jv.I.I.J.L.'.Li.JJ.'.J.il,L--....::.:....-
~ tRTHW 1 

TRior ~:~ $1111111;; 4d1J!/ I!! III!! II!! /!II//II II 111/11/ 11// /1/11 11/// /////11/ //II! 1/11/11 I!! I!! /11/ I!!/ 1/11 /I!!/ I!!/ II!t 
~ oON·T CARE 

~ INHIBIT RISING EDGE 

NOTE 1: If SE is LOW, the SAM data will be transferred to the DRAM. 
If SE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL INPUT MODE ENABLE cycle). 

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. 
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SAM-TO-DRAM TRANSFER 
(WRITE TRANSFER or PSEUDO WRITE TRANFER) 

(When part was perviously in the SERIAL OUTPUT mode.) 

'RC 
tRAS 'RP 

VIH __ -----,l 
VIL - 11--------;-------------1 

tCSH 

tRSH 

'RCD 'CAS 

'AR 

'ASC teAH 

SAM START 

NOTE 1: If SE is LOW, the SAM data will be transferred to the DRAM. 

~ DON'r CARE 

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. 
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SAM SERIAL INPUT 

VIH -
VIL ------;t,--s-c-------+-t,.-S-C------" 

sc 

SDQ1-SDQ4 

SAM SERIAL OUTPUT 
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VAliD DIN 

~ DON'T CARE 

~ UNDEFINED 
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ORDER INFORMA nON 

i.-__ ...-... lpACKAiE~£jED I 
MT42C4064 Z -10 

The Micron MT42C4064 is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
It is manufactured and quality controlled in Micron's 
modem Boise, Idaho USA facility using the high speed, 
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low power CMOS double poly, single metal process. 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate, and courteous service while assuring reliability 
and quality. Functionality is consistently assured over a 
wider power supply, temperature, and refresh range than 
specified. Each unit receives accelerated bum-in and and 
several hours of AMBYXTM system level testing prior to 
final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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VRAM 

FEATURES 
• Industry standard pin-out, timing, and functions 
• High performance CMOS silicon gate process 
• Single +5V ±1O% power supply 
• Inputs and outputs are fully TTL and CMOS 

compatible 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 512 cycle refresh within 8ms 
• Optional FAST PAGE MODE access cycles 
• Dual port organization: 256K x 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 
• Masked Write 
• Persistent Masked Write 
• Split READ and WRITE Transfers 
• Block Write 
• Serial Input 

OPTIONS 
• Timing (DRAM, SAM) 

SOns,25ns 
lOOns,3Ons 
120ns,35ns 
15Ons,40ns 

GENERAL DESCRIPTION 

MARKING 

-8 
-10 
-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 I/O port for the SAM. The rest of the circuitry 
consists of the control, timing, and address decoding logic. 
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256Kx4 DRAM 
with 512 x 4 SAM 

PIN ASSIGNMENT (Top View) 

28-Pln DIP 
SC 1"'28 Vss 

SOOI 2 27 SOQ4 

S002 26 S003 

ffitOE 25 SE 
001 5 24 OC4 

002 6 23 D03 

MEIWE 7 22 OSF 

NC 8 21 ~ 

Rl\S 9 20 OSF 

AS 10 19 AO 

AS 11 18 Al 

AS 12 

M 13 

Vee 14 

17 A2 

16 A3 

15 A7 

28-Pln SOJ 

sc 1 28 
SDOI 2 27 
SOO2 3 26 
miiE 4 25 

001 5 24 
002 6 23 

MEIWE 7 22 
NC 8 21 

RAS 9 20 
AS 10 19 
AS 11 18 
AS 12 17 
M 13 16 

Vee 14 15 

Vss 
S004 
SOO3 
SE 
0Q4 
003 
OSF 
CAS 
OSF 
AO 
Al 
A2 
A3 
A7 

28-Pln ZIP 

OSF 1 -;: 2 003 

004 3 ,.-: 4 SE 

S003 5 <: 6 S004 
Vss 7 ,;.. sc 

SOOI 9 .• " 8 
__ .• " 10S002 

TRIOE 11 '\, 12 001 

00213 ",. 14MEiWE 
NC 15 ..•. 

. \. 16RAS 

A817 ".: 18A6 

A519 ":: 20M 
Vee 21 ". 
A323 .. " 22A7 

A125 :>, 24 A2 
•••. 26AO 

OSF27 ,;.. _ 
~ 28CAS 

ZLJ 

DJD 

NOTE: 28·Pin Packaging To Be Determined. 

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 in order to maintain data. 
The refresh cycles must be timed so that all 512 combiria
tions 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 MT42C4256 is compat
ible with (and can be identical to) the operation of the 
MT42C4064 64Kx4 Video RAM. However, the MT42C4256 
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. 
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MT 42C4256 BLOCK DIAGRAM 

hi ;J ~ 
< ill ~~" ..... ~~~~~~" ~ 
~~ 
3~ 
8 

512x512x4 
DRAM ARRAY 

·'M·· 
•• A •• 

S 
··K·· 

TIMING -+--
GENERATOR 

& 
CONTROL ~ LOGIC 
~ 

~ ... -... -... --.---.-.--- ... --.. ---.. --- .. -.---.- .. --.--.- .............. _ ...... __ ..... _.---_ .... _-_ .... _-_ ... _--------------_ ... __ ..... _--_ ....... ----------_ ... - .... -----_ ... _----_ ... _--------_ .. , 

IVRAM 

001 
TO 

DQ4 

RAS 
CAS 
fiitOE 
MEIWE 
DSF 
SC 
Sf 

S001 
TO 

SOD4 

aSF 

~ 
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PIN DESCRIPTIONS 

DIP/SOJ PIN ZIP PIN 
NUMBER(S) NUMBER(S) SYMBOL TYPE DESCRIPTION 
5,6,23,24 12,13,2,3 DQ1-DQ4 Input! DRAM Data 1/0, inputs for MASK REGISTER and COLOR 

Output REGISTER load cycles, and ADDRESS MASK inputs for 
BLOCK WRITE. 

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 
M"S goes low) and the SAM start address (when CAS goes low). 

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", TRICE, and 
DSF inputs. 

21 28 CAS Input Column Address Strobe: CAS is used to clock in the 9 
column address bits and enable the DRAM output buffers 
lalona with TRlOE) and as a strobe for the DSF input. 

7 14 MEIWE Input Mask Enable: If MEIWE is LOW at the falling edge of RAS 
a MASK-WRITE cycle is performed, or 

Write Enable: MElWE is also used to select a READ 
(MEIWE = H) or WRITE (ME/WE = L) cycle when accessing the 
DRAM. This includes a READ TRANSFER (MEiWE" = H) or 
WRITE TRANSFER (MEiWE" = Ll. 

4 11 TRICE 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. 

2,3,26,27 9,10,5,6 SDQ1-SDQ4 Input! Serial Data 1/0: Input, Output, or high impedance. 
Output 

1 8 SC Input Serial Clock: Clock input to the serial address counter for the 
SAM registers. 

25 4 SE Input Serial Port Enable: st enables the serial 1/0 buffers and 
allows a serial READ or WRITE operation to occur, 
otherwise the output buffers are in a high impedance state. 
st is also used during a 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. 

20 27 QSF Output Split SAM Status: QSF 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 ±10% 
28 7 Vss Supply Ground 
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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 Functional Truth Table. 

Note: For dual function pins, the function that is not 
being discussed will be surrounded by paranthesis. 
For example, when discussing tra!!!f..er operations 
the TR/OE pin will be shown as TRf(OE). 

DRAM OPERATION 
DRAM REFRESH 

Like any DRAM based memory, the MT42C4256 Video 
RAM must be refreshed in order to retain data. All 512 row 
address combinations must be accessed within Sms. The 
MT42C4256 supports CAS-BEFORE-RAS, RAS ONLY and 
HIDDEN ~ of refresh~es. 

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 AO-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 
on this part, several conditions that were undefined or 
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"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 lS address bits that are used to select four memory 
bl~S from the 262,144 x 4 available are latched into the chip 
usmg the AO-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, (fR)/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 
transistion 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 memor~lls 
selected will appear atthe DQ1-DQ4 port. The (TR) / OE in
put must transistion from high to low sometime after RAS 
falls in ~rder to enable the DRAM o~ut port. 

For smgle 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 MASK WRITE 
~ and a normal WRITE cycle. If (ME) /WE is low at the 
RAS high to low transition a MASK 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 tansition for a 
DRAM READ cycle. 

If (ME)/WE is low when CAS goes low, a DRAM WRITE 
operation is performed and the data present on the DQ1-
DQ4 data 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 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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RAS \ / \ I 

CAS \ / \ I 

ME/WE \ f!ll!lA I////////////A f!ll!lA fIIIIIIIIIIJ 

DSF 

STORED MASK INPUT STORED STORED MASK STORED STORED 
DATA DATA DATA (RE-WRITE) DATA ; 0 X 

~ ~ 
0 X ; o .-----~ 1 1 .-----~ 

0 X 0 X 
.-----~ 1 .-----~ 

BEFORE ADDRESS 0 AFTER BEFORE ADDRESS 1 AFTER 

X = NOT EFFECTIVE (DON'T CARE) WJI OON'TCARE 

~ UNDEFINED 

Figure 2 
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 DQI-DQ4 
inputs will be written into the MASK WRITE data register. 
The mask data acts as an individual write enable for each 
of the four DQI-DQ4 pins. If a low(logic 0) is written to a 
mask data register bit the input port for that bit is disabled 
during the following WRITE operation and no new data 
will be written to that DRAM cell location. A high (logic 1) 
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on a mask data register bit enables the input port and 
allows normal WRITE operation to proceed. Note that CAS 
is still high. When CAS goes low, the bits present on the 
DQI-DQ4 inputs will be either written to the DRAM (if the 
mask data bit 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. For NON
PERSISTENT MASKED WRITE cycles the mask data reg
ister is reset (to all ones) at the end of the cycle and new 
mask data must be supplied for each NON-PERSISTENT 
MASKED WRITE cycle, even if the same mask data is being 
used repeatedly. An example of NON-PERSISTENT 
MASKED WRITE cycle is shown in Figure 2. 
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1- LOADMASKREGISTER -I-PERSISTENTMASKWRITE -1-PERSlsTENTMASKWRITE-1 

/. \ I: \ r 
, 

\ I \ I ! \ I , , , , , , 

\ , , , , 
: , 
, 

\ I \ , I \ 

MASK STORED INPUT STORED STORED INPUT STORED 
DATA DATA DATA DATA 

0 X X 

m 
o .-----~ ~ ; 1 .-----~ ; 0 X X 
1 .-----JI>- 1 .-----~ 

(Stored in BEFORE AFTER BEFORE AFTER 
Mask Write 
Register) • ADDRESS 0 • • ADDRESS 1 • 

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 MASK 
WRITE cycle if the same MASK data is being used repeat
edly. The internal MASK WRITE DATA REGISTER is 
loaded when RAS goes low by holding MEl (WE) high and 
DSF high (see LOAD MASK REGISTER). 

PERSISTENT MASKED WRITE ~cles can then be per
formed by simply taking MEl (WE) low and DSF high 
when RAS goes low. The contents of the PERSISTENT 
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MASK DATA REGISTER will then be used as the mask 
data for the DRAM inputs. Unlike the NON-PERSISTENT 
MASKED WRITE cycle, the contents of the MASK WRITE 
DATA REGISTER are not reset at the end of a PERSIS
TENT MASKED WRITE cycle. Another PERSISTENT 
MASKED WRITE cycle can be performed without having 
to reload the MASK DATA register. Figure 3 shows the 
WAD WRITE MASK REGISTER and PERSISTENT 
MASKED WRITE cycle operation. 
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I 
I 

I 

COLUMN 
(A2-AS al CAS) 

~~~ , ------Tmii 
: : : : tit f 

ROW 
(AD-AS al RAS) 

I 
r 

,/ 

COLUMN MASK 
ONTHE INP 

CAS OR 

(AD,AI) 
DOl o-r-~ 
002 0-1--

L'l 
UTSAT 

003 0-1-- L L flo 
MEIWE 

DQ4 0-1-- / ~. -

IT I-

CAs or MEIWE 

(DOl)"" 

(D02l~ 
(D03l ::--:: (D04)--,,:::::~ 

~ =j-"i~ MASK " WRITE - L.;' 
REGISTER - Ll 

SOPTIONAL, 
PERSISTENT 

(MASK WRITE I 
AND MAY BE EITHER 

OR NON-P 

"T" 

RAS~ 
L.,l 

ERSISTENT) 
LOAD 

COLOR_I I I I 
REGISTER 

COLOR REGISTER 
(must be previously loaded) 

Figure 4 
BLOCK WRITE EXAMPLE 

BLOCK WRITE 

U 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 loca
tions (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 col
umn locations that will be accessed. The DQ inputs are then 
used to determine what combination of the four column 
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locations will be changed. DQl acts as a write enable for 
column location AO=O, AI=O; DQ2 controls column loca
tion AO=I, AI=O; DQ3 controls AO=O, AI=I, and DQ4 
controls AO=I, AI=1. The write enable controls are active 
high, a logic I enables and a logic 0 disables the WRITE 
function. 

The contents of the Color Register will then be written to 
the column locations enabled, Each DQ location of the 
Color Register is written to the four column locations (or 
any of the four that are enabled) in the corresponding DQ 
bit plane. 
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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 

:lJ be masked and any combination fo the four column loca
l> tions can be masked. 

s:: 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 Register and the Color Register must be 
loaded with the appropriate data prior to starting a PER
SISTENT MASKED BLOCK WRITE. 

LOAD MASK REGISTER 

The LOAD MASK REGISTER operation and timing are 
identical to a normal WRITE cycle except that DSF is high 
when RAS goes low. As shown in the Truth Table, the 
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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 REGIS
TER cycle. The data present on the DQ lines will then be 
written to the MASK REGISTER. 

Note: For a normal DRAM WRITE cycle the WRITE 
MASK REGISTER is disabled but not modified. The con
tents of WRITE MASK REGISTER will not be changed 
unless a NON-PERSISTENT MASK WRITE cycle or a 
LOAD MASK REGISTER cycle is performed 

The ROW address supplied will be refreshed, but it is not 
necessary to provide any particular ROW address. The 
COLUMN address inputs are ignored during a LOAD 
MASK REGISTER cycle. 

The MASK 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. 



PRELIMINARY 

I'IIIC:RON MT42C4256 

TRANSFER OPERATIONS 

TRANSFER operations are initiated when TR/ (OE) is 
low when 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 cycles 
and SPLIT TRANSFER cycles. Each of the TRANSFER 
cycles available are described below. 

serial output cycle from the SAM data registers. To com
plete the TRANSFER, TR/(OE) is taken h~ while RAS 
and CAS are still low. The rising edge of TR/(OE) must 
occur between the rising edges of successive clocks on the 
SC input (refer to the AC Timing Diagrams). The 2048 bits 
of DRAM data are then written into the SAM data registers 
and the serial shift start address is stored in an intemal9 bit 
register. If SE 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. Performing a READ TRANSFER 
cycle sets the direction of the SAM 1/ 0 buffers to the output 
mode. 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 

If (ME) /WE is high and DSF is low when RAS goes low 
a READ TRANSFER cycle is selected. The row address bits 
indicate the four 512 bit DRAM rows that are to be tranfer
red to the four SAM data registers and the column address 
bits indicate the start address (or Tap point) of the next 

I I I 
I I I 

_~'--_----LLJ_="4 ____ ~'--_--LLII!!Idw.u. 
I I I 
I I I 

\'--_.J.U..UilJ; \ ~ff~ \ IlI!!J. 

AD-AS ~~f...-d~ 
I I I 
I I I 

7jjj~-.nW.7771B1//!/M77T17TTTJ7777_7TT7TT7T7WffM47T77TT7Ti~p .... ~pfrr........,\'l.TTTn_'T7T7W!!!1//11111111TTTn'T7T7= 
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~ II L/ II fiLl 
I I I 

11//////////////////////////////1111/7 ~ ____ ~ ~ 

oc~~~~ 
800 ~~~ 255 ~~ ~ x==x 

Output ROW 0 I Rowa I ROW 0 I Rowa 

QSF 
;~ f/I :: 

___ H_IG_H_Z ____ H_IG_HZ ___ -f:0 :: I fJ 

(NORMAL) READ TRANSFER 

FROM: ROWO 
TO: FULL SAM 
SAM 110 IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 

I I I 
I I I 

: SPLIT READ TRANSFER : : SPUT READ TRANSFER 
I I I 

: FROM: ROW 0 : SERIAL OUTPUT : 
I TO: UPPER SAM I SWITCHES FROM I 

: SERIAL OUTPUT FROM : LOWER SAM TO : 
: LOWER SAM CONTINUES : UPPER SAM (OSF : 
I (OSF GOES LOW) I REMAINS HIGH) I 

Figure 5 

FROM: ROW 1 
TO: LOWER SAM 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(OSF REMAINS HIGH) 

f7lhI DON'T CARE 

~ UNDEFINED 

TYPICAL SPLIT READ TRANSFER INITIATION SEQUENCE 
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SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER 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. » SPLIT TRANSFERS do not change the SAM I/O direc-
, tion. A normal, or non-split, READ TRANSFER cycle must 
::::III precede any sequence of SPLIT READ TRANSFER cycles in 

order to put the SAM I/O in the output mode and provide 
a SAM access (which halO reference. Then SPLIT READ 
TRANSFERS 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 
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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, 
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 repreated. For example, the next step 
in Figure 5 would be to wait until QSF went low (indicating 
that Row 1 data is shifting out the lower SAM) and then 
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. Per
forming 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. APSEUOO 
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. 
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PSEUDO WRITE TRANSFER 

FROM: FULL SAM 
TO: OBLIVION 
SAM I/O IS SET TO INPUT 
MODE AND SERIAL INPUT 
TO LOWER SAM BEGINS 

, , , , , , 
: SPUT WRITE TRANSFER : : SPUT WRITE TRANSFER , , , 
: FROM: UPPER SAM : SERIAL INPUT : 
, TO: ROW 0 ,SWITCHES FROM , 
: SERIAL INPUT TO LOWER: LOWER SAM TO : 
: SAM CONTINUES (OSF : UPPER SAM (OSF : 
, GOES LOW) ,GOES HIGH) , 

Figure 6 

FROM: LOWER SAM 
TO: ROW 0 
SERIAL INPUT TO UPPER 
SAM CONTINUES (QSF 
REMAINS HIGH) 

~ DON'T CARE 

~ UNOEANED 

TYPICAL SPLIT WRITE TRANSFER INITIATION SEQUENCE 

SPLIT WRITE TRANSFER (SPLIT SAM-TO-DRAM 
TRANSFER) 

ferred to the first destination row. The upper SAM may not 
yet contain valid data, but another write to the same row 
would normally occur after the next SPLIT WRITE TRANS
FER cycle. The SPLIT WRITE TRANSFER feature makes it possible 

to input and transfer uninterrupted bit streams. Figure 6 
shows a typical initiation sequence for SPLIT WRITE 
TRANSFER input cycles. 

Like the SPLIT READ TRANSFER, the SPLIT WRITE 
TRANSFER cycle does not change the state of the SAM 1/ 0 
buffers. Performing a normal WRITE TRANSFER cycle or 
PSUEDO WRITE TRANSFER cycle is required to set the 
Tap point and set the SAM I/O buffers to input mode. 

The next step is to perform a SPLIT WRITE TRANSFER 
to enter the SPLIT SAM operating mode and enable the 
QSF output. Usually, the upper SAM is immediately trans-
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Once in the SPLIT TRANSFER operating mode, the QSF 
output will indicate which half of the SAM is currently 
accepting data. After QSF goes high, indicating that serial 
input has now switched to the upper SAM, the contents of 
the lower SAM may be transferred to any DRAM row. The 
cycle of checking for a change in QSF and then transferring 
the SAM half just filled can now be repeated. The next step 
on Figure 6 would be to wait for QSF to go low and then 
SPLIT WRITE TRANSFER the contents of the Upper SAM 
to row O. 
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FUNCTIONAL TRUTH TABLE 

CODE FUNCTION JIAS FALLING EDGE ~FALL AD - AS' 001 - 0042 

W TRIOr ME"/WE" DSF U DSF 1001 W 1001 

DRAM OPERATIONS 
CBR c:AS-BEFORE-l1AS REFRESH 0 X 1 X X X - X -

ROR RJ\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 

RWNM NON-PERSISTENT (LOAD AND USE) MASKED 1 1 0 0 x 0 ROW COLUMN WRITE 
WRITE TO DRAM MASK 

RWOM PERSISTENT (USE REGISTER) MASKED 1 1 0 1 X 0 ROW COLUMN X 
WRITE TO DRAM 

BW BLOCK WRITE TO DRAM (NO DATA MASK) 1 1 1 0 X 1 ROW COLUMN X 
(A2-AS) 

BWNM NON-PERSISTENT (LOAD & USE) MASKED 1 1 0 0 X 1 ROW COLUMN WRITE 
BLOCK WRITE TO DRAM (A2-AS) MASK 

BWOM PERSISTENT (USE MASK REGISTER) 1 1 0 1 X 1 ROW COLUMN X 

REGISTER OPERATIONS 

LMR LOAD MASK REGISTER 1 1 1 1 X 0 ROW' X X 

LCR LOAD COLOR REGISTER 1 1 1 1 X 1 ROW' X X 

TRANSFER OPERATIONS 

RT DRAM-TO-SAM TRANSFER (READ TRANSFER) 1 0 1 0 X X ROW SSA' X 
(TAP) 

SRT SPLIT DRAM-TO-SAM TRANSFER (SPLIT READ TRANSFER) 1 0 1 1 X X ROW SSA' X 
(TAP) 

I WT SAM-TO-DRAM TRANSFER (WRITE TRANSFER) 1 0 0 0 0 X ROW SSA' X 
(TAP) 

! PWT SERIAL INPUT MODE ENABLE (PSEUDO WRITE TRANSFER) 1 0 0 0 1 X ROW' SSA' X 
(TAP) 

SWT SPLIT SAM-TO-DRAM TRANSFER WITH MASK 1 0 0 1 X X ROW SSA' WRITE 
(SPLIT WRITE TRANSFER) 

'------
(TAP) MASK 

NOTES: 1. These columns show what must be present on the AD-AS inputs when RAS falls and when CJi$ falls. 
2. These columns show what must be present on the DQ1-DQ4 inputs when RAS falls and when CJi$ falls. 
3. On WRITE cycles, the input data is latched at the falling edge of CAS or MEIWE, whichever is later. 

similarly, on READ cycles, the output data is latched at the falling edge of CJi$ 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. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc supply relative to Vss ........ -1.0V to +7.0V 
Operating Temperature, Ta(Ambient) .......... O°C to +70°C 
Storage Temperature (Ceramic) ................ -6SoC to + 1S0°C 
Storage Temperature (Plastic) ................... -SsoC to + 1S0°C 
Powt'r Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ..................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C S T A S 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 S T A S 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 jJA 
(any input (OVSVINSVCC, all other pins not under test = 0 volts). 

OUTPUT LEAKAGE CURRENT loz -10 10 jJA 
(Dout is disabled, OVSVOUTSVCC). 

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), DIN CI1 S pF 2 

Input Capacitance ~, 'CAS, ME'iWE, 'fR/OE', SC, SE, DSF CI2 7 pF 2 

Output Capacitance DOUT, QSF Co 7 pF 2 

3-41 

.. 
< 
:D 
l> 
s: 



-< 
XI » 
s: 

PRELIMINARY 

I'IIIC:I=ION MT 42C4256 

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: TIL INPUT LEVELS 
Power supply standby current (R~="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 (Ri\S 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 (Ri\S and CAS=Cycling; TRc= TRC(MIN». 

OPERATING CURRENT: PAGE-MODE 
(RAS"=VIL,CAS"=Cycling; Tpc= TpC(MIN». 

STANDBY CURRENT: TIL 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: Ri\S ONLY (RAS"=Cycling; CAS=VIH). 

REFRESH CURRENT: CAS-BEFORE-MS" (Ri\S and CAS=Cycling). 

SAM/DRAM DATA TRANSFER 
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SYMBOL 

Icc1 

Icc2 

Icc3 

Icc4 

Icc5 

Iccs 

Icc7 

SYMBOL 

Icca 

Iccg 

Icc10 

Icc11 

Icc12 

Icc13 

Icc14 

MIN MAX UNITS NOTES 

90 mA 3,4 

70 mA 3,4 

3 mA 

1 mA 

90 mA 3 

80 mA 3,5 

90 mA 3,4 

MIN MAX UNITS NOTES 

115 mA 3,4 

95 mA 3,4 

30 mA 

25 mA 

115 mA 3 

105 mA 3,5 

115 mA 3,4 
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DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C:O:; T A :0:; +70°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -8 -10 -12 
PARAMETER SYM MIN MAX MIN MAX MIN MAX 
Random READ or WRITE cvcle time tRC 160 190 220 
READ-MODIFY-WRITE <;~cle time tRWC 190 220 255 
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 (rR)/OE 'oE 20 25 25 
Access time from column address tAA 40 50 60 
Access time from CAS precharae tCPA 40 50 65 
RAS pulse width tRAS 80 10000 100 10000 120 10000 
RAS pulse width (PAGE MODE) tRASP 80 100,000 100 100000 120 100,000 
RAS hold time tRSH 20 25 30 
RAS precharge time tRP 70 80 90 
"CAS pulse width tCAS 20 10,000 25 10000 30 10,000 
"CAS hold time tCSH 80 100 120 
CAS precharge time tCPN 10 15 20 
"CAS precharae time (PAGE MODE) tcp 10 10 15 
RAS to "CAS delay time tRCD 10 60 10 75 15 90 
CAS to RAS precharge time tCRP 5 10 10 
Row address set-up_ time tASR 0 0 0 
Row address hold time tRAH 10 10 15 
RAS to column tRAD 10 40 10 50 15 60 
address delay time 

Column address set-up time tASC 0 0 0 
Column address hold time tCAH 15 15 20 
Column address hold time tAR 50 60 70 
(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 tCLl 5 5 5 
Output buffer turn-off delay tOFF 0 20 0 25 0 25 
Output Disable '00 20 25 25 
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-15 
MIN MAX UNITS NOTES 
260 ns 

295 ns 

85 ns 

150 ns 14 
45 ns 15 
30 ns 

70 ns 

75 ns 

150 10000 ns 

150 100,000 ns 

45 ns 

100 ns 

45 10000 ns 

150 ns 

25 ns 16 
20 ns 

15 105 ns 17 
10 ns 

0 ns 

15 ns 

15 70 ns 18 

0 ns 

25 ns 

80 ns 

70 ns 

0 ns 

0 ns 19 

0 ns 19 

5 ns 

0 30 ns 20 
30 ns 
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DRAM TIMING PARAMETERS (Continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ~ T A ~ +70°C, 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 70 80 
(referenced to RAS) 

Write command jlulse width IWp 15 20 25 

Write command to "RAS" lead time IRWL 20 25 30 

Write command to ~ lead time ICWL 20 25 30 

Data-in set·up time IDS 0 0 0 

Data-in hold time IDH 15 15 20 

Data-in hold time IDHR 60 70 80 
(referenced to "RAS) 

"RAS to WE" delay time IRWD 100 120 150 

Column address IAWD 60 80 100 
to WE delay time 

~ to WE delay time ICWD 50 65 75 

Transition time (rise or fall) IT 3 50 3 50 3 50 

Refresh Period (512 cyclesl IREF 8 8 8 

RAS" to "CAS Prechar!ie time IRPC 0 0 0 

~ set-up time ICSR 10 10 10 
~-before·"RAS refresh) 

~holdtime ICHR 15 20 25 
(CAS"-before·RAS refresh) 

"ME/WE: to RAS" set-uD time IWSR 0 0 0 
lJEiWE to "RAS hold time IRWH 10 10 10 

Mask Data to RAS set-uD 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 

90 ns 

185 ns 21 

120 ns 21 

85 ns 21 

3 50 ns 9, 10 

8 ms 

0 ns 

10 ns 5 

30 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 = Mt with !!N = 3V and Vee = 
SV. !!N 

3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading. Specified values 

are obtained 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 100l!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 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, DRAM data output (DQI-DQ4) is high 
impedance. 

12. If CAS = VIL, DRAM data output (DQI-DQ4) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load 
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, DoUT 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 
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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 ICAe. 

18. Operation within the lRAD (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 ot VOL. 

21. IWCS, IRWD, IAWDand 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 throughout 
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. Ouring a READ cycle, if TR/OE is LOW then taken 
HIGH DoUT 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 2TTL gate and SOpF. 

26. TRANSFER command mean 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:5 T A:5 + 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 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) 

TRANFER Command to Column Address Hold 'ATH 25 30 35 
Time (For REAL TIME READ TRANSFER only) 

TRANSFER Command to SC Lead Time TSL 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 TCl 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 ISDZ 10 35 10 40 10 50 
Delay from RAS" 
SC to RAS" Set Up Time SRS 30 35 40 
RAS" to SC Delay Time ISRD 20 25 30 
Serial Data Input to"SE" Delav Time SZE 0 0 0 
RAS" to SD Buffer Turn On Time ISRO 0 0 0 
Serial Data Input Delay from RAS" ISDD 45 50 55 
Serial Data Input to RAS" Delay Time 'szs 0 0 0 
Serial Input Mode Enable IESR 0 0 0 
("SE") 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 RAS Hold Time IYH 10 10 10 
DSF to RAS" Set Up Time FSR 0 0 0 
DSF to RAS" Hold Time IRFH 10 15 15 
DSF to RAS" Hold Time IFHR 60 65 70 
DSF to "CAS" Set-up Time FSC 0 0 0 
DSF to "CAS" Hold Time ICFH 15 20 20 
SC to OSF Delay Time 'SOD 25 30 35 
SPLIT TRANSFER Set Up Time 'STS 30 35 40 
SPLIT TRANSFER Hold Time 'STH 30 35 40 
TRiOE to OSF Delay Time 'TOD 25 30 35 
"CAS" to OSF Delav Time 'COD 35 40 45 
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MIN MAX UNITS NOTES 
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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SAM 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 
Serial Clock Cycle Time lSC 25 30 35 
Access Time from SC lSAC 25 30 35 
SC Precharae Time (SC Low Tim~ SP 10 10 12 
SC Pulse Width (SC High Time) lSAS 10 10 12 
Access Time from SE ISEA 20 25 30 
SE Precharge Time SEP 15 15 15 
SE Pulse Width ISE 15 15 15 

Serial Data Out Hold Time after lSOH 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 lSWS 0 0 0 
Set Uo Time 
SERIAL INPUT (Write) Enable SWH 25 30 35 
Hold Time 

SERIAL INPUT (Write) Disable ISWIS 0 0 0 
Set Up Time 

SERIAL INPUT (Write) Disable lSWIH 25 30 35 
Hold Time 

3-47 

-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 
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PRELIMINARY 

I'IIIC:::RON MT42C4256 

WRITE CYCLE FUNCTION TABLE 

LOGIC STATES 
mm Falling Edge ~Falling Edge FUNCTION 

A B C 0 E 
E/WE 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 Register 
Mask 

1 1 X 1 Color Load Color Register 
Data 
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PRELIMINARY 

I'IIIC:RON MT42C4256 

CAS 

ADDR 

MEIWE 

DSF 

DRAM READ CYCLE 

------:cm~~~~t_--OPEN----
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PRELIMINARY 

I'IIIC:F=lON MT42C4256 

ADDR 

DSF 

010 

DRAM EARL V-WRITE CVCLE 
'AC 

'AAS 

VIH 
VIL-

I 

'CAP 'ACD 

I 
: :--.J 

'AA 

'AAD 

'ASA 'AAH -'-A§!:. 
v, 77T777'>o 1 

ROW 
11777777\ 

ViL"J.!IffID\. r'<ilLllL¥ 

'WCS 

l~ I~ 
VI. WA Illll A ViL"-'h 

~II 'FHA II~I I 'FSC 
v" h777T77Tn 

'iL~M B .w~1A 

I~ ==1177TT7T7> I 
'os 

VloL-J, 'II. 'lIN NllllllllA 

I~I~~ 
Wl//////&r "(/ 

'CSH 

• ASH 
• CAS 

'AAL 

'CAH 

COLUMN 

'CWl. 

• AWl. 

'WCA 

'WCH 

'WP 

'CFH 

D 

tOHA 

I 'OH 

E 

'AP 

Irwh.: AOW 

Wff/IIIIIIIIIII 

&(fllllllllli 

'/II. ~ 

W#/I//////////// 

~ DON'TCAAE 

~ 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::F=lON MT 42C4256 

DRAM LATE-WRITE CYCLE 
'RC 

'RAS 'RP 

'CSH 

t t~ 
tRSH 

d 
'CRP 'ReD tCAS 

'AR 

I 'RAO I I tRAL 

'ASR 'RAH ~I I leAH I 
ROW COLUMN 

I I 'RWD 'CWL 'I I I I 'CWD 'RWL 

'AWD 

I I tWSR 'RWH 

~b.-
"" 

A K '///It. WI///////;, MEJWE ~:~_ 
-tFHR I I 

~:~~[~~II D'~" II ~ 

'.!~~c~-~_._r+~~ 
,..,~~I~ 

IWJI DON'T CARE 

~ UNDEFINED 

NOTE: 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 MT42C4256 

ICAP 

AOOR 

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

'RWC 

tRASP 

tCSH 

tCAS 

COLUMN 

I 'RWD 

~I I-,:~:.;.;:-"-D ______ I 
I-" 

ROW 

'--------rr----~'lLLililJ'FHR I I I 

= ~r:~""'-B~,.1l~11~~~ 
I 'M 

I tRAG 

'cLz-1 
tCAG 

I~ ~I L, 'OS ~ - r-
c E * 

OPEN---0'0 ~:gt- ~" VALlD~:~J 
~~ - -

TRIBE ~:t:7T77TT..J..m---11 -+-~'-------_-_-_-----,1~j----
~ 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 

1VI1c:r=aON MT 42C4256 

DRAM PAGE·MODE READ CYCLE 
tRASP 

ADDA 

MEIWE 

DSF 

DID ~l8t::---7.--------i'\1QQQ\I: 

~ DON'T CARE 

~ UNDEFINED 

Note1: 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 

I'IIIC::RON MT 42C4256 

DRAM PAGE-MODE EARLY-WRITE CYCLE 

CAS 

ADDR 

ME'M 

DSF 

r~ XIH-~wt-------------------------------------------------------------

~ DON'T CARE 

~ UNDEFINED 

Note1: 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", liD", and liE" determine the type of WRITE operation performed. 
See the Write Cycle Function Table for a detailed description. 

3-54 



PRELIMINARY 

I'IIIC:F=lON MT 42C4256 

DRAM PAGE-MODE READ-WRITE CYCLE 
(PAGE-MODE READ-MODIFY-WRITE CYCLE) 

~ DON'T CARE 

~ UNDEFINED 

Note1: 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:I=ION MT 42C4256 

DRAM ~ ONLY REFRESH CYCLE 

'cRP 

DID ~:8t::------tt---OPEN-----------OPEN--------
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PRELIMINARY 

I'IIU:::I=ION MT 42C4256 

"CAS"-BEFORE-RAS REFRESH CYCLE 

I 

____ ~I~ tCHR,'I~ ________________________________________ ___ 

CAS ~:t:-______ 'J..1-__ --+l-__ ----'L-________________________________________ _ 

AOOR ~:t 

~II~~ 

OSF ~:t 

0 10 ~:gt :--------------- OPEN --------------------- OPEN -----------------
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PRELIMINARY 

I'IIIC:I=ION MT 42C4256 

DSF 

DK) vixr:------H-

DRAM HIDDEN REFRESH CYCL~ 

(READ) (REFRESH) 
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PRELIMINARY 

tvllC::I=ION MT 42C4256 

READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode.) 

'RC 

tRAS 'RP 

} \ 
tCSH I 
IRSH 

I 
~ 'ReD tCAS 

.----1 t / 
'AR 

IRAD I I tRAl 1 

I I-T-~I ~I I~I 
ADDR ~:~: Wh?t ROW )'twA SAM START 

~~II~ I II 

DPEN------

NOTE 1 

SO 10 V'OH-)t$~~-----iC====~VA~LI~DD~~T====::J~~~:j~§~:::x~~~) ViOl-

I 'SWH -I ..!SEA 

SE ~:~:,---_,,"//I$////M=<.I.LLl.LI.".I..LI.V$4=-=BIIIIO=,",W=fiW!fi".I..LI.LlL_=W=_".I..LI.LlLwm§1==-'---_______ _ 

OSF ~g~ :-----OPEN ------------OPEN ------------

NOTE 1: There must be no rising edges on the SC input during this time period. 

Note 1: There must be no rising edges on the SC input during this time period. 
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PRELIMINARY 

IVIU:::I=ICN MT 42C4256 

RAS V,H-
V,L_ 

CAS 

ADDR 

M~ 

DSF 

SC 

REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode.) 
I 

PREVIOUS ROW NEW ROW 

VALIDDoUT VALIDDoUT VALIDDOUT VALIDDOUT 

SE VIH_.----,I 
VIL_ '--..c.w'""" ...... UL£<UL<"--_____________________ _ 

OSF ~g~:--------OPEN ----------------OPEN-------

IWJI DON'T CARE 

~ UNDEFINED 

Note 1: If'SE" pulse is shown to illustrate the SERIAL OUTPUT ENABLE and DISABLE timing. It is not required. 
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PRELIMINARY 

, fUl1CF=lON MT42C4256 

SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

IRC 
tRAS 

I 
IRP I 

,'-----

.. :r:=r-I 'M ) i I .•• :: Il~7-
I·IABR IRAH~i~ I I_ICAH 1 

ADDR ~:~:_r-:W-~ST:T ¥1l!i!!!JJI!JJJ1I!!/$/////////1IIII1!I/III/IIff/// 

"":r~b,.II~ 
£11-""--1 I 
oo.:tt~ 

D VIOH- ~f OPEN ____ -:-1 ______ _ . ' .. - I': I,~ I -

TRiOE ~:~:~-

1 
I t8TH _ ISTS _ 1-':=""--1 

sc ~:r:2=f-,iIISSACOH ,-!SAC 

- r.tL~o (256) 

)C ~~ __ 253--,-(509-,-)---,X 254(510) X 256(511) X 256(0) 

I 1 
VIL I. 1"-------------;:''----_____ 1 .~I"---_ 

QSF ~g~:~;rr_-------SA-M-MS-iB ~F-(NO-T-E 1-) ---------L,----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'll IC:I=I ON MT 42C4256 

WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was perviously in the SERIAL INPUT mode.) 
'AC '- 'RP 

\. 
'CS" 
'RS" 

~ 'ACD 'CAS 

~J 
/ 

'AR 

I 
'RAD ' ...... 
_IAAHI~ 'eAH 

ADDR ~~: • ROW ~ SAM START , 

~I'RW" I MEME~~~-

~RI~ I 
DSF ~~:WL 
~~ 11 I OPEN OPEN 

wJ~ ~I 

I~ I'SRD tsc 
'SP .... top 

~ 
II r--\. NOTE. '( 

~II 's ... ~ :=J r= 
SDK) ~~:~IffffIffffffffffi'$I#1Iffff1##lffffIffffI$lffffffff~ V""DD~" "'" 

. ,J~..JIr--:::-: --'---NOTE-=-' ---

OSF ~~:'------OPEN----------OI'EN--------

NOTE 1: If"SE is LOW, the SAM data will be transferred to the DRAM. 

I7lZI 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 period. 
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PRELIMINARY 

I'IIU:::I=ION MT 42C4256 

WRITE TRANSFER and PSEUDO WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode.) 

'AC 
'AAS 'RP 

_ V 
RAS V 'H- '\ IL-

ICSH 

'RSH 
leAP 'ACD 'CAS 

'H- I 1L------1 

'"" 

I 

.... 0 'RAI. 

~ -JRAHI~ ~ 

_ V 
CAS V 

:tt7/#~ ROW ~ .... START -ADDA ~ 

~" Y'lII!' __ ~':~='ff_ 

~ 

~ II-I --:==--::: _NOTE' _I 

SD" ~::lt: VAL'DDour ~~--::VAL~'D:-:-DO-IJT---!i-HOHz-~~~~~~~~~~j@~ 

• ",~c----:::S ---=1 _:-:----, _ 

OSF ~~:: ____ _ 

NOTE 1: If SE is LOW, the SAM data will be transferred to the DRAM. 

~ DON"TCARE 

~ 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 

iVllI:::F=lON MT 42C4256 

~ 

---1 
'AR 

tRAD 

'ASR ~. ~ 

SPLIT WRITE TRANSFER 
(SPLIT SAM-TO-DRAM TRANSFER) 

'RC 

tRAS 

~ 
'CSH 

tRSH. I 'RCO • CAS 

} / 

I'RAL I I 
~ -' _ICAH 

_I 
'RP I 

" 

~:t:~~ 
0.0 ~~~: 9 OPEN OPEN ----

-::.J"'-~~ 
I I 'STH 

'STS_ I-~I 

SC ~i~: 

SAM IISB ~~(NDTE') 

Note 1: QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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PRELIMINARY 

I'IIIC::F=lON MT 42C4256 

SAM SERIAL INPUT 

tS'MH 

VIH -

V,L -'----t,-s-c-------+--t:-S-C-----' 

sc 

SDQ1-SDQ4 

SAM SERIAL OUTPUT 

tSEP 

¥IH -
V,L --__ --;-_____ _ 

sc 

SDQ1-SDQ4 
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VALID DIN 

VAUD DDUT 
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PRELIMINARY 

I'4IC:RON MT42C4256 

ORDER INFORMATION 

~ ____ ~~IPACKAIE~J[JED i 
MT 42C4256 Z -10 

The Micron MT42C4256 is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
It is manufactured and quality controlled in Micron's 
modern Boise, Idaho USA facility using the high speed, 

low power CMOS double poly, single metal process. 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate, and courteous service while assuring reliability 
and quality. Functionality is consistently assured over a 
wider power supply, temperature, and refresh range than 
specified. Each unit receives accelerated burn-in and and 
several hours of AMBYXTM system level testing prior to 
final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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I FASTSRAM 

SRAM PRODUCT SELECTION GUIDE 
Memory Control Part Access Package and Number of Pins 
Configuration Functions Number Time (ns) PDIP SOJ CDIP CLCC Process Page 

2K X 8 CE & OE MT5C1608 12 to 35 24 24 24 24 CMOS 4·3 

4K X 4 CE only MT5C1604 12 to 35 20 24 20 20 CMOS 4·11 

4K X 4 CE &OE MT5C1605 12 to 35 22 24 22 22 CMOS 4·19 

4K x 4 Separate 110 MT5C1606 12 to 35 24 24 24 28 CMOS 4·27 

4K x 4 Separate 110 HI·Z MT5C1607 12 to 35 24 24 24 28 CMOS 4·27 

4K x 16 CE, OE & ALE MT5C6416 25 to 45 40 . 40 CMOS 4·35 . 

8K x 8 CE1, CE2 & OE MT5C6408 12 to 35 28 28 28 32 CMOS 4·37 

16K xl CE only MT5C1601 12 to 35 20 24 20 20 CMOS 4·45 

..-

..t 
16K x 4 CE only MT5C6404 12 to 35 22 24 22 22 CMOS 4·53 

16K x 4 CE &OE MT5C6405 12 to 35 24 24 24 28 CMOS 4·61 

16K x 4 Cache Tag MT5C6405T 12 to 35 24 24 24 28 CMOS 4·69 

16K x 4 Separate 110, CE1, CE2 MT5C6406 12 to 35 28 28 28 28 CMOS 4·77 

16K x 4 Separate 110 HI·Z MT5C6407 12 to 35 28 28 28 28 CMOS 4·77 

32K x 8 CE & OE MT5C2568 25 to 45 28 28 28 32 CMOS 4·93 , 

64K xl CE only MT5C6401 12 to 35 22 24 22 22 CMOS 4·85 

64K x 4 CE only MT5C2564 25 to 45 24 24 24 28 CMOS 4·101 

64K x 4 CE & OE MT5C2565 25 to 45 28 28 28 28 CMOS 4·109 

128K x 8 CE & OE MT5C1008 25 to 45 28 . 28 · CMOS 4·125 . 

256K xl CE only MT5C2561 25 to 45 24 24 24 28 CMOS 4·117 i 

256K x 4 CE &OE MT5C1005 25 to 45 28 28 · CMOS 4·127 

lMEG x 1 CE &OE MT5C1001 25 to 45 28 28 · CMOS 4·129 
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I'IIICI=ICN MT5C160B 

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 SOJ (300 mil) 
Ceramic LCC (28 pin) 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-12 
-15 
-20 
-25 
-30 
-35 

None 
C 
DJ 
EC 

L 

The Micron SRAM family employs high speed, low 
power CMOS designs using a 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. 

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. 

4-3 

2Kx 8 SRAM 

PIN ASSIGNMENT (Top View) 

24L/300 DIP 24L/300 SOJ 

A7 Vee A7 Vee 

A6 AB 

A6 AB AS A9 

A4 WE 
AS A9 A3 OE 

A4 WE A2 AIO 

AI cr 
A3 OE AO DOB 

DOl D07 
A2 AIO 002 D06 

Al CE D03 DOS 

Vss D04 

AO DQB DJB 
DQI DQ7 

DQ2 DQ6 

DQ3 DQS 

Vss DQ4 

PG,CF 

28L/LCC 

... \0 LfJ t: co ... .<f <I: > "" 

A9 

A3 WE 
A2 Of 
NC AIO 
NC NC 

AI NC 

AO IT 
DQB 

DQ2 DQ7 

""' ~ \0 II} V g ~ g g g 

ECE 

-
~ 
~ 
en 
~ 
3: 



I'IIIC:I=ION MT5C1608 

FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

~ ~ 
A1 ---+ 

DQ8 

Ag ---+ -
~ 

A2 ---+ a: 
....J UJ 

0 0 
0 a: 

~ A3 ---+ () 16,384 - BIT I-
¢ ¢:> z UJ MEMORY ARRAY 0 0 • DQ1 en () 

A4 ---+ ~ 0 

~ 
0 ::::: a: 

s: As ---+ 
CE 

A6 ---+ 

(LSB) _ 

t}- OE 

WE 

(LSB) I 
COLUMN DECODER 

POWER 

t t t t DOWN 

Ao As A10 A7 

TRUTH TABLE 

MODE ~ a WE" DQ POWER 

STANDBY X H X HIGHZ STANDBY 

READ L L H DOUT ACTIVE 

READ H L H HIGHZ ACTIVE 

WRITE X L L DIN ACTIVE 

4-4 



I'IIIC::I=ION MT5C1608 

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 
(OCe ::; T A ::; 70c 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::; VIN::; Vee ILl -10 10 IlA 

Output Leakage Current Output(s) Disabled, ILo -10 10 IlA 
OV ::; VOUT ::; Vee 

Output High Voltage IOH = -2.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 4.2rnA VOL 0.4 V 1 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -30 -35 UNITS NOTES 

Power Supply IT::; VIL, Vee = Max., Icc 140 130 120 110 100 100 rnA 3 
Current: Operating Outputs Open 

CE ~ VIH, Vee = Max 1881 60 50 45 40 40 40 rnA 

Power Supply CE ~ Vee - 0.2, Vee = Max. 
Current: Standby VIL ::; Vss + 0.2, 1882 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=ICN MT5C1608 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC 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 '!lIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle lime IRC 12 15 20 25 30 35 ns 

Address access lime lAA 12 15 20 25 30 35 ns 

Chip enable access lime lACE 12 15 20 25 30 35 ns 

Oulpul hold from access change IOH 3 3 3 3 3 3 ns 

Chip enable 10 oulpul in low Z ILZCE 5 5 5 5 5 5 ns 

Chip disable 10 oulpul in high Z IHZCE 10 10 15 15 20 20 ns 6,7 

Chip enable 10 power up lime IpU 0 0 0 0 0 0 ns 

Chip disable 10 power down lime tpD 12 15 20 25 30 35 ns 

Output enable access time IAOE 10 12 15 15 20 20 ns 

Outpul enable to oulput in low Z tLZOE 0 0 0 0 0 0 ns 

Output disable to oulpul in high Z IHZOE 10 10 15 15 20 20 ns 6 

WRITE Cycle 

WRITE cycle time IWC 12 15 20 25 30 35 ns 

Chip enable 10 end of write ICW 10 12 15 20 25 30 ns 

Address valid to end of write tAW 12 15 15 20 25 30 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 sel-up lime IDS 10 10 12 15 15 15 ns 

Data hold time IDH 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 
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I'IIIC:RON MT5C1608 

AC TEST CONDITIONS 
Input pulse levels ................................... Vss to 3.0V 

Input rise and fall times ....................................... 5ns 

Input timing reference levels ............................. 1.5V 

Output reference levels ..................................... 1 .5V 

Output load ................................ See figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. tHZCE, tHZWE and tHZOE are specified with CL 

= 5pF as in Fig. 2. Transition is measured ± 500m V 
from steady state voltage. 

+5V 

DOUT ~
920 

500 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
920 

500 5 pF 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VDR Vee for Retention Data 2 - V 

leeDR Data Retention Current IT ~ (Vee - 0.2V) Vee=2v 95 500 IlA 
VIN ~ (Vee - 0.2V) 

or:5 0.2V Vee=3v 350 750 IlA 
tCDR(4) Chip Deselect to Data Retention Time 0 - ns 

tR(4) Operation Recovery Time tRC(1!) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

VCC 
4.5V 4.5V 

ICDR 

~ DON'T CARE 
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fVl1CI=lON MT5C1608 

"DDR 

DOUl 

READ CYCLE NO.1 (8, 9) 

ADDR -----.J1'-----,--'A-A ______ JX '-___ _ 
tOH I 

1-----'-''''------1.1 .1 
Dour ___ PR_E"_O_US_O_AT_A_VA_Ll_O __ ,,~_""""" '-___ OA_T_A _VA_LlO __ _ 

l//////#/////A 
'AS 

READ CYCLE NO.2 (7, 8, 10) 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

'we 

'AW 

'ew 'AH 

V//#///I/////I/////////////; 
'WP 

WII!L2 
'OS 

1 
OATA VALID 

tHZWE 

.I 
HIGH Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

twe 

I 

'OH 

J 

'LZWE 

~ 

AoDR 
-~'I'--------~'~Aw~------JI~-----

'ew 

'WP 

'OS 

DATA VAUO 

~ ~ OON'TeARE 

DOUTr----HIGH Z ----~ UNDEFINED 
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IVIICRON MT5C1608 

ORDER INFORMATION 

L..-_---, ......... I PACKAjE ~L1ED I ~ __ ---1 

MT5C1608DJ-25 
MT5C1608EC-35 L 

The Micron Fast SRAM family is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
These products are manufactured and quality controlled 

4-9 

in the U.s.A. at Micron's modern Boise, Idaho facility. 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate and courteous service while assuring quality and 
reliability. Several parameters are sampled; however, 
functionality is consistently assured over a wider power 
supply and temperature range than specified. Each unit 
receives accelerated burn-in prior to final test and ship
ment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 





fVl1C:RON MT5C1604 

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 n:;L 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 
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 speed memory applications, Mi
cron offers chip enable (CE) on all organizations. This en
hancement can place the outputs in a high impedance state 
for additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE goes to 
LOW. The device offers a reduced power standby mode 
when disabled. This allows system designs to achieve low 
standby power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 
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4Kx 4 SRAM 

PIN ASSIGNMENT (Top View) 

20L/300 DIP 24L/300 SOJ 

A4 1 .\..J 20 Vee A4 1 • 24 J Vee 
AS 2 23 J A3 

AS 2 19 A3 A6 3 22 J A2 
A7 4 21 A1 

A6 3 18 A2 A8 5 20 AO 
A9 6 19 NC 

A7 4 17 Al NC 7 18 J NC 
A10 8 17 J DQ4 

A8 5 16 AO A11 9 16 J DQ3 
CE 10 15 J DQ2 

A9 6 15 DQ4 NC 11 14 J DQ1 
Vss 12 13 WE 

A10 7 14 DQ3 
DJB 

Al1 8 13 DQ2 

CE 9 12 DQ1 

Vss 10 11 WE 

PE, CD 

20L/LCC 

1l) ... 81<) 
««>« 

0", 
N..-N..-

A6 3 
UIIUU 

] U [ 18 A2 
A7 4 ] [ 17 Al 
A8 5 ] [ 16 AO 
A9 6 ] [ 15 DQ4 

A10 7 ] [ 14 DQ3 
Al1 8 ] [ 13 DQ2 

nnnn 

cn~::~ 

~;~g 

ECE 

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



fUllCRON MT5C1604 

FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

! ! 
Ag ---+-

DQ4 

A2 ---+-- As ---+- a: 
-I 

~ 
UJ 
0 0 
0 a: 

~ A7 ---+- () 16,384 - BIT I-

~ ¢:::> z UJ MEMORY ARRAY 0 0 () . DQ1 
en A6 ---+- ~ 0 

~ 
0 :::::: a: 

s: A5 ---+-
CE 

A4 ---+-

(LSB) 

.fr 
WE 

(LSB) I 
COLUMN DECODER 

POWER 
DOWN 

t t t t t 
AlO A11 A3 Ao A1 

TRUTH TABLE 

MODE cr WE DQ POWER 

STANDBY H X HIGHZ STANDBY 

READ L H DOUT ACTIVE 

WRITE L L DIN ACTIVE 
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I'IIIC:F=lON MT5C1604 

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 
(O°C ~ T A ~ 70°C, Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 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 IJ-A 

Output Leakage Current Output(s) Disabled, ILo -10 lO IJ-A 
OV ~ Your ~ Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -30 -35 UNITS NOTES 

Power Supply CE ~ VIL, Vee = Max., lee 140 130 120 110 100 100 rnA 3 
Current: Operating Outputs Open 

CE ~ VIH, Vee = Max ISB1 60 50 45 40 40 40 rnA 

Power Supply CE ~ Vee - 0.2, Vee = Max. 
Current: Standby VIL ~ Vss + 0.2, f = 0 ISB2 5 5 5 5 5 5 rnA 

VIH ~ Vee - 0.2 

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:RON MT5C1604 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC 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 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 30 ns 

Address valid to end of write tAW 12 15 15 20 25 30 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 12 15 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'IIIC::RON 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 < 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 ± 500mV from 
steady state voltage. 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VDR Vee for Retention Data 2 - V 

leeDR Data Retention Current CE ~ (Vee - 0.2V) Vee=2v - 95 500 IJ.A 
VIN ~ (Vc'e - 0.2V) . 

or $; 0,2V Vee=3v - 350 750 IJ.A 
'CDR(4) Chip Deselect to Data Retention Time 0 - ns 

'R(4) Operation Recovery Time 'RC(II) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

Vcc 4.5V 4.5V 

tCDR 

~ DON'T CARE 
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I'IIIt=RON MT5C1604 

ADOR 

DOUT 

READ CYCLE NO.1 (8, 9) 

.1 
ADDR _____ '1'------.~------...JX.'-----

'A. 

DATA VALID Dour PREVIOUS DATA VALID '¥lll:l:N 
-----------~~~-----------

READ CYCLE NO.2 (7, 8,10) 

tACE 

tlZCE .I t:=J I 
Dour HIGH Z DATA VALID HIGH Z-

~, 

~'PU,....----~'PD 
~~~- ~ ~ 
CURRENT Isa -_______ ~ 

1/#//////////A 
'AS 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

'we 

'AW 

'cw 

'WP 

W!!!L 
'os 

1 

'AH 

'W/////////I/I/////////////!! 

tDH 

" ..Y DATA VALID 

~ DON'T CARE 

~ UNDEFINED 

tHZWE I 
1 

H'GH Z 

tLZWE 

~ 
~ DON'T CARE 

~ UNDEFINED 

------

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

twe 

.DDR 

tAW 

'AS tcw tAH 

\ 
twp 

~ WI!!!//J/ £jjjjjjjjjjJJlJ 
tDS tDH 

" .1 

"" 
DATA VALID :t: ~ DON'T CARE 
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I'IIIC::RON MT5C1604 

ORDER INFORMA nON 

L...--_"'"T'" ..... IPIE~T I ~r---..... 

MT5C1604DJ·25 
MT5C1604EC·35 L 

The Micron Fast SRAM family is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
These products are manufactured and quality controlled 

4·17 

in the U.s.A. at Micron's modern Boise, Idaho facility. 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate and courteous service while assuring quality and 
reliability. Several parameters are sampled; however, 
functionality is consistently assured over a wider power 
supply and temperature range than specified. Each unit 
receives accelerated burn-in prior to final test and ship
ment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 





I"IIC:RON MT5C1605 

SRAM 

FEATURES 
• High speed: 12, 15, 20, 25, 30 and 35ns 
• High performance, low power, CMOS double metal 

process 
• Single +5V (±10%) power supe!L _ 
• Easy memory expansion with CE and OE options 
• 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 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. 
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. 
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4Kx4SRAM 
WITH OUTPUT ENABLE 

PIN ASSIGNMENT (Top View) 

22L1300 DIP 24L1300 SOJ 

A4 Vee A4 Vee 

AS A3 
AS A3 A2 A6 
A6 A2 A7 AI 

A7 AI AS AO 

A9 NC 
AB AO 

NC NC 
A9 NC AIO DQ4 

AIO DC4 All DQ3 
CE DQ2 

All DQ3 
OE DCI 

CE DQ2 Vss WE 

DE DQI DJB 

Vss WE 

PF, CE 

22L/LCC 
U'l 'tt g '" <[ <[ > <[ 

2 11122 A6 A2 

A7 L J AI 

AB AO 

A9 NC 
AIO OQ4 

All DQ3 

CE DQ2 

I~ ul .... CJ z ~ 
0 

ECD 

-
~ 
~ 
en 
~ s: 



I'IIIC:I=ION MT5C1605 

FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

l l 
A10 -+ 

DQ4 - A2 -+ 

~ As -+ a: 
-I W 

Cl 0 

~ 
0 a: 

As -+ (,) 16,384 - BIT t-
w ¢ MEMORY ARRAY <=:> z 

en Cl 0 . DQ1 
~ 

() 

~ 
A7 -+ 0 0 :::::: a: 

s: As -+ 
CE 

A5 -+ 

(LSB) 

ii OE 

(LSB) I 
WE 

COLUMN DECODER 
POWER 

t t t t t 
DOWN 

A11 A1 A3 Ao A4 

TRUTH TABLE 

MODE OE ~ WE DQ POWER 

STANDBY X H X HIGHZ STANDBY 

READ L L H DOUT ACTIVE 

READ H L H HIGHZ ACTIVE 

WRITE X L L DIN ACTIVE 
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I'IIIC:RON MT5C1605 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss .......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................ -6S0C to + lS0°C 
Storage Temperature (Plastic) ................... -SSoC to +lS0°C 
Power Dissipation ........................................................ 1 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 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 IlA 

Output Leakage Current Output(s) Disabled, ILo -10 10 IlA 
OV ~ VOUT ~ Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -30 -35 UNITS NOTES 

Power Supply CE ~ VIL, Vee = Max., Icc 140 130 120 110 100 100 rnA 3 
Current: Operating Outputs Open 

CE ~ VIH, Vee = Max ISB1 60 50 45 40 40 40 rnA 

Power Supply CE ~ Vee - 0.2, Vec = Max. 
Current: Standby VIL ~ Vss + 0.2, f = 0 ISB2 5 5 5 5 5 5 rnA 

VIH ~ Vee - 0.2 

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:RON MT5C1605 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Note 5) (oOe S; T AS; 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 lo\¥ 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 10 12 15 15 20 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 15 15 20 20 ns 6 

WRITE Cycle 

WRITE cycle time twc 12 15 20 25 30 35 ns 

Chip enable to end of write tcw 12 15 15 20 25 30 ns 

Address valid to end of write tAW 10 12 15 20 25 30 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 12 15 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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I'IIIC:I=ION MT5C1605 

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 

= 5pF as in Fig. 2. Transition is measured ± 500m V 
from steady state voltage. 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VOR Vee for Retention Data 2 - V 

leeoR Data Retention Current CE ~ (Vec - 0.2V) Vee=2v 9S SOO !LA 
VIN ~ (Vee - 0.2V) 

or ~ 0.2V Vee=3v 3S0 7S0 I1A 
ICDR(4) Chip Deselect to Data Retention Time 0 - ns 

IR(4) Operation Recovery Time IRC(11) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

vcc 
4.5V 4.5V 

ICDR 

~ DON·T CARE 
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I'IIICRON MT5C1605 

AODR 

DOUT 

ADDR 

D,N 

READ CYCLE NO.1 (8, 9) 

.1 
ADDR ---------'1'---,---------/,,'-----

'AA 

'OH J 
DOUT __ P_R_EVI_OU_S_O_AT_A_VA_Ll_O __ ~f """"",-___ OA_TA_VA_LlO __ _ 

.1 

READ CYCLE NO.2 (7, 8,10) 
I-------t.c------I~-

WRITE CYCLE NO.1 
(Write Enable Controlled) 

'we 

'AW 

'ew 'AH 

Ij I I I I I I II I I I I I I/A VlIIIIIIIIIIIIIIIIIIIIIIIII/; 
'AS ''''' 

VlIIII? 
'OS 'DH 

1 .1 
DATA VALID 

'AS 

tHZWE 

.1 
HIGH Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

'we 

'AW 

'ew 

{ 
'we 

.1 
1///////////////////////////! 

'DS 

1 
X DATA VALID 

I tlZWE 

~ 

'AH 

VlIIIIIIIIIIIIIIIIIIIIIIIII/; 
'DH 

.1 
X 

~'HzwE V!7iI 
.KKKKR _________________ .. _.~ _______ ~~. kLLL1 DON'T CARE 

DOUl f-----HIGH Z ----~ UNDEFINED 
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IVIIC:I=ION MTSC160S 

ORDER INFORMATION 

L.-__ ""T""" ... lpACKAiE~:JED 1 ........ ___ .... 

MT5C1605DJ-25 
MT5C1605EC-35 L 

The Micron Fast SRAM family is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
These products are manufactured and quality controlled 

4-25 

in the U.s.A. at Micron's modern Boise, Idaho facility. 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate and courteous service while assuring quality and 
reliability. Several parameters are sampled; however, 
functionality is consistently assured over a wider power 
supply and temperature range than specified. Each unit 
receives accelerated burn-in prior to final test and ship
ment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 





I'IIIC:F=lON MT5C1606/7 

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 CE option 
• All inputs and outputs are TIL compatible 
• MT5C1606 - output tracks input during WRITE 
• MT5C1607 - output high impedance during WRITE 

OPTIONS 
• Timing 

12ns access 
15ns access 
20ns access 
25ns access 
30ns access 
35ns access 

• Packages 
Plastic DIP (300 mil) 
Ceramic DIP (300 mil) 
Plastic SOJ (300 mil) 
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. 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. 
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4Kx4SRAM 
WITH SEPARATE INPUTS AND OUTPUTS 

PIN ASSIGNMENT (Top View) 

24L/300 DIP 24L/300 SOJ 

A4 Vee A4 Vee 

AS A3 
AS A3 A2 A6 
A6 A2 A7 Al 

A7 Al AB AO 

A9 04 
AB AO 

Al0 03 
A9 04 All Q4 

Al0 03 01 Q3 

02 Q2 
All Q4 

CE Ql 
01 Q3 vss WE 

02 Q2 DJB 
CE Ql 

vss WE 

PG,CF 

28L1LCC 

'" Ln ~ ~ t') 
-« <[4> <t 

3 2 1112B 27 26 A7 4 A2 

AB 5 L J Al 

A9 6 AO 

NC 7 04 

NC B NC 

Al0 9 NC 
All 10 03 

01 11 Q4 

02 12 Q3 
13 14 15 16 

I~ ~ I~ C; 
N 
CI 

ECE 

-
~ 
~ 
en 
~ s: 
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I'IIIC:F=lCN MTSC1606/7 

A10 -
A 1 - a: 

UJ Ag - Cl 
0 

A 8 - () 
UJ 
Cl 

A7 - ~ 
0 

A6 - a: 

A 5 - (LSB) 

FUNCTIONAL BLOCK DIAGRAM 

¢ 

vcc GNO 

! ! 

16,384 - BIT 
MEMORY ARRAY 

{} 

COLUMN DECODER 
(LSB) 

t t t t t 

TRUTH TABLE 

¢:> 

...J 
0 a: 
I-z 
0 
(.) 

0 :::::: 

POWER 
DOWN 

04 

01 

04 

01 

r ~:>-+--- CE 

-------------- ---------------- --- --

MT5C1607 

MT5C1606 

o 
o 
o 
o 

t---t-........ + WE 

o 
o 

-------------------------------- ______ 1 

MODE ~ WE DO POWER 

STANDBY 

READ 

WRITE (1) 

WRITE (2) 

NOTES: 1. MT5C16070NLY 
2. MT5C1606 ONLY 

H X 

L H 

L L 

L L 
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HIGHZ STANDBY 

DOUT ACTIVE 

HIGHZ ACTIVE 

DIN ACTIVE 



I'IIIC::I=ION MT5C1S0S/7 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................ -65°C to + I50a 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 ~ 70°C, Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vee +1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV S VIN S Vee ILl -10 10 ~A 

Output Leakage Current Output(s) Disabled, ILo -10 10 ~A 
OV S VOUT S Vee 

Output High Voltage IOH = -4.0mA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0mA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -30 -35 UNITS NOTES 

Power Supply CE S VIL, Vee = Max., Icc 140 130 120 110 100 100 mA 3 
Current: Operating Outputs Open 

CE 2: VIH, Vee = Max IS81 60 50 45 40 40 40 mA 

Power Supply CE 2: Vee - 0.2, Vee = Max. 
Current: Standby VIL S Vss + 0.2, f = 0 IS82 5 5 5 5 5 5 mA 

VIH 2: Vee - 0.2 

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 MT5C1606/7 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC 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 30 ns 

Address valid to end of write tAW 12 15 15 20 25 30 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 12 15 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'I'IC:I=ION MT5C1606/7 

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 < 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 ± sOOmv from 
steady state voltage. 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VOR Vee for Retention Data 2 - V 

leeoR Data Retention Current CE ~ (Vee - 0.2V) Vee=2v 95 500 ~A 
VIN ~ (Vee - 0.2V) 

or::; 0.2V Vee=3v 350 750 ~A 

tCDR(4) Chip Deselect to Data Retention Time 0 - ns 
tR(4) Operation Recovery Time tRC(11) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

VCC 
4.5V 4.5V 

tCDR 

~ DON'T CARE 
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ADDR 

IT 

WE 

DOUl 

-

DOUl 

READ CYCLE NO.1 (8, 9) 
tRC 

------~I,------------,*I,------
AODR -----/I'--------;:t-AA----------.J'------

tOH I 
t-----''----------1J J 

Dour ___ PR-=-EV~'O-=-US~OA_TA_V_A~lIO_~~c~~\MlY'.'_ ___ O_AT_A_V_Al_'O __ __ 

READ CYCLE NO.2 (7, 8, 10) 
tRC 

tACE 

tLZCE U c=J 
HIGH Z DATA VALID HIGH Z-"W£!)', 

~pu~~tPo ~~~PL y ICC -________ --J 50% 50'" 
CURRENT 158 - _ 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twe 

---

tAW 

tew tAH 

ill &lIIIIIIIA Ijj I I I I I I IIIIIIIIIIIIIIIIIII/; 
tAS 

~ 
I 

M 

twp 

tos tOH 

.1 
DATA VALID 

tAWE tLZWE 

tADV J 
,I 

DATA VALID 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

twe 

.. _._--

J 

AD OR ~ 
--.! 

tAW 

tAS tew tAH 

J 
IT 

twp 

WE IIIIIIIIIIIIIIIIIIIIIIIIII A VI I I I I I IIIIIIIIIIIIIIIIIIII/; 
I tos tOH 

I .1 
O'N DATA VALID X 

l tAWE 

tADV J 
.I 

DOUl DATA VALID 
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I'IIU:::I=ION MT5C1606/7 

ORDER INFORMATION 

L.._--r-..... I PACjE ~:JED I.....,~ __ ... 
MT5C1606DJ-25 
MT5C1607EC-35 L 

The Micron Fast SRAM family is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
These products are manufactured and quality controlled 
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in the U.s.A. at Micron's modern Boise, Idaho facility. 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate and courteous service while assuring quality and 
reliability. Several parameters are sampled; however, 
functionality is consistently assured over a wider power 
supply and temperature range than specified. Each unit 
receives accelerated burn-in prior to final test and ship
ment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 





ADVANCE 

I'IIIC:RON MT5C6416 

SRAM 

FEATURES 
• On-chip address latch. 
• Compatible with the Intel 82385 cache memory 

controller. 
• Fast access times: 25ns, 35ns and 45ns. 
• Upper and lower byte selects. 
• Fast output enable: IOns into 100pF load. 

OPTIONS MARKING 
• Timing 

25ns access 
35ns access 
45ns access 

• Packages 
Plastic DIP (600 mil) 
Ceramic DIP (600 mil) 
PLCC 

GENERAL DESCRIPTION 

-25 
-35 
-45 

None 
C 
EJ 

The MT5C6416 is one of a family of fast SRAM latched 
cache memories. It employs a high speed, low power 
design using a 4-transistor memory cell. It is fabricated 
using double layer metal, double layer polysilicon CMOS 
technology. 

The MT5C6416 is designed to be a cache data memory 
cell building block. It easily interfaces with the Intel 82385 
cache memory controller. 

The device operates from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

Micron applies the highest level of design and process 
technology in all their Static RAM products. With a full line 
of 256K density SRAM's at access times of 25 nanoseconds, 
Micron has firmly established itself as the leading fast 
SRAM supplier. So, for your fastest memory requirements, 
come to the fast memory supplier ... 
Micron. 

4-35 

4K X 16 SRAM 
LATCHED CACHE DATA RAM 

PIN ASSIGNMENT (Top View) 

40L DIP 

Vee 40 Vee 
CE 2 39 WE 

0016 3 38 CS1 
0015 4 37 GSO 
0014 5 36 CALEN 
0013 6 35 NC 
0012 7 34 NC 
0011 8 33 A11 
0010 9 32 A10 
009 10 31 A9 
Vss 11 30 Vss 
008 12 29 A8 
007 13 28 A7 
006 14 27 A6 
005 15 26 A5 
004 16 25 A4 
003 17 24 A3 
002 18 23 A2 
001 19 22 A1 

DE 20 21 AO 

44ULCC 
..,..,., '" :z 

UJ 

gggl~ ~~~I~I~I~~ 
COl.()v(Y'JN,....~('I)N,...O 

v-.::t"'lt""'It"OII::f" 

7 • 39 
0013 8 38 NC 
0012 9 37 NC 
0011 10 36 A11 
0010 11 35 A10 
009 12 34 A9 
Vss 13 33 Vss 
NC 14 32 NC 

008 15 31 A8 
007 16 30 A7 
006 17 29 A6 
005 coO) 0,.... ('IJ (Y'J v U') co ....... co A5 

.,....,....C\JNNNNNNNN 

c; 8 ~ 0 I~ ~ ~ :;( ~ ~ :E 
ococ 

-
~ 
~ 
en 
~ s: 





I"IIC:I=ION MT5C6408 

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, 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) 
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 

-12 
-15 
-20 
-25 
-30 
-35 

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 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. 
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. 
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8Kx8SRAM 

PIN ASSIGNMENT (Top View) 

28L/300/600 DIP 28L/300 SOJ 

Vee Vee 

'WE 
'WE CE2 

CE2 
AB 
A9 

AB All 

DE 
A9 A10 

CE1 
AI! DQB 

DQ7 
DE DQ6 

A10 
005 

Vs DQ4 

CE1 
DJC 

DQB 

DQ7 
28L/LCC 

DQ6 

DQ5 
u 

~~~~I~ 

DQ4 A6 CE2 

PJ, PK, CH AS AS 
A4 A9 
A3 All 
A2 liE 

32L/LCC Al AI0 
AD CE1 

DQl DQa 
DQ2 DQ7 

4 3 2 1323130 1314151617 

A65 • 29 
AS 6 2B 

A8 g~ggg A9 
A4 7 27 
A3 B 26 

All ECE NC 
A2 9 25 liE 
Al 10 24 A10 

AO I! 23 CE1 
NC 12 22 DQB 

DQ1 13 21 DQ7 
141516171B1920 

~~ ~ 

(UC') '" Uv U')oJ) 
gg~zggg 

ECF 

-it! 
~ 
en 
~ 
3: 



I'IIIC:r=lON MT5C6408 

FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

! ! 
A2 -+ 

D08 

As -+ -
~ 

A3 -+ a: 
...J W 

0 0 
0 a: 

~ A4 -+ () 65,536 - BIT I-
w Q MEMORY ARRAY ~ z 
0 0 . D01 en :ii: 

() 

~ 
A5 -+ 0 0 :::::: a: 

A6 -+ 
CE1 
CE2 

A7 -+ 

(LSB) 

1i OE 

(LSB) I 
WE 

COLUMN DECODER 
POWER 

t t t t t t 
DOWN 

A9 A11 A1 Ao A 10 A12 

TRUTH TABLE 

MODE cr1 CE2 WE "DE DQ OPERATION POWER 

STANDBY H X X X HIGHZ STANDBY 

STANDBY X L X X HIGHZ STANDBY 

READ L H H L DOUT ACTIVE 

READ L H H H HIGHZ ACTIVE 

WRITE L H L X DIN ACTIVE 
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I'IIIC:I=ICN MT5C6408 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ........... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................ -6S0C to + ISO°C 
Storage Temperature (Plastic) ................... -SSoC to +ISO°C 
Power Dissipation ........................................................ 1 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 = 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 -10 10 itA 

Output Leakage Current Output(s) Disabled, ILo -10 10 itA 
OV ~ VOUT ~ Vee 

Output High Voltage IOH = -2.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 4.2rnA VOL 0.4 V 1 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -3~ -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 ISB1 60 50 45 40 40 40 rnA 

Power Supply CE ;::: Vee - 0.2, Vee = Max. 
Current: Standby VIL ;::: Vss + 0.2, ISB2 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:F=lON MT5C6408 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Note 5) (oOe S; T A S; 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 10 12 15 15 20 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 15 15 20 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 30 ns 

Address valid to end of write tAW 12 15 15 20 25 30 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 12 15 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 ....................................... 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 

DOUT ~
920 

500 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
920 

500 5 pF 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VDR Vec for Retention Data 2 - V 

IccDR Data Retention Current CE ~ (Vce - 0.2V) Vcc=2v 95 500 ~A 
VIN ~ (Vcc - 0.2V) 

or:'> 0.2V Vcc=3v 350 750 ~A 

ICDR(4) Chip Deselect to Data Retention Time 0 - ns 
IR(4) Operation Recovery Time IRC(11) ns 

LOW Vee DATA RETENTION WAVEFORM 

DA TA RETENTION MODE 

vcc 
4.5V 4.5V 

ICDR 

~ DON'T CARE 
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AODR 

DOUl 

ADDR 

READ CYCLE NO.1 (8, 9) 
IRC 

ADDR .x 
--------~'IL-_.IA-A-------------J~---------

tOH I 
t------''''-------i.l .1 

DOUT _____ PR_EV_'O_US_D_A_TA_V_AL_'D __ ---.J~ .. """""\. ______ D_AT_A_VA_L_'D ____ ___ 

--lAS 

READ CYCLE NO.2 (7, 8,10) 

tHZOE 

t HzeE 

DO HIGHZ==1.ID~o'~T'~V'~LI~O P 
t llCE rIp", IPto 

Icc; ----../ 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

IWC 

'AW 

'CW IAH 

W//////////////////////////; 
Iwp 

I 
W///f 

IDS 

I 
DATA VALID 

tHZM: 

J 
HIGH Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

IWC 

I 

'DH 

.I 

'LZWE 

bm 

----fIL--------------·,~AW--------------~L---------

'CW 

Iwp 

'DS 

DATA VALID 

~ ~ DON'T CARE 

DOUT _I-------HIGH z-----~ UNDEFlNED 
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I'IIIC:RON MT5C6408 

ORDER INFORMATION 

1....-__ -.-..... 1 PACKAiE ~:JED 11-.,---..... 
MT5C6408DJ-15 
MT5C6408EC-35 L 

The Micron Fast SRAM family is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
These products are manufactured and quality controlled 
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in the U.s.A. at Micron's modern Boise, Idaho facility. 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate and courteous service while assuring quality and 
reliability. Several parameters are sampled; however, 
functionality is consistently assured over a wider power 
supply and temperature range than specified. Each unit 
receives accelerated burn-in prior to final test and ship
ment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 





I"'IC:RON MTSC1601 

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 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 1 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. 
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16K x 1 SRAM 

PIN ASSIGNMENT (Top View) 

20Ll300 DIP 24L1300 SOJ 

AO 1 .'---./ 20 Vee AO 1 • 24 J Vee 
Al 2 23 ) A13 

Al 2 19 A13 A2 3 22 A12 
A3 4 21 All 

A2 3 18 A12 A4 5 20 Al0 
NC 6 19 NC 

A3 4 17 All NC 7 18 J NC 
AS 8 17 J A9 

A4 5 16 Al0 A6 9 16 J A8 
DOUT 10 15 ) A7 

AS 6 15 A9 WE 11 14 ) DIN 

Vss 12 13 IT 
A6 7 14 A8 

DJB 
DOUT 8 13 A7 

WE 9 12 DIN 

Vss 10 11 IT 
PO, GD 

20L/LCC 

u""' ..- 0 u.-
««>« 

Om 
N..--No-

A2 3 
UIIUU 

] U [ 18 A12 
A3 4 ] [ 17 All 
A4 5 ] [ 16 Al0 
AS 6 ] [ 15 A9 
A6 7 ] [ 14 A8 

Dout 8 ] [ 13 A7 
nnnn 

m~;:::~ 

~~rdr5 
EGG 
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FUNCTIONAL BLOCK DIAGRAM 

Vcc GND 

~ ~ 

A5 ....... 

- A12 ....... 
II: 
W ..J DIN 

A4 ....... 0 0 

~ 0 II: 
A3 () 16,384 - BIT I-....... ¢ ¢:> z 

~ 
w MEMORY ARRAY 0 DOUT 0 

A2 ....... 3: 
() 

(J) A1 0 ~ ....... II: CE 

~ Ao ....... 
s: (LSB) 

.fr 
WE 

(LSB) I COLUMN DECODER 
POWER 

t t t t t t t DOWN 

As Ag As A7 A13 A10 An 

TRUTH TABLE 

MODE ~ WE OUTPUT POWER 

STANDBY H X HIGHZ STANDBY 

READ L H DOUT ACTIVE 

WRITE L L HIGHZ ACTIVE 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ........... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................ -6S0C to +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 ~ 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 -10 10 IlA 

Output Leakage Current Output(s) Disabled, ILo -10 10 IlA 
OV :0; VOUT :0; 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 -3~ -35 UNITS NOTES 

Power Supply CE :0; Vll, Vee = Max., Icc 140 130 120 110 100 100 rnA 3 
Current: Operating Outputs Open 

CE ~ VIH, Vee = Max IS81 60 50 45 40 40 40 rnA 

Power Supply CE ~ Vee - 0.2, Vee = Max. 
Current: Standby Vll:O; Vss + 0.2, f = 0 IS82 5 5 5 5 5 5 rnA 

VIH ~ Vee - 0.2 

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 DC 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 30 ns 

Address valid to end of write tAW 12 15 15 20 25 30 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 12 15 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 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VOR Vee for Retention Data 2 - V 

lecoR Data Retention Current CE ~ Vec - 0.2V Vcc=2v 
VIN ~ Vce - 0.2V 

- 9S SOO ItA 
or $ 0.2V Vce=3v - 3S0 7S0 ItA 

tCDR(4) Chip Deselect to Data Retention Time 0 - ns 
tR(4) Operation Recovery Time tRC(11) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

Vcc 4.5V 4.5V 

tCDR 

~ DON'T CARE 
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AODR 

DOUl 

AOOR 

-cr 

WE: 

O'N 

READ CYCLE NO.1 (8, 9) 

.1 
AODR -----IJ'-----.-:-:--------.-JX'--___ _ 

'AA 

Dour PREVIOUS DA.TA VALID VflllM ____________ ~J~\~ __________ _ DATA VALID 

READ CYCLE NO.2 (7, 8,10) 

tLZCE 

DOUl HIGH 2-----HIGH Z --:--~mt~~~t=:J 

~'PU ~'PO 
~~~- - -CURRENT IS8 -_______ ~ 

.1 
/11111111111111/1 

'AS 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

'we 

'AW 

'ew 

'WP 

WIIIJ'i. 
'os 

'AH 

'(/jllllllllllllllllllllllili/; 

'OH 

.1 J DATA VALID 

tHZWE I 'LZWE -.1 
HIGH Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

'we 

lAW 

lAS lew 'AH 

I"" 

lOS 

DATA VAUO 
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ORDER INFORMATION 

I..-_-""T'" ..... I PIE~:JED I L.....,--_ ..... 

MT5C1601 DJ-45 
MT5C1601 EC-35 L 

The Micron Fast SRAM family is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
These products are manufactured and quality controlled 

4-51 

in the U.s.A. at Micron's modern Boise, Idaho facility. 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate and courteous service while assuring quality and 
reliability. Several parameters are sampled; however, 
functionality is consistently assured over a wider power 
supply and temperature range than specified. Each unit 
receives accelerated burn-in prior to final test and ship
ment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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SRAM 

FEATURES 
• High speed: 12, 15,20,25,30 and 35ns 
• High performance, low power, CMOS double metal 

process 
• Single +5V (±10%) power supply 
• Easy memory expansion with CE option 
• All inputs and outputs are TIL compatible 

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 speed memory applications, Mi
cron offers chip enable (CE) on all organizations. This en
hancement can place the outputs in a high impedance state 
for additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE goes to 
LOW. The device offers a reduced power standby mode 
when disabled. This allows system designs to achieve low 
standby power requirements. 

All devices operate from a single +5V power supply and 
all inputs and outputs are fully TTL compatible. 
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16K x 4 SRAM 

PIN ASSIGNMENT (Top View) 

22L/300 DIP 24L/300 SOJ 

AS 1 .\..J 22 Vee AS [ 1 • 24 Vee 
A6 [ 2 23 A4 

A6 2 21 A4 A7 [ 3 22 A3 
A8 [ 4 21 A2 

A7 3 20 A3 A9 [ 5 20 Al 
Al0 [ 6 19 AO 

A8 4 19 A2 All [ 7 18 NC 
A12 [ 8 17 D04 

A9 5 18 Al A13 [ 9 16 D03 

~~ 10 15 D02 
Al0 6 17 AO 11 14 DOl 

Vss [ 12 13 Vir 
All 7 16 D04 DJB 

A12 8 15 D03 

A13 9 14 D02 

CE 10 13 DOl 

Vss 11 12 Vir 

PF, CE 

2211LCC 

<Ot()!l .... 
««>« 

N~ 
N ...... NN 

UIIUU 
II 

A3 A7 3 :::J U C 20 
A8 4 :::J C 19 A2 
A9 5 :::J C 18 Al 

Al0 6 :::J C 17 AO 
All 7 :::J C 16 D04 
A12 8 :::J C 15 D03 
A13 9 :::J C 14 D02 

nnnn 

O.,....NI"') 

~~~o 
Cl 

ECD 
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FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

~ ~ 
A11 --+ 

DQ4 - A3 --+ 

~ A10 --+ a:: 
...J UJ 

0 0 

~ 0 a:: 
A9 --+ () 65,536 - BIT I-

UJ ¢ MEMORY ARRAY <:=:> z 
en 0 0 () . DQ1 

~ 
As --+ 3: 0 0 :::::: a:: 
A7 --+ 

CE 

A6 --+ 

(LSB) 

1i 
WE 

(LSB) I 
COLUMN DECODER 

POWER 

t t t t t t t DOWN 

A2 A1 A 12 A13 A4 AO A5 

TRUTH TABLE 

MODE "C£ M DQ POWER 

STANDBY H X HIGHZ STANDBY 

READ L H DOUT ACTIVE 

WRITE L L DIN 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 
(OCe ~ T A ~ 70ce, 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 -10 10 J.lA 

Output Leakage Current Output(s) Disabled, ILa -10 10 J.lA 
OV ~ VOUT ~ Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = B.OrnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -3~ -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 45 40 40 40 rnA 

Power Supply CE ;::>: Vee - 0.2, Vee = Max. 
Current: Standby VIL ~ Vss + 0.2, IS82 5 5 5 5 5 5 rnA 

VIH ;::>: Vcc - 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 Vce = 5V Co 7 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC 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 hiQh 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 30 ns 

Address valid to end of write tAW 12 15 15 20 25 30 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 12 15 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 ....................................... 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 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VOR Vee for Retention Data 2 - V 

leeoR Data Retention Current CE;:>: (Vee - 0.2V) Vee=2v 95 500 ~A 
VIN ;:>: (Vee - 0.2V) 

or:5 0.2V Vee=3v 350 750 ~ 
tCDR(4) Chip Deselect to Data Retention Time 0 - ns 

tR(4) Operation Recovery Time tRC(11) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENnON MODE 

VCC 
4.5V 4.5V 

tCDR 

~ DON'T CARE 
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ADOR 

cr 

WE 

DOUl 

READ CYCLE NO.1 (8, 9) 

1 

AOOR -----1'------.--:-:-______ JX.'--___ _ 
'AA 

DATA VALID Dour PREVIOUS DATA VALID '¥ll:lll.f. ________ -JJ~\L_ _______ __ 

READ CYCLE NO.2 (7, 8,10) 

cr 
tACE 

tlzeE J 0 I 
Dour HIGH Z DATA VALID HIGH z-

~, 

~,PU~~,PO ~~~PL Y ICC - SOX SOX 
CURRENT IS8 -_______ ~ 

1/////////////A 
'AS 

-------

WRITE CYCLE NO.1 
(Write Enable Controlled) 

'we 

'AW 

'ew 

'WP 

W///I! 
'OS 

1 

'AH 

'(JI/I///////////////////////;; 

'OH 

J 
DATA VALID 

tHZWE 

.1 
HIGH Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

we 

I tLZWE 

~ 

~ DON'T CARE 

~ UNDEFINED 

~ DON'T CARE 

~ UNDEFINED 

ADDR 

'AW 

lAS lew IAH 

.I 
\ 

Iwp 

.1 
WE Ij//////////////////////////JA '(/j/////////////////////////;! 

lOS IOH 

J .1 
Y.. DATA VALID X ~ DON'T CARE 

4-58 



I'IIIC:I=ION MT5C6404 

ORDER INFORMATION 

L..---r""""""' I PACKAjE ~:JED I L-..r-----I 

MT5C6404DJ·25 
MT5C6404EC-35 L 

The Micron Fast SRAM family is functionally equivalent to 
other manufacturer's products mzeetingJEDEC standards. 
These products are manufactured and quality controlled 

4·59 

in the U.s.A. at Micron's modern Boise, Idaho facility. 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate and courteous service while assuring quality and 
reliability. Several parameters are sampled; however, 
functionality is consistently assured over a wider power 
supply and temperature range than specified. Each unit 
receives accelerated burn-in prior to final test and ship
ment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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SRAM 

FEATURES 
• High speed: 12, 15,20,25,30 and 35ns 
• High performance, low power, CMOS double metal 

process 
• Single +5V (±10%) power supply 
• Easy memory expansion with CE and OE options 
• All inputs and outputs are TTL compatible 

OPTIONS 
• Timing 

12ns access 
15ns access 
20ns access 
25ns access 
30ns access 
35ns access 

• Packages 
Plastic DIP (300 mil) 
Ceramic DIP (300 mil) 
Plastic SOJ (300 mil) 
Ceramic LCC 

• 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. 

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. 
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16K x 4 SRAM 
WITH OUTPUT ENABLE 

PIN ASSIGNMENT (Top View) 

24L1300 DIP 24L1300 SOJ 

AS Vee AS 4c:e 

A6 A4 
A6 A4 

A7 A3 
A7 A3 A8 A2 

A8 A2 A9 Al 

AIO AO 
A9 Al 

All NC 
AIO AO Al2 DQ4 

All NC Al3 DQ3 

Cf DQ2 
A12 DQ4 

DE DQI 
Al3 DQ3 vss WE 

CE DQ2 DJB 
DE DQI 

Vss WE 

PG,CF 

28L/LCC 
<.J 

III U U <.J U 
~ Z Z > z 

A6 NC 

A7 A4 

A8 A3 

A9 A2 
AIO Al 

All AO 

Al2 DQ4 

Al3 DQ3 

CE DQ2 

I'" <II UI'" o <II Z ~ C1 
> 0 

CH 

-
~ 
~ 
en 
~ s: 
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FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

! ! 
A10 An ...... 

DQ4 

A4 A3 ...... - Ag A10 ...... a: 
...J 

~ 
UJ 
Q 0 
0 a: 

~ 
As Ag ...... () 65,536 - BIT ..... 

UJ ¢ MEMORY ARRAY <:=> z 
0 Q 
() . DQ1 

en A7 As ...... 3: 0 

~ 
0 :::::: a: 

A6 A7 ...... 
CE 

A5 A6 ...... 
(LSB) 

'ii OE 

WE 

(LS8) I COLUMN DECODER 
POWER 

t t t t t t t DOWN 

DIP/SOJ A2 A1 A12 A13 A4 Ao A5 

LCC A3 A2 An A13 A12 A1 Ao 

TRUTH TABLE 

MODE M "CE W[ DQ POWER 

STANDBY X H X HIGHZ STANDBY 

READ L L H DOUT ACTIVE 

READ H L H HIGHZ ACTIVE 

WRITE X L L DIN ACTIVE 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss .......... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................ -6SoC to + 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 Vce +1 V 1 

Input Low (Logic 0) Voltage VIL -O.S 0.8 V 1,2 

Input Leakage Current OV S; VIN S; Vee ILl -10 10 IlA 

Output Leakage Current Output(s) Disabled, ILo -10 10 IlA 
OV S; VOUT S; Vce 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0mA VOL 0.4 V 1 

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 mA 3 
Current: Operating Outputs Open 

CE;?: VIH, Vce = Max IS81 60 50 45 40 40 40 mA 

Power Supply CE ;?: Vee - 0.2, Vce = Max. 
Current: Standby VIL S; Vss + 0.2, IS82 5 5 S S 5 5 rnA 

VIH ;?: Vcc - 0.2, f = 0 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 2SoC, f = 1MHz CI 7 pF 4 

Output Capacitance Vcc = SV Co 7 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Note 5) (oOe $; T A $; 7ooe, 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 10 12 15 15 20 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 15 15 20 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 30 ns 

Address valid to end of write tAW 12 15 15 20 25 30 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 12 15 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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I'IIIC:RON MT5C6405 

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 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
VDR Vee for Retention Data 2 - V 

leeDR Data Retention Current CE:?: (Vee - 0.2V) Vee=2v 95 500 J.!A 
VIN :?: (Vee - 0.2V) 

or ~ 0.2V Vee=3v 350 750 J.!A 
tCDR(4) Chip Deselect to Data Retention Time 0 - ns 

tR(4) Operation Recovery Time tRC(!!) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

vcc 
4.SV 4.SV 

ICDR 

~ DON'T CARE 
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I'IIIC:RON MT5C6405 

AODR 

Dour 

AOOR 

DIN 

READ CYCLE NO.1 (8, 9) 

1 

AooR :x 
--------~I\--·'A~A------------r~--------

tOH I 

Dour ____ P_RE_VIO_U_S _OA_TA_V_AL_'D ___ n·~1 ~"""",',I.,-_____ DA_TA_V_AL_'D ____ __ 

.1 
Ijlllllllllllili/A 

I 'AS 

READ CYCLE NO.2 (7, 8, 10) 

DO 

t------'O,-----I 

IHZOE 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

'we 

'AW 

'ew 'AH 

WIIIIIIIIIIIIIIIIIIIIIIIII/; 
'\\f> 

WIII~ 
'OS 

I. 
DATA VALID 

tHZ'WE 

,I 
HIGH Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

'we 

'AW 

I 

'oH 

.1 

'LZWE 

~ 

'AS 'ew 'AH 

.1 
'\ 

'we 
1 

111 I I li!!/l/II I I I I I I I I I I!!/JA WIIIIIIIIIIIIIIIIIIIIIIIII/; 
'os 'oH 

.1 

* 
:x DATA VALID 

j t V77il I---- -----j ~ DON'T CARE 

oOUT ~---HIGH z---~ UNDEFINED 

4-66 



I'IIICRON MT5C6405 

ORDER INFORMATION 

L....--"'"T"" ..... I PACKAjE ~:1ED I......,r--__ ...... 

MT5C6405DJ-25 
MT5C6405EC·35 L 

The Micron Fast SRAM family is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
These products are manufactured and quality controlled 

4·67 

in the U.S.A. at Micron's modern Boise, Idaho facility. 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate and courteous service while assuring quality and 
reliability. Several parameters are sampled; however, 
functionality is consistently assured over a wider power 
supply and temperature range than specified. Each unit 
receives accelerated burn-in prior to final test and ship
ment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 





I'IIIC::RON MT5C6405T 

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 
• Fast match time: 15ns 

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 

GENERAL DESCRIPTION 

MARKING 

-12 
-15 
-20 
-25 
-30 
-35 

None 
C 
DJ 
EC 

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~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. 
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16Kx 4 SRAM 
CACHE-TAG 

PIN ASSIGNMENT (Top View) 

24L/300 DIP 24L/300 SOJ 

PG,CF 

A6 

A7 

A6 

A9 

AIO 

All 

AI2 

AI3 

Cf 

Vee AS lJ-~-""""U Vee 

A4 
A6 

A7 
A3 A6 

A2 A9 

AIO 
Al 

All 
AO AI2 

MATCH AI3 

Cf 
DQ4 or 
DQ3 Vss 

DQ2 DJB 
DQI 

WE 

28L/LCC 
u 

In U U u U 
<[ Z Z > z 

3 2 1' 126 27 26 4 MATCH 

5 LJ A4 

6 A3 

7 A2 

6 AI 

9 AD 

10 D04 

II D03 

12 DQ2 
13 14 15 16 

I'" .. ul'" C1 o~ z 3: 
Q 

CH 

A4 

A3 
A2 

Al 

AO 

MATCH 
DQ4 

DQ3 

002 

001 

WE 



I"IIC:RON MTSC640ST 

FUNCTIONAL BLOCK DIAGRAM 

MATCH 

Vee GND 

l l 
A 10 All --+ 

A4 A3 --+ - A9 AlO --+ a: 
--l w 

~ 
0 0 
0 a: 

As A9 --+ <.) 65,536 - BIT I-
¢ <=:> z 

~ 
w MEMORY ARRAY 0 0 

~ 
<.) 

A7 As --+ 0 ~ en a: 

~ A6 A7 --+ 

s: As A6 --+ 

(LSB) 

it OE 
WE 

(LSBII 
COLUMN DECODER 

POWER 

t t t t t t t DOWN 

DIP/SOJ A2 Al A 12 A 13 A4 Ao As 

LCC A3 A2 All A 13 A12 Al Ao 

TRUTH TABLE 

MODE 'OE cr WE DQ POWER MATCH 

STANDBY X H X HIGHZ STANDBY HIGH 

READ L L H DOUT ACTIVE HIGH 

READ H L H HIGHZ ACTIVE ACTIVE 

WRITE X L L DIN ACTIVE HIGH 
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I'IIIC::I=ION MT5C6405T 

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 
(ODe ~ T A ~ 70De, 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 III -10 10 ~A 

Output leakage Current Output(s) Disabled, Ilo -10 10 ~A 
OV ~ VOUT ~ Vee 

Output High Voltage IOH : -4.0mA VOH 2.4 V 1 

Output low Voltage IOL: 8.0mA VOL 0.4 V 1 

DESCRIPTION CONDITIONS SYMBOL -12 -15 -20 -25 -30 -35 UNITS NOTES 

Power Supply CE ~ VIL, Vee: Max., Icc 140 130 120 110 100 100 mA 3 
Current: Operating Outputs Open 

CE ~ VIH, Vee: Max ISB1 60 50 45 40 40 40 mA 

Power Supply CE ~ Vec - 0.2, Vee: Max. 
Current: Standby VIL ~ Vss + 0.2 ISB2 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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fVl1C:F=lON MTSC640ST 

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 10 12 15 15 20 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 15 15 20 20 ns 6 

WRITE Cycle 

WRITE cycle time WC 12 15 20 25 30 35 ns 

Chip enable to end of write tew 10 12 15 20 25 30 ns 

Address valid to end of write tAW 12 15 15 20 25 30 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 12 15 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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I'IIIC:RON MT5C6405T 

AC TEST CONDITIONS 
Input pulse levels ................................... Vss to 3.0V 

Input rise and fall times ....................................... 5ns 

Input timing reference levels ............................. 1.5V 

+5V +5V +5V 

~« ~~ ---J 200 DDUT DOUT DOUT 
255 30 pF 255 5 pF 

~30PF 

Output reference levels ..................................... 1.5V 
Fig. 1 OUTPUT Fig. 2 OUTPUT Fig. 3 OUTPUT 

Output load ................................ See figures 1 and 2 LOAD EQUIVALENT LOAD EQUIVALENT LOAD EQUIVALENT 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

-12 -15 -20 -25 -30 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

MATCH cycle 

Address to MATCH valid tAM 15 17 22 25 30 

MATCH hold from address tMHA 5 5 5 5 5 

"CE" to MATCH tCEM 10 12 15 20 20 

"CE" to MATCH high tCEMhi 10 12 15 20 20 

DE to MATCH valid tOEM 10 12 15 20 20 

OE to MATCH high tOEMhi 10 12 15 20 20 

WE" to MATCH valid WEM 10 12 15 20 20 

WE to MATCH high tWEMhi 10 12 15 20 20 

Data input to MATCH valid tOM 10 12 15 20 20 

MATCH hold from data tMHO 5 5 5 5 5 

MATCH TIMING 

ADDRESS ---{: I... I <} 
----./~ ~~ 'I:_IMHA I 

~~'~ I C~~'l 
6E ~-IDEM-I L."I 
WE ~-II'EM-1 'i 

t==:tWEMHI_ 
.,--'----,1 

DATA VAlD READ DATA OUT 

IMHO_ 

MATCH 

NO MATCH 
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-35 

MIN 

5 

5 

MAX UNITS 

35 ns 

ns 

20 ns 

20 ns 

25 ns 

25 ns 

25 ns 

25 ns 

25 ns 

ns 

I7lJI DDN"TCARE 

~ UNDEFINED 

NOTES 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 



I"IIC:RON MT5C6405T 

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 ± SOOmV 
from steady state voltage. 
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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. Match timing parameters are tested with RL = 200 

and CL = 30pF as shown in Fig. 3. 



I'IIIC:F=lON MT5C6405T 

ADOR 

°OUT 

READ CYCLE NO.1 (8, 9) 

1 

AOOR ____ -fl'~.....---_____ ___.JX'__ ___ _ 
IAA 

DOUT __ P_RE_VlO_US_O_A_TA_VA_LI_O _..JHIIi!I.'--__ O_AT_A _VA_LIO __ _ 

-

.1 
'I11111111111111fA. 

lAS 

READ CYCLE NO.2 (7, 8,10) 
t-------,.c---l~-

tH20[ 

t HlCE 

DO DATA VALID 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

'we 

lAW 

ICW IAH 

W/////////////////////////iJ 
Iwp 

W///,.'l 
lOS 

I 
DATA VALID 

tHZWE 

.1 
HIGH Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

lwe 

I 

10H 

_I 

ILZ1K 

~ 

AOOR _--.JI'-______ -;-:-::;--______ 'I'-___ _ 
lAW 

ICW 

lOS 

DIN DATA VALID 

~ ~ DON'T CARE 

DOUTf----HIGH Z ---~ UNDEFINED 
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I'IIICRON MT5C6405T 

ORDER INFORMATION 

PRODUCT. IPACKAgl,SjED I 
MT5C6405 DJ·25T 
MT5C6405 EC·35T 

The Micron Fast SRAM family is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
These products are manufactured and quality controlled 
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in the U.S.A. at Micron's modern Boise, Idaho facility. 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate and courteous service while assuring quality and 
reliability. Several parameters are sampled; however, 
functionality is consistently assured over a wider power 
supply and temperature range than specified. Each unit 
receives accelerated burn-in prior to final test and ship
ment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 



IVIIC:~ON MT5C6406/7 

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 CE1, CE2 and OE 

option 
• All inputs and outputs are TIL 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 
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. The x 4 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. 
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16K x 4 SRAM 
WITH SEPARATE INPUTS AND OUTPUTS 

PIN ASSIGNMENT (Top View) 

28L/300 DIP 28L/300 SOJ 

AS Vee AS Vee 

A6 A4 
A6 A4 

A7 A3 
A7 A3 A2 

A6 A2 Al 

AIO AO 
A9 Al 

All 04 
AIO AO 03 

All 04 Q4 

AI2 03 
01 Q3 

02 Q2 
AI3 Q4 CEI QI 

01 Q3 OE WE 

Q2 
Vss CE2 

CEI QI DJC 

DE WE 

Vss CE2 

PJ, CH 

28L/LCC 

.... ~ ~ ~ ~ ..: 

3 2 II 1.26 27 26 A6 4 A3 

A9 5 L J A2 

AIO 6 Al 

All 7 AO 

AI2 6 04 

AI3 9 03 

01 10 Q4 

02 II Q3 

ill 12 Q2 
13 14 IS 16 

I~ ~ I~ I~ C; 

ECE 

-
~ 
~ 
en 
~ 
3: 



IVIICI=ION MT5C6406/7 

FUNCTIONAL BLOCK DIAGRAM 

Vcc GNO 

COLUMN DECODER 
(LSB) 

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 

M M 

X X 

X X 

L H 

H H 

X L 

L L 

H L 
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POWER 
DOWN 

MT5C6407 

MT5C6406 

OUTPUTS 

HIGHZ 

HIGHZ 

DOUT 

HIGHZ 

HIGHZ 

DIN 

HIGHZ 

POWER 

STANDBY 

STANDBY 

ACTIVE 

ACTIVE 

ACTIVE 

ACTIVE 

ACTIVE 

04 

01 

04 

01 

r-ib-4-+-- CE1 
10--+ ...... - CE2 



iVl1C:F=lON MT5C6406/7 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss .......... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................ -6S0C to + ISO°C 
Storage Temperature (Plastic) ................... -SsoC to + ISO°C 
Power Dissipation ........................................................ 1 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 :S; T A :S; 70De, 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 O.B V 1,2 

Input Leakage Current OV::; VIN::; Vee ILl -10. 10 itA 

Output Leakage Current Output(s) Disabled, ILo -10 10 itA 
OV ::; VOUT ::; Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = B.OrnA 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 ISB1 60 50 45 40 40 40 rnA 

Power Supply CE ~ Vee - 0.2, Vee = Max. 
Current: Standby VIL ::; Vss + 0.2, f = 0 ISB2 5 5 5 5 5 5 rnA 

VIH ~ Vee - 0.2 

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:I=ICN MT5C6406/7 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC 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 10 12 15 15 20 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 15 15 20 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 30 ns 

Address valid to end of write tAW 12 15 15 20 25 30 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 12 15 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:I=ION MT5CS40S/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, tHZWE and tHZOE are specified with CL = 

5pF as in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VOR Vce for Retention Data 2 - V 

leeoR Data Retention Current CE ~ (Vee - O.2V) Vee=2v 95 500 IlA 
VIN ~ (Vee - 0.2V) 

or:S; 0.2V Vee=3v 350 750 I-1A 
tCDR(4) Chip Deselect to Data Retention Time 0 - ns 

tR(4) Operation Recovery Time tRC(11) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

VCC 
4.SV 4.SV 

tCDR 

~ DON'T CARE 
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I'IIIC::I=ION MT5C640617 

ADDR 

Dour 

ADDR 

Dour 

READ CYCLE NO.1 (8, 9) 

AODR -----'I'-----;----------'A'-----
'AA 

I-----"O"'H_-i.l .1 
DOUT ___ PR_EVl_O_US_O_A_TA_V_A_LlO_--,~, _"" , ___ O_"_A_V_AL_'O __ _ 

READ CYCLE NO.2 (7, 8,10) 
I------I.C-------i 

1----tAcE 

DO HIGH l----jG.~~~~ 
t LlCE 

r'pU1~. __ 
ICC ---./ 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

'we 

'AW 

'ew 'AH 

l//§/////////A 'W//////////////////////////; 
I 'AS -1 

L 

'AS 

{ 
.1 

1j///////////////////////////1 

1 

L 

'WP 

'os 'OH 

.I 
DATA VALID 

'AWE tLZ'NE 

tADV J .I 
DATA VALID 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

'we 

'AW 

'ew 'AH 

'we 

V//////////////////////////I! 
'os 'OH 

.I. 
DATA VALID X 

'AWE 
tADV 

J 
DATA VALID 
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ORDER INFORMATION 

...... __ .....-.... IPACKAIE~:JED 1&...., ___ ..... 

MT5C6406DJ-25 
MT5C6407EC-35 L 

The Micron Fast SRAM family is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
These products are manufactured and quality controlled 

4-83 

in the U.s.A. at Micron's modern Boise, Idaho facility . 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate and courteous service while assuring quality and 
reliability. Several parameters are sampled; however, 
functionality is consistently assured over a wider power 
supply and temperature range than specified. Each unit 
receives accelerated burn-in prior to final test and ship
ment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 





I'4IC:RON MT5C2568 

SRAM 

FEATURES 
• High speed: 25,30,35,45 and 55ns 
• High performance, low power, CMOS double metal 

process 
• Single +5V (±10%) power supply 
• Easy memory expansion with CE and OE options 
• All inputs and outputs are TTL compatible 

OPTIONS 
• Timing 

25ns access 
30ns access 
35ns access 
45ns access 
55ns 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 

-25 
-30 
-35 
-45 
-55 

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 speed memory applications, Mi
cron offers chip enable (CE) on all organizations. This en
hancement can place the outputs in a high impedance state 
for additional flexibility in system design. 

Writing to these devices is accomplished when write 
enable (WE) and 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. 
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32Kx8SRAM 

PIN ASSIGNMENT (Top View) 

28L1300/600 DIP 28L/300 SOJ 

A2 

AD 

DII1 

DQ2 

DQ3 

v .. 

A6 
AS 
M 
A3 
A2 
Al 

AD 
He 

DII1 

Vee 

~ 

Al3 

N3 

A9 

AU 

[E 

A10 

CE 

lJQB 

7IIit1 

lIQ6 

DQ5 

DQ4 

PJ, PK, CH 

32L/LCC 

~£!.!i~~~ 

N3 
A9 
AU 
He 
rI: 
A10 
~ 
lJQB 

7IIit1 

Al4 1 28 Va:. 
A12 2 'D ~ 
A7 26 Al3 
A6 25 N3 
A'!5 24 A9 
M 23 AU 
A3 [E 
A2 A10 
Al CE 
AD lJQB 

DII1U IJQ7 

DQ2 lIQ6 

DQ3 DQ5 
V_ DQ4 

DJC 

28L/LCC 

~£!~~~ 
A6 
A'!5 
M 
A3 
A2 
Al 

AD 
DII111 lJQB 

DQ2 lIQ7 

IUilU 
ECE 

-
~ 
~ 
en 
~ s: 



1'I11C:I=ION MT5C2568 

FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

! ! 
A11 -

Ag _ D08 

- A10 - a: 

~ 
w --l 

0 0 
Ao - 0 a: 

~ 0 262,144 - BIT f0-
e> <:=:> z w MEMORY ARRAY 0 0 ' D01 en A5 - ~ 

0 
0 

~ 
0 ::::: a: 

A6 -s: 
CE 

A7 -
A12 -

(LSB) 

il 
DE 

WE 

(LSB) I 
COLUMN DECODER 

POWER 

t t t t t t t 
DOWN 

A1 A2 A3 A4 A14 A 13 AS 

TRUTH TABLE 

MODE "OE" "CE" WE DQ POWER 

STANDBY X H X HIGHZ STANDBY 

READ L L H DOUT ACTIVE 

READ H L H HIGHZ ACTIVE 

WRITE X L L DIN ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss .......... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................ -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 ~ 70°C, Vee = S.OV ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vcc+l V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Power Supply CE :s; VIL, Vce = Max., Icc 100 mA 3 

Current: Operating Outputs Open 

CE :2 VIH, Vcc = Max. IS81 40 mA 

Power Supply CE :2 Vee - 0.2, Vee = Max. 
Current: Standby VIL :s; Vss + 0.2, IS82 7 mA 

VIH :2 Vee - 0.2, f = 0 

Input Leakage Current OV:S; VIN:S; Vee ILl -10 10 J.!A 

Output Leakage Current Output(s) Disabled, ILo -10 10 J.!A 
OV :s; VOUT :s; Vee 

Output High Voltage IOH = -2.0mA VOH 2.4 V 1 

Output Low Voltage IOL = 4.2mA 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 

4-87 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Note 5) (oOe ::;; T A ::;; 70oe, Vcc = 5V ± 10%) 

-25 -30 -35 -45 -55 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 25 30 35 45 55 ns 

Address access time tAA 25 30 35 45 55 ns 

Chip-enable access time tACE 25 30 35 45 55 ns 

Output hold from address change tOH 5 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 20 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 25 30 35 45 55 ns 

Output Enable Access Time 
IAOE 15 20 20 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 15 20 20 20 20 ns 

WRITE Cycle 

WRITE cycle time twc 25 30 35 45 55 ns 

Chip enable to end of write tcw 20 25 30 40 50 ns 

Address Valid to end of write tAW 20 25 30 40 50 ns 

Address set-up time tAS 0 0 0 0 0 ns 

Address hold from end of write tAH 2 2 2 2 2 ns 

Write pulse width twp 20 25 25 30 35 ns 

Data set-up time tDS 15 15 17 20 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 20 0 20 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. I HZCE and tHZWE are specified with CL = SpF as 

in Fig. 2. Transition is measured ± SOOm V 
from steady state voltage. 

+5V 

DOUT ~
920 

500 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
920 

500 5 pF 

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. I RC = Read Cycle Time. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
VDR Vcc for Retention Data 2 - V 

IccDR Data Retention Current CE ~ (Vcc - 0.2V) Vcc=2v 9S SOO !lA 
VIN ~ (Vcc - 0.2V) 

or ~ O.2V Vcc=3v 3S0 7S0 !lA 
ICDR(4) Chip Deselect to Data Retention Time 0 - ns 

'R(4) Operation Recovery Time 'RC(II) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

VCC 
4.5V 4.SV 

tCDR 

~ DON·T CARE 

4-89 



I'IIIC:RON MT5C2568 

AOOR 

DOUT 

ADDR 

READ CYCLE NO.1 (8, 9) 

J 
ADDR -----'II'-----;-tA-A ______ j X''-___ _ 

tOH I 
I------''''------l_ 1 .1 

DOUT __ P_R_EVl_OU_S_D_AT_A_VA_Ll_D __ n~~""""",--___ DA_TA_VA_LlD __ _ 

READ CYCLE NO.2 (7, 8,10) 

.I 
r;IIIIIIIIIIIIIIA 

1 tAS 

1--_____ ,,, __ ---1 

1----tAcE 

OQ H'GHl=::::I.D~~~~ 
lLlCE 

,""1,----__ 
Icc -----../ 

1 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

'we 

tAW 

tew 

twp 

WIII~ 
"DS 

1 

tAH 

'(/jllllllllllllllllllllllili/; 

tOH 

J 
OATA VALID 

"AS 

tHZWE 

J 
HIGH Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

twe 

tAW 

tew 

{ 
twp 

/'IIIIIIIIIIIIIIIIIIIIIIIII;! 
"DS 

_I 1 

X OATA VALID 

I tLZWE 

~ 

tAH 

~ 
tDH 

.I 
X 

~ DOUT _---HIGHZ----
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ORDER INFORMATION 

L...---T'"'"'"'" IpACKAIE~LJED I ~ __ --' 
MT5C25680J-45 
MT5C2568EC-35 L 

The Micron Fast SRAM family is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
These products are manufactured and quality controlled 

4-91 

in the U.s.A. at Micron's modern Boise, Idaho facility. 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate and courteous service while assuring quality and 
reliability. Several parameters are sampled; however, 
functionality is consistently assured over a wider power 
supply and temperature range than specified. Each unit 
receives accelerated burn-in prior to final test and ship
ment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 





fUl1C::RON 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 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 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 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 1 configu
ration features separate data input and output. 
Writi~o the~devices is accomplished when write 

enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE 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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64Kx 1 SRAM 

PIN ASSIGNMENT (Top View) 

22L/300 DIP 24L/300 SOJ 

AO 1.\.......1 22 Vee 
AO ( 1 • 24 b Vee 
A1 ( 2 23 P A15 

A1 2 21 A15 A2 ( 3 22 P A14 
A3 ( 4 21 P A13 

A2 3 20 A14 
M( 5 20 P A12 
A5 ( 6 19 P NC 

A3 4 19 A13 NC ( 7 18 P Al1 
A6 ( 8 17 pAlO 

A4 5 18 A12 
A7 ( 9 16 P A9 

DouT ( 10 15 P A8 

AS 6 17 Al1 
WE( 11 14 P DIN 
Vss ( 12 13 P CE 

A6 7 16 Al0 DJB 
A7 8 15 A9 

DouT 9 14 A8 

WE 10 13 DIN 

Vss 11 12 CE 

PF, CE 

22L/LCC 

~O 8~ 
..:..:>..: 

N~ 
N..-NN 

UIIUU 
II 

20 A14 A2 3 ] u C 
A3 4 ] C 19 A13 
A4 5 ] C 18 A12 
AS 6 ] C 17 All 
A6 7 ] C 16 Al0 
A7 8 ] C 15 A9 
DouT 9 ] C 14 A8 

nnnn 

~;::~~ 

~ ~1t5.5 
ECD 



IVIIC::F=lON MTSC6401 

FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

l l 
A 6 ---+ 

A 14 ---+ a: - w -l DIN 
A5 ---+ CI 0 

0 a: 

~ A4 () 65,536 - BIT I-
---+ W ¢ MEMORY ARRAY ¢::> z 

DouJ CI 0 

~ A3 ---+ ;= () 

0 
A2 0 :::::: en ---+ a: CE 

~ 
A1 ---+ 

(LSB) s: {} 

(LSB) I 
WE 

COLUMN DECODER 
POWER 

t t t t t t t t t DOWN 

A 13 A12 A7 A 10 Ag As A 15 A11 Ao 

TRUTH TABLE 

MODE ~ WE DQ POWER 

STANDBY H X HIGHZ STANDBY 

READ L H DOUT ACTIVE 

WRITE L L HIGHZ ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ........... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................ -6S0C to +ISO°C 
Storage Temperature (Plastic) ................... -SsoC to + ISO°C 
Power Dissipation ........................................................ 1 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 ~ VIN ~ Vee ILl -10 10 !1A 

Output Leakage Current Output(s) Disabled, ILo -10 10 !1A 
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 

CE ;:>: VIH, Vee = Max IS81 60 50 45 40 40 40 rnA 

Power Supply CE ;:>: Vee - 0.2, Vee = Max. 
Current: Standby VIL ~ Vss + 0.2, f = 0 IS82 5 5 5 5 5 5 rnA 

VIH;:>: Vee - 0.2 

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 DC OPERATING CONDITIONS 
(Note 5) (oOe ::;; T A::;; 70D e, 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 30 ns 

Address valid to end of write tAW 12 15 15 20 25 30 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 12 15 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 ....................................... 5ns 

Input timing reference levels ............................. 1.5V 

Output reference levels ..................................... 1 .5V 

Output load ................................ See figures 1 and 2 

NOTES 
1. All voltages referenced to Vss (GND). 
2. -3.0V for pulse width < 20ns. 
3. Icc is dependent on output loading and cycle rates. 
4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. tHZCE and tHZWE are specified with CL = SpF as in 

Fig. 2. Transition is measured ± SOOmV from steady 
state voltage. 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VOR Vcc for Retention Data 2 - V 

IccoR Data Retention Current CE~ (Vcc - 0.2V) Vcc=2v - 95 500 ~A 
VIN ~ (Vcc - 0.2V) 

or:5 0.2V Vcc=3v - 350 750 ~ 
tCDR(4) Chip Deselect to Data Retention Time 0 - ns 

tR(4) Operation Recovery Time tRC(ll) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

Vee 
4.SV 4.SV 

teDR 

~ DON'T eARE 
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ADDR 

READ CYCLE NO.1 (8, 9) 

1 

ADDR ----~'I'-_____;_----------''A'-----
tAA 

l-------'to"'-H_-I.
1 

.1 
DATA VALID DOUT PREVIOUS DATA VAllO ~ ____________ ~J~\'__ __________ _ 

READ CYCLE NO.2 (7, 8,10) 

tACE 

tLZCE .I ~ 1 

DOUT HIGH Z DATA VALID HIGH Z-
~\ 

~PU,-----~tPD 
~B~Pl Y ICC -_________ 50? 50% 
CURRENT 158 - _ 

.I 
11 I I I I I II I I I I I I/A. 

tAS 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twe 

tAW 

tew 

twp 

.1 
Vllillii 

tDS 

.1 I 
DATA VALID 

tAH 

WIIIIIIIIIIIIIIIIIIIIIIIII/; 

tDH 

,I 

~ tLZWE 1_ 
00UT ~I--' ----HIGH Z----_ 
ADDR 

'AS 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

twe 

tAW 

tew 

.1 

.\ 
twp 

.1 
111111111111111111111111111/1 

tDS 

* 
I 

DATA VALID 

tAH 

'f!!I!!!!!I!!I! 
tDH 

.I 
X 

~ 00UT _f----HIGH Z----
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ORDER INFORMATION 

...... __ ....,.. ..... IPAIE~:JED I.....,~ __ ..... 
MT5C6401DJ·25 
MT5C6401 EC·35 L 

The Micron Fast SRAM family is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
These products are manufactured and quality controlled 

4-99 

in the U.S.A. at Micron's modern Boise, Idaho facility . 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate and courteous service while assuring quality and 
reliability. Several parameters are sampled; however, 
functionality is consistently assured over a wider power 
supply and temperature range than specified. Each unit 
receives accelerated burn-in prior to final test and ship
ment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 





I'IIIC:RON MT5C2564 

SRAM 

FEATURES 
• High speed: 25, 30, 35, 45 and 55ns 
• 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 

25ns access 
30ns access 
35ns access 
45ns access 
55ns access 

• Packages 
Plastic DIP (300 mil) 
Ceramic DIP (300 mil) 
Plastic SOJ (300 mil) 
Ceramic LCC 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 
-45 
-55 

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. 

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. 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 TIL compatible. 
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64Kx4 SRAM 

PIN ASSIGNMENT (Top View) 

24L/300 DIP 24L/300 SOJ 
\.J AO 1 • 24 tJ Vee 

AO 1 • 24 Vee A1 2 23 ~ A15 
A2 3 22 P A14 

A1 2 23 A15 A3 4 21 ~ A13 
A4 5 20 P A12 

A2 3 22 A14 A5 6 19 ~ A11 
A6 7 18 P A10 

A3 4 21 A13 A7 8 17 ~ D04 
A8 9 16 P D03 

A4 5 20 A12 A9 10 15 D02 
IT 11 14 D01 

A5 6 19 A11 Vss 12 13 WE 

A6 7 18 A10 DJB 
A7 8 17 D04 

A8 9 16 D03 

A9 10 15 D02 

IT 11 14 D01 

Vss 12 13 WE 

PG,CF 

28ULCC 
~ougu 
«z>z 

co 1'0 
f"I')N..--C\lN 

A2 4 u u II u u C-:::J ~ __ 26 A15 
A3 5 :::J c:~ 25 A14 
A4 6 :::J C 24 A13 
A5 7 :::J C 23 A12 
A6 8 :::J C 22 A11 
A7 9 :::J C 21 A10 
A810 :::J C 20 DQ4 
A911 :::J C 19 DQ3 
IT 12 :::JnnnnnC 18 D02 

r')vll)U)f'., .......... - - ..... 

~~~~g 
ECE 
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FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

! ! 
A12 -

A 11 -
DQ4 -

~ 
A 10 - a: 

UJ ...J 
0 0 

~ 
As - 0 a: 

0 262,144 - BIT I-
¢ <=> z UJ MEMORY ARRAY 0 en 0 • DQ1 

A3 - ;= U 

~ 
0 0 :::::: a: 

A2 -
CE 

A1 -
Ao - (LSB) 

iJ 
WE 

(LSB) I COLUMN DECODER 
POWER 

t t t t t t t -t DOWN 

A7 A6 As A4 As A 1S A14 A 13 

TRUTH TABLE 

MODE "CE WE" DQ POWER 

STANDBY H X HIGHZ STANDBY 

READ L H DOUT ACTIVE 

WRITE L L DIN ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ........... -1.0V to +7.0V 
Storage Temperature (Ceramic) ................ -6S0C to +lS0°C 
Storage Temperature (Plastic) ................... -SSoC to +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 
(DOC :5 T A :5 70°C, Vee = S.OV ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 Vec+1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Power Supply IT :s; VIL, Vee = Max., lee 100 mA 3 

Current: Operating Outputs Open 

CE ~ VIH, Vee = Max. IS61 40 mA 

Power Supply CE ~ Vee - 0.2, Vee = Max. 
Current: Standby VIL :s; Vss + 0.2, IS62 7 mA 

VIH ~ Vee - 0.2, f = 0 

Input Leakage Current OV:S; VIN:S; Vee ILl -10 10 flA 

Output Leakage Current Output(s) Disabled, ILo -10 10 flA 
OV :s; Your :s; Vee 

Output High Voltage IOH = -4.0mA 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 = 2SoC, f = 1 MHz CI 8 pF 4 

Output Capacitance Vec = SV Co 8 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Note 5) (ODe ~ T A ~ 70De, Vcc = 5V ± 10%) 

-25 -30 -35 -45 -55 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 25 30 35 45 55 ns 

Address access time tAA 25 30 35 45 55 ns 

Chip enable access time tACE 25 30 35 45 55 ns 

Output hold from address change tOH 5 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 20 20 20 20 ns 6, 7 

Chip enable to power up time tpu a a a a a ns 

Chip disable to power down time tpD 25 30 35 45 55 ns 

WRITE Cycle 

WRITE cycle time twc 25 30 35 45 55 ns 

Chip enable to end of write tcw 20 25 30 40 50 ns 

Address Valid to end of write tAW 20 25 30 40 50 ns 

Address set-up time tAS a a a a a ns 

Address hold from end of write tAH 2 2 2 2 2 ns 

Write pulse width twp 20 25 25 30 35 ns 

Data set-uptime tDS 15 15 17 20 20 ns 

Data hold time tDH a a a a a ns 

Write disable to output in low Z tLZWE a a a a a ns 

Write enable to output in high Z tHZWE a 15 a 15 a 15 a 20 a 20 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 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VOR Vcc for Retention Data 2 - V 

IccoR Data Retention Current CE ~ (Vcc - O.2V) Vcc=2v 9S SOO IJA 
VIN ~ (Vcc - 0.2V) 

or ~ 0.2V Vcc=3v 3S0 7S0 ~A 
tCDR(4) Chip Deselect to Data Retention Time 0 - ns 

tR(4) Operation Recovery Time tRC(11) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

Vce 4.SV 4.SV 

teDR 

~ DON·T CARE 
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ADDR 

DOUT 

ADDR 

DOUl 

READ CYCLE NO.1 (8, Sj) 
'RC 

.1 
AOOR -----'I'----.,.,-AA---------JX'-----

'OH 1 
1----""'----1.1 .I 

DOUl ___ PR_[V1_0_US_DA_TA_V_A_UD_-.J~'~_"""" '-___ D_AT_A_V_AL_'D __ _ 

READ CYCLE NO.2 (7, 8, 10) 

tACE 

tlZCE 

.I t:=1 L 
HIGH Z DATA VAllO HIGH z-DOUT 

-' 

:4IPU,.------~'PD ~~~PL Y ICC - SOX SOX 
CURRENT IS8 -' _______ ~ 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

lwe 

'AW 

'CW IAH 

.1 
Ij I I I I I I I I I I I I I Ill.. W//////////////////////////; 

lAS Iwp 

WI/I;'; 
'DS IOH 

1 ,I 
DATA VALID 

lAS 

tHZWE 

.1 
HIGH Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

'we 

lAW 

lew 

"\ 
lwe 

'1//////////////////////////}' 
'DS 

,I 
X DATA VALID 

tHZWE 

.1 
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'AH 

V//////////////////////////I; 
'DH 

HIGH Z 

.1 
X 

~ DON'T CARE 
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ORDER INFORMATION 

-----"'T"" ... I PACKAjE ~:JED I.....,r--__ .... 

MT5C2564DJ-45 
MT5C2564EC-35 L 

The Micron Fast SRAM family is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
These products are manufactured and quality controlled 

in the u.s.A. at Micron's modern Boise, Idaho facility. 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate and courteous service while assuring quality and 
reliability. Several parameters are sampled; however, 
functionality is consistently assured over a wider power 
supply and temperature range than specified. Each unit 
receives accelerated burn-in prior to final test and ship
ment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen. 
tative and distributors nearest you. 
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SRAM 

FEATURES 
• High speed: 25, 30, 35, 45 and 55ns 
• 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 

25ns access 
30ns access 
35ns access 
45ns access 
55ns access 

• Packages 
Plastic DIP (300 mil) 
Ceramic DIP (300 mil) 
Plastic SOJ (300 mil) 
Ceramic LCC 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 
-45 
-55 

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. 

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. 

64Kx 4 SRAM 
WITH OUTPUT ENABLE 

PIN ASSIGNMENT (Top View) 

28L/300 DIP 28L/300 SOJ 

NC Vee NC Vee 

AO A15 
AO A15 

Al A14 
Al A14 A2 A13 

A2 A13 A3 A12 

A4 All 
A3 A12 

AS Al0 
A4 All A6 NC 

AS A10 A7 NC 

A6 NC 
AB D04 

A9 D03 
A7 NC CE D02 

A6 D04 DE DOl 

A9 D03 
Vss WE 

Cf DJC 
D02 

DE DOl 

Vss WE 

PJ, CH 

28L/LCC 
0 

u 
U u u 

<I <I z > z 

3 2 111 26 27 26 A2 4 A15 

A3 5 L J A14 

A4 6 A13 

AS 7 A12 

A6 B All 

A7 9 21 Al0 

AB 10 D04 

A9 11 D03 

CE 12 D02 
13 14 15 16 

, .... II> ul .... 0 o II> Z ~ > 0 

CH 
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FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

! ! 
A11 -

A10 -
DQ4 

- A12 - a: 

~ w ...J 
0 0 

~ 
As - 0 a: 

() 262,144 - BIT l-
e> ¢:> z w MEMORY ARRAY 0 0 . DQ1 en A3 - () 

~ 
$: 0 0 :::: a: 

A2 -s: 
CE 

A1 -
Ao - (LSB) 

1i OE 

I (LSB) I 
WE 

COLUMN DECODER 
POWER 

t t t t t t t t DOWN 

A7 Ae As A4 Ag A 1S A 14 A 13 

TRUTH TABLE 

MODE ~ ~ ~ DQ POWER 

STANDBY X H X HIGHZ STANDBY 

READ L L H DOUT ACTIVE 

READ H L H HIGHZ ACTIVE 

WRITE X L L DIN ACTIVE 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ........... -I.0V to +7.0V 
Storage Temperature (Ceramic) ................ -6S0C 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 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 Vce+1 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Power Supply CE :os; VIL, Vee = Max., Icc 100 mA 3 
Current: Operating Outputs Open 

CE 2': VIH, Vee = Max. IS81 40 mA 

Power Supply CE 2': Vee - 0.2, Vee = Max. 
Current: Standby VIL :os; Vss + 0.2, IS82 7 mA 

VIH 2': Vee - 0.2, f = 0 

Input Leakage Current OV:OS; VIN:OS; Vee ILl -10 10 IlA 

Output Leakage Current Output(s) Disabled, ILo -10 10 IlA 
OV :os; VOUT :os; Vee 

Output High Voltage IOH = -4.0mA 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 Vcc = 5V Co 8 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Note 5) (oOe ::;;; T A::;;; looe, Vcc = 5V ± 10%) 

-25 -30 -35 -45 -55 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 25 30 35 45 55 ns 

Address access time tAA 25 30 35 45 55 ns 

Chip enable access time tACE 25 30 35 45 55 ns 

Output hold from address change tOH 5 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 20 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 25 30 35 45 55 ns 

Output Enable Access Time tAOE 15 20 20 20 20 ns 

Output Enable to output in low Z tLZOE 0 0 0 0 0 ns 

Output disable to output in high Z 
tHZOE 15 20 20 20 20 ns 6 

WRITE Cycle 

WRITE cycle time twc 25 30 35 45 55 ns 

Chip enable to end of write tcw 20 25 30 40 50 ns 

Address Valid to end of write tAW 20 25 30 40 50 ns 

Address set-up time tAS 0 0 0 0 0 ns 

Address hold from end of write tAH 2 2 2 2 2 ns 

Write pulse width twp 20 25 25 30 35 ns 

Data set-up time tDS 15 15 17 20 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 20 0 20 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. 
S. 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 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

~
480 

DOUT -

255 5 pF 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VDR Vee for Retention Data 2 - V 

leeDR Data Retention Current CE :::: (Vee - 0.2V) Vee=2v 9S SOO itA 
VIN:::: (Vee - 0.2V) 

or ~ 0.2V Vee=3v 3S0 7S0 itA 

tCDR(4) Chip Deselect to Data Retention Time 0 - ns 
tR(4) Operation Recovery Time tRC(11) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

VCC 
4.5V 4.5V 

tCDR 

~ DON'T CARE 
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ADDR 

O'N 

DOUT 

ADDR 

O'N 

READ CYCLE NO.1 (8, 9) 

.1 
AoaR ____ ----'I'----:-______ -'X'--___ _ 

'AA 

1--_'-"ooH'------l1 .1 
DOUT __ P_R_"'_OU_S_O_AT_A _VA_Ll_O __ ~, """"" ,-___ O_A_TA_V_AL_'D __ _ 

READ CYCLE NO.2 (7, 8,10) 

.1 

DQ HIGH l=::::fGlII~~~t t LZCE 

r'PU1 __ 
ICC~ 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

lwe 

'AW 

lew 

Ij I II I I I !/III/J//1 
'AS lwe 

VIIII,1 
lOS 

1 

'AH 

WllllllllllllllllllllllllliJ 

'OH 

1 
DATA VALID 

'AS 

tHZWE 

1 
HIGH Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

lwe 

'AW 

lew 

.1 
\ 

lwe 

.1 
'/IIIIII//I//IIIIIIIIIIIIII/l1 

lOS 

.1 I 
X OATA VALID 

I 'LZWE 

~ 

'AH 

IjjllllllllllllllllllllllllliJ 
10H 

J 
X 

~ 00UT _---HIGHZ----
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ORDER INFORMATION 

...... __ -r .... lpAcK7E~;r 1......, ___ .... 

MT5C2565DJ-45 
MT5C2565EC-35 L 

The Micron Fast SRAM family is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
These products are manufactured and quality controlled 
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in the U.s.A. at Micron's modern Boise, Idaho facility . 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate and courteous service while assuring quality and 
reliability. Several parameters are sampled; however, 
functionality is consistently assured over a wider power 
supply and temperature range than specified. Each unit 
receives accelerated burn-in prior to final test and ship
ment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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SRAM 

FEATURES 
• High speed: 25, 35 and 45ns 
• Automatic chip enable power down 
• All inputs and outputs are ITL 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 for all common II 
o organizations. This enhancement can place the output in 
a high impedance state for additional flexibility in system 
design. The x 1 organization features separate data input 
and output. 
Writi~o the~devices is accomplished when write 

enable (WE) and CE inputs are both LOW. Reading is ac
complished when WE remains HIGH and CE goes to 
LOW. When the OE option is present, it 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 TIL compatible. 

128Kx 8 SRAM 

PIN ASSIGNMENT (Top View) 

NC Vee 
A16 A15 
A14 CE2 
A12 WE 
Al A13 
A6 A8 
A5 A9 
A4 A11 
A3 DE 
A2 A1D 
A1 CE1 
AD D08 

D01 DOl 
D02 D06 
D03 D05 
Vss D04 
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SRAM 

FEATURES 
• High speed: 25, 30, 35, 45 and 55ns 
• High performance, low power, CMOS double metal 

process 
• Single +5V (±10%) power supply 
• Easy memory expansion with CE option 
• All inputs and outputs are TIL compatible 

OPTIONS 
• Timing 

25ns access 
30ns access 
35ns access 
45ns access 
55ns access 

• Packages 
Plastic DIP (300 mil) 
Ceramic DIP (300 mil) 
Plastic SOJ (300 mil) 
Ceramic LCC 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 
-45 
-55 

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. The x 1 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. 

256Kx 1 SRAM 

PIN ASSIGNMENT (Top View) 

24L/300 DIP 24L/300 SOJ 

AO 1. \......I 24 

Al 2 23 

A2 3 22 

A3 4 21 

A4 5 20 

A5 6 19 

A6 7 18 

A7 8 17 

A8 9 16 

DouT 10 15 

WE 11 14 

Vss 12 13 

PG,CF 

NC 
A3 
A4 
A5 
A6 
A7 
A8 
Dour 
NC 

4-119 

Vee 

A17 

A16 

A15 

A14 

A13 

A12 

All 

Al0 

A9 

DrN 

CE 

AO 
Al 

A2 
A3 
A4 
A5 
A6 
A7 
A8 

Dour 
WE 
Vss 

28L/LCC 
N_o8~ 
«<>< 

<XlI' 
I"1N..-NN 

4 
uuUuu 

] [ 

5 ] [ 

6 ] [ 

7 ] [ 

8 ] [ 

9 ] [ 

10 ] [ 

11 ] [ 

12 ] [ 
nnnnn 

I")vLC)lO'-"" ....-..--..--..- ....... 

~~I~cs?i 
ECE 

[ 1. 
[ 2 
[ 3 
[ 4 
[ 5 
[ 6 
[ 7 

~ ~ 
[ 10 
[ 11 
[ 12 

26 
25 
24 
23 
22 
21 
20 
19 
18 

DJB 

NC 
A16 
A15 
A14 
A13 
A12 
All 
A10 
NC 

24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 P Up 

Vee 
A17 
A16 
A15 
A14 
A13 
A12 
All 
AlO 
A9 
DrN 
er 
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FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

! ! 
A14 -. 

A13 -. 

A12 -. 
a: 

....J DIN - LU 
0 0 

AS 0 a: 

~ 
-. (,) 262,144 - BIT I-

¢ <:=> z 
A3 

W MEMORY ARRAY 0 Dour -. 0 

~ :: (,) 

A2 0 -. 0 ::::: a: CE en Al -. 

~ Ao -. (LSB) s:: .fr 

(LSB) I 
WE 

COLUMN DECODER 
POWER 

t t t t t t t t t t DOWN 

A7 As A5 A4 A11 Al0 A9 A17 A16 A15 

TRUTH TABLE 

MODE 'CE' WE OUTPUT POWER 

STANDBY H X HIGHZ STANDBY 

READ L H DOUT ACTIVE 

WRITE L L HIGHZ ACTIVE 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ........... -l.OV to +7.0V 
Storage Temperature (Ceramic) ................ -6S0C to + IS0°C 
Storage Temperature (Plastic) ................... -SsoC 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 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 

Power Supply CE ~ VIL, Vee = Max., Icc 100 rnA 3 
Current: Operating Outputs Open 

CE ~ VIH, Vcc = Max. 1881 40 rnA 

Power Supply CE ~ Vec - 0.2, Vce = Max. 
Current: Standby VIL ~ V88 + 0.2, 1882 10 rnA 

VIH ~ Vee - 0.2, f = 0 

Input Leakage Current OV ~ VIN ~ Vec ILl -10 10 !LA 
Output Leakage Current Output(s) Disabled, ILo -10 10 IlA 

OV ~ VOUT ~ Vec 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input CapaCitance T A = 25°C, f = 1 MHz CI 8 pF 4 

Output CapaCitance Vce = 5V Co 8 pF 4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Note 5) (oOe ~ T A ~ 70oe, Vcc = 5V ± 10%) 

-25 -30 -35 -45 -55 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 25 30 35 45 55 ns 

Address access time tAA 25 30 35 45 55 ns 

Chip enable access time tACE 25 30 35 45 55 ns 

Output hold from address change tOH 5 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 20 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 25 30 35 45 55 ns 

WRITE Cycle 

WRITE cycle time twc 25 30 35 45 55 ns 

Chip enable to end of write tcw 20 25 30 40 50 ns 

Address Valid to end of write tAW 20 25 30 40 50 ns 

Address set-up time tAS 0 0 0 0 0 ns 

Address hold from end of write tAH 2 2 2 2 2 ns 

Write pulse width twp 20 25 25 30 35 ns 

Data set-up time tDS 15 15 17 20 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 20 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. 
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. 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

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. 
1l.atVcc= 2V. 
12. at Vcc = 3V. 

13. tRC = Read Cycle Time. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS TYP MAX UNIT 

VDR Vce for Retention Data 2 - V 

leeDR Data Retention Current CE ~ (Vee - 0.2V) 95 50d 11 ) j.!A 
VIN ~ (Vee - 0.2V) 350 750(12) j.!A 

or:S; 0.2V 

tCDR(4) Chip Deselect to Data Retention Time 0 - ns 
tR(4) Operation Recovery Time tRC(13) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

Vee 
4.SV 4.SV 

teDR 

~ DON'T eARE 
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AODR 

cr 

WE 

D,N 

READ CYCLE NO.1 (8, 9) 

ACDR ____ ~'I'--........,.-------JX'-----
tAA 

DOUT ___ PR_[Vl_O_US_D_A_TA_V_AL_'D_---'~.~_"""" '-___ D_AT_A_VA_L_'D __ _ 

READ CYCLE NO.2 (7, 8,10) 

cr 
tACE 

tLZe[ J 
1- 0 

DOUl HIGH Z 
VNU, 

DATA VALID HIGH z-

~tPu ~tPD 
~B~Pl y ICC - '-50::-::-~----- 50~ 
CURRENT IS8 -_______ ~ 

.1 
l11111111111111A 

l tAS 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twe 

tAW 

tew 

twp 

I 
VIIIII,.i 

tDS 

.I 1 

DATA VALID 

tAH 

WIIIIIIIIIIIIIIIIIIIIIIIII~ 

tDH 

.1 

~ tLZWE 1_ 
DOUT ~!-. ----HIGH Z----_ 

AODR 

cr 

WE 

tAS 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

twe 

tAW 

tew 

.1 
'\ 

twp 

.1 
111111111111111111111111111,.i 

tos 

.1 1 
X DATA VALID 

tAH 

WIIIIIIIIIIIIIIIIIIIIIIIII/; 
tOH 

J 
X 

~ 00UT _I----HIGH Z----
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ORDER INFORMATION 

I....._-""T'" ... I PACKAiE~:JED 1....., ___ ... 

MT5C25610J-45 
MT5C2561 EC-35 L 

The Micron Fast SRAM family is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
These products are manufactured and quality controlled 

in the U.S.A. at Micron's modern Boise, Idaho facility. 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate and courteous service while assuring quality and 
reliability. Several parameters are sampled; however, 
functionality is consistently assured over a wider power 
supply and temperature range than specified. Each unit 
receives accelerated burn-in prior to final test and ship
ment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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1'41C:F=lON 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 (±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 speed memory applications, Mi
cron offers chip enable (CE) on all organizations. Output 
Enable (OE) is an enhancement available for all common II 
o organizations. This enhancement can place the output in 
a high impedance state for additional flexibility in system 
design. The x 1 organization 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. When the OE option is present, it 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. 
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256K X 4SRAM 
WITH OUTPUT ENABLE 

PIN ASSIGNMENT (Top View) 

28L DIP 
A7 Vee 

A8 A6 

A9 A5 

A10 A4 

A11 A3 

A12 A2 

A13 A1 

A14 A6 

A15 NC 

A16 OQ4 

A17 OQ3 

CE OQ2 

DE OQ1 

Vss WE 

-
~ 
~ 
en 
~ s: 
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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 speed memory applications, Mi
cron offers chip enable (CE) on all organizations. Output 
Enable (OE) is an enhancement available for all common 
I/O organizations. This enhancement can place the output 
in a high impedance state for additional flexibility in 
system design. The x 1 organization 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. When the OE option is present, it 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. 
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1MEG X 1 SRAM 

PIN ASSIGNMENT (Top View) 

28L DIP 
A11 Vee 

A12 A10 

A13 A9 

A14 A8 

A15 A7 

A16 A6 

NC A5 

A17 A4 

A18 A3 

A19 A2 

A20 A1 

D OUT AO 

WE DIN 

Vss CE 

.. 
~ 
~ 
en 
~ s: 
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I CACHE DATA STATIC RAMS 

CACHE DATA RAM PRODUCT SELECTION GUIDE 

Memory Control Part Access 
T'"" 

tb 
Configuration Functions Number Time (ns) Package Process Page 
Dual4K x 16/18 Mode, Byte Select MT56C0416 25,35,45 52-Pin PLCC CMOS 5-1 

or CE, DE, 
Single 8K x16/18 Address Latch 
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MIC:I=ICJN MT56C0416 

CACHE DATA 
STATIC RAMS 
FEATURES 
• Operates as two 4K x 16/18 SRAMs with common 

addresses, common data and separate control 
signals. 

• Configurable as a single 8K x 16/18 SRAM with 
MODE input. 

• Two parity bit utilization when operated in x 18 
mode. 

• Built-in address input latches. 
• Separate byte selects. 
• Fast access times: 25ns, 35ns and 45ns. 
• Upper and lower byte selects. 
• Fast output enable: 8ns. 
• Compatible with the Intel 82385 cache memory 

controller. 

OPTIONS 
• Timing 

25ns access 
35ns access 
45ns access 

GENERAL DESCRIPTION 

MARKING 

-25 
-35 
-45 

The MT56C0416 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 metal, double layer polysilicon CMOS tech
nology. 

The MT56C0416 is designed to be a cache data memory 
cell 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 determines the 
configuration of the memory. When this pin is held low, 
the device functions as an 8K by 16 or 18 bit SRAM. When 
the mode pin is high, the device is configured as a dual4K 
by 16 or 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. 

The memory functions are contolled by the output en
able, write enable and chip select signals. Outputs of the 
"A" bank SRAM are enabled when the COEA pin makes a 
high to low level transition. Outputs of the "B" bank SRAM 
are enabled when the COEB pin makes a high to low 
transistion. 

Write enables are also activated on the high to low 
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DUAL 4K x16/18 SRAM, 
SINGLE 8K x 16/18 
CONFIGURABLE CACHE DATA RAM 

PIN ASSIGNMENT (Top View) 

52-Pin PLCC 

"" W 
o....J 0 ...... ......NC"')vLl)C.DU«,....cocn ............ 

<C<C<C<C<C<C>o«««c::(c:( 

r---c,oLOoo;:f"MN C\I ...... ocnco ..... 
B ...... LO LO Lt) ""='" -.::t -.::J" 46 
9 ~ 
10 44 
11 43 
12 42 
13 41 
14 40 
15 39 
16 38 
17 37 
18 36 
19 35 

A12 
Vss 
Vss 
0016 
0015 
0014 
0013 
Vss 
0012 
0011 
DOlO 
009 
00P2 

transitions. CWEA allows data to be written in the "A" 
bank and CWEB causes data to be written in the "B" bank. 
CSO and CSI determine the byte selection. CSO controls the 
lower byte and CSI controls the upper byte. 

Micron applies the highest level of design and process 
technology in all their Static RAM products. With a full line 
of 256K density SRAM's at access times of 25 nanoseconds, 
Micron has firmly established itself as the leading fast 
SRAM supplier. So, for your fastest memory requirements, 
come to the fast memory supplier. .. 
Micron. 
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FIFO PRODUCT SELECTION GUIDE 

Memory Control Part Access Package & Number of Pins 
Configuration Functions Number Time (ns) POIP COIP LCC PLCC Page 

512 x 8 MB, VF MT52C8006 25, 30, 35 28 28 - - 6-3 
512 x 9 E MT52C9005 25, 30, 35 28 28 32 32 6-5 
512 x 9 MB MT52C9006 25,30,35 28 28 32 32 6-7 : 

512 x 9 VF MT52C9007 25, 30, 35 28 28 32 32 6-9 
512 x 16 E, MB, VF MT52C1605 25, 30, 35 48 48 - - 6-11 i 

512 x 16/8 E, MB, VF MT52C1607 25,30,35 40 40 - - 6-13 
1K x 8 MB, VF MT52C8011 25, 30, 35 28 28 - - 6-15 I 

1K x 9 E MT52C9010 25, 30, 35 28 28 32 32 6-17 
1K x 9 MB MT52C9011 25,30,35 28 28 32 32 6-19 
1K x 9 VF MT52C9012 25,30,35 28 28 32 32 6-21 

..-
<b 1K x 16 E, MB, VF MT52C1610 25,30,35 48 48 - - 6-23 

1K x 16/8 E, MB, VF MT52C1612 25,30,35 40 40 - - 6-25 
2K x 8 MB, VF MT52C8021 25,30,35 28 28 - - 6-27 
2K x 9 E MT52C9020 25,30,35 28 28 32 32 6-29 
2K x 9 MB MT52C9021 25,30,35 28 28 32 32 6-31 
2K x 9 VF MT52C9022 25,30,35 28 28 32 32 6-33 
2K x 16 E, MB, VF MT52C1620 25,30,35 48 48 - - 6-35 
2K x 16/8 E, MB, VF MT52C1622 25, 30, 35 40 40 - - 6-37 
4K x 8 MB, VF MT52C8041 25,30,35 28 28 - - 6-39 
4K x 9 E MT52C9040 25, 30, 35 28 28 32 32 6-41 
4K x 9 MB MT52C9041 25,30,35 28 28 32 32 6-43 
4K x 9 VF MT52C9042 25,30,35 28 28 32 32 6-45 

MB ........... Mailbox Register 
VF .............. Variable Flags 
E .. Depth and Width Expandable 
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I'IIIC:::F=lON MT52C8006 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Programmable Mailbox register 
• Programmable Empty I Full flags (128 increments) 
• Asynchronous READ and WRITE 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are 1TL compatible. 
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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 

-." -23 
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I'IIIC:I=ION MT52C9005 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Industry standard pin-out 
• Empty and Full warning flags 
• Asynchronous READ and WRITE 
• Depth and Width expansion capability 
• Automatic retransmit 
• Low power consumption 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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512 x 9 FIFO 

PIN ASSIGNMENT (Top View) 

28L DIP 
iN 28 Vee 

09 2 27 05 

04 3 06 

03 4 25 07 

02 5 24 08 

01 FURT 

Xi RS 

FF EF 

01 XO/HF 

02 08 

03 07 

04 06 

09 05 

Vss R 

32ULCC 

C5~I~~~:g~ 
vC'I')N<r-N.,.-O 

C') C') C') 

03 • 29 07 
02 28 08 
01 27 NC 
Xi 26 FLtRT 
Ff 25 RS 
01 24 EF 
02 23 XO/HF 
NC 22 08 
03 21 07 

V LOCO ....... CDQ) 0 ,....,.... ...... ,....,....,....(\,,1 

..,. a> en (.:>1 II: Ll) co 
oo~z 00 

-J] 

2J 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Programmable Mailbox register 
• Asynchronous READ and WRITE 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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512 x 9 FIFO 
MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

28L DIP 
W Vee 

09 05 

04 06 

03 07 

02 08 

01 RT 

MBS RS 

FF EF 

01 MBF 

02 08 

03 07 

04 06 

09 05 

Vss R 

32L/LCC 

-J] 

~ 
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I'IIIC:I=ION MT52C9007 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Programmable Empty /Full flags (128 increments) 
• Asynchronous READ and WRITE 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 

6-9 

512 x 9 FIFO 
VARIABLE FLAGS 

PIN ASSIGNMENT (Top View) 

28L DIP 

Iii 28 Vee 

09 2 27 05 

OA 3 26 06 

03 4 25 07 

02 5 24 08 

01 6 23 RT 

VF 22 RS 

FF EF 

01 9 VE 

02 10 19 08 

03 11 18 07 

04 12 17 06 

09 13 16 05 

Vss 14 15 R 

32L1LCC 

3 ~I:s: ~ ~:3 ~ 
oo:::t'('f')C'\.IT"""N,....0 

MMM 

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!) CD r- ex) 0> 0 
T""",.....,....,....~,....N 

;; 8 ~ ~IO:: 8 gs 

-." -
2J 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• 16-bit word width 
• Programmable Mailbox register 
• Programmable Empty/Full flags (128 increments) 
• Asynchronous READ and WRITE 
• Easy expansion capability 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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512 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 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 

-." -2J 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Programmable Mailbox register 
• Programmable Empty/Full flags (128 increments) 
• Asynchronous READ and WRITE. 
• Easy expansion capability 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 
• One chip interface between a 16 bit bus and an 8 bit 

bus 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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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 

.. 
-n -2J 
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I'IIIC:I=ICN MT52C8011 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Programmable Mailbox register 
• Programmable Empty/Full flags (128 increments) 
• Asynchronous READ and WRITE 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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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 

-II 
23 
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I'IIIC::RON MT52C9010 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Industry standard pin-out 
• Empty and Full warning flags 
• Asynchronous READ and WRITE 
• Depth and Width expansion capability 
• Automatic retransmit 
• Low power consumption 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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1K x 9 FIFO 

PIN ASSIGNMENT (Top View) 

28L DIP 

IN Vee 

09 05 

04 06 

03 07 

02 08 

01 FURT 
XI RS 
FF EF 

01 XO/HF 

02 08 

03 11 07 

04 12 17 06 

Q9 13 16 Q5 

Vss 14 15 R 

32L1LCC 

C'i~Es:~~~l3 
..:::t('l')N..--NT"""O 

MMM 

03 • 29 07 
02 28 08 
01 27 NC 
Xi 26 FLiRT 
FF 25 RS 

Q1 24 EF 
Q2 23 XO/HF 
NC 22 Q8 
03 21 Q7 
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I'IIIC:F=lON MT52C9011 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Programmable Mailbox register 
• Asynchronous READ and WRITE 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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1K x 9 FIFO 
MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

28L DIP 

Iii 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 

3~1:S:~~lS~ 
""""C")N,..-C\J,..-O 

C') C') C') 

D3 • 29 D7 
D2 28 D8 
D1 27 NC 

MBS 26 RT 
FF 25 RS 
01 24 EF 
02 23 MBF 
NC 22 08 
03 21 07 
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ADVANCE 

I'IIIC:I=ION MT52C9012 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Programmable Empty/Full flags (128 increments) 
• Asynchronous READ and WRITE 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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1K x 9 FIFO 
VARIABLE 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 07 

04 06 

09 05 

Vss 14 15 R 

32ULCC 

~~IS:~~~~ 
"II:!t'MN __ 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 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• 16-bit word width 
• Programmable Mailbox register 
• Programmable Empty I Full flags (128 increments) 
• Asynchronous READ and WRITE 
• Easy expansion capability 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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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 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 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Programmable Mailbox register 
• Programmable Empty/Full flags (128 increments) 
• Asynchronous READ and WRITE 
• Easy expansion capability 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 
• One chip interface between a 16 bit bus and an 8 bit 

bus 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TIL compatible. 
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1 K x 16 to 8 FIFO 
VARIABLE FLAGS/MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

40L DIP 

W 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 
Q1 16 25 Q8 
Q2 17 24 Q7 
Q3 18 23 Q6 
Q4 19 22 Q5 

Vss 20 21 R 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Programmable Mailbox register 
• Programmable Empty I Full flags (128 increments) 
• Asynchronous READ and WRITE 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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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 

-"T1 -
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I'IIIC:I=ICN MT52C9020 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Industry standard pin-out 
• Empty and Full warning flags 
• Asynchronous READ and WRITE 
• Depth and Width expansion capability 
• Automatic retransmit 
• Low power consumption 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TIL compatible. 
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2K x 9 FIFO 

PIN ASSIGNMENT (Top View) 

28L DIP 
iii 
09 

04 

03 

02 

01 

XI 

FF 

01 

02 

03 

04 

09 

Vss 

[ 1 '-' 28 

[ 2 27 

[ 3 26 

4 25 

5 24 

6 23 

7 22 ] 

8 21 P 
9 20 P 
10 19 P 
11 18 P 
12 17p 
13 16 P 

[ 14 15 b 

32ULCC 

Vee 

05 

06 

07 

08 

FURT 

RS 
EF 
XO/HF 

08 

07 

06 

05 

R 

VC")C\Jor-('\JT"""Q 
C") C") C") 

03 .. 29 
02 28 
01 27 
~ 26 
FF 25 

01 10 24 
02 11 23 
NC 12 22 
03 13 21 
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T"""T"""T"""'T"""~T"""N 
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08 
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RS 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Programmable Mailbox register 
• Asynchronous READ and WRITE 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TIL compatible. 
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2Kx 9 FIFO 
MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

03 
02 
01 

MBS 
FF 

Q1 
Q2 
NC 
Q3 

28L DIP 

Vii Vee 

09 05 

04 06 

03 07 

02 08 

01 RT 

MBS RS 

FF 8 21 EF 

Q1 9 20 MBF 

Q2 10 19 Q8 

Q3 11 18 Q7 

Q4 Q6 

Q9 Q5 

Vss R 

32L1LCC 

oq-MN,.....C\.I.,.-O 

'" '" C') • 29 07 
28 08 
27 NC 
26 RT 
25 RS 
24 EF 
23 MBF 
22 Q8 
21 Q7 
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I'IIIC:I=ION MT52C9022 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Programmable Empty/Full flags (128 increments) 
• Asynchronous READ and WRITE 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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2K x 9 FIFO 
VARIABLE FLAGS 

PIN ASSIGNMENT (Top View) 

28L DIP 
W 28 Vee 

09 2 27 05 

OA 3 26 06 

03 4 25 07 

02 5 24 08 

01 6 RT 

VF RS 

FF EF 
01 VE 

02 08 

03 Q7 

04 06 

09 05 

Vss R 

32L/LCC 

~~Is:~~(3~ 
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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 
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ADVANCE 

I'IIIC:RON MT52C1620 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• 16-bit word width 
• Programmable Mailbox register 
• Programmable Empty /Full flags (128 increments) 
• Asynchronous READ and WRITE 
• Easy expansion capability 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimpm 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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2K 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 
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I'IIIC:RON MT52C1622 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Programmable Mailbox register 
• Programmable Empty I Full flags (128 increments) 
• Asynchronous READ and WRITE 
• Easy expansion capability 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 
• One chip interface between a 16 bit bus and an 8 bit 

bus 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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2Kx16 to 8 FIFO 
VARIABLE FLAGS/MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

40L DIP 

W 1 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 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 
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ADVANCE 

I'IIIC:I=ION MT52C8041 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Programmable Mailbox register 
• Programmable Empty/Full flags (128 increments) 
• Asynchronous READ and WRlTE 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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4K x 8 FIFO 
VARIABLE FLAGS/MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

28L DIP 
W 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 

-II 
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I'I'IC:RON MT52C9040 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Industry standard pin-out 
• Empty and Full warning flags 
• Asynchronous READ and WRITE 
• Depth and Width expansion capability 
• Automatic retransmit 
• Low power consumption 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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4K x 9 FIFO 

PIN ASSIGNMENT (Top View) 

28L DIP 
IN 28 Vee 

09 27 05 

04 26 06 

03 25 07 

02 5 24 08 

01 6 23 Fu'RT 
Xi 7 22 RS 
FF 8 21 EF 

Q1 9 20 XO/HF 

Q2 10 19 Q8 

Q3 11 18 Q7 

Q4 12 17 Q6 

Q9 13 16 Q5 

Vss 14 15 R 

32L/LCC 

t!l~I3:~~~~ 
V (Y)N.,.-N.,.-O 

C') C') C') 

03 • 29 07 
02 28 08 
01 7 27 NC 
Xi 8 26 FURT 
fF 9 25 RS 

Q1 10 24 EF 
Q2 11 23 XO/HF 
NC 12 22 Q8 
Q3 13 21 Q7 

...::tl.C)cc ......... COO')O 
T""""'- T""".,.- ...... .,.-N 

'<3' en '" c..> (a: LC') <!) 
oo~z 00 

.. 
J] 
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fVl1C:RON MT52C9041 

FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Programmable Mailbox register 
• Asynchronous READ and WRITE 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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4Kx 9 FIFO 
MAILBOX REGISTER 

PIN ASSIGNMENT (Top View) 

28L DIP 
W 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 MBF 
02 10 08 

03 11 07 

04 12 06 

09 13 16 05 

Vss 14 15 R 

32L1LCC 

~~E~~~:g~ 
'o::::tMC'\J,....N,....O 

CO") CO") CO") 

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 

'o::::tLOtO ........ OOO')O ,....,....,....,....,....,....N 

C5 ~ ~ ~Ia: l§ ~ 
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FIFO 

FEATURES 
• High speed: 25ns access, 35ns cycle time 
• Programmable Empty /Full flags (128 increments) 
• Asynchronous READ and WRITE 
• Automatic retransmit 
• Low power 
• Transistor loads for maximum data integrity 

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 8-transistor memory 
cell with P-channelloads. They are fabricated using twin 
tub, silicon gate CMOS technology. An eight transistor 
memory cell produces a device that has the minimum 
possible power dissipation and maximum data integrity. 

There are three types of FIFO's in the Micron family: 
Expandable, Mailbox Register, and Variable Flags. Ex
pandable FIFO's are designed to be compatible with indus
try standard devices and have fixed full and empty flags. 
Mailbox FIFO's have an on-chip programmable register 
that is used to bypass specific words around the FIFO. 
Variable flag FIFO's allow the user to program the level of 
the full and empty flags. 

All devices operate from a single +5V power supply and 
all inputs and outputs are TTL compatible. 
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4K x 9 FIFO 
VARIABLE FLAGS 

PIN ASSIGNMENT (Top View) 

28L DIP 

03 
02 
01 
VF 
FF 

01 
02 
NC 
03 

5 
6 
7 
8 
9 

W 
09 

OA 

03 

02 

01 

VF 
fF 

01 

02 

03 

04 

09 

Vss 

1 'J 28 P Vee 
2 27 P 05 

3 26 P 06 

4 25 P 07 

5 24 P 08 

6 23 P RT 

7 22 P RS 

8 21 IT 
[ 9 20 VE 
[ 10 19 08 

[ 11 18 07 

[ 12 17 06 

[ 13 16 05 

[ 14 15 R 

32L/LCC 

;g~I3:~~~~ 
~('f')N.,-C\J~O 

C') C') C') 

• 29 
28 
27 
26 
25 

10 24 
11 23 
12 22 
13 21 

"'I:tLOc.o,.....,OOClO 
..--...-.,.-.,- 'T"""..--N 

.... 0> Ul u I~ Ln <0 
cc~z CC 

07 
08 
NC 
RT 
RS 
EF 
VE 
08 
07 

.. 
J] 
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I'IIIC::RON MILITARY PRODUCTS 

MICRON TECHNOLOGY 

Micron Technology is one of the only manufacturers of military-grade memory components that 
offers 100% on-shore fabrication. 

Located in Boise, Idaho, Micron currently maintains two wafer fabrication (fab) facilities with full 
assembly, test, quality assurance and failure analysis capabilities. Our third wafer fabrication facility, 
also located in Boise, is scheduled to begin production in 1989. 

Micron's design rules for Fab I and II are 1.2 drawn and 1.0 micron effective. Under Fab III 
guidelines, this will progress down to 1.0 and 0.8 micron effective. 

As a supplier to the defense electronics industry, Micron offers memory products certified to JAN 
38510, DESC Standard Military Drawings (SMD) and 883 Rev. C Class B. Our wafer fabrication is 
currently certified to the level of 38510 for NMOS processes. 

MILITARY PRODUCTS - MICRON 

Since 1987 Micron has been the sole source of JAN 38510 256K DRAMs. We have also introduced 
an 883 dual port DRAM (Video RAM) and the first 256K x 1 and 64K x 4 high-speed static RAMs. We 
will soon be introducing the industry's first SMD Video RAM. 

As a leader in the high-density memory market, Micron is a founding participant in Sematech, a 
U.S. government sponsored consortium aimed at the memory needs of the defense industry. Plans 
for future devices include a 1 megabit static RAM, a 1 megabit video RAM and a 4 megabit DRAM. 
These devices are currently under development independent of Sematech or Defense Advanced 
Research Projects Agency (DARPA) support. 

MILITARY PRODUCTS - FUTURE REQUIREMENTS 

In the area of radiation tolerance, Micron believes most contracts will require a defined level of 
radiation immunity. In response, we are currently testing SRAM and DRAM CMOS products 
through total dose, dose rate and single event upset. 

We believe the defense industry is heading toward higher-density memory, faster speeds and 
more sophisticated "memory solutions." This may include a non-standard packaging concept 
specially designed for cooling or possibly higher density than currently available from a single 
component. 

We also believe that the defense memory industry will move towards tighter processing geome
tries, new packaging 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 MILITARY 

MILITARY PRODUCT SELECTION GUIDE 

DRAM 

Memory Optional 
Configuration Access Cycle Part Number Access Time (ns) 

64K x 1 Page Mode MT4264883 100,120,150 

64K x 4 Page Mode MT4067883 100,120,150 

256K x 1 Page Mode MT1259883 100,120,150 

256K x 4 Fast Page Mode MT 4C4256 883 100,120,150 

1 Meg x 1 Fast Page Mode MT4Cl024883 100,120,150 

VRAM 

Access Part Access 
Cycle Number Time (ns) 

Page Mode MT 42C4064 883 120,150,200 

SRAM 

Memory Control Part Access 
Configuration Functions Number Time (ns) 

2K x 8 CE & OE MT5C1608883 15 to 35 

8K x 8 CE1, CE2 & OE MT5C6408 883 15 to 35 
16K xl CE only MT5C1601 883 15 to 35 
16K x 4 CE only MT5C6404 883 15 to 35 
32K x 8 CE &OE MT5C2568 883 25 to 45 

64K x 1 CE only MT5C6401 883 15 to 35 
64K x 4 CE only MT5C2564 883 25 to 45 

256K xl CE only MT5C2561 883 25 to 45 

Power Dissipation 
Standby Active 

15mw 75mw 
15mw 150mw 
15mw 150mw 
5mw 175mw 

5mw 175mw 

PackaQe & No. of Pins 
CDiP CLCC 

24 24 
28 32 
20 20 
22 22 
28 32 
22 22 
24 28 
24 28 

Packa e and Number of Pins Process 
CDIP CLCC Flat Pack Process Page 

16 18 16 NMOS 7-5 
16 18 16 NMOS 7-17 
16 18 16 NMOS 7-29 I 

20 20 CMOS 7-41 

18 18 CMOS 7-53 

(') 

r-!. 

Process Page 

CMOS 7-95 

CMOS 7-103 
CMOS 7-111 
CMOS 7-119 
CMOS 7-127 
CMOS 7-135 
CMOS 7-141 
CMOS 7-149 





I'IIIC:RON MT4264883C 

MILITARY 
DRAM 
ADDITIONAL MILIT ARY SPECIFICATIONS 
• SMD 82010 

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

compatible 
• Single +5V±1O% power supply 
• Low power, 15mW standby, 75mW active, typical 
• Common I/O capability using "Early Write" 
• Optional Page Mode access cycle __ 
• Refresh modes: RAS only, CAS before RAS, and 

Hidden 
• 256 cycle refresh distributed across 4ms 
• Specifications guaranteed over full military DRAM 

temperature range (-55°C to +110°C) 
• MIL-STD 883C processing 

OPTIONS MARKING 
• Process Level 

MIL-STD 883C (-55°C to +110°C) 883C 
Parts processed to full requirements 
of MIL-STD-883C, method 5004 
and 5005 

MIL-STD 883C with the exception M070 
that final electrical testing is 
performed at O°C to 70°C 

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

• Packages: 
Ceramic DIP C 
Ceramic LCC EC 
Ceramic Flat Pack F 

GENERAL DESCRIPTION 
The MT4264 883C is a randomly accessed solid-state 

memory containing 65,536 bits organized in a xl configu
ration. 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. If WE goes low after 
Data reaches the output pin, the output pin is activated and 

7-5 

64K x 1 DRAM 

PIN ASSIGNMENT (Top View) 

16 Pin DIP 18 Pin LCC 

"1 16 VSS 

z (J)I~ 
0« .ffJo 

DIN 2 15 CAS 2 1 1817 
WE 3 14 DOUT WE 3 0 16 DOUT 

RAS 4 13 A6 
RAS 4 15 AS 

AO 5 
NC 5 14 NC 

12 A3 

A2 
AO 6 13 A:3 

6 11 A4 A2 7 12 A4 
A1 7 10 AS 8 9 10 11 

Vee 8 9 A7 :;;: ~~~ 
CA ECA 

16 Pin Flat Pack 

"1 16Vss 

DIN 2 15 CAS 

WE3 14 Dour 

RAS 4 13A6 

A05 12A3 

A26 11 A4 

A1 ? 10A5 

Vee 8 9A? 

FA 

• No Connect - Open 

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 
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 combina
tions of RAS addresses are executed at least every 4 msec 
(regardless of sequence). 

-3: -r---f 
l> 
::D 
< 
C 
::D 
l> 
3: 



-s:: -r -----I » 
:xJ 
-< 
C 
:xJ » 
s:: 

I'IIIC::RON MT 4264 883C 

FUNCTIONAL BLOCK DIAGRAM 
PAGE MODE 

WRITE~ ______ -q--~ 

CAS ~--------------------------------~~ 

RAS ~ ____ -I 

MEMORY 
ARRAY 

L-____ ~----------------~ 

FUNCTIONAL TRUTH TABLE 

Addresses 
Function "RJ;S" ~ 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 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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DOUT 

----0 Vee 

----oVss 

NOTES 



IVIIC:RON MT4264883C 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ................... -l.5V to +7.0V 
Storage temperature range ........................ -6S0C to +lS0°C 
Power Dissipation ........................................................ 1 Watt 
Lead temperature (soldering S sec.) ........................... 300°C 
Juction temperature (Tj) ............................................. + lS0°C 
Short Circuit Output Current ..................................... SOmA 
Thermal resistance (Sjc) 16 pin DIP ....................... SO°C/W 

*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 PERORMANCE CHARACTERISTICS 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Current from Vcc (active); RAS and CAS = Cycling; ICCl 40 mA 3 
TRC = TRC(MIN) 

Supply Current from Vcc (active, page mode); RAS = VIL, CAS = Cycling; Icc2 40 mA 3 
Tpc = TpC(MIN) 

Supply Current from Vcc (standby); Icc3 6 mA 
RAS and CAS = VI H 

Supply Current from Vcc (refresh, RAS only); Icc4 30 mA 3 
RAS = Cycling: CAS = VIH 

Output High Voltage (loH = -5mA) VOH 2.4 V 1 

Output Low Voltage (IOL = 5mA) VOL 0.4 V 1 

Input Leakage IIH -10 10 ~A 

Any input (OV $; VIN $; Vee), all other pins = OV IlL -10 10 ~A 

Output Leakage (0 $; VOUT $; Vcc) loz -10 10 ~A 

RECOMMENDED DC OPERATING CONDITIONS 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Vcc Supply Voltage Vcc 4.5 5.5 V 

Vss power supply and signal reference Vss 0.0 0.0 V 1 

High level input voltage (all inputs) VIH 2.4 VcC+1 V 1 

Low level input voltage (all inputs) VIL -1.0 0.8 V 1 

Operating Case Temperature Tc -55 +110 °C 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-As), DIN Cll 5 pF 3 

Input Capacitance RAS, CAS, WE CI2 8 pF 3 

Output Capacitance DouT Co 8 pF 3 
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IViIC:RCN MT4264883C 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 8) (-55°C ~ T C ~ 110°C, Vee = 5.0V ±10%) 

A.C. CHARACTERISTICS -10 -12 -15 

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cycle time 'RC 195 230 250 ns 

READ-MODIFY-WRITE cycle time 'RWC 230 255 270 ns 
PAGE-MODE cycle time 'PC 90 100 120 ns 18 

Access time from RAS 'RAC 100 120 150 ns 9 

Access time from CAS 'CAC 50 60 75 ns 10 

RAS pulse width 'RAS 100 10000 120 10 000 150 10 000 ns 

CAS pulse width 'CAS 50 10000 60 10 000 75 10 000 ns 
"RAS orecharae time 'RP 80 90 90 ns 

CAS precharge time 'CPN 25 25 30 ns 1119 

CAS orecharae time (PAGE-MODEl 'CP 30 30 40 ns 
RAS to Ci\S" delay time 'RCD 25 50 25 60 35 75 ns 12 

RAS hold time 'RSH 50 60 75 ns 

"CAS hold time 'CSH 110 120 150 ns 
Row address set-up time 'ASR 0 0 0 ns 19 

Row address hold time 'RAH 15 15 20 ns 
Column address set-up time 'ASC 0 0 0 ns 19 

Column address hold time 'CAH 20 20 25 ns 

Column address hold time 'AR 70 80 100 ns 
referenced to RAS 
READ command set-up time 'RCS 0 0 0 ns 19 

READ command hold time 'RCH 0 0 0 ns 13,19 
referenced to CAS 
READ command hold time 'RRH 10 10 10 ns 

referenced to RAS 
Output disable delay 'OFF 0 35 0 30 0 35 ns 14 
WRITE command set-up time 'wcs 0 0 0 ns 15 
WRITE command hold time 'WCH 35 40 45 ns 
WRITE command hold time 'WCR 85 100 120 ns 
referenced to RAS 
WRITE command pulse width 'WP 35 40 45 ns 
WRITE command to RAS" lead time 'RWL 35 40 45 ns 
WRITE command to CAS lead time 'CWL 35 40 45 ns 

Data-in set-up time 'DS 0 0 0 ns 16 19 

Data-in hold time 'DH 35 40 45 ns 16 
Data-in hold time 'DHR 85 100 120 ns 
referenced to RAS 
CAS to WRITE delay 'CWD 40 50 60 ns 15 
RAS" to WRITE delay 'RWD 90 110 135 ns 15 
Transition time (rise or fall) 'T 3 100 3 100 3 100 ns 6 7 
CAS to RAS" set-up time 'CRP 10 10 10 ns 

Refresh Period (256 cycles distributed) 'REFD 4 4 4 ms 17 
Refresh Period (256 cycles burst) 'REFB 4 4 4 ms 18 
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1'41C:I=ION MT 4264 883C 

NOTES 
1. Vss is common for all voltages. 
2. This parameter is sampled, not 100% tested. 

Capacitance calculated from the equation C = 1M 
tN 

with tN = 3V and Vee = 5V. 
3. Specified values are obtained with the output load 

equal to 2TTL loads and 100pF to Vss. 
4. An initial pause of 100l1s is required after power-up 

followed by any 8 RAS cycles, (READ, WRITE, 
READ-MODIFY-WRITE, RAS refresh) before proper 
device operation is assured. 

5. AC characteristics assume transistion time (IT) = 5ns. 
6. VIL (max) and VIH (min) are reference levels for 

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

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

8. If CAS = VIH, data output is high impedance. If CAS 
= VIL, data output may contain data from the last 
valid READ cycle. 

9. 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. 

10. Assumes that IRCD ~ IRCD (max). 
11. If CAS is low at the falling edge of RAS, DOUT 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 9 applies to determine 
valid data out. 

12. Operation within IRCD (max) limit ensures the 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 is controlled 
excusively by ICAe. 
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13. IRCH is referenced to the first rising edge of RAS or 
CAS. 

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

15. IWCS, ICWD 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 conditions of the 
data out (at access time and until CAS goes back to 
VIH) is indeterminate. 

16. 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. 

17. A 256 cycle distibuted refresh consists of an address 
location refresh cycle being performed within 
15.62511S so that all 256 RAS address combinations 
are executed within 4ms (regardless of sequence). 
Micron recommends distributed refresh. 

18. A 256 cycle burst refresh consists of refreshing, as 
rapidly as minimum cycle time allows, all 256 combi
nations of RAS addresses (regardless of sequence). 
The refresh mode must be executed within 4ms. 

19. This parameter is "conditionally" guaranteed 
parameter that is specified to aid with device applica
tion. It is not directly verified by a specific test but is 
used, with several other parameters, in the perform
ance verification of other attributes. 
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1'41C: 1=10 N MT 4264 883C 

READ CYCLE 

tCSH 

Dour ~g~ --------- OPEN---------{=~VA~UD~DA~TA=j_--OPEN---

-s: -r- EARLY-WRITE CYCLE 

--I 
l> = VIH -
JJ 

V1L -

tCSH 

-< tCRP 

C CAS VIH -
VIL -

JJ tASR tRAH 

l> AD DR YIH - ROW s: VIL - COLUMN ROW 

tWCR 

twcs tWGH 

twp 

v IH _.TTT">'77TI7777TTT7TTT7Trn-TTTTTTTTTTTl>. 

V IL -UllliLLLLLLI..Lf.LI..Lf.Li'-'-'-'CLLLLCLLLLLLLL-"-----_-+-+----.-t D-HR---"'-LLLLLLLLliLLliLLliLLLLLLI..Lf.LI..Lf.LI..Lf.LCLLLLLLLL.LLL 

1- tDS I tDH 1 
DIN ~:t !i////i/i/#$//IU}lJii/$#///i/J--VA-UD-DAT-A ---C}w;//$$$/;@i/$i//$i/$/#/i/i/i/#j,; 

DOUT ~gt -'-----------------OPEN--------------

~ DON'T CARE 
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teRP 

AD DR ~:~ :::: ROW 

READ-WRITE CYCLE 
READ-MODIFY-WRITE CYCLE 

---------II~ 

ROW 

DOUT ~g~ --------OPEN VALID DATA 

~ DON'T CARE 

7-11 



I'IIIC:RON MT4264883C 

PAGE-MODE READ CYCLE 

= V,H -

V,L -

" _t_CRP tcp 

= V,H -
V,L -

ADDR 
V,H -
V,L -

WE V,H -
V,L -

DOUT 
YOH -
VOL 

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

-s:: 
PAGE-MODE EARLY-WRITE CYCLE 

r--~ = YIH -

l> 
V 1L -

JJ 
-< CAS YIH -

Vil -

C 
JJ V1H -

l> 
ADDR V 1L -

s:: 
WE' YIH -

Vil -

D,N 
VIH -
VIL -

~ DON'T CARE 
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I'IIIC:RON MT4264883C 

!lAS 

CAS 

ADDR 

Dour 

ADDR 

VIH -
VIL -

VIH -
VIL -

tCRP 

RXS" ONLY REFRESH CYCLE 
(ADDR = Ao - A7) 

tASR tRAH 

ROW ROW 

VOH -
VOL 

-------------------------------OPEN-------------------------------

HIDDEN REFRESH CYCLE 

(READ) 

tRAS 

(REFRESH) 

tRAS 

DOUT ~g~ -::--------------OPEN-------------l~-----------V-AL-ID-D-A-TA-----------
~ DON'T CARE 
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I'IIIC:RCN MT4264883C 

MICRON MIL·STD 883C PRODUCT ASSURANCE FLOW 

Description of 
Requirements and Screens 

General MIL-M-38S10 

1. MIL-SID 883, Class B, Rev C 

2. Certification 
3. Traceability 
4. Country of Origin 

(Not required for 883C) 

MIL-sm 883 Fabrication 

5. Incoming Inspections All 
Direct Materials 

6. Wafer Fabrication 
7. Assembly 

Methods and Test 
Conditions 

Establish and implement 
a product assurance program 
plan and qualification test plan 
and submit to qualifying activity. 
Manufacturer's QA survey 
Traceable to wafer production lot. 
N/A 

MIL-STD-I05D 

Method 2018 
Class B Process Monitors 

MIL-sm 883, Class B, Rev. C, Method 5004 Screening 

8. Internal Visual Method 2010, condo B 
9. Stabilization Bake Method 1008, condo C 
10. Temperature Cycle Method 1010, condo C 
11. Constant Acceleration Method 2001, condo E 
12. Hermeticity 

A. Fine Leak 
B. Gross Leak 

13. Initial Electricals 

14. Marking 
15. Burn-in 

16. Final Electrical Post 
Burn-in Test 

17. External Visual 
18. Pack/Ship 

19. Quality Conformance 
Inspection 

Method 1014, condo A 
Method 1014, condo C 
Manufacturer's documented 
data sheet @ +118°C 
Method 2015 
Method 1015, subgroups A-2 for endpoint 
162 hours @ 125°C 
Method 5004, Class B, 
3.1.16 @ -55°C, +25°C, +113°C 
5% PDA and in-line Group A 
per method 5005 
Method 2009 
Includes C of C, with QCI 
data (attributes only) 
Method 5005 in-line Class B 

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 
(1000 hr. operating life) 

22. Group D Package related test 

7-14 

Comment 

Approved 
byDESC 

Self audit 
Computer lot history records 
Devices manufactured, 
assembed and tested in 
Boise, Idaho USA. 

In-line 

100% 
100% 

100% 
100% 
100% 
100% 

100% 
100% 
100% 

100% 
100% 

100% 

100% 
100% 

Groups A, B, C, D 

Each lot/sublot 
Each package type 
on each lot 
Generic every 13 weeks 

Each package type 
Generic every 26 weeks 



fUl1C:RON MT4264883C 

ORDER INFORMATION 

64Kx1, 120ns access, -55°C to +11 O°C, in Ceramic DIP 

L... __ ....,... .... I PACKAG~~PEED I 
MT4264 C -12 aa3C 

7-15 

The Micron MT4264-883C serves the special needs of the 
Defense/ Aerospace market. The Micron Military Product 
Assurance Program provides state-of-the-art screened to 
MIL-STD-883C Class B Revision C Methods 5004 and 5005. 
All IC's furnished under this program are produces on 
certified lines and are manufactured, assembled, tested 
quality controlled in Micron's modern Boise, Idaho USA 
facility. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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I'IIIC:RCN MT4067883C 

MILITARY 
DRAM 
ADDITIONAL MILITARY SPECIFICATIONS 
• SMD 87676 

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

compatible 
• Single +5V±1O% power supply 
• Low power, 15mW standby, 150mW active, typical 
• Optional Page Mode access cycle 
• Refresh modes: RAS only, CAS before RAS, and 

Hidden 
• 256 cycle refresh distributed across 4ms 
• Specifications guaranteed over full military DRAM 

temperature range (-55°C to +110°C) 
• MIL-SID 883C processing 

OPTIONS MARKING 
• Process Level 

MIL-STD 883C (-55°C to +110°C) 883C 
Parts processed to full requirements 
of MIL-STD 883C, method 5004 
and 5005 

MIL-STD 883C with the exception M070 
that final electrical testing is 
performed at O°C to 70°C 

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

• Packages: 
Ceramic DIP C 
Ceramic LCC EC 

GENERAL DESCRIPTION 
The MT4067 883C is a randomly accessed solid-state 

memory containing 262,144 bits organized in a 65,536 
word x4 configuration. 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 WE goes low after Data reaches the output 
pin, the output pin is activated and retains the selected cell 
data as long as CAS and OE remains low (regardless of WE 

7-17 

64Kx4 DRAM 

PIN ASSIGNMENT (Top View) 

18 Pin DIP 

OE 1 18 Vss 
DQ1 2 17 DQ4 

002 3 16 CAS 
WE 4 15 DQ3 

RAS 5 14 AO 
A6 6 13 A1 

A5 7 12 A2 

A4 8 11 A3 

Vee 9 10 A7 

CB 

18 Pin Lee 
- ", ... 
gl~ ~g 

2 1 1817 
OQ2 3 0 16 CAS 
WE 4 15 OQ3 

RAS 5 14 AD 
AS 6 13 A1 

AS 7 A2 

:t 8:0: ~ 
> 

ECB 

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 
several faster READ, WRITE, or READ-MODIFY-WRITE 
cycles within the RAS address defined PAGE boundary. 
Returning RAS high terminates the memory cycle and de
creases 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 msec (regardless of sequence). 
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I'IIIC:F=lCN MT 4067 883C 

WRITE o-----q------..... 

FUNCTIONAL BLOCK DIAGRAM 
PAGE MODE 

CAS r-----------------~~ 

FUNCTIONAL 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 

Addresses 
we: 

tR te 

H X X 

H ROW eOL 

L ROW COL 

H-+L-+H ROW COL 

H ROW COL 

L ROW COL 

H-+L-+H ROW COL 

H ROW n/a 

H ROW COL 

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 

.---~DOUT 

NOTES 



I'IIIC:RON MT4067883C 

ABSOLUTE MAXIMUM RATINGS· 
Voltage on any pin relative to Vss .................... -l.SV to +7.0V 
Storage temperature range ........................ -6SoC to + IS0°C 
Power Dissipation ........................................................ 1 Watt 
Lead temperature (soldering S sec.) ........................... 300°C 
Juction temperature (Tj) ............................................. + IS0°C 
Short Circuit Output Current ..................................... SOmA 
Thermal resistance (ajc) 16 pin DIP ....................... 50°C/W 

*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 PERORMANCE CHARACTERISTICS 
(Notes: 3,4,6,7) (-55°C ~ T C ~ =11O°C) (Vee = 5.0V ±10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Current from Vee (active); RAS and ~ = Cycling; Icc1 55 mA 2 
TRe = TRe(MIN) 

Supply Current from Vee (active, page mode); RAS = VIL, CAS = Cycling; Icc2 55 mA 2 
Tpe = Tpe(MIN) 

Supply Current from Vee (standby); Icc3 8 mA 
RAS and CAS = VIH 

Supply Current from Vee (refresh, RAS only); Icc4 45 mA 2 
RAS = Cycling: ~ = VIH 

Supply Current from Vee (refresh, CAS-before-RAS); Icc5 55 mA 2 
RAS and ~ = cycling 

Output High Voltage (loH = -SmA) VOH 2.4 V 1 

Output Low Voltage (IOL = SmA) VOL 0.4 V 1 

Input Leakage IIH -10 10 IlA 
Any input (OV ~ VIN ~ Vee), all other pins = OV ilL -10 10 flA 
Output Leakage (0 ~ VOUT ~ Vee) loz -10 10 flA 

RECOMMENDED DC OPERATING CONDITIONS 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Vcc Supply Voltage Vee 4.5 5.5 V 

Vss power supply and signal reference Vss 0.0 0.0 V 1 

High level input voltage (all inputs) VIH 2.4 Vee+1 V 1 

Low level input voltage (all inputs) VIL -1.0 0.8 V 1 

Operating Case Temperature Tc -55 +110 °C 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-As), DIN CI1 5 pF 3 

Input Capacitance RAS, ~, WE", ~ CI2 8 pF 3 

Output Capacitance DouT Co 7 pF 3 
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I'IIIC:RON MT4067883C 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 8) (-55°C S; T C S; + 11 DoC, Vee = 5.0V ±1 0%) 

A.C. CHARACTERISTICS -10 -12 -15 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time IRC 195 220 250 ns 
READ-MODIFY-WRITE cvcle time IRWC 250 290 315 ns 20 
PAGE-MODE cycle time IpC 90 100 120 ns 20 
Access time from RAS IRAC 100 120 150 ns 9 
Access time from 'CAS' ICAC 50 60 75 ns 10 
"RAS' pulse width IRAS 100 10000 120 10000 150 10000 ns 
'CAS' pulse width ICAS 50 10000 60 10000 75 lQOOO ns 
~ precharae time IRP 80 90 90 ns 
~holdtime IRSH 50 60 75 ns 
~ to "CAS'delay time IRCD 25 50 30 60 30 75 ns 
'CAS' precharae time ICPN 25 25 30 ns 20 
'CAS' precharae time (PAGE-MODE) ICp 30 30 35 ns 11 
'CAS' to "RAS' set-up time ICRP 5 5 5 ns 
'CAS' hold time ICSH 110 120 150 ns 
Row address set-up time IASR 0 0 0 ns 20 
Row address hold time IRAH 15 20 20 ns 
Column address set-up time IASC 0 0 0 ns 20 
Column address hold time tCAH 20 30 30 ns 
Col mn address hold time reference to RAS IAR 70 80 100 ns 
READ command set-up time IRCS 0 0 0 ns 20 
READ command hold time tRCH 0 0 0 ns 20 
referenced to "CAS' 

READ command hold time lRRH 10 10 10 ns 
referenced to RAS 
Output disable delay 10FF 0 40 0 40 0 40 ns 12 
Output disable 100 35 40 40 ns 
Output enable toE 25 25 30 ns 13 
WRITE command set-up time IWCS 0 0 0 ns 14 
WRITE command hold time tWCH 35 40 45 ns 
WRITE command hold time IWCR 85 100 120 ns 
referenced to "RAS' 

WRITE command pulse width IWp 35 40 45 ns 
WRITE command to "RAS' lead time IRWL 35 40 45 ns 
WRITE command to ~ lead time ICWL 35 40 45 ns 
Data-in set-up time IDS 0 0 0 ns 15.20 
Data-in hold time tDH 35 40 45 ns 15 
Data-in hold time referenced to RAS tDHR 85 100 120 ns 
'CAS'to WRITE delay tCWD 40 50 60 ns 141620 
"RAS'to WRITE delay tRWD 90 110 135 ns 141620 
Transition time (rise or fall) tT 3 100 3 100 3 100 ns 
~ set-up time tCSR 10 10 10 ns 17 
(CAS'-before-"RAS' refresh) 

"CAS' hold time tCHR 20 25 30 ns 17 
(CAS'-before-1iAS' refresh) 

Refresh Period (256 cycles distributed) tREFD 4 4 4 ms 18 
Refresh Period (256 cycles burst) tREFB 4 4 4 ms 19 
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NOTES 
1. Vss is common for all voltages. 
2. Specified values are obtained with the output load 

equal to 2TTL loads and 100pF to Vss. 
3. This parameter is sampled, not 100% tested. 

Capacitance calculated from the equation C = Mt 
t:N 

with t:N = 3V and Vee = 5V. 
4. An initial pause of looJ-Ls is required after power-up 

followed by any 8 RAS cycles, (READ, WRITE, 
READ-MODIFY-WRITE, RAS refresh) before proper 
device operation is assured. 

5. AC characteristics assume transistion time (IT) = 5ns. 
6. VIL (max) and VIH (min) are reference levels for 

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

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

8. If CAS = VIH or OE = VIH, data output is high imped 
ance. If CAS = VIL and OE = VIL, data output may 
contain data from the last valid READ cycle. 

9. 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. 

10. Assumes that IRCD ~ IRCD (max). 
11. If CAS is low at the falling edge of RAS, DoUT 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. 

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

13. If OE is taken LOW then HIGH DouT goes open. If 
OE is tied permanently LOW a READ-WRITE or 

7-21 

READ-MODIFY-WRITE operation requires a 
separate READ and WRITE cycle. 

14. 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 conditions of the 
data out (at access time and until CAS goes back to 
VIH) is indeterminate. 

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. During a READ-WRITE or READ-MODIFY-WRITE 
cycle the minimum specifications for IRWD and 
ICWD must be modified by adding 40 ns to each 
specification due to DE delay. 

17. Enables on-chip refresh and address counters. 
18. A 256 cycle distibuted refresh consists of an address 

location refresh cycle being performed within 
15.625J-LS so that all 256 RAS address combinations 
are executed within 4ms (regardless of sequence). 
Micron recommends distributed refresh. 

19. A 256 cycle burst refresh consists of refreshing, as 
rapidly as minimum cycle time allows, all 256 combi
nations of RAS addresses (regardless of sequence). 
The refresh mode must be executed within 4ms. 

20. This parameter is "conditionally" guaranteed 
parameter that is specified to aid with device applica
tion. It is not directly verified by a specific test but is 
used, with several other parameters, in the perform
ance verification of other attributes. 
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I'IIIC:I=ION MT 4067 883C 

READ CYCLE 

tRAS tRP 

tCSH 

tRSH tRRH 

tCRP tReD teAs 

I 
:~ 

tAR 
tASR tRAH 

~~ 
AOOR ~:~ - ~ 

!j11111111111111111X ROW ~ COLUMN ROW 

I 
tRes tRCH 

I 
WE: Ij I 11111111111111111111111/;1111 III/, VlIIIIIIIIIIIIIIIIIIIIII/; 

tCAC ~ 
tRAC 

Oro OPEN VALID OUTPUT DATA OPEN 

~ ~ 
N \ ~ J 

-s: - EARLY-WRITE CYCLE 
r---I 
l> = VrH -

VrL -

:c tCSH 

-< tCRP 

c "CAl: VrH -
VrL -

:c tASR tRAH 

l> ADOR 

s: 
tWCR 

'wcs tWCH 
twp 

WE: VrH -
VrL -

Oro 
VrOH OPEN t VrOL 

tOHR 

tos tOH 1 
------------1t==~v~AL~ro~rN~pu~T~O~A~~~==~~--------------OPEN----------------

N VrH -
VrL 

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

tz:Z] DON'T CARE 
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IVIIC::I=ICN MT 4067 883C 

= V,H -
V,L -

"CAS" V,H -
V,L -

AODR V,H -
V,L -

Wi' 

D'D 
VIOH -
V,LH -

O£ V,H -
V,L -

tCRP 

tASR tRAH 

READ-WRITE CYCLE 
READ-MODIFY-WRITE CYCLE 

tCSH 

teAs 

ROW ROW 

OPEN 

~ DON'T CARE 
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I'IIIC:I=ION MT 4067 883C 

PAGE-MODE READ CYCLE 

RAS VIH -
VIL -

tCSH 

l:A!: VIH -
VIL -

ADDR 

WE: 

010 
VIOH-
VIOL -

N: 

-s: -r--..... PAGE-MODE EARLY-WRITE CYCLE 

:t> 
::J:J RAS VIH -

VIL -

-< 
C 

VIH -

::J:J l:A!: 
VIL -

:t> s: ADDR VIH -
VIL -

WE: VIH -
VIL -

010 
VIOH-
VIOL -

~ DON'T CARE 
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I'IIIC:::I=ION MT 4067 883C 

tCRP 

~ ONLY REFRESH CYCLE 
(ADDR = AO - A7) 

AD DR 0:~ =-LJ.J.J.LLL1-J'-___ R_OW ___ JY-LLLLLLLLLLLLLJ.J.J.LJ.J.J.LLL1-LLL1-LLL1-'-'-'-""-'-'-"u..t.Lu..t.LWJ '--___ RO_W __ _ 

D,D 0:~~ -:---------------OPEN---------------

'CAS"-BEFORE-"RAS" REFRESH CYCLE 
(ADDRESS INPUTS ARE IGNORED) 

!ViS 0:~ _ \r 
r--t--=c=sR'-----iH tCHR 1 

= 0:~ ===1 L----------------------

D,D 0:~~ =:---------------OPEN---------------

tCRP 

HIDDEN REFRESH CYCLE 
(OE = LOW) 

(READ) (REFRESH) 

tRAS 

tCHR 

ADDR 0:~ =LLLLLil1'--_-,-__ -""-__ ,--;:----"o\LLLLLL1-LLL1-LLL1-LLL1-u..t.Lu..t.Lu..t.LLLLLLLLLLLLLLLLLLLLLLLfLLJ.J.J.LLL1-LLL1-'.LL 

tOFF 

D,D 0:~~ =o-------OPEN----~---lt===~V~AU~D~D~AT~A===:j 
tOE 

OPEN-

V,H -------,-----------... 
V,L -
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I'IIIC:I=ION MT 4067 883C 

MICRON MIL-STD 883C PRODUCT ASSURANCE FLOW 

Description of 
Requirements and Screens 

General MIL-M-38510 

1. MIL-STD 883, Class B, Rev C 

2. Certification 
3. Traceability 
4. Country of Origin 

(Not required for 883C) 

MIL-STD 883 Fabrication 

5. Incoming Inspections All 
Direct Materials 

6. Wafer Fabrication 
7. Assembly 

Methods and Test 
Conditions 

Establish and implement 
a product assurance program 
plan and qualification test plan 
and submit to qualifying activity. 
Manufacturer's QA survey 
Traceable to wafer production lot. 
N/A 

MIL-STD-105D 

Method 2018 
Class B Process Monitors 

MIL-STD 883, Class B, Rev. C, Method 5004 Screening 

8. Internal Visual 
9. Stabilization Bake 
10. Temperature Cycle 
11. Constant Acceleration 
12. Hermeticity 

A. Fine Leak 
B. Gross Leak 

13. Initial Electricals 

14. Marking 
15. Burn-in 

16. Final Electrical Post 
Burn-in Test 

17. External Visual 
18. Pack/Ship 

19. Quality Conformance 
Inspection 

Method 2010, condo B 
Method 1008, condo C 
Method 1010, condo C 
Method 2001, condo E 

Method 1014, condo A 
Method 1014, condo C 
Manufacturer's documented 
data sheet@ +118°C 
Method 2015 
Method 1015, subgroups A-2 for endpoint 
162 hours @ 125°C 
Method 5004, Class B, 
3.1.16 @ -55°C, +25°C, +113°C 
5% PDA and in-line Group A 
per method 5005 
Method 2009 
Includes C of C, with QCI 
data (attributes only) 
Method 5005 in-line Class B 

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 
(1000 hr. 9perating life) 

22. Group D Package related test 
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Comment 

Approved 
byDESC 

Self audit 
Computer lot history records 
Devices manufactured, 
assembed and tested in: 
Boise, Idaho USA. 

In-line 

100% 
100% 

100% 
100% 
100% 
100% 

100% 
100% 
100% 

100% 
100% 

100% 

100% 
100% 

Groups A, B, C, D 

Each loti sublot 
Each package type 
on each lot 
Generic every 13 weeks 

Each package type 
Generic every 26 weeks 
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ORDER INFORMATION 

64Kx4, 120ns access, -55°C to + 110°C, in Ceramic DIP 

~ ____ ~~IPACKA~I~ SPEED I 
MT4067 C -12 883C c= 

1883 COMPLIANT 1 
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The Micron MT 4067 -883C serves the special needs of the 
Defense/ Aerospace market. The Micron Military Product 
Assurance Program provides state-of-the-art screened to 
MIL-SID 883C Class B Revision C Methods 5004 and 5005. 
All IC's furnished under this program are produces on 
certified lines and are manufactured, assembled, tested 
quality controlled in Micron's modem Boise, Idaho USA 
facility. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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IVIIC::RON MT1259 883C 

MILITARY 
DRAM 
ADDITIONAL MILITARY SPECIFICATIONS 
• SMD 85152 
• JAN M38150/246 

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

compatible 
• Single +5V±10% power supply 
• Low power, 15mW standby, 150mW active, typical 
• Common I/O capability using "Early Write" 
• Optional Page Mode access cycle 
• Refresh modes: RAS only, CAS before RAS, and 

Hidden 
• 256 cycle refresh distributed across 4ms 
• Specifications guaranteed over full military DRAM 

temperature range (-55°C to +110°C) 
• MIL-STD 883C processing 

OPTIONS MARKING 
• Process Level 

MIL-STD 883C (-55°C to +110°C) 883C 
Parts processed to full requirements 
of MIL-STD 883C, method 5004 
and 5005 

MIL-STD 883C with the exception 
that final electrical testing is 
performed at O°C to 70°C 

• Timing 
100ns access 
120ns access 
150ns access 

• Packages: 
Ceramic DIP 
Ceramic LCC 

GENERAL DESCRIPTION 

M070 

-10 
-12 
-15 

C 
EC 

The MT1259 883C is a randomly accessed solid-state 
memory containing 262,144 bits organized in a xl configu
ration. 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 
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256K x 1 DRAM 

PIN ASSIGNMENT (Top View) 

16 Pin DIP 

AS '1 16 VSS 
DIN 2 15 CAS 
WE 3 14 Dour 

RAS 4 13 A6 
AO 5 12 A3 
A2 6 11 A4 
A1 7 10 AS 

Vee S 9 A7 

CA 

18 Pin LCe 

J~ ~I~ • > u 

2 1 1817 
WE 0 16 DOUT 

RAS 15 AS 

NC 14 NC 

NJ 6 13 A:l 
A2 7 12 A4 

B 9 10 11 
ECB 

:( 8lt :!2 
> 

.. 
s: -r---I » 
J] 

-< 
* ADDRESS NOT USED FOR C 

RAS ONLY REFRESH 
J] 

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 
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 combina
tions of RAS addresses are executed at least every 4 msec 
(regardless of sequence). 
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I'IIIC:F=lON MT1259 883C 

FUNCTIONAL BLOCK DIAGRAM 
PAGE MODE 

WRITE 0------<>('""" ___ 

CAS ~---------------~~ 

RAS 0------1 
L-____ r-----------------~ 

FUNCTIONAL TRUTH TABLE 

Addresses 
Function mrn- ~ WE" 

tR tC 

Standby H H H X X 

READ L L H ROW COL 

WRITE L L L ROW COL 
(EARLY-WRITE) 

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

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

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

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

"RASONLY L H H ROW nfa 
REFRESH 

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

~-BEFORE- H-+L L H X X 
RAS" REFRESH 
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MEMORY 
ARRAY 

High Impedance 

Data Out 

Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data Out 

Valid Data In, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

Valid Data Out 

High Impedance 

Dour 

---.aVec 

---.aVss 

NOTES 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss .................... -1.SV to +7.0V 
Storage temperature range ........................ -6S0C to + lS0°C 
Power Dissipation ........................................................ 1 Watt 
Lead temperature (soldering S sec.) ........................... 300°C 
Juction temperature (Tj) ............................................. + lS0°C 
Short Circuit Output Current ..................................... SOmA 
Thermal resistance (ajc) 16 pin DIP ....................... SO°C/W 

'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 PERORMANCE CHARACTERISTICS 
(Notes: 3,4,6,7) (-55°C ~ T C ~ =11 O°C) (Vee = 5.0V ±10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Current from Vee (active); RAS and CAS = Cycling; Icc1 55 mA 2 
TRe = TRC(MIN) 

Supply Current from Vcc (active, page mode); RAS = VIL, CAS = Cycling; Icc2 55 mA 2 
Tpe = Tpe(MIN) 

Supply Current from Vce (standby); ICC3 8 mA 2 
RAS and CAS = VIH 

Supply Current from Vce (refresh, RAS only); Icc4 45 mA 2 
RAS = Cycling: CAS = VIH 

Supply Current from Vec (refresh, CAS-before-RAS); Icc5 55 mA 2 
RAS and CAS = cycling 

Output High Voltage (loH = -5mA) VOH 2.4 V 1 

Output Low Voltage (IOL = 5mA) VOL 0.4 V 1 

Input Leakage IIH -10 10 I-lA 

Any input (OV ~ VIN ~ Vce), all other pins = OV IlL -10 10 I-lA 

Output Leakage (0 ~ VOUT ~ Vee) loz -10 10 I-lA 

RECOMMENDED DC OPERATING CONDITIONS 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Vcc Supply Voltage Vee 4.5 5.5 V 

Vss power supply and signal reference Vss 0.0 0.0 V 1 

High level input voltage (all inputs) VIH 2.4 Vcc+1 V 1 

Low level input voltage (all inputs) VIL -1.0 0.8 V 1 

Operating Case Temperature Tc -55 +110 °C 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-As), DIN CI1 5 pF 3 

Input Capacitance RAS, CAS, WE CI2 8 pF 3 

Output Capacitance DouT Co 7 pF 3 
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I'IIIC: 1=10 N MT1259 883C 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 8) (-55°C :s; T C :s; + 11 DoC, Vee = 5.0V ±1 0%) 

A.C. CHARACTERISTICS -10 -12 -15 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time IRC 195 220 250 ns 
READ-MODIFY·WRITE cycle time IRWC 230 250 275 ns 
PAGE-MODE cycle time IpC 90 100 120 ns 18 
Access time from RAS IRAC 100 120 150 ns 9 
Access time from CAS ICAC 50 60 75 ns 10 
RAS oulse width IRAS 100 10000 120 10000 150 10000 ns 
CAS pulse width ICAS 50 10000 60 10000 75 10000 ns 
RAS precharQe time IRP 80 90 90 ns 
RAS hold time IRSH 50 60 75 ns 
RAS to CAS delay time IRCD 30 50 30 60 30 75 ns 
CAS precharoe time ICPN 25 25 30 ns 18 
CAS precharQe time (PAGE-MODE) ICp 30 30 35 ns 11 
CAS to RAS set-up time ICRP 5 5 5 ns 
CAS hold time ICSH 110 120 150 ns 
Row address set-up time IASR 0 0 0 ns 18 
Row address hold time IRAH 15 20 20 ns 
Column address set-up time IASC 0 0 0 ns 18 
Column address hold time ICAH 20 30 30 ns 
Column address hold time IAR 70 80 100 ns 
referenced to RAS 

READ command set-up time IRCS 0 0 0 ns 18 
READ command hold time tRCH 0 0 0 ns 18 
referenced to CAS 

READ command hold time tRRH 10 10 10 ns 
referenced 10 RAS 

Output disable delay IOFF 0 40 0 40 0 40 ns 12 
WRITE command set-up time IWCS 0 0 0 ns 13 
WRITE command hold time IWCH 35 40 45 ns 

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

WRITE command pulse width 'WP 35 40 45 ns 

WRITE command to RAS lead time IRWL 35 40 45 ns 

WRITE command to CAS lead time ICWL 35 40 45 ns 

Data-in set-up time IDS 0 0 0 ns 14 18 
Data-in hold time IDH 35 40 45 ns 14 
Data-in hold time IDHR 85 100 120 ns 
referenced to RAS 

CAS to WRITE delay ICWD 40 50 60 ns 13 
RAS to WRITE delay IRWD 90 110 135 ns 13 
Transition time (rise or fall) IT 3 100 3 100 3 100 ns 

CAS set-up time ICSR 10 10 10 ns 15 
(CAS-before-RAS refresh) 

CAS hold time ICHR 20 25 30 ns 15 
(CAS-before-RAS refresh) 

Refresh Period (256 cycles distributed) IREFD 4 4 4 ms 16 
Refresh Period (256 cycles burst) IREFB 4 4 4 ms 17 
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NOTES 
1. Vss is common for all voltages. 
2. Specified values are obtained with the output load 

equal to 2TIL loads and 100pF to Vss. 
3. This parameter is sampled, not 100% tested. 

Capacitance calculated from the equation C = LM 
fN 

with~V = 3Vand Vee = 5V. 
4. An initial pause of lOOl1s is required after power-up 

followed by any 8 RAS cycles, (READ, WRITE, 
READ-MODIFY-WRITE, RAS refresh) before proper 
device operation is assured. 

5. AC characteristics assume transistion time (~) = 5ns. 
6. VIL (max) and VIH (min) are reference levels for 

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

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

8. If CAS = VIH, data output is high impedance. If CAS 
= VIL, data output may contain data from the last 
valid READ cycle. 

9. 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. 

10. Assumes that tRCD ~ tRCD (max). 
11. If CAS is low at the falling edge of RAS, DoUT 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. 

12. tOFF (max) defines the time at which the output 

7-33 

achieves the open circuit condition and is not 
referenced to Vo H or Vo L. 

13. 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 conditions of the 
data out (at access time and until CAS goes back to 
VIH) is indeterminate. 

14. 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. 

15. Enable on-chip refresh and address counters. 
16. A 256 cycle distibuted refresh consists of an address 

location refresh cycle being performed within 
15.625115 so that all 256 RAS address combinations 
are executed within 4ms (regardless of sequence). 
Micron recommends distributed refresh. 

17. A 256 cycle burst refresh consists of refreshing, as 
rapidly as minimum cycle time allows, all 256 combi
nations of RAS addresses (regardless of sequence). 
The refresh mode must be executed within 4ms. 

18. This parameter is "conditionally" guaranteed 
parameter that is specified to aid with device applica
tion. It is not directly verified by a specific test but is 
used, with several other parameters, in the perform
ance verification of other attributes. 
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I'IIIC:RON MT1259 883C 

READCVCLE 

tCRP teAs 

ADDR ~:~ ::-LLLLLU~,-----__ R--=O,W __ J\lLLLLU""---;-_,--,-_~''lil.IL1.LLLLLL~li.LLULL~ '--__ Ro_W __ 

DOUT ~g~ -'------------OPEN---------t=~~~j_---OPEN---

EARL V-WRITE CVCLE 

= VIH -
VIL -

tCSH 

tCRP 

'CAS VIH -
VIL -

AODR VIH -
VIL - ROW ROW 

tWCR 

twcs tWCH 

twp 

DDUT ~g~-'------------------OPEN--------------

~ DON'T CARE 

7-34 



I'IIIC:RON MT1259 883C 

CAS 

ADDR 

tCRP 

READ-WRITE CYCLE 
READ-MODIFY-WRITE CYCLE 

tCSH 

V,H _~-+----tt------------.:~ 
VIL -

~ tOFF 

DOUT ~g~ ---------OPEN --------~c------V-A-LiD-DA-T-A ---~ OPEN-

~ DON'T CARE 
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I'IIICF=lON MT1259 883C 

PAGE-MODE READ CYCLE 

-3: - PAGE-MODE EARLY-WRITE CYCLE 
r---I = VIH -» VIL -

:D 
-< CAS VIH -

VIL -

C 
:D VIH-» ADDR 

V1L -

3: 
'Nt 

~ DON'T CARE 
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= V,H 
VIL 

CAS V,H 
VIL 

ADDR 

-
-

tCRP 

-
-

RAS" ONLY REFRESH CYCLE 
(ADDR = AO - A7) 

ROW ROW 

DOUT 
VOH -
VOL 

:---------------OPEN---------------

'CAS'-BEFORE-'RAS REFRESH CYCLE 
(ADDRESS INPUTS ARE IGNORED) 

~ 
tRAS 

~ 
tRP 

\ RAS 
V,H 
V 1L -

V,H ----i tCSR tCHR 

) CAS 
Vil -

DOUT 
VOH -

OPEN 
VOL 

HIDDEN REFRESH CYCLE 

(READ) (REFRESH) 

tRAS tRAS 

= VIH -
VIL -

CAS V,H -
V1L -

V1H -
ADDR 

V,L -

1 DOUT 
VOH - OPEN VALID DATA 
VOL 

~ DON'T CARE 
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fVl1C:RON MT1259 883C 

MICRON MIL·STD aa3C PRODUCT ASSURANCE FLOW 

Description of 
Requirements and Screens 

General MIL-M-38510 

1. MIL-STD 883, Class B, Rev C 

2. Certification 
3. Traceability 
4. Country of Origin 

(Not required for 883C) 

MIL-sm 883 Fabrication 

5. Incoming Inspections All 
Direct Materials 

6. Wafer Fabrication 
7. Assembly 

Methods and Test 
Conditions 

Establish and implement 
a product assurance program 
plan and qualification test plan 
and submit to qualifying activity. 
Manufacturer's QA survey 
Traceable to wafer production lot. 
N/A 

MIL-STD-I05D 

Method 2018 
Class B Process Monitors 

MIL-STD 883, Class B, Rev. C, Method 5004 Screening 

8. Internal Visual Method 2010, condo B 
9. Stabilization Bake Method 1008, condo C 
10. Temperature Cycle Method 1010, condo C 
11. Constant Acceleration Method 2001, condo E 
12. Hermeticity 

A. Fine Leak 
B. Gross Leak 

13. Initial Electricals 

14. Marking 
15. Burn-in 

16. Final Electrical Post 
Burn-in Test 

17. External Visual 
18. Pack/Ship 

19. Quality Conformance 
Inspection 

Method 1014, condo A 
Method 1014, condo C 
Manufacturer's documented 
data sheet @ + 118°C 
Method 2015 
Method 1015, subgroups A-2 for endpoint 
162 hours @ 125°C 
Method 5004, Class B, 
3.1.16 @ -55°C, +25°C, +113°C 
5% PDA and in-line Group A 
per method 5005 
Method 2009 
Includes C of C, with QCI 
data (attributes only) 
Method 5005 in-line Class B 

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 
(1000 hr. operating life) 

22. Group D Package related test 
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Comment 

Approved 
byDESC 

Self audit 
Computer lot history records 
Devices manufactured, 
assembed and tested in 
Boise, Idaho USA. 

In-line 

100% 
100% 

100% 
100% 
100% 
100% 

100% 
100% 
100% 

100% 
100% 

100% 

100% 
100% 

Groups A, B, C, D 

Each loti sublot 
Each package type 
on each lot 
Generic every 13 weeks 

Each package type 
Generic every 26 weeks 
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I'IIIC:F=lON MT1259 883C 

ORDER INFORMATION 

256Kx1, 120ns access, -55°C to + 110°C, in Ceramic DIP 

..... _-""T'" ..... I PACKA~rD I 
MT1259 C ·12 883C 
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The Micron MT1259-883C serves the special needs of the 
Defense/ Aerospace market. The Micron Military Product 
Assurance Program provides state-of-the-art screened to 
MIL-SID 883C Class B Revision C Methods 5004 and 5005. 
All Ie's furnished under this program are produces on 
certified lines and are manufactured, assembled, tested 
quality controlled in Micron's modern Boise, Idaho USA 
facility. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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I'IIIC::I=ION MT 4C4256 883C 

MILITARY 
DRAM 
ADDITIONAL MILITARY SPECIFICATIONS 
• SMD 87676 

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

compatible 
Single +5V±10% power supply 

• Low power, 15mW standby, 150mW active, typical 
• Optional Page Mode access cycle __ 
• Refresh modes: RAS only, CAS before RAS, and 

Hidden 
• 512 cycle refresh distributed across 8ms 

Specifications guaranteed over full military DRAM 
temperature range (-55 DC to +110DC) 

• MIL-STD 883C processing 

OPTIONS MARKING 
• Process Level 

MIL-STD 883C (-55 DC to +110DC) 883C 
Parts processed to full requirements 
of MIL-STD 883C, method 5004 
and 5005 

MIL-STD 883C with the exception M070 
that final electrical testing is 
performed at ODC to 70DC 

• Timing 
100ns access -10 
120ns access -12 
150ns access -15 

• Packages: 
Ceramic DIP C 
Ceramic LCC EC 

GENERAL DESCRIPTION 
The MT4C4265 883C is a randomly accessed solid-state 

memory containing 1,048,576 bits organized in a x4 con
figuration. During READ or WRITE cycles each bit is 
uniquely addressed through the 18 address bits which are 
entered 9 bits (AO -A8) at a time. RAS is used to latch the first 
9 bits and CAS the latter 9 bits. A READ or WRITE cycle is 
selected with the WE input. A logic high on WE dictates 
READ mode while a logic low on WE dictates WRITE 
mode. During a WRITE cycle data in (DIN) 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 

7-41 

256Kx4DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

MT4C4256 
20 Pin LCC 

OQ1 
OQ2 
WE 

RAS 
·TF 

DOl 1 ." c·,:·, 20 

AD 
A1 
A2 

CD 

A7 
A6 
AS 
A4 

D02 2 
WE 3 

RAS 4 
·TF 5 

AO 
Al 
A2 
A3 

Vee 10 

19 

.... ---- 18 

---- 17 
.... 16 

.-.-
15 .... . ... 

---- 14 
.... .... 13 

'. ". 12 .. 
.... 11 

TBD 

Vss 
DQ4 
D03 
CAS 
OE 

A8 
A7 
A6 
A5 
A4 

*TF = Test Function, ground or leave as a no-connect for normal device 
operation. 

open (High Z) until the next CAS cycle. If WE goes low after 
data reaches the output pin(s), DouT 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 I/O and 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 512 combinations of RAS ad
dresses (AO -A8) are executed at least every 8ms, regardless 
of sequence. 

PAGE MODE operations allows 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. 
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I'IIIC:F=lON _ MT 4C4256 883C 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

WRITE 0-------<>1"""'\ 

CAS ~-------------~~~t~~~L-~~~ 

RAS o-----i 
L-____ J-------------------~ 

FUNCTIONAL TRUTH TABLE 

Addresses 

Function ~ ~ WE" O£ TF tR tC 

Standby H H H H GNOINe X X 

READ L L H L GNOINe ROW COL 

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

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

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

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

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

RASONLY L H H H GNOINe ROW nfa 
REFRESH 

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

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

TEST L L H H H ROW COL 
FUNCTION 

7-42 

MEMORY 
ARRAY 

---oVcc 

---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 

Valid Data Out 

High Impedance 

Data Out, 
Test Funtion Mode 

NOTES 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on any pin relative to Vss .................... -1.SV to +7.0V 
Storage temperature range ........................ -6S0C to + lS0°C 
Power Dissipation ........................................................ 1 Watt 
Lead temperature (soldering S sec.) ........................... 270°C 
Juction temperature (Tj) ............................................. +17SoC 
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 PERFORMANCE CHARACTERISTICS 
(Notes: 1,3,4,6,7) (-55°C::;; T C ::;; +110°C, = 5.0V ± 10%) 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: TRc = TRC(MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = VIL, CAS = Cycling: Tpc = TpC(MIN)) 

STANDBY CURRENT: TIL INPUT LEVELS 
Power supply standby current (RAS = CAS = V,H 
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) 

INPUT LEAKAGE CURRENT 
(any input (OV ::;; VIN ::;; Vcc), 
all other pins not under test = 0 volts) 

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV ::;; VOUT ::;; Vcc) 

OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) 

Output Low voltage (lOUT = 5mA) 

RECOMMENDED DC OPERATING CONDITIONS 
(-55°C::;; T C ::;; + 110°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 
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SYMBOL 

Icc1 

Icc2 

Icc3 

Icc4 

Icc5 

Icc6 

II 

loz 

VOH 

VOL 

SYMBOL 

Vcc 

V,H 

V,L 

MIN MAX UNITS NOTES 

50 mA 3,4 

50 mA 3,4 

2 mA 

1 mA 

35 mA 3 

35 mA 3,5 

-10 10 ~A 

-10 10 ~A 

2.4 V 1 

0.4 V 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vcc+1 V 1 

-1.0 0.8 V 1 
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I'IIICRON MT4C4256883C 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-A9), DIN CI1 5 pF 2 

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

Output Capacitance DouT Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11,12,13) (-55°C:s; TC :s; +110°C, Vce = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cvcle time tRC 190 220 260 ns 

READ-MODIFY-WRITE cycle time tRwc 220 255 295 ns 

PAGE-MODE READ or WRITE tpc 55 70 85 ns 
cycle time 

Access time from RAS tRAC 100 120 150 ns 14 
Access time from CAS tCAC 25 30 45 ns 15 
Output Enable tOE 25 25 30 ns 

Access time from column address 1M 50 60 70 ns 

Access time from CAS precharge tCPA 50 65 75 ns 

RAS pulse width IRAS 100 10,000 120 10,000 150 10000 ns 
RAS pulse width (PAGE MODE) tRASP 100 100,000 120 100,000 150 100,000 ns 

RAS hold time tRSH 25 30 45 ns 
RAS precharge time tRP 80 90 100 ns 

CAS~ulse width tCAS 25 10,000 30 10,000 45 10,000 ns 

CAS hold time tCSH 100 120 150 ns 
CAS precharge time tCPN 15 20 25 ns 16 
CAS precharge time (PAGE MODE) ICp 10 15 20 ns 

RAS to CAS delav time tRCD 10 75 15 90 15 105 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 10 15 15 ns 

RAS to column tRAD 10 50 15 60 15 70 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 80 ns 
(referenced to RAS) 
Column address to tRAl 50 60 70 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 5 5 5 ns 

Output buffer turn-off delay tOFF 0 25 0 25 0 30 ns 20 
Out~ut Disable tOD 25 25 30 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (-55°C s T C s + 110°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 

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 20 25 30 ns 

Write command hold time tWCR 70 80 90 ns 
(referenced to RAS) 

Write command pulse width twp 20 25 30 ns 

Write command to RAS lead time tRWL 25 30 35 ns 

Write command to CAS lead time tCWL 25 30 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 70 80 90 ns 
(referenced to RAS) 

RAS to WE dela~ time tRWD 120 150 185 ns 21 

Column address tAWD 80 100 120 ns 21 
to WE delay time 

CAS to WE delay time tCWD 65 75 85 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 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 25 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 = 1M with I'N = 3V and Vee = 
SV. AV 

3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading. Specified values 

are obtained 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; Te S; 110°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 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, DoUT 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 l,'0int only; if tRCD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by tCAC. 

18. Operation within the tRAD (max) limit ensures that 
tRCD (max) can be met. tRAD (max) is specified as a 
reference l,'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 ot 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 throughout 
the entire cycle. If tRWD;;: tRWD (min)/AWD;;: 
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. 
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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 DoUT 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 

tCSH 

ROW 

0'0 ~:~~ -·--------°pEN-------~&!~~~~=t---OPEN---

V,H __ -----r---------------, 
V1L -

EARLY-WRITE CYCLE 

tCSH 

tCRP 

ADDR ~:~ ::-LL.L.UJJ.'--__ R_O,W--.......-'''-1..I..I."-".r''--------,---;;--..,.,.-:---I\LLLL1.LI..I../ff:L.L.LLLLLLLLL'-""J '---__ R_O_W __ _ 

tWCR 

IWCS tWCH 
twp 

V IH _J77:r7TT7777TTT7TTT77Tr:TT7T7777TTT777>. 

lOS tOH 1 
V,L -'LLLJ.:J..LL<:L.L.LLLLLLLLL""i~1.LI..I.:J..LL<LLLLLLLLa......---t-+-7t D'--H-R _-L1..LLLL1.LI..I.1.LI../.:L.L.LLLLLLLLL1.LI..I.1.LI..I.1.LI../.LLLLLLLLLLLL.I.L 

~:g~ -1$!I//!I//!I//!I!J/M$$//d~-VA-LiD-DA-TA -)w/II$#$///////$ff//U$/////$$///& 
---------------HIGH ---------------
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I'IIIC:F=lON MT 4C4256 883C 

CAS V,H 
VIL 

AOOR V,H 
V,L 

\10!: V,H 
VIL 

-

tCRP 

~--' 

READ-WRITE CYCLE 
READ-MODIFY-WRITE CYCLE 

Rwe 

tRAS 

tCSH 

tRSH 

tRee teAs 

tAR 1 
tRAD I I tRAL 

~ ~ c=:i ~ I 
~ ROW WI!!!j COLUMN WIIIIIIIII/, 

I I tRWO 

~ tRCS tewo tRWL 

1 tAWO 

0 :~ 
tAA 

I tRAC 

,~ teLz t ~~ 
- OPEN VALID DOUT X VALID DIN -

~ ~ - \ ! -

PAGE-MODE READ CYCLE 
tRASP 

V,H ------~I 

tRP 

'111111111X. ROW 

OP[N----

VIL - 11----------.-:-::-----=-----------.-:::::-------11 

ADOR 
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= 

CAS 

ADDR 

WE: 

D,N 

0,0 

llE 

PAGE-MODE EARLY-WRITE CYCLE 

V,H 
V,L 

V,H 
V,L 

V,H 
V,L 

V,H 
V,L 

VtOH -
V,OL -

V10H -
VIOL ----------------------------------------------OPEN---------------------------------------------

V,H ------------------------------------------HIGH------------------------------------------
V,L 

PAGE-MODE READ-WRITE CYCLE 

RAS 
V,H 

v" -
tCSH 'pc tRSH 

~ 
c,;;s V,H ~J v,L 

IReD teAs ~ teAs ~ teAs 

f------ Jc---

'AR 

ADDR 0:~ :::: 

~:~ _------~\-::::========'O='1---"--_I-__'J~r---"0_0 _____ '0 __ ' tJ-I---'O-O-----'OE--tJ,I----'O-O-------------
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RAS ONLY REFRESH CYCLE 
(ADDR = AO - AS; Ag and WE = DON'T CARE.) 

'RC 

tRAS 'RP 

= ¥IH -
VIL -

'CRP 

m VIH -
VIL -

tASR tRAH 

AD DR ROW ROW 

010 
VIOH- OPEN 
VIOL 

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

~ 
tRAS 

~ 
'RP 

\ = VIH 
V1l -

VIH -==1 tCSR 
'CHR ) 

CAS VIL -

V\OH 
010 VIOL 

OPEN 

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

(READ) (REFRESH) 

tRAS tRAS 

= VIH -
V1L -

tCHR 

CAS 

ADDR ~:~ :::: 

010 ~:g~--------OPEN--~---1mK:====~VA~LlD~OA~TA~===j OPEN-
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MICRON MIL-STD 883C PRODUCT ASSURANCE FLOW 

Description of 
Requirements and Screens 

General MIL-M-38S10 

1. MIL-STD 883, Class B, Rev C 

2. Certification 
3. Traceability 
4. Country of Origin 

(Not required for 883C) 

MIL-STD 883 Fabrication 

5. Incoming Inspections All 
Direct Materials 

6. Wafer Fabrication 
7. Assembly 

Methods and Test 
Conditions 

Establish and implement 
a product assurance program 
plan and qualification test plan 
and submit to qualifying activity. 
Manufacturer's QA survey 
Traceable to wafer production lot. 
N/A 

MIL-STD-105D 

Method 2018 
Class B Process Monitors 

MIL-STD 883, Class B, Rev. C, Method S004 Screening 

8. Internal Visual 
9. Stabilization Bake 
10. Temperature Cycle 
11. Constant Acceleration 
12. Hermeticity 

A. Fine Leak 
B. Gross Leak 

13. Initial Electricals 

14. Marking 

Method 2010, condo B 
Method 1008, condo C 
Method 1010, condo C 
Method 2001, condo E 

Method 1014, condo A 
Method 1014, condo C 
Manufacturer's documented 
data sheet@ +118°C 
Method 2015 

Comment 

Approved 
byDESC 

Self audit 
Computer lot history records 
Devices manufactured, 
assembed and tested in 
Boise, Idaho USA. 

In-line 

100% 
100% 

100% 
100% 
100% 
100% 

100% 
100% 
100% 

100% 
15. Burn-in Method 1015, subgroups A-2 for endpoint 100% 

162 hours @ 125°C 
16. Final Electrical Post 

Burn-in Test 

17. External Visual 
18. Pack/Ship 

19. Quality Conformance 
Inspection 

Method 5004, Class B, 
3.1.16 @-55°C, +25°C, +113°C 
5% PDA and in-line Group A 
per method 5005 
Method 2009 
Includes C of C, with QCI 
data (attributes only) 
Method 5005 in-line Class B 

Quality Conformance Inspection per Method SOOS (attributes data only) 

19. Group A Manufacturer's documented 
data sheet 

20. Group B 

21. Group C 

22. Group D 

Package functional and 
construction tests 
Die related 
(1000 hr. operating life) 
Package related test 
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100% 

100% 
100% 

Groups A, B, C, D 

Each lot/sublot 
Each package type 
on each lot 
Generic every 13 weeks 

Each package type 
Generic every 26 weeks 
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ORDER INFORMATION 

256K x 4, 120ns access, -55°C to +11 O°C, in Ceramic DIP 

r..... __ ....... ...IIPAIE~jEED I 
MT4C4256 C -12 883C 
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The Micron MT4C4256-883C serves the special needs of 
the Defense/ Aerospace market. The Micron Military Prod
uct Assurance Program provides state-of-the-art screened 
to MlL-STD 883C Class B Revision C Methods 5004 and 
5005. All IC's furnished under this program are produces 
on certified lines and are manufactured, assembled, tested 
quality controlled in Micron's modern Boise, Idaho USA 
facility. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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MILITARY 
DRAM 
ADDITIONAL MILITARY SPECIFICATIONS 
• SMD (consult factory for reference number) 
• JAN M3510/249 

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

compatible 
• Single +5V±1O% power supply 
• Low power, 15mW standby, 150mW active, typical 
• Optional Page Mode access cycle 
• Refresh modes: RAS only, CAS before RAS, and 

Hidden 
• 512 cycle refresh distributed across 4ms 
• Specifications guaranteed over full military DRAM 

temperature range (-55°C to +110°C) 
• MIL-STD 883C processing 

OPTIONS 
• Timing 

lOOns access 
120ns access 
150ns access 

• Process Level 

MARKING 

-10 
-12 
-15 

MIL-STD 883C (-55°C to +110°C) 883C 

• Packages: 
Ceramic DIP C 
Ceramic LCC EC 
Flat Pack F 

GENERAL DESCRIPTION 
TheMT4CI024isa 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 mode while a logic low on WE dictates WRITE 
mode. During a WRITE~e data in (DIN) 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 af
ter data reaches the output pin(s), DouT 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 
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1MEG x 1 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 
MT4C1024 
18 Pin DIP 

Din [f.1C'18 J Vss 

WEe 2 17 J Dout 
RAS[ 3 16 J CAS 
"TFC 4 15 J A9* 

AO[ 5 14 JAB 

AlC 6 13 JA7 
A2[ 7 12 JAS 
A3[8 11PA5 

Vcc[g lOpM 
L----

D. 
WE 

RAS 
-"TF 

NC 
AO 
A1 
A2 
A3 

Va; 

CC 

MT4C1024 
20·Pin LeC 

Dfj 1 "::::::.: .... 20 
WE 2 :::: .... 19 

RAS 3 :::; .... 18 

'"TF 4 :::: .... 17 
NC 5 .:::: ::::.16 

AO 6 '.::: .... 15 

Al 7 :::: .... 14 

A2 8 :::: .... 13 
A3 9 :::: .... 12 

Vee 10 :::: .... 11 

TBD 
MT4C1024 

20-Pin Flat Pack 

20 Vss 
19 DOli! 

18 CAS 
17 NC 
16 A9' 

15 A8 

14 A7 

13 A6 

12 A5 

10 11 A4 

TBD 
• Address not used for RAS only refresh 

Vss 
DOli! 

CAS 
NC 
A9" 

AS 
A7 

AS 
AS 
A4 

uTF = Test Function, ground or leave as a no-connect for normal device 
operation. 

READ-WRITE cycle. __ 
Returning RAS and CAS high terminates a memory 

cycle and decreases chip currentto a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 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. 

PAGE MODE operations allows 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. 
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WRITE 0--------<,,----, 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

~s ~--------------I~--~~---~-~~~ 

10 

RAS o-------l 
~~~F=~------------~ 

FUNCTIONAL TRUTH TABLE 

Addresses 

Function ~ ~ ~ TF tR tC 

Standby H H H GNOINe X X 

READ L L H GNOlNe ROW COL 

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

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

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

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

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

RAS ONLV L H H GNOINe ROW nfa 
REFRESH 

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

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

TEST L L H H ROW COL 
FUNCTION 
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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 

Data Out, 
Test Funtion Mode 

D'N 

DOUT 

NOTES 
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ABSOLUTE MAXIMUM RA TlNGS* 
Voltage on any pin relative to Vss ................... -1.SV to +7.0V 
Storage temperature range ........................ -6SoC to +lS0°C 
Power Dissipation ........................................................ 1 Watt 
Lead temperature (soldering S sec.) ........................... 270°C 
Juction temperature (Tj) ............................................. + 17SoC 
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 PERFORMANCE CHARACTERISTICS 
(Notes: 1,3,4,6,7) (-55°C:<; Tc :<; +110°C = 5.0V ± 10%) 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC(MIN)) 

OPERATING CURRENT: FAST 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) 

INPUT LEAKAGE CURRENT 
(any input (OV :<; VIN :<; VCC), 
all other pins not under test = 0 volts. Vcc = 5.5 volts) 

OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV :<; VOUT, 6.5V, Vcc = 5.5 volts) 

OUTPUT LEVELS 
Output High voltage (lOUT = -5mA) 

Output Low voltage (lOUT = 5mA) 

RECOMMENDED DC OPERATING CONDITIONS 
(-55°C :<; TC :<; + 110°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

Refresh cycle time 
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SYMBOL 

ICCl 

Icc2 

Icc3 

Icc4 

Icc5 

Icc6 

" 
loz 

VOH 

VOL 

SYMBOL 

Vcc 

VIH 

VIL 

TREF 

MIN MAX UNITS NOTES 

50 mA 3,4 

50 mA 3,4 

4 mA 

1 mA 

35 mA 3 

35 mA 3,5 

-10 10 J.!A 

-10 10 J.!A 

2.4 V 1 

0.4 V 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vcc+1 V 1 

-1.0 0.8 V 1 

4.0 ms 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance (Ao-A9) CI1 6 pF 2 

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

Output Capacitance DouT Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (-55°C :5 Tc :5 + 110°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS ·10 -12 ·15 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 190 220 260 ns 

READ·MODIFY-WRITE cycle time tRWC 220 255 295 ns 

PAGE-MODE READ or WRITE tpc 75 90 110 ns 22 
cycle time 

Access time from RAS tRAC 100 120 150 ns 14 
Access time from CAS tCAC 50 60 75 ns 15 
"RAS pulse width tRAS 100 10000 120 10,000 150 10,000 ns 

RAS hold time tRSH 50 60 75 ns 
RAS precharge time tRP 80 90 100 ns 

"CAS pulse width tCAS 50 10,000 60 10000 75 10,000 ns 

CAS hold time tCSH 100 120 150 ns 

CAS precharge time tCPN 20 25 25 ns 16 
CAS precharge time (pAGE MODE) tcp 20 25 25 ns 

RAS to CAS delay time tRCD 25 50 25 60 25 75 ns 17 
CAS to RAS precharae time tCRP 10 10 10 ns 

Row address set·up time tASR 5 5 5 ns 

Row address hold time tRAH 15 20 20 ns 
address delay time 

Column address set·up time tASC 5 5 5 ns 

Column address hold time tCAH 20 20 25 ns 

Column address hold time tAR 60 70 80 ns 
(referenced to RAS) 
Read command set·up time tRCS 0 0 0 ns 

Read command hold time tRCH 0 0 0 ns 18 
(referenced to CAS) 
Read command hold time tRRH 0 0 0 ns 18 
(referenced to RAS) 
Output buffer turn-off delay tOFF 0 40 0 40 0 40 ns 19 
wr=. command set-up time twcs 0 0 0 ns 20 
Write command hold time tWCH 20 25 30 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (-55°C:::; TC :::; + 110°C, Vee = 5.0V ± 10%) 

A.C. CHARACTERISTICS -10 -12 -15 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Write command hold time IWCR 70 80 90 ns 
(referenced to RAS) 

Write command ~ulse width IWp 20 25 30 ns 

Write command to RAS lead time IRWL 20 30 35 ns 

Write command to CAS lead time ICWL 25 30 35 ns 

Data-in set-up time IDS 5 5 5 ns 21 
Data-in hold time IDH 15 20 25 ns 21 
Data-in hold time IDHR 70 80 90 ns 
(referenced to RAS) 

RAS to WE delay time IRWD 90 110 135 ns 20 
CAS to WE delay time ICWD 30 40 45 ns 20 
Transition time (rise or fall) IT 3 50 3 50 3 50 ns 9, 10 
Refresh Period l512 cycles} IREF 4 4 4 ms 
CAS set-up time ICSR 10 10 10 ns 5 
(CAS-before-RAS refresh) 

CAS hold time ICHR 20 25 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 = 1M with ~ V = 3V and Vee = 
SV. ~V 

3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading. Specified values 

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

cycle time at which proper operation over the full 
temperature range (-SSOC ~ Tc ~ +110°C) is assured. 

7. An initial pause of 100Jls 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. 

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) in a monotonic manner. 

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 TIL 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. 

IS. Assumes that tReD ~ tReD (max). 
16. If CAS is low at the falling edge of RAS, DouT will 
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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 F,0int only; if tReD is greater than the 
specified RCD (max) limit, then access time is con
trolled exclusively by tCAe. 

18. Either tRCH or tRRH must be satisfied for a READ 
cycle 

19. tOFF (max) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH ot VOL. 

20. twcs, tRWD, 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 throughout 
the entire cycle. If tRWD ~ tRWD (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 indeterminate. 

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

22. A HIDDEN REFRESH may also be performed after 
a WRITE cycle. In this case WE = LOW. 
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ADDR ~:~ ="LLLl1LJ'L------;---J;V.LL.L.�.:ul~:_::::___,_-,____---'v.LI.:LLLLL.L.I.:LLLM""!:":LLLLLfL' '--____ _ 

Dour 

VIH -
v Il -L..L.L.CLLLL.i..IJ..i..LLL.i..IJ.,,",+UJ..<.l..l.LLLLLLLU.J 

VOH -
VOL -

EARLY-WRITE CYCLE 
tRe 
tRAS tRP 

= VIH -
V1L -

tCSH 

tRSH 

tCRP tRCD tCAS 

V1H -= V tL -

ADOR ROW 

tWOR 
twes tWOH 

twp 

DOUT ~~ :::::--------------OI"N--------------
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!lAS" 

"CAS" 

V,H _------LI 
V,L -

tCRP 

READ-WRITE CYCLE 
READ-MODIFY-WRITE CYCLE 

tCSH 

V,H _.--jr-----tt----------..,.,-, 
V,L -

AooR ~:r :: ROW 

V IH _:m'm'm'm'm'm77l'm'm'm'm7TJ?t--f-----f--------{ 

V IL -1..Li.J.J..LLLL.J.J..LJ.J..LJ.J..LLl.i;J.J..LLLL.LLL.LLL.il.il 

ROW 

V,H _.7n'm'm'm'm'm77l'm'm'm7TJ7TJ7TJ77l7TJ7n7n7n~7n7n7n~1----_in77nn7n7n7n7n7n7n7n7n7n7 
V,L -1..Li.J.J..LJ.J..LJ.J..LJ.J..LJ.J..LLl.i;J.J..LJ.J..LJ.J..LJ.J..LJ.J..LJ.J..L~J.J..LJ.J..LJ.J..LJ.J..L~~J.J..LJ.J..LU~-----'~~~~~~~~~~~~ 

oOUT ~~-~-----------OPEN--------_t~~~ __ ~V~AL~lo~o~A~TA~ __ ~ QPEN--

PAGE-MODE READ CYCLE 

V,H -
V,L -

tCSH 
tCRP 

V,H -
V,L -

AoDR 

DOUT ~gr-~------OPEN------~~~~~)_---~~~~~)_---~~~~~} 
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PAGE-MODE EARL V-WRITE CVCLE 
_. _________ .. _. ___ . __ . __ ~~~A",S,--P ___ . __________ -1 

--------~---_c__----__:_--------_____;---_f 

AODR 

PAGE-MODE READ-WRITE 

II I 
It 

tCSH tpc tRSH 

~ 
tRCD tCAS tcp tCAS tcp tCAS tCPN 

I 
J 

tAR 

tRAD tRAL 

ADDR ~:~ _ 

~~ ~ I tCAH ~D ~~II 
.,.,.,.,. rrrn. rTT rrTT? rTT rrTT? 

COLUMN Jill( ROW WI/;? COLUMN W//////J COLUMN W//////~ 
~ 

tRWD I I 1 ~ 
tAWD I ~ tAWD I 

tRWL I I 
I tRCS I ~ ~ tAWD ~ ~ ~ 

tCWD -1 tCWD -1 tCWD -1 

~ ~~ ~~ ~~ 
W/#/////IL 

JlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl(VALID DATAWIIIIIIIIIIIl(VALID DATAWIIIIIIIIIIIl(VALID DATAWIIIIIIIIIIIIIIIIIIIIIIIIII/; 
L I tAA I tAA L I tAA 

I tRAC 

I tCPA I tePA 

J -tOFF .~ ~ :ff ~ff tClZ ~ tClZ ~ tClZ ~ 

~ VIII~ • VALID t'l'//~ ~~OPEN--OPEN ~ ~ N...4.J.J.J ~ ~ ~ 

~ DON'T CARE 
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I'IIIC:RON MT 4C1 024 883C 

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

tCRP 

tASR tRAH 

ADDR ROW ROW 

DOUT ~g~=--------------OPEN---------------

= VIH 
VIL -

VIH -=-=1 
tCSR 

CAS VIL -

VOH -
DOUT VOL 

= VIH -
VIL -

CAS 

ADDR 

DOUT 

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

~ 
tRAS 

~ 
tRP 

tCHR 

) 
OPEN 

HIDDEN REFRESH CYCLE 
(WE = HIGH) 

(READ) (REFRESH) 
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MICRON MIL-STD BB3C PRODUCT ASSURANCE FLOW 

Description of 
Requirements and Screens 

General MIL-M-38510 

1. MIL-STD 883, Class B, Rev C 

2. Certification 
3. Traceability 
4. Country of Origin 

(Not required for 883C) 

MIL-STD 883 Fabrication 

5. Incoming Inspections All 
Direct Materials 

6. Wafer Fabrication 
7. Assembly 

Methods and Test 
Conditions 

Establish and implement 
a product assurance program 
plan and qualification test plan 
and submit to qualifying activity. 
Manufacturer's QA survey 
Traceable to wafer production lot. 
N/A 

MIL-STD-105D 

Method 2018 
Class B Process Monitors 

Comment 

Approved 
byDESC 

Self audit 
Computer lot history records 
Devices manufactured, 
assembed and tested in 
Boise, Idaho USA. 

In-line 

100% 
100% 

MIL-STD 883, Class B, Rev. C, Method 5004 Screening 

8. Internal Visual 
9. Stabilization Bake 
10. Temperature Cycle 
11. Constant Acceleration 
12. Hermeticity 

A. Fine Leak 
B. Gross Leak 

13. Initial Electricals 

14. Marking 
15. Burn-in 

16. Final Electrical Post 
Burn-in Test 

17. External Visual 
18. Pack/Ship 

19. Quality Conformance 
Inspection 

Method 2010, condo B 100% 
Method 1008, condo C 100% 
Method 1010, condo C 100% 
Method 2001, condo E 100% 

Method 1014, condo A 100% 
Method 1014, condo C 100% 
Manufacturer's documented 100% 
data sheet @ + 118°C 
Method 2015 100% 
Method 1015, subgroups A-2 for endpoint 100% 
162 hours @ 125°C 
Method 5004, Class B, 100% 
3.1.16@-55°C, +25°C, +113°C 
5% PDA and in-line Group A 
per method 5005 
Method 2009 100% 
Includes C of C, with QCI 100% 
data (attributes only) 
Method 5005 in-line Class B Groups A, B, C, D 

Quality Conformance Inspection per Method 5005 (attributes data only) 

19. Group A Manufacturer's documented 
data sheet 

20. Group B 

21. GroupC 

22. Group D 

Package functional and 
construction tests 
Die related 
(1000 hr. operating life) 
Package related test 
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Each lot/sublot 
Each package type 
on each lot 
Generic every 13 weeks 

Each package type 
Generic every 26 weeks 
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ORDER INFORMATION 

1 MEG x 1, 1 OOns access, -55°C to + 110°C, Ceramic DIP 

~ ____ ~_IPAC~E~~EED I 
MT4C1024 C -12 883C 
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The Micron MT4C1024-883C serves the special needs of 
the Defense/ Aerospace market. The Micron Military Prod
uct Assurance Program provides state-of-the-art screened 
to MIL-STD 883C Class B Revision C Methods 5004 and 
5005. All IC's furnished under this program are produces 
on certified lines and are manufactured, assembled, tested 
quality controlled in Micron's modern Boise, Idaho USA 
facility. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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MILITARY 
VRAM 
ADDITIONAL MILITARY SPECIFICATIONS 
• SMD (consult factory for reference number) 

FEATURES 
• Industry standard pin-out, timing, and ~nctions 
• High performance CMOS silicon gate process 
• Single +5V ±1O% power supply 
• Inputs and outputs are fully TIL and CMOS 

compatible 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and 

HIDDEN 
• 256 cycle refresh within 4ms 
• Optional PAGE MODE access cycles 
• Dual port organization: 64K x 4 DRAM port 

256 x 4 SAM port 
• Bit MASK-WRITE mode capability on DRAM port 
• No refresh required for Serial Access Memory 
• Low power: 10mW standby, 150mW active, typical 
• Fast access times - 120ns parallel, 40ns serial 
• Specifications guaranteed over Full Military DRAM 

temperature range (-55°C to +110°C) 
• MIL-STD-883 Rev. C, Class B 

OPTIONS MARKING 
• Process Level 

MIL-STD-883C (-55°C to +110°C) 883C 
Parts processed to full requirements of 
MIL-STD-883C, method 5004 and 5005 

MIL-STD-883C with the exception that M070 
final electrical testing is performed at 
O°C to +70°C 

• Timing (DRAM, SAM) 
120ns, 40ns -12 
150ns,60ns -15 
200ns,60ns -20 

• Packages 
Ceramic DIP (400 mil) C 

GENERAL DESCRIPTION 
The MT42C4064 883C is a high speed, dual port CMOS 
dynamic random access memory (DPDRAM) containing 
262,144 bits. It 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 
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64Kx4 DRAM 
with 256 x 4 SAM 

PIN ASSIGNMENT (Top View) 

24-Pin DIP 

SC Vss 

SDQ1 SDQ4 
SDQ2 SDQ3 

TR/OE SE 
DQ1 DQ4 

DQ2 DQ3 

MEjWE CAS 
RAS AO 

A6 A1 

A5 A2 
A4 A3 

Vee A7 

CG 

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 accom
plished 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 I/O port for the SAM. The rest of the circuitry 
consists of the control, timing, and address decoding logic. 
Each of the ports may be operated asynchronously and 
independently of the other except when data is being 
transferred internally between them. As with all DRAMs 
the DPDRAM must be refreshed in order tQ maintain data. 
The refresh cycles must be timed so that all 256 combina
tions 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. 

.. 
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Figure 1 
MT42C4064 BLOCK DIAGRAM 

DOl DQ. DQJ DO< 

r----------~---!---i---t-------, 
I r-+- I/O BUFFER I/O BUFFER I/O BUFFER I/O BUFFER I 
I L......-~ ~ I MASK 1 MASKl I I DRAM r ' -I BiT . I 1 BiT . I BIT _BI]-_ I I 

1iI:/iII: --:----~ LOGIC/ DRAM I COUNTER I _.7 

"Sf 

sc 

I r-+- 256 x 256 256 x 256 256 x 256 256 x 256 I 
I r- I 

~rr--J-----r----------r-------i 
r 

I 
I 
I 
I 

TRANSFER 
CONTROL 

LOGIC 

... • 58 ... 
~~_.-_~I __ TRTA_N_S_FE.R_G_A_TI.NG-~I-_,-~ 

... .58 ... 

I 
I 

TRANSFER CONTROL I 
I 
I 

I rr 
I 

r - - t ----- r- - - - - - - - - - - rSERIAu..DDRESsABt:"E -;;EMOR~ 
256 x , BITS I 

I '--
I SERIAL 

LOGIC/ 
COUNTER 

'--~BO;::IT=-'S::::E':-:LE""C'::T '-1---+-----+----+------1 I/O BUFFER r--;-- SDQ1 

I--
256 x , BITS I/O BUFFER t--t--- SOQ2 
BIT SELECT I I 

t-________ --t-'2""5==6 -'::x""'-::B::,ITS;:"-to_-+ ___ ---t I/O BUFFER I L - SDQJ 

BIT SELECT r-r--

L _____________________________ ~ 
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PIN DESCRIPTIONS 

PIN NUMBER(S) SYMBOL TYPE DESCRIPTION 

1 SC Input Serial Clock: Clock input to the serial address counter for the 
SAM registers. 

2,3,22,23 SDQ1 -SDQ4 Inputl Serial Data 1/0: Input, Output, or high impedance. 
Output 

4 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. 

5,6,19,20 DQ1-DQ4 Input! DRAM Data 1/0: Inputs, Outputs, or high impedance, andlor 
Output Mask Data Inputs: For MASK-WRITE cycle only. 

7 MEIWE Input Mask Enable: If MEIWE is LOW at the falling edge of RAS 
a MASK-WRITE cycle is performed, or 

Write Enable: WE is used to select a READ (WE = H) or 
WRITE (WE = L) cycle when accessing the DRAM. This 
includes a DRAM-TO-SAM TRANSFER (WE = H) or 
SAM-TO-DRAM TRANSFER (WE = L). 

8 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, AO to A7 Input Address Inputs: For the DRAM operation these inputs are 
14, 15, 16, 17 multiplexed and clocked by RAS and CAS' to select 4 bits 

out of the 256K available. During TRANSFER operations, 
AO to A7 indicate the DRAM row being accessed (when 
RAS goes low) and the SAM start address (when CAS' 
goes slow). 

12 Vcc Supply Power Supply: +5 Volts ±10% 

18 CAS Input Column Address Strobe: RAS is used to clock in the 8 
column address bits and enable the DRAM output buffers 
(TR/OE must also be LOW). 

21 SE Input Serial Port Enable: SE enables the serial 1/0 buffers and 
allows a serial READ or WRITE operation to occur, 
otherwise the output buffers are in 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. 

24 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 Functional Truth Table. 

Note: For dual function pins, the function that is not 
being discussed will be surrounded by paranthesis. 
For example, when discussing transfer operations 
the TR/OE pin will be shown as TR/(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. 

READIWRITE 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) fOE is used, when 
RAS goes LOW, to select between an internal transfer 
operation and a DRAM operation. (TR) / OE 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 MASK WRITE 
cycle and a normal WRITE cycle. If (ME) /WE is LOW at the 
RAS HIGH to LOW transition a MASK 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 tran
sition 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 
MASK-WRITE cycle, new mask data must be supplied at 
the beginning of each MASK-WRITE cycle. An example of 
a typical MASK-WRITE cycle is shown in Figure 2. 
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OLD MASK INPUT NEW OLD MASK INPUT NEW 
DATA DATA DATA (RE-WRITE) DATA 

1 0 X 1 0 0 X 0 
1 1 0----> 0 0 1 1----> 1 
0 0 X 0 0 0 X 0 
0 1 1----> 1 0 1 1----> 1 

ADDRESS 0 ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~Don't Care 

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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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 incremen.ts 
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. If SE 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. 
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FUNCTIONAL TRUTH TABLE 
DRAM Operations (SC, 'SE, and SDQ1 - SDQ4 are don't care) 

lIAS" ~ 
'ME"iWE" 

Function 
tR' tC' 

Standby H H X X 

READ L L X H 

WRITE L L H L 
(EARLY-WRITE) 

MASK-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 n/a 
REFRESH 

HIDDEN L---+H-L L X H 
REFRESH 

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

TRANSFER Operations (DQ1 - DQ4 are don't care) 

Function lIAS" ~ 
'ME"tWE" 

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 
te = 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. 

mlO'E Addresses DQ1 
to Notes 

tR' tC' tR' tC' DQ4 

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 n/a ROW n/a High Impedance 

H L ROW COL Valid Data Out 

H X X X High Impedance 

mlO'E Addresses SC 'SE SDQ1 

tR' 

L 

L 

L 
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to Notes 
tC' tR' tC' SDQ4 

L ROW SSA** X X X 2 

X ROW SSA*· X L X 3 

X ROW SSA** X H X 4 

Notes: 1. Any type of WRITE cycle may also be a MASK· 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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PRELIMINARY 

I'IIIC: F=I ON MT 42C4064 883C 

Serial I/O Operations (RXS', ~, ME/WE", mmE", 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 any pin relative to Vss ............... -1.5V to +7.0V 
Operating Temperature Range ................. -65°C to + 150°C 
Power Dissipation ........................................................ 1 Watt 
Lead Temperature (soldering 5 sec.) .......................... 300°C 
Juction Temperature Tj) ............................................. +I50°C 
Short Circuit Output Current ..................................... 50mA 
Thermal Resistance (Sjc) 24 pin DIP .................................... . 

'SE" 

L 

L 

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. 

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

PARAMETER/CONDITION 

Vee Supply Voltage 

Vss power supply and signal reference 

Operating case temperature 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(Notes 3, 4, 5) (Vee = 5.0V ± 10%) 

ITEM TEST NOTES SYMBOL 

1 High level output voltage 1 VOH 

2 Low level output voltage 1 VOL 

3 High level input leakage IIH 
current 

4 Low level input leakage ilL 
current 

5 Output leakage current loz 

SYMBOL 

Vee 

Vss 

Tc 

VIH 

VIL 

ALT. CONDITIONS 
SYMBOL ·55°C S Tc S + 110'C 

Vee = 4.5V, IOH = 5mA 
VIL = 0.8V, VIH = 2.4V 

Vee = 4.5V, IOL = -5mA 
VIL = 0.8V, VIH = 2.4V 

Vee = 5.5V, VI = 6.5V 

Vee = 5.5V, VI = O.OV 

Vee = 5.5V, outputs are 
disabled, OV S; VOUT S; Vee 

7-72 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

0.0 0.0 V 1 

-55 +110 °C 

2.4 Vee+1 V 1 

-1.0 0.8 V 1 

DEVICE GROUP A LIMITS UNIT 
TYPE SUBGROUPS MIN MAX 
All 1,2,3 2.4 V 

All 1,2,3 0.4 V 

All 1,2,3 10 ~ 

All 1,2,3 ·10 ~ 

All 1,2,3 -10 10 ~ 
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CAPACITANCE 

ITEM TEST NOTES SYMBOL ALT. 
SYMBOL 

1 Input capacitance 18 CI1 
(AO - A7, DIN) 

2 ~*st ~acitance (R~, 18 CI2 
, E,~, SC,SE 

3 Input capacitance 18 Co 
(AO - A7, Dour) 

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 RAS cycle wake-up should 
be repeated any time the 4ms static 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 (-55°C ~ Tc ~ +110°C) is assured. 

7. Measured with a load equivalent to 2 TTL gates and 
l00pF. 

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, DRAM data output is high impedance. 
11. If CAS = VIL, DRAM data output may contain data 

from the last valid READ cycle. 
12. tOFF (max) defines the time at which the output 

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

13. Operation within the tRCD (max) limit ensures that 
~C (max) can be met. tRCD (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. 

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 WE leading edge in 
LATE WRITE or READ-MODIFY-WRITE cycles. 

CONDITIONS DEVICE GRDUPA LIMITS UNIT 
-55°C"Tc ,,+110°C TYPE SUBGROUPS MIN MAX 

Sampled parameter A" 4 5 pF 

Sampled parameter A" 4 7 pF 

Sampled parameter A" 4 7 pF 
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16. IWCS, tCWD 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 tRWD ~ tRWD (min) the 
cycle is a READ-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met the state of data out (at 
access time and until CAS goes back tOVIH) is inde
terminate. 

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 
flV 

with flV = 3V and Vee = 5V. This parameter is 
sampled. 

19. If CAS is low at the falling edge of RAS, DoUT will 
be maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer CAS must be 
pulsed high for tcP. Note 8 applies to determine 
valid data out. 

20. Includes the OE delay time (25ns for the -12, 30ns for 
the -15, and 45ns for the -20). 

21. During a READ cycle if OE is low then taken high 
(VIH) DoUT goes open. If OE is tied permanently low 
a READ-MODIFY-WRITE operation is not possible. 

22. Enables on-chip refresh and address counters. 
23. TRANSFER Command means that TR/(OE) is LOW 

when RAS goes LOW. 
24. 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. 
26. The parameter is a "conditionally" guaranteed 

parameter that is specified to aid with device applica
tion. It is not directly verified by a specific test but is 
used, along with several other parameters, in the 
performance verification of other attributes .. 
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I'IIIC:F=lON MT 42C4064 883C 

DC ELECTRICAL CHARACTERISTICS 
(Notes 3, 4, 5) (Vee = 5.0V ± 10%) 

ITEM TEST NOTES SYMBOL 

1 Average operating current 4 ICC1 
during READ or WRITE 
cycles. 

2 Average operating current 4 ICC2 
during PAGE-MODE READ 
or WRITE cycles. 

3 Standby current: TTL Icc3 
input levels 

4 Standby current: CMOS ICC4 
input levels 

5 Refresh cu rrent: ICC5 
~ only refresh 

6 Refresh current: 5 Iccs 
"CAS"-before-"RAS" refresh 

7 Data transfer current: IcC7 
DRAM-TO-SAM or 
SAM-TO-DRAM 

8 Average operating current 4 Iccs 
during READ or WRITE 
cycles. 

9 Average operating current 4 Iccg 
during PAGE-MODE READ 
or WRITE cycles. 

10 Standby current: TTL ICC10 
input levels 

11 Standby current: CMOS ICC11 
input levels 

12 Refresh current: ICC12 
RAS" only refresh 

13 Refresh cu rrent: 5 ICC13 
CAS-before-RAS refresh 

ALT. 
SYMBOL 

CONDITIONS DEVICE GROUP A LIMITS UNIT 
-55°C<T, ,,+11Il"C TYPE SUBGROUPS MIN MAX 

"RAS and CAS = cycling, 
IRC = IRC (min), 

All 1,2,3 40 mA 

SAM in Standby 

RAS" = VIL, CAS" = All 1,2,3 40 mA 
cycling, IpC = IpC (min), 
SAM in Standby 

RAS" = "CAS" = VIH All 1,2,3 10 mA 
after 8 "RAS cycles, 
SAM in Standby 

"FiAS = CAS = Vcc -0.2V All 1,2,3 6 rnA 
after 8 RAS cycles. 
All other inputs at 
Vcc -0.2V or Vss +0.2V, 
SAM in Standby 

"FIAS = Cycling, "CAS" = VIH, All 1,2,3 30 mA 
SAM in Standby 

RAS and CAS = cycling, All 1,2,3 30 mA 
SAM in Standby 

Data transfer cycle, All 1,2,3 60 mA 
SAM in Standby 

"RAS and CAS = cycling, 
IRC = IRC (min), SAM 
active, ISC = ISC (min) 

All 1,2,3 60 mA 

"RAS = VIL, CAS" = cycling, 
IpC = IpC (min), SAM 
active, ISC = ISC (min) 

All 1,2,3 60 mA 

"RAS = CAS = VIH All 1,2,3 30 mA 
after 8 RAS cycles, SAM 
active, ISC = ISC (min) 

"RAS = CAS = Vcc -0.2V All 1,2,3 25 mA 
after 8 RAS" cycles. All 
other inputs at Vcc -0.2V 
or Vss +0.2V, SAM active, 
ISC = ISC (min) 

RAS" = Cycling, All 1,2,3 50 mA 
"CAS" = VIH, SAM active, 
ISC = ISC (min) 

"RAS" and "CAS" = cycling, All 1,2,3 50 mA 
Sam active, 
ISC = ISC (min) 
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DRAM TIMING PARAMETERS 
DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5, 10, 11, 17) (Vee = 5.0V ± 10%) 

ITEM TEST NOTES SYMBOL ALT. CONDITIONS DEVICE GROUP A LIMITS 
SYMBOL ·55°C<Tc <+110°C TYPE SUBGROUPS MIN MAX 

1 Random READ or WRITE 6,7 IRC le(RD) All cycle times -12 9,10,11 220 
cycle time IC(W) assume IT = 5ns. -15 260 

-20 300 

2 READ-MODIFY-WRITE 20,21 IRWC Ic(RDW) -12 9,10,11 295 
cycle time -15 345 

-20 400 

3 PAGE-MODE READ- 6,7, IpRWC Ic(PRDW) -12 9,10,11 150 
MODIFY-WRITE cycle time 26 -15 175 

-20 200 

4 PAGE-MODE READ or 6,7, IpC Ic(PRD) -12 9,10,11 90 
WRITE cycle time 26 IC(PW) -15 110 

-20 200 

5 Access time from 'RAS' 7,8 IRAC la(R) CL = 100pF -12 9,10,11 120 
-15 150 
-20 200 

6 Access time from CAS 7,9 ICAC la(C) CL= 100pF -12 9,10,11 60 
-15 75 
-20 100 

7 'RAS' pulse width IRAS W(RL) -12 9,10,11 120 10,000 
-15 150 10,000 
-20 200 10000 

8 'RAS' pulse width IRASP W(RLP) -12 9,10,11 120 100,000 
(PAGE-MODE) -15 150 100,000 

-20 200 100000 

9 'RAS' hold time IRSH Ih(CLRH) -12 9,10,11 60 
-15 75 
-20 100 

10 'RAS' precharge time IRP W(RH) -12 9,10,11 90 
-15 100 
-20 100 

11 CAS pulse width ICAS W(CL) -12 9,10,11 60 10,000 
-15 75 10,000 
-20 100 10000 

12 CAS hold time 26 ICSH Ih(RLCH) -12 9,10,11 120 
-15 150 
-20 200 

13 "CAS' precharge ti me 26 ICPN W(CH) -12 9,10,11 20 
-15 25 
-20 35 

14 "CAS' precharge ti me 19, ICp W(CH) -12 9,10,11 20 
(PAGE-MODE) 26 -15 25 

-20 35 

15 'RAS' to "CAS' delay 13 IRCD IRLCL -12 9,10,11 20 60 
-15 20 75 
-20 25 85 

16 "CAS' to 'RAS' 26 ICRP ICHRL -12 9,10,11 10 
precharge time -15 10 

-20 10 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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PRELIMINARY 

I'IIIC=RON MT 42C4064 883C 

DRAM TIMING PARAMETERS (Continued) 
DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5, 10, 11, 17) (Vee = 5.0V ± 10%) 

ITEM TEST NOTES SYMBOL ALT. CONDITIONS DEVICE GROUP A LIMITS 
SYMBOL -55°C < Te < +110°C TYPE SUBGROUPS MIN MAX 

17 Row address set-up time IASR Isu(RA) All cycle times -12 9,10,11 0 
assume IT = 5ns. -15 0 

-20 0 

18 Row address hold time lRAH Ih(RA) -12 9,10,11 15 
-15 15 
-20 20 

19 Column address IASC Isu(CA) -12 9,10,11 0 
set-uptime -15 0 

-20 0 

20 Column address ICAH Ih(CLCA) -12 9,10,11 20 
hold time -15 25 

-20 35 

21 Column address IAR Ih(RLCA) -12 9,10,11 70 
hold time -15 80 
(referenced to RJiS) -20 100 

22 READ command IRCS Isu(RD) -12 9,10,11 0 
set-uptime -15 0 

-20 0 

23 READ command 14, IRCH Ih(CHRD) -12 9,10,11 0 
hold time 26 -15 0 
(referenced to "CAS) -20 0 

24 READ command 26 IRRH Ih(RHRD) -12 9,10,11 0 
hold time -15 0 
(referenced to FiAS) -20 0 

25 WE command 16 IWCS 'su(WCL) -12 9,10,11 0 
set-up time -15 0 

-20 0 

26 WRITE command IWCH Ih(CLW) -12 9,10,11 25 
hold time -15 30 

-20 45 

27 WRITE command IWCR Ih(RLW) -12 9,10,11 80 
hold time -15 90 
(referenced to RAS) -20 120 

28 WRITE command IWp 'w(W) -12 9,10,11 25 
pulse width -15 30 

-20 45 

29 WRITE command to IRWL Ih(WRH) -12 9,10,11 30 
RAS lead time -15 35 

-20 50 

30 WRITE command to tcWL Ih(WCH) -12 9,10,11 30 
"CAS lead time -15 35 

-20 50 

31 Data-in set-up time 15 IDS Isu(D) -12 9,10,11 0 
-15 0 
-20 10 

32 Data-in hold time 15 IDH Ih(CLD) -12 9,10,11 20 
(referenced to "CAS) -15 25 

-20 50 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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DRAM TIMING PARAMETERS (Continued) 
DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5, 10, 11, 17) (Vee = 5.0V ± 10%) 

ITEM TEST NOTES SYMBOL ALT. CONDITIONS DEVICE GROUP A LIMITS 
SYMBOL -55°C" Tc ,,+110°& TYPE SUBGROUPS MIN MAX 

33 Data-in hold time IDH Ih(WLD) All cycle times -12 9,10,11 20 
(referenced to MEIWE assume IT = 5ns. -15 25 

-20 50 

34 Data-in hold time IDHR Ih(RLD) -12 9,10,11 80 
(referenced to RAS -15 90 

-20 120 

35 CAS to WE delay 16,20 ICWD ICLWL -12 9,10,11 80 
-15 95 
-20 130 

36 RAS to WE delay 16,20 IRWD IRLWL -12 9,10,11 150 
-15 185 
-20 220 

37 MElWE (Mask Write 26 IWSR Isu(WE) -12 9,10,11 0 
Mode) to RAS set-up time -15 0 

-20 0 

38 liitEiWE" (Mask Write 26 IRWH Ih(WE) -12 9,10,11 10 
Mode) to RAS hold time -15 15 

-20 20 

39 Mask Data (DQ~ to 26 IMS Isu(W) -12 9,10,11 0 
RAS set-up time -15 0 

-20 0 

40 Mask Data (DQ~ to IMH Ih(W) -12 9,10,11 20 
RAS hold time -15 25 

-20 40 

41 Transition time 26 IT IT -12 9,10,11 3 50 
(rise or fall) -15 3 50 

-20 3 50 

42 Refresh period IREF Ic(RF) All 256 row -12 9,10,11 4 
(256 cycle) addresses must -15 4 

be accessed. -20 4 

43 CAS set-up time !CSR Isu(RCR) 12 9,10,11 10 
(CAS-before-RAS refresh) -15 10 

-20 10 

44 CAS hold time 22 ICHR Ih(RRC) -12 9,10,11 25 
~-before-"RAS" refresh -15 30 

-20 40 

45 CAS to output in 26 ICLZ -12 9,10,11 5 
low-Z -15 5 

-20 10 

46 Output buffer 12 'oFF Idis(CH) -12 9,10,11 0 25 
turn-off delay -15 0 30 
(referenced from CAS) -20 0 35 

47 Output enable IOE .la(OE) -12 9,10,11 25 
(referenced from -15 30 
TRiOE) -20 45 

48 Output disable IOD Idis(OE) -12 9,10,11 25 
(referenced from -15 30 
iRJOE) -20 35 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ns 

ns 

ns 

ns 

ns 

ns 
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PRELIMINARY 

I'IIIC::F=lON MT 42C4064 883C 

TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5, 10, 11, 17) (Vee = 5.0V ± 10%) 

ITEM TEST NOTES SYMBOL ALT. CONDITIONS DEVICE GROUP A 
SYMBOL -55°C<Tc <+110°C TYPE SUBGROUPS 

1 TRANSFER command to 23 ITS Isu(DT) All cycle times -12 9,10,11 
RAS" set-up time assume IT = 5ns. -15 

-20 

2 TRANSFER command to 23 tRTH Ih(DT) -12 9,10,11 
RAS hold time -15 

-20 

3 TRANSFER command to 23 ICTH th(ClDT) -12 9,10,11 
CAS hold time -15 

-20 

4 TRANSFER command to 23, ITSl ISHDH -12 9,10,11 
to SC lead time 26 -15 

-20 

5 TRANSFER command to 23, ITRl Isu(DTRH) -12 9,10,11 
"RAS" lead time 26 -15 

-20 

6 TRANSFER command to 23, ITRD Ih(DTRH) -12 9,10,11 
RAS" delay time 26 -15 

-20 

7 TRANSFER command to 23, ITCl Isu(DTCH) -12 9,10,11 
CAS lead time 26 -15 

-20 

8 TRANSFER command to 23, ITCD th(DTCH) -12 9,10,11 
CAS delay time 26 -15 

-20 

9 First SC edge to 26 ITSD Ih(SCDT) -12 9,10,11 
TRANSFER command -15 
delay time -20 

10 SAM-to-DRAM (Write) IRTHW Ih(TR) -12 9,10,11 
TRANSFER command to -15 
"RAS hold time -20 

11 Serial output buffer 26 ISDZ -12 9,10,11 
turn off delay -15 
from RAS" -20 

12 SC to RAS" set-up time 26 ISRS Isu(SCRl) -12 9,10,11 
-15 
-20 

13 "RAS" to SC delay time 26 tSRD tRHSC -12 9,10,11 
-15 
-20 

14 Serial data input to 26 ISZE -12 9,10,11 
SE delay time -15 

-20 

15 RAS" to SD buffer 26 tSRO -12 9,10,11 
turn on time -15 

-20 

16 Serial data input 26 ISDD -12 9,10,11 
delay from RAS" -15 

-20 
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LIMITS UNIT 
MIN MAX 

0 ns 
0 
0 

90 ns 
100 
140 

30 ns 
35 
50 

5 ns 
10 
20 

10 ns 
10 
20 

15 ns 
20 
40 

10 ns 
10 
20 

15 ns 
20 
40 

10 ns 
20 
40 

15 ns 
15 
30 

10 50 ns 
10 60 
10 80 

40 ns 
45 
60 

30 ns 
35 
50 

0 ns 
0 
0 

0 ns 
0 
0 

55 ns 
60 
80 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5, 10, 11, 17) (Vee = 5.0V ± 10%) 

ITEM TEST NOTES SYMBOL ALT. CONDITIONS DEVICE GROUP A 
SYMBOL -55°C5T, 5+110°C TYPE SUBGROUPS 

17 Serial data input 26 tszs All cycle times -12 9,10,11 
to RAS" delay time assume IT = 5ns. -15 

-20 

18 Serial input mode 26 tESR tsu(SE) -12 9,10,11 
Enable (SE) to RAS" -15 
set-uptime -20 

19 Serial input mode 26 tREH th(SE) -12 9,10,11 
Enable (SE) to RAS" -15 
hold time -20 

20 NON-TRANSFER 24, tyS tsu(DTH) -12 9,10,11 
command to RAS" 26 -15 
set-up time -20 

21 NON-TRANSFER 24, tyS th(DTH) -12 9,10,11 
command to RAS" 26 -15 
hold time -20 

7-79 

LIMITS UNIT 
MIN MAX 

0 ns 
0 
0 

0 ns 
0 
0 

10 ns 
15 
30 

0 ns 
0 
0 

10 ns 
10 
20 
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PRELIMINARY 

I'IIIC::F=lON MT 42C4064 883C 

TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 3, 4, 5, 10, 11, 17) (Vee = 5.0V ± 10%) 

ITEM TEST NOTES SYMBOL ALT. CONDITIONS DEVICE GROUP A 
SYMBOL -56°C,; Te ,; +110°C TYPE SUBGROUPS 

1 Serial clock cycle time 26 ISC Ic(SC) All cycle limes 12 9,10,11 
assume IT = 5ns. -15 

-20 

2 Access time from SC ISAC ta(SC) -12 9,10,11 
-15 
-20 

3 SC precharge time 26 tsp W(SCH) -12 9,10,11 
-15 
-20 

4 SC pulse width 26 tsAs W(SCl) -12 9,10,11 
-15 
-20 

5 Access time from SE 26 tSEA la(SE) -12 9,10,11 
-15 
-20 

6 SE precharge lime 26 tsEp W(SEH) -12 9,10,11 
-15 
-20 

7 SE pulse width 26 tSE W(SEl) -12 9,10,11 
-15 
-20 

8 Serial data out hold 26 ISOH Ih(SCHD) -12 9,10,11 
time after SC high -15 

-20 

9 Serial output buffer 26 tSEZ tdis(SE) -12 9,10,11 
turn off delay from SE -15 

-20 

10 Serial data in ISDS tsu(SD) -12 9,10,11 
set-uptime -15 

-20 

11 Serial data in ISDH Ih(SD) -12 9,10,11 
hold lime -15 

-20 

12 Serial input (Write) 26 tsws Isu(SEl) -12 9,10,11 
enable set-up time -15 

-20 

13 Serial input (Write) 26 tSWH Ih(SEl) -12 9,10,11 
enable hold time -15 

-20 

14 Serial input (Write) 26 ISWIS Isu(SEH) -12 9, 10, 11 
disable set-up time -15 

-20 

15 Serial input (Write) 26 ISWIH Ih(SEH) -12 9,10,11 
disable hold time -15 

-20 
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LIMITS UNIT 
MIN MAX 

40 
60 
80 

40 
60 
80 

10 
20 
30 

10 
20 
30 

30 
40 
60 

15 
20 
30 

15 
20 
30 

10 
10 
10 

0 25 
0 30 
0 50 

0 
0 
0 

20 
25 
40 

0 
0 
0 

35 
45 
60 

0 ns 
0 
0 

35 ns 
45 
60 



PRELIMINARY 

I'IIIC:RON MT42C4064883C 

DRAM READ CYCLE 

VIH _---------i 

VIL - 1}-----------.'e~s~H ------11 
tRSH 

tCRP 

ADDR 

DOt-DO' ~g~ ='------H--- OPEN -------:-:-:--t=V~A~LlD~DO~U~T ~>---- OPEN ---

RAS" 

"CAS" 

ADDR 

DRAM EARLY-WRITE CYCLE 
'Re 

'RAS 

VIH -
VIL -

'eSH 

'RSH 
tCRP tReD 'CAS 

VIH -
VIL -

'ASR tRAH 

VIH -
VIL - ROW COLUMN 

'WCR 

'WCS 'WCH 
twp 

tDHR 

tos tOH 

VAUD DIN 

~:~ -JlIlllIIll! W/!/$ 1//1I!1I/IIII!/IIl///$11 II 11//111 III/II III III 11111 II 
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ROW 

~ DON'T CARE 

~ UNDEFINED 
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I'IIIC:RON MT 42C4064 883C 

}---OPEN---~m0~~~~~~j---OPEN---

NOTE 1: If MEiWE is LOW, a MASK-WRITE cycle will be performed, 
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~ DON'T CARE 

~ UNDEFINED 



PRELIMINARY 

I'IIIC:RON MT 42C4064 883C 

DRAM PAGE-MODE READ CYCLE 

tpc 

f--____ t-'"RC"-"o-+---+-'tC"'A=--S ----I f--_--'tC"--p -I t CAS 

AooR 

001-004 ~g~ ='-------++--

DRAM PAGE-MODE EARLY-WRITE CYCLE 

ROW 

m;oc ~:~ -JlllII WI I///! II! III! !IIII/Il I!! /II II! I! II! I!!III I!! III! II///! III!!II! !lll!11 I!!!I&!! I!! I!!I IIlIlIdl!! II! I! /II I! I!!I /J 

NOTE 1: If MEIWE is LOW, a MASK-WRITE cycle will be performed. 
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~ UNDEFINED 
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PRELIMINARY 

I'IIIC:I=ION MT 42C4064 883C 

DRAM PAGE-MODE READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

tRASP 

tCSH tpRWC 

tRCD teAs 

tCAH 

COLUMN 

tRWD 

tcwo 

NOTE: 1: If MEIWE is LOW, a MASK-WRITE cycle will be performed 

ADDR 

V,H _:---------il 
V,L -

tCRP 

RAS ONLY REFRESH CYCLE 
(MEIWE = Don't Care) 

V,H _:----i:-----_+f-----------------------
V,L -

ROW ROW 

DOl-DQ4 ~:~-:--------+I~--------OPEN--------------
t-------=---!t YS t---=------it YH 

~:t -_ ~/#/#/_#;//#$hW#//##$$/;j1;j1 
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PRELIMINARY 

tvllC:RON MT42C4064883C 

= VIH -
VIL -

= VIH -
VIL -

CAS'-BEFORE-RAS REFRESH CYCLE 
(AO - A7 and MEIWE are Don't Care.) 

tCSR tCHR 

001-004 ~:gr :-----+t---------OPEN-------------

HIDDEN REFRESH CYCLE 

(READ) (REFRESH) 

VIH _~------c 

VIL - I 1--------;-::, R-,-,CD-t.-::-RS,---H----{ 
tCHR 

= 

AD DR 

~ I 
W##II/$/#J1I/$/#//#/$/#//$/$//!arIlJ 

J tOFF 

OPEN-001-004 ~gr :~----++--OPEN -----~~====~VA~L10~D~O~UT==~=f 
too 

~ DON·T CARE 

~ UNOEFINED 

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 

I'IIIC::I=ION MT 42C4064 883C 

AOOR 

DRAM-TO-SAM TRANSFER 
(READ TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode.) 

teAs 

s: sc -r---I » 
::D 
-< 
< 
::D » s: 

SDQ1-SDQ4 

~ DON'T CARE 

NOTE 1: This SE pulse is shown to illustrate the SERIAL OUTPUT ENABLE and DISABLE timing. It is not required. 
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PRELIMINARY 

I'IIIC:I=ION MT 42C4064 883C 

ADOR 

sc 

DRAM-TO-SAM TRANSFER 
(READ TRANSFER) 

(When part was previously in the SERIAL INPUT mode.) 

V,H _~-----ll 

V,L - }----------;---------1 

SDQ1-SDQ4 ~:g~ =X~~~---t====~~~==~==; 

V1H -
V,L -I..LL.'-'.LLLL'-----___________ ----' 

NOTE 1: There must be no rising edges on the SC input during this time period. 
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PRELIMINARY 

I'IIIC::I=ION MT 42C4064 883C 

= VIH -
VIL -

CAS VIH -
VIL -

ADDR 

ilEjWE' 

SC 

SAM-TO-DRAM TRANSFER 
(WRITE TRANSFER) 

(When part was previously in the SERIAL INPUT mode.) 

tRC 

tRAS ~ ______________ ~ __________ ~~tR~P ________ ~ 

tCSH 

tRSH 

tCRP tRCO tCAS 

SDQ1-SDQ4 ~:~ ::1.LLJ.,''-__ '''''::':''''K\Lf;u.LfL:J.I.li.LLI.LL:J.I.li.LLI.LL:J.I.li.LLI.LL:J.I.li.LLI.LL:J.I.li.LLI.LL:J.I.li.LLI.LL:J.I.li.il1J '--_----"--" '<.L.LL.U..u.J..L<-'-' '--_----"-'---

tTS -j ~ tRTHW 1 

iRjOr ~:~ $I/#///#/tal b/#/$/$/#//##/$/#uU;//#///$$$/#$J/#//#$$;/$//#///#/#$J/##1 
~ DON'T CARE 

~ INHIBIT RISING EDGE 

NOTE 1: If'S'E' is LOW, the SAM data will be transferred to the DRAM. 
If'S'E'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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I'IIIC:I=ION MT 42C4064 883C 

SAM-TO-DRAM TRANSFER 
(WRITE TRANSFER/PSEUDO WRITE TRANSFER) 

(When part was perviously in the SERIAL OUTPUT mode.) 

NOTE 1: If SE is LOW, the SAM data will be transferred to the DRAM. 

~ DON·r CARE 

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'IIICRON MT42C4064883C 

SAM SERIAL INPUT 

VIH -

VIL -----.,-tS:-:C-------+--.,-tS:-:C~-----' 

SC 

SDQ1-SDQ4 

SAM SERIAL OUTPUT 

tSEP 

SC 

SDQ1-SDQ4 
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tsws 

VALID DIN 

VALID DOUT 

~ DON'T CARE 

~ UNDEFINED 



PRELIMINARY 

I'IIIC:RON MT42C4064883C 

MICRON MIL-STD-883C PRODUCT ASSURANCE FLOW 

Description of 
Requirements and Screens 

General MIL-M-38510 

1. MIL-STD-883, Class B, Rev C 

2. Certification 
3. Traceability 
4. Country of Origin 

(Not required for 883C) 

MIL-STD-883 Fabrication 

5. Incoming Inspections All 
Direct Materials 

6. Wafer Fabrication 
7. Assembly 

Methods and Test 
Conditions 

Establish and implement 
a product assurance program 
plan and qualification test plan 
and submit to qualifying activity. 
Manufacturer's QA survey 
Traceable to wafer production lot. 
N/A 

MIL-STD-105D 

Method 2018 SEM Monitors 
Class B Process Monitors 

MIL-STD-883, Class B, Rev. C, Method 5004 Screening 

8. Internal Visual 
9. Temperature Cycle 
10. Constant Acceleration 
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. Pack/Ship 

18. Quality Conformance 
Inspection 

Method 20lO, condo B 
Method 10lO, condo C 
Method 2001, condo E 

Method 1014, condo A 
Method 1014, condo C 
Manufacturer's documented 
data sheet @ + 118°C 
Method 1015, 162 hours @ 125°C 
Method 5004, Class B, 
3.1.16 @-55°C, +25°C, +1l3°C 
5% PDA and in-line Group A 
per method 5005 
Method 2015 
Method 2009 
Includes C of C, with QCI 
data (attributes only) 
Method 5005 in-line Class B 

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 
(lOOO hr. operating life) 

22. Group D Package related test 

7-91 

Comment 

Approved 
byDESC 

Self audit 
Computer lot history records 
Devices manufactured, 
assembed and tested in 
Boise, Idaho USA. 

In-line 

lOO% 
lOO% 

100% 
lOO% 
lOO% 

100% 
lOO% 
lOO% 

100% 
100% 

lOO% 
lOO% 
lOO% 

Groups A, B, C, D 

Each loti sublot 
Each package type 
on each lot 
Micro circuit group/every quarter 

Each package type 
Generic every 26 weeks 
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PRELIMINARY 

, I'IIIC:~ON MT42C4064883C 

ORDER INFORMATION 

I....-_-or---I! PACKAiE I ~jEE~ II Flj ! 
MT42C4064 C -1S-883C 

The Micron MT42C4064 is functionally equivalent to 
other manufacturer's products meeting JEDEC standards. 
It is manufactured and quality controlled in Micron's 
modem Boise, Idaho USA facility using the high speed, 

7-92 

low power CMOS double poly, single metal process. 
Micron's QUALITY ASSURED policy is to offer prompt, 
accurate, and courteous service while assuring reliability 
and quality. Functionality is consistently assured over a 
wider power supply, temperature, and refresh range than 
specified. Each unit receives accelerated bum-in and and 
several hours of AMBYXTM system level testing prior to 
final test and shipment. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 



IVIIC:RON MT5C1608 883C 

MILITARY 
SRAM 
ADDITIONAL MILITARY SPECIFICATIONS 
• SMD 84036 
• JAN (consult factory for reference number) 
• RAD-tolerant (consult factory) 

FEATURES 
• Battery Backup - 2 volt data retention 
• High speed: 15,20,25,30 and 35ns 
• High performance, low power, CMOS double metal 

process 
• Single +5V (±10%) power supply 
• All inputs and outputs are TTL compatible 
• MIL-STD 883 Rev. C, Class B 

OPTIONS 
• Timing 

15ns access 
20ns access 
25ns access 
30ns access 
35ns access 

• Packages 
Ceramic DIP (300 mil) 
Ceramic LCC 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-15 
-20 
-25 
-30 
-35 

C 
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. All fabrication is 100% domestic. 

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. 
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2Kx8SRAM 

PIN ASSIGNMENT (Top View) 

24L1300 DIP 28L1LCC 

~ 10 In ~ co 

A7 Vee .. < "" > .({ 

A6 AB A9 

WE 

AS A9 Of 
AIO 

A4 WE NC 

Al NC 

A3 '(if IT 

A2 AIO 007 

Al CE i""I '" ID If) o:::r 
g!:. g g g 

AO DOB ECE 

DOl D07 

D02 D06 

D03 DOS 

Vss D04 

CF 

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. 

.. 
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I'IIIC:F=lCN MT5C1608 883C 

FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

~ ~ 
A1 -+ 

D08 

A9 -+ 

A2 -+ a: 
....J UJ 

0 0 
0 a: 

Aa -+ () 16,384 - BIT I-
¢ <=> Z UJ MEMORY ARRAY 0 0 () , D01 

A4 -+ ~ 
~ 0 a: 

As -+ .. CE 

s: A6 -+ 

- (LSB) 
r it DE --I 

(LSB) I 
WE 

l> COLUMN DECODER 
Jl POWER 

-< t t t t DOWN 

~ Ao As A10 A7 

!!t 
en 

~ 
TRUTH TABLE 

MODE llE ~ WE DQ POWER 

STANDBY X H X HIGHZ STANDBY 

READ l l H DOUT ACTIVE 

READ H l H HIGHZ ACTIVE 

WRITE X l l DIN ACTIVE 
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I'IIIC:I=ION MT5C1608 883C 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on any input relative to Vss .............. -2.0 to +7.0V 
Voltage on Vee supply relative to Vss ........... -1.0V to +7.0V 
Storage Temperature .................................. -65°C to + 150°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ..................................... 50mA 
Lead Temperature (soldering, 10 seconds) ............ +260°C 
Junction Temperature ................................................ + 175°C 

*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 
(-55°C::;; T C::;; 125°C, Vee = 5V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 6.0 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV::;; VIN::;; Vee ILl -10 10 I1A 

Output Leakage Current Outputs Disabled, ILo -10 10 I1A 
OV ::;; VOUT ::;; Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -15 -20 -25 -3~ -35 UNITS NOTES 

Power Supply CE ::;; VIL, Vee = Max .• Icc 130 120 110 100 95 rnA 3 
Current: Operating Outputs Open 

CE;e: VIH. Vee = Max .• 
f = _1_ = __ 1 _ Hz ISBT1 50 45 40 40 40 rnA 

TRC(MIN) TWC(MIN) 

Power Supply CE;e: VIH. all other inputs 
Current: Standby ::;; VIL or;e: VIH. Vee = Max .• ISBT2 35 35 35 35 35 rnA 

f = OHz 

CE;e: (Vee - 0.2). Vee = Max .• 
all other inputs::;; 0.2V ISBe2 10 10 10 10 10 rnA 

or;e: (Vee - 0.2V). f = OHz 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C. f = 1 MHz. CI 8 pF 4 

Output Capacitance Vcc = 5V Co 8 pF 4 
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I'IIIC=F=lON MTSC1608 883C 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (-55°C ~ T C ~ 125°C, Vcc = 5V ± 10%) 

-15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 15 20 25 30 35 ns 

Address access time tAA 15 20 25 30 35 ns 

Chip enable access time tACE 15 20 25 30 35 ns 

Output hold from address change tOH 3 3 3 3 3 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 5 ns 

Chip disable to outpUl in high Z tHZCE 10 15 15 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 15 20 25 30 35 ns 

Output enable access time tAOE 12 15 15 20 20 ns 

Output enable to output in low Z tLZOE 0 0 0 0 0 ns 

Output disable to output in high Z tHZOE 10 15 15 20 20 ns 6 

WRITE Cycle 

WRITE cycle time WC 15 20 25 30 35 ns 

Chip enable to end of write tcw 13 15 20 25 30 ns 

Address valid to end of write tAW 15 15 20 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 13 15 20 25 25 ns 

Data set-up time tDS 10 12 15 15 15 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 10 0 12 0 15 0 15 0 15 ns 6 
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I'IIIC=RON MT5C1608 883C 

AC TEST CONDITIONS 
Input pulse levels ................................... Vss to 3.0V 

Input rise and fall times ....................................... 5ns 

Input timing reference level ............................... 1.5V 

Output reference level ....................................... 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. 

The specified value applies with the outputs 
1 1 

unloaded, and f = = Hz. 
TRC(MIN) TwC(MIN) 

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 tested with CL = SpF as 

in Fig. 2. Transition is measured ± SOOm V from 

+5V 

Dour ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

Dour ~
480 

255 5 pF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

steady state voltage, allowing for actual tester RC 
time constant. 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
VOR Vee for Retention Data 2 - V 

lee OR Data Retention Current CE ;:: ~Vcc - 0.2Vl Vcc=2v - 95 1000 I!A 
VIN;:: Vce - 0.2V 

or:S; 0.2V Vcc=3v - 350 1500 I!A 
tCDR(4) Chip Deselect to Data Retention Time 0 - ns 

tR(4) Operation Recovery Time tRC(11) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

Vee 
4.SV 4.SV 

teDR 

~ DON'T CARE 
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ADOR 

~ 

Vi[ 

DIN 

°OOT 

AODR 

~ 

Vi[ 

DIN 

READ CYCLE NO.1 (8, 9) 

.DDR ____ ..JI'-----",--•• ------X,.'------

'OH J 1----'''-'-------i.1 

Dour _---.:.P~RE~V10:..:.US=__O=__AT_A_VA..::.LI=__O _.J'~ ....... ".'-___ OA_T._V_AL_IO __ _ 

READ CYCLE NO.2 (7, 8, 10) 

DQ 

-

.1 
,/11 I I I I I I I I I I I III 

'AS 

I------Ioc---I 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

'we 

'AW 

'ew 

'WP 

Villi/; 
'os 

I 

'AH 

'W/II//////////////////////!! 

'OH 

.I 
DATA VALID 

'AS 

'HZWE 

.I 
HIGH Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

'we 

'AW 

'ew 

.1 
'\ 

'WP 
.1 

,/1111111111111111111111111111 
'os 

X DATA VAWO 

I 'LZWE 

~ 

'AH 

VlIIIIIIIIIIIIIIIIIIIIIIIII/; 
'OH 

.1 
J... 

~ ~ OON'TeARE 

00UT _---HIGH Z---~ UNDEFINED 
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I'IIICI=ION MT5C1608 883C 

MICRON MIL-STD 883C PRODUCT ASSURANCE FLOW 

Description of 
Requirements and Screens 

General MIL-M-38510 

1. MIL-STD 883, Class B, Rev C 

2. Certification 
3. Traceability 
4. Country of Origin 

(Not required for 883C) 

MIL-STD-883 Fabrication 

S. Incoming Inspections All 
Direct Materials 

6. Wafer Fabrication 
7. Assembly 

Methods and Test 
Conditions 

Establish and implement 
a product assurance program 
plan and qualification test plan. 

Manufacturer's QA survey 
Traceable to wafer production lot. 
N/A 

MIL-STD-I0SD 

Method 2018 SEM Monitors 
Class B Process Monitors 

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 

IS. Marking 
16. External Visual 
17. Pack/Ship 

18. Quality Conformance 
Inspection 

Method 1014, condo A 
Method 1014, condo C 
Manufacturer's documented 
data sheet @ + 12SoC 
Method lOIS 
Method S004, Class B, 
3.1.16@-SS°C, +2SoC, +12SoC 
S% PDA and in-line Group A 
per method SOOS 
Method 201S 
Method 2009 
Includes C of C, with QCI 
data (attributes only) 
Method SOOS in-line Class B 

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 

7-99 

Comment 

Approved 

Self audit 
Computer lot history records 
Devices manufactured, 
assembed and tested in 
Boise, Idaho USA. 

In-line 

100% 
100% 

100% 
100% 
100% 

100% 
100% 
100% 

100% 
100% 

100% 
100% 
100% 

Groups A, B, C, D 

Each loti sub lot 
Each package type 
on each lot 
Micro circuit group/every quarter 

Each package type 
Generic every 26 weeks 
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I'I'IC::RON MTSC1608 883C 

ORDER INFORMATION 

The Micron Fast SRAM family is functionally equivalent 
to other manufacturer's 883 compliant devices. These 
products are manufactured and quality controlled in the 
U.S.A. at Micron's modem Boise, Idaho facility. Micron's 
QUALITY ASSURED policy is to of£er prompt, accurate and 
courteous service while assuring quality and reliability. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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IVIIC::RCN MTSC6408 883C 

MILITARY 
SRAM 
ADDITIONAL MILITARY SPECIFICATIONS 
• SMD 85525 
• JAN (consult factory for reference number) 
• RAD-tolerant (consult factory) 

FEATURES 
• Battery Backup - 2 volt data retention 
• High speed: 15, 20, 25, 30 and 35ns 
• High performance, low power, CMOS double metal 

process 
• Single +5V (±10%) power supply 
• All inputs and outputs are TTL compatible 
• MIL-STD 883 Rev. C, Class B 

OPTIONS 
• Timing 

15ns access 
20ns access 
25ns access 
30ns access 
35ns access 

• Packages 
Ceramic DIP (300 mil) 
Ceramic DIP (600 mil) 
Ceramic LCC (28 leads) 
Ceramic LCC (32 leads) 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-15 
-20 
-25 
-30 
-35 

C 
CW 
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. All fabrication is 100% domestic. 

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. 
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8Kx8SRAM 

PIN ASSIGNMENT (Top View) 

28L/300/600 DIP 28l1LCC 

NC I. 2B Vee ~~~~I~ 
__ nnnnn 

W'E 3212B27 
A6 4 • 26 CE2 

CE2 A5 5 25 AB 
A4 6 24 A9 

AB A3 7 23 All 
A2 B 22 DE 

A9 Al 9 21 AIO 
AO 0 20 CEI 

All DQI 11 19 DQB 
DQ2 12 IB DQ7 

DE 1314151617 
;;;'uf~;n~ 
g~ggg AIO 

CEI ECE 
DQB 

DQ7 32L/LCC 
DQ6 

~~~~~~~ 
DQ5 

43 2 I 323130 
A6 5 • 29 AB 
A5 6 A9 

DQ4 

A4 7 All 
A3 B NC CH 
A2 9 DE 
Al 10 AIO 

AO 11 CEI 
NC 12 DQB 

DQI 13 DQ7 
14 15 16171BI920 

ruM lit U..,.. If') \0 
gg~zggg 

ECF 

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. 
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I'IIICRON MT5C6408 883C 

FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

! ! 
A2 --. 

D08 
As --. 

A3 --. a: 
...J W 

0 0 
0 a: 

A4 --. 0 65,536 - BIT I-
¢ ¢::> Z w MEMORY ARRAY 0 0 

() . D01 
As --. 3: 0 0 ::::: a: 
A6 --. 

CE1 
CE2 

A7 --. 
(LSB) 

1i DE 

(lSB) I 
WE 

COLUMN DECODER 
POWER 

t t t t t t 
DOWN 

Ag An A1 Ao A10 A 12 

TRUTH TABLE 

MODE 'C"E1 CE2 WE" O£ DQ POWER 

STANDBY H X X X HIGHZ STANDBY 

STANDBY X L X X HIGHZ STANDBY 

READ L H H L DOUT ACTIVE 

READ L H H H HIGHZ ACTIVE 

WRITE L H L X DIN ACTIVE 
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I'IIIC:F=lON MT5C6408 883C 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on any input or DQ relative to Vss .. -Z.O to +7.0V 
Voltage on Vee supply relative to Vss ........... -1.0V to +7.0V 
Storage Temperature .................................. -6SoC to + IS0°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ..................................... SOmA 
Lead Temperature (soldering, 10 seconds) ............ +Z60°C 
Junction Temperature ................................................ + 17SoC 

'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 
(-55°C ~ T C ~ 125°C, Vee = 5V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 6.0 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV ~ VIN ~ Vee ILl -10 10 IlA 
Output Leakage Current Outputs Disabled, ILo -10 10 ~A 

OV ~ VOUT ~ Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -15 -20 -25 -30 -35 UNITS NOTES 

Power Supply CE ~ VIL, Vee = Max., lee 130 120 110 100 95 rnA 3 
Current: Operating Outputs Open 

CE ;:>: VIH, Vee = Max., 
f=_1_= __ 1_ Hz ISBT1 50 45 40 40 40 rnA 

TRC(MIN) TWC(MIN) 

Power Supply CE;:>: VIH, all other inputs 
Current: Standby ~ VIL or ;:>: VIH, Vee = Max., ISBT2 35 35 35 35 35 rnA 

f = OHz 

CE;:>: (Vee - 0.2), Vee = Max., 
all other inputs ~ 0.2V ISBe2 10 10 10 10 10 rnA 

or;:>: (Vee - 0.2V), f = OHz 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 25°C, f = 1MHz, CI 8 pF 4 

Output Capacitance Vee = 5V Co 8 pF 4 
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I'IIIC:RON MT5C6408 883C 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (-55°C ~ T C ~ 125°C, Vcc = 5V ± 10%) 

-15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 15 20 25 30 35 ns 

Address access time tM 15 20 25 30 35 ns 

Chip enable access time tACE 15 20 25 30 35 ns 

Output hold from address change tOH 3 3 3 3 3 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 10 15 15 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 15 20 25 30 35 ns 

Output enable access time tAOE 12 15 15 20 20 ns 

Output enable to output in low Z tLZOE 0 0 0 0 0 ns 

Output disable to output in high Z tHZOE 10 15 15 20 20 ns 6 

WRITE Cycle 

WRITE cycle time WC 15 20 25 30 35 ns 

Chip enable to end of write tcw 13 15 20 25 30 ns 

Address valid to end of write tAW 15 15 20 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 WP 13 15 20 25 25 ns 

Data set-up time tDS 10 12 15 15 15 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 10 0 12 0 15 0 15 0 15 ns 6 
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I'IIU:::I=ION MT5C6408883C 

AC TEST CONDITIONS 
Input pulse levels ................................... Vss to 3.0V 

Input rise and fall times ....................................... 5ns 

Input timing reference level ............................... 1.5V 

Output reference level ....................................... 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. 

The specified value applies with the outputs 
1 1 

unloaded, and f = = Hz. 
TRC(MIN) TwC(MIN) 

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 tested with CL = SpF as 

in Fig. 2. Transition is measured ± sOOmv from 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

steady state voltage, allowing for actual tester RC 
time constant. 

7. At any given temperature and voltage condition, 
tHZCE is less than ILZCE. 

8. WE is high for READ cycle. 
9. Device is continuously selected. All Chip Enables 

held in their active state. 
to. Address valid prior to or coincident with latest 

occurring Chip Enable. 
11. IRC = Read Cycle Time. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VDR Vcc for Retention Data 2 - V 

IccDR Data Retention Current CE ~ ~vcc - 0.2V~ Vcc=2v - 95 1000 )lA 
VIN ~ Vcc - 0.2V 

or:S; 0.2V Vcc=3v - 350 1500 IlA 
'CDR(4) Chip Deselect to Data Retention Time 0 - ns 

'R(4) Operation Recovery Time tRC(tt) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

vcc 
4.SV 4.5V 

tCDR 

~ DON'T CARE 
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I'IIIC:RON MT5C6408 883C 

"oDR 

DOUT 

READ CYCLE NO.1 (8, 9) 

I 
AOOR ----.lJL----;-:-:-------,X'--___ _ 

tAA 

DOUl __ PR_EVl_O_US_O_ATA_V_AL_'O_~JB,--__ OA_TA_V_ALI_O __ _ 

J 
'1/11111 /l/l!I/ lJA 

tAS 

READ CYCLE NO.2 (7, 8, 10) 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twe 

tAW 

tcw tAH 

'l/IIIIIIIIIII////IIIII//l/!!J 
t"" 

VlIIII/' 
tos tOti 

J, 
DATA VAUD 

tHZWE 

.1 
HIGH Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

twe 

I tLZWE 

~ 

AOOR --'I''------------;-tA-w------J1'-----

tew tAH 

tDS 

DIN DATA VAUD 

~ ~ DON'T CARE 

DOUT _f----HIGH Z---~ UNDEFINED 
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IVIIC::RON MT5C6408 883C 

MICRON MIL-STD 883C PRODUCT ASSURANCE FLOW 

Description of 
Requirements and Screens 

General MIL-M-38510 

1. MIL-STD 883, Class B, Rev C 

2. Certification 
3. Traceability 
4. Country of Origin 

(Not required for 883C) 

MIL-STD-883 Fabrication 

S. Incoming Inspections All 
Direct Materials 

6. Wafer Fabrication 
7. Assembly 

Methods and Test 
Conditions 

Establish and implement 
a product assurance program 
plan and qualification test plan. 

Manufacturer's QA survey 
Traceable to wafer production lot. 
N/A 

MIL-STD-I0SD 

Method 2018 SEM Monitors 
Class B Process Monitors 

MIL-SID-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 

IS. Marking 
16. External Visual 
17. Pack/Ship 

18. Quality Conformance 
Inspection 

Method 1014, condo A 
Method 1014, condo C 
Manufacturer's documented 
data sheet @ + 12SoC 
Method lOIS 
Method SOO4, Class B, 
3.1.16 @-SS°c, +2SoC, +12SoC 
S% PDA and in-line Group A 
per method SOOS 
Method 201S 
Method 2009 
Includes C of C, with QCI 
data (attributes only) 
Method SOOS in-line Class B 

Quality Conformance Inspection per Method 5005 (attributes data only) 

19. Group A 

20. Group B 

21. Group C 

22. Group D 

Manufacturer's documented 
data sheet 
Package functional and 
construction tests 
Die related 

Package related test 
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Comment 

Approved 

Self audit 
Computer lot history records 
Devices manufactured, 
assembed and tested in 
Boise, Idaho USA. 

In-line 

100% 
100% 

100% 
100% 
100% 

100% 
100% 
100% 

100% 
100% 

100% 
100% 
100% 

Groups A, B, C, D 

Each lot/sublot 
Each package type 
on each lot 
Micro circuit group/every quarter 

Each package type 
Generic every 26 weeks 
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I'IIIC:RON MT5C6408 883C 

ORDER INFORMATION 

I PACiE~)ED II AEll"""'" I ~--~~ I 
L 

MT5C6408 C-15 883C 
MT5C6408EC-35 L 883C 

The Micron Fast SRAM family is functionally equivalent 
to other manufacturers 883 compliant devices. These 
products are manufactured and quality controlled in the 
U.S.A. at Micron's modem Boise, Idaho facility. Micron's 
QUALITY ASSURED policy is to offer prompt, accurate and 
courteous service while assuring quality and reliability. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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I'IIIC:RON MT5C1601 883C 

MILITARY 
SRAM 
ADDITIONAL MILITARY SPECIFICATIONS 
• SMD84132 
• JAN M3851O/291 
• RAD-tolerant (consult factory) 

FEATURES 
• Battery Backup - 2 volt data retention 
• High speed: 15, 20, 25, 30 and 35ns 
• High performance, low power, CMOS double metal 

process 
• Single +5V (±1O%) power supply 
• All inputs and outputs are TTL compatible 
• MIL-SID 883 Rev. C, Class B 

OPTIONS 
• Timing 

15ns access 
20ns access 
25ns access 
30ns access 
35ns access 

• Packages 
Ceramic DIP (300 mil) 
Ceramic LCC 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-15 
-20 
-25 
-30 
-35 

C 
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. All fabrication is 100% domestic. 

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. 
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16Kx 1 SRAM 

PIN ASSIGNMENT (Top View) 

20L/300 DIP 20L/LCC 

AO 1.\......120 ~ Vee 
~og~ 
«>< 

Al 2 19 ~ A13 00l 
N ..... N ..... 

A2 3 18 A12 UllUU 

A2 3 J U C 18 A12 
A3 4 17 All A3 4 J C 17 All -

A4 5 J C 16 Al0 
A4 5 16 Al0 A5 6 J C 15 A9 

A6 7 J C 14 A8 
A5 6 15 A9 Dout 8 J C 13 A7 

nnnn 
A6 7 14 A8 

m~;:::~ 

Dour 8 13 A7 
~:!~a 

wt. 9 12 DIN 

Vss 10 11 cr- ECC 

CD 

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. 



I'll I C:I=I ON MT5C1601 883C 

FUNCTIONAL BLOCK DIAGRAM 

Vcc GND 

~ ~ 

A5 --+ 

A 12 --+ a: 
UJ -I DIN 

A4 --+ 0 0 
0 a: 

A3 () 16,384 - BIT I-
--+ UJ ¢ MEMORY ARRAY ¢::> z 

DOUT 0 0 
A2 --+ ~ 

() 

0 
Al 0 :::::: 

--+ a: CE 

Ao --+ .. (LSB) 

s: {} 
WE -

(LSB) I r- COLUMN DECODER --I POWER 

» t t t t t t t DOWN 

:tJ 
< A6 Ag As A7 A13 A10 All 

~ 
~ 
en 

~ 
TRUTH TABLE 

MODE 'CE WE DO POWER 

STANDBY H X HIGHZ STANDBY 

READ L H DOUT ACTIVE 

WRITE L L HIGHZ ACTIVE 
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I'IIIC:I=ION MT5C1601 883C 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any input relative to Vss .............. -2.0 to +7.0V 
Voltage on Vee supply relative to Vss ........... -1.0V to +7.0V 
Storage Temperature .................................. -6SoC to + IS0°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ..................................... SOmA 
Lead Temperature (soldering, 10 seconds) ............ +260°C 
Junction Temperature ................................................ + 17SoC 

*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 
(-55°C::;; T c::;; 125°C, Vee = 5V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 6.0 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV ~ VIN ~ Vee ILl -10 10 IlA 

Output Leakage Current Output Disabled, ILo -10 10 IlA 
OV ~ VOUT ~ Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -15 -20 -25 -30 -35 UNITS NOTES 

Power Supply CE ~ VIL, Vee = Max., Icc 130 120 110 100 95 rnA 3 
Current: Operating Output Open 

CE ~ VIH, Vee = Max., 
f = _1_ = __ 1 _ Hz ISBT1 50 45 40 40 40 rnA 

TRC(MIN) TWC(MIN) 

Power Supply CE ~ VIH, all other inputs 
Current: Standby ~ VIL or ~ VIH, Vee = Max., ISBT2 35 35 35 35 35 rnA 

f = OHz 

CE ~ (Vee - 0.2), Vee = Max., 
all other inputs ~ 0.2V ISBe2 10 10 10 10 10 rnA 

or ~ (Vee - 0.2V), f = OHz 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C, f = 1 MHz, CI 8 pF 4 

Output Capacitance Vee = 5V Co 8 pF 4 
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I'IIIC:~ON MT5C1601 883C 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (-55°C:::; T C :::; 125°C, Vcc = 5V ± 10%) 

-15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 15 20 25 30 35 ns 

Address access time tM 15 20 25 30 35 ns 

Chip enable access time tACE 15 20 25 30 35 ns 

Output hold from address change tOH 3 3 3 3 3 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 10 15 15 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 15 20 25 30 35 ns 

WRITE Cycle 

WRITE cycle time 
r 

'wC 15 20 25 30 35 ns 

Chip enable to end of write tcw 13 15 20 25 30 ns 

Address valid to end of write tAW 15 15 20 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 13 15 20 25 25 ns 

Data set-up time tDS 10 12 15 15 15 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 10 0 12 0 15 0 15 0 15 ns 6 
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I'IIIC:RON MT5C1601 883C 

AC TEST CONDITIONS 
Input pulse levels ................................... Vss to 3.0V 

Input rise and fall times ....................................... 5ns 

Input timing reference level ............................... 1 .5V 

Output reference level ....................................... 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. 

The specified value applies with the output 
1 1 

unloaded, and f = = Hz. 
TRC(MIN) TWC(MIN) 

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 tested with CL = SpF as 

in Fig. 2. Transition is measured ± SOOm V from 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

steady state voltage, allowing for actual tester RC 
time constant. 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VOR Vee for Retention Data 2 - V 

leeoR Data Retention Current CE ;?: ~vec - O.2Vl Vee=2v - 95 1000 !1A 
VIN;?: Vee - 0.2V 

or $ O.2V Vee=3v - 350 1500 !1A 
tCDR(4) Chip Deselect to Data Retention Time 0 - ns 

tR(4) Operation Recovery Time 'RC(11) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

VCC 
4.SV 4.SV 

tCDR 

~ DON'T CARE 
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I'IIIC:I=ION MT5C1601 883C 

ADOR 

D,N 

READ CYCLE NO.1 (8, 9) 

I 
ADDR -------.lJ'-----;-:-:--------/):'----

'AA 

Dour __ P_R_EV_'DU_S_D_AT_A _VA_Ll_D _~~,--___ DA_TA_V_AL_'D __ _ 

Dour 

~8~PlY ICC
CURRENT ISS -

.1 
'!!!!!!!II!!I!! 

'AS 

READ CYCLE NO.2 (7, 8,10) 

tACE 

tLZCE J 0 ~I 

HIGH Z DATA VALID HIGH Z-"QQQQ9'\ 

~~~-~-----~ 
WRITE CYCLE NO.1 

(Write Enable Controlled) 
lwe 

'AW 
lew 

Iwp 

WlR'A 
'DS 

J I 
DATA VALlO 

'AH 

W/////////I////////////////; 

'DH 

I 

I 

~ LZWE 1_ 
DOUT ~ HIGHZ----_ 

ADOR 

D,N 

'AS 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

lwe 

'AW 
lew 

.I 
\ 

Iwp 

.1 
'I///////////////////////////! 

'DS 

J I 
J... DATA VAllO 

'AH 

W//////////////////////////; 
'DH 

.1 
X 

~ DOUT _f----HIGHZ----
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~1C:F=lON MT5C1601883C 

MICRON MIL-STD BB3C PRODUCT ASSURANCE FLOW 

Description of 
Requirements and Screens 

General MIL-M-38510 

1. MIL-STD 883, Class B, Rev C 

2. Certification 
3. Traceability 
4. Country of Origin 

(Not required for 883C) 

MIL-STD-883 Fabrication 

5. Incoming Inspections All 
Direct Materials 

6. Wafer Fabrication 
7. Assembly 

Methods and Test 
Conditions 

Establish and implement 
a product assurance program 
plan and qualification test plan. 

Manufacturer's QA survey 
Traceable to wafer production lot. 
N/A 

MIL-STD-105D 

Method 2018 SEM Monitors 
Class B Process Monitors 

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. Pack/Ship 

18. Quality Conformance 
Inspection 

Method 1014, condo A 
Method 1014, condo C 
Manufacturer's documented 
data sheet @ + 125°C 
Method 1015 
Method 5004, Class B, 
3.1.16 @-55°C, +25°C, +125°C 
5% PDA and in-line Group A 
per method 5005 
Method 2015 
Method 2009 
Includes C of C, with QCI 
data (attributes only) 
Method 5005 in-line Class B 

Quality Conformance Inspection per Method 5005 (attributes data only) 

19. Group A 

20. Group B 

21. Group C 

22. Group D 

Manufacturer's documented 
data sheet 
Package functional and 
construction tests 
Die related 

Package related test 
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Comment 

Approved 

Self audit 
Computer lot history records 
Devices manufactured, 
assembed and tested in 
Boise, Idaho USA. 

In-line 

100% 
100% 

100% 
100% 
100% 

100% 
100% 
100% 

100% 
100% 

100% 
100% 
100% 

Groups A, B, C, D 

Each lot/sublot 
Each package type 
on each lot 
Micro circuit group/every quarter 

Each package type 
Generic every 26 weeks 

.. 
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I'IIIC:F=lON MT5C1601 883C 

ORDER INFORMATION 

IpACKAjE ~7D II RETENTION I ~--~~ I 
L 

MT5C1601 C-25 883C 
MT5C1601 EC-35 L 883C 

The Micron Fast SRAM family is functionally equivalent 
to other manufacturer's 883 compliant devices. These prod
ucts are manufactured and quality controlled in the U.S.A. 
at Micron's modem Boise, Idaho facility. Micron's QUAL
ITY ASSURED policy is to offer prompt, accurate and 
courteous service while assuring quality and reliability. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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I'IIIC::RON MT5C6404 883C 

MILITARY 
SRAM 
ADDITIONAL MILITARY SPECIFICATIONS 
• SMD 86859 
• JAN (consult factory for reference number) 
• RAD-tolerant (consult factory) 

FEATURES 
• Battery Backup - 2 volt data retention 
• High speed: 15, 20, 25, 30 and 35ns 
• High performance, low power, CMOS double metal 

process 
• Single +5V (±1O%) power supply 
• All inputs and outputs are TIL compatible 
• MIL-STD 883 Rev. C, Class B 

OPTIONS 
• Timing 

15ns access 
20ns access 
25ns access 
30ns access 
35ns access 

• Packages 
Ceramic DIP (300 mil) 
Ceramic LCC 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-15 
-20 
-25 
-30 
-35 

C 
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. All fabrication is 100% domestic. 

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. 
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16K x 4 SRAM 

PIN ASSIGNMENT (Top View) 

22L/300 DIP 22L/LCC 

A5 1.\.../ 22 Vee ~~~~ 
A6 2 21 A4 N~ 

N ..... NN 

A7 3 20 A3 UIIUU 
II 

A7 3 ] u C 20 A3 
A8 4 19 A2 A8 4 ] C 19 A2 

A9 5 ] C 18 A1 
A9 5 18 A1 A10 6 ] C 17 AD 

A11 7 ] C 16 DQ4 
A10 6 17 AO A12 8 ] C 15 DQ3 

A13 9 ] C 14 DQ2 
A11 7 16 DQ4 nnnn 

A12 8 15 DQ3 O ..... NI"') 

A13 9 14 DQ2 ~~~5 
0 

cr 10 13 DQ1 ECD 
Vss 11 12 WE: 

CE 

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. 
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I'IIIC::RON MT5C6404 883C 

FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

~ ~ 
A10 A11 -. 

DQ4 

A4 A3 -. 

A9 A10 -. a: 
...J w 

CI 0 
0 a: 

As A9 -. () 65,536 - BIT l-
e:> <=> z w MEMORY ARRAY 0 CI () • DQ1 

A7 As -. ~ Q 0 a: .. As A7 -. 
CE 

s: As As -. - (LSB) r-- i) -I WE » COLUMN DECODER 
(LSB) I ::xJ POWER -< 

t t t t t t t 
DOWN 

~ DIP A2 Al A12 A13 A4 Ao As 

~ LCC A3 A2 All A 13 A12 Al AO 

en 

~ 
TRUTH TABLE 

MODE ~ WE' DQ POWER 

STANDBY H X HIGHZ STANDBY 

READ L H DOUT ACTIVE 

WRITE L L HIGHZ ACTIVE 
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I'IIIC:RON MTSC6404 883C 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on any input or DQ relative to Vss .. -2.0 to +7.0V 
Voltage on Vee supply relative to Vss ........... -1.0V to +7.0V 
Storage Temperature .................................. -6SoC to + 150°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ..................................... SOmA 
Lead Temperature (soldering, 10 seconds) ............ +260°C 
Junction Temperature ................................................ + 17SoC 

'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 
(-55°C::; TC::; 125°C, Vee = 5V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 6.0 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV ~ VIN s; Vee ILl -10 10 ILA 

Output Leakage Current Outputs Disabled, ILo -10 10 !LA 
OV ~ VOUT s; Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -15 -20 -25 -30 ·35 UNITS NOTES 

Power Supply cr S; VIL, Vee = Max., lee 130 120 110 100 95 rnA 3 
Current: Operating Outputs Open 

cr ~ VIH, Vee = Max., 
f =_1_ = __ 1_ Hz ISBn 50 45 40 40 40 rnA 

TRC(MIN) TWC(MIN) 

Power Supply cr ~ VIH, all other inputs 
Current: Standby ~ VIL or ~ VIH, Vee = Max., ISBT2 35 35 35 35 35 rnA 

f = OHz 

cr ~ (Vee - 0.2), Vee = Max., 
all other inputs ~ 0.2V ISBe2 10 10 10 10 10 rnA 

or ~ (Vec - 0.2V), f = OHz 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 25°C, f = 1MHz, CI 8 pF 4 

Output Capacitance Vcc = 5V Co 8 pF 4 
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I'IIIC:I=ICN MT5C6404 883C 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (-55°C ~ TC ~ 125°C, Vcc = 5V ± 10%) 

-15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 
, 

READ cycle time tRC 15 20 25 30 35 ns 

Address access time tM 15 20 25 30 35 ns 

Chip enable access time tACE 15 20 25 30 35 ns 

Output hold from address change tOH 3 3 3 3 3 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 10 15 15 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 15 20 25 30 35 ns 

WRITE Cycle 

WRITE cycle time WC 15 20 25 30 35 ns 

Chip enable to end of write tcw 13 15 20 25 30 ns 

Address valid to end of write tAW 15 15 20 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 WP 13 15 20 25 25 ns 

Data set-up time tDS 10 12 15 15 15 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 10 0 12 0 15 0 15 0 15 ns 6 
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I'IIIC:I=ICN MT5C6404 883C 

AC TEST CONDITIONS 
Input pulse levels ................................... Vss to 3.0V 

Input rise and fall times ....................................... 5ns 

Input timing reference level ............................... 1.5V 

Output reference level ....................................... 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. 

The specified value applies with the outputs 
1 1 

unloaded, and f = = Hz. 
TRC(MIN) TwC(MIN) 

4. This parameter is sampled. 
5. Test conditions as specified with the output loading 

as shown in Fig. 1 unless otherwise noted. 
6. IHZCE and IHZWE are tested with CL = SpF as 

in Fig. 2. Transition is measured ± SOOm V from 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

steady state voltage, allowing for actual tester RC 
time constant. 

7. At any given temperature and voltage condition, 
IHZCE 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. IRC = Read Cycle Time. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VOR Vce for Retention Data 2 - V 

leeoR Data Retention Current c:;E ~ ~Vee - 0.2V~ Vee=2v - 95 1000 ~A 
VIN ~ Vec - 0.2V 

or:5 0.2V Vee=3v - 350 1500 ~ 
tCDR(4) Chip Deselect to Data Retention Time 0 - ns 

tR(4) Operation Recovery Time tRC(11) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

VCC 
4.5V 4.5V 

tCDR 

~ DON'T CARE 
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I'IIIC:RON MTSC6404 883C 

ADDR 

DIN 

READ CYCLE NO.1 (8, 9) 
tRC 

.1 
ADDR X 

---------JIIL-~tA~A------------J~---------

1----""'----1.1. tOH J 
DOUl _____ PR_EVI_O_US_D_AT_A_VA_Ll_D ___ ~"_""",,,,-_____ DA_T_A _VA_LlD ____ ___ 

READ CYCLE NO.2 (7, 8,10) 

tACE 

tlZCE 

.1 0 1 

DOUT HIGH Z 
'W:HJ. 

DATA VALID HIGH Z-

~tPu ~tPD 
~S~PL y ICC - C50--,,--------- SOli 
CURRENT 158 --______________ -1 

-

WIIIIIIIIIIIIA 
tAS 

l 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twc 

tAW 

tcw 

twp 

J 
Wlffhi 

tDS 

.I I 

DATA VALID 

tAH 

WIIIIIIIIIIIIIIIIIIIIIIIII/; 

tDH 

.I 

~ tLZ~ 
DOUT ~I-' ---HIC'" Z-------~ 

ADDR 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

twc 

--~1'--------------'t~Aw~------------~I~---------

tcw 

twp 

7-122 

~ DON'T CARE 

~ UNDEFINED 



I'IIIC::RON MT5C6404 883C 

MICRON MIL-STD 883C PRODUCT ASSURANCE FLOW 

Description of 
Requirements and Screens 

General MIL-M-38S10 

1. MIL-STD 883, Class B, Rev C 

2. Certification 
3. Traceability 
4. Country of Origin 

(Not required for 883C) 

MIL-STD-883 Fabrication 

5. Incoming Inspections All 
Direct Materials 

6. Wafer Fabrication 
7. Assembly 

Methods and Test 
Conditions 

Establish and implement 
a product assurance program 
plan and qualification test plan. 

Manufacturer's QA survey 
Traceable to wafer production lot. 
N/A 

MIL-STD-I05D 

Method 2018 SEM Monitors 
Class B Process Monitors 

MIL-STD-883, Class B, Rev. C, Method 5004 Screening 

8. Internal Visual 
9. Temperature Cycle 
10. Constant Acceleration 
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. Pack/Ship 

18. Quality Conformance 
Inspection 

Method 2010, condo B 
Method 1010, condo C 
Method 2001, condo E 

Method 1014, condo A 
Method 1014, condo C 
Manufacturer's documented 
data sheet @ + 125°C 
Method 1015 
Method 5004, Class B, 
3.1.16@-55°C, +25°C, +125°C 
5% PDA and in-line Group A 
per method 5005 
Method 2015 
Method 2009 
Includes C of C, with QCI 
data (attributes only) 
Method 5005 in-line Class B 

Quality Conformance Inspection per Method SOOS (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 
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Comment 

Approved. 

Self audit 
Computer lot history records 
Devices manufactured, 
assembed and tested in 
Boise, Idaho USA. 

In-line 

100% 
100% 

100% 
100% 
100% 

100% 
100% 
100% 

100% 
100% 

100% 
100% 
100% 

Groups A, B, C, D 

Each lot/sublot 
Each package type 
on each lot 
Micro circuit group / every quarter 

Each package type 
Generic every 26 weeks 
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iVl1CF=lON MT5C6404 883C 

ORDER INFORMATION 

IPACiE~2ED II RETENnON I ~----~ I 
L 

MT5C6404 C·25 883C 
MT5C6404EC·35 L 883C 

The Micron Fast SRAM family is functionally equivalent 
to other manufacturer's 883 compliant devices. These prod
ucts are manufactured and quality controlled in the U.S.A. 
at Micron's modern Boise, Idaho facility. Micron's QUAL
ITY ASSURED policy is to offer prompt, accurate and 
courteous service while assuring quality and reliability. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnisp- the sales represen
tative and distributors nearest you. 

7·124 



I'IIIC:::F=lON MT5C2568 883C 

MILITARY 
SRAM 
ADDITIONAL MILIT ARY SPECIFICATIONS 
• SMD 88662 
• JAN (consult factory for reference number 
• RAD-tolerant (consult factory) 

FEATURES 
• Battery Backup - 2 volt data retention 
• High speed: 25,30,35 and 45ns 
• High performance, low power, CMOS double metal 

process 
• Single +5V (±1O%) power supply 
• All inputs and outputs are TTL compatible 
• MIL-STD 883 Rev. C, Class B 

OPTIONS 
• Timing 

25ns access 
30ns access 
35ns access 
45ns access 

• Packages 
Ceramic DIP (300 mil) 
Ceramic DIP (600 mil) 
Ceramic LCC (28 pin) 
Ceramic LCC (32 pin) 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 
-45 

C 
CW 
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. 
Writi~o thes..!...-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. 
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32Kx8SRAM 

PIN ASSIGNMENT (Top View) 

28L/300/600 DIP 28L/LCC 

Va::. !C~~~~ 
~ 3 e 12827 

01164 • 1!6 Al3 
Al3 ~5 e:s M 

1046 24 /119 
M 1137 23 AU 

N!a ee IE 
/119 III 9 I!l IIlO 

M eo ~ 
AU lIQl 19 DIll 

l1li2 18 1IIi11 
iE JS1617 

IIlO IJil1 
CE ECE 

M DIll 

DIll 1IIi11 

l1li2 DD6 

DQ3 DQ5 

DIM 

CH 

32L/LCC 

.. 
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I'IIIC:I=ION MT5C2568 883C 

FUNCTIONAL BLOCK DIAGRAM 

vcc GND 

! ! 
A11 --+ 

Ag --+ D08 

A 10 --+ 
a: w ...J 
Q 0 

Ao --+ 0 a: 
() 262,144 - BIT I-

¢ <=> z w MEMORY ARRAY 0 Q . D01 
As --+ :: () 

0 ~ a: 
As --+ - CE 
A7 --+ s: - (LSB) r A12 --+ - il 

OE 

-I WE 

l> 
(LSB) I JJ COLUMN DECODER 

-< POWER 
DOWN 

~ t t t t t t t 
A1 A2 A3 A4 A14 A 13 As 

~ 
en 

~ 
TRUTH TABLE 

MODE M a WE DO POWER 

STANDBY X H X HIGHZ STANDBY 

READ L L H DOUT ACTIVE 

READ H L H HIGHZ ACTIVE 

WRITE X L L DIN ACTIVE 
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I'IIICRON MT5C2568 883C 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any input or DQ relative to Vss -2.0V to +7.0V 
Voltage on Vcc supply relative to Vss ........ -1.0V to +7.0V 
Storage Temperature .................................. -6SoC to + lS0°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ..................................... SOmA 
Lead Temperature (soldering, 10 seconds) ............ +260°C 
Juction Temperature .................................................. + 17SoC 

*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 
(-55°C ~ T C ~ 125°C, Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 6.0 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Power Supply IT ~ VIL, Vee = Max., Icc 100 rnA 3 
Current: Operating Outputs Open 

IT ~ VIH, Vee = Max., 
f = _1_ = __ 1 _ Hz 

TRC(MIN) TWC(MIN) 
ISBT1 40 rnA 

Power Supply IT ~ VIH, all other inputs 
Current: Standby ~ VIL or ~ VIH, Vee = Max., ISBT2 20 rnA 

f = OHz 

IT ~ (Vee - 0.2V), Vee = Max., 
all other inputs ~ 0.2V ISBe2 10 rnA 

or ~ (Vee - 0.2V), f = OHz 

Input Leakage Current OV ~ VIN ~ Vee ILl -5 5 IlA 

Output Leakage Current Outputs Disabled, ILo -10 10 IlA 
OV ~ VOUT ~ Vec 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 25°C, f = 1MHz, CI 8 pF 4 

Output Capacitance Vee = 5V Co 8 pF 4 
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I'IIIC: 1=10 N MT5C2568 883C 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (-55°C ~ T C ~ 125°C, Vcc = 5V ± 10%) 

-25 -30 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 25 30 35 45 ns 

Address access time tAA 25 30 35 45 ns 

Chip enable access time tACE 25 30 35 45 ns 

Output hold from address change tOH 5 5 5 5 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 15 20 20 20 ns 6, 7 

Chip enable to power up time tpu 0 0 0 0 ns 

Chip disable to power down time tpD 25 30 35 45 ns 

Output Enable Access Time tAOE 15 20 20 20 ns 

Output Enable to output in low Z tLZOE 0 0 0 0 ns 

Output disable to out put in high Z tHZOE 15 20 20 20 ns 

WRITE Cycle 

WRITE cycle time WC 25 30 35 45 ns 

Chip enable to end of write tcw 20 25 30 40 ns 

Address Valid to end of write tAW 20 25 30 40 ns 

Address set-up time tAS 0 0 0 0 ns 

Address hold from end of write tAH 2 2 2 2 ns 

Write pulse width twp 20 25 25 30 ns 

Data set-up time tDS 16 18 20 20 ns 

Data hold time tDH 2 2 2 2 ns 

Write disable to output in low Z tLZWE 0 0 0 0 ns 

Write enable to output in high Z tHZWE 0 15 0 15 0 15 0 20 ns 6 
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IVIU:::RON MT5C2568 883C 

AC TEST CONDITIONS 
Input pulse levels ................................... Vss to 3.0V 

Input rise and fall times ....................................... 5ns 

Input timing reference level ............................... 1.5V 

Output reference level ....................................... 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. 

The specified value applies with the outputs 
1 1 

unloaded, and f = Hz. 
TRC(MIN) TWC(MIN) 

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 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

in Fig. 2. Transition is measured ± SOOm V from 
steady state voltage, allowing for actual tester RC 
time constant. 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VOR Vcc for Retention Data 2 - V 

IccoR Data Retention Current CE ~ (Vcc - 0.2V) Vcc=2v 95 1000 llA 
VIN ~ (Vcc - 0.2V) 

or ~ 0.2V Vcc=3v 350 1500 ~A 

tCDR(4) Chip Deselect to Data Retention Time 0 - ns 
tR(4) O~eration Recovery Time tRC(tt) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENllON MODE 

Vec 4.5V 4.5V 

teDR 

~ DON'T CARE 
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tvllC:F=lON MT5C2568 883C 

AOOR 

DOUT 

READ CYCLE NO.1 (8, 9) 

~I 
AOOR ____ -'I'------,-_____ ~Xr'__ __ _ 

tAA 

DOUT __ PR..::.E'I1_0_US_OA_TA_V_AL_'0_~~r,,_.....,·,,---__ OA_TA_VA_Ll_0 __ 

.1 
1//J///////////A 

L tAS 

READ CYCLE NO.2 (7, 8,10) 
1------'oc----I 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twe 

tAW 

tcw tAH 

W///////////////////J/////~ 
twp 

~ 
tos tDH 

1 
DATA VAUD 

tHZWI' 

. 1 
HIGH Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

twe 

I tLlWI' 

.1 .. 
ADDR ----'f'---------.-::::-------'T'-----

tAW 

tDS 

OAT ... VAUO 

~ ~ DON'T CARE 

DOUT _~--HIGH Z---~ UNDEflNED 
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I'IIIC::F=lON MT5C2568 883C 

MICRON MIL-STD 883C PRODUCT ASSURANCE FLOW 

Description of 
Requirements and Screens 

General MIL-M-38510 

1. MIL-STD 883, Class B, Rev C 

2. Certification 
3. Traceability 
4. Country of Origin 

(Not required for 883C) 

MIL-STD 883 Fabrication 

5. Incoming Inspections All 
Direct Materials 

6. Wafer Fabrication 
7. Assembly 

Methods and Test 
Conditions 

Establish and implement 
a product assurance program 
plan and qualification test plan. 

Manufacturer's QA survey 
Traceable to wafer production lot. 
N/A 

MIL-STD-I05D 

Method 2018 SEM Monitors 
Class B Process Monitors 

MIL-sm 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. Bum-in 
14. Final Electrical Post 

Bum-in Test 

15. Marking 
16. External Visual 
17. Pack/Ship 

18. Quality Conformance 
Inspection 

Method 1014, condo A 
Method 1014, condo C 
Manufacturer's documented 
data sheet @ + 125°C 
Method 1015 
Method 5004, Class B, 
3.1.16 @-55°C, +25°C, +125°C 
5% PDA and in-line Group A 
per method S005 
Method 2015 
Method 2009 
Includes C of C, with QCI 
data (attributes only) 
Method 5005 in-line Class B 

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 
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Comment 

Approved 

Self audit 
Computer lot history records 
Devices manufactured, 
assembed and tested in 
Boise, Idaho USA. 

In-line 

100% 
100% 

100% 
100% 
100% 

100% 
100% 
100% 

100% 
100% 

100% 
100% 
100% 

Groups A, B, C, D 

Each loti sublot 
Each package type 
on each lot 
Micro circuit group/every quarter 

Each package type 
Generic every 26 weeks 
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I"IIC:I=ION MT5C2568 883C 

ORDER INFORMATION 

I PACKAjE ~LiD II RETENllON I ~--~~ I 
.r: 

MT5C2568EC-45 883C 
MT5C2568 C-35 L 883C 

The Micron Fast SRAM family is functionally equivalent 
to other manufacturer's 883 compliant devices. These prod
ucts are manufactured and quality controlled in the U.S.A. 
at Micron's modem Boise, Idaho facility. Micron's QUAL
ITY ASSURED policy is to offer prompt, accurate and 
courteous service while assuring quality and reliability. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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I'IIIC:RON MT5C6401883C 

MILITARY 
SRAM 

64Kx 1 SRAM 

ADDITIONAL MILITARY SPECIFICATIONS 
• SMD86105 
• JAN M38510/292 
• RAD-tolerance (consult factory) 

FEATURES 
• Battery Backup - 2 volt data retention 
• High speed: 15, 20, 25, 30 and 35ns 
• High performance, low power, CMOS double metal 

process 
• Single +5V (±lO%) power supply 
• All inputs and output are TIL compatible 
• MIL-STD 883 Rev. C, Class B 

OPTIONS 
• Timing 

15ns access 
20ns access 
25ns access 
30ns access 
35ns access 

• Packages 
Ceramic DIP (300 mil) 
Ceramic LCC 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-15 
-20 
-25 
-30 
-35 

C 
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. All fabrication is 100% domestic. 

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. 
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PIN ASSIGNMENT (Top View) 

22U300 DIP 22L/LCC 

AO 1 .\...J 22 P V~ :(~~~ 
Al 2 21 h A15 N~ 

N ..... NN 

A2 3 20 A14 ulluU 
A2 3 J u C 20 A14 

A3 4 19 A13 A3 4 J C 19 A13 
A4 5 J C 18 A12 

A4 5 18 A12 A5 6 J C 17 A11 
A6 7 J C 16 A10 

A5 6 17 A11 A7 8 J C 15 A9 
DouT 9 J C 14 A8 

A6 7 16 A10 nnnn 

A7 8 15 A9 ~::~ ~ 

DOUT 9 14 A8 ~~~~ 
WE: 10 13 DIN ECD 
VSS 11 12 cr-

CE 

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 TIL compatible. 

-s: -
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fVl1C::F=lON MT5C6401883C 

FUNCTIONAL BLOCK DIAGRAM 

t-----DIN 

.L---- Dour 

TRUTH TABLE 

MODE ~ WE DQ POWER 

STANDBY H X HIGHZ STANDBY 

READ L H DOUT ACTIVE 

WRITE L L HIGHZ ACTIVE 
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I'IIIC:I=ION MT5C6401 883C 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any input relative to Vss .............. -2.0 to +7.0V 
Voltage on Vee supply relative to Vss ........... -l.OV to +7.0V 
Storage Temperature .................................. -6SoC to + 150°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ..................................... SOmA 
Lead Temperature (soldering, 10 seconds) ............ +260°C 
Junction Temperature ................................................ + 17SoC 

"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 
(-55°C::; T C ::; 125°C, Vee = 5V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 6.0 V 1 

Input Low (Logic 0) Voltage VIL -0.5 0.8 V 1,2 

Input Leakage Current OV:::; VIN:::; Vce ILl -10 10 IlA 

Output Leakage Current Output Disabled, ILo -10 10 IlA 
OV :::; VOUT :::; Vee 

Output High Voltage 10H = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

MAX 

DESCRIPTION CONDITIONS SYMBOL -15 -20 -25 -30 -35 UNITS NOTES 

Power Supply CE :::; VIL, Vee = Max., Icc 130 120 110 100 95 rnA 3 
Current: Operating Output Open 

CE ~ VIH, Vee = Max., 
f=_1_= __ 1_ Hz ISBT1 50 45 40 40 40 rnA 

TRC(MIN) TWC(MIN) 

Power Supply CE ~ VIH, all other inputs 
Current: Standby :::; VIL or ~ VIH, Vee = Max., ISBT2 35 35 35 35 35 rnA 

f = OHz 

CE ~ (Vce - 0.2), Vee = Max., 
all other inputs:::; 0.2V ISBe2 10 10 10 10 10 rnA 

or> (Vee - 0.2V), f = OHz 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance T A = 25°C, f = 1 MHz, CI 8 pF 4 

Output Capacitance Vee = 5V Co 8 pF 4 
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I'IIIC:::I=ION MT5C6401883C 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (-55°C ~ T C ~ 125°C, Vcc = 5V ± 10%) 

-15 -20 -25 -30 -35 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 15 20 25 30 35 ns 

Address access lime tAA 15 20 25 30 35 ns 

Chip enable access time lACE 15 20 25 30 35 ns 

Output hold from address change tOH 3 3 3 3 3 ns 

Chip enable to output in low Z tUCE 5 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 10 15 15 20 20 ns 6,7 

Chip enable to power up time IpU 0 0 0 0 0 ns 

Chip disable to power down time tpD 15 20 25 30 35 ns 

WRITE Cycle 

WRITE cycle time 'wC 15 20 25 30 35 ns 

Chip enable to end of write tcw 13 15 20 25 30 ns 

Address valid to end of write tAW 15 15 20 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 13 15 20 25 25 ns 

Data set-up time IDS 10 12 15 15 15 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 10 0 12 0 15 0 15 0 15 ns 6 
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I'IIIC:I=ION MT5C6401 883C 

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. 

The specified value applies with the output 
1 1 

unloaded, and f = = Hz. 
TRc(MIN) TWC(MIN) 

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 tested with CL = SpF as 

in Fig. 2. Transition is measured ± SOOm V from 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

steady state voltage, allowing for actual tester RC 
time constant. 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VOR Vee for Retention Data 2 - V 

leeoR Data Retention Current CE ~ ~vce - 0.2Vl Vcc=2v - 95 1000 ~A 
VIN ~ Vcc - 0.2V 

or ~ 0.2V Vcc=3v - 350 1500 ~ 
tCDR(4) Chip Deselect to Data Retention Time 0 - ns 

tR(4) Operation Recovery Time tRC(ll) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTlON MODE 

VCC 
4.SV 4.SV 

tCDR 

~ DON'T CARE 
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I'IIIC:F=lON MT5C6401 883C 

ADDR 

DIN 

READ CYCLE NO.1 (8, 9) 
tRe 

ADDR ------.JJ'--'t,-AA-------FX'-----
tOt< 1 

1----''''-------i.1 .1 
Dour __ P_RE_Vl_OU_S_D_AT_A _VA_L1D_----'~'~~WH.'--___ D._TA_V_._L1D __ _ 

READ CYCLE NO.2 (7, 8, 10) 
tRe 

tACE 

tlzeE J t:=1 I. 
°OUT HIGH Z DATA VALID HIGH z-

~, 

~tPU~~tPD ~~PL Y ICC - SOX SOX 
CURRENT lsa -_______ -' 

1 
1///////////////,\. 

tAS 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twc 

tAW 

tew 

twp 

.1 
W/illtl 

tDS 

1 I 
DATA VALID 

tAH 

VI//////////////////////////; 

tDH 

1 

~ tlZWE l 
DOUT ~ HIGHZ----~ 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

twc 

ADDR 
-----"I~-------.I,-.w~------~I~-----

lew 

Iwp 

WE: 

tDS 

DIN DATA VALID 

000T ~r----HIGHZ---
7-138 
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I'IIU:::I=ION MTSC6401 883C 

MICRON MIL-STD BB3C PRODUCT ASSURANCE FLOW 

Description of 
Requirements and Screens 

General MIL-M-38510 

1. MIL-STD 883, Class B, Rev C 

2. Certification 
3. Traceability 
4. Country of Origin 

(Not required for 883C) 

MIL-STD-883 Fabrication 

5. Incoming Inspections All 
Direct Materials 

6. Wafer Fabrication 
7. Assembly 

Methods and Test 
Conditions 

Establish and implement 
a product assurance program 
plan and qualification test plan. 

Manufacturer's QA survey 
Traceable to wafer production lot. 
N/A 

MIL-STD-I05D 

Method 2018 SEM Monitors 
Class B Process Monitors 

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. Pack/Ship 

18. Quality Conformance 
Inspection 

Method 1014, condo A 
Method 1014, condo C 
Manufacturer's documented 
data sheet @ + 125°C 
Method 1015 
Method 5004, Class B, 
3.1.16 @ -55°C, +25°C, + 125°C 
5% PDA and in-line Group A 
per method 5005 
Method 2015 
Method 2009 
Includes C of C, with QCI 
data (attributes only) 
Method 5005 in-line Class B 

Quality Conformance Inspection per Method S005 (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 

7-139 

Comment 

Approved 

Self audit 
Computer lot history records 
Devices manufactured, 
assembed and tested in 
Boise, Idaho USA. 

In-line 

100% 
100% 

100% 
100% 
100% 

100% 
100% 
100% 

100% 
100% 

100% 
100% 
100% 

Groups A, B, C, D 

Each loti sublot 
Each package type 
on each lot 
Micro circuit group/every quarter 

Each package type 
Generic every 26 weeks 
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I'IIIC=F=lON MT5C6401 883C 

ORDER INFORMATION 

I PiE ~}EED II RETENllON I ~----~ I 
L 

MT5C6401 C-25 883C 
MT5C6401 EC-35 L 883C 

The Micron Fast SRAM family is functionally equivalent 
to other manufacturer's 883 compliant devices. These prod
ucts are manufactured and quality controlled in the U.S.A. 
at Micron's modern Boise, Idaho facility. Micron's QUAL
ITY ASSURED policy is to offer prompt, accurate and 
courteous service while assuring quality and reliability. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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I'IIIC:RON MT5C2564 883C 

MILITARY 
SRAM 
ADDITIONAL MILITARY SPECIFICATIONS 
• SMD 88681 
• JAN (consult factory for reference number) 
• RAD-tolerant (consult factory) 

FEATURES 
• Battery backup - 2 volt data retention 
• High speed: 25, 30, 35 and 45ns 
• High performance, low power, CMOS double metal 

process 
• Single +5V (±1O%) power supply 
• All inputs and outputs are TTL compatible 
• MIL-STD 883 Rev. C, Class B 

OPTIONS 
• Timing 

25ns access 
30ns access 
35ns access 
45ns access 

• Packages 
Ceramic DIP (300 mil) 
Ceramic LCC 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

MARKING 

-25 
-30 
-35 
-45 

C 
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 1 configu
ration features separate data input and output. 
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64Kx4SRAM 

PIN ASSIGNMENT (Top View) 

24L/300 DIP 28ULCC 
'-/ :t:~~~~ AO 1 • 24 Vee 

CD .... 

Al 2 23 A15 
1"l('i ..... NN 

A2 3 22 A14 A2 4 ::JUUUuLt: 26 A15 
A3 5 :J C 25 A14 

A3 4 21 A13 A4 6 :J C 24 A13 
A5 7 :J C 23 A12 

A4 5 20 A12 A6 8 :J C 22 All 
A7 9 :J C 21 Al0 

A5 6 19 All AS 10 :J C 20 DQ4 
A9 11 :J C 19 DQ3 

A6 7 18 Al0 "IT 12 :Jnnnnrf 18 DQ2 

A7 8 17 DQ4 ~:!:~~~ 

A8 9 16 DQ3 ~~~~g 
A9 10 15 DQ2 ECE 
"IT 11 14 DOl 

Vss 12 13 VIr 

CF 

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. 
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(Ul1C:RON MT5C2564 883C 

FUNCTIONAL BLOCK DIAGRAM 

Vee GND 

l l 
A12 -

All -
DQ4 

Al0 - a:: 
w .....J 

0 0 
As - 0 a:: 

() 262,144 - BIT l-
e:> <=> z w MEMORY ARRAY 0 0 

A3 - ~ 
() 

0 0 ::::: a:: 

. DQ1 

A2 --s:: Al --r-
Ao (LSB) - --t .fr 

l> 

(LSB) I 
:::D COLUMN DECODER 

-< POWER 

~ t t t t t t t t DOWN 

~ A7 A6 A5 A4 A9 A15 A14 A13 

en 
~ s:: 

TRUTH TABLE 

MODE "C'E W£ DQ POWER 

STANDBY H X HIGHZ STANDBY 

READ L H DOUT ACTIVE 

WRITE L L DIN ACTIVE 
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ABSOLUTE MAXIMUM RATINGS" 
Voltage on any input or DQ relative to Vss-2.0V to +7.0V 
Voltage on Vcc supply relative to Vss ........ -1.0V to +7.0V 
Storage Temperature .................................. -6SoC to + IS0°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ..................................... SOmA 
Lead Temperature (soldering, 10 seconds) ............ +260°C 
Juction Temperature .................................................. + 17SoC 

*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 
(-55°C::; TC ::; 125°C, Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 6.0 V 1 

Input Low (Logic 0) Voltage VIL -o.s 0.8 V 1,2 

Power Supply cr s; VIL, Vee = Max., Icc 100 rnA 3 
Current: Operating Outputs Open 

cr ~ VIH, Vee = Max., 
f=_l_= __ l_ Hz 

TRC(MIN) TWC(MIN) 
ISBT1 40 rnA 

Power Supply CE" ~ VIH, all other inputs 
Current: Standby s; VIL or ~ VIH, Vee = Max., ISBT2 20 rnA 

f = OHz 

cr ~ (Vce - 0.2V), Vce = Max., 
all other inputs s; 0.2V ISBe2 10 rnA 

or ~ (Vee - 0.2V), f = OHz 

Input Leakage Current OV s; VIN S; Vee ILl -s S IlA 

Output Leakage Current Outputs Disabled, ILo -10 10 IlA 
OV s; VOUT S; Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 2SoC, f = 1 MHz, CI 8 pF 4 

Output Capacitance Vee = SV Co 8 pF 4 
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I'IIIC:I=ION MT5C2564 883C 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (-55°C :5; T C :5; 125°C, Vcc = 5V ± 10%) 

-25 -30 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 25 30 35 45 ns 

Address access time tAA 25 30 35 45 ns 

Chip enable access time tACE 25 30 35 45 ns 

Output hold from address change tOH 5 5 5 5 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 ns 

Chip disable to output in high Z tHZCE t5 20 20 20 ns 6, 7 

Chip enable to power up time tpu 0 0 0 0 ns 

Chip disable to power down time tpD 25 30 35 45 ns 

WRITE Cycle 

WRITE cycle time twc 25 30 35. 45 ns 

Chip enable to end of write tcw 20 25 30 40 ns 

Address Valid to end of write tAW 20 25 30 40 ns 

Address set-up time tAS 0 0 0 0 ns 

Address hold from end of write tAH 2 2 2 2 ns 

Write pulse width twp 20 25 25 30 ns 

Data set-up time tDS 16 18 20 20 ns 

Data hold time tDH 2 2 2 2 ns 

Write disable to output in low Z tLZWE 0 0 0 0 ns 

Write enable to output in high Z tHZWE 0 15 0 15 0 15 0 20 ns 6 
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I'IIIC:RON MT5C2564 883C 

AC TEST CONDITIONS 
Input pulse levels ................................... Vss to 3.0V 

Input rise and fall times ....................................... 5ns 

Intput timing reference level .............................. 1 .5V 

Output reference level ....................................... 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. 

The specified value applies with the outputs 
1 1 

unloaded, and f = Hz. 
TRC(MIN) TwC(MIN) 

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 

+5V 

DOUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

DOUT ~
480 

255 5 pF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

in Fig. 2. Transition is measured ± SOOm V from 
steady state voltage, allowing for actual tester RC 
time constant. 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VDR Vce for Retention Data 2 - V 

leeDR Data Retention Current CE ~ ~Vee - 0.2Vl Vee=2v - 95 1000 IlA 
VIN ~ Vee - 0.2V 

or S; 0.2V Vec=3v - 350 1500 !lA 
tCDR(4) Chip Deselect to Data Retention Time 0 - ns 

tR(4) Operation Recovery Time tRC(11) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

VCC 
4.5V 4.5v 

tCDR 

~ DON'T CARE 
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I'IIIC:I=ION MT5C2564 883C 

ADDR 

~ 

VIr 

D,N 

Dour 

AODR 

~ 

VIr 

D,N 

READ CYCLE NO.1 (8, 9) 
tRe 

.1. 
ADDR -------fI'---,t,-AA-------fX'-----

10H J 
Dour _ _______ ---'-'--_______ _ PREVIOUS DATA. VALID .. ['II:II:J/:U",\ DATA VALID 

DOUl 

~~~PLY ICC
CURRENT IS8 -

I 

Ijlllllllllllili/A 
tAS 

READ CYCLE NO.2 (7, 8,10) 

tACE 

tlzeE J 0 I 
HIGH Z DATA VALID HIGH z-

-' 

~~~-%---------~ 

1 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twe 

tAW 

tew 

tM' 

WIII/,J, 
tDS 

I 

tAH 

Vll//llllllll////lllJiI!!I/iJ 

tOH 

J 
DATA VAUD 

tHZWE 

J 
HIGH Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

twe 

tAW 

I tLZWE 

~ 

tAS tew tAH 

J 
\, 

tWl' 

.1 
'!III////Ji//lllllllllllilii/i WI!!!II!!!II!!I 

tDS tDH 

.1 I .1. 
X DATA VAUD X 

~ Dour _t-----HIGH Z----
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IVIIC::RON MT5C2564 883C 

MICRON MIL-STD 883C PRODUCT ASSURANCE FLOW 

Description of 
Requirements and Screens 

General MIL-M-38510 

1. MIL-STD 883, Class B, Rev C 

2. Certification 
3. Traceability 
4. Country of Origin 

(Not required for 883C) 

MIL-SID 883 Fabrication 

S. Incoming Inspections All 
Direct Materials 

6. Wafer Fabrication 
7. Assembly 

Methods and Test 
Conditions 

Establish and implement 
a product assurance program 
plan and qualification test plan. 

Manufacturer's QA survey 
Traceable to wafer production lot. 
N/A 

MIL-STD-lOSD 

Method 2018 SEM Monitors 
Class B Process Monitors 

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 

IS. Marking 
16. External Visual 
17. Pack/Ship 

18. Quality Conformance 
Inspection 

Method 1014, condo A 
Method 1014, condo C 
Manufacturer's documented 
data sheet @ + 12SoC 
Method lOIS 
Method S004, Class B, 
3.1.16@-SSoC, +2SoC, +12SoC 
S% PDA and in-line Group A 
per method SOOS 
Method 201S 
Method 2009 
Includes C of C, with QCI 
data (attributes only) 
Method SOOS in-line Class B 

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 
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Comment 

Approved. 

Self audit 
Computer lot history records 
Devices manufactured, 
assembed and tested in 
Boise, Idaho USA. 

In-line 

100% 
100% 

100% 
100% 
100% 

100% 
100% 
100% 

100% 
100% 

100% 
100% 
100% 

Groups A, B, C, D 

Each loti sublot 
Each package type 
on each lot 
Micro circuit group/every quarter 

Each package type 
Generic every 26 weeks 

.. 
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iVl1C::I=ION MT5C2564 883C 

ORDER INFORMATION 

L.-__ ~ IpACKAiE~)EED I......,r--__ ..... 

MT5C2564EC-45 883C 
MT5C2564 C-35 L 883C 

The Micron Fast SRAM family is functionally equivalent 
to other manufacturer's 883 compliant devices. These prod
ucts are manufactured and quality controlled in the U.S.A. 
at Micron's modern Boise, Idaho facility. Micron's QUAL
ITY ASSURED policy is to offer prompt, accurate and 
courteous service while assuring quality and reliability. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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I'IIIC::I=ION MT5C2561883C 

MILITARY 
SRAM 

256Kx 1 SRAM 

ADDITIONAL MILIT ARY SPECIFICATIONS 
• SMD88725 
• JAN (consult factory for reference number) 
• RAD-tolerant (consult factory) 

FEATURES 
• Battery backup - 2 volt data retention 
• High speed: 25, 30,35 and 45ns 
• High performance, low power, CMOS double metal 

process 
• Single +5V (±10%) power sup~ 
• Easy memory expansion with CE option 
• All inputs and outputs are TIL compatible 
• MIL-STD 883 Rev. C, Class B 

OPTIONS MARKING 
• Timing 

25ns access 
30ns access 
35ns access 
45ns access 

• Packages 
Ceramic DIP (300 mil) 
Ceramic LCC 

• Two Volt Data Retention 

GENERAL DESCRIPTION 

-25 
-30 
-35 
-45 

C 
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. 

7-149 

PIN ASSIGNMENT (Top View) 

24U300 DIP 28ULCC 

1. '-../ 24 
N.--o8~ 

AO Vee .c:(..:(-<><c. 
.,r-

Al 2 23 A17 r"'lN...-NN 

A2 3 22 A16 NC 4 
JUuuuu C 26 NC 

A3 5 J c 25 A16 
A3 4 21 A15 A4 6 J C 24 A15 

A5 7 J c 23 A14 
A4 5 20 A14 A6 8 J C 22 A13 

A7 9 J C 21 A12 
A5 6 19 A13 A8 10 J C 20 All 

DOUT 11 J C 19 Ala 
A6 7 18 A12 NC 12 J C 18 NC 

nnnnn 

A7 8 17 All T'1vLOIDt--

A8 9 16 Al0 ~~~~~ 
Dour 10 15 A9 ECE 

'Nt. 11 14 DIN 

Vss 12 13 cr 

CF 

Writil]L!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 TIL compatible. 

-s: -
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I'IIIC::F=lCN MT5C2561 883C 

1-----D1N 

>----DOUT 

TRUTH TABLE 

MODE 'CE WE' OUTPUT POWER 

STANDBY H X HIGHZ STANDBY 

READ L H DOUT ACTIVE 

WRITE L L HIGHZ ACTIVE 
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IVIIC:RON MT5C2561 883C 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any input relative to Vss ............... -2.0V to +7.0V 
Voltage on Vcc supply relative to Vss ........ -1.0V to +7.0V 
Voltage applied to DouT ............................................. -1.0V to 6.0V 
Storage Temperature .................................. -65°C to + 150°C 
Power Dissipation ........................................................ 1 Watt 
Short Circuit Output Current ..................................... SOmA 
Lead Temperature (soldering, 10 seconds) ............ +260°C 
Juction Temperature .................................................. +175°C 

"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 
(-55°C:5: TC :5: 125°C, Vee = 5.0V ± 10%) 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input High (Logic 1) Voltage VIH 2.2 6.0 V 1 

Input Low (Logic 0) Voltage VIL -O.S 0.8 V 1,2 

Power Supply TIE" :s; VIL, Vce = Max., Icc 100 rnA 3 
Current: Operating Output Open 

TIE" ~ VIH, Vee = Max., 
f =_1_ = __ 1_ Hz 

TRC(MIN) TWC(MIN) 
ISBT1 40 rnA 

Power Supply TIE" ~ VIH, all other inputs 
Current: Standby :s; VIL or ~ VIH, Vec = Max., ISBT2 20 rnA 

f = OHz 

CE ~ (Vee - 0.2V), Vee = Max., 
all other inputs :s; 0.2V ISBe2 10 rnA 

or ~ (Vcc - 0.2V), f = OHz 

Input Leakage Current OV:S; VIN:S; Vee ILl -S S IlA 

Output Leakage Current Output Disabled, ILo -10 10 j.LA 
OV :s; VOUT :s; Vee 

Output High Voltage IOH = -4.0rnA VOH 2.4 V 1 

Output Low Voltage IOL = 8.0rnA VOL 0.4 V 1 

CAPACITANCE 

DESCRIPTION CONDITIONS SYMBOL MIN MAX UNITS NOTES 

Input Capacitance TA = 2SoC, f = 1MHz, CI 8 pF 4 

Output Capacitance Vce = SV Co 8 pF 4 
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tvllC::RON MT5C2561 883C 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Note 5) (-55°C :5: T C :5: 125°C, Vcc = 5V ± 10%) 

-25 -30 -35 -45 
DESCRIPTION 

SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

READ Cycle 

READ cycle time tRC 25 30 35 45 ns 

Address access time tAA 25 30 35 45 ns 

Chip enable access time tACE 25 30 35 45 ns 

Output hold from address change tOH 5 5 5 5 ns 

Chip enable to output in low Z tLZCE 5 5 5 5 ns 

Chip disable to output in high Z tHZCE 15 20 20 20 ns 6, 7 

Chip enable to power up time tpu 0 0 0 0 ns 

Chip disable to power down time tpD 25 30 35 45 ns 

WRITE Cycle 

WRITE cycle time WC 25 30 35 45 ns 

Chip enable to end of write tcw 20 25 30 40 ns 

Address Valid to end of write tAW 20 25 30 40 ns 

Address set-up time tAS 0 0 0 0 ns 

Address hold from end of write tAH 2 2 2 2 ns 

Write pulse width twp 20 25 25 30 ns 

Data set-up time tDS 16 18 20 20 ns 

Data hold time tDH 2 2 2 2 ns 

Write disable to output in low Z tLZWE 0 0 0 0 ns 

Write enable to output in high Z tHZWE 0 15 0 15 0 15 0 20 ns 6 
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I'IIIC::RCN MT5C2561 883C 

AC TEST CONDITIONS 
Input pulse levels ................................... Vss to 3.0V 

Input rise and fall times ....................................... 5ns 

Input timing reference level ............................... 1 .5V 

Output reference level ....................................... 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. 

The specified value applies with the output 
1 1 

unloaded, and f = Hz. 
TRc(MIN) TWC(MIN) 

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 tested with CL = 5pF as 

+5V 

°OUT ~
480 

255 30 pF 

Fig. 1 OUTPUT LOAD 
EQUIVALENT 

+5V 

° OUT ~
480 

255 5 pF 

Fig. 2 OUTPUT LOAD 
EQUIVALENT 

in Fig. 2. Transition is measured ± 500m V from 
steady state voltage, allowing for actual tester RC 
time constant. 

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. (Page 4) 

DATA RETENTION ELECTRICAL CHARACTERISTICS (L Version Only) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VOR Vee for Retention Data 2 - V 

leeoR Data Retention Current cr ~ ~Vee - 0.2V~ Vee=2v - 95 1000 ItA 
VIN ~ Vce - 0.2V 

or~0.2V Vee=3v - 350 1500 ItA 
tCDR(4) Chip Deselect to Data Retention Time 0 - ns 

tR(4) Operation Recovery Time tRC(tt) ns 

LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

Vee 
4.5V 4.5V 

teoR 

~ DON'T eARE 
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I'IIIC::F=lON MT5C2561 883C 

AOOR 

Dour 

ADDR 

'C!: 

wr 

READ CYCLE NO.1 (8, 9) 
tRe 

ADOR 

tOH 

.1 
DOUT ___ PR_EIn_O_US_D_AT_A_VA_Ll_D __ ~,_,.,, ___ DA_T_A _VA_LlD __ _ 

READ CYCLE NO.2 (7, 8,10) 
tRe 

tACE 

tLZCE 

[, ... ..1 :=J 
HIGH Z DATA VALID HIGH z-DOUT 

V!I!IJV' ______ :4 __ t~Pu-50-"------_~tPD ._ ~~PLY ICC - ..----- ioJU ... 

CURRENT ISS -

.1 
l//J//J////J///A 

tAS 

WRITE CYCLE NO.1 
(Write Enable Controlled) 

twe 

tAW 

tew 

t'M' 

V////~ 
tDS 

tAH 

'f//l/!/!!!JjjjjjjlJJl!l/J/i/iL 

tDH 

-' 
DATA VALID 

tHZWE I tLlWE 

~ -' 
HIGH Z 

WRITE CYCLE NO.2 
(Chip Enable Controlled) 

twe 

tAW 

tAS tew tAH 

t'M' 

tDS 
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I'IIIC:I=ION MT5C2561 883C 

MICRON MIL-STD 883C PRODUCT ASSURANCE FLOW 

Description of 
Requirements and Screens 

General MIL-M-38S10 

1. MIL-STD 883, Class B, Rev C 

2. Certification 
3. Traceability 
4. Country of Origin 

(Not required for 883C) 

MIL-Sm 883 Fabrication 

5. Incoming Inspections All 
Direct Materials 

6. Wafer Fabrication 
7. Assembly 

Methods and Test 
Conditions 

Establish and implement 
a product assurance program 
plan and qualification test plan. 

Manufacturer's QA survey 
Traceable to wafer production lot. 
N/A 

MIL-STD-105D 

Method 2018 SEM Monitors 
Class B Process Monitors 

MIL-STD 883, Oass 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. Pack/Ship 

18. Quality Conformance 
Inspection 

Method 1014, condo A 
Method 1014, condo C 
Manufacturer's documented 
data sheet @ + 125°C 
Method 1015 
Method 5004, Class B, 
3.1.16 @ -55°C, +25°C, + 125°C 
5% PDA and in-line Group A 
per method 5005 
Method 2015 
Method 2009 
Includes C of C, with QCI 
data (attributes only) 
Method 5005 in-line Class B 

Quality Conformance Inspection per Method SOOS (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 

7-155 

Comment 

Approved 

Self audit 
Computer lot history records 
Devices manufactured, 
assembed and tested in 
Boise, Idaho USA. 

In-line 

100% 
100% 

100% 
100% 
100% 

100% 
100% 
100% 

100% 
100% 

100% 
100% 
100% 

Groups A, B, C, D 

Each loti sublot 
Each package type 
on each lot 
Micro circuit group/every quarter 

Each package type 
Generic every 26 weeks 
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I'IIIC:F=lON MT5C2561 883C 

ORDER INFORMATION 

IP'IE ~)ED II RETEH110N I ~--~~ I 
L 

MT5C2561E~45 883C 
MT5C2561 C-35 L 883C 

The Micron Fast SRAM family is functionally equivalent 
to other manufacturer's 883 compliant devices. These prod
ucts are manufactured and quality controlled in the U.S.A. 
at Micron's modem Boise, Idaho facility. Micron's QUAL
ITY ASSURED policy is to offer prompt, accurate and 
courteous service while assuring quality and reliability. 

Please contact the factory for technical, test and applica
tion assistance. Micron can also furnish the sales represen
tative and distributors nearest you. 
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18 .............................................................................. 8-4 
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I'IIIC:RON PLASTIC DIP 

PIN 1 

16·PIN PLASTIC DIP 
PA 

.260 (6.60) 

.240 (6.10) 

~ ,--------, --+--~ 
.140 (3.56) muuum .170 (4.32) 

.125 ~ ~ M ¥ ¥ ¥ ¥ ¥] .140 (3~~~ (3.94) 

.062 (1.58)U l-J l JU021

1

(:OE05) 

.100 (2.54) 
.050 (1.27) L .016 (0.41) 

TYP. I 
.700 (17.78)----l 
TYP. 

All dimensions in inches (millimeters) M~X .• 
Min. 

8-3 

l·~~~ ~~!~~ r 
}E3\ .014 (0.36) ! -t- .008 (0.20) 

j .380 (9.65) l-
.330 (8.38) 
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"'C 
l> o 

" l> 
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m -Z 
-n 
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I'IIIC::I=ION PLASTIC DIP 

PIN I 

18-PIN PLASTIC DIP 
PB 

1 .860 (21.84) I 
.840 (21.34) 

)~~~~~~]~::: 
~ r---------, ----.1------'

.140(3.56) ~ ~ 

.125 r ~ M V V V V V V~. .140 (3:::~ (3.94) 

.062 (1.58) U lJ l JLI.02, ·
'
(:05!:·05) 

.050 (1.27) L .016 (0,41) 

.100 (2.54) .1 TYP . 

. 800 (20.32) 
TYP. 

Max. 
All dimensions in inches (millimeters) Min .. 

PIN 1 

18-PIN PLASTIC DIP 
PC 

r--- .880 (22.35) ----j 
I .860 (21.84) I 

---r 
.290 (7.37) 
.270 (6.86) 

6--.~~~~~=-=l ~ 

~ ~---------, -/---' 
.145 (3.68) ~ .170 (4.32) 

.135 r If M ¥ ¥ ¥ ¥ ¥ ¥~. .140 (3~::~ (3.94) 

.060 (1.52) -l ~_ l JL021"(:05~:'05) 

.050 (1.27) .017 (0.43) 

.100 (2.54) 
TYP. 

All dimensions in inches (millimeters) Max .. 
Min. 

8-4 

l::: I:::: r 
~ .014 (0.36) f -t- .008 (0.20) 

J .380 (9.65) l 
.330 (8.38) 

l :~~~ :~:~~l r 
)t=3\ .014 (0.36) 

~ {- .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) -----j 
I .960 (24.36) I 

)~~~~~~~]~~: 

~r--------------'~r-~ .145(3.68) _ ~ 

135r ~ M ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ .140 (3·::~ (3.94) 

.060 (1.52) j L J l JL02'·'(:05~:·05) 

.050 (1.27) .017 (0.43) 

.100 (2.54) 

PIN 1 

TYP. 

All dimensions in inches (millimeters) M~x .• 
Min. 

20-PIN PLASTIC DIP 
PE 

r-- .980 (24.89) -----j 
I .960 (24.36) I 

)~~~~~~~]3:: 
SEATING PLANE 

~.---------------~--+--~ 
.145(3.68) _ ~ 

.135 r ~ M ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥. .140 (3:::~ (3.94) 

.060 (1.52) j L J l J L .02"(:05~:·05) 

.050 (1.27) .017 (0.43) 

.100 (2.54) 
1YP. 

All dimensions in inches (millimeters) Max .. 
Min. 
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l·~~~ :~:~;~ r 
~ .014 (0.36) f -T .008 (0.20) 

J .380 (9.65) L 
.330 (8.38) 

l~~~ :~:~~~ r 
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I'IIICRON PLASTIC DIP 

22-PIN PLASTIC DIP 
PF 

1 ,.050 (26.67) I 
1.030 (26.16) 

~r---------------,-~--~ 
.145 (3.68) ~ .170 (4.32) 

.135 r ~ M ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ~ .140 (3.~:~5 (3.94) 

.062 (1.58) lj 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. 

All dimensions in inches (millimeters) M~X •• 
Min. 
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l .325 (8.26) r 
.300 (7.62) 

Ie .014 (0.36) 

~ -t- .008 (0.20) 

J .380 (9.65) L 
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I'IIIt:::RON PLASTIC DIP 

24-PIN PLASTIC DIP 
PG 

I 1.250 (31.75) I 
1.230 (31.24) 

~ 
.145 (3.68)~ r--------------, 
.135 (3.43) 

~ ~+=~ 

00, "",u ~ J l JL.021 (0.53) ~3.05) 
.050 (1.27) L .016 (0.41) 

.100 (2.54) 
TYP. 

1.100 (27.94)------1 
TYP. 

PIN 1 

All dimensions in inches (millimeters) M~)( .. 
Mm. 

24-PIN PLASTIC DIP 
PH 

1--____ 1.180 (29.97) -----II 
1.160 (29.46) 

I 
.360 (9.14) 
.340 (8.64) 

~~~~~~~~~ 

~~----------------~--~~ 
.145(3.68) ~ .170(4.32) 

.'35r ~ V M V V V V V V V V]: .140 (3:~:; (3.94) 

~",t,J l J l JL",I ,.~~ 1'''' 
.050 (1.L27) ;:. (2.54) .0161 (0.41) 

1.100 (27.94) 
TYP. 

All dimensions in inches (millimeters) ~. 
Min. 
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l~~~-~:~; r 
~ .014 (0.36) 

~ ~ .008 (0.20) 

J .380 (9.65) L 
.330 (8.38) 
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I'IIIC:F=lON PLASTIC DIP 

28-PIN PLASTIC DIP 
PJ 

1.46 (37.08) I I 1.47 (36.57) ~ 

"" J ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ]£;::, 

~ ......---------------, -----t-----L 
.155(3.94) ~ .170(4.32) 

.135 r ~ ¥ ¥ ¥ M ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ~ .140 (3.~:~5 (3.94) 

.062 (1.58)j LJ l JL.021 (0.53) ~.05) 

.050 (1.27) .016 (0.41) 

.100 (2.54) 
TYP, 

/----- 1.300 (33.02)--------1 
TY? 

All dimensions in inches (millimeters) M~x .. 
Min. 

28-PIN PLASTIC DIP 
PK 

1.46 (37.08) I I 1.47 (36.57) -----1.~ 

"" .J~~~~~~ ~~ ~~~~l:~::~: 
~ 

.155(3.94) r-~-----------

. 135 (3.43) 

r-- ~~~ 

00' "oo,~ ~J l JL.021 (0.53) ~.05) 
.050 (1.27) .016 (0.41) 

.100 (2.54) 
TY? 

/----- 1.300 (33.02) -------! 
TY? 

All dimensions in inches (millimeters) M~)( .• 
Min. 

8-8 

l ·325 (8.26) r 
.310 (7.87) 

~ .014 (0.36) 

~ -t- .008 (0.20) 

j .380 (9.65) L 
.350 (8.89) 

l ·625 (15.88) r 
.600 (15.24) 

/9--_ . 
j .. 680 (17.28) L 

.650 (16.51) 

.014 (0.38) 

.008 (0.20) 



I'IIIC:F=lON CERAMIC DIP 

PIN 1 

16-PIN CERAMIC DIP 
CA 

r .810 (20.57) ---j 
.790 (20.07) I 

r=-=r"=---O;",-=--=-~~ -r 

.085 (2.16) 
[.105 (2.67) SEATING~LAZNE 

All dimensions in inches (millimeters) M~x .. 
Min. 

8-9 

~ .012 (0.30) ~ + .008 (0.20) 

j .310 (7.87) l 
.290 (7.37) 

.. 
"tJ 
l> 
o 

" l> 
G) 
m -z 
'"T1 
o 
::D 
!: 
l> 
-I -o z 



--a 
l> 
o 
" l> 
G) 
m -z 
." 
o 
:D s: 
l> 
-f -o 
z 

I'IIIC:RON CERAMIC DIP 

PIN 1 

18-PIN CERAMIC DIP 
CB 

r--- .910 (23.11) -----j 
I .890 (22.61) I 

-----r 
.302 (7.67) 

.282 (7.16) 

~"......".......",...""......".......",...,,~~ 

[.,05 (2.67) SEATING;]LANE 
.085 (2.16) 

I~ I-~ ~ .175(4.45) C, (U', m ('.'"' 
.025 (0.64) -r 

~~4 (1.37) J l j L :~~~ ~~,,:,'? 
.100 (2.54) 
TYP. 

All dimensions in inches (millimeters) M~x .. 
Min. 

PIN 1 

18-PIN CERAMIC DIP 
CC 

r--- .878 (22.30) -----j 
I .858 (21.79) I 

----r 
.305 (7.75) 
.285 (7.24) 

~"....."......",.....,.....",.......,......",.....,\-J----.l 

.115 (2, ", .. ~. "'l [.095(2r-.4=')====~~~~~~ 

I wwm ,1- I ~ .175 (4.45) 
L .045 (1.14) .125 (3.18) 

.025 (0.64) J ~ l JL ---r 
.050 (1.27) .020 (0.51) 
TYP. .016 (0.41) 

.100 (2.54) 
TYP. 

All dimensions in inches (millimeters) M~x .. 
Min. 

8-10 

~ .""('.~' ~ + .008 (0.20) 

j .310 (7.87) L 
.290 (7.37) 

H .012 (0.30) ~ + .008 (0.20) 

j .310 (7.87) L 
.290 (7.37) 



I'IIIC:RON CERAMIC DIP 

20-PIN CERAMIC DIP 
CD 

I 1.0lD (25.65) I 
.990 (25.15) 

[ .095 (2.41) '" ".," .. ~. '~L 
C5'-('.'4-) r.;;;;~~~~=,~~ :~~~~;:::? 

.025 (0.64) J l JL---r 
~O (1.27) :~~~ i~::,'? 

.100 (2.54) 
TYP. 

All dimensions in inches (millimeters) M~)( .. 
Min. 

8-11 

H .012 (0.30) ~ + .008 (0.20) 

J .310 (7.87) L 
.290 (7.37) 

.. 
"tJ 
l> 
o 

" l> 
G) 
m -z 
." 
o 
::xl s: 
~ -o z 



-"'C 
l> o 

" l> 
C) 
m -z 
." 
o 
::D 
3: 
l> 
-I -o z 

I'IIIC:F=lON CERAMIC DIP 

22-PIN CERAMIC DIP 
CE 

1.110 (28.19) 1-1 --~)---II 

e.,j~[ ~ ~ ~] ]3:: 
SEATING]LANE r .105 (2.67) 

_ .085 (2.16) 

+-~!~_=~=~ ~=<=<1 .~~~g-~~; 
L .048 (1.22) ~ ~ ~ ~ I~I ~ ~ ~ ~ ~ ~ ---. 

.028 (0.71) . I 

.045 (1.143) J l j l- .022 (0.56) 

.035 (0.89) .018 (0.46) 

.100 (2.54) 
TYP. 

All dimensions in inches (millimeters) :::'. 

8-12 

Fl.",,,, 
.008 (0.20) 

j .310 (7.87) L 
.290 (7.37) 



I'IIIC:F=lON CERAMIC DIP 

24-PIN CERAMIC DIP 
CF 

I 1.212 (30.78) I 
1.188 (30.18) 

r .105 (2.67) SEATING PLANE 7 
_ .085 (2.16) ~ 

GI-~.~"~' :~:~ ~~:~~~ I Jill J L JL I ~.81) 
.055 (1.40) J L .020 (0.51) 
.045 (1.14) .016 (0 .. ,) L .100 (2.54) 

TYP. 

1.100 (27.94)-----1 
TYP. 

All dimensions in inches (millimeters) M~X .. 
•• hn. 

24-PIN CERAMIC DIP 
CG 

I 1.212 (30.78) I 
1.188 (30.18) 

COO "'" ,~'"' "~l .080 (2.03) 

I~ 1- ~ ~ .175 (4.45) C "",'" "", 
.040 (1.02) I l--r 

~~ (1.27) J L JL :~~~ ((~.':;? L .1:' (2.54) I 
1.100 (29.92)~ 
TYP. 

All dimensions in inches (millimeters) Max .. 
Min. 

8-13 

M--" 
--1-.310 (7.87) L 

.290 (7.37) 

.012 (0.30) 

.008 (0.20) 

~ .012 (0.30) ~ + .009 (0.23) 

J .420 (10.67) L 
.400 (10.16) 

-"'tJ » o 

" » 
G) 
m -z 
"'TI 
o 
::JJ s: » 
-I -o 
z 



-"tJ » o 

" » 
G) 
m -z 
"T1 
o 
::c 
i: » 
-f -o z 

I'IIIC: 1=10 N CERAMIC DIP 

28-PIN CERAMIC DIP 
CH 

I '.4'4 (35.92) I 
1.J86 (35.20) 

~'""~l r .105 (2.67) 

_ .085 (2.'6) 

r--'-!_r.;;;;;oonnnnnnnnnmm~~~~~~~'='==== :~: g~~; 
L ~52) -V V V V ~ V V V V V V V V V . 

. 040 (1.02) J l JL l---r 
~ .020 (0.5') 
.045 (",4) .016 (0.4,) 

.,00 (2.54) 
TYP. 

f----1.J00 (33.02)----l 
TYP. 

All dimensions In inches (millimeters) M~x .. 
Min. 

8-14 

IRI .012 (0.30) ~ --jJ- .008 (0.20) 

J .3'0 (7.87) I 
.290 (7.37) 



I'IIIC::RON PLASTIC ZIP 

PIN 1 

16-PIN PLASTIC ZIP 
ZA 

r--- .810 (20.56) ----j 
I .790 (20.05) I 
F========J~ 
o 

.260 (6.61) 

.240 (6.09) 

l r-.113 (2.87) 

I .107 (2.72) 

.075 (1.91) 

~ j SEATING PLANE 

.140 (3.56) 
.014 (0.36) ~ 
.008 (0.20) I 

I-J L-~ "", -J L-I:~: ::::; 
. 750 (19.05)---1 
TYP. 

J l.'00 (2.54) 
TYP . 

All dimensions in inches (millimeters) M~x .. 
Min. 

PIN 1 

20-PIN PLASTIC ZIP 
ZB 

r---- 1.010 (25.65) ---j 
I .990 (25.15) I 

F==========1---r 
.JOO (7.62) 
.2BO (7.11) 

'm:nC"lTtrlTtTllrtnT1:rrrD"1TlTD-.:rrn:ro ---.L 

j L .050 (1.27) 
TYP. 

j L .024 (0.61) 
.016 (0.41) 

All dimensions in inches (millimeters) M~X •• 
Min. 

8-15 

.014 (0.J6) 

.OOB (0.20) 

l r- .11J (2.B7) 
I .107 (2.72) 

SEATING PLANE 

j L .100 (2.54) 
TYP. 

.. 
"tJ » o 

" » 
G) 
m -z 
" o 
::D 
s:: » 
-t -o z 



-'"C 
l> 
o 

" l> 
C) 
m -z 
." 
o 
::D 
s:: 
l> 
-I -o z 

I'IIIC::I=ION PLASTIC ZIP 

PIN 1 

24-PIN PLASTIC ZIP 
ZC 

1.210 (30.73) 

:::::::=1.1=90=(3=0.=23=) ~~~~~~:II 
.350 (8.89) 
.290 (7.37) 

mmm=~mm~~mm~~ 

J l.oso (1.27) 
TYP. 

-Il.024 (0.61) 
. 016 (0.41) 

All dimensions in 1nches (millimeters) ~~~'. 

28-PIN PLASTIC ZIP 
ZD 

l r 113 (287) 
.107 (272) 

j SEATING PLANE 

014 (0.36) 100 (2.54) 
008 (0.20) ! 

-I l.100 (2.54) 
TYP . 

[ 1430(36.33) 1 -I 1_.113 (287) 
ll-~--1.380(3505) 107(2.72) 

~C'O:O ~I ~) 1 ~~) .~7) 45 .. 290(7.37) .045(114) 450(1143) 

mmm!mmmmmr '~,~~-1 1m:· \. 
I -I 1-.050 (1.27)1YP I PLANE -I 1-100 (2 54)1YP 
-1.350 (34.29)1YP--------

_1_.040 (1.016) 
.015 (.038) 

_11_.024 (0.61) 
.016 (0.41) 

8-16 



I'IIIC:RON PLCC 

18-PIN PLCC 
EJA 

r .493 (12.52) l 
.487 (12.37) 

O ;---T 
.293 (7.44) 

PIN 1 0 ~.29) 

~ .535 (13.59) ~EATING PLANE 
.520 (13.21) 

~ .140(3.56) 
.125 (3.78) 

.113 (2.87) I J lJll .107 (2.72) ( ) 
.021 0.53 
.016 (0.41) 

.050 (1.27) J 
TYP. I-- .465 (11.81) 

.450 (11.43) 

All dimensions in inches (millimeters) M~X .. 
Min. 

8-17 

l ·335 (8.51) r 
.320 (8.13) 

ttUWUJ 
J l.265 (6.73) 

.250 (6.35) 

-"tJ 
l> 
o 

" l> 
G) 
m -z 
'"T1 
o 
Jl s: 
l> 
-I -o z 



-1:1 
l> 
o 

" l> 
C) 
m -z 
." 
o 
:::D 
3: 
l> 
-I -o z 

I'IIIC:F=lON PLASTIC SOJ 

PIN 1 

20-PIN PLASTIC SOJ 
DJA 

r-- .680 (17.27)-----j 

1 ___ .. 670 (17.02) __ -, 

---r 
.305 (7.75) 
.295 (7.49) 

'-.!n:n:n:n:r--c-<:n::rc-c-'--.1 

~ SEATIN~PLANE 

f;~:;;:;;;;:;:;;:;::=::;:;:;:;;::;~ .142 (3.61) 

J~ .132(3.35) 

:~~~ ~~.~~ J L JL 
.050 (1.27) .020 (0.51) 
TYP. .015 (0.38) 

All dimensions in Inches (millimeters) M~X •• 
Min. 

24-PIN PLASTIC SOJ 
DJB 

r-- .637 (16.18) ---j 
1 ___ .620 (15.75) ___ I Jd---r 

.305 (7.75) 

.295 (7.49) 

• ---.i 

PIN 1 I-- .550 (13.97)--1 
TYP. 

l :~;~ ~::~;~ r 
t J 
j l.275 (6.99) 

.260 (6.60) 

~ SEATING ~LANE 

~f;:;;:;;:;;:;;:;:;:;;;:;:;;:;;:;;:;:;::;1 .142(3.61) 

J~ .132(3.35) 

l ·340 (8.64) r 
.330 (8.38) 

J~[ .O.OR (1.02) :~: g'.~~ j l~ (1.27) JL 
.020 (0.51) 
.015 (0.38) 

All dimensions in inches (millimeters) M~x .. 
Mo>. 

8-18 

.03OR (0.76) 

.275 (6.99) 

.260 (6.60) 



I'IIIC:RON PLASTIC SOJ 

1·405(101) 
.395 (10.03) 

.445 (11.30) 1 

.435 (11.05) 

l 

28-PIN PLASTIC SOJ 
DJC 

28-PIN PLASTIC SOJ 
DJD 

.730 (18.54) 

.720 (18.29) 

~~ ...... ~~~":' 
PIN 11 INDEX..J I. .050 (1.27)TYP ..... 1 I- 1 

-----.. 650(16.51) • 

.025(0.64) .~ 
X3O"TYP ~ 

SEATING PLANE _11_ .020 (0.51) 
.051 (0.36) 

Max. 
All dimensions in inches (millimeters) Min. 

8-19 

.144(3.66) 1 ,-,t'-r;!=======Iil 

.132(3.35)~,.--r-~~;';;-;;;;-~~~ 
.095 (2.41)1 
.080 (2.03) 

.040 (1.02)R 

.030 (0.76) 

• "tI 
l> 
(") 

" l> 
G) 
m -z 
." 
o 
::rJ s: 
l> 
-I -o z 



.. 
"tJ » o 
" » 
G) 
m -Z 
-n 
o 
:xJ s: » .... -o z 

I'IIICRON CERAMIC LCC 

18-PIN CERAMIC LCC 
ECA 

SEATING PlANE~ .075 (1.91) 
.055 (1.40) 

~nnnnn Ii 
~(1.02) 

TYP. 

All dimensions in inches (millimeters) M~x •. 
Min . 

050
1 

(1 27) ] 
TYP. 

18-PIN CERAMIC LCC 
ECB 

r .505 (12.83) 1 
.485 (12.32) 

---r 
.295 (7.49) 
.275 (6.99) 

'b::==d-----.l 

.045 (1.14) L 
TYP. 

I _ 
.150 (3.81) I 

l F .200 (5.08) 

1 .050 (1.27) 
TYP. 

PIN 1 

l F .200 (5.08) 

1 .050 (1.27) 
TYP. 

PIN 1 

SEATING PLANE~ .075 (1.9') 
.055 (1.40) 

~==iIiE::Onu:nu:nu:nu:nL:]1i 
~(1.02) 

os} (127) ] 
TYP. 

045 (1'4) 

J J l L .D09R TYP. 

.083 (2.11) 

.025 (064) 
TYP. 

TYP. 

TYP. 

All dimensions in inches (millimeters) ~~~'. 

8-20 



I'IIICRON CERAMIC LCC 

t- .435 (11.05) 1 I .415 (10.54) 

20-PIN CERAMIC LCC 
EGG 

PIN 1 

.285 (7.24) 

r .255 (6.48) 
.244 (6.22) 

.055 (1.40) 
"'--''''''',",",,'"FrF'''-' ~ .045 (1.14) 

I D~7'49) 
--.l 

.155 (3.94) JJ 

.145 (3.68) 

.100 (2.54) 

.080 (2.03) 

.014R (0.36) 

L .004R (0.10) 

.050 (1.27) 

.040 (1.02) 

.Q28 (.071) 

SEATING PLANE ~ .073 (1.85) 
.057 (1.45) 

~nnnnnn II 
[.045 (1.14) 

.035 (.089) 

All dimensions in inches (millimeters) Max .. 
Min. 

22-P1N CERAMIC LCC 
EGD 

r-- .500 (12.70) 1 I .480 (12.19) 

D ---r 
.295 (7.49) 
.285 (7.24) 

--.l 

SEATING PLANE ~ .073 (1.85) 
.057 (1.45) 

L-fnnnnnnn II 
[ .045 (1.14) 

.035 (.089) 

All dimensions in Inches (millimeters) M~)C •• 
Min. 

PIN 1 

.155 (3.94) JJ 

.145 (3.68) 

.100 (2.54) 

.080 (2.03) 

8-21 

l:~~~ ~~'.~~ r 

.022 (0.56) 

.055 (1.40) 
~ .045 (1.14) 

.. 
'"tJ 
l> o 

" l> 
G) 
m -z 
." 
o 
:D s: 
l> 
-I -o z 



-"tJ » o 

" » 
C) 
m -z 
." 
o 
::rJ 
!: » 
-I -o 
z 

I'IIIC:: 1=10 N CERAMIC LCC 

28-PIN CERAMIC LCC 
ECE 

r--- .560 (14.22) --j 
I .540 (13.72) I 

D I 
.358 (9.09) 

~.69) 

SEATING PLANE ~ .078 (1.98) 
.062 (1.57) 

~nnnnnnnnn II 
[ .050 (1.27) 

.040 (1.02) 

All dimensions in inches (millimeters) :::". 

PIN 1 

32-PIN CERAMIC LCC 
ECF 

PIN 1 r :~:~ ~:;:~~~ l 

.. ooCD ..... 0 <11.18) 

L 
.OOIZR 1.0311 J 

.08:5 (2.16) 

I ~ ~.~4,J) SEATING PLANE ~ 
L-ffonooooono II 
! 

.014R (0.36) 

.004R (0.10) 

ILL .055 (1.40) 

=-i .028 (.071) .045 (1.14) 

.022 (0.56) 

.078 (1,98) 

.062 <1,57> 
ALL DIH IN INCHES (MM) ~~ . 

8-22 



I'IIIC:I=ION FLAT PACK 

16-PIN FLAT PACK 
FA 

.275 (6.98) 

.265 (6.73) {.- ::~ g!~~~l ;:: ::;:~ r J ~ "m 

~./ IJ =~l::=: 
L.017 (0"3) 

TYP . 

. 069 (1.75) 

.005 (O~l ~.053 (1.34) 

c====="! =t 
J L .196 (4.98) l! 

.0lD (0.25) 
.189 (4.80) TYP, 

All dimensions in inches (millimeters) M~X .. 
Min, 

18-PIN FLAT PACK 

TBD 

8-23 

PIN 1 INDEXES 

-"'C 
l> 
0 

" l> 
G) 
m -z 
" 0 
Jl 
s: 
l> 
-4 -0 
Z 



.. 
"tJ 
l> 
o 
" l> 
C) 
m -z 
." 
o 
:0 
3: 
l> 
-I -o z 

I'IIIC:I=ION FLAT PACK 

20-PIN FLAT PACK 

TBD 

8-24 



I'IIIC:F=lON MODULE SIP 

22-PIN MODULE SIP 
MA 

1----- 2.210 (56.13) ____ ..., I" 2.190 (55.63) 

-'-------

.453 (11.51) 

.447 (11.35) 

--'-----

.418 (10.62) 

.412 (10.46) 

~(3.18) J l Jl 
TYP. .100 (2.54) .022 (.559) 

TYP. .018 (.457) 

All dimensions in inches (millimeters) M~X .. 
Min. 

24-PIN MODULE SIP 
MB 

'-______ 2.78 (70.61) ______ ,..., 

'" 2.68 (68.07) " 

[ .125 (3.18) 
TYP. --Il- .100 (2.54) 

TYP. 
--Il- .022 (.559) 

.018 (.457) 

All dimensions in inches (millimeters) Max .. 
Min. 

8-25 

1 r .200 (5.08) 
I MAX. 

lon '·"'1 
.009 (.229) 

1 r- .200 (5.08) 
I MAX. 

l.,n <.m: 
.009 (.229) 

--C 
:2 



.. 
'"tJ » o 

" » 
G) 
m -Z 
-n 
o 
:II s: » ..... -o 
z 

I'IIIC:F=lON MODULE SIP 

30-PIN MODULE SIP 
Me 

3.095 (78.61) r.------3.105 (78.87) -------1 

r-
.628 (15.95) E9 
.622 (15.79) 

.400 (10.16) 
TYP. 

~~~~~~~~~~U~~U~~~ 

~18) 
TYP. J I-- .100 (2.54) 

TYP. 
JI-- .022 (.559) 

.018 (.457) 

Max. 
All dimensions in inches (millimeters) Min .. 

30-PIN MODULE SIP 
MD 

3.105 (78.87) 
1-------- 3.095 (78.61) -------·1 

r- [rn'" [rn'" [rn'" [rn'" [rn'" [rn'" [rn'" [rn'" [rn'" .653 (16.59) :: : : : : :: :: :: : : : : :: 
.647 (16.43) L...J L...J L...J L...J L...J L...J L...J L...J L...J 

~-'LJ"Ll"LrLrLrLrLl"LrLrLnJ"LI"t '"LJ"Ln rr.rLn 

J I-- .100 (2.54) 
TYP. 

JI-- .022 (.559) 
.018 (.457) 

All dimensions in inches (millimeters) M~x .. 
Min. 

8-26 

l r- .200 (5.08) 
I MAX. 

\.rn, (."" 
.009 (.229) 

1 r- .200 (5.08) I MAX. 

l,,, (·"'l 
.009 (.229) 



I'I'IC:RON MODULE SIP 

.453 (11.51) 

.447 (11.35) 

30-PIN MODULE SIP 
ME 

'----_______ 3.105 (78.87) ---------i 
~. 3.095 (78.61) '/ 

[ .125 (3.18) 
TYP. J ~ .100 (2.54) 

TYP. 
J~ .022 (.559) 

.018 (.457) 

All dimensions in inches (millimeters) M~X •. 
Mm. 

30-PIN MODULE SIP 
MG 

~(8.89) 

I MAX. I 

'.0" (.279) 
.009 (.229) 

'--______ 3.105 (78.87) ______ --1 
1- 3.095 (78.61) 'I 1 r- .200 (5.08) 

I MAX. 

I r-, 
.803 (20.39) 
.797 (20.24) 

I I 
I I 
L....J 

r. r. r, r, r, I' r, 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 
L~ L~ ~~ L~ L~ ~~ L~ 

r, 
I I 
I I 
L....J 

~~~~~~~~~ 
~.18) 

TYP. J l.100 (2.54) 
TYP. 

Jl.022 (.559) 
.018 (.457) 

All dimensions in inches (millimeters) M~X .. 
Min. 

8-27 

ton (.,,,, 
.009 (.229) 

.. 
"'C » o 

" » 
el 
m -z 
." 
o 
:Jl 
3: » 
-I -o 
z 



-"tJ » o 

" » 
C) 
m -z 
." 
o 
:D 
3: » 
-I -o z 

I'IIICRON MODULE SIMM 

30-PIN MODULE SIMM 
MH 

3.505 (89.03) --------1 r' -3.495(88.77) '~ 
.133 (3.38) 
TYP. 

-----, 

~EEl EEl .653 (16.59) 
.400 (10.16) .647 (16.43) 
TYP. j .25096.35) TYP. 

L .080 (2.03) ---l L .100 (2.54) 
TYP. 

---l L .070 (1.7:) 
TYP. TYP. 

30-PIN MODULE SIMM 
MI 

3.505 (89.03) _______ _ 
1-------- 3.495 (88.77) '~ 

.133 (3.38) 
TYP. 

-----,-

, $1 rill rill rill rill rill rill rill rill rll$'~ ,,,,,, ~ L..J L..J L..J L..J L..J L..J L..J L..J L..J .400 (10.16) .647 (16.43) 

~t"J ~. I 

L .080 (2.03) ---l L .100 (2.54) ---l L .070 (1.7~) 
TYP. TYP. TYP. 

All dimensions in inches (millimeters) M~x .. 
Min . 
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l r- .200 (5.08) 
I MAX. 

~ 
j L .055 (1.40) 

.047 (1.19) 

1 r- .200 (5.08) I MAX. 

~ 
---l L .055 (1.40) 

.047 (1.19) 
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30-PIN MODULE SIMM 
MJ 

r'-------3.505 (89.03) -------~L 
3.495 (88.77) I - .133 (3.38) 

TYP. 

~ 
TYP. ~t"J 

r' r, r, r, 
I I I I I I I I 

EB I I I I I I I I 
L...J L...J L...J L...J 

'1 • •• •• 1 ••• 
L .080 (2.03) 

TYP. 

r, r, r, 
I I I I I I 
I I I I I I 
L...J L...J L...J 

••• 1 •• J • •• 
J L .100 (2.54) 

TYP. 

r, r, 

~ I I I I 
I I I I EB L...J L...J 

.400 (10.16) 
TYP. 

I ••• ••• 

All dimensions in inches (millimeters) M~x .. 
Min. 

72-PIN MODULE SIMM 
MK 

I 
.803 (2 

.797 (2 

I 
0.39) 

0.24) 

1 r- .200 (5.08) 
I MAX. 

~ 
J L .055 (1.40) 

.047 (1.19) 

4.25 (107.95) 

1331' 4.00(101.19) ,,'I 
~I' 

~---------------------------------------------------------H 

1,0.20 (5.08) 

1 

DDDDBBDDDD~ .125 ..-
.,; 
~ 
0 q 

_II ;050 (1.27) 

0.25 3.75 95.25) 

(6.35) 

Notes: All dimensions are in inches (millimeters). Tolerances are to be determined. 
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I SALES INFORMATION 

Micron Component Group Product Numbering 
Format = AA BB CC DODD EEE-FF GGGG 

I I I I I I - - I 
AA BB CC DODD EEE FF GGGG 

I I I I I I I 
PRODUCT LINE PROCESS 

INDENTIFIER TECHNOLOGY 
MT = Micron Technology NMOS =BLANK 

Component Product CMOS =C 

PRODUCT FAMILY 

DRAM = 4 
DEVICE NUMBER DPDRAM =42 

SRAM = 5 (NUMBER CAN BE MODIFIED 
FIFO =52 TO INDICATE VARIATIONS) 
CACHE DATA =56 
MODULE DRAM =BITS, WORDS 

DRAM = 8 DPDRAM =BITS, WORDS 
DPDRAM =82 MODULE =BITS, WORDS 
SRAM =85 SRAM =DENSITY, BITS 
CUSTOM =83 DPSRAM =BITS, WORDS 

FIFO =BITS, WORDS 

PACKAGE CODE 

PLASTIC 
DIP =BLANK 
DIP (WIDE BODY) =W 
ZIP =Z 
PLCC =EJ 
SOJ =DJ 
SOIC =G 

CERAMIC 
DIP =C 
DIP (WIDE BODY) =CW 
CLCC =EC 
CLC (WIDE BODY)=ECW 
SOJ =CJ 
SOIC =CG 
PGA =CA 

MODULE 
SIMM =M 
SIMM =GM 
(GOLD PLATED) 

SIP =MN,N 
DOUBLE SIDED =DMN,DN 
SIP 

ZIG-ZAG SIP =ZN 

PROCESSING 
LEVEUTEMP/SPECIAL 

ACCESS TIME 

-10 = 10ns or 100ns 
-12 = 12ns or 120ns 
-15 = 15ns or 150ns 
-20 = 20ns or 200ns 
-25 = 25ns or 250ns 
-35 = 35ns or 350ns 
-45 = 45ns 
-55 = 55ns 
-60 = 60ns 
-65 = 65ns 
-70 = 70ns 
-80 = 80ns 
-85 = 85ns 

.-
m 
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ALABAMA 
Representative 

Electronic Sales Incorporated 
303 Williams A venue 
Suite 422 
Huntsville, AL 35801 
Phone - 205-533-1735 
TWX - 810-726-2107 
FAX - 205-534-4404 

Distributors 

Hall-Mark Electronics Corporation #07 
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 Electronic Sales Incorporated 
4645 South Lakeshore Drive 
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 
4937 S. 36th Place 
Phoenix, AZ 85040 
Phone - 602-437-1200 
FAX - 602-437-2348 

Wyle Laboratories 
17855 North Black Canyon Highway 
Phoenix, AZ 85623 
Phone - 602-866-2888 
TWX - 371-2871 
FAX - 602-866-6957 

9-3 

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 

C-K Associates 
8333 CIairemont Mesa Boulevard 
Suite 102 
San Diego, CA 92111 
Phone - 619-279-0420 
TWX - 910-335-2009 
FAX - 619-279-7650 

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 
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Jones & McGeoy Sales Incorporated 
15350 Sherman 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 
20640 Bahama Street 
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 
4700 Northgate Boulevard 
Sacramento, CA 95834 
Phone - 916-922-6800 
FAX - 916-922-3439 

Anthem Electronics Incorporated 
9369 Carroll Park Drive 
San Diego, CA 92121 
Phone - 619-453-9005 
FAX - 619-546-7893 

Hall-Mark Electronics Corporation 
6341 Auburn Boulevard 
Suite D 
Citrus Heights, CA 95610 
Phone - 916-722-8600 

Hall-Mark Electronics Corporation 
3878 Ruffin Road 
Unit lOA 
San Diego, CA 92123 
Phone - 619-268-1201 

9-4 

Hall-Mark Electronics Corporation 
8130 Remmet Avenue 
Canoga Park, CA 91304 
Phone - 818-716-7300 

Hall-Mark Electronics Corporation 
1110 Ringwood Court 
San Jose, CA 95131 
Phone - 408-432-0900 
TWX - 910-339-9505 
FAX - 408-433-0745 

Hall-Mark Electronics Corporation 
19220 South Normandie A venue 
Torrance, CA 90502 
Phone - 213-217-8400 

Wyle Laboratories 
124 Maryland Street 
El 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 - 408-727-5896 

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 Drive 
Rancho Cordova, CA 95670 
Phone - 916-638-5282 
TWX -713719279 
Telex - 3103719279 
FAX - 916-638-1491 

Wyle Laboratories 
9625 Chesapeake Drive 
San Diego, CA 92123 
Phone - 619-565-9171 
Telex - 3719592 
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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 
L6XIRS 
Canada 
Phone - 416-453-1118 
Telex - 06988501 
FAX 416-453-5609 

Clark-Hurman Associates 
66 Colonnade Road 
Suite 205 
Nepean, Canada 
Canada 
Phone - 613-727-5626 
FAX - 613-727-1707 

Distributor 

Semad Electronic 
85 Spy Court 
Markham, Ontario 
Canada L3R 424 
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 

9-5 

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 
Telex - 372-0529 
FAX - 303-457-4831 

CONNECTICUT 
Representative 

Advanced Tech Sales Incorporated 
Park Place West, 
Suite 102, 
348 Park Street 
North Reading, MA 01864 
Phone - 617-664-0888 
TWX - 510-100-9762 
FAX - 617-664-5503 

Distributors 

Hall-Mark Electronics Corporation 
33 Village Lane 
Wallingford, CT 06492 
Phone - 203-271-2844 
FAX - 203-271-1704 

Anthem Electronics 
170 Research Parkway 
Meriden, CT 06450 
Phone - 203-237-2282 

Pioneer Electronics 
112 Main Street 
Norwalk, CT 06851 
Phone - 203-853-1515 
TWX - 710-468-3373 
FAX - 203-838-9901 
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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 Gebralta Road 
Horsham, P A 19044 
Phone - 215-674-4000 
TWX - 510-665-6778 
FAX - 215-674-3107 

DISTRICT OF COLUMBIA 

Representative 

Electronic Engineering & Sales, Inc. 
235 Prince George Street 
Annapolis, MD 21401 
Phone - 301-269-4234 
FAX - 301-269-6476 
Mobile - 301-440-0818 

Distributor 

Pioneer Technologies Corporation 
9100 Gaither Road 
Gaithersburg, MD 20877 
Phone - 301-921-0660 
TWX - 710-828-0545 
FAX - 301-921-4255 

FLORIDA 

Representatives 

Delmac Sales Incorporated 
2000 Tree Fork Lane 
Suite 106 
Longwood, FL 32750 
Phone - 407-831-0040 
FAX - 407-831-0025 

9-6 

Delmac Sales Incorporated 
1701 W. Hillsboro Boulevard 
Suite 304 
Deerfield Beach, FL 33441 
Phone - 305-427-7788 
TWX - 510-956-3151 
FAX - 305-427-7949 

Delmac Sales Incorporated 
1170 Woodlawn Street 
Clearwater, FL 33516 
Phone - 813-447-5192 
TWX 510-100-5606 
FAX - 813-447-2622 

Distributors 

Hall-Mark Electronics Corporation 
15301 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 - 407-855-4020 
TWX - 810-850-0105 

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 
Phones - 305-428-8877 
TWX - 510-955-9653 
FAX - 305-481-2950 
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GEORGIA 
Representative 

Electronic Sales Incorporated 
3103A Medlock Bridge Road 
Norcross, Georgia 30071 
Phone - 404-448-6554 
TWX - 910-380-7192 

Distributors 

Hall-Mark Electornics 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 - 404-446-8270 

HAWAII 
Representative 

Anthem Electronics Incorporated 
1040 E. Brokaw Road 
San Jose, CA 95131 
Phone - 408-295-4200 
FAX - 408-282-1542 

Distributors 

Anthem Electronics Incorporated 
1040 Brokaw Road 
San Jose, CA 95131 
Phone - 408-295-4200 
FAX - 408-2822-1542 

Hall-Mark Electronics Corporation 
1110 Ringwood Court 
San Jose, CA 95131 
Phone - 408-432-0900 
TWX - 910-339-9505 
FAX - 408-433-0745 
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Wyle Laboratories 
3000 Bowers Avenue 
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 

Oakley Electronics 
2801 West Idaho 
Boise, Idaho 82702 
Phone - 208-343-7937 

ILLINOIS 
Representatives 

Hitec Central Incorporated 
803 Choctaw 
Independence, MO 64056 
Phone - 816-796-6684 
FAX - 816-796-6562 

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 
FAX - 317-921-3459 
Telex - 62880527 

Distributors 
Hall-Mark Electronics Corporation 
4275 W. 96th Street 
Indianapolis, IN 46268 
Phone - 317-872-8875 

Pioneer Electronics 
6408 Castle Place Drive 
Indianapolis, IN 46250 
Phone - 317-849-7300 
TWX - 810-260-1794 
FAX - 317-842-5998 

_IOWA 
Representative 

~ 
r
m 

HlTEC Central Incorporated 
1644 26th Street N. W. 
Cedar Rapids, IA 52405 
Phone - 319-396-3228 

o Distributors 

-Z 
." o 
II 
s: 
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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 
13750 Shoreline Drive 
Earth City, MO 63045 
Phone - 314-291-5350 
TWX - 910-762-0672 
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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 

HITEC Central Incorporated 
803 Choctaw 
Independence, MO 64056 
Phone - 816-796-6684 
FAX - 816-796-6562 

Distributors 

Hall-Mark Electronics Corporation 
10809 Lakeview Avenue 
Lenexa,~ 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 
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Distributors 

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 

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 
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MAINE 
Representative 

Advanced Technology Sales Incorporated 
Park Place West, 
Suite 102, 
348 Park Street 
North Reading, MA 01864 
Phone - 617-664-0888 
TWX - 510-100-9762 
FAX - 617-664-5503 

Distributors 

Anthem Electronics 
36 Jonspin Road 
Wilmington, MA 01887 
Phone - 617-657-5170 
FAX - 617-657-6008 

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 
Mobile - 301-440-0818 

Distributors 

Anthem Electronics 
9020A Menden Hall Court 
Columbia, MD 21045 
Phone - 301-381-0040 
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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 - 710-828-0545 
FAX - 301-921-4255 

MASSACHUSETTS 
Representative 

Advanced Tech Sales Incorporated 
Park Place West, 
Suite 102, 
348 Park Street 
North Reading, ME 01864 
Phone - 617-664-0888 
TWX - 510-100-9762 
FAX - 617-664-5503 

Distributors 

Anthem Electronics 
36 Jonspin Road 
Wilmington, MA 01887 
Phone - 6117-657-5170 
FAX - 617-657-6008 

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 

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.E. 
Grand Rapids, MI 49506 
Phone - 616-949-7400 
FAX - 616-949-1909 

Distributors 

Hall-Mark Electronics Corporation 
38027 Schoolcraft Road 
Livonia, MI 48150 

9-10 

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 - 313-427 3720 

MINNESOTA 
Representative 

HMR Incorporated 
9065 Lyndale Avenue South 
Minneapolis, MN 55420 
Phone - 612-888-2122 
TWX - 910-576-2755 
FAX - 612-576-2755 
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Distributors 

Anthem Electronics Incorporated 
10025 Valley View Raod 
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 

MISSISSIPPI 
Representative 

Electronic Sales Incorporated 
303 Williams A venue, 
Suite 422, 
Huntsville, AL 35801 
Phone - 205-533-1735 
TWX - 810-726-2107 
FAX - 205-534-4404 

Distributor 

Hall-Mark Electronics Corporation 
4900 Bradford Drive 
Huntsville, AL 35807 
Phone - 205-837-8700 
TWX - 810-726-2187 

MISSOURI 
Representatives 

HITEC Central Incorporated 
2282 Goldfinch 
Florissant, MO 63031 
Phone - 314-831-9377 
FAX - 314-838-1148 
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HITEC Central Incorporated 
803 Choctaw 
Independence, MO 64056 
Phone - 816-796-6684 
FAX - 816-796-6562 

Distributors 

Hall-Mark Electronics Corporation 
13750 Shoreline Drive 
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 

Oakley Electronics 
2801 West Idaho 
Boise, lD 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 
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Wyle Laboratories 
451 E 124th Street 
Thornton, CO 80241 
Phone - 303-457-9953 
TWX - 372-0529 
FAX - 303-457-4831 

NEVADA 
Distributors 

Anthem Electronics Incorporated 
4700 Northgate Boulevard 
Sacramento, CA 95834 
Phone - 916-922-6800 
FAX - 916-922-3439 

Hall-Mark Electronics Corporation 
6341 Auburn Boulevard 
Suite D 
Citrus Heights, CA 95610 
Phone - 916-922-8600 

Wyle Laboratories 
11151 Sun Center Drive 
Rancho Cordova, CA 95670 
Phone - 916-638-5282 
TWX - 713719279 
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 - 617-664-0888 
TWX - 510-100-9762 
FAX - 617-664-5503 
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Distributors 

Hall-Mark Electronics Corporation 
6 Cook Street 
Billerica, MA 01821 
Phone - 617-935-9777 
TWX - 710-348-0617 
FAX - 617-667-4129 

Anthem Electronics 
36 Jonspin Road 
Wilmington, MA 01887 
Phone - 617-657-5170 
FAX - 617-657-6008 

Pioneer Electronics 
44 Hartwell Avenue 
Lexington, MA 02173 
Phone - 617-861-9200 
TWX - 710-326-6617 
FAX - 617-863-1547 

NEW JERSEY 

Representative 

Omega Electronics 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 
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 - 71 0-940-0660 
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Hall-Mark Electronics Corporation 
10 Old Bloomfield Avenue 
Pinebrook,~J 07058 
Phone - 201-882-9773 

Pioneer Electronics 
45 Route 46 
Pinebrook,~J 07058 
Phone - 201-575-3510 
TWX - 710-734-4382 
FAX - 201-575-3454 

NEW MEXICO 

Representative 

Quatra Associates Incorporated 
9704 Admiral Dewey ~ortheast 
Albuquerque, ~M 87111 
Phone - 505-821-1455 

Emtec Sales Incorporated 
299 Ridgedale Avenue 
East Hanover, ~.J. 07936 
Phone - 201-428-0600 
TWX - 710-994 
FAX - 201-428-9594 

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 ~orth Black Canyon Highway 
Phoenix, AZ 85023 
Phone - 602-866-2888 
Telex - 3712871 
FAX - 602-866-6937 
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NEW YORK 

Representatives 

Emtec Sales Incorporated 
299 Ridgedale A venue 
East Hanover, ~J 07936 
Phone - 201-428-0600 
TWX - 710-994-4867 
FAX - 201-428-9594 

Cen-Tech Electronics 
4855 Executive Drive 
Liverpool, ~Y 13088 
Phone - 315-451-3480 
TWX - 710-545-0250 
FAX - 315-451-0988 

Cen -Tech Electronics 
41 Burning Tree Lane 
Penfield, ~Y 14526 
Phone - 716-381-5159 

Cen-Tech Electronics 
70 Sandoris Circle 
Rochester, ~Y 14622 
Phone - 716-467-5016 

Cen-Tech Electronics 
5 Arbutus Lane 
MR 97 Binghamton, ~Y 13901 
Phone - 607-648-8833 

Distributors 

Anthem Electronics 
400 Oser Avenue 
Hauppaugen ~.Y. 11787 
Phone - 516-273-1660 

Hall-Mark Electronics Corporation 
101 Comac Street 
Ronkonkoma, NY 11779 
Phone - 516-737-0600 
TWX - 516-222-0162 

Hall-Mark Electronics Corporation 
-80 Rockwood Place 
Rochester, ~Y 14610 
Phone - 716-244-9290 
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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 

Electronic Sales Incorporated 
315 N. Academy, 
Suite 206, 
Cary, NC 27511 
Phone - 919-467-8486 
TWX -881605 
FAX - 919-469-4286 

Electronic Sales Incorporated 
441 E. Arrowood Road 
Apartment E2 
Charlotte, NC 28217 
Phone - 704-522-8428 
FAX - 704-522-8419 

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 27713 
Phone - 919-544-5400 

NORTH DAKOTA 
Representative 

HMR Incorporated 
9065 Lyndale Avenue South 
MInneapolis, MN 55420 
Phone - 612-888-2722 
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 
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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 - 612-955-1921 

OHIO 
Representatives 

Rathsburg Associates 
P.O. Box 652 
13965 Chillicothe 
Chesterland, OH 44026 
Phone - 216-338-8899 
FAX - 216-729-6435 

Rathsburg Associates 
4433 Interpoint Boulevard 
Dayton, OH 45424 
Phone - 513-236-9900 
FAX - 513-236-8133 
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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 131 st Street 
Cleveland,OH 44105 
Phone - 216-587-3600 
TWX - 810-421-0011 
FAX - 216-663-1004 

Pioneer Electronics 
4433 Interpoint Boulevard 
Dayton, OH 45424 
Phone - 513-236-9900 
TWX - 810-459-1622 
FAX - 513-236-8133 

Pioneer Electronics 
5400 Naiman Parkway 
Solon,OH 44139 
Phone - 216-349-1300 

OKLAHOMA 
Representative 

Nova Marketing Incorporated 
7955 East 50th Street 
Suite 1339 
Tulsa, OK 74145 
Phone - 918-660-5105 

Distributor 

Hall-Mark Electronics Corporation 
2510 N. Hemlock Lane 
Broken Arrow, OK 74012 
Phone - 918-251-1108 

9-15 

OREGON 
Representative 

Northwest Marketing Associates 
6975 SW Sandburg Road 
Suite 330 
Portland, OR 97223 
Phone - 503-620-0441 
TWX - 910-464-5157 
FAX - 503-684-2451 

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 

Wyle Laboratories 
5289 N.E. Elam Young Parkway 
Bldg. E100 
Hillsboro, OR 97123 
Phone - 503-640-6000 
TWX - 371-0379 
FAX - 503-640-5846 

PENNSYLVANIA 

Representatives 
(Western Pennsylvania) 
Rathsburg & Associates 
4433 Interpoint Boulevard 
Dayton, OH 45424 
Phone - 513-236-9900 
FAX - 513-236-8133 

(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 
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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 - 71 0-940-0660 

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 - 617-664-0888 
TWX - 510-100-9726 
FAX - 617-664-5503 

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 
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Pioneer Electronics 
112 Main Street 
Norwalk, CT 06851 
Phone - 203-853-1515 
TWX -710-468-3373 
FAX - 203-838-9901 

SOUTH CAROLINA 
Representative 

Electronic Sales Incorporated 
441 E. Arrowhead Road 
Apartment E2 
Charlotte, NC 28217 
Phone - 704-522-8428 
FAX - 704-522-8419 

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 
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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 

TENNESSEE 

Representative 

Electronic Sales Incorporated 
303 Williams Avenue 
Suite 422 
Huntsville, AL 35801 
Phone - 205-533-1735 
TWX - 810-726-2107 
FAX - 205-534-4404 

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 
TWX - 910-861-9185 
FAX - 214-750-6068 

Nova Marketing Incorporated 
9207 Country Creek 
#150 
Houston, TX 77036 
Phone - 713-988-6082 
FAX - 713-774-1014 
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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 

Quatra Associates Incorporated 
9704 Admiral Dewey NE 
Albuquerque, NM 87111 
Phone - 505-821-1455 

Distributors 

Anthem Electronics 
651 North Plan Road 
Suite 429 
Richardson, TX 75081 
Phone - 214-238-7100 
FAX - 214-238-0237 

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 

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 
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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. Wilcrest, 
Suite 105 
Houston, TX 77099 
Phone - 713-879-9953 
FAX - 713-879-6540 

UTAH 
Representative 

Wescom Marketing 
3501 S. Main 
Salt Lake City, VT 84115 
Phone - 801-269-0419 
FAX - 801-269-0665 

Distributors 

Anthem Electronics Incorporated 
1279 West 2200 South 
Salt Lake City, VT 84119 
Phone - 801-973-8555 
FAX - 801-973-8909 

Hall-Mark Electronics Corporation 
2265 South 1300 West 
West Valley City, VT 84119 
Phone - 801-972-1008 

Wyle Laboratories 
1325 West 2200 South 
West Valley City, VT 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 1-2 
348 Park Street 
North Reading, MA 01864 
Phone - 617-664-0888 
TWX - 510-100-9762 
FAX - 617-664-5503 

Distributors 

Anthem Electronics 
36 Jonspin Road 
Wilmington, MA 01887 
Phone - 617-657-5170 
FAX - 617-657-6008 

Hall-Mark Electronic Corporation 
6 Cook Street 
Billerica, MA 01821 
Phone - 617-935-9777 
TWX - 710-348-0617 
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FAX - 617-667-4129 

Pioneer Electronics 
44 Hartwell A venue 
Lexington, MA 02173 
Phone - 617-861-9200 
TWX - 710-326-6617 
FAX - 617-863-1547 

VIRGINIA 
Representative 

Electronic Enginnering & Sales Incorporated 
235 Prince George Street 
Annapolis, MD 21401 
Phone - 301-269-4234 
FAX - 301-269-6476 
Mobile - 301-440-0818 

Distributors 

Anthem Electronics 
9020A Menden Hall Court 
Columbia, MD 21045 
Phone - 301-381-0040 
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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 - 206-452-1130 

Distributors 

Almac Electronics 
14360 Southeast Eastgate West 
Bellevue, WA 98007 
Phone - 206-643-9992 
FAX - 206-643-9709 

Almac Electronics 
East 10905 Montgomery 
Spokane, WA 99026 
Phone - 509-924-9500 
1-800-325-6545 

Anthem Electronics Incorporated 
5020 148th Avenue N.E. 
Redmond, WA 98052 
Phone - 206-881-0850 
Telex - 910-997-0118 
FAX - 206-885-4041 

Wyle Laboratories 
1750 132nd Avenue, N.E. 
Bellevue, W A 98005 
Phone - 206-453-8300 
TWX - 310-372-42600 
Telex - 713724260 
FAX - 206-453-0071 
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WEST VIRGINIA 

Representative 

Rathsburg & Associates 
4433 Interpoint Boulevard 
Dayton, OH 45424 
Phone - 513-236-9900 
FAX - 513-236-8133 

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 

HMR Incorporated 
9065 Lyndale Avenue South 
Minneapolis, MN 55420 
Phone - 612-888-2122 
TWX - 910-576-2755 
FAX - 612-884-4768 

Oasis Sales Corporation 
1305 North Barker Road 
Brookfield, WI 53005 
Phone - 414-782-6660 
TWX - 62951740 
FAX - 414-782-7921 

Distributor 

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 
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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 
WestValleyCity,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 - 713-710-506 
FAX - 801-972-2524 
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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.5.D. Australia 
205 Middleborough Road 
Box Hill 3128 
Victoria 
Australia 
Phone - 3-890-0900 
FAX - 3-899-0819 

BELGUIM 
Distributor 

MCA - Tronix SPRL 
Pare 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 
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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 Viis 
914000rsay, France 
Phone - 1-69288700 
Telex - 610-969 
FAX - 1-69281750 

Distributors 

A2M 
6, Avenue Charles 
De Gaulle 
78150 Le Chesnay, Cedex 
France 
Phone - 1-39549113 
Telex - 698-376 
FAX -1-9543061 

RTF Diffusion 
59-63 Rue Desnouettes 
75015 Paris 
France 
Phone - 1-47460113 
Telex - 260832 
FAX - 142665814 

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 
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ITALY 

Distributor 

Moxel S.r.L. 
Via C Frova 34 
20092 Cinisello Balsamo 
(MI) Italy 
Phone - 02-61290521 
Telex - 352045 
FAX - 261-72582 

NEW ZEALAND 
Distributor 

IRH Components 
80 Mokoia Road 
Birkenhead, Aukland 
New Zealand 
Phone - 9-419-0514 

NETHERLANDS 

Distributor 

Akam Electronics B.V. 
Bleiswijkseweg 43 
2712 PB Zoetermeer 
The Netherlands 
Phone - 079-443200 
Telex - 33183 AKAMNL 
FAX - 079-421734 
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Distributor 

BIT Elektronikk AS 
Postboks 36-Lier 
3401 Lier 
Norway 
Phone - 03-847099 
FAX - 03-845510 

REPUBLIC OF KOREA 

Representative 

Eastern Electronics, Inc. 
3rd Floor, Yoowha Building 
995-16, Daechi-Ding, 
Kangnam Ku 
Seoul, Korea 
Phone - 2-566-0511 
FAX - 2-553-2998 
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SINGAPORE, PHILLIPINES & 

INDONESIA 

Representative 

Desner Electronics 
(FE) Ltd. 
190 Middle Road 
16-07 Fortune Centre 
Singapore, 0718 
Phone - 3373188 
Telex - 39191 
FAX - 3373180 

SPAIN 

Distributor 

A TD Electronica, S.A. 
Paza Cuidad de Veena, 6 
28040 Madrid 
Spain 
Phone - 1-2344000 
1-2344009 
Telex - 42754 
FAX - 1-234-7663 

SWEDEN 

Distributor 

IE Komponenter AB 
Box 11113 
S161 11 
Stockholm, Sweden 
Phone - 08-804685 
FAX - 08-262286 

SWITZERLAND 

Representative 

Micron Technology 
Casa Fuchs CH-6984 
Pura Switzerland 
Phone - 1-9171-3785 
FAX - 1-9171-3889 
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TAIWAN, R.O,C & HONG KONG 
Representative 

Kaltec International Ltd. 
Rm 1204, Hanford House 
221 Nathan Road 
Kowloon, Hong Kong 
Phone - 3-7391618 
Telex - 51695 
FAX - 3-7214570 

UNITED KINGDOM 
Representative 

Micron Technology 
European Office 
Trafalgar House 
Grenville Place 
Mill Hill London 
Phone - 01-959-3611 
FAX - 01-959-6168 

Representative/Distributor 

Micro Call Ltd. 
Thame Park Road 
Thame,Oxon 
OX93XD 
United Kingdom 
Phone - 084-421-5405 
Telex - 0-837917 
FAX - 084-421-7185 

Distributor 

Abacus Electronics PLC 
Abacus House, Bone Lane 
Newbury, Bukshire 
RG1455F 
United Kingdom 
Phone - 0635-30680 
Telex - 847589 
FAX - 0635-38670 

WEST GERMANY 
Distributor 

A.5.P. 
Leon Hardsweg 2 
8025 Unterhaching 
Munich, W. Germany 
Phone - 49-89-61-10-80 
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Micron Technology, Inc. 
Marketing Department 
2805 East Columbia Road 
Boise, Idaho 83706 
Telephone: (208) 386-3900 
TWX: (910) 970-5973 
FAX: (208) 343-2536 


