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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 ARENOT 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-
ERLY 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.




MICRON CONTENTS OVERVIEW

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

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

Section 9 contains application and technical information.

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

Section 11 contains packaging information.

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

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

MICRON TECHNOLOGY, INC.
Marketing Department

2805 East Columbia Road

Boise, Idaho 83706

Telephone: (208) 368-3900

FAX: (208) 368-4617
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DRAM PRODUCT SELECTION GUIDE
Memory Optional Part Access Power Dissipation Package and Number of Pins
Configuration | Access Cycle Number Time (ns) Standby Active PDIP | ZIP | PLCC | SOJ | CDIP | TSOP | Process | Page
64K x1 | PM MT4264 100, 120, 150 15mW 75mW | 16 - - - 16 - NMOS | 1-1
256K x1 | PM MT1259 100, 120, 150 15mW | 150mW | 16 | 16 | 18 - 16 - NMOS | 1-9
1Megx1 | FPM MT4C1024 70, 80,100 3mW | 175mW | 18 | 20 - 20 18 * CcMOS | 1-19
1Megx1 | SC MT4C1026 70, 80, 100 3mW | 175mW | 18 | 20 - 20 18 * CMOS | 1-31
1Megx1 | FPM, LP MT4C1027 70, 80, 100 imW | 150mW | 18 | 20 - 20 18 * CMOS | 1-43
4Megx1 | FPM MT4C1004 60, 70, 80 3mW | 225mW - 20 - 20 18 * CMOS | 1-55
4Megx1 | SC MT4C1006 60, 70, 80 3mW | 225mW - 20 - 20 18 * CMOS | 1-67
16 Megx1 | FPM MT4C10016 | 50, 60, 70, 80 3mW | 250mW - 24 - 24 * * CMOS | 1-79
16Megx1 | SC MT4C10017 | 50, 60,70, 80 3mW | 250mW - 24 - 24 * * CMOS | 1-79
64K x4 | PM MT4067 100, 120, 150 15mW | 150mW | 18 | 20 | 18 - 18 - NMOS | 1-81
256K x4 | FPM MT4C4256 70, 80, 100 3mW | 175mW | 20 | 20 - 20 20 * CMOS | 1-91
256K x4 | SC MT4C4258 70, 80, 100 3mW | 175mW | 20 | 20 - 20 20 * CMOS | 1-103
256K x4 | FPM, QCP MT4C4259 70, 80, 100 3mW | 175mW | 20 | 20 - 20 20 * CMOS | 1-115
256K x4 | FPM, LP MT4C4260 70, 80, 100 imW | 150mW | 20 | 20 - 20 20 * CMOS | 1-129
1Megx4 | FPM MT4C4001 60, 70, 80 3mW | 225mW - 20 - 20 20 * CMOS | 1-141
1Megx4 | SC MT4C4003 60, 70, 80 3mW | 225mW - 20 - 20 20 * CMOS | 1-153
1 Megx4 | FPM, QCP MT4C4004 60, 70, 80 3mW | 225mW - 20 - 20 20 * CMOS | 1-165
1 Meg x4 | FPM, WPB MT4C4005 60, 70, 80 3mW | 225mW - 20 - 20 20 * CMOS | 1-179
4Megx4 | FPM MT4C40004 | 50, 60, 70, 80 3mW | 250mW - 20 - 20 20 * CMOS | 1-191
4Megx4 | SC MT4C40005 | 50, 60, 70, 80 3mW | 250mW - 24 - 24 * * CMOS | 1-191
512K x8 | FPM MT4C8512 70, 80, 100 3mW | 350mW - - - 24 * * CMOS | 1-193
512K x 8 | FPM, WPB MT4C8513 70, 80, 100 3mW | 350mW - - - 28 - * CMOS | 1-193
64K x 16 | FPM, DW MT4C1664 70, 80, 100 3mW | 225mW - 40 - 40 - * CMOS | 1-207
64K x 16 | FPM, WPB MT4C1665 70, 80, 100 3mW | 225mW - 40 - 40 - * CMOS | 1-207
64K x 16 | FPM, LP, DW MT4C1668 70, 80, 100 2mW | 200mW - 40 - 40 - * CMOS | 1-223
64K x 16 | FPM, LP, WPB MT4C1669 70, 80, 100 2mW | 200mW - 40 - 40 - * CMOS | 1-223
64K x 16 | SC, DW MT4C1670 70, 80, 100 3mW | 225mW - 40 - 40 - * CMOS | 1-239
64K x 16 | SC, WPB | MT4C1671 70, 80, 100 3mW | 225mW - 40 - 40 - * CMOS | 1-239
64K x 16 | FPM, DC MT4C1672 70, 80, 100 3mW | 350mW - 40 - 40 - * CMOS | 1-257
256K x 16 | FPM, DW MT4C16256 | 70, 80, 100 3mW | 350mW - * - 40 - * CMOS | 1-259
256K x 16 | FPM, DW, WPB | MT4C16257 | 70, 80, 100 3mW | 350mW - * - 40 - * CMOS | 1-259
256K x 16 | FPM, DC MT4C16258 | 70, 80, 100 3mW | 350mW - * - 40 - * CMOS | 1-259
256K x 16 | FPM, DC, WPB MT4C16259 | 70, 80, 100 3mW | 350mW - * - 40 - * CMOS | 1-259
PM = Page Mode, FPM = Fast Page Mode, SC = Static Column, LP = Low Power, QCP = Quad CAS Parity, WPB = Write Per Bit, DW = Dual WE, DC = Dual CAS
*Consult factory on availability of TSOP packages
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TECHNOLOGY. INC.

MT4264

DRAM

64K x 1 DRAM

FEATURES

Industry standard pinout, functions and timing
Single +5V +10% power supply

Low power, 15mW standby; 75mW active, typical
Common I/0O using EARLY-WRITE

Q held indefinitely by CAS

256-cycle refresh in 4ms

Fully compatible with MT1259 (256K)

Optional PAGE MODE access cycle

e o ¢ o ¢ o o

OPTIONS MARKING
¢ Timing
100ns 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 x1 configuration.
During READ or WRITE cycles, each bit is uniquely ad-
dressed through the 16 address bits, which are entered 8
bits (A0-A7) at a time. RAS is used to latch the first 8 bits
and CAS the latter 8 bits. A READ or WRITE cycle is
selected with the WE input. A logic HIGH on WE dictates
READ mode while a logic LOW on WE dictates WRITE
mode. During a WRITE cycle, data in (D) is latched by the
falling edge of WE or CAS, whichever occurs last. f WE goes
LOW prior to CAS going LOW, the output pin(s) remain
open (High-Z) until the next CAS cycle. If WE goes LOW
after data reaches the output pin(s), data out (Q) isactivated
and retains the selected cell data as long as CAS remains
LOW (regardless of WE or RAS). This late WE pulse results
in a READ-WRITE cycle.

PAGE MODE operations allow faster data operations

PAGE MODE
PIN ASSIGNMENT (Top View)
16-Pin DIP
(A-1, B-1)
NcO1-—16[0 Vss
D02 150CAS
WEL3 140Q
RASO4 130 A6
Aols 12[0A3
A2le 11[1A4
A1ll7 10[A5
Veclls  9llA7

(READ, WRITE or READ-MODIFY-WRITE) within a row
address (A0-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.
CASmay betoggled-in by holding RASLOW and strobing-
in different column addresses, thus executing faster memory
cycles. Returning RAS HIGH terminates the PAGE MODE
operation.

Returning RAS and CAS HIGH terminates a memory
cycleand 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, RASONLY or HIDDEN RE-
FRESH) so that all 256 combinations of RAS addresses (A0-
A7) are executed at least every 4ms, regardless of sequence.

MT4264
REV. 1/91
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FUNCTIONAL BLOCK DIAGRAM
PAGE MODE

COLUMN
ADDRESS
BUFFER

CONTROLLER

REFRESH

RAS o

ROW
ADDRESS
BUFFERS

NO. 1 CLOCK
GENERATOR

DATA IN D
BUFFER

DATA OUT

BUFFER

COLUMN
DECODER

SENSE AMPLIFIERS

ROW
DECODER

1/0 GATING

MEMORY
ARRAY

+——0V¢c

+———0Vgg

TRUTH TABLE
Addresses
Function RAS CAS WE
R tc

Standby H X X X High Impedance
READ H ROW | COL | Data Out
WRITE L ROW | COL | Dataln
(EARLY-WRITE)
READ-WRITE L L H—-L—H| ROW | COL | Valid Data Out,

Valid Data In
PAGE-MODE L H—-L—H H ROW | COL | Valid Data Out,
READ Valid Data Out
PAGE-MODE L H—-L—H L ROW | COL | Valid Data In,
WRITE Valid Data In
PAGE-MODE L H—-L—-H | H—-L—H| ROW | COL | Valid Data Out,
READ-WRITE Valid Data In
RAS-ONLY L H X ROW | n/a High Impedance
REFRESH
HIDDEN L—H-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L X X X High Impedance
RAS REFRESH
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TECHNOLOGY. INC

MT4264

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss ........ -1.0V to +7.0V
Operating Temperature, Ta(Ambient) ........... 0°C to +70°C
Storage Temperature (Ceramic) ................. -65°C to +150°C
Storage Temperature (Plastic) .................... -55°C to +150°C
Power Dissipation .........ccocoimeienieniciieees 1w
Short Circuit Output Current .........cocoeoveeverciieieninnn. 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
deviceattheseorany other conditionsabove thoseindicated
inthe operational sections of this specification isnotimplied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1,2,3, 4,6) (0°C < TAS 70°C; Vce = 5.0V + 10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \Y 1
Input High (Logic 1) Voltage, All Inputs VIH 2.4 | Vcc+1 \Y 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 \ 1
INPUT LEAKAGE
Input leakage current, any input (0V < ViN < Vce); | h -10 10 HA
all other pins not under test = OV
OUTPUT LEAKAGE
Output leakage current (Q is disabled; loz -10 10 HA
0V < Vour £ Vce)
OUTPUT LEVELS VoH 24 \Y
Output High (Logic 1) Voltage (lout = -5mA) 1
Output Low (Logic 0) Voltage (lout = 5mA) VoL 0.4 Y
PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
STANDBY CURRENT
(RAS = CAS = ViH lcct 4 mA
after 8 RAS cycles)
OPERATING CURRENT lcc2 30 mA 2
(RAS and CAS Cycling)
RAS-ONLY REFRESH CURRENT lccs 20 mA 2
(CAS = Vin)
PAGE MODE CURRENT Icc4 30 mA 2
(RAS = Vui; CAS = Cycling)

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: A0-A7, D Ci 5 pF 18
Input Capacitance: RAS, CAS, WE Ci2 pF 18
Output Capacitance: Q Co 8 pF 18

1-3

O
X
>
=



MICRON

TECHN INC.

MT4264

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 3, 4,5, 10, 11, 17, 18) (0°C < T, < 70°C; Voo = 5.0V +10%)

A.C. CHARACTERISTICS -10 -12 . -15 -20

PARAMETER SYM MIN | MAX | MIN MAX MIN MAX MIN MAX | UNITS | NOTES
Random READ or WRITE cycle time RC 195 230 260 330 ns 6,7
READ-MODIFY-WRITE cycle time RWC 220 255 295 370 ns
PAGE-MODE cycle time PC 90 100 120 170 ns 6,7
Access time from RAS 'RAC 100 120 150 200 ns 7,8
Access time from CAS 'CAC 50 60 75 120 ns 7,9
RAS pulse width RAS 100 |10,000| 120 (10,000 150 |10,000( 200 {10,000 ns

‘RAS hold time 'RSH 50 60 75 100 ns

RAS precharge time RP 80 (20,000| 90 20,000 100 |20,000| 120 |20,000| ns

‘CAS pulse width 'CAS 50 |10,000| 60 10,000( 75 |10,000| 120 |10,000| ns

CAS hold time 'CSH 100 120 150 200 ns

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

RAS to CAS delay time RCD 25 50 25 60 25 75 30 80 ns 13
Row address setup time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 20 25 ns

Column address setup time 'ASC 0 0 0 0 ns

Column address hold time ICAH 20 20 25 50 ns

Column address hold time ‘AR 70 80 100 130 ns
referenced to RAS

READ command setup time tRCS 0 0 0 0 ns

READ command hold time 'RCH 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 'OFF 0 30 0 30 0 35 0 40 ns 12
'WE command setup time 'wcs 0 0 0 0 ns 16
WRITE command hold time '‘WCH 35 40 45 60 ns

WRITE comma_nd_hold time 'WCR 85 100 120 140 ns
referenced to RAS

WRITE command pulse width twp 35 40 45 50 ns

WRITE command to RAS lead time RWL 35 40 45 55 ns

WRITE command to CAS lead time fcwL 35 40 45 55 ns

Data-in setup time DS 0 0 0 0 ns 15
Data-in hold time 'DH 35 40 45 55 ns 15
Data-in hold tiﬁ 'DHR 85 100 120 135 ns
referenced to RAS

CAS to WE delay CWD 40 50 60 100 ns 16
RAS to WE delay RWD 90 110 135 180 ns 16
Transition time (rise or fall) T 3 100 3 100 3 100 3 100 ns 5,17
Refresh period (256 cycles) 'REF 4 4 4 4 ms

‘CAS to RAS setup time CRP 10 15 20 20 ns

1-4
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MT4264

NOTES

1.
2.

10.
11.

12.

All voltages referenced to Vss.

Icc is dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the output open.

An initial pause of 100us is required after power-up
followed by any eight RAS cycles before proper
device operation is assured. The eight RAS cycle
wake-up should be repeated any time the 8ms refresh
requirement is exceeded.

AC characteristics assume 'T = 5ns.

Vi (MIN) and Vi (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between Vit and VIL (or between ViL
and V).

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.
Measured with a load equivalent to 2 TTL gates and
100pF.

Assumes that 'RCD < 'RCD (MAX). If 'RCD is greater
than the maximum recommended value shown in this
table, 'RAC will increase by the amount that 'tRCD
exceeds the value shown.

Assumes that 'RCD = fRCD (MAX).

If CAS = Vi, data output is high impedance.

If CAS = Vi, data output may contain data from the
last valid READ cycle.

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

13. Operation within the tRCD (MAX) limit ensures that
fRAC (MAX) can be met. tRCD (MAX) is specified as
a reference point only; if 'RCD is greater than the
specified TRCD (MAX) limit, then access time is
controlled exclusively by {CAC.

14. 'RCH 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. 'WCS, 'RWD and ‘CWD are restrictive operating
parameters in late READ-WRITE and READ-
MODIFY-WRITE cycles only. If fWCS > tWCS (MIN),
the cycle is an EARLY-WRITE cycle and the data
output will remain an open circuit throughout the
entire cycle. If ‘ICWD > 'CWD (MIN) and ‘RWD >
{RWD (MIN), the cycle is a READ-WRITE and the
data output will contain data read from the selected
cell. If neither of the above conditions are met, the
state of Q (at access time and until CAS goes back to
Vi) is indeterminate.

17. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vin and
VI (or between VIiL and ViH) in a monotonic manner.

18. This parameter is sampled. Capacitance is calculated
from the equation C =I%/av with dv =3V and Vcc =5V.

19. If CAS is LOW at the falling edge of RAS, Q will be
maintained from the previous cycle. To initiate a new
cycle and clear the data out buffer, CAS must be
pulsed HIGH for 'CPN.
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READ CYCLE
tRC
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EARLY-WRITE CYCLE
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.
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READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)

‘RWC

'RAS \ tRP

mas v ! ,Zl \
t
| tcrP 'RCD fcas

s Wi \ i

taR

tASR tRAH tasc | | tcaH

ADDR 3:{' :mg ROW m COLUMN W / /// / / / / / / //@( ROW

1 t |
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twp
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DS DH_ |
o & I e ose %///////////////////1
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ms Vi N /
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oS Wi - R\ / ! b | /] "
aooR Vi (  row ;E@i COLUMN /R COIiUMN W COTJMN X/ _{I 7///X_ row
|—Jtncs tRCH—] |<— l tRCH —=| |<— | -en

R I// N Y S
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{ 1
cac toFF tcac toFF cac | f~—torr
Q VYoH = OPEN { VALID 3} VALID Y} { VALID OPEN
oL — X_DATA DATA K _DATA ¥
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PAGE-MODE EARLY-WRITE CYCLE

tRAs

tRP

R | ?L——’l\;
=ty S e N e
tASR tRAH i tasc tcAH lA,SC tcAH i tAsc tcan i
ADDR v:f ~ ROW 1@3‘ COLUMN : E« / ]/ //0(: comet :W COLUMN‘ | ROW
we ¥ ZJITITITTITTI : W : ,7{/////////////
D w: _/////// ///// // //@( VALID DATA @Z VALID DATA @( VALID DATA /////////////////////
RAS-ONLY REFRESH CYCLE
(ADDR = A, - A,)
ms W I % 7 \ _
| tcrp \
” Wt’ :J tAsR 4
. ) |
oo W 711K row KT Fow

DON'T CARE

R uNDEFINED
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MT1259

DRAM

256K x 1 DRAM

FEATURES

¢ Industry standard pinout, timing and functions

¢ Allinputs, outputs, and clocks are fully TTL compat-
ible

* Single +5V+10% power supply

* Low power, 15mW standby; 150mW active, typical

o Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and
HIDDEN

e 256-cycle refresh in 4ms

¢ Optional PAGE MODE access cycle

OPTIONS MARKING
¢ Timing
100ns access -10
120ns access -12
150ns access -15
* Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP Z
PLCC EJ
GENERAL DESCRIPTION

The MT1259 is a randomly accessed solid-state memory
containing 262,144 bits organized in a x1 configuration. The
18 address bits are entered 9 bits at a time using RAS to latch
the first 9 bits and CAS the latter 9 bits. If the WE pin goes
LOW priortoCAS going LOW, the output pin remains open
until the next CAS cycle. If WE goes LOW after data reaches
the output pin, the output pin is activated and retains the
selected cell data as long as CAS remains LOW (regardless
of WE or RAS). This late WE pulse results in a READ-
MODIFY-WRITE cycle. Data-in (D) is latched when WE
strobes LOW.

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

PAGE MODE
PIN ASSIGNMENT (Top View)
16-Pin DIP 16-Pin ZIP
(A-1, B-1) (C-1)
A8*01-16[1 Vss A6 1R, Qg
pO2 150 CAS CAS 3[4, Ves
WEL3 14f1Q A8" 5F4s D
RAS[O4 130 A6 WE 7”18 ®AS
Aolls  12[JA3 A0 9y A2
A2lle 11[A4 AT TR 15 Vee
A107 100 A5 A7 1315014 A5
18-Pin PLCC
(D-1)
. 0|®?
ok 88
a-2F
WE 3 16 Q
RAS 4 15 A6
NC 5 14 NC
A0 6 13 A3
A2 7 12 A4
woor
=8%2
*Address not used for RAS-ONLY refresh

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

MT1259
REV. 1/91
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TECHNOLOGY, INC.

FUNCTIONAL BLOCK DIAGRAM
PAGE MODE

° : ) DATAIN o
CAS oo BUFFER 0

NO. 2 CLOCK py
GENERATOR | DATA OUT
BUFFER

B

COLUMN
DECODER

l———oQ

COLUMN
ADDRESS
BUFFER (10)

----1024----

REFRESH
CONTROLLER SENSE AMPLIFIERS
1/0 GATING

]

REFRESH
COUNTER

MEMORY
ARRAY

ROW
>| ADDRESS
BUFFERS (9)

ROW
DECODER
N
8

T J ||
— NO.1cLocK [ | o V¢
RAS o—————  GENERATOR o Ves
TRUTH TABLE
Addresses
Function RAS CAS WE
R tc

Standby H X X X X High Impedance
READ L L H ROW | COL | Data Out
WRITE L L L ROW | COL | Dataln
(EARLY-WRITE)
READ-WRITE L L H—-L—H| ROW | COL | Valid Data Out,

Valid Data In
PAGE-MODE L H—-L—H H ROW | COL | Valid Data Out,
READ Valid Data Out
PAGE-MODE L H—-L—H L ROW | COL | Valid Data In,
WRITE Valid Data In
PAGE-MODE L H—-L—H | H—=L—H| ROW | COL | Valid Data Out,
READ-WRITE Valid Data In
RAS-ONLY L H X ROW | n/a | High Impedance
REFRESH
HIDDEN L—H-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L X X X High Impedance
RAS REFRESH
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TECHNOLOGY, INC.

MT1259

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss ......... -1.0V to +7.0V
Operating Temperature, TA(Ambient) ........... 0°C to +70°C
Storage Temperature (Ceramic) ................. -65°C to +150°C
Storage Temperature (Plastic) .................... -55°C to +150°C
Power Dissipation .........c.c........... L1W
Short Circuit Output Current ..........ccoeuevvverereriennnnn. 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
deviceattheseorany other conditions above thoseindicated
inthe operational sections of this specification is notimplied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1,2, 3,4, 6) (0°C < T, <70°C; Ve = 5.0V +10%)

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \Y
Input High (Logic 1) Voltage, All Inputs ViH 24 | Vce+l \ 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 \Y 1
INPUT LEAKAGE
Input leakage current, any input (0V < Vin < Vcc), I -10 10 uA
all other pins not under test = 0V
OUTPUT LEAKAGE
Output leakage current (Q is disabled, loz -10 10 uA
0V < Vour < Vcc)
OUTPUT LEVELS VoH 24 \Y
Output High (Logic 1) Voltage (lout = -5mA) 1
Output Low (Logic 0) Voltage (lout = 5mA) VoL 0.4 \Y
MAX

PARAMETER/CONDITION SYMBOL| -10 | -12 | -15 |UNITS | NOTES
STANDBY CURRENT: TTL input levels Icct 5 5 5 mA
(RAS = CAS = VI after 8 RAS cycles)
OPERATING CURRENT: Random READ/WRITE Icc2 55 | 55 | 45 | mA 2
(RAS and CAS = Cycling; 'RC =RC (MIN))
OPERATING CURRENT: PAGE MODE Iccs 55 | 55 | 45 | mA 2
(RAS = Vi; CAS = Cycling: tPC = PC (MIN))
REFRESH CURRENT: RAS-ONLY Ilcca | 40 | 40 | 35 | mA 2
(RAS = Cycling; CAS = Vi4; IRC =RC (MIN))
REFRESH CURRENT: CAS-BEFORE-RAS lccs 55 | 55 | 45 | mA | 2,20
(RAS and CTAS = Cycling; 'RC ='RC (MIN))

CAPACITANCE
PARAMETER SYMBOL | MIN MAX | UNITS | NOTES
Input Capacitance: A0-A8, D Cit pF 18
Input Capacitance: RAS, CAS, WE Cr2 8 pF 18
Output Capacitance: Q Co pF 18
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Il ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 3, 4, 5, 10, 11,17, 18) (0°C < T, <70°C; Vee = 5.0V £10%)

Nvda

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX | UNITS | NOTES
Random READ or WRITE cycle time RC 190 220 260 ns 6,7
READ-MODIFY-WRITE cycle time RWC 220 255 295 ns
PAGE-MODE cycle time PC 90 100 120 ns 6,7
Access time from RAS tRAC 100 120 150 ns 7,8
Access time from CAS ICAC 50 60 75 ns 7,9
RAS pulse width RAS 100 |10,000 | 120 {10,000 | 150 |10,000| ns

'RAS hold time 'RSH 50 60 75 ns

RAS precharge time RP 80 90 100 ns

CAS pulse width ICAS 50 10,000| 60 |10,000| 75 |10,000| ns

‘CAS hold time {CSH 100 120 150 ns

CAS precharge time 'CPN 25 25 30 ns 19
CAS precharge time (PAGE MODE) 'CP 30 30 35 ns

RAS to CAS delay time RCD 25 50 25 60 25 75 ns 13
CAS to RAS setup time 'CRP 15 20 20 ns

Row address setup time 'ASR 0 0 0 ns

Row address hold time 'RAH 15 15 15 ns

Column address setup time tASC 0 0 0 ns

Column address hold time {CAH 20 20 25 ns

Column address hold time ‘AR 70 80 100 ns
referenced to RAS

READ command setup time 'RCS 0 0 0 ns

READ command hold time 'RCH 0 0 0 ns 14
referenced to CAS

READ command hold time 'RRH 0 0 0 ns
referenced to RAS

Output buffer turn-off delay 'OFF 0 30 0 30 0 35 ns 12
'WE command setup time 'wcs 0 0 0 ns 1
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 setup time DS 0 0 0 ns 15
Data-in hold time DH 35 40 45 ns 15
Data-in hold time DHR 85 100 120 ns
referenced to RAS

CAS to WE delay 'CWD 40 50 60 ns 16
RAS to WE delay 'RWD 90 110 135 ns 16
Transition time (rise or fall) T 3 100 3 100 3 100 ns 5,17
Refresh period (256 cycles) 'REF 4 4 4 ms 21
CAS hold time ICHR 20 25 30 ns 20
(CAS-BEFORE-RAS refresh)

‘CAS setup time 'CSR 15 20 20 ns 20
(CAS-BEFORE-RAS) refresh )
RAS to CAS precharge time RPC 0 0 0 ns 20
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NOTES

1. All voltages referenced to Vss.

2. Icc is dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the output open.

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

4. AC characteristics assume T = 5ns.

5. Vi (MIN) and Vi (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 (0°C < T, <70°C) is assured.

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

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

9. Assumes that 'RCD > fRCD (MAX).

10. If CAS = Vi, data output is high impedance.

11. If CAS = Vi, data output may contain data from the
last valid READ cycle.

12. *OFF (MAX) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vou or Vor.

13. Operation within the tRCD (MAX) limit ensures that

RAC (MAX) can be met. 'RCD (MAX) is specified as
a reference point only; if 'RCD is greater than the

specified tRCD (MAX) limit, then access time is
controlled exclusively by {CAC.
.'/RCH is referenced to the first rising edge of RAS or
CAS.
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.
tWCS, {ICWD and tRWD are restrictive operating
parameters in READ-WRITE and READ-MODIFY-
WRITE cycles only. If tWCS = fWCS (MIN), the cycle
is an EARLY-WRITE cycle and the data output will
remain an open circuit throughout the entire cycle. If
{CWD = 'CWD (MIN) and 'RWD > 'RWD (MIN), the
cycle is a READ-WRITE and the data output will
contain data read from the selected cell. If neither of
the above conditions are met, the state of Q (at access
time and until CAS goes back to Vin) is indeterminate.
17. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi and
V1L (or between ViL and ViH) in a monotonic manner.
18. This parameter is sampled. Capacitance is calculated
from the equation C =I%/4 with dv =3V and Vcc =5V.
19. If CAS is LOW at the falling edge of RAS, Q will be
maintained from the previous cycle. To initiate a new
cycle and clear the data out buffer, CAS must be
pulsed HIGH for 'CP. 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.

14
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MT4C1024

DRAM

1 MEG x 1 DRAM

FAST PAGE MODE

FEATURES

¢ Industry standard x1 pinout, timing, functions and

packages

High performance, CMOS silicon gate process

Single +5V+10% power supply

Low power, 3mW standby; 175mW active, typical

All inputs, outputs and clocks are fully TTL and

CMOS compatible

512-cycle refresh in 8ms

o Refresh modes: RAS-ONLY, CAS-BEFORE-RAS, and
HIDDEN

* Optional FAST PAGE MODE access cycle

o o o o

OPTIONS MARKING
¢ Timing
70ns access -7
80ns access -8
100ns access -10
¢ Packages
Plastic DIP (300mil) None
Ceramic DIP (300mil) C
Plastic ZIP (350mil) Z
Plastic SOJ (300mil) DJ
Plastic TSOP (***) VG
¢ Operating Temperature, Ta
Commercial (0°C to +70°C) None
Industrial (-40°C to +85°C) IT
GENERAL DESCRIPTION

The MT4C1024 is a randomly accessed solid-state mem-
ory containing 1,048,576 bits organized in a x1 configura-
tion. During READ or WRITE cycles, each bit is uniquely
addressed through the 20 address bits, which are entered 10
bits (A0-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
READmodewhilealogicLOW on WE dictates WRITEmode.
During a WRITE cycle, data in (D) is latched by the falling
edge of WE or CAS, whichever occurs last. If WE goes LOW
prior to CAS going LOW, the output pin, data out (Q),
remains open (High-Z) until the next CAS cycle. If WE goes
LOW after data reaches the output pin, Q is activated and
retains the selected cell data as long as CAS remains LOW
(regardless of WE or RAS). This late WE pulse results in a
READ-WRITE cycle.

PIN ASSIGNMENT (Top View)

18-Pin DIP 20-Pin ZIP
(A-3, B-2)
DO1-18lvss
WEl2 170a
RAS[3 16[JCAS
~TF04 15[A9*
Aolls  14[1A8
A1le 13[A7
A2ll7  120JAe
A3lls  11[1As
veclo  10[

(E-1)

*Address not used for RAS-ONLY refresh
**TF = Test Function, Vin must not exceed Vcc+1V for normal operation
***Consult factory on availability of TSOP packages

FAST PAGE MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row address (A0-A9) defined page boundary. The FAST
PAGE MODE cycle is always initiated with a row address
strobed-in by RAS followed by a column address strobed-
in by CAS. CAS may be toggled by holding RASLOW and
strobing-in differentcolumnaddresses, thus executing faster
memory cycles. Returning RAS HIGH terminates the FAST
PAGE MODE operation.

Returning RAS and CAS HIGH terminates a memory
cycleand decreases chip current to areduced standby level.
Also, the chipis preconditioned for thenext cycleduring the
RAS high time. Memory cell data is retained in its correct
state by maintaining power and executing any RAS cycle
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID-
DEN REFRESH) so that all 512 combinations of RAS ad-
dresses (A0 -A8) a