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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. Thereis no assurance that Micron's semiconductors are ap-
propriate for any application by a customer.

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

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

A. LIFE SUPPORT DEVICES OR SYSTEMS ARE DEVICES OR SYSTEMS WHICH
(1) ARE INTENDED FOR SURGICAL IMPLANT INTO THE BODY, OR (2) SUP-
PORT OR SUSTAIN LIFE AND WHOSE FAILURE TO PERFORM WHEN PROP-
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 eleven sections and includes complete
detailed specifications on our growing, high performance CMOS and NMOS
product line.

Sections 1 through 7 cover individual product families. Each section contains a
product selection guide followed by data sheets. Three different types of data sheets
areused: 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 application information.

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

Section 10 contains packaging information.

Section 11 contains ordering information and a list of sales representatives and dis-
tributors by geographical location for the North American Continent, Europe and
Asia.

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

MICRON TECHNOLOGY, INC.
Marketing Department

2805 East Columbia Road

Boise, Idaho 83706

Telephone: (208) 386-3900

FAX: (208) 389-4617

All registered and unregistered trademarks are the sole property of their respective companies.
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MICRON

DRAM PRODUCT SELECTION GUIDE

Memory Optional Power Dissipation Package and Number of Pins
Configuration| Access Cycle Part Number Access Time (ns) Standby Active PDIP | PLCC | ZIP S0J | CDIP | 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 | Page 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 Smw 175mw | 20 - 20 | 20 | 20 - 20 |CM0S|1-33
256K x 4 | Stactic Column MT4C4258 | 80,100,120,150 S5mw 175mw 20 - 20 20 20 - 20 (CMO0S|1-43
1MEG x 1 | Fast Page Mode MT4C1024 | 80,100,120,150 Smw 175mw 18 - 20 20 18 - 18 |CM0S|1-53
1MEG x 1 | Nibble Mode MT4C1025 | 80,100,120,150 Smw 175mw 18 - 20 20 18 - 18 |CM0S|1-63
1MEG x 1 | Static Column MT4C1026 | 80,100,120,150 S5mw 175mw 18 - 20 20 18 - 18 |CM0S|1-73
1MEG x 4 | Fast Page Mode | MT4C4001 | 80,100,120 5mw 175mw | 20 - - 20 | 20 - - |CM0S|1-83
1MEG x 4 | Static Column MT4C4003 | 80,100,120 S5mw 175mw 20 - - 20 20 - - CM0S|1-93
4MEG x 1 | Fast Page Mode MT4C1004 | 80,100,120 S5mw 175mw 18 - - 20 18 - - CM0S|1-103
4MEG x 1 | Nibble Mode MT4C1005 | 80,100,120 Smw 175mw 18 - - 20 18 - - CMO0S|1-113
4MEG x 1 | Static Column MT4C1006 | 80,100,120 Smw 175mw 18 - - 20 18 - - CMOS|1-123

B bram
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MICRON MT4264

DRAM

64K x 1 DRAM

PAGE MODE

FEATURES

¢ Industry standard pin-out, functions and timing
* Single +5V +10% power supply

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

Q held indefinitely by CAS

256 cycle refresh in 4ms

Fully compatible with MT1259 (256K)

Optional Page Mode access cycle

OPTIONS MARKING
¢ Timing
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-A?7) at a time. RAS is used to latch the first 8 bits
and CAS the latter 8 bits. A READ or WRITE cycle is
selected with the WE input. A logic HIGH on WE dictates
READ mode while a logic LOW on WE dictates WRITE
mode. During a WRITE cycle, data in (D) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes LOW prior to CAS going LOW, the output pin(s)
remain open (high Z) until the next CAS cycle. If WE goes
LOW after data reaches the output pin(s), Q is activated
and retains the selected cell data as long as CAS remains
LOW (regardless of WE or RAS). This late WE pulse results
in a READ-WRITE cycle.

Returning RAS and CAS HIGH terminates a memory

PIN ASSIGNMENT (Top View)

16 Pin DIP
(PA, CA)
NcO1--16[ Vss

DO2 15[ CAS
WEL3 140Q
RAS[O4 13[JA6

Aoll5 12[1A3
A2le 11 A4
A1ll7 10 A5
Vecll8 9[A7

cycle and decreases chip current to a reduced standby
level. Also, the chip is preconditioned for the next cycle
during the RAS high time. Memory cell data is retained in
its correct state by maintaining power and executing any
RAS cycle (READ, WRITE, RAS ONLY or HIDDEN re-
fresh) so that all 256 combinations of RAS addresses (A0-
A7) are executed at least every 4ms, regardless of se-
quence.

PAGE MODE operations allow faster data operations
(READ, WRITE or READ-MODIFY-WRITE) within a row
address (A0 -A7) defined pageboundary. The PAGEMODE
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.

MT4264
REV. 7/89

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

_ PAGE MODE
WE °—ﬂ3 DATAIN [+——oD
s BUFFER
NO. 2 CLOCK
GENERATOR I DATAOUT [—Q
BUFFER
COLUMN $ """ 256'"1
ADDRESS COLUMN
BUFFER DELODER
::’ REFRESH [* | 4T 6-
A CONTROLLER|,_ SENSE AMPLIFIERS
2 | 1/0 GATING
As
Ajoet { Vvt e 256 - rl‘
A |
Ag
As :j
o [
ROW T- 1 MEMORY
ADDRESS 09 | 25 ARRAY
BUFFERS o
ms | Mook [ 1 e
+——oVgg
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)
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

1-4



MICRON 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 1 Watt
Short Circuit Output Current 50mA

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

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C< TA < 70°C; Vec = 5.0V £10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 45 5.5 \" 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vce+t \" 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 \Y 1

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

li -10 10 pA

OUTPUT LEAKAGE

Output leakage current (Q is disabled, loz -10 10 LA

0V < Vour < Vce)

OUTPUT LEVELS

Output High (Logic 1) voltage (lout = -5mA) VoH 24 Vv 1
Output Low (Logic 0) voltage (lout = 5mA) VoL 0.4 \

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

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
STANDBY CURRENT lcct 4 mA
(RAS = CAS = Vi
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 lcc4 30 mA 2
(RAS = Vi, CAS = Cycling)

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: Ao-A7, D Cn 5 pF 18
Input Capacitance: RAS, CAS, WE Cr2 8 pF 18
Output Capacitance: Q Co 8 pF 18

:
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 3, 4, 5, 10, 11, 17, 18) (0°C < TA <70°C; Vee = 5.0V £10%)

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

PARAMETER SYM MIN | MAX | MIN MAX | MIN | MAX | MIN | MAX |UNITS | NOTES
Random READ or WRITE cycle time '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 80 120,000 90 20,000 | 100 [20,000{ 120 [20,000| ns

CAS puise width 'cas 50 110,000 | &0 10,006 | 75 10,000 120 110,000 ns

CAS hold time csH 100 120 150 200 ns

CAS precharge time 'cPN 25 25 30 35 ns 19
TAS precharge time (PAGE-MODE) cp 30 30 35 40 ns

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

Row address hold time 'RAH 15 15 20 25 ns

Column address set-up time tasc 0 0 0 0 ns

Column address hold time 'CAH 20 20 25 50 ns

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

READ command set-up time 'RCS 0 0 0 0 ns

READ command hold time 'ReH | o 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 set-up time ‘wes 0 0 0 0 ns 16
WRITE command hold time 'WeH 35 40 45 60 ns

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

WRITE command pulse width 'wp 35 40 45 50 ns

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

WRITE command to CAS lead time ‘owL | 35 40 45 55 ns

Data-in set-up time 'ps 9] 0 0 0 ns 15
Data-in hold time 'DH 35 40 45 55 ns 15
Datavin hold time _ 'DHR | 85 100 120 135 ns
referenced to RAS

CAS to WE delay 'cwp | 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

TAS to RAS set-up time 'CRP 10 15 20 20 ns

1-6
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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 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.

AC characteristics assume T = 5ns.

ViH min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and VIL (or between VIL
and 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
'RCD exceeds the value shown.

Assumes that 'RCD > 'RCD (max).

If CAS = ViH, data output is high impedance.

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

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vou or VoL.

13. Operation within the 'RCD (max) limit ensures that
*RAC (max) can be met. 'RCD (max) is specified as a
reference fpoint only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled 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 'WCS > 'WCS (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 2
'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 data out (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 Vin and
V1L (or between ViL and ViH) in a monotonic manner.

18. This parameter is sampled. Capacitance is calculated
from the equation C = JAt with AV =3V and Vcc =
5V. AV

19.1f 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.

wvea |
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RAS

CAS

ADDR

RAS

CAS

ADDR

READ CYCLE
tRe
RAS tRP
i N X
tcsH
RSH 'RRH
i crP tRCD tcas
w2 _f \ /]
AR
tASR tRAH 1 tasc tcaH
Vi 77777 LITTTTINY /77777777777 77777 AS
viC /11 Row K/, o SIS Row
trcs 'RCH
I |
& LI i,
cac
tRAC loFF _,
vaH = OPEN { VAL DATA Lﬁ OPEN
EARLY-WRITE CYCLE
tRC
tRAS ‘RP
v il ] ;
tcsH
RSH
crRP RCD tcas
woof N /
AR
tASR tRAH tasc tcAH
¥:ﬁ :@g: ROW ;mz COLUMN 7% @( ROW
fowL |
TRWL '
wer
wes tweH
wp
vz ), %
l DHR
: tbs DH
WC ﬁ VALID DATA :W
vaH = OPEN

DON'T CARE

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

tRWC
tRAS \ tRp
ms VN Z i 7 N
[
| crP RCD tcas
R \ 4
‘AR
ASR RAH tasc Il | tcan
ADDR 5:{' ROW \m( COLUMN W ///////// // |/ / / /////@( ROW
RWD cwL
tRCS tcwp tRWL
twp
& it Iy i
DS DH
R XSS
[
12:2 loFF
Q \‘fgf: OPEN i VALID DATA OPEN
PAGE-MODE READ CYCLE
'RAS tRp_,
ms v o N 7
csH
trc RsH
i cRP RCD cas tcp fcas tcp fcas tcPN i
cas 5}{‘ :___/ \ 7; )v f \ / / \_
| 1ASR RAH i 1//:20 tcaH i tasc fcAH tASC tcaH
ADDR I :@lﬁ ROW :i@i COLUMN X/) /_M COLUMN comn K1/ {42222{4'49( ROW
4 — |‘-—tRcs — I--—tncs 4 —>I [=—RRH
o | Ees tRCH —| |<— ‘ 1RCH — l—— ‘ FoH
S/ I/////* N K\ Y
' ‘CAE | <OFE | icac | SOFE ‘oac —| |=—torF
o Vg = S (o i* (B o

DON'T CARE

BR unpeFiNeD
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cAsS

ADDR

Vi =
ViL

VIH
Vi

Vi
Vi

MD
Vi

ViH
Vi

ME]
Vi

PAGE-MODE EARLY-WRITE CYCLE

'RAS

- N Z‘ l\
'osH
[ 'RsH
1 tcrp 'RCD tcas . fep IcAs 1 lep lcas __lcPN |
il N\ zL N zl‘ i /
‘AR
| _'ASR 'RAH tAsC ICAH tasc tCAH 1_tasc 'CAH
- p!
- ROW ,E@g COLUMN W / &E‘ COLUMN COLUMN JW / ROW
lowL | low | towl |
twes twen ' twes tweH ' twes tweH '
twp wp twe.
T T
K b, Z /
weR RWL |
'DHR '
'bs 'DH ' 'ps 'DH__,| ps 'DH
4
VALID DATA m VALID DATA i@{t VALID DATA W / / / /

OPEN

DON'T CARE

B unperineD
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RAS ONLY REFRESH CYCLE
(ADDR=A - A.)

R
tRAS tRP

—_V —_ p
s U 1 7 N

tcrpP

— \"2 — 4
cas it T /

tASR tRAH

woon i T777110% row KL Fow

\" -
oa vg' = OPEN

DON'T CARE

B unperiNeD
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DRAM

64K x 4 DRAM

FEATURES
¢ Industry standard pin-out, timing and functions

¢ All inputs, outputs, and clocks are fully TTL
compatible

¢ Single +5V+10% power supply

* Low power, 15m£§tandby; @x_r_\w active, _tz&ical

o 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
100ns access -10
120ns access -12
150ns access -15
¢ Packages:
Plastic DIP None
Ceramic DIP C
Plastic ZIP Z
PLCC E]
GENERAL DESCRIPTION

The MT4067 is a randomly accessed solid-state memory
containing 262,144 bits organized in a x4 configuration. The
16address bits are entered 8 bits at a time usingRASto latch
the first 8 bits and CAS the latter 8 bits. If the WE pin goes
LOW prior to CAS going LOW, the output pin remains
open until the next CAS cycle. If WE goes LOW after data
reaches the output pin, the output pin is activated and
retains the selected cell data as long as CAS remains LOW
(regardless of WE or RAS). This late WE pulse results in a
READ-MODIFY-WRITE cycle. Data-in is latched when
WE strobes LOW.

By holding RAS LOW, CAS may be toggled to execute

PIN ASSIGNMENT (Top View)
18 Pin DIP 20 Pin ZIP
(PB, CB) (ZB)
OE[1-18[1Vss DQ3 —
CAS
pail2 170pQ4 D4 Vss
DQ203 16JCAS  OE DQ1
WEO4 150pQ3 D@2 WE
RASOs 1400A0 RAg NC
Asle  13[A1 '15 A6
As507  120A2 Vee A4
A4lls  11[A3 P A7
vecllo  10[JA7 A1 :g
18 Pin PLCC
(EJA)
Swgd
DQ2 3 16 CAS
WE 4 15 DQ3
RAS 5 14 A0
A6 6 13 At
A5 7 12 A2
18%2

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 sothat all 256 combinations
of RAS addresses are executed atleast every 4 ms (regard-
less of sequence). Micron recommends evenly spaced re-
fresh cycles for maximum data integrity.

MT4067
REV. 7/89

Micron Technology, inc. reserves the right tochange products or specifications without notice.
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FUNCTIONAL BLOCK DIAGRAM

PAGE MODE

_W—E °—:[D DATA IN oot
CAS o, BUFFER ° Dot
SENERATOR ] DATA OUT ; ggi
] BUFFER
o] § e
ADDRESS COLUMN
A BUFFER DELODER
0
:; REFRESH l E 256x4‘--1 l
A CONTROLLER SENSE AMPLIFIERS
3 L _voGATING |
Ao v
:5 0 meFRESH | | { | I 2s6xd
6 COUNTER r
Aso
ROW AN
1-1 MEMORY
ADDRESS |
”| BUFFERS (8) | 8% 2?6 ARRAY
— z
= 0.1CLO0CK ||
RAS GENERATOR I ——oVg
+———0 Vgg
TRUTH TABLE
Addresses
Function RAS CAS WE OE tR tC
Standby H H H H X X High Impedance
READ L L " H L ROW | COL | Data Out
WRITE L L L H ROW | COL | Dataln
(EARLY-WRITE) ’
READ-WRITE L L H-L—-H| L—H ROW | COL | Valid Data Out,
) Valid Data In
PAGE-MODE L H—-L—H H L ROW | COL | Valid Data Out,
READ Valid Data Out
PAGE-MODE L H—-L—H L H ROW | COL | Valid Data In,
WRITE Valid Data In
PAGE-MODE L H-L—H| H-L—-H| L—H ROW | COL | Valid Data Out,
READ-WRITE Valid Data In
FAS ONLY L H H H |ROW | n/a | High Impedance
REFRESH \
HIDDEN L—H-L L H H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L H H X X High Impedance
RAS REFRESH




MICRON MT4067

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) ...................

Power Dissipation.........
Short Circuit Output Current..........ccccuviereuvccnieccanes

*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

(0°C < T, < 70°C; Ve = 5.0V +10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+1 Vv 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \" 1
INPUT LEAKAGE
Input leakage current, any input (0V < ViN < Vcc), I -10 10 A
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (Q is disabled, loz -10 10 pA
0V < Vour < Vce)
OUTPUT LEVELS
Output High (Logic 1) voltage (lout = -5mA) VoH 2.4 Vv 1
Output Low (Logic 0) voltage (lout = 5mA) VoL 0.4 Vv

(Notes: 1,2,3,4,6) (0°C < TA < 70°C; Vee = 5.0V £10%) MAX
PARAMETER/CONDITION SYMBOL| -8 |-10|-12| -15 [UNITS | NOTES
STANDBY CURRENT: TTL input levels lecct |5 |5|5]5 | mA
(RAS = CAS = Vi after 8 RAS cycles)
OPERATING CURRENT lcca | 6555|5545 | mA 2
(RAS and CAS = Cycling: trc = tRc(MIN))
OPERATING CURRENT: PAGE MODE lcca |65 55|55 45 | mA 2
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))
REFRESH CURRENT: RAS ONLY lcca |55 404035 | mA 2
(RAS = Cycling: CAS = ViH: tRc = tRC(MIN))
REFRESH CURRENT: CAS-BEFORE-RAS lccs |65 |55(55(|45| mA | 2,22
(RAS and CAS = cycling, trc = tRc(MIN))

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: Ao-As Cn 5 pF 18
Input Capacitance: RAS, CAS, WE, OE Ci2 pF 18
Input/Output Capacitance: DQ Cio pF 18
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 3, 4, 5, 10, 11, 17, 18) (0°C < TA <70°C; Vce = 5.0V £10%)

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

PARAMETER SYM MIN [ MAX | MIN MAX | MIN MAX | MIN | MAX | UNITS | NOTES
Random READ or WRITE cycle time 'RC 150 190 220 260 ns 6.7
READ-MODIFY-WRITE cycle time 'RwC 200 250 295 345 ns
PAGE-MODE cycle time pc 75 90 100 120 ns 6,7
Access time from RAS 'RAC 80 100 120 150 | ns | 7.8
Access time from CAS 'cAC 40 50 60 75 ns 7.9
Output Enable 'O 25 25 30 40 ns

RAS pulse width 'RAS 80 (10,000 100 [10,000| 120 {10,000 150 {10,000 ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time ‘RP 60 80 90 130 ns

CAS pulse width cAS 40 110,000/ 50 10,000 60 |10,000| 75 ]10,000| ns

CAS hold time 'csH 80 100 120 150 ns

CAS precharge time 'CPN 20 25 25 30 ns 19
CAS precharge time (PAGE-MODE) cp 25 30 30 35 ns

RAS to CAS delay time 'RCD 20 40 25 50 25 60 25 75 ns 13
CAS to RAS set-up time 'cRP 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 15 15 ns

Column address set-up time tAsc 0 0 0 0 ns

Column address hold time 'CAH 15 20 20 25 ns

Column address hold time 'AR 50 70 80 100 ns
referenced to RAS

READ command set-up time 'Rcs 0 0 0 0 ns

READ command hold time '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 25 0 30 0 30 0 35 ns 12
OQutput Disable ‘ob 25 30 30 35 ns

'WE command set-up time 'wcs 0 0 0 0 ns 16
WRITE command hold time 'wcH 15 35 40 45 ns

WRITE comman_dhold time 'WCR 35 85 100 120 ns
referenced to RAS

WRITE command pulse width ‘wp 15 35 40 45 ns

WRITE command to RAS lead time 'RwL 35 35 40 45 ns

WRITE command to CAS lead time ‘cwL 35 35 40 45 ns

Data-in set-up time 'Ds 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time reference to RAS 'DHR 35 60 65 70 ns

CAS to WE delay 'cwb | 50 70 90 110 ns 16
RAS to WE delay 'RWD 90 120 150 185 ns 16
Transition time (rise or fall) 7 3 100 3 100 3 100 3 100 ns 5,17
Refresh Period (256 cycles) 'REF 4 4 4 4 ms 22
TAS hold time CHR 15 20 25 30 ns 21
(CAS-BEFORE-RAS refresh)

TAS set-up time 'CSR 10 15 20 20 ns 21
(CAS-BEFORE-RAS) refresh

RAS to CAS precharge time 'RPC 0 0 0 0 ns 21
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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.

An initial pause of 100us 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.

AC characteristics assume T = 5ns.

ViH min and ViL max are reference levels for

measuring timing of input signals. Transition times

are measured between ViH and VIL.

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

'RCD exceeds the value shown.

Assumes that 'RCD > 'RCD (max).

If CAS = Vin, data output is high impedance.

If CAS = Vi, data output may contain data from the

last valid READ cycle.

'OFF (max) defines the time at which the output

achieves the open circuit condition and is not

referenced to VoH or VoL.

Operation within the 'RCD (max) limit ensures that

*RAC (max) can be met. 'RCD (max) is specified as a

reference fpoint only; if 'RCD is greater than the

specified 'RCD (max) limit, then access time is con-

trolled exclusively by 'CAC.

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

10.
11.

12.

13.

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.
'WCS, 'CWD and 'RWD are restrictive operating
parameters in READ-WRITE and READ-MODIFY-
WRITE cycles only. If 'WCS 2 'WCS (min), the cycle is
an EARLY-WRITE cycle and the data output will
remain an open circuit throughout the entire cycle. If
‘CWD 2 'CWD (min) and ‘RWD 2 ‘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 data out (at
access time and until CAS goes back to Vin) is inde-
terminate.
17. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vin and
VIL (or between ViL and VIH) in a monotonic manner.

18. Capacitance calculated from the equation C = JAt
AV

with AV = 3V and Vcc = 5V. This parameter is
sampled.

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

20. During a READ cycle if O is LOW then taken HIGH
before CAS goes HIGH, (Vin) Q goes open. If OE is
tied permanently LOW, a READ-MODIFY-WRITE
operation is not possible.

21. On-chip refresh and address counters are enabled.

22. A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW and OE =
HIGH.

16.

NVHA l
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READ CYCLE

Re
1RAS RP
ms Vi C N
tosH
RsH 'RRH
i tcRp tRCD icas
w WI R\ /)]
t,
<_'ASR__| 'RAH '::c can
woon W TN I 7/, S i
l iRcs | *RCH
we ¥ I |/ i K
RA
! mg ‘oFF
e x:gr - OPEN 4| VALID DATA OPEN
10E |<toD

= W Ty /

EARLY-WRITE CYCLE

tRe
'RAS | 'RP

— Vu - 3 Z‘
RAS V|| _ L p N

tcsH
RSH
tcRp tRCD cas

|
GAs VYH -
[V 7 N /
‘AR
e ASR___| RAH 'AsC tcAn

V| ¢
ADDR M mL ROW ] : COLUMN ’W // ﬁ( ROW
|

towL
TRWL
'weR
twes tweH
twp

w v ) % Y,

DHR
'ps DH

oo Vot m VALID DATA W / / / /

HIGH

— V -
o Yy -

DON'T CARE

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

'RWC

ms vz N t y" N\
\ cRP 'RCD t::s;
oA Wi N /|
AopR VI :m(; ROW COLUMN ' / WM/{W/ I /ZZZZZZZ% ROW
= W T v
pa VoK = OPEN ( VALDD or J VALDD OPEN
toE 1 top,
= W I /
PAGE-MODE READ CYCLE
s v ! ( b "\
. I. crp RcD tcas tcp ) tcas tcp tcas cpN i
@ s f 1 N ] N / .
o ) 1ASR 'RAH i tAsc tcAH i ASC cAH tAsC tcAH
ADDR v " ROW m COLUMN m CO]UMN m COII.UMN E(ZZZZZZZ'/ ROW
o | 'Res, tReH—] I<__‘| tRoH—+] l__'—l 'RCH
WE gl _74'{422'{{422 ]42’4’4% ‘ N W T
Da ¥{8{' = OPEN TIT';’ — ‘6;‘; —‘[’:‘};_'E—;_ - OPEN
10E -‘, ‘on’ toE f 'OD’ toE |, _top
= W T s /L/////////////////// /

DON'T CARE

[ UNDEFINED

wvta |
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PAGE-MODE EARLY-WRITE CYCLE

'RAS 1<_1RP )
_ Vg =Y
RAs it Z N ) L
csH
pc 'RSH
1. tcRP RCD tcas . tep tcas o _lep tcas 1o fePN
e VIH - l }——X H
CAS
it Z \ J N N 4
AR
1< ASR 'RAH_, tasc 'CAH tasc cAH 1 tasc cAH
v s N
ADDR  yit! ROW [ coumn ] [ comn ] COLUMN ROW
_ towt | towL | towe |
= 1 N |
twes 'WCH ! wes 'weH wes \WCH
wp twp twp
WE VH
we W T /) T
'WCR tRwL |
1
'DHR
'ps 'DH 'Ds 'DH 'Ds DH

ba &:8::‘ _///////////////////ﬁ VALID DATA @(L VALID DATA L VALID DATA %222222222222222222222

OPEN

— vy =
G v T

DON'T CARE

B unoeFiNED
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RAS ONLY REFRESH CYCLE
(ADDR=A,-A_; WE = DON'T CARE.)

tRAs e U
Vs N / - g
tcrp RPC
m z:r :__/‘ tAsR 'RAH *L—/
oo i 771104 row KTy row

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

RP RAS tRP RAS
—_ Vg —
RAs yiH / N N /

IRPC
PN Icsr ICHR | RPC |, _ CSR ICHR
cAs M :W‘ y W JR J‘
pQ ¥8E - OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)??
(READ) (REFRESH)
{RAS RP tRAS
RAS x:E: St 77 'St ¢
crP tRCD tRSH CHR
s T £ K if
IL—
tAR
tASR tRAH_, tasc tcAH

ADDR 3;5; : ROW m‘ COLUMN ;W /

| tRAC

I

fcac — <—toFF
e 3;85 - OPEN VALID DATA J— oPEN—
toe top

= X i

/ DON'T CARE

B unoeFiNED
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MT1259

DRAM

256K x 1 DRAM

FEATURES

¢ Industry standard pin-out, timing and functions

¢ All inputs, outputs, and clocks are fully TTL
compatible

¢ Single +5V+10% power supply

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

e 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
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 addressbits are entered 9 bits ata time using RAS tolatch
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
several faster READ, WRITE, READ-WRITE or READ-
MODIFY-WRITE cycles within the RAS address defined
page boundary. Returning RAS HIGH terminates the

PIN ASSIGNMENT (Top View)
16 Pin DIP 16 Pin ZIP
(PA, CA) (ZA)
A8 [1-16 vss Y R P
pO2 150CAS CAS 3174, Vss
WE[3 14[Q A8 56 D
RASO4 13[1A6 WE 7F.Js RmAS
Aoljs  12[JA3 A0 917110 A2
A2ll6 11[A4 AT M 15 Vee
A107 100 A5 A7 1315414 A5
veclls  9f1A7 A4 15174 46 A3
18 Pin PLCC
(EJA)
a2 8
a-2F
WE 3 16 Q
RAS 4 15 A6
NC 5 14 NC
A0 6 13 A3
A2 7 12 A4
L=
=832
* ADDRESS NOT USED FOR RAS ONLY REFRESH

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

MT1259
REV. 7/89

Micron Technology, Inc. reserves the right to change products or specifications without notice.
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s 1)

FUNCTIONAL BLOCK DIAGRAM

PAGE MODE

DATAIN

NO. 2 CLOCK
GENERATOR

COLUMN
ADDRESS
BUFFER (10)

REFRESH

CONTROLLER

+

!

REFRESH
COUNTER

ROW !

ADDRESS
BUFFERS (9)

B

BUFFER

DATA OUT

BUFFER

————o0Q

w1l

COLUMN
DELODER

1/0 GATING

| E-~—-1oz4----] I
[ SENSF AMPLIFIERS

l oo 1024---
1
zal MEMORY
0Q | 25 ARRAY
€O v
|
=] H
m——
|——>

+—o Ve

+——0\Vgg

— NO. 1 CLOCK
RAS o GENERATOR ]
TRUTH TABLE
Addresses
Function RAS CAS WE
tR tC

Standby H H H X X High Impedance
READ H ROW | COL | Data Out
WRITE L ROW | COL | DataIn
(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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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) ...........coo..... -55°C to +150°C
Power Dissipation ..........coceueeniniiiinnininisnnisisissnnens 1 Watt
Short Circuit Output Current 50mA

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-

vice. This is a stress rating only and functional operation of -

the device at these or any other conditions above those
indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C € T, < 70°C; Ve = 5.0V £10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vee 45 5.5 \

Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+l v 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 \Y 1
INPUT LEAKAGE

Input leakage current, any input (OV < VIN < Vcc), li -10 10 pA

all other pins not under test = 0 volts

OUTPUT LEAKAGE

Output leakage current (Q is disabled, loz -10 10 A

0V < Vour < Vce)

OUTPUT LEVELS

Output High (Logic 1) voltage (lout = -5mA) VoH 2.4 \ 1
Output Low (Logic 0) voltage (lout = 5mA) VoL 0.4 \

(Notes: 1,2,3,4,6) (0°C < TA < 70°C; Vee = 5.0V £10%) MAX
PARAMETER/CONDITION SYMBOL| -8 |-10|-12| -15 |UNITS | NOTES
STANDBY CURRENT: TTL input levels lcct |5 |5|5]5 | mA
(RAS = CAS = Vi after 8 RAS cycles)

OPERATING CURRENT lcca | 65|55]55| 45 | mA 2
(RAS and CAS = Cycling: trRc = tRC(MIN))

OPERATING CURRENT: PAGE MODE lcca |65 |55|55(45 | mA 2
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))

REFRESH CURRENT: RAS ONLY Icca [551{40140| 35| mA 2
(RAS = Cycling: CAS = VIH: tRc = tRC(MIN))

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

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: Ac-As, D Cn 5 pF 18
Input Capacitance: RAS, CAS, WE Ci2 pF 18
Output Capacitance: Q Co pF 18

1-25
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 3, 4, 5, 10, 11, 17, 18) (0°C < TA < 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 'R 150 190 220 260 ns 6,7
READ-MODIFY-WRITE cycle time 'RWC 180 220 255 295 ns
PAGE-MODE cycle time 'pC 75 90 100 120 ns | 6,7
Access time from RAS 'RAC 80 100 120 150 | ns | 7,8
Access time from CAS ‘cac 40 50 60 75 ns | 7,9
RAS pulse width 'RAS 80 [10,000| 100 110,000 120 {10,000 150 110,000| ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time ‘RP 60 80 90 100 ns

‘CAS pulse width IcAs 40 [10,000| 50 10,000 60 [10,000] 75 |10,000| ns

CAS hold time 'cSH 80 100 120 150 ns

TAS precharge time 'cPN 20 25 25 30 ns 19
CAS precharge time (PAGE-MODE) ‘cp 25 30 30 35 ns

RAS to CAS delay time 'RCD 20 40 25 50 25 60 25 75 ns 13
TAS to BAS set-up time 'cRP 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 15 15 ns

Column address set-up time ‘asc 0 0 0 0 ns

Column address hold time 'cAH 15 20 20 25 ns

Column address hold time ‘AR 50 70 80 100 ns
referenced to RAS

READ command set-up time ‘RCS 0 0 0 0 ns

READ command hold time 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] 25 0 30 0 30 0 35 ns 12
WE command set-up time 'wcs 0 0 0 0 ns 16
WRITE command hold time ‘wcH 15 35 40 45 ns

WRITE command hold time 'wcRr 35 85 100 120 ns
referenced to RAS

WRITE command pulse width twp 15 35 40 45 ns

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

WRITE command to CAS lead time ‘cwL 35 35 40 45 ns

Data-in set-up time 'ps 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time 'DHR 35 85 100 120 ns
referenced to RAS

CAS to WE delay ‘cwp 30 40 50 60 ns 16
RAS to WE delay 'RWD | 70 90 110 135 ns 16
Transition time (rise or fall) T 3 100 3 100 3 100 3 100 ns 5,17
Refresh Period (256 cycles) 'REF 4 4 4 4 ms 21
CAS hold time 'CHR 15 20 25 30 ns 20
(CAS-before-RAS refresh)

TAS set-up time 'csR 10 15 20 20 ns 20
(CAS-BEFORE-RAS) refresh

RAS to CAS precharge time RPC 0 0 0 0 ns 20
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NOTES

1. All voltages referenced to Vss.

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

3. Aninitial pause of 100us 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 'T = 5ns.

5. Vi min and ViL max are reference levels for

measuring timing of input signals. Transition times

are measured between Vi and VIL.

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 > 'RCD (max).

10.1f CAS = Vi, data output is high impedance.

11.1f 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 VoL.

13. Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference fpoint only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-

trolled 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 to the WE leading
edge in late WRITE or READ-MODIFY-WRITE
cycles.
'WCS, 'CWD and 'RWD are restrictive operating
parameters in READ-WRITE and READ-MODIFY-
WRITE cycles only. If 'WCS > *WCS (min), the cycle is
an EARLY-WRITE cycle and the data output will
remain an open circuit throughout the entire cycle. If
‘CWD 2 '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 data out (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 ViH and
VIL (or between VIL and VIH) in a monotonic manner.
18. Capacitance calculated from the equation C = At
AV
with AV =3V and Vcc = 5V. This parameter is
sampled.
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.

16.

19.

1-27

NvHa l



MICRON MT1259

READ CYCLE
tRC
- RAS tRP
O v N il X
[
'S«:: tRRH
\ tcrRp tRCD tcas
Cl R\ Y7
AR
tASR tRAH 1 tasc tcAH
woon V! 777X Row W,_gjoww R Vi S
tRCs 'RCH
we TG K
tc
'n:z OFF _,
a VgH = OPEN £ vaupoata OPEN
EARLY-WRITE CYCLE
tRC
tRAS | RP
mas VM N ’l N
[
tCRP tRCD tcAs
w W f R /
tAR
tASR 'RAH i tasc oA
aoDR VI mi ROW jm COLUMN W @( ROW
Fr—
WeR
twes tweH
twp
% ' 7777 %) //
'DHR
! tos DH
D \‘ﬂt' W ﬂ VALID DATA ‘;W
o VoH- OPEN

VoL -
DON'T CARE

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

‘::ISC f R
R N J AN
o
! tCRP 'RCD cas
ws s f R_ f
AR
tASR 'RAH__ | asc } | 'cAH
ADDR xif m Row_jm COLUMN ‘W///////////l/// /////M ROW
D) towL
tRcs tcwp TRWL '
twp
& W Iy N/
Ds IDH
o i I i g e ose
;22 1oFF
Q ¥8E: OPEN : VALID DATA :r——OPEN
PAGE-MODE READ CYCLE
RAS RP_,
ms VM A i
IEEH RSH
i crP tRCD tcas tcp tcas tcp cas fcpn i
s g AN / it i i /7 N
1 tAsR tRAH I ‘i:c {CAH i tASC ICAH, tAsC tCAH
ADDR g:f :@Jﬁ ROW :@i COLUMN QWM COLUMN W/ ZZI/JXL COLUMN ’W // / //d}( ROW
§ — |-|'—ch3 — l--—'ncs e [='RRH
e e I el e W el
w W77 //l//////“ \/4 ur i
'RAC
: I 'cAC | _{oFg tcac Bld tcAc N -
VoH - OPEN VALID VALID Y ¥ VALD ¥ OPEN

Q vol k_DATA # X_DATA 4 K_DATA ¥

/] DON'T CARE

R unDEFINED
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RAS

ViH
Vie

GAs VM

ADDR

ViL

v
IH
Vi

WE ViH

v
iH
ViL

v
H
Vi

PAGE-MODE EARLY-WRITE CYCLE

7

RAS Rp !
tcsH
tpc RsH
\_lcrp 'RCD Icas . tep IcAs 1 lep tcAs tcPN (
iy R\ z\‘ N } i
‘AR
\_'asR 'RAH tasc CAH tasc tcan 1 tasc ICAH
- ¥ Y
m ROW : COLUMN W &( COLUMN ’W COLUMN 0( ROW
towL | towL | towL
b 1
twes 'weH wes 'WCH wes weH
twe twp twp.
T, J T
'wer TRWL
DHR
1<_Ds 'DH 'ps o, 'ps 'DH
//// ///// {Z;m VALID DATA @{\ VALID DATA m VALID DATA //

OPEN

DON'T CARE

BX unperineD
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RAS ONLY REFRESH CYCLE
(ADDR = A, - A,; Agand WE = DON'T CARE.)

RC
1 RAS tRP
ms Vi Z ) I X
crP tRPC
s Wz f ¥ 7
ASR 'RAH
soon. 1 E ROW S Row
a Vg = OPEN
CAS-BEFORE-RAS REFRESH CYCLE
(AO - A8 and WE = DON'T CARE.)
tRP tRAS trp 'RAS
WD ( i / N /
RPC
_tepn |, tesr ICHR RpC  ICsR {CHR
R/ i —
Q ¥8t‘ = OPEN
HIDDEEEFRESH CYCLE
(WE = HIGH)?!
(READ) (REFRESH)
RAS RP tRAS
s VT N ] \ /
tcrP RCD IRsH CHR
Sl A /
t
tASR {RAH = L tAsc tCAH
ADDR 3:{‘:@(: Rolw ;W COLUMN ‘EW / /
t
| onc N
a Vg OPEN VALID DATA b— OPEN—

DON'T CARE

B unperineD
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MICRON

MT4C4256

DRAM

256K x 4 DRAM

FAST PAGE MODE

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

e 512 cycle refresh in 8ms

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

¢ Optional Fast Page Mode access cycle

OPTIONS MARKING
® Timing
80ns access -8
100ns access -10
120ns access -12
* Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP Z
Plastic SOJ DJ
GENERAL DESCRIPTION

The MT4C4265isarandomly accessed solid-statememory
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
(AQ0-A8) at a time. RAS is used to latch the first 9 bits and
CAS the latter 9 bits. A READ or WRITE cycle is selected
with the WE input. A logic HIGH on WE dictates READ
mode while a logic LOW on WE dictates WRITE mode.
During a WRITE cycle, data in (D) is latched by the falling
edge of WE or CAS, whichever occurs last. If WE goes LOW
prior to CAS going LOW, the output pin(s) remain open
(high Z) until the next CAS cycle. If WE goes LOW after
data reaches the output pin, Q is activated and retains the
selected cell data as long as CAS remains LOW (regardless
of WE or RAS). This late WE pulse results in a READ-
WRITE cycle. The 4 data inputs and 4 data outputs are
routed through 4 pins using common /O and pin direction
is controlled by WE and OE.

PIN ASSIGNMENT (Top View)

20 Pin DIP 20 Pin ZIP
(PD, CD)
pa1 01-20vee
pQ2l2 19[lDQ4
Wel3 18[lDQ3
RAS[4 17{ICAS
Ncls 16[JOE
Aolle  1501A8
A1l7  140A7
A2lls  13[A6
A3llo 120as
veclio 11JA4
20 Pin SOJ
(DJA)
pat g1 26 [1Vss
DQ2[ 2 25 [1 DQ4
WEL3 24 1 DQ3
RAS O 4 23 0 CAS
NCO5 22 10E
A0 Q9 18 [1 A8
A1 O 10 17 0 A7
A2 011 16 0 A6
A3 [ 12 150 A5
Vee O 13 14 [0 A4

*TF = Test Function, Vin must be disconnected or between Vss and Vcc
for normal 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 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 (A0-A8) are executed at least every 8ms, regardless
of sequence.

PAGE MODE operations allow faster data operations
(READ, WRITE or READ-MODIFY-WRITE) within a row
address(A0-A8)defined pageboundary. The PAGEMODE
cycle is always initiated with a row address strobed in by
RAS followed by a column address strobed in by CAS. By
holding RASLOW, CAS may be toggled strobing in differ-
ent column addresses executing faster memory cycles.
Returning RAS HIGH terminates the PAGE MODE
operation.

MT4C4256
REV. 7/89

Micron Technology, Inc. reserves the right to change products or specifications without notice.
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MICRON MT4C4256

FUNCTIONAL BLOCK DIAGRAM
FAST PAGE MODE

| WE

DATAIN
U CASo— BUFFER
g NO. 2 CLOCK l

GENERATOR [, DATA OUT
- BUFFER
COLUMN n 5 n
ADDRESS COLUMN
BUFFER DELODER
REFRESH s
CONTROLLER SENSE AMPLIFIERS
T 1 | VOGATING
—--512X 400
REFRESH
COUNTER
c [T
ROW =za | i MEMORY
ADDRESS 0Q | s ARRAY
BUFFERS (9) €2 |7
f ° i
— NO. 1 CLOCK
RAS GEN1ERATOR T oV
+——o\Vgg
TRUTH TABLE
Addresses
Function RAS CAS WE OE TF tR tC
Standby H H H H X X High Impedance
READ L L H L ROW | COL | Data Out
WRITE L L L H ROW | COL | Data In
(EARLY-WRITE)
READ-WRITE L L H—-L-H | L—H X ROW | COL | Valid Data Out,
Valid Data In
PAGE-MODE L H—-L—H H L X ROW | COL | Valid Data Out,
READ Valid Data Out
PAGE-MODE L H—-L—H L H X ROW | COL | Valid Data In,
WRITE Valid Data In
PAGE-MODE L H-L—H | H—-L-H | L—H X ROW | COL | Valid Data Out,
READ-WRITE Valid Data In
RAS ONLY L H H H X ROW | n/a High Impedance
REFRESH
HIDDEN L—H-L L H H X ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H—-L L H H X X X High Impedance
RAS REFRESH
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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) ..........c........ -55°C to +150°C
Power Dissipation 1 Watt
Short Circuit Output Current..........ecveeeiveieeireveennns 50mA

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

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C < TA < 70°C; Vee = 5.0V £10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 55 \ 1
Input High (Logic 1) Voltage, All Inputs VIH 24 |Vcc+l \ 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 \" 1

INPUT LEAKAGE CURRENT
any input (OV < ViN £ 6.5V,
all other pins not under test = 0 volts)

li -10 10 HA

OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vour < 5.5V) loz -10 10 uA

OUTPUT LEVELS

Output High voltage (lout = -5mA) VoH 24 Vv

Output Low voltage (lout = 4.2mA) Vo. 0.4 "
(Notes : 1, 3,4,6,7) (0°C<T, <70°C; Vcc = 5.0V +10%) MAX

PARAMETER/CONDITION

SYMBOL| -8 | -10 | -12 [UNITS | NOTES

OPERATING CURRENT
Average power supply operating current
(RAS, CAS, Address Cycling: tRc = tRC(MIN))

lcct 70 [ 60 | 50 | mA 3,4

STANDBY CURRENT (TTL)
Power supply standby current (RAS = CAS = ViH)

[efe 3 2 2 mA

RAS ONLY REFRESH CURRENT
Average power supply current, RAS ONLY mode
(RAS Cycling, CAS=VH: tRc = tRC(MIN))

lccs | 70 | 60 | 50 | mA 3

FAST PAGE MODE CURRENT
Average power supply current, Fast Page Mode
(RAS = Vi, CAS, Address Cycling: trc = tPc(MIN))

lcca | 50 | 40 | 30 | mA 3,4

STANDBY CURRENT (CMOS)

Power supply standby current (RAS = CAS = Vcc -0.2V)

lces 1 1 1 mA 25

CAS-BEFORE-RAS REFRESH CURRENT

(RAS, CAS, Address Cycling: trRc = tRC(MIN))

Average power supply current, CAS-BEFORE-RAS Mode

lcce | 70 | 60 | 50 | mA 3
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MICRON MT4C4256
CAPACITANCE

PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES

Input Capacitance: Ao-As Cn 5 pF 2

Input Capacitance: RAS, CAS, WE, OE Ci2 pF 2

Input/Output Capacitance: DQ Cio 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Vce = 5.0V £ 10%)

A.C. CHARACTERISTICS -8 -i0 -i2

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'RC 160 190 220 ns
READ-WRITE cycle time ‘Rwc 215 220 295 ns

FAST PAGE MODE READ or WRITE tpc 45 55 70 ns

cycle time

FAST PAGE MODE READ-WRITE 'PRWC 100 115 140 ns

cycle time

Access time from RAS ‘RAC 80 100 120 ns 14
Access time from CAS IcAC 20 25 30 ns 15
Qutput Enable ‘oE 20 25 30 ns

Access time from column address ‘Al 40 50 60 ns

Access time from CAS precharge 'cPA 45 55 65 ns

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

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

RAS hold time ‘RSH 25 25 35 ns

RAS precharge time 'RP 70 80 90 ns

CAS pulse width 'cAs 20 10,000 25 10,000 35 10,000 ns

CAS hold time tcsH 80 100 120 ns

CAS precharge time 'CPN 15 15 20 ns 16
CAS precharge time (PAGE MODE) cp 10 10 15 ns

RAS to CAS delay time 'RCD 20 60 25 75 25 90 ns 17
‘CAS to RAS precharge time 'CRP 5 5 10 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 12 15 15 ns

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

Column address set-up time 'AsC 0 0 0 ns

Column address hold time 'CAH 15 20 25 ns

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

Column address to 'RAL 40 50 60 ns

RAS lead time

Read command set-up time 'Rcs 0 0 0 ns

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

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

‘CAS to output in low-Z ‘cLz 0 0 0 ns

1-RA




MICRON MT4C4256

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Ve = 5.0V £ 10%)

A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Output buffer turn-off delay 'OFF 0 20 0 20 0 35 ns 20
Output Disable 'op 20 20 35 ns

WE command set-up time ‘wes 0 0 0 ns 21
Write command hold time ‘WCH 15 20 25 ns

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

Write command pulse width ‘wp 15 20 25 ns

Write command to RAS lead time RWL 25 25 30 ns

Write command to CAS lead time ‘owL 25 25 ) 30 ns

Data-in set-up time ps 0 0 0 ns 22
Data-in hold time 'DH 20 20 25 ns 22
Data-in hold time 'DHR 60 75 90 ns
(referenced to RAS)

RAS to WE delay time 'RWD 110 130 160 ns 21
Column address 'AWD 70 80 100 ns 21
to WE delay time

CAS to WE delay time ‘cwb 55 65 75 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 refresh)

CA_S_hold time o ICHR 30 30 30 ns 5
(CAS-BEFORE-RAS refresh)

1-37
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NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Capacitance is calculated
from the equation C = At with AV = 3V and Vcc =
5V. AV

3. Icc is dependent on cycle rates.

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

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. An initial pause of 100us 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 'T = 5ns.

9. ViH min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL (or between ViL
and Vin).

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

11. If CAS = Vin, data output is high impedance.

12.If CAS = Vi, 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 '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.

15. Assumes that 'RCD 2 'RCD (max).

16. If CAS'is LOW at the falling edge of RAS, Q will be

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

17.

18.

19.

20.

21.

22.

23.

24.

25.

Operation within the 'RCD (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 "RCD (max) limit, then access time is con-
trolled exclusively by '‘CAC.

Operation within the 'RAD (max) limit ensures that
fRCD (max) can be met. 'RAD (max) is specified as a
reference Foint only; if 'RAD is greater than the
specified 'RAD (max) limit, then access time is con-
trolled exclusively by tAA.

Either 'RCH or 'RRH must be satisfied for a READ

cvcle
cycae.

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to VoH or VoL.

tWCS, tRWD, 'AWD and 'CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If 'WCS >
'WCS (min), the cycle is an early WRITE cycle and
the data output will remain an open circuit through
out the entire cycle. If RWD > 'RWD (min), 'AWD >
'AWD (min) and ‘CWD > 'CWD (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 Vin) is indetermi-
nate.

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

During a READ cycle, if OE is LOW then taken
HIGH before CAS goes HIGH, Q goes open. If OE is
tied permanently LOW a READ-WRITE or READ-
MODIFY-WRITE operation is not possible.

A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW and
OE=HIGH.

All other inputs at Vcc -0.2V.
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READ CYCLE

RC
'RAS 'RP

Viy = !

RAS vy _ N / — §

lcsH

J, crP. RCD cas
R N /]
ADDR \‘ﬂf Zm ROW )im [ CIO'-UMN :W/////// / //x////////&( Row
w W I ! X,
fale] ¥:gf: OPEN 3 VALID DATA - OPEN

= W iy /o

[}
m

EARLY-WRITE CYCLE

'Re
'RAS | 'RP.
== VY ~ )
RAS Vi _ S( P
csH
'RSH
| cRP 'RCD 'cas
CAS zm - F \ /
‘AR
'RAD RAL
'ASR RAH tasc 'cAH
v
ApOR I :@5 ROW m COLUMN *W @( ROW
A
fowL }
RWL )
wer
'wes WCH
wp
WE VH -
WE i % %
IDHR
! tps tDH
pQ yIoH VALID DATA
VioL
HIGH
— V=
% Vs

DON'T CARE

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

'Rwc

RAS | RP
IR K ZL L\
L - X
csH
RSH
| crP 'RCD cAs
R i 1
AR
RAD 'RAL
1 _lASR RAH tasc 'CAH
Yin - T —
sonn YH po— P 7T 777777,
I R NLLLL R co L1117 11114 /K__row
tRWD towe _|
'RCS towp WL
tAwWD wp
— Vi =
e i N
'AA
RaC
tcac
1 1
A 25|
VioH — Y
o v —————————————oreN {_VALDD g7 }i VALIDD OPEN
oE 1 top
3 ViH -
= W i /
PAGE-MODE READ CYCLE
'RASP RP_,
= VK - 3
RAS v _ N 7
csH tpc RsH
1 terp RCD cAs e cas cp cas eeN |
— vy _f s
[ N j X 1 X / /| A
‘AR
fRAD TRAL
'ASR 'RAH tasc IcAH 'ASC IcAH, tASC IcAH
ViH — s p! £
ADDR vl[‘ _@i ROW COLUMN m COLUMN W m COLUMN EW/// ROW
A
o e s ] e
'RCS, tRCH
|<———-o 1RCH —>| lq-— 1RCH —| i«--
W VYH -7
v T R\ T
taa | A | N
'RAC ' cPA ' tcpa
Icac loFp cAc lorg fcac | JatorF
toz—= | torz—| |- oz —| |-
VioH = VALDD Y VALID VALID ¥
DA i = OPEN DATA 4 DATA K _DATA # OPEN
oE 1 top 0E top loE
1

| oo
R S . /l/// T,
W/} bonT care

{R% UNDEFINED
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PAGE-MODE EARLY-WRITE CYCLE

RASP 1o IRP |
s YW ,If !L
RAs g C
tcrp 'csH tpc tRSH
1 tcrp tRCD tcAs cp IcAS tcp tcas 1 ‘cPN |
== Vi - s p
GO § R\ J N / /
AR
'RAD tRAL
'ASR 'RAH tAsC ICAH 'ASC 'CAH tASC CAH
Vi p s \
ADDR  yIH ROW ,@( COLUMN X cowm XK coan  WTTTT//K row
towt | towL | towL |
twes tweH ' twes 'weH ' twos tweH
twp twp twp
— V7
R/, W 7T
ViL k 2 X
tWoR RwL |
'DHR !
S 'DH ps 'DH 'Ds DH

DQ ¥:gf // // / //// //@g VALID DATA @( VALID DATA )@( VALID DATA W // / / / / //

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

s Wi i ,Zl l\

1 ICRP. tRCD <= CAS cp = tcAs cp 'Zi: 1lopn
w W X /A
appR M :m ROW ]% |COLUMN cowmn X7/ cowmn  XTTT1/177777//X row

tRcs | towL—] . : i ;';;?LW ’

= Y T |
= W i

DON'T CARE

UNDEFINED
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RAS

CAS

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

tRe

'RAS tRP
Vm =
ViL - N /]
l icrpP 'RPC l
Vg = ¥ p 7
ViL -

woos Vit /A ow Ky row
DQ ¥8r K OPEN
CAS-BEFORE-RAS REFRESH CYCLE
(Ao - AB’ WE and OE = DON'T CARE)
tRp tRAS | tRp 'RAS
R A 1L \ / S
RPC
1fepn |, _losR IcHR _, IRp 'csR | ICHR_,
oS W W[} \ W 15 J‘
ba VN OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH, DE=LOW)?
(READ) (REFRESH)
RAS . P ‘RAS
s Vi N\ zl‘ J& /
i CRP tRCD 'RSH CHR
s Vi ! if
o l ASR RAH i l ‘ASC. CAH. |
ADDR V:E—m: ROW m: COLUMI:I ,EW / /
'RAC
:g:zc —  |=toFF
bQ ¥:8[‘ = OPEN VALID DATA b— OPEN —
toe o0 |
= i /j ,

/]

B unperineD

DON'T CARE
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DRAM

256K x 4 DRAM

STATIC COLUMN

FEATURES

¢ Industry standard x4 pin-out, timing, functions and

packages

High performance, CMOS silicon gate process

Single +5V+10% power supply

Low power, 5SmW 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
80ns access -8
100ns access -10
120ns access -12
¢ Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP Z
Plastic SOJ DJ
GENERAL DESCRIPTION

The MT4C4258isarandomlyaccessed 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
(A0-A8) at a time. RAS is used to latch the first 9 bits and
CAS the latter 9 bits. A READ or WRITE cycle is selected
with the WE input. A logic HIGH on WE dictates READ
mode while a logic LOW on WE dictates WRITE mode.
During a WRITE cycle data, in (D) is latched by the falling
edge of WE or CAS, whichever occurs last. If WE goes LOW
prior to CAS going LOW, the output pin(s) remain open
(high Z) until the next CAS cycle. If WE goes LOW after
data reaches the output pin(s), Q is activated and retains
the selected cell data as long as CAS remains LOW (regard-
less of WE or RAS). This late WE pulse results in a READ-
WRITE cycle. The 4 data inputs and 4 data outputs are
routed through 4 pins using common I/O and pindirection
is controlled by WE and OE.

PIN ASSIGNMENT (Top View)
20 Pin DIP 20 Pin ZIP
(PD, CD)
pa1 01 ~200vee OE
pazl2  190DQ4 pas
WEls 18[lpas Vss
RASOs 17[ICAS ba2
Ncls 16[10E Ri\\s
aole  150A8 Ag
A107  14pA7 v
A208 130A6 :;
A3lle  120A5 A7
vecl10 11]A4
20 Pin SOJ
(DJA)
pat g1 26 [1Vss
DQ2 [ 2 25 [1 DQ4
WEQ3 24 1 DQ3
RAS [ 4 23 1 CAS
NC [ 5 22 1OE
Ao o 18 [1 A8
A1 010 17 A7
A2l 1 16 [1 A6
A3 [ 12 15 [1 A5
Vee [ 13 14 1 A4
*TF = Test Function, Vin must be disconnected or between Vss and Vcc
for normal operation.

Returning RAS and CAS HIGH terminates a memory
cycleand decreases chip current to areduced 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 (A0-A8) are executed at least every 8ms, regardless
of sequence.

STATIC COLUMN operations allow faster data
operations (READ, WRITE or READ-MODIFY-WRITE)
within a row address (A0-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.

MT4C4258
REV. 789

Micron Technology. Inc. reserves the right to change products or specifications without notice.
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MICRON MT4C4258

FUNCTIONAL BLOCK DIAGRAM

STATIC COLUMN

WE "—_‘J:) DATA IN
o BUFFER
NO. 2 CLOCK o
G
ENERATOR | ATACU
TF 3
COLUMN Ii 512 1
ADDRESS COLUMN
BUFFER DELODER
Ao
:’2 REFRESH s
N CONTROLLER ™ SENSE AMPLIFIERS
3 1
> : " voeatne |
As REFRESH T
Ag COUNTER =
Az
AS [
e
ROW za | i MEMORY
ADDRESS 2Q | si2 ARRAY
BUFFERS (9) €9 |”
f =
— NO. 1CLOCK | _
RAS GENERATOR T —— oV
+«——0 Vgq
TRUTH TABLE
Addresses
Function RAS CAS WE OE TF R tC
Standby H H H H X X X High Impedance
READ L L H L ROW COL Data Out
WRITE L L L H ROW COL Data In
(EARLY-WRITE)
READ-WRITE L L H—L—H L—H X ROW COL Valid Data Out,
Valid Data In
STATIC COLUMN L L H L X ROW |COL—COL | Valid Data Out,
READ Valid Data Out
STATIC COLUMN L L L H X ROW |COL—COL | Valid Data In,
WRITE Valid Data In
STATIC COLUMN L L H-L—-H | L—H X ROW |COL—COL | Valid Data Out,
READ-WRITE Valid Data In
RAS ONLY L H H H X ROW n/a High Impedance
REFRESH
HIDDEN L—H-L L H H X ROW COL Valid Data Out
REFRESH
CAS-BEFORE- H-L L H H X X X High Impedance
RAS REFRESH

AA




MICRON MT4C4258

ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maxi-
Voltage on Vcc supply relative to Vss....... -1.0V to +7.0V mum Rétings” may cause permanent dfamage to t}‘? de-
Operating Temperature, TA(Ambient) ......... 0°C to +70°C vice. This is a stress rating only and functional operation of
Storage Temperature (Ceramic) ................ -65°C to +150°C the device at these or any other conditions above those
Storage Temperature (Plastic) ....... ...-55°C to +150°C indicated in the operational sections of this specification is
Power DiSSIPation .........cccoveiinirininienceniinnieiiniecininns 1 Watt not implied. Exposure to absolute maximum rating condi-

Short Circuit Qutput Current........ccccoecveecieniininnne 50mA tions for extended periods may affect reliability.

D% ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS
(0°C < T, <70°C)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \ 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+1 Vv 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 Vv 1
INPUT LEAKAGE CURRENT

any input (OV < Vin < Vce), I -10 10 A

all other pins not under test = 0 volts)

OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vour < Vcc) loz -10 10 pHA
OUTPUT LEVELS

Output High voltage (lout = -5mA) VoH 2.4 \'

Output Low voltage (lout = 4.2mA) VoL 0.4 \"

(Notes : 1, 3,4,6,7) (0°C < TA <70°C; Vec = 5.0V + 10%)

MAX
PARAMETER/CONDITION SYMBOL| -8 | -10 | -12 [UNITS | NOTES
OPERATING CURRENT
(RAS and CAS = Cycling: trc = tRc(MIN)) lcct 70 | 60 | 50 | mA 3,4
OPERATING CURRENT: STATIC COLUMN
(RAS = Vi, CAS = Cycling: tpc = tPc(MIN)) lccz 70 | 60 | 50 | mA 3,4
STANDBY CURRENT: TTL INPUT LEVELS
Power supply standby current (RAS = CAS = Vi lccs 3 2 2 mA

after 8 RAS cycles min.)

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

REFRESH CURRENT: RAS ONLY

(RAS = Cycling: CAS = Vin) lccs | 70 | 60 | 50 | mA 3
REFRESH CURRENT: CAS-BEFORE-RAS
(RAS and CAS = Cycling) lcce | 70 | 60 | 50 | mA 3,5
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CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: Ao-As Cn 5 pF 2
Input Capacitance: RAS, CAS, WE, OE Ci2 7 pF 2
Input/Output Capacitance: DQ Cio 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, <+70°C: Ve = 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 'Rc 150 180 220 ns
READ-MODIFY-WRITE cycle time ‘Rwc 205 245 255 ns

Access time from RAS 'RAC 80 100 120 ns 14
Access time from CAS ‘cAC 25 30 30 ns 15
Output Enable 'O 25 25 25 ns

Access time from column address Yy 40 50 60 ns

Access time from CAS precharge 'cPA 45 55 65 ns

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

RAS hold time |_'RSH 25 25 30 ns

RAS precharge time Rp 60 70 90 ns

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

TAS hold time 'csH 80 100 120 ns

CAS precharge time 'CPN 10 15 20 ns 16
RAS to CAS delay time 'RCD 20 55 25 70 15 90 ns 17
CAS to RAS precharge time 'CRP 10 15 10 ns

Row address set-up time 'ASR 0 0 ns

Row address hold time 'RAH 10 15 15 ns

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

Column address set-up time 'ASC 0 0 ns

Column address hold time 'CAH 15 20 20 ns
Column address hold time ‘AR 95 115 130 ns
(referenced to RAS)

Column address to 'RAL 40 50 60 ns

RAS lead time

Read command set-up time 'RCS 0 0 0 ns

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

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

TAS to output in low-Z ‘oLz 0 0 0 ns

Output buffer turn-off delay 'OFF 0 20 0 30 0 25 ns 20
Output Disable 'op 20 30 25 ns

‘WE command set-up time 'wcs 0 0 ns 21

Write command hold time ‘WCH 15 20 25 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Ve = 5.0V + 10%)

A.C. CHARACTERISTICS -8 -10 -12

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

Write command pulse width ‘wp 15 20 25 ns

Write command to RAS lead time 'RWL 20 25 30 ns

Write command to CAS lead time fowL 20 25 30 ns

Write inactive time wi 10 10 10 ns

Data-in set-up time DS 0 0 0 ns 22
Data-in hold time 'DH 15 20 20 ns 22
Data-in hold time DHR 70 80 90 ns
(referenced to RAS)

RAS to WE delay time ‘RWD 110 135 150 ns 21
Column address 'AwWD 70 85 100 ns 21
to WE delay time

CAS to WE delay time 'cwbD 55 65 80 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 refresh)

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

STATIC COLUMN MODE 'sc 45 55 65 ns

cycle time
|RAS pulse width (STATIC COLUMN) 'RASC 80 100,000 100 100,000 120 100,000 ns

CAS precharge time (STATIC COLUMN) 'cp 10 10 15 ns

STATIC COLUMN READ-MODIFY- | 'SRMW 110 135 160 ns

WRITE cycle time

Last write to column address YLWAD 20 40 25 45 30 55 ns

delay time

Last write to column address tAHLW 75 95 115 ns

hold time

RAS hold time referenced to OE 'ROH 10 20 20 ns

Output data hold time from 'AOH 5 — 5 — 5 — ns

column address

Output data enable from write tow 20 30 35 ns

OE to data delay 'OED 20 25 30 ns

OF command hold time 'OEH 20 25 25 ns

Access time from last write ‘ALW 75 95 115 ns
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NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Capacitance is calculated
from the equation C = JAt with AV = 3V and Vcc =
5V. AV

3. Icc is dependent on cycle rates.

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

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T < 70°C) is assured.

7. An initial pause of 100ys 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 'T = 5ns.

9. Vin min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vi and ViL (or between ViL
and Vin).

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

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

12.1f CAS = Vi, 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 '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.

15. Assumes that ‘RCD > 'RCD (max).

16. If CAS'is LOW at the falling edge of RAS, Q will

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

17.

18.

19.

20.

21.

22.

23.

24.

Operation within the 'RCD (max) limit ensures that
RAC (max) can be met. 'RCD (max) is specified as a
reference Foint only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by ‘CAC.

Operation within the 'RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference g)oint only; if 'RAD is greater than the
specified "RAD (max) limit, then access time is con-
trolled exclusively by TAA.

Either 'RCH or 'RRH must be satisfied for a READ

cycle.

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to VoH or Vor.

YWCS, 'RWD, 'tAWD and 'CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If 'WCS >
'WCS (min), the cycle is an early WRITE cycle and
the data output will remain an open circuit through-
out the entire cycle. If RWD > 'RWD (min), 'AWD >
'AWD (min) and 'CWD > 'CWD (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 Vin) is indetermi-
nate.

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

During a READ cycle, if OE is LOW then taken
HIGH, Q goes open. If OE is tied permanently LOW
a READ-WRITE or READ-MODIFY-WRITE
operation is not possible.

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

'R
1RAS 'rP
i 1 /
tcsH
tRSH 'RRH
’ tCRP 'RcD icas
@ VI NN /
AR
RAD 'RAL
IASR IRAH asc cAH
soor VI 2 I, 7/, X /i
l‘* RCS l 'RCH
we W Ty I
Yy
'RAC
cAC OFF
oLz
DQ 3:8E: OPEN VALIDDATA [ OPEN
toE I ton
Vg o
& v T ), /
EARLY-WRITE CYCLE
tRC
tRAS N 'RP
s o i ?I o
losH
'RSH
i tCRP 'RCD cas
o W f N /
AR
tRAD RAL
'ASR 'RAH tasc caH
ADDR xif :@ Row 7@ COLUMN iW ﬂ( ROW
fewL |
TRWL i
'weR
wes weH
wp
WE 7
DHR
! 'ps foH
e g:&H VALID DATA W
= 3:5 : HIGH

DON'T CARE

%) UNDEFINED
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RAS

ADDR

CAS

bQ

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

tRwe

RAS

rp

Jf—“-x_

s
'csH
'RSH
B 'CRP 'RCD. cas
|
—= Vg4 -
cas it i
AR
RAD ‘RAL
l ASR 'RAH tasc cAH
v =
S /), S G /) D
| tRWD towe_| |
‘Ros _| towp RwL |
' tAWD wp |
WE UH =
7/ T )
Yy
'RAC
‘cac
DS, {DH
ICLZ_’ | —-— |-——]
L) ¥:gr = X VALIDD oy  VALD D OPEN
oe | ‘oD,
58 VH
& W WY, /
t
RASC tRP
—
Viy -
Vi - ﬁ
tAsR tRAH tsc tsc tRAL tAH
ViH - 1 Row COLUMN [ COLUMN COLUMN
Vi - ADDRESS J/ AN ADDRESS ADDRESS ADDRESS J
RAD tAsc tcas icas 'cRP
tAR tcp RSH
VIH - \ K
Vie - N\ /] \
t
._ﬂLRRH
1.l RS tRCH | 'RCS tRCH
v 7 | T
H -
ROH
Vi - 7
W7 / w7 /.
I‘OE toFF toE top
fcac l0EZ, tAA
tAA taa
tcac tOFF
tRAC taoH ~
VioH - VALID Fuao ),
vieL - DATA DATAY VALID DATA. ———
terz | oLz |

[/} bONT cARE

R UNDEFINED
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STATIC COLUMN EARLY-WRITE CYCLE

RAS A / \__
. tASR tRAH - }‘_‘ﬂﬂ tRAL
woor Vi o sy S W =S WY
G \ /:{ I
J twes__ | JLW_CH. = ::\\:vvt
w W= T 1 Vi,
® W M/l// T,
SRR/ Y S S
STATIC COLUMN READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
TR N
ADDR 3}{_‘:222}% ADFE‘)%‘QSS’E@]E COLUMN ADDRESS )@1 COLUMN ADDRESS W/// ///// //// / ﬁ
= | e ts;cn:; - tRAL tCRP
o U y e
., e ‘ivv:Z - tawp | tow ’
WE VT: - x_i“ *Sk_/i
= ‘I, I T *_/P
oa Vg B - XTI,

VALID
DATA-OUT

VALID
DATA-OUT

DON'T CARE

& unpeFiNED
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RAS ONLY REFRESH CYCLE
(ADDR = A, - A; WE = DON'T CARE.)

RC
'RAS tRP
ms v N I
I crp &l
w W/ _/
'ASR tRAH
S/ & row KULLiiiiiiX row
pQ :,'a_ K OFEN
CA§BEEQEE§ASREFRESHCYCLE
(Ao - As’ WE and OE = DON'T CARE)
tRp tRAS I tRp RAS
RS Vi T N } 1
tRPG -
1lepn ICSR 'CHR __, | JRPG 11 'CSR | leHR
RS/ L =
pQ ¥8r - OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH, OE=LOW)?2
(READ) (REFRESH)
'RAS . P, RAS
RS ViZ N ~ z\‘ ’L /
i 'CRP RCD 'RSH ICHR
s v f N i
::ZD 'RAL
tASR tRAH tASC 'CAH

ADDR thz ROW m‘ COLUMN ;E@/ / / / /

DQ xtgf ~ OPEN VALID DATA b— OPEN—
= T Jf—
B unoerineD
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DRAM

1MEG x 1 DRAM

FAST PAGE MODE

FEATURES

¢ Industry standard x1 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 in 8ms

e Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and

HIDDEN
* Optional Fast Page Mode access cycle
OPTIONS MARKING
® Timing
80ns access -8
100ns access -10
120ns access -12
* Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP VA
Plastic SOJ DJ
GENERAL DESCRIPTION

TheMT4C1024isarandomlyaccessed solid-statememory
containing 1,048,576 bits organized in a x1 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed 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
READ mode while a logic LOW on WE dictates WRITE
mode. During a WRITE cycle, data in (D) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes LOW prior to CAS going LOW, the output pin (Q)
remains open (high Z) until the next CAS cycle. If WE goes
LOW after data reaches the output pin, Q is activated and
retains the selected cell data as long as CAS remains LOW
(regardless of WE or RAS). This late WE pulse results in a
READ-WRITE cycle.

Returning RAS and CAS HIGH terminates a memory

PIN ASSIGNMENT (Top View)
20 Pin DIP 20 Pin ZIP
(PD, CD) (zB
p1-~18[vss Agc’; ;:
wel2 170Q b s =
RAS[3 16[ICAS RAS 705
~TFla  150A9* NG 9fs
Aolls  14[1A8 A0 11f
Atlle  13[A7 A2 137
A207 - 12[JA6 Vee 15[
A3lls 11]1A5 A5 17
vecllo  10PA4 A7 197,
20 Pin SOJ
(DJA)
D01 26 [1Vss
WEQ2 250Q
RAS O3 24 0 CAS
“TF O 4 23 ANC
NC OS5 22 [1A9*
A0Oo9 18 [1 A8
A1 010 17 0 A7
A2 11 16 [1 A6
A3 012 15 0 A5
Vee [ 13 14 0 A4
*Address not used for RAS ONLY refresh
**TF = Test Function, Vin must be disconnected or between Vss and
Vcce for normal operation.

cycleand decreases chip current toareduced 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 (A0 -A8) are executed at least every 8ms, regardless
of sequence.

PAGE MODE operations allow faster data operations
(READ, WRITE or READ-MODIFY-WRITE) within a row
address (A0-A9) defined page boundary. The PAGE
MODE cycleis 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.

MT4C1024
REV. 7/89

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

WE B
°—’_‘j ) DATA IN
CAS o BUFFER b
NO. 2 CLOCK
GENERATOR | paTAQUT 2@
5]  BUFFER
TF _ )
[ coLumn e
»| ADDRESS | P CcoLuMN
A | BUFFER (10) DELODER
0
:‘ REFRESH s
A; CONTROLLER| sznsgﬂpums
1/0 GAITING
Ao — | :
Aso REFRESH ---- 2048+ l
Ago COUNTER
Ay
Ago
Ago o [T
za | ¢ MEMORY
g § 5;2 ARRAY
o
e
— NO. 1 CLOCK
RAS GENERATOR t Ve
+———o0 Vgg
TRUTH TABLE
Addresses
Function RAS CAS WE TF tR tC
Standby H H H 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 X ROW | COL | Valid Data Out,
Valid Data In
PAGE-MODE L H—L—H H X ROW | COL | Valid Data Out,
READ Valid Data Out
PAGE-MODE L H—-L—H L X ROW | COL | Valid Data In,
WRITE Valid Data In
PAGE-MODE L H—-L—H | H—-L—H X ROW | COL | Valid Data Out,
READ-WRITE Valid Data In
RAS ONLY L H H X ROW [ n/a High Impedance
REFRESH
HIDDEN L—H-L L H X ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L H X X X High Impedance
RAS REFRESH
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss.....-1.0V to +7.0V
Operating Temperature, TaA(Ambient) .......... 0°C to +70°C
Storage Temperature (Ceramic) -55°C to +150°C
Storage Temperature (Plastic) .......... -55°C to +150°C

Power Dissipation ......... ...600mW
Soldering Temperature (soldering 10 sec) ................ 260°C
Short Circuit OQutput Current.........ccccevveveiicevcnnnnns 50mA

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

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C<T AS 70°C)
PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 45 55 \ 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vce+l \ 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 \" 1
INPUT LEAKAGE CURRENT
any input (OV < ViN < 6.5V, li -10 10 A
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT (Q is disabled, OV < Vour < 5.5V) loz -10 10 HA
OUTPUT LEVELS
Output High voltage (lout = -5mA) VoH 2.4 Vv
Output Low voltage (lout = 4.2mA) VoL 0.4 \"

. 10, < < O, . = + 0°
(Notes : 1, 3,4,6,7) (0 C_TA_70 C; Vcc = 5.0V + 10%) MAX

PARAMETER/CONDITION

SYMBOL| -8 | -10 | -12 |UNITS | NOTES

OPERATING CURRENT
Average power supply operating current
(RAS, CAS, Address Cycling: trc = trc(MIN))

lcct 70 | 60 | 50 | mA 3,4

STANDBY CURRENT (TTL)
Power supply standby current (RAS = CAS = V)

Iccz 3 2 2 mA

RAS ONLY REFRESH CURRENT
Average power supply current, RAS ONLYmode
(RAS Cycling, CAS=VH: trc = tRC(MIN))

lces 70 | 60 | 50 | mA 3

FAST PAGE MODE CURRENT
Average power supply current, Fast Page Mode
(RAS = ViL, CAS, Address Cycling: trc = tPc(MIN))

lcca | 50 | 40 | 30 | mA 3,4

STANDBY CURRENT (CMOS)

Power supply standby current (RAS = CAS = Vcc -0.2V)

Iccs 1 1 1 mA 24

CAS-BEFORE-RAS REFRESH CURRENT

(RAS, CAS, Address Cycling: trc = tRC(MIN))

Average power supply current, CAS-BEFORE-RAS Mode

Icce 70 | 60 | 50 | mA 3

:
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CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: Ao-Ag, D Ci 5 pF 2
Input Capacitance: RAS, CAS, WE Ci2 7 pF 2
Output Capacitance: Q Co 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, <+70°C, Ve = 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 RC 160 190 220 ns
READ-WRITE cycle time ‘RwC 185 220 255 ns

FAST PAGE-MODE READ pc 45 55 70 ns

or WRITE cycle time

FAST PAGE-MODE READ-WRITE 'PRWC 70 85 105 ns

cycle time

Access time from RAS 'RAC 80 100 120 ns 14
Access time from TAS ‘cac 20 25 30 ns 15
Access time from column address ‘Al 40 50 60 ns

Access time from CAS precharge ‘cpa 45 55 65 ns

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

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

RAS holdtime 'RSH 25 25 30 ns

RAS precharge time 'RP 70 80 90 ns

‘CAS pulse width ‘cas 20 10,000 25 10,000 30 10,000 ns

TAS hold time 'csH 80 100 120 ns

‘CAS precharge time 'CPN 15 15 20 ns 16
CAS precharge time (PAGE MODE) tcp 10 10 15 ns

RAS to CAS delay time 'RCD 20 60 25 75 25 90 ns 17
CAS to RAS precharge time 'cRP 5 5 10 ns

Row address set-up time tASR 0 0 0 ns

Row address hold time 'RAH 12 15 15 ns

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

Column address set-up time 'Asc 0 0 0 ns

Column address hold time 'cAH 15 20 25 ns

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

Column address to 'RAL 40 50 60 ns

RAS lead time

Read command set-up time 'RCs 0 0 0 ns

Read commancﬂd time 'RCH 0 0 0 ns 19
(referenced to CAS)

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

‘CAS to output in low-Z ‘cLz 0 0 0 ns

Output buffer turn-off delay 'OFF 0 20 0 20 0 35 ns 20
'WE command set-up time 'wes 0 0 0 ns 21
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Ve = 5.0V £ 10%)

A.C. CHARACTERISTICS -8 -10 -12

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

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

Write command pulse width ‘wp 15 20 25 ns

Write command to RAS lead time 'RWL 25 25 30 ns

Write command to CAS lead time fowL 20 25 30 ns

Data-in set-up time 'bs 0 0 0 ns 22
Data-in hold time 'DH 20 20 25 ns 22
Data-in hold tim_g_ 'DHR 60 75 90 ns
(referenced to RAS)

RAS to WE delay time ‘RWD 80 100 120 ns 21
Column address tAWD 40 50 60 ns 21
to WE delay time

TAS to WE delay time ‘cwb 20 25 30 ns 21
Transition time (rise or fall) 7 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 refresh)

‘CAS hold time {CHR 30 30 30 ns 5
(CAS-BEFORE-RAS refresh)
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NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Capacitance is calculated
from the equation C = JAt with AV =3V and Vcc =
5V. AV

3. Icc is dependent on cycle rates.

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

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. An initial pause of 100us 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 'T = 5ns.

9. Vin min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vi and ViL (or between ViL
and Vin).

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

11. If CAS = ViH, data output is high impedance.

12.1f CAS = Vi, 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 '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.

15. Assumes that 'RCD > 'RCD (max).

16. If CAS is LOW at the falling edge of RAS, Q will
be maintained from the previous cycle. To initiate a

new cycle and clear the data out buffer, CAS must be
pulsed HIGH for 'CPN.

17. Operation within the 'RCD (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 'RCD (max) limit, then access time is con-
trolled exclusively by 'CAC.

18. Operation within the 'RAD (max) limit ensures that
'RCD (max) can be met. '‘RAD (max) is specified as a
reference Point only; if 'RAD is greater than the
specified "RAD (max) limit, then access time is con-
trolled exclusively by ‘AA.

19. Either 'RCH or ‘RRH must be satisfied for a READ
cycle.

20. 'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vo or VoL.

21.'WCS, 'RWD, 'AWD and 'CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If 'WCS >
'WCS (min), the cycle is an early WRITE cycle and
the data output will remain an open circuit through
out the entire cycle. If 'RWD > 'RWD (min), "AWD >
'AWD (min) and 'CWD 2 'CWD (min), the cycle is a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above
conditions are met, the state of data out (at access
time and until CAS goes back to Vi) is indetermi-
nate.

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

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

24. All other inputs equal Vcc -0.2V.
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READ CYCLE

'R
'RAS 'RP

I
s VT N / _ §

csH
RSH 'RRH
| tcRP RCD tcas

— V-
CAS v:r_'_ /

AR
'RAD RAL
'ASR 'RAH Asc IcAH

aooR VI :m ROW m COLUMN X % ROW

Res RCH

R

|
w W Iy X,

tAA

RAC
tcac 1oFF
oz

Q 58{1 - OPEN VALDDATA % OPEN

EARLY-WRITE CYCLE

'R
'RAS | RP

= VIH — Z|
RAS v _ \ 1 \—

lcsH
'RSH
'cRP 'RCD ‘cas

N

RS W \

AR
1RAD RAL
ASR 'RAH tasc caH

Vi
77/ S /) LTI ="

fow l
RWL )
'WeR
twes ‘weH
wp

W W 7 ) W, 7000

| 'DHR
'ps 'DH

R W % VALID DATA W / // / ///

a ¥8t| K OPEN

DON'T CARE

B unoerFineD

1-59



Wvdd I

MICRON MT4C1024

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

fRWC

ms vz ) - — J‘L -
o _} ‘cep twco = foxs |

soon Vi 7777 = row KUK ZC COLUMNtCAH ,/(4///4{046{44/{/,//4(4% row
v S Ty = o W /
) S

| taA
' 1RAC

[
cac OFF
— toLZ |-
VOH — PEN
Q vg'- OPE KR VALID DATA OPEN

PAGE-MODE READ CYCLE

'RASP 'RP_,
= VH - 3
RRs vt \ 7
tosH pc 'RsH
1 ICRP. 'RCD tcas cp cas tcp tcas fcPN
—_— VIH —_ B s
CAS it — / 3 7 k X / —
AR
'RAD 'RAL
'ASR 'RAH 'ASC caH tAsC 'cAH tAsc cAH
ViH — 'S
aoor Vit /N Row @3 COLUMN m COLUMN m COLUMN K row
t I os S i
i 1 RCH—| l-- RCH— l<—- fen
— V=
e i i ur Y
ViL - /
taa | taa | taa
RAC ' tcpa ' tcpa
tcac loFp fcac loFp cac o] Jtorr
torz —»| |- torz —»| |- torz —| |~
Von - £ VALID Y VALID Y { VALID
Q@ VoL = OPEN \_DATA DATA K_DATA ¥ OPEN

DON'T CARE

R unpEFINED
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ADDR

RAS

CAS

ADDR

PAGE-MODE EARLY-WRITE CYCLE

tRASP . RP |
M ;'f L
ViL - N .
csH rc RSH
i crp 'RCD cas tcp cas tep tcas PN
W f R\ N i N /
'RAD B 'RAL
'ASR 'RAH i tASC ICAH, 'ASC 'CAH, tAsC 1CAH_,
M :@(: ROW WL COLUMN WL COLUMN 3% COLUMN ROW
towL ! towr ! towt !
1 1 1 1 1 1
wes (xl—a wes (sz wes m:u
e T ) W T,
tWeR tRWL !
DHR
'bs bH ‘Ds DH Ds DH
W{‘ jk VALID DATA @g VALID DATA :@( VALID DATA /////////////////////

ViH —

Vit = OPEN
PAGE-MODE READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
tRASP I RP__,
Wz N
1CSH tpc 'RSH
i cRP 'RCD lcas tep tcas tcp lcas 'cPN i
W/ ‘ / A / . ] _
1
'RAD = 'RAL
ASR 'RAH_, tAsC ICAH tasc cAH tasc fcan
¥:f { ROW [ COLUMN X / /0( COLUMN 5(/ / //»1 COLUMN : / / ///// / ROW
tRWD RWL |
‘Res, lowL fowl fowL '
tawD )JWJ 'AWD wp tAWD twp
cWD-» |- towp»{ |= fowp—»{ |-
W / - S; 1/ N
2|2y oo o oo ||y
Y S Y DATWEQ/MJQMW
| aA | [ | taA
! ' cPA ' cpA
RAC
fcac | JoFg | cac | JoFE, fcac [ R
tcLz» |- ez = |= tclz = |=
Vg opEN XX YAD RRXIN VALD % R VAR 3——— open
DON'T CARE
R UNDEFINED
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RAS ONLY REFRESH CYCLE
(ADDR = A0 - A8; A9 and WE = DON'T CARE.)
' Re
| RAS tRp
s Wi Z \l 7 i
crP RPC
wsaw o S
- 'ASR tRAH
woon v 77777 ROW Ky Row
Q ¥3[’ E OPEN
CAS-BEFORE-RAS REFRESH CYCLE
(A0 - A9 and WE = DON'T CARE)
trp tRAS RP 'RAS
S WD | / i
IRPC
1_lcPN |, _'csr ICHR | trP csR | loHR,
= Vo Y b/ —
a V@ OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)®
(READ) (REFRESH)
RAS tRP RAS
RS Vi i 7 N /
icrp tRCD tRSH ICHR
ol ] /
tAR
{RAD tRAL
tASR RAH i tasc tcAH
woor V777w WA com K771 000 L0000
fRAC
lcac —1  |=*toFF
cLz
Q 38{:‘: OPEN VALID DATA ii_ OPEN—

DON'T CARE

UNDEFINED
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MT4C1025

DRAM

1MEG x 1 DRAM

FEATURES

¢ Industry standard x1 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

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

¢ Optional Nibble Mode access cycle

OPTIONS MARKING
e Timing
80ns access -8
100ns access -10
120ns access -12
e Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP z
Plastic SOJ DJ
GENERAL DESCRIPTION

The MT4C1025isarandomlyaccessed solid-statememory
containing 1,048,576 bits organized in a x1 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed 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
READ mode while a logic LOW on WE dictates WRITE
mode. During a WRITE cycle, data in (D) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes LOW prior to CAS going LOW, the output pin(s)
remain open (high Z) until the next CAS cycle. If WE goes
LOW after data reaches the output pin(s), Q is activated
and retains the selected cell data as long as CAS remains
LOW (regardless of WE or RAS). This late WE pulse results
in a READ-WRITE cycle.

Returning RAS and CAS HIGH terminates a memory
cycleand decreases chip current to areduced standby level.
Also, the chip is preconditioned for the next cycle during

NIBBLE MODE
PIN ASSIGNMENT (Top View)
20 Pin DIP 20 Pin ZIP
(PD, CD)
pO1-18[vss Ag
WEL2 170q |
RASO3 16[ICAS RAS 70
~TF4  150A9" NC Ol
Aols 14[1as8 A0 11}a.
A1le 13DA7 A2 13f=
A207 120a6 Vee 15[
A3ls 11[As5 A5
vecllo  100A4 A7
20 Pin SOJ
(DJA)
DO1- 26 [1Vss
WEQ2 250Q
RASO3 24 1 CAS
“TF O 4 23 INC
NC O 5 22 1 A9
Ao9 18 0 A8
A1 010 17 0 A7
A2 01 16 [ A6
A3 [ 12 15 1 A5
Vee [0 13 14 1 A4
*Address not used for RAS ONLY refresh
**TF = Test Function, Vin must be disconnected or between Vss and
Vcec for normal operation.

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 (A0 -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) up to 4 bits. The first of 4 bits is accessed in the usual

manner with CAS address A9 (nibble MSB) and RAS

address A9 (nibble LSB) selecting one of 4 bits within a
nibble for initial access. By holding RAS LOW, CAS can be
toggled incrementing the nibble address field in modulo 4
fashion with wrap around (see below).

0,0 0,1 1,0
Chg RA |—~ (0,0) 0.1 (1.0)

(1.1 —l

MT4C1025
REV. 7/89

Micron Technology, Inc. reserves the right to change products or specifications without notice.
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MICRON MT4C1025

FUNCTIONAL BLOCK DIAGRAM

o NIBBLE MODE
- WE
°—_:| ) DATAIN
U CAS o BUFFER b
NO. 2 CLOCK ——-0
GENERATOR | DATA OUT a
TF " BUFFER
(o
oo
ADDRESS |
Ao BUFFER (10) ch_%mlq
:‘ ° REFRESH [* a0k
N CONTROLLER|_ [ SENSE AMPLIFIERS
A, L /0 GATING
Ao v
Aso REFRESH ....2043....1
Ago COUNTER
Ajo -
Ag 5
Aco R S —
! rRow | z [
ADDRESS = za | MEMORY
BUFFERS (10) E o8 | s ARRAY
R
m——
— NO. 1 CLOCK
RAS o GENERATOR i
+«—0 V¢
+«——0 Vgg
TRUTH TABLE
Addresses
Function RAS CAS WE TF tR tC
Standby H H H 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 X ROW | COL | Valid Data Out,
Valid Data In
NIBBLE L H—-L—H H X ROW | COL | Valid Data Out,
READ Valid Data Out
NIBBLE L H-L—H L X ROW | COL | Valid Data In,
WRITE : Valid Data In
NIBBLE L ‘H-L—H | H=L—H X ROW | COL | Valid Data Out,
READ-WRITE Valid Data In
RAS ONLY L H H X ROW | n/a High Impedance
REFRESH
HIDDEN L—H-L L H X ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H—L L H X X X High Impedance
RAS REFRESH
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MICRON MT4C1025

ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maxi-
Voltage on Vcc supply relative to Vss... -1.0V to +7.0V mum Ratings” may cause permanent damage to the de-

. : ice. This i i ly and functional operation of
Operating Temperature, TA(Ambient)...........0°C to +70°C vice. This is a stress rating only -4 P -
& P the device at these or any other conditions above those

Storage Temperature (Ceramic) ................ -65°C to +150°C e - X " N AR

Storage Temperature (Plastic) ............... 55°C to +150°C indicated in the operational sections of this specification is

POWer DISSIPAtON ..o 1 Watt not implied. Exposure to absolute maximum rating condi-

Short Circuit Output Current............ccooeevvveeenennnnnnes 50mA tions for extended periods may affect reliability. g

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C<sT AS 70°C)
PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 45 5.5 \ 1
Input High (Logic 1) Voltage, All Inputs ViH 24 |Vcc+l \" 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 Vv 1
INPUT LEAKAGE CURRENT
any input (OV < Vin < Vcg), li -10 10 uHA
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vour < Vcc) loz -10 10 LA
OUTPUT LEVELS
Output High voltage (lout = -5mA) VoH 24 Vv
Output Low voltage (lout = 4.2mA) Vou 0.4 Vv

(Notes : 1,3,4,6,7) (0°C <T, < 70°C; Ve = 5.0V + 10%)

MAX
PARAMETER/CONDITION SYMBOL| -8 | -10 | -12 [UNITS | NOTES
OPERATING CURRENT
(RAS and CAS = Cycling: trc = tRC(MIN)) lcct 70 | 60 | 50 | mA 3,4
OPERATING CURRENT: NIBBLE MODE
(RAS = Vi, CAS = Cycling: trc = trc(MIN)) Ilccz | 70 | 60 | 50 | mA 3,4
STANDBY CURRENT: TTL INPUT LEVELS
Power supply standby current (RAS = CAS = ViH lcc3 3 2 2 mA

after 8 RAS cycles min.)

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

REFRESH CURRENT: RAS ONLY

(RAS = Cycling: CAS = ViH) lccs | 70 | 60 | 50 | mA 3
REFRESH CURRENT: CAS-BEFORE-RAS
(RAS and CAS = Cycling) lcce | 70 | 60 | 50 | mA 3,5
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MICRON MT4C1025
CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: Ao-Ag, D Ci 5 pF 2
Input Capacitance: RAS, CAS, WE Ci2 pF 2
Output Capacitance: Q Co 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < TA < +70°C, Vcc = 5.0V + 10%)

A.C. CHARACTERISTICS -8 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time RC 150 180 220 ns
READ-MODIFY-WRITE cycle time Rwc 175 210 255 ns

Access time from RAS RAC 80 100 120 ns 14
Access time from CAS fcAC 20 25 30 ns 15
Access time from column address 'AA 40 50 60 ns

Access time from CAS precharge ‘cPA 45 55 65 ns

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

RAS hold time 'RSH 20 25 30 ns

‘RAS precharge time RP 60 80 90 ns

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

‘CAS hold time csH 80 100 120 ns

‘CAS precharge time 'cPN 10 10 20 ns 16
RAS to CAS delay time ‘RCD 20 60 10 75 15 90 ns 17
CAS to RAS precharge time 'cRP 5 10 15 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 10 15 20 ns

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

Column address set-up time ‘Asc 0 0 0 ns

Column address hold time 'CAH 15 20 25 ns

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

Column address to 'RAL 40 50 60 ns

RAS lead time

Read command set-up time 'RCS 0 0 0 ns

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

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

‘CAS to output in low-Z fcLz 0 0 0 ns

Output buffer turn-off delay 'OFF 0 20 0 20 0 25 ns 20
'WE command set-up time wes 0 0 0 ns 21
Write command hold time 'WCH 15 20 25 ns

Write command hold time ‘weR 60 75 80 ns
(referenced to RAS)

Write command pulse width wp 15 20 25 ns
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MT4C1025

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, <+70°C, Ve = 5.0V + 10%)

A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Write command to RAS lead time 'RwL 20 25 30 ns

Write command to CAS lead time fowL 20 25 30 ns

Data-in set-up time 'Ds 0 0 0 ns 22
Data-in hold time 'DH 15 20 20 ns 22
Data-in hold tim_e___ DHR 60 75 110 ns
(referenced to RAS)

RAS to WE delay time 'RWD 80 100 120 ns 21
Column address AWD 40 50 60 ns 21
to WE delay time

TAS to WE delay time fcwb 20 25 35 ns 21
Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10
Refresh Period (512 cycles) 'REF 8 8 8 ms

RAS to CAS Precharge time 'RPC 0 0 0 ns

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

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

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

CAS precharge time (NIBBLE MODE) NCP 10 10 15 ns

NIBBLE MODE cycle time NC 40 45 55 ns

NIBBLE MODE READ-MODIFY- INRWC 65 75 85 ns

WRITE cycle time

NIBBLE MODE access time INCAC 20 20 35 ns 15
NIBBLE MODE pulse width INCAS 20 25 35 ns

NIBBLE MODE TAS precharge time | 'NCP 10 10 10 ns

NIBBLE MODE RAS hold time INRSH 20 25 30 ns

NIBBLE MODE CAS to WE 'NCWD 20 25 35 ns

delay time

NIBBLE MODE WE command 'NRWL 20 25 30 ns

to RAS lead time

NIBBLE MODE WE command NewL 20 25 30 ns

to CAS lead time

1-67
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MT4C1025

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Capacitance is calculated
from the equation C = IAt with AV =3V and Vcc =
5V. AV

3. Icc is dependent on cycle rates.

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

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. An initial pause of 100us 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 'T = 5ns.

9. Vi min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vix and VL (or between ViL
and V).

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

11. If CAS = ViH, data output is high impedance.

12. If CAS = Vi, 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 '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.

15. Assumes that 'RCD > 'RCD (max).

16.1f 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.

17. Operation within the 'RCD (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 'RCD (max) limit, then access time is con-
trolled exclusively by ‘CAC.

18. Operation within the 'RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference point only; if ‘RAD is greater than the
specified ‘RAD (max) limit, then access time is con-
trolled exclusively by AA.

19. Either 'RCH or 'RRH must be satisfied for a READ
cycle.

20. 'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vou or VoL.

21. 'WCS, ‘RWD, "AWD and ‘CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If '‘WCS 2
'WCS (min), the cycle is an early WRITE cycle and
the data output will remain an open circuit through-
out the entire cycle. If RWD > 'RWD (min), 'AWD >
fAWD (min) and 'CWD > {CWD (min), the cycleis 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 Vin) 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.




MICRON MT4C1025

READ CYCLE
Re
RAS 'RP
e
i \
tosH
RsH 'RRH
f icrp RCD tcas
@ A\ / ]
‘AR
RAD RAL
|<_tASR 'RAH tasc fcAn

|
soon W 7778 Row oo KT =
[‘_ tRCS RCH

w W Ty K,

Y

RAC
cAc {OFF
oLz

Q xgr = OPEN 4 VALID DATA OPEN

EARLY-WRITE CYCLE

'RC
'RAS f 'RP

vy T
Aas vt T N

lcsH

RSH
| —
| cRrP RCD IcAs

s Mo AN /

AR

'RAD 'RAL
1ASR 'RAH asc cAH

v
ADDR vt mt ROW 5@] COLUMN 70X ROW

towL |
RWL )
twer
twes 'weH
wp

WU S I////A / 00

'DHR
'ps 'DH

v )
o v W VALID DATA X/ 7

a yQH= OPEN

DON'T CARE

m UNDEFINED
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MICRON MT4C1025

READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
ms v i { N
tcRP 'RCD ';S:S
7 i RO Y7
ADDR wl:i —////0{ : ROW m: — COLUMN W///////!/////l/// /////ﬁ( ROW
Y, N
o W I ////////////////l/////////// W ST
NIBBLE MODE READ CYCLE
Rl ) | i A
isﬁf’. 'RCD fcas INC
@ oW f il 5 i 7 o \ / \_
l‘_»ﬁ@. {RAH | 1asc_|| fcan ncp IncAS
woon VWK ssaess KUR_ssomess KT T T T T LT T iz v

tRCs | 'RCH |
— . I~

|
we W

tRes ‘RCH| {RRH
-~ | c——l

XU

tcac {OFF INCAC 1OFF INCAC toFF INCAC toFF
'RAC
—
Qo VoH-. PEN VALD Y £ VALD VALID ¥ VALD
VoL PEN %__DATA 4__DATA DATA DATA
[/} oo
1/} boNT caRE

w UNDEFINED
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NIBBLE MODE EARLY-WRITE CYCLE

'RASN

tRP

‘AR

Vi
V-

tosH

'RCD

N

INRSH

HU
3

oAs Wz i R i \
FAS_R' 1RAH tasc 'cAH nee NCAS
S/ ) = T
! twes tweH twes tweH INCW’;NRWL
WSS, ). W . Vi
” WL
D 5:{‘:// / ﬁ l ‘VALIK|3|DATA‘ 20 /01 . VALID]I]JATA[ / »( VALID DATA W/@( VALID DATA W //
NIBBLE MODE READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
tRASN tRp
tAR
AR Wiz ! | l {
tcsH
igif tReD tcas INRWC , INRSH
s W F e X | R £\ /—i_/
‘::IASC
_tgﬁlH INCP ||tNCAS|
o M,
'RAD | 'cwD ‘ﬂ“&| | |- tnowe tNRWL =] | |-
{RWD - |<_tNCWD
tawp _||‘wp
WE ViH— Iy
v tDS—— tDs-+ \_/
'DH
o e T CEE XY SN B T B
tcac
| 1A ~| |- tncac
trac_| __['OFF
° 585:—-———@f B —E)—E)—GR)
1CLZ of |-
/] DON'T CARE
@ UNDEFINED
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RAS ONLY REFRESH CYCLE
(ADDR=A, - Ag; Ayand WE = DON'T CARE.)

RC
RAS tRP
= VIH -~ 3
Ras v N Y
IcrP 'RPC

|

e x:r :J 1ASR 'RAH
oor W 773 Row KX row

VoH -
avd = OPEN

CAS-BEFORE-RAS REFRESH CYCLE
(A, -Agand WE = DON'T CARE)

'RP 'RAS rP RAS
— V|4 — R
RAs it Z ,‘Z N\ ,Zﬁ N !

t t 1 1 t !
| RPC |, _ CSR CHR | IRPC [, ICSR CHR
oas VI / Ji /I li

VoH — PEN
Q vgr- OPEN

HIDDEN REFRESH CYCLE

(WE = HIGH)?3
(READ) (REFRESH)
RAS RP {RAS
- Vig— ¥ 4 N
RAS i~ N ] \ ¥
tcrr tRCD tRSH ICHR
— - —————
cas yHT F K i
tAR
{RAD tRAL
tASR {RAH i tasc tcaH
Vig- - £ X
roon VT row KRR coun K7 7/ L0000
taa
tRAC
fcac — |=—toFr
oLz
Q \‘fgr: OPEN VALID DATA b— opEN—
DON'T CARE
R unpEFINED
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MT4C1026

DRAM

1MEG x 1 DRAM

STATIC COLUMN

FEATURES

¢ Industry standard x1 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
80ns access -8
100ns access -10
120ns access -12
* Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP VA
Plastic SOJ DJ
GENERAL DESCRIPTION

TheMT4C1026isarandomly accessed solid-statememory
containing 1,048,576 bits organized in a x1 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed 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
READ mode while a logic LOW on WE dictates WRITE
mode. During a WRITE cycle, data in (D) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes LOW prior to CAS going LOW, the output pin(s)
remain open (high Z) until the next CAS cycle. If WE goes
LOW after data reaches the output pin(s), Q is activated
and retains the selected cell data as long as CAS remains
LOW (regardless of WE or RAS). This late WE pulse results
in a READ-WRITE cycle.

Returning RAS and CAS HIGH terminates a memory

PIN ASSIGNMENT (Top View)

20 Pin DIP 20 Pin ZIP
(PD, CD)
DO1-18[vss
WEL2 170Q
RASO3 16{ICAS
~TFO4 150A9*
Aols 14A8
A1ls 13[a7
A207 12{ae
Aslls 11]As5
veclo 1000A4
20 Pin SOJ
(DJA)
DO1- 26 [1Vss
WEL2 25 0Q
RAS [0 3 24 1 CAS
*TF 0O 4 23 O NC
NC O 5 22 1 A9*
A0O9 18 [1 A8
A1 010 17 O A7
A2 011 16 [1 A6
A3q12 15 J A5
Vccqu]M

*Address not used for RAS ONLY refresh
**TF = Test Function, Vin must be disconnected or between Vss and
Vcc for normal operation.

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 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 (A0 -A8) are executed at least every 8ms, regardless
of sequence.

STATIC COLUMN operations allow faster data
operations (READ, WRITE or READ-MODIFY-WRITE)
withina row address (A0 -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.

MT4C1026
REV. 7/89

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

TF

l—oQ

e STATIC COLUMN
WE DATAIN
S BUFFER
NO. 2 CLOCK
GENERATOR DATA OUT
. BUFFER
COLUMN HMN
2> ADDRESS 5 COLUMN
BUFFER (10) DELODER

A REFRESH II 2°"8""H
£ 20 CONTROLLER|_ SENSE AMPLIFIERS
‘r30 N 1/0 GATING
Aso []
As REFRESH TN
As COUNTER
A, et
Ag & BN
ho ROW | § § 52 M;FF&@%Y
ADDRESS o
BUFFERS (10) SN
T f—>
— NO. 1 CLOCK +—o Ve
RAS GENERATOR 0 Vs
TRUTH TABLE
Addresses
Function RAS CAS WE TF tR tC
Standby H H H 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 X ROW COL | Valid Data Out,
Valid Data In
STATIC COLUMN L L H X ROW | COL—COL| Valid Data Out,
READ Valid Data Out
STATIC COLUMN L L L X ROW [ COL—COL| Valid Data In,
WRITE Valid Data Out
STATIC COLUMN L L H-L—H X ROW | COL—COL| Valid Data Out,
READ-WRITE Valid Data In
RAS ONLY L H H X ROW n/a High Impedance
REFRESH
HIDDEN L—H-L L H X ROW COL | Valid Data Out
REFRESH
CAS-BEFORE- H—-L L H X X X High Impedance
RAS REFRESH
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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 ...........cocouuveveueveiiveniniicveiinininnnens 1 Watt
Short Circuit Output 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.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

0°C<T AS 70°C)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 Vv 1
Input High (Logic 1) Voltage, All Inputs VIH 2.4 |Vcc+1 \ 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \" 1
INPUT LEAKAGE CURRENT
any input (0V < ViN < Vcc), li -10 10 A
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT (Q is disabled, OV < Vour < Vcc) loz -10 10 uA
OUTPUT LEVELS
Output High voltage (lout = -5mA) VoH 24 Vv
Output Low voltage (lout = 4.2mA) VoL 0.4 Vv

. °oC < < o0 - =5. + %

(Notes : 1, 3,4,6,7) (0 C_TA_70 C; Vcc = 5.0V + 10%) MAX
PARAMETER/CONDITION SYMBOL| -8 | -10 | -12 |UNITS | NOTES
OPERATING CURRENT
(RAS and CAS = Cycling: trc = tRC(MIN)) Icc 70 | 60 | 50 | mA 3,4
OPERATING CURRENT: STATIC COLUMN
(RAS = Vi, CAS = Cycling: trc = trc(MIN)) lccz 70 | 60 | 50 | mA 3,4
STANDBY CURRENT: TTL INPUT LEVELS
Power supply standby current (RAS = CAS = Vi [elex} 3 2 2 mA
after 8 RAS cycles min.)

STANDBY CURRENT: CMOS INPUT LEVELS

Power supply standby current (RAS = CAS = Vcc -0.2V Icca 1 1 1 mA

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

REFRESH CURRENT: RAS ONLY

(RAS = Cycling: CAS = Vi) lccs 70 | 60 | 50 | mA 3
REFRESH CURRENT: CAS-BEFORE-RAS

(RAS and CAS = Cycling) Icce 70 | 60 | 50 | mA 3,5
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CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: Ao-Ag, D Ci1 5 pF 2
Input Capacitance: RAS, CAS, WE Ci2 7 pF 2
Output Capacitance: Q Co 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +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 ‘RC 150 180 220 ns
READ-MODIFY-WRITE cycle time ‘Rwe 175 210 255 ns

Access time from RAS 'RAC 80 100 120 ns 14
Access time from CAS 'cac 20 25 30 ns 15
Access time from column address ‘AA 40 50 60 ns

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

RAS hold time 'RSH 20 25 30 ns

RAS precharge time 'RP 60 70 920 ns

‘CAS pulse width ‘cAs 20 10,000 25 10,000 30 10,000 ns

TAS holdtime tcsH 80 100 120 ns

CAS precharge time 'CPN 10 15 20 ns 16
RAS to CAS delay time 'RCD 20 60 25 75 15 90 ns 17
‘CAS to RAS precharge time IcRP 5 5 10 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 10 15 15 ns

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

Column address set-up time 'AsC 0 0 0 ns

Column address hold time lcAH 15 20 20 ns

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

Column address to RAL 40 50 60 ns

RAS lead time

Read command set-up time 'RCs 0 0 0 ns

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

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

CAS to output in low-Z ‘cLz 0 0 0 ns

Output bufer turn-off delay 'OFF 0 20 0 20 0 25 ns 20
WE command set-up time 'wes 0 0 0 ns 21
Write command hold time 'WCH 15 20 25 ns

Write command hold time 'WCR 60 75 80 ns
(referenced to RAS)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8,9, 10, 11, 12, 13) (0°C < T, <+70°C, Vce = 5.0V + 10%)

A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Write command pulse width 'wp 15 20 25 ns

Write command to RAS lead time 'RWL 20 25 30 ns

Write command to TAS lead time ‘cwL 20 25 30 ns

WE inactive time ‘wi 10 10 10 ns

Data-in set-up time 'ps 0 0 0 ns 22
Data-in hold time 'DH 15 20 20 ns 22
Data-in hold time_ DHR 60 75 80 ns
(referenced to RAS)

RAS to WE delay time 'RWD 80 100 110 ns 21
Colu_mn address tAWD 40 50 60 ns 21
to WE delay time

CAS to WE delay time ‘cwp 20 25 30 ns 21
Transition time (rise or fall) B 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 refresh)

‘CAS hold time 'CHR 30 30 30 ns 5
(CAS-BEFORE-RAS refresh) ) .

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

TAS precharge time (STATIC COLUMN)|  'cp 10 10 15 ns

STATIC COLUMN MODE 'sc 45 55 65 ns

cycle time

STATIC COLUMN READ-MODIFY- | 'SRMW 80 100 160 ns

WRITE cycle time

Last Write to column address ‘LwAD 20 35 25 45 30 55 ns

delay time

Last Write to column address tAHLW 75 95 115 ns

hold time

Output data hold time from 'AOH 5 5 5 ns

column address

Output data enable from Write tow 20 25 25 ns
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NOTES

1.
2.

10.

11.
12.
13.

14.

15.

All voltages referenced to Vss.

This parameter is sampled. Capacitance is calculated
from the equation C = IAt with AV = 3V and Vcc =
5V. AV

Icc is dependent on cycle rates.

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

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

An initial pause of 100us 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.

AC characteristics assume 'T = 5ns.

ViH min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vi and ViL (or between ViL
and Vin).

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi and
ViL (or between ViL and ViH) in a monotonic manner.
If CAS = Vi, data output is high impedance.

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

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
'RCD exceeds the value shown.

Assumes that ‘RCD 2 'RCD (max).

16.1f 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.

17. Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference fpoint only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by ‘CAC.

18. Operation within the 'RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference point only; if RAD s greater than the
specified 'RAD (max) limit, then access time is con-
trolled exclusively by ‘AA.

19. Either 'RCH or 'RRH must be satisfied for a READ
cycle.

20. 'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vo or VoL.

21. 'WCS, 'RWD, "AWD and ‘CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If 'WCS >
'WCS (min), the cycle is an early WRITE cycle and
the data output will remain an open circuit through
out the entire cycle. If RWD > 'RWD (min), ‘AWD >
'AWD (min) and ‘CWD > 'CWD (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 Vin) 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

'Re

il i /

o Wil e / 7

oon '3 S/, ST
i__ RCS 'RCH

w W I ' I,

EARLY-WRITE CYCLE

'RC

RAS | RP
vy Jz———
RAS Vi _ N ) R

csH

'RSH

| lcRP RCD cas
CAS UK - ]
e \ 4
AR
RAD 'RAL
'ASR RAH tasc 'cAH
M s p
ADDR v ROW COLUMN ROW
L A K A
fowL I
d
'RWL
'WCR
wes 'WCH

wp
WE UH =
WE vic %) 7

IDHR

I
ps 'DH
Viy —
o v 7, TN vwoonn X777 0700
Q VOH= OPEN

VoL =

DON'T CARE

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

s W o N - _ )’_RP— AN
o W — X
N mhﬁi:ow = I ‘: :oowmw < //;;//zi,/ !/l/ 77T row
a1
w W 7 )
0 U :W///////////:///////////////!///////// 7 o T

Vo - !
v = OPEN: KA VALID DATA J——oren

o]

STATIC COLUMN READ CYCLE

tRASC {RP

— V= s p
TSR | N
tASR| tRAH 'sc " tsc 'RAL lAH

] | —

ADDR ¥}E:@{ ROW mi COLUMN i COLUMN >§ COLUMN M

tcsH
AR tRSH
'RAD lasc, tcsc tep tesc 1l terp
— V= p s —
CAS v — N / N 4
t t
| RCS N RRH
t 1
RCD ! ! <] l=trcs ACH
= VuJ7 - v
V= St Y T
tAA tan tAA
tcac tcac
tRAC {AOH | tOFF LOFF
Q VOH— VALID VALD Y VALID 5_____
oL— DATA DATA ¥ DATA
toLzo,| o ez

DON'T CARE

R uNDEFINED
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STATIC COLUMN EARLY-WRITE CYCLE

tRASC trp
s \ / \__
tRAD
tASR 1 || tRaH ~| |~ feaH | tRAL
S/ R /) X ) ) e U
' 1
tawR ‘_';H
trcD | Jep_, | _fcas tcrp
s WM - N 7
towL
WP ] tawD tRWL
tweH | twi tweH
_ Vi —
W W/WW}J Lt J\ LI,
~ [ twes o l=twes
tDHR
Jos,
]

S U S e

VALID
DATA

a 38{': OPEN

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

tRASC __tRp
= .
tRAL
1ASR || 'RAH cAH tRWL
ViH— ;—’ ‘_.[ 4—_: 4 I<_—“‘
ADDR VIL-@ ROW Wi COLUMN g L COLUMN %222222222222222222222&
tRAD tsRwC
tASC —
l"cwo tLWAD {cRP
Vi ——
CAS v _ s ‘“_JS( F
tAWD I tAWD
'RWD twp fewL
= W R /
! tRCD 0s tDHl
o WK 58 A
K P
tRAC -~ ‘ALW‘ o} on R
o Vg L VALID DATA W VALID DATA m——
‘CLZ_.I -—

DON'T CARE

B uNDEFNED
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RAS ONLY REFRESH CYCLE
(ADDR = A, - Aj; A, and WE = DON'T CARE.)

R
RAS RP

_V - \
AAS ) N

crP RPC

— Vi = s Y
CAS wyit —
tASR RAH
v
oo % 778

v
Q vgﬁ _ OPEN

ROW ROW

o

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

tRP 'RAS 'RP RAS

R r N / 1 \

P, _ lCSr ICHR | IRPC |, lcSR ICHR
I - -
i VH —
cAs v - / l§ ) lS ;l‘

Q 38E = OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)*
(READ) (REFRESH)
RAS tRP tRAS
—_— - Y |
RAS ¥:[‘_ ﬁ 7 I
tcrp RCD tRSH cHR
V. N if
IL— 1
tAR
RAD 'RAL
tASR {RAH_| tasc tcAH
ADDR &:[“_'m‘ ROW m: COLUMN S& // / // / / / & / ///
tAn
RAC
cac — -—toFg
oLz
Q vgt‘: OPEN -5 i VALID DATA J— oPEN—

DON'T CARE

UNDEFINED
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DRAM

1IMEG x 4 DRAM

FAST PAGE MODE

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

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

¢ Optional Fast Page Mode access cycle

e e o o

OPTIONS MARKING
¢ Timing
80ns access -8
100ns access -10
120ns access -12
¢ Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP Z
Plastic SOJ DJ
GENERAL DESCRIPTION

TheMT4C4001isarandomlyaccessed solid-statememory
containing 4,194,304 bits organized in a x4 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed through the 20 address bits which are entered 10
bits (AD-A9) at a time. RAS is used to latch the first 10 bits
and CAS the latter 10 bits. A READ or WRITE cycle is
selected with the WE input. A logic HIGH on WE dictates
READ mode while a logic LOW on WE dictates WRITE
mode. During a WRITE cycle, data in (D) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes LOW prior to CAS going LOW, the output pin(s)
remain open (high Z) until the next CAS cycle. If WE goes
LOW after data reaches the output pin(s), Q is activated
and retains the selected cell data as long as CAS remains
low (regardless of WE or RAS). This late WE pulse results
in a READ-WRITE cycle. 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.

PIN ASSIGNMENT (Top View)
20 Pin DIP 20 Pin ZIP
pQ11-~200vee OE
pQ2lj2  19[DQ4 D@3
WEL3 18fDQ3 Vss
RAS[s 17[CAS bQ2
A9lls  16[OE RAS
Aole 150A8 A0
A107  14[JA7 A2
A2ls  13[1A6 Vee
A3llo 1215 25
veell1o 11[1a4 7
20 Pin SOJ
DQI 1 26 {1 Vss
DQ2 [ 2 25 [1 DQ4
WEQS3 24 1 DQ3
RAS O 4 23 I CAS
A5 22 I OF
Aolo 18 [1 A8
A1 Q10 17 1 A7
A2 011 16 1 A6
A3 [ 12 15 HAS
Vee [ 13 14 {1 A4
NOTE: packaging information to be determined

Returning RAS and CAS HIGH terminates a memory
cycleand decreases chip current toa reduced standby level.
Also, the chip is preconditioned for the next cycle during
the RAS high time. Memory cell data is retained in its cor-
rect state by maintaining power and executing any RAS
cycle (READ, WRITE, RAS ONLY, CAS-BEFORE-RAS, or
HIDDEN refresh) so that all 1024 combinations of RAS
addresses (A0-A9) are executed at least every 16ms, re-
gardless of sequence.

PAGE MODE operations allow faster data operations
(READ, WRITE or READ-MODIFY-WRITE) within a row
address(A0-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.

MT4C4001
REV. 7/89

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

WE
“——ﬂ > DATA IN
s BUFFER
NO. 2 CLOCK
GENERATOR [, DATA OUT
BUFFER
"] CcoLumN | O
)| ADDRESS [ D coLumn
BUFFER [ = i DELODER
REFRESH Il"'1&4‘"11
CONTROLLER‘_ | SENSE AMPLIFIERS
T L__UOGATING |
---1024 X 4 -
REFRESH
COUNTER
e
ac [T
ROW za | ! MEMORY
ADDRESS QQ | 1024 ARRAY
BUFFERS (10) vl
f =
— NO.1CLOCK [ _
RAS o GENERATOR I —— Vg
+———0 Vg
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 | 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 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* *Stresses greater than those listed under “Absolute Maxi-
Voltage on Vcc supply relative to Vss.......-1.0V to +7.0V mum Ratings” may cause permanent damage to the de-

Operating Temperature, TA(Ambient)...........0°C to +70°C vice. This is a stress rating only and functional operation of -
the device at these or any other conditions above those

Storage Temperature (Ceramic) ................ -65°C to +150°C . ¢ A

Storage Temperature (Plastic) .............. -55°C to +150°C indicated in the operational sections of this specification is

Power Dissipation 1 Watt not implied. Exposure to absolute maximum rating condi-

Short Circuit Output Current............co......... 50mA tions for extended periods may affect reliability. §

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

0°C<T AS 70°C)
PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \ 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+1 \% 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 \ 1
INPUT LEAKAGE CURRENT
any input (OV < ViN < 6.5V, li -10 10 A
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vour < 5.5V) loz -10 10 uA
OUTPUT LEVELS
Output High voltage (lout = -5mA) VoH 2.4 Vv
Output Low voltage (lout = 4.2mA) VoL 0.4 \

(Notes : 1,3, 4,6,7) (0°C < T, <70°C; Ve = 5.0V + 10%)

MAX
PARAMETER/CONDITION SYMBOL| -8 | -10 | -12 [UNITS | NOTES
OPERATING CURRENT
Average power supply operating current lcct | 100| 85 | 60 | mA 3,4
(RAS, CAS, Address Cycling: trRc = tRc(MIN))
STANDBY CURRENT (TTL)
Power supply standby current (RAS = CAS = Vin) lccz 3 2 2 mA
RAS ONLY REFRESH CURRENT
Average power supply current, RAS ONLY mode lccs |100| 85 | 60 | mA 3

(RAS Cycling, CAS=VH: trc = tRC(MIN))

FAST PAGE MODE CURRENT
Average power supply current, Fast Page Mode lcca | 60 | 50 [ 30 | mA 3,4
(RAS = Vi, CAS, Address Cycling: trc = trc(MIN))

STANDBY CURRENT (CMOS)

Power supply standby current (RAS = CAS = Vcc -0.2V) Iccs 1 1 1 mA
CAS-BEFORE-RAS REFRESH CURRENT
Average power supply current, CAS-BEFORE-RAS Mode lcce | 100| 85 | 60 | mA 3

(RAS, CAS, Address Cycling: trc = tRc(MIN))
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CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: Ao-Ag Ci 5 pF 2
Input Capacitance: RAS, CAS, WE, OE Ci2 7 pF 2
Input/Output Capacitance: DQ Cio 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°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 ‘RC 160 190 220 ns
READ-MODIFY-WRITE cycle time ‘RwC 205 245 295 ns
PAGE-MODE READ or WRITE tpc 50 60 70 ns

cycle time

Access time from RAS ‘RAC 80 100 120 ns 14
Access time from CAS {cAC 20 25 35 ns 15
Output Enable 'OE 25 25 30 ns

Access time from column address 'AA 40 50 60 ns

Access time from CAS precharge cpa 45 55 65 ns

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

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

RAS hold time 'RSH 20 25 35 ns

RAS precharge time 'RP 70 80 90 ns

CAS pulse width 'cAs 20 10,000 25 10,000 35 10,000 ns

TAS hold time ‘csH 80 100 120 ns

CAS precharge time ‘CPN 15 15 20 ns 16
CAS precharge time (PAGE MODE) ‘cp 15 25 15 25 15 25 ns

RAS to CAS delay time 'RCD 20 60 25 75 35 85 ns 17
CAS to RAS precharge time 'cRP 10 10 10 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 12 15 20 ns

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

Column address set-up time ‘ASC 0 0 0 ns

Column address hold time cAH 15 20 25 ns

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

Column address to 'RAL 40 50 60 ns

RAS lead time

Read command set-up time 'RCS 0 0 0 ns

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

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

‘CAS to output in low-Z ‘cLz 0 0 0 ns

Output buffer turn-off delay 'OFF 0 20 0 25 0 25 ns 20
Output Disable 'op 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) (0°C < TA < +70°C, Vce = 5.0V + 10%) -
A.C. CHARACTERISTICS -8 -10 12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES U
'WE command set-up time ‘wcs 0 0 0 ns 21

Write command hold time ‘wcH 15 20 25 ns

FAST PAGE MODE READ- ‘PRWC 100 115 140 ns g
MODIFY-WRITE cycle time

Write command hold time ‘WCR 60 75 90 ns

(referenced to RAS)

Write command pulse width 'wp 15 20 25 ns

Write command to RAS lead time ‘RWL 20 25 30 ns

Write command to CAS lead time fowL 20 25 30 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 60 75 90 ns

(referenced to RAS)

RAS to WE delay time 'RWD 110 135 160 ns 21

Co_lg_Tn address tawD 70 ) 85 100 ns 21

to WE delay time

TAS to WE delay time ‘cwD 25 25 75 ns 21

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

Refresh Period (512 cycles) 'REF 16 16 16 ms

RAS to CAS Precharge time 'RPC 0 0 0 ns

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

TAS hold time 'CHR 20 20 30 ns 5
(CAS-BEFORE-RAS refresh) i
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NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Capacitance is calculated
from the equation C = JAt with AV = 3V and Vcc =
5V. AV

3. Icc is dependent on cycle rates.

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

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. Aninitial pause of 100us 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 'T = 5ns.

9. ViH min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vi and ViL (or between ViL
and ViH).

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

11. If CAS = Vin, data output is high impedance.

12. If CAS = Vi, 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 '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.

15. Assumes that 'RCD > 'RCD (max).

16.1f 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.

17. Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference tpoint only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by 'CAC.

Operation within the 'RAD (max) limit ensures that

'RCD (max) can be met. 'RAD (max) is specified as a

reference Epoint only; if 'RAD is greater than the

specified '/RAD (max) limit, then access time is con-
trolled exclusively by tAA.

Either 'RCH or ‘RRH must be satisfied for a READ

cycle.

'OFF (max) defines the time at which the output

achieves the open circuit condition and is not

referenced to Vo or VoL.

'WCS, 'RWD, 'AWD and 'CWD are restrictive

operating parameters in late WRITE, READ-WRITE

and READ-MODIFY-WRITE cycles only. If 'WCS >

'WCS (min), the cycle is an early WRITE cycle and

the data output will remain an open circuit through

out the entire cycle. If 'RWD = 'RWD (min), tAWD >

EAWD (min) and 'CWD 2 *CWD (min), the cycle is a

READ-WRITE and the data output will contain data

read from the selected cell. If neither of the above

conditions are met, the state of data out (at access
time and until CAS goes back to Vi) 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 OF is LOW then taken
HIGH, Q goes open. If OE is tied permanently
LOW, a READ-WRITE or READ-MODIFY-WRITE
operation is not possible.

24. A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW and
OE=HIGH.

18.

19.

20.

21.
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RAS

CAS

ADDR

DQ

[e]
mi

RAS

CAS

ADDR

bQ

OE

VioL =

READ CYCLE

WvHa l

i i
| tCRP 'RcD cAs
wo_f X }
v :m ROW >i : COLUMN W/////// Y //(////////0( ROW
W iy ‘ i,

VioH —

OPEN

R,

VALID DATA E OPEN

| toD

)

EARLY-WRITE CYCLE

RC
'RAS N tRP
Vi = L—————
ViL - S( \
csH
1RSH
f IcrRP RcD cAs
Vi —
ViL -/ \
AR
'RAD 'RAL
'ASR RAH 'asc cAn
Viy —
itk m ROW COLUMN ’W 5222%3( ROW
fowL
tRWL
'wer
twes tweH
twp
Vig S
i ) %
DHR
! 'os oy
VioH
VioL % VALID DATA W
HIGH
Vi =
ViL —

DON'T CARE

&2 UNDEFINED
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READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)

‘RwC
'RAS | 'RP.
ms Vo N zl‘ \
L - K
tosH
'RsH
. tcRP tRCD tcas
oS VI T R\ /|
AR
RAD RAL
tASR RAH tasc caH
—
aoor WM 7777 Row W7/7/ coLuMN X/ /777777777777777777777777777777777777/M Row
L =LK UL LU L TN
tRwD tow _|
Res towp R
tAwD twp
WE VH -
Ve i N
Yy
RAC
‘cac
L 'ps DH
cz—= |- | |
oa VigH = OPEN SR VALIDD g7 I VALIDD OPEN
toE 1 top

|
= W I /

[¢]
m

PAGE-MODE READ CYCLE

RASP RP_,
— Vg = Y
RRS Vi _ N 7
fcsH tpc ‘RSH
12 ICRP 'RCD IcAs tcp fcAs tcp icAs PN |
—= ViH - p y
s v D/ N \ / N 1 X / \__
AR
RAD TRAL
ASR 'RAH tAsc CAH, 1ASC fcAH, 1ASC tcaH,

ADDR YIH : ROW @ COLUMN m@ COLUMN m COLUMN EW/ / /// ////»( ROW

| |"—‘Hcs |--—'Rcs Ny ~>| =—'RRH
|<— ACS tRoH —=| |... troH —>] |+» ACH

WE VM -
R/ N S
tan | taA [ tan
tRAC ' tcPA ' tcpA
cac OFF cac loFE fcac
] ] —| |—1oFF
'CLZ — |—-— 1oLz == | —-— oLz —=| |-—
VioH = VALID Y VALID ¢ VALID
Da vig(" - OPEN DATA DATA X _Data J— OPEN
loe ‘op oE op oe oo

& it T }////////// I LI,
17/} ponT care

% unDEFINED
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PAGE-MODE EARLY-WRITE CYCLE

'RASP 1< 'RP \
mAS VH =)
mAs yil ! J L
tcRP tcsH tPc 'RSH
i cRP tRCD tcAs tcp tcAs icp cAs . loPN |
s WS \ I X y N /
AR
'RAD tRAL
tASR 'RAH tasc ICAH tasc ICAH_, 1ASC 1CAH
ADDR x:{‘ :@(: ROW j [ coLumn mgowmn m COLUMN EQZZ ) ROW
towL | towL | towl |
twes twoH ' twes twoH ' twes tweH
twp twp twp
e & 70010 ) y f{/////////////
'weR TRWL
1 1
ps "[)):R ps DH ps 'DH
bQ x:gr ////////////////////// VALID DATA @E VALID DATA J)@( VALID DATA /////////////////////
5 V:f - HIGH
PAGE-MODE READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
'RASP RP
ms N ;
IcsH tpc RSH
1 terp tRCD icas cp IcAs cp cas 1PN
Rl N i | i
AR
1 R
1ASR ‘:z | Jasg| IcAH <Asgl| , 'CAH | Jasg||, fcAH =
ADDR MM :ﬂ ROW i@g( COLUMN COLUMN W / COLUMN jW /// ROW
| tRWD L I- o I__,HWL
tRes ! oWl L towL N - |etowe
WP | - twp |- -+ |=twp
tAwD tAwWD tAWD
fewp cwp towp
L/ |/ i,
1RAC

Vi -
pa vt = OPEN

10— |=—
—_ v =
O Vit T

OPEN

DON'T CARE

R unpEFINED
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RAS ONLY REFRESH CYCLE
(ADDR = A, - A,; WE = DON'T CARE.)

RC
RAS RP
s i o N 7
, crp | IRPG_ '
ww I f _/
tASR RAH
woos W 7777778 row Ky row
pQ ¥8[' = OPEN
CAS-BEFORE-RAS REFRESH CYCLE
(A, - Ay, WE and O = DON'T CARE)
tpp tRAS | tRp 'RAS
IR N zL N
'RPC
fepn [ _tcsr ICHR {RPC SR | lcHR
oas i :m \ Wm j& Jf
ba VO OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH, OE=LOW)?
(READ) (REFRESH)
RAS ) RAS
S Vi K »L { /
i crp 'RCD RSH 'CHR
s WS | f
:::D RAL
tAsR 'RAH, i tasc fcan
R/ I o XTI Y 7
l:ic
fcac
oLz - |~loFF
oQ ¥:8f - OPEN N VALID DATA J— OPEN—
toe o0,
B unoeriNeD
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DRAM

1MEG x 4 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

o 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
¢ Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP Z
Plastic SOJ DJ
GENERAL DESCRIPTION

TheMT4C4003isarandomly accessed solid-statememory
containing 4,194,304 bits organized in a x4 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed through the 20 address bits which are entered 10
bits (A0-A9) at a time. RASis used to latch the first 10 bits
and CAS the latter 10 bits. A READ or WRITE cycle is
selected with the WE input. A logic HIGH on WE dictates
READ mode while a logic LOW on WE dictates WRITE
mode. During a WRITE cycle, data in (D) is latched by the

falling edge of WE or CAS, whichever occurs last. If WE

goes LOW prior to CAS going LOW, the output pin(s)
remain open (high Z) until the next CAS cycle. If WE goes
LOW after data reaches the output pin(s), Q is activated
and retains the selected cell data as long as CAS remains
LOW (regardless of WE or RAS). This late WE pulse results
in a READ-WRITE cycle. The 4 data inputs and 4 data
outputs are routed through 4 pins using common I/0 and

STATIC COLUMN
PIN ASSIGNMENT (Top View)
20 Pin DIP 20 Pin ZIP
pQ1 0120 vee
pa202  190DQ4
WEL3 18[DQ3
RAS[s 17(CAS
A9lls  16[1OE
Aolle  15{1A8
A107  140A7
A2lls  13[A6
A3le 12{A5
veclj10 110A4
20 Pin SOJ
DQ1 O 1 26 [T Vss
DQ2 (2 25 (1 DQ4
WEQ3 24 1 DQ3
RAS [ 4 23 1 CAS
A LlSs 22 1 OE
A0[9 18 1 A8
A1 010 17 0 A7
A2 011 16 1 A6
A3 [0 12 15 0 A5
vee O 13 14 0 A4
NOTE: Package information to be determined

pin direction_is controlled by WE and OE.

Returning RAS and CAS HIGH terminates a memory
cycle and decreases chip current to areduced 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 (A0-A9) are executed at least every 16ms, re-
gardless of sequence.

The STATIC COLUMN cycle is always initiated with a
row address strobed in by RAS 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.

MT4C4003
REV. 7/89

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

STATIC COLUMN
DATAIN o DQ1
BUFFER o DQ2
o DQ3
NO. 2 CLOCK o DQ4
GENERATOR DATA OUT
BUFFER
COLUMN b o 4
ADDRESS COLUMN
BUFFER DELODER
REFRESH i
CONTROLLER P SENSE AMPLIFIERS
: = "L__uoGATING |
-- 1024 ---
REFRESH
COUNTER
' e [T
ROW za | ! MEMORY
ADDRESS O Q | 1024 ARRAY
BUFFERS (10) 'Ig ;
! P
— NO. 1 CLOCK
RAS o GENERATOR I ——o Vg
+—o0 Vgg
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 | Dataln
(EARLY-WRITE)
READ-WRITE L L H—-L—-H| ROW | COL | Valid Data Out,
Valid Data In
STATIC COLUMN L L H ROW | COL | Valid Data Out
READ COL | Valid Data Out
STATIC COLUMN L L L ROW | COL | Valid Data In
WRITE COL | Valid Data In
STATIC COLUMN L L H—L—H| ROW | COL | Valid Data Out,
READ-WRITE COL | Valid Data In
RAS ONLY L H H ROW | n/a High Impedance
REFRESH
HIDDEN L—H—L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L H X X High Impedance
RAS REFRESH
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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 ..........cccccoveieirieccisieiceea 1 Watt
Short Circuit Output Current ..o, 50mA

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

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C < TA <70°C)
PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 45 5.5 \ 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+i1 \ 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 \ 1
INPUT LEAKAGE CURRENT
any input (OV < ViIN< 6.5V, I -10 10 uA
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT (Q is disabled, OV < Vout < 5.5V) loz -10 10 HA
OUTPUT LEVELS
Output High voltage (lout = -5mA) Vou 24 \
Output Low voltage (lout = 4.2mA) VoL 0.4 \"

(Notes : 1, 3,4,6,7) (0°C < TA < 70°C; Vee = 5.0V £ 10%) MAX
PARAMETER/CONDITION SYMBOL| -8 | -10 | -12 |UNITS | NOTES

OPERATING CURRENT
Average power supply operating current
(RAS, CAS, Address Cycling: trRc = tRC(MIN))

lcct | 100| 85 | 60 [ mA 3,4

STANDBY CURRENT (TTL)
Power supply standby current (RAS = CAS = ViH)

lccz 3 2 2 mA

RAS ONLY REFRESH CURRENT
Average power supply current, RAS ONLY mode
(RAS Cycling, CAS=VH: trRc = tRC(MIN))

lcca | 100| 85 | 60 | mA 3

STATIC COLUMN CURRENT
Average power supply current, Fast Page Mode
(RAS = Vi, CAS, Address Cycling: trc = tPc(MIN))

Icca 60 | 50 | 30 | mA 3,4

STANDBY CURRENT (CMOS)

Power supply standby current (RAS = CAS = Vcc -0.2V)

lccs 1 1 1 mA 24

CAS-BEFORE-RAS REFRESH CURRENT

(RAS, CAS, Address Cycling: trc = tRC(MIN))

Average power supply current, CAS-BEFORE-RAS Mode

Icce [100| 85 [ 60 | mA 3

:
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CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: Ao-Ag Ci 5 pF 2
Input Capacitance: RAS, CAS, WE, OE Ci2 7 pF 2
Input/Qutput Capacitance: DQ Cio 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +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 | 'RC 160 190 220 ns
READ-MODIFY-WRITE cycle time ‘Rwc 205 245 295 ns

Access time from RAS '‘RAC 80 100 120 ns 14
Access time from CAS cac 20 25 35 ns 15
Output Enable 'OE 25 25 35 ns

Access time from column address Yy 40 50 60 ns

Access time from CAS precharge 'cpA 45 55 65 ns

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

RAS hold time 'RSH 20 25 35 ns

RAS precharge time 'RP 70 80 90 ns

CAS pulse width 'cAS 20 10,000 25 10,000 35 10,000 ns

TAS hold time 'CsH 80 100 120 ns

TAS precharge time 'cPN 15 15 20 ns 16
RAS to CAS delay time 'RCD 20 60 25 75 35 85 ns 17
TCAS to RAS precharge time 'cRP 5 10 15 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 10 15 20 ns

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

Column address set-up time 'Asc 0 0 0 ns

Column address hold time 'CAH 15 20 25 ns

Column address hold time ‘AR 95 115 140 ns
(referenced to RAS)

Column address to RAL 40 50 60 ns

RAS lead time

Read command set-up time 'Rcs 0 0 0 ns

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

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

‘CAS to output in low-Z cLz 0 0 0 ns

Output buffer turn-off delay 'OFF 0 20 0 20 0 35 ns 20
Output Disable 'op 20 20 35 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 6, 7, 8,9, 10, 11, 12, 13) (0°C < TA < +70°C, Vce = 5.0V + 10%) -
A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES U
WE command set-up time 'wes 0 0 0 ns 21
Write command hold time 'WCH 15 20 25 ns

Write command hold time ‘WCR 60 75 90 ns g
(referenced to RAS)

Write command pulse width wp 15 20 25 ns

Write command to RAS lead time 'RwWL 20 25 35 ns

Write command to CAS lead time fowL 20 25 35 ns

Write inactive time wi 10 10 10 ns

Data-in set-up time ps 0 0 0 ns 22
Data-in hold time 'DH 15 20 25 ns 22
Data-in hold time 'DHR 60 75 90 ns
(referenced to RAS)

RAS to WE delay time ‘RWD 110 135 155 ns 21
Colu_mn address tawD 70 85 100 ns 21
to WE delay time

TAS to WE delay time ‘cwp 50 60 75 ns 21
Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10
Refresh Period (512 cycles) 'REF 16 16 16 ms

RAS to CAS Precharge time 'RPC 0 0 0 ns

CAS set-uptime 'csR 10 10 10 ns 5
(CAS-BEFORE-RAS refresh)

TAS hold time 'CHR 20 20 30 ns 5
(CAS-BEFORE-RAS refresh)

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

TAS precharge time (STATIC COLUMN)| ‘cp 10 25 10 25 15 30 ns

STATIC COLUMN MODE sc 45 55 65 ns

cycle time

STATIC COLUMN READ-MODIFY- 'SRMW 110 135 160 ns

WRITE cycle time

Last write to column address L wAD 20 35 25 45 30 55 ns

delay time

Last write to column address "AHLW 75 95 115 ns

hold time

RAS hold time precharged to OF 'ROH 10 20 20 ns

Output data hold time from 'AOH 5 5 5 ns

column address

Output data enable from write ‘ow 20 30 40 ns

OE to data delay 'OED 20 25 30 ns

OE command hold time 'OEH 20 25 30 ns

Access time from last Write aLw 75 95 115 ns
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NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Capacitance is calculated
from the equation C = IAt with AV =3V and Vcc =
5V. AV

3. Icc is dependent on cycle rates.

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

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. An initial pause of 100us is ‘fequired 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.

AC characteristics assume 'T = 5ns.

9. ViH min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vi 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 Vi and ViH) in a monotonic manner.

11. If CAS = Vin, data output is high impedance.

12.If CAS = Vi, 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 '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.

15. Assumes that 'RCD > 'RCD (max).

16. If CASis 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.

*

17. Operation within the 'RCD (max) limit ensures that
*RAC (max) can be met. 'RCD (max) is specified as a
reference tpoimt only; if 'RCD is greater than the
specified "RCD (max) limit, then access time is con-
trolled exclusively by ‘CAC.

18. Operation within the 'RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference Foint only; if 'RAD is greater than the
specified 'RAD (max) limit, then access time is con-
trolled exclusively by ‘AA.

19. Either 'RCH or 'RRH must be satisfied for a READ
cycle.

. 20. "'OFF (max) defines the time at which the output

achieves the open circuit condition and is not
referenced to Von or VoL. -

21.'WCS, 'RWD, "AWD and 'CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If 'WCS >
'WCS (min), the cycle is an early WRITE cycle and
the data output will remain an open circuit through-
out the entire cycle. If RWD > 'RWD (min), 'AWD >
'AWD (min) and ‘CWD > 'CWD (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 Vin) is indetermi-
nate.

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

23. During a READ cycle, if OE is LOW then taken
HIGH, Q goes open. If OE is tied permanently
LOW, a READ-WRITE or READ-MODIFY-WRITE
operation is not possible.

24. A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW and
OE=HIGH.
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READ CYCLE

s Wi N /
| 1CRP RCD fcas
o W N / /
aoor W :m ROW jm ‘ CIOLUMN / /////// / W ROW
we W T t i,
pa yloH - OPEN X VAL:D D/::; - OPEN
R, /
EARLY-WRITE CYCLE
R N / -
o s R\ /
ADDR x:::' ROW COLUMN 7% | M ROW
WE %, V//

DON'T CARE

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

tRWC

tRAs f 'RP.
s o | J A
tesH
'RSH
i cRp 'RCD CAS
@ f
AR
'RAD RAL
ASR RAH tasc cAH
woon W Z77/M row KA com K |//////ﬁ(_ﬁozL_
tRWD fowL
tres | towp e " |
' tawp we
e W I ! J/
Y
| e
cac
oz |- (<08, | | ok,
oa ¥I8[‘ = pEN————————— L VALD D o7 ) VALIDD,y oPEN
‘oe top,

[4—»
& it ) /
STATIC COLUMN READ CYCLE

trasc tRp
—
— VIH -
ms W - \ / \
tAsR 1RAH tsc tsc tRAL LAH
ADDR VI - ROW COLUMN x COLUMN COLUMN
B Vi - ADDRESS ADDRESS | ADDRESS ADDRESS
RAD tasc tcas tcas tcrp
tAR tep RSH
== Vi — \
CAS Vi — /]
t T S Z —HRRH
t t !
|l rRes RCH | RCS tRCH
o | - |
w WS \% i
tROH
v 7 J
OE H —
W= T s VS
o, tor e |_lton
tcac 10EZ taA
tAA 7Y
cac tOFF
tRAC tAOH =~
VIOH — VALID VALDR
DQ VioL — @{ DATA §®§ DATA L VALID DATA }—-
'CLZ_H terz |

DON'T CARE

R UNDEFINED
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STATIC COLUMN EARLY-WRITE CYCLE

SN B F\_
, tasm | __| | tran J__‘ tcaH tRAL '
R N CEES ) =S
o ¥Hj - & /:k Zﬁ CRP
= % L i
®  We ///////|M////ﬂ/////// T,
w8 = TR 5 K e X s X
STATIC COLUMN READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
| i
ADDR ‘J:E:@% AD%%‘Q’SSEE@]i COLUMN ADDRESS ?@f COLUMN ADDRESS W /// ///// /// Z
tRAD | tAsSC ts:i:; - . -
o WC: J&L {LWAD tRWL /l(_—
- Z:\zs tawp | tewL ‘
W Ve ] N/
= I '_
b0 YigH= W,

VALID
DATA-OUT DATA-OUT

DON'T CARE

R unoerFINED
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RAS ONLY REFRESH CYCLE
(ADDR = A, - Ag; WE = DON'T CARE.)

tRe
RAS RP
s i C N 1 |
J cRP 'RPO|
w s f
tASR tRAH
AbDR ViH :m( ROW : ROW
oo Vg = open
CAS-BEFORE-RAS REFRESH CYCLE
(A, - Aq WE and OF = DON'T CARE)
tRP tRAS | tRp RAS
s WM T \ z" N |
tRPC .
topn tCSR 'CHR tRP tcsR ICHR
w W - }
ba VN> OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH, OE=LOW)?*
(READ) (REFRESH)
tRAS L tRP tRAS
S Vi ) Jl L 1
. lcrp tRCD tRSH CHR
l
oS VT F N
tAR
'RAD tRAL
tASR 'RAH_, tasc tcaH
|
ADDR \‘ﬂ}f:ml ROW m‘ COLUMN :W
tan
tRAC
fcac
-—
oLz - OFF
le} \6:8': = OPEN VALID DATA }— OPEN—

= i )

DON'T CARE

B unoerineD
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DRAM

4MEG x 1 DRAM

FAST PAGE MODE

FEATURES

¢ Industry standard x1 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
100ns access -10
120ns access -12
* Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP V4
Plastic SOJ DJ
GENERAL DESCRIPTION

TheMT4C1004isarandomlyaccessed solid-state memory
containing 4,194,304 bits organized in a x1 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed through the 22 address bits which are entered 11
bits (A0-A10) at a time. RASis used to latch the first 11 bits
and CAS the latter 11 bits. A READ or WRITE cycle is
selected with the WE input. A logic HIGH on WE dictates
READ mode while a logic LOW on WE dictates WRITE
mode. During a WRITE cycle, data in (D) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes LOW prior to CAS going LOW, the output pin(s)
remain open (high Z) until the next CAS cycle. If WE goes
LOW after data reaches the output pin(s), Q is activated
and retains the selected cell data as long as CAS remains
LOW (regardless of WE or RAS). This late WE pulseresults
in a READ-WRITE cycle.

Returning RAS and CAS HIGH terminates a memory

PIN ASSIGNMENT (Top View)
20 Pin DIP 20 Pin ZIP
DO1+180vss
WElL2 170
RAS[3 16[CAS
*At004  150A9
Aolls 141A8
A1lle 13[A7
A2l7  1201Ae
A3lls  11]1A5
veclo 100A4
20 Pin SOJ
DO1- 26 [1Vss
WE [] 2 25 00Q
RAS [ 3 24 [1 CAS
NC [ 4 23 INC
*A10 05 22 1 A9
Ao L9 18 [ A8
A1 [ 10 17 O A7
A2 [ 11 16 [ A6
A3 [ 12 15 [1 A5
Vee 013 14 1 A4
*Address not used for RAS ONLY refresh
NOTE: Packaging information to be determined

cycleand decreases chip current to areduced 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 (A0-A9) are executed at least every 16ms, re-
gardless of sequence.

PAGE MODE operations allow faster data operations
(READ, WRITE or READ-MODIFY-WRITE) within a row
address (A0-A10) 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.

MT4C1004
REV. 7/89
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PRELIMINARY
MICRON MT4C1004

FUNCTIONAL BLOCK DIAGRAM

- FAST PAGE MODE
°—_::| ) ] DATAIN
CAS o BUFFER D
NO. 2 CLOCK ——
GENERATOR | DATA OUT Q
2]  BUFFER
COLUMN . 1}
ADDRESS COLUMN
| BUFFER (11) DELODER
Ag
: ! REFRESH T a0see
A 2 CONTROLLER et SENSE AMPLIFIERS
3 i/0 GATING
A, 7 |
As REFRESH w4098~
:e COUNTER
7
Ag "& le—>|
: ?o z E : MEMORY
ADDRESS | :
BUFFERS (11) b gg§ 1024 ARRAY
i ° i
— NO. 1 CLOCK
RAS o————— GENERATOR t — oV
+————0 Vgg
TRUTH TABLE
Addresses
Function RAS CAS WE tR (o]
Standby H H H X X High Impedance
READ L L H ROW | COL | Data Out
WRITE L L L ROW | COL | DatalIn
(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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MICRON MT4C1004

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 ...........cccoeuevimeiiiiiniiieenceeies 1 Watt
Short Circuit Output Current...........ccocevecricciernnnnnn. 50mA

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

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

0°C<T A S70°C)
PARAMETER/CONDITION SYMBOL| MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 55 \ 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+1 \ 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 \ 1
INPUT LEAKAGE CURRENT
any input (OV < ViN< 6.5V, I -10 10 A
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vour < 5.5V) loz -10 10 pHA
OUTPUT LEVELS
Output High voltage (lout = -5mA) VoH 2.4 Vv
Output Low voltage (lout = 4.2mA) VoL 0.4 \"

(Notes : 1, 3,4,6,7) (0°C < TA <70°C; Vee = 5.0V £+ 10%) MAX
PARAMETER/CONDITION SYMBOL| -8 | -10 | -12 |UNITS | NOTES

OPERATING CURRENT
Average power supply operating current
(RAS, CAS, Address Cycling: trc = tRC(MIN))

lcct 100 | 85 | 60 | mA 3,4

STANDBY CURRENT (TTL)
Power supply standby current (RAS = CAS = ViH)

lcc2 3 2 2 mA

RAS ONLY REFRESH CURRENT
Average power supply current, RAS ONLY mode

(RAS Cycling, CAS=VH: trc = tRC(MIN))

Icca | 100| 85 | 60 | mA 3

FAST PAGE MODE CURRENT
Average power supply current, Fast Page Mode
(RAS = Vi, CAS, Address Cycling: trc = trc(MIN))

Icca 60 | 50 | 30 | mA 3,4

STANDBY CURRENT (CMOS)

Power supply standby current (RAS = CAS = Vcc -0.2V)

Iccs 1 1 1 mA 24

CAS-BEFORE-RAS REFRESH CURRENT

(RAS, CAS, Address Cycling: trc = tRc(MIN))

Average power supply current, CAS-BEFORE-RAS Mode

lcce | 100 | 85 | 60 | mA 3
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PRELIMINARY

MICRON MT4C1004
CAPACITANCE

PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES

Input Capacitance: Ao-A1o, D Ci 5 pF 2

Input Capacitance: RAS, CAS, WE Ci2 pF 2

Output Capacitance: Q Co 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Vee = 5.0V & 10%)

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

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycie time 'RC 160 190 220 ns
READ-MODIFY-WRITE cycle time ‘Rwc 185 220 255 ns
PAGE-MODE READ or WRITE pc 50 60 70 ns

cycle time

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

Access time from CAS precharge ‘cpa 45 55 60 ns

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

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

RAS hold time 'RSH 20 25 35 ns

RAS precharge time Rp 70 80 90 ns

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

TAS hold time 'CsH 80 100 120 ns

‘CAS precharge time 'cPN 15 15 20 ns 16
TAS precharge time (PAGE MODE) ‘cp 15 25 15 25 15 25 ns

RAS to CAS delay time 'RcD 20 60 25 75 30 85 ns 17
‘CAS to RAS precharge time 'CRP 10 10 10 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 12 15 20 ns

RAS to column 'RAD 15 40 20 50 30 60 ns 18
address delay time

Column address set-up time 'Asc 0 0 0 ns

Column address hold time 'CAH 15 20 25 ns

Column addres&old time ‘AR 60 75 110 ns
(referenced to RAS)

Column address to RAL 40 50 60 ns

RAS lead time

Read command set-up time 'RCs 0 0 0 ns

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

Read command hold time 'RRH 0 0 10 ns 19
(referenced to RAS)

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

Output buffer turn-off delay 'OFF 0 20 0 25 0 25 ns 20
WE command set-up time ‘wes 0 0 0 ns 21
Write command hold time 'WCH 15 20 25 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Vce = 5.0V + 10%)

NvHa l

A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Write command hold time ‘wer 60 75 110 ns
(referenced to RAS)

Write command pulse width ‘wp 15 20 25 ns

Write command to RAS lead time ‘RwWL 20 25 35 ns

Write command to CAS lead time ‘cwL 20 25 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 60 75 110 ns
(referenced to RAS)

RAS to WE delay time 'RWD 80 100 120 ns 21
Column address 'AWD 40 50 60 ns 21
to WE delay time

TAS to WE delay time ‘cwp 25 25 35 , ns 21
Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10
Refresh Period (512 cycles) 'REF 16 16 16 ms

RAS to CAS Precharge time 'RPC 0 0 0 ns

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

TAS hold time 'CHR 20 20 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 = JAt with AV =3V and Vcc =
5V. AV

3. Icc is dependent on cycle rates.

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

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. An initial pause of 100us 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 'T = 5ns.

9. ViH min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL (or between ViL
and Vin).

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

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

12. If CAS = Vi, 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 '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.

15. Assumes that 'RCD > 'RCD (max).

16.1f 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.

17. Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference tpoint only; if 'RCD is greater than the
specified "RCD (max) limit, then access time is con-
trolled exclusively by ‘CAC.

18. Operation within the 'RAD (max) limit ensures that
RCD (max) can be met. ‘RAD (max) is specified as a
reference point only; if ‘RAD is greater than the
specified fRAD (max) limit, then access time is con-
trolled exclusively by 'AA.

19. Either ‘RCH or 'RRH must be satisfied for a READ
cycle.

20. 'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to VoH or VoL.

21. 'wcs, tRWD, YAWD and 'CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If ‘WCS >
'WCS (min), the cycle is an early WRITE cycle and
the data output will remain an open circuit through-
out the entire cycle. If 'RWD > 'RWD (min), '"AWD >
'AWD (min) and 'CWD 2 'CWD (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 Vin) 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

sV i /
i cRP tRCD tcAs
s Wl f e { /
' :RAD ‘AR :RAL !
aoor v :m ROW ‘ COLUMN X/ / W 0( ROW
w Y T . UL,

EARLY-WRITE CYCLE

'R
'RAS 5 RP
== VIH — Zl \
RAS Vi _ S‘ 7
IcsH
'RSH
) tcRP 'RCD icAs
CAS UH - 3
cas i ) \ \
AR
RAD RAL
ASR 'RAH tasc cAH
A\ R
ADDR vl m ROW )@g COLUMN X/ @( ROW
fowL !
RWL i
WCR
wes tweH
twp
WE VIH -7
WE VI / / % / /
[ 'DHR
! tos toH
p VM VALID DATA
M4 7
) ¥8t: OPEN

/] boN'T CARE

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

U s - ’ }__P_\-—
I f K ,
apDR Vi m - ROW = m ::D cmummtw X /////éw/{y ! K row
W 7 T o ;J
o W i ////////////////!///////// /////m v own XTI

loFF
]
— to1z
Vo - N
Q vg' - OPE R VALID DATA L—— OPEN

PAGE-MODE READ CYCLE

'RASP 'RE_,
Vg = Y
RAS Vi _ K ]
csH tpc RsH
| _tcrp RCD tcAs tcp IcAs tcp tcas IcPN__
_— VIH - i p! ¥
CAS
Vi -/ \ 7 A SL / / \
AR
'RAD 'RAL
'ASR 'RAH tasc tCAH tasc cAH ASC cAH
N - —
ADDR vl _@i‘ ROW 5@ COLUMN W 0; COLUMN W /)§ COLUMN W ROW
o ltmes o s [
| tRCS tRoH—>] r- 1RCH—> In—- 'RCH
WE VH = |
e 8 g N Y
L —
AA | taA | taa
'RAC ' tcpa ' tcpa
1, ! 1, b’ 1,
cAC OFF cac OFF cAC I

toiz—| |- oz —| |~ oz —| |
VoH - { VALID 3} { VALD 3 o VALID
Q voL = OPEN {_DATA DATA K Data J- OPEN

DON'T CARE

R unperineD
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PAGE-MODE EARLY-WRITE CYCLE

RASP 1~_RP 8
J— VlH -
RAS vy N
([ / \
'csH tpc 'RSH
1 terp tReD tcas icp tcas tcp tcas 1 _lcPN |
= W ‘ ! VA
A
oS W - R\ ) N N /
AR
'RAD RAL
_!AsR tRAH tASC 'CAH tAsc ICAH tAsC ICAH
ViH =
apbpR vl ROW b COLUMN COLUMN b COLUMN ROW
L A 7 K A
towl | towL | tow |
twes 'WeH ' twes 'weH ' twes 'weH '
wp wp wp
WE VH <7
W Y, i
ViL x 2 X 2
twor RWL |
DHR '
'ps DH ps 'DH_ | 'ps DH
v 4 L
Dy ///// //////// // / VALID DATA @g VALID DATA VALID DATA W/ ////// / /
Q V:E = OPEN

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

RASP f RP__,
— Vg = Y
RAS V|| _ | J
IcsH pc 'RSH
. lerp 'RCD cas tcp fcas tcp cas cPN |
—_— - X .
T I f | Ji N / N / N
AR
‘RAD 'RAL
'ASR 'RAH_, ASC ICAH asc ‘cAH asc IcAH
Vv s s S - !
ApbpR :@(k ROW m( COLUMN COLUMN )50/ M COLUMN ] / / / // / »( ROW
lRWD tRwL |
1
'Rcs 1 tew towL fowL
|
tAWD ’ 'wp tAWD twp tAwD wp
owD->| |- fowD—>| |= 'CWD—{ |=-
— Viy <
W I / _ - i
‘ tps || _ibH ips || _tDH ips || _toH
o V& LTI TR oo MDDW@%DW T,
| AA | taa | taa
' ' tcPA ' tcPA
'RAC
‘cac lorp ‘cac loFF ‘cac I [T
clz -+ |= clz = |- clz» |-
VoH — ¢ VALD } VALID £ VALID
Q@ vol = OPEN @-‘ DATA 4 DATA \_DATA OPEN

DON'T CARE

UNDEFINED
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RAS

CAS

ADDR

[}

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

RC
'RAS tRp
Vg =
Vi \ 7
I tcrp 'RPC
Vi =
viL — /
tASR RAH

VIH 4
ViL 4222295

VoH —

ROW

Wiy

ROW

OPEN

EKS-BEFORE-RL§ REFRESH CYCLE
(A, - Ao and WE = DON'T CARE)

rP RAS rpP 'RAS
— V - L
RAS i ’[ N )Z 1& /
| IRPC |, ICSR ICHR | IrRPC |, _ lCSR ICHR
o i (
Q Ugt' N OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)®
(READ) (REFRESH)
RAS RP {RAS
— VY s \
RAS vz N ] N /
crP RCD 'RSH {CHR
oAs i F /
-/ J
tAR
tRAD tRAL
tASR {RAH_, tasc fcAH
ADDR ¥'H”m‘ ROW m‘ COLUMN AW //
IL— K K A
tAA
RAC
tcac
— |- t,
oz OFF
Q ¥8[‘ K OPEN VALID DATA b— OPEN—
DON'T CARE
R UNDEFINED
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DRAM

4MEG x 1 DRAM

FEATURES

¢ Industry standard x1 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

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

¢ Optional Nibble Mode access cycle

OPTIONS MARKING
¢ Timing
80ns access -8
100ns access -10
120ns access -12
¢ Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP Z
Plastic SOJ DJ
GENERAL DESCRIPTION

TheMT4C1005isarandomly accessed solid-statememory
containing 4,194,304 bits organized in a x1 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed through the 22 address bits which are entered 11
bits (A0-A10) at a time. RAS is used to latch the first 11 bits
and CAS the latter 11 bits. A READ or WRITE cycle is
selected with the WE input. A logic HIGH on WE dictates
READ mode while a logic LOW on WE dictates WRITE
mode. During a WRITE cycle, data in (D) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes LOW prior to CAS going LOW, the output pin(s)
remain open (high Z) until the next CAS cycle. If WE goes
LOW after data reaches the output pin(s), Q is activated
and retains the selected cell data as long as CAS remains
LOW (regardless of WE or RAS). This late WE pulse results
in a READ-WRITE cycle.

Returning RAS and CAS HIGH terminates a memory

NIBBLE MODE
PIN ASSIGNMENT (Top View)
20 Pin DIP 20 Pin ZIP
D118 vss
wel2 170aQ
RAS[3 16[ICAS
*A1004 150A9
Aols  14[JA8
A1lle 13[A7
A207 120A6
A3lls 11 %AS
veclo 10[A4
DOi- 26 Vss
WE([2 250Q
RAS [0 3 24 01 CAS
NC [ 4 23 INC
*A10 0 5 22 0 A9
A0L9 18 1 A8
A1 [ 10 17 0 A7
A2 [] 11 16 1 A6
A3 012 15 1 A5
vee O 13 14 (1 A4
*Address not used for RAS ONLY refresh
NOTE: Packaging information to be determined

cycleand decreases chip current toareduced 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 (A0-A9) are executed at least every 16ms, re-
gardless of sequence.

NIBBEL MODE operation allows faster sequential serial
data operations (READ, WRITE or READ-MODIFY-
WRITE) up to 4 bits. The first of 4 bits is accessed in the usual

manner with CAS address A9 (nibble MSB) and RAS

address A9 (nibble LSB) selecting one of 4 bits within a
nibble for initial access. By holding RAS LOW, CAS can be
toggled incrementing the nibble address field in modulo 4
fashion with wrap around (see below).

©.0 1) (1,0)
CAyo RAq |"> )

(1N —l

MT4C1005
REV. 7/89
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FUNCTIONAL BLOCK DIAGRAM

- NIBBLE MODE
°——:| ) ] DATAIN
CAS oo BUFFER b
NO. 2 CLOCK
GENERATOR | DATA OUT °Q
5]  BUFFER
ColuvN 1| [ !
ADDRESS COLUMN
BUFFER (11) DELODER
REFRESH H""‘W%""n
CONTROLLER| | ssnls/g mmgsns
—— |
REFRESH --=- 4096 -~
COUNTER
ron | 57
ADDRESS 29| MEMORY
BUFFERS (11) 23 1024 ARRAY
[=]
— NO. 1 CLOCK
RAS o————— GENERATOR I Vg
+———o0\Vgg
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 | DataIn
(EARLY-WRITE)
READ-WRITE L L H—-L—H| ROW | COL | Valid Data Out,
Valid Data In
NIBBLE MODE L H—L—H, H ROW | COL | Valid Data Out,
READ L-H-L Valid Data Out
NIBBLE MODE L H—L—H, L ROW | COL | Valid Data In,
WRITE L—~H-L Valid Data In
NIBBLE MODE L H—-L—H,| H—»L—H | ROW | COL | Valid Daa Out,
READ-WRITE L—H-L Valid Data In
RAS ONLY L H H ROW | n/a High Impe«dance
REFRESH
HIDDEN L—H-L L H ROW | COL | Valid Dat: Out
REFRESH
CAS-BEFORE- H-L L H X X High Impedance
RAS REFRESH
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ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maxi-
Voltage on Vcc supply relative to Vss........-1.0V to +7.0V mum Ratings” may cause permanent damage to the de-
Operating Temperature, TA(Ambient) . 0°C to +70°C vice. This is a stress rating only and functional operation of
Storage Temperature (Ceramic) ................ -65°C to +150°C the device at these or any other conditions above those
Storage Temperature (Plastic) .... ....-55°C to +150°C indicated in the operational sections of this specification is
Power DiSSIPation .........cc.coueeeveimrivmecememmnesecisennmecrenns 1 Watt not implied. Exposure to absolute maximum rating condi-
Short Circuit Output CUITENE ......cveermereeveserreeeeereenes 50mA tions for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

0°C<T AS 70°C)
PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 45 55 \" 1
Input High (Logic 1) Voltage, All Inputs VIH 2.4 |Vcc+1 \" 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 \" 1,25
INPUT LEAKAGE CURRENT
any input (OV < VIN< 6.5V, hi -10 10 uA
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vour < 5.5V) loz -10 10 uA
OUTPUT LEVELS
Output High voltage (lout = -5mA) VoH 24 Vv
Output Low voltage (lout = 4.2mA) VoL 0.4 Vv

(Notes : 1,3, 4,6, 7) (0°C < T, <70°C; Ve = 5.0V + 10%)

MAX
PARAMETER/CONDITION SYMBOL| -8 | -10 | -12 [UNITS | NOTES
OPERATING CURRENT
Average power supply operating current lcct | 100 85| 60 | mA 3,4
(RAS, CAS, Address Cycling: trc = tRC(MIN))
STANDBY CURRENT (TTL)
Power supply standby current (RAS = CAS = ViH) lcc2 3 2 2 mA
RAS ONLY REFRESH CURRENT
Average power supply current, RAS ONLY mode lccs {100 85| 60 | mA 3

(RAS Cycling, CAS=V: trc = tRC(MIN))

NIBBLE MODE CURRENT
Average power supply current, ‘ Icca | 60 | 50 | 30 | mA 34
(RAS = Vi, CAS, Address Cycling: trc = trc(MIN))

STANDBY CURRENT (CMOS)

Power supply standby current (RAS = CAS = Vcc -0.2V) Iccs 1 1 1 mA 24
CAS-BEFORE-RAS REFRESH CURRENT
Average power supply current, CAS-BEFORE-RAS Mode lcce | 100| 85 | 60 | mA 3

(RAS, CAS, Address Cycling: trc = tRC(MIN))
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CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: Ao-A1o, D Cit 5 pF 2
Input Capacitance: RAS, CAS, WE Ciz 7 pF 2
Output Capacitance: Q Co 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Vcc = 5.0V + 10%)

STy<
A.C. CHARACTERISTICS -8 -10 -12
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'RC 150 180 220 ns
READ-MODIFY-WRITE cycle time ‘Rwc 175 210 255 ns
Access time from RAS 'RAC 80 100 120 ns 14
Access time from CAS ‘cAC 20 25 35 ns 15
Access time from column address Yy 40 50 60 ns
Access time from CAS precharge IcpPA 45 55 65 ns
RAS pulse width 'RAS 80 10,000 100 10,000 120 10,000 ns
RAS hold time 'RSH 20 25 35 ns
‘RAS precharge time RP 60 70 90 ns
CAS pulse width ‘cas 20 10,000 25 10,000 35 10,000 ns
TAS hold time ‘csH 80 100 120 ns
CAS precharge time 'cPN 10 15 20 ns 16
RAS to TAS delay time 'RcD 20 60 25 75 35 85 ns 17
CAS to RAS precharge time 'cRP 5 10 10 ns
Row address set-up time 'ASR 0 0 0 ns
Row address hold time: 'RAH 10 15 20 ns
RAS to column 'RAD 15 40 20 50 30 60 ns 18
address delay time
Column address set-up time 'ASC 0 0 0 ns
Column address hold time 'CAH 15 20 25 ns
Column address hold time 'AR 60 75 110 ns
(referenced to RAS)
Column address to 'RAL 40 50 60 ns
RAS lead time
Read command set-up time ‘Res 0 0 0 ns

ead command hold time 'RCH 0 0 0 ns 19
(referenced to CAS) )
Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS)
CAS to output in low-Z ‘cLz 0 0 0 ns
Qutput buffer turn-off delay 'OFF 0 20 0 25 0 25 ns 20
'WE command set-up time ‘wes 0 0 0 ns 21
Write command hold time ‘WcH 15 20 25 ns
Write command hold time 'WCR 60 75 80 ns
(referenced to RAS)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Vce = 5.0V + 10%)

A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Write command pulse width twp 15 20 25 ns

Write command to RAS lead time 'RWL 20 25 35 ns

Write command to CAS lead time fowL 20 25 30 ns

Data-in set-up time ps 0 0 0 ns 22
Data-in hold time DH 15 20 25 ns 22
Data-in hold time 'DHR 60 75 110 ns

(referenced to RAS)

RAS to WE delay time 'RWD 80 100 120 ns 21
Column address tAWD 40 50 60 ns 21
to WE delay time

‘CAS to WE delay time tcwD 20 25 35 ns 21
Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10
Refresh Period (512 cycles) 'REF 16 16 16 ms

RAS to CAS Precharge time RPC 0 0 0 ns

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

TAS hold time 'CHR 30 30 30 ns 5

(CAS-BEFORE-RAS refresh)
RAS pulse width (NIBBLE MODE) 'RASN 80 100,000 100 100,000 120 100,000 ns

CAS precharge time (NIBBLE MODE)] NCP 10 10 15 ns
NIBBLE MODE cycle time NC 40 45 55 ns
NIBBLE MODE READ-MODIFY- INRWC 65 75 85 ns
WRITE cycle time

NIBBLE MODE access time INCAC 20 25 30 ns 15
NIBBLE MODE pulse width INCAS 20 25 30 ns
NIBBLE MODE CAS precharge time | _'NCP 10 10 15 ns
NIBBLE MODE RAS hold time NRSH 20 25 30 ns
NIBBLE MODE CAS to WE NCWD 20 25 30 ns
delay time

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

NIBBLE MODE WE command INCWL 20 25 30 ns
to CAS load time .
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NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Capacitance is calculated
from the equation C = JAt with AV = 3V and Vcc =
5V. AV

3. Icc is dependent on cycle rates.

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

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. An initial pause of 100ps 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 'T = 5ns.

9. ViH min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vi and Vi (or between ViL
and V).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi and
VL (or between ViL and Vin) in a monotonic manner.

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

12. If CAS = Vi, 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 '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.

15. Assumes that 'RCD 2 'RCD (max).

16.1f 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.

17. Operation within the 'RCD (max) limit ensures that
*RAC (max) can be met. 'RCD (max) is specified as a
reference Foint only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by fCAC.

18. Operation within the 'RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference point only; if 'RAD is greater than the
specified ‘RAD (max) limit, then access time is con-
trolled exclusively by 'AA.

19. Either 'RCH or 'RRH must be satisfied for a READ
cycle.

20. 'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to VoH or VoL.

21. 'tWcs, tRWD, fAWD and 'CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If 'WCS >
'WCS (min), the cycle is an early WRITE cycle and
the data output will remain an open circuit through-
out the entire cydle. If RWD > 'RWD (min), "AWD >
'AWD (min) and 'CWD > 'CWD (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 Vin) 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

V, P
Q vg',_'-

Y
mas vt Z N

_ V
cas v

ADDR ¥:E

— v
WE g

o W 00y

VoH —
@ gz

READ CYCLE

R

RAS

'RP

ViH = - —Y

g N

tcsH

1 ICRP

'RSH

'RRH

'RCD cas

ViH =
i =/

AR

'RAD

'RAL

ASR

RAH

tasc tcAH

Vi <
S/, ST

KUy

COLUMN

KL =

||

'RCS |
| ACS |

'RCH

|
I

tAA

RAC

OPEN

fcac

OFF

oz

EARLY-WRITE CYCLE

'RC

S,

VALIDDATA %

OPEN

RAS

rp

|

csH

| ‘crp

'RSH

'RcD cas

AR

'RAD

'RAL

—

'ASR 'RAH

tasc 'cAH

4
K

COLUMN

fowL

7/

RWL

wer

twes tweH

twp

%,

IDHR

'ps 'DH

VALID DATA jw

Y

OPEN

DON'T CARE

B unperNED
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READ-WRITE CYCLE

(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
ms o N \
s vz ) R\ i

i tAsrR :::: tasc :2:;
ADDR ¥:E W ROW :W//&g: — COLUMN W/W |/ / /////0( ROW
w v Y -
o W i //////////////////l// T ////tA A@% v},

—=| tocLz
V, - s \
Q Vgt‘ E OPEN [ VALID DATA zE'_ OPEN

NIBBLE MODE READ CYCLE

N - ; "
M i N i § ; \ i \ i \_
) S 4 R

thes| tRCH | ‘RRHI
ACS) ACH | AR

t
| tRes I RCH
tcac elid INCAC toFF INCAC toFF INCAC toFF

{RAC

Vor— y \ y VAT Y

a Von . VALID VALD VALD Y VALID

VoL PEN ——————LX DATA 4 | DATA 4 DATA ¥ DATA P
[/} bonT caRE

B unperineD
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NIBBLE MODE EARLY-WRITE CYCLE

'RASN

s Vo il B H
s ¥:{‘:_ﬁ~ 1 X -
ILAS_R' fRAH | tasc {CAH nep INCAS
so0R Y12 AD%‘?”Q’SS / soiss KO,
I twes tweH ‘wes 'weH lNCW‘LNRWL
W S _ 7 . A
i cwL
D x:f: / / // ﬁ : VALI(l)IDATA‘ Em} : vALichlm'Al [W/ //»( VALID DATA W W—W
NIBBLE MODE READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
{RASN tRp
BN ! - l 7 \
tosH
iE'EE taco tcas INRWC INRSH_
TS VI LA ‘isL r & ,J‘ \ /—L/
tASR — T‘-’ - lcan INCP | |INCAS|
voon =711/ rom l@‘&%/////// W,
RAD | ‘cwp|i‘owL tNCWL INRWL || |+
WE Vo i i \_/

|
o VTR oo

VoH—
Q VOH

tcac

BRI

VALID
DATA

XK

VALID
DATA

tAA

tRAC

-

tNCAC

oL—

toLz o

XU

¥ VALID f VALID VALID VALID
k_DATA k_DATA DATA DATA

DON'T CARE

@ UNDEFINED
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RAS ONLY REFRESH CYCLE
(ADDR = A0 - Ag; A10 and WE = DON'T CARE.)
'Re
RAS tRP
s VM N\ 7 |
crP 'RPC
wms W/ /
tASR tRAH
woos i 777N ROw K Row
Q ¥8{:‘ K OPEN
§A§-BEFORE-RL§ REFRESH CYCLE
(A0 - A10 and WE = DON'T CARE
tRp tRAS ‘RP 'RAS
s VM :Af \ / { S
| tRPC |, _ lCSR ICHR i IRPC |, ICSR ICHR
oas i ! J
Q ¥(O)E - OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)®
(READ) (REFRESH)
tRAS tRP tRAS
AR Vit i ] N Y
tcrp tRcD tRSH IcHR
& W f /
t
‘:20 tRAL
tASR tRAH i tasc tcaH
ADDR w::m: ROW m: COLUMN :W
t
':/:c
tcac —|  |~—toFF
oLz
Q 383: OPEN { VALID DATA B— oPEN—

DON'T CARE

R unpeFINED
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DRAM

4MEG x 1 DRAM

FEATURES

¢ Industry standard x1 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

o 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
® Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP Z
Plastic SOJ DJ
GENERAL DESCRIPTION

TheMT4C1006isarandomly accessed solid-statememory
containing 4,194,304 bits organized in a x1 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed through the 22 address bits which are entered 11
bits (A0-A10) at a time. RAS is used to latch the first 11 bits
and CAS the latter 11 bits. A READ or WRITE cycle is
selected with the WE input. A logic HIGH on WE dictates
READ mode while a logic LOW on WE dictates WRITE
mode. During a WRITE cycle, data in (D) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes LOW prior to CAS going LOW, the output pin(s)
remain open (high Z) until the next CAS cycle. If WE goes
LOW after data reaches the output pin(s), Q is activated
and retains the selected cell data as long as CAS remains
LOW (regardless of WE or RAS).

Returning RAS and CAS HIGH terminates a memory
cycleand decreases chip current to a reduced standby level.

STATIC COLUMN
PIN ASSIGNMENT (Top View)
20 Pin DIP 20 Pin ZIP
pO1-180vss A9
wel2 170a g
RAS[O3 16[ICAS _2
RAS
*A1004 150A9 NG
Aols 14A8 A0
A1lle 130A7 A2
A207 120A6 Vee
A3ls 110As A5
veclo 100A4 A7
20 Pin SOJ
D[ 1 26 [1Vss
WE Q2 2 0Q
RAS [ 3 24 1 CAS
NC [J 4 23 A NC
*A10 05 22 f A9
A0 D9 18 0 A8
A1 Q10 17 QA7
A2 011 16 1 A6
A3 [ 12 15 0 A5
vee O 13 14 0 A4
*Address not used for RAS ONLY refresh
NOTE: Packaging 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, CAS-BEFORE-RAS, or
HIDDEN refresh) so that all 1024 combinations of RAS ad-
dresses (A0-A9) are executed at least every 16ms, regard-
less of sequence.

STATIC COLUMN operations allow faster data
operations (READ, WRITE or READ-MODIFY-WRITE)
within a row address (A0-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.

MT4C1006
REV. 7/89
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FUNCTIONAL BLOCK DIAGRAM

STATIC COLUMN

DATA IN

NO. 2 CLOCK
GENERATOR

COLUMN
ADDRESS

BUFFER (11)

REFRESH

CONTROLLER

]

REFRESH
COUNTER

BUFFER

DATA OUT

BUFFER

|

————>o0Q

T 1]

COLUMN
DELODER

| SENSE AMPLIFIERS

L if0 GATING

i

Fl | Gl
ADDRESS gé'l s MAEF"V;((Z?(Y
BUFFERS (11) €9
1 °
— NO. 1 CLOCK
RAS o GENERATOR I Ve
+———0 Vgg
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 | DatalIn
(EARLY-WRITE)
READ-WRITE L L H—L—H | ROW | COL | Valid Data Out,
Valid Data In
STATIC COLUMN L L H ROW | COL | Valid Data Out,
READ COL | Valid Data Out
STATIC COLUMN L L L ROW | COL | Valid Data In
WRITE COL | Valid Data In
STATIC COLUMN L L H—L—H| ROW | COL | Valid Data Out,
READ-WRITE COL | Valid Data In
RAS ONLY L H H ROW | n/a High Impedance
REFRESH
HIDDEN L—=H-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L H X X High Impedance
RAS REFRESH
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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) ......
Power Dissipation .............c........
Short Circuit Output Current...........cccocvvevevvrerrverinnn 50mA

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

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C <T, <70°C)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \" 1
Input High (Logic 1) Voltage, All Inputs VIH 24 |Vcc+1 \" 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1
INPUT LEAKAGE CURRENT
any input (OV < VN < 6.5V, I -10 10 LA
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vour < 5.5V) loz -10 10 A
OUTPUT LEVELS
Output High voltage (lout = -5mA) VoH 24 Vv
Output Low voltage (lout = 4.2mA) VoL 0.4 \
: °C<T, £70°C; =5.0V £ 109

(Notes : 1,3,4,6,7) (0°C < T, <70°C; Vcc = 5.0V + 10%) MAX

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

OPERATING CURRENT
Average power supply operating current
(RAS, CAS, Address Cycling: trc = tRc(MIN))

lcct | 100| 85 | 60 | mA 3,4

STANDBY CURRENT (TTL)
Power supply standby current (RAS = CAS = ViH)

Iccz 3 2 2 mA

RAS ONLY REFRESH CURRENT
Average power supply current, RAS ONLY mode
(RAS Cycling, CAS=VIH: trRc = tRC(MIN))

Ilcca | 100| 85 | 60 | mA 3

STATIC COLUMN CURRENT
Average power supply current
(RAS = Vi, CAS, Address Cycling: trc = tPc(MIN))

lcca | 60 | 50 | 30 | mA 3,4

STANDBY CURRENT (CMOS)

Power supply standby current (RAS = CAS = Vcc -0.2V)

Iccs 1 1 1 mA

CAS-BEFORE-RAS REFRESH CURRENT

(RAS, CAS, Address Cycling: trc = tRC(MIN))

Average power supply current, CAS-BEFORE-RAS Mode

lcce | 100 | 85 | 60 [ mA 3
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CAPACITANCE

PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES

Input Capacitance: Ao-A10, D Cn pF 2

Input Capacitance: RAS, CAS, WE Ci2 pF 2

Output Capacitance: Q Co pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Vce = 5.0V £ 10%)

A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'Rc 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 ‘cac 20 25 35 ns 15
Access time from column address 'aA 40 50 60 ns

Access time from CAS precharge ‘cpa 45 55 65 ns

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

RAS hold time 'RSH 20 25 35 ns

‘RAS precharge time RP 70 80 90 ns

‘CAS pulse width lcas 20 10,000 25 10,000 35 10,000 ns

TAS hold time 'CsH 80 100 120 ns

CAS precharge time 'cPN 15 15 20 ns 16
RAS to CAS delay time 'ReD 20 60 25 75 35 85 ns 17
CAS to RAS precharge time 'cRP 5 10 15 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 10 15 20 ns

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

Column address set-up time 'ASC 0 0 0 ns

Column address hold time 'cAH 15 20 25 ns

Column address hold time ‘AR 95 115 140 ns
(referenced to RAS)

Column address to 'RAL 40 50 60 ns

RAS lead time

Read command set-up time 'RCS 0 0 0 ns

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

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

TAS to output in low-Z ‘oLz 0 0 0 ns

Output buffer turn-off delay 'OFF 0 20 0 20 0 25 ns 20
'WE command set-up time 'wes 0 0 0 ns 21
Write command hold time 'WCH 15 20 25 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Vec = 5.0V + 10%)

A.C. CHARACTERISTICS -8 10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Write command hold time 'WCR 60 75 90 ns
(referenced to RAS)

Write command pulse width wp 15 20 25 ns

Write command to RAS lead time 'RwL 25 30 35 ns

Write command to CAS lead time fcwL 25 25 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 60 75 90 ns
(referenced to RAS)

RAS to WE delay time 'RWD 80 100 120 ns 21
Column address tawD 40 50 100 ns 21
to WE delay time

CAS to WE delay time ' ‘cwb 20 25 35 ns 21
Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10
Refresh Period (512 cycles) 'REF 16 16 16 ms

RAS to CAS Precharge time 'RPC 0 0 0 ns

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

TAS hold time 'CHR 20 20 30 ns 5

(CAS-BEFORE-RAS refresh)
RAS pulse width (STATIC COLUMN) 'RASC 80 100,000 100 100,000 120 100,000 ns

CAS precharge time (STATIC COLUMN) cp 10 10 15 ns
STATIC COLUMN MODE 'sc 45 55 65 ns
cycle time

STATIC COLUMN READ-MODIFY- | 'SRMW 80 100 160 ns
WRITE cycle time

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

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

Output data hold time from 'AOH 5 —_ 5 — 5 — ns
column address

Output data enable from write fow — 20 — 25 — 30 ns
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10.

11.

12.

13.

14.

15

All voltages referenced to Vss.

This parameter is sampled. Capacitance is calculated
from the equation C = IAt with AV =3V and Vcc =
5V. AV

Icc is dependent on cycle rates.

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

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

An initial pause of 100us 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.

AC characteristics assume 'T = 5ns.

Vii 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 addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi1 and
Vi (or between ViL and ViH) in a monotonic manner.
If CAS = Vi, data output is high impedance.

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

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
fRCD exceeds the value shown.

. Assumes that 'RCD > 'RCD (max).

16.

17.

18.

19.

20.

2

—_

22.

23.

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.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference tpoint only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by ‘CAC.

Operation within the 'RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference Point only; if 'RAD is greater than the
specified ‘RAD (max) limit, then access time is con-
trolled exclusively by 'AA.

Either 'RCH or 'RRH must be satisfied for a READ
cycle.

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to VoH or VoL.

. 'WCS, 'RWD, 'AWD and 'CWD are restrictive

operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If ‘WCS >
'WCS (min), the cycle is an early WRITE cycle and
the data output will remain an open circuit through
out the entire cycle. If 'RWD > 'RWD (min), 'AWD >
'AWD (min) and 'CWD 2 'CWD (min), the cycle is a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above
conditions are met, the state of data out (at access
time and until CAS goes back to Vi) is indetermi-
nate.

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

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

MICRON MT4C1006

READ CYCLE

RC
tRAS 'RP
ms W X / ’
o
| tCRP 'ReD Icas
|
s W f . 4 ’
‘AR
1 1]
'ASR '2:3 tasc '22: '
ADDR 3:[‘ :m RTW Em : COLUMN EW//////// / //|////// / ROW
RCS RCH
'4_
we W TG L,
t
':ﬁc
'cAC loFF
oLz
a Vg = VALDDATA OPEN
EARLY-WRITE CYCLE
'RC
RAS | 'RP
s W N / o
IcsH
'RSH
i 'crp 'RCD lcas
w WS R /
1
RAD B 'RAL
'ASR 'RAH asc can
ADDR z:r m‘ ROW o COLUMN W / ﬂ ROW
1
I
e '
Wer
wes weH
twp
LR
1]
! tps ls:R
N 3:E VALID DATA 7W M
a ggrz OPEN

DON'T CARE

B unpeFiNED
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PRELIMINARY

MICRON MT4C1006

RAS

CAS

o

RAS

ADDR

s

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

‘Rwe
'RAS . tRp
Wiz J{—— N\
'csH
'RsH
| tcRP tRCD tcas
e \ i
AR
'RAD 'RAL
tASR 'RAH tasc 'CAH
¥:t| j7777x How STTTTT COLUMN STTT77777777 7777 TI7T7T7TNS How
tRwWD_| owe ||
tRes | towp trwe |
tawp twp '
e W T {
os, || Jon
w SR S
AA
‘ ! tRAC
! tCAC toFF
—=| oL Z [=—
38{‘ - op R VALID DATA J——oPen
STATIC COLUMN READ CYCLE
tRASC tRP
M b ]
tASH[| tRAH tsc o tsc tRAL ﬁ
|
x:f:m( ROW W‘ COLUMN ;]@E COLUMN >Z‘ COLUMN M
tcsH
tAR tRSH
tRAD lASC | tcsc tep tesc .l tcme
I |
- ! I N 7
tRCS tRes —| |~ {RRH
chol | | <] l—tros tRCH
T
Vip7
T | ] . K
tcAC tcac
tRAC tAOH | toFF LOFF
yoH- @i VALID W VALID VALD  }
oL— DATA DATA 4 DATA 7
Lz | |- | l<tez

DON'T CARE

R uNDEFINED
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PRELIMINARY

MICRON MT4C1006

— v
RAS i

Vi —
ADDR H = @g

Vi

_ v
cAs vl
_ Vi —
We vil =

STATIC COLUMN EARLY-WRITE CYCLE

- \ / N

tasR ||| traH ~| |~ ‘oA tRAL
ROW m COLUMN W COLUMN>@§ COLUMI\:W//////// // /////

- — Z(

[ towe

We_ | tawp || tRw
Al m! WY,
), @( R XK SR XTI,

WVHa l

Q VoH—.

VoL = OPEN
STATIC COLUMN READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
= [
.tﬁpi .'E‘ﬂ*., 1.10_’”1 |—o (_::’L'- —
ADDR x:}j‘_‘@i: ROW COLUMN / &]: COLUMN W////M /M/&
{RAD 'sRwC
e "_lcwo tLwap icRp
RS - e ‘__Js 7
tAWD | tAWD
'RWD twp towL
= I |} IJ(—%( /
! RCD 'os| 'DH’
o W1 B TR
‘ ‘%’ (AOJI‘WB4 LT:V_. torF
a V8 o

s
L VALID DATA ;ﬁm VALID DATA
‘CLZ_.’ -

DON'T CARE

B unpermeo
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MICRON MT4C1006

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

re
'RAS tRp

Vi N
tcRp 'RPG

L
§ — Vi - X b

— - A
CAS x}f - K /

Sl /) row Wi now

VOH -
Q vg[4 = OPEN

CAS-BEFORE-RAS REFRESH CYCLE
(Ay - A, and WE = DONT CARE)

'RP RAS RP RAS

mas M 1{ g l /

! ! ! t 1
| RPC |, ICSR CHR ILrPc [ lcsR CHR
s VHI / ‘ls } [S

a V& OPEN

HIDDEN REFRESH CYCLE

(WE = HIGH)®
(READ) (REFRESH)
'RAS tRP tRAS
RS Vi i y 3 /
tcrp tRCD tRSH ’ CHR
s Vs K it
AR
tRAD fRAL
tASR tRAH i tasc tcaH
woon 77K eon HORRA coun K770 0000
AA
tRAC
:2:\; 1 [~loFF
Q ¥8*L": OPEN VALID DATA JE—OPEN———
DON'T CARE
m UNDEFINED
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DRAM MODULE PRODUCT SELECTION GUIDE

Memory Optional Power Dissipation Package
Configuration | Access Cycle Part Number Access Time (ns) Standby Active SIP |SIMM| ZIP | Process | Page
64K x 8 | Page Mode MT8068M,MN 100,120,150 45mw | 450mw | 30 | 30 NMOS | 2-3
64K x 9 | Page Mode MT9068M,MN 100,120,150 45mw | 450mw | 30 | 30 NMOS | 2-13
256K x 4 | Page Mode (low profile) MT4259M,MN 80,100,120,150 60mw | 600mw | 30 | 30 NMOS | 2-23
256K x 5 | Page Mode (low profile) MT85259M,MN 80,100,120,150 75mw | 750mw | 30 | 30 NMOS | 2-33
256K x 8 | Page Mode (low profile) MT8259DMN 80,100,120,150 | 135mw | 1350mw | 30 | 30 NMOS | 2-43
256K x 8 | Fast Page Mode (512 cycle/8ms) MT8C8256M,MN 80,100,120 120mw | 1200mw | 30 | 30 CMOS | 2-53
256K x 8 | Page Mode MT8259M,MN 80,100,120,150 | 120mw | 1200mw | 30 | 30 NMOS | 2-63
256K x 9 | Page Mode (low profile) MT9259DMN 80,100,120,150 | 135mw | 1350mw | 30 | 30 NMOS | 2-73
256K x 9 | Page Mode (512 cycle/8ms) MT8C9256M,MN 80,100,120 135mw | 1350mw | 30 | 30 C/NMOS | 2-83
256K x 9 | Page Mode MT9259M,MN 80,100,120,150 | 135mw | 1350mw | 30 | 30 NMOS | 2-93
256K x 36| Page Mode (512 cycle/8ms) MT8C36256M,ZN 80,100,120 100mw | 2000mw 72 | 72 | C/NMOS | 2-103
512K x 36| Page Mode (512 cycle/8ms) MT8C36512DM,DZN| 80,100,120 100mw | 2000mw 72 | 72 | C/NMQS | 2-113
1MEG x 8 | Fast Page Mode MT8C8024M,MN 80,100,120,150 40mw | 1400mw | 30 | 30 CMOS |2-123
1MEG x 8 | Fast Page Mode (low profile) MT8C8024DMN 80,100,120 40mw | 1400mw | 30 | 30 CMOS | 2-133
1MEG x 8 | Nibble Mode MT8C8025M,MN 80,100,120 45mw | 1575mw | 30 | 30 CMOS | 2-143
1MEG x 8 | Static Column MT8C8026M,MN 80,100,120 45mw | 1575mw | 30 | 30 CMOS | 2-153
1MEG x 9 | Fast Page Mode MT8C9024M,MN 80,100,120 45mw | 1575mw | 30 | 30 CMOS | 2-163
1MEG x 9 | Fast Page Mode (low profile) MT8C9024DMN 80,100,120 45mw | 1575mw | 30 | 30 CMOS | 2-173
1MEG x 9 | Nibble Mode MT8C9025M,MN 80,100,120 45mw | 1575mw | 30 | 30 CMOS |2-183
1MEG x 9 | Static Column MT8C9026M,MN 80,100,120 45mw | 1575mw | 30 | 30 CMOS |[2-193

B DRAM MODULE
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MICRON

MT8068

DRAM
MODULE

64K x 8 DRAM

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

(0.2uf) 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
® Packages:
Leadless 30-pin SIMM M
Leaded 30-pin SIP MN
GENERAL DESCRIPTION

The MT8068M/MN is a randomly accessed solid-state
memory containing 65,536 words organized in a x8 con-
figuration. The 14 address bits are entered 7 bits at a time
using RAS to latch the first 7 bits and CAS the latter 7 bits.
If the WE pin goes LOW prior to CAS going LOW, the
output pin remains open until the next CAS cycle.

By holding RAS LOW, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined page boundary. Returning RAS HIGH ter-

PIN ASSIGNMENT (Top View)

30 PIN SIMM 30 PIN SIP
(MJ) (MC)
Voo 1
v CAS 2
cc 1 DQ1 3
CAS 2 A0 4
DQ1 3 Al 5
ol = DQ2 6
DQ2 M 6 A2 7
A2 7 A3 8
A3 8 Vss 9
Vss 9 DQ3 10
DQ3 10 Ad 11
A4 11 A5 =
AS = DQ4 =
Qe 3 A6 ©
A7 o A7 8
DQ5 b DQ5 &
NC (=] NC =
NC = NC
NC NC z
DQ6
5 oce
Vss
pQ7 Vss
NC DQ7
DQ8 NC
*Q9 DQ8
RAS NC
*CAS9 RAS
‘D9 NC
Vce NC
Vce

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

MT8068
REV. 7:89

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

31NAOW wvual



3TNAON NVHAa l

MICRON MT8068

FUNCTIONAL BLOCK DIAGRAM
RAS
TAS
w
U1, U2 = MT4067EJ RAS
DQ1-DQ4
AO-A7
DQ5-DQ8
Vee
Vss
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 | Dataln
(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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MICRON MT8068

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
Power Dissipation
Short Circuit Output Current..........cccooeeuereieieieniennas 50mA

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

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C < TA < 70°C; Vec = 5.0V +10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 45 5.5 \"
Input High (Logic 1) Voltage, All Inputs ViH 24 |Vcc+l \" 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1
INPUT LEAKAGE
Input leakage current, any input (OV < VN < Vcce), I -80 80 uA
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (Q is disabled, loz -80 80 HA
0V < Vour < Vce)
OUTPUT LEVELS
Output High (Logic 1) voltage (lout = -5mA) VoH 2.4 \ 1
Output Low (Logic 0) voltage (lout = 5mA) VoL 0.4 1
MAX

PARAMETER/CONDITION SYMBOL| -8 |-10|-12|-15 |UNITS | NOTES
STANDBY CURRENT: TTL input levels lcct |15 |15 15|15 | mA
(RAS = CAS = VH after 8 RAS cycles)
OPERATING CURRENT lcc2 {195(165{165/135| mA 2
(RAS and CAS = Cycling: trRc = tRC(MIN))
OPERATING CURRENT: PAGE MODE lcca [195]165(165{135| mA 2
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))
REFRESH CURRENT: RAS ONLY Icca |165(120{120{105| mA 2
(RAS = Cycling: CAS = VH: trRc = tRC(MIN))
REFRESH CURRENT: CAS-BEFORE-RAS lccs  |195]165({165/135| mA 2,19
(RAS and CAS = cycling, trRc = tRc(MIN))

CAPACITANCE
PARAMETER SYMBOL| MIN | MAX | UNITS | NOTES
Input Capacitance: Ao-A7 Cn 15 pF 18
Input Capacitance: RAS, CAS, WE Ci2 24 pF 18
Input/Output Capacitance: DQ Cio 7 pF 18

3TNAOIN NVHA
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MICRON

MT8068

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 3, 4, 5, 10, 11, 17, 18) (0°C < TA < 70°C; Vee = 5.0V £10%)

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

PARAMETER SYM MIN | MAX MIN MAX MIN MAX MIN MAX | UNITS | NOTES
Random READ or WRITE cycle time 'RC 150 190 220 260 ns 6,7
READ-MODIFY-WRITE cycle time 'RwC 200 250 295 345 ns
PAGE-MODE cycle time pc 75 90 100 120 ns 6,7
Access time from RAS 'RAC 80 100 120 150 ns 7,8
Access time from CAS ‘cAC 40 50 60 75 ns | 7,9
Output Enable 'oE 25 25 30 40 ns

RAS pulse width 'RAS 80 [10,000f 100 |10,000| 120 |10,000| 150 (10,000 ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time 'rp 60 80 90 100 ns

CAS pulse width ‘cas 40 (10,000 50 10,000| 60 |10,000| 75 {10,000| ns

CAS hold time ‘csH 80 100 120 150 ns

CAS precharge time 'CPN 20 25 25 30 ns 19
CAS precharge time (PAGE-MODE) 'cp 25 30 30 35 ns

RAS to CAS delay time 'RCD 20 40 25 50 25 60 25 75 ns 13
CAS to RAS set-up time ‘crp 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH | 15 15 15 15 ns

Column address set-up time 'Asc 0 0 0 0 ns

Column address hold time 'cAH 15 20 20 25 ns

Column address hold time ‘AR 50 70 80 100 ns
referenced to RAS

READ command set-up time 'Rcs 0 0 0 0 ns

READ command hold time '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 25 0 30 0 30 0 35 ns 12
Output Disable 'op 25 30 30 35 ns

WE command set-up time 'wcs 0 0 0 0 ns 16
WRITE command hold time tweH 15 35 40 45 ns

WRITE command hold time 'WCR 35 85 100 120 ns
referenced to RAS

WRITE command pulse width twp 15 35 40 45 ns

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

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

Data-in set-up time 'Ds 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time reference to RAS 'DHR 35 60 65 70 ns

CAS to WE delay 'cwp 50 70 90 110 ns 16
RAS to WE delay 'RWD 90 120 150 185 ns 16
Transition time (rise or fall) T 3 100 3 100 3 100 3 100 ns 517
Refresh Period (256 cycles) 'REF 4 4 4 4 ms 22
CAS hold time 'CHR 15 20 25 30 ns 21
(CAS-BEFORE-RAS refresh)

TAS set-up time 'CSR | 10 15 20 20 ns | 21
(CAS-BEFORE-RAS) refresh o . -
RAS to CAS precharge time 'RPC 0 0 0 0 ns 21
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MICRON

MT8068

NOTES

1.
2.

10.
11.
12.

13.

14.

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 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.

AC characteristics assume T = 5ns.

ViH min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL.

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
'RCD exceeds the value shown.

Assumes that 'RCD > 'RCD (max).

If CAS = Vi, data output is high impedance.

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

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vo or Vor.

Operation within the 'RCD (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 'RCD (max) limit, then access time is con-
trolled exclusively by 'CAC.

'RCH is referenced to the first rising edge of RAS or
CAS. :

15.

16.

17.

18.

19.

20.

21.
22.

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.

YWes, 'CWD and 'RWD are restrictive operating
parameters in READ-WRITE and READ-MODIFY-
WRITE cycles only. If 'WCS > 'WCS (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 data out (at
access time and until CAS goes back to Vin) is inde-
terminate.

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

Capacitance calculated from the equation C = [At
AV

with AV = 3V and Vcc = 5V. This parameter is
sampled.

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.

During a READ cycle if OF is LOW then taken HIGH
before CAS goes HIGH, (Vi) Q goes open. If OE is
tied permanently LOW, a READ-MODIFY-WRITE
operation is not possible.

On-chip refresh and address counters are enabled.

A HIDDEN REFRESH may also be performed after

a WRITE cycle. In this case WE = LOW and OE =
HIGH.
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MICRON MT8068

READ CYCLE
'RC
'RAS RP
s W \
lcsH
i tcrP 'RCD IZi: e
s WM N i
tAsR RAH i ‘::c ICAH
soor Vi 777N pow WK coum Y S
| 'RCS RCH

w7 L

| 'RAC
! 'cAC tOFF
VioH = b
ba yioH = OPEN 1 VALDDATA | OPEN
toE __top

& X s /

EARLY-WRITE CYCLE
. 'RC
'RAS . 'RP
- Y
s v N f |
csH
'RSH
i cRP *RCD cas
ws W f R\ /
'AR
'ASR 'RAH tasc tcAH
ADDR M Row 3 i COLUMN b ROW
L k. 7 K 7
fowL |
'RWL )
'wcR
twes 'weH
wp
WE 5:[‘ - A
'DHR
! s 'pH
pQ ¥:8E ﬁ VALID DATA W / /
HIGH
& Uy s

DON'T CARE

UNDEFINED
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MICRON MT8068

READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
mas Wi N (J \__
. | cRP RcD lcas
wsWI [ Y 1
ADDR \\5:[' :m(: ROW i COLUMN ’ //// ///////// W / ////// / ROW
'Rcs fcwp 'th
e X T, N

= % T,

PAGE-MODE READ CYCLE

tRAS "R,

vy Y l—‘i
RAS vy i i
losH
tpc RsH
1tcrp tRcD lcas tep tcas fop tcas PN
= Viy - )K p s *
CAS V'L b \ Z | A \Y /
AR
| tASR 'RAH tAsC, tCAH 1tasc tcAH tASC, cAH
v \ |
ADDR vt m ROW )@; COLUMN JW COLUMN cowmn  XITTT7777777777K_ row
I"—'nos — I--—‘Rcs |<—'RRH
'RCS, 4 'RCH
| RCH —| l<— tRCH —] lq—
WE VH -7
e i X N4 Y
L - /
| RAC
U
lcac loFF tcac loFe fcac o a—torr
VioH = { VALID 3} VALID VALID
ba vioL OPEN k_DATA 7 DATA $_DATA OPEN
oE . lop OE | toe | _top

Rl

e S S
DON'T CARE

B unperineD
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MICRON MT8068

RAS

CAS

ADDR

WE UM

bQ

= Vi =

PAGE-MODE EARLY-WRITE CYCLE

RAS

¥:{1 : _/j‘ tcRp. ‘:co : ] ‘cas }i“L tcas },’i—_x K tcas / e tCPN
e T e
W I ::R , - ! M;WL 7{////////////////
O e e e

DON'T CARE

B uNDEFINED
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MICRON MT8068

RAS ONLY REFRESH CYCLE
(ADDR = A0 - A7; WE = DON'T CARE.)
tRc
'RAS tRp
ms i C ! 7 i\
tcrp RPC
Tas VM - f 3 /
e ASR {RAH |
S/ row Y, Row
DQ ¥8[' ~ OPEN
CAS-BEFORE-RAS REFRESH CYCLE
(A, - A, WE, OE = DON'T CARE.)
tRp tRAS pp RAS
ms W I A h ) ! Y/ \
RPC
lepn ICSR ICHR | IRPC |, _ ICSR | tchR
RS/ Vi —
pQ \\58{‘ - OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)??
(READ) (REFRESH)
RAS RP tRAS
s it il 7 N / ‘
tcrp reD {RSH CHR
TAS 3;5:_/ f
t
IASR tRAH iAR tASC {CAH
ADDR wf:m: ROW m: COLUMN :W
| t
| P I
DQ 3{8? = OPE VALID DATA b— OPEN—
o top

® W i

/ DON'T CARE

B unpeFINED
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MICRON

MT9068

DRAM
MODULE

64K x 9 DRAM

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
(0.2uf) for low noise

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

e 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
e Packages:
Leadless 30-pin SIMM M
Leaded 30-pin SIP MN
GENERAL DESCRIPTION

The MT9068M/MN is a randomly accessed solid-state
memory containing 65,536 words organized in a x9 con-
figuration. The 16 address bits are entered 8 bits at a time
using RAS to latch the first 8 bits and CAS the latter 8 bits.
If the WE pin goes LOW prior to CAS going LOW, the
output pin remains open until the next CAS cycle.

By holding RAS LOW, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined page boundary. Returning RASHIGH ter-

PIN ASSIGNMENT (Top View)
30 PIN SIMM 30 PIN SIP
(MJ) (MC)
Vee 1
v . CAS 2
cC DQ1 3
s B 2 A0 4
A0 4 Al 5
Al w5 DQ2 6
DQ2 M 6 A2 7
A2 7 A3 8
VAS g Vss 9
SS
e m 003 —p 10
A4 11 s =
A5 I 12
DQ4 13 5 DQ4 -]
A6 14 A6 ©
O
A7 15 S A7 =
DQs M 16 O DQ5 2
NC =] NC
NC = NG =
NC =
DQs NG
w bas
Vss w
DQ7 Vss
NC DQ7
DQ8 NC
Q9
= 2
CAS9 L
5o RAS
vee CAS9
D9
Vee

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

MT9068
REV. 6/89

Micron Technology, Inc. reserves the right to change products or specifications without notice.
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MICRON MT9068

FUNCTIONAL BLOCK DIAGRAM

DQ1-DQ4

DD _VSs

A0-A7 DQs-DQ8

37NAON WVHA l

U1, U2 = MT4067EJ
us =MT1259EJ

%
CcAS9 oas Us
w
D9 D Qp— Q9
VDD VSS
Vee 1
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 | DataIn
(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

2-14



MICRCN MT9068

ABSOLUTE MAKIMUM RATINGS*
Voltage on Vcc suppl relative to Vss........-1.0V to +7.0V

Operating Temperatire, TA(Ambient) .......... 0°C to +70°C
Storage Temperature.........c.coceueueeurrrrnnas -55°C to +150°C
Power Dissipation ..........c.......... 9 Watt
Short Circuit Output Current .50mA

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

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C < T, <70°C; Vs = 5.0V +10%)

PARAMETER/CONDITON SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 55 \"
Input High (Logic 1| Voltage, All Inputs ViH 2.4 |[Vcc+1 \" 1
Input Low (Logic 0)Voltage, All Inputs Vi -1.0 0.8 \ 1
INPUT LEAKAGE
Input leakage current, any input (OV < ViN < Vco), li -90 90 HA
all other pins not urder test = 0 volts
OUTPUT LEAKAGE
Output leakage curent (Q is disabled, loz -90 90 HA
0V < Vour < Vcc)
OUTPUT LEVELS
Output High (Logic1) voltage (lout = -5mA) VoH 2.4 Vv 1
Output Low (LogicD) voltage (lout = 5mA) VoL 0.4 \'
MAX

PARAMETER/CONDITON SYMBOL| -8 |-10 (-12(-15 |UNITS | NOTES
STANDBY CURRENT: TTL input levels lcct |15 (15|15 15| mA
(RAS = CAS = Vinafter 8 RAS cycles)
OPERATING CURRENT lcca |195(165|165| 135 mA 2
(RAS and CAS = (Qycling: tRc = tRc(MIN))
OPERATING CURRENT: PAGE MODE lcca |195(165(165/135| mA 2
(RAS = Vi, CAS =Cycling: trc = tPc(MIN))
REFRESH CURRENT: RAS ONLY lcc4 |165{120({120{105| mA 2
(RAS = Cycling: CAS = ViH: tRC = tRC(MIN))
REFRESH CURRENT: CAS-BEFORE-RAS Iccs |195(165|165/135| mA 2,19
(RAS and CAS = gcling, trc = tRC(MIN))

CAPACITANCE
PARAMETER SYMBOL| MIN | MAX | UNITS | NOTES
Input Capacitance:D Ci 7 pF 18
Input Capacitance:Ao-A7 Ci2 15 pF 18
Input Capacitance:RAS, CAS, WE Cis 24 pF 18
Output Capacitanc: Q Co2 7 pF 18
Input/Output Capactance: DQ Co1 7 pF 18

31NAONW wvual
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MICRON

MT9068

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 3, 4, 5, 10, 11, 17, 18) (0°C < TA <70°C; Vee = 5.0V £10%)

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

PARAMETER SYM MIN | MAX | MIN MAX MIN MAX MIN MAX | UNITS | NOTES
Random READ or WRITE cycle time 'RC 150 190 220 260 ns 6,7
READ-MODIFY-WRITE cycle time ‘Rwc 180 220 255 295 ns
PAGE-MODE cycle time pc 75 90 100 120 ns | 6,7
Access time from RAS 'RAC 80 100 120 150 ns 7.8
Access time from CAS 'cAC 40 50 60 75 ns 7,9
RAS pulse width 'RAS 80 10,000 100 {10,000} 120 10,000 | 150 {10,000 ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time 'RP 60 80 90 100 ns

TAS puise width tcas 40 110,000, 50 10,000} 60 110000! 75 110000! ns

‘CAS hold time ‘csH 80 100 120 150 ns

CAS precharge time 'cPN 20 25 25 30 ns 19
‘CAS precharge time (PAGE-MODE) cp 25 30 30 35 ns

RAS to CAS delay time 'RCD 2 | 40 | 25 50 25 60 25 75 ns 13
CAS to RAS set-up time 'CRP 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 15 15 ns

Column address set-up time 'asc 0 0 0 0 ns

Column address hold time 'CAH 15 20 20 25 ns

Column address hold time ‘AR 50 70 80 100 ns
referenced to RAS

READ command set-up time 'RCS 0 0 0 0 ns

READ command hold time 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 25 0 30 0 30 0 35 ns 12
'WE command set-up time twes 0 0 0 0 ns 16
WRITE command hold time ‘wcH 15 35 40 45 ns

WRITE command hold time 'WCR 35 85 100 120 ns
referenced to RAS

WRITE command pulse width twp 15 35 40 45 ns

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

WRITE command to CAS lead time ‘owL 35 35 40 45 ns

Data-in set-up time 'Ds 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time DHR | 35 85 100 120 ns
referenced to RAS

CAS to WE delay fcwp 30 40 50 60 ns 16
RAS to WE delay 'RWD 70 90 110 135 ns 16
Transition time (rise or fall) T 3 100 3 100 3 100 3 100 ns 517
Refresh Period (256 cycles) 'REF 4 4 4 4 ms 21
TAS hold time 'CHR 15 20 25 30 ns 20
(CAS-before-RAS refresh)

TCAS set-up time 'CSR 10 15 20 20 ns 20
(CAS-BEFORE-RAS) refresh

RAS to CAS precharge time 'RPC 0 0 0 0 ns 20




MICRON

MT9068

NOTES

1.
2.

9

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 100ys 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.

AC characteristics assume T = 5ns.

ViH min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and ViL.

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
'RCD exceeds the value shown.

Assumes that 'RCD > 'RCD (max).

10. If CAS = Vi, data output is high impedance.
11.If CAS = V1, 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 Vo or VoL.

13. Operation within the 'RCD (max) limit ensures that

'RAC (max) can be met. 'RCD (max) is specified as a
reference Foint only; if *RCD is greater than the
specified 'RCD (max) limit, then access time is con-

trolled 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 to the WE leading
edge in late WRITE or READ-MODIFY-WRITE
cycles.
'WCS, 'CWD and 'RWD are restrictive operating
parameters in READ-WRITE and READ-MODIFY-

16.

WRITE cycles only. If 'WCS > 'WCS (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 data out (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 Vin and

V1L (or between ViL and ViH) in a monotonic manner.

18. Capacitance calculated from the equation C = JAt
AV
with AV =3V and Vcc = 5V. This parameter is
sampled.

19.If CAS is LOW at the falling edge of RAS, Q will be

maintained from the previous cycle. To initiate a new

cycle and clear the data out buffer, CAS must be
pulsed HIGH for 'CP. Note 8 applies to determine
valid data out.

On-chip refresh and address counters are enabled.
A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW.

20.
21.

2-17
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MICRON MT9068

READ CYCLE
tRe
RAS tRp
_ T
ms v o N 0
tcsH
RSH RRH
tcrp tRCD tcas
s WD R /
tAR
tASR 'RAH _, tasc tcAH

ADDR x}ﬂ :m ROW mh  COLUMN //////////////////0( ROW
| tRCS | 'RCH
we W Ty UL,

tcac
tRaC loFF
a VM = OPEN T VALUDDATA % OPEN
EARLY-WRITE CYCLE
RC
RAS RP
s VD N 7 .
tCRP 'RCD tcas
A !
AR
tASR 'RAH tAsc cAH
ADDR v:r m ROW :[@I COLUMN :W/// ////ﬁ( ROW
: |
e !
'weR
twes tweH
twp
R ////7 % T
'DHR
! ps DH
o W 7008 oo Kz »vzz,
o VgHZ OPEN

DON'T CARE

R unpEFINED
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MICRON MT9068

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

moW T N , Jf_ \
s &:E - AR \
tASR tRAH tasc | | tcAH
wor Vit 77 row o WM%// |/// 777X row
Y, o ! _
R s
Q ‘68{:‘: OPEN ‘: VALID DATA :F-——OPEN

PAGE-MODE READ CYCLE

tRAS "P_,

RAS Vi _ ﬁ‘; - \

T
ViH

csH
b 'RSH
1fcRP. RcD tcas fop tcas cp cas 'ePN_
— le _ s
CAS i \ X
Vi - \ K / K A \ 4
AR
'ASR 'RAH tasc tCAH 1tasc 'CAH, tasc ICAH
ViH = — |
ADDR v}'f m&i ROW ’@(L COLUMN KZZ / ZZ}}I COLUMN W} COLUMN EW//// //// ////‘>< ROW
|"—'RCS - |<-—'Rcs —| |=—trRH
| {RoS, tRCH—~] |<_ trcH—>] I._ ReH
WE VH -7,
= 7y N Y i,
L -
| 'RAC
I
1 1 1 t
cAC 1OFF cac OFF cAC o e—tofF
VIoH - ¢ VALID { VALID Y VALID PEN
ba vig = OPEN {_DATA DATA L pata ¢ o
foE | | toD 1oE . lon toE top,

& W T /W/// L )7////////////» T,
V) boNT caRE

R UNDEFINED
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MICRON MT9068

PAGE-MODE EARLY-WRITE CYCLE

tRAS |<—RP
s Ym -
RAS vy C N )
csH
tpc 'RSH
1 lcrp 'RCD cAs _lep cas l-_lcP cAs 1o_fcPN |
o Wy 7 2 B S Ve
cas it N 4 \ FL /
‘AR
1_!AsR 'RAH tAsc ICAH tAsc ICAH_| tAsC ICAH
ViH — R ¥ ¥
ADDR  ylH @% row ] [ coumn XK corum mm cowmn — X7////) ROW
towL | towL | towL !
1
twes 'WCH ' twes 'WCH twes tweH
twp twp twp
M 7777
WE oH —,
W T Y/ /A I,
weR tRWL |
DHR '
'ps 'DH 'ps oH__, 'ps 'DH
v, Yy
oo VSt TN vanoara XN VALID DATA m vaunoara W
OPEN
— V -
oF v T
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RAS ONLY REFRESH CYCLE
(ADDR = A0 - A7; A8 and WE = DON'T CARE.)
RC
RAS RP
s v C N 7 \
tcRP RPC
wm W f
- tasr {RAH |

|
woon W 77110 row KL row

Q 38[‘ = OPEN
EA§-BEFORE-£§ REFRESH CYCLE
(A0 - A8 and WE = DON'T CARE.)
tRp RAS tRP 'RAS
N N g N y
RPC
1 tepn ICSR ICHR | RPC ,, _ ICSR ICHR
= TS Vi —
Q ¥8E = OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)?!
(READ) (REFRESH)
tRAS tRp trAS
s Vo i ) L /
fcRP tRCD RSH CHR
Rl ! /
t,
tASR RAH - i tAsC cAH
soon 777K Rfiw ) RS
1)
I gig - [ loFF
Q 335: OPEN { VALID DATA 75— OPEN—
DON'T CARE
m UNDEFINED
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MICRON

MT4259

DRAM
MODULE

256K x 4 DRAM

LOW PROFILE

FEATURES

Industry standard pin-out in a 22-pin single-in-line
memory module

¢ Low profile

e Single 5V+10% power supply

All inputs, outputs and clocks are fully TTL
compatible

Low power, 60mW standby; 600mW active, typical
On-board power supply decoupling capacitors
(0.2uf) 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
e Packages:
Leaded 22-pin SIP MN
GENERAL DESCRIPTION

The MT4259MN is a randomly accessed solid-state
memory containing 262,144 words organized in a x4 con-
figuration. The 16 address bits are entered 8 bits at a time
using RAS to latch the first 8 bits and CAS the latter 8 bits.
If the WE pin goes LOW prior to CAS going LOW, the
output pin remains open until the next CAS cycle.

By holding RAS LOW, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined page boundary. Returning RAS HIGH ter-

PIN ASSIGNMENT (Top View)

22 PIN SIP
(MA)

O©CoONOOO A~ WN —

NIN6SCYLIN

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

MT4259
REV. 7/89
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MICRON MT4259

FUNCTIONAL BLOCK DIAGRAM

U1 - U4 = MT1259EJ

TRUTH TABLE vee
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 | Dataln
(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 Vcc supply relative to Vss ......... -1.0V to +7.0V
Operating Temperature, TA(Ambient) .......... 0°C to +70°C
Storage Temperature ..........cccoceeueenene. ..-55°C to +150°C

Power Dissipation
Short Circuit Output 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.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C < TA <70°C; Vee = 5.0V £10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 55 \"
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+l Vv 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 \ 1
INPUT LEAKAGE
Input leakage current, any input (OV < Vin < Vcc), li -40 40 pHA
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (Q is disabled, loz -40 40 LA
0V < Vour <€ Vce)
OUTPUT LEVELS
Output High (Logic 1) voltage (lout = -5mA) VoH 2.4 Vv 1
Output Low (Logic 0) voltage (lout = 5mA) VoL 04 \
MAX

PARAMETER/CONDITION SYMBOL| -8 |-10(-12{-15 |UNITS | NOTES
STANDBY CURRENT: TTL input levels lcci |20 (20|20 20 | mA
(RAS = CAS = Vi after 8 RAS cycles)
OPERATING CURRENT lcc2  |260(220{220{180| mA 2
(RAS and CAS = Cycling: trRc = tRC(MIN))
OPERATING CURRENT: PAGE MODE lccs  |260(220(220(180| mA 2
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))
REFRESH CURRENT: RAS ONLY lcca |220(160({160{140| mA 2
(RAS = Cycling: CAS = VIH: tRc = tRc(MIN))
REFRESH CURRENT: CAS-BEFORE-RAS lccs {260 (220(220{180 | mA 2,19
(RAS and CAS = cycling, trc = tRC(MIN))

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: Ao-As Cn 20 pF 18
Input Capacitance: RAS, CAS, WE Ci2 32 pF 18
Input Capacitance: D Ci3 pF 18
Output Capacitance: Q Co 7 pF 18

2-25
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MICRON

MT4259

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 3, 4, 5, 10, 11, 17, 18) (0°C < TA < 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 'R 150 190 220 260 ns 6,7
READ-MODIFY-WRITE cycle time 'Rwc 180 220 255 295 ns
PAGE-MODE cycle time 'pc 75 90 100 120 ns 6,7
Access time from RAS 'RAC 80 100 120 150 ns 7,8
Access time from CAS 'cAC 40 50 60 75 ns 7,9
RAS pulse width 'RAS 80 |10,000| 100 10,000 120 {10,000| 150 [10,000| ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time 'RP 60 80 90 100 ns

CAS pulse width 'cAs 40 110,000 50 10,000( 60 {10,000 75 [10,000| ns

CAS hold time 'csH 80 100 120 150 ns

CAS precharge time 'cPN 20 25 25 30 ns 19
CAS precharge time (PAGE-MODE) tcp 25 30 30 35 ns

RAS to CAS delay time 'RCD 20 40 25 50 25 60 25 75 ns 13
TAS to RAS set-up time ‘cRP 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 15 15 ns

Column address set-up time tasc 0 0 0 0 ns

Column address hold time 'CAH 15 20 20 25 ns

Column address hold time 'AR 50 70 80 100 ns
referenced to RAS

READ command set-up time 'RCS 0 0 0 0 ns

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

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

Output buffer turn-off delay 'OFF 0 25 0 30 0 30 0 35 ns 12
‘WE command set-up time ‘wcs 0 0 0 0 ns 16
WRITE command hold time ‘WCH 15 35 40 45 ns

WRITE command hold time 'WCR | 35 85 100 120 ns
referenced to RAS

WRITE command pulse width ‘wp 15 35 40 45 ns

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

WRITE command to TAS lead time 'owL | 35 35 40 45 ns

Data-in set-up time Ds 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time 'DHR 35 85 100 120 ns
referenced to RAS

CAS to WE delay 'wp | 30 40 50 60 ns 16
RAS to WE delay 'RWD 70 90 110 135 ns 16
Transition time (rise or fall) T 3 100 3 100 3 100 3 100 ns 5,17
Refresh Period (256 cycles) 'REF 4 4 4 4 ms 21
‘CAS hold time ICHR 15 20 25 30 ns 20
(CAS-before-RAS refresh)

TAS set-up time 'CSR 10 15 20 20 ns 20
(CAS-BEFORE-RAS) refresh

'RAS to CAS precharge time ~ 'RPC 0 0 0 0 ns 20
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NOTES

1. All voltages referenced to Vss.

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

3. Aninitial pause of 100us 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 ‘T = 5ns.

5. ViH min and VIL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin 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 > 'RCD (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 VoH or VoL.

13. Operation within the 'RCD (max) limit ensures that

'RAC (max) can be met. 'RCD (max) is specified as a
reference Foint only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-

14.

15.

16.

17.

18.

19.

trolled 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.

'WCS, 'CWD and 'RWD are restrictive operating
parameters in READ-WRITE and READ-MODIFY-
WRITE cycles only. If 'WCS > 'WCS (min), the cycle is
an EARLY-WRITE cycle and the data output will
remain an open circuit throughout the entire cycle. If
‘CWD 2 '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 data out (at
access time and until CAS goes back to Vin) is
indeterminate.

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

Capacitance calculated from the equation C = JAt
AV

with AV =3V and Vcc = 5V. This parameter is
sampled.

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.

2-27
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MICRON MT4259

READ CYCLE

re
'RAS tRp

ms i ! / N

tcsH

tRSH {RRH
‘crP tRCD tcas
V=
CAS Vi - N X s /
‘AR
tASR {RAH 1 lasc tcAH

Y, S

z

I
ADDR W_‘ :m ROW 50///0{ COLUM

'RCS I 1RCH
we T, X
t
‘g:z 1OFF |
Q 38:_‘ - OPEN { vauppata B OPEN
EARLY-WRITE CYCLE
tRC
tRAS 'RP
SR i X
=
IcRP 'RCD 'cas
s V) A /
‘AR
tASR tRAH tasc fcAH
AppR VM m‘ ROW m COLUMN W @( ROW
1
Fr—
twcr
twes tWCH
twp
WE i 7 //
'DHR
! 'bs DH
D W‘ _// /ﬁ VALID DATA )W / / 7
Q VOH= OPEN

vor =
DON'T CARE

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

tRWGC
'RAS I tpp
ms VI { ,-J N
. lemp tReD cas
s W \ i
AR
'ASR 'RAH tasc | I cAH
oo i 770 row KUK cowm >0///////{/////l/// TIIIK__ v
'RWD CWL
tRCS tcwD Rl
twp
e TG R
DS 'DH
RO N ST Y
t(;:z ‘ 'oFF
Q ¥8f'_' OPEN : VALID DATA B OPEN
PAGE-MODE READ CYCLE
'RAS tRP_,
s Wi N )
csH
tpc tRSH
i fcrp RCD tcAs tcp CAS tcp tcas cPN i
o W f AN / it i N /] A
1 tAsr 'RAH i ‘I/:zc tcaH i tASC {CAH tasc fcaH
ApDR VM :222}; ROW :m COLUMN ﬁm COLUMN W / 05 COLUMN“XZZZZ/ZZ’///// ROW
— |‘-—‘Rcs - ’--—’Rcs —=| |=—'RRH
l*——*QRCS RCH —| |<— ' tRCH—| I<— ’ RCH
W ZV/////////I//////* N N Y
RAC
' ‘cac Belid tcac | Jorg tcac —| —torF
o Vgl z oreN o ) s ;[ 4 TAR p—oren

DON'T CARE

R unpeFiNED
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RAS

CAS

ADDR

PAGE-MODE EARLY-WRITE CYCLE

'RAS 1. RP N
Vi = L—J
Vie -
csH
tpc 'RSH
1 lcrp RCD cas o lfep cAs . lep 'cAsS 1 fepn
Vi = Q Jlf — }———x
ik —/ N\ N
‘AR
'ASR 'RAH_| tasc. ICAH, tAsC ICAH 1tAsc ICAH
ViH | 3
vy @ ROW m COLUMN m COLUMN ’W /// COLUMN 50/ W ROW
towr | tow | towL
twes tweH ' twes tweH ' twes weH
twp 'wp twp
w7 W .
e I, ) )
wer 'RWL |
'DHR !
'Ds 'DH 'ps bH ps DH
v v
it ///////// @Z VALID DATA @f VALID DATA m VALID DATA W //////////
Vi —
i OPEN

[/} DON'T CARE

B unpeFiINED
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RAS ONLY REFRESH CYCLE
(ADDR = Ay-A A8 and WE = DON'T CARE.)
s vl N I i\
” vlr :_/( lasR RAH \_—/
oor 5 77777704 Fow KLy Row

CAS-BEFORE-RAS REFRESH CYCLE
(Ag-Agand WE = DON'T CARE.)

RP RAS RP tRAS

—_— V= 4
s VI A / N /
RPC
1tepn | tcsr ICHR | RPC | _ ICSR ICHR
- ) | T
s W Z y /i
a vaHZ OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)?!
(READ) (REFRESH)
RAS RP trRAs
— Vg r \ /—
. RAS v '_ N 77 !
tcrP trRcD tRSH {CHR
— V=
o it F N : /]
tAR
tASR tRAH lasc fcaH
|
ADDR ¥}[‘:m<z ROW :W COLUMN iEW/ / / / / /
| RAC
I
tcac | —torr
Q 38{_*: OPEN VALID DATA T— oPEN—

DON'T CARE

B unoeFiNeD
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MT85259

MICRON

DRAM
MODULE

256K x 5 DRAM

LOW PROFILE

FEATURES

* Industry standard pin-out in a 24-pin single-in-line
memory module

¢ Low profile (0.415 inch, typical)

¢ Single 5V+10% power supply

¢ All inputs, outputs and clocks are fully TTL
compatible

* Low power, 75mW standby; 750mW active, typical

® On-board power supply decoupling capacitors
(0.2pf) for low noise

e 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
e Packages:
Leaded 24-pin SIP MN
GENERAL DESCRIPTION

The MT85259MN is a randomly accessed solid-state
memory containing 262,144 words organized in a x5 con-
figuration. The 16 address bits are entered 8 bits at a time
using RAS to latch the first 8 bits and CAS the latter 8 bits.
If the WE pin goes LOW prior to CAS going LOW, the
output pin remains open until the next CAS cycle.

By holding RAS LOW, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined page boundary. Returning RAS HIGH ter-

PIN ASSIGNMENT (Top View)

24 PIN SIP
(MB)

CAS

O©CoONOOAWN =

NIN6SCS8LIN

RAS

Vss
D5
Q5

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

MT85259
REV. 7/89
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FUNCTIONAL BLOCK DIAGRAM

U1 - U5 = MT1259EJ

D2

S T
3
2

e

— 2

— a3

TRUTH TABLE
Addresses
Function RAS CAS WE NOTES
tR tC
Standby H H X X High Impedance
READ ROW | COL | Data Out
WRITE L ROW | COL | DataIn
(EARLY-WRITE)
PAGE-MODE L H-L—H, ROW | COL | Valid Data Out,
READ H—-L—H Valid Data Out
PAGE-MODE L H—-L—H, ROW | COL | Valid Data In,
WRITE H-L—H Valid Data In
RAS ONLY L H ROW | n/a High Impedance
REFRESH
HIDDEN L—H-L L ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L X X High Impedance
RAS REFRESH
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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 .........ccccuvuvvviecuncnnne -55°C to +150°C
Power Dissipation ... 5 Watt
Short Circuit Output Current 50mA

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

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C < T, <70°C; Voo = 5.0V £10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+1 \ 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1
INPUT LEAKAGE
Input leakage current, any input (OV < ViN < Vcc), l -50 50 A
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (Q is disabled, loz -50 50 uA
0V < Vour < Vce)
OUTPUT LEVELS
Output High (Logic 1) voltage (lout = -5mA) VoH 24 \ 1
Output Low (Logic 0) voltage (loutr = 5mA) VoL 0.4 \
MAX

PARAMETER/CONDITION SYMBOL| -8 (-10|-12|-15 |UNITS | NOTES
STANDBY CURRENT: TTL input levels lcci |25|25(25|25 | mA
(RAS = CAS = VH after 8 RAS cycles)
OPERATING CURRENT lcc2 |325)275(275)225| mA 2
(RAS and CAS = Cycling: trc = tRc(MIN))
OPERATING CURRENT: PAGE MODE lcca  [325(275(275/225| mA 2
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))
REFRESH CURRENT: RAS ONLY lcca |275(200(200|175| mA 2
(RAS = Cycling: CAS = VHH: trRc = tRC(MIN))
REFRESH CURRENT: CAS-BEFORE-RAS lccs |325(275|275|225| mA | 2,19
(RAS and CAS = cycling, trc = tRC(MIN))

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: Ao-As Cn 25 pF 18
Input Capacitance: RAS, CAS, WE Ci2 40 pF 18
Input Capacitance: D Ci3 7 pF 18
Output Capacitance: Q Co 7 pF 18
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 3, 4, 5,10, 11, 17, 18) (0°C < TA <70°C; Vee = 5.0V £10%)

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

PARAMETER SYM MIN | MAX | MIN MAX MIN MAX MIN MAX | UNITS | NOTES
Random READ or WRITE cycle time 'RC 150 190 220 260 ns 6,7
READ-MODIFY-WRITE cycle time 'RwC 180 220 255 295 ns
PAGE-MODE cycle time 'pc 75 2 100 120 ns | 6,7
Access time from RAS '‘RAC 80 100 120 150 ns 7,8
Access time from CAS 'cAC 40 50 60 75 ns 7,9
RAS pulse width 'RAS 80 [10,000| 100 |10,000| 120 |10,000 | 150 [10,000| ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time 'Rp 60 80 90 100 ns

CAS pulse width cAs 40 [10,000| 50 10,000 60 |10,000[ 75 [10,000| ns

CAS hold time csH 80 100 120 150 ns

CAS precharge time 'cPN 20 25 25 30 ns 19
CAS precharge time (PAGE-MODE) cp 25 30 30 35 ns

RAS to CAS delay time 'ReD 20 40 25 50 25 60 25 75 ns 13
CAS to RAS set-up time 'cRP 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 15 15 ns

Column address set-up time ‘Asc 0 0 0 0 ns

Column address hold time ‘cAH 15 20 20 25 ns

Column address hold time ‘AR 50 70 80 100 ns
referenced to RAS

READ command set-up time 'RCS 0 0 0 0 ns

READ command hold time '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 25 0 30 0 30 0 35 ns 12
WE command set-up time ‘wes 0 0 0 0 ns 16
WRITE command hold time 'WeH 15 35 40 45 ns

WRITE command hold time ‘wer 35 85 100 120 ns
referenced to RAS

WRITE command pulse width ‘wp 15 35 40 45 ns

WRITE command to RAS lead time '‘RWL | 35 35 40 45 ns

WRITE command to CAS lead time ‘twL | 35 35 40 45 ns

Data-in set-up time ‘DS 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time 'DHR 35 85 100 120 ns
referenced to RAS

TAS to WE delay ‘cwp 30 40 50 60 ns 16
RAS to WE delay 'RWD 70 90 110 135 ns 16
Transition time (rise or fall) T 3 100 3 100 3 100 3 100 ns 5,17
Refresh Period (256 cycles) 'REF 4 4 4 4 ms 21
TAS hold time 'CHR 15 20 25 30 ns 20
(CAS-before-RAS refresh)

TAS set-up time 'cSR 10 15 20 20 ns 20
(CAS-BEFORE-RAS) refresh

RAS to CAS precharge time 'RPC 0 0 0 0 ns 20
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NOTES

1.
2.

9

10. If

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 100ys 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.

AC characteristics assume 'T = 5ns.

Vi min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and VIL.

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
'RCD exceeds the value shown.

Assumes that 'RCD > 'RCD (max).

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 VoL.

13. Operation within the 'RCD (max) limit ensures that

'RAC (max) can be met. 'RCD (max) is specified as a
reference Foint only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-

trolled 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 to the WE leading
edge in late WRITE or READ-MODIFY-WRITE
cycles.
'WCS, 'CWD and 'RWD are restrictive operating
parameters in READ-WRITE and READ-MODIFY-

16.

WRITE cycles only. If 'WCS > 'WCS (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 2 '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 data out (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 ViL and ViH) in a monotonic manner.

18. Capacitance calculated from the equation C = JAt
AV

with AV = 3V and Vcc = 5V. This parameter is

sampled.
19.1f 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.

2-37

'37NAOIN WVHA l



3TNAON WVHA l

MICRON MT85259

READ CYCLE
're
RAS RP
— —
ms VMo \ /
tcsH
fRSH 'RRH
Icrp 'RcD fcas

— V-

cas v Z \\ /
AR
'ASR 1RAH 1 tasc tcAH

[
ADDR \\flf :m ROW W M COoLUM

KT =

N
tRcS ! 'RCH
w v
tcac
RAC loFF
a yQHi = OPEN { VALIDDATA I‘, OPEN
EARLY-WRITE CYCLE
R
RAS 'RP
s A\ L
csH
'RSH
crpP tRCD fcas
as M ]/ N\ \: /
1
tAsrR 'RAH i '2:c tcAH
ADDR VM :@g ROW :@f COLUMN X { 77X ROW
1
e !
twer
twes twcH
twp
v W 770 |//////ﬁ% V1700000000000,
DHR
! 'ps 'oH
o V¥ 7 N VALID DATA K/, 0000000,
Q VoH = HIGH
oL =

DON'T CARE

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

ms W | J{— (N
. i 'crp RCD Icas ‘
CAS V:’L* - . \ ;
'ASR RAH tasc | | fcAH
ADDR x:{* m ROW m - COLUMN QEW/////‘{/W/L/// |/ / / /////&( ROW
w i J7I T .
o ¥ I i i e s i,

PAGE-MODE READ CYCLE

'RAS RP_|
— Vi - y
RAS Vi _ SL 17
csH
tpc 'RSH
12 lcrp RCD cas tcp fcas tcp cas ICPN_
— VIH - 4 b s
A
CAS v __/ \ \ 7Z K 12 S( / \
‘AR
1 !ASR 'RAH_ | |_tasc ICAH 1 tasc cAH tAsC ICAH
v s l R Y X
& — ["—‘RCS — L'—‘Rcs ton ~—1'RRH
l RGS tRCH —> |<. tRCH —={ |<_
W VH -7, ¥
e iy K\ N U
[T /)
| RAC
' 'cac OFF cAC OFF cac o —torr
VoH - { VALID Y VALID } £ VALD ¥
Q vol = OPEN {_DATA j DATA 4 DATA OPEN

DON'T CARE

m UNDEFINED
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PAGE-MODE EARLY-WRITE CYCLE

'RAS 1. RP
s i ‘-
'csH
tpg tRSH
1 lcrP tRCD cas i cp cas . tep tcas _tepPN |
s N\ ] ] y N / jl l\_
1,
1 lasr 'RAH ‘::c 'CAH tasc 'cAH tAsc caAH
ADDR ¥:[‘ :m ROW b COLUMN {  coLumn ‘: COLUMN W/ /// ROW
towL towL towL |
'wes wcH ' twes 'weH ' twes twe '
twp twp twp
e W T ; 1 Ji{///////////////
1
- -
'ps 'DH ‘ps 'oH 'ps pH
D ¥{[‘ 7///////// //// m VALID DATA @EL VALID DATA J@( VALID DATA ﬁ
Q YH - OPEN

Vi =

DON'T CARE

B unperineD
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RAS ONLY REFRESH CYCLE
(ADDR = A, - A_; A, and WE = DON'T CARE)
RC
RAS 'RP
s v C N I ~ \
cRP tRPC
O /
IASR 'RAH
voon Vi 77777 now Ky Row
Q ¥8f = OPEN
‘CAS-BEFORE-RAS REFRESH CYCLE
(A, - Ay WE = DON'T CARE.)
tRP tRAS tRP 'RAS
AR VT N . N f | S
tRPC
1PN |, _tcsr ICHR | RP fcsr 4‘913»
SRR/ t »L
a ¥8E K OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)?!
(READ) (REFRESH)
RAS tRP tRAS
RS VI ! 7 Y , /
tcrP tRCD tRsH tcHR
s VT ! i
AR
tASR {RAH i tasc fcan
soor 777K RTW Yy S o,
' orc .
toFF
Q ¥8E: OPEN { VALID DATA OPEN—
DON'T CARE
B unoerineD
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MT8259

DRAM
MODULE

256K x 8 DRAM

LOW PROFILE

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

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

e 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

® Packages:

Leaded 30-pin SIP (low profile) DMN

GENERAL DESCRIPTION

The MT8259 is a randomly accessed solid-state memory
containing 262,144 bits organized in a x8 configuration.
The 18 address words are entered 9 bits at a time using
RAS to latch the first 9 bits and CAS the latter 9 bits. If the
WE pin goes LOW prior to CAS going LOW, the output pin
remains open until the next CAS cycle.

By holding RAS LOW, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined page boundary. Returning RAS HIGH ter-

PIN ASSIGNMENT (Top View)

30 PIN SIP
(ME)

O©CoONOOUTA WN =

NINA6SC8LIN

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

MT8259
REV. 7/89

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

U1 - U8 = MT1259EJ

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 | DatalIn
(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 Vcc supply relative to Vss........-1.0V to +7.0V
Operating Temperature, TA(Ambient) .......... 0°C to +70°C
Storage Temperature ...........cccoeuueeereerrnenn. -55°C to +150°C
Power Dissipation 8 Watt
Short Circuit Output Current 50mA

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

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°Cc<T AS 70°C; Vcc = 5.0V £10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 45 5.5 \"
Input High (Logic 1) Voltage, All Inputs VH 2.4 |Vcc+l Vv 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \" 1
INPUT LEAKAGE
Input leakage current, any input (OV < VN < Vcc), ] -80 80 A
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (Q is disabled, loz -80 80 LA
0V < Vour £ Vcee)
OUTPUT LEVELS
Output High (Logic 1) voltage (lout = -5mA) Vo 2.4 \ 1
Output Low (Logic 0) voltage (lout = 5mA) VoL 0.4 \
MAX

PARAMETER/CONDITION SYMBOL| -8 (-10|-12| -15 |UNITS | NOTES
STANDBY CURRENT: TTL input levels lcct |40 ({40 40| 40 | mA
(RAS = CAS = Vi after 8 RAS cycles)
OPERATING CURRENT lcc2  |500 (440(440|360| mA 2
(RAS and CAS = Cycling: trc = tRc(MIN))
OPERATING CURRENT: PAGE MODE lcca |520(440(440|360| mA 2
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))
REFRESH CURRENT: RAS ONLY lcca |440(320(320/280| mA 2
(RAS = Cycling: CAS = ViH: tRc = tRC(MIN))
REFRESH CURRENT: CAS-BEFORE-RAS lccs |520(440(440{360| mA | 2,19
(RAS and CAS = cycling, trc = trRc(MIN))

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: Ao-As Cn 40 pF 18
Input Capacitance: RAS, CAS, WE Ci 64 pF 18
Input/Output Capacitance: DQ Cio 12 pF 18
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 3, 4, 5, 10, 11, 17, 18) (0°C < TA < 70°C; Vee = 5.0V £10%)

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

PARAMETER SYM MIN [ MAX | MIN | MAX | MIN | MAX | MIN | MAX | UNITS | NOTES
Random READ or WRITE cycle time 'RC 150 190 220 260 ns 6,7
READ-MODIFY-WRITE cycle time 'Rwc 180 220 255 295 ns
PAGE-MODE cycle time 'pc 75 90 100 120 ns | 6,7
Access time from RAS 'RAC 80 100 120 150 ns 7,8
Access time from TAS ‘cac 40 50 60 75 ns | 7.9
RAS pulse width 'RAS 80 (10,000| 100 |10,000{ 120 {10,000 | 150 {10,000 | ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time 'RP 60 80 90 100 ns

CAS pulse width cas 40 110,000 50 10,000 60 [10,000| 75 [10,000| ns

CAS hold time icsH 80 100 120 150 ns

TAS precharge time 'CPN 20 25 25 30 ns 19
CAS precharge time (PAGE-MODE) cp 25 30 30 35 ns

RAS to CAS delay time 'RCD 20 40 25 50 25 60 25 75 ns 13
‘CAS to RAS set-up time 'CRP 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 15 15 ns

Column address set-up time ‘Asc 0 0 0 0 ns

Column address hold time 'cAH 15 20 20 25 ns

Column address hold time 'AR 50 70 80 100 ns
referenced to RAS

READ command set-up time 'Rcs 0 0 0 0 ns

READ command hold time 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 25 0 30 0 30 0 35 ns 12
WE command set-up time 'wcs 0 0 0 0 ns 16
WRITE command hold time 'wcH 15 35 40 45 ns

WRITE command hold time 'WCR 35 85 100 120 ns
referenced to RAS

WRITE command pulse width ‘wp 15 35 40 45 ns

WRITE command to RAS lead time 'RwL 35 35 40 45 ns

WRITE command to TAS lead time 'tw. | 35 35 40 45 ns

Data-in set-up time 'ps 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time _ 'DHR | 35 85 100 120 ns
referenced to RAS

CAS to WE delay 'cwp | 30 40 50 60 ns 16
RAS to WE delay 'RWD 70 90 110 135 ns 16
Transition time (rise or fall) T 3 100 3 100 3 100 3 100 ns 5,17
Refresh Period (256 cycles) 'REF 4 4 4 4 ms 21
TAS hold time 'CHR | 15 20 25 30 ns | 20
(CAS-before-RAS refresh)

TAS set-up time 'csR 10 15 20 20 ns 20
(CAS-BEFORE-RAS) refresh

RAS to CAS precharge time RPC 0 0 0 0 ns 20
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NOTES

1. All voltages referenced to Vss.

2. Icc is dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle

time and the output open.

An initial pause of 100us 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.

AC characteristics assume 'T = 5ns.

5. Vi min and ViL max are reference levels for

measuring timing of input signals. Transition times

are measured between Vin and VIL.

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.

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 = 'RCD (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 'RCD (max) limit ensures that
RAC (max) can be met. 'RCD (max) is specified as a
reference tpoint only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-

trolled 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 to the WE leading
edge in late WRITE or READ-MODIFY-WRITE
cycles.
'WCS, 'CWD and 'RWD are restrictive operating
parameters in READ-WRITE and READ-MODIFY-
WRITE cycles only. If 'WCS > 'WCS (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 2 ‘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 data out (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 Vin and
VI (or between ViL and ViH) in a monotonic manner.

18. Capacitance calculated from the equation C = IAt
AV

with AV =3V and Vcc = 5V. This parameter is
sampled.

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

16.

2-47

31NAON wvual



371NAON WVHA I
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READ CYCLE
RC
RAS tRp
oo i
csH
tRSH tRRH
\ tenp taco tcas
l
w w2/ i /7
AR
tASR tRAH | tasc tcaH
aoor Vi ROW ‘\W COLUMN XK ROW
tRcs ] tRCH
—
w W i I
fcac
tRAC YoFF
a Vo = OPEN f VALDDATA OPEN
EARLY-WRITE CYCLE
R
tRAS ’ tRp
s Vi ! ¥ X
csH
tRSH
tcRP tRCD fcas
as vz NN
tAR
tASR 'RAH i tasc cAH
ADDR ¥:[‘ m‘ ROW ;@i COLUMN : / /% ROW
fowL |
tRwL '
'wer
twes tweH
twp
" W7 7% i
| 'DHR
: Ips toH
o Vi 7 7 VALID DATA QW 7 7
Q ¥8[‘ E HIGH

DON'T CARE

B unperiNeD
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RAS

CAS

ADDR

Q vg -

RAS

CAS

ADDR

ViH
Vi

ViH
Vi

ViH
ViL

ViH
Vi

VoH

READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
RwC
RAS ! tpp
vz i J A
, tcrp tRCD Icas
W = RO\ /
AR
tASR tRAH tasc | ] CAH
¥ T row Koo 30//////////////‘/// TIIIK_ =
RWD fowL
tRcs ‘cwp Rwe
W Z, ’ /
DS 1DH
e - XS
‘cac |
tRAC 1oFF
¥8r = OPEN VALID DATA 4:*——-OPEN
PAGE-MODE READ CYCLE
RAS RP_,
: i J;
csH
pc 'RSH
i crP tRCD tcas fcp icas fcp cas PN i
:_/ \ JZ 1 K A i \( / /[ L
tASR tRAH i :\:c tCAH i tASC tcAH tASC CAH
- i ROW 35@{ COLUMN Jmoowmn :W COLUMN W ////KZZZZZZZZX ROW
thcs — Ll-—'ncs — |--—‘ncs - c:rl ~—1RRH
| tRCH —>| !<— | tRCH —>{ |<— ‘
7/////////(//// 7 ur U
RAC
' ‘cac | | loFE]| tcac | | JoFE tcac o] Jtorr
- OPEN { VALD Y W)‘l { VALD OPEN
X_DATA 4 DATA £ Y _DATA £
DONT CARE
R UNDEFINED
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PAGE-MODE EARLY-WRITE CYCLE

tRAS . ‘RP |
— V, - Y
mas it N }l L
esH
tpc 'RsH
1 lerp RCD icas . fep Icas 1 lep 'cAs _tcpN |
] — ] g
ws i Z \ ) i A /
AR
1_ASR tRAH tasc cAH tasc tCAH _tasc ICAH,
ADDR ¥:E - ROW : COLUMN X { cotumn XW COLUMN ROW
towL | towL | towL |
1
twes tweH ' twes 'weH ' 'wes 'WCH
twp twp we
e W T W i
W T , /
wer tRWL |
'DHR '
'ps 'oH 'ps 'DH 'bs 'pH
W WY, K/ W L
D vy _// ///// // ///// / VALID DATA VALID DATA VALID DATA / / / /
Q \\;:E K OPEN

DON'T CARE

UNDEFINED
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RAS ONLY REFRESH CYCLE
(ADDR = A, - A_; Ajand WE = DON'T CARE.)

tRe
RAS trp

vy
RAS Vi _ N gl | —

tcrP RPC

— V - 4 3
cas it T 7 N /

tASR {RAH |
I
woon Vi 777N Row K. row
avg = OPEN
§A§-BEFORE-_RA§ REFRESH CYCLE
(A0 - AB’ WE = DON'T CARE.)
tRp tRAS trp RAS
s WD ! / K ] \
tRPC —
1 leen |, tcsr ICHR RP csR ICHR
= W )
Q 38[1 = OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)*!
(READ) (REFRESH)
tRAS trp tRAS
RS Vi A 7 N /
crRpP tRCD IRSH CHR
o s f A /
tAR
tASR 'RAH i fasc fcAH
Sl =/ S ) ST Y, 7
1
| oro N
a ng: OPEN i VALID DATA 15_ OPEN—
DON'T CARE
B unoerineD
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MICRON

MT8C8256

DRAM
MODULE

256K x 8 DRAM

REFRESH: 512 CYCLE/8MS

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, 120mW standby; 1200mW active, typical

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

¢ Optional Fast Page Mode access cycle

¢ 512 cycle refresh distributed across 8ms

OPTIONS MARKING
e Timing
80ns access -8
100ns access -10
120ns access -12
¢ Packages:
Leadless 30-pin SIMM M
Leaded 30-pin SIP MN
GENERAL DESCRIPTION

The MT8C8256 is a randomly accessed solid-state mem-
ory containing 262,144 words organized in a x8 configura-
tion. The 18 address bits are entered 9 bits at a time using
RAS to latch the first 9 bits and CAS the latter 9 bits. If the
WE pin goes LOW prior to CAS going LOW, the output pin
remains open until the next CAS cycle.

By holding RAS LOW, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined page boundary. Returning RASHIGH ter-

PIN ASSIGNMENT (Top View)
30 PIN SIMM 30 PIN SIP
(MM) (MH)
Vee 1
v 1 CAS 2
cc DQ1 3
CAS 2 A0 4
DQ1 3 AT 5
AO M 4
Al 5 DQ2 6
DQ2 M 6 A2 7
A2 W7 A3 8
A3 8 Vss 9
5 oS =
A4
o= | =
S | DQ4 ©
DQ4 o
A6 A6 Q
A7 g A7 [o2]
DQ5 1] DQ5 an
A8 (42 A8 N
NC =] NC =
NC = NC
DQ6 DQ6 =
W W
Vss
DQ7 Vss
FRD par
DQ8 PRD
NC DQS8
RAS NC
NC BAS
NG RAS
Vce NC
NC
Vce

minates the memory cycle and decreases chip current to a
reduced standby level. Also, the chip is preconditioned for
the next cycle during the RAS high time.

Memory cell data is retained in its correct state by main-
taining power and executing a RAS (refresh) cycle so that
all 512 combinations of RAS addresses are executed at least
every 8 ms (regardless of sequence). Micron recommends
evenly spaced refresh cycles for maximum data integrity.

MT8C8256
REV. 7/89

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

37NAON WVHA l



37NAOIN WVHA l

MICRON MT8C8256

FUNCTIONAL BLOCK DIAGRAM

U1, U2 = MT4C4256DJ

DQ1-DQ4

AQ-A8

DQ5-DQ8

Vee

Vss

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 | DataIn
(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 Vcc supply relative to Vss ... -1.0V to +7.0V
Operating Temperature, TA(Ambient) ..........0°C to +70°C
Storage Temperature ..........c..cccevvunnnes -55°C to +150°C
Power Dissipation ... 8 Watt
Short Circuit Output Current..........c.coeoeeuriiienienininnnnns 50mA

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

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C < TA <70°C; Vee = 5.0V £10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vcee 45 55 \'
Input High (Logic 1) Voltage, All Inputs VIH 24 |[Vcec+l \ 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 Vv 1
INPUT LEAKAGE
Input leakage current, any input (OV < ViN < Vcc), I -20 20 A
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (Q is disabled, loz -20 20 uA
0V < Vour < Vce)
OUTPUT LEVELS
Output High (Logic 1) voltage (lout = -5mA) VoH 2.4 \ 1
Output Low (Logic 0) voltage (lout = 5mA) VoL 0.4 \
MAX

PARAMETER/CONDITION SYMBOL| -8 |-10|-12| -15 |UNITS | NOTES
STANDBY CURRENT: TTL input levels lcct |6 (4|4 4| mA
(RAS = CAS =V after 8 RAS cycles)
OPERATING CURRENT lcc2 |140(120{100| 80 | mA 3,4
(RAS and CAS = Cycling: trc = trRc(MIN))
OPERATING CURRENT: FAST PAGE MODE lcca |100|80 |60 40 | mA 3,4
(RAS = Vi, CAS = Cycling: tpc = trc(MIN))
REFRESH CURRENT: RAS ONLY lcca |140(120{100( 80 | mA 3,4
(RAS = Cycling: CAS = VIH: tRC = tRC(MIN))
REFRESH CURRENT: CAS-BEFORE-RAS lccs  ]140(120{100] 80 | mA 3,4
(RAS and CAS = cycling, trRc = tRc(MIN))

CAPACITANCE
PARAMETER SYMBOL [ MIN | MAX | UNITS | NOTES
Input Capacitance: Ao-As Cn 10 pF 2
Input Capacitance: RAS, CAS, WE Ci2 14 pF 2
Input/Output Capacitance: DQ Cio 12 pF 2
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, <+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 'Re 160 190 220 ns
READ-WRITE cycle time ‘RwC 215 220 295 ns

FAST PAGE MODE READ or WRITE| 'PC 45 55 70 ns

cycle time

FAST PAGE MODE READ-WRITE PRWC 100 115 140 ns

cycle time

Access time from RAS 'RAC 80 100 120 ns 14
Access time from TAS 'cAC 20 25 30 ns 15
| Output Enable 'oE 20 25 30 ns

Access time from column address Al 40 50 60 ns

Access time from CAS precharge ‘cPA 45 55 65 ns

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

RAS pulse width (PAGE MODE) 'RASP 80 100,000 100 100,000 120 |100,000 ns

RAS hold time 'RSH 25 25 35 ns

RAS precharge time Rp 70 80 90 ns

‘CAS pulse width ‘cAs 20 10,000 25 10,000 35 10,000 ns

TAS hold time 'csH 80 100 120 ns

‘CAS precharge time 'CPN 15 15 20 ns 16
‘CAS precharge time (PAGE MODE) 'cp 10 10 15 ns

RAS to CAS delay time 'RCD 20 60 25 75 25 90 ns 17
TAS to RAS precharge time 'CRP 5 5 10 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 12 15 15 ns

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

Column address set-up time 'ASC 0 0 0 ns

Column address hold time 'CAH 15 20 25 ns

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

%mn address to 'RAL 40 50 60 ns

RAS lead time

Read command set-up time 'RCS 0 0 0 ns

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

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

‘CAS to output in low-Z 'cLz 0 0 0 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8,9, 10, 11,12, 13) (0°C < T, < +70°C, Vec = 5.0V + 10%)

A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Output buffer turn-off delay 'oFF 0 20 0 20 0 35 ns 20
Output Disable ‘op 20 20 35 ns

WE command set-up time ‘wes 0 0 0 ns 21
Write command hold time ‘WCH 15 20 25 ns

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

Write command pulse width twp 15 20 25 ns

Write command to RAS lead time 'RWL 25 25 30 ns

Write command to CAS lead time fowL 25 25 30 ns

Data-in set-up time 'ps 0 0 0 ns 22
Data-in hold time 'DH 20 20 25 ns 22
Data-in hold time 'DHR 60 75 90 ns
(referenced to RAS)

RAS to WE delay time 'RWD 110 130 160 ns 21
Column address 'AWD 70 80 100 ns | 21
to WE delay time

TAS to WE delay time ‘cwb 55 65 75 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

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

TAS hold time 'CHR 30 30 30 ns 5
(CAS-BEFORE-RAS refresh)
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NOTES

1.
2.

10.

11.

12.

13.

14.

15.
16.

All voltages referenced to Vss.

This parameter is sampled. Capacitance is calculated
from the equation C = JAt with AV =3V and Vcc =
5V. AV

Icc is dependent on cycle rates.

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

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, £70°C) is assured.

An initial pause of 100ys 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.

AC characteristics assume 'T = 5ns.

Vi min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and Vi (or between ViL
and V).

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vin and
VI (or between ViL and ViH) in a monotonic manner.
If CAS = ViH, data output is high impedance.

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

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
'RCD exceeds the value shown.

Assumes that 'RCD 2 'RCD (max).

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.

17. Operation within the 'RCD (max) limit ensures that
fRAC (max) can be met. 'RCD (max) is specified as a
reference Point only; if 'RCD is greater than the
specified "RCD (max) limit, then access time is con-
trolled exclusively by ‘CAC.

18. Operation within the 'RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference (point only; if 'RAD is greater than the
specified "RAD (max) limit, then access time is con-
trolled exclusively by 'AA.

19. Either 'RCH or ‘RRH must be satisfied for a READ

cycle.

'OFF (max) defines the time at which the output

achieves the open circuit condition and is not

referenced to Vo or VoL.

WCS, 'TRWD, FAWD and 'CWD are restrictive

operating parameters in late WRITE, READ-WRITE

and READ-MODIFY-WRITE cycles only. If 'WCS >

'WCS (min), the cycle is an early WRITE cycle and

the data output will remain an open circuit through

out the entire cycle. If '‘RWD = 'RWD (min), tAWD >

'AWD (min) and 'CWD 2 'CWD (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 Vin) 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 OF is LOW then taken
HIGH before CAS goes HIGH, Q goes open. If OF is
tied permanently LOW a READ-WRITE or READ-
MODIFY-WRITE operation is not possible.

24. A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW and
OE=HIGH.

25. All other inputs at Vec -0.2V.

20.

21.
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READ CYCLE

Re
RAS 'RP
B
RAS
Vit N
tosH
1) 1
|<_RSH RRH
| cRP. 'RCD cas
— Vm—  F
CAS V. — \ K /
AR
tRAD RAL
IASR 'RAH tasc oAl
e

ADDR ¥:f , ROW >i COLUMN / ////// / /////I///@( ROW
|.__i‘3_3~,l tRoH

w W T I

tAn
RAC
fcac OFF
ez
pa ggf: OPEN 4 VALIDDATA OPEN
tOE | toD

), S

O
m

EARLY-WRITE CYCLE

R
'RAS N RP

vy ?L Y
RAS v - k 1 \______.

IesH
RSH
cRP RCD tcas

A5 VM —J
TAS
ViL — \\:
AR
1RAD RAL
tash RAH tasc e

N -
AboR i m ROW m COLUMN Y m ROW

fowL 1
TRWL i
wer
wes WeH
twp

— Viy

wE ) % i
| IDHR

ps oH

ba yioH / ﬂ VALID DATA W / 7/ ﬁ

HIGH

& v o
DON'T CARE

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

'RWC
'RAS | 'RP
— Vg =
RAS Vi _ N (J N\
lcsH
'RsH
| IcRP. 'RCD Icas
— oV =
cas i \ /|
‘AR
'RAD 'RAL
'AsR 'RAH asc caH
Vig Y s
soon il row KUK XTI o
K _A \
RWD towe |
'RCS 'owp RWL
tAWD wp
WE VH -7,
WE
v i S
tAA
RAC
'cac
DS DH
torz —= - | |—>]
pa JIOH - oPEN———— RTIR VALID D VALID D o
VoL OPEN ————————— X out IN PEN
o \_lop

= ' .

PAGE-MODE READ CYCLE

'RASP "P_,

VY "—‘L
Aas vl C N /
csH tpc 1RSH
1lcRpP 'RCD. cas ep fcas cp cas PN |
—_— VIH — XL /
CAS i R
ViL - \ A A /
‘AR
'RAD RAL
'ASR ‘RAH, tAsC cAH tasc cAH tAscC, caH
VIH = s b
ADDR v { ROW ] COLUMN m COLUMN COLUMN {W/ // // // M ROW
N — |"—‘RC$ — I"—'RCS o [+tRRH
|« | 'RCS | tRCH—] I<.. tRCH —>] |<. ACH
WE VIH 5
RS/ R\ .
Vi 2 /
taa | taa | taA
tRAC ) tcpa ' tcpa
I
tcac loFF cac loFF fcac | ja—torr
tolz—| |- tclz—| |- ez —| |-
Vion — { VALID Y VALID VALID ¥
DQ vigl - OPEN \_DATA j DATA A DATA ¥ OPEN
IOE 1 toE 1

)7//////////////
1/} ponT care

m UNDEFINED

= W I, J/////////////x }7/////////%
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PAGE-MODE EARLY-WRITE CYCLE

'RASP 1<RP |
ms f —
'cRP tosH tpc 'RSH
1 lcRP tRCD tcAs tcp tcAS tcp Icas L 'cPN |
s M - \ \ ‘ N ! 4
AR
'RAD RAL
tASR 'RAH tasc 'CAH tasc CAH, AsC 1CAH
aoR Yl :@(‘ ROW ’i@gt COLUMN { coLumn J‘W COLUMN / /) ROW
towl tow | towL |
wes twoH ' twes tweH ' twos WeH
twp twe wp
— v
WE v 7/////1///////4 ) W\ i
Wer tRWL |
'DHR '
ps oH DS 'DH Ds toH
oQ 3{8{‘ L VALID DATA @jL VALID DATA ; VALID DATA /////////////////////
& V!E - HIGH
PAGE-MODE READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
1RASP RP
s v C N } ’l\
eshH pc 'RSH
J cRP tRCD cas cp cAs cp tcas (ICPN
p—— VIH -
CAs ___/" \ L i !
AR
RAD 'RAL
ASR 1RAH IASC cAH Iasg fcaH Ias¢ cAH
ADDR 3:[‘ ~ ROW :@g‘ COLUMN : COLUMN 0 / / COLUMN.  } /// ROW
| tRWL
tRcs ! |- towL
wp
— Vi
e iy W
AA
l RAC
Ll
1CAC -~
oLz -
pa 3:8[‘ = OPEN OPEN

® 3////////////////////////////%]; /
DON'T CARE

B unperineD
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VIH — 3

RAS Vi _

crpP

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

RC

tRAS

il

tRPC
1

— Vi =
CAS v:['_ 7

L/

tASR tRAH
roon W T77710% Row L row
oQ ¥8f = OPEN
CAS-BEFORE-RAS REFRESH CYCLE
(A, - Ag, WE and OE = DON'T CARE)
RP tRAS | RP ‘RAS
R N ZI e
tRPC
ey [ tcsr ICHR tRP CSR Bl
S y Vi Jf
oo V> oPEl
HIDDEN REFRESH CYCLE
(WE = HIGH, OE=LOW)2*
(READ) (REFRESH)
tRAS L tRP tRAS
RS VD N zl‘ 4& /
1 fcrp tRCD ‘RSH__ | CHR
M S
AR
RAD tRAL
tASR tRAH i tASC, tcAH
wor 777K o R cowm K777 0000000000000
tAA
tRAC
:Zf 1 |*torF
DQ ¥:8[' = OPEN e VALID DATA OPEN—
‘o oo |
o T )

/// DON'T CARE

B unperiNED
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MT8259

DRAM
MODULE

256K x 8 DRAM

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, 120mW standby; 1200mW active, typical
¢ Refresh modes: RAS ONLY, CAS-BEFORE-RAS, and
HIDDEN

256 cycle refresh distributed across 4ms

Optional Page Mode access cycle

OPTIONS MARKING
* Timing
80ns access -8
100ns access -10
120ns access -12
150ns access -15
® Packages:
Leadless 30-pin SIMM M
Leaded 30-pin SIP MN
GENERAL DESCRIPTION

The MT8259 is a randomly accessed solid-state memory
containing 262,144 words organized in a x8 configuration.
The 18 address bits are entered 9 bits at a time using RAS
to latch the first 9 bits and CAS the latter 9 bits. If the WE
pin goes LOW prior to CAS going LOW, the output pin
remains open until the next CAS cycle.

By holding RAS LOW, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined page boundary. Returning RAS HIGH ter-

PIN ASSIGNMENT (Top View)

30 PIN SIMM 30 PIN SIP
(MK) (MD)
Vee 1
v ; CAS 2
cC
o =
DQ1 3 A1
A0 W 4 5
Al 5 DQ2 6
DQ2 M & A2 7
A2 7 A3 8
VA3 g Vss 9
SS
DQ3 10 Dgi 1?
A4 1 A5
A5 g g
DQ4 DQ4 -]
A6 g A6 ©
A7 N A7 N
DQ5 aQ DQ5 3
A8 O A8
NC = NG =
boe NC =
w DQ6
Vss W
DQ7 Vss
PRD DQ7
DQ8 PRD
NC
% o0e
NC NG
NG RAS
Vee NC
NC
Vce

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

MT8259
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FUNCTIONAL BLOCK DIAGRAM

25 no-A8

TAS Us
w

) Q
Vee Vss

AO-A8

TAS Us
w

) Q
Vee  Vss

AO-A8

TAS U7
W

D Q
Vee Vss

U1 - U8 = MT1259EJ

A0-A8

TAS Us
W

D Q
Vec _ Vss |

Vss
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 | Datain
(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




MICRON MT8259

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 ....-55°C to +150°C
Power Dissipation
Short Circuit Output Current...........ceecvveviercencenne 50mA

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

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C < TA < 70°C; Vee = 5.0V £10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 55 \"
Input High (Logic 1) Voltage, All Inputs VIH 2.4 |Vcc+i \ 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1
INPUT LEAKAGE
Input leakage current, any input (OV < ViN < Vcc), li -80 80 pA
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (Q is disabled, loz -80 80 A
0V < Vour < Vce)
OUTPUT LEVELS
Output High (Logic 1) voltage (lout = -5mA) VoH 2.4 \ 1
Output Low (Logic 0) voltage (lout = 5mA) VoL 0.4 \
MAX

PARAMETER/CONDITION SYMBOL| -8 (-10|-12|-15 |UNITS | NOTES
STANDBY CURRENT: TTL input levels lcct |40 |40]40]| 40 | mA
(RAS = CAS = Vi after 8 RAS cycles)
OPERATING CURRENT lcc2  [520 (440{440(360 | mA 2
(RAS and CAS = Cycling: trc = tRc(MIN))
OPERATING CURRENT: PAGE MODE lcca 1520 440(440|360 | mA 2
(RAS = Vi, CAS = Cycling: trc = trc(MIN))
REFRESH CURRENT: RAS ONLY Icca |440(320{320|280 | mA 2
(RAS = Cycling: CAS = ViH: tRc = tRC(MIN))
REFRESH CURRENT: CAS-BEFORE-RAS lccs  |520 (440{440{360 | mA 2,19
(RAS and CAS = cycling, trRc = tRc(MIN))

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: Ao-As Cn 40 pF 18
Input Capacitance: RAS, CAS, WE Cr 64 pF 18
Input/Output Capacitance: DQ Cio 12 pF -’ 18
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 3,4, 5, 10, 11, 17, 18) (0°C < TA <70°C; Vee = 5.0V £10%)

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

PARAMETER SYM MIN | MAX [ MIN MAX MIN MAX MIN MAX | UNITS | NOTES
Random READ or WRITE cycle time 'RC 150 190 220 260 ns 6,7
READ-MODIFY-WRITE cycle time 'RwWC 180 220 255 295 ns
PAGE-MODE cycle time 'pc 75 90 100 120 ns 6,7
Access time from RAS ‘RAC 80 100 120 150 ns 7.8
Access time from CAS ‘caC 40 50 60 75 ns | 7,9
RAS pulse width RAS 80 |10,000| 100 [10,000| 120 [10,000| 150 {10,000| ns

RAS hold time '‘RSH 40 50 60 75 ns

RAS precharge time 'RP 60 80 90 100 ns

CAS pulse width cAs 40 110,000| 50 10,000| 60 [10,000| 75 [10,000]| ns

‘CAS hold time 'csH 80 100 120 150 ns

TAS precharge time 'CPN 20 25 25 30 ns 19
‘CAS precharge time (PAGE-MODE) tcp 25 30 30 35 ns

RAS to CAS delay time 'RcD 20 | 40 | 25 50 25 60 | 25 | 75 ns 13
TAS to RAS set-up time ‘crP 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time RAH 15 15 15 15 ns

Column address set-up time ‘asc 0 0 0 0 ns

Column address hold time cAH 15 20 20 25 ns

Column address hold time 'AR 50 70 80 100 ns
referenced to RAS

READ command set-up time 'Rcs 0 0 0 0 ns

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

READ command hold time tF{RH 0 0 0 0 ns
referenced to RAS

Output buffer turn-off delay 'OFF 0 25 0 30 0 30 0 35 ns 12
‘WE command set-up time twes 0 0 0 0 ns 16
WRITE command hold time ‘wcH 15 35 40 45 ns

WRITE comman_dhold time 'WCR 35 85 100 120 ns
referenced to RAS

WRITE command pulse width 'wp 15 35 40 45 ns

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

WRITE command to CAS lead time ‘cwL 35 35 40 45 ns

Data-in set-up time 'Ds 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time 'DHR 35 85 100 120 ns
referenced to RAS

TAS to WE delay 'cwp | 30 40 50 60 ns 16
RAS to WE delay 'RwD 70 2 110 135 ns 16
Transition time (rise or fall) T 3 100 3 100 3 100 3 100 ns 5,17
Refresh Period (256 cycles) 'REF 4 4 4 4 ms 21
TAS hold time CHR 15 20 25 30 ns 20
(CAS-before-RAS refresh)

TAS set-up time 'cSR 10 15 20 20 ns 20
(CAS-BEFORE-RAS) refresh

RAS to CAS precharge time 'RPC 0 0 0 0 ns 20
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NOTES

1.
2.

9.

10.
11.

12.

13.

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 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.

AC characteristics assume 'T = 5ns.

ViH min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL.

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
'RCD exceeds the value shown.

Assumes that 'RCD > 'RCD (max).

If CAS = Vi, data output is high impedance.

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

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

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference Fomt only; if 'RCD is greater than the
specified RCD (max) limit, then access time is con-

trolled 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 to the WE leading
edge in late WRITE or READ-MODIFY-WRITE
cycles.
'WCS, 'CWD and 'RWD are restrictive operating
parameters in READ-WRITE and READ-MODIFY-

16.

WRITE cycles only. If YWCS = 'WCS (min), the cycleis

an EARLY-WRITE cycle and the data output will

remain an open circuit throughout the entire cycle. If

'CWD 2 'CWD (min) and 'RWD 2 '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 data out (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 Vin and

ViL (or between ViL and ViH) in a monotonic manner.

18. Capacitance calculated from the equation C = IAt
AV

with AV = 3V and Vcc = 5V. This parameter is
sampled.

19.If CAS is LOW at the falling edge of RAS, Q will be

maintained from the previous cycle. To initiate a new

cycle and clear the data out buffer, CAS must be
pulsed HIGH for 'CP. Note 8 applies to determine
valid data out.

On-chip refresh and address counters are enabled.
A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW.

20.
21.
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READ CYCLE
RC
RAS RP
ms v N / \
:Si:: 'RRH
crpP RCD tcas
s WD) A\ i
AR
tASR RAH asc tcAH
won Vit /N rov W/ CIO Ky eow
res RCH
W W Ty W
t
r:z loFF
Q ¥8E K OPEN { vAupDATA % OPEN
EARLY-WRITE CYCLE
RC
RAS RP
s v N % L
IcsH
RsH
tcRP tRCD tcas
oS v N
1
tASR 'RAH i ‘::C lcAH
AppR VIH %: ROW ;)@i COLUMN JW X ROW
r—
twer
twes tweH
twp
WE ' lﬂ T/ 7 T
DHR
! 'ps 12»-1
D W_‘ VALID DATA W
Q ¥8f = HIGH

DON'T CARE

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

RAS I tRP
ms VM ¥ / \
o i crp tRCD tcas
cas ___j ( N 7/
tASR tRAH tasc | | cAH
ADDR wf m ROW 75@3 1 COLUMN ;)0/ ///////// // |/ / /////@( ROW
wE IWW{WW’ i
o St i mii s i,
PAGE-MODE READ CYCLE
ms by 7
- i CRP tRCD cas tcp l tcAs [ cp tcas ICPN |
s M _/‘ ( N\ 7 I ! V/ ] "\_
1 1ASR tRAH 1_tasc cAH tASC ICAH tasc tcAH
y L
ADDR vt :m ROW ’@i COLUMN m( COL|UMN X8 COI|_UMN W K row
ny J 'RCS tReH —] ]4_ I O I<_ ‘ RCH
SR/ I//// t N R\ UL
' 1222 | oFE | 'cAC | SOFE, ‘cac —=| |=—toFF
o Vg B R 1,, (B o

. DON'T CARE

(XXX
UNDEFINED

2-69

37NAON WYHA l



3TNAON NWVHA l

MICRON MT8259

PAGE-MODE EARLY-WRITE CYCLE

'RAS tRp

ms oV Z : J‘—’l\_
s e \ s 7 ,L— | k—— o / e,
== e
™ & T ! W 7 |////////////////
o W A - moomlo;g@g bsm.om:H ) (DiAL.Dm:Hﬁ

DON'T CARE

B unpeFiNeD
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RAS ONLY REFRESH CYCLE
(ADDR = A0 - A7; As and WE = DON'T CARE.)
R
RAS trP
ms v i\ 7 \
crRP RPC
CAS UH - ¥ 5 ,
e tASR RAH
oo W T77777% ROW Y, Row
Q ¥8[‘ K OPEN
CAS-BEFORE-RAS REFRESH CYCLE
(Ao - A8, WE = DON'T CARE.)
tRp RAS RP RAS
VD N / N / | S
RPC
1 lepn IcSR ICHR tRPC ,,  !CSR ICHR
o W7 10— »L
a VT OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)?'
(READ) (REFRESH)
tRAS tRP tRAS
RS Vi N 7 ; /
fcrp tRcD tRSH ICHR
ol X i
AR
tASR 'RAH i tasc fcAH
ADDR x}[‘m: RC;W jm COLUMN :W / / / / /// /// /
t
, oxc
- |[=*—toFF
Q 38{': OPEN VALID DATA b— OPEN—

DON'T CARE

B unperineD
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MT9259

DRAM
MODULE

256K x 9 DRAM

LOW PROFILE

FEATURES

¢ Industry standard pin-out in a 30-pin single-in-line
package (SIP) ,

¢ Low profile, double-side mount (0.45 in)

¢ Single 5V+10% power supply

e All inputs, outputs and clocks are fully TTL
compatible.

¢ Low power, 135mW standby; 1350mW active, typical

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

e 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

¢ Packages:

(low profile) Leaded 30-pin SIP DMN

GENERAL DESCRIPTION

The MT9259 is a randomly accessed solid-state memory
containing 262,144 words organized in a x9 configuration.
The 18 address bits are entered 9 bits at a time using RAS
to latch the first 9 bits and CAS the latter 9 bits. If the WE
pin goes LOW prior to CAS > going LOW, the output pin
remains open until the next CAS cycle.

By holding RAS LOW, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined page boundary. Returning RASHIGH ter-

PIN ASSIGNMENT (Top View)

30 PIN SIP
(ME)

Vdd
CAS
DQ1

A0
Al
DQ2
A2
A3

Vss

DQ3

OCONOUTHA WN =

DQ4

DQ5

NINA@6SC6LN

Vdd

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

MT9259
REV. 7/89

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

31NAOW WV HA l



37NAON WvHA |

MICRON MT9259

FUNCTIONAL BLOCK DIAGRAM

A0-AB

o
% :;gm g ;%A&
_'— ;:B Ut _1 g‘s Us
L.‘i :Cg Uz a : :mﬂ Us
%M ;{;;3
P"F ; 3;‘35 Us _: :F U7
U1-U9 = MT1259EJ ) .
TAS Us — TAS Us
w - W
CAS9 o Us
W
TRUTH TABLE o]
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 | DatalIn
(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 Vcc supply relative to Vss -1.0V to +7.0V

Operating Temperature, TA(Ambient)........... 0°C to +70°C
Storage Temperature ..........ccccoeceveeuecuncnns -55°C to +150°C
Power Dissipation 9 Watt
Short Circuit Output Current 50mA

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

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C T, <70°C; Vee = 5.0V £10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 55 \"
Input High (Logic 1) Voltage, All Inputs ViH 24 |Vcc+l \" 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 \" 1
INPUT LEAKAGE
Input leakage current, any input (OV < ViN < Vcc), I -90 90 HA
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (Q is disabled, loz -90 90 uA
0V < Vour < Vce)
OUTPUT LEVELS
Output High (Logic 1) voltage (lout = -5mA) VoH 24 \ 1
Output Low (Logic 0) voltage (lour = 5mA) VoL 0.4 \
MAX

PARAMETER/CONDITION SYMBOL| -8 |-10(-12| -15 |UNITS | NOTES
STANDBY CURRENT: TTL input levels lcc1 |45 |45(45]) 45 | mA
(RAS = CAS = Vi after 8 RAS cycles)
OPERATING CURRENT lcc2  |585[495(495/405| mA 2
(RAS and CAS = Cycling: trc = tRC(MIN))
OPERATING CURRENT: PAGE MODE lcca  |585 (495(495/405| mA 2
(RAS = Vi, CAS = Cycling: trc = trc(MIN))
REFRESH CURRENT: RAS ONLY lcca |495(360(360|315| mA 2
(RAS = Cycling: CAS = ViH: tRC = tRC(MIN))
REFRESH CURRENT: CAS-BEFORE-RAS lccs  [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 Ci 45 pF 18
Input Capacitance: RAS, CAS, WE Ci2 72 pF 18
Input/Output Capacitance: DQ Cio 12 pF 18
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 3, 4, 5, 10, 11, 17, 18) (0°C < TA < 70°C; Vee = 5.0V £10%)

A.C. CHARACTERISTICS -8 -10 -12 -15
PARAMETER SYM MIN | MAX | MIN MAX MIN MAX MIN MAX | UNITS | NOTES
Random READ or WRITE cycle time ‘RC 150 190 220 260 ns 6,7
READ-MODIFY-WRITE cycle time 'RWC 180 220 255 295 ns
PAGE-MODE cycle time pc 75 90 100 120 ns 6,7
Access time from RAS 'RAC 80 100 120 150 ns 7.8
Access time from CAS 'cAC 40 50 60 75 ns 7,9
RAS pulse width ‘RAS 80 |10,000| 100 |10,000| 120 ]10,000f 150 110,000 ns
RAS hold time ‘RSH 40 50 60 75 ns
RAS precharge time 'RP 60 80 20 100 ns
CAS pulse width 'cas 40 (10,000 50 10,000 60 [10,000| 75 [10,000| ns
TAS hold time 'csH 80 100 120 150 ns
TAS precharge time 'cPN 20 25 25 30 ns 19
‘CAS precharge time (PAGE-MODE) cp 25 30 30 35 ns
RAS to CAS delay time 'RcD 20 40 25 50 25 60 25 75 ns 13
TAS to RAS set-up time '‘cRP 10 15 20 20 ns
Row address set-up time 'ASR 0 4] 0 0 ns
Row address hold time 'RAH 15 15 15 15 ns
Column address set-up time tasc 0 0 0 0 ns
Column address hold time 'cAH 15 20 20 25 ns
Column address hold time ‘AR 50 70 80 100 ns
referenced to RAS
READ command set-up time 'RCS 0 0 0 0 ns
READ command hold time '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 25 0 30 0 30 0 35 ns 12
'WE command set-up time 'wes 0 0 0 0 ns 16
WRITE command hold time 'WCH 15 35 40 45 ns
WRITE command hold time YWCR 35 85 100 120 ns
referenced to RAS
WRITE command pulse width 'wp 15 35 40 45 ns
WRITE command to RAS lead time 'RWL 35 35 40 45 ns
WRITE command to CAS lead time fowL | 35 35 40 45 ns
Data-in set-up time S 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time DHR 35 85 100 120 ns
referenced to RAS
TAS to WE delay ‘cwb 30 40 50 60 ns 16
RAS to WE delay 'RWD 70 90 110 135 ns 16
Transition time (rise or fall) i 3 100 3 100 3 100 3 100 ns 517
Refresh Period (256 cycles) 'REF 4 4 4 4 ms 21
TAS holdtime 'CHR | 15 20 25 30 ns | 20
(CAS-before-RAS refresh)
TAS set-up time 'csR 10 15 20 20 ns 20
(CAS-BEFORE-RAS) refresh
RAS to CAS precharge time RPC 0 0 0 0 ns 20
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NOTES

1. All voltages referenced to Vss.

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

3. An initial pause of 100ys 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 T = 5ns.

5. Vi min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin 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 > 'RCD (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 Vo or Vor.

13. Operation within the 'RCD (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 'RCD (max) limit, then access time is con-

14.

15.

16.

trolled 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.

'WCS, 'CWD and 'RWD are restrictive operating
parameters in READ-WRITE and READ-MODIFY-
WRITE cycles only. If 'WCS > 'WCS (min), the cycle is
an EARLY-WRITE cycle and the data output will
remain an open circuit throughout the entire cycle. If
'CWD 2 'CWD (min) and ‘RWD > ‘RWD (min), the
cycle isa 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 Vin) is
indeterminate.

17. In addition to meeting the transition rate specifica-

18.

19.

20.
21.

tion, all input signals must transit between Vin and
VIL (or between ViL and ViH) in a monotonic manner.
Capacitance calculated from the equation C = JAt

AV
with AV = 3V and Vcc = 5V. This parameter is
sampled.
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.
On-chip refresh and address counters are enabled.
A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW.
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READ CYCLE
tRe
RAS tRP
s N ]
csH
RsH 'RRH
cRP 'RCD 'cas
o i Z R\ /
AR
tASR tRAH i tasc tcAH
soon VY 777X row WA coom KITTITTTITTIITIITIR mom
tRCS ‘ tRCH
w X,
Icac
'RAC oFF |
o YO = OPEN { vauppatA b OPEN
EARLY-WRITE CYCLE
re
RAS RP
ms v A\ I
tcsH
'RsH
{cRpP RcD tcas
s D f \. /
tAR
tASR tRAH L tasc tCAH
ADDR 1M Row :@I GOLUMN X 7 row
towL |
tRWL '
wer
twes tweH
twp
W\ - | N W T
DHR
! 'ps toH
o v Y, oo Xz,
Q VOH = HIGH

VoL =
DON'T CARE

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

'RWC
'RAS ’ trp
RS Vi i ;L %
IcsH
'RSH
i tCRP tRCD 'cas
w W R i
AR
'ASR RAH tasc I ] 'cAH
ADDR g:[’ ROW m COLUMN W / / /W/ i&( ROW
tRWD towe |
tRCS tcwb TRWL '
twp
wE g N/
| tps_|[_IDH
R S
1
‘;:Z foFF
Q 38[‘: OPEN { VALID DATA :r—OPEN
PAGE-MODE READ CYCLE
tRAS RP_|
ms v ' §
csH
tpc tRSH
i crP RCD 'cas cp cas tcp tcas fopn |
as s f \ i 1 i N / ] X
1
_tASR RAH_| | t/:c 'CAH tAsC tCcAH _tasc, ICAH_|
ADDR M :@% ROW mi COLUMN W//@;‘icowww W/ 2224 COLUMN %//////// M ROW
f - |“—tRCS g -l*—tncs 4 ——| ~—RRH
|<—HCS> {RCH —| I<— ( tRCH —*1 I<—— 1 her
/i l//// N W S
It
: ‘z:g_ | JoFE | ‘oac | JOFE | oac —=| |=—toFF
o g - (B e TR — o

/] DON'T CARE

R unpeFiNED
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PAGE-MODE EARLY-WRITE CYCLE

RAS |<_RP \
-y —1
RAS v N
[
csH
tpc tRSH
12 fcrRP 'RCD cas . tcp cas . lep Icas 1 loPN |
= Vi = ! Z'r—“ Jt——‘x /
cas yit T 7 \ \ \ N
AR
'ASR 'RAH asc 'cAH tasc lcaH 'AsC 'cAH
Vv - Y
AppR i _mi ROw COLUMN m: cowmn X117 cowmn W) ROW
towL | towL | towL |
1
twes 'wen ' ‘wes tweH wes 'weH
twp wp twp
e W T V) i,
WE
Vie k 3 . /
twer tRwL |
'DHR '
bs 'DH DS oH 'Ds DH
i 7,
IS VALID DATA @q VALID DATA WL VALID DATA
Q yH = OPEN

Vi =

DON'T CARE

B unperineD
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‘RAS ONLY REFRESH CYCLE
(ADDR = A, - A_; A; and WE = DON'T CARE.)

tRC
RAS trp
ms v Z \ 7 R )
icrp RPC
o oI/ N
tASR tRAH i
soon Vi 777777% Row YIS Row
Q ¥8E = OPEN
CAS-BEFORE-RAS REFRESH CYCLE
(A - A, WE = DON'T CARE.)
tRp RAS tRp RAS
s T N y I I S
'RPC
Llepn |, tcsr ICHR | RP IcsR {CHR
= Y TN ( »L
Q ¥8E = OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)?'
(READ) (REFRESH)
RAS tRp tRAS
SV A 7 L /
cRP tRCD tRSH cHR
cas yH— F ZT
IL _/ "
tASR RAH i tasc fcaH
woon VHTTN RTW 1 S
I 1222 — ~—loFF
Q 38?: OPEN 4 VALID DATA b— OPEN—
DON'T CARE

KR unperinen
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MT8C9256

DRAM
MODULE

256K x 9 DRAM

REFRESH: 512 CYCLE/8MS

FEATURES

¢ Industry standard pin-out in a 30-pin single-in-line

memory module

Single 5V+10% power supply

e All inputs, outputs and clocks are fully TTL
compatible

* Low power, 135mW standby; 1350mW active, typical

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

* Optional Page Mode access cycle

¢ 512 cycle refresh distributed across 8ms

OPTIONS MARKING
* Timing
80ns access -8
100ns access -10
120ns access -12

* Packages:
Leadless 30-pin SIMM M
Leaded 30-pin SIP MN

GENERAL DESCRIPTION

The MT8C9259 is a randomly accessed solid-state
memory containing 262,144 words organized in a x9 con-
figuration. The 18 address bits are entered 9 bits at a time
using RAS to latch the first 9 bits and CAS the latter 9 bits.
If the WE pin goes LOW prior to CAS going LOW, the
output pin remains open until the next CAS cycle.

By holding RAS LOW, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined page boundary. Returning RAS HIGH ter-

PIN ASSIGNMENT (Top View)

30 PIN SIMM
(MM)

30 PIN SIP
(MH)

Vdd 1
vdd 1 CAS 2
DQ1 3
S A0 4
8 A 5
ﬁ? g DQ2 6
DQ2 6 :g g
A2 7
A3 8 Vss 9
e, % —3 1
o M =
A5 = AS -
DQd - DQ4 ©
A6 ® A6 (®)
A7 8 A7 ©
DQ5 N DQ5 a
A8 ()] A8 »
NC (=2} NC
NC 2 =
NC
DQ6 =
® DQ6
w
Vss
PRD ba?
DQ8 PRD
Q9 DQs
= o
= e
vdd Dg
vdd

minates the memory cycle and decreases chip current to a
reduced standby level. Also, the chip is preconditioned for
the next cycle during the RAS high time. Memory cell data
is retained in its correct state by maintaining power and
executing a RAS (refresh) cycle so that all 512 combinations
of RAS addresses are executed at least every 8ms (regard-
less of sequence). Micron recommends evenly spaced re-
fresh cycles for maximum data integrity.

MT8C9256
REV. 7/89

Micron Technology, Inc. reserves the right to change products or specifications without notice.
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MICRON MT8C9256

FUNCTIONAL BLOCK DIAGRAM

DQ1-DQ4

DQ5-DQ8

U1, U2 = MT4C4256DJ
U3  =MT1259EJ

A0-A8

D9 D Qp— Q9

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 | DataIn
(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 Vcc supply relative to Vss......-1.0V to +7.0V
Operating Temperature, TA(Ambient) .......... 0°C to +70°C
Storage Temperature ..-55°C to +150°C
Power Dissipation
Short Circuit Output 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.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C T, < 70°C, Vee = 5.0V £10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 45 5.5 \
Input High (Logic 1) Voltage, All Inputs ViH 24 |Vcec+l Vv 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 \" 1
INPUT LEAKAGE
Input leakage current, any input (OV < VIN < Vcc), li -30 30 pHA
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (Q is disabled, loz -30 30 HA
0V < Vour < Vce)
OUTPUT LEVELS
Output High (Logic 1) voltage (lout = -5mA) VoH 24 ) 1
Output Low (Logic 0) voltage (lout = 5mA) VoL 0.4 \
MAX

PARAMETER/CONDITION SYMBOL | -8 (-10|-12|-15 |UNITS | NOTES
STANDBY CURRENT: TTL input levels lcct |[11]19]19]9 | mA
(RAS = CAS = Vi after 8 RAS cycles)
OPERATING CURRENT lcc2 |205(175({155/125| mA 2
(RAS and CAS = Cycling: trRc = tRc(MIN))
OPERATING CURRENT: PAGE MODE lcca |165(135]|115| 85 | mA 2
(RAS = Vi, CAS = Cycling: trc = trc(MIN))
REFRESH CURRENT: RAS ONLY lcca [195(160{140{115| mA 2
(RAS = Cycling: CAS = ViH: trc = tRC(MIN))
REFRESH CURRENT: CAS-BEFORE-RAS lccs  |205 (175(155[125| mA 2,19
(RAS and CAS = cycling, trc = tRC(MIN))

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: Ao-As Ci1 15 pF 18
Input Capacitance: RAS, CAS, WE Ci2 27 pF 18
Input Capacitance: D Ci3 7 pF 18
Input/Output Capacitance: DQ Cio 12 pF 18
Output Capacitance: DQ Co 7 pF 18

2-85

37NAON WVHA l



37NAON WvHa |

MICRON

MT8C9256

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 -8 -10 -12 -15

PARAMETER SYM MIN | MAX | MIN MAX MIN MAX MIN MAX | UNITS | NOTES
Random READ or WRITE cycle time 'R 150 190 220 260 ns 6.7
READ-MODIFY-WRITE cycle time ‘Rwc 180 220 255 295 ns
PAGE-MODE cycle time pc 75 90 100 120 ns 6,7
Access time from RAS 'RAC 80 100 120 150 ns 7,8
Access time from CAS 'cAac 40 50 60 75 ns 7.9
RAS pulse width RAS 80 ]10,000| 100 110,000 120 |10,000| 150 10,000 ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time ‘RP 60 80 90 100 ns

CAS pulse width 'cAs 40 110,000| 50 10,000| 60 10,000 75 110,000 ns

‘CAS hold time 'csH 80 100 120 150 ns

CAS precharge time 'CPN 20 25 25 30 ns 19
TAS precharge time (PAGE-MODE) cp 25 30 30 35 ns

RAS to CAS delay time 'RCD 20 40 25 50 25 60 25 75 ns 13
CAS to RAS set-up time IcRP 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 15 15 ns

Column address set-up time tasc 0 0 0 0 ns

Column address hold time ‘cAH 15 20 20 25 ns

Column address_hold time ‘AR 50 70 80 100 ns
referenced to RAS

READ command set-up time 'RCS 0 0 0 0 ns

READ command hold time '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 25 0 30 0 30 0 35 ns 12
WE command set-up time ‘wes 0 0 0 0 ns 16
WRITE command hold time ‘WeH 15 35 40 45 ns

WRITE command hold time 'WCR | 35 85 100 120 ns
referenced to RAS

WRITE command pulse width wp 15 35 40 45 ns

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

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

Data-in set-up time DS 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time DHR 35 85 100 120 ns
referenced to RAS

TAS to WE delay fcwb | 30 40 50 60 ns 16
RAS to WE delay 'RWD 70 90 110 135 ns 16
Transition time (rise or fall) T 3 100 3 100 3 100 3 100 ns 5,17
Refresh Period (256 cycles) 'REF 4 4 4 4 ms 21
‘CAS hold time ICHR 15 20 25 30 ns 20
(CAS-before-RAS refresh)

CAS set-up time 'csr 10 15 20 20 ns 20
(CAS-BEFORE-RAS) refresh

RAS to CAS precharge time 'RPC 0 0 0 0 ns 20
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NOTES

1. All voltages referenced to Vss.

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

3. An initial pause of 100us 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 T = 5ns.

5. ViH min and VIiL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin 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 > 'RCD (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 VoL.

13. Operation within the 'RCD (max) limit ensures that

'RAC (max) can be met. 'RCD (max) is specified as a
reference Foint only; if 'RCD is greater than the
specified "RCD (max) limit, then access time is con-

trolled 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 to the WE leading
edge in late WRITE or READ-MODIFY-WRITE
cycles.
'WCS, 'CWD and "RWD are restrictive operating
parameters in READ-WRITE and READ-MODIFY-

16.

WRITE cycles only. If ‘WCS > *WCS (min), the cycle is

an EARLY-WRITE cycle and the data output will

remain an open circuit throughout the entire cycle. If

{CWD 2 'CWD (min) and 'RWD 2 '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 data out (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 Vi and

V1L (or between ViL and ViH) in a monotonic manner.

18. Capacitance calculated from the equation C = JAt
AV

with AV =3V and Vcc = 5V. This parameter is
sampled.

19.1f 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.

On-chip refresh and address counters are enabled.
A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW.

20.
21.

37NAON WYHA l
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RAS

CAS

ADDR

o

RAS

CAS

ADDR

READ CYCLE
Re
RAS RP
Vy = p
i A /
tcsH
'RSH RRH
tCRP RCD tcas
w7 > £
AR
tASR tRAH L tasc IcAH
I
\" !
e )R Row S )
o tmos | tRCH
e T, X,
lcac
rac loFF
¥8E - OPEN ¥ vauDDATA OPEN
EARLY-WRITE CYCLE
RC
tRAS 'RP
Vi p
vt Z A (N
tcsH
RsH
tcrpP RCD tcas
wooof R\ /
‘AR
tASR {RAH L tasc tCAH
M ROW COLUMN W 7 Y, ﬁ( Row
N A
fowL |
'RWL i
wer
wes tweH
twp
i 7)) / 00
'DHR
! 'ps toH
ViH p
Vi ﬁ VALID DATA 7W
VOH - HIGH
oL =

DON'T CARE

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

tRWC
RAS f tRP
s Vi N JL \
[
i crP RCD tcas
o - A Y 4
'AR
tASR 'RAH tasc | | tcaH
ADDR W m( ROW m ' COLUMN jWi//////ﬁ// / / /////@( ROW
RWD fowL
RCS tcwp TRWL '
wp
e W T ‘ N
DS {DH
R SEaas
:;:2 toFF
Q ¥8{_‘: OPEN : VALID DATA OPEN
