MICRON

SEMICONOUCTOR WG

MT4C4256(L)
256K x 4 DRAM

DRAM

256K x 4 DRAM

STANDARD OR LOW POWER,
EXTENDED REFRESH

FEATURES
* 512-cycle refresh in 8ms (MT4C4256) or 64ms
(MT4C4256 L)
» Industry-standard x4 pinout, timing, functions and
packages
High-performance CMOS silicon-gate process
Single +5V £10% power supply
Low power, 0.8mW standby; 175mW active, typical
All inputs, outputs and clocks are TTL-compatible
FAST PAGE MODE access cycle
Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR),
HIDDEN and Extended (MT4C4256 L only)
+ Low CMOS Standby Current, 200uA maximum
(MT4C4256 L)

OPTIONS MARKING
* Timing
60ns access -6
70ns acces -7
80ns access -8

+ Packages
Plastic DIP (300 mil) None
Plastic SOJ (300 mil) DJ
Plastic ZIP (350 mil) z

* Version
512-cycle refresh in 8 ms None
512-cycle refresh in 64 ms L

+ Part Number Example: MT4C4256D]-7 L

GENERAL DESCRIPTION

The MT4C4256(L) is a randomly accessed solid-state
memory containing 1,048,576 bits organized inax4 configu-
ration. During READ or WRITE cycles, each bit is uniquely
addressed through the 18 address bits, which are entered 9
bits (A0-A8) atatime. RASis used tolatch the first 9bits and
CAS the latter 9 bits. READ and WRITE cycles are selected
with the WE input. A logic HIGH on WE dictates READ
mode while a logic LOW on WE dictates WRITE mode.
During a WRITE cycle, data-in (D) is latched by the falling
edge of WE or CAS, whichever occurs last. If WE goes LOW
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PIN ASSIGNMENT (Top View)
20-Pin DIP 20-Pin ZIP
(DA-2) (DB-1)
por[1 7 201 ves 0E 1], ==
oaz2ffz  19oos pas 3-'._:i ggs‘
WE(3  18]loQd Vss SIB e oot
s wlTEs D2 TR e WE
NC (s 15]0_5 RAS 9=‘,—_10 NC
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a7 ujar A2 Bl s
a2lls  13[lae Vee 15 Fi<{16 A4
mfls  12)as :5 17_':.:13 AS
vec[[10 11[1A4 7 VF 20 as
20/26-Pin SOJ
(DC-1)
pa1 g1 0 Vss
pa2 42 25 Pl DQ4
WEQ3 211 DQ3
RAS Q4 23p CAS
NC 5 220 O
A0 Q9 18P0 A8
A1 010 170 A7
A2 411 160 a6
A3 012 150 A5
vee 13 14fAd

prior to CAS going LOW, the output pin(s) remain open
(High-Z) until the next CAS cycle. If WE goes LOW after
data reaches the output pin, data-out (Q) is activated and
retains the selected cell data as long as CAS remains LOW
(regardless of WE or RAS). This late WE pulse results ina
READ WRITE cycle. The four data inputs and four data
outputs are routed through four pins using common 1/0
and pin direction is controlled by WE and OE.

FAST PAGE MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row-address-defined (A0-A8) page boundary. The FAST
PAGE MODE cycle is always initiated with a row-address
strobed-in by RAS followed by a column-address strobed-
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in by CAS. CAS may be toggled-in by holding RASLOW
and strobing-in different column-addresses, thus execut-
ing faster memory cycles. Returning RASHIGH terminates
the FAST PAGE MODE 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 the
RAS HIGH time. Memory cell data is retained in its correct

state by maintaining power and executing any RAS cycle
(READ, WRITE) or RAS REFRESH cycle (RASONLY, CBR,
or HIDDEN) so that all 512 combinations of RAS addresses
(A0-A8) are executed at least every 8ms for the MT4C4256

- andevery 64ms forthe MT4C4256 L, regardless of sequence.

The CBR REFRESH cycle will invoke the internal refresh
counter for automatic RAS addressing,

FUNCTIONAL BLOCK DIAGRAM

FAST PAGE MODE
<;_v_v_g_ o D__—. DATA-IN ‘— pat
o BUFFER o DQ2
] ‘+—o Da3
*EARLY WRITE “—o DQ4
NO. 2 CLOCK DETECTION CIRCUIT | —3) | DATAQUT |
GENERATOR 0
4 \
| o OF
COLUMN- —— — —N coLumn
ADDRESS | - AP R S ) DECODER
BUFFER(9) -
<2 ||
REFRESH [ SENéEAMPUFIE;S’
CONTROLLER| _ YO GATING
¥
REFRESH [
COUNTER ]
[
<%~ - E I —NQgl s12x512x4
ROW- uDJ W 512 d 5 MEMORY
9 | ADDRESS e > §8 512\ ﬁ@ 2 \g’s ARRAY
V| BUFFERS (9) Aol A g =
o b—/]z0 /g
I s L
— NO.1CLOCK [— “——0 Ve
RAS o———— GENERATOR
+————0 Vs

*NOTE: 1. If WE goes LOW prior to CAS going LOW, EW detection circuit output is a HIGH (EARLY WRITE).

2. 1t CAS goes LOW prior to WE going LOW, EW detection circuit output is a LOW (LATE WRITE).
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CocenoucTon . 256K x 4 DRAM

TRUTH TABLE -
ADDRESSES DATA-IN/OUT

FUNCTION RS | RS | WE | OF | ®m ' Da1-D04 O
Standby H H—-X X X X X High-Z :U
READ L L H L ROW COL Data-Out >
EARLY WRITE L L L X | Row | coL Data-In <
READ WRITE L L H-L L—-H ROW COL | Data-Out, Data-In
FAST-PAGE-MODE 1st Cycle L H-L H L ROW coL Data-Out
READ 2nd Cycle L H-L H L n/a COL Data-Out
FAST-PAGE-MODE 1st Cycle L H-L L X ROW coL Data-In
EARLY-WRITE 2nd Cycle L H—L L X n/a COL Data-In
FAST-PAGE-MODE 1st Cycle L H-L H-L L—H ROW COL | Data-Out, Data-in
READ-WRITE 2nd Cycle L H—L H—L L—H n/a COL | Data-Out, Data-In
RAS ONLY REFRESH L H X X ROW n/a High-Z
HIDDEN READ L—=H-L L H L ROW CoL Data-Out
REFRESH WRITE L—H-L L L X ROW COL Data-In
CBR REFRESH H—L L X X X X High-Z
Extended Refresh H-L L X X X X High-Z
(MT4C4256 L only)

MT4Ca256(L) Micron Semiconductor, inc., resarves the rigit to change products of specifications without notice.
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Vss .c.ovvccenneeccn. -1Vto +7V
U Operating Temperature, T, (ambient) .......... 0°Cto +70°C
Storage Temperature (plastic) .....cocccovsvunsss -55°C to +150°C
Power Dissipation ... ecnrcesiisiniissesinsess W

> Short Circuit Output Current

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

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS
{(Notes: 1, 6, 7) (Vcc = +5V £10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vcc 4.5 55 \Y)
Input High (Logic 1) Voltage, all inputs ViH 24 |Vcc+! \'
Input Low (Logic 0) Voltage, all inputs ViL -1.0 0.8 Vv
INPUT LEAKAGE CURRENT
Any input OV s ViN < 6.5V It 2 2 pA
(All other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT: (Q is disabled; OV = Vout = 5.5V) loz -10 10 pA
OUTPUT LEVELS VoH 24 \
Output High Voltage (lout = -5mA)
Output Low Voltage (fout = 4.2mA) Vou 04 A
MAX
PARAMETER/CONDITION VERSION SYMBOL | -6 | -7 | -8 [UNITS | NOTES
STANDBY CURRENT: (TTL) ‘ lcct 2 2|12 |mA
(RAS = CAS = ViH)
STANDBY CURRENT: (CMOS) MT4C4256 lccz 1 1 1 mA

(RAS = CAS = Vce -0.2V)
OPERATING CURRENT: Random READ/WRITE

MT4C4256 L lcca 200 | 200 {200 | pA

Average power supply current [olexe] 90 | 80 | 70 | mA 3,4,
(RAS, CAS, Single Address Cycling: 'RC = 'RC [MIN]) 29
OPERATING CURRENT: FAST PAGE MODE

Average power supply current lcca 70 | 60 | 50 | mA 3,4,
(RAS = Vi, CAS, Address Cycling: 'PC = 'PC [MIN]) 29
REFRESH CURRENT: RAS ONLY

Average power supply current Ices 90 |80 {70 | mA | 3,29

(RAS Cycling, CAS = Vi: 'RC = 'RC [MIN])

REFRESH CURRENT. CBR
Average power supply current lcce 90 | 80 | 70 | mA 3,5
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])

REFRESH CURRENT: Extended

Average power supply current during Extended Refresh:
TAS = 0.2V or CBR cycling; RAS = 'RAS (MIN) to1pus; MT4C4256L| Iccr |200 |200{200 ) wA | 8,5
WE, A0-A8 and Din = Vec -0.2V or 0.2V (Din may be 27
left open); 'RC = 125us (512 rows at 125us = 64ms)

MT4C4256(L) Micron Semiconductor, Inc.. resarves the righl to change products or speciications without notice.
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MICRON MT4C4256(L)
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CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: A0-A8 Cn 5 pF 2
Input Capacitance: RAS, CAS, WE, OE Ci 7 pF 2
Input/Output Capacitance: DQ Cio 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = +5V 210%)

AC CHARACTERISTICS -6 -7 -8
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time RC 110 130 150 ns
READ WRITE cycle time RWC 165 185 205 ns
FAST-PAGE-MODE PC 35 40 45 ns
READ or WRITE cycle time
FAST-PAGE-MODE 'PRWC 90 95 100 ns
READ-WRITE cycle time
Access time from RAS 'RAC 60 70 80 ns 14
Access time from CAS 'CAC 20 20 20 ns 15
Output Enable OE 20 20 20 ns
Access time from column-address tAA 30 35 40 ns
Access time from CAS precharge 'CPA 35 40 45 ns
| RAS pulse width TRAS 60 | 100,000 | 70 | 100,000] 80 |100,000 | ns
| TRAS puise width (FAST PAGEMODE) _|RASP | 60 | 100000 | 70 ]100000] 80 1100000 | ns
RAS hold time 'RSH 20 20 20 ns
RAS precharge time RP 40 50 60 ns
| TAS puise width 'CAS 20 | 100,000 | 20 |100000] 20 [100,000 [ ns
CAS hold time 'CSH 60 70 80 ns
:C_{\_S' precharge time CPN 10 10 10 ns 16
CAS precharge time (FAST PAGE MODE)| 'CP 10 10 10 ns
RAS to CAS delay time 'RCD 20 40 20 50 20 60 ns 17
TAS to RAS precharge time . 'CRP 5 5 5 ns
Row-address setup time 'ASR 0 0 0 ns
Row-address hold time ‘RAH 10 : 10 10 ns
RAS to column- ‘RAD 15 30 15 35 15 40 ns 18
address delay time
Column-address setup time TASC 0 0 0 ns
Cotumn-address hold time 'CAH 15 15 15 ns
Column-address hold time AR 45 55 60 ns
(referenced to RAS)
Column-address to RAL 30 35 40 ns
RAS lead time
Read command setup time RCS 0 0 0 ns k
Read command hold time ‘RCH 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 ns
MTaC4256iL) Micron Semiconductor. Inc.. ressrves the right 16 change products or specifications without notice.
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MICRON MT4C4256(L)

ScueemoucTon we 256K x 4 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8, 9, 10, 11, 12, 13, 23) (Vcc = +5V =10%)

U AC CHARACTERISTICS -6 -7 -8
m PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
> Qutput buffer turn-off delay 'OFF 3 20 3 20 3 20 ns |20, 26,28
h_Olitpul disable ‘oD 15 20 20 ns 26
g WE command setup time 'WCS 0 0 0 ns 21
Write command hold time WCH 10 15 15 ns
Write command hold time 'WCR 45 55 60 ns
(referenced to RAS)
Write command puise width wp 10 15 15 ns
Write command to RAS lead time 'RWL 20 20 20 ns
Write command 1o GAS lead time 'CWL 20 20 20 ns
Data-in setup time [°5] 0 0 0 ns 22
Data-in hold time 'DH 15 15 15 ns 22
Data-in hold time 'DHR 45 55 60 ns '
(referenced to RAS)
RAS to WE delay time 'RWD 85 100 110 ns 21
Column-address AwWD 60 65 70 ns 21
to WE delay time
CAS to WE delay time 'CWD 40 50 55 ns 21
Transition time (rise or fall) T 3 50 3 50 3 50 ns 9, 10
Refresh period (512 cycles)
MT4C4256 / MT4C4256 L ‘REF 8/64 8/64 8/64 ms
RAS to CAS precharge time 'RPC 0 0 0 ns
| CAS setup time (CBR REFRESH) 'CSR 10 10 10 ns 5
CAS hold time (CBR REFRESH) 'CHR 10 15 15 ns 5
OE hold time from WE during 'OEH 15 ' 20 20 ns 25
READ-MODIFY-WRITE cycle
OE setup prior to RAS during tORD 0 0 0 ns 24 -
HIDDEN REFRESH cycle
MT4C4256(L) Micron Semiconducior. InG., 18serves the rigit 1o change products or specificalions without notice.
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NOTES

1.

2
3.
4

o w

10.

11.

All voltages referenced to Vss.

. This parameter is sampled. Vcc = 5V £10%;f = 1 MHz.

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 outputs open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range is assured.

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

AC characteristics assume 'T = 5ns.

Vi (MIN) and VL (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and VIL (or between VL
and Vm).

In addition to meeting the transition rate specifica-
tion, all input signals must transit between VH and
Vi (or between VL and Vi) in a monotonic manner.
If CAS = VmH, data output is High-Z.

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

13.

14.

15.
16.

17.

18.

last valid READ cycle.
Measured with a load equivalent to two 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).

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.

Operation within the 'RCD (MAX) limit ensures that
IRAC (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
controlled exclusively by ‘CAC.

Operation within the 'RAD (MAX) limit ensures that
RAC (MIN) and *CAC (MIN) 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 controlled exclusively by 'tAA.

19.

20.

21.

22,

23.

24.

25,

26.

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 Vor or VoL.

'WCS, 'RWD, 'AWD and 'CWD are not restrictive
operating parameters. 'WCS applies to EARLY
WRITE cycles. RWD, 'AWD and '‘CWD apply to
READ-MODIFY-WRITE cycles. 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 RWD = 'RWD (MIN), tAWD =
tAWD (MIN) and 'CWD = 'CWD (MIN), the cycle is a
READ-MODIFY-WRITE cycle, and the data output
will contain data read from the selected cell. If neither
of the above conditions is met, the state of data-out is
indeterminate. OE held HIGH and WE taken LOW
after CAS goes LOW results in a LATE WRITE
(OE-controlled) cycle. tWCS, 'RWD, ‘CWD and 'tAWD
are not applicable in a LATE WRITE cycle.

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

If OE is tied permanently LOW, LATE WRITE or
READ-MODIFY-WRITE operations are not possible.
A HIDDEN REFRESH may also be performed after a
WRITE cydle. In this case, WE = LOW and OE =
HIGH.

LATE WRITE and READ-MODIFY-WRITE cycles
must have both 'OD and ‘OEH met (OE HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. If OE is
taken back LOW while CAS remains LOW, the DQs
will remain open.

The DQs open during READ cycles once 'OD or ‘OFF
occur. If CAS goes HIGH before OE, the DQs will
open regardless of the state of OE. If CAS stays LOW
while OE is brought HIGH, the DQs will open. If O
is brought back LOW (CAS still LOW), the DQs will
provide the previously read data.

27. Extended refresh current is reduced as 'RAS is

28.

29.

reduced from its maximum specification during the
extended refresh cycle.

The 3ns minimum is a parameter guaranteed by
design.

Column-address changed once each cycle.

MT4C4256(1)
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MICRON MT4C4256(L)

Sememoucrcn e 256K x 4 DRAM
- READ CYCLE
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MICRON MT4C4256(L)
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READ WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE CYCLES)
‘awc
L 'Ras | iap

M Al TJ zl A
tesH
‘RsH

i lcre 'RCD ‘cas
= T F \
';:: Ay
) tasq RAH tasc car .
R F/, S — ), - T —=—
‘ncs | \owp |

iawp wp

= % 7 S
::c
icac

e _os || tom

oo VigH = OPEN m: VAUDD oy J VALDD), oPEN

loe ‘o0, I toen

"——.
= X LU N

FAST-PAGE-MODE READ CYCLE

rasp qp |
m oW I ¥ 2—4\_
tosh [ RSH ‘

1. tcRP RCD icAs cp ‘cas cp 1L tcas PN,

| l ]
m— Vi =
=/ . /] A

AR
'RAD RAL
L asR ‘RAH tASC ICAH 1 tAsc 'CAN 1ASC CAH
[

|
ADOR ¥:f :%( ROW ’i@f COLUMN W COTMN coxl..uun {@Z/Z& Z/‘-.I‘Z 4/2)( ROW
~—lacs —'Acs —tRRH
_—] | ‘ACH

— ViH =
W i I
—= |=—loFF
Do VIgH = oPeEN { YAu0 oPEN
I )
[ A
DON'T CARE
BR) unoEFINED
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WVYHd .

FAST-PAGE-MODE EARLY-WRITE CYCLE
tRASP ltB® 4
LM A \ H_
tpc 'RSH |
i'cRP 'AcD icas tcp 11 lcas cp icas ‘ o teen
=W f f Jsl 7 ! / ?t Js
1ASR _w_l tASC. "mc ‘ASC :::Lni
apoR VM m ROW COLUMN [m mwnmm cmmmwz'/m ROW
: wes ' wes [ wes WeH
e we
= Yt T W I
los ‘bs ‘oH tos ha) ‘

oo Y& LTI

VALID DATA

VALID DATA

a—
KTK__wmosn XTI,

= W LT

FAST-PAGE-MODE READ-WRITE CYCLE

(LATE WRITE and READ-MODIFY-WRITE CYCLES)

‘RASP ..
— ¥ -
s vy Z
tesH Mpe /ipRwe ‘nsh
1 crp RCO cp cAS cp CAS Llepn
|
m— Vi -
Ml 4 N 4
RAL
tasa Iasc ASC lasg CAH
Vi = ¥ !
aooR _m‘ ROW [@] coum W77/ coLum ROW
tRCS
_ V]
w vy :’/m , M
tAA
1CAC =]
CLZ =
vo yiom - OPEN w

Viey =

M
iy -

®PC is for LATE WRITE only.

DON'T CARE

B unoerineo
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MT4C4256(L)

MICRON 256K x 4 DRAM

RAS ONLY REFRESH CYCLE
(ADDR = A0-A8; WE = DON'T CARE)
g 1 /
v I ‘chp | .FE)_I
Il . N _/
soor Vi 77778 RO L oW
FAST-PAGE-MODE READ-EARLY-WRITE CYCLE
(Pseudo READ-MODIFY-WRITE)
1 taase ‘"p
s W )
tRSH
'csH ipc
‘crp aco ‘cas cep . icas tcen |
@ Yl ! T\_ . \l_
RAD = 'RAL
tASR tRAH asc oA 1ASC 'CAH i
aoor M m ROW ] coLuMN coq.ulmu | /Z%}( ROW
tacs | - ‘AwL
L | /
i ‘os tOH
o & T TR = o KT
tcac
cLz ' oFF ’
= W T/ n
DON'T CARE
R unoerinep

1. Do not drive data prior to tristate: 'ICPP(MIN) or 'CP(whichever is greater) + 'DS(MIN) + any guardband
between data-out and driving the bus with the new data-in.
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CBR REFRESH CYCLE
(AO-A8, WE and OE = DON'T CARE)

RAS

AP

‘Aas

‘csA

f

'cHA

BPC  tesp

e

OPEN

EXTENDED REFRESH CYCLE (MT4C4256 L ONLY)
(A0-A8, WE and OE = DON'T CARE)

=— Vi =
> vy
= -
1 ey
— -
& v -
V, -
oa v
AN
it -/

PN
— Vg -
&= W ?; }

Vou —

HIDDEN REFRESH CYCLE 24
(WE = HIGH; OE = LOW)
| HL 2
‘CRP 'RCD 1. 'RSH cHR
- ’sl g
o o
i ASC ‘CaH
soon WT7TIR__row A coum KL,
o e
oo ViOH - oPEN VALID DATA b— open—
kel ‘oo
DONT CARE
m UNDEFINED
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