MICRON

ADVANCE

MT4(L)C2M8A1/2
2 MEG x 8 WIDE DRAM

WIDE DRAM

2 MEG x 8 DRAM

9.0V, FAST-PAGE-MODE (MT4C2M8A1/2)
3.0/3.3V, FAST-PAGE-MODE (MT4LC2M8A1/2)

FEATURES

¢ Industry-standard x8 pinouts, timing, functions and
packages

¢ Address entry: 12 row-addresses, 9 column-addresses

(64ms)

High-performance CMOS silicon-gate process

Single +5V only or 3.0/3.3V only £10% power supply

Low power, 5mW standby; 400mW active, typical (5V)

All device pins are TTL-compatible

4,096-cycle refresh (2,048-cycle refresh available as

MT4(L)C2M8B1/2)

¢ Refresh modes: RAS-ONLY, mBEFORE-W(CBR)
and HIDDEN

¢ Optional FAST-PAGE-MODE access cycle

¢ NONPERSISTENT MASKED WRITE access cycle
(MT4(L)C2MBA2 only)

OPTIONS MARKING
* Timing
60ns access -6
70ns access -7
80ns access -8
* Power Supply
5V £10% only 4C
3.0/3.3V £10% only 41.C
* MASKED WRITE
Not available Al
Available A2
* Packages
Plastic 28-pin SOJ (400 mil) DJ
Plastic 28-pin TSOP (400 mil) TG
Plastic 32-pin SOJ (400 mil) DL
Plastic 32-pin TSOP (400 mil) TL
* Part Number Example: MT4LC2M8A1D]-6
PART DESCRIPTION
MT4C2M8A1 5V, NONMASKED WRITE
MT4C2M8A2 5V, MASKED WRITE
MT4LC2MBA1 3.0/3.3V, NONMASKED WRITE
MT4LC2MBA2 3.0/3.3V, MASKED WRITE
GENERAL DESCRIPTION

TheMT4C2M8BA1/2and MTALC2MB8A1 /2 arerandomly
accessed solid-state memories containing 16,777,216 bits
organized in a x8 configuration. The MT4C2M8A1/2 and
the MT4LC2MB8A1/2 are the same DRAM versions except
that the MTALC2MB8A1/2 are low voltage versions of the

PIN ASSIGNMENT (Top View)
28-Pin SOJ 28-Pin TSOP
(DC-4) (DD-3)
vee [ 1 28 [ vss vee i1 28 [ vss
oai(? 27 [1 DQ8 pleYal] 27 [0 DQ8
De2( 3 26 1 DQ7 DQ2 3 2 [0 DQ7
b3 4 25 [1 Das 0Q3 @ 4 2 1 Dos
D4l s 24 1 DQ5 DQ4 ™ § 24 M DQS
WE( 6 23 [1 TAS WE @ 6 23 M CAS
RAS( 7 22 1 OF RAS 7 22 m OE
Ny 8 ATl 8 21 [o A9
A10 O 8 20 [T A8
A0 10 19 [ A7
NI == R 18 [ A6
A2 o 12 17 D A5
A3 o 13 16 [D A4
vee 0 14 15 E Vss
32-Pin SOJ 32-Pin TSOP
(DC-5) (DD-4)
Vec O 1 32 O Vss
001 m 2 31 D DQ8
DQ2 T 3 30 D DQ7
D3 m 4 29 [0 DQ6
DQ4 0 5 28 [0 DQS
NC o 6 27 fo CAS
WE D7 % = OF
RAS o 8 25 [T NC
NC 9 24 [0 NC
*A11 0 10 23 [D A9
A10 09 11 2 I A8
[XY==R}] 21 to A7
AT 13 20 E A6
A2 14 19 [D A5
A3 5 18 ko a4
Vccﬁ 18 17 1 Vss
*NC on 11 row-address version

MT4C2MBA1/2. The MT4LC2M8A1/2 are designed to
operate in either a 3.0V £10% or a 3.3V +10% memory
system. All further references made to the MT4C2M8A1/
2 also apply to the MT4LC2MB8A1/2, unless specifically
stated otherwise. Eachbyte s uniquely addressed through
the 21 address bits during READ or WRITE cycles. The
addressisentered first byRTSIatching 12bits (A0-11)and
then CAS latching 9 bits (A0-A9).

The MT4C2M8A2 has NONPERSISTENT MASKED
WRITE, allowing it to perform WRITE-PER-BIT accesses.

MT4{LICZMBA1/2
REV. 393
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ADVANCE
MT4(L)C2M8A1/2
MICRON 2 MEG x 8 WIDE DRAM

FUNCTIONAL BLOCK DIAGRAM
4096 ROWS

DATA-IN BUFFER

i MASKDATAREGISTER |
: (MT4C2M8A2 only) : Da1
A : C

NO. 2 CLOCK DQ8
GENERATOR
DATA-OUT
COLUMN- . BUFFER 5E
20 ADDRESS
BUFFER
Al
A2
A3 REFRESH - 512 ---
Ad CONTROLLER
[ SENSE AMPLIFIERS
:‘55 ¥ | 1/0 GATING
A7 REFRESH si2xs
COUNTER *
A8
A9
A10 T
A1 ROW- 4 4096 x 512 x 8
ADDRESS 3 Q |00 MEMORY
BUFFERS (12) cQ1 ARRAY
[=]
?
i
—_ NO.1CLOCK [
RAS o GENERATOR T o Vo
+«——0 Vss

MT4(L)C2MBA 12 3 52 Micron Semiconductor, Inc , reserves the right to change products or specifications without notice.
REV. 293 = 91993, Micron Semiconductor, Inc.



ADVANCE

MICRON

MT4(L)C2M8A1/2

2 MEG x 8 WIDE DRAM

PIN DESCRIPTIONS

28-PIN DEVICE
PIN NUMBERS

32-PIN DEVICE
PIN NUMBERS

SYMBOL

TYPE

DESCRIPTION

7

8

RAS

Input

Row-Address Strobe: RAS is used to clock-in the 12 row-
address bits and strobe the WE and DQs in the MASKED
WRITE mode (MT4C2M8A2 only).

23

27

O
>
(7

Input

Column-Address Strobe: CAS is used to clock-in the 9
column-address bits, enable the DRAM output buffers and
strobe the data inputs on WRITE cycles.

Input

Write Enable: WE is used to select a READ (WE = HIGH)
or WRITE (WE = LOW) cycle. WE also serves as a mask
enable (WE = LOW) at the falling edge of BAS in a
MASKED WRITE cycle (MT4C2M8A2).

22

26

Input

Output Enable: OE enables the output buffers when taken
LOW during a READ access cycle. RAS and CAS must
be LOW and WE must be HIGH betore OE will control the
output buffers. Otherwise, the output buffers are in a High-Z
state.

10-13, 16-21,
9,8

12-15, 18-23,
11,10

AO-A11

Input

Address Inputs: These inputs are multiplexed and clocked
by RAS and CAS to select one byte out of the 2 Meg
available words.

2-5, 24-27

2-5, 28-31

DQ1-DQ8

Input

Data I/O: Includes inputs, outputs or High-Z and/or output
masked data input (for MASKED WRITE cycle only).

6,9, 24,25

NC

No Connect: These pins should be either left unconnected
or tied to ground.

1,14

1,16

Vce

Supply

Power Supply: +5V £10% (C), 2.7V to 3.6V (LC)

15,28

17,32

Vss

Supply

Ground

MT4(L)C2MBAL/2
REV. 3/93
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MICRON

ADVANCE

MT4(L)C2M8A1/2
2 MEG x 8 WIDE DRAM

FUNCTIONAL DESCRIPTION

Each bit is uniquely addressed through the 21 address
bits during READ or WRITE cycles. First, RAS is used to
latch 12 bits (A0-A11) then, CAS latches 9 bits (A0-A8).

The CAS control also determines whether the cycle will
be a refresh cycle (RAS-ONLY) or an active cycle (READ,
WRITE or READ-WRITE) once RAS goes LOW.

READ or WRITE cycles are selected by WE. 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. Taking WE LOW will initiate a WRITE cycle, selecting
DQ1 through DQ8. If WE goes LOW prior to CAS going
LOW, the output pin(s) remain open (High- Z) until the next
CAScycle. If WE goes LOW after CAS goes LOW and data
reaches the output pins, data-out (Q) is activated and re-
tains the selected cell data as long as CAS and OE remain
LOW (regardless of WE or RAS). This late WE pulse results
ina READ-WRITE cycle.

The eight data inputs and eight data outputs are routed
through eight pins using common 1/0 and pin direction is
controlled by OF and WE.

FAST-PAGE-MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row-address-defined (A0-12) page boundary. The FAST-
PAGE-MODE cycle is always initiated with a row-address
strobed-in by RAS followed by a column-address strobed-
in by CAS. CAS may be toggled-in by holding RAS LOW
and strobing-in different column-addresses, thus execut-
ing faster memory cycles. Returning RAS HIGH terminates
the FAST-PAGE-MODE operation.

Returning RAS and CAS HIGH terminates a memory
cycle and decreases chip current to a reduced standby level.
The chip is also 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 RASREFRESH cycle (RAS-ONLY, CBR,
or HIDDEN) so that all 4,09 combinations of RAS ad-
dresses (A0-11) are executed atleast every 64ms, regardless
of sequence. The CBR REFRESH cycle will also invoke the
refresh counter and controller for row-address control.

MASKED WRITE ACCESS CYCLE

(MT4C2M8A2 ONLY)

Every WRITE access cycle can be a MASKED WRITE,
depending on the state of WE at RAS time. A MASKED
WRITE is selected when WE is LOW at RAS time and mask
data is supplied on the DQ pins.

The mask data present on the DQ1-DQ8 inputs at RAS
time will be written to an internal mask data register and
will then act as an individual write enable for each of the
corresponding DQ inputs. If a LOW (logic “0”) is written to
amask dataregister bit, the input port for thatbitis disabled
during the subsequent WRITE operation and no new data
will be written to that DRAM cell location. A HIGH (logic
“1”) on a mask data register bit enables the input port and
allows normal WRITE operations to proceed. At CAS time,
the bits present on the DQ1-DQ8 inputs will be written to
the DRAM (if the mask databit was HIGH) or ignored (if the
mask data bit was LOW).

InNONPERSISTENTMASKED WRITEs, new mask data
must be supplied each time a MASKED WRITE cycle is
initiated.

Figure 1 illustrates the MT4C2M8A2 MASKED WRITE
operation (Note: RAS or CAS time refers to the time at
which RAS or CAS transition from HIGH to LOW).

MT4{L)C2MBA1/2
REV. 393
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ADVANCE

MT4(L)C2MBA1/2
MICRON 2 MEG x 8 WIDE DRAM

‘ <+— MASKED WRITE

RAS \

CAS

we\

LD,

NI

NONMASKED WRITE ———» ‘

STORED MASK

Dﬂ A DATA
L1 0
DQ1 1] 1
. L 0
. 1 1
. Z 0
pas | [1| 1
1 0
A

ADDRESS 0

[T s

\—f

YT

X = NOT EFFECTIVE (DON'T CARE)

INPUT ~ STORED | STORED ~MASK INPUT STORED
DATA | DATA  DATA DATA DATA
x ] | [O] X TR > [1]
0 ----- > [o] o] X 1 - > [1]
X T | [ X 1 > [1]
0 ----- > |[o] o] X 1 e > [1]
X L 11 X 0 ----- > 0]
o> o] | [o]  «x 0 > [0
X 1 1] X 0 e > [o]
S G T

> ADDRESS 1
[/} ONT caRE
Figure 1

MT4C2M8A2 MASKED WRITE EXAMPLE

MT4{LIC2MBAY/2
REV. 343
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ADVANCE
MICRON MT4(L)C2M8A1/2

2 MEG x 8 WIDE DRAM

TRUTH TABLE

ADDRESSES
FUNCTION RAS CAS | WE OF R 't |Das NOTES
Standby H H—-X X X X X | High-Z
READ L L H L ROW | COL | Data-Out
EARLY-WRITE L L L X ROW | COL [ Data-In 1
READ-WRITE L L H-L L-H | ROW | COL | Data-Out, Data-In 1
FAST-PAGE- 1st Cycle L H—-L H L ROW | COL | Data-Out
MODE READ 2nd Cycle L H-L H L n/a | COL | Data-Out
FAST-PAGE- 1st Cycle L H—L L ROW | COL | Data-In 1
MODE WRITE 2nd Cycle L H-L L X n/a | COL | Data-In 1
FAST-PAGE-MODE | 1st Cycle L H—-L | H—-L L—H | ROW | COL | Data-Out, Data-In 1
READ-WRITE 2nd Cycle L H—L | H—-L L—H n/a | COL | Data-Out, Data-in 1
HIDDEN READ L—H—-L L H L ROW | COL | Data-Out
REFRESH WRITE L~H—-L L L X ROW | COL | Data-In 1,2
RAS-ONLY REFRESH L H X X ROW | nfa [High-Z
CBR REFRESH H—-L L H X X X |High-Z

NOTE: 1. Data-in will be dependent on the mask provided (MT4C2MB8A2 only). Refer to Figure 1.
2. EARLY WRITE only.

MT4{LIC2MBA T2 3 56 Micron Semiconductor. inc., reserves the right to change products or specifications without notice.
REV. 393 - 21993, Micron Semiconductor, Inc.



ADVANCE
MICRDN MT4(L)C2M8A1/2

2 MEG x 8 WIDE DRAM

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss (5V) ......-1V to +7V *Stresses greater than those listed under “Absolute Maxi-
Voltage on Vcc supply relative to Vss (3V) ....-1V to +4.6V mum Ratings” may cause permanent damage to the device.
Operating Temperature, T, (ambient) ........... 0°C to +70°C This is a stress rating only and functional operation of the
Storage Temperature (plastic) .................... -55°C to +150°C deviceattheseorany other conditions above those indicated
Power Dissipation .... 1w inthe operational sections of this specification is notimplied.
Short Circuit Output Current 50mA Exposure to absolute maximum rating conditions for ex-

tended periods may affect reliability.

DC OPERATING SPECIFICATIONS FOR 5V VERSION
(Notes: 1, 3, 4, 6, 7, 30) (0°C < T, £70°C; Ve = 5V £10%)

PARAMETER/CONDITION ‘ SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vee 45 55 \ 1,30
Input High (Logic 1) Voltage, all inputs Vi 2.4 |Vcc+t \ 1
Input Low (Logic 0) Voitage, all inputs ViL -1.0 0.8 v 1
INPUT LEAKAGE CURRENT

Any input OV < VIN < Vee h -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 = -2.5mA)

Output Low Voltage (lout = 2.1mA) VoL 0.4 \

DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION
(Notes: 1, 3, 4,6, 7, 31) (0°C < T, < 70°C; Vec = 2.7V t0 3.6V)

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 2.7 3.6 Vv 1,31
Input High (Logic 1) Voltage, all inputs ViH 20 | Vcc+it v 1
Input Low (Logic 0) Voltage, all inputs Vi -1.0 0.8 Vv 1
INPUT LEAKAGE CURRENT

Any input OV < Vin < Vee h -2 2 pA

(All other pins not under test = 0V)

OQUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vour < 3.6V) loz -10 10 HA
OUTPUT LEVELS VoH 24 v

Output High Voltage (lout = -2mA)

Output Low Voltage (lout = 2mA) VoL 0.4 v

MT4(L)C2MBA1/2 3 57 Micron Semiconductor, inc., reserves the right to change products or specifications without notice.
REV. 3/03 . = ©1993, Micron Semiconductor, Inc.
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ADVANCE

MT4(L)C2M8A1/2
2 MEG x 8 WIDE DRAM

DC OPERATING SPECIFICATIONS FOR 5V VERSION
(Notes: 1, 3, 4, 6, 7, 30) (0°C < T, < 70°C; Ve = 5V +10%)

PARAMETER/CONDITION

SYMBOL

UNITS

NOTES

STANDBY CURRENT: TTL
(RAS = CAS = ViH)

lcct

mA

STANDBY CURRENT: CMOS
(RAS = CAS = Vce -0.2V)

lccz

mA

25

OPERATING CURRENT: Random READ/WRITE
Average power supply current
(RAS, CAS, Address Cycling: RC = 'RC [MIN])

lcca

110

100

90

mA

3,4,32

OPERATING CURRENT: FAST-PAGE-MODE
Average power supply current
(RAS = Vi, CAS, Address Cycling: 'PC = 'PC [MIN]; ICP, 'ASC = 10ns)

Iccs

80

70

60

mA

3,4,32

REFRESH CURRENT: RAS-ONLY
Average power supply current
(RAS Cycling, CAS = ViH: 'RC = RC [MIN])

lccs

110

100

90

mA

3,32

REFRESH CURRENT: CAS-BEFORE-RAS
Average power supply current
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN})

lcce

110

100

90

mA

DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION

(Notes: 1, 3, 4, 6,7, 31) (0°C < T, £70°C; Vee = 2.7V to 3.6V)

PARAMETER/CONDITION

SYMBOL

UNITS

NOTES

STANDBY CURRENT: TTL
(RAS =CAS = Vi)

lcct

mA

STANDBY CURRENT: CMOS
(RAS = TAS = Vcc -0.2V)

lcc2

25

OPERATING CURRENT: Random READ/WRITE
Average power supply current
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])

[ofex}

110

100

90

mA

3,4,32

OPERATING CURRENT: FAST-PAGE-MODE
Average power supply current
(RAS = Vi, CAS, Address Cycling: 'PC = 'PC [MIN]; 'CP, ASC = 10ns)

lcca

80

70

60

mA

3,4,32

REFRESH CURRENT: RAS-ONLY
Average power supply current
(RAS Cycling, CAS = ViH: 'RC = 'RC [MIN])

Iccs

110

100

90

mA

3,32

REFRESH CURRENT: CBR
Average power supply current
(RAS, CAS, Address Cycling: 1RC = 'RC [MIN])

Iccs

110

100

90

mA

REvaes 3-58
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ADVANCE

MT4(L)C2M8A1/2
2 MEG x 8 WIDE DRAM

CAPACITANCE
PARAMETER SYMBOL | MAX UNITS NOTES
Input Capacitance: A0-A11 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)

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 155 180 200 ns
FAST-PAGE-MODE PC 35 40 45 ns

READ or WRITE cycle time

FAST-PAGE-MODE PRWC 85 95 100 ns
READ-WRITE cycle time

Access time from RAS 'RAC 60 70 80 ns 14
Access time from CAS ICAC 15 20 20 ns 15
Qutput Enable 0E 15 15 15 ns

Access time from column-address AA 30 35 40 ns

Access time from CAS precharge 'CPA 35 40 45 ns

RAS pulse width 'RAS 60 100,000 70 |100000] 80 [100,000 | ns

RAS pulse width (FAST-PAGE-MODE) ‘RASP 60 100,000 70 100,000 80 100,000 ns

RAS hold time ‘RSH 15 20 20 ns

RAS precharge time RP 40 50 60 ns

TAS pulse width {CAS 15 100,000 20 | 100,000 20 |100,000 | ns

CAS hold time 'CSH 60 70 80 ns

CAS 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 15 45 20 50 20 60 ns 17
CAS 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 'ASC 0 0 0 ns
Column-address hold time 'CAH 10 15 15 ns
Column-address hold time ‘AR 50 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 26
Read command hold time 'RCH 0 0 0 ns 19, 26
(referenced to CAS)

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

CAS to output in Low-Z ‘CLz 3 3 3 ns 33
Output buffer turn-off delay 'OFF 3 15 3 20 3 20 ns 20, 29, 33

MT4(LIC2MBA12
Ev. 393
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MICRON

ADVANCE

MT4(L)C2M8A1/2
2 MEG x 8 WIDE DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

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

AC CHARACTERISTICS -6 -7 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
WE command setup time 'WCs 0 0 0 ns 21,26
Write command hold time 'WCH 10 15 15 ns 26
Write command hold time WCR 45 55 60 ns 26
(referenced to RAS)

Write command pulse width wp 10 15 15 ns 26
Write command to RAS lead time IRWL 15 20 20 ns 26
Write command to CAS lead time 'CWL 15 20 20 ns 26
Data-in setup time DS 0 0 0 ns 22
Data-in hold time DH 10 15 15 ns 22
Data-in hold time DHR 45 55 60 ns

(referenced to RAS)

RAS to WE delay time 'RWD 85 95 105 ns 21
Column-address AWD 55 60 65 ns 21
to WE delay time

CAS to WE delay time 'CWD 40 45 45 ns 21
Transition time (rise or fall) T 3 50 3 50 3 50 ns 9, 10
Refresh period (4,096 cycles) 'REF 64 64 64 ms

RAS to CAS precharge time ‘RPC 0 0 0 ns

CAS setup time 'CSR 5 5 5 ns 5
(CBR REFRESH)

CAS hoid time 'CHR 15 15 15 ns 5
{CBR REFRESH)

WE hold time (MASKED WRITE and| 'WRH 15 15 15 ns 26
CBR REFRESH)

WE setup time ‘WRP 10 10 10 ns 26
{CBR REFRESH)

WE setup time 'WRS 10 10 10 ns 26
{MASKED WRITE)

OE setup prior to RAS during 'ORD 0 0 0 ns

HIDDEN REFRESH cycle

Output disable ‘oD 3 15 3 15 3 15 ns 29, 33
OE hold time from WE during '0EH 15 15 15 ns 28
READ-MODIFY-WRITE cycle

MTa{L)C2MBA1/2
REV 393
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MICRON

ADVANCE

MT4(L)C2M8A1/2
2 MEG x 8 WIDE DRAM

NOTES

1. All voltages referenced to Vss.

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

2

3. Iccis dependent on cycle rates.

4. Iccis dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the outputs 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 100ys is required after power-up
followed by eight RAS refresh cycles (RAS-ONLY or
CBR) before proper device operation is assured. The
eight RAS cycle wake-ups should be repeated any
time the 'REF refresh requirement 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 Vit and VIL (or between Vi
and Vin).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vid and
VL (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 one TTL gate and
50pF.

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

15. Assumes that 'RCD > tRCD (MAX).

16. If CAS'is LOW at the falling edge of RAS, Q will be
maintained from the previous cycle. To initiate a new
cycle and clear the Q 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, access time is controlled
exclusively by *CAC.

18. Operation within the 'RAD limit ensures that t(RCD
(MAX) can be met. 'RAD (MAX) is specified as a
reference point only; if 'RAD is greater than the
specified 'RAD (MAX) limit, access time is controlled
exclusively by tAA.

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; it is not a
reference to Vor or VoL.

21. 'WCS, tRWD, tAWD and 'CWD are restrictive
operating parameters in LATE-WRITE and READ-
MODIFY-WRITE cycles only. If 'WCS > TWCS (MIN),
the cycle is an EARLY-WRITE cycle and the data
output will remain an open circuit throughout the
entire cycle. If 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 is met, the state of data-out is indetermi-
nate. OF held HIGH and WE taken LOW after CAS
goes LOW results in a LATE-WRITE (OE-controlled)
cycle.

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

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

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

25. All other inputs at Vec -0.2V.

26. Write command is defined as WE going LOW.

27. MT4C2M8AZ2 only.

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

29. 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 OF is brought HIGH, the DQs will open. If OE
is brought back LOW (CAS still LOW), the DQs will
provide the previously read data.

30. The 5V version is restricted to operate between 4.5V
and 5.5V only.

31. The 3.0/3.3V version is restricted to operate between
2.7V and 3.6V only. The -6 speed version is only valid
for Vce = 3.09V to 3.6V whereas the -7 and -8 speed
versions are valid for Vcc =2.7V to 3.6V.

32. Column-address changed once while RAS = ViL and
CAS = VIH.

33. The 3ns minimum is a parameter guaranteed by
design.
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MICRON

ADVANCE

MT4(L)C2M8A1/2
2 MEG x 8 WIDE DRAM

NOTE:

READ CYCLE

‘RC
tRAS [
oV
RAS v
csH f
| RSH tRRH
i ICRP tRCO i tcas H
[ i
— VY - i lf
Cas vy -/
AR {
'RAD 'RAL |
1ASR ‘RAH ASC o CAH
v, ‘
aoon Vi ‘m ROW COLUMN W ROW
] \ RCS i o |
]|
v | } 4
WE H ~, /
WE vy ’/ W
tan
'RAC
! ‘Cac ‘OFF
'tz
- BL vauooata b
0a x:&H— OPEN VALID DATA OPEN
1 " i 1
0E [ ] oD
Vg~
[ /
'RC
| 'RAS ' il
|
M |
mEs v L
osH
‘RsH
I tcrp Rco 'cas
cas ‘6[« - F X
AR
RAD |
T
tasr tRaH asc 'CAH |
v \ ! | |,
/SN /) S )  —
fowt
|
tawL
|
'WCR |
]
X wes | weH :
|
i
4 i ‘WP i
wn§’ ) :
— v |
WE o m NOTE 1 i V
] ‘DHR
1 Y
s tan DS | OH
oo IOk NOTE 1 W VALID DATA W
VioL -
—_ VY
& U2

DON'T CARE

B unperineD

1. Applies to MT4C2M8A2 only; WE and DQ inputs on MT4C2M8A1 are “don’t care” at RAS time. WE selects
between normal WRITE and MASKED WRITE at RAS time. The DQ inputs are “don’t care” for a normal
WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED WRITE,
WE LOW at RAS time.

MT4{L)C2MBA1/2
EV. 3/93
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MICRON

ADVANCE

MT4(L)C2M8A1/2
2 MEG x 8 WIDE DRAM

NOTE:

READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
tRwG
‘RAS | ‘e
s WM C f —
sk
| 'ASH
i cre ! ‘RCD cas
CAS xh-] - /f
- tan
tRaD RAL
IASA 'RAH i i lasc i lcan
! H
appR Y1 :m ROW i@( COLUMN W ROW
— ) | T tawp tewt |
" mcs | tcwp tRwi
|vas ‘wm[ ' 'awD fwp
WE g - NOTE 1 KZ’Z’Z/ L/
Tan |
RaC
g
[«'M_S» | oz el DS, | o
| R
oa GO - { noter i opzn_mi VALIDDGyr K VAUDDy OPEN
E ; 'oo‘ toEH |
R/ J /\71 Iy K%
FAST-PAGE-MODE READ CYCLE
1RASP 1o RP
|
s UM X i JK
" fcsH e RSH v —
AP trco lcas p cas icp icas ] PN |
= ‘ e ) Y h
AR |
0 i ! tRAL
| task_ | ':: | ‘ tasc oA ] ASC i can ‘ asc ! A,
) . i !
ADDR vl[‘ 7 ‘ AOW cmuunm COLUMN m COLL’JMN M ROW
“ ‘ [, - !*‘ac:s »‘ ""RCS ‘RCT' [=—RRH
w T
|
ba 33’* E oPEN
& / i,

DON'T CARE
B unpEFINED

1. Applies to MT4C2MB8A2 only; WE and DQ inputs on MT4C2M8A1 are “don't care” at RAS time. WE selects
between normal WRITE and MASKED WRITE at RAS time. The DQ inputs are “don’t care” for a normal

WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED WRITE,
WE LOW at RAS time.

MT4(L)C2MBAY2
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ADVANCE

MT4(L)C2M8A1/2
2 MEG x 8 WIDE DRAM

NOTE:

FAST-PAGE-MODE EARLY-WRITE CYCLE

‘RasP |-atRE :
RAS 3:[‘ - } X
tcrp ‘csn tec IasH
l’cnv tAcD tcas { cp lcas top ([ i tcpn i
@ T} ! } A
— |
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O e N | e
ADOR v:f s ROW i@( COLUMN :W /Z( COLUMN COLUMN W 0( ROW
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WWes twWeH wes. ‘weH . twes twWeH
|Jﬁi ‘WHN] twp WP . WP
7 TR 7 W\ T,
wea tawL '
[
|:M5 xm] ‘ 'os ‘S:R i ‘o foH [ 'ps ‘om ‘
Do ‘\18{‘:% NOTE 1 }@{ VALID DATA @{ VALID DATA m VALID DATA w 777
MY Y
FAST-PAGE-MODE READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
- IRasP
ms o
i ‘crp tReD
S
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‘RAD
taSR 'Ran, 1 | iasg|
S/ ST /),
|
b=
i i
WE \V/:[‘ :%vsw
'RAC ‘or—]
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s, || b T
B S
® W

77 DONT CARE

% UNDEFINED

1. Applies to MT4C2M8A2 only; WE and DQ inputs on MT4C2M8A1 are “don’t care” at RAS time. WE selects
between normal WRITE and MASKED WRITE at RAS time. The DQ inputs are “don't care” for a normal
WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED WRITE,
WE LOW at RAS time.

MT4(L)C2MBAL/2
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ADVANCE

MT4(L)C2MBA1/2
MICRON 2 MEG x 8 WIDE DRAM

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE
(Pseudo READ-MODIFY-WRITE)

tRasp L AP
Vi
Ras wir
RsH
osH pc
. temp tRep 'cas cpp tcas tePN |
l -
Zas Y - }
s oy f T\
AR
'RaD ! tRaL
tasR || _tRaH_ tasc tean tasc || _tean
| 1l —
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] I towe | ‘ m
! 1 i
Res | RWL
I we
[ twes, WCH U
- — 3
wE UM S 7 /
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o z:[‘ M / ////?g VALID DATA w g
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‘ teiz 1OFF,
|
| i
i NOTE t
You - : VALID
a Y ——— OPEN ey OPEN
I ‘AA
tRac
= V
LRGN

NOTE: 1. Do not drive data prior to High-Z; that is completion of 'OFF. 'CPP is equal to 'OFF + 'DS(MIN) + guardband
between data-out and driving new data-in.

RAS-ONLY REFRESH CYCLE
(OE and WE = DON'T CARE)
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lAas trp
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= v =
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‘ash ‘Rart
|
V)
v -
oo v OPEN
7
[/} DONT cARE
B unoerinen
MT4(L)C2M8A T2 3 65 Micron Semiconductor, Inc., feserves the right to change products or specifications without notice.
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MICRON

ADVANCE

MT4(L)C2M8A1/2
2 MEG x 8 WIDE DRAM

CBR REFRESH CYCLE
(A0-A11; OE = DON'T CARE)

rp RAS trp RAS
I \ / N
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leen | tosm CHR RPC . tcsR tcHR
= ) v
0Q - OPEN
wae| [_twAH wre || wrd
we W T I
HIDDEN REFRESH CYCLE
(WE = HIGH; OE = LOW)
(READ) {REFRESH)
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v i
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l
ADDR z:[‘:m( ROW m COLUMN jW
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tcac N i
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DON'T CARE

% UNDEFINED
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