MICRON

MT24D236

2 MEG x 36,4 MEG x 18 DRAM MODULE

DRAM
MODULE

2 MEG x 36,4 MEG x 18

FAST PAGE MODE (MT24D236)
LOW POWER,
EXTENDED REFRESH (MT24D236 L)

FEATURES

¢ Industry-standard pinout in a 72-pin single-in-line

package

High-performance CMOS silicon-gate process

Single 5V £10% power supply

All device pins are TTL-compatible

Low power, 72mW (18.4mW L-version) standby;

2,536mW active, typical

* Refresh modes: RASONLY, CAS-BEFORE-RAS (CBR)
and HIDDEN; optional Extended Refresh

¢ 1,024-cycle refresh distributed across 16ms or
1,024-cycle Extended Refresh distributed across 128ms

* FAST PAGE MODE access cycle

* Multiple RAS lines allow x18 or x36 width

OPTIONS MARKING
¢ Timing
60ns access -6
70ns access -7
80ns access -8
¢ Packages
Leadless 72-pin SIMM M
Leadless 72-pin SIMM (gold) G
* Power/Refresh
Normal Power/16ms Blank

Low Power/128ms L
¢ Part Number Example: MT24D236G-6 L

GENERAL DESCRIPTION

The MT24D236isarandomly accessed solid-state memory
containing 2,097,152 words organized in a x36 configura-
tion. During READ or WRITE cycles, each bit is uniquely
addressed through the 20 address bits, which are entered 10
bits (A0 (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 E cycle, data-in (D) is latched by the
falling edge of WE or CAS, whichever occurs last. EARLY
WRITE occurs when WE goes LOW prior to CAS going
LOW, and the output pin(s) remain open (High-Z) until the
next CAS cydle.

PIN ASSIGNMENT (Top View)

72-Pin SIMM
(DE-13)

MT24D236M/G

PIN#| SYMBOL [PIN#| SYMBOL | PIN#| SYMBOL |PIN #] SYMBOL
1 Vss 19 NC 37 DQ18 55 DQ13

DOt 20 D05 38 DA36 56 DQ31

3 DQ19 21 DA23 39 Vss 57 DQ14

4 DQ2 22 DQ6 40 TASD 58 DQ32

5 DQ20 23 DQ24 41 TASZ 59 Vee

6 DQ3 24 DQ7 42 CAST 60 D@33

7

8

D021 25 DQ25 43 CAST 61 DQ15
DQ4 26 DQ8 44 RASD 62 DQ34
] DQ22 27 DQ26 45 RAST 63 Daté
10 Vee 28 A7 46 NC 64 D035
11 NC 29 NG 47 WE 65 Da17
12 A0 30 Vee 48 NC 66 NC
13 Al 3 A8 49 Da1o 67 PRD1
14 A2 32 A9 50 bQ28 63 PRD2

RAST 51 DAt 69 PRD3

RASZ. 52 DQ29 70 PRD4

17 AS 35 DA27 53 DQ12 71 NC
18 A6 36 Dag 54 DQA30 72 Vss

FAST PAGE MODE operations allow faster data opera-
tions (READ or WRITE) within a row-address-defined (AQ-
A9) page boundary. The FAST PAGE MODE cycle is al-
ways initiated with a row-address strobed-in by RAS fol-
lowedby a column-address strobed-inby CAS. CASmay be
toggled-in by holding RAS LOW and strobing-in different
column-addresses, thus executing faster memory cycles.
Returning RAS HIGH terminates the FAST PAGE MODE
operation. -

Returning RAS and CAS HIGH terminates a memory
cycleand decreases chip current to areduced standby level.
Also, the chip is preconditioned for the next cycle during
the RAS HIGH time. Memory cell data is retained in its
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MT24D236
MEG x 36, 4 MEG x 18 DRAM MODULE

correct state by maintaining power and executing any

For x18 applications, the corresponding DQ and CAS

RAS cycle (READ, WRITE) or RAS REFRESH cycle (RAS pins must be connected together (DQI1 to DQ17, DQ2 to

ONLY, CBR or HIDDEN) so that all 1,024 combinations of
RAS addresses (A0-A9) are executed at least every 16ms

DQ18 and so forth, and CASO to CAS2 and CASI to
CAS3). Each RAS is then a bank select for the x18 memory

(128ms on L-version), regardless of sequence. organization.
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U1-U16 = MT4C400100J

U17-U24 = MT4C1024D0

or

U1-U16 = MT4C4001JDd S {L-version)
U17-U24 = MT4C1024DJ L (L-version)
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MlCHDN MT24D236

2 MEG x 36,4 MEG x 18 DRAM MODULE

TRUTH TABLE
ADDRESSES DATA-IN/OUT
FUNCTION RAS CTAS WE 'R ic DQ1-DQ36
Standby H H—X X X X High-Z
READ L L H ROW COL Data-Out
EARLY WRITE L L L ROW COL Data-In
FAST-PAGE-MODE 1st Cycle L H—-L H ROW COL Data-Out
READ 2nd Cycle L H—L H n/a COL Data-Out
FAST-PAGE-MODE 1st Cycle L H-L L ROW COL Data-In
WRITE 2nd Cycle L H—-L L n/a COL Data-In
RAS ONLY REFRESH L H X ROW n/a High-Z
HIDDEN READ L—-H—L L H ROW COL Data-Out
REFRESH WRITE L—>H—L L L ROW COL Data-In
CBR REFRESH H—L L H X X High-Z
Extended CBR H—L L H X X High-Z
REFRESH (L-version)
PRESENCE-DETECT

SYMBOL -6 -7 -8

PRD1 NC NC NC

PRD2 NC NC NC

PRD3 NC Vss NC

PRD4 NC NC Vss
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MICRON

MT24D236

2 MEG x 36,4 MEG x 18 DRAM MODULE

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc Supply Relative to Vss.............. -1V to +7V
Operating Temperature, T, (ambient} .......... 0°C to +70°C
Storage Temperature (plastic) .................... -55°C to +150°C
Power Dissipation

Short Circuit Output Current .......ocovecccrvencrennceinnns 50mA

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

- ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

37NAON NvHAa

(Notes: 1, 3, 6, 22) (Vcc = 5V £10%)

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \'s

input High (Logic 1) Voltage, all inputs ViH 2.4 | Vcc+l Vv

Input Low (Logic 0) Voltage, all inputs ViL -1.0 0.8 Vv

INPUT LEAKAGE CURRENT CAS0-CAS3 I -12 12 UA

Any input OV < VIN £ 6.5V AD-A9, WE he -48 48 A

(All other pins not under test = QV) for each package input | RAS0-RAS3 li3 -12 12 pA
OUTPUT LEAKAGE CURRENT DQ1-DQ36 loz -10 10 uA

(Q is disabled; OV < Vour < 5.5V) for each package input

OUTPUT LEVELS VoH 24 A
Output High Voltage (lout = -5mA)

Output Low Voltage (lout = 4.2mA) Vou 0.4 \

MAX

PARAMETER/CONDITION SYMBOL -6 -7 -8 | UNITS | NOTES
STANDBY CURRENT: (TTL) lcct 48 | 48 | 48 mA

(RAS = CAS = ViH)

STANDBY CURRENT: (CMOS) lcc2 24 | 24 | 24 mA

(RAS = CAS = Vcc -0.2V) 48 | 48 | 48 | mA 24
OPERATING CURRENT: Random READ/WRITE

Average power supply current lcca 1264 1144 (1024 | mA | 2,22,
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN)) 26
OPERATING CURRENT: FAST PAGE MODE

Average power supply current Icca 944 | 824 | 704 | mA | 2,22,
(RAS = Vi, CAS, Address Cycling: IPC = 'PC [MIN]) 26
REFRESH CURRENT: RAS ONLY

Average power supply current Iccs 1264 | 1144|1024 mA (22,26
(RAS Cycling, CAS = Vin: 'RC = 'RC [MIN))

REFRESH CURRENT: CBR

Average power supply current lccs 1264 | 1144 {1024 mA | 19,22
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])

REFRESH CURRENT: Extended CBR

Average power supply current during Extended Refresh:

CAS = 0.2V or CBR cycling; RAS = 'RAS (MIN) lec? 64 | 64 | 64 ) mMmA |19,622
WE =Vcc -0.2V; A0-A9 and Din = Ve -0.2V or 0.2V 24,27
(DIN may be left open); tRC = 125ps (1,024 rows at 125us = 128ms)

MT240236
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MICRON MT24D236

2 MEG x 36, 4 MEG x 18 DRAM MODULE

CAPACITANCE
PARAMETER SYMBOL [ MIN MAX | UNITS | NOTES
Input Capacitance: AO-A9 Ci1 140 pF 17
Input Capacitance: WE Ci2 188 pF 17
Input Capacitance: RASQ, RAS1, RAS2, RAS3 Ci3 50 pF 17
Input Capacitance: CASQ, CAS1, CAS2, CAS3 Cia 50 pF 17
Input/Output Capacitance: DQ1-DQ36 Cio 18 pF 17

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 3,4, 5,6, 7, 10, 11, 16, 21) (Vcc = 5V £10%)

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 n/a n/a n/a ns 21
FAST-PAGE-MODE PC 35 40 45 ns

READ or WRITE cycle time

FAST-PAGE-MODE PRWC n/a n/a n/a ns 21
READ-WRITE cycle time

Access time from RAS tRAC 60 70 80 ns 8
Access time from CAS ICAC 15 20 20 ns 9
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 70 100,000 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

CAS 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 18
‘CAS precharge time (FAST PAGE MODE)| 'CP 10 10 10 ns

RAS to CAS delay time 'RCD 20 45 20 50 20 60 ns 13
CAS to RAS precharge time ICRP 10 10 10 ns
Row-address setup time 'ASR 0 0 0 ns
Row-address hold time 'RAH 10 10 10 ns

RAS to column-address delay time 'RAD 15 30 15 35 15 40 ns 23
Column-address setup time 'ASC 0 0 0 ns
Column-address hold time 'CAH 10 15 15 ns
Column-address hold time AR 45 50 55 ns
(referenced to RAS)

Column-address to 'RAL 30 35 40 ns

RAS lead time

Read command setup time 'RCS 0 0 0 ns

Read command hold time 'RCH 0 0 0 ns 14
(referenced to CAS)

Read command hold time 'RRH 0 (o} 0 ns 14
(referenced to RAS)

MT240236 1 5 Micron Semiconductor, Inc., reserves the right to change products or specilications without notice.
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MII:FIDN MT24D236

2 MEG x 36, 4 MEG x 18 DRAM MODULE

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 3, 4, 5,6, 7,10, 11, 16, 21) (Vcc = 5V £10%)

AC CHARACTERISTICS -6 -7 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
'CAS to output in Low-Z ICcLz 0 0 0 ns

Qutput buffer turn-off delay 'OFF 3 20 3 20 3 20 ns 12,25
WE command setup time 'WCs 0 0 0 ns

Write command hold time 'WCH 10 15 15 ns

Write command hold time WCR 45 55 60 ns

(referenced to RAS)

Write command pulse width WP 10 15 15 ns

Write command to RAS lead time 'RWL 15 20 20 ns

Write command to CAS lead time ‘cwL 15 20 20 ns

Data-in setup time DS 0 0 0 ns 15
Data-in hold time 'DH 10 15 15 ns 15
Data-in hold time 'DHR 45 55 60 ns

(referenced to RAS)

Transition time (rise or fall) T 3 50 3 50 3 50 ns 5,16
Refresh period (1,024 cycles) 'REF 16/128* 16/128* 16/128* ms

HAS to CAS precharge time 'RPC 0 0 0 ns

CAS setup time 'CSR 10 10 10 ns 19
(CBR REFRESH)

CAS hold time ICHR 15 15 15 ns 19
(CBR REFRESH)

WE hold time 'WRH 10 10 10 ns 28
(CBR REFRESH)

WE setup time 'WRP 10 10 10 ns 28
(CBR REFRESH)

WE hold time WTH 10 10 10 ns 28
(WCBR test cycle)

WE setup time WTS 10 10 10 ns 28
(WCBR test cycle)

*L-version only
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MICRON

MT24D236

2 MEG x 36,4 MEG x 18 DRAM MODULE

NOTES

1. All voltages referenced to Vss. 15. These parameters are referenced to CAS leading edge

2. Icc is dependent on output loading and cycle rates. in EARLY WRITE cycles.

Specified values are obtained with minimum cycle 16. In addition to meeting the transition rate specifica-
time and the output open. tion, all input signals must transit between Vi and

3. Aninitial pause of 100us is required after power-up V1L (or between ViL and ViH) in a monotonic manner.
followed by any eight RAS REFRESH cycles (RAS 17. This parameter is sampled. Capacitance is measured
ONLY or CBR with WE HIGH) before proper device using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc
operation is assured. The eight RAS cycle wake-ups =5V, DC bias = 2.4V at 15mV RMS).
should be repeated any time the 'REF refresh 18. If CAS'is LOW at the falling edge of RAS, data-out
requirement is exceeded. (Q) will be maintained from the previous cycle. To

4. AC characteristics assume T = 5ns. initiate a new cycle and clear the data-out buffer, CAS

5. Vm (MIN) and ViL (MAX) are reference levels for must be pulsed HIGH for 'CP.
measuring timing of input signals. Transition times 19. On-chip refresh and address counters are enabled.
are measured between ViH and ViL. 20. A HIDDEN REFRESH may also be performed after a

6. The minimum specifications are used only to indicate WRITE cycle. In this case, WE = LOW.
cycle time at which proper operation over the full 21. LATE WRITE, READ WRITE or READ-MODIFY-
temperature range (0°C < T, <70°C) is assured. WRITE cycles are not available due to OE being

7. Measured with a load equivalent to two TTL gates grounded on all 4 Meg DRAMs.
and 100pF. 22. Icc is dependent on cycle rates.

8. Assumes that '/RCD < 'RCD (MAX). If tRCD is greater 23. Operation within the '(RAD (MAX) limit ensures that
than the maximum recommended value shown in this 'RCD (MAX) can be met. 'RAD (MAX) is specified as
table, '/RAC will increase by the amount that tRCD a reference point only; if 'RAD is greater than the
exceeds the value shown. specified 'RAD (MAX) limit, then access time is

9. Assumes that ‘RCD > '‘RCD (MAX). controlled exclusively by tAA.

10. If CAS = Vi, data output is High-Z. 24. Applies to L-version only.

11. If CAS = VL, data output may contain data from the 25. The 3ns minimum is a parameter guaranteed by
last valid READ cycle. design.

12. *OFF (MAX) defines the time at which the output 26. Column-address changed once each cycle.
achieves the open circuit condition and is not 27. Extended refresh current is reduced as 'RAS is
referenced to VoH or Vor. reduced from its maximum specification during the

13. Operation within the 'RCD (MAX) limit ensures that extended refresh cycle.

'RAC (MAX) can be met. 'RCD (MAX) is specified as 28. 'WTS and 'WTH are setup and hold specifications for
a reference point only; if 'RCD is greater than the the WEpin being held LOW to enable the JEDEC test
specified 'RCD (MAX) limit, then access time is mode (with CBR timing constraints). These two
controlled exclusively by ‘CAC. parameters are the inverts of 'WRP and 'WRH in the

14. Either 'RCH or 'RRH must be satisfied for a READ CBR REFRESH cycle.
cycle.
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MII:FIDN MT24D236

2 MEG x 36, 4 MEG x 18 DRAM MODULE

READ CYCLE

tRC
'RAS ‘AP
Vg
RAS V[ _ | I
esH
RSH 'RRH
| CRP tRCD tcas
- V- e
w Wi f ! /
‘AR
'RAD 'RaL
asm 'RAH tasc cAH
Vin - 3
ADDR V| 4 ROW GOLUMN i ROW
| 'Rcs ’I 'RCH
[— VIH - ¥
& Iy UL,
taa
trac
tcac toFr
oz
Vion — J
ba vISE = OPEN 4 VALID DATA OPEN
tAc
tRAs | tRp
ARs v N /
tesH
RSH
| tcrP ‘rco tcas
= Vg =
cas v Z i
AR
'RAD tRAL
taSR 'RAH tasc fcaH
Viy y
a0oR  yiH :@ ROW m COLUMN )W %( AOW
lewL ’
‘RwL ‘
wcR
twes tweH
twp
— Vi o
Wy A
DHR
! tos oK

v
pa yioH % VALID DATA ’W

DON'T CARE

B UNDEFINED
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MT24D236
MICHDN 2 MEG x 36,4 MEG x 18 DRAM MODULE

FAST-PAGE-MODE READ CYCLE

'RASP AP,
N |
ms v 7
tcsH trc 'RsH

L lomp trco tcas tcp tcas tcp lcas ‘PN,
—= VK - 3 '3
s D f R I N\ I N / i\

tar
'RAD RAL
1 asR 'RAH asc tcaH 1 tasc tcAH tasc ‘caH

|
ADDR ¥:E m ROW :@g COLUMN W COLUMN )0//»] COLUMN :W/// / // ROW

RCS l-*—incs -
N s s 1 e
70 @ “

[—lpcs | ~=—1ARH

—
tRCH

WE
taA | AR | tAA
tRac ' 'cPA i ‘cPA
[ ! [
CcAC OFF CAC loFg ‘cac | |—torF

oLz —= -— oLz —] . oz —=| foat—
VioH ~ ¢ VALID { VALID 3 ' VALID
PQ vigl - OPEN | _DATA A \_DATA f X Data OPEN

FAST-PAGE-MODE EARLY-WRITE CYCLE

RAS | AP ,
JE— V|H iy
RAS ZL L
ViL - N £
tcsH e RSH
_lcrp tRCD tcas tcp 'cAS cp cas . 'CPN |
—— VIH - 4 !
cas yi _ A \ \ ] N 3 /
tar
tRaD tRAL
tASR tRAH_ asC 'CAH, tasc icAH_ | tASC tCAH
MERE L s
ADDR v, ROW COLUMN COLUMN COLUMN ROW
18 2 K

towl | towL | towl |
1 t 1
twes weH twes tweH twes 'WeH
we twp twp
e W T W T
L b.. 14 b
twer RwL |
'DHR '
'ps toH ps 'bH 'ps 'pH

ba x:gr ////// ///A VALID DATA E@( VALID DATA m VALID DATA W / /
[/ boNT cARE

fZY unbeFINED
MT24D236 Micron Semiconductor, Inc., reserves the right ta change products or specifications without notice.
REV. 4/54 3- 1 69 ©1994, Micron Semiconductor, Inc.

37TNAOIN NVvHAa .



3TNAON NvHA I

MICRON

MT24D236

2 MEG x 36,4 MEG x 18 DRAM MODULE

RAS ONLY REFRESH CYCLE
(ADDR = A0-A9; WE = DON'T CARE)

Re
RAS tRp
R N )
| cRP 'HPCl
CAS UK - 3 ¥ 7
e tasmr tRAH
appR Y = /)g ROW ‘;0 / // / »( ROW
ba V8! = oPEN
FAST-PAGE-MODE READ-EARLY-WRITE CYCLE
(Pseudo READ-MODIFY-WRITE)
RASP L tAp
s i \
'Rs|
osH PC "
i ‘cap 'RGD tcas ‘cep tcas tcen
|
R T\
AR
tRAD tRAL
'asR tRAH_ tasc tcaH tasc 'caH |
ADDR ¥:E :m ROW $@1 COLUMN Wm COLUMN )0 / /x ROW
T tewe
'Res | o 'mw |
' T twe
twes twcH
W ¥ i
| 'ps toH
[3} ¥:f / / // 0; VALID DATA % / /// ///
NOTE 1
a 38[': OPEN OPEN
RAC

DON'T CARE

@ UNDEFINED

NOTE: 1. Do not drive data prior to tristate: 'CPP(MIN) or 'CP(whichever is greater) + 'tDS(MIN) + any guardband
between data-out and driving the bus with the new data-in.
2. Assumes D and Q are tied together.
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MT24D236

2 MEG x 36, 4 MEG x 18 DRAM MODULE

CBR REFRESH CYCLE
(A0-A9 = DON'T CARE)

3TNAON NVHA l

trp 'RAS ‘RP RAS
ms i C I i 14
'RPC
L tepn | tcsm 1CHR IRPC | tosm CHR
oA Y \ /
DQ K OPE|
i twRp 1wnHi | twRp lWRHi
we i i Xy i,
EXTENDED CBR REFRESH CYCLE
(AO-A9 = DON'T CARE)
125ps
trp 'RAS trp 'RAS
s v Z / ! /
RPC
1LoiCPN || tcsk IcHr | RPC,  tcsr {CHR
s UM y # jK Y
[i%e) = OPEN
| tWRP | | 'WRH, twre | [_twRH

T,
DON'T CARE

R unoeFiNED

% v XU
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MII:FII:IN MT24D236

2 MEG x 36, 4 MEG x 18 DRAM MODULE

HIDDEN REFRESH CYCLE 0

(READ) (REFRESH)
tRas L P IRas
Frliv e H /7
RAS
ViL- N 4 k 1
L 'cRP 'RCD lRsH teHR
—  Vy= | ~ -
cas gl F N 7
taR
tRAD tRAL
ASR 'RAH_| tasc tcaH
Vi | 4 h |
ADDR ROW COLUMN
- L L )
taa
tRaC
t
CAC S
oz
v - 4
o vigl' = OFEN m VALID DATA — OPEN—

DON'T CARE

R unpEFINED
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