MICRON

MT16D(T)51232

512K x 32, 1 MEG x 16 DRAM MODULE

DRAM
MODULE

512K x 32, 1 MEG x 16

FAST-PAGE-MODE (MT16D(T)51232)
LOW POWER,
EXTENDED REFRESH (MT16D(T)51232 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, 48mW (4.8mW L-version) standby;

1,424mW active, typical

¢ Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR)
and HIDDEN

¢ Multiple RAS lines offer x16 or x32 widths

* 512-cycle refresh distributed across 8ms or
512-cycle extended refresh distributed across 64ms

¢ FAST-PAGE-MODE access cycle

¢ Low CMOS standby current, 3.2pA maximum
(L-version)

¢ Thin outline using TSOP version

OPTIONS MARKING
* Timing
60ns access -6
70ns access -7
80ns access -8
* Components
SOJ D
TSOP DT
* Packages
Leadless 72-pin SIMM M
Leadless 72-pin SIMM (gold) G
e Power/Refresh
Normal Power/8ms Blank

Low Power/64ms L
¢ Part Number Example: MT16DT51232GL-6

GENERAL DESCRIPTION

The MT16D(T)51232 is a randomly accessed solid-state
memory containing 524,288 words organized in a x32 con-
figuration. During READ or WRITE cycles, each bit is
uniquely addressed through the 18 address bits which are
entered 9 bits (A0-A8) ata time. RASis used to latch the first
9 bits and CAS the latter 9 bits. READ or 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. EARLY

PIN ASSIGNMENT (Top View)

72-Pin SIMM
(DE-10) SOJ Version
(DE-25) TSOP Version

MT16D(T)51232M/G

PIN#| SYMBOL |PIN#| SYMBOL [ PIN#| SYMBOL [PIN#) SYMBOL
1 Vss 19 NC 37 NC 55 Da12
2 DQ1 20 DQAs 38 NC 56 D@28
3 DQ17 21 DA21 38 Vss 57 D13
4 DQ2 22 DQ6 40
) DQ18 23 D@22 41
6
7
8

DQ3 24 DQa7 42
D019 25 DQA23 43
DQ4 26 D8 44
9 DQ20 27 DQ24 45
10 Vee 28 A7 46 NC 64 D@32
11 NC 29 NC 47 WE 65 Da16
12 A0 30 Vee 48 NC 66 NC

13 Al 3N A8 49 DQ9 67 PRD1
14 A2 32 NC 50 DQ25 68 PRD2
RAS3 51 DQ10 69 PRD3
RASZ 52 D26 70 PRD4
17 AS 35 NC 53 D11 71 NC

18 A6 36 NC 54 DQ27 72 Vss

WRITE occurs when WE goes LOW prior to CAS going
LOW, the output pin(s) remain open (High-Z) until the
next CAS cycle.

FAST-PAGE-MODE operations allow faster data opera-
tions (READ or WRITE) within a row-address-defined (AO-
AB) page boundary. The FAST-PAGE-MODE cycle is al-
ways initiated with a row-address strobed-in by RAS fol-
lowed by 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
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
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MICRON

MT16D(T)51232

512K x 32, 1 MEG x 16 DRAM MODULE

correct state by maintaining power and executing any
RAS cycle (READ, WRITE) or RAS REFRESH cycle (RAS-
%Y, CBR or HIDDEN) so that all 512 combinations of
RAS addresses (A0-A8) are executed at least every 8ms
{64ms on L-version), regardless of sequence.

For x16 applications, the corresponding DQ and CAS
pins must be connected together (DQ1 to DQ17, DQ2 to
DQ18 and so forth, and CASO to CAS2 and CASI1 to
CAS3). Each RAS is then a bank select for the x16 memory
organization.

FUNCTIONAL BLOCK DIAGRAM

DO wreeeseeeeneesnnnaneanaes DQY =rerervermmirmrmacenen Dae
001004 DQ1-D04 0Q3-DO4 DQ1-DQd
WE WE WE WE
U . us . us
CAS A5 TR tas
—— RS J — RS — RaS RAS
r(f AQ-AS I—ﬁ AO-AB fﬁ AC-AB J_—TwAs
TA%S
Casi
RASO
wE DQI7 -oreoreesmraenseiens DQRG oo DQ3z
0Q1-D04 DQ1-DQ4 DQ1-DO4 DQ1-D04
WE wE WE WE
U _ o us
c €as CAs s
ro_s AD-48 rTE J_—-Tswm ro_s AQ-AB
TAS2
CAS3
RAS2
AD-AB
DQY wommeemrmeerneneeas ol I et DQ16
001-004 DQ1-DQ4 DQ1-DQ4 DO1-DO4
WE WE WE WE
ue _ Ut v12
cas [ 2 cas
— s J —1 RS — RAS RAS
r OE _AD-A8 _E OF A0-A8 _J____ OE AD-A8 r OE_A0-A8
A%
CAST
RAST
wE Lol A DQ24 DQRE =eerssreesarsensnnenis sz
DQ1-DO4 DQ1-004 001-D04 Da1-004
L3 WE WE WE
i ___us T
TAS [ TAS 5]
—1 RAs ‘ ’— AAs — RS [
rﬁm—w -E-EE AO-AR _E-‘E AD-AB IGE AD-AS
CAS2
CAS3
RAZ3
AD-AS

U1-U16 = MT4C4256
U1-U416 = MT4C4256 L (L-version)
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MlanN MT16D(T)51232
I 512K x 32, 1 MEG x 16 DRAM MODULE
TRUTH TABLE
ADDRESSES DATA-IN/OUT
FUNCTION RAS CTAS WE R ic Da1-D032
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 CcOL Data-Out
REFRESH WRITE L—H-L L L ROW COL Data-In
CBR REFRESH H-L L X X X High-Z
BATTERY BACKUP (BBU) H—-L L X X X High-Z
REFRESH (L-version)
PRESENCE DETECT

SYMBOL -6 -7 -8

PRD1 NC NC NC

PRD2 Vss Vss Vss

PRD3 NC Vss NC

PRD4 NC NC Vss
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MT16D(T)51232

MICHDN 512K x 32, 1 MEG x 16 DRAM MODULE

ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maxi-
Voltage on Vce Supply Relative to Vss ............ mum Ratings” may cause permanent damage to ﬂ:‘e device.
Operating Temperature, T, (ambient).... This is a stress rating only and functional operatllon f’f the
Storage Temperature (plastic) .............o...... deviceat these or any other conditions above those indicated
Power DiSSIpation ........coceceremeriinsrenssssensemeres s inthe operational sections of this specification is notimplied.
Short Circuit Qutput Current ...........ococevvivenirererennacns Exposure to absolute maximum rating conditions for ex-

tended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS
(Notes: 1, 2, 3, 6,22 ) (0°C < T < 70°C; Ve = 5V +10%)

PARAMETER/CONDITION SYMBOL [ MIN MAX | UNITS | NOTES
Supply Voltage Voe 45 5.5 \ 1
Input High (Logic 1) Voltage, all inputs ViH 2.4 |Vcc+ \' 1
Input Low (Logic 0} Voltage, all inputs Vi -1.0 0.8 \ 1
INPUT LEAKAGE CURRENT CAS0-CAS3 I -8 8 pA

Any input OV < Vin < 6.5V A0-A8, WE l2 -32 32 pA

{All other pins not under test = 0V) for each package input | RASO-RAS3 I3 -8 8 HA

OUTPUT LEAKAGE CURRENT DQ1-DQ32 loz -20 20 HA

(Q is disabled; OV < Vour < 5.5V) for each package input
OUTPUT LEVELS VoH 24 \
Output High Voltage (lout = -5mA)
Output Low Voltage (lout = 4.2mA) Vo 0.4 \

MAX

PARAMETER/CONDITION SYMBOL -6 -7 -8 | UNITS | NOTES
STANDBY CURRENT: (TTL) lcet 32 32 | 32 mA

(RAS = CAS = Vin)

STANDBY CURRENT: (CMOS) lcca 16 16 | 16 mA

(RAS = CAS = Vce -0.2V) 32| 32| 3.2 mA 24
OPERATING CURRENT: Random READ/WRITE 736 | 656 | 576 | mA | 2,22
Average power supply current lcca

(RAS, CAS, Address Cycling: 'RC = 'RC [MIN]) 684 | 604 | 524 | mA [2,22,24
OPERATING CURRENT: FAST-PAGE-MODE 576 | 496 | 416 | mA | 2,22
Average power supply current lcca

(RAS = Vi, CAS, Address Cycling: 'PC = tPC [MIN]) 524 | 444 | 364 | mA |2,22,24
REFRESH CURRENT: RAS-ONLY 736 | 656 | 576 | mA 2
Average power supply current lces

(RAS Cycling, CAS = Vii: 'RC = 'RC [MIN]) 684 | 604 | 524 | mA | 2,24
REFRESH CURRENT: CBR 736 | 656 | 576 | mA | 2,19
Average power supply current Icce

(RAS, CAS, Address Cycling: 'RC = 'RC [MIN]) 684 | 604 | 524 | mA |2,19,24
REFRESH CURRENT: BBU

Average power supply current during BBU REFRESH:

CAS = 0.2V or CBR cycling; RAS = 'RAS (MIN) to lcc7 32| 32|32 | mA 24
1us; WE, A0-A8 and Din = Ve -0.2V or 0.2V (Din may be left

openy); 'RC = 125ps (512 rows at 125us = 64ms)

MT16D(T)51232 Micron Semiconductor, Inc., rasarves the right o change produets or spacificalions wilhout notice.
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MlanN MT16D(T)51232

512K x 32, 1 MEG x 16 DRAM MODULE

CAPACITANCE
PARAMETER SYMBOL | MIN MAX | UNITS | NOTES
Input Capacitance: A0-A8 Cn 95 pF 17
Input Capacitance: WE Ci2 127 pF 17
Input Capacitance: CAS0-CAS3, RASO-RAS3 Cu 32 pF 17
Input/Output Capacitance: DQ1-DQ32 Cio 18 pF 17

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 3, 4,5, 6, 7, 10, 11, 16, 21) (0°C < T, < 70°C; Vo = 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 READ or WRITE tPC 35 40 45 ns

cycle time

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

Access time from RAS ‘RAC 60 70 80 ns 8
Access time from CAS 'CAC 20 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 20 20 20 ns

RAS precharge time 'RP 40 50 60 ns

CAS puise width 'CAS 20 100,000 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 40 20 50 20 60 ns 13
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 23
address delay time

Column-address setup time 'ASC 0 0 0 ns
Column-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

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

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

MT16D{T)51232 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MICRON

MT16D(T)51232
512K x 32, 1 MEG x 16 DRAM MODULE

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 3, 4, 5,6, 7, 10, 11, 16, 21) (0°C < T, < 70°C; Voc = 5V £10%)

AC CHARACTERISTICS -6 -7 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
CAS to output in Low-Z ‘cLz 0 0 0 ns

Output buffer turn-off delay 'OFF 3 20 3 20 3 20 ns 12,25
WE command setup time 'WCSs 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 ‘ARWL 20 20 20 ns

Write command to CAS lead time 'CWL 20 20 20 ns

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

(referenced to RAS)

Transition time (rise or falf) T 3 50 3 50 3 50 ns 5,16
Refresh period (512 cycles) 'REF 8/64 8/64 8/64 ms 3/24
RAS to CAS precharge time ‘RPC 0 0 0 ns

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

CAS hold time 'CHR 10 15 15 ns 19
(CBR REFRESH)
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MICRON

MT16D(T)51232

512K x 32, 1 MEG x 16 DRAM MODULE

NOTES

1.
2.

S

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 100ys 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 V. (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and VL.

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 two TTL gates
and 100pF.

Assumes that '/RCD < IRCD (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 > fRCD (MAX).

If CAS = Vi, data output is High-Z.

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 VoL.

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

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.
25.

specified 'RCD (MAX) limit, then access time is
controlled exclusively by 'CAC.

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

These parameters are referenced to CAS leading edge
in EARLY-WRITE cycles.

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi and
VIL (or between V1. and VIH) in a monotonic manner.
This parameter is sampled. Capacitance is measured
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc
=5V, DC bias = 2.4V at 15mV RMS).

If CAS'is LOW at the falling edge of RAS, data-out
(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.

On-chip refresh and address counters are enabled.

A HIDDEN REFRESH may also be performed after a
WRITE cycle. In this case, WE = LOW.
LATE-WRITE, READ-WRITE or READ-MODIFY-
WRITE cycles are not available due to OE being
grounded on U1-Ul6.

Icc is dependent on cycle rates.

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
controlled exclusively by 'AA.

Applies to L-version only.

The 3ns minimum is a parameter guaranteed by
design.
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912K x 32, 1 MEG x 16 DRAM MODULE

MT16D(T)51232

RAS

CAS

ADDR

—_— Vv
mAs vy

ViH

s vyl

ViH

ADDR

ViH

viL

VioH
Viot

READ CYCLE

ARc
'Ras tRp
vy
viL -
losH
'RSH RRH
l.__'cRP ‘rCD lcas
M .
Vit =, \ K /|
AR
'RAD RAL
tasr tRAH tasc tcaH
Vi
Vi AOW COLUMN ROW
1) !
’ | RCS RCH
MRS 3
i /4 LT
tan
tRac
tcac toFF
oz
v -
viSH = OPEN VALID DATA OPEN
EARLY-WRITE CYCLE
tRe
‘Ras | tRp
-
- ! 2| ;
IcsH
RsH
| ‘cRp tReD cas
taR
'RAD tRaL
’ tASR RAH asc car
towL ]
1
tRwL
'wer
twes tweH
twp
'DHR
' s ton
VALID DATA )@’ZZ’/ /

DON'T CARE

R UNDEFINED
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MICRON

MT16D(T)51232
512K x 32, 1 MEG x 16 DRAM MODULE

FAST-PAGE-MODE READ CYCLE

tRaSP tAp_
vy Y
RAS V[ _ &
fcsH rc 'RSH
i CRP Rco ‘cAs fcp tcas cp fcas cpn |
w ﬁlL
CAS
Vie - E F: / /
'aR
1RAD 'RAL
tASR 'RAH ASC ICAH 'ASC IcAH_ | tASC | toaH
Vig = !
ADDR v.[1 _@( ROW @( COLUMN {W 0} COLUMN COLUMN ROW
N — |"—'RCS - L'—‘RCS ' *‘ ~—"tARH
i RCS — |___ A l‘r RCH
e Vi =
e U i U 7
taa | taa I tan
' tRac ' tcpa ! \cpPa
tcac toFE tcac {oFE tcac ,
| P | |=—toFF
oz —| |- oLz —e| | oz —=| |-
VlOH — 4 p p'l _f-ﬁ—ﬂ
D VALID VALID VALD %
Q vioL = OPEN . _DATA DATA 7 X_DATA } OPEN
RAS . AP .
— Vg = p!
RAS vy _ N ¢ AN
lcsH tpc tRsH
. ‘cRP tACD ‘cas cp cas cp 'cAS 1 tcPn |
s VW - | 3
cAs v F; f N i/ I\
AR
RAD tRAL
LIASR 'RAH tasc tcaH tasc ICAH_ tAsC 1CAH
v _%l: 5
ADDR v:f AOW @‘ COLUMN W 0( COLUMN % COLUMN % ROW
towl | towL ] towl ]
1 I |
wes tweH twes tweH wes tweH
twp twp twe
WE VM
WE 62225
Vi x K
wen RwWL
1
'DHR
ps ‘DH ‘os 'DH os toH
I
Vion -+ K g
0Q yigl / &( VALID DATA VALID DATA VALID DATA W

DON'T CARE

R unpEFINED
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MlCRDN MT16D(T)51232

512K x 32, 1 MEG x 16 DRAM MODULE

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

'RASP |wRP
V=
ms v C ;
tasH
tcsH tpc
;) tRCD tcas topp tcas fcen |
4 [
== ViH =
oA i C i F \ N )L
VAl
1RAD 'RaL
‘asr_ || tRan tasc tcan tasc || tcan
Vi = — y
won Y K ron 1 S
1 tow |
tRCS ! 0 tew
I twe
twes twen
— V iy ¥
e i » . T
I tos_||_tom_,
7
o ¥ T % T
tcac
oLz 10FF, *
v NOTE 1
OH — VALID
Q vy = OPEN ‘ DATA OPEN
A
thac

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

RAS-ONLY REFRESH CYCLE
(ADDR = AQ-A7; A8 and WE = DON'T CARE)

tRc

'RAS RP
vy =
A v C N 4
‘ {CRP ‘nPcl
s - f X, /
tASR RAH

V| y
sooa v Fow LY, 1/, S

VoH -

OH OPEN

0Q vor

DON'T CARE

@ UNDEFINED

MT16D(T)51232 4 2 Migron Semiconductor, Inc., raserves Iha right to changse products or specifications without notice.
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MT16D(T)51232
512K x 32, 1 MEG x 16 DRAM MODULE

CBR REFRESH CYCLE
(A0-A8, WE = DON'T CARE)

AP tRAS tap 'Ras
AR T W
lapc
tepn |, _lesh ICHR \RPC, | tcon 1CHR
o W o i q l
ba 38{‘: OPEN
BBU REFRESH CYCLE >
(AO-A8, WE = DON'T CARE)
125ps
trp tRAS P tRas
=R N
RPC
teen || tos CHR | RPC, tcsR IcHR
o Vi C \ L L
%) ng: OPEN
HIDDEN REFRESH CYCLE2°
(WE = HIGH)
(READ) (REFRESH)
tRAS _mp 'RAS
s ks ¥ ,} ’L /
1. 'CRP 'RCD RsH cHR
& W f
AR
RAD 'RAL
tASR 'RAH_, tasc lean
|
ADDR z:t':m: ROW m‘ COLUMN :
tan
Rac
,CLZ'CAC — | torF
ba 3:8[': OPEN TN VALID DATA b— oPeN—

DON'T CARE

B unperiNeD
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