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TECHNICAL DATA

DRAM Single-In-Line
Memory Module (SIMM)
4 8, 16, and 32 Megabyte

JEDEGC-Standard 72—-Lead Single—In—-Line Memory Module (SIMM)

Single 5 V Power Supply, TTL-Compatible Inputs and Outputs
Fast Page Mode (FPM)
RAS-Only Refresh, CAS before RAS Refresh, Hidden Refresh
4MB/8MB: 1024 Cycle Refresh: 16 ms

16MB/32MB: 2048 Cycle Refresh: 32 ms

PART NUMBERS (See Page 19 for Definitions and 1997 Replacements)

1,2,4,8M x 32

5V, FPM, Unbuffered

1M x 32 (4MB), 2M x 32 (8MB)
72-LEAD LOW HEIGHT SIMM

BACK FRONT
' 2 = L
' 2 =
E 37 = ]
' 2 =
' S =
o B nE o =
Comp. Components
Organization Pkg. Case Front Back
1Mx 32 (4MB) | TSOP | 866H-01 2 0
SOJ | 866A-02 2 0
2Mx 32 (8MB) | TSOP | 866H-01 4 0
SOJ | 866A-02 2 2

Organization 60 70
1M x 32 MCM32B116S60 MCM32B116S70
MCM32B116SG60 MCM32B116SG70
MCM32BT116SH60 MCM32BT116SH70
MCM32BT116SHG60 MCM32BT116SHG70
2M x 32 MCM32B216S60 MCM32B216S70
MCM32B216SG60 MCM32B216SG70
MCM32BT216SH60 MCM32BT216SH70
MCM32BT216SHG60 MCM32BT216SHG70
4M x 32 MCM32C400ASH60 MCM32C400ASH70
MCM32C400ASHGE0 MCM32C400ASHG70
MCM32CT400ASH60 MCM32CT400ASH70
MCM32CT400ASHG60 MCM32CT400ASHG70
8M x 32 MCM32C800ASH60 MCM32C800ASH70
MCM32C800ASHGE0 MCM32C800ASHG70
MCM32CT800ASH6E0 MCM32CT800ASH70
MCM32CT800ASHG60 MCM32CT800ASHG70
KEY TIMING PARAMETERS
Speed trc (ns) | tRAc (ns) | tcac (ns) | taa(ns) | tpc (ns)
60 110 60 15 30 40
70 130 70 20 35 45

ADDITIONAL PARAMETERS

Active Power Diss?;:?iizy(zz\‘;‘;?:\nax)
Dissipation
Configuration | Speed (mW) (Max) TTL CMOS

4MB 60 2,035 22 11
70 1,705

8MB 60 2,057 44 22
70 1,727

16MB 60 4,840 88 44
70 4,180

32MB 60 4,928 176 88
70 4,268

11/19/96

4M x 32 (16MB), 8M x 32 (32MB)
72-LEAD LOW HEIGHT SIMM

BACK

CASE 86602 (SOJ),

CASE 866H-01 (TSOP)
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1M, 2M, 4M, 8M x 32 ¢ 5V ¢ FPM o U

PIN ASSIGNMENTS

Pin Name Pin Name Pin Name Pin Name Pin Name Pin Name
1 Vgg 13 A1 25 DQ22 37 NC 49 DQs 61 DQ13
2 DQo 14 A2 26 DQ7 38 NC 50 DQ24 62 DQ30
3 DQ16 15 A3 27 DQ23 39 Vgg 51 DQ9 63 DQ14
4 DQ1 16 Ad 28 A7 40 CASO 52 DQ25 64 DQ31
5 DQ17 17 A5 29 NC 41 CAS2 53 DQ10 65 DQ15
6 DQ2 18 A6 30 Vee 42 CAS3 54 DQ26 66 NC
7 DQ18 19 A10* 31 A8 43 CASH1 55 DQ11 67 PD1
8 DQ3 20 DQ4 32 A9 44 RASO 56 DQ27 68 PD2
9 DQ19 21 DQ20 33 RAS3* 45 RAS1T* 57 DQ12 69 PD3
10 Vce 22 DQ5 34 RAS2 46 NC 58 DQ28 70 PD4
1 NC 23 DQ21 35 NC 47 w 59 Vee 71 NC
12 A0 24 DQs6 36 NC 48 NC 60 DQ29 72 Vss
* A10is NC on the 4MB and 8MB. RAS1 and RAS3 are NC on the 4MB and 16MB.
PIN NAMES
AO-A1Q ... ............ Address Inputs DQO-DQ31...... Data Input/Output
CAS0 - CAS3 .. Column Address Strobe PD1-PD4 ........ Presence Detect
RASO-RAS3 ..... Row Address Strobe W Write Enable
VOGC oo Power VS oo Ground
NG ... No Connection
All power supply and ground pins must be connected for proper operation of the device.
PRESENCE DETECT
Pin Names Speed 4MB 8MB 16MB 32MB
PD1 Vss NC Vss NC
PD2 Vss NC NC Vss
PD3 60 NC NC NC NC
70 Vss Vss Vss Vss
PD4 60 NC NC NC NC
70 NC NC NC NC
5VFPMU32S MOTOROLA DRAM
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CASO

RASO

CASt

CAS2

RAS2

CAS3
WE

AO - A9
Veo

Vss

4MB BLOCK DIAGRAM

LCAS

RAS

o |

UCAS e

WE A0 - A9

1101
1102
1103
1104
1105
1106
1107
1108
1109
11010
11011
11012
11013
11014
11015
11016

1M, 2M, 4M, M x 32 ¢ 5 Ve FPM o U

LCAS

ol

UCAS e

WE A0 —A9

1101
1102
1103
1104
1105
1106
1107
1108
1109
11010
1’011
11012
11013
11014
11015
11016

DQo
DQ1
DQ2
DQs
DQ4
DQs
DQs
Dar
DQs
DQ9
DQ1o
Dan
DQ12
DQ13
DQ14
DQ15

DQ16
DQ17
DQ1s
DQ19
DQ20
DQ21
DQ22
DQ23
DQ24
DQ25
DQ26
DQ27
DQzs
DQ29
DQ30
DQ31

» DRAMs

C1, G2, C5,C6

T
1

0.22 uF (MIN)

Y

DRAMs

MOTOROLA DRAM
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1M, 2M, 4M, 8M x 32 ¢ 5V ¢ FPM o U

8MB BLOCK DIAGRAM

CAS0

DQO - DQ15
LCAS 01 o o1 LCAS
. o2 o o2 o
RASO RAS 103 o 103 RAS RAS
104 o 104
05 o 05
06 o 06
o7 o o7
08 o 08
1109 o 109
B 1010 o 1010 3
G ot o ot G
1012 o 1012 l:
1013 o 1013
1014 o 1014
1015 o 1015
1016 o 1016
UCAS wE  A0-A9 WE  A0-Ag UOAS
CAST
CAS2
DQ16-DQ31
LCAS 01 o 01 LCAS
- _ 02 o 02 o L
RAS2 RAS 103 o 103 RAS RAS3
104 o 104
05 o 05
06 o 06
107 o 107
08 o 08
109 o 109
_ 1010 o 1010 _
G o1 o ot G
1012 o 1012 l:
1013 o 1013
1014 o 1014
1015 o 1015
1016 o 1016
UCAS we  ao—n9 WE  A0—Ag UOAS
CAS3
WE
AO—-A9
Vee :T_ » DRAMs
cl-c8 T 0.22 uF (MIN)
Vgs L S » DRAMs
5VFPMU32S MOTOROLA DRAM
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16MB BLOCK DIAGRAM

1M, 2M, 4M, M x 32 ¢ 5 Ve FPM o U

o = T
RASO Bas 103 DQ2
G W AO-Af0 104 DQ3
I I
— o1 DQ4
CAS 02 DQ5
BAS 103 DQ6
G W AO-A10 104 DQ7
| ]
— o1 DQ8
CAS 1102 DQY
BAS 03 DQ10
_ G W AO-Al0 104 D1t
CASH I I
— o1 DQ12
CAS 1102 DQ13
BAS o3 DQ14
G W A0-Af0 04 DQ15
| |
— — o1 DQ16
CAS2 CAS 02 DQ1i7
RAS2 BAS 103 DQ18
G W AO-A10 104 DQ19
I I
- /01 DQ20
CAS 102 DQ21
BAS /03 DQ22
G W AO-Al0 lO4 DQ23
| |
— o1 DQ24
CAS 02 DQ25
BAS 03 DQ26
_ G W AO-AI0 104 DQ27
CAS3 I I
— o1 DQ28
% 102 DQ29
P _ 103 DQ30
W A0-010 104 DQ31
W
AO—A10
Vee _T‘_ » DRAMs
c1-C8 0.22 uF (MIN)
Vss 1_ » DRAMs
MOTOROLA DRAM 5VFPMU32S
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1M, 2M, 4M, 8M x 32 ¢ 5V ¢ FPM o U

32MB BLOCK DIAGRAM

CASO
DQ0 - DQ3
— Io1 O Vot —
CAS —
— o 102 o yoe A
ms 103 o yo3 _ s RASI
Inm W AO-Al0 104 o 4 po-at0 w G ]
— I I DQ4 - DQ7 I I =
— Vo1 '} Vot — —
% 1102 O Vo2 e
B 103 o yo3 RAg
[ W Ao-Afo 104 o o4 po-at0 W ]
CAST — =
D08 - DAt
— o1 0 Vot —
% o2 o yoe CAS
@S _ 103 o Vo3 RAS
I W AO_Al0 04 o o4 po-at0 w G ]
= I I DQ12-DQi5 I I =
— 101 O Vot — _
% 1102 O o2 CAS
B 103 a yo3 RAS
G _ O — G
|__ W Ao-A1p 104 O 04 po-At0 W __|_
CAS2 — =
DQ16-DQ19
— 1101 O ro1 —
CAS —
" ons 102 o Vo2 A
ms o _ 103 o yo3 _ hal RAS3
] W no-ato l04| o4 po-pt0 W © —]
— | | | DQ20 - DQ23 | l =
— /01 o /ot — —
% 1102 O o2 T
Bms 103 o yo3 RAg
- W A0_Afo lO4 o V04 po—At0 W — 1
CAS3 — =
DQ24 - DQ27
— o1 0 Vot —
% 102 o Vo2 CAS
@S _ 103 o Vo3 RAS
[ W AO-Af0 104 a o4 po-at0 w G ]
A
= I | DQ28 — DQ31 I I
— o1 e Vot — il
CAS
ons 102 o yoe A
B 103 a Vo RAS
G = et ; w
L_ W AD-Afp 04 O Vo4 po-At0 W G __|
A0 - A10
v
cc _T_ » DRAMs
C1-Cl6 0.22 uF (MIN)
Ve I
'\ > DRAMs
5VFPMU32S
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ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Power Supply Voltage Vce -051t0+7 \
Voltage Relative to Vgg Vin. Vout -05to0Vgg+05 \
(for Any Pin Except VCC)
Data Qutput Current per DQ pin lout 50 mA
Power Dissipation 4MB/8MB Pp 2.6/5.2 w

16MB/32MB 7.214.4

Operating Temperature Range TA 0to+70 °C
Storage Temperature Range Tstg —-55t0+ 125 °C

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be restricted to RECOMMENDED OPER-
ATING CONDITIONS. Exposure to higher than recommended voltages for
extended periods of time could affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcg =5.0V+10%, Ta =0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS (All Voltages Referenced to Vgg)

1M, 2M, 4M, M x 32 ¢ 5 Ve FPM o U

This device contains circuitry to protect the
inputs against damage due to high static
voltages or electric fields; however, it is ad-
visedthat normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to these high—impedance
circuits.

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) Vco 45 5.0 5.5 \
Vgs 0 0 0
Logic High Voltage, All Inputs ViH 24 — Vcc +0.5 \
Logic Low Voltage, All Inputs ViL -0.5* — 0.8 \
Input Leakage Current (Vgs < Vijn <VcQo) likg(i) -160 — + 160 uHA
Output Leakage Current (CAS at Logic 1, Vgg < Vin <Vc(C) likg(o) -20 — +20 pA
Output High Voltage (IoH =—-2 mA) VoH 24 — — \
Output High Voltage (oL = 2 mA) VoL — — 0.4 \
*— 2.0V at pulse width £ 20 ns.
DC CHARACTERISTICS AND SUPPLY CURRENTS (All voltages Referenced to Vgg)
4MB 8MB 16MB 32MB
Characteristic Symbol | Min Max Min Max Min Max Min Max Unit | Notes
Ve Power Supply Current 60 | IccH — 370 — 374 — 880 — 896 mA 1,2
(tRc = trc Min) 70 — 310 — 314 — 760 — 776
Ve Power Supply Current (Standby) lcco — 4 — 8 — 16 — 32 mA
(RAS = CAS = V|H)
V¢ Power Supply Current During RAS 60 | Iccs — 370 — 374 — 880 — 896 mA 1,2
only Refresh Cycles (trRc =trc Min) 70 — 310 — 314 — 760 — 776
Ve Power Supply Current 60| Icca — 180 — 184 — 560 — 576 mA 1,2
During FPM Cycle (tpg =tpg Min) 70 — 160 — 164 — 480 — 496
Ve Power Supply Current (Standby) lces — 2 — 4 — 8 — 16 mA
(RAS=CAS=Vcc-0.2V)
Ve Power Supply Current During CAS 60 | Iccs — 370 — 374 — 880 — 896 mA 1
Before RAS Refresh Cycle 70 — 310 — 314 — 760 — 776
(tRC = tRC Min)

NOTES:

1. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open.
2. Column Address can be changed once or less while RAS = V||_and CAS = V|4.

MOTOROLA DRAM
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1M, 2M, 4M, 8M x 32 ¢ 5V ¢ FPM o U

CAPACITANCE (f = 1.0 MHz, Tp = 25°C, Vg =5 V, Periodically Sampled Rather Than 100% Tested)

Input Capacitance Symbol 4MB Max 8MB Max 16MB Max 32MB Max Unit
Addresses Cin 20 30 50 90 pF
WE Cin 24 38 66 122 pF
RAS Cin 17 17 38 38 pF
CAS Cin 17 24 24 38 pF
DQ Cout 17 24 17 24 pF

NOTE: Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = | At/AV.

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =5.0V+10%, Ta = 0 to 70°C, Unless Otherwise Noted)

READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4)

Symbol 60 70
Parameter Std Alt Min Max Min Max Unit Notes
Random Read or Write Cycle Time {RELREL Rc 110 — 130 — ns 5
Fast Page Mode Cycle Time t{CELCEL tPc 40 — 45 — ns
Access Time from RAS tRELQV tRAC — 60 — 70 ns 6,7
Access Time from CAS tCELQV tcAc — 15 — 20 ns 6,8
Access Time from Column Address tavav tAA — 30 — 35 ns 6,9
Access Time from Precharge CAS t{CEHQV tcPA — 35 — 40 ns 6
CAS to Output in Low-Z tCELQX tcLz 0 — 0 — ns 6
Output Buffer and Turn—Off Delay {CEHQZ tOFF 0 15 0 15 ns 10
Transition Time (Rise and Fall) T T 3 50 3 50 ns
RAS Precharge Time tREHREL RP 40 — 50 — ns
RAS Pulse Width {RELREH 1RAS 60 10k 70 10k ns
RAS Pulse Width (Fast Page Mode) {RELREH tRASP 60 100 k 70 200k ns
RAS Hold Time t{CELREH tRSH 15 — 20 — ns
CAS Hold Time {RELCEH tcsH 60 — 70 — ns
RAS Hold Time from CAS Precharge (Fast {CEHREH tRHCP 35 — 40 — ns
Page Mode)
CAS Pulse Width {CELCEH tcas 15 10k 20 10k ns
RAS to CAS Delay Time tRELCEL tRCcD 20 45 20 50 ns 1
RAS to Column Address Delay Time tRELAV tRAD 15 30 15 35 ns 12
CAS to RAS Precharge Time {CEHREL tCRP 5 — 5 — ns
CAS Precharge Time {CEHCEL tcp 10 — 10 — ns
NOTES: (continued)

1.
2.
3.

V|H (min) and V|| (max) are reference levels for measuring timing of input signals. Transition times are measured between V|4 and V).
An initial pause of 200 us is required after power—up followed by 8 RAS cycles before proper device operation is guaranteed.

The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V| and V||_ (or between V|_ and V|H) in a monotonic manner.

. AC measurements tT = 5.0 ns.
. The specification for trg (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < Tp

<70°C) is ensured.

. Measured with a current load equivalent to 2 TTL (— 200 pA, + 4 mA) loads and 100 pF with the data output trip points setat Voq =2.0V

andVpo =08 V.

. Assumes that tRcD < tRcD (max).

. Assumes that tRcp = tRgD (Mmax).

. Assumes that tRaD = tRAD (max).

. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

. Operation within the tRgp (max) limit ensures that tRac (max) can be met. tRgp (max) is specified as a reference point only; if tRcD

is greater than the specified tRcp (max) limit, then access time is controlled exclusively by tcac.

. Operation within the trap (max) limit ensures that tRac (max) can be met. tRaD (max) is specified as a reference point only; if tRaAD

is greater than the specified tRAD (max), then access time is controlled exclusively by taa.

5VFPMU32S MOTOROLA DRAM
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READ AND WRITE CYCLES (continued)

1M, 2M, 4M, M x 32 ¢ 5 Ve FPM o U

Symbol 60 70
Parameter Std Alt Min Max Min Max Unit Notes
Row Address Setup Time tAVREL tASR 0 — 0 — ns
Row Address Hold Time tRELAX tRAH 10 — 10 — ns
Column Address Setup Time tAVCEL tASC 0 — 0 — ns
Column Address Hold Time tCELAX tcAH 10 — 15 — ns
Column Address to RAS Lead Time tAVREH tRAL 30 — 35 — ns
Read Command Setup Time tWHCEL tRcs 0 — 0 — ns
Read Command Hold Time Referenced to tCEHWX tRCH 0 — 0 — ns 13
CAS
Read Command Hold Time Referenced to tREHWX tRRH 0 — 0 — ns 13
RAS
Wirite Command Hold Time Referenced to tCELWH tWCH 10 — 15 — ns
CAS
Write Command Pulse Width tWLWH twp 10 — 15 — ns
Write Command to RAS Lead Time tWLREH tRWL 15 — 20 — ns
Write Command to CAS Lead Time tWLCEH tcwL 15 — 20 — ns
Data In Setup Time tDVCEL iDs 0 — 0 — ns 14
Data In Hold Time {CELDX tDH 10 — 15 — ns 14
Refresh Period 4MB/8MB tRVRV tRFSH — 16 — 16 ms
16MB/32MB 32 32
Write Command Setup Time tWLCEL twecs 0 — 0 — ns 15
CAS Setup Time for CAS Before RAS tRELCEL tcsSR 5 — 5 — ns
Refresh
CAS Hold Time for CAS Before RAS Refresh tRELCEH t{CHR 10 — 15 — ns
RAS Precharge to CAS Active Time tREHCEL RPC 5 — 5 — ns
CAS Precharge Time for CAS Before RAS tCEHCEL tCcPT 20 — 30 — ns
Counter Time

NOTES:

13. Either tRRH or tRcH must be satisfied for a read cycle.

14. These parameters are referenced to CAS leading edge in random write cycles.

15. tywcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twcs = twgs (min),
the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition
is not satisifed, the condition of the data out (at access time) is indeterminate.

MOTOROLA DRAM

5VFPMU32S
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1M, 2M, 4M, 8M x 32 ¢ 5V ¢ FPM o U

READ CYCLE

tRC
— Vy——

7,
RAS \ tRAS /
vy — i Y la— thp— 5

{eSH ——»

tcRp e«—— tRcp tRSH le—— tcRp —
f————— tCAS e

o O\ 7

tRAL N
tASR tASC —=  |-—
-» |e— tpay tCAH

VIH — -
ADDRESSES W ROW COLUMN
V"_ — K 7 N
>
_ V|H —
XXX T RXXXXXXX
ViL— e« tcAc——

Y {17 —»f
pq OH™ HIGH-Z { VALID DATA OUT N
Ve — /
oL
WRITE CYCLE
tRC
- tRAS » |—— (Rp ———»
— vy -
RAS vIH \ / \
L —
- tcsH > {CRP ——»
tcrp fe————1RCD —————»l«———1RsH
— VH — e———1CAS —— I
CAS \
Vi — L

{ASR l«—{RAD
RAH—>  |=— tASC—m  |[w— tcaAH —
Vi 4
ADDRESSES i ROW COLUMN
ViL — k 7 7

tCWL4’|

le——tywcs —»  [&— twcH—

" — QOO " URXRXRXRX KRR

tRwL
[— tDg —» [w— tDH—

V —
pQ ‘M VALID DATA IN HIGH-Z

=
—
|
PN
<At

5VFPMU32S MOTOROLA DRAM
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FAST PAGE MODE READ CYCLE

1M, 2M, 4M, M x 32 ¢ 5 Ve FPM o U

— 'RasP
RAS \ -~ E— \_
Vi — T RHCP /| tre
t
CRP
«— {Rcp —» cp-> L
s HT \\<—‘CA3 —> \<—‘CAS —> : \<—‘CAS —= /7
ViL — et RAD - 4 t /|
togy —————= t RAL —— =
URAH ol e CAH CAH tcAH
tASR—a - | —m tasc tAsC tAsc
Vi, — _
ADDRESSES vIH XX ROW COLUMN X COLUMN COLUMN X>O<>O<><><:
L= = = = (
] )
le—tRes \ le|—tRes t leltres theH—of e
RCH — |<— RCH—» =t
{(
w0000 N/ TN XX
ViL— t t t 'RRH
[ AA —™ le—— L pp —» e—— "AA ——
=t cac-» et cac—> ! cAc >
IR RAQ — > —» ! OFF — et OFF tOFF —» e
oLz —= tCLZ‘J toLz —»
- Vou VALID VALID VALID
VoL — DATA OUT DATA OUT DATA OUT
FAST PAGE MODE WRITE CYCLE
v tRASP 1RP-a
— YH—T t
RAS \ fe—— tpycp ——» \
L — {( =2
)
tCRP i <—tPC <_tRSH_.
[ RCD —™ i CP— i tcrp
t
V= \\1— CAS — \4— CAS —»] '-_SH\‘_ CAS —™ /_r__
CAS /
Vi, —
L™/ s |ler-tasR ~ 1 /
: toSH ——— > \ RAL t
RAH| — Jt— CAH CAH -t CAH
— > tasc tAsC tasc
Vi — vé c
ADDRESSES Xx ROW COLUMN X>O<X COLUMN COLUMN
Vi — t =
IL
t t t oy —
|<— RAD—> oW, ——»| towl (o
twes —= twes —» tWCS gl el
W X000 TN~ TN ™I KK
w
Yie— 3 . {5
tweH tweH tweH
tos ‘o Ips 'oH ,, tps 'DH
pq VH— VALID VALID VALID
v — DATA IN DATA IN DATA IN
MOTOROLA DRAM 5VFPMU32S
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1M, 2M, 4M, 8M x 32 ¢ 5V ¢ FPM o U

RAS-ONLY REFRESH CYCLE

tRC
tRp —™
— Viy— 3 tRAS y
RAS x \
ViL— K
tcRp —| tRPC
 Vy— 2
CAS V'H @7 tRAH W
IL—
tASR -—

ViH— 7
ADDRESSES ROW
ViL—

NOTE: W =H or L

DQ = Open
CAS BEFORE RAS REFRESH CYCLE
tRe
tRAS tRP—
— VH— ;
RS v — 'csR X 5 \
-tRpC—»
top —j= »
- J— i« {CHR ——»
CAS \ /
ViL— 4/ K 7
twRp = twRH
— V- =
ViL—
{OFF —e—
i —
pa " } HIGH-Z
VoL—

NOTE: Addresses =H or L
4MB, 8MB: W=HorL
16MB, 32MB: W must be as shown to avoid switching into component test mode

HIDDEN REFRESH CYCLE (READ)

tRc tRc
'Rp ——» 'RP—»

L VIH__AX‘—tRAS—’ \‘—‘RAS—’
RAS v, — L 4 \

tCRP l——— tRCD — > —tpg > <—tcnp je———topp —————™
— Vi — 3 .’
cAS \\

L — <t pap—> X 7
tasmr e — — e—trqe
> [tRay [—>tcan

' H— p
ADDRESSES ROW COLUMN §< ><><><><>< X
' 7

L=

st tWRP—‘—’I
g
RRH | YwhH
VIH_ r p
VIL—M i i W CCCCCCCCC/\:C
- CAC
to z—m| le— _’I *— torr

«——tRac

v . ¥ 3
pq M <><><>< VALID DATA OUT }
Vou L ~
5VFPMU32S MOTOROLA DRAM
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HIDDEN REFRESH CYCLE (WRITE)

1M, 2M, 4M,

8Mx32e5VeFPMe U

tpe the
e tpag ——————» tpp—» (&«——tpag———» [«—{pp—a
—vy— = -
H
RAS \
V”_ —_ . Wy N =
. «—tpop —la——tRgy —» «~——icpr —™ tcpp ————
- CRP
— Vi~ a
cAS i
viL tRAD =
tasR—> le— —»le——tpg
™ e = toaH
VIH — r 3
ADDRESSES \><>§ ROW COLUMN X X
viL— 7
twes—| < twrp R
—Viy — =< tweH — r
w " OOOOONE 1w =KX NI HHXX
viL—
——tpy —

ps
VIH 8
a - XXXXN
viL— X

X

VALID DATA IN

A

X

X

CAS BEFORE RAS REFRESH COUNTER TEST READ CYCLE

lat— tRP —3»]
—_ tRAS
ViH — £ )
Ras M / N
VIL - c
jt—{CHR—]
—> IcsR |<—10PT—> l«—— tfRgH—————————————» icRP
e v \ lcas r
cas VH - \ ]‘ \ / /
viL -
tRAL =||
tASC la—ICAH
ViH -
worses 1~ OOCOOOON_ KOOI
viL - I
tRRH
> —1RCS tRCH
0
viL -
e— {CAC—»] —» |e—tOFF
tAA ——
V — B
DQ OH DATA OUT >7
VoL — A
tclz —
MOTOROLA DRAM 5VFPMU32S
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1M, 2M, 4M, 8M x 32 ¢ 5V ¢ FPM o U

CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE

tRp—=
1

— Vg - RAS N
RAS H \

VL - -

la——tCHR—
— IcsR tCPT—] tRSH tcRp

— | |- tcas
T Y /7

VIL - y K .

tRAL
tASC <_tCAH
ViH -
VL - ~
- tRWL -
towL
twes —™ <
— VH - le—————tWCH———»
DS t————{DH———
Vig —
viL -
5VFPMU32S MOTOROLA DRAM
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DEVICE INITIALIZATION

On power—up, an initial pause of 200 us is required for the
internal substrate generator to establish the correct bias volt-
age. This must be followed by a minimum of eight active cycles
of the row address strobe (clock) to initialize all dynamic nodes
within the RAM. During an extended inactive state (greater
than 16 ms for the 4MB and 8MB, 32 ms for the 16MB and
32MB), a wakeup sequence of eight active cycles is neces-
sary to ensure proper operation.

ADDRESSING THE RAM

The address pins on the device are time multiplexed at the
beginning of a memory cycle by two clocks, row address
strobe (RAS ) and column address strobe (CAS), into two sep-
arate address fields. For the 4MB and 8MB, a total of 20 ad-
dress bits, 10 rows and 10 columns, will decode one of the
word locations in the device. For the 16MB and 32MB, a total
of 22 address bits, 11 rows and 11_columns, will decode one
of the word locations in the device. RAS active transition is fol-
lowed by CAS active transition (active = V|, tRcD minimum)
for all read or write cycles. The delay between RAS and CAS
active transitions, referred to as the multiplex window, gives
a system designer flexibility in setting up the external address-
es into the RAM.___ _

The external CAS signal is ignored until an internal RAS
signalis available. This gate feature on the external CAS clock
enables the internal CAS line as soon as the row address hold
time (tRAH) specification is met (and defines tRcD minimum).
The multiplex window can be used to absorb skew delays in
switching the address bus from row to column addresses and
in generating the CAS clock.

__There are three other variations in addressing the module:
RAS-only refresh cycle, CAS before RAS refresh cycle, and
page mode. All are discussed in separate sections that follow.

READ CYCLE

The DRAM may be read with two different cycles: “normal
random read cycle and fast page mode read cycle. The normal
read cycle is outlined here, while the fast page mode cycles
are discussed in separate sections.

The normal read cycle begins as described in ADDRESS-
ING THE RAM, with RAS and CAS active transitions latching
the desired bit location. The write (W) input level must be high
(VIH), tRcs (minimum) before the CAS or active transition,
to enable read mode.

Both the RAS and CAS clocks trigger a sequence of events
that are controlled by several delayed internal clocks. The
internal clocks are linked in such a manner that the read
access time of the device is independent of the address multi-
plex window. _

CAS controls read access time: CAS must be active before
or at trgp maximum to guarantee valid data out (Q) at
tRAC. Ifthe tRC D maximum is exceeded, read access time is
determined by the CAS clock active transition (tCAC)-

”

WRITE CYCLE

The user can write to the DRAM with any of two cycles: early
write or fast page mode early write. Early write mode is dis-
cussed here, while fast page mode write operation is covered
in a separate section.

1M, 2M, 4M, M x 32 ¢ 5 Ve FPM o U

A write cycle begins as described in ADDRESSING THE
RAM. Write mode is enabled by the transition of W to active
(VID). Minimum active time tRAS and tCcAS, and precharge
time tRp, apply to write mode, as in the read mode.

An early write cycle is characterized by W active transition
at minimum time tycs before CAS active transition. Column
address setup and hold times (tosc, tcAH) and data in (D)
setup and hold times_(tps, tpH) are referenced to CAS in
an early write cycle. RAS and CAS clocks must stay active
for tRwL and tcwL, respectively, after the start of the
early write operation to complete the cycle.

Q remains in three—state condition throughout an early write
cycle because W active transition precedes or coincides with
CAS active transition, keeping data—out buffers disabled.

PAGE MODE CYCLES

Page mode allows fast successive data operations at all
column locations on a selected row. Read access time in page
mode (tCcAC) is typically half the regular RAS clock_access
time, tRAC- Page mode operation consists of keeping RAS ac-
tive while toggling CAS between V|4 and V). The row is
latched by RAS active transition, while each CAS active tran-
sition allows selection of a new column location on the row.

A page mode cycle is initiated by a normal read or write
cycle, as described in prior sections. Once the timing require-
ments for the first cycle_are met, CAS transitions to inactive
for minimum tgp, while RAS remains low (V). The second
CAS active transition while RAS is low initiates the first page
mode cycle (tpc). Either a read or write operation can be per-
formed in a page mode cycle, subject to the same conditions
as in normal operation (previously described). These opera-
tions can be intermixed in consecutive page mode cycles and
performed in any order. The maximum number of consecutive
page mode cycles is limited by trasp. Page mode operation
is ended when RAS transitions to inactive, coincident with or
following CAS inactive transition.

REFRESH CYCLES

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge will tend to
degrade with time and temperature. Each bit must be periodi-
cally refreshed (recharged) to maintain the correct bit state.
Bits in the module require refresh every tRFSH-

This is accomplished by cycling through the row addresses
in sequence within the specified refresh time. All the bits on a
row are refreshed simultaneously when the row is addressed.
Distributed refresh implies a row refresh every 15.6 microse-
conds. Burst refresh, a refresh of all rows consecutively, must
be performed every tRESH.

A normal read or write operation to the RAM will refresh all
the bits associated with the particular row decoded. Three oth-
er methods of refresh, RAS—only refresh, CAS before RAS
refresh, and hidden refresh are available on this device for
greater system flexibility.

RAS-Only Refresh

RAS-only refresh consists of RAS transition to active, latch-
ing the row address to be refreshed, while CAS remains high
(VIH) throughout the cycle. An external counter should be
employed to ensure that all rows are refreshed within the
specified limit.

MOTOROLA DRAM
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CAS Before RAS Refresh

CAS before RAS refresh is enabled by bringing CAS active
before RAS. This clock order activates an internal refresh
counter that generates the row address to be refreshed. Exter-
nal address lines are ignored during the automatic refresh
cycle. The output buffer remains at the same state it was in
during the previous cycle (hidden refresh). W must be inactive
for time tywRp before and time tywRH after RAS active
transition to prevent switching the device into a test mode
cycle.

Hidden Refresh

Hidden refresh allows refresh cycles to occur while main-
taining valid data at the output pin. Holding CAS active at the
end of a read or write cycle while RAS cycles inactive for tRp
and back to active sfarts the hidden refresh. This is essentially
the execution of a CAS before RAS refresh from a cycle in
progress (see Figure 1). W is subject to the same conditions
with respect to RAS active transition (to prevent test mode
entry) as in CAS before RAS refresh.

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh counter of the device can be tested
with a CAS before RAS refresh counter test. This refresh
counter test is performed with read and write operations.

le«——— MEMORY CYCLE ——»fet——

CAS

During this test, the internal refresh counter generates the row
address, while the external address input supplies the column
address. The entire array is refreshed after completing one
test cycle for every column as indicated by the check data writ-
ten in each row. See CAS before RAS refresh counter test
cycle timing diagram. -

The test can be performed only after a minimum of 8 CAS
before RAS initialization cycles. The test procedure is as
follows:

1. Write Os into all memory cells (normal write mode).

2. Select a column address, and read 0 out of the cell by
performing CAS before RAS refresh counter test,
read cycle. Repeat this operation for every column.

3. Selectacolumn address, and write 1 into the cell by per-
forming CAS before RAS refresh counter test, write
cycle. Repeat this operation for every column.

4. Read 1s (normal read mode), which were written at step
three.

5. Using the same starting column address as in step_two,
read 1 outand write 0 into the cell by performing the CAS
before RAS refresh counter test, read and write
cycles. Repeat this operation for every column.

6. Read 0s which were written in step five in normal read
mode.

7. Repeat steps one to six using complement data.

CAS BEFORE RAS CAS BEFORE RAS

REFRESH CYCLE REFRESH CYCLE

DQ — HIGH-Z—

= N/ / /|
T\ S
— >

VALID DATA OUT

Figure 1. Hidden Refresh Cycle

5VFPMU32S
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PACKAGE DIMENSIONS

72—-LEAD SIMM
CASE 866A—02

A
[ 0.006 0.15)@| T[ Y[ x ®] NOTES:

VIEW AA — c 1. DIMENSIONING AND TOLERANCING PER ANSI
{U] > > NOTE 4 Y14.5M, 1982,

= 2. CONTROLLING DIMENSION: INCH.
3. CARD THICKNESS APPLIES ACROSS TABS AND

CO'\Q\F;‘%'}\ENT INCLUDES PLATING AND/OR METALIZATION.
4. DIMENSIONS C AND S DEFINE A DOUBLE-SIDED
MODULE.
5. DIMENSION V DEFINES OPTIONAL
SINGLE-SIDED MODULE.
INCHES MILLIMETERS
| DIM[ MIN | MAX | MIN | MAX
A | 4245 | 4255 [107.82 [10808
B | 1045 | 1.055 | 3162 | 31.88
NOTE 5 c — | 0380 — | 914
DI 0.003 (0.08) D | 0040 | 0042 | 102 | 107
F 0.125 BSC 318 BSC
[=T=] G | 0050BSC 12785C
H| —Joofo| — T 025
J | 0047 [ 0053 | 119 | 135
2XW"‘ 2xXTQ Kofto] —[ 18] —
L 1.750 REF 44,45 REF
ox W |$~|® 0.006 (0.15)®| T| Y | X @l M | 0075 [ 0085 [ 190 [ 216
1 N 0.400 BSC 10.16 BSC
Ploizs | — | sis| —
R— T_' 72x D Q | 0123 [ 0127 | 312 | 323
R | 0245 | 0055 | 622 | 648
+— I 0004010 T[ Y[ X O B 1opds 10255 | 622 [ 648
T | 0080 | 0.084 | 152 | 163
_J\ 1] 3.984 BSC 101,19 BSC
RT M~ r 72x K V| — Jo208| — ] 528
— M T W o044 | — [ 112 [ —
Y | 0080 | 0.084 | 152 | 163

VIEW AA

70X @ 72x H

72—-LEAD SIMM
CASE 866-02

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
2. CONTROLLING DIMENSION: INCH.
3. CARD THICKNESS APPLIES ACROSS TABS AND
INCLUDES PLATING AND/OR METALIZATION.
MILLIMETERS INCHES
DM [ MIN | MAX | mIN | max
A | 107.82] 108.08 | 4245 | 4255
B | 2527| 2553 0.995 | 1.006
C — | 914 — | 0360
D 1.02]_107] 0040 | 0.042
F 318 BSC 0125 BSC
G 1.27BSC 0050 BSC
H — [ o025 — Joofo
J 119 137] 0047 | 0.054
K 025 — 0100 —
L 4445 REF 1.750 REF
w 3 -T- M 1.80] 216] 0075 | 0.085
w Q2prL 0.08 (0.003) N 10.16 BSC 0.400 BSC
= P 318 — | 0126 —
—l |H0'15(0'006)®|T|X©|Y| D 72pL Q 32| 822 07123 | 0427
H “" [Hoopm O1[x0]Y) s ealceti o
1\ U_| 101.19BSC 3984 BSC
¢ v — | 528 — [ 0208
DETAIL AA \ W T2 — |00t [ —
H { K X | 152 165] 0.060 | 0064
!
DETAILZ
MOTOROLA DRAM S5VFPMU32S
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72—-LEAD SIMM
CASE 866H-01

A
[ 0.006 0.15@[T[ Y [x B

[=Y=]

S o
1

7x[NNN |-l = 8

VIEW AA

C
NOTE
Vv
NOTE 6

S — |

[
PLI[: _HO'SI'E 5
T__

J————»

T

—»{ le— 2x [F]
«—— ox (L) ——> —|0.004(0.10)| =
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS|
Y14.5M, 1982,
2. CONTROLLING DIMENSION: INCH.
3. CARD THICKNESS APPLIES ACROSS TABS AND
INCLUDES PLATING AND/OR METALIZATION,
2x W—» 2x Q 4, DIMENSIONS C AND § DEFINE A DOUBLE-SDED
MODULE.
|$|® 0.006 (0-15)@| T| Y | X ©| 5. DIVENSION V DEFINES OPTIONAL
L SINGLE-SIDED MODULE.
INCHES | MILLIMETERS
x W DIM[ MIN | MAX | MIN | MAX
f A | 4245 | 4755 [107.82 [108.08
B | 0.995 | 1.005 | 2507 | 2553
c | — [owr | — | 4
f 72x D D | oos0 [ood2 [ 102 [ 107
F | 0125B3C 318 BSC
R |$|0-004(0-10)®|T| Y|X©| G |_o0s08sC 12785C
l Baa H] — [oo0] — ] oz
J | 0047 | 0053 | 148 | 1.3
T / K [om0 | — | 254 —
R L | 1750REF 44,45 REF
—= M * M [ 0075 [ o085 [ 181 ] 216
79% K r; mozéoo BSC 3110515 B0
VIEW AA _i Q | 0123 | 0127 | 312 | 323
T_ R | 0245 | 0255 | 622 | 648
s [om5 | — | 572 —
70x [G] 72x H T | 0050 | 0064 | 152 | 165
U | 398485C 10119 BSC
v — [ows] — | 210
W oot | — [ 112 —
Y | 0060 | 0062 | 152 | 163
5VFPMU32S MOTOROLA DRAM
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M A

Motorola Memory Prefix Q

Fast Page Mode (FPM)

Width

Depth (1 = 1M, 2= 2M, 4 = 4M, 8 = 8M)———

ORDERING INFORMATION
(Order by Full Part Number)

2 X X X XX X X X

XX

=

Component Die Rev
B—Revision — 1M x 16
C—Revision —4M x 4

Component Package (T = TSOP, J = SOJ)

REPLACEMENT PART NUMBERS FOR 1997

1M, 2M, 4M, M x 32 ¢ 5 Ve FPM o U

Speed (60 = 60 ns, 70 = 70 ns)
Pad Metal (N = Tin—Lead, G = Gold)

S = SIMM

Board Type/Revision (A, B)

Fab (T = TSB/TSC)

Data Characters

00 = Commercial, Unbuffered, 5 V
Module, x4 DRAM-Based,
Square Refresh

08 = Commercial, Unbuffered, 5 V
Module, x16 DRAM-Based,
Square Refresh

Organization Old Number New 60 New 70
1M x 32 MCM32B116S MA321CJO8TASNGO MA321CJO8TASN70
MCM32B116SG MA321CJO8TASG6E0 MA321CJO8TASG70
MCM32BT116SH MA321CTO8TASNGO MA321CTO8TASN70
MCM32BT116SHG MA321CTO8TASG6E0 MA321CTO8TASG70
2M x 32 MCM32B216S MA322CJO8TASNGO MA322CJO8TASN70
MCM32B216SG MA322CJO8TASG6E0 MA322CJ08TASG70
MCM32BT216SH MA322CTO8TASNGO MA322CTO8TASN70
MCM32BT216SHG MA322CTO8TASG6E0 MA322CTO8TASG70
4M x 32 MCM32C400ASH MA324DJO0OTBSNG0O MA324DJO0OTBSN70
MCM32C400ASHG MA324DJO0TBSG60 MA324DJO0TBSG70
MCM32CT400ASH MA324DTOOTBSN6G0 MA324DTOOTBSN70
MCM32CT400ASHG MA324DTO0TBSG60 MA324DTO0TBSG70
8M x 32 MCM32C800ASH MA328DJO0OTBSNG0 MA328DJO0OTBSN70
MCM32C800ASHG MA328DJ0O0TBSG60 MA328DJO0TBSG70
MCM32CT800ASH MA328DTOOTBSNG0O MA328DTOOTBSN70
MCM32CT800ASHG MA328DTO0TBSG60 MA328DTO0TBSG70
MOTOROLA DRAM S5VFPMU32S
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