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TECHNICAL DATA

DRAM Single-In-Line
Memory Module (SIMM)

Error Correction Pinout for Parity
Applications
16 and 32 Megabyte

JEDEC-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
2048 Cycle Refresh: 32 ms (Max)

Early-Write Common I/O Capability

Unlatched Data Out at Cycle End Allows Two Dimensional
Chip Selection

PART NUMBERS (See Last Page of Data Sheet for Definitions)

4, 8M x 36

5V, FPM, Unbuffered

Organization 60 70
4M x 36 MCM36C404ASH60 MCM36C404ASH70
MCM36C404ASHG60 MCMS36C404ASHG70
8M x 36 MCM36C804ASHBE0 MCM36C804ASH70
MCM38C804ASHG6E0 MCM36C804ASHG70

KEY TIMING PARAMETERS

4M x 36 (16MB), 8M x 36 (32MB)
72-LEAD SIMM
CASE 866-02

BACK FRONT

000000000000G000onana00000nc00a000

¥ a7

(00 0000G00000000a000000000a00000000
0000000000008C000000000 000000000000 ™~ T 0000 0000000000000000000000000C0000

72 72

* BACK NOT POPULATED ON 4M x 36 (16MB)

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
. t: Power
A[‘;it;.‘:p::i:re\r Diss?paa't‘i:zy(mW)‘;Max)
Configuration | Speed (mW) (Max) TTL CMOS
16MB 60 5,445 99 50
70 4,703
32MB 60 5,544 198 99
70 4,802

a797
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4M,8M x36e5Ve FPMe U

PIN ASSIGNMENTS
Pin |Name | Pin |Name | Pin {Name | Pin | Name | Pin | Name | Pin | Name
1 Vss 13 Al 25 [DQU3 | 37 DQ19 | 49 [DQ22 | 61 |DQ33
2 DQo 14 A2 26 (DQ14 | 38 DQ20 | 50 |[DQ23| 62 |DQM4
3 DAt 15 A3 27 |DQI5| 39 Vss 51 | DQ24 | 63 | DQ35
4 DQ2 16 A4 28 A7 40 | CASO | 52 |DQ25| 64 NC
5 DQ3 17 A5 29 DQ16 41 A10 53 DQ26 65 NC
6 DQ4 18 AB 30 | Voo 42 NC 64 |DQ27 | 66 NC
7 DQ5 19 G 31 A8 43 | CAS1* | 55 |[DQ28 | 67 PD1
8 DQ6 20 DQ8 32 A9 44 RASO | 56 |DQ29 | 68 PD2
9 DQ7 | 2 DQ9 33 NC 45 | RAS1* | 57 |DQ30 | 69 PD3
10 | Vec | 22 |[DQ10| 34 NC 48 DQ21 58 |DQ31 | 70 PD4
1 [ PD5 | 23 |[Dan | 35 |DQi7 | 47 W 5 [vec | 71 | NC
12 A0 24 [DQ12| 36 |DQI8 | 48 ECC 60 |DQ32| 72 Vss
* NC on 16MB.
PIN NAMES
AO-A10 ............... Address Inputs
DQO-DQ35......... Data input/Output
CASQO — CAS1 .. Column Address Strobe
PD1-PD5 ........... Presence Detect
RAS0-RAST ..... Row Address Strobe
W Read/Write Input
ECC........... Configuration Detection
G o Output Enable
VOC cvevennniiiiioniiiann, Power
V88 v it Ground
NC ...............0.... No Connection
PRESENCE DETECT
Pin Names Speed 16MB 32MB
PD1 Vss NC
PD2 NC Vgsg
PD3 60 NC NC
70 Vss Vss
PD4 60 NC NC
70 NC NC
PD5* Vss Vss
Ecc Vss Vss

S5VFPMU36SEC
2

* PD5 tied to Vgg through a 2.6 ke resistor.
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16MB BLOCK DIAGRAM
— Vo1 f—————— DQo
—:—2—2 102 —————— pat
R /03 |————— D@2
G W AD-AI0 VOo4l—  po3
I |
- 101 f—————— DQ4
CAS V02— pas
RAS /08 f——— DQE
G W__ AO-A10 04— o7
| ]
— 701 DQB
TASH %2 V02 f———— Q9
R Y03 b————— Dato
G W A0-A10 o4 f———on Doty
| I
RAS6 ——& L — 101 ———— DQ12
g% 02— Dat3
= /03 f————— DQ14
W A0-A10_1O4l——— pais
| |
oS P
gAS 1103 f—————— DpQ18
W AO-A10_ /04 )—————— DQ19
| |
— Vo1 f————— DQ20
% Vo2 ——————— pa2t
s 103 —————— DO22
W Ao-‘mo 04— pa23
I
— 101 f————— DQ24
% 402 f—————— Da2s
5 /03 f———— DQ26
T A0 IA1o YO4 ————— pao7
— /01 ————— DQ28
CAS /02 f———— pQ2e
T RAS /03 f———— DQa0
G W A0-A10 WO4b—— past
I |
—— Vo1 f———— Doz
g_ﬁz Y02 f————— DpQ33
R V03 f————— DpQu4
G W AO-AI0 04— paas
G ——
W
AO-A1D
vee i » DRAMs
C1-C9 T 0.22 uF (MIN) .
Vs Y > DRAMs

67251 01010L9 a4l W
MOTOROLA DRAM W b3eve S5VFPMU36SEC
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32MB BLOCK DIAGRAM

DQO - DO3
_ 101 ° o1 —
g—ﬁg 102 . o2 g_':g
- 1103 * 1103 e
G W AO-A10 104 . 04 AO-A0 W G
] ] DO4 - DQ7 ] ]
_ 1101 o 101 ___
%}g 102 . Vo2 gA_: l
- _ 103 . 103 _ i
G W AD-A10 104 ° 104 AD-A10 W a1
] ] DQ8 - DQ1 ] ]
— o5 o1 > 01 - -
i % S E——— e =
¢ W AO-A10 Y04 . 04 AO-A10 W G
] I DQ12-DQ15 I ]
— /01 . o1 —
CAS vo2 . vo2 CAS 4
s Vo3 * 03 RAS
G W AO-AI0 1/O4 -— yo4 AO-A0 W G
] I DQ16 - DQ19 ] ]
— 101 ° 701 —
%}g Vo2 o 102 %g_
- 1103 ° 1103 >
G W AO-A10 V04 o V04 AO-A10 W G
] ] DQ20 - DQ23 I ]
_ 101 . 01 —
CAS o2 o yo2 CAS
RAS /03 . /03 RAS +
¢ |G W AO-A10 104 ° V04 AO-A10 W G
] ] DQ24 - DQ27 ] |
— o1 ° 01 —
.gA_g 102 o 102 %g
b 1103 ° 1103 >
G W AO-A10 VO4 . V04 AO-A10 W @
[ I DQ28 - D3t I I
— /01 o yo1 -
%g Vo2 —— o2 s
- 1103 ° 103 i
G W AO-Al0 104 . Jo4 AD-A10 W G
I ] DQ32 - DQ35 ] |
- 101 . 01 =
Las 1102 ° 102 CAS
RAS 1103 ° 1103 RAS
G W AO-AI0 104 ° 104 AO-A10 W G
W
AO-A10 -
5 —
Vee i » DRAMs
C1-C18 =7 022uF (MIN)
Vss ® - DRAMs
5VFPMU36SEC B L3L7251 0101070 5T3 [ | MOTOROLA DRAM
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ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit This device contains circuitry to protect the
inputs against damage due to high static
Power Supply Voltage Vce -05t0+7 \4 voltages or electric fields; however, it is ad-
Voltage Relative to Vgg for Any Pin Except V Vin, Vi -0510+7 \ vised thatnormal precautions be taken toavoid
g v Ss y pLYCC] Vin, Yout application of any voltage higher than maxi-
Data Output Current lout 50 mA mum rated voltages to these high—impedance
Power Dissipation 16MB Pp 8.1 w cirouits.
32MB 16.2
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 shouild 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
(Vce =5.0 V£ 10%, Ta = 0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS (Al voltages referenced to Vgg)

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) vce 45 5.0 55 v
Vss 0 0 0
Logic High Voltage, All Inputs VIH 24 — Ve +05V \
Logic Low Voltage, All Inputs ViL -0.5" — 0.8 \
Input Leakage Current (0 V < Vi < Vo) Iikg(1) -180 - 180 LA
Output Leakage Current (0 V < Vit < Ve, Output Disable) likg(0) -20 — 20 LA
Output High Voltage (loH =— 5 mA) VOH 24 — — \
Output Low Voltage (o = 4.2 mA) VoL — — 0.4 \

*—2.0 V at pulse width <20 ns.
DC CHARACTERISTICS AND SUPPLY CURRENTS (All voltages referenced to Vgg)

16MB 32MB

Characteristic Symbol Min Max Min Max Unit Notes

Vcc Power Supply Current (tRc = tRc Min) 60 lce — 990 - 1008 mA 1,2
70 — 855 — 873
Ve Power Supply Current (Standby) (RAS = CAS = VIH) lcce — 18 — 36 mA 1,2,3
V¢ Power Supply Current During RAS-Only 60 lccs — 990 -— 1008 mA
Refresh Cycles (CAS = Vi) (tRc = tRc Min) 70 — 855 — 873
V¢ Power Supply Current During EDO 60 lcca — 630 — 648 mA 1,2
Cycle (RAS = V|) (tPc = tpc Min) 70 — 540 — 558
Ve Power Supply Current (Standby) lees — 9 — 18 mA
(RAS =CAS =V -0.2V)
Ve Power Supply Current During CAS Before 60 lcce - 990 — 1008 mA 1
RAS Refresh Cycle (tRc = tRc Min) 70 — 855 — 873
NOTES:

1. Currentis a function of cycle rate and output loading; maximum currents are specified cycle time (minimum) with the output open.
2. Address may be changed once or less while RAS = ViL. In the case of Iccy4, it can be changed once or less during tpc.
3. Assumes both banks not refreshed simultaneously on 32MB.

H L3L7251 0101071 43T MM
MOTOROLA DRAM SVFPMU36SEC
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CAPACITANCE (f= 1.0 MHz, Tp = 25°C, Vi = 5 V, Periodically Sampled Rather Than 100% Tested)

Input Capacitance Symbol 16MB Max 32MB Max Unit
Addresses Cin 55 100 pF
WE, G Cin 73 136 pF
RAS Cin 73 73 pF
CAS Cin 73 73 pF
DQ Cout 17 24 pF

NOTE: Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = AVAV.

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

READ, WRITE, AND READ-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 tRELREL tRc 110 — 130 —_ ns 5
Read-Write Cycle Time f{RELREL | tRWC 155 — 180 — ns 5
Access Time from RAS tRELQV tRAC — 60 — 70 ns 6,7
Access Time from CAS tceLav | tcac — 15 —_ 20 ns 6,8
Access Time from Column Address tavQv tAA — 30 — 35 ns 6,9
Access Time from Precharge CAS tceHav | tcpa - 35 — 40 ns 6
TAS to Output in Low-Z tCELQX oLz ] — 0 — ns 6
Output Buffer and Turn—Off Delay tCcEHQZ tOFF 0 15 0 15 ns 10
Transition Time (Rise and Fall) T tT 3 50 3 50 ns

RAS Precharge Time {REHREL trp 40 — 50 — ns

RAS Puise Width : tRELREH trAS 60 10k 70 10k ns

RAS Hold Time tcELREH | tRSH 15 — 20 — ns

CAS Hold Time tRELCEH | tCSH 60 — 70 — ns

CAS Precharge to RAS Hoid Time tcEHREH | 'RHCP 35 — 40 — ns

CAS Pulse Width tCELCEH | tcAs 15 10k 20 10k ns

RAS to CAS Delay Time tretceEL | tRCD 20 45 20 50 ns 11
RAS to Column Address Delay Time tRELAV tRAD 15 30 15 35 ns 12
CAS to RAS Precharge Time tCEHREL | tCRP 5 — 5 — ns

NOTES: (continued)

1.
2.
3.

ViH (min) and Vj_ (max) are reference levels for measuring timing of input signals. Transition times are measured between V|4 and V|
An initial pause of 200 ps 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 Vj4 and V_ (or between V|_and V|) in @ monotonic manner.

4, AC measurements tT = 5.0 ns.
5. The specification for tgc (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < Tp
<70°C) is ensured.
6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 100 pF with the data output trip points setat Vo =2.0V
and Vo =0.8V. .
7. Assumes that trcp < tReD (max).
8. Assumes that tRep 2 tRCD (max).
9. Assumes that tRAD 2 tRAD (max).
10. toFF (max) defines the ime at which the output achieves the open circuit condition and is not referenced to output voltage levels.
11. Operation within the tRcp (max) limit ensures that tRAC (max) can be met. trep (Max) is specified as a reference point only; if tRCD
is greater than the specified trop (max) limit, then access time Is controlled exclusively by tCAC-
12, Operation within the tRAD (max) limit ensures that trAC (max) can be met. tRAD (Max) is specified as a reference point only; if tRAD
is greater than the specified t Ap (max), then access time is controlled exclusively by tAA.
|
SVFPMU36SEC b3k7251 0101072 376 W MOTOROLA DRAM
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READ, WRITE, AND READ-WRITE CYCLES {Continued)

Symbol 60 70
Parameter Std Alt Min Max Min Max Unit | Notes
CAS Precharge Time tCEHCEL tcp 10 — 10 — ns
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 iCAH 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 CAS tCEHWX | tRCH 0 — — ns 13
Read Command Hold Time Referenced to RAS tREHWX | tRRH 0 — 0 — ns 13
Write Command Hold Time Referenced to CAS {CELWH tWCH 10 — 15 — ns
Write Command Puise Width tWLWH twp 10 — 15 — ns
Write Command to RAS Lead Time tWLREH tRWL 15 — 20 — ns
Write Command to CAS Lead Time twLceH | towL 15 — 20 — ns
Data In Setup Time tbVCEL tps ] — 0 — ns 14
Data In Hold Time {CELDX tDH 10 — 15 — ns 14
Write Command Setup Time tWLCEL twes 0 — 0 — ns 15
CAS to Write Delay tcetwt | tcwo 40 — 45 — ns 15
RAS to Write Delay tREewt | trwo 85 — g5 — ns 15
Column Address to Write Delay tAVWL tAWD 55 — 60 - ns 15
Refresh Period tRVRV tRFSH — 32 — 32 ms
CAS Setup Time for CAS Before RAS Refresh tRELCEL | tcsmr 5 — 5 — ns
CAS Hold Time for CAS Before RAS Refresh tRELCEH | tCHR 10 — 15 — ns
RAS Precharge to CAS Active Time tREHCEL | tRPC 5 — 5 — ns
CAS Precharge Time for CAS Before RAS Counter Time tCEHCEL | tcPT 20 — 20 - ns
Write Command Setup Time (Test Mode) tWLREL twTs 10 — 10 — ns
Write Command Hold Time (Test Mode) tRELWH tWwTH 10 — 10 — ns
Write to RAS Precharge Time (CAS Before RAS Refresh) | twHREL | twmP 10 —_ 10 — ns
Write to RAS Hold Time (CAS Before RAS Refresh) tRELWL tWRH 10 — 10 — ns
RAS Hold Time Referenced to G tGLREH tROH 10 — 10 — ns
G Access Time tGLav i1GA — 15 — 15 ns 6
G to Data Delay tGLHDX tsgb | 15 — 15 — ns
Output Buffer Turn~Off Delay Time from G tGHQZ tgz 0 15 0 15 ns 17
G Command Hold Time twLGL tGH 10 — 15 — ns
Output Disable Setup Time tGHCEL tobs o] — 0 — ns
NOTES:

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

14. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in late write or read-write cycles.

15. twes. tRWD: tcwD, tawD. and tcpwp are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only; if tyycg 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if towp 2 tcwp (min), tRwD 2 trwp (Min), tawp = tawp (min), and tcpwp 2 topwp (min) (page
mode), the cycle is a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions
is satisfied, the condition of the data out (at access time) is indeterminate.

16. To avoid bus contention and potential damage to the module, RASO and RAST may not be active low simultaneously.

17. toFF (max) and/or 1gz (max) define the time at which the output achieves the open circuit condition and is not referenced to output
voltage levels.

B L3k7251 0101073 202 W
MOTOROLA DRAM SVFPMU36SEC
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FAST PAGE MODE READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)

Symbol 60 70
Parameter Std Alt Min Max Min Max | Unit | Notes
Fast Page Mode Cycle Time tCELCEL tpc 40 — 45 — ns
CAS Precharge to RAS Hold Time (Fast Page Mode) tCEHREH | tRHCP 35 — 40 — ns
Fast Page Mode Read-Write Cycle Time {CELCEL | tPRWC 85 — 90 —_ ns
RAS Pulse Width (Fast Page Mode) tRELREH tRASP 60 200k 70 200 k ns
CAS Precharge to Write Delay tCEHWL tcPwD 60 — 65 — ns 5

NOTES:

1. Vi (min) and V) (max) are reference levels for measuring timing of input signals. Transition times are measured between Vi and V..

2. An initial pause of 200 ps is required after power-up foliowed by 8 RAS cycles before proper device operation is guaranteed.

3. 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.

4. AC measurements tT= 5.0 ns.
5

. twes, tRwD: tcwD. tawb. and tcpwp are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only; if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)
through~out the entire cycle; if towp 2 towp (min), tRwD = tRwD (min), tAwD 2 tawD (min), and tcpwD = tcPwD (min) (page
mode), the cycle is a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions
is satisfied, the condition of the data out (at access time) is indeterminate.

READ CYCLE
v tre »
- —_— 3 '3
RS M \, tRAs > /
V||_ - - Y ([ —— tF{P—-—D :
tcsH ———»
RP » le—— tpep tRSH le— {cRp ——
__ V||-| — fe— lopas ———» r
oS \\ /
IL— e— tpap — =
tRAL
'SR tasC—>|  je—
] le— tRAH »— ICAH

le —_ L all
ADDRESSES ><><><>< ROW COLUMN
v, — _
IL K
—  |=tRCH
'Res 'RAH
W ViR— ‘
= XXKXIXLT e | OO
iL tan
‘—tGA"
Vig —
Vi —
e loac— le—>1-torF
A oz - -« taz——>
Voay — i
pa N HIGH-Z J\Zx VALID DATA OUT )
VoL — L
B L3L7251 0101074 Lu9 ||
5VFPMU3G6SEC MOTOROLA DRAM
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WRITE CYCLE (EARLY WRITE)
-t RC
tRAS je—— tRp ——————
s H — N / \
ViL —
- ek ™ e 'CRP —
e————1RCD -t tRSH
V||.| — s <——*tCAS —™
CAS /
iL — \L _/

tASH > [—{RAD
tnAH—> e — ASC— e oAy —»

Vig —
ADDRESSES VIH X>< ROW m COLUMN
L — 7

- towt =||

——tWCS —» e— tyeH—»

" CXRRXXN, RXKRXXXKXOXXX

tRWL

S WWWW@WW
~—tos pH—»

=

V —_
pq 'H { VALID DATA IN } HIGH-Z
viL —
WRITE CYCLE (G CONTROLLED)
g tRe -
- RAS > [———pp————
. VlH'—' e Y X
RAS \ \
ViL— _
- tcSH =
{CRP—= «——tacp > tRSH - fe——'cRP—
~ ——— {oAg ——— y
—_ VYiH— 7
Sy ) /
tasc —> =
tASRT*™ [ RAD—™

—| |le—1pay fe—— tcAH——»

V —
ADDRESSES VI: ROW XW COLUMN WWXW
— L |
<——tCWL—>|

[ tRwL——
<— fp——]

" v - QOOOOOCOOOOON,. KXY XXXHXKXXKKS
teps — L— - GH
= XXX T X KRN RRXKKK

VIH - B ]
VIL -

M (367251 0101075 OAS WA

I

MOTOROLA DRAM SVFPMU36SEC
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READ-WRITE CYCLE
- tRwC »
tRAS »| |a-tRp -
ms M~ ‘ /F N
ViL — \r
tcsH -
le———1RCD et tRSH - iCRP
v o icrp tcAS
___ VH — -
CAS Vi — / \ \ / /
—— tAgC—™
tASR tRAL »
- tnAH - tCAH »>
ViH — NAM
ADDRESSES viL ROW COLUMN
- A
- tawD » e oy —
& tRAD-> <—t———— ICWD ——™| le——tpy. —
- RWD > e
W
iL — \ ><
le—————— tpAA >
—iGA
— f— Y
G VIH /
ViL —
] at— tDH -
< tcac—>  1GD s
tRAC > gz e o
DQ HIGH-Z VALID DATA IN
ViLNoL — . DATA OUT
toiz

B L367251 0101076 T1l WM
5VFPMU36SEC MOTOROLA DRAM

10



FAST PAGE MODE READ CYCLE

4M,8M x36+5Ve FPMe U

mlewﬁ\ tRASP = N
Vi — < 'RHcp ——’/ trp
2)
1
CRP
t t «—r-CRP
- Vip— \\-—‘CAS — \-—tCAs —> 7 \<—‘0As —= /7
ViL — -t RAD = . /|
tesu 'RAL ——»]
tRAH L] jee— LCAH tcan - teaH
tASR—> |ei-| — tasc tasc tasc
Vi — ]
ADDRESSES V'H ROW XXX COLUMN X><><>§ COLUMN COLUMN >OO<><><><><:
IL— , = e =
t Lt K t |
-‘ |<~ lRcs tren l___ ‘+ RCS tRcH—»] |*_ |- RCS RCH—  [=—
{{
AN VAR *
W / / \@
Vi — «t i { 'RRH
AA —> e—Lap — e——— AR ——
v —>llGp fe— l tga fe— (« | 'GA |a—
%~ SO, | A A }O& /
V., —
IL T =7 1
'*‘cm-» ’*‘ CAC— Yoac =
e————1RAC —— —:_.[:—‘ OFF o jetorF torF —»  je—
t t
t o t o l'_tGZ ™
oz oz cLz
ba Von— VALID VALID VALID
Vo — DATA OUT | DATA OUT DATA OUT
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
t ¢
Vi — RASP pat-'RP-)
RAS \ e ——— tpyep —— \
IL = {( =
b3
tCHP t S PC ‘<—tRSH ——
<R cp> t tepp
. VIH _ \4— CAS —» \»4— CAS —» ’__“_1 ‘—‘tCAS —— /—_1——
CAS \ /
=/ el tasn . /
) t
CSH—— ™ RAL
'RAH| —»  je— i CAH tcaH - tean
— tasc tASCHe— tasc
Vi — A . L
ADDRESSES VIH XX ROW COLUMN M COLUMN COLUMN ><2<><><><><><
L — ~ = = s
p—
| tRap— tow, — ] t CWL_J gm
twes —» twes —» twes— le—
Vg— : C : : C : twpﬂm twp—] e — | t P —md
ViL— . . ( ‘CCCCCCi
tweH - tweH tweH
v ((
~ Vin—
G
an XXX,
'ps —<——I |<—->—th tps 4-—»1 |<—>— tDH ‘Ds—‘—'l I-———‘DH
bg (H™ VALID VALID VALID
Vi — DATA IN DATA IN DATA IN
B L3L7251 0101077 954 WA
MOTOROLA DRAM
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FAST PAGE MODE READ-WRITE CYCLE

Viy——% |« tRASP -
S N\ /
ViL— t
-« tocgH———) je— t — > RP
«—tRCp —» CP —je—n tCRP —»
Vi — o\ [ focas —= 3 [+ 'cAs —>] o re—Tfcas —»
S \
ViL —tRAD{—fe—n B \
TRAH > je— . tRAL
S| R Py, tcAH CAH <s— oAy
> le—tagc ] e tasc > tasc
|
VIH —_— - = —
ADDRESSES v ROW| COLUMN coL oL
iL— . .
b ———— o t 1
e | [l < towp— -[ AL
t —
Vu— a
W / N\
ViL— tAWD — > s tawp —» = tawp — %
taa twp o | twp 1 e twp
1 GA »  e—lgA — tGA
Vi, —
_VH \
g / / \
ViL— t
—» LoAC fe- tcac
gz
¢ fet- g
——RAC o e—tpy
Vi Ve — = =
ba H Von
ML/ VoL — = -
tCLZ — tCLZ_’
VALID VALID VALID VALID VALID VALID
DATAQUT  DATAIN DATAOUT  DATAIN DATAOUT  DATAIN
RAS-ONLY REFRESH CYCLE
- tpe
tRp——™
— Vh— s tRAS )
RAS
ViL— X \_
tcRp —j=—» trpC
—_— — ‘4
= Vo
ViL—
>—1tRAH
tASR [—
ViH—
ADDRESSES ROW
ViL—

NOTE:W,G=HorL.
DQ = Open.

S5VFPMU36SEC
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CAS BEFORE RAS REFRESH CYCLE

4M,8M x36e5Ve FPMe U

g tRC
- 'RAS > tRp —*1
_— VIH—
mas H \ \
ViL— =
ICSR —e
tRpc™
'cp tCHR
———— ——
W N /
ViL— K =
twRp 1= | [ twpy
_ViH— -
ViL—
tOFF —1
V, p—
pa .M } HIGH-Z
VoL—

NOTE: Addresses = Hor L.

HIDDEN REFRESH CYCLE (READ)

tRe tRC >
tRp—— tRP—>
-~ ¢ fe——————— t — ]
vy —3\ RAS ﬁ\ RAS -\
RAS VL~ X I
tcap = 'ReD TS tRsHT™ < ICHR I” S R ——
Vi — 3 i
oA |, \\
tASR i —— ‘_tASC
- tRAH |‘—"t CAH
Vig — p
ADDRESSES V'H ROW COLUMN }( X
L .
res twnp—‘—’I
t — -t t
RRH i‘— WRH
Vv —
O W RO
W
ViL—
t pp—o
ViL— ——
tolz CAC ft— tOFF
e 1 RAC —tgz —™
Vop — . s 3
pq ©oH gm VALID DATA OUT >
VOL - k 7
B L3L7251 0101079 720 WM
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HIDDEN REFRESH CYCLE (WRITE)

d—ans————b tRP——’
RS N\ | \

tpc

le——1 RCD — tHSH b

I\

tpe

L Y V- S——

-t Rp—ﬁ

Y ‘

——tcHp — ™

= terp
vy —
i VM /"
L - -

'RAD
tAsR—]

ViH— 7 R
ADDRESSES ROW COLUMN
ViL — =

- twp el fe—n

twes >

tasc

YeaH

tcRp ———

X

~ twRH

*— tyweH —

_VIH—
W

v

ViL—

XXX XXXAXX

&, — QOGO

tps

e — -
viL— S

VALID DATA IN

HOOCOOOOOONX
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CAS BEFORE RAS REFRESH COUNTER TEST READ CYCLE

lt— tRp —»
tRAS
Vi - ]
RAS IH /(— )\
ViL - K \
e— tCHR
—> tcsR |+ ICPT-»| |- tRSH o > {CRP
Vi — N tcAS r
AS \ N / /
VIiL - K
- RAL »
tasc — 1CAH
ADDRESSES OLUMN
ViL ~ k-
RRH
= Res <1 tRCH
. VH -
WE \< X X Z
Vi - | tROH
Viy — tGA
° W \ LXXXXX XXX
L~ X
a— ICAC —] j <—:OFF
- [ 1AA ——— o _><— REZ
VoH — = —
g O DATA OUT §___
VoL - C J
tcLz~
CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE
) thp —™
— VH - - RAS »
RS H
viL - - \
re— ICHR
— icsR ICPT-»| | tRSH » 1CRP
_VlH—_\ L Teas / m"a
A
CAS viL - \t /
-t {RAL
tasc T = {CAH
ADDRESSES COLUMN
ViL -
- tRWL =||
- towL -
twes — -—
___ VHy - ——— tWCH ———»
= RO (XKKRARK
ViL - 3 2
Vig —
5 M
viL -
DS “—’| “'_ tDH ——»
VIH - B
viL - 4
B L3L7251 0101081 349 W
MOTOROLA DRAM

S5VFPMU36SEC
15



4M,8M x 36 ¢ 5V e FPMe U

CAS BEFORE RAS REFRESH COUNTER TEST READ-WRITE CYCLE

Rp —»
1

— Vy - - RAS
mas UM 3

viL - = 7 \

e— ICHR
— fCsR tcPT-» j#—— tRSH > »{CRP

Vi - e foas > F
CAS N\ /

ViL - K <

tasc

P

d tRAL
- {CAH

ADDRESSES

ViL -

COLUMN

XX

RCS

fowL

tawp >

y

$O<><><><><><>%<

e RWL -

VH -
ViL -

r o

\

(TR

L

Vi -
ViL -

[o]]

(Vi -

toH

ViL -

DA<

VOH -

WKXXXKAR

CAC
oLz —™

V —
\oL
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DEVICE INITIALIZATION

On power—up, an initial pause of 200 s is required for the
internal substrate generator to establish the correct bias voit-
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 32 ms), a wakeup sequence of eight active cycles is nec-
essary to ensure proper operation.

ADDRESSING THE RAM

The eleven address pins on the device are time multiplexed
atthe beginning of a memory cycle by two clocks, row address
strobe (RAS ) and column address strobe (CAS), into two sep-
arate 11-bit address fields. 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 followed by CAS active
transition (active = V|, tRcp 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 addresses into the RAM.

The external CAS signal is ignored until an internal RAS
signal is 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 muitiplex 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
family per device: 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 four different cycles: “normal”
random read cycle, fast page mode read cycle, read—write
cycle, and fast page mode read—write cycle. The normal read
cycle is outlined here, while the other 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
(VIR). 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 muilti-
plex window.

Both CAS and output enable (G) control read access time:
CAS must be active before or at tgcp maximum and G
must be active tRAG—tGA (both minimum) after RAS active
transition to guarantee valid data out (Q) attRac. If the trcD
maximum is exceeded and/or G active transition does not oc-
cur in time, read access time is determined by either the CAS
or G clock active transition (tCAG or tGA).

WRITE CYCLE

The user can write to the DRAM with any of four cycles:
early write, late write, fast page mode early write, and fast
page mode read—write. Early and late write modes are
discussed here, while fast page mode write operation is
covered in a separate section.

MOTOROLA DRAM

M 367251 0101083 151 WA
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A write cycle begins as described in ADDRESSING THE
RAM. Write mode is enabled by the transition of W to active
(VIL). Early and late write modes are distinguished by the
active transition of W, with respect to CAS. Minimum active
time tRAS and tcAS, 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 twcg before TAS active transition. Column
address setup and hold times (tASC, {CAH) and data in (D)
setup and hold times (tpg, tpH) are referenced to in
an early write cycle. RAS and CAS clocks must stay active
fortRwLandtowy, respectively, afterthe start ofthe 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.

A late—write cycle (referred to as G—controlled write) occurs
when W active transition is made after CAS active transition.
W active transition could be delayed for almost
10 microseconds after CAS active transition, ({RcD + tCWD
+ tRWL + 2tT) <tRAS, if other timing minimums (tRcD,
tRWL. and tT) are maintained. D timing parameters are
referenced to W active transition in a late write cycle. Output
buffers are enabled by CAS active transition. Outputs are
switched off by G inactive transition, which is required to write
to the device. Q may be indeterminate (see note 15 of AC
Operating Conditions table). RAS and CAS must remain
activefortryw andtowL, respectively, afterWactivetransition
to complete the write cycle. G must remain inactive for tgH
after W active transition to complete the write cycle.

READ-WRITE CYCLE

A read—write cycle performs a read and then a write at the
same address, during the same cycle. This cycle is basically
a late write cycle, as discussed in the WRITE CYCLE section,
except W must remain high for towp and/ortawp minimum,
to guarantee valid Q before writing the bit.

PAGE MODE CYCLES

Page mode allows fast successive data operations at all
column locations on a selected row. Read access time in page
mode (tcac) is typically half the regutar RAS clock access
time, tRAC. Page mode operation consists of keeping RAS ac-
tive while toggling CAS between V|4 and VjL. 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, write, or
read-write cycle, as described in prior sections. Once the
timing requirements for the first cycle are met, CAS transitions
to inactive for minimum tgp, while RAS remains low (V]L).
The second CAS active transition while RAS is low initiates
the first page mode cycle (tpc or tpRwC). Either a read,
write, or read-write operation can be performed in a page
mode cycle, subject to the same conditions as in normal oper-
ation (previously described). These operations can be inter-
mixed in consecutive page mode cycles and performed in any
order. The maximum number of consecutive page mode
cycles is limited by trRagp. 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

5VFPMU36SEC
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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 tRFgH-.

This is accomplished by cycling through the row addresses
in sequence within the specified refresh time. All the bitsona
row are refreshed simultaneously when the row is addressed.
Distributed refresh implies a row refresh every 15.6 ps for the
module family. Burst refresh, a refresh of all rows consecutive-
ly, must be performed every tRFsH.

Anormal read, write, or read-write operation to the RAM will
refresh all the bits associated with the particular row decoded.
Three other methods of refresh, RAS—only refresh, CAS be-
fore RAS refresh, and hidden refresh are available on this
device for greater system fiexibility.

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.

CAS Before RAS Refresh

CAS before RAS refresh is enabled by bringing CAS active
before RAS. This clock order activates an internal refresh
counterthat 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).

[*— MEMORY CYCLE —— e

S \

CAS BEFORE RAS
REFRESH CYCLE

= N/ /S /]

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 starts the hidden refresh. This is essentially
the execution of a CAS before RAS refresh from a cycle in
progress (see Figure 1).

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh counter of this device can be tested with
a CAS before RAS refresh counter test. This test is per-
formed with a read—write operation. During the test, the inter-
nal refresh counter generates the row address, while the
external address supplies the column address. The entire
array is refreshed after completing one cycle for every column,
as indicated by the check data written in each row. See CAS
before RAS refresh counter test cycle timing diagram.

The test can be performed after a minimum of eight CAS
before RAS initialization cycles. Test procedure:

1. Write Os into all memory celis with normal write mode.

2. Select a column address, read 0 out and write 1 into the
cell by performing the CAS before RAS refresh count-
er test, read—write cycle. Repeat this operation for ev-
ery column.

3. Read the 1s that were written in step two in normal read
mode.

4. Using the same starting column address as in step two,
read 1 out and write 0 into the cell by performingthe CAS
before RAS refresh counter test, read-write cycle.
Repeat this operation for every column,

5. Read 0s which were written in step four in normal read
mode.

6. Repeat steps one through five using complement data.

CAS BEFORE RAS
REFRESH CYCLE

-

DQ — HIGH-Z ———<

VALID DATA QUT

>__

Figure 1. Hidden Refresh Cycle
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PACKAGE DIMENSIONS

72-LEAD SIMM
CASE 86602

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.

MILUMETERS | INCHES |
MIN | MAX | MIN | MAX
107.82 | 108.08 | 4245 | 4.955
2527 2553 | 0.995 | 1.005
— | 914 — [ 0380
1.02] 107 0.040 | 0.042
3.18BSC .125 BSC
1.27 BSC 050 BSC
—~ [ 025 — [0010
1.19] 1.37] 0.047 | 0.054
025] — [0100 | —
44.45 REF 1,750 REF
1.90] 2.161 0.075 | 0.085
10.16 BSC 0.400 BSC
348] — [ 0425 | —
312] 322] 0123 [ 0.7
6.22| 648 0.245 | 0.255
572 — | 0225 | —
107.19 BSC 3.984 BSC
— | 528 — [0.208
112 — [0044 | —
153 163 0.060 | 0.064

£

|ee— =
.08 {0.003)
W—l #ots 008 ®[T[x O] —

Q2pL

D np
COMPONENT AREA

T H]or0pm) O [1[x®]Y]

K
Tt

DETALZ

DETAIL AA __i

B b3L7251 0101085 T2y WA
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ORDERING INFORMATION
(Order by Full Part Number)

MCM XX X XXX XXX XX

Motorola Memory Prefix Q
Bits (x36) Speed (60 = 60 ns, 70 = 70 ns)
Component Die Rev Package
C-Revision —4M x 4 ASH = Rev/SIMM, Short Height

ASHG = Rev/SIMM Gold, Short Height
Part Characters (Meg)

Full Part Numbers — MCM36C404ASH60
MCM36C404ASHGE0D

MCMB36C404ASH70
MCM36C404ASHG70

MCMB36C804ASH60
MCM36C804ASHGE0

MCMB36C804ASH70
MCMB36C804ASHG70

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantes regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in differentapplications and actual performance may vary overtime. Alloperating parameters, including “Typicals”
must be validated for each customer application by customer’s technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applicationsintended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attomey fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.
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