MOTOROLA
SEMICONDUCTOR

TECHNICAL DATA

Product Preview
8M x 36 Bit Dynamic Random

Access Memory Module

for Error Correction Applications

The MCM36804 is a dynamic random access memory (DRAM) module
organized as 2,097,152 x 36 bits. The module is a double-sided 72—lead
single—in-line memory module (SIMM) consisting of eighteen MCM5174008
DRAMSs housed in J-tead small outline packages (SOJ), mounted on a substrate
along with a 0.22 uF {min) decoupling capacitor mounted adjacent to each DRAM.
The MCM517400B is a CMOS high~speed dynamic random access memaory
organized as 4,194,304 four—bit words and fabricated with CMOS silicon—gate
process technology.

o Three-State Data Output
+ Early-Write Common /O Capability
» Fast Page Mode Capability
e TTL-Compatible Inputs and Outputs
o RAS-Only Refresh
¢ CAS Before RAS Refresh
« Hidden Refresh
* 2048 Cycle Refresh: 32 ms (Max)
s Consists of Eighteen 4M x 4 DRAMs, and Eighteen 0.22 uF (Min) Decoupling
Capacitors
* Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection
¢ Fast Access Time (IRAC): MCM36804-50 = 50 ns (Max)
MCM36804—-60 = 60 ns (Max)
MCM36804—-70 = 70 ns (Max)
e Low Active Power Dissipation: MCM36804-50 = 6.53 W (Max)
MCM36804-60 = 5.54 W (Max)
MCM36804-70 = 4.81 W (Max)
« Low Standby Power Dissipation: TTL Levels = 220 mW (Max)
CMQOS Levels= 110 mW (Max)

PIN ASSIGNMENTS
Pin [Name | Pin |Name | Pin |Name | Pin |Name | Pin [Name | Pin | Name
1 Vss 13 Al 25 [bQn3 | 7 DQ19 | 49 DQ22 | 61 DQ33
2 DQO 14 A2 26 | 0Q14 ] 38 DQ20 | 50 DQ23 | 82 DQ34
3 oQt 16 A3 27 DQ15 39 Vss 51 DQ24 63 DQ3s5
4 bQ2 16 Ad 28 A7 40 |[CASO | 52 DQ25 | 64 NC
5 0Q3 17 A5 29 | DQ16 | 41 A10 53 DQ26 | 65 NC
6 DQ4 18 A6 30 Vee 42 NC 54 DQ27 | 66 NC
7 Das 19 G 31 A8 43 NC 55 DQ28 | 67 PD1
8 DQs 20 DQs8 32 Ag 44 RASO | 56 DQ29 | 68 PD2
9 baz 21 DQg 33 NC 45 NC 57 | DQao | 69 PD3
10 Voo 22 Dat1o 34 NC 46 DQ21 58 DQ3t 70 PD4
11 PDs | 23 | Dot | 35 |DQ17 | 47 w 59 | vee | 7t NC
12 | a0 | 24 |DQr2| 36 |Dms | 48 |ECC | 60 [DQ32| 72 | vss

This document contains information on a product under development. Spacifications and information
herein are subject to change without notice.
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PIN NAMES
AD—-A10 ... Address Inputs
DQO - DQ35 Data Input/Qutput
CASO .......... Column Address Strobe
PD1-PD5 ........... Presence Detect
AASO ....... Row Address Strobe
W oo Read/Write input

ECC ........... Configuration Detection

G Qutput Enable
veeg - .. Power (+ 5 V)
VES i Ground
NC .................... No Connection

All power supply and ground pins must be
connected for proper operation of the device.
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8M x 36 BLOCK DIAGRAM

DQO - DO3
_ 1101 . 1101 _
%‘2 1102 . 02 g%:
- B 1103 . 103 B >
G W AD-AI0 104 - 04 AO-A10 W G
1 I DQ4 ~ DQ7 I I
- 101 - 01 s
LA 102 102 e
RA!
RAS B 103 - 1103 _ RAS
G W AD-AI0 104 . 104 AO-A10 W G
1 1 DQ8 - baM 1 I
CAS CAS o . ! CAS TAS
AS0 A AST
CAS 1102 S 102 2
AASO RAS 103 o 103 RAS RAST
G W AD-A10 104 . 104 AD-A1D0 W G
I | DQ12-DQ15 I I
] 101 ° 01 _
g:g vo2 - 1102 ﬁgg
- B 403 - 1103 B
G W AO-AI0 104 . V04 AD-A10 W G
1 | DQ16 - DQ19 ] ]
7 1101 - /01 _
%}g 102 102 8—%2
il 103 - 103 >
G W AG-A10 LOM . 04 AO-A10 W G
] ] DQ20 - DQ23 I I
_ 101 . 1101 _
%:g 102 . 102 %
il 103 ° 103 'S
G W AO-AI0 104 . V04 AO-ATD W G
] | DQ24 - DQ27 1 I
_ 101 * 101 —
%g 102 . 102 Rig
1103 - 1103 >
G W AO-AI0 /04 - V04 AO-AI0 W G
I I DQ28 - DQ31 I |
_ 01 * 1101 -
% 1102 . 102 P
RAS 103 N 103 >
G W AO-A10 104 . 104 AO-A1D W G
] I DQ32 - DQ35 1 1
— 101 > 1101
CAS CAS
CAS 102 . 102 CAS
RAS 103 . 103 s
G W AD-A10 1104 04 AC-AI0 W G
w
A - A10
G
vee > U0-U17
% 0.22 i (MIN)
Vss ue-u17
PRESENCE DETECT PIN OUT
Pin Name 50 ns 60 ns 70 ns
PD1 NC NC NC
PD2 Vss Vss Vss
PD3 Vgs NC Vss
PD4 Vss NC NC
PD5* Vss Vgs Vsg
ECC Vgsg vss Vss
*PDs5 tied to Vgg through a 2.6 ke resistor.
MCM36804 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
voltages or electric fields; however, it is ad-
Voltage Relative to Vgg for Any Pin Except VC| Vin, Vout | —0.5t0+7 v vised that normal precautions be taken to avoid
application ot any voltage higher than maxi-

Power Supply Voitage vee -05t0+7 v

Data Output Current lout 50 mA mum rated voltages to these high-impedance
Power Dissipation Pp 16.2 w circuits.

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
(Vo =5.0V £10%, Ta = 0 to 70"C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS (All voltages referenced to Vgs)

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Voltage Range) vee 4.5 5.0 5.5 \
Vss 0 0 0
Logic High Voltage, All Inputs VIH 2.4 — Vec+05V
Logic Low Voltage, All Inputs ViL ~0.5" — 0.8 v
* -2.0V at pulse width < 20 ns.
DC CHARACTERISTICS AND SUPPLY CURRENTS (All voltages referenced to Vgg)
Characteristic Symbol Min Max Unit Notes
Ve Power Supply Current MCM36804-50, tRc = 90 ns Icct — 1188 mA 1,2
MCM36804-60, tRc = 110 ns - 1008
MCM36804-70, tRc = 130 ns — 873
Ve Power Supply Current (Standby) (RAS = CAS = V) Iccz — 40 mA
Ve Power Supply Current During RAS-Only Refresh Cycles (CAS = V) IcCca mA 1,2,3
MCM36804-50, IRc = 90 ns — 1188
MCM36804-60, trc = 110 ns — 1008
MCM36804-70, tpc = 130 ns — 873
Ve Power Supply Current During Fast Page Mode Cycle (RAS = V) Icca(p) mA 1,2
MCM36804-60, ipc = 35 ns — 738
MCM36804-60, tpc = 40 ns — 648
MCM36804-70, tpc =45 ns — 558
Vi Power Supply Current (Standby) (RAS = CAS =V - 0.2 V) IcCs — 18 mA
Vi Power Supply Current During CAS Before RAS Refresh Cycle icce mA 1
MCM36804-50, 1R = 90 ns — 1188
MCM36804-60, tRc = 110 ns — 1008
MCM36804~-70, tRc = 130 ns — 873
Input Leakage Current (0 V < Vin £VgQ) likg(l) —-180 180 HA
Output Leakage Current (0 V < Vgt < Vo, Output Disable) lIkg(O) -20 20 KA
Output High Voltage (IloH = — 5 MA} VOH 24 — \
Output Low Voltage (| = 4.2 mA) VoL — 04 v

NOTES:
1. Current is 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 = V|i_. In the case of IcG4. it can be changed once or less during 1pC.
3. Assumes both banks not refreshed simultaneously.

CAPACITANCE (f = 1.0 MHz, Ta = 25"C, Vg = 5 V, Periodically Sampled Rather Than 100% Tesled)

Characteristic Symbol Max Unit
Input Capacitance A0 - A10 Cin 100 pF
WG 136
RASO, RAS1, CASO, CAS1 73
1/0 Capacitance DQO - DQ39 Cyo 24 pF

NOTE: Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = | AVAV.
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Ve =5.0V £10%, Ta = 0 to 70°C, Unless Otherwise Noted)

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

Symbol MCM36804-50 | MCM36804-60 | MCM36804-70
Parameter Std Alt Min Max Min Max Min Max Unit | Notes

Random Read or Write Cycle Time {RELREL tRC 90 — 110 — 130 — ns 5
Read-Write Cycle Time IRELREL 1RWC 135 — 155 — 180 — ns 5
Access Time from RAS tRELQV RAC — 50 — 60 — 70 ns 6,7
Access Time from CAS ICELQV {CAC — 13 — 15 — 20 ns 6.8
Access Time from Column Address tavQyv taa — 25 — 30 — 35 ns 6,9
Access Time from Precharge CAS ICEHQV ICPA — 30 — 35 — 40 ns 6
CAS to Output in Low-2 tCELQX tcLz 0 — 0 — 0 — ns 6
Output Buffer and Turn-Off Delay \CEHOZ {OFF o] 13 0 15 0 15 ns 10
Transition Time (Rise and Fall) T T 3 50 3 50 3 50 ns

RAS Precharge Time tREHREL tRP 30 - 40 — 50 — ns

RAS Pulse Width tRELREH IRAS 50 10k 60 10k 70 10k ns

RAS Hold Time {CELREH | tRSH 13 — 15 — 20 — ns

CAS Hold Time IRELCEH | tcsH 50 — 60 — 70 — ns

CAS Precharge to RAS Hold Time {CGEHREH | tRHCP 30 — 35 — 40 — ns

CAS Pulse Width tCELCEH | tcas 13 10k 15 10k 20 10k ns

RAS 1o CAS Delay Time tRELCEL | 'RCD 17 37 20 45 20 50 ns 1
RAS to Column Address Delay Time tRELAV IRAD 12 25 15 30 15 35 ns 12
CAS 10 RAS Precharge Time IGEHREL | 'CRP 5 — 5 — 5 — ns

CAS Precharge Time tCEHCEL tcp 10 — 10 — 10 — ns

Row Address Setup Time tAVREL IASR 0 — 0 — 0 — ns

Row Address Hold Time tRELAX tRAH 7 - 10 — 10 — ns

Column Address Setup Time tAVCEL tASC 0 — 0 — 0 — ns

Column Address Hold Time tCELAX tCAH 10 — 10 — 15 — ns

Column Address to RAS Lead Time tAVREH IRAL 25 — 30 — 35 — ns

Read Command Setup Time tWHCEL tRCS 0 — 0 — 0 — ns

Read Command Hold Time ICEHWX IRCH 0 — 0 — 4 — ns 13
Referenced to CAS

Read Command Hold Time tREHWX {RRH [¢] — 0 — 0 — ns 13
Referenced to RAS
NOTES: (continued)

1.
2.
3.

w

1
1

12

13.

V|H (min) and Vy_(max) are reference levels for measuring timing of input signals. Transition times are measured between Vi and V|
An initial pause of 200 ps is required after power-up followed by B 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) in a monotonic manner.

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

< 70C) is ensured.

. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) Joads and 100 pF with the data output trip points set at Vol =2.0 V

and Vo =0.8 V.

7. Assumes that tRCp < tRCD (max).
8. Assumes that tgcp = treD (Max).
9.
0
1

Assumes that tRap 2 tRAD (max).

. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output vollage levels.
. Operation within the tgcp (max) limit ensures that trac (max) can be met. trcp (Max) is specified as a reference point only, if IRCD

is greater than the specified trcp (max) limit, then access time is controlled exclusively by IcAC-

Operation within the IRAD (max) limit ensures that tgac (max) can be met. tRAD (Max) is specified as a reference point only; if tRAD
is greater than the specified tRAD (max), then access time is controlled exclusively by taa.

Either tRrH or trcH must be satisfied for a read cycle.
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READ, WRITE, AND READ-WRITE CYCLES (Continued)

Symbol MCM36804-50 | MCM36804-60 | MCM36804-70
Parameter Std Alt Min Max Min Max Min Max Unit | Notes
Write Command Hold Time tCELWH WCH 10 — 10 — 15 — ns
Referenced to CAS
Write Command Pulse Width tWLWH twp 10 — 10 — 15 — ns
Write Command to RAS Lead Time IWLREH tRWL 15 — 15 — 20 — ns
Write Command to CAS Lead Time WLCEH tcwt 15 — 15 — 20 - ns
Data In Setup Time IDVCEL tps 0 — 0 — 0 — ns 14
Data In Hold Time 1ICELDX tDH 10 — 10 — 15 — ns 14
Write Command Setup Time 'WLCEL twcs 0 — 0 — 0 — ns 15
CAS to Write Delay tCELWL iCWD 35 — 40 — 45 — ns 15
RAS to Write Delay tRELWL tRWD 73 — 85 — 95 - ns 15
Column Address to Write Delay tavwL tAWD 48 - 55 — 60 — ns 15
Refresh Period RVRV tRFSH — 32 — 32 — 32 ms
CAS Setup Time for CAS Before RAS | \ReLcEL | 'CSR 5 - 5 — 5 — ns
Refresh
CAS Hold Time for CAS Before RAS IRELCEH | 'CHR 10 — 10 — 10 — ns
Refresh
AAS Precharge to CAS Active Time tREHCEL | tRPC 5 — 5 — 5 — ns
CAS Precharge Time for CAS Before | tcEHCEL | !CPT 20 — 20 — 20 — ns
RAS Counter Time
Write Command Setup Time (Test tWLREL WTS 10 — 10 -— 10 — ns
Mode)
Write Command Hold Time (Test tRELWH tWTH 10 — 10 — 10 — ns
Mode)
Write to RAS Precharge Time (CAS twHREL | wmp 10 — 10 — 10 — ns
Before RAS Refresh)
Write to RAS Hold Time (CAS Before IRELWL tWRH 10 — 10 — 10 — ns
RAS Refresh)
RAAS Hold Time Referenced to G {GLREH tROH 10 - 10 — 10 — ns
G Access Time 1GLQV tGA — 13 — 15 — 15 ns 6
G to Data Detay tGLHDX [{elo} 13 — 15 — 15 - ns
Output Buffer Tum-Off Delay Time IGHQZ gz 0 13 0 156 0 15 ns 17
from G
G Command Hold Time WLGL tGH 15 — 15 — 15 — ns
Output Disable Setup Time tGHCEL tops ] — o] — 0 — ns
NOTES:

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. twCs. 'RWD. ICWDs tAwD. and topwp are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only; if twCs 2 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 tcwp 2 tcwp (Min), tRwD 2 tRWD (Min). tawD > tawp (min), and IcpwD 2 IcpwD (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 1o the module, RASO and RAS1 may not be active low simultaneously.

17. toFF (max) and/or tgz (max) define the time at which the output achieves the open circuit condition and is not referenced to output
voltage levels.
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FAST PAGE MODE READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)

Time

Symbol MCM36804-50 | MCM36804-60 | MCM36804-70
Parameter Std Alt Min Max Min Max Min Max Unit | Notes
Fast Page Mode Cycle Time t{CELCEL tpc 35 — 40 —- 45 — ns
CAS Precharge to RAS Hold Time (Fast | {cEHREH | 'RHCP 30 — 35 — 40 — ns
Page Mode)
Fast Page Mode Read-Write Cycle ICELCEL | tPRWC 80 — 85 — 90 — ns

RAS Pulse Width (Fast Page Mode)

IRELREH | tRASP 50

200 k

60 200 k 70 200 k ns

CAS Precharge to Write Delay

ICERwWL | tcpwo 53

60 — 65 — ns 5

NOTES:

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

2. An initial pause of 200 ps is required after power-up followed 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 Vy_ (or between V|_and Vi) in a monotonic manner.

4. AC measurements tt = 5.0 ns.

5. twCs. 'RWD. tCWD. tAWD. and tcpwp are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only; if twcs > tweg (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 tcwp = tcwp (min), tRWD 2 tRwD (min), tAWD 2 tawp (min), and tcpwp 2 tcpwD (min) (page
mode), the cycle is a read-write cycle and the dala out will contain data read from the selecled cell. If neither of these sets of conditions

is satisfied. the condition of the data out (al access time) is indeterminate.

READ CYCLE (FAST PAGE MODE)

— e tRC - .y
i y
AAS |t --— -- — IRAS -——— o e ‘
Vi 3 o R \
- - - los—— -»f
‘CRPT [ 'RCD —-~mre — -~ lpgy -~ ICRP ———
e VH e — lcas :
o / \\ /
L lg— 1 L 2
RAD
i 'RAL — e
tagp 1= tASC ‘4 re—
> e Ay re—- - ICAH
V — o C
H
00 I GO ANY §
Vi - k__ 3
- |=-'ReH
1
tacs — RRH

N

" XX VKXNﬁW

* - QOOCOOCOOTTTN

le——— lRoH ———

e B -~
B

LXK

/XXXX&XX@O&XX

le—— tcAC—— >
- - i S
e R
he—lc17 - 'z >
Vo —
Do HIGH-Z VALID DATA OUT
VoL — ]
MCM36804

4-228

MOTOROLA DRAM



EARLY WRITE CYCLE

[ — R — — ——- —
- ———— e — “RAG — ] | |gp — ]
_—
ViH —
RAS
ViL

EE—

I o - —
ICRPT' e———IRCD —— -—wlw - —-— 1RgH - ]
cis Vi — - Y [ ICAS ——m
iL - / \ f

IASH*<—>u+tRADf \ <
f-— ASC—>] CAH

Vi — N,
ADDRESSES H MROW COLUMN XX )</ | /O<><
Vit y i V4 '\
[ WOS ety

3 I ™

- - IRWL

- KXXXXXAXAXXX &XXX XX ><><K/\><>(X XXXXHXXX
f* o} ‘DH—ﬂ
DO \\/’IIT ) L VALID DATAIN } HIGH-Z

G CONTROLLED LATE WRITE CYCLE

O\

[ —- RC
- S—m— - IRAG e -
e )%
RAS VlH \
L — e
- e GSH e t
1CRP<‘<—> e oD ——— - — |“tHSH »] rﬁCHP’W”f
i
5y \ [/
Vit — X .

lasC il
tASR T — 1RAD- -
- 1RAH - lcAH— —»

ADDRESSES \;'I*L‘i Wr ROW , COLUMN EC / A x\/(\)(/(\ XX /<)<><:

[+ IowL—
[*— ——RwL "
[ twp—

?x/>< XXX
o 2 TXXRXKST XIS,

Ing — 1™ - ipH —»

oo QOO oo YOTOOOTOTITTT

£
< <
~ I
[
Ly!
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READ-WRITE CYCLE

e RWC >
- “—1RAS - -IRp -~
ARs W~ \ \
viL — X A
—1CSH -~
- - ———1RCD —Aﬂei - - 'RSH IcRp
Y = CRP - - 1CAS »-
CAS yy - _/ \ \ /
) tasc—*
ASR —— - tRAL -
- 1RAH D —— lcaH ———————m
LCRENRAY NN N
ADDRESSES ROW COLUMN
iL — k X
1
-+ AWD = e tow -
(- IRAD -9 - el (070 Bm— gy -
- tRWD —————— ] "
W ViH — - - wp
Vit — \
[ tAA~ e
- Ga
ViL -~
t
[ toAC— (ch) - lLi OH
*— —-——IRAC ~— T gz — 0s
VIHVOH - VALID
Oy oy — HIGH-Z DA OUT VALID DATA IN W
tcLz
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FAST PAGE MODE READ CYCLE

FAS ViH— \ — — —lpAgp ————
1 -
VIL - I‘—rg RHCP ™ tpp
B o - = t tcrp
r 'RCD tcp PC = IRSH T
— Vi “/’ ~'cas = -loas— 5—1\‘_ 'cas
Vi — -1 RAD - '
—— logH ———- ft— RAL ————]
U RaAH o —»tcaH | »—tCAH - toAn
{ASR -t — fe—t-ASC tasc 7+—£ g 'ASC
Vo —
ADDRESSES V'H COLUMN COLUMN m
L } - = -
P 1 t | t t
Re . RCS " RCS RCH —4
T e A d .
VIH — ] ’ \ ]
i~ t i R 'RRH
‘ ~— AR~ \ — (AA — AA ]
| —wigale - L lgp 'GA P
S OOOKX ‘ XI: X DOOXXX
0 A
)* CAC 1 ’* CAC* ] 'caC J
-— 'Rac — - 'oFF > ' OFF 'OFF -
S [
[ F —F GJ ez PR
ClLz - - CLz cLz f—
00 Vou— VALID A~ VALD VALID
v DATA QUT . DATA OUT \  DATAQUT
oL
FAST PAGE MODE EARLY WRITE CYCLE
vy - . 'Rp
RAS
Vi —
VM
CAS y

esH =]

- Lean
i Tasc
Vi =7\ , VAW,
ADDRESSES @{ ROW COLUMN WX COLUMN
V _ =5 by
L
i
k- trap—{ 4 — |t cw, ——»
twes twes
w
Vi - ' X
‘ T*"'FfWCH
Vo —
Vi - 3
'ps #’I +-1oH tDS"H [<——— oW 'DS‘H L—'*IDH
oq [HT \A VALID ; VALD VALID
v - DATAIN DATA IN \ DATA IN \
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FAST PAGE MODE READ-WRITE CYCLE

Vg~ """k [* tRASP — —
- /|
Vi —
L
<~ t 1 »
CsH > - 'pRWC e gy LN
t— rcp — P 'cp tcre
Vi - =\ [+ 'cas —» — lcag —» o *——CAS ———-
oA \
ViL —trap , A r
? P
RAH RAL —
tCaH l'o ean 'caH
r—tASC + -1 'asc - lasc
v |
W~ - 3 ; 3
o XN = X000
- i \
+ tawp ———> tRwL
( . CWL <l
RCS r -— town —» " oWl
Vig —
Vie - AWD ——» e
Y s e e N L -twp
-'GA —
Vi — \
vV, —
i
16D - . re——1CPA - r
- tcac = G[; 14 18k
‘ez 1- bH -6z
- - +1ps
e -——!RaC > L tog -l toy
Vipy Voo — 4
na H Vo E
it VoL — \ s
oLz —» CLz = ‘
VALID VALID VALID VALID VALID VALID
DATAOUT  DATAIN DATAQUT  DATAIN DATAQUT  DATAIN
RAS-ONLY REFRESH CYCLE
(W and G are Don't Care)
V- [ ——'RAs
ms M N
ViL— k
tcRp *——
w7
ViL—
= 1RAH
tASR -
V — A |
e 12 SN XX R
ViL— 7
Vou—
oa HIGH-Z
VoL—-
MCM36804 MOTOROLA DRAM

4-232



CAS BEFORE RAS REFRESH CYCLE
(G and AC - A10 are Don't Care)

I —— = o}

f‘ T T R T
v —
ms UH
ViL—

'CsR

~+tRpC
cp —-—o

“u_ N T
] Ry
i KO N R KKK

Vo - ——————————
DQ OH >;
Voo~ 4

HIGH-Z

HIDDEN REFRESH CYCLE (READ) (FAST PAGE MODE)

f— tRC ———
[ tgp ———»
V- T X[ 'RAS ™ £
RAS vy - " /
topp — 'pcp *“’r'f‘ tRSH™ ™
Y-
CAS
ViL — t
™ 'RaD ™
lasaom fe g
— taan Tcan
Vih— ' X X
ADDRESSES v ROW COLUMN ><><><><>< ><
L
'Res '*J J i -
T ! RRH- e ~whH

&

e~ X000 & L0000
ViL = '

o XXX ]
Vie - -

r‘%'* cAC o e
'cuz -— OFF
Vou 7 i o

oo M *\m VALID DATA OUT P

[o]]

MOTOROLA DRAM MCM36804
4-233



HIDDEN REFRESH CYCLE (EARLY WRITE)

e tpAg—— ]

tRe———— ™

e

tCRP ————

o tpe -
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s M | N
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e 'cRP
VI h
cAs M \\
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Y e — tasc
- - t 1
h RAH CAH
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VIH —

COLUMN
fwes ™ [+ "whp —{=—
B < Lwon ] ¥
e TOTTOO = 3437
ViL —

L wRH

KXXXXXXXXXXXX>

VIH —
VIL -

XIXXXHAXIAXOXIHXIH XX XK XHXXHKAKXHKXHAXXNK

tos —<—>I L—IDH ]

VALID DATA IN

X IHIIHHAAXXXXXXXANX

ViH i
o X XXX
viL K

MCM36804
4-234

MOTOROLA DRAM



CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

V —_ 3
RAS V'” \.,_,_)7 TRAS tRp
L
tcsh 1RSH ———————
V- - t
- VIH _Y—— a——{GHA cAS ——/ /
L 2
————IgaL - —— >
'asc {CAH
Vig — i R
ADDRESSES COLUMN |
ViL— *
READ CYCLE twrp > [ twh i “{’“AA — ™ 'RAH
Vig— B
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DEVICE INITIALIZATION

On power—up, an initial pause of 200 microseconds is
required for the internal substrate generator to establish the
correct bias voltage. 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 milliseconds), a
wakeup sequence of eight active cycles is necessary 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 twenty two address bits,
eleven rows and eleven columns, will decode one of the
4,194,304 word locations in the device. RAS active transition
is followed by CAS active transition (active = V|, trgp mini-
mumj 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 ad-
dresses 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 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
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 ather 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.

Both CAS and output enable (G) control read access time:
CAS must be active before or at tRCD maximum and G
must be active tRAC-tGA (both minimum) after RAS active
transition to guarantee valid data out (Q) at tRaC. Ifthe 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 (tCAC 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.

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 ty s before CAS active transition. Column
address setup and hold times (tASC. tCAH) and data in (D)
setup and hold times (tps, tpH) are referenced to in
an early write cycle. RAS and CAS clocks must stay active
fortrwL andtcwlL, respectively, afterthe startof the early write
operation to complete the cycle.

Qremains in three—state condition throughout an early write
cycle because W active transition precedes or coincides with
CAS active transition, keeping data—-out bufters 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 + {CWD
+ tRWL + 2tT) < tRAS, if other timing minimums (tgcD,
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. Qutputs are
switched off by G inactive transition, which is required to write
fo the device. Q may be indeterminate (see note 15 of AC
Operating Conditions table). RAS and CAS must remain
activefortrw|_andtcw  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 tcwp and/or tawp minimum,
to guarantee valid Q before writing the bit.

PAGE MODE CYCLES

Page mode allows fast successive data operations at all
column locations (2048 columns) on a selected row of the
module family. Read access time in page mode (tcAC) is typi-
cally half the regular RAS clock access time, tRAC. Page
mode operation consists of keeping RAS active white toggling
CAS between V| and V|| . The row is latched by RAS active
transition, while each CAS active transition allows selection of
a new column jocation 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
1o inactive for minimum tcp, while RAS remains low (VL)
The second CAS active transition while RAS is low initiates
the first page mode cycle (tpc or tprwcC). 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 tgAsp. Page mode operation is ended
when RAS transitions to inactive, coincident with or following
CAS inactive transition.
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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 32 milliseconds.

This is accomplished by cycling through the 2048 row ad-
dresses 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 microseconds for the module family. Burst refresh, a
refresh of all rows consecutively, must be performed every
32 milliseconds.

A normal 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 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.

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 inac-
tive for time twRPp before and time tyRH after RAS active
transition to prevent switching the device into a test mode
cycle.

[®—— MEMORY CYCLE — e

/)
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!
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CAS BEFORE RAS
REFRESH 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 starts the hidden refresh. This is essentiaily
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 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 2048 cycles, 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 cells 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 2048
times.

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 performing the CAS
before RAS refresh counter test, read-write cycle.
Repeat this operation 2048 times.

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
REFRESHCYCLE

oo — H|GH—Z—’v—<7

VALID DATA OUT

Figure 1. Hidden Refresh Cycle

ORDERING INFORMATION
{Order by Full Part Number)

Motorola Memory Prefix @,ﬁ‘m

x\i»w Speed {50 = 50 ns. 60 = 60 ns, 70 = 70 ns)

Part Number Package (ASH = SIMM, ASHG = Gold Pad SIMM)
Full Part Numbers — MCM36804ASH50 MCM36804ASHGS0
MCM36804ASH6E0 MCM36804ASHG60
MCM36804ASH70 MCM36804ASHG70
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