MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

MCM94000A
MCM9L4000A

Advance Information

4Mx9 Bit Dynamic Random
Access Memory Module

The MCM94000AS is a 36M, dynamic random access memory (DRAM) module
organized as 4,194,304 x 9 bits. The module is a 30-lead single-in-line memory
module (SIMM} consisting of nine MCM54100A DRAMs housed in a 20/26 J-lead
small outline packages (SOJ) mounted on a substrate along with a 0.22 uF (min) S PACKAGE
decoupling capacitor mounted under each DRAM. The MCM54100A is a CMOS SIMM MODULE
high speed, dynamic random access memory organized as 4,194,304 one-bit words CASE 839
and fabricated with CMOS silicon-gate process technology.

« Three-State Data Output

o Early-Write Common /O Capability 30-PIN

* Fast Page Mode Capability SINGLE IN-LINE PACKAGE

* TTL-Compatible Inputs and Outputs (TOP VIEW, MCM94000AS/9L4000AS)

* RAS Only Refresh Y

» CAS Before RAS Refresh O

» Hidden Refresh =

s 1024 Cycle Refresh: CAS 12) :ll:’
MCMB94000A = 16 ms !
MCMSOL4000A = 128 ms A (5) jl:!

o Consists of Nine 4M x 1 DRAMs and Nine 0.22 pF (Min) Decoupling Capacitors D‘:; 1?: g

» Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection A3 8B

e Fast Access Time {tRAC): ;gg R =
MCMB4000AS-60 = 60 ns (Max) Rt =
MCM94000AS-70 = 70 ns (Max) A5 (12} 3:|
MCM94000AS-80 = 80 ns (Max) % o B
MCMS4000AS-10 = 100 ns (Max) A7 (5) ::]

o Low Active Power Dissipation: nat Hs: g
MCM94000AS-60 and MCMOL4000AS-60 = 5.94 W (Max) a9 018 B2
MCM84000AS-70 and MCM9L4000AS-70 = 4.95 W (Max) A0 (19) 3|:!
MCMBS4000AS-80 and MCMIL4000AS-80 = 4.21 W (Max) oas e B
MCMg4000AS-10 and MCML4000AS-10 = 3.72 W (Max) Ve (22 :ll:l

¢ Low Standby Power Dissipation: D,?g (éi% %
TTL Levels = 99 mW (Max) o7 (25 2
CMOS Levels (MCM94000A) = 50 mW (Max) ﬁ% gg; g‘__—_]

(MCMOL4000A) = 10 mW (Max) b

« CAS Control for Eight Common I/O Lines VW ‘gg; gl:l

« CAS Control for Separate I/O Pair ce ! o)

o Available in Edge Connector (MCM94000AS), Pin Connectar (MCM94000L, or

Low Height Pin Connector (MCM94030LH)

PIN NAMES
AD-A10 ... Address inputs
DQO-DQ7 ... Data Input/Output
D8 [ . Data Input
Q8. ...........oooiii..... DataOutput
CAS ............... Column Address Strobe

............... Row Address Strobe
............ Read/Write Input

Column Address Strobe
e Power (+5 V)
......................... Ground

This document contains information on a new producl. Specilications and information herein are subject 1o change without notice
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MCMB94000A s MCM9IL4000A

ABSOLUTE MAXIMUM RATING (See Note)

This device contains circuitry to protect

fiating Symbol Value Unit the inputs against damage due to high

Power Supply Voltage Voo -1t0+7 Vv static voltages or electric fields; however,

Voltage Relative to Vg for Any Pin Except V. Vin. V. 1047 |V it is advised that normal precautions ba

g S8 Y P vee in: Zout hd taken to avoid application of any voltage

Data Out Current per DQ Pin lout 50 mA higher than maximum rated vohages to

Power Dissipation Pp 6.3 w this high-impedance circuit.

Operating Temperature Range TA 010 +70 °C
Storage Temperature Range Tsig -25t0+125 | °C

NOTE: Permanentdevice damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OQOPERAT-
ING CONDITIONS. Exposure to higher than recommended valtages for extended
periods of time couid affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS
{(Voe = 5.0 V £10%, T = 010 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit | Notes
Supply Voltage (Operating Voltage Range) Vee 45 5.0 55 \ 1
Vgs 0 0 0
Logic High Voltage, All Inputs Vi 2.4 — 6.5 \ 1
Logic Low Voltage, All Inpuls ViL -1.0 — 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
Ve Power Supply Current Iccs mA 2
MCM94000A-60, tnc; = 110 ns — 1080
MCM®24000A-70, trg = 130 ns - 800
MCMBS4000A-80, tRc, = 150 ns - 25"’;
MCMS4000A-10, tRc = 180 ns
Ve Power Supply Current (Standby) (RAS = CAS = ViH) lcc2 — 18 mA
Vce Power Supply Current During RAAS Only Refresh Cycles lcca mA 2
MCMB94000A-60, tqG = 110 ns - 1080
MCMB94000A-70, tRC = 130 ns - 900
MCMBS4000A-80, tRG = 150 ns - ggg
MCM94000A-10, R, = 180 ns
Ve Power Supply Current During Fast Page Mode Cycle Icca mA 2,3
MCMS4000A-80, tpg = 45 ns - 540
MCM94000A-70, 1pg = 45 ns - 540
MCMS4000A-80, tpC, = 50 ns - pre
MCM94000A-10, tpg = 60 ns
Ve, Power Supply Current (Standby) (RAS = CAS =V - 0.2 V) MCM94000A | Iccs - 9 mA
MCMSL4000A — 18
V¢ Power Supply Current During CAS Before RAS Refresh Cycle icce mA 2
MCM84000A-60. 1gc = 110 ns — 1080
MCM94000A-70, trC = 130 ns - 900
MCMO4000A-80, tRg = 150 ns - g’g
MCM94000A-10, trc = 180 ns
Ve Power Supply Current, Battery Backup Mode—MCMBSL4000A Only lec7 — 27 mA 2,4
(tRC = 125 ps; CAS = CAS Before RAS Cycling or 0.2 V: W = Vo =02V,
DQ = Voo - 0.2V, 0.2V or Open; A0-A10 = Voo - 0.2V or0.2V)
tRAS = Minto 1 us
Input Leakage Current (Vgg < Vin S VeC) k(1) -90 90 MA
Output Leakage Current (CAS at Logic 1, Vgg < Vin € Vo) likg(O) -20 20 uA
Output High Voltage (o = ~5 mA) Voo 24 — Vv
Outpul Low Voltage (I = 4.2 mA) VoL — 0.4 v
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MCM94000A s MCM9IL4000A

CAPACITANCE (f = 1.0 MHz, Ta =25'C. Vcc = 5 V. Periodically Sampled Rather Than 100% Tested)

Parameter Symbol Max Unit | Notes
Input Capacitance A0-A10, W, TAS, RAS Cin 55 pF 5
D8, CAS8 17 pF 5
Input/Output Capacitance DQo-DQ7 Cyo 22 pF 5
Output Capacitance (CAS = Vi to Disable Output) Q8 Cout 17 pF S

NOTES:

1. Al valtages referenced to Vgg.
Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output apen.
Measured with one address transition per page mode cycle.
IRAS (max) = 1 us is only applied to refresh of battery backup. tRAS (max) = 10 us is applied to functional operating.
Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1AVAV.

oA wn

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vcc =50V £10%, Tp = 0 to 70°C, Unless Otherwise Noted)

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

94000A-60 94000A-70 94000A-80 94000A-10
Parameter Symbol 9L4000A-60 | 9L4000A-70 | 9L4000A-80 | SL4000A-10 Unit | Notes
Std Alt Min [ Max [ Min | Max | Min | Max | Min | Max
Random Read or Write Cycle 'RELREL | tRC 10 — 130 — 150 — 180 — ns 5
Time
Fast Page Mode Cycle Time ICELCEL | tPC 45 — 45 — 50 - 60 — ns
Access Time from AAS treLtav | tRac | — 60 — 70 — 80 — 100 | ns | 6,7
Access Time from CAS tceLav | 'cac — 20 — 20 — 20 — 25 ns | 6,8
Access Time from Column tavay 1AA — 30 — 35 — 40 - 50 ns | 69
Address
Access Time from Precharge CAS {ICEHQV | 'CPA — 40 — 40 — 45 — 55 ns
CAS 1o Output in Low-Z ICELOX | fouz 0 — 0 — 0 — 0 — | ns
Output Butter and Turn-Of Delay ICEHQZ | tOFF 0 20 0 20 0 20 0 20 ns 10
Transition Time (Rise and Fall) is T 3 50 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL | 'RP 40 — 50 — 60 — 70 — | ns
RAS Puise Width ‘RELREH | RAS 60 10k 70 10k 80 10k 100 10k | ns
RAS Pulse Width {Fast Page 'RELREH | tRASP | 60 | 200k | 70 |200k | 80 |=200k | 100 | 200k | ns
Made)
RAS Hold Time ‘cELREH | tRsH | 20 — 20 — 20 — 25 — ns
CAS Hold Time tRELCEH | tcsH 60 - 70 — 80 — 100 - ns
CAS Precharge to RAS Hold {CEHREH | tRHCP | 40 — 40 — 45 — 55 — | ns
Time
CAS Pulse Width 'CELCEH | icas | 20 | 10k | 20 [ 1ok | 20 | 1ok | 25 | 10k | ns
RAS to CAS Delay Time 'RELCEL | 'Rep | 20 40 20 50 20 60 25 75 |ns | N
(continued)
NOTES:

1. Vi min and Vi max are reference levels for measuring timing of input signals. Transition times are measured between ViHand V) .
2. Aninitial pause of 200 us 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 Vi and V)(_ (or between V_and VIH) in a monotonic manner.
4. AC measurements t = 5.0 ns.
5. The specitication for 1gg (min} is used only to indicate cycle time at which proper aperation over the full temperature range (0°C < Tp <
70'C) is assured.
6. Measured with a current load equivalent to 2 TTL (—200 HA, +4 mA) loads and 100 pF with the data output trip points set at Vo = 2.0 V
and Vo) =08 V.
- Assumes that tcp < tRop (Max).
- Assumes that tgcp 2 IRgp (Max).
Assumes that IgAD 2 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 tgcp (max) limit ensures that tRAC (max) can be met. trcp (Max) is specified as a reference point only; it tgop is
greater than the specified tgcp (max) limit, then access time is controtled exclusively by tcac.

- o wmw~
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MCMB94000A « MCM9IL4000A

READ AND WRITE CYCLES (Continued)

94000A-60 94000A-70 94000A-80 94000A-10
Symbot 9L4000A-60 | 9LA000A-70 | 9L4000A-80 | SL4000A-10
Par Unit | Notes
Std Alt Min | Max | Min | Max [ Min | Max [ Min | Max
RAS to Column Address Delay tRELAV | IRAD 15 30 15 35 15 40 20 50 ns 12
Time
CAS to RAS Precharge Time I{CEHREL | 'CRP 5 - 5 - 5 — 10 — ns
CAS Precharge Time tCEHCEL | tcp 10 — 10 — 10 — 10 — ns
Row Address Setup Time tAVREL | 'ASR 0 — 0 — o} — 0 — ns
Row Address Hold Time {RELAX tRAH 10 — 10 — 10 — 15 — ns
Column Address Setup Time 1AVCEL 1ASC 0 - 0 - 0 - 0 — ns
Column Address Hold Time {CELAX {CAH 15 - 15 - 15 — 20 — ns
Column Address to RAS Lead tAVREH tRAL 30 — 35 — 40 — 50 — ns
Time
Read Command Setup Time tWHCEL | 'RCS 0 — 0 — 0 — 0 — ns
Read Command Hold Time tCEHWX | 'RCH 0 - 0 - 0 — 0 - ns 13
Referenced to CAS
Read Command Hold Time tREHWX | 'RAH 0 — a — 0 — 0 — ns 13
Referenced 1o RAS
Write Command Hold Time tCELWH | 'WCH 10 — 15 — 15 — 20 — ns
Reterenced to CAS
Write Command Pulse Width TWLWH wp 10 — 15 — 15 — 20 — ns
Write Command to RAS Lead tWLREH | 'RWL 20 — 20 — 20 — 25 — ns
Time
Write Command to CAS Lead YWLCEH | towL 20 — 20 — 20 - 25 — ns
Time
Data in Setup Time {DVCEL tos 0 — 0 — Q — 0 — ns 14
Data in Hold Time tCELDX {DH 15 — 15 — 15 — 20 — ns 14
Refresh Period MCM94000A | 1RvRV | 'RFSH | — 16 — 16 — 16 — 16 | ms
MCMSL4000A — 128 — 128 — 128 — 128
Write Command Setup Time 'WLCEL | 'wcCs 0 — 0 — 0 — 0 — ns 15
CAS Setup Time for CAS Before tRELCEL | 'CSR 5 — 5 — 5 — 5 — ns
RAS Refresh
CAS Hold Time tor CAS Before IRELCEH | 'CHR 15 — 15 — 15 — 20 — ns
RAS Retresh
RAS Precharge to CAS Active \REHCEL | 'RPC 0 — 0 - 0 — 0 — ns
Time
CAS Precharge Time for CAS {CEHGEL | lCPT 30 — 40 — 40 —_ 50 — ns
Before RAS Counter Time
Write Command Setup Time (Test | tw(REL | 'WTS 10 - 10 — 10 - 10 — ns
Mode)
Write Command Hold Time (Test {RELWH | WWTH 10 — 10 — 10 — 10 — ns
Mode)
Write to RAS Precharge Time tWHREL | 'WRP 10 — 10 — 10 — 10 — ns
(CAS Before RAS Refresh)
Write to RAS Hold Time (CAS tRELWL | 'WRH 10 — 10 — 10 — 10 — ns
Before RAS Retresh)
NOTES:

12. Operation within the 1gap (Max) limit ensures that trac (Max) can be met. 1gap (max) 1s specified as a reference point only: if trap) is
greater than the specified tRap (max) limit, then access time is controlled exclusively by taa.

13. Either tgry oF tRCH Must be satisfied for a read cycle.

14, These parameters are referenced to CAS leading edge in early write cycles

15. twcs is not a restrictive operating parameter. Itis included in the data sheet as an electrical characteristic only; if twe g 2 twes (min), the
cycle 1s an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is
not satisfied, the condition of the data out (at access time) is indeterminate.
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READ CYCLE
'RC
'RAS tap —™
ViH— 3
RS N\ / NN
Vit —
tosH | tcApP
'CRP—I-—— 'RCD tRSHJ——' <—‘CP—>1
V- ~ ‘_lCAS i
o - 7 \ / T\
ViL— :
'RAD ‘HAL—”
{ASR —m 41— 1ASC *—TcAH —™
Vig— ROW ) COLUMN 9
ADDRESSES o | ADDRESS Y ADDRESS
L
'RAH L 'ACH
" tRCS #-ﬁl le-—1tRRH
w o = XXX
v~ re—lcac —=|
he——tap
ez le— LOFF —f
tRAC
Ve — r
D (DATA OUT) vOH HIGH Z ﬂ:XX VALID DATA —
oL~
EARLY WRITE CYCLE
tAC
f— tRAS tRp
VIH— b F )
RAS
viL = \L \_
'RCOD 'RSH tep
’CRP—?'* fesH AP
- [ 'cAs —™
eas VM
TAS j / / \
viL—
- tRAD [RAL
tAsR—{ e tASC [*—1CAH~—
Y B XXX
ADDRESSES
Vi - AI;LDFIESS L ADDRESS \ NS
TRAH — towL ha
twes [ WCH—=
_ twp
_
viL T
tAWL —1|
'0S-—»f le—  |ja—tpy—»
Vi -
o 1 LXK _wommmn XXX XXX KKKR
Vi S
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MCM94000A « MCM9IL4000A

V —
mAs M
ViL—

T
cas M

ViL—

ViH
ADDRESSES
ViL

—ViH—
ViL—

V —
0Q (DATA OUT) - OH
VoL—

— VH—
RAS
ViL -

ViH—

CAS
ViL—

apoRESses Y H
ViL—~

— Vi~
ViL—

FAST PAGE MODE READ CYCLE

tRASP - ‘—'[— tap
[*— 'RHCP / *
tCSH tpg T "“RSHT
L 'ACD ICAS 1cAS CAS
t 1
CRP =™ tcp tcp cP —
7 j\\ s x_\\ B \\ ZL
‘CAH—‘—T 1CAH 14— ‘CIT_
tasc—> | ltasc= tasc _F
'ASR = | T T—‘ 11 tRaL
- ' ROW COLUMN COLUMN A COLUMN
- . ADDRESS ADDRESS ADDRESS N ADDRESS | AL
than 4 ‘ - taAH
[*—'RAD —™ tRCH —» r—L’i L {RCH—» [+ x
RS 1+ . tRCS | l=—tRcs RCH
re— tan taa -— LA
'RAC —_ re—{cpa
' VALID * VALID VALID '\
. DATA DATA DATA
topF—te— toFF —e— ke—t— toFr
tolz —m™ topz —™ oz — =
FAST PAGE MODE EARLY WRITE CYCLE
{RASP tRp
—xx [*—— 'RHCP
je———tRep——— — > |*-tRsH ™
LCAS tcas tcas
'oRp 4= tice tcp ——tcp —»]
/ N NN Y
tRAL—™
tasc tasc T' 1ASC — |
'ASR 'RAH oA | {can tcad
f ROW COLUMN COLUMN { COLUMN
ADDRESS ADDRESS ADDRESS ADDRESS |
[+ tRAD —™ twes lweH
lwes [ tweH twes 'WCH
t
AT AT UK
T N
tps* tos 1Ds —» :
'DH 'pH . DH
2
WXX VALID DATA VALID DATA VALID DATA

0O [DATAN) YIH™
ViL—
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MCMB94000A  MCM9ILA000A

RAS ONLY REFRESH CYCLE
(W and A10 are Don't Care)

1RC

'RAS | tRp ————

N

'APC

tASR—  ja—

pY

r-———tpay

V . ’x
ATOAg M ROW

L= | ADDRESS

XXX XTI

A -
0Q (DATA OUT)  OH

HIGH Z

CAS BEFORE RAS REFRESH CYCLE

Vou—
== YIH
RAS
ViL — "
SR
'RPC

(A0 to A10 are Don't Care)

tRe {
I |\ P— tRP

[*——!CHR >

/
‘—'T— IWAH

DQ (DATAOUT) YOH ~

Voo— —— 4

F HIGH Z

NI
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HIDDEN REFRESH CYCLE (READ)

IRAS

— 3
RAS
ViL — \

IRAS

‘CRP—'-—» le——RCO v—r«(gsn——

_ vy—
tas M j
ViL—

'RP

K

B

le——tRAD {RAL—1
TASH —={ et [e—{CAH
{RAH — r‘—tASC
Vig — f Row A COLUMN
ADDRESSES V- Xy ADDRESS N ADDRESS
| 'Rcs—t-—+l S - ‘WRP‘[‘—" L_'T’t‘”““ i
ViH— T /
w H % VY ¥ ¥

LEVAVAVANA

[e———'RAC

oo T XRXXCONN)

L——— LOFF

VOH — N's p|
DQ {DATA OUT) VALID DATA
VOL — \ I
cLz —w
HIDDEN REFRESH CYCLE (EARLY WRITE)
tRC » fe———RAS ————
v 'RAS al lrp —’]
Ve~ T 3 7t \
AS
ViL — \ — A
'cnp—r— ra——tRCp — = IRSH —* {CHR cp
o _j‘ N
ViL — i
1 r—'RAD AL ™
ASR Yy o1 1ASC
{RAH | 'CAH
VIH — ROW COLUMN
ADDRESSES Vi - ADDRESS ADDRESS ]
I
™ twrP 'WRH
t— tWCH —
i
1 DOOOON. L KT OO0 XK
v — ; |
twp
‘o {DH ——»
Vg — f
DQOATAIN) VALID DATA
([
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

'RAS tap
v L [¢———— RsH
s U X N
L=
tcsh lt——1CHR ——» 1opT —| [e—————toag ——»f
Viy—
\ /
L= :
tasc [ tCAH =
ViH— i e
o~ SO0 momoeess KTXXX XX KK
L= e
- CAC -
tRAL
READ CYCLE 1AM -1 loFF
VoH—
oapATAOUY) | HIGH Z VALID DATA }——
oL~
oLz L "—'_tRRH
'WRP > war [e—tRcs —> ~tRCH—™
0 oo
ViL—
tRWL
EARLY WRITECYCLE | ‘oWl
WRP T e i =—twes ™ [*—twon —=
W
ViL—

_ e
0Q (DATA IN) ‘;'c_ MXMW VALID DATA . ><><><><><><><><>
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DEVICE INITIALIZATION

On power-up an initial pause of 200 microseconds is re-
quired for the internal substrate generator to establish the cor-
rect 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 module. During an extended inac-
tive state {greater than 16 milliseconds with the device pow-
ered up), a wake up sequence of eight active cycles is neces-
sary 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,
elaven 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)|, tgp mini-
mum) 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 signalis ignored until an internal RAS sig-
nal 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 trc p 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 addrassing the module:
RAS only retresh cycle, CAS before RAS refresh cycle,
and page mode.

READ CYCLE

The DRAM may be read with either a “normal” random read
cycle or a page mode read cycle. The normal read cycle is out-
lined 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
{(ViH). tRc s (minimum) before the CAS active transition, to en-
able read mode.

Both the RAS and CAS clocks trigger a sequence of events
which are controlled by several delayed internal clocks. The
internal clocks are linked in such a manner that the read ac-
cess time of the device is independent of the address multiplex
window; however, CAS must be active before or attrcp maxi-
mum to guarantee valid data out (DQ) attRAC (access time
from RAS active transition). If the tgop maximum is exceed-
ed, read access time is determined by the CAS ciock active
transition {cAC).

The RAS and CAS clocks must remain active for a minimum
time of tRag and 1cAS respectively, to complete the read
cycle. W must remain n high throughout the cycle, and for time
{RRH ©of tRCH after RAS or CAS inactive transition, respec-
tively, to maintain the data at thatbit location. Once RAAS transi-
tions to inactive, it must remain inactive for a minimum time of
tRp to precharge the internal device circuitry for the next active
cycle. DQ is valid, but not latched, as long as the CAS clock is

active. When the CAS clock transitions to inactive, the output
will switch to High Z (three-state).

WRITE CYCLE

The user can write to the DRAM with sither an early write or
page mode early write cycle. Early write mode is discussed
here, whiie page mode write operation is covered elsewhere.

A write cycle begins as described in ADDRESSING THE
RAM. Write mode is enabled by the transition of W to active
(V| ). Early write mode is 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 tycg before CAS active transition. Data in
(DQ) is referenced to TAS in an early write cycle. RAS and
CAS clocks must stay active for tryy andtow| . respectively,
after the start of the early write operation to complete the cycle.

PAGE MODE CYCLES

Page mode allows fast successive data operations at all
2048 column locations on a selected row of the module. Read
access time in page mode (IcAC) is typically half the regular
RAS clock access time, tyac. Page mode operation consists
of keeping RAS active while toggling C CAS batween Vi and
!u__The row is latched by RAS active transition, while each
CAS active transition allows selection of a new column loca-
tion on the row.

A page mode cycie 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 of tcp, while RAS remains low (V| ). The second
CAS active transition while RAS is low initiates the first page
mode cycle (tpg). 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 inconsecutive page mode cycles and
performed in any order. The maximum number of consecutive
page mods cycles is limited by tRASP- Page mode operation
is ended when HAS 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 de-
grade with time and temperature. Each bitmustbe periodically
refreshed (recharged) to maintain the corract bit state. Bits in
the MCM94000A require refresh every 16 milliseconds, while
refresh time for the MCM9L4000A is 128 milliseconds.

This is accomplished by cycling through the 1024 row ad-
dresses in sequence within the specified refresh time. All the
bits on a row are refreshed simultaneously when the row is ad-
dressed. Distributed refresh implies a row refresh avery 15.6
microseconds for the MCM@4000A, and 124.8 microseconds
for the MCMOL4000A. Burst refresh, a refresh of all 1024 rows
consecutively, must be performed every 16 milliseconds on
the MCM94000A and 128 milliseconds on the MCMIL4000A.

A normal read or 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 betore
RAAS refresh, and hidden refresh are available on this device
for greater system flexibility.
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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 is employedto
ensure all rows are refreshed within the specified limit.

CAS Before RAS Refresh

CAS betore AAS refresh is enabled by bringing CAS active
before RAS. This clock order actives 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
lime twRp before and time tyy g 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 the end
of a read or write cycle, while RAS cycles inactive for irp and
back to active, starts the hidden refresh. This is essentially the
execution of a CAS before RAS refresh from a cycle in prog-
ress (see Figure 1). W is subject to the same conditions with
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respect to RAS aclive transition (1o prevent test mode cycle)
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. Duringthe test, the internal

refresh counter generates the row address, while the external
address supplies the column address. The entire array is re-
freshed after 1024 cycles, 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 pertormed after a minimum of 8 CAS before

RAS initialization cycles. Test procedure:

1. Write “0"s into all memory cells (normal write mode).

2. Selectacolumn address, and read 0" out of the cell by per-
forming CAS before RAS refresh counter test, read
cycle. Repeat this operation 1024 times.

3. Select a column address, and write 1" into the cell by per-
forming CAS before RAS refresh counter test, write
cycle. Repeat this operation 1024 times.

4. Read “1"s (normal read mode), which were written at step
3.

5. Repeat steps 1 to 4 using complement data.
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Figure 1. Hidden Refresh Cycle

ORDERING INFORMATION
(Order by Full Part Number)

MCM  94000A or 9L4000A X XX

Motorala Memory Prefix

Part Number

Full Part Numbers—MCM34000AS60
MCM34000AS70
MCM94000AS80
MCM94000AS10

MCMBSL4000AS60
MCMSL4000AS70
MCM3L4000AS80
MCMS3L4000AS10

Speed (60 = 60 ns, 70 = 70 ns, BO = 80 ns, 10 = 100 ns)

Package (AS = SIMM, L = SIP, LH = Low Height SIP)

MCM94000L.60 MCM94030LH60
MCM94000L70 MCMB84030LH70
MCM94000L80 MCM94030LH80
MCMB94000L10 MCM94030LH10
MCMSL4000L60  MCMSL4030LHE0
MCMSL4000L70  MCM9IL4030LH70
MCMSL4000L.80  MCMSL4030LHE0
MCMSL4000L10  MCMSL4030LH10

MOTOROLA MEMORY DATA
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