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MOTOROLA by MCM40100/D
SEMICONDUCTOR
- TECHNICAL DATA

Product Preview MCM40100

1M x 40 Bit Dynamic Random MCM40L100

Access Memory Module
for Error Correction Applications

The MCM40100S and MCM40L1008S are 40M, dynamic random access memory
(DRAM) modules organized as 1,048,576 x 40 bits. The module is a 72-lead
single-in-line memory module (SIMM) consisting of ten MCM514400 DRAMs housed
in 20/26 J-lead small outline packages (SOJ), mounted on a substrate along with a
0.22 uF (min) decoupling capacitor mounted under each DRAM. The MCM514400 is
a CMOS high speed, dynamic random access memory organized as 1,048,576
four-bit words and fabricated with CMOS silicon-gate process technology.

e Three-State Data Output

¢ Early-Write Common I/O Capability
¢ Fast Page Mode Capability

e TTL-Compatible Inputs and Outputs

ﬁ

¢ RAS Only Refresh 36
e CAS Before RAS Refresh
¢ Hidden Refresh 37

¢ 1024 Cycle Refresh:

MCM40100 = 16 ms (Max)

MCM40L100 = 128 ms (Max)
¢ Consists of Ten 1M x 4 DRAMs, and Ten 0.22 pF (Min) Decoupling Capacitors
¢ Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection
¢ Fast Access Time (tRAC):

MCM40100S-80 = 80 ns (Max)

MCM401008-10 = 100 ns (Max)
o Low Active Power Dissipation:

MCM40100S-80 = 5.78 W (Max)

MCM40100S-10 = 4.95 W (Max)
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¢ Low Standby Power Dissipation: 72 O
TTL Levels = 110 mW (Max)
CMGQCS Levels (MCM40100) = 55 mW (Max)
(MCM40L100) = 22 mW (Max)
PIN NAMES
PIN OUT AO-A9 ................ Address Inputs
DQO-DQ31 ......... Data Input/Output
Pin | Name [ Pin | Name | Pin | Name | Pin | Name | Pin | Name | Pin | Name ECCO-ECC?7? .. Error Correction Data /0
CAS0-CAS3 ... Column Address Strobe
1 Vgg 13 At 25 [ DQ22 | 37 |ECC3| 48 DQs 61 DQ13 PD1-PD4 . ... . ... .. Presence Detect
2 | DQo | 14 A2 26 | DQ7 | 38 JECC4| 50 |DQ4 | 62 |DQ20 RASO,RAS2 ...... Row Address Strobe
W Read/Write Input
3 |DQ6| 15 | A3 | 27 |DQ23| 39 | Vgg | 51 | DQ9 | 63 |DQ14 CD............ Configuration Detection
4 |pat | 16 | ae | 28 | A7 | 40 [CASO| 52 |DG25 | 64 |DQ3t VEC -oovvreivninnnn Power (+ 5 V)
VGG vvrviriiiiieiiaaas Ground
5 | DQ17 | 17 A5 29 [ECCO| 4t |CAS2| 53 |DQ1o| 65 |DQ15 NC. ... No Connection
6 DQ2 18 A8 30 [ Voo | 42 |[CAS3| 54 | DQ26 | 66 |ECCE All power supply and ground pins must be
7 DQts 19 NG 31 A8 rES 55 01 67 PD1 connected for proper operation of the device.
8 DQ3 20 DQ4 32 A9 44 | RASO | 56 | DQ27 | 68 PD2
9 |DQ19| 21 |DQ20| 33 NC 45 NC 57 | DQ12| 69 | PD3

10 Vee 22 DQ5 34 [RAS2 | 46 |ECC5) 58 |[DQ28| 70 PD4

11 | Nc | 23 [Daet| 35 [ecct| 47 | W | 59 |vge | 7t |ECCY
12 | A0 | 24 | Das | 36 [ECcc2| 48 | c0 | 60 |[Da2o| 72 [ vgg

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice.
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BLOCK DIAGRAM
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o
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ABSOLUTE MAXIMUM RATINGS (See Note)

This device contains circuitry to

Rating Symbol Value Unit protect the inputs against damage

Power Supply Voltage vee —1to+7 v due to high static voltages or electric

— - fields; however, it is advised that

Voltage Relative to Vgg Vin: Vout ~1to+7 \ normal precautions be taken to

(For Any Pin Except Vc () avoid application of any voltage

Data Output Current per DQ Pin lout 50 mA hlgherthap maximum rated.voﬂ'ages

to these high impedence circuits.

Power Dissipation Pp 7.9 W
Operating Temperature Range Ta Oto+70 °C
Storage Temperature Range Tstg —55t0+ 125 °C

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

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vog = 5.0 V£ 10%, Ta = 0 to 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
Vss 0 0 0
Logic High Voltage, All Inputs VIH 24 — 6.5 v 1
Logic Low Voltage, All Inputs VIL -1.0 — 0.8 \ 1

RECOMMENDED OPERATING CONDITIONS

Characteristic Symbol Min Max Unit Notes
Vi Power Supply Current Icct mA 2
MCM40100-80, trc = 150 ns — 1050 :
MCM40100-10, tgc = 180 ns — 900
Vo Power Supply Current (Standby) (RAS = CAS = V) lcc2 —_ 20 mA
Vc Power Supply Current During RAS only Refresh Cycles lcca mA 2
MCM40100-80, tgg = 150 ns — 1050
MCM40100-10,tgc = 180 ns —_ 900
Vi Power Supply Current During Fast Page Mode Cycle lcca mA 2
MCM40100-80, tgc = 150 ns — 700
MCM40100-10, tgc = 180 ns -_ 600
Ve Power Supply Current (Standby) (RAS = CAS = Vg —0.2V) MCM40100 lccs — 10 mA
MCM40L100 _ 4
Ve Power Supply Current During CAS Before RAS Refresh Cycle Icce mA 2
MCM40100-80, tpc = 150 ns — 1050
MCM40100-10, tre; = 180 ns — 900
Input Leakage Current (Vgg < Vin < Vo) Ikg(1) -100 +100 HA
Output Leakage Current (CAS at Logic 1, Vss < Vout < VcG) lkg(0) | -20 20 WA
| Output High Voltage (IoH = — 5 mA) VOH 2.4 — %
i Output Low Voltage (lo| = 4.2 mA) VoL —_ 0.4

NOTES:
1. All voltages referenced to Vgs.
2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open.

MCM40100 « MCM40L100 MOTOROLg



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

Characteristic Symbol Min Max Unit Notes
Input Capacitance (A0-A9) Cn — 60 pF 1
Input Capacitance (W) Ci2 — 80 pF 1
Input Capacitance (RASO, RAS2) Ci3 — 45 pF 1
Input Capacitance (CASO-CAS3) Cis — 31 pF 1
1/0 Capacitance (DQ0-DQ31) Cpat — 17 pF 1
110 Capacitance (ECC0-ECC?7) Cpaq2 — 17 pF 1

NOTE:
1. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C =1 At/A V.

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

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

Symbol MCM40100-80 MCM40100-10
Parameter Standard | Alternate Min Max Min Max Unit | Notes

Random Read or Write Cycle Time tRELREL tRC 150 — 180 — ns 5
Page Mode Cycle Time tCELCEL tec 50 - 60 —_ ns

Access Time from RAS tRELQV tRAC — 80 — 100 ns 6,7
Access Time from CAS 1CELQV tcAC — 20 — 25 ns 6,8
Access Time from Golumn Address tavav tAA — 40 — 50 ns 6,9
Access Time from Precharge CAS tCEHQV fcPa — 45 — 55 ns 6
CAS to Output in Low-Z tCELQX tcLz 0 — 0 — ns 6
Output Buffer and Turn-Off Delay ICEHQZ tOFF 0 20 0 20 ns 10
Transition Time {Rise and Fall) tr tr 3 50 3 50 ns

RAS Precharge Time tREHREL tRp 60 — 70 — ns

RAS Pulse Width tRELREH tRAS 80 10,000 100 10,000 ns

RAS Pulse Width (Fast Page Mode) tRELREH tRASP 80 100,000 100 100,000 ns

RAS Hold Time {CELREH tRSH 25 — 25 — ns

TAS Hold TIme tRELCEH tosH 80 —_ 100 - ns

CAS Pulse Width {CELCEH tcas 20 10,000 25 10,000 ns

RAS to CAS Delay Time tRELCEL tRCD 20 60 25 75 ns 1
RAS to Column Address Delay Time tRELAV tRAD 15 40 20 50 ns 12

(continued)

NOTES:
1. V4 min and V|_ max are reference levels for measuring timing of input signals. Transition times are measured between V| and V.
2. An initial 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 V|4 and V)_ (or between V|i_and V|y) in a monotonic manner.
4. AC measurements tT = 5.0 ns.
5. The specifications fortgc (min) and tryyc (min) are used only to indicate cycle time at which proper operation over the fulltemperature range
(0°C £ Tp £70°C) is assured.
6. Measured with a current load equivalent to 2 TTL (— 200 pA, + 4 mA) loads and 100 pF with the data output trip points set at Vo = 2.0 V and
VoL=08V.
. Assumes that trcp < trcD (max).
. Assumes that tgcp 2 tRcD (Max).
. Assumes that tgap 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.
. Operationwithin the trgp (Max) limitensures thattg Ac {max) can be met. iR p (max) is specified as a reference pointonly; ifigcp is greater
than the specified tggp (max) limit, then access time is controlled exclusively to tcaC.
12. Operation withinthe tgAp (max) limitensures thattg o (max) canbe met. trap (Max) is specified as areference point only; if tRAp is greater
than the specified IRap (Max), then access time is controlled exclusively by tAa.
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READ AND WRITE CYCLES (Continued)

Symbol MCM40100-80 MCM40100-10
Parameter Standard | Alternate Min Max Min Max Unit | Notes
- CAS to RAS Precharge Time tCEHREL tcRP 5 — 10 — ns
CAS Precharge Time (Page Mode Cyle Only) | tCEHCEL icp 10 —_— 10 — ns
Row Address Setup Time tAVREL tASR 0 — 0 - ns
Row Address Hold Time tRELAX tRAH 10 — 15 — ns
Column Address Setup Time tAVCEL taAsc 0 — 0 — ns
Column Address Hold Time {CELAX tCAH 15 — 20 — ns
Column Address Hold Time Referenced tRELAX tAR 60 — 75 — ns
to RAS
Column Address to RAS Lead Time tAVREH tRAL 40 — 50 — ns
Read CGommand Setup Time tWHCEL tRCS 0 — 0 — ns
Read Command Hold Time Referenced {CEHWX tRCH 0 — 0 — ns 13
to CAS
Read Command Hold Time Referenced tREHWX tRRH 0 — 0 — ns 13
to RAS
Write Command Hold Time Referenced tCELWH twcH 15 — 20 — ns
to CAS
Write Command Hold Time Referenced {RELWH tWCR 60 — 75 — ns
to RAS
Write Command Pulse Width tWLWH twp 15 — 20 — ns
Write Command to RAS Lead Time tWLREH tRWL 20 — 25 — ns
Write Command to CAS Lead Time tWLCEH towL 20 — 25 - ns
Data in Setup Time tDVCEL ips 0 — 0 — ns 14,15
Data in Hold Time tCELDX tDH 15 — 20 — ns 14,15
Data in Hold Time Referenced to RAS tRELDX tDHR 60 — 75 — ns
Refresh Period MCM40100 tRVRV tRFSH — 16 — 16 ms
MCM40L100 — 128 — 128
Write Command Setup Time tWLCEL twcs 0 — 0 — ns 15,16
CAS Setup Time for CAS Before RAS Refresh | tRELCEL tcsR 10 — 10 — ns
CAS Hold Time for CAS Before RAS Refresh | tRELCEH tCHR 30 — 30 — ns
CAS Precharge to CAS Active Time tREHCEL tRPC 0 — 0 — ns
CAS Precharge Time for CAS Before RAS tCEHCEL tcPT 40 — 50 — ns
Counter Test
CAS Precharge Time {CEHCEL tcPN 10 — 15 — ns

NOTES:
13. Either tgry or tRcH Must be satisfied for a read cycle.
14. These parameters are referenced to CAS leading edge in random write cycles.
15. Early write only (twcs = twes (min)).
16. twcgisnotarestrictive operatingparameter. Itis included in the data sheet as an electrical characteristic only; ifttwc s 2 twg s (min), the cycle
is an early write cycle and the data out pin will remain open circuit (highimpedance) throughout the entire cycle. If this condition is not satisifed,
the condition of the data out (at access time) is indeterminate.
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READ CYCLE
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.
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FAST PAGE MODE READ CYCLE

_ - tRASP RP
RIS VH _"_!S
N
V —_—
* <—— sy tpe
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| 1CAS 1CAS
S ViH — \\
Vi — / .
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RAS ONLY REFRESH CYCLE
(W and A9 are Don’t Care)
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HIDDEN REFRESH CYCLE (READ)
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

- tRAS » tRp
= 1 >
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DEVICE INITIALIZATION

On power-up an initial pause of 200 microseconds is re-
quired for the internal substate generator pump to establish the
correct bias voltage. This is to be followed by a minimum of
eight active cycles of the row address strobe (clock) to initialize
the various dynamic nodes internal to the module. During an
extended inactive state of the device (greater than 4 millisec-
onds with device powered up), the wake up sequence (8 active
cycles) will be necessary to assure proper device operation.

ADDRESSING THE RAM

Theten address bus pins on the device are time multiplexed
with two separate 10-bit address fields that are strobed at the
beginning of the memory cycle by two clocks (active negative)
called the row address strobe (RAS) and the column address
strobe (CAS). A total of twenty address bits will decode one of
the 1,048,576 word locations in the device. The column ad-
dress strobe follows the row address strobe by a specified
minimum and maxium time called trcp, which is the row to
column strobe delay. This time interval is also referred to as the
multiplex window which gives flexibility to a system designer
to set up the external addresses into the RAM. These condi-
tions have to be met for normal read or write cycles. This initial
portion of the cycle accomplishes the normal addressing of the
device. These are, however, two other variations in addressing
the module, one is called the RAS only refresh cycle (de-
scribed later) where a 9-bit row address field is presented on
the input pins and latched by the RAS clock. The most signifi-
cantbiton Row Address A9is not required for refresh. The oth-
er variation, which is called page mode, allows the user to
column access all words within a selected row. (See PAGE-
MODE CYCLES section.)

READ CYCLE

Areadcycle is referred to as a normal read cycle to differen-
tiate it from a page mode read cycle, which is covered in a later
section.

The memory read cycle begins with the row addresses valid
and the RAS clock transitioning from V) to the V| _level. The
CAS clock must also make a transition from Vj tothe V;_level
atthe specified trg p timing limits when the column addresses
are laiched. Both the RAS and CAS clocks trigger a sequence
of events which are controlled by several delayed internal
clocks. Also, these clocks are linked in such a manner that the
access time of the device is independent of the address multi-
plex window. The only stipulation is that the CAS clock must be
active before or at the tgcp maximum specification for an ac-
cess (data valid) from the RAS clock edge to be guaranteed
(tRAC)- If the trcp maximum condition is not met, the access
(tcac) fromthe CAS clock active transition will determine read
access time. The external CAS signal is ignored until an inter-
nal RAS signal is available. This gating feature on the CAS
clock will allow the external CAS signal to become active as
soon as the row address hold time (tgan) specification has
been met and defines the tggp minimum specification. The
time difference between tgcp minimum and trcp maximum
can be used to absorb skew delays in switching the address
bus from the row to column addresses and in generating the
CAS clock.

Once the clocks have become active, they must stay active
for the minimum (tgag) period for the RAS clock and the mini-

mum (tcas) period for the CAS clock. The RAS clock must
stay inactive for the minimum (tgp) time. The former is for the
completion of the cycle in progress, and the latter is for the de-
vice internal circuitry to be precharged for the next active cycle.

Data out is not latched and is valid as long as the CAS clock
is active; the output will switch to the three-state mode when
the CAS clock goes inactive. To perform a read cycle, the write
(W) input must be held at the V| level from the time the CAS
clock makes its active transition (trcg) to the time whenittran-
sitions into the inactive {trcH) mode.

WRITE CYCLE

A write cycle is similar to a read cycle except that the write
(W) clock must go active (V)_level) at or before the CAS clock
goes active at a minimum tyycs time. If the above condition is
met, then the cycle in progress is referred to as an early write
cycle. In an early write cycle, the write clock and the data in are
referenced to the active transition of the CAS clock edge.
There are two important parameters with respect to the write
cycle: the column strobe to write lead time (tcw) and the row
strobe to write lead time {tgyyL). These define the minimum
time that RAS and CAS clocks need to be active after the write
operation has started (W clock at V) _level).

PAGE-MODE CYCLES

Page mode operation allows fast successive data opera-
tions at all 1024 column locations on a selected row. Page ac-
cess (tcac) is typically half the regular RAS clock access
(tRAC) on the Motorola 1M dynamic RAM. Page mode opera-
tion consists of holding the RAS clock active while cycling the
CAS clock to access the column locations determined by the
10-bit column address field.

The page cycle is always initiated with a row address being
provided and latched by the RAS clock, followed by the column
address and CAS clock. From the timing illustrated, the initial
cycle is a normal read or write cycle, that has been previously
described, followed by the shorter CAS cycles (tpc). The CAS
cycle time (tpc) consists of the CAS clock active time ({CAS).
and CAS clock precharge time ({cp) and two transitions. In
practice, any combination of read and write cycles can be per-
formed to suit a particular application.

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. Therefore, to retain the cor-
rect information, the module needs to be refreshed at least
once every 16 milliseconds. This is accomplished by sequen-
tially cycling through the 1024 row address locations every 16
milliseconds (i.e., at least one row every 15.6 microseconds).
A normal read or write operation to the module will also refresh
all the words associated with the particular row(s) decoded.

RAS-Only Refresh

In this refresh method, the system must perform a
RAS-only cycle on 1024 row addresses every 16 milliseconds.
The row addresses are latched in with the RAS clock, and the
associated internal row locations are refreshed. As the
heading implies, the CAS clock is not required and must be
inactive or at a V| level.

MCM40100 « MCM40L 100
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CAS Before RAS Refresh

This refresh cycle is initiated when RAS falls, after CAS has
been low (by tcgR). This activates the internal refresh counter
which generates the row address to be refreshed. Externally
applied addresses are ignored during the automatic refresh
cycle. If the output buffer was off before the automatic refresh
cycle, the output will stay in the high impedance state. If the
output was enabled by CAS in the previous cycle, the data out
will be maintained during the automatic refresh cycle as long
as CAS is held active (hidden refresh).

Hidden Refresh

The hidden refresh method allows refresh cycles to be per-
formed while maintaining valid data at the output pin. Hidden
refresh is performed by holding CAS at V|_ and taking RAS
high and after a specified precharge period (tgp), executing a
CAS before RAS refresh cycle. (See Figure 1.)

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

CYCLE

CAS

«— MEMORY | REFRESH gl

test is performed with read and write operations. 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 1024 test cycles, as indi-
cated by the check data written 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 “0”s 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 1024 times.

3. Select a column address, and write “1” into the cell by
performing 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.

REFRESH
CYCLE CYCLE

+

DQO-DQ31 —— HIGH-Z—

VALID DATA-OUT

wo__/ /S /|
N\
_<

>__

Figure 1. Hidden Refresh Cycle
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PACKAGE DIMENSION

S PACKAGE
SIMM MODULE
CASE 866A-02

DETAILAA " v - ——‘ c r—
- _[_/-E N
‘ !

$! 3% /37 nfe Pli___J_L

L4 T

T-
0.08 {0.003)

Qzp
[4]o15 0009 ®[1[x D[] — D 7R
COMPONENT AREA (40000 ©[T[x®]Y]

MILLIMETERS INCHES
MIN | MAX | MIN | MAX
107.82 | 108.08 | 4.245 | 4.255
3162 | 31.88 | 1.245 | 1.255
— 914| — | 0360
1.02 1.07 | 0.040 | 0.042
3.18 BSC 0.125 BSC
1.278SC 0.050 BSC NOTES:
— 0.25 — 0.010 1. DIMENSIONING AND TOLERANCING PER ANSI
119 | 1.37| 0.047 | 0.054 Y14.5M, 1982.
0.25 — [ g.100 — 2. CONTROLLING DIMENSION: INCH.
44.45 REF 1.750 REF 3. CARD THICKNESS APPLIES ACROSS TABS AND
190 | 216 0.075 | 0.085 INCLUDES PLATING AND/OR METALIZATION.
10.16 BSC 0.400 BSC
3.18 — | 0.125 —
3.12 322 0123 | 0.127
622 648 0245 | 0.255
5.72 — | 0.225 _
101.19BSC 3.984 BSC
— 528 — | 0208
112 — 1 .0.044 —
1521 1.63] 0.060 | 0.064
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ORDERING INFORMATION
(Order by Full Part Number)

MCM 40100 or 40L100 X XX

Motorola Memory Prefix Speed (80 = 80 ns, 10 = 100 ns)

Part Number

Package (S = SIMM, SG = Gold Pad SIMM)

Full Part Numbers — MCM40100S80 MGM40100SG80
MCM40100S10 MCM40100SG10

MCM40L100S80  MCM40L100SG80
MCM40L100S10  MCM40L100SG10

NOTE: Contact your Motorola representative for further information on the Gold Pad SIMM packages.
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