






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1BM11J4360BL

4M x 36 5.0V IC DRAM Card

RAS Only Refresh Cycle

tae

tras

tre

trpc -]

VIH —_

Vie -

Address
VOH_
Dour Hi-Z
Vou_
4 or L
Note: WE, D,y are “H"” or “L"
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IBM11J4360BL

4M x 36 5.0V IC DRAM Card
CAS Before RAS Refresh Cycle
RC
tras tre
VIH —_— | . X_
RAS
Vi — t |
RPC \
__‘ fosh |- trrc —f
— t
cP t
VIH _ | CHR
CAS
VIL — 7
WE
teop J
Viu —
Dw " Hi-Z
VIL —_—
Dour Hi-Z
Note: Addresses are “H” or “L"
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1BM11J4360BL

4M x 36 5.0V IC DRAM Card

Layout Drawing
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)
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| 1.69 l

d MILLIMETERS

NOTE: All dimensions are typical unless otherwise state NCHES
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IBM11J4360DL

4M x 36 5.0V IC DRAM Card

Features

« Industry Standard 88Pin IC DRAM Card
« Performance:

-70
trac |RAS Access Time 70ns
tcac |CAS Access Time 25ns
taa |Access Time From Address 42ns
tre |Cycle Time 130ns
trc |Fast Page Mode Cycle Time 45ns

« Industry Standard DRAM functions & timings
+ High Performance CMOS process

Single 5.0V, + 0.25V Power Supply

All inputs buffered except RAS and DATA inputs
Multiple RAS inputs for x18 or x36 selectability
12/11 Addressing (Row/Column)

Optional Fast Page Mode access cycle _
Refresh Modes: RAS-Only, CAS before RAS
and BBU (Battery Backup)

» 4096 refresh cycles distributed across 256ms

» Polarized Connector

e o o o o o

Description

The IBM11J4360DL is a 16MB industry standard
88-pin IC DRAM card. It is organized as a 4M x 36
high speed memory array. It is built using 8- 4Mx4
devices, 4- 4Mx1 devices and is compatible to the
JEDEC/PCMCIA/JEIDA 88-pin standard. Each bit is
uniquely addressed via 22 address bits. The x4
Drams require 12 ROW/10 COLUMN addresses and
the x1 DRAMS require 11ROW/11 COLUMN
addresses. The highest order ROW addresses must
be sent as the highest order COLUMN address to
satisfy both DRAM requirements. Improved system
performance is provided by the on-card buffering of
selected input signals. The specified timings include
all buffer, net and skew delays, which allow the sys-
tem designer to work with a simpler interface. The
DQ and RAS signals are not buffered, which pre-

serves the access specification of 70ns. Multiple
RAS inputs are used to conserve power by allowing
individual bank selection. In the x36 configuration the
memoryis a single bank, each having four unique
bytes. The x18 configuration may be utilized as
twobanks each having two unique bytes. Only one
bank is activated by each RAS, leaving the other
banks in standby mode, thus saving power. All IBM
IC DRAM cards are packaged in a rugged metal
case for maximum device protection in portable
applications. The related 4M x 32 version of this
ICDRAM card is IBM11J4320DLA

Card Outline
#8
244 3 )
v ) —
el B ~% ICDRAM
] % CARD
Y J
# NN v
PIN #45
64G1724 Page 1305
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IBM11J4360DL

4M x 36 5.0V IC DRAM Card

Pin Description Pinout

RASO-RAS3 |Row Address Strobe Pin# |Name Pin# [Name Pin# |Name Pin# |Name
CAS0-TAS3 |Column Address Strobe 1 Vss 23 CAS0 45 Vss 67 Vss
WE Readwrite Input 2 DQO 24 CAS1 46 DQ18 68 CAS3

3 DQ1 25 NC 47 DQ19 69 NC

A0 - A11 Address Inputs —_—

4 DQ2 26 RAS2 48 DQ20 70 WE

?2357,’297'2{ Data Input/output 5 pas | 27 Voo 49 | paz1 | 71 PD1
PQ8. PQI7 ] 6 DQ4 28 PD2 50 DQ22 72 PD3
PQ26, Q35  |Parity Data Input/Output 7 DQ5 | 29 PD4 51 | ba2 | 73 Vss
Vee Power (+5V) 8 DQé 30 PD6 52 DQ24 74 PD5

Vss Ground 9 Vee 31 NG 53 DQ25 75 PD7

10 bQ7 32 NC 54 PQ26 76 PD8

NC No Connect

11 NC 33 PQi17 55 NC 77 NC

PD1 - PD8 Presence Detects 2 PQs 34 Dao 56 Vss 78 NG
13 A0 35 NC 57 Al 79 PQ35
14 A2 36 DQ10 58 A3 80 DQ27
15 Vee 37 Vee 59 A5 81 DQ28
16 Ad 38 DQ11 60 A7 82 DQ29
17 NC 39 DQi12 61 A9 83 DQ30
18 A6 40 DQ13 62 A1l 84 DQ31
19 A8 41 DQ14 63 Vss 85 DQ32
20 A10 42 DQi5 64 NC 86 DQ33
21 NC 43 DQ16 65 NC 87 DQ34

22 RASO 44 Vss 66 CAS2 88 Vss

1. DQ numbering is compatible with non parity (x32) version)

Ordering Information

Part Number Organization Speed Notes
For 80ns applications use this 70ns Part Number.
1BM11J4360DLA-70 4M x 36 70ns Be aware if the application makes use of PD’s, PD6
& PD7 are different from the 70ns version.
64G1724
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IBM11J4360DL

4M x 36 5.0V IC DRAM Card

Block Diagram

CAS
I
Laop (T PQ35
F?
CAS3 * AS
wE 2 o~ DQ34
JADD (4 *
DQ31
¢—(RAS
. L] _|CAS o
WE WE 5
\ DQ30
ADD (4 N
DQ27
RAS
CAS o
Ll 3
Ja0p (1> PQ26
RAS 2 RAS
CTAS o
WE ° DQ25
; N O
L"‘DD & 022
— RAS
CAS2 CAS
WE - 2 DQ21
ADD (4 *
DQ18
RAS
CAS o
T (0> PQi7
»—IRAS
T4 pate
30D (5D 113
,_|FAS
CAS 1 {% CAS %
WE DQ12
Jabp (2>
DQO9
RAS 0 FAS
| CASg
WE
——laop (L) PQ8
RS
{>¥ ICAS o
WE DR WE °
Ja0p (&) DQ7
Lm DQ4
CAS 0 CAS
wE " DQ3
IADD *
DQO

64G1724
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IBM11J4360DL

4M x 36 5.0V IC DRAM Card
Truth Table
Function RAS TAS WE | plow | Selumn All DQ bits

Standby H X X X X High Impedance
Read L L H Row Col Valid Data Out
Early-Write L L L Row Col Valid Data In
f:f}:sjlge Mode - Read: L Hol H Row Col Valid Data Out
Subsequent Cycles L H-L H N/A Col Valid Data Out
'1:;5'05329 Moade - Write: L Hol L Row Col Valid Data In
Subsequent Cycles L H-L N/A Col Valid Data In
RAS-Only Refresh L H Row N/A High Impedance
CAS-Before-RAS Refresh HoL L H X X High Impedance
Presence Detect

Pin -70
PD1 (PD1 - PD4: Addressing/Dram Type) Vss
PD2 Vss
PD3 NC
PD4 Vss
PD5 ( Number of Banks/Organization) NC
PD6 ( Speed) Vss
PD7 NC
PD8 (Refresh Type) NC

1. NC= OPEN, Vgg = GND

Page 1308
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IBM11J4360DL

4M x 36 5.0V IC DRAM Card
Absolute Maximum Ratings
Symbol Parameter Rating Units Notes
Vee Power Supply Voltage 0510 +7.0 \Y 1
Vin Input Voltage (RAS & DATA) -0.5t0 Vgc +0.5,7.0 \ 1
Input Voltage (Redriven Signals) 0510 Vg +0.5 \Y 1
Vour Output Voltage -0.510 +6.0 v 1
Torr Operating Temperature Oto +55 °C 1
Tsta Storage Temperature -40 to +85 °C 1
Pp Power Dissipation 10.8 w 1,2
lout Short Circuit Output Current 50 mA 1
1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only, and device functional
operation at or above the conditions indicated is not implied. Exposure to absolute maximum rating conditions for extended peri-
ods may affect reliability.
2. Maximum power occurs when all banks are active.

Recommended DC Operating Conditions (T, =0 to 55°C)

Symbol Parameter Min Typ Max Units Notes
Vec  |Supply Voltage 475 5.0 5.25 \" 1
Vi Input High Voltage (RAS & DATA) 24 — Vec+ 0.5 \ 1
Input High Voltage (Redriven Signals) 20 — Vee \ 1
Vi Input Low Voltage (RAS & DATA) 0.5 — 08 % 1
Input Low Voltage (Redriven Signals) 0.0 — 038 \' 1
1. All voltages referenced to Vgs.
Capacitance (Ta=0to +55°C, Vgc = 5.0 + 0.25V)
Symbol Parameter Max Units Notes
Cy Input Capacitance (A0~A9) 15 pF
Ciz Input Capacitance (RAS) 57 pF
Cia Input Capacitance (CAS) 15 pF
Cis Input Capacitance (WE) 20 pF
Cio1 Output Capacitance (DQ0~DQ34) 25 pF
Cio2 Output Capacitance (PQ8, PQ17, PQ26, PQ35) 30 pF
Ei50TEbeu o Page 1308
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IBM11J4360DL

4M x 36 5.0V IC DRAM Card

DC Electrical Characteristics (Ta=0to+55°C, Vo = 5.0 +0.25V)

Symbol

Parameter

Min

Max

Units Notes

lect

Operating Current
Average Power Supply Operating Current
(RAS, CAS, Address Cycling: tge = tgc min)

1000

mA

lecz

Standby Current (TTL)
Power Supply Standby Current
(RAS = _ch S >Vi)

24

mA

leca

RAS Only Refresh Current
Average Power Supply Current, RAS Only Mode
(RAS Cycling, CAS 2V : trc = tgc min)

1000

lcca

Fast Page Mode Current
Average Power Supply Current, Fast Page Mode
(RAS = V), CAS, Address Cycling: tpc = tpc min)

800

mA

1,2,3

lecs

Standby Current (CMOS)
Power Supply Standby Current
(RAS = CAS = V¢ - 0.2V)

2.4

lccs

CAS Before RAS Refresh Current
Average Power Supply Gurrent, CAS Before RAS Mode
(RAS, CAS, Cycling: tgc = tgrc min)

1000

mA

lec?

Battery Backup Refresh Gurrent
Average Power Supply Current during Battery Backup refresh
(CAS< V||_' WE 2 Vi, tras < 1uSec, tgc = 125uSec)

3.6

hwy

Input Leakage Current

Input Leakage Current, any input
(0.0 < Vin < (Vee < 6.0V))

All Other Pins Not Under Test = 0V

RAS

+60

CAS ,ADD

+10

WE

+20

low

Output Leakage Current
(Dour is disabled, 0.0 < Voyr < Vec)

+20

pA

Vor

Output High Level
Output "H" Level Voltage (loyr = -2mA @ 2.4V)

VoL

Output Low Level
Output "L" Level Voltage (loyt = +2mA @ 0.4V)

0.4

1. lccis loes, Icca and Igcs depend on cycle rate.
2. lcct, lcca depend on output loading. Specified values are obtained with the output open.
3. Address can be changed once or less while RAS = V. In the case of Igcs, it can be changed once or less when CAS = Viy
4. Refresh current is specified for the X32 configuration using One Bank

Page 1310
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IBM11J4360DL

4M x 36 5.0V IC DRAM Card

AC Characteristics (Ta=0to +55°C, Vo = 5.0 + 0.25V)

1. Vi (min) and V| (max) are reference levels for measuring timing of input signals. Transition times are measured between V|4 and
V"_A

2. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before proper device operation is
achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS refresh cycles instead of 8 RAS only refresh
cycles is required.

3. The specified timings include buffer, loading and skew delays: 2ns minimum, 10s (CAS, WE) or 11ns (Address) maximum delay, no
pulse shrinkage. The data and RAS signals are not buffered, which preserves the DRAMs access specifications of 70ns

4. AC measurements assume tr = 5ns.

Read, Write, and Refresh Cycles (Common Parameters)

-70
Symbol Parameter Units Notes
Min Max
tac Random Read or Write Cycle Time 130 — ns
trp RAS Precharge Time 50 —_ ns
tcp CAS Precharge Time 10 — ns
tras  |RAS Pulse Width 70 10K ns
tcas |CAS Pulse Width 21 — ns 2
tasp  |Row Address Setup Time 7 — ns
tgan  |Row Address Hold Time 8 — ns
tasc  |Column Address Setup Time 2 — ns
tcan  [Column Address Hold Time 15 — ns
treo  |RAS to CAS Delay Time 18 45 ns 2
trap  |RAS to Column Address Delay Time 13 28 ns 3
trsh  |RAS Hold Time 25 — ns
tcsh |CAS Hold Time 70 — ns
tcre  |CAS to RAS Precharge Time 15 — ns
tozc  |CAS Delay Time from Dy 0 — ns
tar Column Address Hold Time Referenced to RAS — — ns 4
tr Transition Time (Rise and Fall) 3 50 ns
1. The minimum tcag requires tcsH to be met for both writes and reads. Also, because of the buffer, the minimum tgags for a read cycle
must be extended to guarantee the data out window ( ton) in the application. For example, a tcas of 21ns plus a minimum toy of
2ns would result in turning data out of the card at 23ns (6ns before max tcac of 29ns).
2. Operation within the tgcp (max) limit ensures that tgac (Mmax) can be met. tgcp (Max) is specified as a reference point only: if trcp is
greater than the specified tgcp (max) limit, then access time is controlled by tcac.
3. Operation within the tgap (max) limit ensures that tgac (max) can be met. tgap (Max) is specified as a reference point only: If trap
is greater than the specified tgap (max) limit, then access time is controlled by taa.
4. This timing parameter is not applicable to this product, but may apply to a related product in this family.

64G1724 Page 1311
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IBM11J4360DL EESE
4M x 36 5.0V IC DRAM Card
Write Cycle
Symbol Parameter Rk Units Notes
Min Max
twes |Write Command Set Up Time 2 — ns
tweH  |Write Command Hold Time 16 — ns
twp  |Write Command Pulse Width 15 — ns
taw.  |Write Command to RAS Lead Time — — ns 1
tow. |Write Command to CAS Lead Time — —_ ns 1
twer  |Write Command Hold Time Referenced to RAS — - ns 1
towm  |Data Hold Time Referenced to RAS —_ — ns 1
tos D\ Setup Time 0 — ns
toH Dy Hold Time 20 — ns
1. This timing parameter is not applicable to this product, but may be applicable to a related product in this family.
Read Cycle
Symbol Parameter 0 Units Notes
Min Max
thac  |Access Time from RAS — 70 ns 1,2
tcac  |Access Time from CAS — 25 ns 1,2
taa  |Access Time from Address — 42 ns 1,2
trcs |Read Command Setup Time 2 — ns
tach  |Read Command Hold Time to CAS 0 — ns 3
taan  |Read Command Hold Time to RAS 5 — ns 3
traL  |Column Address to RAS Lead Time 42 — ns
fca.  |Column Address to CAS Lead Time — — ns 4
tciz  |CASto Output in Low-Z 2 — ns
toH Qutput Data Hold Time 2 — ns
tcop  |CAS to Dy Delay Time 25 — ns
torr  |Output Buffer Turn-off Delay 2 29 ns 5

. Measured with two TTL loads and 100pF.
. Either tgc or trry must be satisfied for a read cycle.

as wWN =~

. Access time is determined by the later of tgac, icac, taa OF tcpa,

. This timing parameter is not applicable to this product, but may be applicable to a related product in this family.
. torr (Max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

Page 1312
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T IBM11J4360DL
4M x 36 5.0V IC DRAM Card
Fast Page Mode Cycle
. -70
Symbol Parameter Units Notes
Min Max
tec Fast Page Mode Cycle Time 45 — ns
trasp | Fast Page Mode RAS Pulse Width 70 10K ns
tcpre | RAS Hold Time from CAS Precharge 45 — ns
tcpa | Access Time from CAS Precharge — 50 ns 1,2
1. Access time is determined by the latter of trac, tcac, tcra, 1aa.
2. Access time assumes a load of 100pf.
Refresh Cycle
-70
Symbol Parameter Units Notes
Min Max
1 CAS Hold Time 18
CHR  |(CAS before RAS Refresh Cycle) - ns
CAS Setup Time
lcsh | (CAS before RAS Refresh Gycle) 15 - ns
WE Setup Time _
WeP | (GAS before RAS Refresh Cycle) 16 - ns
. WE Hold Time s _ ns
WRH | (CAS before RAS Refresh Cycle)
trrc  |RAS Precharge to CAS Hold Time 8 e ns
trer  |Refresh Period — 256 ns 1
1. 4096 refreshes are required every 256ms.
64G1724 Page 1313
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IBM11J4360DL

4M x 36 5.0V IC DRAM Card

Read
tre
taas tre
Vin — R \
RAS
Vie — Y y
tesn
treo trsH le—terr ]
Vi — X s
CAS tCAS
V|L —
e tmao
tasr —] T tasc — |~
tar
—oltaan fe— —{tcan
Column
tres |
WE
taa
tozc |
Din
Vor— . T
Dour Hi-Z Valid Data Out -
VoL — 7
trac ton
“H”or L
64G1724
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IBM11J4360DL

4M x 36 5.0V IC DRAM Card

Write Cycle (Early Write)

tae
tras trp
Vin — A £+ Ik
RAS
Vi — -
tesH
tren trsH < terp ]
V|H — A t,
CAS s
VIL _ 1
le— trapD —]
task ) tasc— L-t -
o tRAH fe— ol teanle
Address
— twes = l_twer _|
J— t
WE Wp
| tonr
e tos | - loH ]
A
Dw Valid Data In
N
Von i
Dour Hi-Z
VoL

L op L
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1BM11J4360DL

4M x 36 5.0V IC DRAM Card

Fast Page Mode Read Cycle

Address

DOUT

V|H_ 3

V|L -

trasp

tepru

e trp

e tReo___,l

L terr |

s “HY or “L”
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IBM11J4360DL

4M x 36 5.0V IC DRAM Card

Fast Page Mode Write Cycle

taase tap

Vi 3
RAS

Vi— 1 .

tec
—troo te-lcp ] tep, | f—tRSH—+ torp
|

Vi g \
CAS letcas letoas ] \__tCAs

V||__

Address

“H"or “L”
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IBM11J4360DL

4M x 36 5.0V IC DRAM Card

RAS Only Refresh Cycle

tae

tras trp

trpc |

O
>
[7)

Address
Vou_
DOUT Hi-Z
VOL_
an or llLl!
Note: WE, D,y are “H” or “L”

64G1724
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IBM11J4360DL

4M x 36 5.0V IC DRAM Card

CAS Before RAS Refresh Cycle

RC

Vin —

s/
>
7

Vie — t !

te —
_—l SR thpc —f

VIH CHR

VIL —_ 3

teoo

Hi-Z

Note: Addresses are “H" or “L
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IBM11J4360DL

4M x 36 5.0V IC DRAM Card

Layout Drawing
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Preliminary

IBM11J8360BL

8M x 36 5.0V IC DRAM Card

Features

+ Industry Standard 88Pin IC DRAM Card
» Performance:

-70
trac |RAS Access Time 70ns
tcac |CAS Access Time 25ns
taa |Access Time From Address 42ns
trc |Cycle Time 130ns
tpc |Fast Page Mode Cycle Time 45ns

« Industry Standard DRAM functions & timings
+ High Performance CMOS process

« Single 5.0V, £ 0.25V Power Supply

All inputs buffered except RAS and DATA inputs
Multiple RAS inputs for x18 or x36 selectability
11/11 Addressing (Row/Column)

Optional Fast Page Mode access cycle
Refresh Modes: RAS-Only, CAS before RAS
and BBU (Battery Backup)

« 2048 refresh cycles distributed across 256ms

« Polarized Connector

e o o o o

Description

The IBM11J8360DL is a 32MB industry standard
88-pin IC DRAM card. It is organized as a 8M x 36
high speed memory array. It is built using 16 - 4Mx4
devices, 8 - 4Mx1 devices and is compatible to the
JEDEC/PCMCIA/JEIDA 88-pin standard. Each bit is
uniquely addressed via 22 address bits. Improved
system performance is provided by the on-card buff-
ering of selected input signals. The specified timings
include all buffer, net and skew delays, which allow
the system designer to work with a simpler interface.
The DQ and RAS signals are not buffered, which
preserves the access specification of 70ns. Multiple
RAS inputs are used to conserve power by allowing
individual bank selection. In the x36 configuration
the memory may be utilized as two banks, each hav-
ing four unique bytes. The x18 configuration may be

utilized as four banks each having two unique bytes.
Only one bank is activated by each RAS, leaving the
other banks in standby mode, thus saving power. All
IBM IC DRAM cards are packaged in a rugged metal
case for maximum device protection in portable
applications.

Card Outline
#8
#44 (1 \\
o —_
&1z ~% ICDRAM
o o 2z CARD
T\ W,
# N J
PIN #45
07H4032
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IBM11J8360BL

8M x 36 5.0V IC DRAM Card Preliminary
Pin Description Pinout
RASO - RAS3 |Row Address Strobe Pin# |Name Pin# |{Name Pin# |Name Pin# |Name
"CAS0-CAS3  |Column Address Strobe 1 Vss 23 CASD 45 Vss 67 Vss
WE Readwrite Input 2 DQO 24 CAS1 46 DQ18 68 CAS3
A0 AT0 Address Inputs 3 DQ1 25 _NS 47 DQ19 69 RAS3
4 DQ2 26 RAS2 48 DQ20 70 WE
?32'57"297133’ Data Input/output 5 DQ3 57 Voo 249 D21 71 PD1
P8, PQ17 6 DQ4 28 PD2 50 DQ22 72 PD3
PQ26, PQa5  |Parity Data Input/Output 7 Das | 29 PD4 51 | pa23 | 73 Vss
Vo Power (+5V) 8 DQ6 30 PD6 52 DQ24 | 74 PD5
Vss Ground 9 Vee 31 NC 53 DQ25 75 PD7
10 DQ7 32 NC 54 PQ26 76 PD8
NC No Gonnect
11 NC 33 PQ17 55 NC 77 NC
PD1 - PD8 Presence Detects 12 Ten) 34 DO 56 Ves 78 NG
13 A0 35 NC 57 A1 79 PQ35
14 A2 36 DQ10 58 A3 80 DQ27
15 Vce 37 Vce 59 A5 81 DQ28
16 A4 38 DQ11 60 A7 82 DQ29
17 NC 39 DQi2 61 A9 83 DQ30
18 A6 40 DQ13 62 NC 84 DQ31
19 A8 41 DQi4 63 Vss 85 DQ32
20 A10 42 DQ15 64 NC 86 DQ33
21 NC 43 DQi6 65 RAS1 87 DQ34
22 RAS0 44 Vss 66 CAS2 88 Vss
1. DQ numbering is compatible with non parity (x32) version)

Ordering Information

Part Number Organization Speed Notes

For 80ns applications use this 70ns Part Number.
1BM11J8360BLA-70 8M x 36 70ns Be aware if the application makes use of PD's, PD6
& PD7 are different from the 70ns version.

07H4032
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IBM11J8360BL

Preliminary 8M x 36 5.0V IC DRAM Card
Block Diagram
RAS —RAS
CAS CAS §
WE Hlwe >
ab_ (1) PQ35 — b (T) PQ35
s s
CAS 3 CAS - CAS Q)
WE > DQ34 WE -, DQ34
JADD (4 * \ N
" oast A2 NV paat
RAS
_ " IcAS o |cAS o
WE b WE 5 3 WE S
DD (2 DCE 0 ADD (2 DC330
DQ27 DQ27
RS RS
CAS o CAS &
m. ] J W )
b (T PQ26 Eaop (T Pa2s
RAS 2 oy RAS 3— RAS
ICAS » CAS S|
WE > DQ25 WE ) DQ25
4 * N *
LADD & béas L“DD & o2
s RAS
CAS 2 CAS . CAS 2
—53© DQ21 w—El"$i> DQ21
———NADD (4 * JADD *
DQ18 DQ18
RAS RAS
CAS o I ’_"_AS;‘E
. ‘VW ] | W.E ol
Db (1) PQ17 0D (T PQ17
P—RAS L_W
CAS w)| CAS™
WE -|,, DQ16 WE =|, . DQ16
0 [Z) ndia ADD 0di3
[RAS 4 RAS
CAS 1 @— CAS < CAS 2
WE =, , DQ12 WE 2|, DQ12
»ADD . Shaop (2> .
DQo9 DQ09
RAS 0 RAS RAS 1— RAS
AS o AS )
WE ~ L lee
ADD PQs o0 (T> PQ8
— RS RS
e S
WE DR 1 jr——
Abb_ (@) DQ7 sabp (2 DQ7
CAS 0 CAS _ cA g
we ~.. DQ3 IwE DQ3
ADD @ * ADD @ *
A0-A10 DQO DQo
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1BM11J8360BL

8M x 36 5.0V IC DRAM Card Preliminary
Truth Table
Function RAS CAS WE | plow | Solumn All DQ bits

Standby H X X X X High Impedance
Read L H Row Col Valid Data Out
Early-Write L L L Row Col Valid Data In
f;sgsgge Made - Read: L HosL H Row Col Valid Data Out
Subsequent Cycles L H-L H N/A Col Valid Data Out
f;sgcalge Mode - Write: L Hol L Row Col Valid Data In
Subsequent Cycles L H-L N/A Col Valid Data In
RAS-Only Refresh L H Row N/A High Impedance
CAS-Before-RAS Refresh HoL L X X High Impedance
Presence Detect

Pin -70
PD1 (PD1 - PD4: Addressing/Dram Type) Vss
PD2 Vss
PD3 NC
PD4 Vss
PD5 ( Number of Banks/Organization) Vss
PD6 ( Speed) Vss
PD7 NC
PD8 (Refresh Type) NC

1. NC= OPEN, Vgg = GND
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Preliminary

IBM11J8360BL

8M x 36 5.0V IC DRAM Card

Absolute Maximum Ratings

Symbol Parameter Rating Units Notes
Vee Power Supply Voltage 0510 +7.0 \Y 1
Vin Input Voltage (RAS & DATA) -0.5t0 Vg +0.5,7.0 \ 1

Input Voltage (Redriven Signals) -0.5t0 Vg + 0.5 \Y 1

Vour Output Voltage -0.510 +6.0 \Y 1

Torr Operating Temperature Oto +55 °C 1

Tsta Storage Temperature -40 to +85 °C 1
Pp Power Dissipation 10.8 w 1,2

lout Short Circuit Output Current 50 mA 1

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only, and device functional
operation at or above the conditions indicated is not implied. Exposure to absolute maximum rating conditions for extended peri-
ods may affect reliability.

2. Maximum power occurs when all banks are active.

Recommended DC Operating Conditions (T, =0to 55°C)

07H4032
MMDI29DSU-00
Revised 6/94

Symbol Parameter Min Typ Max Units Notes
Vee Supply Voltage 4.75 5.0 5.25 \Y 1
Vi Input High Voltage (RAS & DATA) 24 — Vec+0.5 \ 1

Input High Voltage (Redriven Signals) 2.0 — Vee \" 1
Vi Input Low Voltage (RAS & DATA) -0.5 — 08 \' 1
Input Low Voltage (Redriven Signals) 0.0 — 08 A 1
1. All voltages referenced 1o Vsgs.
Capacitance (T =0to +55°C, Vcg = 5.0 + 0.25V)
Symbol Parameter Max Units Notes
Cyy Input Capacitance (A0~A9) 15 pF
Ci Input Capacitance (RAS) 57 pF
Ci Input Capacitance (CAS) 15 pF
Cis Input Capacitance (WE) 20 pF
Cuot Output Capacitance (DQ0~DQ34) 32 pF
Cio2 Output Capacitance (PQ8, PQ17, PQ26, PQ35) 42 pF
Page 1325



IBM11J8360BL

.ll||||
iy

8M x 36 5.0V IC DRAM Card Preliminary
DC Electrical Characteristics (Ta=0to+55°C, Ve = 5.0 +0.25V)
Symbol Parameter Min Max Units Notes
Operating Current
lect Average Power Supply Operating Current -70 — 1200 mA
(RAS, CAS, Address Cycling: tgc = trc min)
Standby Current (TTL)
lec2 Power Supply Standby Current — 48 mA 1,3
(RAS = CAS zVy)
RAS Only Refresh Gurrent
leca Average Power Supply Current, RAS Only Mode -70 — 1200 mA
(RAS Cycling, CAS 2V} tge = tgc min)
Fast Page Mode Gurrent
lcca Average Power Supply Current, Fast Page Mode -70 — 1080 mA 1,2,3
(RAS =V, CAS, Address Cycling: tec = tpc min)
Standby Current (CMOS)
lccs  |Power Sgﬁgly Standby Current — 4.8 mA
(RAS = CAS = V¢ - 0.2V)
CAS Before RAS Refresh Current__ I
lecs Average Power Supply Gurrent, CAS Before RAS Mode -70 — 1200 mA
(RAS, CAS, Cycling: trc = trc min)
Battery Backup Refresh Current
lecy Average Power Supply Current during Battery Backup refresh 7.2 mA 1,2
(CAS < Vi, WE = Vi, tras < 1pSec, tge = 125uSec)
Input Leakage Current RAS -60 +60
Input Leakage Current, any input =
hy (0.0< Viy < (Ve < 6.0V)) CAS ,ADD -10 +10 pA
All Other Pins Not Under Test = 0V WE .20 +20
Qutput Leakage Current
low)  |(Dour is disabled, 0.0 < Vour < Voo) -20 +20 KA
Output High Level
Vor | Output "H" Level Voltage (lour = -2mA @ 2.4V) 24 - v
Qutput Low Level
VoL |Output "L" Level Voltage (loyr = +2mA @ 0.4V) - 04 v 4
1. lgcis lees, lcca and Iccg depend on cycle rate.
2. lgci, lccs depend on output loading. Specified values are obtained with the output open.
3. Address can be changed once or less while RAS = V|.. In the case of lgcs, it can be changed once or less when CAS = V|
4. Refresh current is specified for the X32 configuration using One Bank
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IBM11J8360BL

Preliminary 8M x 36 5.0V IC DRAM Card

AC Characteristics (Ta=0to+55°C, Vo = 5.0+ 0.25V)

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

2. Aninitial pause of 200ys is required after power-up followed by 8 RAS only refresh cycles before proper device operation is
achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS refresh cycles instead of 8 RAS only refresh
cycles is required.

3. The specified timings include buffer, loading and skew delays: 2ns minimum, 10s (CAS, WE) or 11ns (Address) maximum delay, no
pulse shrinkage. The data and RAS signals are not buffered, which preserves the DRAMs access specifications of 70ns

4. AC measurements assume ty = 5ns.

Read, Write, and Refresh Cycles (Common Parameters)

Symbol Parameter 70 Units Notes
Min Max

tre Random Read or Write Cycle Time 130 —_ ns

tap  |RAS Precharge Time 50 — ns

tcp  |CAS Precharge Time 10 — ns

taas  |RAS Pulse Width 70 10K ns

tcas  |CAS Pulse Width 21 — ns 2

tasr  |Row Address Setup Time 7 — ns

tran  |Row Address Hold Time 8 —_ ns

tasc  |Column Address Setup Time 2 — ns

tcan  [Column Address Hold Time 15 — ns

taco  |RAS to CAS Delay Time 18 45 ns 2

trap  |RAS to Column Address Delay Time 13 28 ns 3

tasu  [RAS Hold Time 25 — ns

tcsn  |CAS Hold Time 70 - ns

tcre  |CAS to RAS Precharge Time 15 — ns

tozc |CAS Delay Time from Dy 0 — ns

tar  |Column Address Hold Time Referenced to RAS — — ns 4
tr Transition Time (Rise and Fall) 3 50 ns

1. The minimum tcas requires icsy to be met for both writes and reads. Also, because of the buffer, the minimum tcas for a read cycle
must be extended to guarantee the data out window ( toy) in the application. For example, a tcas of 21ns plus a minimum ioy of
2ns would result in turning data out of the card at 23ns (6ns before max (cac of 29ns).

2. Operation within the 1gcp (max) limit ensures that tgac (Max) can be met. trep (Max) is specified as a reference point only: if tgp is
greater than the specified tgcp (max) limit, then access time is controlled by tcac.

3. Operation within the tgap (max) limit ensures that tgac (Mmax) can be met. tgap (Max) is specified as a reference point only: If tgap
is greater than the specified tgap (max) limit, then access time is controlied by taa.

4. This timing parameter is not applicable to this product, but may apply to a related product in this family.
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IBM11J8360BL EEESE
8M x 36 5.0V IC DRAM Card Preliminary
Write Cycle
Symbol Parameter 0 Units Notes
Min Max
twcs  |Write Command Set Up Time 2 — ns
twen  |Write Command Hold Time 16 — ns
twp Write Command Pulse Width 15 — ns
taw.  |Write Command to RAS Lead Time — — ns 1
few. |Write Command to CAS Lead Time — — ns 1
twer  |Write Command Hold Time Referenced to RAS — — ns 1
tour  |Data Hold Time Referenced to RAS — — ns 1
tos Dy Setup Time 0 — ns
toH D)y Hold Time 20 — ns
1. This timing parameter is not applicable to this product, but may be applicable to a related product in this family.
Read Cycle
Symbol Parameter 0 Units Notes
. Min Max
trac  |Access Time from RAS — 70 ns 1,2
fcac  |Access Time from CAS — 25 ns 1,2
taa Access Time from Address — 42 ns 1,2
trcs  |Read Command Setup Time 2 — ns
tach  |Read Command Hold Time to CAS 0 —_ ns
tarn  |Read Command Hold Time to RAS 5 — ns
taa.  |Column Address to RAS Lead Time 42 — ns
tca.  |Column Address to CAS Lead Time — —_ ns 4
fciz |CASto Outputin Low-Z 2 — ns
ton Qutput Data Hold Time 2 — ns
tcop  |CASto Dy Delay Time 25 — ns
torr  |Output Buffer Turn-off Delay 2 29 ns 5
1. Access time is determined by the later of tgac, tcac, taa OF topa.
2. Measured with two TTL loads and 100pF.
3. Either tgcy or tgry Must be satisfied for a read cycle.
4. This timing parameter is not applicable to this product, but may be applicable to a related product in this family.
5. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
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=== IBM11J8360BL
Preliminary 8M x 36 5.0V IC DRAM Card
Fast Page Mode Cycle
-70
Symbol Parameter Units Notes
Min Max
toc Fast Page Mode Cycle Time 45 — ns
trasp | Fast Page Mode RAS Pulse Width 70 10K ns
tcrrH RAS Hold Time from CAS Precharge 45 — ns
tcpa | Access Time from CTAS Precharge — 50 ns 1,2
1. Access time is determined by the latter of tgac, tcac, cpa, 1aa.
2. Access time assumes a load of 100pf.
Refresh Cycle
-70
Symbot Parameter Units Notes
Min Max
1o GAS Hold Time 18 _ ns
"R |(CAS before RAS Refresh Cycle)
CAS Setup Time _
fesn (CAS before RAS Refresh Cycle) 15 ns
WE Setup Time -
efore RAS Refresh Cycle
weP  |(GAS before RAS Refresh Cyal 16 ns
4 WE Hold Time s . ns
WRH [ (CAS before RAS Refresh Cycle)
trrc  |RAS Precharge to CAS Hold Time 8 — ns
trer  |Refresh Period —— 256 ns 1
1. 2048 refreshes are required every 256ms.
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IBM11J8360BL E=SE7E
8M x 36 5.0V IC DRAM Card Preliminary
Read
tre
tRAS tgp
Vin — 3 A \
RAS \ /
V"_ — 1 ]
tCSH
trco tRsH e terr |

O
>
)

Address

DOUT

Hi-Z

Valid Data Out

Hi-Z _

-1 or 1L

ton
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IBM11J8360BL

Preliminary 8M x 36 5.0V IC DRAM Card

Write Cycle (Early Write)

tre
tras tae
Vi — \ s AN
RAS
Vi — - 4
tCSH
treo trsH < tcre
s ] fone
Vi — -
le— trap —]
— .
tasm tasc—» b
=] tRAH fe— — tCAH —
Address Column
twer
WE
e tos <« ton ]

A
Valid Data In

Hi-Z

DOUT

< “H” or "
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1BM11J8360BL

8M x 36 5.0V IC DRAM Card

Preliminary

Fast Page Mode Read Cycle

e trp |

trasp

V- 3 tepru
RAS

V'L —_ -( .

tec
«tRoo___] < tep ] tep | fetRsH ]
|

Vih— ¥ 1 / \
CAS " o« toas . \q_tCAS _.[ le_tcas ]

Vi X 1 - 1

i < “H” or “L”
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Preliminary

IBM11J8360BL

8M x 36 5.0V IC DRAM Card

Fast Page Mode Write Cycle

trasp

tap

Vino )

Vi—

le_thReo

Vine

O
>
7

Vi—

R tasc

tec

tere

- or 9"
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IBM11J8360BL

8M x 36 5.0V IC DRAM Card

Preliminary

RAS Only Refresh Cycle

tae

tras

Vin_ \

s/
>
)

VIL -

tRpC -

Vin

VIL -

Address
VOH
Dour Hi-Z
VOL _
A or L
Note: WE, D,y are “H” or “L”
07H4032
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1BM11J8360BL

Preliminary 8M x 36 5.0V IC DRAM Card

CAS Before RAS Refresh Cycle

t
RC
tras tre

VIH _ -
RAS

Vie = t _

RPC
— tosn = taro
- t
CcP t

VIH _ | CHR
CAS

Vi 4
WE

teoo
Vi _
DIN H

VIL —_

Dour Hi-Z
S 9H or L
Note: Addresses are “H” or “L" |
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IBM11J8360BL

8M x 36 5.0V IC DRAM Card Preliminary
Layout Drawing
54.1 (MAX) 3.5 MAX
213 138
g -
e A
858
338
10.5 MIN
FRONT 105
0 (
|
L V/ i
95 |
~ 3.4 MAX
.037 3
1.60 MAX 1.60 MAX
.063 063
| 1.69 l
NOTE: All dimensions are typical unless otherwise stated. MLIMETERS
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IBM11J8360DL
8M x 36 5.0V IC DRAM Card

Features

+ Industry Standard 88Pin IC DRAM Card
« Performance:

70
trac |RAS Access Time 70ns
tcac |CAS Access Time 25ns
taa |Access Time From Address 42ns
tac |Cycle Time 130ns
trc |Fast Page Mode Cycle Time 45ns

+ Industry Standard DRAM functions & timings
+ High Performance CMOS process

+ Single 5.0V, + 0.25V Power Supply

« Allinputs buffered except RAS and DATA inputs

« Multiple RAS inputs for x18 or x36 selectability

+ 12/11 Addressing (Row/Column)

« Optional Fast Page Mode access cycle

« Refresh Modes: RAS-Only, CAS before RAS
and BBU (Battery Backup)

4096 refresh cycles distributed across 256ms

+ Polarized Connector

Description

The IBM11J8360DL is a 32MB industry standard
88-pin IC DRAM card. It is organized as a 8M x 36
high speed memory array. It is built using 16 - 4Mx4
devices, 8 - 4Mx1 devices and is compatible to the
JEDEC/PCMCIA/JEIDA 88-pin standard. Each bit is
uniquely addressed via 22 address bits. The x4
Drams require 12 ROW/10 COLUMN addresses and
the x1 DRAMS require 11ROW/11 COLUMN
addresses. The highest order ROW addresses must
be sent as the highest order COLUMN address to
satisfy both DRAM requirements. Improved system
performance is provided by the on-card buffering of
selected input signals. The specified timings include
all buffer, net and skew delays, which allow the sys-
tem designer to work with a simpler interface. The
DQ and RAS signals are not buffered, which pre-

serves the access specification of 70ns. Multiple
RAS inputs are used to conserve power by allowing
individual bank selection. In the x36 configuration the
memory may be utilized as two banks, each having
four unique bytes. The x18 configuration may be uti-
lized as four banks each having two unigue bytes.
Only one bank is activated by each RAS, leaving the
other banks in standby mode, thus saving power. All
IBM IC DRAM cards are packaged in a rugged metal
case for maximum device protection in portable
applications. The related 8M x 32 version of this
ICDRAM card is IBM11J8320DLA

Card Outline
#!
#44 1
S
=1 IS
le) e
<
.
#1 | N—

z
<5
_‘

IC DRAM
CARD
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IBM11J8360DL

8M x 36 5.0V IC DRAM Card

Pin Description Pinout
RASO - RAS3 |Row Address Strobe Pin# |Name Pin# |Name Pin# |Name Pin# |Name
CAS0-CAS3 |Column Address Strobe 1 Vss 23" [ CASO | 45 Vss 67 Vss
WE Readmwrite Input 2 DQO 24 CAS1 46 DQ18 68 CA:
3 DQT 25 NC 47 | DQ19 | 69 | RASS |
A0 - Al1 Address Inputs —
4 DQ2 26 RAS2 48 DQ20 70 WE
Dss o7y |Data Inputioutput 5 | pas | 27 | Vec | 49 | pazt | 71 | PO
pas.Pa7, |~ 6 DQ4 28 PD2 50 DQ22 72 PD3
PQ26, PQ3s  |Parity Data Input/Output 7 DQ5 29 PD4 51 DQ23 73 Vss
Vee Power (+5V) 8 DQ6 30 PD6 52 DQ24 74 PD5
Ves Ground 9 Vee 31 NC 53 DQ25 75 PD7
10 DQ7 32 NC 54 PQ26 76 PD8
NC No Connect
11 NC 33 PQ17 55 NC 77 NC
PD1 - PD8 Presence Detects 12 Pa8 34 DQ9 56 Ves 78 NG
13 A0 35 NC 57 Al 79 PQ35
14 A2 36 DQ10 58 A3 80 DQ27
15 Vee 37 Vee 59 A5 81 DQ28
16 Ad 38 DQ11 60 A7 82 DQ29
17 NC 39 DQ12 61 A9 83 DQ30
18 A6 40 DQ13 62 Ald 84 DQ31
19 A8 41 DQ14 63 Vss 85 DQ32
20 A10 42 DQ15 64 NC 86 DQ33
21 NC 43 DQ16 65 RAS1 87 DQ34
22 RASO 44 Vss 66 CAS2 88 Vss
1. DQ numbering is compatible with non parity (x32) version)

Ordering Information

Part Number Organization Speed Notes

For 80ns applications use this 70ns Part Number.
IBM11J8360DLA-70 8M x 36 70ns Be aware if the application makes use of PD's, PD6
& PD7 are different from the 70ns version.

64G1726
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IBM11J8360DL

8M x 36 5.0V IC DRAM Card

Block Diagram

mAS __IRAs
CAS ™ CAS §
W.E 1 I VV_E p}
jaop (D> PQ3s L apb (T PQ3s
—RAS —RAS
CAS 3 ﬁ» CAS - CAS &
’ Am=® DQ34 mg@mu
ADD * ADD *
— DQ31 DQ31
| RAS
CASo LI feAs o,
WE b’ T 5 DQ30 e 3 DQ30
ADD (4 . JADD .
- DQ27 - DQ27
—— —
m% [ ng
WE WE
SaDD K1 PQ26 ——aop (T) PQ26
RAS 2 RAS 3— RAS
CAS o CASS
(= DQ25 WE - DQ25
> 4 * JADD (4 *
LJADD & e LRI O
[AS RS
ThS 2 GRS o cAs =
WE3© DQ21 Wi;34 DQ21
JADD * NADD *
DQ18 DQ18
RAS —IRAS
CAS o CAS ©
— [ D
WE
A (T PQ17 Lo (o) Pait7
—RAS RAS
CAS ) CASE
WE —|, . DQ16 WwE -|, . DQ16
ADD DC313 ADD (4 DQ13
| [RAS RAS
TAS 1 @— RS CAS £
‘W_EB DQ12 {WE 2|, DQ12
aoD (2 aDD (2>
DQO9 DQO9
RAS 0 FAS RAS 1— RAS
[Py ~AG
Jaob 1> PQs oo (1> Pas
+—(RAS RAS
CAS o CAS ¢
WE @— > wE >
LE (&) DQ7 LADD (2) ey
DQ4
___ mAS ba4 RS
CAS 0 CAS .| CAS 2
WE DQ3 Iwe DQ3
Db 2>+ ADD (2> "«
AO-A11 { DQO DQO
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1BM11J8360DL

8M x 36 5.0V IC DRAM Card

Truth Table
Function RAS TAS WE | phow | Solumn All DQ bits

Standby H X X X X High Impedance
Read L H Row Col Valid Data Out
Early-Write L L L Row Col Valid Data In
'1::13‘05;26 Mode - Read: L H-L H Row Col Valid Data Out
Subsequent Cycles L H-L H N/A Col Valid Data Out
f;s‘csgge Mode - Write: L Hol L Row Col Valid Data In
Subsequent Cycles L H-L N/A Col Valid Data In
RAS-Only Refresh L H Row N/A High Impedance
CAS-Before-RAS Refresh HoL L X X High Impedance
Presence Detect

Pin -70
PD1 (PD1 - PD4: Addressing/Dram Type) Vss
PD2 Vss
PD3 NC
PD4 Vss
PD5 ( Number of Banks/Organization) Vss
PD6 ( Speed) Vss
PD7 NC
PD8 (Refresh Type) NC

1. NC= OPEN, Vgg = GND
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_;_:__E?== IBM11J8360DL
8M x 36 5.0V IC DRAM Card
Absolute Maximum Ratings
Symbol Parameter Rating Units Notes

Vee Power Supply Voltage 0510 +7.0 Vv 1

Vi Input Voltage (RAS & DATA) 0.5t0 Vg +0.5,7.0 \Y 1

Input Voltage (Redriven Signals) -0.5t0 Vg + 0.5 \ 1

Vour Output Voltage -0.51t0 +6.0 \Y 1

Topr Operating Temperature Oto +55 °C 1

Tsta Storage Temperature -40 to +85 °C 1

Pp Power Dissipation 10.8 w 1,2
lout Short Circuit Output Current 50 mA 1

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only, and device functional
operation at or above the conditions indicated is not implied. Exposure to absolute maximum rating conditions for extended peri-
ods may affect reliability.

2. Maximum power occurs when all banks are active.

Recommended DC Operating Conditions (T4 =0to055°C)

Symbol Parameter Min Typ Max Units Notes
Vee Supply Voltage 475 5.0 5.25 \" 1
Vi Input High Voltage (RAS & DATA) 2.4 — Vec+0.5 \" 1

Input High Voltage (Redriven Signals) 20 — Vee v 1
Vi Input Low Voltage (RAS & DATA) 05 — 0.8 \ 1
Input Low Voltage (Redriven Signals) 0.0 — 0.8 Vv 1

1. All voltages referenced to Vss.

Capacitance (Ta = 0to +55°C, Vg = 5.0 + 0.25V)

Symbol Parameter Max Units Notes
Ciy Input Capacitance (A0~A9) 15 pF
Ci Input Capacitance (RAS) 57 pF
Cia Input Capacitance (CAS) 15 pF
Cia Input Capacitance (WE) 20 pF
Ciot Output Capacitance (DQ0~DQ34) 32 pF
Cuo2 Output Capacitance (PQ8, PQ17, PQ26, PQ35) 42 pF
A 0 Page 126
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1BM11J8360DL

8M x 36 5.0V IC DRAM Card

DC Electrical Characteristics (Ta=0to+55°C, Vcc = 5.0 £0.25V)

Symbol

Parameter

Min

Max

Units Notes

leci

Operating Current
Average Power Supply Operating Current
(RAS, CAS, Address Cycling: trc = trc min)

1000

mA

lecz

Standby Current (TTL)
Power Supply Standby Current
(RAS = CAS 2V})

48

1,3

leca

RAS Only Refresh Current
Average Power Supply Current, RAS Only Mode
(RAS Cycling, CAS >V} tgc = tgc min)

1000

leca

Fast Page Mode Current
Average Power Supply Current, Fast Page Mode
(RAS = V), CAS, Address Cycling: tpc = tpc min)

-70

800

mA

1,2,3

lecs

Standby Current (CMOS)
Power Supply Standby Current
(RAS = CAS = V¢c -0.2V)

4.8

mA

lecs

CAS Before RAS Refresh Current

Average Power Supply Current, CAS Before RAS Mode

(RAS, CAS, Cycling: tgc = tgc min)

-70

1000

mA

lec7

Battery Backup Refresh Gurrent

Average Power Supply Gurrent during Battery Backup refresh
(CAS< V[L‘ WE 2 Vi, tras < 1uSec, tre = 125uSec)

7.2

mA

1,2

ey

Input Leakage Current

Input Leakage Current, any input
(0.0 < Vin < (Vec < 6.0V))

All Other Pins Not Under Test =0V

+680

+10

+20

)

Output Leakage Current
(Doyr is disabled, 0.0 < Vout < Vee)

+20

pA

Vou

Output High Level
Output "H" Level Voltage (lour = -2mA @ 2.4V)

Vo

QOutput Low Level
Output "L" Level Voltage (loyr = +2mA @ 0.4V)

0.4

1. lcet, lces, lcca and lece depend on cycle rate.
2. lgci, Iccsa depend on output loading. Specified values are obtained with the output open.
3. Address can be changed once or less while RAS = V.. In the case of Iccy, it can be changed once or less when TAS = Vi
4. Refresh current is specified for the X32 configuration using One Bank
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S=STE IBM11J8360DL

8M x 36 5.0V IC DRAM Card

AC Characteristics (T, =0to +55°C, Vo = 5.0+ 0.25V)

1. Vi (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 200ys is required after power-up followed by 8 RAS only refresh cycles before proper device operation is
achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS refresh cycles instead of 8 RAS only refresh
cycles is required.

3. The specified timings include buffer, loading and skew delays: 2ns minimum, 10s (CAS, WE) or 11ns (Address) maximum delay, no
pulse shrinkage. The data and RAS signals are not buffered, which preserves the DRAMs access specifications of 70ns

4. AC measurements assume ty = 5ns.

Read, Write, and Refresh Cycles (Common Parameters)

Symbol Parameter 70 Units Notes
Min Max

tre Random Read or Write Cycle Time 130 — ns

trp  |RAS Precharge Time 50 — ns

tcp  |CAS Precharge Time 10 — ns

tras  |RAS Pulse Width 70 10K ns

tcas  |CAS Pulse Width 21 — ns 2

tasn  |Row Address Setup Time 7 — ns

tpan  |Row Address Hold Time 8 — ns

tasc  |Column Address Setup Time 2 — ns

tcan  |Column Address Hold Time 15 — ns

thep  |RAS to CAS Delay Time 18 45 ns 2

trap  |RAS to Column Address Delay Time 13 28 ns 3

tasn  |RAS Hold Time 25 — ns

tcsu  |CAS Hold Time 70 — ns

tcre  |CAS to RAS Precharge Time 15 — ns

tozc |CAS Delay Time from Dy 0 — ns

tar  |Column Address Hold Time Referenced to RAS — — ns 4
tr Transition Time (Rise and Fall) 3 50 ns

1. The minimum tcag requires tcsy to be met for both writes and reads. Also, because of the buffer, the minimum tcag for a read cycle
must be extended to guarantee the data out window ( ton) in the application. For example, a tcag of 21ns plus a minimum toy of
2ns would result in turning data out of the card at 23ns (6ns before max tcac of 29ns).

2. Operation within the trcp (max) limit ensures that trac (Max) can be met. trep (Max) is specified as a reference point only: if trep is
greater than the specified trcp (max) limit, then access time is controlled by tcac.

3. Operation within the tgap (max) limit ensures that tgac (max) can be met. trap (Max) is specified as a reference point only: If trap
is greater than the specified tgap (max) limit, then access time is controlled by taa.

4. This timing parameter is not applicable to this product, but may apply to a related product in this family.
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1BM11J8360DL 255?..-::
8M x 36 5.0V IC DRAM Card
Write Cycle
Symbol Parameter 0 Units Notes
Min Max
twes  |Write Command Set Up Time 2 — ns
‘ twen  |Write Command Hold Time 16 — ns
} twe Write Command Pulse Width 15 — ns
taw.  |Write Command to RAS Lead Time — — ns 1
few.  |Write Command to CAS Lead Time — — ns 1
twer |Write Command Hold Time Referenced to RAS — — ns 1
torr  |Data Hold Time Referenced to RAS — — ns 1
tos Dy Setup Time 0 — ns
ton Dy Hold Time 20 — ns
1. This timing parameter is not applicable to this product, but may be applicable to a related product in this family.
Read Cycle
Symbol Parameter 70 Units Notes
Min Max
trac  |Access Time from RAS — 70 ns 1,2
tcac  |Access Time from CAS — 25 ns 1,2
tha Access Time from Address — 42 ns 1,2
trecs  |Read Gommand Setup Time 2 — ns
tach  |Read Command Hold Time to CAS 0 — ns 3
tran  |Read Gommand Hold Time to RAS 5 — ns 3
taar  |Column Address to RAS Lead Time 42 — ns
tca.  |Column Address to CAS Lead Time — — ns 4
tc.z  |CASto Output in Low-Z 2 — ns
ton Qutput Data Hold Time 2 — ns
tcop  |CAS to Dy Delay Time 25 — ns
torr  |Output Buffer Turn-off Delay 2 29 ns 5
1. Access time is determined by the later of trac, tcac, taa Or topa.
2. Measured with two TTL loads and 100pF.
3. Either tgcy or tgry Must be satisfied for a read cycle.
4. This timing parameter is not applicable to this product, but may be applicable to a related product in this family.
5. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
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====%= IBM11J8360DL
8M x 36 5.0V IC DRAM Card
Fast Page Mode Cycle
-70
Symbol Parameter Units Notes
Min Max
trc Fast Page Mode Cycle Time 45 — ns
trasp | Fast Page Mode RAS Pulse Width 70 10K ns
tcery | RAS Hold Time from CAS Precharge 45 — ns
tcpa Access Time from CAS Precharge — 50 ns 1,2
1. Access time is determined by the latter of trac, tcac, tcra, 1aa-
2. Access time assumes a load of 100pf.
Refresh Cycle
-70
Symbol Parameter Units Notes
Min Max
1 CAS Hold Time 18 - ns
CHR | (CAS before RAS Refresh Cycle)
CAS Setup Time
lcsk | (GAS before RAS Refresh Cycle) 15 - ns
WE Setup Time
wrp | CAS before RAS Refresh Gycle) 18 - ns
' WE Hold Time 8 . ns
WRH  |(CAS before RAS Refresh Cycle)
trec  |RAS Precharge to CAS Hold Time 8 - ns
trer  |Refresh Period — 256 ns 1
1. 4096 refreshes are required every 256ms.
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1BM11J8360DL

8M x 36 5.0V IC DRAM Card
Read
tac
taas tre
Vin— A / \
RAS & Z
Vie — i |
tesn
treo tRsH le—terp |
Vin — 3 A
T teas
V||_ —
tasr —»]

Address
WE
DIN
Von— . - .
Dour Hi-Z Valid Data Out Ef Hi-Z
VOL _ -
trac ton
T
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=I5 IBM11J8360DL
8M x 36 5.0V IC DRAM Card
Write Cycle (Early Write)
tac
tras tre
Y | I 1L
RAS \ /
VL~ -
tCSH
treo trsH I.._ teap —
Vi — 3
CAS \ fons
VIL —_ r
le— traD —»]
tasn ] T tasc—] at
Address

toHr
« ton ]
R
Valid Data In :
1

Hi-Z

DOUT

o or "
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IBM11J8360DL

8M x 36 5.0V IC DRAM Card

Fast Page Mode Read Cycle

By
[7)

Address

q—-tﬂP —

trasp
ViH— \ tepRr
Vi - 1 4
tec
e tRoD___| o tep ] <ler e tRsn____
|

Vi i 3& < teas ] .&._._tcAs N
Vi - k 74 ! ;

Ltcnp N

< 4 or 9"
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IBM11J8360DL

8M x 36 5.0V IC DRAM Card
Fast Page Mode Write Cycle
trasp tre

Vin- 3
RAS

V"__ 1 o’

tec
ltreo tep.] tep, | |—tRsH——] tere
|

V|H_ -

CAS le—tcas le— tcas — o le—teas

Address

A op 9L
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IBM11J8360DL

8M x 36 5.0V IC DRAM Card

RAS Only Refresh Cycle
tre
taas tap

V|H — - - %.—
RAS

vIL —_ R -

VIH —
CAS

Vie _

tasn -
—|tRanl—

Address

Hi-Z

DOUT

“H" or L

Note: WE, D,y are “H" or “L"
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IBM11J8360DL

8M x 36 5.0V IC DRAM Card

CAS Before

RAS Refresh Cycle

RC
tras tap
Vi — \ —
RAS
Vie = t \ i
RPC (
-.‘ o trpc —|
—f t
CcP t
VIH — 4 CHR
CAS
Vi —
WE
teop
VIH —_
DIN H
Vi —
Von—
DOUT ~f§ i .
. Hi-Z
.
Note: Addresses are “H” or “L"
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1BM11J8360DL

8M x 36 5.0V IC DRAM Card

Layout Drawing

54.1 (MAX) ' 3.5 MAX
213 ‘ 138
s N 1T
4 N\
858
3.38
10.5 MIN
FRONT s
‘1) ( m
| |
. y, 1
95 ‘ I
— 3.4 MAX
.037 134
| 169 |
NOTE: All dimensions are typical unless otherwise stated. MIIMETERS
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Application Note
DRAM Module Product Overview

Introduction

DRAMs may be supplied on modules known as
SIMMs, DIMMs, SO DIMMs or IC DRAM cards.
These assemblies are designed in a well-defined
industry standard format. There are significant
advantages to the system designer of using these
modules rather than unique assemblies of DRAMs.

1. Most personal computers, workstations and
other computer-based systems require low-cost
customer upgradeable memory, ease of repair
and, or variable-base memory sizes (for differ-
ent models). Because DRAM modules are
designed to a JEDEC standard, they and their
associated connectors are widely available from
a variety of vendors. The end-user can easily
acquire memory upgrades from the original sys-
tem manufacturer or from a large number of
specialized suppliers. These “user friendly”
upgrades are easily installed, changed or
removed without extensive training.

2. The use of industry standard DRAM Modules
enables the system supplier to design systems
that will be compatible with higher density
DRAM technology as it becomes available.

3. No viable method of socketing the rapidly-
emerging TSOP DRAM packaging exists. An
external carrier such as a DRAM module is nec-
essary.

4. DRAM modules are configured to support multi-
ple memory subsystem architectures such as
Non-parity, Parity, and ECC.

5. DRAM module connectors can consume less
system board or adapter card real estate than
directly attaching individual chips, thus providing
potential density increases.

Module Descriptions

The IBM Microelectronics Division offers a broad
range of industry-standard DRAM modules:

72 pin Single-Inline-Memory Modules (SIMMs)

72-pin SIMMSs are popular 5V-only, industry stan-
dard assemblies with functionally equivalent con-
tacts on both sides of the card. Capacity ranges
from 1 to 32MB. They have 32, 36 or 40 data bits in
4-byte wide data busses and are constructed with 1
to 16Mb SOJ or TSOP-packaged DRAMs. They are
4.25 inches wide and vary in height (generally 1
inch). Presence Detect pins provide speed and den-
sity information.

168 pin Dual-Inline-Memory Modules (DIMMs)

168-pin DIMMSs are designed to a new industry stan-
dard using functionally unique contacts on both
sides of the card. Both 3.3 V and 5.0V versions are
currently available. Constructed with 4 to 64Mb
DRAMs, their capacity is 8 to 128MB with future
DIMMs planned to 512MB when assembled with
256Mb DRAM technology. They are 5.25 inches
wide and vary in height ranging from 1 to 1.5 inches.
Data busses have 64, 72 or 80 data bits. Eight buff-
ered Presence Detect pins provide speed and den-
sity information while two additional Identity pins
provide bus size and self-refresh information.

72 pin Small-Outline-Dual-Inline-Memory
Modules (SO DIMMs)

Useful in mobile or portable computer applications,
72 pin SO (small outline) DIMMs are 2.35 inches
wide with a variable height ranging from 1 to 1.5
inches. They are constructed with 4 to 16Mb
DRAMs (TSOP packages only) and are also extend-
able to 256Mb DRAMs. Data bus widths are 32 or
36 data bits with capacities of 2MB to 16MB cur-
rently available.

IC DRAM Cards

Also intended for portable applications, IC DRAM
cards are fully enclosed rugged assemblies having
dimensions equivalent to the popular PCMCIA
cards. Similar in architecture to 72 pin SIMMs, these
88 pin cards are 3.37 by 2.13 by 0.130 inches in size
and available in 5 or 3V configurations. Constructed
with 4 to 16Mb TSOP-packaged DRAMSs, 32 and 36
bit capacities of 2 to 32MB are offered. Future cards
can be based with up to 256Mb technology.Eight
Presence Detect pins provide speed/density infor-
mation.

Page 1355



Application Note
DRAM Module Product Overview

DRAM Module Pin Assignment
Impact

Within each DRAM module type, pinouts vary due to
different densities, memory architecture and DRAM
chip technology. The application note specific to the
module type provides the pin assignment detail
needed for the memory system designer to maxi-
mize the benefits of using the module. Also included
are recommendations on how to use the Presence
Detect pins in system design to enable the system to
sense the installed DRAM module type (additional
details are found in the individual data sheets).

Prior to designing or specifying any memory sub-
system, the designer should become familiar with
the timing characteristics of the DRAM modules to
be used. Although some DRAM modules appear to
be compatible from an architectural and pinout per-
spective, they may not have identical timing charac-
teristics. Often differences in DRAM modules can be
accommodated by careful design of memory con-
troller but a thorough timing analysis involving all of
the anticipated DRAM modules is essential to
ensure a robust, reliable, trouble-free system.

Glossary

The following is a mini-glossary of computer mem-
ory terms that have a particular significance when
used in connection with DRAM modules:

Parity

Parity is generally applied on a byte-wide basis, e.g.,
a 4-byte SIMM will have four, 8-bit bytes plus one
parity bit per each byte. (Refer to Byte-write) By
necessity, parity, as opposed to a non-parity DRAM
modules, have additional DRAM chips and addi-
tional cost. Parity is useful to assist in diagnosis of
the sources of system problems. This guards
against inaccurate data processing and unexplained
system hangs.

Byte-write

CPUs can perform memory operations involving
less than the full data bus width. For example, a so-
called 4-byte processor will fetch or store, one, two,
three or all four bytes. This requires the DRAM mod-
ule architecture to support operations such that
some bytes may be masked during store operations
so that only particular bytes will be accessed, hence
the term “Byte-write”. Industry Standard DRAM
modules designed for Byte-write applications, have
individual CAS- addressable data bytes.

Presence Detect and ID Pins

Pins defined to permit the interfacing system to
derive information such as speed, density, ECC,
parity or functional information about each DRAM
module plugged into a socket. The information pro-
vided by these pins is in accordance with estab-
lished, JEDEC standards and can be exploited to
allow the system to automatically configure the
memory system.

ECC-Optimized

Some systems employed in particular mission-criti-
cal applications require memory fault tolerance via
ECC (error correction code) techniques. ECC
results in memory operations being carried out
across all data bits and check bits simultaneously.
Since there is no need for byte-write capability, the
module’s addressing architecture is unique to ECC
operations, hence the term, ECC-optimized.

Check Bits

Extra data bits provided by a DRAM Module to sup-
port ECC function. In the case of 4 data bytes, this
can be 7 or 8 bits producing 39 or 40 data bits. For 8
data bytes, 8 additional bits results in a total of 72
bits. (Refer to ECC-optimized)

ECC-on-Simm (EOS)

These SIMMs are designed to be plug compatible
with parity based SIMMSs but include on-board ECC
logic that corrects single-DRAM errors in each byte
of SIMM data. System memaory data I/O operations
via the SIMM are performed on a parity basis, with
the on-board ECC features being transparent.
These SIMMs provide a convenient way of upgrad-
ing a system to fault-tolerant capability without sys-
tem alterations.

Low Power

A growing percentage of systems require low-power
memory for portable and “green” or environmentally
conscious computers. Low Power implies that
DRAM chips with extended memory retention, or
self-refresh capability that result in very low power
supply currents, are used on the module.

Voltage Keying

Some DRAM modules are equipped with special
notches, or keys, to ensure that they can only be
plugged into systems with the appropriate power
supply. 3.3V DRAMs will not work and are subject to
damage if plugged into 5V systems.
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72 Pin SIMM Design
Considerations

The table on page 1358 is a listing of the pinout of all
4 types of 72 pin SIMMs with those pins that have
different usage identified. The following explains the
differences in more detail:

Data (DQ) Pins.

Most pinout differences occur in the DQ assign-
ments, although the impact of these differences is
not as large as might appear at first glance. Parity
and non-parity SIMMs differ only in that the non-par-
ity modules lack the parity bits, that are assigned as
follows:

CAS DQBITS PARITY BIT
(x32, x36) (x36 ONLY)
0 0-7 8
1 9-16 17
2 18 -25 26
3 27 -34 35

This implies that a system can easily be designed to
accommodate either parity or non-parity SIMMs.

Eight-byte ECC systems are implemented with a
total of 64 data bits and 8 check bits, or a total of 72
data bits. Two 36-bit ECC-optimized SIMMs are
used in parallel in these applications. Four-byte ECC
systems involve 32 data bits and 7, or 8 check bits,
which is supported by x40 ECC-optimized SIMMs.

The DQ pins on ECC SIMMs are assigned differ-
ently since these SIMM’s do not have CAS- control-
lable individual bytes. (Note that a x40 ECC SIMM
has an additional 4 DQ pins more than a x36 parity
or ECC SIMM.) A specific memory subsystem can
be designed to support either parity or ECC. This
enables a single system to be utilized in multiple
ways. Although there appears to be a significant dif-
ference in the ECC and parity data pins, this is due
to identification numbering schemes. This is easily
accommodated by making the proper design provi-
sions in the interfacing memory controller.

Control Architecture

The following lists the key differences in basic
addressing data word and byte selection organiza-
tion:

+ ECC-optimized SIMMs do not have addres-
sable words and use RASO for the first bank
and RASH1 for the second bank. These
SIMMs also do not have addressable bytes
and use CASQO for the first bank and CAS1
for the second bank.

« Parity and non-parity organized SIMMs
have individual addressable bytes via the 4
CAS signals. They also have 2-byte addres-
sable words via RAS signals. This permits
the use of these SIMMs in 2-byte processor
based systems. RASO and RAS2 select the
words in the first bank while RAS1 and
RASS select the second-bank words, if the
SIMM is so equipped.

» Note that the ECC SIMMs do not need
RAS2, RAS3, CAS2 or CAS3.

DRAM Addressing Effects

Modules based on DRAM chips organized 1 Mb
deep (e.g., a 4 Mb chip organized 1 Mbx4) utilize 10
row and 10 column address bits, identified as A0
through A9. Modules using DRAM chips organized
4Mb deep need 22 address bits. Some of these
chips are organized as 12 row and 10 column bits,
labeled AO through A11 and some are organized as
11 row and 11 column bits, A0 through A10". Note
that A10 and A11 occur at different pins on ECC and
parity and non-parity based SIMMs.

Memory refresh problems will occur if all of the
required row columns are not refreshed. The mem-
ory system designer is advised to ensure the mem-
ory refresh generation portion of the memory
controller logic correctly accommodates the require-
ments of all of the SIMMs to be supported. Refresh
period and row address requirements are not the
same for all 72 pin SIMMs. DRAM chip cell retention
has been designed so that modules based on 1Mb

1. Sometimes referred to as symmetrical, or
square addressing.
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72 Pin SIMM Pin Assignments

Pin #. Non-Parity Parity ECC Optimized Pin # Non-Parity Parity ECC Optimized
X 32 X 36 X 36 X 40 X 32 X 36 X 36 X40 |
1 Ve Ves Vs Ves 37 |- PQi7 Dais  [paig |
2 DQ0 DQO DQ0 DQ0 *38 |- PQ35 DQ20 DQ20
3 DQ18 DQ18 DQ1 DQ1 39 Ves Vss Vs Vs
4 DQ1 DQ1 DQ2 DQ2 40 CASO CASO CASO CASO
5 DQ19 DQ19 DQ3 DQ3 *41 CAS2 CAS2 A10 A10
6 DQ2 DQ2 DQ4 DQ4 *42  |CAS3 [CAS3 Al ATl
7 DQ20 DQ20 DQ5 DQ5 43 CAS1 CASH CASH CAS1
8 DQ3 DQ3 DQ6 DQ6 44 |RASO RASO RASO RASO
9 DQ21 DQ21 DQ7 DQ7 45 RAS1 RAST RAST RAS1
10 Vee Vee Vee Vee *46 - - DQ21 DQ21
L B B PD5 PD5 a7 WE WE WE WE
12 A0 A0 A0 AO a8 |- s ECC ECC
13 Al Al Al Al 49 DQ9 DQ9 DQ22 DQ22
14 A2 A2 AD A2 50 DQ27 DQ27 DQ23 DQ23
15 A3 A3 A3 A3 51 DQ10 DQ10 DQ24 DQ24
16 A4 A4 Ad Ad 52 DQ28 DQ28 DQ25 DQ25
17 A5 A5 A5 A5 53 DQ11 DQ11 DQ26 DQ26
18 A6 A6 A6 A6 54 DQ29 DQ29 DQ27 DQ27
*19 - A10 OE OE 55 DQ12 pQ12 DQ28 DQ28
20 DQ4 DQ4 DQ8 DQ8 56 DQ30 DQ30 DQ29 DQ29
21 DQ22 DQ22 DQ9 DQ9 57 DQ13 DQ13 DQ30 DQ30
22 DQ5 DQ5 DQ10 DQ10 58 DQ31 DQ31 DQ31 DQ31
23 DQ23 DQ23 DQ11 DQ11 59 Vee Vee Vee Vee
24 DQ6 DQ6 DQi2 DQ12 60 DQ32 DQ32 DQ32 DQ32
25 DQ24 DQ24 DQ13 DQ13 61 DQi4 DQ14 DQ33 DQ33
26 DQ7 DQ7 DQ14 DQ14 62 DQ33 DQ33 DQ34 DQ34
27 DQ25 DQ25 DQ15 DQ15 63 DQ15 DQ15 DQ35 DQ35
28 A7 A7 A7 A7 *64 DQ34 DQ34 B DQ36
*29 - Al DQ16 DQ16 65 DQ16 DQ16 B DQ37
30 Veo Veo Veo Veo *66 |- - - DQ38
31 A8 A8 A8 A8 67 PD1 PD1 PD1 PD1
32 A9 A9 A9 A9 68 PD2 PD2 PD2 PD2
*33  |RAS3 'RAS3 - B 69 |PD3 PD3 PD3 PD3
34 RAS2 'RAS2 B - 70 PD4 PD4 PD4 PD4
*35 - PQ26 DQ17 DQ17 Bzl - - - DQ39
*36 - PQ8 DQ18 DQ18 72 Vs Vs Vs Ves
*Indicates differences (DQs are scrambled)
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and 4Mb-deep DRAMS are compatible in the same
system. This is possible because the longer cell
retention in 4Mb chips compensates for the addi-
tional number of row cycles.

Presence Detect Considerations

Presence Detects can provide the following benefits:

 Determine if any SIMM is present.

« Determine module density and generate
proper addressing and refresh requirements
as appropriate.

» Determine DRAM module speed

+ Determine if non-ECC or ECC to provide
proper addressing and DQ interpretation.

« Protect against incorrect speed SIMM
plugged in.

« Ensure all installed SIMMs are the same
type.

The table on page 1360 shows the listing for the 72
pin SIMM family. Presence detect ouputs must be
tied to V¢ through a pullup resistor to generate a
high-logic level when the SIMM PD pin is open or
low-voltage when the PD pin is grounded. This pro-
duces the required logical signals decodable by the
interfacing logic. The Presence Detect circuitry does
not permit “dotting” of signals. If a particular system
supports multiple SIMM sockets, then MUX methods
can be employed to minimize the memory support
chip pins used for Presence Detect inputs from mul-
tiple SIMM sockets.

If Presence Detect signals are employed, then the
system user is freed, to some extent, of having to
follow complex SIMM installation instructions and
limitations spelled out in the operations manual. In
addition, a systems power-up test procedure can be
employed to perform memory tests to determine the
memory present and/or the number of memory
banks on an installed SIMM and adjust control and
addressing signals as necessary.

Page 1359



Application Note
72 Pin SIMM Characteristics

72 Pin SIMM Presence Detect Truth

Table
Pin # 48 67 68 69 70 11
Organization taac ECC PD1 PD2 PD3 PD4 #PD5
100 ns Ves Ves NG Ves Ves NC
80 ns Y v NC NG V. NG
256K x32, x 36, x40 = = =
70 ns Vss Ves NC Ves NG NC
60 ns Ves Ves NC NG NG NG
100 ns Ves NC Ves Ve Ves NC
80 ns V. NC v NG v NC
512K x32, x 36, x40 = = =
70 ns Ves NC Ves Ves NG NG
60 ns Ves NC Ves NG NC NC
100 ns Vss Vss Vss Ves Vss NC
80 ns v v, v NC v NC
1M x32, x 36, x40 = = = =
70 ns Vss Vss Vss Vss NC NC
60 ns Vss Vss Vss NC NC NC
100 ns Ves NC NC Ves Ves NG
80 ns Ves NC NC NC Ves NC
2M x32, x 36, x40
70ns Ves NC NG Ves NG NC
60 ns Ves NC NG NC NG NG
80 ns Ves Ves NC NC Ves Ves
70 ns V. V, NC V. NC V,
4M x32, x 36, x40 = = - =
60 ns Ves Ve NG NC NC Ves
50 ns Vss Vss NC Vss Vss Vss
80 ns Ves NC Ves NG Ves Ves
70 ns Y NC Y Y NG V.
8M x32, x 36, x40 = = = =
60 ns Ves NG Ves NG NG Ves
50 ns Ves NC Ves Vee Ves Ves

NC=0Open circuit (No connections)

ECC Pin: Vss for ECC Module, NG for NON ECC Module

# PD5 applies only to ECC-Optimized SIMMs. For this PD only, the SIMM PD will be grounded through a 2.6K Q resistor.
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Basic Architecture

A listing of the 168 Pin DIMM Pin Assignments
begins on page 1362.

Intended primarily for use in 8-byte systems,
although use in 4-byte systems is supported via on-
board interleave, the basic structure of 168 pin
DIMMs is organized by assignment of the data,
RAS, CAS, and to a lesser degree, WE and OE
pins. Bank width is defined as being one DRAM chip
deep by the following data bus width:

Data Bit Assignments (DRAM CHIPS)
Bank|CAS[ gpye 8-Byte 4-Byte
(x4, x9, x18) (x8) (x4, x8)
1 0 DQO0-35 DQ0-39 DQ0-39
1 4 DQ36-71 DQ40-71 DQ40-79
2 1 DQ0-35 DQ0-39 DQ0-39
2 5 DQ36-71 DQ40-71 DQ40-79

DIMM type Data bus width
Non-Parity 64
Parity 72
ECC-Optimized (8 byte) 72
ECC-Optimized (4 byte) 80

If a DIMM has two banks, the corresponding data
I/Os from each bank are dotted. Banks are divided
into words, 0 and 2, selectable by RAS0 and RAS2
on the first bank, and if so equipped, RAS1 and
RASS3 on the second bank. Data pins are assigned
to words as in the following table (note the DRAM
chip organization affects DQ assignments on 8-byte
ECC modules):

DIMM TYPE Word0 Data Word2 Data
. DQO0-7,9-16, 18-25, | DQ36-43, 45-52,
Non-Parity 27-34 54-61, 63-70
Parit Above DQs plus Above DQs plus
y PQ8, 17,26,35 | PQ44,53, 62, 71
ECC,8-byte
" . DQO0-35 DQ36-71
(x4, x9, x18 chips) ~ R
(x8 chips) DQ0-39 DQ40-71
ECC, 4-byte DQO0-39 DQ40-79

On parity and non-parity DIMMs, the words are

divided into bytes, selectable by CAS0-3 in Word0
and CAS4-7 on Word2. The same CAS signals are
assigned to the second bank's bytes if present on
the DIMM. ECC DIMMs do not have addressable
bytes and utilize CAS as follows (note the difference
depending on DRAM chip type on 8-byte modules).

Memory systems can be configured to support any

and all types of 168 pin DIMM types. There is more
consistency between 168 pin DIMM pinouts than on
72 pin SIMMs, greatly facilitating design of a flexible
memory subsystem.

Buffered Inputs

All 168 pin DIMM signals except RAS and data sig-
nals are buffered via on-board, high performance
logic modules. RAS and data signals are not buff-
ered which preserves the basic tpac access specifi-
cation of the DRAM chips. Capacitive loading of the
other signals is reduced which reduces the need for
“glue” logic in the memory sub-system. The DIMMs
specified timings include all buffer, net and skew
delays. Buffer propagation delay is a maximum of 5
ns.

DRAM Addressing Effects

The 168 pin DIMM has been architected to provide
for a multitude of potential DRAM chip depth granu-
larities as follows

DRAM Chip Row Column | g ook
Depth (Mb) Addresses Addresses (ms)
AO-A9 AO-A9 16
2 AO-A10 AO-A10 32
AO-A10 AO-A10
4 or AO-A11 orAO-A9 | 320r64
8 AO-A11 AO-A10 64
16 AO-A12 AO-A10 128

Memory refresh problems will occur if all of the
required rows columns are not refreshed. The mem-
ory system designer is advised to ensure the mem-
ory refresh generation portion of the memory
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168 Pin DIMM Characteristics

168 PIN DIMM PIN ASSIGNMENTS (Part 1 of 3)

Front Side (left side 1-42, right side 43-84)

Back Side (left side 85-126, right side 127-168)

Pin # x64 x7? X72 x80 Pin # x64 . x7? x72 x80
Non-Parity Parity ECC ECC Non-Parity Parity ECC ECC
1 Vs Vss Ves Vss 85 Vs Vss Ves Ves
2 |pao DQO DQO DQO 8 [DQ36 DQ36 DQ36 DQ40
3 |pai DQ1 DQ1 DQ1 87 |DQ37 DQ37 DQ37 DQ41
4 |pa2 DQ2 DQ2 DQ2 88 |DQ38 DQ38 DQ38 DQ42
5 |pa3 DQ3 DQ3 pQ3 89 |pQ39 DQ39 DQ39 DQ43
6 Vee Vee Vee Vee 90 Vee Vee Vee Vee
7 |pa4 DQ4 DQ4 DQ4 91 |DQ4o DQ40 DQ40 DQ44
8 |pas DQ5 DQ5 DQ5 92  |DQ4t DQ41 DQ41 DQ45
9 |pas DQ6 DQ6 DQ6 93 |DQ42 DQ42 DQ42 DQ46
10  |pQ7 DQ7 pQ7 DQ7 94  [DQ43 DQ43 DQ43 DQ47
*11  |NC PQ8 DQ8 DQ8 *95 |NC PQ44 DQ44 DQ48
12 |Vss Vss Vss Vss 96 Vs Vss Vss Vss
13 |pQ9 DQ9 DQ9 DQ9 97 |DQ4s DQ45 DQ45 DQ49
14 |DQ10 DQ10 DQ10 DQ10 98 |DQ46 DQ46 DQ46 DQS50
15 DQ11 DQ11 DQ11 DQ11 99 DQ47 DQ47 DQ47 DQ51
16 [DQ12 DQi12 DQi2 DQ12 100 |DQ48 DQ48 DQ48 DQs2
17 |pQi3 DQ13 DQ13 DQ13 101 |DQ49 DQ49 DQ49 DQS53
18 Vee Vee Vee Vee 102 Vee Vee Vee Vee
19 |DQ14 DQ14 DQ14 DQ14 103 |DQ50 DQS0 DQs0 DQ54
20 |DQis DQ15 DQ15 DQ15 104 |DQ51 DQ51 DQ51 DQs55
21 DQi6 DQ16 DQ16 DQie 105 DQ52 DQ52 DQ52 DQ56
*22  INC PQ17 DQ17 pDQt7 “106 [NC PQ53 DQS3 DQ57
23 |Vss Vss Ves Vss 107 |Vss Vss Ves Vss
*24 |NC NC NC DQ18 *108 |NC NC NC DQs58
*25 INC NC NG DQ19 *109 |NC NC NC DQ59
26 Voo Vee Vee Vee 110 Vee Vee Vee Vee
27 |WEO WEO WEO WEO 111 [NC NC NC NC
28 |CASO CAS0 CAS0 CAS0 112 |CAS1 CASH CASH CASH
*29 |CAS2 CAS2 NC NC *113 |CAS3 CAS3 NC NC
30 |RASO RASO RASO RAS0 114 |RASH RASH RAS1 RASH
31 |OE0 OE0 OE0 OE0 115 |NC NC NC NC
32 [V Vss Ves Vss 116 Vs Vss Ves Ves
33 |A0 A0 A0 A0 17 |A1 Al Al Al
34 |A2 A2 A2 A2 118 |A3 A3 A3 A3
35 A4 A4 A4 Ad 119 A5 A5 A5 A5
36 |Ae A6 A6 A6 120 |A7 A7 A7 A7

* Indicates Differences (DQ's are scrambled)
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168 PIN DIMM PIN ASSIGNMENTS (Part 2 of 3)

Front Side (left side 1-42, right side 43-84) Back Side (left side 85-126, right side 127-168)
Pin # x64 X72 X72 x80 Pin # x64 X72 X72 x80

Non-Parity Parity ECC ECC Non-Parity Parity ECC ECC
37 |A8 A8 A8 A8 121 |A9 A9 A9 A9
38 |A10 A10 A10 A10 122 |A11 A1 A1 A1
39 A12 Al12 A12 A12 123 A13 A13 A13 A13
40 VCC VCC VCC VCC 124 VCC VCC VCC VCC
41 NC NC NC NC 125 [NC NC NC NC
42 [NC NC NC NC 126 |BO BO BO BO
43 |Vss Vss Vss Ves 127 |Vss Vss Vss Vss
44 |OE2 OE2 OE2 OE2 128 |NC NC NG NC
45 |RAS2 RAS2 RAS2 RAS2 129 |RAS3 RAS3 RAS3 RAS3
46 |CAS4 CAS4 CAS4 CAS4 130 |CAS5 CAS5 CAS5 CAS5
*47 |CAS6 CAS6 NG NC *131 |CAS7 CAS7 NC NC
48  |WE2 WE2 WE2 WE2 132 |PDE PDE PDE PDE
49 VCC VCC VCC VCC 1 33 VCC VCC VCC VCC
*50 |NC NC NC DQ20 *134 |NC NC NG DQ60
*51 |NC NC NC DQ21 *135 |NC NC NC DQsé1
52 |DQ18 DQ18 DQ18 DQ22 136 |DQ54 DQs54 DQ54 DQ62
53 |DQi19 DQ19 DQ19 DQ23 137  |DQ55 DQ55 DQ55 DQ63
54 Vs Vss Vss Vss 138 |Vss Vss Vss Vss
55 |DQ20 DQ20 DQ20 DQ24 139 |DQ56 DQ56 DQ56 DQ64
56 |DQ21 DQ21 DQ21 DQ25 140 |DQ57 DQ57 DQ57 DQ65
57 |DQ22 DQ22 DQ22 DQ26 141 |DQ58 DQ58 DQ58 DQé6
58 |DQ23 DQ23 DQ23 DQ27 142 |DQ59 DQ59 DQ59 DQ67
59 Ve Vee Vee Vee 143 [Vee Vee Vee Vee
60 |DQ24 DQ24 DQ24 DQ28 144  |DQ6O DQ60 DQ60 DQ68
61 NC NC NC NC 145 |NC NC NC NC
62 |NC NC NC NC 146 |NC NC NC NC
63 [NC NC NC NC 147  INC NC NC NC
64 NC NC NC NC 148 NC NC NC NC
65 |DQ25 DQ25 DQ25 DQ29 149 |DQ61 DQ61 DQs61 DQ69
66 |NC PQ26 DQ26 DQ30 150 |NC PQ62 DQ62 DQ70
67 |DQ27 DQ27 DQ27 DQ31 151 |DQ63 DQ863 DQ63 DQ71
68 |Vss Vss Vss Vss 152 |Vss Vss Vss Vss
69 |DQ28 DQ28 DQ28 DQ32 153  |DQ64 DQs64 DQ64 DQ72
70 |DQ29 DQ29 DQ29 DQ33 154 |DQ65 DQ65 DQ65 DQ73
71 DQ30 DQ30 DQ30 DQ34 155 |DQ66 DQ66 DQ66 DQ74
72  |DQ31 DQ31 DQ31 DQ35 156 |DQ67 DQ67 DQ67 DQ75
73 Vee Vee Vee Vee 157 Ve Vee Vee Vee

* Indicates Differences (DQ's are scrambled)
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168 PIN DIMM PIN ASSIGNMENTS (Part 3 of 3)

Front Side (left side 1-42, right side 43-84) Back Side (left side 85-128, right side 127-168)
Pin # x84 X72 X72 x80 Pin # x64 X72 X72 x80
Non-Parity Parity ECC ECC Non-Parity Parity ECC ECC
74 DQ32 DQ32 DQ32 DQ36 158  |DQ68 DQ68 DQ68 DQ76
75 DQ33 DQ33 DQ33 DQ37 159  |DQ69 DQ69 DQ69 DQ77
76 DQ34 DQ34 DQ34 DQ38 160 DQ70 DQ70 DQ70 DQ78
77 NC PQ35 DQ35 DQ39 *161  |NC PQ71 DQ71 DQ79
78 Vs Vss Vss Vss 162  |Vss Vss Vss Vss
79 PD1 PD1 PD1 PD1 163  |PD2 PD2 PD2 PD2
80 PD3 PD3 PD3 PD3 164 |PD4 PD4 PD4 PD4
81 PDS PD5 PD5 PD5 165 PD6 PD6 PD6 PD6
82 PD7 PD7 PD7 PD7 166  |PD8 PD8 PD8 PD8
83 DO DO DO DO 167 |ID1 ID1 ID1 ID1
84 |V Vee Vee Vee 168  [Vec Vee Vee Vee
* Indicates Differences (DQ's are scrambled)
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controller logic correctly accommodates the require-
ments of all the DIMMs to be supported. Also, differ-
ent page depths due to different column address
requirements must be accounted for.

Voltage Keying

The diagram below shows the keying methodology
employed on 8-byte DIMMs.

One key defines DRAM type and one key defines
voltage. This key provides a positive interlock so
that DIMMs can only be plugged into a system with
the proper supply voltage, reducing potential dam-
age to the module DRAM chips. Unless the designer
chooses the appropriate connector the system will
not work.

168 Pin DIMM Keying Methodology

Presence Detect Considerations

Presence Detects can provide the following benefits:
» Determine if any DIMM is present.

- Determine module density and generate
proper addressing and refresh requirements
as appropriate.

« Determine DRAM module speed

+ Determine if non-ECC or ECC to provide
proper addressing and DQ interpretation.

» Protect against incorrect speed DIMM
plugged in.

« Ensure all installed DIMMs are the same
type.

8 Byte DIMM
DRAM Voltage Non-DRAM
Key ey ey
Position Position Position
° - -
10 30 20 20

Left Center | * Right
Key Key Key
g SDRAM| 5V No Key
Key | — |StdDRAM| 33V | NoKey
Shapes !
n —> RFU xxV No Key

Centerfine

* For DRAM/SDRAM assemblies, this area is populated with pads.
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The table on page 1367 presents the complete list-
ing of 168 pin DIMM presence detects and configu-
rations. PD values are optimized for use in systems
which allow “bussed” PDs to reduce system board
wiring. On-board buffers can gate the PD data onto
a common “PD Bus” in the system if desired. The
PD bits can be gated onto the PD bus via use of the
PDE, or PD enable, signal when at low-level. The
system can read one DIMM socket data at a time via
enabling the appropriate PDE bit or, if all PDE bits
are tied to ground, then it may read separate PD
lines from each DIMM.

ID bits are designed such that they may also be
bussed, although they are not buffered on-board the
DIMM. The modes are defined so these pins may be
“dotted”, if desired, to provide information on the
entire DIMM bank. This is very useful, for example,
to test if all installed DIMMs are ECC or not. Note
also that if a system wants to run in Self- refresh
mode, all installed DIMMs must support this feature,
if not, ID1 will be grounded.

If Presence Detect signals are employed, then the
system user is freed, to some extent, of having to
follow complex DIMM installation instructions and
limitations spelied out in the operations manual. In
addition, a systems power-up test procedure can be
employed to perform memory tests to determine the
memory present and/or the number of memory
banks on an installed DIMM and adjust control and
addressing signals as necessary.
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168 Pin DIMM Presence Detect

PD Bits
DIMM
a4 3 2 1 Density | # Banks DIMM DRAM DRAM Address
163 a0 163 70 MB Configuration Configuration Row Column
NC NC NC NC No Module Inserted
256K x64/72
v, v, v V. g
ss ss ss ss 2 1 256K x72 256K x 16/18 9 9
512K x64/72, 256K x 16/18
Ve [Ves [Ves  INC 4 I 9 9
512K x 64/72,
Ve Ve [N Ve 4 L Pvsploindby 512K x 8/9 10 9
Vo |V [NG [NC 8 2 |1Mx64/72, 1Mx72/80 |512K x 8/9 10 9
Ves  INC  [Ves  |Ves 8 1 |1Mx64/72, 1Mx72/80 |1M x 4/16/18 10 10*
Ve INC [Ves  [NC 16 2 |2Mx64/72, 2Mx72/80 [ 1M x 4/16/18 10 10
Vs NG [N [ve 8 1 |iMx6472, IMx72  [1Mx 16/18 12 8
NG Ve  [Ves Ve 16 2 |omxea2, oMx72  |1Mx 16718 12 8
NG Ve Ve  [NC 16 1 |omxe4/72, 2mx72/80 |2M x 879 1 10
NC Vs INC  |Vs 32 2 |aMx64/72, 4Mx72/80 [2M x 8/9 11 10
N Ve  INc [ne 32 1 |amx72, NA M x4/1/18 12 11
NG Ve NG [NC 32 1 |4Mx64, 4Mx72/80  |4M x 4/16 12 10
NG NG Ve [V 64 2 |8Mx64/72, 8Mx72  |4Mx 16/18 12 10
NG N6 Ve NG 64 1 |8Mx64/72, 8Mx72/80 [8M x 8/9 12 11
16Mx64/72,
Ne [N INe fve 128 2 |1oMxeara 8M x 8/9 12 11
16Mx64/72,
NG NG NG |NC 128 I sviecadts 16M x 4 13 11
Ve |Ves  [Ves  [Ves 128 1 [16Mx64/72, 16Mx72 |16M x 16/18 TBD TBD
Ves  |Vss |Vss |NC 256 2 |32Mx64/72, 32Mx72 |16M x 16/18 TBD TBD
Vs [Ves NG Vs 256 1 |Saeare. 39M x 8/9 TBD TBD
Ve Ve INC INC 512 2 [SaMxeara, 32M x 8/9 TBD TBD
Ve [N [Vee Ve 512 1 |oaeare. 64M x 4 TBD TBD
Ve INC  [Nc [Nc EXPANSION CODE

* 1M x 16/18 DRAMS with 10/10 Addressing may dissipate excessive power in some applications. Care must be taken to ensure device
thermal limits are not exceeded. The 12/8 decode is provided as a low power option.
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EDO Detection
PD Bit Fast Page Fast Page with EDO
PD5 | 81 Ves NG
DIMM Speed (Tgrac)
PD Bit 40 ns 50 ns 60 ns 70 ns 80 ns
PD 6 165 NC Ves NC Ves NC
PD7 82 Ves Vss NC NC Vs
ECC/Parity Detection
PD Bit ECC Parity
PD 8 | 166 Ves NG
ID BITS (May be “Dot-ORed” at system
level)
X 64 Parity/x72 ECC X 72 Parity/x 80 ECC
1DO (DIMM Type) 83 Vss NG
Normal Refresh Self Refresh
ID1 (Refresh Mode) 167 Vss NC
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Basic Architecture

A listing of the 88 Pin IC DRAM Card Pin Assign-
ments is on page 1370 .

The small size of these cards, which conforms to the
JEDEC/PCMCIA/JEIDA 88-pin standard, together
with low-power features makes them useful in porta-
ble, add-on memory applications. They can be used
in 4-byte systems with support for 2-byte systems
provided via 2-byte interleave. As in other DRAM
modules, banks are defined as being one DRAM
chip deep. Two types of banks are currently avail-
able (potential for ECC exists):

IC DRAM Type Data Bus Width
Non-parity 32
Parity 36

In 2-banked IC DRAMSs, the data 1/O for each bank
are dotted. Banks are divided into words, 0 and 2,
selectable by RAS0 and RAS2 on the first bank, and
if so equipped, RAS1 and RAS3 on the second
bank. Data pins are assigned to words as:

IC DRAM Type Word0 Data Word2 Data
Non-parity DQO - 16 DQ18 - 34
Parit DQO - 8 plus PQ8 DQ18 - 25 plus PQ26
Y DQ9 - 16 plus PQ17 | DQ27 - 43 plus PQ35

On parity and non-parity cards, words are divided
into two bytes, selectable by CAS0O and CAS1 in
Word0 and CAS2 and CAS3 in Word2. The same
CAS signals are assigned to the second bank's
bytes if present on the card.

Memory systems can be configured to support both
types of cards. Note: the only pin difference in the
two card types, is on the parity IC DRAM’s where
extra data pins are used for parity purposes.

DRAM Addressing Effects

IC DRAM cards are designed to provide for a multi-
tude of potential DRAM chip depth granularities as
shown in the following table:

DRSQA '(E]hip Row Column Cell Retention
P Addresses Addresses (ms)
(Mb)

0.25 (256K) AO - A8 AO - A8 64
.5 (512K) A0 - A9 AO - A8 128

AO - A9 A0 - A9
1 or AD-Al1 | orA0-A7 128
2 A0 - A10 A0 - A9 128

A0 - A1 A0 - A9
4 or AO-Al1 | orAO-A10 256

Memory refresh is of particular importance on IC
DRAM cards due to their use in portable applica-
tions. The memory system designer is advised to
ensure the memaory refresh generation portion of the
memory controller logic correctly accommodates the
requirements of all the cards desired to be sup-
ported. Also, different page depths due to different
column address requirements must be accounted
for.
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88 Pin IC DRAM Card Pin Assignments

Pin # Top Side x 32 Top Side  x 36 Pin # Bottom Side x 32 Bottom Side x 36
1 Vss Vss 45 Vss Vss
2 DQO DQO 46 DQi8 DQ18
3 DQ1 DQ1 47 DQ19 DQ19
4 DQ2 DQ2 48 DQ20 DQ20
5 DQ3 DQ3 49 DQ21 DQ21
6 DQ4 DQ4 50 DQ22 DQ22
7 DQ5 DQ5 51 DQ23 DQ23
8 DQ6 DQ6 52 DQ24 DQ24
9 Voo (5.0V) Voo 5.0V) 53 DQ25 DQ25

10 DQ7 DQ7 *54 - PQ26
11 Vee (3.3V) Ve (3.3V) 55 **NC **NC
*12 - PQs8 56 Vss Vss
13 A0 A0 57 A1 A1
14 A2 A2 58 A3 A3
15 Vo (5.0V) Voo (65.0V) 59 A5 A5
16 Ad A4 60 A7 A7
17 Vee (3.3V) Ve (3.3V) 61 A9 A9
18 A6 A6 62 Al Al
19 A8 A8 63 Vss Vss
20 A10 A10 64 A13 A13
21 A12 A12 65 RAS1 RAS1
22 RASO RASO 66 CAS2 CAS2
23 CASD CTASO 67 Vss Vss
24 CAS1 CAS1 68 CAS3 CAS3
25 Vee (3.3V) Voo (3.3V) 69 RAS3 RAS3
26 RAS2 RAS2 70 WE WE
27 Voo (6.0V) Voo (5.0V) 71 PD1 PD1
28 PD2 PD2 72 PD3 PD3
29 PD4 PD4 73 Vss Vss
30 PD6 PD6 74 PD5 PD5
31 **RFE **RFE 75 PD7 PD7
32 RFE **RFE 76 PD8 PD8
*33 - PQ17 77 "*RFE **RFE
34 DQ9 DQ9 78 PD9 PD9
35 Voo (3.3V) Voo 3.3V) 79 B PQ35
36 DQ10 DQ10 80 DQ27 DQ27
37 Ve (5.0V) Ve (5.0V) 81 DQ28 DQ28
38 DQ11 DQ11 82 DQ29 DQ29
39 DQ12 DQ12 83 DQ30 DQ30
40 DQ13 DQ13 84 DQ31 DQ31
41 DQ14 DQ14 85 DQ32 DQ32
42 DQ15 DQ15 86 DQ33 DQ33
43 DQ16 DQ16 87 DQ34 DQ34
44 Vss Vss 88 Vss Vss
*Indicates Differences
**Reserved For Potential EGC Use
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Buffered Inputs

All 88 pin IC DRAM signals except RAS and data
signals are buffered via on-board, high performance
logic modules. RAS and data signals are not buff-
ered which preserves the basic trac access specifi-
cation of the DRAM chips. Capacitive loading of the
other signals is reduced which reduces the need for
“glue” logic in the memaory sub-system. The IC
DRAM's specified timings include all buffer, net and
skew delays. Buffer propagation delay is a maxi-
mum of 5 ns.

Voltage Keying

IC DRAM cards do not have voltage keying but the
connector is designed to guard against incorrect
insertion. Because power supply voltage is assigned
different pins for 5V and 3V cards, protection against
incorrect voltages is provided. See diagram.

Presence Detect Considerations

The table on page 1372 presents the complete list-
ing of IC DRAM card presence detects and configu-
rations. Note: that due to different DRAM chip
technology being used on otherwise similar cards,
refresh characteristics can vary. However, decoding
of the PDs can be used to indicate the differences.

Voltage Keying

Front

Front !

45
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88 Pin IC DRAM Card Presence Detect

PD Bits
Card
5 4 3 2 1 Density Dram Organization
74 29 72 28 71 MB
NC NC NC NC NC No Card
NC Vss Vss Vss Vss 1 256K x 1,4, 16,18
Vss Vss Vss Vss Vss 2 256K x 1,4, 16,18
NC Vss Vss Vss NC 2 512K x 8,9
Vss Vss VSS VSS NC 4 512K x 8, 9
NC Vss Vss NC Vss 4 1Mx1,4,16, 18
Vss Vss Vss NC Vss 8 iMx 1,4, 16,18
NC NC Vss NC Vss 4 1M x 16, 18
Vss NC Vss NC Vss 8 iMx 16, 18
NC Vss Vss NC NC 8 2M x 8,9
Vss Vss Vss NC NC 16 2M x 8,9
NG Vss NC Vss Vss 16 4Mx1,4,16, 18
Vss Vss NC Vss Vss 32 4Mx1,4,16,18
NC Vss NC Vss NC 32 8Mx8,9
Vss Vss NC Vss NC 64 8Mx8,9
NG Vss NC NC Vss 64 16M x 1,4, 16, 18
Vss Vss NG NC Vss 128 16M x 1,4, 16, 18
PD Speed PD Refresh PD Page Type
PD7 PD6 PD8 PD9
SPEED (RAC) 75 30 Refresh Type 76 Page Type 78
100 ns Vss Vss Standard NC Fast Page NC
80 ns Vss NC Self Refresh Vss EDO Vss
70 ns NC Vss
60ns NC NC
50 ns Vss Vss
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Basic Architecture

A listing of the 72 Pin SO DIMM Pin Assignments is
on page 1374.

Intended primarily for the emerging low-power mar-
ket, or any system in which space is at a premium,
this new family of DIMMSs can be used in 4-byte sys-
tems with support for 2-byte systems provided via 2-
byte interleave. As in other DRAM modules, banks
are defined as being one DRAM chip deep. Two
types of banks are available:

SO DIMM Data Bus Width
Non-parity 32
Parity 36

If a SO DIMM has two banks, then the correspond-
ing data I/Os from each bank are dotted. Banks are
divided into words, 0 and 2, selectable by RAS0 and
RAS2 on the first bank, and if so equipped, RAS1
and RAS3 on the second bank.

Data pins are assigned to words as:

DIMM Type Word0 Data Word2 Data
Non-parity DQO - 16 DQ18 - 34
Parit DQO - 8 plus PQ8 DQ18 - 25 plus PQ26
Y DQ9 - 16 Plus PQ17 | DQ27 - 43 Plus PQ35

On parity and non-parity SO DIMMs, the words are
divided into two bytes, selectable by CASO and 1 in
Word0 and CAS2 and 3 in Word2. The same CAS
signals are assigned to the second bank's bytes if
present on the SO DIMM.

Memory systems can be configured to support both
types of SO DIMMs. Note the only pin difference in
the two types of SO DIMMs is the 4 extra data pins
on the parity SO DIMMs used for parity purposes.

DRAM addressing effects

SO DIMMs are designed to provide for a multitude of
potential DRAM chip depth granularities as shown in

the following table:

DRSQA ghip Row Column Cell Retention
i Addresses Addresses (ms)
(MB)
} A0 - A9 A0 - A9 64
A0 - Att A0 - A7 64
A0 - A10 AO - A9 256
A0 - A11 AO - A9 256

Memory refresh is of particular importance on SO
DIMMs due to use in portable applications. The
memory system designer should ensure the mem-
ory refresh generation portion of the memory con-
troller logic correctly accommodates the
requirements of all of the SO DIMMs to be sup-
ported. Also, different page depths due to different
column address requirements must be accounted
for.

Mechanical Keying

These SO DIMMs have a different sized notch at the
DIMM's left edge of to differentiate between power
supplies as is shown below. The purpose of this
mechanical keying is to ensure that low-power
DIMMs can't be plugged into systems with incorrect
power supplies. The designer must select the appro-
priate connector for the expected SO DIMM.

Configuration
Power x32 / x36
Supply
5.0V 3_1 q
x
%)
33V |5
_f
x.xV %ﬁlk
'f

Page 1373



Application Note

72 Pin SO DIMM Characteristics

72 Pin SO DIMM Pin Assignments

Pin # Front Side X 32 Front Side X 36 Pin # Back Side X 32 Back Side X 36
1 Vss Vss 2 DQO DQO
3 DQ1 DQ1 4 DQ2 DQ2
5 DQ3 DQ3 6 DQ4 DQ4
7 DQ5 DQ5 8 DQ6 DQ6
9 DQ7 DQ7 10 Vee Vee
11 PD1 PD1 12 A0 A0

13 Al A1 14 A2 A2
15 A3 A3 16 Ad Ad
17 A5 A5 18 A6 A6
19 A10 A10 *20 NC PQ8
21 DQ9 DQ9 22 DQ10 DQ10
23 DQ11 DQi1 24 DQi2 DQ1i2
25 DQ13 DQ13 26 DQ14 DQi4
27 DQi5 DQ15 28 A7 A7
29 Ail Al1 30 Vee Vee
31 A8 A8 32 A9 A9
33 RAS3 RAS3 34 RAS2 RAS2
35 DQ16 DQ16 *36 NC PQ17
37 DQi8 DQ18 38 DQ19 DQ19
39 Vss Vss 40 CASO CASO
41 CAS2 CAS2 42 CAS3 CAS3
43 CAS1 CAS1 44 RASO RASO
45 RAS1 RASH 46 A12 A12
47 WE WE 28 A13 A13
49 DQ20 DQ20 50 DQ21 DQ21
51 DQ22 DQ22 52 DQ23 DQ23
53 DQ24 DQ24 54 DQ25 DQ25
*55 NC PQ26 56 DQ27 DQ27
57 DQ28 DQ28 58 DQ29 DQ29
59 DQ31 DQ31 60 DQ30 DQ30
61 Vee Vee 62 DQ32 DQ32
63 DQ33 DQ33 64 DQ34 DQ34
*65 NC PQ35 66 PD2 PD2
67 PD3 PD3 68 PD4 PD4
69 PD5 PD5 70 PD6 PD6
71 PD7 PD7 72 Vss Vss

*Indicates Differences
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Presence Detect Considerations
Presence Detects can provide the following benefits:

+ Determine if any SO DIMM is present.

+ Determine module density and generate
proper addressing and refresh requirements
as appropriate.

« Determine DRAM module speed

« Determine if non-ECC or ECC to provide
proper addressing and DQ interpretation.

« Protect against incorrect speed SO DIMM
plugged in.

« Ensure all installed SO DIMMs are the same
type.

The table on page 1376 presents the complete list-
ing of 72 pin SO DIMM presence detects and config-
urations. SO DIMMs PD characteristics are very
similar to those of 72 pin SIMMs except that SO
DIMMs have 7 versus 5 PD pins as do 72 pin
SIMMs. Also, these 7 PDs contain different coded
information.

Presence detect outputs must be tied to V¢ through
a pullup resistor to generate a high-logic level when
the SO DIMM PD pin is open or low-voltage when
the PD pin is grounded. This produces the required
logical signals decodable by the interfacing logic.
The Presence Detect circuitry does not permit “dot-
ting” of signals. If a particular system supports multi-
ple SO DIMM sockets, then MUX methods can be
employed to minimize the memory support chip pins
used for Presence Detect inputs from multiple SO
DIMM sockets.

If Presence Detect signals are employed, then the
system user is freed, to some extent, of having to
follow complex SO DIMM installation instructions
and limitations spelled out in the operations manual.
In addition, a systems power-up test procedure can
be employed to perform memory tests to determine
the memory present and/or the number of memory
banks on an installed SO DIMM and adjust control
and addressing signals as necessary.
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72 PIN SO DIMM Presence Detect

Addressing PD
Organization Org ;;nt:lzgn ion Row Column ; :7 626 111
No Module NC NC NC NC
512k x 32 512k x 8 10 9 NC Vss Vss Vss
512k x 36 512k x 9 10 NC Vss Vss Vss
1M x 32 512k x 8 10 9 Vss Vss Vss Vss
1M x 32 1M x4, 16,18 10 10 NC Vss Vss NC
1M x 36 512k x 9 10 9 Vss Vss Vss Vss
2M x 32 2Mx 8 11 10 NG Vss NC Vss
2M x 36 2Mx 9 11 10 NC Vss NC Vss
4M x 32 2M x 8 1 10 Vss Vss NC Vss
4M x 32 4Mx 4 12,11 10,11 NC Vss NC NC
4M x 36 2M x 9 11 10 Vss Vss NC Vss
8M x 32 8Mx 8 12 1 NC NC Vss Vss
8M x 36 8Mx9 12 11 NC NC Vss Vss
16M x 32 8Mx8 12 1 Vss NC Vss Vss
16M x 32 16M x4 13 11 NC NC Vss NC
16M x 36 8Mx9 12 11 Vss NC Vss Vss
32M x 32 32M x 8 TBD TBD NC NC NC Vss
32M x 36 32M x 9 TBD TBD NC NC NC Vss
64M x 32 32Mx 8 TBD TBD Vss NC NC Vss
64M x 32 64M x 4 TBD TBD NC Vss Vss Vss
64M x 36 32M x 9 TBD TBD Vss NC NC Vss
1M x 32, 36 iMx 16, 18 12 8 NC NC Vss NC
2M x 32, 36 1M x 16, 18 12 8 Vss NC Vss NC
2M x 32, 36 1M x 16, 18 10 10 Vss Vss Vss NC
PD Speed PD Refresh
PD5 PD6 PD7
Speed- tgac Refresh Type
69 70 71
50 ns Vss Vs Standard NC
60 ns NC NC Self-refresh Vss
70 ns Vss NC
80 ns NC Ves
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Error Indicator Lines on ECC-On SIMM Modules

ECC-on-SIMM Memory Modules

The ECC-on-SIMM family of memory modules
are DRAM SIMMs organized as 1M x 36, 2M x
36, 4M x 36, and 8M x 36. In addition to the
JEDEC standard pinout, a special option is
available which brings out an error indicator sig-
nal for each byte of data on the SIMM. The four
error lines are brought to the SIMM tabs on pins
29, 46, 66 and 71 for errors on byte 0, 1, 2, and
3, respectively.

Part Number Applicability

The error indicator option is currently available
only on gold-tab, 70ns ECC-on-SIMM modules.
The cross reference table for standard modules
and error indicator modules is shown below.

e e = e
1M x 36 IBM11E1480B-70 IBM11E1490B-70
2M x 36 IBM11E2480B-70 IBM11E2490B-70
4M x 36 IBM11E4480B-70 IBM11E4490B-70
8M x 36 IBM11E8480B-70 IBM11E8490B-70

Error Indicator Line Timings

The error indicator signals are minus-active.
They are driven by 4mA tristate drivers; they can
not be dotted. The error lines are valid for the
same duration as data on a read. That is, 20ns
(Tcac) after CAS is valid during a read cycle, the
error lines will be valid. They will remain valid
until CAS returns high. The drivers will come out
of tristate about 5ns after CAS falls and return to
tristate about 5ns after CAS rises, although
these timings are not guaranteed. The lines will
activate whenever a single-bit error is being cor-
rected or a double bit error is detected. In case
of the latter, bad parity will be sent to the system
to indicate an uncorrectable error. An active
error line could indicate an error in either of the
two data-bit DRAMs or the check-bit DRAM
associated with that byte.

Error line functioning during write operations

The ECC-on-SIMM module will detect bad parity
on write operations. That is, if the system sends
any byte of data with parity different than that of
the first byte of data written after power-on, the
SIMM will flag that data as being invalid and
return a parity error when data is subsequently
read. During write operations, the error line
comes out of tristate with the same timings as in

a read operation, ie approximately 5ns after
CAS transitions, however it is valid from a point
15ns after valid CAS and remains valid until
CAS rises. An error during a write operation indi-
cates that a parity error is being detected and
that a subsequent read of that data will also
reflect that parity error. The use of the error line
during write operations has not been character-
ized.
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Introduction

Although small, there is some likelihood that DRAM-
based memory in a computer can fail. These fails
are of two basic categories:

1. Hard fails, in which the nature of the fail repeats,
and is basically permanent. Fixing these fails
permanently may require replacement of some

part of the memory hardware. Hard error rates
are known as HERs.

2. Soft fails, Non-permanent fails that may never
reoccur, or occur at infrequent intervals. [Soft
fails are effectively “fixed” by powering the sys-
tem off and back on.] Soft error rates are known
as SERs.

SERs are higher than HERs. These errors stem
from two sources: alpha particles and cosmic rays.
Alpha particle SERs have been virtually eliminated
in modern DRAM technology. No DRAM is entirely
insensitive to cosmic rays, but IBM DRAMs have
very low cosmic ray sensitivity because the IBM
'inside-store' trench cell stores more charge. In addi-
tion, the 'inside-store’ trench stores the charge in a
dielectric capacitor, minimizing the charge collection
area.

All system designers should have a basic goal of
providing as reliable system as possible. Over time,
methods have been developed (and discussed and
debated endlessly!) to minimize the impact of sys-
tem memory fails via improving system fault-toler-
ance. This note presents a comparison from an
advantage/disadvantage aspect, of the four basic
levels of fault tolerance:

« Non-parity

+ Parity

« ECC, or error-correction coding

» EOS, or ECC-on-SIMM

Non-parity

Basically, non-parity systems have no fault-toler-
ance at all. The reason they are even used is
because they have the lowest inherent cost. No
additional memory is necessary as is the case with
parity or ECC techniques. Since a parity-type data
byte has 9 bits versus 8 for non-parity, memory cost
is 12.5% higher. Also the non-parity memory control-
ler is simplified since it does not need the logic gates

to calculate parity or ECC check bits. Portable sys-
tems which place a premium on minimizing power
might benefit from the reduction in memory power
due to less DRAM chips. Finally, the memory sys-
tem data bus is narrower which reduces the amount
of data buffers. In modern memories, HERs and
SERs are now smaller than previously, as a result
the likelihood of memory errors occurring in a given
system for its entire operating life has dropped to an
extremely small level. Estimates place the value of
memory fails in a modern office desk top computer
at less than one in ten years. This error rate maybe
tolerable because:

+ The error may result in a system hang, or doing
something so anomalous as to be obvious to the
user, in which case he turns off the system and
reboots. This is the case with a soft error, for
example.

+ In the case of hard errors rendering a system
inoperative, running the system diagnostics may
lead to the problem source.

» Low-end systems such as games, due to their
extreme market cost sensitivity probably can't
justify the extra cost of parity memory.

At any rate, employing no fault-tolerance in a system
is simply gambling that memory errors are unlikely,
and if they do occur, result in an inherent cost less
than the additional hardware necessary for error
detection. However, the disadvantage is that the
errors can lead to a serious problem such as calcu-
lating the wrong value to go into a bank check, or in
the case of a system being used as a server, a
memory error forcing a system hang and bringing
down all LAN-resident client systems with subse-
quent loss of productivity. Finally, with a non-parity
memory system, problem traceability is difficult
which is not the case with parity or ECC. These
techniques at least isolate to a memory source as
the culprit, thus reducing both the time and cost of
problem resolutions.

Parity

Parity, as mentioned previously, results in increas-
ing initial system cost due primarily to the additional
memory bits involved. Parity cannot correct system
errors, but, since parity can detect errors it can make
the user aware of memory errors when they occur.
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This has three basic benefits:

1. Guards against the consequences of faulty cal-
culations based on incorrect data.

2. Pinpoints source of errors which assists in prob-
lem resolution, thus improving system service-
ability.

3. Potential users may perceive system as higher-
quality than non-parity systems, resuiting in
marketplace benefits.

Finally, DRAM module-based systems can easily be
designed to function both in a parity or non-parity
environment which enables the system manufac-
turer to offer their system purchasers the choice of
parity if they feel the additional cost is justified for
their particular application.

ECC

Since studies have indicated that approximately
98% of memory errors are of a single-bit variety, the
most commonly used type of ECC is one in which
the attendant memory controller detects and cor-
rects single-bit errors and detects, but can't correct
double-bit errors, in an accessed data word. This
type of ECC is know as SEC-DED and requires an
additional 7 check bits over 32 bits in a four-byte
system and 8 check bits in an eight-byte system.
ECC in a four-byte system obviously costs more
than non-parity or parity but in an eight-byte system
ECC and parity costs are equal.

ECC entails the memory controller calculating the
check bits on a memory-write operation, and per-
forming a compare between the read and calculated
check-bits on a read operation, and then, if neces-
sary, correcting bad bit(s). The additional ECC logic
in the memory controller is not very significant in this
age of inexpensive, high performance, VLSI logic
but ECC actually affects memory performance on
writes, since the operation must be timed to wait for
the calculation of check bits, and reads if the system
waits for corrected data. On a partial-word write, the
entire word must first be read, then the affected
byte(s) rewritten and new check bits calculated. This
turns partial-word write operations into slower read-
modify-writes.

Most memory errors are of a single-bit nature,
correctable by ECC. Incorporating this fault tolerant
technique provides high system reliability and
attendant availability. An ECC-based system is a
good choice for servers, work-stations or mission-
critical applications in which the cost of a potential
memory error outweighs the additional memory and
system cost to correct it and ensure it does not
detract from system reliability.

By designing a system that allows the user to make
the choice of ECC or parity, or non-parity for that
matter, ultimate flexibility is provided. Several of
IBM's personal computer systems provide user
selectability of memory fault-tolerance techniques.

EOS

These DRAM module types provide an upgrade
path to ECC via replacing the previously installed
modules with EOS-type SIMMS, thus entailing no
processor or planar changes. The EOS SIMMs carry
out ECC not on word, but on single-byte boundaries.
Through the use of high-speed DRAMs and fast on-
board logic, performance degradation is effectively
masked. The cost of ECC implementation using
EOS is higher than a combination of ECC DRAM
modules and a ECC compatible memory controller.
This is due primarily to the extra memory necessary
to perform ECC on a per-byte basis (ECC on a byte
requires 4 check bits, thus on a 32-bit word a total of
16 check-bits are necessary) and the repetition of
the ECC logic on each installed SIMM. However,
EOS simms are an excellent method to obtain the
reliability-enhancing advantages of ECC without
performance impacts. They also provide the system
OEM with a method to provide the system purchaser
a choice between ECC and parity-based memory.
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Sales and Distributor Offices

North American
Manufacturer’s
Representatives

ALABAMA
CSR Electronics

303 Williams Ave., Suite 391
Huntsville, AL 35801

Tel: 205-533-2444

Fax: 205-536-4031
ARIZONA

Summit Sales

7802 E. Gray Rd., Suite 600
Scottsdale, AZ 85260
Tel: 602-998-4850

Fax: 602-998-5274
ARKANSAS
Bonser-Philhower Sales
689 W. Renner Rd.,

Suite 101

Richardson, TX 75080
Tel: 214-234-8438

Fax: 214-437-0897
CALIFORNIA

Centaur Corporation
18006 Sky Park Circle
Irvine, CA 92714

Tel: 714-261-2123

Fax: 714-261-2905

3914 Murphy Canyon Rd.,
#A125

San Diego, CA 92123
Tel: 619-278-4950

Fax: 619-278-0649

23901 Calabasas Rd., Suite
1063

Calabasas, CA 91302

Tel: 818-591-1655

Fax: 818-5691-7479

Nexus

555 N. Mathilda Ave.,
Suite 120

Sunnyvale, CA 94086
Tel: 408-720-4787
Fax: 408-720-4753
CONNECTICUT

SJ Associates

10 Cooper Ridge Circle
Guilford, CT 06437
Tel: 203-458-7558
Fax: 203-458-1181
DELAWARE

SJ Associates

131-D Gaither Drive
Mt. Laurel, NJ 08054
Tel: 609-866-1234
Fax: 609-866-86271

FLORIDA

Sun Marketing Group
1956 Dairy Road

West Melbourne, FL 32904
Tel: 407-723-0501

Fax: 407-723-3845

600 S. Federal Hwy,

Suite 218

Deerfield Beach, FL 33441
Tel: 305-429-1077

Fax: 305-429-0019

300 6th Ave. North
Indian Rocks Beach, FL. 34635
Tel: 813-595-4030

Fax: 813-595-5780
GEORGIA

CSR Electronics

1651 M. Vernon Drive
Atlanta, GA 30338

Tel: 404-396-3720

Fax: 404-394-8387
INDIANA

Geisting & Associates
370 Ridgepoint Drive
Carmel, IN 46032

Tel: 317-844-5222

Tel: 219-422-2272 (Ft. Wayne)
Fax: 317-844-5861
IOWA

Spectrum Sales

1364 Elmhurst Dr. NE
Cedar Rapids, |IA 52402
Tel: 319-366-0576

Fax: 319-366-0635
ILLINOIS

Micro-Tex, Inc.

2400 W. Central Rd.
Hoffman Estates, IL 60196
Tel: 708-765-3000

Fax: 708-765-3010
KANSAS

Spectrum Sales

5382 W. 95th St.

Prairie Village, KS 66207
Tel: 913-648-6811

Fax: 913-648-6823
KENTUCKY

Geisting & Associates
212 Grayhawk Court
Versailled, KY 40383
Tel: 606-873-2330

Fax: 606-873-6233

MASSACHUSETTS
(ME, MA, NH, RI, VT)
Mill-Bern Associates

2 Mack Rd.

Woburn, MA 01801

Tel: 617-932-3311

Fax: 617-932-0511
MICHIGAN

Geisting & Associates
Eight Mile Rd., Suite 113
Livonia, Ml 48152

Tel: 313-478-8106

Fax: 313-477-6908

1279 Shyhills, N.E.
Comstock Park, Ml 49321
Tel: 616-784-9437

Fax: 616-784-9438

MINNESOTA
PSI

8000 Town Line Avenue
South Suite 206
Bloomington, MN 55438
Tel: 612-944-8545

Fax: 612-944-6249
MISSOURI

Spectrum Sales

100 St. Francois, Suite 114
Florissant, MO 63031
Tel: 314-731-4477

Fax: 314-731-1332
NORTH CAROLINA
CSR Electronics

5848 Farington Place
Raleigh, NC 27609

Tel: 919-878-9200

Fax: 919-878-9117

6425 Creft Circle

Indian Trail, NC 28079

Tel: 704-882-3995

Fax: 704-882-3999

NEW YORK/NEW JERSEY
SJ Associates

265 Sunrise Highway
Rockville Centre, NY 11570
Tel: 516-536-4242

Fax: 516-536-9638

547 West Lake Road
Canadaigua, NY

Tel: 716-394-3281

Fax: 716-394-1139

OHIO

Geisting & Associates
6324 Tamworth Court 34441
Dublin, OH 43017

Tel: 614-792-5900

Fax: 614-792-6601

26250 Euclid, Ste. 521
Cleveland, OH 44132
Tel: 216-261-9705
Fax: 216-261-5624

2854 Blue Road Rd.

P. O. Box 39398
Cincinnati, OH 45239
Tel: 513-385-1105

Fax: 513-385-5069
OREGON

Northwest Marketing Assoc.
6975 SW Sandburg Rd.
Portland, OR 97223

Tel: 503-620-0441

Fax: 503-684-2541
PENNSYLVANIA
Geisting & Associates
471 Walnut Street
Pittsburgh, PA 15238
Tel: 412-828-3553

Fax: 412-828-6160
TEXAS
Bonser-Philhower Sales
8240 MoPac Expressway
Suite 135

Austin, TX 78759

Tel: 512-346-9186

Fax: 512-346-2393

10700 Richmond, Suite 150
Houston, TX 77042

Tel: 713-782-4144

Fax: 713-789-3072
TENNESSEE

CSR Electronics

406 Union Avenue
Knoxville, TN 37902

Tel: 615-637-0293

Fax: 615-637-0466
VIRGINIA

SJ Associates

900 S. Washington Street
Falls Church, VA 22046
Tel: 702-533-2233

Fax: 702-533-2236
WASHINGTON

Northwest Marketing Assoc.
12835 Bellevue-Redmond Rd.
Bellevue, WA 98005

Tel: 206-455-5846

Fax: 206-451-1130
WISCONSIN

Micro-Tex, Inc.

22660 Broadway, Suite 4A
Waukesha, WI 53186

Tel: 414-542-5352

Fax: 414-542-7934
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Sales and Distributor Offices

European Manufacturer’s
Representatives
BlueMicroelectronics Ltd.
Albion House, Victoria
Promenade

Northampton, NN1, 1HH
United Kingdom

Tel: 44-604-603310

Fax: 44-604-603320

Aviv Electronics
4, Hayetzira Street
Ra'anana, 43100
Israel

Tel: 972-9-983232
Fax: 972-9-916510

IBM Netherland NU
(IBM BeNelLux)
Gilderkwartier 199
Postbus 8303

350 3RH Utrecht
Tel: 30-38-3670

Leading Technologies SA
1 Avenue Des Neuvilles
1920 Martigny

Switzerland

Tel: 41-26-232257

Fax: 41-26-228609

IBM Ireland, Inc.

2 Burlington Road
Dublin 4

Ireland

Tel: 363-1-6603744
Fax: 353-1-6600005

IBM Svenska AB
(IBM Nordic)
Mailpoint 6-02
S-164 92 Stockholm
Sweden

Tel: (468) 793-4678
Fax: (468) 793-2456

IBM Oesterreich

(IBM Eastern Europe)
OBere Donaustrasse 95
A-1020 Vienna

Austria

Tel: (43) 1-21145-3347
Fax: (43) 1-21145-3350

IBM Germany

D/0018 7056-02
Pascalstrasse 100

D-70569 Stuttgart, Germany
Tel: (49) 711-785-4490

Fax: (49) 711-785-2694

IBM Vimercate

Via Lecco 61

20059 Vimercate

Italy

Tel: (39) 39-600-4882
Fax: (39) 39-600-5039

North American
Distributors

Marshall Industries
9320 Telstar Avenue

El Monte, CA 91731
Tel: 818-307-6241
1-800-877-9839, Ext.726

Bell Industries

11812 San Vincente Boulevard
Los Angeles, CA 90049-5022
Tel: 310-447-6307
1-800-IBM-UPGR

Bell Microproducts

1941 Ringwood Avenue
San Jose, CA 95131-1721
Tel: 408-451-1624
1-800-995-1999

Futuretech International

3000 NW 72nd Avenue

Miami, FI. 33122

Tel: 305-477-6406
305-477-9790

European Distributors
A2M

5, rue Carle Vernet

92315 SEVRES Cedex, France
Tel: (33) 1-46-237900

Fax: (33) 1-46-237923

Macro Marketing Ltd.
Burnham Lane

Slough SL1 6LN
United Kingdom

Tel: 44-628-604383
Fax: 44-628-666873

Farnell Electronics PLC
Bahnhofstrasse 44

71696 Moglingen, Germany
Tel: (49)-7141-487321

Fax: (49)-7141-487359

ACAL Auriema Nederland bv
Beatrix de Rijkweg, 8

NL-5657 EG Eindhoven

Tel: 31-40-502-602

Fax: 31-40-510-255

Ericsson Standard Compo-
nents AB

S-164 81 Stockholm, Sweden
Tel: (46) 8-757-5000

ACAL, Belgium
Lozenberg, 4
B-1932 Zaventem
Belgium

Tel: 32-2-720-59-83
Fax: 32-2-725-45-23

ECC

Via Goldoni, 29
1-20090 Trezzano sul
Naviglio (MI)

Italy

Tel: 39-2-484-01-547
Fax: 39-2-484-01-599

Industrade AG
Hertistrasse, 31

CH-8304 Wallisellen
Switzerland

Tel: 41-1-832-81-11

Fax: 41-1-830-75-50
Asia/Pacific Distributors
Segyung Electronics Co.,
Ltd.

#182-2, Jangsa-Dong
Jongro-Ku,

Seoul, 110-430, Korea

Tel: 02-272-98811/6

Fax: 822-275-9448

Serial System Pte Ltd.

11, Jalan Mesin #06-00
Standard Industrial Building
Singapore 1336

Tel: 65-280-0200

Fax: 65-286-1812, 286-6723

Hakuto Co., Ltd.

1-13, Shinjuku 1-chome
Shinjuku-Ku, Tokyo 160
Japan :
Tel: 03-3225-8910

Fax: 03-3225-9000
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Alphanumeric Index

Part Number Features

Organization

Type

IBM11D1320BB......... 72 Pin 4 Byte SIMM
IBM11D1320BC......... 72 Pin 4 Byte SIMM
IBM11D1320BD......... 72 Pin 4 Byte SIMM
IBM11D1320L............ 72 Pin 4 Byte SIMM
IBM11D1360BA.......... 72 Pin 4 Byte SIMM .........
IBM11D1360BB......... 72 Pin 4 Byte SIMM
IBM11D13608BD......... 72 Pin 4 Byte SIMM
IBM11D1360EA.......... 72 Pin 4 Byte SIMM
IBM11D1360ED......... 72 Pin 4 Byte SIMM
IBM11D1360L............ 72 Pin 4 Byte SIMM
IBM11D1370BA......... 72 Pin 4 Byte SIMM
IBM11D1400BA......... 72 Pin 4 Byte SIMM
IBM11D1480BA......... 72 Pin 4 Byte SIMM
IBM11D2320BC......... 72 Pin 4 Byte SIMM
IBM11D23208BD......... 72 Pin 4 Byte SIMM
IBM11D2320L............ 72 Pin 4 Byte SIMM
IBM11D2360BA......... 72 Pin 4 Byte SIMM .........
IBM11D2360BD......... 72 Pin 4 Byte SIMM
IBM11D2360EA.......... 72 Pin 4 Byte SIMM
IBM11D2360ED......... 72 Pin 4 Byte SIMM
IBM11D2360L............ 72 Pin 4 Byte SIMM
IBM11D2370BA.......... 72 Pin 4 Byte SIMM
IBM11D2400BA ......... 72 Pin 4 Byte SIMM
IBM11D2480BA.......... 72 Pin 4 Byte SIMM .........

IBM11D4320B........... 72 Pin 4 Byte SIMM .........
IBM11D4360B ........... 72 Pin 4 Byte SIMM
IBM11D4370C............ 72 Pin 4 Byte SIMM
IBM11D4400C ...........72 Pin 4 Byte SIMM .........

IBM11D4480BA.......... 72 Pin 4 Byte SIMM
IBM11D8320B............ 72 Pin 4 Byte SIMM .........
IBM11D83608B ........... 72 Pin 4 Byte SIMM
IBM11D8370C............ 72 Pin 4 Byte SIMM
IBM11D8400C ........... 72 Pin 4 Byte SIMM
IBM11D8480BA.......... 72 Pin 4 Byte SIMM
IBM11E1320BB.......... 72 Pin 4 Byte SIMM
IBM11E1320BC......... 72 Pin 4 Byte SIMM
IBM11E1320BD......... 72 Pin 4 Byte SIMM .........
IBM11E1320L............ 72 Pin 4 Byte SIMM
IBM11E1360BA.......... 72 Pin 4 Byte SIMM
IBM11E1360BB.......... 72 Pin 4 Byte SIMM
IBM11E1360BD......... 72 Pin 4 Byte SIMM .........

10/10, 5.0V, Sn/Pb
...10/10, 5.0V, Sn/Pb
10/10, 5.0V, Sn/Pb ..o 53
10/10, 5.0V, LC, Sn/Pb .......ccccccece 69
....10/10, 5.0V, Sn/Pb
...10/10, 5.0V, Sn/Pb
10/10, 5.0V, Sn/Pb
10/10, 5.0V, Sn/Pb
10/10, 5.0V, Sn/Pb
10/10, 5.0V, LC, Sn/Pb .......cccoee. 229
1010, 5.0V, Sn/Pb .....
10/10, 5.0V, Sn/Pb ...
...10/10, 5.0V, Sn/Pb .....
10/10, 5.0V, Sn/Pb ..o
10/10, 5.0V, Sn/Pb ..o

....10/10, 5.0V, LC, Sn/Pb ...
...10110, 5.0V, Sn/Pb ...........
10/10, 5.0V, Sn/Pb ......ccccveiennnne.
10/10, 5.0V, Sn/Pb ..o
10/10, 5.0V, Sn/Pb ...........
10/10, 5.0V, LC, Sn/Pb ...
10/10, 5.0V, Sn/Pb ...........
10/10, 5.0V, Sn/Pb .....
...10/10, 5.0V, Sn/Pb .....
11/11,5.0V, Sn/Pb .....
11/11, 5.0V, Sn/Pb .....
12/10, 5.0V, Sn/Pb .....
12/10, 5.0V, Sn/Pb ...
1141, 5.0V, Sn/Pb ...
11/11, 5.0V, Sn/Pb
11/11, 5.0V, Sn/Pb ....
12/10, 5.0V, Sn/Pb ....
12/10, 5.0V, Sn/Pb
L 1111,5.0V, Sn/Pb .l
10/10,5.0V, Au ......
....10/10, 5.0V, Au ...
....10/10, 5.0V, Au .........
....10/10, 5.0V, LC,Au ...
...10/10, 5.0V, Au .........
10/10, 5.0V, Au ...
10/10, 5.0V, Au ...
IBM11E1360EA ......... 72 Pin 4 Byte SIMM ......... 1Mx36QC.....10/10,5.0V, Au ...
IBM11E1360ED......... 72 Pin 4 Byte SIMM ......... iMx36QC.....10/10, 5.0V, Au .........

Page Number

IBM11E1360L............ 72 Pin 4 Byte SIMM ......... 1Mx36.......... 10/10, 5.0V, LC, AU ...covivcnne
IBM11E1370BA.......... 72 Pin 4 Byte SIMM ......... 1Mx36E...... 10/10, 5.0V, AU .coovviriiiicicienne

IBM11E1400BA......... 72 Pin 4 Byte SIMM ......... 1IMx40E...... 10/10, 5.0V, Au ...
10/10, 5.0V, AU .ccocvriiiiiiiccienne

Addressing; Power Supply; Special Features ( LC = Low Current, SR = Self Refresh, Au = Gold Tabs,

IBM11E1480BA ......... 72 Pin 4 Byte SIMM ......... 1M x 36 EOS....

Features:
SnPb = Tin Lead Tabs)

Organization: Organization, Special Features (QC = Quad CAS, E = EGC Optimized, EOS = ECC-On-SIMM)
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Part Number Type Organization Features Page Number
IBM11E2320BC......... 72 Pin 4 Byte SIMM ......... 2Mx32............ 10/10, 5.0V, AU ..o,
IBM11E2320BD......... 72 Pin 4 Byte SIMM ......... 2Mx32............ 10/10, 5.0V, Au .........
IBM11E2320L............ 72 Pin 4 Byte SIMM ......... 2Mx32............ 10/10, 5.0V, LC, Au ...

IBM11E2360BA ......... 72 Pin 4 Byte SIMM ......... 2Mx 36............ 1010, 5.0V, Au .........
IBM11E2360BD.......... 72 Pin 4 Byte SIMM ......... 2Mx 36............ 10/10, 5.0V, AU ...,
IBM11E2360EA.......... 72 Pin 4 Byte SIMM .......... 2Mx 36 QC......10/10, 5.0V, AU .....cceovvvrirriiincnns
IBM11E2360ED.......... 72 Pin 4 Byte SIMM ......... 2Mx 36 QC......10/10, 5.0V, Au .........
IBM11E2360L............ 72 Pin 4 Byte SIMM ......... 2Mx36............ 10/10, 5.0V, LC, Au ...
IBM11E2370BA ......... 72 Pin 4 Byte SIMM ......... 2Mx36E......... 10/10, 5.0V, Au .........
IBM11E2400BA ......... 72 Pin 4 Byte SIMM ......... 2Mx40E......... 10/10, 5.0V, Au ......
IBM11E2480BA 72 Pin 4 Byte SIMM ......... 2M x 36 EOS....10/10, 5.0V, Au ......

IBM11E4320B ........... 72 Pin 4 Byte SIMM ......... 4Mx32........... 11/11,5.0V, Au ......

IBM11E4360B ........... 72 Pin 4 Byte SIMM .......... 4Mx36............ 11/11, 5.0V, Au ......
IBM11E4370C ........... 72 Pin 4 Byte SIMM .......... 4Mx36E........ 12/10, 5.0V, Au ......
IBM11E4400C ........... 72 Pin 4 Byte SIMM .......... 4Mx40E........ 12/10, 5.0V, Au ......
IBM11E4480BA ......... 72 Pin 4 Byte SIMM .......... 4M x 36 EOS....11/11, 5.0V, Au ......
IBM11E8320B ........... 72 Pin 4 Byte SIMM .......... 8Mx32........ 11/11,5.0V, Au ......
IBM11E8360B .......... 72 Pin 4 Byte SIMM ......... 8Mx36........... 11/11, 5.0V, Au
IBM11E8370C ........... 72 Pin 4 Byte SIMM.......... 8Mx36E....... 12/10, 5.0V, Au
IBM11E8400C ........... 72 Pin 4 Byte SIMM ......... 8Mx40E....... 12/10, 5.0V, Au
IBM11E8480BA ......... 72 Pin 4 Byte SIMM ......... 8M x 36 EOS....11/11, 5.0V, Au
IBM11J1320BL........... 88 Pin IC DRAM Card...... IMx 32............ 10/10, 5.0V ..........
IBM11J1320BN ......... 88 Pin IC DRAM Card...... IMx 32............ 10/10, 3.3V ......
IBM11J1360BL .......... 88 Pin IC DRAM Card......1Mx 36........... 10/10, 5.0V ......
IBM11J2320BL........... 88 Pin IC DRAM Card.....2M x 32............ 10/10, 5.0V ......
IBM11J2320BN ......... 88 Pin IC DRAM Card......2M x 32............. 10/10, 3.3V ......
IBM11J2320HL........... 88 Pin IC DRAM Card......2M x 32............ 11410, 5.0V
IBM11J2320HN ......... 88 Pin IC DRAM Card......2M x 32............ 11/10, 3.3V
IBM11J2360BL .......... 88 Pin IC DRAM Card.....2M x 36............. 10/10, 5.0V
IBM11J4320BL .......... 88 Pin IC DRAM Card......4M x 32............ 11/11, 5.0V
IBM11J4320CL.......... 88 Pin IC DRAM Card......4M x 32............ 12/10, 5.0V
IBM11J4320CN ......... 88 Pin IC DRAM Card......4Mx 32............ 12/10, 3.3V
IBM11J4320HL .......... 88 Pin IC DRAM Card......4M x 32............. 11/10, 5.0V ......
IBM11J4320HN ......... 88 Pin IC DRAM Card......4M x 32............. 11/10,3.3V ......
IBM11J4360BL .......... 88 Pin IC DRAM Card......4M x 36............. 1111, 5.0V ......
IBM11J4360DL .......... 88 Pin IC DRAM Card......4M x 36............. 12/11, 5.0V ......
IBM11J8320CL........... 88 Pin IC DRAM Card......8M x 32............. 12/10, 5.0V ......
IBM11J8320CN ......... 88 Pin IC DRAM Card......8M x 32............. 12/10, 3.3V ......
IBM11J8360BL .......... 88 Pin IC DRAM Card......8M x 36............. 1111, 5.0V ......
IBM11J8360DL............ 88 Pin IC DRAM Card......8M x 36............. 12/11,5.0V ........
IBM11M1640BA ........ 168 Pin 8 Byte DIMM ....... 1Mx64....... 10/10, 5.0V, Au
IBM11M16730CB ...... 168 Pin 8 Byte DIMM ....... 16Mx 72 E....... 13/11, 3.3V, Au
IBM11M1720BA ........ 168 Pin 8 Byte DIMM....... iMx72... 10/10, 5.0V, Au

IBM11M1730BA ........ 168 Pin 8 Byte DIMM ....... IMx72E...... 10/10, 5.0V, Au
IBM11M1730BB ........ 168 Pin 8 Byte DIMM ....... 1Mx72E..... 10/10, 3.3V, Au

Features: Addressing; Power Supply; Special Features ( LG = Low Current, SR = Self Refresh, Au = Gold Tabs,
SnPb = Tin Lead Tabs)
Organization: Organization, Special Features (QC = Quad CAS, E = ECC Optimized, EOS = ECC-On-SIMM)
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Part Number Type Organization Features

IBM11M2640H........... 168 Pin 8 Byte DIMM........ 2Mx64............ 11/10, 5.0V, Au
IBM11M2720L ........... 168 Pin 8 Byte DIMM ....... 2Mx72............ 10/10, 5.0V, Au
IBM11M2730H........... 168 Pin 8 Byte DIMM ....... 2Mx72E......... 11/10, 5.0V, Au

IBM11M2730HB ........ 168 Pin 8 Byte DIMM ....... 2Mx72E......... 11110, 3.3V, Au
12/10, 5.0V, Au
12/11, 5.0V, Au
12/10, 5.0V, Au
IBM11M4730CB ........ 168 Pin 8 Byte DIMM ....... AMXx72E....... 12/10, 3.3V, Au
IBM11M8730HB ........ 168 Pin 8 Byte DIMM .......8M x 72 E......... 12/11,3.3V, Au
IBM11M8730P........... 168 Pin 8 Byte DIMM ....... 8Mx72E......... 12/10, 5.0V, Au .....
IBM11M8730PB ........ 168 Pin 8 Byte DIMM ....... 8Mx72E......... 12/10, 3.3V, Au
10/10, 5.0V, Au .....
10/10, 3.3V, Au .....
12/8, 5.0V, Au

12/8, 3.3V, Au

10/10, 5.0V, Au
12/8, 5.0V, Au

12/8, 3.3V, Au

1110, 5.0V, Au
11/10, 3.3V, Au
12/8,5.0V, Au .......
12/8, 3.3V, Au

12/8, 5.0V, Au

12/8, 3.3V, Au

12/10, 5.0V, Au
12/10, 3.3V, Au
11/10, 5.0V, Au
11/10,3.3V, Au
11/11,5.0V, Au
11/11,3.3V, Au
12/11,5.0V, Au .....
12/11, 3.3V, Au

IBM11M4640C........... 168 Pin 8 Byte DIMM
IBM11M4720D........... 168 Pin 8 Byte DIMM
IBM11M4730C........... 168 Pin 8 Byte DIMM

IBM11S1320BL ......... 72 Pin 4 Byte SO DIMM...
IBM11S1320BN........ 72 Pin 4 Byte SO DIMM...
IBM11S1320NL ......... 72 Pin 4 Byte SO DIMM...
IBM11S1320NN......... 72 Pin 4 Byte SO DIMM...
IBM11S1360BL ......... 72 Pin 4 Byte SO DIMM...
IBM11S1360NL ......... 72 Pin 4 Byte SO DIMM...
IBM11S1360NN......... 72 Pin 4 Byte SO DIMM...
IBM11S2320HL ......... 72 Pin 4 Byte SO DIMM...
IBM11S2320HN......... 72 Pin 4 Byte SO DIMM...
IBM11S2320NL ......... 72 Pin 4 Byte SO DIMM...
IBM11S2320NN......... 72 Pin 4 Byte SO DIMM...
IBM11S2360NL ......... 72 Pin 4 Byte SO DIMM...
IBM11S2360NN.......... 72 Pin 4 Byte SO DIMM...
IBM11S4320CL ......... 72 Pin 4 Byte SO DIMM...
IBM11S4320CN......... 72 Pin 4 Byte SO DIMM...
IBM11S4320HL ......... 72 Pin 4 Byte SO DIMM...
IBM11S4320HN......... 72 Pin 4 Byte SO DIMM...
IBM11S4360BL ......... 72 Pin 4 Byte SO DIMM...
IBM11S4360BN......... 72 Pin 4 Byte SO DIMM...
IBM11S4360DL ......... 72 Pin 4 Byte SO DIMM...
IBM11S4360DN......... 72 Pin 4 Byte SO DIMM...

Features: Addressing; Power Supply; Special Features ( LC = Low Current, SR = Self Refresh, Au = Gold Tabs,

SnPb = Tin Lead Tabs)

Organization: Organization, Special Features (QC = Quad CAS, E = ECC Optimized, EOS = ECC-On-SIMM)
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Reader’s Comment Form

We encourage you to fill in the below form so that we can better serve you. All suggestions and comments
are welcome.

Comments (please be as specific as possible, i.e. page #, chapter, etc.):

Note: Do not use this form to request IBM publications. If you do, your order will be delayed as publications are not
stocked at the address printed on the reverse side. To order additional books please call the IBM Microelectronics
Literature Distribution Center at 1-800-IBM-0181 and ask for SKU # MMDD02DBU-00.

If you would like a reply, please complete the following information.

Name: Date:
Company: Phone Number ( )
Address:

Thank you for your cooperation. No postage is necessary if mailed in the U.S.A. (outside of U.S.A. an IBM office or repre-
sentative will be happy to forward your comments).
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