








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































-------------- - -- - ---- --------------·-

Fast Page Mode Write Cycle 

v,H-
RAS 

V1L-

V1H-
CAS 

V1L-

v,H­
Address 

V1L-

VoH-

lwcs 

,If : "H" or "L" 

IBM11J4360BL 

4M x 36 5.0V IC DRAM Card 

!RASP !RP 

_tpc 
le RP 

07H4031 Page 1301 
MMDl28DSU-OO 
Revised 6/94 



--------- ----- - -IBM11J4360BL - ----- -------------·-
4M x 36 5.0V IC DRAM Card 

RAS Only Refresh Cycle 

!Re 

!RAS tRP 

V1H_ 

RAS 

VIL-

tRPC 

V1H_ 

GAS 

V1L -

tASR 

~!RAH 

V1H_ 

Address 

V1L _ 

DouT ____________ Hi-Z -------------------

l~ : "H" or "L" 

Note: WE, D1N are "H" or "L" 

Page 1302 07H4031 
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-------------- - -- - ---- -------------·- IBM11J4360BL 

4M x 36 5.0V IC DRAM Card 

CAS Before RAS Refresh Cycle 

,__ _____ tRAS -----------ol 

V1H-

RAS 

tRPG 1 V1L -

~ 1:csR 

V1H-

GAS 
VIL -

,.__ ____ tcoD -----+ 

--+------- Hi-Z 

DouT VoH-

VoL-

11 : "H" or "L" 

Note: Addresses are "H" or "L" 

07H4031 
MMDl28DSU-OO 
Revised 6/94 
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IBM11J4360BL 

4M x 36 5.0V IC DRAM Card 

Layout Drawing 

54.1 (MAX) 

2.13 

FRONT 
...., 

I 
-..[_ 

.95 11-.037 

1.60MAX 

.063 l44 FRONT 

1) 
88 I 43.0TYP. 

1.69 

- I "·~ .138 

10.5 MIN 

·, r 
I 

I 

~ 
1.60MAX 

1__L63 

~=, 
I 45 

85.8 
3.38 

~ 34 

NOTE: All dimensions are typical unless otherwise stated. MIL1~~~~;Rs 
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--------------- -- - ---:::5:..:.;":5";'5: 

Features 

• Industry Standard 88Pin IC DRAM Card 
• Performance: 

-70 

!RAC RAS Access Time 70ns 

lcAC CAS Access Time 25ns 

IAA Access Time From Address 42ns 

IRC Cycle Time 130ns 

lpc Fast Page Mode Cycle Time 45ns 

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

Description 

The IBM11 J4360DL 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 11 ROW/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-

Card Outline 

#8 
#44 

IBM11J4360DL 

4M x 36 5.0V IC DRAM Card 

• 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 

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 unigue bytes. Only one 
bank is activated by each RAS, leaving the other 
banks in standby mode, thus saving power. All ISM 
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 
IC DRAM card is IBM11 J4320DLA 

OJ 

~~ IC DRAM 0 
0 a CARD 

64G1724 
MMDl19DSU-OO 
Revised 6/94 

:s::: 

PIN #45 

-a 

#1 

~ 

~~ 
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IBM11J4360DL 

4M x 36 5.0V IC DRAM Card 

Pin Description 
RASO-RAS3 Row Address Strobe 

Ci\SO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A11 Address Inputs 

DQ0-7, 9-16, 
Data Input/output 18-25, 27 -34 

PQ8, PQ17, 
Parity Data Input/Output PQ26, PQ35 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1 -PD8 Presence Detects 

Ordering Information 
Part Number 

IBM11J4360DLA-70 

Page 1306 

--------------- -- ----
=::::=:::=~= 

Pinout 
Pin# Name Pin# Name Pin# Name Pin# Name 

1 Vss 23 CASO 45 Vss 67 Vss 

2 DQO 24 CAS1 46 DQ18 68 CAS3 

3 DQ1 25 NC 47 DQ19 69 NC 

4 DQ2 26 RAS2 48 DQ20 70 WE 
5 DQ3 27 Vee 49 DQ21 71 PD1 

6 DQ4 28 PD2 50 DQ22 72 PD3 

7 DQ5 29 PD4 51 DQ23 73 Vss 

8 006 30 PD6 52 DQ24 74 PD5 

9 Vee 31 NC 53 DQ25 75 PD7 

10 DQ7 32 NC 54 PQ26 76 PD8 

11 NC 33 PQ17 55 NC 77 NC 

12 PQ8 34 DQ9 56 Vss 78 NC 

13 AO 35 NC 57 A1 79 PQ35 

14 A2 36 DQ10 58 A3 80 DQ27 

15 Vee 37 Vee 59 A5 81 DQ28 

16 M 38 DQ11 60 A7 82 DQ29 

17 NC 39 DQ12 61 A9 83 DQ30 

18 AS 40 DQ13 62 A11 84 DQ31 

19 AB 41 DQ14 63 Vss 85 DQ32 

20 A10 42 DQ15 64 NC 86 DQ33 

21 NC 43 DQ16 65 NC 87 DQ34 

22 RASO 44 Vss 66 ~2 88 Vss 

1. DQ numbering is compa1ible with non parity (x32) version) 

Organization Speed 

4Mx36 70ns 

Notes 

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

64G1724 
MMDl19DSU-OO 

Revised 6194 



-------------- - -- - ---..:..::::::::::: ~ = IBM11J43600L 

4M x 36 5.0V IC DRAM Card 

Block Diagram 

PQ35 

CAS3 
0034 

* 
0031 

WE 
0030 

* DQ27 

RAS2 

0025 
* 

D022 

CAS2 
0021 

* 
0018 

P017 

0016 
* 0013 

CAS1 
0012 

* 
0009 

RASO 

POB 

WE 
007 

004 

CASO 
003 

* 
AO-A11 000 

64G1724 Page 1307 
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IBM11J4360DL 

4M x 36 5.0V IC DRAM Card 

Truth Table 

Function RAS CAS 

Standby H x 
Read L L 

Early-Write L L 

Fast Page Mode - Read: 
L H-+L 1st Cycle 

Subsequent Cycles L H-+L 

Fast Page Mode - Write: 
L H-+L 1st Cycle 

Subsequent Cycles L H-+L 

RAS-Only Refresh L H 

CAS-Before-RAS Refresh H-+L L 

Presence Detect 

Pin 

PD1 (PD1 - PD4: Addressing/Dram Type) 

PD2 

PD3 

PD4 

PD5 ( Number of Banks/Organization) 

PD6 (Speed) 

PD7 

PD8 (Refresh Type) 

1. NC= OPEN, Vss = GND 

Page 1308 

WE Row Column 
Address Address 

x x x 
H Row Col 

L Row Col 

H Row Col 

H NIA Col 

L Row Col 

L N/A Col 

x Row NIA 

H x x 

--------------- -- ----- -------------·-

All DO bits 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

High Impedance 

High Impedance 

-70 

Vss 

Vss 

NC 

Vss 

NC 

Vss 

NC 

NC 

64G1724 
MMDl19DSU-OO 

Revised 6194 



-------------- - ------- --------------·- IBM11J4360DL 

4M x 36 5.0V IC DRAM Card 

Absolute Maximum Ratings 

Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -0.5to +7.0 v 1 

V1N 
Input Voltage (RAS & DATA) -0.5 to Vee+ 0.5, 7.0 v 1 

Input Voltage (Redriven Signals) -0.5 to Vee+ 0.5 v 1 

Vour Output Voltage -0.5to +6.0 v 1 

ToPR Operating Temperature Oto +55 ·c 1 

Tsra Storage Temperature -40to +85 ·c 1 

Po Power Dissipation 10.8 w 1,2 

lour 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 (TA= o to ss0 c) 

Symbol Parameter 

Vee Supply Voltage 

V1H 
Input High Voltage (RAS & DATA) 

Input High Vohage (Redriven Signals) 

V1L 
Input Low Voltage (RAS & DATA) 

Input Low Voltage (Redriven Signals) 

1. All voltages referenced to Vss· 

Capacitance (TA = o to +ss0c. v cc = s.o ± o.2sv) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C1s Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C1101 Output Capacitance (DQO-DQ34) 

Cvo2 OUtput Capacitance (PQ8, P017, PQ26, PQ35) 

64G1724 
MMDl19DSU-OO 
Revised 6194 

Min 

4.75 

2.4 

2.0 

-0.5 

0.0 

Typ Max Units Notes 

5.0 5.25 v 1 

- Vcc+0.5 v 1 

- Vee v 1 

- 0.8 v 1 

- 0.8 v 1 

Max Units Notes 

15 pF 

57 pF 

15 pF 

20 pF 

25 pF 

30 pF 
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--------- ----- - -IBM11J4360DL - ----- --------------·-
4M x 36 5.0V IC DRAM Card 

DC Electrical Characteristics (TA = o to +ss·c, Vee = s.o ± o.2svi 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 Avera~wer Supply Operating Current -70 - 1000 mA 

(RAS, CAS, Address Cycling: !Re= 1Rc min) 

Standby Current (TTL) 
lcc2 Power S~y Standby Current -

(rot$= :<:V1H) 
24 mA 1,3 

RAS Only Refresh Current 
Ices Average Powet..§!!pply Current, RAS Only Mode -70 - 1000 mA 

(RAS Cycling, CAS :<:V1H: 'RC ='RC min) 

Fast Page Mode Current 
lcc4 Average Power Supply Current, Fast Page Mode -70 - 800 mA 1, 2,3 

(RAS = V1L, CAS, Address Cycling: tpc = lpc min) 

Standby Current (CMOS) 
Ices Power S..!!ee]y Standby Current 

(RAS= CAS =Vee - 0.2V) 
- 2.4 mA 

CAS Before RAS Refresh Current 
Ices Avera~wer Supply Current, CAS Before RAS Mode -70 - 1000 mA 

(RAS, CAS, Cycling: !Re - !Re min) 

Battery Backup Refresh Current 
lcc1 Average Po:!!![ Supply Current during Battery Backup refresh 3.6 mA 1,2 

(CAS:!> V1L, WE:<: V1H,tRAS:s; 1µSec, 1Rc = 125µSec) 

Input Leakage Current RAS -60 +60 

l1(L) 
Input Leakage Current, any input CAS,ADD -10 +10 µA (0.0 :!> V1N :!>(Vee < 6.0V)) 
All Other Pins Not Under Test= OV WE -20 +20 

lo(L) 
Output Leakage Current -20 +20 µA 
(DouT is disabled, 0.0 :!> VouT :!>Vee) 

VoH Output High Level 
Output "H" Level Voltage (loUT = -2mA@ 2.4V) 2.4 - v 

Vol Output Low Level 
Output "L" Level Voltage (louT = +2mA @ 0.4V) - 0.4 v 4 

1. lcc1, lcc3, lcC4 and Ices depend on cycle rate. 
2. lcc1. lcC4 depend on output loading. Specttied values are obtained with the output open. 
3. Address can be changed once or less while RAS = VIL· In the case of lcC4, it can be changed once or less when CAS = V1H 
4. Refresh current is specttied for the X32 configuration using One Bank 

Page 1310 64G1724 
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--------------- --------------------·- IBM11J4360DL 

4M x 36 5.0V IC DRAM Card 

AC Characteristics (TA= o to +ss·c. Vee= s.o ± o.2svi 
1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between ViH and 

VIL· 
2. An initial pause of 200µs 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 

IRc Random Read or Write Cycle Time 130 - ns 

tRP RAS Precharge Time 50 - ns 

lcP CAS Precharge Time 10 - ns 

IRAS RAS Pulse Width 70 10K ns 

tcAs CAS Pulse Width 21 - ns 2 

tASR Row Address Setup Time 7 - ns 

IRAH Row Address Hold Time 8 - ns 

tAsc Column Address Setup Time 2 - ns 

lcAH Column Address Hold Time 15 - ns 

IRco RAS to CAS Delay Time 18 45 ns 2 

IRAo RAS to Column Address Delay Time 13 28 ns 3 

IRsH RAS Hold Time 25 - ns 

lcsH CAS Hold Time 70 - ns 

lcRP CAS to RAS Precharge Time 15 - ns 

tozc CAS Delay Time from D1N 0 - ns 

tAR Column Address Hold Time Referenced to RAS - - ns 4 

tr Transition Time (Rise and Fall) 3 50 ns 

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

2. Operation wtthin the IRco (max) limit ensures that IRAc (max) can be met. tRco (max) is specified as a reference point only: if IRco is 
greater than the specttied IRcD (max) limtt, then access time is controlled by lcAC· 

3. Operation within the IRAo (max) limit ensures that tRAc (max) can be met. IRAo (max) is specified as a reference point only: If tRAD 
is greater than the specified IRAo (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 
MMDl19DSU-OO 
Revised 6/94 
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-------------- - -IBM11J4360DL - ----- --------------·-
4M x 36 5.0V IC DRAM Card 

Write Cycle 

-70 
Symbol Parameter Units Notes 

Min Max 

twcs Write Command Set Up Time 2 - ns 

tWCH Write Command Hold Time 16 - ns 

!WP Write Command Pulse Width 15 - ns 

tRWL Write Command to RAS Lead Time - - ns 1 

tcwL Write Command to GAS Lead Time - - ns 1 

twcR Write Command Hold Time Referenced to RAS - - ns 1 

to HR Data Hold Time Referenced to RAS - - ns 1 

los D1N Setup Time 0 - ns 

toH D1N 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 

-70 
Symbol Parameter Units Notes 

Min Max 

tRAc 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 

tRcH Read Command Hold Time to CAS 0 - ns 3 

tRRH Read Command Hold Time to RAS 5 - ns 3 

IRAL Column Address to RAS Lead Time 42 - ns 

tcAL Column Address to CAS Lead Time - - ns 4 

lcLz CAS to Output in Low-Z 2 - ns 

loH Output Data Hold Time 2 - ns 

lcoo CAS to DiN Delay Time 25 - ns 

loFF Output Buffer Turn-off Delay 2 29 ns 5 

1. Access time is determined by the later of tRAc. tCAc, tAA or tcPA. 
2. Measured with two TTL loads and 1 OOpF. 
3. Either tRcH or tRRH 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. loFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

Page 1312 64G1724 
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--------------- - -- - ---::::::=::::-;::: 

Fast Page Mode Cycle 

Symbol Parameter 

tpc Fast Page Mode Cycle Time 

tAASP Fast Page Mode RAS Pulse Width 

tcPAH RAS Hold Time from GAS Precharge 

tcPA Access Time from GAS Precharge 

1. Access lime is determined by the latter of 1RAC. 1cAc. tcpA, 1AA. 
2. Access time assumes a load of 100pf. 

Refresh Cycle 

Symbol Parameter 

1cHA 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

1csA 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

1wAP 
WE Setup Ti~ 
(GAS before RAS Refresh Cycle) 

fWAH 
Wt; Hold Time 
(GAS before RAS Refresh Cycle) 

1APC RAS Precharge 10 GAS Hold Time 

1AEF Refresh Period 

1. 4096 refreshes are required every 256ms. 

64G1724 
MMDI 19DSU-OO 
Revised 6/94 

IBM11J4360DL 

4M x 36 5.0V IC DRAM Card 

-70 
Units Notes 

Min Max 

45 - ns 

70 10K ns 

45 - ns 

- 50 ns 1, 2 

-70 
Units Notes 

Min Max 

18 - ns 

15 - ns 

16 - ns 

8 - ns 

8 - ns 

- 256 ns 1 
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IBM11J4360DL 

4M x 36 5.0V IC DRAM Card 

Read 

RAS 

GAS 

Address 

Page 1314 

V1H-

VIL -

IRCD 

V1H-

V1L -

VoH­
-----+-Hi-Z 

: "H"or"L" 

~c 

Wis 

lcsH 

tRSH 

lcAs 

lcLz 

Valid Data Out 

_toH ___ _., 

-------------= - -::5'f!: 

Hi-Z _ 

64G1724 
MMDl19DSU-OO 
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--------------- -- - ---:::::::::::::: ~ = IBM11J4360DL 

4M x 36 5.0V IC DRAM Card 

Write Cycle (Early Write) 

!Ac 

!AAS !AP 

VrH-
RAS 

VrL-

lcsH 

tACD !ASH -lcAP 

VrH- tcAS 
GAS 

VrL -

!RAD 

!ASA 

VrH-
Address 

VrL-

VrH-
WE 

VrL-

los ._ tDH 

VrH-
DrN Valid Data In 

VrL-

DouT ________________ Hi-Z -----------------

Vol-

j;~t : "H" or "L" 

64G1724 Page 1315 
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IBM11J4360DL 

4M x 36 5.0V IC DRAM Card 

Fast Page Mode Read Cycle 

Address 

V1H-
WE 

V1L-

l 
V1H-

D1N 
V1L- le Ac 

tRAC 

Vo"c+-

ltCLZ 

DouT 
VoL-

I :"H"or"L" . 

Page 1316 

, ____ lcPRH 

I- tAA 

le PA 

.....!oH 
t r DZC 

tCAc 

lcLz lcLz~ 

-toH 

tCDD 

lo FF 

DoUT N 

-------------- - -- ----- - -------------·-

64G1724 
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--------------- -- ----::5:.:.::E'i'i:: 

Fast Page Mode Write Cycle 

v,H-
RAS 

V1L-

v,H-
CAS 

V1L-

v,H-
Address 

V1L-

V1H-
WE 

V1L-

VoH-
DoUT 

VoL-

64G1724 
MMDl19DSU-OO 
Revised 6194 

tASR 

~AD 
twcR 

,._CWL 

twcs 

I :"H"or"L" 

IBM11J4360DL 

4M x 36 5.0V IC DRAM Card 

tRASP ~p 

_tpc 

fcp 

fcAs 

twcs twcs 
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-------------- - -IBM11J4360DL - ----- -------------·-
4M x 36 5.0V IC DRAM Card 

RAS Only Refresh Cycle 

V1H_ 

CAS 

V1L_ 

~SA 

~!RAH 
V1H_ 

Address 
V1L _ 

Dour ___________ Hi-Z ------------------

l:"H"or"L" 

Note: WE, D1N are "H" or "L" 

Page 1318 64G1724 
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-------------= - -:S'f§: 

CAS Before RAS Refresh Cycle 

RAS 

CAS 

64G1724 
MMDl19DSU-OO 
Revised 6194 

V1H-

t~c1 V1L -

4 tcsR 

V1H-

V1L -

---+------- Hi-Z 

: "H"or"L" 

Note: Addresses are "H" or "L" 

IBM11J4360DL 

4M x 36 5.0V IC DRAM Card 

!RPC 
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IBM11J4360DL 

4M x 36 5.0V IC DRAM Card 

Layout Drawing 

54.1 (MAX) -1 0>MAA .138 2.13 

-, 
I 

FRONT 

'r 

I 
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r 
_!, -i-
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\ FRONT 1~ 
T) ~=-, 

88 ~------'4.:.:3.:::..0..:..TY.:..:R.:.... ----11 45 
1.69 

.063 

NOTE: All dimensions are typical unless otherwise stated. MILLIMETERS 
INCHES 
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-------------- - -- - ---- -------------·-
Preliminary 

Features 

• Industry Standard 88Pin IC DRAM Card 
• Performance: 

-70 

!RAC RAS Access Time ?Ons 

lcAC GAS Access Time 25ns 

!AA Access Time From Address 42ns 

!Re Cycle Time 130ns 

tpc Fast Page Mode Cycle Time 45ns 

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

Description 

The IBM11 J8360DL is a 32MB industry standard 
88-pin IC DRAM card. It is organized as a SM 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 

Card Outline 

#88 

#44 f--

IBM11J8360BL 

SM x 36 5.0V IC DRAM Card 

• 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, GAS before RAS 

and BBU (Battery Backup) 
• 2048 refresh cycles distributed across 256ms 
• Polarized Connector 

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. 

OJ 

¢=J~ IC DRAM 0 
b =l CARD 

07H4032 
MMDl29DSU-OO 
Revised 6/94 

0 :s: 

PIN #45 

IJ 

#1 

JJ 
-f 

\;-· ::i 
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IBM11J8360BL 

BM x 36 5.0V IC DRAM Card 

Pin Description 
RASO-RAS3 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO -A10 Address Inputs 

D00-7, 9-16, 
Data lnpuVoutput 1S-25, 27-34 

POS, P017, 
Parity Data Input/Output P026, PQ35 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1 - PDS Presence Detects 

Ordering Information 
Part Number 

IBM11JS360BLA-70 

Page 1322 

--------- ----- - -- ----- -------------·-
Preliminary 

Pin out 
Pin# Name Pin# Name Pin# Name Pin# Name 

1 Vss 23 CA SIT 45 Vss 67 Vss 

2 DOO 24 CAS1 46 D01S 6S CAS3 

3 001 25 NC 47 0019 69 RAS3 

4 002 26 RAS2 4S 0020 70 WE 

5 D03 27 Vee 49 D021 71 P01 

6 004 2S P02 50 0022 72 P03 

7 005 29 P04 51 0023 73 Vss 

8 006 30 POG 52 0024 74 P05 

9 Vee 31 NC 53 0025 75 P07 

10 DQ7 32 NC 54 P026 76 POS 

11 NC 33 P017 55 NC 77 NC 

12 PQS 34 009 56 Vss 78 NC 

13 AO 35 NC 57 A1 79 P035 

14 A2 36 D010 58 A3 so 0027 

15 Vee 37 Vee 59 A5 S1 D028 

16 A4 3S 0011 60 A7 S2 0029 

17 NC 39 0012 61 A9 83 0030 

18 AG 40 0013 62 NC 84 0031 

19 AS 41 0014 63 Vss S5 0032 

20 A10 42 DQ15 64 NC SG D033 

21 NC 43 0016 65 RAS1 S7 0034 

22 RASO 44 Vss 66 CAS2 SS Vss 

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

Organization Speed 

SM x36 70ns 

Notes 

For SOns applications use this 70ns Part Number. 
Be aware if the application makes use of PO's, POG 
& P07 are different from the 70ns version. 

07H4032 
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-------------= ==== ::::..::::i:: IBM11J8360BL 

Preliminary BM x 36 5.0V IC DRAM Card 

Block Diagram 

PQ35 PQ35 

CAS3 
DQ34 DQ34 . 
DQ31 DQ31 

WE 
DQ30 DQ30 . . 
DQ27 DQ27 

PQ26 PQ26 

RAS2 RAS3 

DQ25 DQ25 . . 
DQ22 DQ22 

CAS2 
DQ21 DQ21 . . 
DQ18 DQ18 

PQ17 PQ17 

DQ16 DQ16 . 
0013 DQ13 

CAS 1 
DQ12 DQ12 . . 
DQ09 DQ09 

RASO RAS 1 

PQ8 PQ8 

WE 
DQ7 DQ7 . . 
DQ4 DQ4 

CASO 
DQ3 DQ3 

AO-A10 DQO DQO 

07H4032 Page 1323 
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IBM11J8360BL 

SM x 36 5.0V IC DRAM Card 

Truth Table 

Function RAS GAS 

Standby H x 
Read L L 

Ear1y-Write L L 

Fast Page Mode - Read: L H-+L 1st Cycle 

Subsequent Cycles L H-+L 

Fast Page Mode -Wrne: L H..+L 1st Cycle 

Subsequent Cycles L H..+L 

RAS-Only Refresh L H 

GAS-Before-RAS Refresh H..+L L 

Presence Detect 
Pin 

PD1 (PD1 - PD4: Addressing/Dram Type) 

PD2 

PD3 

PD4 

PD5 (Number of Banks/Organization) 

PD6 (Speed) 

PD7 

PD8 (Refresh Type) 

1. NC= OPEN, Vss = GND 

Page 1324 

WE Row Column 
Address Address 

x x x 
H Row Col 

L Row Col 

H Row Col 

H NIA Col 

L Row Col 

L N/A Col 

x Row N/A 

H x x 

--------- ----- - ------- -------------·-
Preliminary 

All DQbns 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

High Impedance 

High Impedance 

-70 

Vss 

Vss 

NC 

Vss 

Vss 

Vss 

NC 

NC 

07H4032 
MMDl29DSU-OO 
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-------------- - -- - ---- --------------·- IBM11J8360BL 

Preliminary SM x 36 5.0V IC DRAM Card 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -0.5 to +7.0 v 1 

V1N 
Input Voltage (RAS & DATA) -0.5 to Vee+ 0.5, 7.0 v 1 

Input Voltage (Redriven Signals) -0.5 to Vee+ 0.5 v 1 

Vour Output Voltage -0.5 to +6.0 v 1 

ToPR Operating Temperature Oto +55 ·c 1 

TsTG Storage Temperature -40 to +85 ·c 1 

Po Power Dissipation 10.8 w 1, 2 

lour 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-
ads may affect reliability. 

2. Maximum power occurs when all banks are active. 

Recommended DC Operating Conditions (TA= o to 55°C) 

Symbol Parameter 

Vee Supply Voltage 

V1H 
Input High Voltage (RAS & DATA) 

Input High Voltage (Redriven Signals) 

V1L 
Input Low Voltage (RAS & DATA) 

Input Low Voltage (Redriven Signals) 

1. All voltages referenced to V88. 

Capacitance (TA= o to +55°C, Vee= 5.o ± o.25VJ 

Symbol Parameter 

c,, Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (iliit) 

C1101 Output Capacitance (DQO-D034) 

C1102 Output Capacitance (P08, PQ17, PQ26, PQ35) 

07H4032 
MMDl29DSU-OO 
Revised 6194 

Min 

4.75 

2.4 

2.0 

-0.5 

0.0 

Typ Max Units Notes 

5.0 5.25 v 1 

- Vcc+0.5 v 1 

- Vee v 1 

- 0.8 v 1 

- 0.8 v 1 

Max Units Notes 

15 pF 

57 pF 

15 pF 

20 pF 

32 pF 

42 pF 
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----------------IBM11J83608L - ----- --------------·-
BM x 36 5.0V IC DRAM Card Preliminary 

DC Electrical Characteristics (TA= o to +ss·c, Vee = s.o ± o.2sv) 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 ~92..fgwer Supply Operating Current 

(RAS, CAS, Address Cycling: tRc = tRc min) 
-70 - 1200 mA 

Standby Current (TTL) 
lcc2 ~r S.!!.e2!y Standby Current 

(RAS = CAS ;;:V1Hl 
- 48 mA 1,3 

RAS Only Refresh Current 
Ices Average Power..§!!pply Current, RAS Only Mode 

(RAS Cycling, CAS ;;:V1H: !RC= IRc min) 
-70 - 1200 mA 

Fast Page Mode Current 
lcc4 Average Power Supply Current, Fast Page Mode -70 - 1080 mA 1, 2,3 

(RAS = V1L, CAS, Address Cycling: lpc = tpc min) 

Standby Current (CMOS) 
Ices Power S~y Standby Current 

(~ = =Vee -0.2V) 
- 4.8 mA 

CAS Before RAS Refresh Current 
Ices Avera!l2..fgwer Supply Current, CAS Before RAS Mode -70 - 1200 mA 

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

Battery Backup Refresh Current 
lcc1 Average Power Supply Current during Battery Backup refresh 

(CAS,;; V1L, WE;;: V1H. tRAS,;; 1µSec, tRc = t25µSec) 
7.2 mA 1,2 

Input Leakage Current RAS -60 +60 

l1(L) 
Input Leakage Current, any input 

CAS,ADD -10 +10 µA (0.0,;; V1N,;; (Vee < 6.0V)) 
All Other Pins Not Under Test= OV M' -20 +20 

lo(L) 
Output Leakage Current 

-20 +20 µA (DoLrr is disabled, 0.0,;; VouT,;; Vee) 

VoH Output High Level 2.4 - v Output "H" Level Voltage (loUT = -2mA @ 2.4V) 

VoL Output Low Level - 0.4 v 4 Output "L" Level Voltage (loLrr = +2mA@ 0.4V) 

1. lcc1. Ices. lcC4 and Ices depend on cycle rate. 
2. lcc1, lcC4 depend on output loading. Specified values are obtained with the output open. 
3. Address can be changed once or less while RAS = V1L· In the case of ICC4, it can be changed once or less when GAS= V1H 
4. Refresh current is specttied for the X32 configuration using One Bank 

Page 1326 07H4032 
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-------------- - ------=:::::=:::?:: IBM11J8360BL 

Prellmlnary 8M x 36 5.0V IC DRAM Card 

AC Characteristics (TA= o to +ss·c, Vee= s.o ± o.2svi 
1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between ViH and 

VIL· 
2. An initial pause of 200µs 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 Ir = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-70 
Symbol Parameter Units Notes 

Min Max 

IRc Random Read or Write Cycle Time 130 - ns 

!RP RAS Precharge Time 50 - ns 

lcp CAS Precharge Time 10 - ns 

IRAS RAS Pulse Width 70 10K ns 

lcAS CAS Pulse Width 21 - ns 2 

IAsR Row Address Setup Time 7 - ns 

!RAH Row Address Hold Time 8 - ns 

!Ase Column Address Setup Time 2 - ns 

lcAH Column Address Hold Time 15 - ns 

IRco RAS to CAS Delay Time 18 45 ns 2 

IRAD RAS to Column Address Delay Time 13 28 ns 3 

IRsH RAS Hold Time 25 - ns 

lcsH CAS Hold Time 70 - ns 

le RP CAS to RAS Precharge Time 15 - ns 

lozc CAS Delay Time from D1N 0 - ns 

IAR Column Address Hold Time Referenced to RAS - - ns 4 

Ir Transition Time (Rise and Fall) 3 50 ns 

1. The minimum tcAs requires tcsH 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 ( loH) in the application. For example, a tCAs of 21 ns plus a minimum toH of 
2ns would result in turning data out of the card at 23ns (6ns before max tCAC of 29ns). 

2. Operation within the IRco (max) limit ensures that tRAc (max) can be met. IRco (max) is specified as a reference point only: if tRco is 
greater than the specified tRcD (max) limit, then access time is controlled by tCAc· 

3. Operation within the tRAD (max) limit ensures that IRAC (max) can be met. IRAo (max) is specified as a reference point only: If IRAo 
is greater than the specified IRAD (max) limit, then access time is controlled by IAA. 

4. This timing parameter is not applicable to this product, but may apply to a related product in this family. 

07H4032 
MMDl29DSU-OO 
Revised 6/94 
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-------------- - -IBM11J8360BL - ----- --------------·-
BM x 36 5.0V IC DRAM Card Prellmlnary 

Write Cycle 

-70 
Symbol Parameter Units Notes 

Min Max 

twcs Write Command Set Up Time 2 - ns 

twcH Write Command Hold Time 16 - ns 

twp Write Command Pulse Width 15 - ns 

tRWL Write Command to RAS Lead Time - - ns 1 

tcwL Wrtte Command to CAS Lead Time - - ns 1 

tWCR Wrtte Command Hold Time Referenced to RAS - - ns 1 

to HR Data Hold Time Referenced to RAS - - ns 1 

tos D1N Setup Time 0 - ns 

toH D1N 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 

-70 
Symbol Parameter Units Notes 

Min Max 

tRAc Access Time from RAS - 70 ns 1,2 

tcAC Access Time from CAS - 25 ns 1,2 

tM Access Time from Address - 42 ns 1,2 

tRcs Read Command Setup Time 2 - ns 

tRcH Read Command Hold Time to CAS 0 - ns 3 

tRRH Read Command Hold Time to RAS 5 - ns 3 

tRAL Column Address to RAS Lead Time 42 - ns 

tcAL Column Address to CAS Lead Time - - ns 4 

lcLZ CAS to Output in Low-Z 2 - ns 

toH Output Data Hold Time 2 - ns 

lcoo CAS to D1N Delay Time 25 - ns 

loFF Output Buffer Tum-off Delay 2 29 ns 5 

1 . Access time is determined by the later of tRAc. tcAC. tAA or tcPA. 
2. Measured with two TTL loads and 100pF. 
3. Either tRcH or tRRH 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. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

Page 1328 07H4032 
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---------- ----- - -- - ---- --------·-----·-
Preliminary 

Fast Page Mode Cycle 

Symbol Parame1er 

lpc Fas1 Page Mode Cycle Time 

!RASP Fas1 Page Mode RAS Pulse Wid1h 

1cPRH RAS Hold Time from CAS Precharge 

1cPA Access Time from CAS Precharge 

1. Access lime is determined by 1he !alter of IRAC. 1cAc. 1cpA, IAA. 
2. Access time assumes a load of 100pf. 

Refresh Cycle 

Symbol Parameter 

tcHR 
CAS Hold Time 
(t:;AS before RAS Refresh Cycle) 

1csR 
CAS Selup Time 
(CAS before RAS Refresh Cycle) 

lwRP 
WE Se1up Ti!JJL_ 
(CAS before RAS Refresh Cycle) 

1wRH 
WE Hold Time 
(CAS before RAS Refresh Cycle) 

1RPC RAS Precharge to CAS Hold Time 

!REF Refresh Period 

1. 2048 refreshes are required every 256ms. 

07H4032 
MMDl29DSU-OO 
Revised 6/94 

IBM11J83608L 

BM x 36 5.0V IC DRAM Card 

-70 
Uni1s Noles 

Min Max 

45 - ns 

70 10K ns 

45 - ns 

- 50 ns 1, 2 

-70 
Uni1s Noles 

Min Max 

18 - ns 

15 - ns 

16 - ns 

8 - ns 

8 - ns 

- 256 ns 1 

Page 1329 



--------- ----- - -IBM11J8360BL - ----- --------------·-
SM x 36 5.0V IC DRAM Card Preliminary 

Read 

tRc 

tRAS 

V1H-

RAS 
VIL -

lcsH 

tRCD tRSH 

V1H-
tcAS 

CAS 
V1L -

tRAD 

tASR 

tAAH 

Address 
V1H-

V1L -

tAA -+------

1------+---- Hi-Z --t-------t--

tcLZ 

VoH-

DouT -----+- Hi-Z 
VoL-

: "H" or "L" 

Page 1330 

lcAC 1:oFF--+-

Valid Data Out 

_toH 

Hi-Z _ 

07H4032 
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------------------ - ---- - ------------·- IBM11J8360BL 

Preliminary BM x 36 5.0V IC DRAM Card 

Write Cycle (Early Write) 

!Re 

IRAS !RP 

V1H-
RAS 

V1L-

lcsH 

IRco !ASH -lcRP 

V1H- lcAs 
GAS 

V1L -

!RAD 

!ASR !AR 

V1H-
Address 

V1H-
WE 

VIL -

los ..-- toH 

V1H-
D1N Valid Data In 

V1L-

VoK--
DouT ---------------- Hi-Z -----------------

VoL-

07H4032 
MMDl29DSU-OO 
Revised 6/94 

: "H" or "L" 
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IBM11J8360BL 

BM x 36 5.0V IC DRAM Card 

Fast Page Mode Read Cycle 

1----lcPRH 

4>c---..i 

Address 

.....toH t -loH 
r DZC t 

COD 

!CAc 

Vofl... 
ltcLZ lcLz lcLZ-+ 

Dol!T -----------llllllill Dol!T 1 Dol!T 2 Dol!T N 
Vol-

I :"H"or"L" 
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Preliminary 
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-------------- - -- ----- -------------·-
Preliminary 

Fast Page Mode Write Cycle 

V1H-

RAS 
V1L-

V1H-
GAS 

V1L-

V1H­

Address 
V1L-

V1H-

VoH­

Dour 
Vol-

07H4032 
MMDl29DSU-OO 
Revised 6/94 

lwcs 

I :"H"or"L" 

IBM11J8360BL 

BM x 36 5.0V IC DRAM Card 

tRASP !RP 

_tpc 
le RP 
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--------- ----- - -IBM11J8360BL - ----- -------------·-
8M x 36 5.0V IC DRAM Card Preliminary 

RAS Only Refresh Cycle 

V1H_ 

CAS 

V1L_ 

V1H_ 

Address 

V1L_ 

Page 1334 

____________ tRc ----------

~SR 

~tAAH 

-----------Hi-Z ------------------

I :"H"or"L" 

Note: WE, D1N are "H" or "L" 

07H4032 
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-------------= - -::§"f§: 

Preliminary 

CAS Before RAS Refresh Cycle 

RAS 

CAS 

07H4032 
MMDl29DSU.()() 
Revised 6194 

VIH-

tRPCl 
V1L -

~ !csR 

V1H-

V1L -

i----- !coo --------i 

--+------- Hi-Z 

I :"H"or"L" 

Note: Addresses are "H" or "L" 

IBM11J8360BL 

SM x 36 5.0V IC DRAM Card 

tRPC 

Page 1335 



IBM11J8360BL 

8M x 36 5.0V IC DRAM Card 

Layout Drawing 

54.1 (MAX) -1 '>MAA .138 2.13 

r-i 
I 

FRONT 

__j 
1.60 MAX 1.60 MAX l 4

\ FRONT 1~ 

1) ~=-, 
88 t----4=-3'=-.0~TY~R~. ----ti 45 

1.69 

.063 

NOTE: All dimensions are typical unless otherwise stated. Mii;:~~~~Rs 
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3.38 
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Prellmlnary 

07H4032 
MMDl29DSU-OO 

Revised 6/94 



----
§ : =i"fi: 

Features 

• Industry Standard 88Pin IC DRAM Card 
• Performance: 

-70 

!RAC RAS Access Time 70ns 

lcAC CAS Access Time 25ns 

IAA Access Time From Address 42ns 

IRc Cycle Time 130ns 

lpc Fast Page Mode Cycle Time 45ns 

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

Description 

The IBM11 J8360DL is a 32MB industry standard 
88-pin IC DRAM card. It is organized as a SM x 36 
high speed memory array. It is built using 16 - 4Mx4 
devices, 8 - 4Mx1 devices and is compatible to the 
JEDEC/PCMCINJEIDA 88-pin standard. Each bit is 
uniquely addressed via 22 address bits. The x4 
Drams require 12 ROW/1 O COLUMN addresses and 
the x1 DRAMS require 11 ROW/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-

Card Outline 

#88 

#44 ~· 

IBM11J8360DL 

SM x 36 5.0V IC DRAM Card 

• 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 

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 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 SM x 32 version of this 
ICDRAM card is IBM11 J8320DLA 

CJ 

~~ IC DRAM 0 
d a CARD 

64G1726 
MMDl21DSU-OO 
Revised 6/94 
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PIN #45 

-a 

#1 

:IJ 
-I 

·---... 
--_-i 
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IBM11J8360DL 

BM x 36 5.0V IC DRAM Card 

Pin Description 
RASO-RAS3 Row Address S1robe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO -A11 Address Inputs 

D00-7, 9-16, 
Data Input/output 18-25, 27-34 

P08, P017, 
Parity Data Input/Output P026, P035 

Vee Power (+5V) 

Vss Ground 

NC No Connect 

PD1 - PD8 Presence Detects 

Ordering Information 
Part Number 

IBM11J8360DLA-70 

Page 1338 

--------- ----- - -- ----- --------------·-

Pin out 
Pin# Name Pin# Name Pin# Name Pin# Name 

1 Vss 23 CASO 45 Vss 67 Vss 

2 DOO 24 CAS1 46 D018 68 CAS3 

3 D01 25 NC 47 D019 69 RAS3 

4 D02 26 RA'S2 48 D020 70 WE 

5 D03 27 Vee 49 D021 71 PD1 

6 D04 28 PD2 50 D022 72 PD3 

7 DOS 29 PD4 51 D023 73 Vss 

8 D06 30 PD6 52 D024 74 PD5 

9 Vee 31 NC 53 D025 75 PD7 

10 D07 32 NC 54 P026 76 PD8 

11 NC 33 P017 55 NC 77 NC 

12 P08 34 D09 56 Vss 78 NC 

13 AO 35 NC 57 A1 79 P035 

14 A2 36 D010 58 A3 80 D027 

15 Vee 37 Vee 59 A5 81 D028 

16 A4 38 D011 60 A7 82 D029 

17 NC 39 0012 61 A9 83 D030 

18 A6 40 D013 62 A11 84 D031 

19 AB 41 D014 63 Vss 85 D032 

20 A10 42 D015 64 NC 86 D033 

21 NC 43 D016 65 RAS1 87 D034 

22 RASO 44 Vss 66 CAS2 88 Vss 

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

Organization Speed 

BM x36 70ns 

Notes 

For 80ns applications use this 70ns Pan Number. 
Be aware if the application makes use of PD's, PD6 
& PD7 are different from the 70ns version. 

64G1726 
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====-=- = - ----- - -- - ---- --------------·- IBM11J8360DL 

BM x 36 5.0V IC DRAM Card 

Block Diagram 

PQ35 P035 

CAS3 
0034 0034 . 
DQ31 0031 

WE 
0030 0030 . . 
0027 0027 

PQ26 PQ26 

RAS2 RAS3 

DQ25 0025 . . 
DQ22 0022 

CAS2 
DQ21 0021 . . 
DQ18 0018 

PQ17 

DQ16 0016 . 
DQ13 0013 

CAS 1 
DQ12 0012 . . 
DQ09 0009 

RASO RAS 1 

PQB PQ8 

WE 
007 DQ7 . . 
DQ4 DQ4 

CASO 
DQ3 OQ3 . 

AO-A11 DQO OQO 

64G1726 Page 1339 
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IBM11J8360DL 

BM x 36 5.0V IC DRAM Cerd 

Truth Table 

Function RAS CAS 

Standby H x 
Read L L 

Early-Write L L 

Fast Page Mode - Read: L H-+L 1st Cycle 

Subsequent Cycles L H-+L 

Fast Page Mode - Write: L H-+L 1st Cycle 

Subsequent Cycles L H-+L 

RAS-Only Refresh L H 

CAS-Before-RAS Refresh H-+L L 

Presence Detect 

Pin 

PD1 (PD1 - PD4: Addressing/Dram Type) 

PD2 

PD3 

PD4 

PD5 ( Number of Banks/Organization) 

PD6(Speed) 

PD7 

PDS (Refresh Type) 

1. NC= OPEN, Vss = GND 

Page 1340 

WE Row Column 
Address Address 

x x x 
H Row Col 

L Row Col 

H Row Col 

H N/A Col 

L Row Col 

L N/A Col 

x Row N/A 

H x x 

--------------- -- ----- -------------·-

All DO bits 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

High Impedance 

High Impedance 

-70 

Vss 

Vss 

NC 

Vss 

Vss 

Vss 

NC 

NC 

64G1726 
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--------------- -..:..£::5'fi: IBM11J8360DL 

BM x 36 5.0V IC DRAM Card 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -0.5 to +7.0 v 1 

Input Voltage (RAS & DATA) -0.5 to Vee+ 0.5, 7.0 v 1 
V1N 

Input Voltage (Redriven Signals) -0.5 to Vee+ 0.5 v 1 

Vour Output Voltage -0.5 to +6.0 v 1 

ToPR Operating Temperature 0 to +55 ·c 1 

Tsrn Storage Temperature -40 to +85 ·c 1 

Po Power Dissipation 10.8 w 1, 2 

lour 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 (TA= o to ss°C) 

Symbol Parameter 

Vee Supply Voltage 

V1H 
Input High Voltage (RAS & DATA) 

Input High Voltage (Redriven Signals) 

V1L 
Input Low Voltage (RAS & DATA) 

Input Low Voltage (Redriven Signals) 

1. All voltages referenced to V88. 

Capacitance (TA= o to +55°C, Vee= s.o ± 0.25V) 

Symbol Parameter 

c,, Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C1s Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C1101 Output Capacitance (DQO-DQ34) 

Cvo2 Output Capacitance (PQ8, P017, PQ26, PQ35) 

64G1726 
MMDl21 DSU-00 
Revised 6/94 

Min 

4.75 

2.4 

2.0 

-0.5 

0.0 

Typ Max Units Notes 

5.0 5.25 v 1 

- Vee+ 0.5 v 1 

- Vee v 1 

- 0.8 v 1 

- 0.8 v 1 

Max Units Notes 

t5 pF 

57 pF 

15 pF 

20 pF 

32 pF 

42 pF 

Page 1341 



-------------- - -IBM11J8360DL - ----- --------·-----·-
BM x 36 5.0V IC DRAM card 

DC Electrical Characteristics (TA = o to +ss·c. Vee = s.o ± o.25Vl 

Symbol Parameter Min Max Units Notes 

Operating Current 
lee1 Avera~wer Supply Operating Current -70 - 1000 mA 

(RAS, CAS, Address Cycling: IRc = !Re min) 

Standby Current (TTL) 
lcc2 Power Sgy Standby Current - 48 mA 1,3 

(RAS= CAS ;;,V1H) 

RAS Only Refresh Current 
lcca Average Powec..§!.!pply Current, RAS Only Mode -70 - 1000 mA 

(RAS Cycling, CAS ;;oV1H: IRC = IRc min) 

Fast Page Mode Current 
lcc4 Average Power Supply Current, Fast Page Mode -70 - 800 mA 1,2,3 

(RAS= Vil. CAS, Address Cycling: lpc = lpe min) 

Standby Current (CMOS) 
Ices Power Sgy Standby Current - 4.8 mA 

(RAS= CAS - Vee - 0.2V) 

CAS Before RAS Refresh Current 
Ices Avera~wer Supply Current, CAS Before RAS Mode 

(RAS, CAS, Cycling: IRc =!Re min) 
-70 - tOOO mA 

Battery Backup Refresh Current 
lcc1 Average Poll!fil Supply Current during Battery Backup refresh 7.2 mA 1,2 

(CAS~ Vil. WE;;, V1H. IRAS~ 1µSec, !Re= 125µSec) 

Input Leakage Current RAS -60 +60 

l1(l) 
Input Leakage Current, any input 

CAS,ADD -10 +10 µA (0.0 ~ V1N ~(Vee< 6.0V)) 
All Other Pins Not Under Test= OV ~ -20 +20 

lo(l) 
Output Leakage Current -20 +20 µA 
(DolJT is disabled, 0.0 ~ VolJT~ Vee) 

VoH Output High Level 2.4 - v Output "H" Level Voltage (lolJT = -2mA@ 2.4V) 

Vol Output Low Level - 0.4 v 4 Output "L" Level Voltage (lolJT = +2mA@ 0.4V) 

1. lcc1. lcca. ICC4 and Ices depend on cycle rate. 
2. lcc1. ICC4 depend on output loading. Specttied values are obtained with the output open. 
3. Address can be changed once or less while RAS= Vil· In the case of lcC4. it can be changed once or less when CAS = V1H 
4. Refresh current is specttied for the X32 configuration using One Bank 
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-------------- ---- - ---- - -------------·- IBM11J8360DL 

BM x 36 5.0V IC DRAM Card 

AC Characteristics (TA= o to +55°C, Vee= s.o ± o.2sv) 
1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between ViH and 

VIL· 

2. An initial pause of 200µs 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 GAS 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 (GAS, WE) or 11 ns (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 

1Rc Random Read or Write Cycle Time 130 - ns 

tRP RAS Precharge Time 50 - ns 

lcp GAS Precharge Time 10 - ns 

IRAS RAS Pulse Width 70 10K ns 

1cAS GAS Pulse Width 21 - ns 2 

1AsR Row Address Setup Time 7 - ns 

!RAH Row Address Hold Time 8 - ns 

1AsC Column Address Setup Time 2 - ns 

1cAH Column Address Hold Time 15 - ns 

1RcD RAS to GAS Delay Time 18 45 ns 2 

1RAD RAS to Column Address Delay Time 13 28 ns 3 

1RsH RAS Hold Time 25 - ns 

1csH GAS Hold Time 70 - ns 

1cRP GAS to RAS Precharge Time 15 - ns 

lozc GAS Delay Time from D1N 0 - ns 

1AR Column Address Hold Time Referenced to RAS - - ns 4 

IT Transition Time (Rise and Fall) 3 50 ns 

1. The minimum 1cAS requires tcsH 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 ( 1oH) in the application. For example, a tcAS of 21ns plus a minimum toH of 
2ns would result in turning data out of the card at 23ns (6ns before max tcAc of 29ns). 

2. Operation within the tRco (max) limit ensures that tRAC (max) can be met. tRco (max) is specified as a reference point only: if tRco is 
greater than the specified 1Rco (max} limit, then access time is controlled by tcAC· 

3. Operation within the tRAD (max) limit ensures that tRAC (max} can be met. tRAD (max) is specified as a reference point only: If tRAD 
is greater than the specified 1RAD (max) limit, then access time is controlled by 1AA. 

4. This timing parameter is not applicable to this product, but may apply to a related product in this family. 

64G1726 
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IBM11J8360DL 

BM x 36 5.0V IC DRAM Card 

Write Cycle 

-70 
Symbol Parameter 

Min Max 

lwcs Write Command Set Up Time 2 -

lwcH Write Command Hold Time 16 -

twp Write Command Pulse Width 15 -

IRwL Write Command to RAS Lead Time - -

lcwL Write Command to CAS Lead Time - -

lwcR Write Command Hold Time Referenced to RAS - -

lo HR Data Hold Time Referenced to RAS - -

los D1N Setup Time 0 -

loH D1N Hold Time 20 -

1. This timing parameter is not applicable to this product, but may be applicable to a related product in this family. 

Read Cycle 

-70 
Symbol Parameter 

Min Max 

IRAc Access Time from RAS - 70 

lcAc Access Time from CAS - 25 

!AA Access Time from Address - 42 

tRcs Read Command Setup Time 2 -

IRcH Read Command Hold Time to CAS 0 -

IRRH Read Command Hold Time to RAS 5 -

IRAL Column Address to RAS Lead Time 42 -

lcAL Column Address to CAS Lead Time - -

lcLZ CAS to Output in Low-Z 2 -

loH Output Data Hold Time 2 -

!coo CAS to D1N Delay Time 25 -

lo FF Output Buffer Turn-off Delay 2 29 

1. Access time is determined by the later of IRAc, lcAc, !AA or lcPA. 
2. Measured with two TTL loads and 1 OOpF. 
3. Either tRcH or tRRH 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. 

==--­--------- - -- ----
=~=~= 

Units Notes 

ns 

ns 

ns 

ns 1 

ns 1 

ns 1 

ns 1 

ns 

ns 

Units Notes 

ns 1, 2 

ns 1, 2 

ns 1, 2 

ns 

ns 3 

ns 3 

ns 

ns 4 

ns 

ns 

ns 

ns 5 

5. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

Page 1344 64G1726 
MMDl21 DSU-00 

Revised 6/94 



--------- ----- - -- - ---:::..:.:::!5: 

Fast Page Mode Cycle 

Symbol Parameter 

lpc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

1cPRH RAS Hold Time from CAS Precharge 

le PA Access Time from CAS Precharge 

1. Access time is determined by the latter of IRAc. tcAc. lcpA, IAA. 
2. Access time assumes a toad of 1 OOpf. 

Refresh Cycle 

Symbol Parameter 

lcHR CAS Hold Time 
(CAS before RAS Refresh Cycle) 

tcsR CAS Setup Time 
(CAS before RAS Refresh Cycle) 

tWRP WE Setup Tiim_ 
(CAS before RAS Refresh Cycle) 

twRH WE Hold Time 
(CAS before RAS Refresh Cycle) 

tRPC RAS Precharge to CAS Hold Time 

IREF Refresh Period 

1 . 4096 refreshes are required every 256ms. 

64G1726 
MMDl21DSU-OO 
Revised 6/94 

IBM 11J8360DL 

BM x 36 5.0V IC DRAM Card 

-70 
Units Notes 

Min Max 

45 - ns 

70 10K ns 

45 - ns 

- 50 ns 1,2 

-70 
Units Notes 

Min Max 

18 - ns 

15 - ns 

16 - ns 

8 - ns 

8 - ns 

- 256 ns 1 
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8M x 36 5.0V IC DRAM Card 

Read 

~c 

IRAs 

V1H-

RAS 
V1L -

lcsH 

IRCD !RSH 

V1H-
lcAS CAS 

V1L -

!RAD 

IAsR ~SC 

~H 

Address 
V1H-

V1L-

1-----+---- Hi·Z -+------t---j 

Dour 

Page 1346 

VOH­
-----;--Hi-Z 

VoL-

I :"H"or"L" 

loFF-

Valid Data Out 

_loH ___ _ 

Hi·Z _ 

64G1726 
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BM x 36 5.0V IC DRAM Card 

Write Cycle (Early Write) 

!Re 

IRAs !RP 

V1H-
RAS 

VIL -

lcsH 

!RcD IRsH -lcRP 

V1H- !cAS 
GAS 

V1L -

!RAD 

!ASR 

V1H-
Address 

V1L -

V1H-
WE 

V1L -

los - !oH 

V1H-
D1N Valid Data In 

V1L-

Dour --------------- Hi-Z ----------------
VoL-

64G1726 
MMDl21DSU-OO 
Revised 6/94 

I :"H"or"L" 
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SM x 36 5.0V IC DRAM Card 

Fast Page Mode Read Cycle 

i---------t.iAsP _____________ ~~1 

-lcAs-

Address 

tcLZ 

Dour -----------lmi!I Dour 1 l}--~tf.%11 
VaL-

: j'H'' or"L" 
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1----lcPRH 

t r DZC 

lcAC 

\ 
11-------u:@ 

'" 
DaurN 

--------- ----- - -- ----:::::::::::::: ';' = 
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-------------- - -- - ---- -------------·-

Fast Page Mode Write Cycle 

v,K-
RAS 

V1L-

v,K-
GAS 

VIL-

v,K­
Address 

V1L-

VoH-

DouT 
VoL-

64G1726 
MMDl21DSU-OO 
Revised 6/94 

tRCD 

lwcs 

: "H" or"L" 

IBM11J8360DL 

BM x 36 5.0V IC DRAM Card 

!RASP !RP 

_tpc 

lcp tRSH le RP 

le AS le As lcAs 
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-------------- - -IBM11J8360DL ------ -------------·-
8M x 36 5.0V IC DRAM Card 

RAS Only Refresh Cycle 

~c 

!RAS ~p 

V1H_ 

RAS 

VIL-

tRPC 

V1H_ 

GAS 

V1L _ 

tASR 

~~AH 
V1H_ 

Address 
V1L _ 

DouT ___________ Hi-Z ------------------

Page 1350 

I :"H"or"L" 
$ 

Note: WE, D1N are "H" or "L" 
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CAS Before RAS Refresh Cycle 

RAS 

CAS 

DouT 

64G1726 
MMDl21 DSU-00 
Revised 6194 

V1H-

tRPC ~ V1L -

4 lcsR 

V1H-

V1L -

i----- !coo -------oi 

---+------- Hi-Z 

I :"H"or"L" 

Note: Addresses are "H" or "L" 

IBM11J8360DL 

SM x 36 5.0V IC DRAM Card 

tRPC 
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8M x 36 5.0V IC DRAM Card 

Layout Drawing 

54.1 (MAX) - I 3.5MAX 

~ 
2.13 

10.5MIN 

..., 
I 

FRONT 

'rj I' 
I 

~ 
1.60 MAX 1.60 MAX 

.063 l 4\ FRONT 1 ~ 

T) ~=-, 
88 ~---=43"'--'-.oiY,_,_,_P. --.ii 45 

1.69 

NOTE: All dimensions are typical unless otherwise stated. Ml~~~~~Rs 
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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. 

Application Note 

DRAM Module Product Overview 

Module Descriptions 

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

72 pin Single-lnline-Memory Modules (SIMMs) 

72-pin SIMMs 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-lnline-Memory Modules (DIMMs) 

168-pin DIMMs 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-lnline-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 DRAMS, 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. 
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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. 
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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, ECG-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 ECG-optimized) 

ECC·on·Simm (EOS) 

These SIMMs are designed to be plug compatible 
with parity based SIMMS but include on-board ECC 
logic that corrects single-DRAM errors in each byte 
of SIMM data. System memory data 1/0 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. 



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

The DQ pins on ECG SIMMs are assigned differ­
ently since these SIMM's do not have GAS- control­
lable individual bytes. (Note that a x40 ECC SIMM 
has an additional 4 DQ pins more than a x36 parity 
or ECG SIMM.) A specific memory subsystem can 
be designed to support either parity or ECG. This 
enables a single system to be utilized in multiple 
ways. Although there appears to be a significant dif­
ference in the ECG 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. 

Application Note 

72 Pin SIMM Characteristics 

Control Architecture 

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

• ECG-optimized SIMMs do not have addres­
sable words and use RASO for the first bank 
and RAS1 for the second bank. These 
SIMMs also do not have addressable bytes 
and use CASO 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. The~o 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 
RAS3 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 1 O 
row and 1 O column address bits, identified as AO 
through A9. Modules using DRAM chips organized 
4Mb deep need 22 address bits. Some of these 
chips are organized as 12 row and 1 O column bits 
labeled AO through A 11 and some are organized ~s 
11 row and 11 column bits, AO through A 1o1. Note 
that A 10andA11 occur at different pins on ECG 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 1 Mb 

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 

X32 X36 X36 X40 X32 X36 X36 X40 

1 IVss IVss IVss IVss "",j( jt'l.117 1uu19 1uu19 
2 DOD DOD DOD DOD '38 - P035 DQ20 D020 

3 DQ18 D01B DQ1 D01 39 Vss Vss v •• Vss 

4 DQ1 D01 D02 D02 40 CASO CASO CASO CASO 

5 DQ19 D019 D03 D03 '41 CAS2 CAS2 A10 A10 

6 DQ2 D02 D04 D04 '42 CAS3 CAS3 A11 A11 

7 DQ20 D020 D05 D05 43 CAS1 CAS1 CAS1 CAS1 

B DQ3 D03 DOG D06 44 RASO RASO RASO RASO 

9 DQ21 D021 D07 D07 45 RAS1 RAS1 RAS1 RAS1 

10 Vee Vee Vee Vee '46 D021 D021 

'11 PD5 PD5 47 WE WE WE WE 

12 AO AO AO AO '4B IECC IECC 
13 A1 A1 A1 A1 49 D09 D09 D022 D022 

14 A2 A2 A2 A2 50 D027 D027 D023 D023 

15 A3 A3 A3 A3 51 D010 D010 D024 D024 

16 A4 A4 A4 A4 52 D02B D02B D025 D025 

17 A5 A5 A5 A5 53 D011 D011 D026 D026 

1B A6 AG AG AG 54 D029 D029 D027 D027 

'19 A10 OE OE 55 D012 D012 D02B D02B 

20 DQ4 D04 DOB DOB 5G D030 D030 D029 D029 

21 DQ22 D022 D09 D09 57 D013 D013 D030 D030 

22 D05 D05 D010 DOtO 5B D031 D031 D031 D031 

23 DQ23 D023 D011 D011 59 Vee Vee Vee Vee 

24 DOG D06 D012 D012 60 D032 D032 D032 D032 

25 DQ24 D024 D013 D013 G1 D014 D014 D033 D033 

26 D07 D07 D014 D014 62 D033 D033 D034 D034 

27 DQ25 D025 D015 D015 63 D015 D015 D035 D035 

28 A7 A7 A7 A7 '64 D034 D034 D036 

'29 A11 D016 D016 *65 D016 D016 D037 

30 Vee Vee Vee Vee *6G D03B 

*31 AB AB AB AB G7 PD1 PD1 PD1 PD1 

32 A9 A9 A9 A9 68 PD2 PD2 PD2 PD2 

•33 RAS3 RAS3 69 PD3 PD3 PD3 PD3 

'34 RAS2 RAS2 70 PD4 PD4 PD4 PD4 
•35 P026 D017 D017 *71 - D039 

*36 - POB D018 D018 72 v •• v •• Vss v •• 
*Indicates differences (DOs 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 Vee 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. 

Application Note 
72 Pin SIMM Characteristics 
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72 Pin SIMM Presence Detect Truth 
Table 

Pin# 48 

Organiza1ion tRAc ECG 
100 ns Vss 

80 ns Vss 
256K x32, x 36, x40 

70 ns Vss 

60 ns Vss 

100 ns Vss 

80 ns Vss 
512K x32, x 36, x40 

70 ns Vss 

60 ns Vss 

100ns Vss 

80 ns 
1M x32, x 36, x40 

Vss 

70 ns Vss 

60 ns Vss 

100ns Vss 

80 ns Vss 
2M x32, x 36, x40 

70 ns Vss 

60 ns Vss 

80 ns Vss 

70 ns 
4M x32, x 36, x40 

Vss 

60 ns Vss 

50 ns Vss 

80 ns Vss 

70 ns Vss 
SM x32, x 36, x40 

Vss 60 ns 

50 ns Vss 

NC=Open circuit (No connections) 

rcTI Pin: Vss for ECG Module, NC for NON ECG Module 

67 

PD1 

Vss 

Vss 

Vss 

Vss 

NC 

NC 

NC 

NC 

Vss 

Vss 

Vss 

Vss 

NC 

NC 

NC 

NC 

Vss 

Vss 

Vss 

Vss 

NC 

NC 

NC 

NC 

----
!. ~:5?i: 

68 69 70 11 

PD2 PD3 PD4 #PDS 

NC Vss Vss NC 

NC NC Vss NC 

NC Vss NC NC 

NC NC NC NC 

Vss Vss Vss NC 

Vss NC Vss NC 

Vss Vss NC NC 

Vss NC NC NC 

Vss Vss Vss NC 

Vss NC Vss NC 

Vss Vss NC NC 

Vss NC NC NC 

NC Vss Vss NC 

NC NC Vss NC 

NC Vss NC NC 

NC NC NC NC 

NC NC Vss Vss 

NC Vss NC Vss 

NC NC NC Vss 

NC Vss Vss Vss 

Vss NC Vss Vss 

Vss Vss NC Vss 

Vss NC NC Vss 

Vss Vss Vss Vss 

# PDS applies only to ECG-Optimized SIMMs. For this PD only, the SIMM PD will be grounded through a 2.6K n 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, GAS, 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: 

OIMMtype Data bus width 

Non-Parity 64 

Parity 72 

ECG-Optimized (8 byte) 72 

ECG-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, O and 2, selectable by RASO and RAS2 
on the first bank, and if so equipped, RAS1 and 
RAS3 on the second bank. Data pins are assigned 
to words as in the following table (note the DRAM 
chip organization affects DO assignments on 8-byte 
ECG modules): 

DIMMTYPE WordO Data Word2 Data 

Non-Parity DQ0-7,9-16, 18-25, DQ36-43, 45-52, 
27-34 54-61, 63-70 

Parity Above DQs plus Above DQs plus 
PQ8, 17, 26, 35 PQ44, 53, 62, 71 

ECC,8-byte DQ0-35 D036-71 (x4, x9, x18 chips) 
(x8 chips) D00-39 D040-71 

ECG, 4-byte D00-39 D040-79 

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

Application Note 

168 Pin DIMM Characteristics 

Data Bit Assignments (DRAM CHIPS) 

Bank GAS 8-Byte 8-Byte 4-Byte 
(x4, x9, x18) (x8) (x4, x8) 

1 0 DQ0-35 DQ0-39 D00-39 

1 4 D036-71 D040-71 D040-79 

2 1 D00-35 D00-39 DQ0-39 

2 5 D036-71 D040-71 D040-79 

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 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 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 Cell 

Depth (Mb) Addresses Addresses Retention 
(ms) 

1 AO-A9 AO-A9 16 

2 AO-A10 AO-A10 32 

4 
AO-A10 AO-A10 32 or 64 orAO-A11 or AO-A9 

8 AO-At1 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 PIN ASSIGNMENTS (Part 1of3) 

Front Side (left side 1-42, right side 43-84) Back Side (left side 85-12G, right side 127-1G8) 

Pin# 
xG4 x72 x72 x80 

Pin# 
xG4 x72 x72 x80 

Non-Parity Parity ECG ECG Non-Parity Parity ECG ECG 

1 Vss Vss Vss Vss 85 Vss Vss Vss Vss 

2 DQO DOO DOO DQO 8G DQ3G DQ3G DQ3G DQ40 

3 DQ1 DQ1 DQ1 DQ1 87 DQ37 DQ37 DQ37 D041 

4 DQ2 DQ2 DQ2 DQ2 88 DQ38 DQ38 DQ38 D042 

5 DQ3 DQ3 DQ3 DQ3 89 DQ39 DQ39 D039 DQ43 

G Vee Vee Vee Vee 90 Vee Vee Vee Vee 

7 DQ4 DQ4 DQ4 DQ4 91 DQ40 DQ40 DQ40 DQ44 

8 DQ5 DQ5 D05 DQ5 92 DQ41 DQ41 DQ41 DQ45 

9 DQG DQG DOG DOG 93 DQ42 DQ42 D042 DQ4G 

10 DQ7 DQ7 DQ7 DQ7 94 DQ43 DQ43 DQ43 D047 

*11 NC P08 DQ8 DQ8 *95 NC PQ44 DQ44 DQ48 

12 Vss Vss Vss Vss 9G Vss Vss Vss Vss 

13 DQ9 DQ9 DQ9 DQ9 97 DQ45 DQ45 DQ45 DQ49 

14 DQ10 DQ10 DQ10 DQ10 98 DQ4G DQ4G DQ4G DQ50 

15 DQ11 DQ11 DQ11 DQ11 99 D047 DQ47 DQ47 DQ51 

1G DQ12 DQ12 DQ12 DQ12 100 DQ48 DQ48 DQ48 DQ52 

17 DQ13 DQ13 DQ13 DQ13 101 DQ49 D049 D049 DQ53 

18 Vee Vee Vee Vee 102 Vee Vee Vee Vee 

19 DQ14 DQ14 DQ14 DQ14 103 DQ50 DQ50 DQ50 DQ54 

20 DQ15 DQ15 DQ15 DQ15 104 DQ51 DQ51 DQ51 DQ55 

21 DQ16 DQ16 DQ16 DQ16 105 DQ52 DQ52 DQ52 DQ5G 

*22 NC PQ17 DQ17 DQ17 *10G NC PQ53 DQ53 DQ57 

23 Vss Vss Vss Vss 107 Vss Vss Vss Vss 

*24 NC NC NC DQ18 *108 NC NC NC DQ58 

*25 NC NC NC DQ19 *109 NC NC NC D059 

2G Vee Vee Vee Vee 110 Vee Vee Vee Vee 

27 WEO WEO WEO WEO 111 NC NC NC NC 

28 CASO CASO CASO CASO 112 CAS1 CAS1 CAS1 CAS1 

*29 CAS2 CAS2 NC NC *113 CAS3 CAS3 NC NC 

30 RASO RASO RASO RASO 114 RAS1 RAS1 RAS1 RAS1 

31 OEO OEO OEO OEO 115 NC NC NC NC 

32 Vss Vss Vss Vss 11G Vss Vss Vss Vss 

33 AO AO AO AO 117 A1 A1 A1 A1 

34 A2 A2 A2 A2 118 A3 A3 A3 A3 

35 A4 A4 A4 A4 119 A5 A5 A5 A5 

3G AG AG AG AG 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-S4) 

Pin# x64 x72 x72 xSO Pin# Non-Pari.!l_ Pari!l_ ECG ECG 

37 AS AS AS AS 121 

38 A10 A10 A10 A10 122 

39 A12 A12 A12 A12 123 

40 Vee Vee Vee Vee 124 

41 NC NC NC NC 125 

42 NC NC NC NC 126 

43 Vss Vss Vss Vss 127 

44 OE2 OE2 OE2 OE2 128 

45 RAS2 RAS2 RAS2 RAS2 129 

46 CAS4 CAS4 CAS4 CAS4 130 

•47 CAS6 CAS6 NC NC *131 

48 WE2 WE2 WE2 WE2 132 

49 Vee Vee Vee Vee 133 

·so NC NC NC D020 "134 

*S1 NC NC NC D021 "135 

S2 D018 D018 D018 D022 136 

S3 D019 D019 D019 D023 137 

54 Vss Vss Vss Vss 138 

55 D020 D020 D020 D024 139 

S6 D021 D021 D021 D025 140 

57 D022 D022 D022 D026 141 

58 0023 0023 0023 D027 142 

59 Vee Vee Vee Vee 143 

60 0024 0024 0024 0028 144 

61 NC NC NC NC 145 

62 NC NC NC NC 146 

63 NC NC NC NC 147 

64 NC NC NC NC 14S 

65 0025 0025 D025 D029 149 

66 NC P026 D026 D030 150 

67 D027 D027 D027 D031 151 

68 Vss Vss Vss Vss 152 

69 D028 D028 0028 D032 153 

70 D029 D029 D029 D033 154 

71 D030 D030 D030 D034 155 

72 0031 D031 D031 D035 156 

73 Vee Vee Vee Vee 157 

• Indicates Differences (OO's are scrambled) 

Application Note 
168 Pin DIMM Characteristics 

Back Side (left side S5-126, right side 127-16S) 

x64 x72 x72 xSO 
Non-Pari.!l_ Pari!l_ ECG ECG 

A9 A9 A9 A9 

A1t A11 A11 A11 

A13 A13 A13 A13 

Vee Vee Vee Vee 

NC NC NC NC 

BO BO BO BO 

Vss Vss Vss Vss 

NC NC NC NC 

RAS3 RAS3 RAS3 RAS3 

CASS CASS CASS CASS 

CAS7 CAS7 NC NC 

PDE PDE PDE PDE 
Vee Vee Vee Vee 

NC NC NC D060 

NC NC NC D061 

DOS4 D054 DOS4 D062 

D055 D055 D055 D063 

Vss Vss Vss Vss 

D056 D056 DOS6 D064 

D057 D057 D057 D06S 

D058 D058 DOS8 D066 

0059 0059 0059 0067 

Vee Vee Vee Vee 

0060 0060 0060 006S 

NC NC NC NC 

NC NC NC NC 

NC NC NC NC 

NC NC NC NC 

D061 D061 D061 D069 

NC P062 D062 D070 

D063 D063 D063 D071 

Vss Vss Vss Vss 

D064 D064 0064 D072 

D065 D065 0065 0073 

D066 D066 D066 D074 

D067 D067 0067 D075 

Vee Vee Vee Vee 
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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 85-126, right side 127-168) 

Pin# x64 x72 x72 x80 
Pin# 

x64 x72 x72 x80 
Non-Parity Parit)" ECG ECG Non-Parity Parity ECG ECG 

74 D032 D032 D032 D036 158 D068 D068 D068 D076 

75 D033 D033 D033 D037 159 D069 D069 D069 D077 

76 D034 D034 D034 D038 160 D070 D070 D070 DQ78 

77 NC P035 D035 D039 '161 NC P071 D071 D079 

78 v •• v •• Vss Vss 162 Vss v •• Vss Vss 

79 PD1 PD1 PD1 PD1 163 PD2 PD2 PD2 PD2 

80 PD3 PD3 PD3 PD3 164 PD4 PD4 PD4 PD4 

81 PD5 PD5 PD5 PD5 165 PD6 PD6 PD6 PD6 

82 PD? PD7 PD7 PD? 166 PD8 PD8 PD8 PD8 

83 IDO IDO IDO IDO 167 ID1 ID1 ID1 ID1 

84 Vee Vee Vee Vee 168 Vee Vee Vee Vee 

• Indicates Differences (DO's are scrambled) 
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168 Pin DIMM Characteristics 

controller logic correctly accommodates the require- Presence Detect Considerations 
ments of all the DIMMs to be supported. Also, differ-
ent page depths due to different column address Presence Detects can provide the following benefits: 
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 

8 Byte DIMM 
DRAM Voltage 

~~~ition ~~~rtJOn 
-!!lll!l!l!llll!ll!lll!lllllll!( 

10 30 20 

Non-DRAM 
Key 
Position 

20 

• For DRAM/SD RAM assemblies, this area is populated with pads. 

• 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. 

n_... 
Key ~Fl _____. 
Shapes~· 

~-----. 
Centerline 

Leh 
Key 

SD RAM 

St'd DRAM 

RFU 

Center •Right 

Key Key 

sv No Key 

3.3V No Key 

x.xV No Key 
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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 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 DIMM and adjust control and 
addressing signals as necessary. 
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168 Pin DIMM Presence Detect 

PD Bits 
DIMM 

4 3 2 1 Density #Banks 

164 80 163 79 
MB 

NC NC NC NC 

Vss Yss Vss Vss 2 1 

Vss Vss Vss NC 4 2 

Vss Vss NC Vss 4 1 

Yss Vss NC NC 8 2 

Vss NC Yss Vss s 1 

Vss NC Vss NC 16 2 

Vss NC NC Vss s 1 

NC Vss Vss Vss 16 2 

NC Vss Vss NC 16 1 

NC Vss NC Vss 32 2 

NC v •• NC NC 32 1 

NC v •• NC NC 32 1 

NC NC Vss Vss 64 2 

NC NC Vss NC 64 1 

NC NC NC Vss 12S 2 

NC NC NC NC 12S 1 

Vss Vss Vss Vss 12S 1 

Vss Vss Vss NC 256 2 

Vss Vss NC Vss 256 1 

v •• Vss NC NC 512 2 

Vss NC Vss Vss 512 1 

v •• NC NC NC 

DIMM 
Configuration 

No Module Inserted 

256K x64/72, 
256K x72 

512K x64/72, 
512K x72 

512K x 64/72, 
512K x 72180 

1 Mx64/72, 1 Mx72/80 

1 Mx64/72, 1 Mx72/SO 

2Mx64/72, 2Mx72/80 

1 Mx64/72, 1 Mx72 

2Mx64/72, 2Mx72 

2Mx64/72, 2Mx72/SO 

4Mx64/72, 4Mx72/SO 

4Mx72, N/A 

4Mx64, 4Mx72/80 

SMx64/72, SMx72 

8Mx64/72, SMx72/80 

16Mx64/72, 
16Mx72/80 

16Mx64/72, 
16Mx72/SO 

16Mx64/72, 16Mx72 

32Mx64/72, 32Mx72 

32Mx64/72, 
32Mx72/SO 

64Mx64/72, 
64Mx72/SO 

64Mx64/72, 
64Mx72/80 

Application Note 
168 Pin DIMM Characteristics 

DRAM DRAM Address 

Configuration 
Row Column 

256Kx16/18 9 9 

256K x 16/18 
9 9 

512K x 8/9 10 9 

512K x 8/9 10 9 

1M x 4/16/1S 10 10* 

1M x 4/16/18 10 10* 

1Mx 16/18 12 8 

1Mx16/1S 12 s 
2M xS/9 11 10 

2M xS/9 11 10 

4M x 4/1/1S 12 11 

4M x 4/16 12 10 

4M x 16/1S 12 10 

SM xS/9 12 11 

SM x S/9 12 11 

16M x4 13 11 

16M x 16/1S TBD TBD 

16Mx16/1S TBD TBD 

32M x 8/9 TBD TBD 

32M x S/9 TBD TBD 

64Mx4 TBD TBD 

EXPANSION CODE 

• 1 M x 16/1 S 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 121S decode is provided as a low power option. 
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EDO Detection 

PD Bit 

PD5 81 

DIMM Speed (T RAd 

PD Bit 

PDG 1 165 

PD7 l 82 

ECC/Parity Detection 

PD Bit 

PD8 166 

ID BITS (May be "Dot-ORed" at system 
level) 

IDO (DIMM Type) 83 

101 (Refresh Mode) 167 
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Fast Page Fast Page with EDO 

NC 

40 ns 50 ns 60 ns 70 ns 80 ns 

NC Vss NC Vss NC 

Vss Vss NC NC Vss 

ECC Parity 

NC 

x 64 Parity/x72 ECC x 72 Parity/X 80 ECC 

NC 

Normal Refresh Self Refresh 

NC 



------------------ - ---- -------------·-

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 ECG exists): 

IC DRAM Type Data Bus Width 

Non-parity 32 

Parity 36 

In 2-banked IC DRAMs, the data 1/0 for each bank 
are dotted. Banks are divided into words, 0 and 2, 
selectable by RASO 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 WordO Data Word2 Data 

Non-parity D00-16 0018 - 34 

Parity DOO - B plus POB D01B - 25 plus P026 
D09 - 16 plus P017 D027 - 43 plus P035 

On parity and non-parity cards, words are divided 
into two bytes, selectable by CASO and CAS1 in 
WordO 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. 

Application Note 
88 Pin IC DRAM Card Characteristics 

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: 

DRAM Chip Row Column Cell Retention Depth Addresses Addresses (ms) (Mb) 

0.25 (256K) AO-AB AO-AB 64 

.5 (512K) AO-A9 AO -AB 12B 

1 
AO-A9 AO-A9 12B orAO-A11 or AO-A? 

2 AO-A10 AO-A9 12B 

4 AO-A11 AO-A9 256 orAO-A11 or AO -A10 

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 memory 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# TOQ:Side x32 T(ij)Side x36 Pin# Bottom Side x 32 Bottom Side x 36 
1 Tss Yss 45 Tss Yss 
2 DQO OQO 46 0018 0018 
3 001 001 47 0019 0019 
4 002 002 48 0020 0020 
5 003 003 49 0021 0021 
6 004 004 50 0022 0022 
7 ~ 005 51 0023 0023 
8 006 006 52 0024 0024 
9 Vcc(5.0V) Vee (5.0V) 53 0025 0025 
10 007 007 •54 P026 
11 Vee (3.3V) Veej3.3V) 55 **NC **NC 
•12 - P08 56 Vss Vss 
13 AO AO 57 A1 A1 
14 ~ A2 58 A3 A3 
15 Vee(5.0V) Vee (5.0V) 59 A5 AS 
16 A4 A4 60 A7 A7 
17 -Vee(3.~ -Vee(3.~ 61 A9 A9 
18 AS AS 62 A11 A11 
19 A8 AB 63 Vss Vss 

~o A10 A10 64 A13 A13 

:I1 A12 A12 65 RAS1 RAS1 
22 RASO RASO 66 :!fAS2 ~ 
23 CASO CASO 67 Vss Vss 
24 ~ CAS1 68 CAS3 CAS3 
25 Vee(3.3V) Vee (3.3V) 69 RAS3 RAS3 
26 RAS2 RAS2 70 WE WE 
27 Vee (5.0V) Vee (5.0V) 71 PD1 PD1 
28 PD2 PD2 72 P03 PD3 
29 PD4 P04 73 Vss Vss 
30 PD6 POS 74 P05 PD5 
31 *RFE **RFE 75 PD7 P07 
32 **RFE **_!!!"E 76 PD8 P08 
•33 - P017 77 **RFE **RFE 
34 009 009 78 P09 l>D9 
35 Vee(3.3V) Vee (3.3V) •79 - P035 
36 0010 0010 80 0027 0027 
37 Vee (5.0V) Vee(5.0V) 81 0028 0028 
38 0011 0011 82 0029 0029 
39 0012 0012 83 0030 lXl3lf 
40 J:>:013 0013 84 J:>:031 0031 
41 0014 0014 85 0032 DQ32 
42 0015 0015 86 0033 0033 
43 0016 0016 87 J!034 DQ34 
44 Vss Vss 88 Vss Vss 

*Indicates Differences 

**Reserved For Potential ECC 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 memory 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 SV 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. 

Application Note 
88 Pin IC DRAM Card Characteristics 

Voltage Keying 

Front 

"rj 
I 

.J/ 

~ -=i_ 44~ Front 1 

337</b:M~~~~ 
NOTCH 

1.60 . 

0.063 ~ 44\ Front 1 

ff~~~~ 
5.5V 88 45 
NOTCH 
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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 512Kx8,9 
Vss Vss Vss Vss NC 4 512Kx8,9 

NC Vss Vss NC Vss 4 1Mx1,4,16,18 
Vss Vss Vss NC Vss 8 1Mx1,4,16,18 
NC NC Vss NC Vss 4 1Mx 16, 18 
Vss NC Vss NC Vss 8 1Mx16, 18 

NC Vss Vss NC NC 8 2M x8, 9 
Vss Vss Vss NC NC 16 2M x8, 9 

NC 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 

NC Vss NC NC Vss 64 16Mx1,4,16,18 
Vss Vss NC NC Vss 128 16Mx1,4,16,18 

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 

50ns 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 DIMMs 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: 

SODIMM Da1a Bus Wid1h 

Non-parity 32 

Pari1y 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 RASO 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~ WordO Da1a Word2 Data 

Non-pari1y D00-16 D018-34 

Pari1y DOD - 8 plus POB D018 - 25 plus P026 
D09 - 16 Plus P017 D027 - 43 Plus P035 

On parity and non-parity SO DIMMs, the words are 
divided into two bytes, selectable by CASO and 1 in 
WordO and CAS2 and 3 in Word2. The same GAS 
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 
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the following table: 

DRAM Chip Row Column Cell Retention Depth Addresses Addresses (ms) (MB) 

AO-A9 AO-A9 64 
1 

AO-A11 AO-A7 64 

2 AO -A10 AO-A9 256 

4 AO-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. 
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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 v .. v .. 2 000 000 

3 001 DOt 4 002 002 

5 003 003 6 004 004 

7 005 005 8 DOG 006 

9 007 007 10 Vee Vee 

11 PD1 P01 12 AO AO 

13 A1 A1 14 A2 A2 
15 A3 A3 16 A4 A4 
17 A5 A5 1S AS AS 

19 A10 A10 ·20 NC PQ8 

21 009 009 22 0010 0010 

23 0011 0011 24 0012 0012 

25 0013 0013 26 0014 0014 

27 0015 0015 2S A7 A7 

29 A11 A11 30 Vee Vee 

31 AS AS 32 A9 A9 

33 RAS3 RAS3 34 RAS2 RAS2 

35 0016 0016 *36 NC PQ17 

37 0018 0018 3S 0019 0019 

39 v •• v .. 40 CASO CASO 

41 CAS2 CAS2 42 CAS3 CAS3 

43 CAS1 CAS1 44 RASO RASO 

45 ~S1 ~1 46 A12 A12 

47 WE WE 48 A13 A13 

49 0020 0020 50 0021 0021 

51 0022 0022 52 0023 0023 

53 0024 0024 54 0025 0025 

•55 NC PQ26 56 0027 0027 

57 0028 002S 5S 0029 0029 

59 0031 0031 60 0030 0030 

61 Vee Vee 62 0032 0032 

63 0033 0033 64 0034 0034 

*65 NC P035 66 P02 P02 

67 P03 PD3 68 P04 P04 

69 P05 P05 70 PDG PDG 

71 P07 PD7 72 v •• v .. 
*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-ECG or ECG 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 Vee 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 

Chip 4 3 2 1 
Organization Row Column Organization 68 67 66 11 

No Module NC NC NC NC 

512k x 32 512k x 8 10 9 NC Vss Vss Vss 

512k x36 512k x 9 10 9 NC Vss Vss Vss 

1Mx32 512k x 8 10 9 Vss Vss Vss Vss 

1Mx32 1M x4, 16, 18 10 10 NC Vss Vss NC 

1Mx36 512kx9 10 9 Vss Vss Vss Vss 

2Mx32 2Mx8 11 10 NC Vss NC Vss 

2Mx36 2Mx9 11 10 NC Vss NC Vss 

4Mx32 2Mx8 11 10 Vss Vss NC Vss 

4Mx32 4Mx4 12,11 10,11 NC Vss NC NC 

4Mx36 2Mx9 11 10 Vss Vss NC Vss 

8Mx32 8Mx8 12 11 NC NC Vss Vss 

8Mx36 8Mx9 12 11 NC NC Vss Vss 

16M x 32 8Mx8 12 11 Vss NC Vss Vss 

16M x32 16Mx4 13 11 NC NC Vss NC 

16Mx36 8Mx9 12 11 Vss NC Vss Vss 

32Mx32 32Mx8 TBD TBD NC NC NC Vss 

32Mx36 32Mx9 TBD TBD NC NC NC Vss 

64M x32 32Mx8 TBD TBD Vss NC NC Vss 

64M x32 64Mx4 TBD TBD NC Vss Vss Vss 

64M x36 32Mx9 TBD TBD Vss NC NC Vss 

1Mx32,36 1Mx16, 18 12 8 NC NC Vss NC 

2M x32, 36 1M x 16, 18 12 8 Vss NC Vss NC 

2M x32, 36 1Mx16, 18 10 10 Vss Vss Vss NC 

PD Speed PD Refresh 

PD5 PD6 PD7 
Speed-tRAc Refresh Type 

69 70 71 

50 ns Vss Vss Standard NC 

60 ns NC NC Self-refresh Vss 

70 ns Vss NC 

80ns NC Vss 
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Error Indicator Lines on ECC-On SIMM Modules 

ECC-on-SIMM Memory Modules 

The ECG-on-SIMM family of memory modules 
are DRAM SIM Ms organized as 1 M x 36, 2M x 
36, 4M x 36, and BM 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 ECG-on-SIMM modules. 
The cross reference table for standard modules 
and error indicator modules is shown below. 

Organization Standard Error Indicator 
Part Number Part Number 

1M x36 IBM 11E14BOB-70 IBM11E1490B-70 

2M x36 IBM11E24BOB-70 IBM11 E2490B-70 

4M x36 IBM 11 E4480B-70 IBM 11 E4490B-70 

8Mx36 IBM11EB480B-70 IBM 11 E8490B-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 GAS is valid during a read cycle, the 
error lines will be valid. They will remain valid 
until GAS returns high. The drivers will come out 
of tristate about 5ns after GAS falls and return to 
tristate about 5ns after GAS 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 ECG-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 
GAS transitions, however it is valid from a point 
15ns after valid GAS and remains valid until 
GAS 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 

Application Note 

Fault Tolerance Decision in Memory 

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, resulting 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 ECG 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 ECG 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. 
ECG in a four-byte system obviously costs more 
than non-parity or parity but in an eight-byte system 
ECG and parity costs are equal. 

ECG 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 ECG logic 
in the memory controller is not very significant in this 
age of inexpensive, high performance, VLSI logic 
but ECG 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
mod ify-writes. 
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Most memory errors are of a single-bit nature, 
correctable by ECG. Incorporating this fault tolerant 
technique provides high system reliability and 
attendant availability. An ECG-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 ECG 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 ECG via replacing the previously installed 
modules with EOS-type SIMMS, thus entailing no 
processor or planar changes. The EOS SIMMs carry 
out ECG 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 ECG compatible memory controller. 
This is due primarily to the extra memory necessary 
to perform ECG on a per-byte basis (ECG 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 ECG without 
performance impacts. They also provide the system 
OEM with a method to provide the system purchaser 
a choice between ECG and parity-based memory. 
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IBM1101320BB ......... 72 Pin 4 Byte SIMM ......... 1 M x 32 ............ 10/10, 5.0V, Sn/Pb ............................ 37 
IBM1101320BC ......... 72 Pin 4 Byte SIMM ......... 1Mx32 ............ 10/10, 5.0V, Sn/Pb ............................ 37 
IBM1101320BO ......... 72 Pin 4 Byte SIMM ......... 1 M x 32 ............ 10/1 0, 5.0V, Sn/Pb ............................ 53 
IBM1101320L. ........... 72 Pin 4 Byte SIMM ......... 1 M x 32 ............ 10/10, 5.0V, LC, Sn/Pb ..................... 69 
IBM1101360BA ......... 72 Pin 4 Byte SIMM ......... 1 M x 36 ............ 10/10, 5.0V, Sn/Pb .......................... 165 
IBM1101360BB ......... 72 Pin 4 Byte SIMM ......... 1M x 36 ............ 10/10, 5.0V, Sn/Pb .......................... 165 
IBM1101360BO ......... 72 Pin 4 Byte SIMM ......... 1M x36 ............ 10/10, 5.0V, Sn/Pb .......................... 1B1 
IBM1101360EA ......... 72 Pin 4 Byte SIMM ......... 1M x36 QC ...... 10/10, 5.0V, Sn/Pb .......................... 197 
IBM1101360EO ......... 72 Pin 4 Byte SIMM ......... 1Mx36 QC ...... 10/10, 5.0V, Sn/Pb .......................... 213 
IBM1101360L. ........... 72 Pin 4 Byte SIMM ......... 1 M x 36 ............ 10/10, 5.0V, LC, Sn/Pb ................... 229 
IBM1101370BA ......... 72 Pin 4 Byte SIMM ......... 1M x 36 E ......... 10/10, 5.0V, Sn/Pb .......................... 363 
IBM1101400BA ......... 72 Pin 4 Byte SIMM ......... 1M x 40 E ......... 10/10, 5.0V, Sn/Pb .......................... 363 
IBM1101480BA ......... 72 Pin 4 Byte SIMM ......... 1M x36 EOS .... 10/10, 5.0V, Sn/Pb .......................... 453 
IBM1102320BC ......... 72 Pin 4 Byte SIMM ......... 2M x 32 ............ 10/10, 5.0V, Sn/Pb ............................ B5 
IBM1102320BO ......... 72 Pin 4 Byte SIMM ......... 2M x 32 ............ 10/10, 5.0V, Sn/Pb .......................... 101 
IBM1102320L. ........... 72 Pin 4 Byte SIMM ......... 2M x 32 ............ 10/10, 5.0V, LC, Sn/Pb ................... 117 
IBM1102360BA ......... 72 Pin 4 Byte SIMM ......... 2M x 36 ............ 10/10, 5.0V, Sn/Pb .......................... 245 
IBM1102360BO ......... 72 Pin 4 Byte SIMM ......... 2M x 36 ............ 10/10, 5.0V, Sn/Pb .......................... 261 
IBM1102360EA ......... 72 Pin 4 Byte SIMM ......... 2M x 36 QC ...... 10/10, 5.0V, Sn/Pb .......................... 277 
IBM1102360EO ......... 72 Pin 4 Byte SIMM ......... 2M x 36 QC ...... 10/10, 5.0V, Sn/Pb .......................... 295 
IBM1102360L.. .......... 72 Pin 4 Byte SIMM ......... 2M x 36 ............ 10/10, 5.0V, LC, Sn/Pb ................... 311 
IBM1102370BA ......... 72 Pin 4 Byte SIMM ......... 2M x 36 E ......... 10/10, 5.0V, Sn/Pb .......................... 3B5 
IBM11 02400BA ......... 72 Pin 4 Byte SIMM ......... 2M x 40 E ......... 10/1 0, 5.0V, Sn/Pb .......................... 3B5 
IBM11024BOBA ......... 72 Pin 4 Byte SIMM ......... 2M x 36 EOS .... 10/10, 5.0V, Sn/Pb .......................... 469 
IBM1104320B ........... 72 Pin 4 Byte SIMM ......... 4M x 32 ............ 11/11, 5.0V, Sn/Pb .......................... 133 
IBM1104360B ........... 72 Pin 4 Byte SIMM ......... 4M x 36 ............ 11 /11, 5.0V, Sn/Pb .......................... 327 
IBM1104370C ........... 72 Pin 4 Byte SIMM ......... 4M x 36 E ......... 12/10, 5.0V, Sn/Pb .......................... 407 
IBM1104400C ........... 72 Pin 4 Byte SIMM ......... 4M x 40 E ......... 12/10, 5.0V, Sn/Pb .......................... 407 
IBM11044BOBA ......... 72 Pin 4 Byte SIMM ......... 4M x 36 EOS .... 11/11, 5.0V, Sn/Pb .......................... 4B5 
IBM11 OB320B ........... 72 Pin 4 Byte SIMM ......... BM x 32 ............ 11/11, 5.0V, Sn/Pb .......................... 149 
IBM1108360B ........... 72 Pin 4 Byte SIMM ......... BM x 36 ............ 11 /11, 5.0V, Sn/Pb .......................... 343 
IBM1108370C ........... 72 Pin 4 Byte SIMM ......... BM x 36 E ......... 12/10, 5.0V, Sn/Pb .......................... 429 
IBM11 OB400C ........... 72 Pin 4 Byte SIMM ......... BM x 40 E ......... 12/10, 5.0V, Sn/Pb .......................... 429 
IBM11OB480BA ......... 72 Pin 4 Byte SIMM ......... BM x 36 EOS .... 11/11, 5.0V, Sn/Pb .......................... 501 
IBM11E1320BB ......... 72 Pin 4 Byte SIMM ......... 1Mx32 ............ 10/10, 5.0V, Au ................................. 37 
IBM11E1320BC ......... 72 Pin 4 Byte SIMM ......... 1Mx32 ............ 10/10, 5.0V, Au ................................. 37 
IBM11E1320BO ......... 72 Pin 4 Byte SIMM ......... 1 M x 32 ............ 10/10, 5.0V, Au ................................. 53 
IBM11E1320L.. .......... 72 Pin 4 Byte SIMM ......... 1 M x 32 ............ 10/10, 5.0V, LC, Au ........................... 69 
IBM11E1360BA ......... 72 Pin 4 Byte SIMM ......... 1M x36 ............ 10/10, 5.0V, Au ............................... 165 
IBM11E1360BB ......... 72 Pin 4 Byte SIMM ......... 1 M x 36 ............ 10/10, 5.0V, Au ............................... 165 
IBM11E1360BO ......... 72 Pin 4 Byte SIMM ......... 1 M x 36 ............ 10/10, 5.0V, Au ............................... 1 B1 
IBM11E1360EA ......... 72 Pin 4 Byte SIMM ......... 1M x36QC ...... 10/10, 5.0V, Au ............................... 197 
IBM11E1360EO ......... 72 Pin 4 Byte SIMM ......... 1Mx36 QC ...... 10/10, 5.0V, Au ............................... 213 
IBM11E1360L.. .......... 72 Pin 4 Byte SIMM ......... 1 M x 36 ............ 10/10, 5.0V, LC, Au ......................... 229 
IBM11E1370BA ......... 72 Pin 4 Byte SIMM ......... 1 M x 36 E ......... 10/10, 5.0V, Au ............................... 363 
IBM11E1400BA ......... 72 Pin 4 Byte SIMM ......... 1Mx40 E ......... 10/10, 5.0V, Au ............................... 363 
IBM11E14BOBA ......... 72 Pin 4 Byte SIMM ......... 1Mx36 EOS .... 10/10, 5.0V, Au ............................... 453 

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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IBM11 E2320BC ......... 72 Pin 4 Byte SIMM ......... 2M x 32 ............ 10/10, 5.0V, Au ................................. 85 
IBM11 E2320BD ......... 72 Pin 4 Byte SIMM ......... 2M x 32 ............ 10/10, 5.0V, Au ............................... 101 
IBM11 E2320L. ........... 72 Pin 4 Byte SIMM ......... 2M x 32 ............ 10/10, 5.0V, LC, Au ......................... 117 
IBM11 E2360BA ......... 72 Pin 4 Byte SIMM ......... 2M x 36 ............ 10/10, 5.0V, Au ............................... 245 
IBM11 E2360BD ......... 72 Pin 4 Byte SIMM ......... 2M x 36 ............ 10/10, 5.0V, Au ............................... 261 
IBM11 E2360EA ......... 72 Pin 4 Byte SIMM ......... 2M x 36 QC ...... 10/10, 5.0V, Au ............................... 277 
IBM11 E2360ED ......... 72 Pin 4 Byte SIMM ......... 2M x 36 QC ...... 10/10, 5.0V, Au ............................... 295 
IBM11 E2360L. ........... 72 Pin 4 Byte SIMM ......... 2M x 36 ............ 10/10, 5.0V, LC, Au ......................... 311 
IBM11 E2370BA ......... 72 Pin 4 Byte SIMM ......... 2M x 36 E ......... 10/10, 5.0V, Au ............................... 385 
IBM11 E2400BA ......... 72 Pin 4 Byte SIMM ......... 2M x 40 E ......... 10/10, 5.0V, Au ............................... 385 
IBM11 E2480BA ......... 72 Pin 4 Byte SIMM ......... 2M x 36 EOS .... 10/10, 5.0V, Au ............................... 469 
IBM11 E4320B ........... 72 Pin 4 Byte SIMM ......... 4M x 32 ............ 11/11, 5.0V, Au ............................... 133 
IBM11 E4360B ........... 72 Pin 4 Byte SIMM ......... 4M x 36 ............ 11/11, 5.0V, Au ............................... 327 
IBM11 E4370C ........... 72 Pin 4 Byte SIMM ......... 4M x 36 E ......... 12/10, 5.0V, Au ............................... 407 
IBM11 E4400C ........... 72 Pin 4 Byte SIMM ......... 4M x 40 E ......... 12/10, 5.0V, Au ............................... 407 
IBM11 E4480BA ......... 72 Pin 4 Byte SIMM ......... 4M x 36 EOS .... 11/11, 5.0V, Au ............................... 485 
IBM11 E8320B ........... 72 Pin 4 Byte SIMM ......... BM x 32 ............ 11/11, 5.0V, Au ............................... 149 
IBM11 E8360B .......... 72 Pin 4 Byte SIMM ......... BM x 36 ............ 11/11, 5.0V, Au ............................... 343 
IBM11 E8370C ........... 72 Pin 4 Byte SIMM ......... BM x 36 E ......... 12/10, 5.0V, Au ............................... 429 
IBM11 E8400C ........... 72 Pin 4 Byte SIMM ......... SM x 40 E ......... 12/10, 5.0V, Au ............................... 429 
IBM11 E8480BA ......... 72 Pin 4 Byte SIMM ......... BM x 36 EOS .... 11/11, 5.0V, Au ............................... 501 
IBM11J1320BL .......... 88 Pin IC DRAM Card ...... 1 M x 32 ............ 10/1 0, 5.0V .................................... 1049 
IBM11J1320BN ......... 88 Pin IC DRAM Card ...... 1 M x 32 ............ 10/10, 3.3V .................................... 1065 
IBM11J1360BL .......... 88 Pin IC DRAM Card ...... 1 M x 36 ............ 10/10, 5.0V .................................... 1257 
IBM11 J2320BL .......... 88 Pin IC DRAM Card ...... 2M x 32 ............ 10/10, 5.0V .................................... 1081 
IBM11 J2320BN ......... 88 Pin IC DRAM Card ...... 2M x 32 ............ 10/10, 3.3V .................................... 1097 
IBM11J2320HL. ......... 88 Pin IC DRAM Card ...... 2M x 32 ............ 11/10, 5.0V .................................... 1113 
IBM11 J2320HN ......... 88 Pin IC DRAM Card ...... 2M x 32 ............ 11/10, 3.3V .................................... 1129 
IBM11 J2360BL .......... 88 Pin IC DRAM Card ...... 2M x 36 ............ 10/10, 5.0V .................................... 1273 
IBM11J4320BL .......... 88 Pin IC DRAM Card ...... 4M x 32 ............ 11/11, 5.0V .................................... 1177 
IBM11 J4320CL.. ........ BS Pin IC DRAM Card ...... 4M x 32 ............ 12/10, 5.0V .................................... 1193 
IBM11J4320CN ......... SS Pin IC DRAM Card ...... 4M x 32 ............ 12/10, 3.3V .................................... 1209 
IBM11 J4320HL. ......... SS Pin IC DRAM Card ...... 4M x 32 ............ 11/10, 5.0V .................................... 1145 
IBM11 J4320HN ......... SS Pin IC DRAM Card ...... 4M x 32 ............ 11/10, 3.3V .................................... 1161 
IBM11J4360BL. ......... SS Pin IC DRAM Card ...... 4M x36 ............ 11/11, 5.0V .................................... 12S9 
IBM11J4360DL.. ........ 88 Pin IC DRAM Card ...... 4M x 36 ............ 12/11, 5.0V .................................... 1305 
IBM11J8320CL.. ........ 88 Pin IC DRAM Card ...... SM x 32 ............ 12/10, 5.0V .................................... 1225 
IBM11 J8320CN ......... 88 Pin IC DRAM Card ...... SM x 32 ............ 12/10, 3.3V .................................... 1241 
IBM11 JS360BL .......... 88 Pin IC DRAM Card ...... SM x 36 ............ 11 /11, 5.0V .................................... 1321 
IBM11JS360DL. ......... 88 Pin IC DRAM Card ...... SM x 36 ............ 12/11, 5.0V .................................... 1337 
IBM11M1640BA ........ 168 Pin 8 Byte DIMM ....... 1 M x 64 ............ 10/10, 5.0V, Au ............................... 519 
IBM11M16730CB ...... 168 Pin S Byte DIMM ....... 16M x 72 E ....... 13/11, 3.3V, Au ............................... S47 
IBM11M1720BA ........ 168 Pin S Byte DIMM ....... 1 M x 72 ............ 10/10, 5.0V, Au ............................... 5S5 
IBM11M1730BA ........ 168 Pin S Byte DIMM ....... 1 M x 72 E ......... 10/10, 5.0V, Au ............................... 649 
IBM11M1730BB ........ 168 Pin S Byte DIMM ....... 1 M x 72 E ......... 10/10, 3.3V, Au ............................... 671 

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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IBM11M2640H ........... 168 Pin 8 Byte DIMM ....... 2M x 64 ............ 11/10, 5.0V, Au ............................... 541 
IBM11 M2720L ........... 168 Pin 8 Byte DIMM ....... 2M x 72 ............ 10/1 0, 5.0V, Au ............................... 607 
IBM11 M2730H ........... 168 Pin 8 Byte DIMM ....... 2M x 72 E ......... 11 /1 0, 5.0V, Au ............................... 693 
IBM11 M2730HB ........ 16S Pin S Byte DIMM ....... 2M x 72 E ......... 11/1 0, 3.3V, Au ............................... 715 
IBM11M4640C ........... 16S Pin S Byte DIMM ....... 4M x 64 ............ 12/10, 5.0V, Au ............................... 563 
IBM11M4720D ........... 16S Pin S Byte DIMM ....... 4M x 72 ............ 12/11, 5.0V, Au ............................... 629 
IBM11 M4730C ........... 16S Pin S Byte DIMM ....... 4M x 72 E ......... 12/10, 5.0V, Au ............................... 737 
IBM11 M4730CB ........ 16S Pin S Byte DIMM ....... 4M x 72 E ......... 12/10, 3.3V, Au ............................... 759 
IBM11 MS730HB ........ 168 Pin S Byte DIMM ....... SM x 72 E ......... 12/11 , 3.3V, Au ............................... S25 
IBM11 MS730P ........... 16S Pin S Byte DIMM ....... 8M x 72 E ......... 12/1 0, 5.0V, Au ............................... 7S1 
IBM11 MS730PB ........ 16S Pin S Byte DIMM ....... SM x 72 E ......... 12/10, 3.3V, Au ............................... S03 
IBM11S1320BL ......... 72 Pin 4 Byte SO DIMM ... 1M x 32 ............ 10/10, 5.0V, Au ............................... 871 
IBM11S1320BN ......... 72 Pin 4 Byte SO DIMM ... 1 M x 32 ............ 10/10, 3.3V, Au ............................... S71 
IBM11S1320NL ......... 72 Pin 4 Byte SO DIMM ... 1 M x 32 ............ 12/8, 5.0V, Au ................................. SS7 
IBM11S1320NN ......... 72 Pin 4 Byte SO DIMM ... 1 M x 32 ............ 12/S, 3.3V, Au ................................. SS7 
IBM11S1360BL ......... 72 Pin 4 Byte SO DIMM ... 1M x 36 ............ 10/10, 5.0V, Au ............................... 967 
IBM11S1360NL ......... 72 Pin 4 Byte SO DIMM ... 1 M x 36 ............ 12/S, 5.0V, Au ................................. 9S3 
IBM11S1360NN ......... 72 Pin 4 Byte SO DIMM ... 1 M x 36 ............ 12/8, 3.3V, Au ................................. 983 
IBM11 S2320HL ......... 72 Pin 4 Byte SO DIMM ... 2M x 32 ............ 11/10, 5.0V, Au ............................... 903 
IBM11 S2320HN ......... 72 Pin 4 Byte SO DIMM ... 2M x 32 ............ 11 /1 0, 3.3V, Au ............................... 903 
IBM11 S2320NL ......... 72 Pin 4 Byte SO DIMM ... 2M x 32 ............ 12/S, 5.0V, Au ................................. 919 
IBM11 S2320NN ......... 72 Pin 4 Byte SO DIMM ... 2M x 32 ............ 12/S, 3.3V, Au ................................. 919 
IBM11 S2360NL ......... 72 Pin 4 Byte SO DIMM ... 2M x 36 ............ 12/S, 5.0V, Au ................................. 999 
IBM11S2360NN ......... 72 Pin 4 Byte SO DIMM ... 2M x 36 ............ 12/S, 3.3V, Au ................................. 999 
IBM11 S4320CL ......... 72 Pin 4 Byte SO DIMM ... 4M x 32 ............ 12/1 0, 5.0V, Au ............................... 951 
IBM11 S4320CN ......... 72 Pin 4 Byte SO DIMM ... 4M x 32 ............ 12/10, 3.3V, Au ............................... 951 
IBM11 S4320HL ......... 72 Pin 4 Byte SO DIMM ... 4M x 32 ............ 11/10, 5.0V, Au ............................... 935 
IBM11S4320HN ......... 72 Pin 4 Byte SO DIMM ... 4M x 32 ............ 11110, 3.3V, Au ............................... 935 
IBM11 S4360BL ......... 72 Pin 4 Byte SO DIMM ... 4M x 36 ............ 11 /11, 5.0V, Au ............................. 1015 
IBM11 S4360BN ......... 72 Pin 4 Byte SO DIMM ... 4M x 36 ............ 11 /11, 3.3V, Au ............................. 1015 
IBM11 S4360DL ......... 72 Pin 4 Byte SO DIMM ... 4M x 36 ............ 12/11, 5.0V, Au ............................. 1031 
IBM11S4360DN ......... 72 Pin 4 Byte SO DIMM ... 4M x 36 ............ 12/11, 3.3V, Au ............................. 1031 

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

Organization: Organiza1ion, Special Fea1ures (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-OO. 

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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