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Welcome to the new Memory Databook from the IBM Microelectronics Division. 
Represented in this edition is a vast array of leading-edge memory products backed by 
the world's largest producer of integrated circuit solutions with the most extensive 
support network in the industry. 

The IBM Microelectronics Division is a world-wide enterprise with development and 
manufacturing facilities in Essex Junction, VT; Essonnes, France; Sindelfingen, Ger
many; and Yasu, Japan. IBM semiconductor products provide world-class technology 
from a global company that has delivered advanced design, process, and packaging 
technology for over thirty years. The Essex Junction site is the largest CMOS devel
opment and manufacturing facility where 6000 employees work in 3.5 million square 
feet of space in over 20 buildings on a 728-acre site to develop, manufacture, and sup
port innovative product solutions that include the industry-standard 4-Mbit DRAMs, 
leading-edge 0.5-micron 16-Mbit DRAMs, and an extensive family of SIMMs, 8-
Byte DIMMs, Small Outline DIMMs (SO DIMMs), and IC DRAMs ... all meeting the 
stringent ISO 9000 quality standard. 

Nearly four decades of experience has resulted in a impressive string of product 
''firsts" (from the world's first 16-bit bipolar integrated memory chip used in IBM 
System/360 systems in the sixties, to today's breakthrough 64-million-bit DRAMs 
built upon our innovative 0.35-micron CMOS VI technology), that assure unrivaled 
product reliability, superiority, and lasting value. A key customer benefit is direct 
access to our world-class silicon, packaging, and manufacturing technologies. 

Our world wide presence provides extensive product support for all memory products 
through application centers, system specialists, and on-site experts. 

Thank you for your interest in IBM Microelectronics Division memory products. We 
have provided you a postage paid comment card which can be found at the end of this 
manual. We value your suggestions and comments. 
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IBM11 E2320BC ......... 72 Pin 4 Byte SIMM ......... 2M x 32 ............ 10/10, 5.0V, Au ................................. S5 
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 
IBM11E2360BD ......... 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 ............................... 3S5 
IBM11 E2400BA ......... 72 Pin 4 Byte SIMM ......... 2M x 40 E ......... 10/10, 5.0V, Au ............................... 3S5 
IBM11 E24SOBA ......... 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 ............................... 4S5 
IBM11 ES320B ........... 72 Pin 4 Byte SIMM ......... SM x 32 ............ 11/11, 5.0V, Au ............................... 149 
IBM11 ES360B .......... 72 Pin 4 Byte SIMM ......... SM x 36 ............ 11/11, 5.0V, Au ............................... 343 
IBM11 ES370C ........... 72 Pin 4 Byte SIMM ......... SM x 36 E ......... 12/10, 5.0V, Au ............................... 429 
IBM11 ES400C ........... 72 Pin 4 Byte SIMM ......... SM x 40 E ......... 12/10, 5.0V, Au ............................... 429 
IBM11 ES480BA ......... 72 Pin 4 Byte SIMM ......... SM x 36 EOS .... 11 /11, 5.0V, Au ............................... 501 
IBM11J1320BL .......... 88 Pin IC DRAM Card ...... 1M x 32 ............ 10/10, 5.0V .................................... 1049 
IBM11J1320BN ......... SS Pin IC DRAM Card ...... 1 M x 32 ............ 10/1 0, 3.3V .................................... 1065 
IBM11J1360BL .......... SS Pin IC DRAM Card ...... 1 M x 36 ............ 10/1 0, 5.0V .................................... 1257 
IBM11 J2320BL .......... SS Pin IC DRAM Card ...... 2M x 32 ............ 10/10, 5.0V .................................... 10S1 
IBM11 J2320BN ......... SS Pin IC DRAM Card ...... 2M x 32 ............ 10/10, 3.3V .................................... 1097 
IBM11 J2320HL.. ........ SS 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 .......... SS Pin IC DRAM Card ...... 2M x 36 ............ 10/10, 5.0V .................................... 1273 
IBM11 J4320BL .......... SS Pin IC DRAM Card ...... 4M x 32 ............ 11 /11, 5.0V .................................... 1177 
IBM11 J4320CL.. ........ SS 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 ......... 88 Pin IC DRAM Card ...... 4M x 32 ............ 11/10, 3.3V .................................... 1161 
IBM11 J4360BL.. ........ 88 Pin IC DRAM Card ...... 4M x 36 ............ 11 /11 , 5.0V .................................... 12S9 
IBM11J4360DL. ......... SS Pin IC DRAM Card ...... 4M x 36 ............ 12/11, 5.0V .................................... 1305 
IBM11 J8320CL. ......... SS Pin IC DRAM Card ...... SM x 32 ............ 12/10, 5.0V .................................... 1225 
IBM11 J8320CN ......... SS Pin IC DRAM Card ...... SM x 32 ............ 12/10, 3.3V .................................... 1241 
IBM11 J8360BL .......... SS Pin IC DRAM Card ...... SM x 36 ............ 11 /11, 5.0V .................................... 1321 
IBM11J8360DL.. ........ 88 Pin IC DRAM Card ...... SM x 36 ............ 12/11, 5.0V .................................... 1337 
IBM11M1640BA ........ 16S Pin S Byte DIMM ....... 1M x 64 ............ 10/10, 5.0V, Au ............................... 519 
IBM11M16730CB ...... 16S Pin S Byte DIMM ....... 16M x 72 E ....... 13/11, 3.3V, Au ............................... S47 
IBM11M1720BA ........ 16S Pin S Byte DIMM ....... 1 M x 72 ............ 10/10, 5.0V, Au ............................... 585 
IBM11M1730BA ........ 16S Pin S Byte DIMM ....... 1M x72 E ......... 10/10, 5.0V, Au ............................... 649 
IBM11M1730BB ........ 16S Pins Byte DIMM ....... 1M x 72 E ......... 10/10, 3.3V, Au······························· 671 
IBM11M2640H ........... 16S Pin S Byte DIMM ....... 2Mx64 ............ 11/10, 5.0V, Au ............................... 541 
IBM11 M2720L ........... 168 Pin s Byte DIMM ....... 2M x 72 ............ 10/10, 5.0V, Au ............................... 607 

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

SnPb =Tin Leed Tabs) 
Organization: Organization, Special Features (QC = Quad CAS, E = ECC Optimized, EOS = ECC-On-SIMM) 
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Part Number Type Organization Features Page Number 

IBM11M2730H ........... 16S Pin S Byte DIMM ....... 2M x72 E ......... 11/10, 5.0V, Au ............................... 693 
IBM11 M2730HB ........ 16S Pin S Byte DIMM ....... 2M x 72 E ......... 11/10, 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 
IBM11M4730C ........... 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 ........ 16S Pin S Byte DIMM ....... SM x 72 E ......... 12/11, 3.3V, Au ............................... S25 
IBM11MS730P ........... 16S Pin S Byte DIMM ....... SM x 72 E ......... 12/10, 5.0V, Au ............................... 7S1 
IBM11 MS730PB ........ 16S Pin B Byte DIMM ....... SM x 72 E ......... 12/10, 3.3V, Au ............................... S03 
IBM11S1320BL ......... 72 Pin 4 Byte SO DIMM ... 1M x32 ............ 10/10, 5.0V, Au ............................... S71 
IBM11S1320BN ......... 72 Pin 4 Byte SO DIMM ... 1Mx32 ............ 10/10, 3.3V, Au ............................... S71 
IBM11S1320NL ......... 72 Pin 4 Byte SO DIMM ... 1M x32 ............ 12/S, 5.0V, Au ................................. SS7 
IBM11S1320NN ......... 72 Pin 4 Byte SO DIMM ... 1M 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/S, 3.3V, Au ................................. 9S3 
IBM11 S2320HL ......... 72 Pin 4 Byte SO DIMM ... 2M x 32 ............ 11/10, 5.0V, Au ............................... 903 
IBM11S2320HN ......... 72 Pin 4 Byte SO DIMM ... 2M x 32 ............ 11/10, 3.3V, Au ............................... 903 
IBM11S2320NL ......... 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 4ByteSO DIMM ... 2M x36 ............ 12/S, 3.3V, Au ................................. 999 
IBM11 S4320CL ......... 72 Pin 4 Byte SO DIMM ... 4M x 32 ............ 12/10, 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 /1 0, 5.0V, Au ............................... 935 
IBM11 S4320HN ......... 72 Pin 4 Byte SO DIMM ... 4M x 32 ............ 11/10, 3.3V, Au ............................... 935 
IBM11S4360BL ......... 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: Organization, Special Features (QC= Quad GAS, E =ECG Optimized, EOS =ECG-On-SIMM) 
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OB 

09 

16 

18 

32 

33 

36 

37 

38 

40 

48 

49 

64 

72 

73 

80 
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DRAM Module Numbering 

~~~~~~~~~~m~~rno~~ 

CompanyJ 
Identification 

Product Family I 
Quality Designator 

Premium DRAM 11 

Standard DRAM B1 

Product Identifier 

30 Pin SIMM/ Sn/Pb Tab pins 

30 Pin SIMM/ Au Tab pins 

30 Pin SIMM/ pinned 

72 Pin SIMM/ Sn/Pb Tab pins 

72 Pin SIMM/ Au Tab pins 

72 Pin SIMM/ pinned 

88 Pin DRAM Card (Butlered inputs) 

88 Pin Reserved 

168 Pin DIMM/ Au Tab Pins 

72 Pin SO DIMM/Au Tab Pins 

A:;sembly Memory Wjdt!J 

xB 

x9 

x 16 

x 18 

x 32 

x 33 

x 36 (Parity) 

x 36 (ECC applications) 

x 36 (Custom) 

x 40 (ECC applications) 

x 36 (ECC-on-board, 12/8 code) 

x 36 (ECC-On-board,Error reporting) 

x 64 (TBD applications) 

x 72 (Parity applications) 

x 72 (ECC applications) 

x 80 (ECC applications) 

T 
Assembly Memory 

I L_J 

'""'"'' ''"'~ 
Speed of Part 

Depth 
1or2 digits 

25 256K depth 
51 512K depth 

1 1M depth 

2 2M depth 

4 4M depth 

8 BM depth 

16 16M depth 

32 32M depth 

10 1oons (±10% Vee) 

BO BOns (±10% Vee) 

70 70ns (±10% Vee) 

60 60ns (±10% Vccl 

50 sons (±10% Vccl 

40 40ns (±10% Vccl 

64 64M depth 

13 128Mdepth 

26 256M depth 

52 512M depth Power I Refresh Sort: 1 Digit or Blank 

Blank Standard Power, SV, No Sell Refresh 

A Standard Power, SV, Sell Refresh 

B Standard Power, 3.3V, No Sell Refresh 

c Standard Power, 3.3V, Self Refresh 

L Low Power, SV, No Sell Refresh 

Functions Supported: 
M Low Power, SV, Self Refresh 

0 Fast Page Mode 
N Low Power, 3.3V, No Self Refresh 

Nibble Mode 
p Low Power, 3.3V, Sell Refresh 

2 Static Column Mode 
s Super Low Power, SV, No Self Refresh 

5 Hyper Page Mode 
T Super Low Power, SV, Self Refresh 

u Super Low Power, 3.3V No Self Refresh 

v Super Low Power, 3.3V, Self Refresh 

z Per Datasheet 

DRAM Type (Organization of DRAMs used on assembly) 

A x1 DRAMs used on the assembly 

B x4 DRAMs, x1 tor parity (ii applicable), square addressing (i.e. 11/11) 

c x4 DRAMs, x1 tor parity (if applicable),# Row Addr =#Column Addr + 2 

D x4 DRAMs, x1 for parity (if applicable), Mixed Addressing (i.e. 12/11) 

E x4 DRAMs, x4/4 CE for parity, square addressing (i.e. 11/11) 

F x4 DRAMs, x4/4 CE tor parity,# Row Addr = # Column Addr + 2 

G x4 DRAMs, x4/4 CE for parity, Mixed Addressing (i.e. 12111) 

H xB or 9 DRAMs, # Row Addr =#Column Addr + 1 (i.e. 11/10) 

J xB or 9 DRAMs, # Row Addr =#Column Addr + 3 (i.e. 1219) 

K x8 or 9 DRAMs, #Row Addr =#Column Addr + 5 (i.e. 1317) 

L x16 or x18 DRAMs, #Row Addr =#Column Addr (i.e. 10/10) 

M x16 or x18 DRAMs, #Row Addr =#Column Addr + 2 (i.e. 11/9) 

N x16 or x18 DRAMs, #Row Addr =#Column Addr + 4 (i.e. 12/8) 

p Non-standard DRAMs used on the assembly (per Datasheet) 
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Introduction 

Superior integrated circuit device reliability is 
attained when it is an integral part of process devel
opment, design and manufacturing. This section 
describes the methodology used by the IBM Micro
electronics Division to achieve robust DRAM 
designs prior to market introduction, and the pro
cesses employed to ensure products of utmost qual
ity and reliability during volume production. 

Reliability Goal 

Our goal is to achieve failure rates during product 
life which are consistently below customer require
ments. A time distribution of reliability failures is 
described by the "bathtub" curve depicted in Figure 
1. The curve is divided into three segments: an 
infant mortality period marked by a rapidly decreas
ing failure rate; a stable, useful life period where the 
failure rate continues to decrease, and a period of 

Figure 1. Bathtub Curve 

Quality and Reliabilty 

increasing failure rate representing the onset of 
product wear-out. Infant mortality and useful life fail
ures are caused by defects introduced during the 
manufacturing process; most of these defects are 
eliminated via high-efficiency reliability screens. 
Wear-out failures are avoided through careful tech
nology development and product design, and by the 
use of effective process monitors during production. 

Reliability Management System 

Reliability fails are a combination of three problem 
types: wear-out mechanisms which shorten useful 
life, systematic defects caused by process variation 
beyond acceptable limits, and random defects cre
ated by process deficiencies. IBM Microelectronics' 
comprehensive development and manufacturing 
strategy emphasizes reliability in our designs and 
processes to manage all three problem types. Early 
design and qualification activities eliminate wear-out 
failure mechanisms (e.g., hot carriers and electromi-

Infant 
Mortality 
(fails removed 

Useful Life Wearout 
(well beyond nor
mal product life) 

by burn-in) 

Field Use Hours 
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gration) during normal product life, and establish 
technology and process limits which minimize 
design sensitivity to manufacturing defects. Process 
control and tooling improvements, combined with 
high-efficiency burn-in and maverick screens, pro
vide continuous defect reduction. Attributes of the 
reliability management system are summarized in 
Figure 2. 

performed to assess wear-out mechanisms, 
including hot carriers, dielectric integrity, ionics and 
temperature stability, mechanical stability, stress 
induced metal voiding, and electromigration. The 
qualification process establishes the control of wear
out mechanisms to well beyond intended product 
life. Stress results are utilized to define chip and 
technology design groundrules (e.g., hot carriers 
and electromigration), application specification 

Qualification Process 

An overview of the qualification cycle, from 
technology inception to full production, is given in 
Figure 3 on page 25. Reliability management begins 
with the start of a new technology, when design 
models are developed and used to evaluate new 
features, and reliability test structures are defined. 
Mechanism-specific accelerated tests are then 

limits, and process controls to avoid wear-out. Wafer 
screen and burn-in design requirements are verified. 
Upon successful completion of the technology 
qualification phase, early production devices are 
subjected to a full series of chip and assembly tests 
and stresses. These include functionality tests to 
define test margins for outgoing quality, functional 
stresses to measure product reliability, and 
temperature-humidity and thermal cycle stresses to 
assess package integrity. A summary of product 

Figure 2. Reliability Management System 

I Wearout Mechanisms I - Technology "Weak Points" 

Strategy: - Eliminate From Design 
• Technology Design/Change 
• Chip Design Groundrules 
• Application Specifications 

I Systematic Defects I - Process Marginality Beyond Acceptable Norm 

Strategy: - Control Technology & Process 
•Technology Design 
• Layout Groundrules 
• Process Monitors 

I Random Defects I - Process Deficiencies 

Strategy: - Continual Defect Reduction 
• Technology/Tooling Improvements 

- Screen Out Residuals 
• Wafer/Chip Screens 
• Maverick Controls 

- High-Efficiency Burn-in 
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qualification tests and stresses is provided in Table , 
"DRAM Product Qualification Tests," on page 26. 
Failures experienced during these stresses receive 
complete electrical and physical failure analysis. 
Root cause failure information is fed back to process 
and design engineering with the goal of eliminating 
all failure mechanisms. With every new DRAM 
technology, product functional stresses are 
conducted at a minimum of three voltage and 
temperature conditions to develop voltage and 
temperature acceleration models. These models are 
then used to predict product reliability performance 
compared to program objectives. Acceleration 
model development is summarized in Figure 4 on 
page 27. 

Figure 3. Qualification Cycle 

l TO J 

r T1 J 

[ T2 ] 

[ SQ J 

[ Production ] 

Quality and Reliabilty 

Before a product design is introduced into full scale 
production, it undergoes an exhaustive functional 
test evaluation as a key element of the overall quali
fication process. The objective of this evaluation is 
to confirm that the product exhibits adequate perfor
mance margins over the application specification 
limits. Issues must be resolved prior to the exit of the 
qualification cycle. Resolution may include a re
design, process fix, or the addition of a manufactur
ing test which ensures outgoing product will have 
sufficient margin. 

- Technology Definition 
• Critical Design Points 
• Reliability Test Vehicles 
• Design Models 

- Technology Feasibility 
• Rules For Wearout Avoidance 
• Formal Test Structure Evaluations 
• Critical Parameters/Ground Rule Generation 

- Manufacturing Feasibility 
• Chip/Package Design Robustness 
• Product Reliability Models/Measured Levels 
• Burn-in Strategy Verification 

- Manufacturability 
• Fabricator Process Integrity, Repeatability 
• Product Monitors Established 

- Production Monitor 
•Routine Stresses/Tests Vs. Targets 
• Maverick Controls 
• Line/Field Returns Program 
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DRAM Product Qualification Tests 

Accelerated StressfTest Sample Type When Required 
(Table ii_ (Table~ 

In-line Process Data Wafer Test Structures U,F 2,3 

Packaging Assembly Structures U,F 4,5 
Construction Analysis FTM 2-5 

Salt Atmosphere FTM 4,5 
Flammability FTM 4,5 

Marking Permanence FTM 4,5 
Solderability FTM 4,5 

Solvent Resistance FTM 4,5 
Group "B" Mechanical Tests Vibration FBTM 4,5 

Solder Dip FBTM 4,5 
Thermal Shock FBTM 4,5 
Impact Shock FBTM 4,5 
Bubble Leak FTM 4,5 
Helium Leak FTM 4,5 

~eticsBTB_§valuation FTM 1,2,3,6 

Functionality Tests 
Module Level FBTM 1-5 

Card/System Level FBTM 1,4 
(L8tct1lJp Tests FBTM 2,3 
ESDTests FBTM 2,3 
~recond~ioning FBTM 2-5 

High Temperature Operating Life FBTM 2,3 
Low Temperature Operating Life FBTM 2,3 

Thermal Cycle FBTM 2-5 
Extended Stresses THB, HAST FBTM 2-5 

Pressure Cooker Test FBTM 2-5 
Low Temperature Storage FBTM 4,5 
High Temperature Storage FBTM 2-5 

1::;on Error Rate Tests FBTM 1~3,4,6 

Table 1 
Designation Sam~e Descr~ion 

u Unfinished or Subassembly Stage 

F Finished Unit (Wafer or Device) 
FTM Finished, Tested and Marked (No Burn-in) 

FBTM Finished, Burned-in, Tested and Marked 

Table 2 

Des.!g_nation When Required 

1 New Die Design or New Product 

2 New Wafer Fabrication Technology 
3 Major Change to Wafer Fabrication Process 
4 New Package Type or Assembly Technology 

5 Major Change to Chip Size, Leadframe Design, Packaging Materials or Assembly Process 

Page 26 



-----------------------------------·-

Figure 4. Acceleration Model Development 

Accelerated Stress I 

Stress Hours 
• No-Burn-in Devices 

• Cum. Fails = K (Hours)" 

Data Points 
Best-Fit Line 

• Develop V, T Acceleration Factors 

• Define Burn-in Conditions 

• Verify No Wearout 

• Predict Use Failure Rates 

Temperature 
Acceleration 

Quality and Reliabilty 

Model Development I 

/ Voltage 
Acceleration 

In Stress Hours 
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Failure Rate Calculations 

Product reliability data is typically composed of sev
eral different failure mechanisms which may contrib
ute failures differently as a function of voltage and 
temperature. When projecting reliability perfor
mance at actual use conditions from accelerated 
test data, the contribution of individual mechanisms 
with unique voltage and temperature kinetics 
behavior must be acknowledged. This is particularly 
important when the accelerated stress failure mix 
includes mechanisms with relatively low accelera
tion, where it can be expected that these will con
tribute a disproportionate number of fails at lower 
use conditions. In the absence of such fails, it is 
common practice to use voltage and temperature 
acceleration factors which combine all mechanisms 
into a composite model. Temperature acceleration 
for semiconductor failure mechanisms is usually 
determined from the Arhennius equation: 

Afr= exp[Eafk x (1/Tu -1/Ts)] 

where: k is Boltzmann's constant (8.617e-s) 

Tu and Ts are use and stress tempera
tures, expressed in °K 

Ea is the activation energy in ev. The 
composite value for 4M DRAM derived 
from our product qualifications is 
0.65ev. 

From modeling evaluations conducted during our 
product qualifications, voltage acceleration is 
described by: 

AFv = exp(p x (Vs - Vu)) 

where: Vs and Vu are stress and use voltages, 
expressed in volts. 

pis the voltage acceleration term (1N). 
The composite value for p from our 4M 
DRAM qualifications is 3.5. 

Failure rates at use conditions can be calculated 
from accelerated stress data by converting the data 
to equivalent use hours with the voltage and tem
perature acceleration factors previously described. 
An example of a failure rate calculation for 4M 
DRAM is shown in the example below. 

Page 28 
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Failure Rate Calculation Example 

Inputs/Assumptions 
1000 devices through functional stress (HTOL) 
HTOL = 5.1Volts,125°C, 1000 Hours, produc
ing 2 fails 
Operating conditions = 3.6 Volts, 85°C 
Ea= 0.65ev. and p = 3.5V-1 
Chi-Squared distribution with 90% confidence 
interval 

Failure Rate Calculation 

The relationship between failure rate and the Chi
Squared distribution, expressed in fits, is as follows: 

A. = x2 I (2 x t) = (x2 x 109) I (2 x D.H.) 

Where: A. = Failure Rate 
t =Time (Hours) 
D.H =Device-hours representing equivalent 

Use-Hours 
x2 =The Chi-Squared distribution for a 

given confidence interval= X2 (a, 
d.f.), where: 

a = The CHI-Squared confidence interval 
d.f. = Degrees of freedom = (2r + 2), 

where: 
r = Number of observed HTOL failures 

• Device-Hours from HTOL stress are sample 
size multiplied by stress time and voltage & 
temperature acceleration factors: 

D.H. = (1000 x 1000 x 190.6 x 8.3) = 1.58 * 
1 09 Device-Hours 

• From Chi-Squared distribution tables, the x2 
Value for 2 fails at 90% confidence is 10.645. 
Thus, the failure rate is: 

A.= (10.645 x 109) I (2 x 1.58 x 109) = 3.4FIT 
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Production Test Strategy 

A key design feature of our DRAM product set is the 
ability to invoke 'test modes' which provide an effi
cient and cost effective means of testing at both 
wafer and packaged device level. This feature 
affords reduced test times over conventional test 
methods while actually providing improved test cov
erage, guaranteeing superior product quality. Mod
ule level testing is performed at both elevated and 
sub-ambient temperatures to meet customer needs 
over the entire temperature operating range. The 
test programs are designed to guarantee that 
shipped product meets the application specifications 
for input levels, A.C. and D.C. parametrics, and 
access and other timing parameters, including data 
retention. A comprehensive set of patterns is 
employed which subjects the modules to a variety of 
address, data, and timing schemes to ensure the 
product will perform as expected in customer envi
ronments. 

Quallty and Reliabilty 

High-Efficiency Burn-in 

For over a decade, all IBM Microelectronics DRAMs 
have seen full In Situ burn-in, that is, dynamic stress 
with functional tests to monitor outputs while devices 
are undergoing burn-in. All fails experienced during 
burn-in, including those occurring at high voltage 
and temperature conditions, are identified. A typical 
In Situ burn-in test/stress sequence is shown in Fig
ure 5. In Situ burn-in screen efficiency is unparal
leled; it ensures full product functionality at burn-in 
conditions, finds equipment problems as they arise, 
and identifies unique fails during stress, including 
recoverable fails such as ionics. Because it provides 
reliability information for each production lot, In Situ 
burn-in has evolved as an important part of the mav
erick control strategy to improve line quality. Com
bined with our design and process control practices, 
it enables us to achieve world-class reliability levels 
on our DRAM products. Figure 6 on page 30 demon
strates the reliability benefit of In Situ burn-in; in the 
example, early life behavior is dominated by burn-in 
escapes (i.e., fails which, for equipment and other 

Figure 5. In Situ Burn-in Stress/Test Sequence 
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Quality and Rellabllty --- · -
Figure 6. Example of In Situ Burn-in Reliability Benefit 

Fails without burn-in 

With 20% burn-in escape 

Equivalent 
burn-in point 

5X 

40X 
2%escape 

Wi\\120/oburn-inescape' - - ___ ---"_:_:-:.:_ - - - - - -]- -

-~-=----= - - - - - - 4X ----

_l- --- Significanl escape reduction due 
_ - - to In Situ burn-in 

•Includes 98% perfect burn-in 
plus 2% burn-in escape 

1K 10K 

Burn-in acceleration = 10,000 
(25 Hours x 400X V, T Acceleration.) 

• Power Law N = 0.2 

100K 

In Field Use Hours 

reasons, escape the full burn-in process, and which 
are minimized by In Situ burn-in). 

Quality/Reliability Monitor 
Program 

Once in full production, product chip and assembly 
test and stress monitors are established to provide 
an ongoing measurement of line quality and reliabil
ity. Samples are drawn from products representing 
each major process and packaging technology. A 
quarterly report summarizing monitor results is avail
able upon request. The data is used by IBM Micro
electronics to measure overall product quality and 
reliability trends, to detect quality and reliability prob
lems, and to verify corrective actions. 

Page 30 

Process/Design Re-qualification 

Re-qualification is required whenever major process 
or design changes occur, and appropriate tests and 
stresses are performed. Figure 7 on page 31 sum
marizes the re-qualification process. Changes are 
classified as potentially impacting form, fit, function, 
or reliability, as determined by the Technical Review 
Board (TRB). 

Quality/Reliability Maintenance 

In-line and end-of-line critical parameters have been 
established to measure and control manufacturing 
operations which may affect quality and reliability 
performance. Parametric trends are routinely moni
tored via statistical process control (SPC), and cor
rective actions are taken as required. In addition, a 
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Figure 7. Re-qualification Process 

Product engineering/ 
originator joint review 

Qual Execution 

Earl Im lamentation 

comprehensive system of maverick limits has been 
defined which detects systematic process and 
defect problems with known or possible adverse reli
a~ility ?~quality impact, and provides appropriate 
d1spos1t1on of product containing such problems. 
This disposition frequently results in wafers being 
scrapped. These actions have resulted in improved 
process control and tighter process distributions 
leading to better quality and reliability. The mav~rick 
control process is summarized in Figure 8 on page 
32; a diagram illustrating the use of In Situ burn-in 
data for maverick control is shown in Figure 9 on 
page33. 

Quality Monitor And Customer 
Feedback 

The customer feedback process is a key component 
of our quality program. Our semiconductor manufac
turing facility has a long history of working very 
closely with card and system manufacturing sites to 
obtain significant product performance data. It is 
through such data exchange programs that IBM 
Microelectronics has demonstrated world class 
product performance, with the goal of continuous 
improvement for all of our customers. 
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Figure 8. Maverick Control Process 
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Figure 9. In Situ Maverick Control Process 
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72 Pin SIMMs 
- Parity 





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

Features 

• 72-Pin JEOEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

IRAC RAS Access Time 60ns 70ns 

le AC CAS Access Time 15ns 20ns 

IAA Access Time From Address 30ns 35ns 

!Re Cycle Time 110ns 130ns 

lpc Fas! Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Single SV, ± O.SV Power Supply 

Description 

The IBM110132088/C is a 4MB industry standard 
72-pin 4-byte single in-line memory module (SIMM). 
The module is organized as a 1 Mx32 high speed 
memory array that is intended for use in 16, 32 and 
64 bit applications. It is manufactured with 8 1 Mx4 
devices, each in either a 350mil or 300mil package, 
and is compatible with the JEOEC 72-Pin SIMM 
standard. 

Card Outline 

IBM11 D1320BC IBM11 D1320BB 
IBM11 E1320BC IBM11 E1320BB 

1 M x 32 DRAM Module 

• All inputs & outputs are fully TTL & CMOS 
compatible 

• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/10 Addressing (Row/Column) 
• Optimized for use in byte-write non-parity appli

cations. 
• Au and Sn/Pb versions available 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 1 Mx36 parity SIMM, 
IBM11013608, as well as higher density and 
ECG-optimized SIMMS. 

\
0

1I111111:::::::::::::::::: ::: : : : :: : :: :: : - :: : ii:::::::::::::::::::::::::::::::: ii :
0 I 
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IBM11 D1320BB IBM11 D1320BC 
IBM11 E1320BB IBM11 E1320BC 
1M x 32 DRAM Module 

Pin Description 

RASO,RAS2 Row Address Strobe 

CASO- CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

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

Vee Power (+5V) 

Vss Ground 

NC No Connect 

PD1 - PD4 Presence Detects 

Pinout 

Pin# Name Pin# Name 

1 Vss 13 A1 

2 DQO 14 A2 

3 DQ18 15 A3 

4 DQ1 16 A4 

5 DQ19 17 AS 

6 DQ2 18 AG 

7 DQ20 19 NC 

8 DQ3 20 DQ4 

9 DQ21 21 DQ22 

10 Vee 22 DQ5 

11 NC 23 DQ23 

12 AO 24 DQ6 

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

Pin# Name Pin# Name Pin# Name Pin# Name 

25 DQ24 37 NC 49 DQ9 61 DQ14 

26 DQ7 38 NC 50 DQ27 62 DQ33 

27 DQ25 39 Vss 51 DQ10 63 DQ15 

28 A7 40 CASO 52 DQ28 64 DQ34 

29 NC 41 CAS2 53 DQ11 65 DQ16 

30 Vee 42 CAS3 54 DQ29 66 NC 

31 AB 43 CAS1 55 DQ12 67 PD1 

32 A9 44 RASO 56 DQ30 68 PD2 

33 NC 45 NC 57 DQ13 69 PD3 

34 RAS2 46 NC 58 DQ31 70 PD4 

35 NC 47 WE 59 Vee 71 NC 

36 NC 48 NC 60 DQ32 72 Vss 

1. DQ numbering is compatible with parity (x36) version. 

Ordering Information 

Pan Number Organization Speed Leads Dimensions Notes 

IBM11D1320BA-60 1M x32 60ns Sn/Pb 4.25" x 1" x .205" 

IBM11D1320BA-70 1M x32 70ns Sn/Pb 4.25" x 1" x .205" 

IBM11E1320BA-60 1M x32 60ns Au 4.25" x 1" x .205" 

IBM11E1320BA-70 1Mx32 70ns Au 4.25" x 1" x .205" 

IBM11D1320BB-60 1M x32 60ns Sn/Pb 4.25" x .85" x .205" 1 

IBM11D1320BB-70 1M x32 70ns Sn/Pb 4.25" x .85" x .205" 1 

IBM11E1320BB-60 1M x32 60ns Au 4.25" x .85" x .205" 1 

IBM11E1320BB-70 1M x32 70ns Au 4.25" x .85" x .205" 1 

IBM11D1320BC-60 1M x32 60ns Sn/Pb 4.25" x 1" x .205" 2 

IBM11D1320BC-70 1M x32 70ns Sn/Pb 4.25" x 1" x .205" 2 

IBM11E1320BC-60 1M x32 60ns Au 4.25" x 1" x .205" 2 

IBM11E1320BC-70 1M x 32 70ns Au 4.25" x 1" x .205" 2 

1. Limited availability, for height-constrained applications. 
2. 'C' revision replaces 'A' revision, all specifications are identical or improved. 'C' revision uses new raw card which is common with 

IBM11D1360E. 
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--------- ----- - -- - ---- --------------·-

Block Diagram 

DQO-

------<WE 

CAS1 

CAS2 

RAS2 

CAS3 

AO-A9 

WE 

--------!GAS 

03H7145 
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001-4 

DQ1-4 

-----------------DO? 

1-------<WE 

U1 1------1 GAS 

1--------; WE 

US 1---------< GAS 

001-4 

U2 

001-4 

U6 

IBM11D1320BC IBM11D1320BB 
IBM11E1320BC IBM11E1320BB 

1 M x 32 DRAM Module 

DQ9 - - - - - - - - - - - - - - - - - - - -DQ1 6 

DQ1-4 

DQ1-4 

U7 

1-------1WE 

1-------!GAS 

t------;WE 

DQ1-4 

U4 

DQ1-4 

UB 
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18M11D132088 18M11D13208C 
18M11E13208818M11E13208C 
1M x 32 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode -Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

GAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN, V ss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H-.L 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

Tsrn Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

GAS 

x 
L 

L 

H-.L 

H-.L 

H-.L 

H->L 

H 

L 

WE Row Column All DO bits Address Address 

x x x High Impedance 

H Row Col Valid Data Out 

L Row Col Valid Data In 

H Row Col Valid Data Out 

H N/A Col Valid Data Out 

L Row Col Valid Data In 

L N/A Col Valid Data In 

x Row NIA High Impedance 

H x x High Impedance 

-60 -70 

Vss Vss 

Vss Vss 

NC Vss 

NC NC 

Rating Units Notes 

-0.5 to 6.5 v 1 

-0.7 to Vee+ 0.7 v 1 

-0.7 to Vee+ 0.7 v 1 

Oto +70 oc 1 

-55 to +125 oc 1 

5.25 w 1 

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. 
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--------- ----- - -- - ---- -------------·-

Recommended DC Operating Conditions (TA= o to 10°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to V SS· 

Capacitance (TA = o to + 10°c, v cc = s.o ± o.sv) 

Symbol 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C1s Input Capacitance (GAS) 

c,. Input Capacitance (WE) 

C110 Output Capacitance (DQ0-0034) 

03H7145 
MMDS02DSU-02 
Revised 5/94 

Parameter 

Min 

4.5 

2.4 

0.0 

Typ 

5.0 

-

-

IBM11D1320BC IBM11D1320BB 
IBM11E1320BC IBM11E132088 

1 M x 32 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee v 1 

0.8 v 1 

Max Units Notes 

50 pF 

26 pF 

14 pF 

41 pF 

13 pF 
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18M11D132088 18M11D13208C 
18M11E13208818M11E13208C 
1M x 32 DRAM Module 

DC Electrical Characteristics (TA= o to +70°C, Vee= s ± o.sv) 

Symbol Parameter 

Operating Current -60 
lcc1 Average Power Supply Operating Current 

(RAS, GAS, Address Cycling: !Ac =!Ac min) -70 

Standby Current (TIL) 
lcc2 Power S..!!122!y Standby Current 

(RAS = GAS 2V1H) 

RAS Only Refresh Current -60 
lcc3 Average PoweL.§!Jpply Current, RAS Only Mode 

(RAS Cycling, GAS 2v,H: !Ac =!Ac min) -70 

Fast Page Mode Current -60 
lcc4 Average Power Supply Current, Fast Page Mode 

(RAS= V1L, GAS, Address Cycling: lpc = lpc min) -70 

Standby Current (CMOS) 
Ices Power S..!!122!y Standby Current 

(RAS= GAS =Vee - 0.2V) 

GAS Before RAS Refresh Current -60 
Ices Average;Swer Supply Current, _GAS Before RAS Mode 

(RAS, C , Cycling: !Ac =!Re mm) -70 

Input Leakage Current RAS 

l1(L) 
Input Leakage Current, any input 

GAS 
(0.0 :> V1N :>(Vee< 6.0V)) 
All Other Pins Not Under Test = OV All others 

lo1L) 
Output Leakage Current 
(DouT is disabled, 0.0 :> VouT :>Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (1 0 UT = -4mA@ 2.4V) 

VoL 
Output Low Level 
Output "L" Level Voltage (louT = +4mA@ 0.4V) 

1. lcc1, Ices, lcc4 and Ices depend on cycle rate. 

Min 

-

-

-

-

-

-

-

-

-

-

-40 

-20 

-80 

-to 

2.4 

-

2. lcc1, lcc4 depend on output loading. Specified values are obtained with the output open. 

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

Max Units Notes 

960 
mA 1,2, 3 

864 

16 mA 

960 
mA 1,3 

864 

600 
mA 1, 2, 3 

560 

16 mA 

960 
mA 1, 3 

864 

+40 

+20 µA 

+80 

+10 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS =VIL· In the case of lcC4. it can be changed once or less when GAS = ViH· 
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---------- ----- - -- - ---- - - -------------·-

AC Characteristics (TA= o to+ 70°C, Vee= s ± o.sV) 

IBM1101320BC IBM1101320BB 
IBM11E1320BC IBM11E1320BB 

1 M x 32 DRAM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V 1H and 
VIL· 

2. An initial pause of 100µs 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. The DRAM Outputs will remain disabled until these 8 cycles have occurred. This prevents da1a contention 
(excessive current) during power on. To prevent excess power dissipation during power-up, RAS should rise coincident with the 
power supply voltage. 

3. AC measurements assume IT = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!Re Random Read or Write Cycle Time 110 128K 130 128K ns 

!RP RAS Precharge Time 40 - 50 - ns 

lep GAS Preeharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

tcAS GAS Pulse Width 15 - 20 - ns 

tAsR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

teAH Column Address Hold Time 10 - 15 - ns 

IReD RAS to GAS Delay Time 20 45 20 50 ns 1 

tRAD RAS to Column Address Delay Time 10 - 15 - ns 2 

IRsH RAS Hold Time 15 - 20 - ns 

tcsH GAS Hold Time 60 - 70 - ns 

lcRP GAS to RAS Precharge Time 10 - 10 - ns 

tozc GAS Delay Time from D1N - - - - ns 3 

IT Transition Time (Rise and Fall) 3 50 3 50 ns 

tAR Column Address Hold Time Referenced to RAS 45 - 50 - ns 

1. Operation within the IRcD (max) limit ensures that IRAG (max) can be met. IRcD (max) is specified as a reference point only: if IRcD is 
greater than the specified tRcD (max) limit, then access time is controlled by lcAC· 

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

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7145 
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18M110132088 18M11 D13208C 
18M11E13208B IBM11E1320BC 
1M x 32 DRAM Module 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

lwcH Write Command Hold Time 

lwp Write Command Pulse Width 

IRWL Write Command to RAS Lead Time 

1cwL Write Command to GAS Lead Time 

1wcR Write Command Hold Time Referenced to RAS 

lo HR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

10 - 15 

10 - 15 

15 - 20 

15 - 20 

- - -

- - -

0 - 0 

10 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

!RAC Access Time from RAS - 60 -

lcAC Access Time from GAS - 15 -

!AA Access Time from Address - 30 -

1Rcs Read Command Setup Time 0 - 0 

IRCH Read Command Hold Time to GAS 0 - 0 

IRRH Read Command Hold Time to RAS 0 - 0 

IRAL Column Address to RAS Lead Time 30 - 35 

1cAL Column Address to GAS Lead Time - - -

lcLZ GAS to Output in Low-Z 0 - 0 

loH Output Data Hold Time 0 - 0 

!coo GAS to D1N Delay Time 10 - 15 

lo FF Output Buffer Turn-off Delay 0 10 0 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc, tcAc, tcpA, tAA. 
3. Either tRcH or IRRH must be satisfied for a read cycle. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 4 

- ns 

- ns 

- ns 

15 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. 
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---------- ---------- ---- --------------·-

Fast Page Mode Cycle 

-60 
Symbol Parameter 

Min 

!pc Fast Page Mode Cycle Time 40 

!RASP Fast Page Mode RAS Pulse Width 60 

tcPRH RAS Hold Time from GAS Precharge -

lcPA Access Time from GAS Precharge -

Max Min 

- 45 

100K 70 

- -

35 -

IBM11D1320BC IBM11D1320BB 
IBM11 E1320BC IBM11 E1320BB 

1M x 32 DRAM Module 

-70 
Units Notes 

Max 

- ns 

100K ns 

- ns 1 

40 ns 2,3 

1. This timing parameter is not applicable to this product, but applies to a related product in this family. 
2. Access time is determined by the latter of IRAe. teAe. tePA· 1AA. 
3. Access time assumes a load of 100pF. 

Refresh Cycle 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

tcHR 
GAS Hold Time 

15 - 15 - ns 
(GAS before RAS Refresh Cycle) 

teSR 
GAS Setup Time 

10 
(GAS before RAS Refresh Cycle) - 10 - ns 

twRP 
WE Setup Ti@- 5 
(GAS before RAS Refresh Cycle) 

- 5 - ns 

twRH 
WE Hold Time 10 - 10 - ns 
(GAS before RAS Refresh Cycle) 

tRPC RAS Precharge to GAS Hold Time 0 - 0 - ns 

1REF Refresh Period - 16 - 16 ms 1 

1. 1024 refreshes are required every 16ms. The DC variation in the Vee supply may not exceed 300mV within a refresh interval 
(16ms). 
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IBM11D1320BB IBM11D1320BC 
IBM11E1320BB IBM11E1320BC 
1 M x 32 DRAM Module 

Read 

V1H-

RAS 
V1L -

V1H-

GAS 
V1L -

!ASA 

!RAH 

Address 
V1H-

V1L -

!RAD 

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

!Ac 

!AAS 

lcsH 

!Aco !ASH 

le AS 

Column 

lAA +------->! 

}---------+---- Hi-Z -+------+-~ 

lcLz 

VoH-

DouT ____ _,.._ Hi-Z 

VoL-

:"H"or"L" 

Page 46 

le Ac loFF-

Valid Data Out 

___ loH 

Hi-Z _ 
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--------- ----- - -- - ---- --------------·-

Write Cycle (Early Write) 

V1H-
RAS 

v,, -

V1H-
CAS 

v,, -

V1H-
Address 

v,, -

V1H-
WE 

v,, _ 

V1H-
D1N 

v,, -

VoH--

DouT 
VoL-

03H7145 
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tRAS 

lcsH 

tRCD 

_tCAS 

tRAD 

tASR 

tos _ tDH 

Valid Data In 

·--------------Hi-Z 

I :"H"or"L" 

tRC 

tRSH 

IBM11D1320BC IBM11D1320BB 
IBM11E1320BC IBM11E1320BB 

1M x 32 DRAM Module 

tRP 

_tcRP 
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IBM1101320BB IBM1101320BC 
IBM11E1320BB IBM11E1320BC 
1 M x 32 DRAM Module 

Fast Page Mode Read Cycle 

14---------~ASP _______________ , 

, ____ tCPRH 

!pc----< 

Address 

WE 
v,,_ 

!AA 

lcPA0 

lo~ .J:oH 
t 

-toH r DZC t CDD 

V1H-

D1N v,,_ 
ICAc 

lo FF 

t"t lcLZ lcLz-
VoH--

DoUT DouT 1 DoUT N 
VoL- ~ 

·~w· : "H" or "L" t;,~ 
:~·. ::-~ 
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--------- ----- - -- - ---- --------·-----·-

Fast Page Mode Write Cycle 

V1H-
RAS 

V1L-

v,H-
GAS 

VIL-

V1H
Address 

V1L-

v,H-

VoH-

Dour 
VoL-

_tRco 

twcs 

·~>=·>=·=~· 

:~lli : "H" or "L" 

(RASP 

_tpc 

tcp tcp 

tcAS le As 

IBM1101320BC IBM1101320BB 
IBM11E1320BC IBM11E1320BB 

1M x 32 DRAM Module 

(RP 

~SH tcRP 

le As 
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IBM11D1320BB IBM11D1320BC 
IBM11 E1320BB IBM11 E1320BC 
1M x 32 DRAM Module 

RAS Only Refresh Cycle 

V1H_ 

RAS 
v,,_ 

V1H_ 

CAS 

v,,_ 

!ASA 

~!RAH 

VIH-

Address 
v,, _ 

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

!Re 

IRAS !RP 

!RPG 

DauT ____________ Hi-Z -------------------

:1, : "H" or "L" 

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

CAS Before RAS Refresh Cycle 

18M11D13208C 18M11D132088 
IBM11 E13208C IBM11 E132088 

1 M x 32 DRAM Module 

,___ _____ tAAS ---------

V1H _ 

RAS 

tRPC 1 VIL_ 

-1 lcsR 

V1H _ 

CAS 
VIL_ 

,____ ____ lcoo ____ __.,, 

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

Dour VaH-

Vm_ 

l:"H"or"L" 
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18M11E13208818M11 E13208C 
1M x 32 DRAM Module 

Layout Drawing (IBM11E1320BB) 
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--------- ----- - -- - ---- - - -----------·-

Features 

• 72-Pin JEOEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

1RAC RAS Access Time 60ns 70ns 

1cAC GAS Access Time 15ns 18ns 

!AA Access Time From Address 30ns 35ns 

!Re Cycle Time 110ns 130ns 

tpc Fast Page Mode Cycle Time 40ns 40ns 

• High Performance CMOS process 
• Single 5V, ± 0.5V Power Supply 

Description 

The IBM110132080 is a 4MB industry standard 
72-pin 4-byte single in-line memory module (SIMM). 
The module is organized as a 1 Mx32 high speed 
memory array that is intended for use in 16, 32 and 
64 bit applications. It is manufactured with 8 1 Mx4 
devices, each in a 300mil package, and is compati
ble with the JEOEC 72-Pin SIMM standard. 

The IBM 72-Pin SIMMs provide a high performance, 

Card Outline 

IBM1101320BD 
IBM11E1320BD 

1 M x 32 DRAM Module 

• Low active current dissipation 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/10 Addressing (Row/Column) 
• Optimized for use in byte-write non-parity appli

cations. 
• Au and Sn/Pb versions available 

flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 1 Mx36 parity SIMM, 
IBM11013608, as well as higher density and 
ECG-optimized SIMMs. 
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IBM110132080 
IBM11E1320BO 
1M x 32 ORAM Module 

Pin Description 
RASO,RAS2 Row Address S1robe 

CASO- CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

D00-7, 9-16, 
Data lnpuVoutput 18-25, 27-34 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1 -PD4 Presence Detects 

Ordering Information 
Part Number 

IBM11D1320BD-60 

IBM11D1320BD-70 

IBM11E1320BD-60 

IBM11E1320BD-70 

Page 54 

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

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

1 Vss 13 A1 25 D024 37 NC 49 009 61 D014 

2 DQO 14 A2 26 DQ7 38 NC 50 0027 62 DQ33 

3 DQ18 15 A3 27 DQ25 39 Vss 51 0010 63 DQ15 

4 DQ1 16 A4 28 A7 40 CASO 52 0028 64 DQ34 

5 DQ19 17 A5 29 NC 41 CAS2 53 0011 65 DQ16 

6 DQ2 18 A6 30 Vee 42 CAS3 54 DQ29 66 NC 

7 DQ20 19 NC 31 AB 43 CAS1 55 DQ12 67 PD1 

8 D03 20 D04 32 A9 44 RASO 56 DQ30 68 PD2 

9 D02t 21 DQ22 33 NC 45 NC 57 DQ13 69 PD3 

10 Vee 22 DQ5 34 RAS2 46 NC 58 D031 70 PD4 

11 NC 23 0023 35 NC 47 WE 59 Vee 71 NC 

12 AO 24 006 36 NC 48 NC 60 DQ32 72 Vss 

1. DO numbering is compatible with parity (x36) version. 

Organization Speed 

1M x32 sons 

1M x32 70ns 

1M x32 60ns 

1Mx32 70ns 

Leads 

Sn/Pb 

Sn/Pb 

Au 

Au 

Dimensions 

4.25" x 1" x .205" 

4.25" x 1" x .205" 

4.25" x 1" x .205" 

4.25" x 1" x .205" 

Notes 

03H7139 
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--------------- - -- - ---- -------- ·-----·-

Block Diagram 
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IBM110132080 
IBM11 E132080 
1M x 32 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

GAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN. Vss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H-;L 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

VouT Output Voltage 

ToPR Operating Temperature 

TsTG Storage Temperature 

Po Power Dissipation 

louT Short Circuit Output Current 

CAS WE 

x x 
L H 

L L 

H-;L H 

H->L H 

H-;L L 

H-;L L 

H x 
L H 

-60 

Vss 

Vss 

NC 

NC 

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

Row Column 
All DO bits Address Address 

x x High Impedance 

Row Col Valid Data Out 

Row Col Valid Data In 

Row Col Valid Data Out 

NIA Col Valid Data Out 

Row Col Valid Data In 

NIA Col Valid Data In 

Row N/A High Impedance 

x x High Impedance 

-70 

Vss 

Vss 

Vss 

NC 

Rating Units Notes 

-1.0to+6.0 v 1 

-1.0 to+ 6.0 v 1 

-1.0 to+ 6.0 v 1 

o to +70 "C 1 

-55 to +125 "C 1 

3.75 w 1 

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. 
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--------------- - -- - ---- --------------·-

Recommended DC Operating Conditions (TA= o to 70°C) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss-

Capacitance (TA= o to +70°C, Vee= 5.0 ± 0.5V) 

Symbol 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C1s Input Capacitance (GAS) 

c,. Input Capacitance (WE) 

C110 Output Capacitance (DQO-DQ34) 

03H7139 
MMDS15DSU-OO 
Revised 6/94 

Parameter 

Min 

4.5 

2.4 

-0.5 

Typ 

5.0 

-

-

18M110132080 
18M11E132080 

1M x 32 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee+ 0.5 v 1 

0.8 v 1 

Max Units Notes 

60 pF 

35 pF 

21 pF 

67 pF 

13 pF 
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IBM11D1320BD 
IBM11 E1320BD 
1M x 32 DRAM Module 

DC Electrical Characteristics (TA= o to +?o"c, Vee= s ± o.sv) 

Symbol Parame1er 

Opera1ing Curren! -60 
lcc1 Avera96Pswer Supply Operating Curren! 

(RAS, C S, Address Cycling: !Re =!Re min) -70 

Standby Curren! (TIL) 
lcc2 Power S.J!.!l.12.!y Standby Current 

(RAS= CAS <:V1H) 

RAS Only Refresh Curren! -60 
lcc3 Average PoweL§!!pply Current, RAS Only Mode 

(RAS Cycling, CAS <:V1H: !Re = IRc min) -70 

Fast Page Mode Current -60 
Ice• Average Power Supply Current. Fast Page Mode 

(RAS= V1L. CAS, Address Cycling: lpc = lpc min) -70 

Standby Current (CMOS) 
Ices Power S.J!.!l.12.!y Standby Current 

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current -60 
lcce Avera98Pswer Supply Current, _CAS Before RAS Mode 

(RAS, CA , Cycling: 1Rc =!Re mm) -70 

Input Leakage Curren! RAS 

l1(L) 
Input Leakage Current, any input 

CAS (0.0 s V1N s (Vee< 6.0V)) 
All Other Pins Not Under Test = OV All others 

lo(L) 
Output Leakage Current 
(Dour is disabled, 0.0 s Vour s Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (lour= -5mA@ 2.4V) 

Vol 
Output Low Level 
Output "L" Level Voltage (lour= +4.2mA@ 0.4V) 

1. lcc1, lcc3, lcc4 and Ices depend on cycle rate. 

Min 

-

-

-

-

-

-

-

-

-

-

-40 

-20 

-80 

-10 

2.4 

-

2. lcch lcC4 depend on output loading. Specified values are obtained with the output open. 

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

Max Units Noles 

680 
mA 1, 2, 3 

560 

16 mA 

680 
mA 1,3 

560 

480 
mA 1, 2, 3 

400 

8 mA 

680 
mA 1, 3 

560 

+40 

+20 µA 

+80 

+10 µA 

- v 

0.4 v 

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 = ViH· 
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---------- ----- - -- - ---- --------------·-

AC Characteristics (TA= o to+ 10°c, Vee = s ± o.sV) 

IBM11D1320BD 
IBM11E1320BD 

1M x 32 DRAM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V 1H and 
VIL· 

2. An initial pause of 100µs 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. AC measurements assume IT~ 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!Re Random Read or Write Cycle Time 110 128K 130 128K ns 

!RP RAS Precharge Time 40 - 50 - ns 

lcp GAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

tcAs GAS Pulse Width 15 - 18 - ns 

IAsR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 10 - 15 - ns 

IRco RAS to GAS Delay Time 20 45 20 52 ns 1 

IRAD RAS to Column Address Delay Time 13 - 15 - ns 2 

IRsH RAS Hold Time 15 - 18 - ns 

1csH GAS Hold Time 60 - 70 - ns 

le RP GAS lo RAS Precharge Time 5 - 5 - ns 

lozc GAS Delay Time from D1N 0 - 0 - ns 

IT Transition Time (Rise and Fall) 3 50 3 50 ns 

IAR Column Address Hold Time Referenced to RAS - - - - ns 3 

1. Operalion within !he 1Rco (max) limit ensures tha11RAC (max) can be met IRco (max) is specified as a reference point only: if IRco is 
grealer 1han !he specified 1RcD (max) limil, !hen access lime is conlrolled by 1cAC· 

2. Operation within !he tRAD (max) limit ensures that IRAC (max) can be met tRAo (max) is specified as a reference point only: lftRAD 
is grealer than the specified 1RAD (max) limit, !hen access time is controlled by IAA. 

3. This liming parameter is not applicable to this product, but applies lo a related product in !his family. 

03H7139 
MMDS150SU-OO 
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IBM11D1320BD 
IBM11E1320BD 
1M x 32 DRAM Module 

Write Cycle 

Symbol Parameter 

lwcs Write Command Set Up Time 

lwcH Write Command Hold Time 

lwp Write Command Pulse Width 

IRwL Write Command to RAS Lead nme 

lcwL Write Command to CAS Lead Time 

twcR Write Command Hold Time Referenced to RAS 

to HR Data Hold Time Referenced to RAS 

tos DrN Setup Time 

toH DrN HoldTime 

-60 -70 

Min Max Min 

0 - 0 

10 - 15 

10 - 15 

15 - t8 

15 - t8 

- - -

- - -

0 - 0 

t5 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

!RAC Access Time from RAS - 60 -

lcAC Access Time from CAS - t5 -

!AA Access Time from Address - 30 -

tRcS Read Command Setup Time 0 - 0 

IRcH Read Command Hold Time to CAS 0 - 0 

tRRH Read Command Hold Time to RAS 0 - 0 

IRAL Column Address to RAS Lead Time 30 - 35 

lcAL Column Address to CAS Lead Time - - -

lcLZ CAS to Output in Low-Z 0 - 0 

loH Output Data Hold Time 0 - 0 

!coo CAS to DrN Delay Time 15 - 20 

toFF Output Buffer Turn-off Delay 0 15 0 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the laner of tRAC· tcAc. tcPA· tAA. 
3. Either IRcH or IRRH must be satisfied for a read cycle. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

18 ns 1,2 

35 ns 1, 2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 4 

- ns 

- ns 

- ns 

15 ns 5 

5. loFF (max} defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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--------------- ---- - ---- ---------------·-

Fast Page Mode Cycle 

Symbol Parameter 

lpc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from GAS Precharge 

lcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of lRAc, tcAc, tcpA, lAA. 
2. Access time assumes a load of 100pF. 

Refresh Cycle 

Symbol Parameter 

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

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

twRP 
WE Setup Ti~ 
(GAS before RAS Refresh Cycle) 

twRH 
WE Hold Time 
(GAS before RAS Refresh Cycle) 

tRPC RAS Precharge to GAS Hold Time 

!REF Refresh Period 

1 . 1024 refreshes are required every 16ms. 

03H7139 
MMDS15DSU-OO 
Revised 6/94 

Min 

40 

60 

35 

-

Min 

10 

10 

10 

10 

0 

-

-60 -70 

Max Min 

- 40 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 10 

- 10 

- 10 

- 10 

- 0 

16 -

IBM11D1320BD 
IBM11 E1320BD 

1 M x 32 DRAM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

16 ms 1 
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IBM11D1320BD 
IBM11E1320BD 
1M x 32 DRAM Module 

Read 

V1H-

RAS 
V1L -

!RCD 

V1H -

GAS 
V1L -

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

: "H"or"L" 

Page 62 

!Re 

(RAS 

lcsH 

(ASH 

le As 

lcLZ 

Valid Data Out 

_toH ---~ 

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

Hi-Z _ 

03H7139 
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---------- ----- ---- - ---- --------------·-

Write Cycle (Early Write) 

V1H-
RAS 

VIL -

V1H-
GAS 

VIL -

!RAD 

IAsR 

!RAH 

V1H-
Address 

V1L -

V1H-
WE 

V1L -

V1H-
D1N 

V1L-

VoH-

!RAS 

lcsH 

tRCD 

tAR 

los _ toH 

Valid Data In 

!Re 

tRSH 

lcAs 

IBM11D132080 
IBM11E1320BD 

1M x 32 DRAM Module 

tRP 

-lcRP 

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

03H7139 
MMDS15DSU-OO 
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: "H" or "L" 
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IBM11D1320BD 
IBM11 E1320BD 
1M x 32 DRAM Module 

Fast Page Mode Read Cycle 

Address 

DouT 
VoL-

ltl : "H" or "L" 
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lcP 

, ____ lcPRH 

lpc---~ 

..J:oH 
t r DZC 

lcAC 

i~-~1 lcLz-
,;.:~ .. : ® 

11---·n: D 2 11----<~i,j t OUT ,,,. DoUT N 

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

Fast Page Mode Write Cycle 

V1H-

RAS 
V1L-

V1H-

GAS 
VIL-

V1H

Address 
VIL-

Dour 

lwcs 

I :"H"or"L" 

le AS 

tRASP 

_tpc 

_tcp tcp 

tcAs 

(ASH 

le As 

IBM11D1320BD 
IBM11E1320BD 

1M x 32 DRAM Module 

tRP 

!cRP 
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IBM11 D1320BD 
IBM11 E1320BD 

-------------- - -- ----= ::::::::::: ~ 5:: 

1M x 32 DRAM Module 

RAS Only Refresh Cycle 

V1H_ 

CAS 

VIL-

VIH-

Address 

V1L _ 

Dour 

Page 66 

,.._ ___________ !Re ------------. 

14---------~AS--------~ 

IAsR 

~!RAH 

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

: "H"or"L" 

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

CAS Before RAS Refresh Cycle 

14------tRAS ---------

V1H-

RAS 

tRPC 1 V1L -

-1 tcsR 

V1H-

GAS 
VIL -

.__ ____ tcoo ____ __. 

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

Dour VoH-

I :"H"or"L" 

Note: Addresses are "H" or "L" 

03H7139 
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18M110132080 
18M11E132080 
1M x 32 DRAM Module 

Layout Drawing 
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-------------- ---- - ---- -------------·-

Features 

• 72-Pin JEDEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

1AAC RAS Access Time 60ns 70ns 

1cAc GAS Access Time 15ns 20ns 

1AA Access Time From Address 30ns 35ns 

1Rc Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Manufactured with 16Mb DRAMS (1 M x 16) 

Description 

The IBM1101320L is a 4MB industry standard 
72-pin 4-byte single in-line memory module (SIMM). 
The module is organized as a 1 Mx32 high speed 
memory array that is intended for use in 16, 32 and 
64 bit applications. It is manufactured with 2 1Mx16 
devices, each in a 400mil TSOP package, and is 
compatible with the JEDEC 72-Pin SIMM standard. 

This assembly is intended as a direct replacement 
for 1 Mx4-based SIMMs, while significantly reducing 
power dissipation. The use of TSOP packages 
allows tighter SIMM spacing (.3" on center). Input 

Card Outline 

IBM11 D1320L 
IBM11 E1320L 

1 M x 32 DRAM Module 

• Single 5V, ± 0.5V Power Supply 
• Low current consumption 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode~ess cycle 
• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/10 Addressing (Row/Column) 
• Optimized for use in byte-write non-parity appli

cations. 
• Au and Sn/Pb versions available 

loading is consistent with 4Mb-based assemblies 
due to the addition of discrete capacitors maximizing 
compatibility at the system-level. 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 1 Mx32 non-parity 
SIMM, IBM11013208, as well as higher density, par
ity and ECG-optimized SIMMs. 

\
0
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IBM11D1320L 
IBM11E1320L 
1M x 32 DRAM Module 

Pin Description 

RASO,RAS2 Row Address S1robe 

CASO -CAS3 Column Address S1robe 

WE Read/write Input 

AO-AS Address Inputs 

D00-7, 9-16, 
Da1a lnpu1/output 18-25, 27-34 

Vee Power(+5V) 

Vss Ground 

NC No Connec1 

PD1 -PD4 Presence Detec1s 

Ordering Information 

Part Number 

IBM11D1320LA-60 

IBM11D1320LA-70 

IBM11E1320LA-60 

IBM11E1320LA-70 

Page 70 

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

Pinout 

Pin# Name Pin# Name Pin# Name Pin# Name Pin# Name Pin# Name 

1 Vss 13 A1 25 D024 37 NC 49 DOS 61 D014 

2 DOO 14 A2 26 D07 38 NC 50 D027 62 D033 

3 D018 15 A3 27 D025 39 Vss 51 D010 63 D015 

4 D01 16 A4 28 A7 40 CASO 52 D028 64 D034 

5 D019 17 AS 29 NC 41 CAS2 53 D011 65 D016 

6 D02 18 AG 30 Vee 42 CAS3 54 D029 66 NC 

7 D020 19 NC 31 AB 43 CAS1 55 D012 67 PD1 

8 D03 20 D04 32 A9 44 RASO 56 D030 68 PD2 

9 D021 21 D022 33 NC 45 NC 57 D013 69 PD3 

10 Vee 22 DOS 34 RAS2 46 NC 58 D031 70 PD4 

11 NC 23 D023 35 NC 47 WE 59 Vee 71 NC 

12 AO 24 DOG 36 NC 48 NC 60 D032 72 Vss 

1. DO numbering is compatible wi1h pari1y (x36) version. 

Organization Speed 

1M x 32 60ns 

1M x32 70ns 

1M x32 60ns 

1M x32 70ns 

Leads 

Sn/Pb 

Sn/Pb 

Au 

Au 

Dimensions 

4.25" x 1" x .104" 

4.25"x 1"x .104" 

4.25" x 1" x .104" 

4.25"x 1"x.104" 

Notes 

03H7550 
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--------------- - -- - ---
=:::=:::=~= 

Block Diagram 

03H7550 
MMDS28DSU-OO 
Revised 7 /94 

AO-A9 

WE 

RASO 

CASO 

CAS1 

RAS2 

CAS2 

CAS3 

DOO DO? D09 D016 

1 1 
DO DO 

AO-A9 

WE 

RAS 
U1 

LCAS 

UCAS 

5E 

~ 

IBM11D1320L 
IBM11 E1320L 

1M x 32 DRAM Module 

D018 D025 D027 D034 

1 l 
DO DO 

AO-A9 

WE 

RAS 
U2 

LCAS 

UCAS 

OE 

~ 
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IBM11D1320L 
IBM11 E1320L 
1M x 32 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode -Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

GAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN. Vss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H--tl 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Your Output Voltage 

TopR Operating Temperature 

Tsrn Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

GAS WE 

x x 
L H 

L L 

H--tl H 

H--tl H 

H--tl L 

H--tl L 

H x 
L H 

-60 

Vss 

Vss 

NC 

NC 

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

Row Column All DO bits Address Address 

x x High Impedance 

Row Col Valid Data Out 

Row Col Valid Data In 

Row Col Valid Data Out 

NIA Col Valid Data Out 

Row Col Valid Data In 

NIA Col Valid Data In 

Row NIA High Impedance 

x x High Impedance 

-70 

Vss 

Vss 

Vss 

NC 

Rating Units Notes 

-1.0to+7.0 v 1 

-0.5 to min (Vee + 0.5, 7.0) v 1 

-0.5 to min (Vee+ 0.5, 7.0) v 1 

Oto +70 oc 1 

-55 to +125 oc t 

2.1 w 1 

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. 
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------------------ - ---- --------------·-

Recommended DC Operating Conditions (TA= o to 70°C) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

t. All voltages referenced to V8 s. 

Capacitance (TA = o to + ?0°c, v cc = 5.0 ± 0.5V) 

Symbol 

c,, Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

G13 Input Capacitance (GAS) 

c,. Input Capacitance (WE) 

C110 Output Capacitance (DQO-DQ34) 

03H7550 
MMDS28DSU-OO 
Revised 7 /94 

Parameter 

Min 

4.5 

2.4 

-0.5 

Typ 

5.0 

-
-

IBM11D1320L 
IBM11 E1320L 

1 M x 32 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee+ 0.5 v 1 

0.8 v 1 

Max Units Notes 

47 pF 

32 pF 

17 pF 

50 pF 

15 pF 
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IBM11D1320L 
IBM11E1320L 
1 M x 32 DRAM Module 

DC Electrical Characteristics (TA= o to +70°C, Vee= s ± o.sv) 

Symbol Parameter 

Operating Current -60 
lcc1 Average Power Supply Operating Current 

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

Standby Current (ITL) 
lcc2 Power S.!!12Q!y Standby Current 

(RAS= CAS <oV1H) 

RAS Only Refresh Current -60 
Ices Average Powei:..§!!pply Current, RAS Only Mode 

(RAS Cycling, CAS <oV1H: tRc = tRc min) -70 

Fast Page Mode Current -60 
lcc4 Average Power Supply Current, Fast Page Mode 

(RAS= V1L. CAS, Address Cycling: tpc = tpc min) -70 

Standby Current (CMOS) 
Ices Power S.!!12Q!y Standby Current 

(RAS= CAS = Vee - 0.2V) 

GAS Before RAS Refresh Current -60 
Ices Average;ower Supply Current, _CAS Before RAS Mode 

(RAS°, C S, Cycling: tRc = tRc mm) -70 

Input Leakage Current RAS 

l1(L) 
Input Leakage Current, any input 

CAS (0.0,;; V1N,;; (Vee< 6.0V)) 
All Other Pins Not Under Test= OV All others 

lo(L) 
Output Leakage Current 
(DouT is disabled, 0.0,;; VouT,;; Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (loUT = -SmA@ 2.4V) 

Vol 
Output Low Level 
Output "L" Level Voltage (louT= +4.2mA@0.4V) 

1. lcc1. lcc3, lc04 and Ices depend on cycle rate. 

Min 

-

-

-

-

-

-

-

-

-

-

-10 

-10 

-20 

-10 

2.4 

-

2. lcc1, 1004 depend on output loading. Specified values are obtained with the output open. 

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

Max Units Notes 

390 
mA 1,2,3 

340 

4 mA 

390 
mA 1, 3 

340 

180 
mA 1, 2, 3 

160 

2 mA 

390 
mA 1, 3 

340 

+10 

+10 µA 

+20 

+10 µA 

- v 

0.4 v 

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 = ViH· 
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----------- ----- - -- - ---- --------------·-

AC Characteristics (TA= o to +70°C, Vee= 5 ± o.sv) 

IBM11D1320L 
IBM11 E1320L 

1M x 32 DRAM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V 1H 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. AC measurements assume IT~ 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!Ac Random Read or Write Cycle Time 110 128K 130 128K ns 

tRP RAS Precharge Time 40 - 50 - ns 

tcp GAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

tcAS GAS Pulse Width 15 - 20 - ns 

tASR Row Address Setup Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

tcAH Column Address Hold Time 15 - 15 - ns 

tRcD RAS to GAS Delay Time 20 45 20 50 ns 1 

!RAD RAS to Column Address Delay Time 15 - 15 - ns 2 

1RSH RAS Hold Time t5 - 20 - ns 

1csH GAS Hold Time 60 - 70 - ns 

tcAP GAS to RAS Precharge Time 5 - 5 - ns 

lozc GAS Delay Time from D1N 0 - 0 - ns 

IT Transition Time (Rise and Fall) 3 30 3 30 ns 

1AR Column Address Hold Time Referenced to RAS - - - - ns 3 

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

2. Operation within the IRAD (max) limit ensures that 1RAC (max) can be met. 1RAD (max) is specified as a reference point only: lflRAD 
is greater than the specified IRAD (max) limit, then access time is controlled by 1AA. 

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7550 
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IBM11D1320L 
IBM11E1320L 
1M x 32 DRAM Module 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

1wcH Write Command Hold Time 

lwp Write Command Pulse Width 

!AWL Write Command 10 RAS Lead Time 

1cwL Write Command to GAS Lead Time 

1wcR Write Command Hold Time Referenced to RAS 

1oHA Data Hold Time Referenced to RAS 

1os D1N Setup Time 

1oH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

15 - 15 

15 - 15 

15 - 20 

15 - 20 

- - -

- - -

0 - 0 

15 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

!RAC Access Time from RAS - 60 -

1cAC Access Time from CAS - 15 -

1AA Access Time from Address - 30 -

1Rcs Read Command Setup Time 0 - 0 

tRcH Read Command Hold Time to CAS 0 - 0 

1ARH Read Command Hold Time to RAS 5 - 5 

IRAL Column Address lo RAS Lead Time 30 - 35 

1cAL Column Address to CAS Lead Time 30 - 35 

lcLZ CAS to Output in Low-Z 0 - 0 

1oH Output Data Hold Time 3 - 3 

1coo CAS to D1N Delay Time 15 - 20 

1oFF Output Bulfer Turn-off Delay 0 15 0 

1. Measured with the specified current load and 100pF. 
2. Access time is determined by the latter of IRAc, 1cAc. 1cPA. 1AA· 
3. Either IRcH or IRRH must be satisfied for a read cycle. 

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1, 2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 

- ns 

- ns 

- ns 

20 ns 4 

4. 1oFF (max) defines the time al which the output achieves the open circuit condition and is not referenced 10 output voltage levels. 
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---------- ----- ---- - ---- ---------------·-

Fast Page Mode Cycle 

Symbol Parameter 

tpc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

tcPRH RAS Hold Time from GAS Precharge 

tcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of tRAc. tcAc, tcpA, tAA. 
2. Access time assumes a load of 100pF. 

Refresh Cycle 

Symbol Parameter 

tcHR 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

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

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

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

tAPC RAS Precharge to GAS Hold Time 

tREF Refresh Period 

1. 1024 refreshes are required every 16ms. 

03H7550 
MMDS28DSU-OO 
Revised 7 /94 

Min 

40 

60 

35 

-

Min 

20 

to 

10 

10 

0 

-

-60 -70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 20 

- 10 

- 10 

- 10 

- 0 

16 -

IBM 1101320L 
IBM11E1320L 

1 M x 32 DRAM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1, 2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

16 ms 1 
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IBM11E1320L 
1M x 32 DRAM Module 

Read 

V1H -

RAS 
V1L -

V1H-

CAS 
V1L -

!ASR 

Address 
V1H -

V1L -

VoH-

!RAH 

!Re 

!RAS 

lcsH 

tRCD !RSH 

le AS 

!RAD 

!AA --!------

f-------r---- Hi-Z 
le AC 

lcLZ 

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

I : "H"or"L" . . 

Page 78 

Valid Data Out 

_toH 

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

Hi-Z _ 

03H7550 
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--------------- - -- - ---- --------------·-

Write Cycle (Early Write) 

\RAS 

V1H-
RAS 

VIL -

lcsH 

!RCD 

V1H-
GAS 

_tcAS 

VIL -

!RAD 

\ASR 

!RAH 

V1H-
Address 

VIL -

lwcR 

V1H-
lwr 

WE 
V1L -

lo HR 

los _ toH 

D1N Valid Data In 
VIL -

VoH-

DouT ---------------- Hi-Z 
Vol-

03H7550 
MMDS28DSU-OO 
Revised 7 /94 

I :"H"or"L" 

!Re 

\RSH 

IBM11D1320L 
IBM11 E1320L 

1M x 32 DRAM Module 

!RP 

_lcRP 
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IBM11D1320L 
IBM11E1320L 
1M x 32 DRAM Module 

Fast Page Mode Read Cycle 

Address 

VoK-

I : "H"or"L" . 

Page 80 

, ____ lcPRH 

DourN 
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---------- ----- - -- - ---- ---------------·-

Fast Page Mode Write Cycle 

V1H-

RAS 
VIL-

V1H-

CAS 
VIL-

Dour 

03H7550 
MMDS28DSU-OO 
Revised 7 /94 

_tRCD 

I :"H"or"L" 

!RASP 

_tpc 

lcp 

le AS le As 

_tRSH 

le As 

IBM11D1320L 
IBM11E1320L 

1 M x 32 DRAM Module 

!RP 

le RP 
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IBM11D1320L 
IBM11E1320L 

--------- ----- - -- - ---- -------------·-
1M x 32 DRAM Module 

RAS Only Refresh Cycle 

V1H_ 

CAS 

VIL-

V1H_ 

Address 

V1L _ 

DouT 

Page 82 

l+--------------\Rc -----------. 

i----------tRAS -----------t 

lASR 

~\RAH 

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

: "H" or"L" 

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

03H7550 
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--------- --------- - ---- -------------·-

CAS Before RAS Refresh Cycle 

--- tCHR ----< ,-----------, 

twRH 

,__ ____ tcoo ____ _ 

---;------- Hi-Z 

DauT 

l:"H"or"L" 

Note: Addresses are "H" or "L" 

03H7550 
MMDS28DSU-OO 
Revised 7 /94 

IBM1101320L 
IBM11E1320L 

1 M x 32 DRAM Module 
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IBM11 D1320L 
IBM11E1320L 
1M x 32 DRAM Module 

Layout Drawing 

(2X) II 
3.1877 
.1255 

~1~ 
~ 

107.95 

4.25 

101.190 

3.983 

FRONT 

44.45 

1.75 

95.25 

3.75 REF. 

SIDE 

'~ 
r <O 

. 

1.27 ±<b~~~ 
.050 :1:.:g~ 

1.00WIDTH 

.039 

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

Features 

• 72-Pin JEDEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

tAAC RAS Access Time 60ns 70ns 

lcAc GAS Access Time 15ns 20ns 

!AA Access Time From Address 30ns 35ns 

!Re Cycle Time 110ns 130ns 

!pc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Single 5V, ± 0.5V Power Supply 

Description 

The IBM11 D2320BC is an 8MB industry standard 
72-pin 4-byte single in-line memory module (SIMM). 
The module is organized as a 2Mx32 high speed 
memory array, and is configured as 2 1 Mx32 banks -
each independently selectable via unique RAS 
inputs. The assembly is intended for use in 16, 32 
and 64 bit applications. It is manufactured with 16 
1 Mx4 devices, each in either a 350mil or 300mil 
package, and is compatible with the JEDEC 72-Pin 

Card Outline 

IBM11 D2320BC 
IBM11 E2320BC 

2M x 32 DRAM Module 

• All inputs & outputs are fully TTL & CMOS 
compatible 
Fast Page Mode ~ss cycle 

• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/10 Addressing (Row/Column) 
• Optimized for use in byte-write non-parity appli

cations. 
• Au and Sn/Pb versions available 

SIMM standard. 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 2Mx36 parity SIMM, 
IBM11 023608, as well as other density offerings 
and ECG-optimized SIMMs. 

\
0

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,_,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0

1 

03H7146 
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IBM11 D2320BC 
IBM11 E2320BC 
2M x 32 DRAM Module 

Pin Description 
RASO-RAS3 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

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

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1 - PD4 Presence Detects 

Ordering Information 

Part Number 

IBM11D2320BA-60 

IBMt 1D2320BA-70 

IBM11E2320BA-60 

IBM11E2320BA-70 

IBM11D2320BC-60 

IBM11D2320BC-70 

IBM11 E2320BC-60 

IBM11E2320BC-70 

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

Pinout 

Pin# Name Pin# Name Pin# Name Pin# Name Pin# Name Pin# Name 

1 Vss 13 At 25 D024 37 NC 49 D09 61 D014 

2 DQO 14 A2 26 D07 38 NC so DQ27 62 D033 

3 D018 1S A3 27 D02S 39 Vss 51 DQ10 63 D01S 

4 DQt 16 A4 28 A7 40 CASO S2 D028 64 D034 

s D019 17 AS 29 NC 41 CAS2 S3 DQ11 6S D016 

6 DQ2 18 AS 30 Vee 42 CAS3 S4 D029 66 NC 

7 D020 19 NC 31 AB 43 CAS1 SS DQ12 67 PD1 

8 DQ3 20 DQ4 32 A9 44 RASO S6 DQ30 68 PD2 

9 D021 21 D022 33 RAS3 4S RAS1 S7 D013 69 PD3 

10 Vee 22 DOS 34 RAS2 46 NC S8 DQ31 70 PD4 

11 NC 23 DQ23 3S NC 47 WE S9 Vee 71 NC 

12 AO 24 D06 36 NC 48 NC 60 D032 72 Vss 

1. DO numbering is compatible with parity (x36) version. 

Organization Speed Leads Dimensions Notes 

2M x32 60ns Sn/Pb 4.2S" x 1" x .360" 

2M x32 70ns Sn/Pb 4.2S" x 1" x .360" 

2M x32 60ns Au 4.2S" x 1" x .360" 

2M x32 70ns Au 4.2S" x 1" x .360" 

2M x32 60ns Sn/Pb 4.2S" x 1" x .360" 1 

2M x32 70ns Sn/Pb 4.2S" x 1" x .360 1 

2M x32 60ns Au 4.2S" x 1" x .360 1 

2M x32 70ns Au 4.25" x 1" x .360 1 

1. 'C' revision replaces 'A' revision, all specifications are identical or improved. 'C' revision uses new raw card which is common with 
IBM11D2360E. 
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---------------- ---- - ---- --------------·-

Block Diagram 

DOD 

001-4 

WE -----<WE 

CASO---+------< 
RASO ---t---1 

CAS2 -----1 

RAS2 -----1 

WE WE 

CASO---+------< 
RAS1 

CAS1 

CAS2 -----1 

RAS3 -----1 

03H7146 
MMDS03DSU-02 
Revised 5/94 

- - 007 

001-4 

f-----<WE 

IBM11 D2320BC 
IBM11 E2320BC 

2M x 32 DRAM Module 

009 - - - - - - - - - - - - - - - - - 0016 

001-4 001-4 

f-----!WE 
,__ __ _,GAS 

>----_,WE 
f-----!CAS 

U4 

UB 

009 - - - - - - - - - - - - - - - - 0016 

001-4 001-4 

1------lWE 

f-----!WE 
f------jCAS U10 
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IBM11 D2320BC 
IBM11 E2320BC 
2M x 32 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN, Vss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H->L 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

VouT Output Voltage 

ToPR Operating Temperature 

Tsrn Storage Temperature 

Po Power Dissipation 

louT Short Circuit Output Current 

GAS 

x 
L 

L 

H->L 

H->L 

H->L 

H->L 

H 

L 

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

WE Row Column All DO bits Address Address 

x x x High Impedance 

H Row Col Valid Data Out 

L Row Col Valid Data In 

H Row Col Valid Data Out 

H N/A Col Valid Data Out 

L Row Col Valid Data In 

L N/A Col Valid Data In 

x Row N/A High Impedance 

H x x High Impedance 

-60 -70 

NC NG 

NC NG 

NG Vss 

NG NG 

Rating Units Notes 

-0.5 to 6.5 v 1 

-0.7 to Vee+ 0.7 v 1 

-0.7 to Vee+ 0.7 v 1 

Oto +70 "G 1 

-55 to +125 "G 1 

10.6 w 1, 2 

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. 
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----------- ----- - -- - ---- --------------·-

Recommended DC Operating Conditions (TA= o to 70°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

VIL Input Low Voltage 

1. All voltages referenced to V88 . 

Capacitance (TA= o to+ 70°c, Vee= s.o ± o.sV) 

Symbol 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (GAS) 

c,. Input Capacitance (WE) 

C110 Output Capacitance (DQO-DQ34) 

03H7146 
MMDS03DSU-02 
Revised 5/94 

Parameter 

Min 

4.5 

2.4 

0.0 

Typ 

5.0 

-

-

Max 

90 

37 

37 

75 

25 

IBM11 D23208C 
IBM11 E2320BC 

2M x 32 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee v 1 

0.8 v 1 

Units Notes 

pF 

pF 

pF 

pF 

pF 
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IBM11 D23208C 
IBM11 E2320BC 
2M x 32 DRAM Module 

DC Electrical Characteristics (TA= o to +70°c, Vee= s ± o.svi 

Symbol Parameler 

Operating Current -60 
lcc1 Average Power Supply Operaling Current 

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

Standby Currenl (TTL) 
lcc2 Power S..l!ee]y Slandby Currenl 

(RAS= CAS 2' V1H) 

RAS Only Refresh Currenl -60 
Ices Average Power_§Jpply Currenl, RAS Only Mode 

(RAS Cycling, CAS 2' V1H: tRc = 1Rc min) -70 

Fast Page Mode Current -60 
Ice• Average Po~Supply Current, Fast Page Mode 

(RAS= V1L. CAS, Address Cycling: tpc = tpc min) -70 

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

(RAS= CAS = Vee - 0.2V) 

CAS Before RAS Refresh Current -60 
Ices Average Power Supply Current, CAS Before RAS Mode 

(RAS, CAS, Cycling: !Re= tRc min) -70 

Input Leakage Currenl RAS 

i1(L) 
Input Leakage Currenl, any input 

GAS (0.0 ~ V1N ~(Vee< 6.0V)) 
All Other Pins Not Under Test= OV All others 

lo(L) 
Output Leakage Current 
(Dour is disabled, 0.0 ~ Vour ~Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (lour= -4mA@ 2.4V) 

VoL 
Output Low Level 
Output "L" Level Voltage (lour= +4mA@ 0.4V) 

1. lcc1, lcc3, lcC4 and Ices depend on cycle rate. 

Min 

-

-

-

-

-

-

-

-

-

-

-40 

-40 

-160 

-20 

2.4 

-

2. lcc1, lcC4 depend on output loading. Specified values are obtained with the output open. 

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

Max Units Noles 

976 
mA 1, 2, 3 

880 

32 mA 

976 
mA 1, 3, 4 

880 

616 
mA 1,2, 3 

566 

32 mA 

976 
mA 1, 3, 4 

880 

+40 

+40 µA 

+160 

+20 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS = VIL· In the case of lcc4• it can be changed once or less when GAS= V1H 

4. Refresh current is specified for 1 bank .. 
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---------- ----- - -- - ---- ---------------·-

AC Characteristics (TA = o to + 70°C, v cc = s ± o.sv) 

IBM11 D2320BC 
IBM11 E2320BC 

2M x 32 DRAM Module 

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 ini1ial pause of 100µs 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. The DRAM Outputs will remain disabled until these 8 cycles have occurred. This prevents data contention 
(excessive current) during power on. To prevent excess power dissipation during power-up, RAS should rise coincident with the 
power supply voltage. 

3. AC measurements assume tr ~ 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

tRc Random Read or Write Cycle Time 110 128K 130 128K ns 

tRP RAS Precharge Time 40 - 50 - ns 

tcp GAS Precharge Time 10 - to - ns 

tRAS RAS Pulse Width 60 16K 70 16K ns 

1cAs GAS Pulse Width 15 - 20 - ns 

1ASR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

le AH Column Address Hold Time 10 - 15 - ns 

1RcD RAS to GAS Delay Time 20 45 20 50 ns 1 

tRAD RAS to Column Address Delay Time 10 - 15 - ns 2 

IRsH RAS Hold Time 15 - 20 - ns 

lcsH GAS Hold Time 60 - 70 - ns 

le RP GAS to RAS Precharge Time 10 - 10 - ns 

lozc GAS Delay Time from D1N - - - - ns 3 

Ir Transition Time (Rise and Fall) 3 50 3 50 ns 

IAR Column Address Hold Time Referenced to RAS 45 - 50 - ns 

1. Operation within the IRcD (max) limit ensures that IRAC (max) can be met. tRcD (max) is specified as a reference point only: if tRcD is 
greater than the specified IRCD (max) limit, then access time is controlled by tcAC· 

2. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. IRAD (max) is specified as a reference point only: If tRAD 

is greater than the specified IRAD (max) limit, then access time is controlled by IAA. 
3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7146 
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IBM11 D2320BC 
IBM11 E2320BC 
2M x 32 DRAM Module 

Write Cycle 

Symbol Parameter 

lwcs Write Command Set Up Time 

lwcH Write Command Hold Time 

twp Write Command Pulse Width 

IRWL Write Command to RAS Lead Time 

tcwL Write Command to GAS Lead Time 

twcR Write Command Hold Time Referenced to RAS 

lo HR Data Hold Time Referenced to RAS 

los D1N Setup Time 

loH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

10 - 15 

10 - 15 

15 - 20 

15 - 20 

- - -

- - -

0 - 0 

10 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

tRAC Access Time from RAS - 60 -

lcAC Access Time from GAS - 15 -

!AA Access Time from Address - 30 -

tRcS Read Command Setup Time 0 - 0 

tRcH Read Command Hold Time to GAS 0 - 0 

IRRH Read Command Hold Time to RAS 0 - 0 

tRAL Column Address to RAS Lead Time 30 - 35 

lcAL Column Address to GAS Lead Time - - -

lcLZ GAS to Output in Low-Z 0 - 0 

loH Output Data Hold Time 0 - 0 

!coo GAS to D1N Delay Time 10 - 15 

loFF Output Buffer Turn-off Delay 0 10 0 

1. Measured with the specified current load and 100pF. 
2. Access time is determined by the laner of IRAC. tcAc. tcpA, IAA. 
3. Either tRcH or IRRH must be satisfied for a read cycle. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1, 2 

20 ns 1,2 

35 ns 1, 2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 4 

- ns 

- ns 

- ns 

15 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. 
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-------------- - -- - ---:::...:..;-:::";":: 

Fast Page Mode Cycle 

-60 
Symbol Parameter 

Min 

tpc Fast Page Mode Cycle Time 40 

!RASP Fast Page Mode RAS Pulse Width 60 

tcPRH RAS Hold Time from CAS Precharge -

lcPA Access Time from CAS Precharge -

-70 

Max Min 

- 45 

100K 70 

- -

35 -

IBM11 D2320BC 
IBM11 E2320BC 

2M x 32 DRAM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 1 

40 ns 2,3 

1. This timing parameter is not applicable to this product, but applies to a related product in this family. 
2. Access time is determined by the laner of tRAc. lcAC· tcPA· tAA. 
3. Access time assumes a load of 100pF. 

Refresh Cycle 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!cHR 
~HoldTime 15 - 15 - ns 
(CAS before RAS Refresh Cycle) 

lcsR CAS Setup Time 10 (CAS before RAS Refresh Cycle) - 10 - ns 

lwRP 
WE Setup Ti~ 5 - 5 - ns 
(CAS before RAS Refresh Cycle) 

lwRH 
WE Hold Tim,g__ 10 - 10 - ns 
(CAS before RAS Refresh Cycle) 

tRPC RAS Precharge to CAS Hold Time 0 - 0 - ns 

!REF Refresh Period - 16 - 16 ms 1 

1. 1024 refreshes are required every 16ms. The DC variation in the Vee supply may not exceed 300mV within a refresh interval 
(16ms). 

03H7146 
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Read 

V1H-

RAS 
V1L -

V1H-

CAS 
V1L -

tASR 

Address 
V1H-

VIL -

tRAH 

-------------= - -:5~i: 

tRc 

tRAs 

tcsH 

tRco ~SH 

tcAs 

~D 

tAsc 

1------+---- Hi-Z --1-------+---j 

tcLZ 

VoH-

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

I : ''H'' or "L" 
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tcAc loFF-

Valid Data Out 

_toH----oi 

Hi-Z _ 
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---------- ----- ---- - ---- --------- -----·-

Write Cycle {Early Write) 

!RAS 

V1H-
RAS 

v,, -

lcsH 

tRco 

V1H- --kAs 
CAS 

v,, -

!RAD 

\ASR 

V1H-
Address 

v,, -

V1H-
WE 

v,, -

los -- toH 

V1H-
D1N Valid Data In 

Vo»-
Dour ________________ Hi-Z 

VoL-

03H7146 
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: "H" or "L" 

!Re 

!RSH 

IBM11 D2320BC 
IBM11 E2320BC 

2M x 32 DRAM Module 

tRP 

-lcRP 
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Fast Page Mode Read Cycle 

V1H-
RAS 

V1L-

V1H-
CAS 

V1L-

Address 

I :"H"or"L" 
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iiiAsP 

lcAc 

!RAC loFF-

-1tcLZ 

DoUT 1 

!pc 

...J:oH 

lo FF 

lcLZ lcLz 

lcPRH 

!RSH 

t r DZC 

lcAc 

loFF 

DoUTN 

!RP 

lcRP 
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------------------ - ---- -------------·-

Fast Page Mode Write Cycle 

v,H-
RAS 

V1L-

v,H-
CAS 

V1L-

v,H
Address 

VIL-

VoH-

Dour 
VoL-

03H7146 
MMDS03DSU-02 
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twcs 

I :"H"or"L" 

tRASP 

_tpc 

IBM11 D2320BC 
IBM11 E2320BC 

2M x 32 DRAM Module 

tRP 

tcRP 
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RAS Only Refresh Cycle 

----
§ : :::E"fi: 

1-------------!Rc ----------+I 

Address 

Page 98 

________ !RAS--------->! \ep 

l.4sR 

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

I :"H"or"L" 

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

CAS Before RAS Refresh Cycle 

1+------tRAS ---------ot 

V1H-

RAS 

tRPC 1 V1L -

~ tcsR 

V1H-

GAS 
V1L -

i------ tcoo ___ _ 

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

VoH 
Dour 

I :"H"or"L" 

Note: Addresses are "H" or "L" 

03H7146 
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2M x 32 DRAM Module 

Layout Drawing(IBM11 D2320BC) 
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.039 
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SIDE 

1 .27 ±. :~~~~ 
.050 ±. :88~ 

3.75 REF. 

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

Features 

• 72-Pin JEOEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

!RAC RAS Access Time 60ns 70ns 

lcAC GAS Access Time 15ns 18ns 

IAA Access Time From Address 30ns 35ns 

!Ac Cycle Time 110ns 130ns 

!pc Fast Page Mode Cycle Time 40ns 40ns 

• High Performance CMOS process 
• Single 5V, ± 0.5V Power Supply 

Description 

The IBM11 0232080 is an 8MB industry standard 
72-pin 4-byte single in-line memory module (SIMM). 
The module is organized as a 2Mx32 high speed 
memory array, and is configured as 2 1 Mx32 banks -
each independently selectable via unique RAS 
inputs. The assembly is intended for use in 16, 32 
and 64 bit applications. It is manufactured with 16 
1 Mx4 devices, each in a 300mil package, and is 
compatible with the JEOEC 72-Pin SIMM standard. 

Card Outline 

I BM 11 0232080 
IBM11 E2320BO 

2M x 32 DRAM Module 

• Low active current dissipation 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/10 Addressing (Row/Column) 
• Optimized for use in byte-write non-parity appli

cations. 
• Au and Sn/Pb versions available 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 2Mx36 parity SIMM, 
IBM11 023608, as well as other density offerings 
and ECG-optimized SIMMs. 

~ 0 11111111111111111111111" '"II 111111111 I" I Ill II 111111111111111111111111IIll1111, ,
0 I 
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IBM110232080 
IBM11 E2320BO 
2M x 32 DRAM Module 

Pin Description 
RASO-RAS3 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

D00-7, 9-16, Data lnpuVoutput 18-25, 27-34 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1 -P04 Presence Detects 

Ordering Information 

Part Number 

IBM 1102320BD-60 

IBM11D2320BD-70 

IBM 11 E2320BD-60 

IBM11E2320BD-70 

Page 102 
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Pinout 

Pin# Name Pin# Name Pin# Name Pin# Name Pin# Name Pin# Name 

1 Vss 13 A1 25 DQ24 37 NC 49 DQ9 61 0014 

2 DQO 14 A2 26 DQ7 38 NC 50 DQ27 62 DQ33 

3 DQ18 15 A3 27 DQ25 39 Vss 51 D010 63 DQ15 

4 DQ1 16 M 28 A7 40 CASO 52 DQ28 64 D034 

5 DQ19 17 A5 29 NC 41 CAS2 53 D011 65 DQ16 

6 DQ2 18 AG 30 Vee 42 CAS3 54 DQ29 66 NC 

7 DQ20 19 NC 31 AB 43 CAS1 55 DQ12 67 PD1 

8 DQ3 20 DQ4 32 A9 44 RASO 56 DQ30 68 PD2 

9 DQ21 21 DQ22 33 RAS3 45 RAS1 57 DQ13 69 PD3 

10 Vee 22 DQ5 34 RAS2 46 NC 58 DQ31 70 PD4 

11 NC 23 DQ23 35 NC 47 WE 59 Vee 71 NC 

12 AO 24 DQ6 36 NC 48 NC 60 DQ32 72 Vss 

1. DO numbering is compatible with parity (x36) version. 

Organization Speed 

2M x32 60ns 

2Mx32 70ns 

2Mx32 60ns 

2Mx32 70ns 

Leads 

Sn/Pb 

Sn/Pb 

Au 

Au 

Dimensions 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

Notes 

03H7140 
MMDS16DSU-OO 

Revised 6/94 



--------------.- -- ----- -------------·-

Block Diagram 

WE 
CASO ---+----1 

RASO ---+----1 

CAS2 ------1 
RAS2 ___ __, 

IBM110232060 
IBM11 E2320BO 

2M x 32 DRAM Module 

1-----;WE 
1------tCAS US 

AO-A9 --------------------------' 

OOH7140 

WE WE 
CASO ---+----1 
RAS1 

CAS2----1 
RAS3 ------1 

MMDS1 SDSU-00 
Revised 6/94 

1------1WE 
>------tCAS U10 
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IBM110232080 
IBM11 E2320BD 
2M x 32 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode -Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN, Vss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H-+L 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

Tsrn Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

GAS WE 

x x 
L H 

L L 

H-+L H 

H-+L H 

H-+L L 

H-+L L 

H x 

L H 

-60 

NC 

NC 

NC 

NC 

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

Row Column All DO bits Address Address 

x x High Impedance 

Row Col Valid Data Out 

Row Col Valid Data In 

Row Col Valid Data Out 

NIA Col Valid Data Out 

Row Col Valid Data In 

N/A Col Valid Data In 

Row N/A High Impedance 

x x High Impedance 

-70 

NC 

NC 

Vss 

NC 

Rating Units Notes 

-1.0 to+ 6.0 v 1 

-1.0 to+ 6.0 v 1 

-1.0 to+ 6.0 v 1 

o to +70 oc 1 

-55 to +125 oc 1 

7.5 w 1, 2 

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. 
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---------- ----- - -- - ---- --------------·-

Recommended DC Operating Conditions (TA= o to 70°C) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1 . All voltages referenced to V ss· 

Capacitance (TA = o to + 70°C, v cc = s.o ± 0.5V) 

Symbol 

c,, Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C1s Input Capacitance (GAS) 

c,. Input Capacitance (WE) 

C110 Output Capacitance (DQO-DQ34) 

03H7140 
MMDS16DSU-OO 
Revised 6/94 

Parameter 

Min 

4.5 

2.4 

-0.5 

Typ 

5.0 

-

-

IBM110232080 
IBM11 E2320BO 

2M x 32 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee+0.5 v 1 

0.8 v 1 

Max Units Notes 

100 pF 

40 pF 

40 pF 

127 pF 

25 pF 
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IBM11 D23208D 
IBM11 E23208D 
2M x 32 DRAM Module 

DC Electrical Characteristics (TA=Oto+70'C, Vcc=5±0.5V) 

Symbol Parameter 

Operating Current -60 
lcc1 Average Power Supply Operating Current 

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

Standby Current (TIL) 
lcc2 Power S..!filQ!y Standby Current 

(RAS = CAS ;, Y1H) 

RAS Only Refresh Current -60 
Ices Average Powei:.§l!pply Current, RAS Only Mode 

(RAS Cycling, CAS;, Y1H: tRc = tRe min) -70 

Fast Page Mode Current -60 
lec4 Average Power Supply Current, Fast Page Mode 

(RAS= V1L, CAS, Address Cycling: tpe = tpc min) -70 

Standby Current (CMOS) 
Ices Power S..!filQ!y Standby Current 

(RAS = CAS = Vee - 0.2V) 

CAS Before RAS Refresh Current -60 
Ices Average Power Supply Current, CAS Before RAS Mode 

(l'iAS, CAS, Cycling: tRe = tRe min) -70 

Input Leakage Current RAS 

l1(L) 
Input Leakage Current, any input 

CAS (0.0 s; Y1N S: (Vee< 6.0V)) 
All Other Pins Not Under Test = OV All others 

lo(L) 
Output Leakage Current 
(DouT is disabled, 0.0 S: YouT!> Yee) 

VoH 
Output High Level 
Output "H" Level Voltage (10 UT = -5mA@ 2.4V) 

Vol Output Low Level 
Output "L" Level Voltage (louT = +4.2mA@ 0.4V) 

1. lcc1. Ices. lc04 and Ices depend on cycle rate. 

Min 

-

-

-

-

-

-

-

-

-

-

-40 

-40 

-t60 

-20 

2.4 

-

2. 1001 , 1004 depend on output loading. Specified values are obtained with the output open. 

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

Max Units Notes 

696 
mA t,2, 3 

576 

32 mA 

696 
mA 1, 3, 4 

576 

496 
mA t, 2, 3 

416 

t6 mA 

696 
mA 1, 3, 4 

576 

+40 

+40 µA 

+160 

+20 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS = YiL· In the case of 1004, it can be changed once or less when CAS = V1H 

4. Refresh current is specified for 1 bank. 
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---------- ----- - -- - ---- - - -------------·-

AC Characteristics (TA= o to+ 70°C, Vee = 5 ± o.5V) 

IBM110232080 
IBM11 E2320BO 

2M x 32 DRAM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured be1Ween V1H and 
VIL· 

2. An initial pause of 100µs 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. AC measurements assume tT ~ 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

tRc Random Read or Write Cycle Time 110 128K 130 128K ns 

tRP RAS Precharge Time 40 - 50 - ns 

tcp CAS Precharge Time 10 - 10 - ns 

tRAS RAS Pulse Width 60 16K 70 16K ns 

tcAS CAS Pulse Width 15 - 18 - ns 

tASR Row Address Setup Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - ns 

tAsc Column Address Setup Time 0 - 0 - ns 

1cAH Column Address Hold Time 10 - 15 - ns 

tRco RAS to CAS Delay Time 20 45 20 52 ns 1 

tRAD RAS to Column Address Delay Time 13 - 15 - ns 2 

tRSH RAS Hold Time 15 - 18 - ns 

tcsH CAS Hold Time 60 - 70 - ns 

tcRP CAS to RAS Precharge Time 5 - 5 - ns 

tozc CAS Delay Time from D1N 0 - 0 - ns 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 

tAR Column Address Hold Time Referenced to RAS - - - - ns 3 

1. 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 tRcD (max) limit, then access time is controlled by tcAC· 

2. 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 tRAD (max) limit, then access time is controlled by tAA. 

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 
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IBM11 E232080 
2M x 32 DRAM Module 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

twcH Write Command Hold Time 

twp Write Command Pulse Width 

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 

loH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

10 - 15 

10 - 15 

15 - 18 

15 - 18 

- - -

- - -

0 - 0 

15 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

!RAC Access Time from RAS - 60 -

tcAC Access Time from CAS - 15 -

!AA Access Time from Address - 30 -

tRcS Read Command Setup Time 0 - 0 

tRCH Read Command Hold Time to CAS 0 - 0 

IRRH Read Command Hold Time to RAS 0 - 0 

tRAL Column Address to RAS Lead Time 30 - 35 

lcAL Column Address to CAS Lead Time - - -

lcLz CAS to Output in Low-Z 0 - 0 

loH Output Data Hold Time 0 - 0 

!coo CAS to DiN Delay Time 15 - 20 

loFF Output Buffer Turn-off Delay 0 15 0 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of IRAC, lcAc, lcpA, IAA. 
3. Either IRcH or tRRH must be satisfied for a read cycle. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1, 2 

18 ns 1,2 

35 ns 1, 2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 4 

- ns 

- ns 

- ns 

15 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. 
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---------- ----- ---- - ---- --------------·-

Fast Page Mode Cycle 

Symbol Parameter 

lpc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

1cPRH RAS Hold Time from GAS Precharge 

1cPA Access Time from GAS Precharge 

1. Access lime is determined by the latter of tRAC. tcAc. tcpA, tAA· 
2. Access lime assumes a load of 1 OOpF. 

Refresh Cycle 

Symbol Parameter 

tcHR 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

tcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

1wRP 
WE Setup Ti1!!2._ 
(GAS before RAS Refresh Cycle) 

twRH 
WE Hold Time 
(GAS before RAS Refresh Cycle) 

tRPC RAS Precharge to GAS Hold Time 

1REF Refresh Period 

1. 1024 refreshes are required every 16ms. 

03H7140 
MMDS16DSU-OO 
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Min 

40 

60 

35 

-

Min 

10 

10 

10 

10 

0 

-

-60 -70 

Max Min 

- 40 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 10 

- 10 

- 10 

- 10 

- 0 

16 -

IBM11 D2320BD 
IBM11 E2320BD 

2M x 32 DRAM Module 

Units Noles 
Max 

- ns 

100K ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

16 ms 1 
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Read 

V1H-

RAS 
VIL -

V1H -

CAS 
V1L -

!ASA 

Address 

VoH-

!Re 

IRAs 

lcsH 

!RCD !ASH 

lcAS 

!RAD 

IAA -+------->! 

1-------t----- Hi-Z --!---------+--
lcAC toFF__. 

!cLz 

Dour -----1-- Hi-Z Valid Data Out 
Hi-Z _ 

l :"H"or"L" , 
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-------------- - -- - ---:::::::::::::::: ~ = 

Write Cycle (Early Write) 

!RAS 

V1H -

RAS 
V1L -

lcsH 

tRCO tRSH 

V1H -
lcAs 

GAS 
V1L -

!RAD 

!ASR 

\RAH 

:ldress 
V1H -

Column 
V1L -

lAA -+---------< 

r-------+----- Hi-Z 
_tcAC 

lcLZ 

VoH-

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

l:"H"or"L" 

03H7140 
MMDS1 SDSU-00 
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Valid Data Out 

IBM11 D2320BD 
IBM11 E2320BD 

2M x 32 DRAM Module 

Hi-Z _ 

_toH ___ _ 

Page 111 



IBM11 D2320BD 
IBM11 E2320BD 
2M x 32 DRAM Module 

Fast Page Mode Read Cycle 

V1H-

RAS 
V1L-

V1H-

GAS 
V1L-

Address 

!RASP 

DoUT Vo,.._ _________ -_ltc_u, ~ITT 1 

VoL- ' 

I · "H"or"L" . . 

Page112 

lpc 

....!oH 

lcLZ 

tcPRH 

tRSH 

t r DZC 

lcAc 

DoUT N 

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

!RP 

le RP 

03H7140 
MMDS16DSU-OO 
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-------------- - -- - ---
=~=~= 

Fast Page Mode Write Cycle 

V1H-

RAS 
V1L-

V1H-

GAS 
VIL-

V1H

Address 
VIL-

V1H-

VaH-

OauT 
VaL-

03H7140 
MMDS16DSU-OO 
Revised 6/94 

lwcs 

:"H"or"L" 

!RASP 

_tpc 

_tcp 

le AS le As 

\ASH 

le As 

IBM110232080 
IBM11 E2320BO 

2M x 32 DRAM Module 

!RP 

le RP 

Page 113 



IBM110232080 
IBM11 E2320BD 
2M x 32 DRAM Module 

RAS Only Refresh Cycle 

V1H_ 

RAS 
V1L _ 

V1H_ 

GAS 

V1L _ 

!ASA 

~!RAH 

V1H_ 

Address 

V1L _ 

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

!Ac 

!RAS !RP 

tAPC 

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

II! : "H" or "L" 

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

CAS Before RAS Refresh Cycle 

,__ _____ tRAS ------------.. 

V1H-

RAS 

!RPG~ V1L _ 

_'..j tcsR 

V1H-

GAS 
VIL_ 

,__ ____ lcDD ____ _.., 

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

OouT 

ltl~ : "H" or "L" 

Note: Addresses are "H" or "L" 

03H7140 
MMDS1 SDSU-00 
Revised 6/94 

\epc 

IBM110232080 
IBM11 E2320BO 

2M x 32 DRAM Module 
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IBM11 D2320BD 
IBM11 E2320BD 
2M x 32 DRAM Module 
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--------- ----- - -- - ---- -------------·-

Features 

• 72-Pin JEDEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

tRAC RAS Access Time 60ns 70ns 

lcAc GAS Access Time 15ns 20ns 

!AA Access Time From Address 30ns 35ns 

!Ac Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Manufactured with 16Mb DRAMS (1 M x 16) 

Description 

The IBM11 D2320L is an BMB industry standard 
72-pin 4-byte single in-line memory module (SIMM). 
The module is organized as a 2Mx32 high speed 
memory array, and is configured as 2 1 Mx32 banks -
each independently selectable via unique RAS 
inputs. The assembly is intended for use in 16, 32 
and 64 bit applications. It is manufactured with 4 
1Mx16 devices, each in a 400mil TSOP package, 
and is compatible with the JEDEC 72-Pin SIMM 
standard. 

This assembly is intended as a direct replacement 
for 1 Mx4-based SIMMs, while significantly reducing 
power dissipation. The use of TSOP packages 

Card Outline 

I BM 11 D2320L 
IBM11 E2320L 

2M x 32 DRAM Module 

• Single 5V, ± 0.5V Power Supply 
• Low current consumption 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/10 Addressing (Row/Column) 
• Optimized for use in byte-write non-parity appli

cations. 
• Au and Sn/Pb versions available 

allows tighter SIMM spacing (.3" on center). Input 
loading is consistent with 4Mb-based assemblies 
due to the addition of discrete capacitors maximizing 
compatibility at the system-level. 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 2Mx32 non-parity 
SIMM, IBM11023208, as well as other density, par
ity and ECG-optimized SIMMS. 

(01111111111111111111111111111111111111111 " 11111111111111111111111111111111111111110 I 

03H7551 
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IBM11 D2320L 
IBM11 E2320L 
2M x 32 DRAM Module 

Pin Description 
RASO- RAS3 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

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

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1 -PD4 Presence Detects 

Ordering Information 
Part Number 

IBM11D2320LA-SO 

IBM11D2320LA-70 

IBM11E2320LA-SO 

IBM11 E2320LA-70 

Page 118 
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Pinout 
Pin# Name Pin# Name Pin# Name Pin# Name Pin# Name Pin# Name 

1 Vss 13 A1 25 D024 37 NC 49 D09 61 D014 

2 DOO 14 A2 26 D07 38 NC 50 D027 S2 D033 

3 D018 15 A3 27 D025 39 Vss 51 D010 63 D015 

4 001 1S A4 28 A7 40 CASO 52 D028 S4 D034 

5 0019 17 A5 29 NC 41 CAS2 53 D011 S5 D01S 

s 002 18 AS 30 Vee 42 CAS3 54 D029 SS NC 

7 0020 19 NC 31 AS 43 CAS1 55 D012 S7 PD1 

8 003 20 D04 32 A9 44 RASO 5S D030 SS PD2 

9 0021 21 D022 33 RAS3 45 RAS1 57 D013 S9 PD3 

10 Vee 22 D05 34 RAS2 4S NC 58 D031 70 PD4 

11 NC 23 0023 35 NC 47 WE 59 Vee 71 NC 

12 AO 24 DOS 3S NC 48 NC so D032 72 Vss 

1. DO numbering is compatible with parity (x3S) version. 

Organization Speed 

2M x32 sons 

2M x32 70ns 

2M x32 sons 

2M x32 70ns 

Leads 

Sn/Pb 

Sn/Pb 

Au 

Au 

Dimensions 

4.25" x 1" x .154" 

4.25" x 1" x .154" 

4.25"x 1"x.154" 

4.25" x 1" x .154" 

Notes 

03H7551 
MMDS29DSU-OO 
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Block Diagram 

03H7551 
MMDS29DSU-OO 
Revised 7 /94 

AO-A9 

WE 

RASO 

CASO 

CAS1 

RAS2 

CAS2 

CAS3 

AO-A9 

WE 

RAS1 

CASO 

CAS1 

RAS3 

CAS2 

CAS3 

DQO 007 DQ9 0016 

1 1 
DO DO 

AO-A9 

WE 

RAS 
U1 

LCAS 

UCAS 

OE 

~ 

DQO DQ7 DQ9 0016 

l , I 
DQ DO 

AO-A9 

WE 

RAS 
U3 

LCAS 

UCAS 

i5E 

~ 

IBM11 D2320L 
IBM11 E2320L 

2M x 32 DRAM Module 

DQ18 0025 0027 0034 , I ! 
DO DQ 

AO-A9 

WE 

RAS U2 

LCAS 

UCAS 
OE 

~ 

DQ18 DQ25 DQ27 DQ34 -I I 
DQ DO 

AO-A9 

WE 

RAS U4 

LCAS 

UCAS 

OE 

~ 
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IBM11 D2320L 
IBM11 E2320L 
2M x 32 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

GAS-Before-RAS Refresh 

Presence Detect 
Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN, Vss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H-;L 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

Tsrn Storage Temperature 

PD Power Dissipation 

lour Short Circuit Output Current 

GAS WE 

x x 
L H 

L L 

H-;L H 

H-;L H 

H-;L L 

H-;L L 

H x 
L H 

-60 

NC 

NC 

NC 

NC 

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

Row Column All DO bits Address Address 

x x High Impedance 

Row Col Valid Data Out 

Row Col Valid Data In 

Row Col Valid Data Out 

N/A Col Valid Data Out 

Row Col Valid Data In 

N/A Col Valid Data In 

Row NIA High Impedance 

x x High Impedance 

-70 

NC 

NC 

Vss 

NC 

Rating Units Notes 

-1.0to +7.0 v 1 

-0.5 to min (Vee+ 0.5, 7.0) v 1 

-0.5 to min (Vee+ 0.5, 7.0) v 1 

0 to +70 oc 1 

-55 to +125 oc 1 

4.3 w t,2 

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. 
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--------------- ---- - ---- ---------------·-

Recommended DC Operating Conditions (TA= o to ?0°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1 . All voltages referenced to V ss. 

Capacitance (TA = o to + 70°C, v cc = s.o ± 0.5V) 

Symbol 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C1s Input Capacitance (GAS) 

c,. Input Capacitance (WE) 

C110 Output Capacitance (DQO-DQ34) 

03H7551 
MMDS29DSU-OO 
Revised 7 /94 

Parameter 

Min 

4.5 

2.4 

-0.5 

Typ 

5.0 

-

-

IBM11 D2320L 
IBM11 E2320L 

2M x 32 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee+ 0.5 v 1 

0.8 v 1 

Max Units Notes 

90 pF 

44 pF 

47 pF 

94 pF 

25 pF 
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IBM11 D2320L 
IBM11 E2320L 
2M x 32 DRAM Module 

DC Electrical Characteristics (TA= o to+ ?0°C. Vee= s ± o.svi 

Symbol Parameter 

Operating Current -60 
lcc1 Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc =!Re min) -70 

Standby Current (TTL) 
lcc2 Power S..!!.EQ]y Standby Current 

(RAS= CAS ;;;V,H) 

RAS Only Refresh Current -60 
lcc3 Average Power..fu!pply Current, RAS Only Mode 

(RAS Cycling, CAS ;;;V,H: tRc = IRc min) -70 

Fast Page Mode Current -60 
Ice• Average Power Supply Current, Fast Page Mode 

(RAS= V1L, CAS, Address Cycling: lpc = lpc min) -70 

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

(RAS= GAS = Vee - 0.2V) 

GAS Before RAS Refresh Current -60 
Ices Average Power Supply Current, CAS Before RAS Mode 

(RAS, GAS, Cycling: tRc =!Re min) -70 

Input Leakage Current RAS 

l1(L) 
Input Leakage Current, any input 

GAS (0.0 S: V1N S: (V cc < 6.0V)) 
All Other Pins Not Under Test = OV All others 

lo(L) 
Output Leakage Current 
(DouT is disabled, 0.0 s: VouT s: Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (loUT = -5mA@ 2.4V) 

Vol 
Output Low Level 
Output "L" Level Voltage (louT = +4.2mA@ 0.4V) 

1. Ice" lcc3, Ice• and Ices depend on cycle rate. 

Min 

-

-

-

-

-

-

-

-

-

-

-10 

-10 

-40 

-20 

2.4 

-

2. lcc1, lcC4 depend on output loading. Specified values are obtained with the output open. 

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

Max Units Notes 

394 
mA 1, 2, 3 

344 

8 mA 

394 
mA 1, 3, 4 

344 

184 
mA 1,2, 3 

164 

4 mA 

394 
mA 1, 3, 4 

344 

+10 

+10 µA 

+40 

+20 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS = Vil· In the case of lcC4. it can be changed once or less when GAS= ViH· 
4. Refresh current is specified for 1 bank. 
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---------- ----- - -- - ---- --------------·-

AC Characteristics (TA= o to +70°C, Vee= s ± o.sv) 

IBM11 D2320L 
IBM11 E2320L 

2M x 32 DRAM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H 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. AC measurements assume IT = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!Re Random Read or Write Cycle Time 110 128K 130 128K ns 

!Rp RAS Precharge Time 40 - 50 - ns 

lcp GAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

le As GAS Pulse Width 15 - 20 - ns 

!ASA Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

le AH Column Address Hold Time 15 - 15 - ns 

lRco RAS to GAS Delay Time 20 45 20 50 ns 1 

!RAD RAS to Column Address Delay Time 15 - 15 - ns 2 

!ASH RAS Hold Time 15 - 20 - ns 

tcsH GAS Hold Time 60 - 70 - ns 

1cRP GAS to RAS Precharge Time 5 - 5 - ns 

lozc GAS Delay Time from DIN 0 - 0 - ns 

tT Transition Time (Rise and Fall) 3 30 3 30 ns 

IAR Column Address Hold Time Referenced to RAS - - - - ns 3 

t. Operation within the tRco (max) limit ensures that IRAC (max) can be met. lRco (max) is specified as a reference point only: if lRcD is 
greater than the specified tRco (max) limit, then access time is controlled by tcAC· 

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

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7551 
MMDS29DSU-OO 
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IBM11 D2320L 
IBM11 E2320L 
2M x 32 DRAM Module 

Write Cycle 

Symbol Parameter 

lwcs Write Command Set Up Time 

lwcH Write Command Hold Time 

twp Write Command Pulse Width 

!AWL Write Command to RAS Lead Time 

tcwL Write Command to GAS Lead Time 

twcR Write Command Hold Time Referenced to RAS 

to HA Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

t5 - 15 

15 - t5 

15 - 20 

15 - 20 

- - -

- - -

0 - 0 

15 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

tRAc Access Time from RAS - 60 -

tcAC Access Time from GAS - 15 -

tAA Access Time from Address - 30 -

tRcS Read Command Setup Time 0 - 0 

tRcH Read Command Hold Time to GAS 0 - 0 

tRRH Read Command Hold Time to RAS 5 - 5 

tRAL Column Address to RAS Lead Time 30 - 35 

tcAL Column Address to GAS Lead Time 30 - 35 

tcLZ GAS to Output in Low-Z 0 - 0 

toH Output Data Hold Time 3 - 3 

tcoo GAS to D1N Delay Time 15 - 20 

to FF Output Buffer Turn-off Delay 0 15 0 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAc. tcPA. tAA. 
3. Either tRcH or tRRH must be satisfied for a read cycle. 

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 

- ns 

- ns 

- ns 

20 ns 4 

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

Fast Page Mode Cycle 

Symbol Parame1er 

lpc Fas1 Page Mode Cycle Time 

tRASP Fas! Page Mode RAS Pulse Widlh 

tcPRH RAS Hold Time from CAS Precharge 

1cPA Access Time from CAS Precharge 

1. Access lime is de1ermined by 1he latter of 1RAC. 1cAc. tcrA. tAA· 
2. Access time assumes a load of 1 OOpF. 

Refresh Cycle 

Symbol Parame1er 

1cHR 
CAS Hold Time 
(CAS before RAS Refresh Cycle) 

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

1wRP 
WE Setup TirnL, 
(CAS before RAS Refresh Cycle) 

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

1RPC RAS Precharge lo CAS Hold Time 

!REF Refresh Period 

1. 1024 refreshes are required every 16ms. 

03H7551 
MMDS29DSU-OO 
Revised 7 /94 

Min 

40 

60 

35 

-

Min 

20 

10 

10 

10 

0 

-

-60 -70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 20 

- 10 

- 10 

- 10 

- 0 

16 -

IBM11 D2320L 
IBM11 E2320L 

2M x 32 DRAM Module 

Uni1s Noles 
Max 

- ns 

100K ns 

- ns 

40 ns 1, 2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

16 ms 1 
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IBM11 D2320L 
IBM11 E2320L 
2M x 32 DRAM Module 

Read 

V1H-

RAS 
v,, -

V1H-

GAS 
v,, -

!AsR 

Address 
V1H -

v,, -

VoH-

!RAH 

!Re 

IRAs 

lcsH 

IRCD !RSH 

le AS 

!RAD 

IAA -+-----~ 

lozc 

1-------t----- Hi-Z 
le Ac 

lcLz 

DouT -----+- Hi-Z 
Va,_ 

: "H" or"L" 

Page 126 

Valid Data Out 

--------5: :;'f~ 

Hi-Z _ 
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---------- ----- ---- - ---- --------------·-

Write Cycle {Early Write) 

V1H-
RAS 

VIL -

V1H-
GAS 

VIL -

!RAD 

tASR 

V1H-
Address 

V1L -

V1H-
WE 

VIL -

V1H-
D,N 

V1L-

VoH-

tRAS 

tcsH 

tRCD 

!AR 

los ~ loH 

Valid Data In 

!Re 

tRSH 

lcAS 

IBM11D2320L 
IBM 11 E2320L 

2M x 32 DRAM Module 

tRP 

-lcRP 

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

03H7551 
MMDS29DSU-OO 
Revised 7 /94 

I · "H" or "L" . 
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IBM11 D2320L 
IBM11 E2320L 
2M x 32 DRAM Module 

Fast Page Mode Read Cycle 

,__ ________ t·RASP _______________ , 

Address 

l 

DoUT VoH-________ -_ltc--<"t,~. DouT 1 

VoL- ' 

II : "H" or "L" 

Page 128 

1~---lcPRH 

lpc----.i 
_lcP _!ASH 

_tcAs-

--loH 
t r DZC 

tcAC 

DoUT N 

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

03H7551 
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---------- ----- - -- - ---- ---------------·-

Fast Page Mode Write Cycle 

V1H-

RAS 
V1L-

V1H-

GAS 
VIL-

V1H

Address 
VIL-

VoH-

DouT 
Vol-

tRco 

twcs 

;Iii : "H" or "L" 

tRASP 

__ tpc 

_tcp 

tcAS le As 

!ASH 

le AS 

IBM11 D2320L 
I BM 11 E2320L 

2M x 32 DRAM Module 

!RP 

tcRP 

03H7551 Page 129 
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IBM11D2320L 
IBM11 E2320L 
2M x 32 DRAM Module 

RAS Only Refresh Cycle 

~-------!RAS ---------t 

V1H_ 

CAS 

V1L _ 

!ASA 

~!RAH 

V1H_ 

Address 
V1L _ 

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

Dour ____________ Hi-Z -------------------

~r : "H" or "L" 

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

CAS Before RAS Refresh Cycle 

,._ _____ tRAS ------------->! 

VIH-

RAS 

tRPC 1 V1L _ 

4 tcsR 

V1H-

CAS 
V1L -

i------ tcoo -----oi 

Hi-Z 

Dour 

II : "H" or "L" 

Note: Addresses are "H" or "L" 

03H7551 
MMDS29DSU-OO 
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IBM11 D2320L 
IBM11 E2320L 

2M x 32 DRAM Module 
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IBM11 D2320L 
IBM11 E2320L 
2M x 32 DRAM Module 

Layout Drawing 
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-------------- - -- - ---- -------------·-
Preliminary 

Features 

• 72-Pin JEOEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

tRAC RAS Access Time 60ns 70ns 

lcAC GAS Access Time 15ns 20ns 

IAA Access Time From Address 30ns 35ns 

I Re Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 

Description 

The 18M11 043208 is a 16MB industry standard 
72-pin 4-byte single in-line memory module (SIMM). 
The module is organized as a 4Mx32 high speed 
memory array that is intended for use in 16, 32 and 
64 bit applications. It is manufactured with 8 4Mx4 
devices, each in a 300mil package, and is compati
ble with the JEOEC 72-Pin SIMM standard. 

The IBM 72-Pin SIMMS provide a high performance, 

Card Outline 

IBM11043208 
IBM11 E4320B 

4M x 32 DRAM Module 

• Single 5V, ± 0.5V Power Supply 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and C8R 
• 2048 refresh cycles distributed across 32ms 
• 11 /11 Addressing (Row/Column) 
• Optimized for use in byte-write non-parity appli

cations. 
• Au and Sn/Pb versions available 

flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 4Mx36 parity SIMM, 
18M11 043608, as well as other density and 
ECG-optimized SIMMs. 

\O, II I I II I II !II II I II I 111IIIll1111111111111nIIll11111111111IllI11111111111Ill111111 IO I 

03H7143 
MMDS12DSU-OO 
Revised 7 /94 

1 36 37 72 

Page 133 



IBM11D4320B 
IBM11 E4320B 
4M x 32 DRAM Module 

Pin Description 

RASO,RAS2 Row Address Strobe 

CASO -CAS3 Column Address Strobe 

WE Read/write Input 

AO-A10 Address Inputs 

DQ0-7, 9-1S, 
Data lnpuVoutput 18-25, 27-34 

Vee Power (+5V) 

Vss Ground 

NC No Connect 

PD1 - PD4 Presence Detects 

Ordering Information 

Part Number 

IBM11 D4320BA-60 

IBM11D4320BA-70 

IBM11 E4320BA-SO 

IBM11E4320BA-70 

Page 134 

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

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

1 Vss 13 A1 25 DQ24 37 NC 49 DQ9 S1 DQ14 

2 DQO 14 A2 2S DQ7 38 NC 50 DQ27 S2 DQ33 

3 DQ18 15 A3 27 DQ25 39 Vss 51 DQ10 S3 DQ15 

4 DQ1 1S A4 28 A7 40 CASO 52 DQ28 64 DQ34 

5 DQ19 17 A5 29 NC 41 CAS2 53 DQ11 S5 DQ1S 

6 DQ2 18 AS 30 Vee 42 CAS3 54 DQ29 SS NC 

7 DQ20 19 A10 31 A8 43 CAS1 55 DQ12 S7 PD1 

8 DQ3 20 DQ4 32 A9 44 RASO 5S DQ30 S8 PD2 

9 DQ21 21 DQ22 33 NC 45 NC 57 DQ13 S9 PD3 

10 Vee 22 DQ5 34 RAS2 4S NC 58 DQ31 70 PD4 

11 NC 23 DQ23 35 NC 47 WE 59 Vee 71 NC 

12 AO 24 DOS 3S NC 48 NC so DQ32 72 Vss 

1. DQ numbering is compatible with parity (x3S) version. 

Organization Speed 

4M x32 60ns 

4M x32 70ns 

4M x32 60ns 

4M x32 70ns 

Leads 

Sn/Pb 

Sn/Pb 

Au 

Au 

Dimensions 

4.25" x 1" x .205" 

4.25" x 1" x .205" 

4.25" x 1" x .205" 

4.25" x 1" x .205" 

Notes 

03H7143 
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Prellmlnary 

Block Diagram 

000 · - - - - - - - - - - - - - - - - · 007 

CAS1 

CAS2 

RAS2 

----.----l WE 

----t----1 CAS 

WE 

-----~CAS 

03H7143 
MMDS12DSU-OO 
Revised 7 /94 

001-4 001-4 

11 

1-----lWE 

U1 1-----<CAS 

f-----JWE 

US >------< CAS 

U2 

U6 

IBM11D4320B 
IBM11 E4320B 

4M x 32 DRAM Module 

009. - - - - - - - - - - - - - -0016 

001-4 

r----....,WE 

r-----1CAS 

r------,WE 

U7 i--------! CAS 

001-4 

U4 

U8 
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IBM11043208 
IBM11 E43208 
4M x 32 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

GAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN, Vss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H-->L 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

Tsrn Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

GAS WE 

x x 
L H 

L L 

H-->L H 

H-->L H 

H-->L L 

H-->L L 

H x 
L H 

-60 

Vss 

NC 

NC 

NC 

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

Row Column 
All DQ bits Address Address 

x x High Impedance 

Row Col Valid Data Out 

Row Col Valid Data In 

Row Col Valid Data Out 

NIA Col Valid Data Out 

Row Col Valid Data In 

NIA Col Valid Data In 

Row NIA High Impedance 

x x High Impedance 

-70 

Vss 

NC 

Vss 

NC 

Rating Units Notes 

-1.0 to +7.0 v 1 

-0.5 to min(Vcc + 0.5, 7.0) v 1 

-0.5 to min(Vcc + 0.5, 7.0) v 1 

Oto +70 oc 1 

-55 to +125 oc 1 

5.5 w 1 

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. 
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--------- ----- - -- - ---- - -------------·-
Preliminary 

Recommended DC Operating Conditions (TA= o to 70°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

v,, Input Low Voltage 

1. All voltages referenced to V ss· 

Capacitance (TA= o to +70°c, Vee= s.o ± o.sV) 

Symbol 

c,, Input Capacitance (AO-A 10) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (GAS) 

c,. Input Capacitance (WE) 

C110 Output Capacitance (DQO-DQ34) 

03H7143 
MMDSt2DSU-OO 
Revised 7 /94 

Parameter 

Min 

4.5 

2.4 

-0.5 

Typ 

5.0 

-
-

IBM11 D4320B 

IBM11 E4320B 

4M x 32 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee+ 0.5 v 1 

0.8 v 1 

Max Units Notes 

55 pF 

40 pF 

25 pF 

66 pF 

13 pF 
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IBM11043208 
IBM11 E4320B 
4M x 32 DRAM Module 

DC Electrical Characteristics (TA= o to +70°c, Vee= s ± o.sv) 

Symbol Parameter 

Operating Current -60 
fcc1 Average Power Supply Operating Current 

(RAS, GAS, Address Cycling: !Re =!Re min) -70 

Standby Current (TIL) 
fcc2 Power S.!!.12J2!y Standby Current 

(RAS= GAS <oV1H) 

RAS Only Refresh Current -60 
fcc3 Average Powe[.fu!pply Current, RAS Only Mode 

(RAS Cycling, GAS ;:,v,H: IRc = IRc min) -70 

Fast Page Mode Current -60 
fcc4 Average Power Supply Current, Fast Page Mode 

(RAS= V,L, GAS, Address Cycling: !pc= !pc min) -70 

Standby Current (CMOS) 
fees Power S.!!.12J2!y Standby Current 

(RAS= GAS= Vee - 0.2V) 

GAS Before RAS Refresh Current -60 
fees Average Power Supply Current, GAS Before RAS Mode 

(RAS, GAS, Cycling: !Re =!Re min) -70 

Input Leakage Current RAS 

f1(L) 
Input Leakage Current, any input 

GAS (0.0 !> V1N !>(Vee< 6.0V)) 
All Other Pins Not Under Test= OV All others 

fo(L) 
Output Leakage Current 
(DouT is disabled, 0.0,;; VouT,;; Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (loUT = -5mA@ 2.4V) 

Vol 
Oulput Low Level 
Output "L" Level Voltage (louT = +4.2mA@ 0.4V) 

1. lcch lcc3, lcC4 and Ices depend on cycle rate. 

Min 

-

-

-

-

-

-

-

-

-

-

-40 

-20 

-80 

-10 

2.4 

-

2. fcc1• lcC4 depend on output loading. Specified values are obtained with the output open. 

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

Max Units Notes 

1000 
mA 1,2,3 

880 

16 mA 

1000 
mA 1, 3 

880 

920 
mA 1,2, 3 

800 

8 mA 

1000 
mA 1,3 

880 

+40 

+20 µA 

+80 

+10 µA 

- v 

0.4 v 

3. Address can be changed once or less while~= Vil· In the case of lcC4. it can be changed once or less when GAS= ViH· 
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---------------- - -- - ---- - --------------·-
Prellmlnary 

AC Characteristics (TA = o to + ?0°C, v cc = 5 ± 0.5V) 

IBM11 D4320B 
IBM11 E4320B 

4M x 32 DRAM Module 

1. V1H (min) and V 1L (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. AC measurements assume IT= 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

1Rc Random Read or Write Cycle Time 110 t28K 130 128K ns 

!RP RAS Precharge Time 40 - 50 - ns 

lcp CAS Precharge Time to - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

lcAS CAS Pulse Width 15 - 20 - ns 

lASR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 15 - 15 - ns 

1RCD RAS to CAS Delay Time 20 45 20 50 ns 1 

lAAD RAS to Column Address Delay Time 15 - 15 - ns 2 

tAsH RAS Hold Time 15 - 20 - ns 

1csH CAS Hold Time 60 - 70 - ns 

tcRP CAS to RAS Precharge Time 5 - 5 - ns 

tDzc CAS Delay Time from D1N 0 - 0 - ns 

tT Transition Time (Rise and Fall) 3 30 3 30 ns 

lAR Column Address Hold Time Referenced to 'RAS - - - - ns 3 

1. Operation within the 1Aco (max) limit ensures that tAAC (max) can be met. IRcD (max) is specified as a reference point only: if tRcD is 
greater than the specified tRco (max) limit, then access time is con1rolled by lcAc· 

2. Operation within the 1RAD (max) limit ensures that 1RAC (max) can be met. IRAD (max) is specilied as a reference point only: If 1RAD 
is greater than the specilied 1RAD (max) limit, then access time is controlled by 1AA. 

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7143 
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Revised 7 /94 

Page 139 



IBM11 043208 
IBM11 E4320B 
4M x 32 DRAM Module 

Write Cycle 

Symbol Parameter 

lwcs Write Command Set Up Time 

twcH Write Command Hold Time 

twe Write Command Pulse Width 

!AWL Write Command to RAS Lead Time 

tcwL Write Command to C1!S Lead Time 

!wcR Write Command Hold Time Referenced to RAS 

IDHA Data Hold Time Referenced to RAS 

los D1N Setup Time 

toH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

15 - 15 

15 - 15 

15 - 20 

15 - 20 

- - -

- - -

0 - 0 

15 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

!RAC Access Time from RAS - 60 -

lcAC Access Time from GAS - 15 -

!AA Access Time from Address - 30 -

I Res Read Command Setup Time 0 - 0 

!RCH Read Command Hold Time to GAS 0 - 0 

!RAH Read Command Hold Time to RAS 5 - 5 

!AAL Column Address to RAS Lead Time 30 - 35 

lcAL Column Address to CAS Lead Time 30 - 35 

tcLZ CAS to Output in Low-Z 0 - 0 

loH Output Data Hold Time 3 - 3 

tcoD CAS to D1N Delay Time 15 - 20 

loFF Output Buffer Turn-off Delay 0 15 0 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the laner of IRAc. lcAc. tcPA. 'AA-
3. Either IRcH or tRRH must be satisfied for a read cycle. 

Preliminary 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1, 2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 

- ns 

- ns 

- ns 

20 ns 4 

4. loFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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---------- ---------- ---- --------------·-
Preliminary 

Fast Page Mode Cycle 

Symbol Parameter 

tpc Fast Page Mode Cycle Time 

tRASP Fast Page Mode RAS Pulse Width 

tcPRH RAS Hold Time from GAS Precharge 

lcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of tRAc, tcAc, tcPA. tAA. 
2. Measured with the specified current load and 1 OOpF .. 

Refresh Cycle 

Symbol Parameter 

tcHR 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

tcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

twRP 
WE Setup Ti1]2_ 
(GAS before RAS Refresh Cycle) 

twRH 
WE Hold Time 
(GAS before RAS Refresh Cycle) 

tRPC RAS Precharge to GAS Hold Time 

tREF Refresh Period 

1. 2048 refreshes are required every 32ms. 

03H7143 
MMDS12DSU-OO 
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Min 

40 

60 

35 

-

Min 

20 

10 

10 

10 

0 

-

-60 -70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 20 

- 10 

- 10 

- 10 

- 0 

32 -

IBM11 D4320B 
IBM11 E4320B 

4M x 32 DRAM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1, 2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

32 ms 1 
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IBM11043208 
IBM11 E4320B 
4M x 32 DRAM Module 

Read 

V1H-

RAS 
V1L -

V1H-

GAS 
V1L -

tASR 

V1H-
Address 

VIL -

lRAH 

lRc 

(RAS 

lcsH 

IRCD tRSH 

lcAS 

!RAD 

Column 

ll------t----- Hi-Z 

le Ac 

lcLZ 

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

: "H" or"L" 

Page 142 

Valid Data Out 

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

Hi-Z _ 
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--------------- ---- - ---- --------------·-
Preliminary 

Write Cycle (Early Write) 

V1H-
RAS 

VIL -

V1H-
GAS 

VIL -

!RAD 

\ASA 

V1H-
Address 

V1L -

V1H-
WE 

VIL -

V1H-
D1N 

V1L-

VoH-

!RAS 

lcsH 

\RCD 

tcAH 

twp 

to HR 

los ~ toH 

Valid Data In 

\Re 

tRSH 

tcAs 

IBM11043208 
IBM11 E4320B 

4M x 32 DRAM Module 

!RP 

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

Vol-

03H7143 
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I :"H"or"L" 

Page 143 



IBM11043208 
IBM11 E43208 
4M x 32 DRAM Module 

Fast Page Mode Read Cycle 

!<---------!RASP ______________ _ 

Address 

VoH-

DouT 
Vol-

: "H" or "L" 

Page 144 

lcLZ 

, ____ lcPRH 

lpc-----< 

--loH 
t r DZC 

DoUT N 

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

Fast Page Mode Write Cycle 

V1H-

RAS 
V1L-

V1H-

CAS 
VIL-

V1H

Address 
VIL-

DouT 
VoL-

lwcs 

1tt : "H" or "L" 

!RASP 

_tpc 

lcp 

le AS le As 

tASH 

le AS 

IBM11 D4320B 
IBM11 E4320B 

4M x 32 DRAM Module 

tRP 

le AP 

03H7143 Page 145 
MMDS12DSU-OO 
Revised 7 /94 



IBM11 043208 
IBM11 E4320B 
4M x 32 DRAM Module 

RAS Only Refresh Cycle 

fc--------tRAS ---------of 

V1H_ 

CAS 

V1L -

tASR 

~!RAH 
V1H_ 

Address 

V1L _ 

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

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

;1 : "H" or "L" 

Note: WE, D1N are "H" or "L" 
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--------- ----- - -- - ---- - ------------·-
Preliminary 

CAS Before RAS Refresh Cycle 

______ tRAS --------------< 

VIH-

RAS 

tRPC l VIL -

~ lcsR 

VIH-

GAS 
VIL -

,___ ____ lcDo ------< 

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

IBM11043208 
IBM11 E4320B 

4M x 32 DRAM Module 

DouT 
r---- Hi-Z --------------------

: "H" or "L" 

Note: Addresses are "H" or "L" 

03H7143 
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IBM11 043208 
IBM11 E43208 
4M x 32 DRAM Module 

Layout Drawing 
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-------------- - -- - ---- - ------------·-
Preliminary 

Features 

• 72-Pin JEOEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

IRAc RAS Access Time GOns 70ns 

lcAC GAS Access Time 15ns 20ns 

IAA Access Time From Address 30ns 35ns 

I Ac Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 

Description 

The IBM11 083208 is a 32MB industry standard 
72-pin 4-byte single in-line memory module (SIMM). 
The module is organized as an 8Mx32 high speed 
memory array, and is configured as 2 4Mx32 banks -
each independently selectable via unique RAS 
inputs. The assembly is intended for use in 16, 32 
and 64 bit applications. It is manufactured with 16 
4Mx4 devices, each in a 300mil package, and is 
compatible with the JEOEC 72-Pin SIMM standard. 

Card Outline 

IBM11083208 
IBM11 E8320B 

BM x 32 DRAM Module 

• Single 5V, ± 0.5V Power Supply 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CSR 
• 2048 refresh cycles distributed across 32ms 
• 11/11 Addressing (Row/Column) 
• Optimized for use in byte-write non-parity appli

cations. 
• Au and Sn/Pb versions available 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 8Mx36 parity SIMM, 
IBM11 083608, as well as other density offerings 
and ECG-optimized SIMMs. 

~o''"''''"''"'"'"''""''"''''''""A"""'"'''''""'''''''"'"'"'''"''ol 

03H7144 
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IBM11083208 
IBM11 E83208 
8M x 32 DRAM Module 

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 1B-25, 27-34 

Vee Power(+SV) 

Vss Ground 

NC No Connect 

PD1 - PD4 Presence Detects 

Ordering Information 

Part Number 

IBM11DB320BA-SO 

IBM11DB320BA-70 

IBM11EB320BA-SO 

IBM11EB320BA-70 

Page 150 

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

Pinout 

Pin# Name Pin# Name Pin# Name Pin# Name Pin# Name Pin# Name 

1 Vss 13 A1 25 D024 37 NC 49 DQ9 61 DQ14 

2 DQO 14 A2 26 D07 3B NC 50 D027 S2 D033 

3 D01B 15 A3 27 DQ25 39 Vss 51 DQ10 S3 DQ15 

4 D01 1S A4 28 A7 40 CASO 52 DQ28 S4 DQ34 

5 DQ19 17 AS 29 NC 41 CAS2 53 DQ11 SS DQ1S 

s DQ2 1B AS 30 Vee 42 CAS3 54 DQ29 SS NC 

7 D020 19 A10 31 AB 43 CAS1 55 D012 S7 PD1 

8 DQ3 20 DQ4 32 A9 44 RASO 5S DQ30 SB PD2 

9 D021 21 D022 33 RAS3 45 RAS1 57 DQ13 S9 PD3 

10 Vee 22 DQ5 34 RAS2 46 NC 5B D031 70 PD4 

11 NC 23 D023 35 NC 47 WE 59 Vee 71 NC 

12 AO 24 DOS 3S NC 4B NC 60 DQ32 72 Vss 

1. DO numbering is compatible with parity (x3S) version. 

Organization Speed 

BM x32 SOns 

BMx32 70ns 

BM x32 sons 

8M x32 70ns 

Leads 

Sn/Pb 

Sn/Pb 

Au 

Au 

Dimensions 

4.25" x 1" x .3SO" 

4.25" x 1" x .3SO" 

4.25" x 1" x .3SO" 

4.25" x 1" x .360" 

Notes 

03H7144 
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---------- ----- - -- - ---- --------------·-
Preliminary 

Block Diagram 

WE WE WE 
CASO ----1------<CAS U1 1----jCAS 

RASO ----+----i 

CAS2----------1 
RAS2----------! 

IBM11083208 
IBM11 E8320B 

BM x 32 DRAM Module 

009 - - - - - - - - - - - - - - - - - 0016 

001-4 001-4 

f----------<WE 
f------j GAS U4 

f------jWE 

f----------<CAS U8 

AO-A10 ------------------------~ 

WE WE 

CASO---+---------! 
RAS1 

CAS1 

CAS2 ------1 

RAS3 ------1 

AO-A10 

03H7144 
MMDS13DSU-OO 
Revised 7 /94 

DQ9 - - - - - - - - - - - - - - - - - 0016 

001-4 001-4 

f-------------<WE 
f------jCAS U12 

f-------------<WE 
f-------------<CAS U10 
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IBM11 083208 
IBM11 E8320B 
8M x 32 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

GAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN, Vss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H-->L 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

TopR Operating Temperature 

Tsrn Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

CAS WE 

x x 
L H 

L L 

H--;L H 

H--;L H 

H--;L L 

H--;L L 

H x 
L H 

-60 

NC 

Vss 

NC 

NC 

Preliminary 

Row Column 
All DQbits Address Address 

x x High Impedance 

Row Col Valid Data Out 

Row Col Valid Data In 

Row Col Valid Data Out 

N/A Col Valid Data Out 

Row Col Valid Data In 

N/A Col Valid Data In 

Row N/A High Impedance 

x x High Impedance 

-70 

NC 

Vss 

Vss 

NC 

Rating Units Notes 

-1.0 to +7.0 v 1 

-0.5 to min (Vee+ 0.5, 7.0) v 1 

-0.5 to min (Vee+ 0.5, 7.0) v 1 

0 to +70 "C 1 

-55 to +125 "C 1 

11 w 1, 2 

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

Preliminary 

Recommended DC Operating Conditions (TA= o to 70°C) 

Symbol Parameler 

Vee Supply Vollage 

V1H Input High Voltage 

V1L Input Low Vollage 

1. All vollages referenced lo V55 . 

Capacitance (TA= o to+ 70°C, Vee= 5.0 ± 0.5V) 

Symbol 

C11 lnpul Capacitance (AO-A 10) 

C12 Input Capacilance (RAS) 

C13 Input Capacitance (GAS) 

C14 Input Capacitance (WE) 

C110 Ou1pu1 Capacitance (DQO-DQ34) 

03H7144 
MMDS13DSU-OO 
Revised 7 /94 

Parameter 

Min 

4.5 

2.4 

-0.5 

Typ 

5.0 

-

-

IBM11D83208 
IBM11 E83208 

SM x 32 DRAM Module 

Max Unils Noles 

5.5 v 1 

Vcc+0.5 v 1 

0.8 v 1 

Max Units Noles 

100 pF 

40 pF 

40 pF 

127 pF 

25 pF 
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IBM11083208 
IBM11 E83208 
SM x 32 DRAM Module 

DC Electrical Characteristics (TA= o to+ 70°C, Vee= s ± o.sV) 

Symbol Parameter 

Operating Current -60 
lcc1 Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: !Re = tRc min) -70 

Standby Current (TTL) 
lcc2 Power SJ!I!l!!y Standby Current 

(RAS = CAS ::>: V1H) 

RAS Only Refresh Current -60 
lcc3 Average Power..§ill>ply Current, RAS Only Mode 

(RAS Cycling, CAS ::>: V1H: tRc = IRe min) -70 

Fast Page Mode Current -60 
Ice• ~ge Power Supply Current, Fast Page Mode 

(RAS= V1L, CAS, Address Cycling: lpe = lpe min) -70 

Standby Current (CMOS) 
Ices Power SJ!I!l!!y Standby Current 

(RAS= CAS = Vee - 0.2V) 

CAS Before RAS Refresh Current -60 
Ices Average Power Supply Current, CAS Before RAS Mode 

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

Input Leakage Current RAS 

l1(L) 
Input Leakage Current, any input 

CAS (0.0 s V1N s (Vee< 6.0V)) 
All Other Pins Not Under Test= OV All others 

lo(L) 
Output Leakage Current 
(DouT is disabled, 0.0 s VouT s Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (loUT = -SmA@ 2.4V) 

Vol 
Output Low Level 
Output "L" Level Voltage (louT= +4.2mA@ 0.4V) 

1. lcc1, lcc3, lcC4 and Ices depend on cycle rate. 

Min 

-

-

-

-

-

-

-

-

-

-

-40 

-40 

-160 

-20 

2.4 

-

2. lcc1, lcC4 depend on output loading. Specified values are obtained with the output open. 

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

Max Units Notes 

1016 
mA 1, 2,3 

896 

32 mA 

1016 
mA 1, 3, 4 

896 

936 
mA 1, 2, 3 

816 

16 mA 

936 
mA 1, 3, 4 

816 

+40 

+40 µA 

+160 

+20 µA 

- v 

0.4 v 

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 specified for 1 bank .. 
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----------- ----- ---- - ---- ---------------·-
Preliminary 

AC Characteristics (TA= o to+ 70'c, Vee = 5 ± o.5V) 

IBM11083208 
IBM11 E8320B 

BM x 32 DRAM Module 

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. AC measurements assume Ir = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!Re Random Read or Write Cycle Time 110 128K 130 128K ns 

!RP RAS Precharge Time 40 - 50 - ns 

lcp GAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

le As GAS Pulse Width 15 - 20 - ns 

tASR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

le AH Column Address Hold Time 15 - 15 - ns 

IRco RAS to GAS Delay Time 20 45 20 50 ns 1 

!RAD RAS to Column Address Delay Time 15 - 15 - ns 2 

IRsH RAS Hold Time 15 - 20 - ns 

lcsH GAS Hold Time 60 - 70 - ns 

1cRP GAS to RAS Precharge Time 5 - 5 - ns 

lozc GAS Delay Time from D1N 0 - 0 - ns 

Ir Transition Time (Rise and Fall) 3 30 3 30 ns 

!AR Column Address Hold Time Referenced to RAS - - - - ns 3 

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

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

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7144 
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IBM11083208 
IBM11 E8320B 
SM x 32 DRAM Module 

Write Cycle 

Symbol Parameter 

lwcs Write Command Set Up Time 

lwcH Write Command Hold Time 

lwp Write Command Pulse Width 

IRWL Write Command to RAS Lead Time 

lcwL Write Command to CAS Lead Time 

lwcR Write Command Hold Time Referenced to RAS 

loHR Data Hold Time Referenced to RAS 

los D1N Setup Time 

loH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

15 - 15 

15 - 15 

15 - 20 

15 - 20 

- - -

- - -

0 - 0 

15 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

IRAc Access Time from RAS - 60 -

lcAC Access Time from CAS - 15 -

!AA Access Time from Address - 30 -

!Res Read Command Setup Time 0 - 0 

IRCH Read Command Hold Time to CAS 0 - 0 

!RRH Read Command Hold Time to RAS 5 - 5 

IRAL Column Address to RAS Lead Time 30 - 35 

lcAL Column Address to CAS Lead Time 30 - 35 

lcLZ CAS to Output in Low-Z 0 - 0 

loH Output Data Hold Time 3 - 3 

!coo CAS to D1N Delay Time 15 - 20 

lo FF Output Buffer Tum-off Delay 0 15 0 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of IRAc. lcAc. lcPA. IM. 
3. Either IRcH or 1RRH must be satisfied for a read cycle. 

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 

- ns 

- ns 

- ns 

20 ns 4 

4. loFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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---------- ----- - -- - ---- -- -------------·-
Preliminary 

Fast Page Mode Cycle 

Symbol Parameter 

lpc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from GAS Precharge 

lcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of IRAC. lcAc. lcpA, IAA. 
2. Measured with the specified current load and 1 OOpF. 

Refresh Cycle 

Symbol Parameter 

tcHR 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

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

lwRP 
WE Setup Tiflli!_ 
(GAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 
(GAS before RAS Refresh Cycle) 

tAPC RAS Precharge to GAS Hold Time 

!REF Refresh Period 

1. 2048 refreshes are required every 32ms. 

03H7144 
MMDS13DSU-OO 
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Min 

40 

60 

35 

-

Min 

20 

10 

10 

10 

0 

-

-60 -70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 20 

- 10 

- 10 

- 10 

- 0 

32 -

IBM11083208 
IBM11 E8320B 

SM x 32 DRAM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1, 2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

32 ms 1 
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IBM11 083208 
IBM11 E83208 
8M x 32 DRAM Module 

Read 

V1H-

RAS 
V1L -

V1H-

GAS 
V1L -

tASR 

Address 

tRco 

tRAo 

--------
§ _;_;i~i: 

Preliminary 

tRc 

tRAS 

tcsH 

tRSH 

le As 

tRAL 

tcAL 

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

VoH-

DouT 

Page 158 

-----i---Hi-Z 

: "H" or"L" 

_!cAC 

tcLZ 

toFF-

Valid Data Out 

_toH ----+< 

Hi-Z _ 

03H7144 
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--------------- ---- - ---- --------------·-
Preliminary 

Write Cycle (Early Write) 

V1H-
RAS v,, _ 

VIH-
GAS 

v,,_ 

VIH-
Address 

V1L -

V1H-
WE 

VIL -

V1H-
D1N 

V1L -

VoH--

DouT 

03H7144 
MMDS13DSU-OO 
Revised 7 /94 

\RAS 

lcsH 

tRCD 

tcAs 

!RAD 

\ASA 

los -- toH 

Valid Data In 

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

I · "H"or"L" . 

\RC 

tRSH 

IBM11 D8320B 
IBM11 E8320B 

BM x 32 DRAM Module 

\RP 

-lcRP 
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IBM11083208 
IBM11 E8320B 
SM x 32 DRAM Module 

Fast Page Mode Read Cycle 

t<---------t·RASP _______________ I 

tpc---~ 

Address 

--ioH 
t r DZC 

DolJTN 

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

Fast Page Mode Write Cycle 

V1H-

RAS 
VIL-

V1H-

GAS 
VIL-

V1H

Address 
VIL-

DouT 
VoL-

lwcs 

I :"H"or"L" 

\RASP 

_tpc 

_tcp 

le AS le AS 

_tRSH 

le AS 

IBM11083208 
IBM11 E8320B 

BM x 32 DRAM Module 

!RP 

le RP 
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IBM11 083208 
IBM11 E83208 
BM x 32 DRAM Module 

RAS Only Refresh Cycle 

________ IRAS-----------... 

V1H_ 

GAS 

V1L _ 

!ASR 

~!RAH 

V1H_ 

Address 

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

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

: "H" or "L" 

Note: WE, D1N are "H" or "L" 
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-------------- - ------- -------------·-
Prellmlnary 

CAS Before RAS Refresh Cycle 

t 
RC 

i.-------tRAS ---------->t 

VIH-

RAS 

tRPC 1 VIL_ 

~ tcsR 

VIH-

CAS 
VIL -

----- tcoo -----i 

Hi-Z 

: "H"or"L" 

Note: Addresses are "H" or "L" 

03H7144 
MMDS13DSU-OO 
Revised 7 /94 

IBM11 083208 
IBM11 E83208 

SM x 32 DRAM Module 
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IBM11083208 
IBM11 E8320B 
SM x 32 DRAM Module 

Layout Drawing 
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-------------- - -- - ---- -------------·-

Features 

• 72-Pin JEOEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

!RAC RAS Access Time 60ns 70ns 

lcAC GAS Access Time 20ns 20ns 

!AA Access Time From Address 30ns 35ns 

!Ac Cycle Time 110ns 130ns 

!pc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Single 5.0, ± 0.5V Power Supply 

Description 

The IBM1101360BA/B is a 4MB industry standard 
72-pin 4-byte single in-line memory module (SIMM). 
The module is organized as a 1 Mx36 high speed 
memory array that is intended for use in 18, 36, and 
72 bit parity applications. It is manufactured with 
8 1 Mx4 devices, each in either a 350mil or 300mil 
package, and 4 1 Mx1 devices in a 300mil package. 
The module is compatible with the JEOEC 72-pin 
SIMM standard. 

Card Outline 

IBM11 D1360BB IBM11 D1360BA 
IBM11 E1360BB IBM11 E1360BA 

1 M x 36 DRAM Module 

• All inputs & outputs are fully TTL & CMOS 
compatible 

• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/10 Addressing (Row/Column) 
• Optimized for use in byte-write parity 

applications 
• Au and Sn/Pb versions available 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 1 Mx32 non-parity 
SIMM, IBM11013208, as well as higher density and 
ECG-optimized SIMMs. 

\
0

1111111111111111111111111111111111111111n1111111111111111111111111111111111111111°1 
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18M11013608A 18M110136088 
18M11E13608A18M11E136088 
1 M x 36 DRAM Module 

Pin Description 

RASO,RAS2 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

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

P08, 17, 26, 35 Parity Input/output 

Vee Power(+SV) 

Vss Ground 

NC No Connect 

PD1 -PD4 Presence Detects 

Pinout 

Pin# Name Pin# Name 

1 Vss 13 A1 

2 DOO 14 A2 

3 D018 15 A3 

4 D01 16 A4 

5 DQ19 17 AS 

6 D02 18 AG 

7 D020 19 NC 

8 DQ3 20 D04 

9 D021 21 D022 

10 Vee 22 D05 

11 NC 23 D023 

12 AO 24 DOG 

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

Pin# Name Pin# Name Pin# Name Pin# Name 

25 D024 37 P017 49 D09 61 D014 

26 DO? 38 P035 50 D027 62 D033 

27 D025 39 Vss 51 D010 63 D015 

28 A? 40 CASO 52 DQ28 64 D034 

29 NC 41 CAS2 53 D011 65 D016 

30 Vee 42 CAS3 54 DQ29 66 NC 

31 AB 43 CAS1 55 D012 67 PD1 

32 A9 44 RASO 56 D030 68 PD2 

33 NC 45 NC 57 D013 69 PD3 

34 RAS2 46 NC 58 D031 70 PD4 

35 P026 47 WE 59 Vee 71 NC 

36 PQ8 48 NC 60 DQ32 72 Vss 

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

Ordering Information 

Part Number Organization Speed 

IBM 11D1360BA-60 1M x36 GOns 

IBM 11D 1360BA-70 1M x36 70ns 

IBM11E1360BA-60 1M x36 60ns 

IBM11E1360BA-70 1M x36 70ns 

IBM11D1360BB-60 1M x36 60ns 

IBM11D1360BB-70 1M x36 70ns 

IBM11E1360BB-60 1M x36 60ns 

IBM11E1360BB-70 1M x36 70ns 

1. Limited availability, for height-constrained applications. 

Page 166 

Leads 

Sn/Pb 

Sn/Pb 

Au 

Au 

Sn/Pb 

Sn/Pb 

Au 

Au 

Dimensions Notes 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x .85" x .360" 1 

4.25" x .85" x .360" 1 

4.25" x .85" x .360"" 1 

4.25" x .85" x .360" 1 

8186701 
MMDS14DSU-OO 

Revised 6/94 



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

Block Diagram 
DQO mr·-------.irn-------ci 

uu1c4 TI01-4 D a 
WE WE t-------1 -WE 

"1;ii'SU1 "1;ii'S U2 f--------1 CAS U9 
miS miS t-------1 miS 
(jE OE 

AO-A9 AO-A9 AO-A9 

- c;,. 
- 10 

c;,. 
7 10 

/?-
10 

IBM11 D1360BB IBM11D1360BA 
IBM11E1360BB IBM11E1360BA 

1M x 36 DRAM Module 

DQ9 1111 · -------illl- ------
001-4 uu1c.r 

~ D a 
WE f--------1 WE WE 

r- GAS f--------1 GAS GAS U10 
RAS US RAS US 1--i RAS 

OE OE 
AO-A9 AO-A9 AO-A9 

7 7 1;r ~o;o. 
CAS1 r--------' 'I 
CAS2 
RAS2 

CAS3 

AO-A9 

8186701 
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DQ18 1111_ ---
D01-4 

'-----1 WE 
CiiS 
miS U3 

OE 
AO-A9 

7 L 10.,,. 

--Jill" ------pd_ 
lJ01-4 lJ a 
-WE r- WE 1--
CiiS t-------1 GAS 
roiS U4 RAS U11 r-
OE 

AO-A9 AO-A9 

7 ""10?-- L 10.,,. 
r-----' 

'---------' 

llli-------1111-------
DQ1-4 uu1T 

r:ci 
D a 

f- WE WE WE 
f- GAS CiiS GAS U12 

RAS U? RAS US f- RAS 

OE OE 
AO-A9 A0-A9 AO-A9 

7 v 7 ~o;o. ~o;o. 

'---------' 
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IBM11D13608A IBM11D136088 
IBM11 E13608A IBM11 E136088 
1 M x 36 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

GAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN, Vss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H-->L 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

Tsrn Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

GAS WE 

x x 
L H 

L L 

H-->L H 

H-->L H 

H-->L L 

H-->L L 

H x 
L H 

-60 

Vss 

Vss 

NC 

NC 

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

Row Column All DQ, PQ bits 
Address Address 

x x High Impedance 

Row Col Valid Data Out 

Row Col Valid Data In 

Row Col Valid Data Out 

N/A Col Valid Data Out 

Row Col Valid Data In 

NIA Col Valid Data In 

Row N/A High Impedance 

x x High Impedance 

-70 

Vss 

Vss 

Vss 

NC 

Rating Units Notes 

-0.5 to 6.5 v 1 

-0.7 to Vee+ 0.7 v 1 

-0.7 to Vee+ 0.7 v 1 

o to +70 oc 1 

-55 to +125 oc 1 

7.25 w 1 

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. 
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---------- ----- - -- - ---- ---------------·-

Recommended DC Operating Conditions (TA= o to 70°C) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

VIL Input Low Voltage 

1 . All voltages referenced to V ss· 

Capacitance (TA= o to +70°c, Vee= s.o ± 0.5V) 

Symbol Parameter 

c,, Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (GAS) 

c,. Input Capacitance (WE) 

C1101 Output Capacitance (DQ0-0034) 

C1102 Output Capacitance (PQ8, 17, 26, 35) 

8186701 
MMDS14DSU-OO 
Revised 6/94 

Min 

4.5 

2.4 

0.0 

Typ 

5.0 

-

-

IBM11 D1360BB IBM11 D1360BA 
IBM11E1360BB IBM11E1360BA 

1 M x 36 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee v 1 

0.8 v 1 

Max Units Notes 

70 pF 

40 pF 

21 pF 

68 pF 

13 pF 

18 pF 
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IBM11D1360BA IBM11D1360BB 
IBM11 E1360BA IBM11 E1360BB 
1M x 36 DRAM Module 

DC Electrical Characteristics (TA= o to +70°C, Vee= 5.0 ± o.5V) 

Symbol Parameter 

Operating Current -60 
lcc1 Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: !Re =!Re min) -70 

Standby Current (TTL) 
lcc2 P~r S.!!J2e!y Standby Current 

(RAS = CAS 2V1H) 

RAS Only Refresh Current -60 
lcc3 Average Powe!:..§!lpply Current, RAS Only Mode 

(RAS Cycling, CAS 2V1H: IRc = IRc min) -70 

Fast Page Mode Current -60 
lcc4 Average Power Supply Current, Fast Page Mode 

(RAS = V1L, CAS, Address Cycling: tpc = tpc min) -70 

Standby Current (CMOS) 
Ices Power S.!!J2e!y Standby Current 

(RAS = CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current -60 
Ices Average Power Supply Current, CAS Before RAS Mode 

(~. CAS, Cycling: !Re =!Re min) -70 

Input Leakage Current RAS 

l1(L) 
Input Leakage Current, any input 

CAS (0.0,; V1N,; (Vee< 6.0V)) 
All Other Pins Not Under Test = OV All others 

lo1L) 
Output Leakage Current 
(DouT is disabled, 0.0,; VouT,; Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (loUT = -4mA@ 2.4V) 

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

1. lcc1, lcc3, lcC4 and Ices depend on cycle rate. 

Min 

-

-

-

-
-

-

-

-

-

-

-60 

-30 

-120 

-10 

2.4 

-

2. lcc1, lcc4 depend on output loading. Specified values are obtained with the output open. 

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

Max Units Notes 

1320 
mA 1, 2, 3 

1204 

24 mA 

1320 
mA 1,3 

1204 

920 
mA 1, 2,3 

840 

20 mA 

1320 
mA 1,3 

1204 

+60 

+30 µA 

+120 

+10 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS =Vil· In the case of lcC4. it can be changed once or less when GAS= V1H· 
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----------- ----- ---- - ---- --------------·-

AC Characteristics (TA= o to+ 10°c, Vee= 5.0 ± 0.5V) 

IBM11D1360BB IBM11D1360BA 
IBM11E1360BB IBM11E1360BA 

1M x 36 DRAM Module 

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 100µs 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. The 1Mx4 DRAM Outputs will remain disabled until these 8 cycles have occurred. This prevents data contention 
(excessive current) during power on. To prevent excess power dissipation during power-up, RAS should rise coincident with the 
power supply voltage. 

3. AC measurements assume tT = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!Ac Random Read or Write Cycle Time 110 128K 130 128K ns 

tRP RAS Precharge Time 40 - 50 - ns 

lcp GAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

le As GAS Pulse Width 20 - 20 - ns 

1ASR Row Address Setup Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

tcAH Column Address Hold Time 15 - 15 - ns 

IA co RAS to GAS Delay Time 20 40 20 50 ns 1 

tRAD RAS to Column Address Delay Time 15 - 15 - ns 2 

tRSH RAS Hold Time 20 - 20 - ns 

lcsH GAS Hold Time 60 - 70 - ns 

ICAP GAS to RAS Precharge Time 10 - 10 - ns 

laze GAS Delay Time from D1N - - - - ns 3 

h Transition Time (Rise and Fall) 3 50 3 50 ns 

tAA Column Address Hold Time Referenced to RAS 50 - 55 - ns 

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

2. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only: II IRAD 

is greater than the specified IRAD (max) limit, then access time is controlled by IAA· 
3. This timing parameter is not applicable to this product, but applies to a related product in this family. 
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18M11D13608A 18M11D136088 
18M11E13608A 18M11E136088 
1M x 36 DRAM Module 

Write Cycle 

Symbol Parameter 

lwcs Write Command Set Up Time 

lwcH Write Command Hold Time 

twp Write Command Pulse Width 

IRwL Write Command to RAS Lead Time 

lcwL Write Command to "GAS Lead Time 

lwcR Write Command Hold Time Referenced to RAS 

to HR Data Hold Time Referenced to RAS 

los D1N Setup Time 

loH D1N Hold Time 

Read Cycle 

Symbol Parameter 

!RAC Access Time from RAS 

le AC Access Time from GAS 

!AA Access Time from Address 

tRcs Read Command Setup Time 

tRGH Read Command Hold Time to GAS 

IRRH Read Command Hold Time to RAS 

IRAL Column Address to RAS Lead Time 

lcAL Column Address to GAS Lead Time 

lcLZ GAS to Output in Low-Z 

loH Output Data Hold Time 

!coo GAS to D1N Delay Time 

loFF Output Buffer Turn-off Delay 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAc. tcpA, tAA. 
3. Either lRcH or IRRH must be satisfied for a read cycle. 

-60 -70 

Min Max Min 

0 - 0 

15 - 15 

15 - 15 

20 - 20 

20 - 20 

50 - 55 

50 - 55 

0 - 0 

15 - 15 

-60 -70 

Min Max Min 

- 60 -
- 20 -

- 30 -

0 - 0 

0 - 0 

0 - 0 

30 - 35 

- - -

0 - 0 

0 - 0 

20 - 20 

0 20 0 

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

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1, 2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 4 

- ns 

- ns 

- ns 

20 ns 5 

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

Fast Page Mode Cycle 

-60 
Symbol Parameter 

Min 

tpc Fast Page Mode Cycle Time 40 

tRASP Fast Page Mode RAS Pulse Width 60 

1cPRH RAS Hold Time from GAS Precharge -

tcPA Access Time from GAS Precharge -

Max Min 

- 45 

100K 70 

- -

30 -

18M110136088 18M11D13608A 
18M11E1360BB IBM11E1360BA 

1M x 36 DRAM Module 

-70 
Units Notes 

Max 

- ns 

100K ns 

- ns 1 

40 ns 2,3 

1. This timing parameter is not applicable to this product, but applies to a related product in this family. 
2. Access time is determined by the latter of tRAe· teAe. tePA· tAA. 
3. Access time assumes a load of 100pF. 

Refresh Cycle 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

1cHR 
GAS Hold Time 

30 (GAS before RAS Refresh Cycle) - 30 - ns 

tcsR 
GAS Setup Time 

10 - 10 - ns (GAS before RAS Refresh Cycle) 

1wRP 
WE Setup Til!]!L 5 
(GAS before RAS Refresh Cycle) 

- 5 - ns 

twRH 
WE Hold Time 

10 - 10 - ns (GAS before RAS Refresh Cycle) 

tRPC RAS Precharge to GAS Hold Time 10 - 10 - ns 

tREF Refresh Period - 16 - 16 ms 1 

1. 1024 refreshes are required every 16ms. The DC variation in the Vee supply may not exceed 300mV within a refresh interval 
(16ms). 

8186701 
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IBM11D1360BA IBM11D1360BB 
IBM11 E1360BA IBM11 E1360BB 
1M x 36 DRAM Module 

Read 

V1H -

RAS 
V1L -

V1H -

CAS 
V1L -

Address 

tACD 

Dour -----+- Hi-Z 
Vol-

: "H"or "L" 

Page 174 

!Ac 

IRAs 

lcsH 

!ASH 

lcAS 

Valid Data Out 

_toH----<>! 

Hi-Z _ 

8186701 
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-------------- - -- - ---:::::::::=:::: ~ = 

Write Cycle (Early Write) 

V1H-
RAS 

VIL-

V1H-
GAS 

VIL-

Address 

WE 
VIL 

V1H-
D1N 

VIL -

VoH--

DouT 

8186701 
MMDS14DSU-OO 
Revised 6/94 

\RAS 

lcsH 

\RCD 

tcAs 

\RAD 

\ASA 

los _ toH 

Valid Data In 

_______________ Hi-Z 

I :"H"or"L" 

\Re 

\ASH 

IBM11D1360BB IBM11D1360BA 
IBM11E1360BB IBM11E1360BA 

1 M x 36 DRAM Module 

tRP 

-lcRP 
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18M11D13608A 18M11D136088 
18M11 E1360BA IBM11 E136088 
1M x 36 DRAM Module 

Fast Page Mode Read Cycle 

V1H-

RAS 
V1L-

V1H-

CAS 
V1L-

Address 

VoH-

: "H" or"L" 

Page 176 

!RASP 

lcPAH 

lpc 
!ASH 

DoUT N 

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

!AP 

le AP 

8186701 
MMDS14DSU-OO 

Revised 6194 



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

Fast Page Mode Write Cycle 

V1H-

RAS 
V1L-

V1H-

GAS 
V1L-

V1H

Address 
V1L-

DouT 
VoL-

lwcs 

l,1 : "H" or "L" 

!RASP 

_tpc 

IBM1101360BB IBM1101360BA 
IBM11E1360BB IBM11E1360BA 

1M x 36 DRAM Module 

!RP 

le RP 
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18M11D13608A18M110136088 
18M11E13608A 18M11E136088 
1 M x 36 DRAM Module 

RAS Only Refresh Cycle 

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

,._ ___________ tRc _________ ___, 

VIH-
GAS 

VIL_ 

V1H_ 

Address 

VIL_ 

Page 178 

tASR 

~tRAH 

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

I'- : "H" or "L" 

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

8186701 
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-------------- - -- - ---:::::::::::?:: 

CAS Before RAS Refresh Cycle 

IBM11D1360BB IBM11D1360BA 
IBM11E1360BB IBM11E1360BA 

1M x 36 DRAM Module 

t-------tAAS ------------1 

- tCHR -----< ,--------------, 

i------ tcoo ____ _, 

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

VoH
Dour 

VoL-

I :"H"or"L" 

Note: Addresses are "H" or "L" 

8186701 
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18M11D13608A 18M11D136088 
18M11E13608A 18M11E136088 
1 M x 36 DRAM Module 

Layout Drawing (IBM11D1360BA} 
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-------------- ---- - ---
-=--=-==~= 

Features 

• 72-Pin JEDEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

!RAC RAS Access Time 60ns 70ns 

lcAC GAS Access Time 20ns 20ns 

IAA Access Time From Address 30ns 35ns 

!Re Cycle Time t10ns 130ns 

tpc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Single 5V, ± 0.5V Power Supply 

Description 

The IBM11 D1360BD is a 4MB industry standard 
72-pin 4-byte single in-line memory module (SIMM). 
The module is organized as a 1 Mx36 high speed 
memory array that is intended for use in 18, 36, and 
72 bit parity applications. It is manufactured with 
8 1 Mx4 devices, each in a 300mil package, and 
4 1 Mx1 devices in a 300mil package. The module is 
compatible with the JEDEC 72-pin SIMM standard. 

Card Outline 

IBM11 D1360BD 
IBM11 E1360BD 

1 M x 36 DRAM Module 

• Low active current dissipation 
• All inputs & outputs are fully TIL & CMOS 

compatible 
• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/10 Addressing (Row/Column) 
• Optimized for use in byte-write parity 

applications 
• Au and Sn/Pb versions available 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 1 Mx32 non-parity 
SIMM, IBM11D13208, as well as higher density and 
ECG-optimized SIMMs. 

\01111111111111111111111111111111111111111 " 11111111111111111111111111111111111111110 I 
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IBM11D1360BD 
IBM11 E1360BD 
1M x 36 DRAM Module 

Pin Description 
RASO,RAS2 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

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

PQ8, 17,26,35 Parity Input/output 

Vee Power{+5V) 

Vss Ground 

NC No Connect 

PD1 -PD4 Presence Detects 

Ordering Information 
Part Number 

IBM11D1360BD-60 

IBM11D1360BD-70 

IBM11E1360BD-60 

IBM11E1360BD-70 

Page 182 

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

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

1 Vss 13 A1 25 DQ24 37 PQ17 49 DQ9 61 DQ14 

2 DQO 14 A2 26 DQ7 38 PQ35 50 DQ27 62 DQ33 

3 DQ18 15 A3 27 DQ25 39 Vss 51 DQ10 63 DQ15 

4 DQ1 16 A4 28 A7 40 CASO 52 DQ28 64 DQ34 

5 DQ19 17 AS 29 NC 41 CAS2 53 DQ11 65 DQ16 

6 DQ2 18 AG 30 Vee 42 CAS3 54 DQ29 66 NC 

7 DQ20 19 NC 31 AS 43 CAS1 55 DQ12 67 PD1 

8 DQ3 20 DQ4 32 A9 44 RASO 56 DQ30 68 PD2 

9 DQ21 21 DQ22 33 NC 45 NC 57 DQ13 69 PD3 

10 Vee 22 DQ5 34 RAS2 46 NC 58 DQ31 70 PD4 

11 NC 23 DQ23 35 PQ26 47 WE 59 Vee 71 NC 

12 AO 24 DQG 36 PQ8 48 NC 60 DQ32 72 Vss 

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

Organization Speed Leads 

1M x36 60ns Sn/Pb 

1Mx36 70ns Sn/Pb 

1Mx36 60ns Au 

1Mx36 70ns Au 

Dimensions 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

Notes 

03H7141 
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--------- ----- - -- - ---- -------------·-

Block Diagram 

CAS2 
RAS2 

CAS3 

AO-A9 

03H7141 
MMDS18DSU-OO 
Revised 6194 

AO-A9 

10 10 

IBM11D1360BD 
IBM11E13608D 

1 M x 36 DRAM Module 

10 

GAS U12 
RAS 

AO-A9 

10 10 
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IBM110136080 
IBM11 E1360BO 
1M x 36 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

GAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN, Vss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H-->L 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

Tsrn Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

CAS 

x 
L 

L 

H-->L 

H-->L 

H-->L 

H-->L 

H 

L 

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

WE Row Column All DO, PO bits Address Address 

x x x High Impedance 

H Row Col Valid Data Out 

L Row Col Valid Data In 

H Row Col Valid Data Out 

H N/A Col Valid Data Out 

L Row Col Valid Data In 

L N/A Col Valid Data In 

x Row N/A High Impedance 

H x x High Impedance 

-60 -70 

Vss Vss 

Vss Vss 

NC Vss 

NC NC 

Rating Units Notes 

-1.0 to +6.0 v 1 

-1.0 to +6.0 v 1 

-1.0 to +6.0 v 1 

Oto +70 oc 1 

-55 to +125 oc 1 

5.72 w 1 

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 re Ii a bi lily. 
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---------- ----- - -- - ---- ---------------·-

Recommended DC Operating Conditions (TA= o to 70°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

VIL Input Low Voltage 

1. All voltages referenced to Vss· 

Capacitance (TA = o to+ ?0°c, Vee= s.o ± o.sV) 

Symbol Parameter 

c,, Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (GAS) 

c,. Input Capacitance (WE) 

C1101 Output Capacitance (DQ0-0034) 

C1102 Output Capacitance (PQ8, 17, 26, 35) 

03H7141 
MMDS18DSU-OO 
Revised 6/94 

Min 

4.5 

2.4 

-0.5 

Typ 

5.0 

-

-

IBM11D1360BD 
IBM11E1360BD 

1M x 36 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee+ 0.5 v 1 

0.8 v 1 

Max Units Notes 

78 pF 

50 pF 

27 pF 

94 pF 

13 pF 

18 pF 
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IBM11D1360BD 
IBM11 E1360BD 
1Mx36 DRAM Module 

DC Electrical Characteristics (TA= o to +70°C, Vee= s ± o.svi 

Symbol Parameter 

Operating Current -60 
lcc1 Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: !Re= !Re min) -70 

Standby Current (TIL) 
lcc2 Power S.J!lm.!y Standby Current 

(RAS = CAS ;;:V1H) 

RAS Only Refresh Current -60 
Ices Average Powet§!pply Current, RAS Only Mode 

(RAS Cycling, CAS ;;:V1H: IRc = IRc min) -70 

Fast Page Mode Current -60 
lcc4 Average Power Supply Current, Fast Page Mode 

(RAS= V1L. CAS, Address Cycling: lpc = lpc min) -70 

Standby Current (CMOS) 
Ices Power S.J!lm.!y Standby Current 

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current -60 
Ices Average Power Supply Current, CAS Before RAS Mode 

{RAS, CAS, Cycling: !Re = IRc min) -70 

Input Leakage Current RAS 

lt(L) 
Input Leakage Current, any input 

CAS (0.0,;; V1N,;; (Vee< 6.0V)) 
All Other Pins Not Under Test= OV All others 

lo(L) 
Output Leakage Current 
(DouT is disabled, 0.0,;; Your,;; Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (lour= -5mA @ 2.4V) 

Vol 
Output Low Level 
Output "L" Level Voltage (lour= +4.2mA@ 0.4V) 

1. lcc1. lcc3, lcC4 and Ices depend on cycle rate. 

Min 

-

-

-

-

-

-

-

-

-

-

-60 

-30 

-120 

-10 

2.4 

-

2. lcct, lcC4 depend on output loading. Specified values are obtained with the output open. 

--------- ----- - -..:....=::::5~§: 

Max Units Notes 

1040 
mA 1, 2, 3 

900 

24 mA 

1040 
mA 1,3 

900 

800 
mA 1, 2, 3 

680 

12 mA 

1040 
mA 1,3 

900 

+60 

+30 µA 

+120 

+10 µA 

- v 

0.4 v 

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. 
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---------- ----- ---- - ---- ---------------·-

AC Characteristics (TA= o to +70°c, Vee= s ± o.sv) 

IBM11D1360BD 
IBM11E1360BD 

1M x 36 DRAM Module 

1. ViH (min) and V 1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V 1H and 
VIL· 

2. An initial pause of 100µs 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. AC measurements assume tr = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!Re Random Read or Write Cycle Time 110 128K 130 128K ns 

IRP RAS Precharge Time 40 - 50 - ns 

lcp GAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Wid1h 60 16K 70 16K ns 

1cAs GAS Pulse Wid1h 20 - 20 - ns 

1ASA Row Address Setup Time 0 - 0 - ns 

1RAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

1cAH Column Address Hold Time 15 - 15 - ns 

tRCD RAS to GAS Delay Time 20 40 20 50 ns 1 

!RAD RAS to Column Address Delay Time 15 - 15 - ns 2 

IRsH RAS Hold Time 20 - 20 - ns 

lcsH CAs Hold Time 60 - 70 - ns 

1cRP GAS to RAS Precharge Time 5 - 5 - ns 

lozc GAS Delay Time from D1N 0 - 0 - ns 

Ir Transition Time (Rise and Fall) 3 50 3 50 ns 

IAR Column Address Hold Time Referenced to RAS 50 - 55 - ns 

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

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

03H7141 
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IBM11D1360BD 
IBM11 E1360BD 
1M x 36 DRAM Module 

Write Cycle 

Symbol Parameter 

lwcs Write Command Set Up Time 

lwcH Write Command Hold Time 

twp Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

tcwL Write Command to GAS Lead Time 

twcR Write Command Hold Time Referenced to RAS 

to HR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

Read Cycle 

Symbol Parameter 

!RAC Access Time from RAS 

tcAC Access Time from GAS 

tAA Access Time from Address 

IRcs Read Command Setup Time 

tRCH Read Command Hold Time to GAS 

IRRH Read Command Hold Time to RAS 

tRAL Column Address to RAS Lead Time 

lcAL Column Address to GAS Lead Time 

tcLZ GAS to Output in Low-Z 

loH Output Data Hold Time 

lcoD GAS to D1N Delay Time 

loFF Output Buffer Turn-off Delay 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of IRAc. lcAc. lcPA. IAA. 
3. Either tRcH or tRRH must be satisfied for a read cycle. 

-60 -70 

Min Max Min 

0 - 0 

15 - 15 

15 - 15 

20 - 20 

20 - 20 

50 - 55 

50 - 55 

0 - 0 

15 - 15 

-60 -70 

Min Max Min 

- 60 -

- 20 -

- 30 -

0 - 0 

0 - 0 

0 - 0 

30 - 35 

- - -

0 - 0 

0 - 0 

20 - 20 

0 20 D 

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

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

Units Notes 
Max 

70 ns 1.2 

20 ns 1.2 

35 ns 1, 2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 4 

- ns 

- ns 

- ns 

20 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. 
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----------- ----- - -- - ---- --------·-----·-

Fast Page Mode Cycle 

Symbol Parameter 

tpc Fast Page Mode Cycle Time 

lRASP Fast Page Mode RAS Pulse Width 

1cPRH RAS Hold Time from CAS Precharge 

lcPA Access Time from CAS Precharge 

1. Access time is determined by the latter of IRAC, lcAc, tcpA, tAA. 
2. Access time assumes a load of tOOpF. 

Refresh Cycle 

Symbol Parameter 

tcHR 
CAS Hold Time 
(GAS before RAS Refresh Cycle) 

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

twRP 
WE Setup Ti~ 
(GAS before RAS Refresh Cycle) 

lwRH 
WE Hold Tim~ 
(GAS before RAS Refresh Cycle) 

tRPC RAS Precharge to CAS Hold Time 

!REF Refresh Period 

1. 1024 refreshes are required every 16ms. 

03H7141 
MMDS18DSU-OO 
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Min 

40 

60 

35 

-

Min 

30 

10 

10 

10 

10 

-

-60 -70 

Max Min 

- 45 

100K 70 

- 40 

30 -

-60 -70 

Max Min 

- 30 

- 10 

- 10 

- 10 

- 10 

16 -

IBM11D1360BD 
IBM11E1360BD 

1 M x 36 DRAM Module 

Units Notes 
Max 

- ns 

IOOK ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

16 ms 1 
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IBM11D1360BD 
IBM11E1360BD 
1M x 36 DRAM Module 

Read 

V1H _ 

RAS 
VIL -

!RCD 

V1H -
CAS 

V1L -

Address 

VoH-

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

: "H" or"L" 

Page 190 

!Re 

!RAS 

lcsH 

lRsH 

le AS 

lcLz 

Valid Data Out 

_toH ___ _.., 

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

Hi-Z _ 

03H7141 
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--------- ----- - -- - ---- - - -----------·-

Write Cycle (Early Write) 

V1H-
RAS 

VIL -

V1H-
GAS 

VIL -

V1H-
Address 

V1L -

WE 
v,,_ 

V1H-
D1N 

v,, -

Vof-1-

03H7141 
MMDS18DSU-OO 
Revised 6/94 

IRAS 

lcsH 

IRco 

lcAs 

!RAD 

!ASP. 

los _tDH 

Valid Data In 

________________ Hi-Z 

I · "H" or "L" . 
' 

!Re 

!RSH 

IBM11 D1360BD 
IBM11 E1360BD 

1M x 36 DRAM Module 

!RP 

-lcRP 
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IBM11D1360BD 
IBM11E1360BD 
1M x 36 DRAM Module 

Fast Page Mode Read Cycle 

,._ ________ tRASP _______________ 1 

Address 

Vott-

: "H" or"L" 

Page 192 

_tcAs-

~1tcLZ tcLZ 

, ____ !cPRH 

-i:oH 
t r DZC 

lCAc 

Dour 1 Dour N 

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

Fast Page Mode Write Cycle 

V1H-

RAS 
VIL-

V1H-

GAS 
VIL-

V1H

Address v,,_ 

VoH-

OouT 

twcs 

I :"H"or"L" 

(RASP 

~-(PC 

tcp 

le As tcAs 

_tRSH 

le As 

IBM110136080 
IBM11 E1360BO 

1 M x 36 DRAM Module 

(RP 

tcRP 
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IBM110136080 
IBM11E1360BD 
1M x 36 DRAM Module 

RAS Only Refresh Cycle 

V1H_ 

RAS 

V1L_ 

V1H_ 

GAS 

VIL-

!ASA 

~liiAH 
V1H_ 

Address 

V1L _ 

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

liic 

!RAS !RP 

!APC 

Dour ____________ Hi-Z -------------------

·=t<W' 
~m¥./ · "H" or "L" ~~t.:ilit . 

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

CAS Before RAS Refresh Cycle 

RC 

,.._ _____ !RAS-------------' 

V1H-

RAS 

tRPC 1 VIL_ 

~ lcsR 

VIH-

CAS 
V1L -

i------ lcoo ____ ....., 

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

1-----Hi-Z 
VoL-

:Jlj : "H" or "L" 

Note: Addresses are "H" or "L" 

03H7141 
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1 M x 36 DRAM Module 
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IBM110136080 
IBM11E136080 
1M x 36 DRAM Module 

Layout Drawing 

(2X) II 
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-------------- ----- ---::::::::::::=::::!:: 

Features 

• 72-Pin Single-In-Line Memory Module 
• Performance: 

-60 -70 

IAAC RAS Access Time 60ns ?Ons 

le AC GAS Access Time 15ns 20ns 

!AA Access Time From Address 30ns 35ns 

1Ac Cycle Time 110ns 130ns 

1pc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Single 5V, ± 0.5V Power Supply 

Description 

The IBM11 D1360EA is a 4MB 72-pin 4-byte single 
in-line memory module (SIMM). The module is 
organized as a 1 Mx36 high speed memory array, 
and is intended for use in 36 and 72 bit applications 
where interleave of 9 or 18 bit words is not required. 
It is manufactured with 8 1 Mx4 devices - each in 
either a 350mil or 300mil package, and 1 1 Mx4 
'Quad GAS' device for parity. The use of 'Quad GAS' 
devices allows the SIMM to be manufactured as a 

Card Outline 

IBM11 D1360EA 
IBM11E1360EA 

1 M x 36 DRAM Module 

All inputs & outputs are fully TTL & CMOS 
compatible 

• Fast Page Mode access cycle 
Refresh Modes: RAS-Only and CBR 

• 1024 refresh cycles distributed across 16ms 
• 10/10 Addressing (Row/Column) 
• Optimized for use in byte-write parity 

applications 
• Au and Sn/Pb versions available 

single-sided assembly, and provides reduced power 
dissipation. 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 1 Mx32 non-parity 
SIMM, IBM11013208, as well as higher density and 
ECG-optimized SIMMs. 

\
0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,r,,,l!,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,0 I 

64G2987 
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I BM 1101360EA 
IBM11E1360EA 
1M x 36 DRAM Module 

Pin Description 
RASO,RAS2 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

DQ0-7,9-16, 
Data lnpuVou1put 18-25, 27-34 

PQ8, 17, 26, 35 Parity lnpuVoutput 

Vee Power (+5V) 

Vss Ground 

NC No Connect 

PD1 -PD4 Presence Detects 

Ordering Information 

Part Number 

IBM11D1360EA-60 

IBM11D1360EA-70 

IBM11E1360EA-60 

IBM11E1360EA-70 

Page 198 
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Pin out 
Pin# Name Pin# Name Pin# Name Pin# Name Pin# Name Pin# Name 

1 Vss 13 A1 25 DQ24 37 PQ17 49 DQ9 61 DQ14 

2 DQO 14 A2 26 D07 38 PQ35 50 D027 62 DQ33 

3 DQ18 15 A3 27 D025 39 Vss 51 DQ10 63 DQ15 

4 DQ1 16 A4 28 A7 40 CASO 52 DQ28 64 DQ34 

5 DQ19 17 A5 29 NC 41 CAS2 53 DQ11 65 DQ16 

6 DQ2 18 AS 30 Vee 42 CAS3 54 DQ29 66 NC 

7 DQ20 19 NC 31 A8 43 CAS1 55 DQ12 67 PD1 

8 003 20 DQ4 32 A9 44 RASO 56 DQ30 68 PD2 

9 DQ21 21 DQ22 33 NC 45 NC 57 DQ13 69 PD3 

10 Vee 22 DQ5 34 RAS2 46 NC 58 DQ31 70 PD4 

11 NC 23 DQ23 35 PQ26 47 WE 59 Vee 71 NC 

12 AO 24 DQ6 36 PQB 48 NC 60 DQ32 72 Vss 

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

Organization Speed 

1M x36 60ns 

1M x36 70ns 

1M x36 60ns 

1M x36 70ns 

Leads 

Sn/Pb 

Sn/Pb 

Au 

Au 

Dimensions 

4.25" x 1" x .205" 

4.25" x 1" x .205" 

4.25" x 1" x .205" 

4.25" x 1" x .205" 

Notes 

64G2987 
MMDS36DSU-OO 

Revised 6/94 



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

Block Diagram 

DQO 

CAS1 

CAS2 
RAS2 

WE 
------!GAS 

CAS3 

AO-A9 

64G2987 
MMDS36DSU-OO 
Revised 6/94 

PQB, 17, 26, 35 
DQ9 

IBM11D1360EA 
IBM11E1360EA 

1M x 36 DRAM Module 

DQ16 
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IBM1101360EA 
IBM11E1360EA 
1 M x 36 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

GAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN, V ss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H--;L 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

Tsrn Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

GAS 

x 
L 

L 

H--;L 

H--;L 

H-->L 

H--;L 

H 

L 

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

WE Row Column All DQ, PQ bits Address Address 

x x x High Impedance 

H Row Col Valid Data Out 

L Row Col Valid Data In 

H Row Col Valid Data Out 

H NIA Col Valid Data Out 

L Row Col Valid Data In 

L NIA Col Valid Data In 

x Row NIA High Impedance 

H x x High Impedance 

-60 -70 

Vss Vss 

Vss Vss 

NC Vss 

NC NC 

Rating Units Notes 

-0.5 to 6.5 v 1 

-0.7 to Vee+ 0.7 v 1 

-0.7 to Vee+ 0.7 v 1 

0 to +70 oc 1 

-55 to +125 oc 1 

5.8 w 1 

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. 
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---------- ----- - -- - ---- -------------·-

Recommended DC Operating Conditions (TA= o to ?0°C) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

VIL Input Low Voltage 

1 . All voltages referenced to V ss· 

Capacitance (TA= o to+ ?0°C, Vee= 5.0 ± 0.5V) 

Symbol 

c,, Input Capacitance (AO-A9) 

C12 Input Capacitance (RASO) 

C13 Input Capacitance (RAS2) 

e,4 Input Capacitance (GAS) 

C1s Input Capacitance (WE) 

C110 Output Capacitance (All DO. PO) 

64G2987 
MMDS36DSU-OO 
Revised 6/94 

Parameter 

Min 

4.5 

2.4 

0.0 

Typ 

5.0 

-
-

Max 

46 

40 

31 

26 

46 

12 

IBM11D1360EA 
IBM11 E1360EA 

1M x 36 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee v 1 

0.8 v 1 

Units Notes 

pF 

pF 

pF 

pF 

pF 

pF 
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IBM11D1360EA 
IBM11 E1360EA 
1 M x 36 DRAM Module 

DC Electrical Characteristics (TA= o to+ ?0°C, Vee= s ± o.sv) 

Symbol Parameter 

Operating Current -60 
lcc1 Average Power Supply Operating Current t-• 

(RAS, GAS, Address Cycling: !Ac = 1Ac min) -70 

Standby Current (TTL) 
lcc2 Power S..!!Ee]y Standby Current 

(RAS= GAS ;;,V,H) 

RAS Only Refresh Current -60 
Ices Average Powet2!Jpply Current, RAS Only Mode 

(RAS Cycling, GAS "V1H: 1Rc = 1Ac min) -70 

Fast Page Mode Current -60 
Ice• Average Power Supply Current, Fast Page Mode 

(RAS = V1L. GAS, Address Cycling: tpc =!pc min) -70 

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

(RAS= GAS = Vee - 0.2V) 

GAS Before RAS Refresh Current -60 
Ices Average Power Supply Current. GAS Before RAS Mode 

(RAS, GAS, Cycling: tAc = tRc min) -70 

RASO 
Input Leakage Current 

RAS2 Input Leakage Current, any input 
l1(L) (0.0" V1N" (Vee< 6.0V)) 

All Other Pins Not Under Test = OV 
GAS 

All others 

lo(L) 
Output Leakage Current 
(DouT is disabled, 0.0,;; VouT,;; Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (lotJT = -4mA@ 2.4V) 

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

1. lcc1, lcc3. lcC4 and Ices depend on cycle rate. 

Min 

-

-

-

-

-

-

-

-

-

-

-50 

-40 

-30 

-90 

-10 

2.4 

-

2. lcc1, lcC4 depend on output loading. Specified values are obtained with the output open. 

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

Max Units Notes 

1060 
mA 1,2, 3 

954 

18.5 mA 

1060 
mA 1,3 

954 

670 
mA 1, 2, 3 

620 

17 mA 

1060 
mA 1,3 

954 

+50 

+40 

+30 ,...... 

+90 

+10 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS= Vil· In the case of lcc4, it can be changed once or less when OAS= V1H· 
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-------------- - -- - ---- -------------·-

AC Characteristics (TA= o to+1o·c, Vee= 5±0.SV) 

IBM11D1360EA 
IBM11 E1360EA 

1 M x 36 DRAM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and 
VIL· 

2. An initial pause of 100µs 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. The 1 Mx4 DRAM Outputs will remain disabled until these 8 cycles have occurred. This prevents data contention 
(excessive current) during power on. To prevent excess power dissipation during power-up, RAS should rise coincident with the 
power supply voltage. 

3. AC measuremen1s assume IT = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!Ac Random Read or Write Cycle Time 110 128K 130 128K ns 

!RP RAS Precharge Time 40 - 50 - ns 

lcp CAS Precharge Time 10 - 10 - ns 1 

IRAS RAS Pulse Width 60 16K 70 16K ns 

lcAS CAS Pulse Width 15 - 20 - ns 

1ASR Row Address Setup Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 15 - 15 - ns 

IRco RAS to CAS Delay Time 20 45 20 50 ns 2 

1RAD RAS to Column Address Delay Time 15 - 15 - ns 3 

!ASH RAS Hold Time 15 - 20 - ns 

lcsH CAS Hold Time 60 - 70 - ns 

le RP CAS to RAS Precharge Time 10 - 10 - ns 

lozc CAS Delay Time from D1N - - - - ns 4 

IT Transition Time (Rise and Fall) 3 50 3 50 ns 

lcLCH Hold Time CAS Low to CAS High 10 - 10 - ns 5 

1AR Column Address Hold Time Referenced 10 RAS 50 - 55 - ns 

1. Last rising CASx edge to first falling CASx edge. 
2. Operation within the 1Rco (max) limit ensures that IRAc (max) can be met IRco (max) is specified as a reference point only: if tRco is 

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

is greater 1han the specified IRAo (max) limit, 1hen access time is controlled by IM. 
4. This timing parameter is not applicable to this product, bu1 applies 10 a related product in this family. 
5. Last falling CASx edge 1o first rising CASx edge. 

64G2987 
MMDS36DSU-OO 
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IBM11D1360EA 
IBM11E1360EA 
1M x 36 DRAM Module 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

twcH Write Command Hold Time 

twp Write Command Pulse Width 

1RWL Write Command to RAS Lead Time 

tcwL Write Command to GAS Lead Time 

lwcR Write Command Hold Time Referenced to RAS 

IDHA Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

Read Cycle 

Symbol Parameter 

!RAC Access Time from RAS 

tcAC Access Time from GAS 

tAA Access Time from Address 

tRcs Read Command Setup Time 

tRcH Read Command Hold Time to GAS 

!RAH Read Command Hold Time to RAS 

IRAL Column Address to RAS Lead Time 

tcAL Column Address to GAS Lead Time 

tcLZ GAS to Output in Low-Z 

loH Output Data Hold Time 

!coo GAS to D1N Delay Time 

toFF Output Buffer Turn-off Delay 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the la11er of IRAC, tcAc, tcpA, IAA. 
3. EithertRcH or IRRH must be satisfied for a read cycle. 

-60 -70 

Min Max Min 

0 - 0 

10 - 15 

10 - 15 

15 - 20 

15 - 20 

45 - 55 

50 - 55 

0 - 0 

10 - 15 

-60 -70 

Min Max Min 

- 60 -

- 15 -

- 30 -

0 - 0 

0 - 0 

0 - 0 

30 - 35 

- - -

0 - 0 

0 - 0 

15 - 20 

0 15 0 

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

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 4 

- ns 

- ns 

- ns 

20 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. 
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----------- ----- ---- - ---- - - -------------·-

Fast Page Mode Cycle 

-60 
Symbol Parameter 

Min 

1pc Fast Page Mode Cycle Time 40 

tRASP Fast Page Mode RAS Pulse Width 60 

1cPRH RAS Hold Time from GAS Precharge 35 

1cPA Access Time from GAS Precharge -

1. Access time is determined by the latter of tRAC. tcAc. 1cPA, 1AA. 
2. Measured with the specified current load and 1 OOpF. 

Refresh Cycle 

-60 
Symbol Parameter 

Min 

tcHR 
GAS Hold Time 15 
(GAS before RAS Refresh Cycle) 

1csR 
GAS Setup Time 

10 
(GAS before RAS Refresh Cycle) 

twRP 
WE Setup Ti~ 10 
(GAS before RAS Refresh Cycle) 

1WRH 
WE Hold Time 

10 
(GAS before RAS Refresh Cycle) 

1RPC RAS Precharge to GAS Hold Time 5 

!REF Refresh Period -

-70 

Max Min 

- 45 

100K 70 

- 40 

35 -

·70 

Max Min 

- 15 

- 10 

- 10 

- 10 

- 5 

16 -

IBM11D1360EA 
IBM11E1360EA 

1M x 36 DRAM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1, 2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

16 ms 1 

1. 1024 refreshes are required every 16ms. The DC variation in the Vee supply may not exceed 300mV within a refresh interval 
(16ms). 

64G2987 
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IBM11 D1360EA 
IBM11E1360EA 
1M x 36 DRAM Module 

Read 

V1H-

RAS 
V1L -

tAco 

CAS V1H-
or 

CASx V1L -

tAAD 

tASA 

!RAH 

Address 
V1H -

V1L -

VoH-
____ __,_ Hi-Z 

·:-:~" :.: 

Ii : "H" or "L" ~[ti 

Page 206 

tcsH 

tASH 

toFF 

Valid Data Out 
Hi-Z _ 

_toH ---->! 
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---------- ----- ---- - ---- - -------------·-

Write Cycle (Early Write) 

\RAS 

V1H-
RAS 

VIL -

lcsH 

tRCO 

CAS V1H-
or 

CASx VIL -

tRAD 

tASR tAR 
!eAH 

V1H-
Address 

VIL -

V1H-
WE 

VIL -

lo HR 

los ....- toH 

V1H-
D,N Valid Data In 

VIL -

VoH--
DouT ________________ Hi-Z 

Vol-

64G2987 
MMDS36DSU-OO 
Revised 6/94 

I :"H"or"L" 

tRc 

tRSH 

IBM11 D1360EA 
IBM11E1360EA 

1 M x 36 DRAM Module 

tRP 

_lcRP 
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IBM11D1360EA 
IBM11E1360EA 
1M x 36 DRAM Module 

Fast Page Mode Read Cycle 

14-________ tRASP _______________ _., 

or 
CASx V,,_ 

Address v,,_ 

l 

, ____ lcPRH 

lpc----o1 

..__'tcAs_ 
lcLCH 

--loH 
t r DZC 

DouT Vo>+- __________ -_ltc-LZ\'-D-o_U_T_1-:,t_c_Lz--

VoL- ' 

: "H" or"L" 

Page 208 

DoUT N 

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

Fast Page Mode Write Cycle 

IBM 11D1360EA 
IBM11E1360EA 

1M x 36 DRAM Module 

,.._ _______ tRASP --------------

V1H-

GAS V1H-
or 

CASx VIL-

V1H

Address 
VIL-

DouT 

tACD 

tcAS 
tcLCH 

twcs 

I :"H"or"L" 

~tpc 

tcp _tcp tASH tcRP 

tcAS tcAs 
tcLCH tcLCH 

64G2987 Page 209 
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IBM11D1360EA 
IBM11E1360EA 
1 M x 36 DRAM Module 

RAS Only Refresh Cycle 

V1H_ 

RAS 

VIL_ 

CAS V1H_ 

or 

CASx V1L _ 

tASA 

~!RAH 
V1H_ 

Address 

V1L _ 

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

!Ac 

!AAS lAP 

!RPG 

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

I ·"H"or"L" . . 

Note: WE, D,N are "H" or "L" 
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--------- ----- - --- ---- -------------·-

CAS Before RAS Refresh Cycle 

>-------tAAS -----------! 

VIH-

RAS 

tAPC 1 VIL_ 

~ tcsA 

CAS V1H-

or 

CASx VIL_ 

i------ tcoo -----t 

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

DoUT VoH-

I : "H" or "L" , 

Note: Addresses are "H" or "L" 

64G2987 
MMDS36DSU-OO 
Revised 6/94 
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1M x 36 DRAM Module 
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IBM11D1360EA 
IBM11E1360EA 
1 M x 36 DRAM Module 

Layout Drawing 
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--------- --------- - ---- -------------·-
Preliminary 

Features 

• 72-Pin Single-In-Line Memory Module 
• Performance: 

-60 -70 

1RAC RAS Access Time 60ns 70ns 

le Ac GAS Access Time 15ns 20ns 

1AA Access Time From Address 30ns 35ns 

1Rc Cycle Time 110ns 130ns 

1pc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Single 5V, ± 0.5V Power Supply 

Description 

The IBM1101360EA is a 4MB 72-pin 4-byte single 
in-line memory module (SIMM). The module is 
organized as a 1 Mx36 high speed memory array, 
and is intended for use in 36 and 72 bit applications 
where interleave of 9 or 18 bit words is not required. 
It is manufactured with 8 1 Mx4 devices - each in a 
300mil package, and 1 1 Mx4 'Quad CAS' device for 
parity. The use of 'Quad CAS' devices allows the 
SIMM to be manufactured as a single-sided assem-

Card Outline 

IBM1101360ED 
IBM11E1360ED 

1 M x 36 DRAM Module 

• All inputs & outputs are fully TTL & CMOS 
compatible 

• Low active current dissipation 
• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/10 Addressing (Row/Column) 
• Optimized for use in byte-write parity 

applications 
• Au and Sn/Pb versions available 

bly, and provides reduced power dissipation. 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 1 Mx32 non-parity 
SIMM, IBM11013208, as well as higher density and 
ECC-optimized SIMMs. 

\Ol 11111111111111111111111111Ill1111111111n111111111111111111111111111111111111111 IO I 
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IBM11 D1360ED 

IBM11 E1360ED 

1 M x 36 DRAM Module 

Pin Description 
RASO,RAS2 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

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

POB, 17, 26, 35 Parity Input/output 

Vee Power (+5V) 

Vss Ground 

NC No Connect 

PD1 -PD4 Presence Detects 

Ordering Information 
Part Number 

IBM11D1360ED-60 

IBM11D1360ED-70 

IBM11E1360ED-60 

IBM11E1360ED-70 

Page 214 

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

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

1 Vss 13 A1 25 D024 37 P017 49 D09 61 D014 

2 DOO 14 A2 26 D07 38 P035 50 D027 62 D033 

3 D018 15 A3 27 D025 39 Vss 51 D010 63 D015 

4 D01 16 A4 28 A7 40 CASO 52 D028 64 D034 

5 D019 17 A5 29 NC 41 CAS2 53 D011 65 D016 

6 D02 18 AS 30 Vee 42 CAS3 54 D029 66 NC 

7 D020 19 NC 31 AB 43 CAS1 55 D012 67 PD1 

8 D03 20 D04 32 A9 44 RASO 56 D030 68 PD2 

9 D021 21 D022 33 NC 45 NC 57 D013 69 PD3 

10 Vee 22 D05 34 RAS2 46 NC 58 D031 70 PD4 

11 NC 23 D023 35 P026 47 WE 59 Vee 71 NC 

12 AO 24 DOG 36 POB 48 NC 60 D032 72 Vss 

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

Organization Speed 

1M x36 60ns 

1M x 36 70ns 

1M x36 60ns 

1M x36 70ns 

Leads 

Sn/Pb 

Sn/Pb 

Au 

Au 

Dimensions 

4.25" x 1" x .205" 

4.25" x 1" x .205" 

4.25" x 1" x .205" 

4.25" x 1" x .205" 

Notes 

03H7148 
MMDS21 DSU-00 
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-------------- - -- ----::5:::::=:::il'i: 

Prellmlnary 

Block Diagram 

CAS1 

CAS2 
RAS2 

CAS3 

AO-A9 

03H7148 
MMOS21 OSU-00 
Revised 6194 

POB, 17, 26, 35 
000 009 

IBM11 D1360ED 
IBM11 E1360ED 

1M x 36 DRAM Module 

0016 
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IBM1101360ED 
IBM11E1360ED 
1M x 36 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
tst Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN, Vss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H4L 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

Tsrn Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

CAS 

x 
L 

L 

H4L 

H4L 

H4L 

H4L 

H 

L 

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

WE Row Column All DO, PO bits Address Address 

x x x High Impedance 

H Row Col Valid Data Out 

L Row Col Valid Data In 

H Row Col Valid Data Out 

H NIA Col Valid Data Out 

L Row Col Valid Data In 

L NIA Col Valid Data In 

x Row NIA High Impedance 

H x x High Impedance 

-60 -70 

Vss Vss 

Vss Vss 

NC Vss 

NC NC 

Rating Units Notes 

-1.0 to +6.0 v 1 

-1.0 to +6.0 v 1 

-1.0to +6.0 v 1 

Oto +70 oc 1 

-55 to +125 oc 1 

4.3 w 1 

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. 
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--------------- - -- - ---- --------------·-
Preliminary 

Recommended DC Operating Conditions (TA= o to 10°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss. 

Capacitance (TA= o to +10°c, Vee= s.o ± o.svi 
Symbol 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RASO) 

C13 Input Capacitance (RAS2) 

C14 Input Capacitance (GAS) 

C1s Input Capacitance (WE) 

C110 Output Capacitance (All DQ, PQ) 

03H7148 
MMDS21DSU-OO 
Revised 6194 

Parameter 

Min 

4.5 

2.4 

0.0 

Typ 

5.0 

-

-

IBM11D1360ED 
IBM11 E1360ED 

1M x 36 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee+ 0.5 v 1 

0.8 v 1 

Max Units Notes 

55 pF 

47 pF 

43 pF 

30 pF 

70 pF 

12 pF 
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IBM1101360ED 
IBM11 E1360ED 
1M x 36 DRAM Module 

DC Electrical Characteristics (TA= o to+ 1o·c. Vee = 5 ± o.5V) 

Symbol Parameter 

Operating Current -60 
lcc1 Avera9!!..fgwer Supply Operating Current 

(RAS, CAS, Address Cycling: !Ac= !Ac min) -70 

Standby Current (TTL) 
lcc2 Power S..!!eJ2.!y Standby Current 

(RAS - CAS ~V1H) 

RAS Only Refresh Current -60 
Ices Average PoweL§!!pply Current, RAS Only Mode 

(RAS Cycling, CAS ~V1H: IRC =!Ac min) -70 

Fast Page Mode Current -60 
lcc4 Average Power Supply Current, Fast Page Mode 

(RAS = V1L, CAS, Address Cycling: lpc = lpc min) -70 

Standby Current (CMOS) 
Ices Power S..!!eJ2.!y Standby Current 

(RAS= CAS = Vee - 0.2V) 

GAS Before RAS Refresh CurrelJ!._ __ -60 
Ices Avera~wer Supply Current, .CAS Before RAS Mode 

(RAS°, , Cycling: !Ac = IAc min) -70 

RASO 
Input Leakage Current 

RAS2 
l1(L) 

Input Leakage Current, any input 
(0.0 S V1N S (Vee < 6.0V)) CAS 
All Other Pins Not Under Test - OV 

All others 

lo(L) 
Output Leakage Current 
(Dour is disabled, 0.0 s VoLrr s Vee) 

VoH Output High Level 
Ou1put "H" Level Voltage (loLJT = -5mA @ 2.4V) 

Vol 
Output Low Level 
Output "L" Level Voltage (loLrr = +4.2mA@ 0.4V) 

1. lcct> Ices. lc04 and Ices depend on cycle rate. 

Min 

-
-

-

-
-
-

-

-

-

-

-50 

-40 

-30 

-90 

-10 

2.4 

-

2. lcc1, ICC4 depend on output loading. Specttied values are obtained wtth the output open. 

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

Max Units Notes 

780 
mA 1, 2, 3 

650 

18 mA 

780 
mA 1,3 

650 

550 
mA 1,2,3 

460 

9 mA 

780 
mA 1,3 

650 

+50 

+40 

+30 µA 

+90 

+10 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS = Vil· In the case of lc04, it can be changed once or less when OAS= V1H· 
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--------- --------- - ---- --------------·-
Preliminary 

AC Characteristics (TA= o to+?o'c, Vee= 5± 0.5V) 

IBM11D1360ED 
IBM11E1360ED 

1M x36 DRAM Module 

1. V1H (min) and V1L (max) are reference levels for measuring liming of inpul signals. Transilion limes are measured be1Ween ViH and 
VIL· 

2. An initial pause of 100µs 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. AC measurements assume lr = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameler Units Notes 

Min Max Min Max 

tRc Random Read or Write Cycle Time 110 128K 130 128K ns 

1RP RAS Precharge Time 40 - 50 - ns 

lcp CAS Precharge Time 10 - 10 - ns 1 

1RAs RAS Pulse Width 60 16K 70 16K ns 

lcAS GAS Pulse Width 15 - 20 - ns 

tASR Row Address Selup Time 0 - 0 - ns 

IRAH Row Address Hold Time 10 - 10 - ns 

1Asc Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 15 - 15 - ns 

IRCD RAS to CAS Delay Time 20 45 20 50 ns 2 

!RAD RAS to Column Address Delay Time 15 - 15 - ns 3 

IRsH RAS Hold Time 15 - 20 - ns 

lcsH CAS Hold Time 60 - 70 - ns 

lcRP CAS lo RAS Precharge Time 5 - 5 - ns 

lozc GAS Delay Time from D1N 0 - 0 - ns 

Ir Transilion Time (Rise and Fall) 3 50 3 50 ns 

lcLCH Hold Time GAS Low lo CAS High 10 - 10 - ns 4 

1AR Column Address Hold Time Referenced lo RAS 50 - 55 - ns 

1. Last rising CASx edge lo first falling CASx edge. 
2. Opera1ion wi1hin the IRco (max) limi1 ensures 1ha1 IRAc (max) can be met. IRcD (max) is specified as a reference point only: if IRco is 

greater than the specified tRco (max) limit, then access time is controlled by lcAc. 
3. Operalion wi1hin lhe IRAD (max) limi1 ensures that 1RAc (max) can be met. IRAD (max) is specified as a reference point only: If tRAo 

is greater than the specified IRAo (max) limi1, then access time is controlled by •AA· 
4. Last falling GASx edge lo first rising CASx edge. 

03H7148 
MMDS21DSU-OO 
Revised 6194 
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IBM1101360ED 
IBM11 E1360ED 
1 M x 36 DRAM Module 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

twcH Write Command Hold Time 

twp Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

tcwL Write Command to CAS Lead Time 

twcR Write Command Hold Time Referenced to RAS 

to HR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

Read Cycle 

Symbol Parameter 

tRAC Access Time from RAS 

lcAC Access Time from CAS 

tAA Access Time from Address 

tRcs Read Command Setup Time 

tRCH Read Command Hold Time to CAS 

tRRH Read Command Hold Time to RAS 

tRAL Column Address to RAS Lead Time 

lcAL Column Address to CAS Lead Time 

tcLZ CAS to Output in Low-Z 

toH Output Data Hold Time 

tcoo CAS to D1N Delay Time 

loFF Output Buffer Tum-off Delay 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAc. tcpA, tAA. 
3. Either tRcH or tRRH must be satisfied for a read cycle. 

-60 -70 

Min Max Min 

0 - 0 

10 - 15 

10 - 15 

15 - 20 

15 - 20 

45 - 55 

50 - 55 

0 - 0 

15 - 15 

-60 -70 

Min Max Min 

- 60 -

- 15 -

- 30 -

0 - 0 

0 - 0 

0 - 0 

30 - 35 

- - -

0 - 0 

0 - 0 

15 - 20 

0 15 0 

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

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 4 

- ns 

- ns 

- ns 

20 ns 5 

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

Fast Page Mode Cycle 

Symbol Parameter 

tpc Fast Page Mode Cycle Time 

IRAsP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from GAS Precharge 

tcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of tRAc. lcAc. lcPA. IM. 
2. Measured with the specified current load and 100pF. 

Refresh Cycle 

Symbol Parameter 

tcHR 
GAS Hold Time 
(CAS before RAS Refresh Cycle) 

tcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

twRP 
WE Setup Til!!!L_ 
( CAS before RAS Refresh Cycle) 

1wRH ~HoldTim~ 
(GAS before RAS Refresh Cycle) 

tRPC RAS Precharge to GAS Hold Time 

!REF Refresh Period 

1. 1024 refreshes are required every 16ms. 

03H7148 
MMDS21DSU-OO 
Revised 6/94 

Min 

40 

60 

35 

-

Min 

10 

10 

10 

10 

5 

-

-60 

Max Min 

- 45 

100K 70 

- 40 

35 -

-60 

Max Min 

- 15 

- 10 

- 10 

- 10 

- 5 

16 -

-70 

-70 

IBM1101360ED 

IBM11 E1360ED 

1M x 36 DRAM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

16 ms 1 
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IBM1101360ED 
IBM11 E1360ED 
1M x 36 DRAM Module 

Read 

V1H-
RAS 

VIL -

CAS V1H-
or 

CA'Sx VIL -

IAsR 

Address 
V1H-

V1L-

V1H-

----------------- ----.:...:..:.:: ~::. ---·-
Prellmlnary 

tcsH 

tRCD IRsH 

!RAD 

!RAH 

IAA -+-----... 

D1N Hi-Z --+-------+---1 
tcAc loFF 

tcLz 

VoH-

DollT ------r- Hi-Z --------
VoL-

Valid Data Out 

_loH----.i 

l:"H"or"L" 

Page 222 
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--------- ------ -- - ---- -------------·-
Preliminary 

Write Cycle (Early Write) 

V1H-

RAS 
V1L -

GAS V1H-
or 

CASx V1L-

Address 

VoH--

!RAS 

lcsH 

IRcD 

Valid Data In 

!Re 

tRSH 

IBM11D1360ED 
IBM11E1360ED 

1M x36 DRAM Module 

tRP 

-lcRP 

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

03H7148 
MMDS21DSU-OO 
Revised 6/94 

I :"H"or"L" 
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IBM1101360ED 
IBM11 E1360ED 
1M x 36 DRAM Module 

Fast Page Mode Read Cycle 

-~co 

or 

Address 

Vott-

I :"H"or"L" 

Page224 

1.----tcPRH 

li>c----.i 

ICAc 

DolJTN 

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

lcRP 

03H7148 
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----------- ----- ---- - ---- ---------------·-
Preliminary 

Fast Page Mode Write Cycle 

IBM 1101360ED 
IBM11E1360ED 

1M x 36 DRAM Module 

,._ _______ tRASP ---------------+< 

v,H-

or 

v,H
Address 

VIL-

Dour 

03H7148 
MMDS21DSU-OO 
Revised 6/94 

le AS 
lcLCH 

lwcs 

I :"H"or"L" 

_tpc 

lcp _tcp tRSH le AP 

le As le As 
tcLCH lcLCH 
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IBM11 D1360ED 
IBM11 E1360ED 
1M x 36 DRAM Module 

RAS Only Refresh Cycle 

V1H_ 

RAS 

VIL_ 

GAS V1H_ 

or 

CASx VIL-

~SR 

~!RAH 
VIH-

Address 

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

!Re 

IRAS !RP 

!RPC 

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

: "H" or"L" 

Note: WE, D,N are "H" or "L" 

Page 226 03H7148 
MMDS21 DSU-00 

Revised 6/94 



--------------- ------=..:.:=? = 
Preliminary 

CAS Before RAS Refresh Cycle 

V1H-

RAS 

tRPC 1 V1L -

-1 tcsR 

CAS V1H-
or 

CASx 
V1L -

~--- tcoo ___ __, 

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

Dour 

I :"H"or"L" 

Note: Addresses are "H" or "L" 

03H7148 
MMDS21DSU-OO 
Revised 6194 

IBM11D1360ED 
IBM11 E1360ED 

1M x 36 DRAM Module 
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IBM1101360ED 
IBM11E1360ED 
1M x 36 DRAM Module 

Layout Drawing 

(2X)J1 

107.95 

4.25 

101190 

3.983 

FRONT 

~~.000000000 
;Jl 
.08 

_,..._ 

- ~J~ 1.27 PITCH 

.050 
44.45 

1.75 1.00WIDTH 

.039 

95.25 

SIDE 

1.27 !_ :6~~~ 
.050 !_ :88~ 

3.75 REF. 

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

• 72-Pin JEDEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

IRAC RAS Access Time 60ns 70ns 

lcAC CAS Access Time 15ns 20ns 

IAA Access Time From Address 30ns 35ns 

I Re Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Manufactured with 18Mb DRAMS (1 M x 18) 

Description 

The IBM11 D1360L is a 4MB industry standard 
72-pin 4-byte single in-line memory module (SIMM). 
The module is organized as a 1 Mx36 high speed 
memory array that is intended for use in 18, 36 and 
72 bit applications. It is manufactured with 2 1Mx18 
devices, each in a 400mil TSOP package, and is 
compatible with the JEDEC 72-Pin SIMM standard. 

This assembly is intended as a direct replacement 
for 1 Mx4-based SIMMs, while significantly reducing 
power dissipation. The use of TSOP packages 
allows tighter SIMM spacing (.3" on center). Input 

Card Outline 

IBM1101360L 
IBM11 E1360L 

1 M x 36 DRAM Module 

• Single 5V, ± 0.5V Power Supply 
• Low current consumption 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/1 O Addressing (Row/Column) 
• Optimized for use in byte-write parity applica

tions. 
• Au and Sn/Pb versions available 

loading is consistent with 4Mb-based assemblies 
due to the addition of discrete capacitors - maximiz
ing compatibility at the system-level. 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 1 Mx36 parity SIMM, 
IBM11013608, as well as higher density, parity and 
ECG-optimized SIMMs. 

\a'"'""'"'"''""''"""'"'"''""A'"''"'"'"""""''''""''""''"'ol 

07H4991 
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1 36 37 72 
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IBM11 D1360L 
IBM11 E1360L 
1M x 36 DRAM Module 

Pin Description 
RASO,RAS2 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

we Readlwr~e Input 

AO-A9 Address Inputs 

D00-7, 9-16, 
Data lnpuVoutput 18-25, 27-34 

PQB, 17, 26, 35 Pamy lnpuVoutput 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1 -PD4 Presence Detects 

Ordering Information 
Part Number 

IBM11D1360LA-60 

IBM11D1360LA-70 

IBM11 E1360LA-60 

IBM11E1360LA-70 

Page230 

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

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

1 Vss 13 A1 25 DQ24 37 P017 49 DQ9 61 DQ14 

2 DQO 14 A2 26 007 38 PQ35 50 DQ27 62 DQ33 

3 DQ18 15 A3 27 DQ25 39 Vss 51 DQ10 63 DQ15 

4 001 16 A4 28 A7 40 CASO 52 DQ28 64 DQ34 

5 DQ19 17 AS 29 NC 41 CAS2 53 DQ11 65 DQ16 

6 DQ2 18 AS 30 Vee 42 CAS3 54 DQ29 66 NC 

7 DQ20 19 NC 31 AS 43 CAS1 55 DQ12 67 PD1 

8 003 20 004 32 A9 44 ~o 56 0030 68 P02 

9 0021 21 DQ22 33 NC 45 NC 57 DQ13 69 PD3 

10 Vee 22 DQ5 34 RAS2 46 NC 58 DQ31 70 P04 

11 NC 23 DQ23 35 PQ26 47 WE 59 Vee 71 NC 

12 AO 24 DQ6 36 PQ8 48 NC 60 DQ32 72 Vss 

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

Organization Speed 

1Mx36 60ns 

1Mx36 70ns 

1Mx36 sons 

1M x36 70ns 

Leads 

Sn/Pb 

Sn/Pb 

Au 

Au 

Dimensions 

4.25" x 1" x .104" 

4.25" x 1" x .104" 

4.25" x 1" x .104" 

4.25"x 1·x .104" 

Notes 

07H4991 
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-------------- - ------- -------------·-

Block Diagram 

07H4991 
MMDS30DSU-OO 
Revised 7 /94 

AO-A9 

WE 

RASO 

CASO 

CAS1 

RAS2 

CAS2 

CAS"3 

DQ0-007, DQ9-DQ16, 
PQ8 PQ17 

l 1 
DQ DQ 

AO-A9 

WE 

AAS 
U1 

LCAS 

UCAS 

OE 

~ 

IBM11D1360L 
IBM11 E1360L 

1 M x 36 DRAM Module 

DQ18 - DQ25, DQ27 - DQ34, 
PQ26 PQ35 

1 l 
DQ DQ 

AO-A9 

WE 

AAS U2 

LCAS 

UCAS 

OE 

~ 
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IBM11 D1360L 
IBM11 E1360L 
1M x 36 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 
Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN. Vss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H-4L 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

TsrG Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

CAS 

x 
L 

L 

H-4L 

H-4L 

H-4L 

H-4L 

H 

L 

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

WE Row Column All DO. PQ bits Address Address 

x x x High Impedance 

H Row Col Valid Data Out 

L Row Col Valid Data In 

H Row Col Valid Data Out 

H NIA Col Valid Data Out 

L Row Col Valid Data In 

L NIA Col Valid Data In 

x Row NIA High Impedance 

H x x High Impedance 

-60 -70 

Vss Vss 

Vss Vss 

NC Vss 

NC NC 

Rating Units Notes 

-1.0to +7.0 v 1 

-0.5 to min (Vee+ 0.5, 7.0) v 1 

-0.5 to min (Vee+ 0.5, 7.0) v 1 

Oto+70 'C 1 

-55 to +125 ·c 1 

2.3 w 1 

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. 
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--------------- ----- ---- ---------------·-

Recommended DC Operating Conditions (TA= o to 10°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss. 

Capacitance (TA= o to +10°c, Vee= 5.0 ± o.5V) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (eAS) 

C14 Input Capacitance (WE) 

C110 Output Capacitance (DQO-DQ34, PQS, PQ17, PQ26, PQ35) 

07H4991 
MMDS30DSU-OO 
Revised 7 /94 

Min 

4.5 

2.4 

-0.5 

Typ 

5.0 

-

-

IBM11D1360L 
IBM 11E1360L 

1 M x 36 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee+ 0.5 v 1 

0.8 v 1 

Max Units Notes 

47 pF 

32 pF 

17 pF 

50 pF 

15 pF 
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IBM11D1360L 
IBM11 E1360L 
1M x36 DRAM Module 

DC Electrical Characteristics (TA = o to+ 1o·c. Vee = s ± o.sv) 

Symbol Parameter 

Operating Current -60 
lcc1 Average Power Supply Operating Current 

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

lcc2 
Standby Current (TTL) 
Power S..!!.eely Standby Current 
(RAS = OAS ;;,V,H) 

RAS Only Refresh Current -60 
lcc3 Average Powei:..§!lpply Current, RAS Only Mode 

(RAS Cycling, CAS ;;,V,H: IRc = IRc min) -70 

Fast Page Mode Current -60 
lcc4 Average Power Supply Current, Fast Page Mode 

(RAS = V1L, CAS, Address Cycling: lpc = lpe min) -70 

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

(l'iAS = C S =Vee - 0.2V) 

GAS Before~ Refresh Current -60 
Ices Averao0{§wer S!upply Current, _CAS Before RAS Mode 

(~. , Cycling: tRc = IRc mm) -70 

Input Leakage Current RAS 

l1(L) 
Input Leakage Current, any input CA'S (0.0,;; v,N,;; (Vee< 6.0V)) 
All Other Pins Not Under Test= OV All others 

lo1q 
Output Leakage Current 
(DouT is disabled, 0.0 S: VoUT s Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (lollT = -SmA @ 2.4V) 

VoL Output Low Level 
Output "L" Level Voltage (loUT = +4.2mA@ 0.4V) 

1. lcc1o lcca. lcC4 and Ices depend on cycle rate. 

Min 

-

-

-

-
-

-
-

-

-

-
-10 

-10 

-20 

-10 

2.4 

-

2. lcc1• lcC4 depend on output loading. Specttied values are obtained with the output open. 

-----=---=-=-==-= == ==== :!::!:f:i'f'!:: 

Max Units Notes 

420 
mA 1, 2,3 

370 

4 mA 

420 
mA 1,3 

370 

180 
mA 1, 2, 3 

160 

2 mA 

420 
mA 1,3 

370 

+10 

+10 µA 

+20 

+10 µA 

- v 

0.4 v 

3. Address can be changed once or less while ~ = Vil· In the case of ICC4, it can be changed once or less when CAS = V1H· 
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-------------- - -..:....::: ::5'f 5: 

AC Characteristics (TA= o to +1o·c. Vee= 5± o.sv) 

IBM1101360L 
IBM11E1360L 

1 M x 36 DRAM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H 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. AC measurements assume tr= 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!Re Random Read or Write Cycle Time 110 128K 130 128K ns 

!RP RAS Precharge Time 40 - 50 - ns 

lcp CAS Precharge Time 10 - 10 - ns 

IRAs RAS Pulse Width 60 16K 70 16K ns 

lcAs GAS Pulse Width 15 - 20 - ns 

IAsR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 15 - 15 - ns 

IRco RAS" to CAS Delay Time 20 45 20 50 ns 1 

IRAo RAS to Column Address Delay Time 15 - 15 - ns 2 

tRSH RAS Hold Time 15 - 20 - ns 

lcsH CAS Hold Time 60 - 70 - ns 

tcRP CAS to RAS Precharge Time 5 - 5 - ns 

lozc CAS Delay Time from D,N 0 - 0 - ns 

Ir Transition Time (Rise and Fall) 3 30 3 30 ns 

IAR Column Address Hold Time Referenced to RAS" - - - - ns 3 

1. Operation within the IRcD (max) limit ensures tha11RAc (max) can be met. IRcD (max) is specified as a reference point only: if IRcD is 
greater than the specified IRcD (max) limit, then access time is controlled by tcAC· 

2. Operation within the IRAD (max) limit ensures that IRAc (max) can be met. IRAD (max) is specified as a reference point only: If IRAD 
is greater than the specified IRAD (max) limit, then access time is controlled by tAA. 

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 
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IBM1101360L 
IBM11E1360L 
1M x 36 DRAM Module 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

twCH Write Command Hold Time 

tWP Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

tcWL Write Command to GAS Lead Time 

tWCR Write Command Hold Time Referenced to RAS 

to HR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

15 - t5 

15 - 15 

15 - 20 

15 - 20 

- - -

- - -

0 - 0 

t5 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

tRAc Access Time from RAS - 60 -

1cAC Access Time from GAS - 15 -

tAA Access Time from Address - 30 -

tRcs Read Command Setup Time 0 - 0 

tRcH Read Command Hold Time to GAS 0 - 0 

tRRH Read Command Hold Time to RAS 5 - 5 

tRAL Column Address to RAS Lead Time 30 - 35 

tcAL Column Address to GAS Lead Time 30 - 35 

tcLZ GAS to Output in Low-Z 0 - 0 

toH Output Data Hold Time 3 - 3 

1coo CAS to D1N Delay Time 15 - 20 

loFF Output Buffer Turn-off Delay 0 15 0 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAc. tcpA, I.AA· 
3. Either IRcH or tRRH must be satisfied for a read cycle. 

----§.;:;;ii: 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 

- ns 

- ns 

- ns 

20 ns 4 

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

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 

lcPA Access Time from CAS Precharge 

1. Access time is determined by the laner of tRAc. lcAc. lcPA. IAA· 
2. Access time assumes a load of 100pF. 

Refresh Cycle 

Symbol Parameter 

lcHR CAS Hold Time 
(CAS before RAS Refresh Cycle) 

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

1wRP WE Setup Ti~ 
(CAS before RAS Refresh Cycle) 

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

IRPC RAS Precharge to CAS Hold Time 

!REF Refresh Period 

1. 1024 refreshes are required every 16ms. 

07H4991 
MMDS30DSU-OO 
Revised 7194 

Min 

40 

60 

35 

-

Min 

20 

10 

10 

10 

0 

-

-60 -70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 20 

- 10 

- 10 

- 10 

- 0 

16 -

IBM11 D1360L 
IBM11 E1360L 

1M x 36 DRAM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

16 ms 1 
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Read 

V1H-
RjiS 

VIL -

V1H-
CAS 

V1L -

IASR 

Address 
V1H-

VIL -

VoH

!RAH 

tRc 

tRAS 

lcsH 

IRCo ~SH 

ICAs 

!RAD 

!Ase 

Column 

IAA -1-------i 

--------- ----= == === .:..:::av:: 

..._----t----Hi-Z -+.;....-----+--
ICAc loFF-

Do UT ____ _,__Hi-Z --------i Valid Data Out 
Hi-Z _ 

Vol-
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-------------- - -- ----- - ------------·-

Write Cycle (Early Write) 

VtH-
RAS 

VIL-

V1H-
GAS 

VtL-

!RAD 

!ASA 

lfiAH 

V1H-
Address 

VrL-

V1H-
WE 

VIL-

V1H-
D1N 

VIL-

VoH-

IRAS 

lcsH 

IRco 

los ...- toH 

Valid Data In 

!Ac 

!ASH 

ICAs 

IBM11D1360L 
IBM11 E1360L 

1 M x 36 DRAM Module 

!RP 

-lcRP 

DoUT _______________ Hi-Z ----------------

Vol-

07H4991 
MMDS30DSU-OO 
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I :"H"or"L" 
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IBM11D1360L 
IBM11 E1360L 
1 M x 36 DRAM Module 

Fast Page Mode Read Cycle 

i.---------'tAASP _______________ , 

Address 

DouT ------------1,rni1 DouT 1 ll----!I 
VoL-

: "H" or "L" 

Page 240 

, ____ \cPRH 

tpc----.i 

_. tcp 

--loH 
t r DZC 

tcAC 

DoUT N 

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

Fast Page Mode Write Cycle 

V1H-

RAS 
V1L-

V1H-

CAS 
V1L-

V1H

Address 
VIL-

VoH-
DollT 

VoL-

07H4991 
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lwcs 

I :"H"or"L" 

!RASP 

_tpc 

lcp tRSH 

lcAs lcAS 

IBM11D1360L 
IBM11E1360L 

1 M x 36 DRAM Module 

!RP 

lcRP 
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IBM11 D1360L 
IBM11E1360L 

-------------- - -- ----- -------------·-
1M x 36 DRAM Module 

RAS Only Refresh Cycle 

V1H_ 

CAS 

V1L _ 

V1H_ 

Address 

V1L _ 

Page 242 

____________ liic ----------

i---------tRAS ---------i liiP 

~SR 

~~H 

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

: "H" or 11L" 

Note: WE, D1N are "H" or "L" 
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-------------= - -:i'f§: 

CAS Before RAS Refresh Cycle 

,__ _____ tAAS ---------

V1H-

RAS 

tRPCl 
V1L -

~ lcsR 

V1H-

CAS 
V1L -

i------ !coo -------o1 

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

Dour 

I :"H"or"L" 

Note: Addresses are "H" or "L" 

07H4991 
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IBM11D1360L 
IBM11E1360L 

1 M x 36 DRAM Module 
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IBM11E1360L 
1 M x 36 DRAM Module 

Layout Drawing 

(2X)J 
3.1877 
.1255 

Jh_ 

107.95 

4.25 

101.190 

3.983 

FRONT 

CJ 
1.27 PITCH 

.050 
44.45 
1.75 1.00WIDTH 

.039 

95.25 

3.75 REF. 

SIDE 

·~ 
~ 
~Ii 

1.27 :!: :~~~~ 
.050 :!: :mi~ 

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

• 72-Pin JEDEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

IRAc RAS Access Time 60ns 7Dns 

lcAC CAS Access Time 20ns 20ns 

IAA Access Time From Address 30ns 35ns 

I Re Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Single 5V ± 0.5V Power Supply 

Description 

The IBM11 D2360BA is an 8MB industry standard 
72-pin 4-byte single in-line memory module (SIMM). 
The module is organized as a 2Mx36 high speed 
memory array, and is configured as 2 1 Mx36 banks -
each independently selectable via unique RAS 
inputs. The assembly is intended for use in 18, 36 
and 72 bit parity applications. It is manufactured with 
16 1 Mx4 devices, each in either a 350mil or 300mil 

Card Outline 

8186702 
MMDS22DSU-OO 
Revised 6194 

0 

IBM11 D2360BA 
IBM11 E2360BA 

2M x 36 DRAM Module 

• All inputs & outputs are fully TIL & CMOS 
compatible 

• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/10 Addressing (Row/Column) 
• Optimized for use in byte-write parity 

applications 
• Au and Sn/Pb versions available 

package, and 8 1 Mx1 devices in a 300mil package. 
The module is compatible with the JEDEC 72-Pin 
SIMM standard. 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 2Mx32 non-parity 
SIMM, IBM11 023208, as well as other density offer
ings and ECG-optimized SIMMs. 

0 
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IBM11 D2360BA 
IBM11 E2360BA 
2M x 36 DRAM Module 

Pin Description 
RASO-RAS3 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

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

PQ8, 17, 26, 35 Parity Input/output 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1-PD4 Presence Detects 

Ordering Information 
Part Number 

IBM11D2360BA-60 

IBM11D2360BA-70 

IBM11E2360BA-60 

IBM11E2360BA-70 

Page 246 

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

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

1 Vss 13 A1 25 D024 37 P017 49 DQ9 61 D014 

2 DQO 14 A2 26 D07 38 P035 50 D027 62 D033 

3 D018 15 A3 27 D025 39 Vss 51 D010 63 D015 

4 D01 16 A4 28 A7 40 CASO 52 DQ28 64 D034 

5 D019 17 A5 29 NC 41 CAS2 53 D011 65 D016 

6 D02 18 AS 30 Vee 42 CAS3 54 D029 66 NC 

7 D020 19 NC 31 AB 43 CAS1 55 D012 67 PD1 

8 D03 20 004 32 A9 44 RASO 56 DQ30 68 PD2 

9 0021 21 0022 33 RAS3 45 RAS1 57 0013 69 PD3 

10 Vee 22 D05 34 RAS2 46 NC 58 D031 70 PD4 

11 NC 23 0023 35 P026 47 WE 59 Vee 71 NC 

12 AO 24 D06 36 PQB 48 NC 60 D032 72 Vss 

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

Organization Speed Leads 

2Mx36 60ns Sn/Pb 

2Mx36 70ns Sn/Pb 

2Mx36 60ns Au 

2Mx36 70ns Au 

Dimensions Notes 

4.25" x 1.25" x .360" 

4.25" x 1.25" x .360" 

4.25" x 1.25" x .360" 

4.25" x 1.25" x .360" 
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--------------- -.!..5:i:5~!: IBM1102360BA 
IBM11 E2360BA 

2M x 36 DRAM Module 

Block Diagram 

CAS1 

CAS2 
RAS2 

CAS3 

AO-A9 

000lli1---------J111- - - - - - - ci_ 009 JjJr·------lli1· - --- - - Pa_ 

001-4 001-4 D 0 UUl-4 UUl-4 IY Q 

__ ,..._-l~ wt WE 1-----1 WE r----1 ~ wt 
--t---i i'.:AS' <::AS' GAS .--1 GAS 1-----1 m CAS 
--t---lRAS U1 RAS U2 RAS U1i---+--, RAS US 1-- RAS U6 RAS U18 

~ ~ OE ~ 

AO-A9 AO-A9 AO-A9 AO-A9 AO-A9 AO-A9 

. ~,.· ·5'·' ~L . yr . ~?-
1-----~ 

~ 10 

0010 1ur _______ llil ______ pd. 
uu1-4 ·om-4 -u- o 

mr·------lill-- ---- -p.ci 
001-4 uufT o o 

'----'~ wt ~ H H WE WE WE 
----ii'.:AS' U3 1--GAS m ,.J 
----1 RAS i-- RAS U4 t----t RAS u1H 

t--1 CiiS GAS <::AS' U20 RAS U7 RAS us 
t--1 RAS 

OE OE OE OE 

AO-A9 AO-A9 AO-A9 AO-A9 AO-A9 AO-A9 

~ ~o;:.. ~·..,._10;:.. ¥ ~ ~o;:.. ~ ~o;:.. .::; 1ef" 
-----1 1------f !----' 

0001111_ _ _ _ _ _ _ _ _ _ ______ ci. 009 lli1- ______ -w- ______ pci 
UUl-4 001-4 D O 001-4 uul-4 D 0 

WE ~ 1-----1 wt wt r----1 WE WE wt 
CASO m 1-----1 GAS 10 m .--1 m ~ U1~ m U22 
RAS1 RAS U151---1 RAS U1vl-- RAS U21 RAS U11 t1I\;:> RAS 

OE OE lSE OE 
AO-A9 AO-A9 AO-A9 

~-~ ~-L.10;>- -<:1ef" 
CAS1 ---+---I 1------1 1------1 1-------" 

0010 oo--------w------ p~ 
001-4 001·4 D 0 

'-- WE WE 1-----1 WE r-
CAS2 
RAS3 __ __, ~ U13t----I ~ U14r---1 ~ U23 

OE OE 
AO-A9 AO-A9 AO-A9 

~·L 1ef'" ~ ~;{" L 1ef'" 
CAS3 -----1 1-----1 1------f t---

AO-A9 
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AO-A9 AO-A9 

~~ ~""1?" 

1111- -------w · ------p~ 
001.4 uu1-4 o o 

f-WE WE wt 
f- CAS U9 CAS U10 ~ U24 
t-- RAS RAS' """ 

OE OE 
AO-A9 

~ -<! 10;>-

AO-A9 
C-?-

10 
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IBM11 D2360BA 
IBM11 E2360BA 
2M x 36 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode -Wrtte: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN, Vss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H-tl 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

Tsrn Storage Temperature 

Po Power Dissipation 

lour Short Circutt Output Current 

CAS 

x 
L 

L 

H-tl 

H-tl 

H-tl 

H-tl 

H 

L 

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

WE Row Column All DQ, PQ bits Address Address 

x x x High Impedance 

H Row Col Valid Data Out 

L Row Col Valid Data In 

H Row Col Valid Data Out 

H NIA Col Valid Data Out 

L Row Col Valid Data In 

L N/A Col Valid Data In 

x Row N/A High Impedance 

H x x High Impedance 

-60 -70 

NC NC 

NC NC 

NC Vss 

NC NC 

Rating Units Notes 

-0.5 to 6.5 v 1 

-0.7 to Vee+ 0.7 v 1 

-0.7 to Vee+ 0.7 v 1 

Oto+70 'C 1 

-55 to +125 'C 1 

14.5 w 1, 2 

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 condttions indicated is not implied. Exposure to absolute maximum rating condttions for extended peri-
ods may affect reliability. 

2. Maximum power is dissipated when all banks are active. 

Page248 8186702 
MMDS22DSU-OO 

Revised 6/94 



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

Recommended DC Operating Conditions (TA= o to ?0°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to V ss. 

Capacitance (TA= o to +70°C, Vee= 5.0 ± o.5V) 

Symbol 

c,, Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (GAS) 

c,. Input Capacitance (WE) 

C1101 Output Capacitance (DQ0-0034) 

C1102 Output Capacitance (All PQ bits) 

8186702 
MMDS22DSU-OO 
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Parameter 

Min 

4.5 

2.4 

0.0 

Typ 

5.0 

-

-

Max 

147 

51 

42 

147 

27 

35 

IBM11 D2360BA 
IBM11 E2360BA 

2M x 36 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee v 1 

0.8 v 1 

Units Notes 

pF 

pF 

pF 

pF 

pF 

pF 

Page 249 



IBM11 D2360BA 
IBM11 E2360BA 
2M x 36 DRAM Module 

DC Electrical Characteristics (TA= o to+ 70°C, Vee= s ± o.sv) 

Symbol Parameler 

Operaling Curren! -60 
lcc1 Average Power Supply Operaling Curren! 

(RAS, CAS, Address Cycling: 1Rc = 1Rc min) -70 

lcc2 
Slandby Curren! (TIL) 
Power S.!!fil!!y S!andby Curren! 
(RAS= CAS ~ VrH) 

RAS Only Refresh Current -60 
lcc3 Average PoweL.§!!Pply Current, RAS Only Mode 

(RAS Cycling, CAS ~ V1H: 1Rc = 1Rc min) -70 

Fas! Page Mode Current -60 
lcc4 Average Power Supply Curren!, Fas! Page Mode 

(RAS= VrL. CAS, Address Cycling: lpc = lpc min) -70 

Slandby Current (CMOS) 
Ices Power S.!!fil!!y S1andby Curren! 

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Curren! -60 
Ices Average Power Supply Current, CAS Before RAS Mode 

(RAS, CAS, Cycling: 1Rc = 1Rc min) -70 

lnpul Leakage Curren! RAS 

lr(L) 
lnpul Leakage Curren!, any inpul 

CAS (0.0 s; V1N s; (Vee< 6.0V)) 
All Olher Pins Nol Under Tes!= OV All others 

lo(L) 
Ou1pu1 Leakage Cu rrenl 
(DouT is disabled, 0.0,; VouT,; Vee) 

VoH 
Outpul High Level 
Ou1pu1 "H" Level Vollage (loUT = -4mA@ 2.4V) 

VoL 
Outpul Low Level 
Ou1pu1 "L" Level Vollage (louT= +4mA@ 0.4V) 

1. lcc1. lcca. lcC4 and Ices depend on cycle rale. 

Min 

-

-

-

-

-

-

-

-

-

-

-60 

-60 

-240 

-20 

2.4 

-

2. lcc1• lcC4 depend on ou1pu1 loading. Specified values are oblained wilh !he ou1pu1 open. 

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

Max Unils Noles 

1344 
mA 1, 2, 3 

1228 

48 mA 

1344 
mA 1, 3, 4 

1228 

944 
mA 1, 2, 3 

864 

40 mA 

1344 
mA 1, 3,4 

1228 

+60 

+60 µA 

+240 

+20 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS =VIL· In !he case of lcc4, it can be changed once or less when GAS= ViH· 
4. Refresh current is specified for 1 bank. 
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--------- ----- - -- - ---- --------·-----·-

AC Characteristics (TA= o to +70°C, Vee= 5± o.5V) 

IBM11 D2360BA 
IBM11 E2360BA 

2M x36 DRAM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and 
VIL· 

2. An initial pause of 100s 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. The 1 M x 4 DRAM Outputs will remain disabled until these 8 cycles have occurred. This prevents data contention 
(excessive current} during power on. To prevent excess power dissipation during power-up, RAS should rise coincident with the 
power supply voltage. 

3. AC measurements assume tT ~ 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

tRC Random Read or Write Cycle Time 110 128K 130 128K ns 

tRP RAS Precharge Time 40 - 50 - ns 

tcp GAS Precharge Time 10 - 10 - ns 

tRAS RAS Pulse Width 60 16K 70 16K ns 

tcAS GAS Pulse Width 20 - 20 - ns 

tASR Row Address Setup Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - ns 

1ASC Column Address Setup Time 0 - 0 - ns 

1cAH Column Address Hold Time 15 - 15 - ns 

tRCD RAS to GAS Delay Time 20 40 20 50 ns 1 

!RAD RAS to Column Address Delay Time 15 - 15 - ns 2 

tRSH RAS Hold Time 20 - 20 - ns 

tcsH GAS Hold Time 60 - 70 - ns 

tcRP GAS to RAS Precharge Time 10 - 10 - ns 

tozc GAS Delay Time from D1N - - - - ns 3 

h Transition Time (Rise and Fall} 3 50 3 50 ns 

tAR Column Address Hold Time Referenced to RAS 50 - 55 - ns 

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

2. 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 tRAD (max) limit, then access time is controlled by tAA. 

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

8t86702 
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IBM11 D2360BA 
IBM11 E2360BA 
2M x 36 DRAM Module 

Write Cycle 

Symbol Parameter 

1wcs Write Command Set Up Time 

twcH Write Command Hold Time 

twp Write Command Pulse Width 

IRwL Write Command to RAS Lead Time 

lcwL Write Command to CAS Lead Time 

twcR Write Command Hold Time Referenced to RAS 

loHR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

Read Cycle 

Symbol Parameter 

!RAC Access Time from RAS 

tcAC Access Time from CAS 

tAA Access Time from Address 

tRcs Read Command Setup Time 

tRCH Read Command Hold Time to CAS 

IRRH Read Command Hold Time to RAS 

tRAL Column Address to RAS Lead Time 

tcAL Column Address to CAS Lead Time 

tcLZ CAS to Output in Low-Z 

toH Output Data Hold Time 

tcoo CAS to D1N Delay Time 

to FF Output Buffer Turn-off Delay 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAc. tcpA, tAA. 
3. Either tRcH or tRRH must be satisfied for a read cycle. 

-60 -70 

Min Max Min 

0 - 0 

15 - 15 

15 - 15 

20 - 20 

20 - 20 

50 - 55 

50 - 55 

0 - 0 

15 - 15 

-60 -70 

Min Max Min 

- 60 -

- 20 -

- 30 -

0 - 0 

0 - 0 

0 - 0 

30 - 35 

- - -

0 - 0 

0 - 0 

20 - 20 

0 20 0 

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

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 4 

- ns 

- ns 

- ns 

20 ns 5 

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

Fast Page Mode Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

lpc Fast Page Mode Cycle Time 40 - 45 

tRASP Fast Page Mode RAS Pulse Width 60 lOOK 70 

tcPRH RAS Hold Time from GAS Precharge - - -

tcPA Access Time from GAS Precharge - 30 -

1. This timing parameter is not applicable to this product, but applies lo a related product in this family. 
2. Access lime is determined by the latter of tRAc. tcAc. tcPA. lAA. 
3. Access time assumes a load of 100pF. 

Refresh Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

tcHR 
GAS Hold Time 

30 - 30 (GAS before RAS Refresh Cycle) 

lcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

10 - 10 

twRP 
WE Setup Ti~ 
(GAS before RAS Refresh Cycle) 5 - 5 

twRH 
WE Hold Time 10 - 10 
(GAS before RAS Refresh Cycle) 

tRPC RAS Precharge to GAS Hold Time 10 - 10 

IREF Refresh Period - 16 -

IBM11 D2360BA 
IBM11 E2360BA 

2M x 36 DRAM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 1 

40 ns 2,3 

Units Noles 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

16 ms 1 

1. 1024 refreshes are required every 16ms. The DC variation in the V cc supply may not exceed 300mV within a refresh interval 
(16ms). 
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IBM11 E2360BA 
2M x 36 DRAM Module 

Read 

!Re 

!RAS 

VIH -

RAS 
V1L -

lcsH 

!RCD !RsH 

V1H -
le As GAS 

V1L -

!RAD tRAL 

tASR 

!RAH 

Address 
V1H -

V1L -

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

_tcAC 

lcLz 

VoH-

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

: "H" or"L" 
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Valid Data Out 
Hi-Z _ 
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---------- ----- - -- - ---- --------·----·-

Write Cycle (Early Write) 

V1H-
RAS 

V1L -

V1H-
CAS 

V1L -

!RAD 

lASR 

!RAH 

V1H-
Address 

V1L -

V1H-
WE 

VIL-

V1H-
D1N 

V1L -

!RAS 

lcsH 

IRCD 

le AH 

los .- toH 

Valid Data In 

!Re 

IRsH 

le As 

IBM11 D2360BA 
IBM11 E2360BA 

2M x 36 DRAM Module 

!RP 

-lcRP 

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

II : "H" or "L" 
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IBM11 D2360BA 
IBM11 E2360BA 
2M x 36 DRAM Module 

Fast Page Mode Read Cycle 

Address 

l 
14----tRAC 

-1lcLZ tcLZ 

VoK- ;\ 
DouT -----------~! DouT 1 II---{!; 

Vo,_ 

; "H" or"L" 
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, ____ tcPRH 

tpc----..i 
_tcp 

~:. 

DouT 2 11-----nl;~ 

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

Fast Page Mode Write Cycle 

v,H-
RAS 

Vil-

v,H-
GAS 

Vil-

v,H
Address 

Vil-

VoH-
Dour 

Vol-

8186702 
MMDS22DSU-OO 
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lwcs 

I · "H" or "L" . 

!RASP 

_tpc 

IBM11 D2360BA 
IBM11 E2360BA 

2M x 36 DRAM Module 

!RP 

le RP 
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2M x 36 DRAM Module 

RAS Only Refresh Cycle 

V1H_ 

RAS 
V1L _ 

V1H_ 

CAS 

VIL-

tASR 

~\RAH 
V1H_ 

Address 
V1L _ 

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

\Re 

IRAs \RP 

\RPG 

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

: "H"or "L" 

Note: WE, D1N are "H" or "L" 
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-------------- - -- - ---
=~=~= 

CAS Before RAS Refresh Cycle 

V1H-

RAS 

tRPC 1 V1L -

~ lcsR 

VIH-

CAS 
VIL -

!+---- !coo ------+! 

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

Note: Addresses are "H" or "L" 

8186702 
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Layout Drawing {IBM11D2360BA) 

2.03 I 
.08 

44.45 

1.75 

107.95 

4.25 

FRONT 

95.25 

6.35 
.250 

3.75 REF. 

101.190 

3.983 

SIDE 
9.14 

.360 MAX. ' I 1-

1.27 ± :6n~ 

.050 ± :88~ 

1.27 PITCH 
.050 

1.00 WIDTH 

.039 

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

Page 260 

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

8186702 
MMDS22DSU-OO 

Revised 6/94 



----
§ : =i~i: 

Features 

• 72-Pin JEOEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

1AAC RAS Access Time sons 70ns 

le Ac GAS Access Time 20ns 20ns 

!AA Access Time From Address 30ns 35ns 

!Re Cycle Time 110ns 130ns 

!pc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Single 5V, ± 0.5V Power Supply 

Description 

The IBM11 0236080 is an 8MB industry standard 
72-pin 4-byte single in-line memory module (SIMM). 
The module is organized as a 2Mx36 high speed 
memory array, and is configured as 2 1 Mx36 banks -
each independently selectable via unique RAS 
inputs. The assembly is intended for use in 18, 36 
and 72 bit parity applications. It is manufactured with 
16 1 Mx4 devices, each in a 300mil package, and 8 

Card Outline 

03H7142 
MMDS23DSU-OO 
Revised 6/94 

0 

IBM11 D2360BD 
IBM11 E2360BD 

2M x 36 DRAM Module 

• Low active current dissipation 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode access cycle 

Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/10 Addressing (Row/Column) 
• Optimized for use in byte-write parity 

applications 
• Au and Sn/Pb versions available 

1 Mx1 devices in a 300mil package. The module is 
compatible with the JEOEC 72-Pin SIMM standard. 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 2Mx32 non-parity 
SIMM, IBM11 023208, as well as other density offer
ings and ECG-optimized SIMMs. 

0 
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IBM11 0236080 
IBM11 E2360BO 
2M x 36 DRAM Module 

Pin Description 
RASO- RAS3 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

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

P08, 17, 26, 35 Parity Input/output 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1-PD4 Presence Detects 

Ordering Information 
Part Number 

IBM11D2360BD-60 

IBM11D2360BD-70 

IBM11 E2360BD-60 

IBM11 E2360BD-70 

Page 262 
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Pin out 
Pin# Name Pin# Name Pin# Name Pin# Name Pin# Name Pin# Name 

1 Vss 13 A1 25 D024 37 P017 49 D09 61 D014 

2 DOO 14 A2 26 D07 38 PQ35 50 D027 62 D033 

3 DQ18 15 A3 27 D025 39 Vss 51 D010 63 D015 

4 DQ1 16 A4 28 A7 40 CASO 52 D028 64 0034 

5 D019 17 A5 29 NC 41 CAS2 53 D011 65 D016 

6 D02 18 AG 30 Vee 42 CAS3 54 D029 66 NC 

7 DQ20 19 NC 31 AS 43 CAS1 55 D012 67 PD1 

8 D03 20 DQ4 32 A9 44 RASO 56 0030 68 PD2 

9 D021 21 D022 33 RAS3 45 RAS1 57 D013 69 PD3 

10 Vee 22 D05 34 RAS2 46 NC 58 DQ31 70 PD4 

11 NC 23 D023 35 P026 47 WE 59 Vee 71 NC 

12 AO 24 DOG 36 P08 48 NC 60 D032 72 Vss 

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

Organization Speed 

2M x36 60ns 

2M x36 70ns 

2M x36 60ns 

2M x36 70ns 

Leads 

Sn/Pb 

Sn/Pb 

Au 

Au 

Dimensions Notes 

4.25" x 1.25" x .360" 

4.25" x 1.25" x .360" 

4.25" x 1.25" x .360" 

4.25" x 1.25" x .360" 
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-------------- - -- - ---- -------------·-

Block Diagram 

DQ01111 · - - - - - · -im- ------ci_ 
uuf-4 DQ1-4 o Q 

IBM110236080 
IBM11 E2360BD 

2M x 36 DRAM Module 

DQ9 1111· ---- ---llli- ------p_ci_ 
D01-4 UQ1-4 0 Q 

--o------1WE t----1 WE WE t---1 WE WE 1----------<WE 

CAS1 

CAS2 
RAS2 

CAS3 

AO-A9 

WE 
CASO 
RAS1 

CAS1 

CAS'2 
RAS3 

CAS3 

AO-A9 

m U1 r-----1 m U2 1---------l m ... .--1 m CA'S" CAS u 8 
--+----! RAS r-----1 RAS RAS Ul 'f------t----1 RAS US 1----------< RAS US 1----------< RAS 1 

~ ~ OE OE 

AO-A9 AO-A9 AO-A9 

7¥ 7-~ ~ 
---+----I t--------1 >-----------< i-

DQ18 w--------w------p~ 
001-4 001-4 0 Q 

'------; WE r-----1 WE ,__ _ ______, WE H 
------<GAS r-----1 GAS ,__ _ ______,GAS 
----IRAS U3 t----1 RAS U4 RAS U1\_, 

OE OE 

A0-A9 AO-A9 AO-A9 

7 ~0;>- 7-<ef ~ 
-----I , _____ _, 1--------1 !-------' 

DQ01111--------~------ ci_ 
UU1-4 OQ1 -4 0 Q 

A0-A9 AO-A9 AO-A9 

-<> - 10 7 "'110,,,. ~~ 

llil -------illl " ------pd_ 
OQ1-4 DQ1-4 D Q 

1---1 WE 1-------; WE 1-------; WE 

1---1 GAS 1---------l GAS CAS U20 
1---1 RAS U? RAS US 1----------< RAS 

OE OE 

AO-A9 AO-A9 

7v 7¥ 
AO-A9 

"'i 1 o;>-

DQ9 lill---- ----llli- ------P_ci_ 
001-4 DQl-4 0 Q 

WE WE WE t----1 WE WE WE 
m GAS - CAS CAS U12 CAS U22 CAS .-I RAS u1s RAS U1~ RAS u21 1----t---

RAS u11 RAS RAS 

OE OE" OE OE 

AO-A9 AO-A9 AO-A9 AO-A9 AO-A9 AO-A9 

7~ 7-~ "'i1~ 7"'i1~ 7 "'i10,,,. "'i10,,,. 
r---------' 

DQ1B _llll -------Jlll ------p~ llll-------1111------- pd 
001-4 OQl-4 0 Q 001-4 DQl-4 0 Q 

'-------1 WE WE WE r-- r--- WE WE WE 
m CA'S" GAS U23 1-- GAS U9 CAS U10 CAS 
RAS U13 RAS U14 RAS U24 RAS H 1---1 RAS RAS 
~ ~ OE OE 

AO-A9 AO-A9 AO-A9 AO-A9 AO-A9 AO-A9 

7"~0;>- 7¥ "'i ?-
10 7 ~ 10 7 ""i1?- c;,. 

10 
!-------' 

'-------' '-------' 
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IBM11 E2360BD 
2M x 36 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

GAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

1. NC; OPEN, Vss ; GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H-+L 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

VouT Output Voltage 

ToPR Operating Temperature 

Tsrn Storage Temperature 

PD Power Dissipation 

louT Short Circuit Output Current 

GAS 

x 
L 

L 

H-+L 

H-+L 

H-+L 

H-+L 

H 

L 

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

WE Row Column All DQ, PO bits Address Address 

x x x High Impedance 

H Row Col Valid Data Out 

L Row Col Valid Data In 

H Row Col Valid Data Out 

H N/A Col Valid Data Out 

L Row Col Valid Data In 

L N/A Col Valid Data In 

x Row N/A High Impedance 

H x x High Impedance 

-60 -70 

NC NC 

NC NC 

NC Vss 

NC NC 

Rating Units Notes 

-1.0 to+ 6.0 v 1 

-1.0 to+ 6.0 v 1 

-1.0 to+ 6.0 v 1 

0 to +70 oc 1 

-55 to +125 oc 1 

11.5 w 1, 2 

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 condhions indicated is not implied. Exposure to absolute maximum rating conditions for extended peri-
ods may affect reliability. 

2. Maximum power is dissipated when all banks are active. 
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---------- ----- - -- - ---- - --------------·-

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

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

v,, Input Low Voltage 

1. All voltages referenced to V ss. 

Capacitance (TA= o to +70°c, Vee= 5.0 ± 0.5V) 

Symbol 

c,, Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (GAS) 

c,. Input Capacitance (WE) 

C1101 Output Capacitance (DQ0-0034) 

C1102 Output Capacitance (All PO bits) 

03H7142 
MMDS23DSU-OO 
Revised 6/94 

Parameter 

Min 

4.5 

2.4 

-0.5 

Typ 

5.0 

-

-

IBM110236080 
IBM11 E2360BO 

2M x 36 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee +0.5 v 1 

0.8 v 1 

Max Units Notes 

161 pF 

55 pF 

52 pF 

188 pF 

27 pF 

35 pF 
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IBM110236080 
IBM11 E2360BD 
2M x 36 DRAM Module 

DC Electrical Characteristics (TA= o to + 1o·c. Vee = s ± o.sv) 
Symbol Parameter 

Operating Current ·60 
lee1 Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRe = tRe min) ·70 

Standby Current (TTL) 
lcc2 Power S.!!.112!y Standby Current 

(RAS = CAS ;;, V1H) 

RAS Only Refresh Current -60 
leca Average PoweL§!!Pply Current, RAS Only Mode 

(RAS Cycling, CAS;;, V1H: tRe = tRe min) ·70 

Fast Page Mode Current -60 
lcc4 Average Power Supply Current, Fast Page Mode 

(RAS = V1L, CAS, Address Cycling: tpc = tpe min) -70 

Ices 
Standby Current (CMOS) 
Power S.!!.112!y Standby Current 
(RAS= CAS =Vee· 0.2V) 

CAS Before RAS Refresh Current ·60 
Ices Avera~wer ~upply Current, _CAS Before RAS Mode 

('ltltS, • Cycling: tRc = tRc mm) ·70 

Input Leakage Current RAS 

l1(L) 
Input Leakage Current, any input 

CAS (0.0 S: V1N S: (Vee < 6.0V)) 
All Other Pins Not Under Test = OV All others 

lo(L) 
Output Leakage Current 
(Dour is disabled, 0.0 s: Vour s: Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (lour= ·5mA @ 2.4V) 

Vol Output Low Level 
Output "L" Level Voltage (lour= +4.2mA@ 0.4V) 

1. lec1. lcca. ICC4 and Ices depend on cycle rate. 

Min 

-

-

-

-
-
-
-

-

-

-
·60 

-60 

·240 

·20 

2.4 

-

2. lcc1. ICC4 depend on output loading. Specttied values are obtained with the output open. 

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

Max Units Notes 

1064 
mA 1, 2,3 

924 

48 mA 

1064 
mA 1,3,4 

924 

824 
mA 1,2,3 

704 

24 mA 

1064 
mA 1,3,4 

924 

+60 

+60 µA 

+240 

+20 µA 

- v 

0.4 v 

3. Address can be changed once or less while RJtS = ViL· In the case of IC04, it can be changed once or less when~= V1H· 
4. Refresh current is specttied for 1 bank. 
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--------- ------ -- - ---- --------------·-

AC Characteristics (TA= o to+70°C, Vee= 5±0.5V) 

IBM110236080 
IBM11 E236080 

2M x 36 DRAM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and 
V1L· 

2. Ari initial pause of 100µs 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. AC measurements assume tr= 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

IRc Random Read or Write Cycle Time 110 128K 130 128K ns 

tRP RAS Precharge Time 40 - 50 - ns 

le? CAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

lcAS CAS Pulse Width 20 - 20 - ns 

IAsR Row Address Setup Time 0 - 0 - ns 

IRAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 15 - 15 - ns 

IRco RAS to CAS Delay Time 20 40 20 50 ns 1 

IRAo RAS to Column Address Delay Time 15 - 15 - ns 2 

IRsH RAS Hold Time 20 - 20 - ns 

lcsH CAS Hold Time 60 - 70 - ns 

lcRP CAS to RAS Precharge Time 5 - 5 - ns 

tozc GAS Delay Time from D1N 0 - 0 - ns 

h Transition Time (Rise and Fall) 3 50 3 50 ns 

IAR Column Address Hold Time Referenced to RAS 50 - 55 - ns 

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

2. Operation within the IRAo (max) limit ensures that IRAc (max) can be met. IRAD (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. 

03H7142 
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IBM110236080 
IBM11 E236080 
2M x 36 DRAM Module 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

twcH Write Command Hold Time 

tWP Write Command Pulse Width 

1RWL Write Command to RAS Lead Time 

tCWL Write Command to CAS Lead Time 

IWCR Write Command Hold Time Referenced to RAS 

1oHR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

Read Cycle 

Symbol Parameter 

tRAc Access Time from RAS 

lcAC Access Time from CAS 

IAA Access Time from Address 

tRcs Read Command Setup Time 

tRCH Read Command Hold Time to CAS 

tRRH Read Command Hold Time to RAS 

IRAL Column Address to m@ Lead Time 

lcAL Column Address to CAS Lead Time 

lcLz CAS to Output in Low-Z 

loH Output Data Hold Time 

!coo CAS to D1N Delay Time 

toFF Output Buffer Turn-off Delay 

1. Measured with the specified current load and 100pF. 
2. Access time is determined by the latter of IRAc. tcAc. tcPA· tAA. 
3. E~hertRcH orlRRH must be satisfied for a read cycle. 

-60 -70 

Min Max Min 

0 - 0 

15 - 15 

15 - 15 

20 - 20 

20 - 20 

50 - 55 

50 - 55 

0 - 0 

15 - 15 

-60 -70 

Min Max Min 

- 60 -

- 20 -

- 30 -

0 - 0 

0 - 0 

0 - 0 

30 - 35 

- - -

0 - 0 

0 - 0 

20 - 20 

0 20 0 

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

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 4 

- ns 

- ns 

- ns 

20 ns 5 

5. toFF (max) defines the time at which the output achieves the open circuit cond~ion and is not referenced to output voltage levels. 
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Fast Page Mode Cycle 

Symbol Parameter 

lpe Fast Page Mode Cycle Time 

IAAsP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from CAS Precharge 

lcPA Access Time from CAS Precharge 

1. Access time is determined by the latter of IRAc. tcAc. tcpA, IAA. 
2. Access time assumes a load of 100pF. 

Refresh Cycle 

Symbol Parameter 

le HR CAS Hold Time 
(CAS before RAS Refresh Cycle) 

tcsR CAS Setup Time 
(CAS before RAS Refresh Cycle) 

tWRP WE Setup Ti'!JL_ 
(CAS before RAS Refresh Cycle) 

twRH 
~Hold Time 
(CAS before RAS Refresh Cycle) 

tRPC RAS Precharge to CAS Hold Time 

!REF Refresh Period 

1. 1024 refreshes are required every 16ms. 

03H7142 
MMDS23DSU-OO 
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-60 

Min Max Min 

40 - 45 

60 100K 70 

35 - 40 

- 30 -

-60 

Min Max Min 

30 - 30 

10 - 10 

10 - 10 

10 - 10 

10 - 10 

- 16 -

-70 

-70 

IBM11 D2360BD 
IBM11 E2360BD 

2M x 36 DRAM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

16 ms 1 
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IBM110236080 
IBM11 E2360BD 
2M x 36 DRAM Module 

Read 

V1H-

RAS 
VIL -

V1H-

CAS 
V1L -

~SR 

Address 
V1H-

V1L -

VoH-

~H 

tile 

tilP 

lcsH 

IRCD !ASH 

lcAS 

!RAD 

Column 

IAA +------.i 

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

hz 
loFF-

------+-- Hi-Z Valid Data Out 
Hi-Z _ 

VoL-

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

Write Cycle (Early Write) 

VIH-
RAS 

VIL -

V1H-
CAS 

VIL -

tRAD 

!ASA 

tRAH 

V1H-
Address 

VIL -

V1H-
WE 

VIL -

V1H-
D1N 

V1L -

Vott-

!RAS 

lcsH 

tRco 

tAR 

los _toH 

Valid Data In 

!Re 

tRSH 

lcAS 

IBM11 D2360BD 
IBM11 E2360BD 

2M x 36 DRAM Module 

!RP 

-lcRP 

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

03H7142 
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IBM110236080 
IBM11 E2360BO 
2M x 36 DRAM Module 

Fast Page Mode Read Cycle 

VrH-

VrL-

VrH-

VrL-

VrH-
Address 

VrL-

VrL-

OouT 
VoL-

: "H" or "L" 
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, _____ lcPRH 

l 

OoUT N 

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

Fast Page Mode Write Cycle 

v,K-
RAS 

V1L-

v,K-
CAS 

VIL-

v,K
Address 

V1L-

VoH-
Dour 

VoL-

lwcs 

!RASP 

~!pc 

IBM11 D2360BD 
IBM11 E2360BD 

2M x 36 DRAM Module 

!RP 

le RP 
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IBM11 D2360BD 
IBM11 E2360BD 
2M x 36 DRAM Module 

RAS Only Refresh Cycle 

V1H_ 

RAS 

V1L_ 

V1H_ 

GAS 

V1L _ 

!ASA 

~!RAH 
VIH-

Address 

VIL _ 

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

!Re 

IRAS !RP 

tRPC 

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

~Y@ : "H" or "L" 

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

CAS Before RAS Refresh Cycle 

t-------tRAS ------------! 

VIH-

RAS 

tRPC 1 V1L -

-1 tcsR 

V1H-

GAS 
V1L -

_____ !coo ------! 

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

DouT VoH-

I : 11H11 or ffL" 
. 

Note: Addresses are "H" or "L" 

03H7142 
MMDS23DSU-OO 
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--------- ----- - -- - ---- -------------·-

Features 

• 72-Pin Single-In-Line Memory Module 
• Performance: 

-60 -70 

!RAC RAS Access Time 60ns 70ns 

1cAC CAS Access Time 15ns 20ns 

IAA Access Time From Address 30ns 35ns 

!Ac Cycle Time 110ns 130ns 

!pc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Single 5V, ± 0.5V Power Supply 

Description 

The IBM11 D2360EA is an SMB 72-pin 4-byte single 
in-line memory module (SIMM). The module is orga
nized as a 2Mx36 high speed memory array, and is 
configured as 2 1 Mx36 banks - each independently 
selectable via unique RAS inputs. The assembly is 
intended for use in 36 and 72 bit applications where 
interleave of 9 or 18 bit words is not required. It is 
manufactured with 16 1 Mx4 devices, each in either a 
350mil or 300mil package, and 2 1 Mx4 'Quad GAS' 

Card Outline 

IBM11 D2360EA 
IBM11 E2360EA 

2M x 36 DRAM Module 

• All inputs & outputs are fully TTL & CMOS 
compatible 

• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/10 Addressing (Row/Column) 
• Optimized for use in byte-write parity 

applications 
• Au and Sn/Pb versions available 

devices for parity. The use of 'Quad GAS' devices 
results in reduced SIMM height and lower power dis
sipation. 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 2Mx32 non-parity 
SIMM, IBM11 023208, as well as other density offer
ings and ECG-optimized SIMMs. 
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Pin Description 
RASO-RAS3 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

DQ0-7, 9-16, 
Data lnpuVoutput 18-2S, 27-34 

PQ8, 17, 26, 3S Parity lnpuVoutput 

Vee Power(+SV) 

Vss Ground 

NC No Connect 

PD1 - PD4 Presence Detects 

Ordering Information 
Part Number 

IBM 11D2360EA-60 

IBM11D2360EA-70 

IBM11 E2360EA-60 

IBM11 E2360EA-70 

Page 278 

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

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

1 Vss 13 A1 2S D024 37 P017 49 DQ9 61 DQ14 

2 DQO 14 A2 26 DQ7 38 PQ3S so DQ27 62 DQ33 

3 DQ18 1S A3 27 DQ2S 39 Vss S1 DQ10 63 DQ1S 

4 DQ1 16 A4 28 A7 40 CASO S2 DQ28 64 DQ34 

s DQ19 17 AS 29 NC 41 CAS2 S3 DQ11 SS DQ16 

6 DQ2 18 AS 30 Vee 42 CAS3 S4 DQ29 66 NC 

7 DQ20 19 NC 31 AS 43 CAS1 S5 DQ12 67 PD1 

8 DQ3 20 DQ4 32 A9 44 RASO SS DQ30 68 PD2 

9 DQ21 21 DQ22 33 RAS3 4S RAS1 57 DQ13 69 PD3 

10 Vee 22 DOS 34 RAS2 46 NC 58 DQ31 70 PD4 

11 NC 23 DQ23 35 PQ26 47 WE 59 Vee 71 NC 

12 AO 24 DQ6 36 PQ8 48 NC 60 DQ32 72 Vss 

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

Organization Speed 

2M x36 60ns 

2M x36 70ns 

2M x36 60ns 

2M x36 70ns 

Leads 

Sn/Pb 

Sn/Pb 

Au 

Au 

Dimensions 

4.25" x 1" x .360" 

4.2S" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

Notes 

64G3331 
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--------------- - ------- --------·-----·-

Block Diagram 

DOD 

CAS1 

CAS2 
RAS2 

WE 
------<GAS 

CAS3 

AO-A9 

WE 
CASO 
RAS1 

CAS2 
RAS3 

CAS3 

AO-A9 

64G3331 
MMDS24DSU-OO 
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P08, 17, 26, 35 
009 

P08, 17, 26, 35 

IBM11 D2360EA 
IBM11 E2360EA 

2M x 36 DRAM Module 

016 
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Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

GAS-Before-RAS Refresh 

Presence Detect 
Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN, V ss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H--+L 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Your Output Voltage 

ToPR Operating Temperature 

TsTG Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

CAS WE 

x x 
L H 

L L 

H--+L H 

H--+L H 

H--+L L 

H--+L L 

H x 
L H 

-60 

NC 

NC 

NC 

NC 

-------------- - -- ----:::..:.::::;r:: 

Row Column All DQ, PQ bits Address Address 

x x High Impedance 

Row Col Valid Data Out 

Row Col Valid Data In 

Row Col Valid Data Out 

N/A Col Valid Data Out 

Row Col Valid Data In 

NIA Col Valid Data In 

Row N/A High Impedance 

x x High Impedance 

-70 

NC 

NC 

Vss 

NC 

Rating Units Notes 

-0.5 to 6.5 v 1 

-0.7 to Vee+ 0.7 v 1 

-0.7 to Vee+ 0.7 v 1 

0 to +70 "C 1 

-55 to +125 "C 1 

11.7 w 1, 2 

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. 
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---------- ----- - -- ----- -------------·-

Recommended DC Operating Conditions (TA= o to ?0°C) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

VIL Input Low Voltage 

1. All voltages referenced to V55. 

Capacitance (TA= o to +70°c, Vee= s.o ± 0.5V) 

Symbol 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (m\SO, 1) 

C1s Input Capacitance (m\S2, 3) 

C14 Input Capacitance (CAS) 

C1s Input Capacitance (WE) 

C110 Output Capacitance (All DQ, PQ) 

64G3331 
MMDS24DSU-OO 
Revised 6194 

Parameter 

Min 

4.5 

2.4 

0.0 

Typ 

5.0 

-

-

Max 

99 

44 

38 

44 

85 

23 

IBM11 D2360EA 
IBM11 E2360EA 

2M x 36 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee v 1 

0.8 v 1 

Units Notes 

pF 

pF 

pF 

pF 

pF 

pF 
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IBM11 E2360EA 
2M x 36 DRAM Module 

DC Electrical Characteristics (TA = o to+ 1o·c. Vee = s ± o.sv) 

Symbol Parameter 

Operating Current -60 
lcc1 ~~war Supply Ol!E!rating Curren~ 

(RAS, C , Address Cycling: !Re =!Re min) -70 

Standby Current (TIL) 
lcc2 P...!!r!2r S~y Standby Current 

(RAS = C :2:V1H) 

RAS Only Refresh Current -60 
Ices ~ge Powe~ply Current, RAS Only Mode 

(RAS Cycling, CAS :.:v,H: tRc = tRc min) -70 

Fast Page Mode Current -60 
Ice• Average Power Supply Current, Fast Page Mode 

(RAS = V1L, CAS, Address Cycling: tpc = tpc min) -70 

Standby Current (CMOS) 
Ices Power S-l!.l!l!!y Standby Current 

(RAS = CAS = Vee - 0.2V) 

CAS Before RAS Refresh Current -60 
Ices Average Power Supply Current, CAS Before RAS Mode 

("RAS, CAS, Cycling: tRc = tRc min) -70 

RASO, 1 
Input Leakage Current 

RAS2,3 
l1(L) 

Input Leakage Current, any input 
(0.0,; V1N,; (Vee < 6.0V)) CAS 
All Other Pins Not Under Test= OV 

All others 

lo(L) 
Output Leakage Current 
(DoLrr is disabled, 0.0,; VaLrr,; Vee) 

VoH Output High Level 
Output "H" Level Voltage (lour= -4mA @ 2.4V) 

Vol 
Output Low Level 
Output "L" Level Voltage (loLrr = +4mA @ 0.4V) 

1 . Ice 1. Ices. 10 04 and Ices depend on cycle rate. 

Min 

-

-

-

-

-
-

-

-

-

-
-50 

-40 

-60 

-180 

-20 

2.4 

-

2. lcc1, le04 depend on output loading. Specified values are obtained with the output open. 

-------------- - ------- -----====='='= 

Max Units Notes 

1078 
mA 1,2,3 

972 

37 mA 

1078 
mA 1, 3,4 

972 

688 
mA 1, 2, 3 

668 

34 mA 

1078 
mA 1, 3, 4 

972 

+50 

+40 

+60 J.I" 

+180 

+20 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS= V1L· In the case of lc04, it can be changed once or less when CAS = V1H· 
4. Refresh current is specified for 1 bank. 
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--------- ----- - -- - ---- ---------------·-

AC Characteristics (TA= o to+ 1o'c, Vee= 5 ± o.5V) 

IBM11 D2360EA 
IBM11 E2360EA 

2M x 36 DRAM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and 
VIL· 

2. An initial pause of 1 OOµs 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. The 1 Mx4 DRAM Outputs will remain disabled until these 8 cycles have occurred. This prevents data contention 
(excessive current) during power on. To prevent excess power dissipation during power-up, RAS should rise coincident with the 
power supply voltage. 

3. AC measurements assume tr = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

1Rc Random Read or Write Cycle Time 110 128K 130 128K ns 

!RP RAS Precharge Time 40 - 50 - ns 

lcp CAS Precharge Time 10 - 10 - ns 1 

IRAS RAS Pulse Width 60 16K 70 16K ns 

tcAS CAS Pulse Width 15 - 20 - ns 

1AsR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

1Asc Column Address Setup Time 0 - 0 - ns 

1cAH Column Address Hold Time 15 - 15 - ns 

tRCD RAS to CAS Delay Time 20 45 20 50 ns 2 

tRAD RAS to Column Address Delay Time 15 - 15 - ns 3 

IRsH RAS Hold Time 15 - 20 - ns 

lcsH CAS Hold Time 60 - 70 - ns 

lcRP CAS to RAS Precharge Time 10 - 10 - ns 

1ozc CAS Delay Time from D1N - - - - ns 4 

tr Transition Time (Rise and Fall) 3 50 3 50 ns 

1cLCH Hold Time CAS Low to CAS High 10 - 10 - ns 5 

tAR Column Address Hold Time Referenced to RAS 50 - 55 - ns 

1. Last rising CASx edge to first falling CASx edge. 
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 specttied tRco (max) limit, then access time is controlled by lcAc. 
3. Opera1ion within the tRAo (max) limit ensures that IRAC (max) can be met. tRAD (max) is specified as a reference point only: If tRAo 

is greater than the specified IRAo (max) limit, then access time is controlled by IAA. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 
5. Last falling CASx edge to first rising CA'Sx edge. 

64G3331 
MMDS24DSU-OO 
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IBM11 D2360EA 
IBM11 E2360EA 
2M x 36 DRAM Module 

Write Cycle 

Symbol Parameter 

lwcs Write Command Set Up Time 

lwcH Write Command Hold Time 

!WP Write Command Pulse Width 

!AWL Write Command to RAS Lead Time 

lcwL Write Command to GAS Lead Time 

lwcR Write Command Hold Time Referenced to RAS 

lo HR Data Hold Time Referenced to RAS 

los D1N Setup Time 

toH D1N Hold Time 

Read Cycle 

Symbol Parameter 

!RAC Access Time from RAS 

!cAC Access Time from GAS 

tAA Access Time from Address 

!Res Read Command Setup Time 

IRcH Read Command Hold Time to GAS 

!RAH Read Command Hold Time to RAS 

IRAL Column Address to RAS Lead Time 

le AL Column Address to GAS Lead Time 

lcLZ GAS to Output in Low-Z 

!oH Output Data Hold Time 

1coo GAS to D1N Delay Time 

lo FF Output Buffer Turn-off Delay 

1. Measured with the specified current load and 100pF. 
2. Access time is determined by the latter of IRAc, lcAc, lcpA, IAA. 
3. Either IRcH or IRRH must be satisfied for a read cycle. 

-60 -70 

Min Max Min 

0 - 0 

10 - 15 

10 - 15 

15 - 20 

15 - 20 

45 - 55 

50 - 55 

0 - 0 

10 - 15 

-60 -70 

Min Max Min 

- 60 -

- 15 -

- 30 -

0 - 0 

0 - 0 

0 - 0 

30 - 35 

- - -

0 - 0 

0 - 0 

15 - 20 

0 15 0 

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

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1, 2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 4 

- ns 

- ns 

- ns 

20 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. 
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---------- ----- - -- - ---- --------------·-

Fast Page Mode Cycle 

Symbol Parameler 
Min 

lpe Fast Page Mode Cycle Time 40 

!RASP Fast Page Mode RAS Pulse Wid1h 60 

lcPRH RAS Hold Time from GAS Precharge 35 

lcPA Access Time from GAS Precharge -

1. Access lime is determined by lhe la1ter of IRAe. leAe. lepA, 1AA. 
2. Measured with the specified current load and 100pF. 

Refresh Cycle 

Symbol Parameter 
Min 

lcHR GAS Hold Time 15 (GAS before RAS Refresh Cycle) 

lcsR 
GAS Setup Time 10 (GAS before RAS Refresh Cycle) 

1WRP WE Selup Til]L 10 (CAS before RAS Refresh Cycle) 

IWRH WE Hold Time 10 (GAS before RAS Refresh Cycle) 

1RPC RAS Precharge lo GAS Hold Time 5 

IReF Refresh Period -

-60 -70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 15 

- 10 

- 10 

- 10 

- 5 

16 -

IBM11 D2360EA 
IBM11 E2360EA 

2M x 36 DRAM Module 

Unils Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1, 2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

16 ms 1 

1. 1024 refreshes are required every 16ms. The DC variation in the Vee supply may not exceed 300mV within a refresh interval 
(16ms). 
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Read 

V1H-

RAS 
V1L -

lcsH 

tRCD !ASH 

CAS V1H-
or 

CASx V1L -

~AD 

lAsR 

~AH 

V1H-
Address Column 

V1L -

IAA +-------t 

1------+---- Hi-Z 
lcAC 

lcLz 

VoH

DouT -----;-- Hi-Z --------
VoL-

: "H 11 or "L" 

Page286 

loFF 

Valid Data Out 

_loH ---.i 

-----=--=-=-==-======· :e:.:::::5'i'E: 

Hi-Z _ 
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-------------- - -- - ---- --------------·-

Write Cycle (Early Write) 

~AS 

V1H-
RAS 

V1L-

lcsH 

IRCD 

GAS V1H-
or 

CASx V1L-

!RAD 

tASR 

V1H-
Address 

V1L-

V1H-
WE 

V1L-

los -loH 

V1H-

DtN Valid Data In 
V1L-

DoUT _______________ Hi-Z 

VoL-

64G3331 
MMDS24DSU-OO 
Revised 6/94 

I :"H"or"L" 

!Re 

tRSH 

IBM11 D2360EA 
IBM11 E2360EA 

2M x 36 DRAM Module 

!RP 

-lcRP 
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Fast Page Mode Read Cycle 

or 

V1H-

Address 
V1L-

tRAD 

V1H-

WE 

: "H"or"L" 

Page 288 

, ____ tcPRH 

tpc----i 

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

tRCH 
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-------------- - -- - ---:::5:::..:.::5?!: 

Fast Page Mode Write Cycle 

V1H--
RAS 

V1L-

CAS V1H--
or 

CASx V1L-

V1H-
Address 

V1L-

VoH--

DouT 
VoL-

64G3331 
MMDS24DSU-OO 
Revised 6194 

twcs 

l:"H"or"L" 

_t•c 

lcp 

tcAS tcAs 
tcLCH tcLCH 

~SH 

tcAs 
tcLCH 

IBM11 D2360EA 
IBM11 E2360EA 

2M x 36 DRAM Module 

~. 

tcRP 
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RAS Only Refresh Cycle 

V1H_ 

RAS 
V1L_ 

CA'S V1H_ 

or 

CASx VIL-

filsR 

~~H 
V1H-

Address 
V1L _ 

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

tiic 

IRP 

tiiPc 

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

I: "H"or"L" 

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

CAS Before RAS Refresh Cycle 

VrH-

IBM11 D2360EA 
IBM11 E2360EA 

2M x 36 DRAM Module 

- tCHR ----.. ,---------, 

or 
CASx VrL _ 

lwRH 

VrH-

VrL _ 

14---___ l:coo ___ ___, 

--+------- Hi-Z 
VrL _ 

l:"H"or"L" 

Note: Addresses are "H" or "L" 

64G3331 
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Layout Drawing 
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--------------- -- - ---- ----------___ ,_ 

Prell ml nary 

Features 

• 72-Pin Single-In-Line Memory Module 
• Performance: 

-60 -70 

tRAC RAS Access Time 60ns 70ns 

1cAC GAS Access Time 15ns 20ns 

IM Access Time From Address 30ns 35ns 

IRC Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Single 5V, ± 0.5V Power Supply 

Description 

The IBM11 D2360EA is an SMB 72-pin 4-byte single 
in-line memory module (SIMM). The module is orga
nized as a 2Mx36 high speed memory array, and is 
configured as 2 1 Mx36 banks - each independently 
selectable via unique RAS inputs. The assembly is 
intended for use in 36 and 72 bit applications where 
interleave of 9 or 18 bit words is not required. It is 
manufactured with 16 1 Mx4 devices, each in a 
300mil package, and 2 1 Mx4 'Quad CAS' devices for 

Card Outline 

IBM11 D2360ED 
IBM11 E2360ED 

2M x 36 DRAM Module 

• All inputs & outputs are fully TTL & CMOS 
compatible 

• Low active current dissipation 
• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/1 O Addressing (Row/Column) 
• Optimized for use in byte-write parity 

applications 
• Au and Sn/Pb versions available 

parity. The use of 'Quad CAS' devices results in 
reduced SIMM height and lower power dissipation. 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 2Mx32 non-parity 
SIMM, IBM11023208, as well as other density offer
ings and ECG-optimized SIMMS. 

\
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IBM11 E2360ED 
2M x 36 DRAM Module 

Pin Description 
RASO-RAS3 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

DQ0-7, 9-16, 
Data lnpuVoutput 18-25, 27-34 

POB, 17, 26, 35 Pari1y lnpuVoutput 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1-P04 Presence Detects 

Ordering Information 
Part Number 

IBM1102360E0-60 

IBM11D2360ED-70 

IBM 11 E2360ED-60 

IBM 11 E2360ED-70 

Page 296 

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

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

1 Vss 13 A1 25 0024 37 P017 49 009 61 D014 

2 DOO 14 A2 26 D07 38 P035 50 D027 62 D033 

3 D018 15 A3 27 D025 39 Vss 51 0010 63 D015 

4 001 16 A4 28 A7 40 CASO 52 0028 64 0034 

5 0019 17 A5 29 NC 41 CAS2 53 0011 65 0016 

6 002 18 AS 30 Vee 42 CAS3 54 0029 66 NC 

7 0020 19 NC 31 AB 43 CAS1 55 0012 67 P01 

8 003 20 004 32 A9 44 RASO 56 0030 68 PD2 

9 D021 21 0022 33 RAS3 45 RAS1 57 0013 69 P03 

10 Vee 22 005 34 RAS2 46 NC 58 0031 70 P04 

11 NC 23 0023 35 P026 47 WE 59 Vee 71 NC 

12 AO 24 DOS 36 PQB 48 NC 60 D032 72 Vss 

1. 00 numbering is compatible with non-parity (x32) version. 

Organization Speed 

2M x36 60ns 

2Mx36 70ns 

2Mx36 60ns 

2Mx36 70ns 

Leads 

Sn/Pb 

Sn/Pb 

Au 

Au 

Dimensions 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

Notes 
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---------- ----- ---- - ---- --------------·-
Preliminary 

Block Diagram 

DQO 

CAS1 

WE 

CAS2 GAS U3 
RAS2 

CAS3 

AO-A9 

DQO 

WE 
CASO 
RAS1 

CAS1 

CAS2 
RAS3 

WE 

------iCAS U12 

CAS3 

AO-A9 

03H7149 
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PQ8, 17, 26, 35 
DQ9 

PQ8, 17, 26, 35 
DQ9 

IBM11 D2360ED 
IBM11 E2360ED 

2M x 36 DRAM Module 

DQ16 
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Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode -Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

CA'S-Before-RAS Refresh 

Presence Detect 
Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN, Vss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H...+L 

Absolute Maximum Ratings 
Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

Tsrn Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

CA8 WE 

x x 
L H 

L L 

H...+L H 

H--+L H 

H--+L L 

H...+L L 

H x 
L H 

-60 

NC 

NC 

NC 

NC 

---------------------:5:::::::6::5' = 
Preliminary 

Row Column All DO, PO bits Address Address 

x x High Impedance 

Row Col Valid Data Out 

Row Col Valid Data In 

Row Col Valid Data Out 

NIA Col Valid Data Out 

Row Col Valid Data In 

NIA Col Valid Data In 

Row NIA High Impedance 

x x High Impedance 

-70 

NC 

NC 

Vss 

NC 

Rating Units Notes 

-1.0to+6.0 v 1 

-1.0to +6.0 v 1 

-1.0to +6.0 v 1 

Oto+70 ·c 1 

-55 to +125 ·c 1 

8.6 w 1, 2 

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. 
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--------------- -..:...=.::iii: 
Prellmlnary 

Recommended DC Operating Conditions (TA= o to 10°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Vohage 

VIL Input Low Voltage 

1. All voltages referenced to V88. 

Capacitance (TA= o to +1o•c, Vee= s.o ± o.sv) 

Symbol 

C11 Input Capacitance (AO-AS) 

C12 Input Capacitance (RASO, 1) 

C1s Input Capacitance (RAS2, 3) 

C14 Input Capacitance (CAS) 

C1s Input Capacitance (WE) 

C1.o OutpU1 Capacitance (All DO, PO) 

03H7149 
MMDS25DSU-OO 
Revised 6/94 

Parameter 

Min 

4.5 

2.4 

0.0 

Typ 

5.0 

-
-

IBM11 D2360ED 
IBM11 E2360ED 

2M x 36 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee +0.5 v 1 

0.8 v 1 

Max Units Notes 

105 pF 

48 pF 

45 pF 

54 pF 

137 pF 

25 pF 
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DC Electrical Characteristics (TA = o to+ 1o·c, Vee = s ± o.sv) 
Symbol Parameter 

Operating Current -60 
lcc1 Averaa0;ower Supply Operating current 

(m, s, Address Cycling: tRc = IRc min) -70 

lcc2 
Standby Current (TTL) 
Power S~y Standby Current 
(RAS = CAS ~V1H) 

RAS Only Refresh Current __ -60 
Ices Average Powe!'...§!!pply Current, RAS Only Mode 

(RAS Cycling, CAS ~v,H: IRc = IRC min) -70 

Fast Page Mode Current -60 
lcc4 Average Power Supply Current, Fast Page Mode 

(RAS = V1L. CAS, Address Cycling: lpc = lpc min) -70 

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

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current -60 
lcca Averao0iG§wer Supply Current, .CAS Before RAS Mode 

(m, , Cycling: tRc =!Re mm) -70 

RASO, 1 
Input Leakage Current 

RAS2,3 Input Leakage Current, any input 
l1(L) (0.0,;; v,N,;; (Vee < 6.0V)) CA5 All Other Pins Not Under Test= OV 

All others 

lo(L) 
Output Leakage Current 
(DouT is disabled, 0.0 S VoUT s Vccl 

VoH Output High Level 
Output "H" Level Voltage (loUT = -5mA @ 2.4V) 

Vol 
Output Low Level 
Output "L" Level Voltage (loUT = +4.2mA@ 0.4V) 

1. lcc1, Ices. lc04 and Ices depend on cycle rate. 

Min 

-

-

-

-

-

-

-

-

-

-

-50 

-40 

-60 

-180 

-20 

2.4 

-

2. lcci. lc04 depend on output loading. Specified values are obtained with the output open. 

----------------.!.~::E'f!: 

Preliminary 

Max Units Notes 

798 
mA 1,2, 3 

668 

37 mA 

798 
mA 1,3, 4 

668 

568 
mA 1, 2, 3 

478 

18 mA 

798 
mA 1, 3, 4 

668 

+50 

+40 

+60 µA 

+180 

+20 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS = V1L· In the case of lc04, it can be changed once or less when CAS = V1H-
4. Refresh current is specttied for 1 bank. 
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----------- ----- ---- - ---- ---------·-----·-
Preliminary 

AC Characteristics (TA= o to +10°c, Vee= 5± o.sv) 

IBM11 D2360ED 
IBM11 E2360ED 

2M x 36 DRAM Module 

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 100µs 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. AC measurements assume tr ~ 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!Re Random Read or Write Cycle Time 110 12BK 130 128K ns 

tRP RAS Precharge Time 40 - 50 - ns 

lcp GAS Precharge Time 10 - 10 - ns 1 

IRAS RAS Pulse Width 60 16K 70 16K ns 

1cAS GAS Pulse Width 15 - 20 - ns 

tASR Row Address Setup Time 0 - 0 - ns 

1RAH Row Address Hold Time 10 - 10 - ns 

tAsc Column Address Setup Time 0 - 0 - ns 

1cAH Column Address Hold Time 15 - 15 - ns 

IRCD RAS to GAS Delay Time 20 45 20 50 ns 2 

tRAD RAS to Column Address Delay Time 15 - 15 - ns 3 

tRSH RAS Hold Time 15 - 20 - ns 

tcsH GAS Hold Time 60 - 70 - ns 

le RP GAS to RAS Precharge Time 5 - 5 - ns 

lozc GAS Delay Time from D1N 0 - 0 - ns 

IT Transition Time (Rise and Fall) 3 50 3 50 ns 

lcLCH Hold Time GAS Low to GAS High 10 - 10 - ns 4 

tAR Column Address Hold Time Referenced to RAS 50 - 55 - ns 

1. Last rising CASx edge to first falling CASx edge. 
2. Operation within the IRco (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 tRco (max) limit, then access time is controlled by lcAc. 
3. Operation within the IRAD (max) limit ensures that IRAC (max) can be met. IRAD (max) is specified as a reference point only: If IRAo 

is greater than the specified IRAD (max) limit, then access time is controlled by tAA· 
4. Last falling CASx edge to first rising CASx edge. 

03H7149 
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Write Cycle 

Symbol Parameter 

lwcs Write Command Set Up Time 

lwcH Write Command Hold Time 

lwp Write Command Pulse Width 

!AWL Write Command to RAS Lead Time 

tcwL Wrhe Command to CAS Lead Time 

lwcR Write Command Hold Time Referenced to RAS 

lo HR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

loH D1N Hold Time 

Read Cycle 

Symbol Parameter 

!RAC Access Time from RAS 

lcAC Access Time from CAS 

!AA Access Time from Address 

IRCS Read Command Setup Time 

tRCH Read Command Hold Time to CAS 

IRRH Read Command Hold Time to RAS 

tRAL Column Address to RAS Lead Time 

tcAL Column Address to CAS Lead Time 

lcLZ CAS to Output in Low-Z 

toH Output Data Hold Time 

!coo CAS to D1N Delay Time 

1cFF Output Buffer Turn-off Delay 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of IRAC, tcAc, lcPA, IAA· 
3. Either tRcH or tRRH must be satisfied for a read cycle. 

-60 -70 

Min Max Min 

0 - 0 

10 - 15 

10 - 15 

15 - 20 

15 - 20 

45 - 55 

50 - 55 

0 - 0 

15 - 15 

-60 -70 

Min Max Min 

- 60 -

- 15 -

- 30 -

0 - 0 

0 - 0 

0 - 0 

30 - 35 

- - -

0 - 0 

0 - 0 

15 - 20 

0 15 0 

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

Preliminary 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1, 2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 4 

- ns 

- ns 

- ns 

20 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. 
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--------- ----- - -- - ---- ---------------·-
Preliminary 

Fast Page Mode Cycle 

Symbol Parameler 

lpc Fasl Page Mode Cycle Time 

1RASP Fasl Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from GAS Precharge 

lcPA Access Time from GAS Precharge 

1. Access lime is determined by the latter of IRAC. tcAc. lcPA· 1M· 
2. Measured wilh the specified current load and 1 OOpF. 

Refresh Cycle 

Symbol Parameler 

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

lcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

lwRP 
WE Setup Ti1]2_ 
(GAS before RAS Refresh Cycle) 

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

1RPC RAS Precharge to GAS Hold Time 

!REF Refresh Period 

1 . 1024 refreshes are required every 16ms. 

03H7149 
MMDS25DSU-OO 
Revised 6/94 

Min 

40 

60 

35 

-

Min 

10 

10 

10 

10 

5 

-

-60 -70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 15 

- 10 

- 10 

- 10 

- 5 

16 -

IBM11 D2360ED 
IBM11 E2360ED 

2M x 36 DRAM Module 

Unils Noles 
Max 

- ns 

100K ns 

- ns 

40 ns 1, 2 

Unils Noles 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

16 ms 1 
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Read 

V1H-

RAS 
V1L -

CAS V1H-
or 

CASx V1L -

IAsR 

Address 
V1H-

V1L -

!RAH 

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

l:csH 

!RCD !RSH 

!RAD 

Column 

1-------1----- Hi-Z -+-------+-____, 
l:cAc 

lcLz 
to FF 

Dour ____ ___,_ Hi-Z 
Valid Data Out 

Hi-Z _ 
Vol-

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

Write Cycle (Early Write) 

V1H-
RAS 

VIL-

GAS V1H-
or 

CASx VIL -

tASR 

~AH 

V1H-
Address 

V1L -

WE 
VIL-

V1H-
D1N 

V1L-

tRAS 

tcsH 

tRCD 

tRAo 

tAR 

tDHR 
tos _toH 

Valid Data In 

tRc 

tRSH 

IBM11 D2360ED 
IBM11 E2360ED 

2M x 36 DRAM Module 

tRP 

_tcRP 

DoUT _______________ Hi-Z ----------------
VoL-

03H7149 
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: "H" or"L" 
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Fast Page Mode Read Cycle 

or 

V1H-
Address 

VIL-

V1H-
WE 

V1H-

D1N 
V1L-

VoH-

DouT 
VOL-

.Mk 
:·t~ : "H" or"L" 

Page 306 

tAA 

l 
tcPA 

to~ 

tRAC 

1----tcPRH 

tpc----i 

_tcAs_ 
tcLCH 

~cs 

tRCH 

t 
ozc 

tcAc 

toFF 

DouT2 

!Res 

....J:oH 
t r ozc 

tcAC 

tcLz-

+-toH 

t coo 

toFF 

DoUT N 

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

tRCH 
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---------- ----- - -- - ---- --------·-----·-
Preliminary 

IBM11 D2360ED 
IBM11 E2360ED 

2M x 36 DRAM Module 

Fast Page Mode Write Cycle 

V11-1-

RAS v,,_ 

GAS v,H-
or 

CASx v,,_ 

v,H
Address v,,_ 

VoH-

DouT 
VoL-

________ !RASP------------------! 

_tpc 

lcp !RSH le RP 

le AS le As lcAs 
tcLCH lcLCH lcLCH 

tcsH 

lwcs 

~I: : "H" or "L" 
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RAS Only Refresh Cycle 

VIH-

RAS 
V1L _ 

GAS V1H-

or 

CASx VIL-

!ASR 

~!RAH 
V1H_ 

Address 
V1L _ 

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

!Re 

!RAS !RP 

!RPG 

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

I : "H" or 11L11 

' 

Note: WE, D,N are "H" or "L" 
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--------------- ------- -------------·-
Preliminary 

CAS Before RAS Refresh Cycle 

VIH-

RAS 

tR~1 V1L -

~ tcsR 

CAS V1H-
or 

CASx VIL -

----!coo ___ ___, 

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

DouT 

I :"H"or"L" 

Note: Addresses are "H" or "L" 

03H7149 
MMDS25DSU-OO 
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Layout Drawing 
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1.00WIDTH 
.039 

NOTE: All dimensions are typical unless otherwise stated. Ml~~,~~~~Rs 
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--------- --------..:....:::-::E'=f~ 

Features 

• 72-Pin JEDEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

jRAC RAS Access Time 60ns 70ns 

lcAC GAS Access Time 15ns 20ns 

IAA Access Time From Address 30ns 35ns 

!Ac Cycle Time 110ns t30ns 

1pc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Manufactured with 18Mb DRAMS (1 M x 18) 

Description 

The IBM11 D2360L is an 8MB industry standard 
72-pin 4-byte single in-line memory module (SIMM). 
The module is organized as a 2Mx36 high speed 
memory array, and is configured as 2 1 Mx36 banks -
each independently selectable via unique RAS 
inputs. The assembly is intended for use in 18, 36 
and 72 bit applications. It is manufactured with 4 
1Mx18 devices, each in a 400mil TSOP package, 
and is compatible with the JEDEC 72-Pin SIMM 
standard. 

This assembly is intended as a direct replacement 
for 1 Mx4-based SIMMs, while significantly reducing 
power dissipation. The use of TSOP packages 

Card Outline 

IBM11 D2360L 
I BM 11 E2360L 

2M x 36 DRAM Module 

• Single 5V, ± 0.5V Power Supply 
• Low current consumption 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/10 Addressing (Row/Column) 
• Optimized for use in byte-write parity applica

tions. 
• Au and Sn/Pb versions available 

allows tighter SIMM spacing (.3" on center). Input 
loading is consistent with 4Mb-based assemblies 
due to the addition of discrete capacitors - maximiz
ing compatibility at the system-level. 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 2Mx36 parity SIMM, 
IBM11023608, as well as other density, parity and 
ECG-optimized SIMMS. 

\
0

1111111111111111111111111111111111111111" 1111111111111111111111111111111111111111° I 
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Pin Description 
RASO- RAS3 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

DQ0-7, 9-16, 
Data lnpuVoutput 18-25' 27 -34 

PQ8, 17, 26, 36 Parity lnpuVoutput 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1 -PD4 Presence Detects 

Ordering Information 
Part Number 

IBM11D2360LA-60 

IBM11D2360LA-70 

IBM11 E2360LA-60 

IBM 11 E2360LA-70 

Page 312 
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Pin out 
Pin# Name Pin# Name Pin# Name Pin# Name Pin# Name Pin# Name 

1 Vss 13 A1 25 DQ24 37 PQ17 49 DQ9 61 DQ14 

2 DQO 14 A2 26 DQ7 38 PQ35 50 DQ27 62 DQ33 

3 DQ18 15 A3 27 D025 39 Vss 51 D010 63 D015 

4 001 16 A4 28 A7 40 CASO 52 DQ28 64 D034 

5 D019 17 A5 29 NC 41 CAS2 53 D011 65 D016 

6 D02 18 A6 30 Vee 42 CAS3 54 DQ29 66 NC 

7 D020 19 NC 31 AB 43 CAS1 55 D012 67 PD1 

8 D03 20 D04 32 A9 44 RASO 56 D030 68 PD2 

9 D021 21 D022 33 RAS3 45 RAS1 57 DQ13 69 PD3 

10 Vee 22 DQ5 34 RAS2 46 NC 58 D031 70 PD4 

11 NC 23 D023 35 P026 47 WE 59 Vee 71 NC 

12 AO 24 DOG 36 P08 48 NC 60 D032 72 Vss 

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

Organization Speed 

2M x36 60ns 

2M x36 70ns 

2M x 36 60ns 

2M x36 70ns 

Leads 

Sn/Pb 

Sn/Pb 

Au 

Au 

Dimensions 

4.25"x 1"x.154" 

4.25"x 1"x .154" 

4.25"x 1"x .154" 

4.25"x 1"x .154" 

Notes 
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Block Diagram 

07H4992 
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AO-A9 

WE 

RASO 

CASO 

CAS1 

RAS2 

CAS2 

CAS3 

AO-A9 

WE 

RAS1 

CASO 

CAS1 

RAS3 

CAS2 

CAS3 

DOO - DO?, D09 - D016, 
POS P017 

l l 
DO DO 

AO-A9 

WE 

RAS 
U1 

LCAS 

UCAS 

5E 

~ 

DOO- DO?, D09- D016, 
POS P017 

1 l 
DQ DO 

AO-A9 

WE 

RAS 
U3 

LCAS 

UCAS 

OE 

~ 

IBM11 D2360L 
IBM11 E2360L 

2M x 36 DRAM Module 

D018 - D025, DQ27 - D034, 
P026 P035 

1 l 
DO DO 

AO-A9 

WE 

RAS 
U2 

LCAS 

UCAS 
OE 

~ 

D018 - D025, D027 - D034, 
P026 P035 

l l 
DQ DO 

AO-A9 

WE 

RAS U4 

LCAS 

UCAS 
OE 

~ 
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Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode -Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN, Vss = GND 

'RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H->L 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

TsTG Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

CAS WE 

x x 
L H 

L L 

H->L H 

H->L H 

H->L L 

H->L L 

H x 
L H 

-60 

NC 

NC 

NC 

NC 

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

Row Column All DQ, PQ bits Address Address 

x x High Impedance 

Row Col Valid Data Out 

Row Col Valid Data In 

Row Col Valid Data Out 

N/A Col Valid Data Out 

Row Col Valid Data In 

NIA Col Valid Data In 

Row N/A High Impedance 

x x High Impedance 

-70 

NC 

NC 

Vss 

NC 

Rating Units Notes 

-1.0 to +7.0 v 1 

-0.5 to min (Vee+ 0.5, 7.0) v 1 

-0.5 to min (Vee+ 0.5, 7.0) v 1 

Oto+70 ·c 1 

-55to+125 ·c 1 

4.6 w 1,2 

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. 
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-------------- - -- - ---- -------------·-

Recommended DC Operating Conditions (TA = o to 10°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

VIL Input Low Voltage 

1. All voltages referenced to V88. 

Capacitance (TA= o to +10°c. Vee= 5.0 ± o.5V) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS} 

C1a Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C110 Output Capacitance (DQO-DQ34, PQS, PQ17, PQ26, PQ35) 

07H4992 
MMDS31DSU-OO 
Revised 7 /94 

Min 

4.5 

2.4 

-0.5 

Typ 

5.0 

-

-

IBM11 D2360L 
IBM11 E2360L 

2M x 36 DRAM Module 

Max Units Notes 

5.5 v 1 

Vcc+0.5 v 1 

0.8 v 1 

Max Units Notes 

90 pF 

44 pF 

47 pF 

94 pF 

25 pF 
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DC Electrical Characteristics (TA= o to +1o·c. Vee = 5 ± o.5V) 

Symbol Parameter 

Operating Current -60 
lcc1 Avera!l2..fgwer Supply Operating Current 

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

Standby Current (TTL) 
lcc2 ~r Sgy Standby Current 

(RAS = CAS ;;,V1H) 

RAS Only Refresh Current -60 
lcca Average Powei:..§!ipply Current, RAS Only Mode 

(RAS Cycling, CAS ;;,V1H: IRc = IRC min) -70 

Fast Page Mode Current -60 
lcc4 Average Power Supply Current, Fast Page Mode 

(RAS = V1L. CAS, Address Cycling: lpc = lpc min) -70 

Standby Current (CMOS) 
Ices P~r Sgy Standby Current 

(RAS= CAS =Vee - 0.2V) 

GAS Before RAS Refresh Current -60 
Ices Averaa0Aower ~upply Current, _CAS Before RAS Mode 

(RAS°, S, Cycling: IRc =!Re min) -70 

Input Leakage Current RAS 

l1(L) 
Input Leakage Current, any input CAS (0.0:,; V1N:,; (Vee< 6.0V)) 
All Other Pins Not Under Test= OV All others 

lo(L) 
Output Leakage Current 
(Dour is disabled, 0.0 :S: VOLrr :s: Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (lour= -SmA @ 2.4V) 

Vol Output Low Level 
Output "L" Level Voltage (lour= +4.2mA@ 0.4V) 

1. lcc1. lcC3. lcC4 and Ices depend on cycle rate. 

Min 

-

-

-

-

-

-

-

-

-

-

-10 

-10 

-40 

-20 

2.4 

-

2. lcch lcC4 depend on output loading. SpecHied values are obtained with the output open. 

---------------------.:.::E:e:5'i' = 

Max Units Notes 

424 
mA 1,2, 3 

374 

8 mA 

424 
mA 1,3,4 

374 

184 
mA 1,2,3 

164 

4 mA 

424 
mA 1,3,4 

374 

+10 

+10 µA 

+40 

+20 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS= Vil· In the case of ICC4, it can be changed once or less when CAS = V1H· 
4. Refresh current is specHied for 1 bank. 

Page316 07H4992 
MMDS31 DSU-00 

Revised 7194 



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

AC Characteristics (TA= o to +1o·c. Vee= 5 ± o.5V) 

IBM11 D2360L 
IBM 11 E2360L 

2M x 36 DRAM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H 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. AC measurements assume tr = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!Re Random Read or Write Cycle Time 110 128K 130 128K ns 

IRP RAS Precharge Time 40 - 50 - ns 

tcp CAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

lcAS CAS Pulse Width 15 - 20 - ns 

tASR Row Address Setup Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 15 - 15 - ns 

tRCD RAS to CAS Delay Time 20 45 20 50 ns 1 

!RAD RAS to Column Address Delay Time 15 - 15 - ns 2 

IRSH RAS Hold Time 15 - 20 - ns 

lcsH CAS Hold Time 60 - 70 - ns 

le RP CAS to RAS Precharge Time 5 - 5 - ns 

lozc ~Delay Time from D1N 0 - 0 - ns 

Ir Transition Time (Rise and Fall) 3 30 3 30 ns 

IAR Column Address Hold Time Referenced to RAS - - - - ns 3 

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

2. Operation within the IRAD (max) limit ensures tha11RAC (max) can be met. IRAo (max) is specified as a reference point only: If IRAD 
is greater than the specified IRAD (max) limh, then access time is controlled by IAA. 

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

07H4gg2 
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IBM11 D2360L 
IBM11 E2360L 
2M x 36 DRAM Module 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

twcH Write Command Hold Time 

IWP Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

lcwt. Write Command to~ Lead Time 

twcR Write Command Hold Time Referenced to RAS 

to HR Data Hold Time Referenced to RAS 

los D1N Setup Time 

loH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

t5 - 15 

15 - 15 

15 - 20 

15 - 20 

- - -
- - -

0 - 0 

15 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

tRAc Access Time from RAS - 60 -

lcAC Access Time from CAS - 15 -

tAA Access Time from Address - 30 -
tRcS Read Command Setup Time 0 - 0 

IRCH Read Command Hold Time to CAS 0 - 0 

IRRH Read Command Hold Time to RAS 5 - 5 

tRAL Column Address to RAS Lead Time 30 - 35 

lcAL Column Address to CAS Lead Time 30 - 35 

lcLZ CAS to Output in Low-Z 0 - 0 

toH Output Data Hold Time 3 - 3 

tcoo CAS to D1N Delay Time 15 - 20 

to FF Output Buffer Tum-off Delay 0 15 0 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of IRAc. lcAc. tcpA, •AA· 
3. Either tRcH or tRRH must be satisfied for a read cycle. 

--------- ----- - -- ----- -----=="=":'= 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 

- ns 

- ns 

- ns 

20 ns 4 

4. loFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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--------- ----- - -- - ---- -------------·-

Fast Page Mode Cycle 

Symbol Parameter 

lpe Fast Page Mode Cycle Time 

IRASP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from CAS Precharge 

tcPA Access Time from CAS Precharge 

1. Access time is determined by the latter of tRAc. tcAc. tcpA, tAA. 
2. Access time assumes a load of 100pF. 

Refresh Cycle 

Symbol Parameter 

le HR CAS Hold Time 
(CAS before RAS Refresh Cycle) 

tcsR CAS Setup Time 
(CAS before RAS Refresh Cycle) 

tWRP WE Setup Tirm_ 
( 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. 1024 refreshes are required every 16ms. 

07H4992 
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Min 

40 

60 

35 

-

Min 

20 

10 

10 

10 

0 

-

-60 -70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 20 

- 10 

- 10 

- 10 

- 0 

16 -

IBM11 D2360L 
IBM 11 E2360L 

2M x 36 DRAM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

16 ms 1 
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2M x 36 DRAM Module 

Read 

V1H-
RAS 

V1L -

IRcD 

V1H-
CAS 

V1L -

Address 

VoH-

Dour -----+- Hi-Z 

: ffH" or Ill" 

Page320 

~c 

tRAs 

lcsH 

~SH 

tRP 

Valid Data Out 

_toH ___ _ 

Hi-Z _ 
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--------------- ------- -------------·-

Write Cycle (Early Write) 

V1H-
RAS 

V1L -

V1H-
CAS 

VIL -

tRAo 

!ASR 

V1H-
Address 

V1L -

V1H-
WE 

V1L -

V1H-
D1N 

V1L-

VoH--

IRAs 

lcsH 

tRco 

!AR 

los ._toH 

Valid Data In 

!Re 

IRSH 

ICAs 

IBM11 D2360L 
IBM11E2360L 

2M x 36 DRAM Module 

!RP 

-lcRP 

DoUT _______________ Hi-Z ----------------
Vol-

07H4992 
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I :"H"or"L" 
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IBM11 D2360L 
IBM11 E2360L 
2M x 36 DRAM Module 

Fast Page Mode Read Cycle 

Address 

V1H-
WE 

V1L-

V1H-

D1N 
V1L-

Vott-

DoUT 
VoL-

I :"H"or"L" 

Page 322 

!RAC loFF-

-1tcLZ 

DoUT 1 

1----lcPRH 

tpc---..i 

--'tcAs-

lcPA 

..J:oH 
t r DZC 

ICAc 

lcLZ lcLZ 

+-toH 

1coo 

loFF 

DoUTN 

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

Fast Page Mode Write Cycle 

Vu;-
RAS 

Vil-

V1H-
CAS 

Vil-

07H4992 
MMDS31DSU-OO 
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I :"H"or"L" 

WlsP 

_tpc 

lcp 

lcAS lcAs 

IBM11 D2360L 
IBM11 E2360L 

2M x 36 DRAM Module 

!RP 

le RP 
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IBM11 D2360L 
IBM11 E2360L 

--------- ----= - -:iii: 
2M x 36 DRAM Module 

RAS Only Refresh Cycle 

V1H_ 
CAS 

V1L_ 

V1H_ 

Address 
V1L _ 

Dour 

Page324 

1.------------!Rc -------------1 

________ IRAS----------; ~. 

IAsR 

~t~H 

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

I :"H"or"L" 

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

CAS Before RAS Refresh Cycle 

,._ _____ tAAS -------------o; 

VIH-

RAS 

tRPC 1 V1L -

~ lcsR 

V1H-

GAS 
VIL -

-----!coo ____ __, 

Hi-Z 

DouT 

: "H" or "L" 

Note: Addresses are "H" or "L" 

07H4992 
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IBM11 D2360L 
IBM 11 E2360L 

2M x 36 DRAM Module 
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IBM1102360L 
IBM11 E2360L 
2M x 36 DRAM Module 

Layout Drawing 

(2X)1 
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SIDE 
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NOTE: All dimensions are typical unless otherwise stated. Ml~~~~J~Rs 
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--------- ------------- -------------·-
Preliminary 

Features 

• 72-Pin JEDEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

IRAc RAS Access Time 60ns 70ns 

lcAC CAS Access Time 15ns 20ns 

!AA Access Time From Address 30ns 35ns 

1Rc Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 

Description 

The IBM11043608 is a 16MB industry standard 
72-pin 4-byte single in-line memory module (SIMM). 
The module is organized as a 4Mx36 high speed 
memory array that is intended for use in 18, 36, and 
72 bit parity applications. It is manufactured with 
8 4Mx4 devices, each in a 300mil package, and 
4 4Mx1 devices in a 300mil package. The module is 
compatible with the JEDEC 72-pin SIMM standard. 

Card Outline 

IBM11043608 
IBM11 E4360B 

4M x 36 DRAM Module 

• Single 5V, ± 0.5V Power Supply 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 2048 refresh cycles distributed across 32ms 
• 11/11 Addressing (Row/Column) 
• Optimized for use in byte-write parity 

applications 
• Au and Sn/Pb versions available 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 4Mx32 non-parity 
SIMM, IBM11 043208, as well as other density and 
ECG-optimized SIMMs. 

\
0

1111111111111111111111111111111111111111r1111111111111111111111111111111111111111° I 
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IBM11043608 
IBM11 E43608 
4M x 36 DRAM Module 

Pin Description 
RASO,RAS2 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A10 Address Inputs 

000-7, 9-16, 
Data Input/output 18-25, 27-34 

P08, 17, 26, 35 Parity Input/output 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1 -PD4 Presence Detects 

Ordering Information 
Part Number 

IBM11 D4360BA-60 

IBM11 D4360BA-70 

IBM11E4360BA-60 

IBM11 E4360BA-70 

Page 328 

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

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

1 Vss 13 A1 25 0024 37 PQ17 49 DQ9 61 DQ14 

2 DQO 14 A2 26 007 38 P035 50 DQ27 62 DQ33 

3 DQ18 15 A3 27 DQ25 39 Vss 51 DQ10 63 DQ15 

4 001 16 A4 28 A7 40 CASO 52 DQ28 64 DQ34 

5 0019 17 AS 29 NC 41 CAS2 53 D011 65 DQ16 

6 002 18 A6 30 Vee 42 CAS3 54 DQ29 66 NC 

7 0020 19 A10 31 A8 43 CAS1 55 DQ12 67 PD1 

8 D03 20 DQ4 32 A9 44 RASO 56 DQ30 68 PD2 

9 D021 21 0022 33 NC 45 NC 57 0013 69 PD3 

10 Vee 22 005 34 · RAS2 46 NC 58 0031 70 PD4 

11 NC 23 DQ23 35 PQ26 47 WE 59 Vee 71 NC 

12 AO 24 006 36 PQ8 48 NC 60 DQ32 72 Vss 

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

Organization Speed 

4M x36 60ns 

4Mx36 70ns 

4Mx36 60ns 

4Mx36 70ns 

Leads 

Sn/Pb 

Sn/Pb 

Au 

Au 

Dimensions 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

Notes 

03H7150 
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--------- ----- - -- - ---- --------------·-
Preliminary 

Block Diagram 

CAS1 

CAS2 
RAS2 

CAS3 

AO-A10 

03H7150 
MMDS26DSU-OO 
Revised 7 /94 

11 11 11 11 

IBM11 D43608 
IBM11 E43608 

4M x 36 DRAM Module 

11 

>--------< WE 

>--------< GAS U10 
t-----;RAS 

1-----; GAS u12 
>--------< R7iS 

11 
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IBM11043608 
IBM11 E4360B 
4M x 36 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode -Write: 
1st Cycle 

Subsequent Cycles 

'RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 
Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN, Vss = GND 

'RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H--+L 

Absolute Maximum Ratings 
Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

VouT Output Voltage 

ToPR Operating Temperature 

TsTG Storage Temperature 

Po Power Dissipation 

louT Short Circuit Output Current 

CAS WE 

x x 
L H 

L L 

H--+L H 

H--+L H 

H--+L L 

H--+L L 

H x 
L H 

-60 

Vss 

NC 

NC 

NC 

--------- -------- ----- -------------·-
Prellmlnary 

Row Column All DO, PO bits Address Address 

x x High Impedance 

Row Col Valid Data Out 

Row Col Valid Data In 

Row Col Valid Data Out 

NIA Col Valid Data Out 

Row Col Valid Data In 

NIA Col Valid Data In 

Row NIA High Impedance 

x x High Impedance 

-70 

Vss 

NC 

Vss 

NC 

Rating Units Notes 

-1.0to+7.0 v 1 

-0.5 to min(Vcc + 0.5, 7 .0) v 1 

-0.5 to min(Vcc + 0.5, 7.0) v 1 

Oto +70 ·c 1 

-55to+125 ·c 1 

7.9 w 1 

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. 
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--------------- -- - ---- - ------------·-
Preliminary 

Recommended DC Operating Conditions (TA = o to 10°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to V88. 

Capacitance (TA= o to +10°c, Vee= s.o ± o.sV) 

Symbol Parameter 

c,, Input Capacitance (AO-A10) 

C12 Input Capacitance (RAS) 

c,. Input Capacitance (GAS) 

c,. Input Capacitance (WE) 

C1101 Output Capacitance (DQ0-0034) 

C1102 Output Capacitance (PQ8, 17, 26, 35) 

03H7150 
MMDS26DSU-OO 
Revised 7 /94 

Min 

4.5 

2.4 

-0.5 

Typ 

5.0 

-

-

IBM11 D4360B 
IBM11 E4360B 

4M x 36 DRAM Module 

Max Units Notes 

5.5 v 1 

Vee +0.5 v 1 

0.8 v 1 

Max Units Notes 

78 pF 

50 pF 

31 pF 

g4 pF 

13 pF 

18 pF 
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IBM11 043608 
IBM11 E4360B 
4M x 36 DRAM Module 

DC Electrical Characteristics (TA = o to+ 1o·c, Vee = 5 ± o.5V) 

Symbol Parameter 

Operating Current -60 
lcc1 Avera~wer Supply Operating Current 

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

Standby Current (TTL) 
lcc2 Power S..!!l!e!y Standby Current 

(RAS= CAS :!:V1H) 

RAS Only Refresh Current -60 
lcca Average Powe!'...§!!pply Current, RAS Only Mode 

(RAS Cycling, CAS :!:V1H: tRc = tRC min) -70 

Fast Page Mode Current -60 
lcc4 Average Power Supply Current, Fast Page Mode 

(RAS = V1L, GAS", Address Cycling: tpc = tpc min) -70 

Standby Current (CMOS) 
Ices P~r S..!!l!e!y Standby Current 

(RAS = CAS = Vee - 0.2V) 

GAS" Before RAS Refresh Current -60 
Ices Avera~wer ~upply Current, _CAS Before RAS Mode 

(ltlm', , Cycling: tRc = tRc min) -70 

Input Leakage Current RAS 

l1(L) 
Input Leakage Current, any input 

CAS (0.0 ~ V1N ~(Vee< 6.0V)) 
All Other Pins Not Under Test= OV All others 

lo(L) 
Output Leakage Current 
(DoLJT is disabled, 0.0 ~ VoLJT ~Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (loLJT = -5mA@ 2.4V) 

Vol Output Low Level 
Output "L" Level Vohage (loLJT = +4.2mA@ 0.4V) 

1. lcc1. lcc3, ICC4 and Ices depend on cycle rate. 

Min 

-
-

-

-

-

-
-

-

-

-

-60 

-30 

-120 

-10 

2.4 

-

2. lcc1, ICC4 depend on output loading. Spec~ied values are obtained with the output open. 

---------------------:5:::E:e::5 ~ = 
Preliminary 

Max Units Notes 

1440 
mA 1, 2,3 

1280 

24 mA 

1440 
mA 1,3 

1280 

1240 
mA 1,2,3 

1080 

12 mA 

1440 
mA 1,3 

1280 

+60 

+30 µA 

+120 

+10 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS= V1L· In the case of lcC4. it can be changed once or less when ~ = V1H· 
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------------------- - ---- --------------·-
Preliminary 

AC Characteristics (TA= o to +70°C, Vee= 5 ± 0.5V) 

IBM11 043608 
IBM11 E4360B 

4M x 36 DRAM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V 1H 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. AC measurements assume t1 = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

tRc Random Read or Write Cycle Time 110 128K 130 128K ns 

!RP RAS Precharge Time 40 - 50 - ns 

lcP CAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

tcAS CAS Pulse Width 15 - 20 - ns 

tASR Row Address Setup Time 0 - 0 - ns 

lRAH Row Address Hold Time 10 - 10 - ns 

tAsc Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 15 - 15 - ns 

tRco RAS to CAS Delay Time 20 45 20 50 ns 1 

tRAO RAS to Column Address Delay Time 15 - 15 - ns 2 

tRSH RAS Hold Time 15 - 20 - ns 

1csH CAS Hold Time 60 - 70 - ns 

le RP CAS to RAS Precharge Time 10 - 10 - ns 

tozc CAS Delay Time from D1N 0 - 0 - ns 

11 Transition Time (Rise and Fall) 3 30 3 30 ns 

lAR Column Address Hold Time Referenced to RAS 50 - 55 - ns 

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

2. Operation within the IRAD (max) limit ensures that IRAC (max) can be met. IRAD (max) is specified as a reference point only: If IRAo 
is greater than the specified tRAD (max) limit, then access time is controlled by IAA. 
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IBM11 E4360B 
4M x 36 DRAM Module 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

tWCH Write Command Hold Time 

twp Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

tCWL Write Command to CAS Lead Time 

tWCR Write Command Hold Time Referenced to RAS 

to HR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

Read Cycle 

Symbol Parameter 

tRAc Access Time from RAS 

lcAC Access Time from CAS 

tM Access Time from Address 

tRcs Read Command Setup Time 

IRcH Read Command Hold Time to CAS 

tRRH Read Command Hold Time to RAS 

tRAL Column Address to RAS Lead Time 

lcAL Column Address to CAS Lead Time 

lcu CAS to Output in Low-Z 

toH Output Data Hold Time 

tcoo OAS to D1N Delay Time 

loFF Output Buffer Tum-off Delay 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of IRAc. tcAC. lcPA· IAA. 
3. Either tRcH or tRRH must be satisfied for a read cycle. 

-60 

Min 

0 

15 

15 

15 

15 

45 

45 

0 

15 

-60 

Min 

-

-
-
0 

0 

5 

30 

30 

0 

0 

15 

0 

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

Prellmlnary 

-70 
Units Notes 

Max Min Max 

- 0 - ns 

- 15 - ns 

- 15 - ns 

- 20 - ns 

- 20 - ns 

- 55 - ns 

- 55 - ns 

- 0 - ns 

- 15 - ns 

-70 
Units Notes 

Max Min Max 

60 - 70 ns 1,2 

15 - 20 ns 1, 2 

30 - 35 ns 1, 2 

- 0 - ns 

- 0 - ns 3 

- 5 - ns 3 

- 35 - ns 

- 35 - ns 

- 0 - ns 

- 0 - ns 

- 20 - ns 

15 0 20 ns 4 

4. foFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output vohage levels. 
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--------- -------- - ---- --------------·-
Preliminary 

Fast Page Mode Cycle 

Symbol Parameter 

IPC Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from CAS Precharge 

lcPA Access Time from CAS Precharge 

1. Access time is determined by the latter of IRAc. lcAc. tcpA, IAA. 
2. Measured with the specified current load and 1 OOpF. 

Refresh Cycle 

Symbol Parameter 

lcHR 
CASHold Time 
(CAS before RAS Refresh Cycle) 

lcsR CAS Setup Time 
(CAS before RAS Refresh Cycle) 

lwRP WE Setup Ti~ 
(CAS before RAS Refresh Cycle) 

IWRH WE Hold Time 
(CAS before RAS Refresh Cycle) 

IRPC RAS Precharge to CAS Hold Time 

!REF Refresh Period 

1. 2048 refreshes are required every 32ms. 

03H7150 
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-60 

Min Max Min 

40 - 45 

60 100K 70 

35 - 40 

- 35 -

-60 

Min Max Min 

20 - 20 

10 - 10 

10 - 10 

10 - 10 

5 - 5 

- 32 -

-70 

-70 

IBM11043608 
IBM11 E4360B 

4M x 36 DRAM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

32 ms 1 

Page 335 



IBM11 D4360B 
IBM11 E4360B 
4M x 36 DRAM Module 

Read 

V1H-
RAS 

VIL -

V1H-
CAS 

V1L -

IAsR 

Address 
V1H-

~AH 

-------------- - ------=..:.:=v= 
Preliminary 

~c 

tRAs 

tcsH 

tRCD ~SH 

lcAS 

!RAD 

!Ase 

IAA -+------..... 

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

lcLz 

VoH-

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

I :"H"or"L" 

Page336 

lcAC loFF-

Valid Data Out 
Hi-Z _ 

_toH ----i 
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Preliminary 

Write Cycle (Early Write) 

V1H-
'RAS 

V1L -

V1H-
CAS 

V1L-

!ASA 

V1H-
Address 

V1L-

V1H-
WE 

V1L-

V1H-
D1N 

V1L-

IAAs 

lcsH 

IRco 

!RAD 

los 

Valid Data In 

!Re 

!ASH 

!CAs 

IBM11 043608 
IBM11 E4360B 

4M x 36 DRAM Module 

!RP 

-lcRP 

DoUT ______________ Hi-Z ---------------
VoL-

03H7150 
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I :"H"or"L" 
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IBM11 043608 
IBM11 E43608 
4M x 36 DRAM Module 

Fast Page Mode Read Cycle 

-~co 

Address 

DoUT 
Vol-

l:"H"or"L" 

Page 338 

tcLZ 
1~----,1 

1-----tcPRH 

!pc---... 

tcPA 

.....toH t -toH 

r ozc tcoo 

toFF 

1~----,1 hz 

ll---lli!llll DoUT 2 \l----(!11111\ DoUTN 

--------- ----- - -- ----- --------·----·-
Preliminary 
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--------------- -- - ---
=:::=:=~= 
Prellmlnary 

Fast Page Mode Write Cycle 

Vn-1-
RAS 

Vil-

Vn-1-
GAS 

VIL-

V1H

Address 
Vil-

VoH-

03H7150 
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!RCD 

lwcs 

I :"H"or"L" 

!RASP 

_tpc 

tcp !RSH 

lcAS le As 

IBM11043608 
IBM11 E43608 

4M x 36 DRAM Module 

!RP 

le RP 
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IBM11D4360B 
IBM11 E4360B 
4M x 36 DRAM Module 

RAS Only Refresh Cycle 

V1H_ 

RAS 

V1L _ 

V1H_ 

CAS 

V1L _ 

\ASA 

~(RAH 

V1H_ 

Address 

V1L _ 

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

\Re 

(AAS !AP 

(RPG 

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

: "H" or "L" 

Note: WE, D1N are "H" or "L" 
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-------------- - -- - ---- -------------·-
Prellmlnary 

CAS Before RAS Refresh Cycle 

1+------tRAS ----------o! 

VIH-

RAS 

tRPC ~ v,, -

~ lcsR 

VIH-

GAS 
v,, -

i------ !coo ____ _,,, 

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

Dour VoH-
f-----Hi-Z 

: "H" or"L" 

Note: Addresses are "H" or "L" 

03H7150 
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IBM11043608 
IBM11 E43608 
4M x 36 DRAM Module 

Layout Drawing 
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--------------- -- - -----------------·-
Preliminary 

Features 

• 72-Pin JEOEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

IRAC RAS Access Time 60ns 70ns 

lcAC CAS Access Time 15ns 20ns 

IAA Access Time From Address 30ns 35ns 

IRC Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 

Description 

The IBM11083608 is a 32MB industry standard 
72-pin 4-byte single in-line memory module (SIMM). 
The module is organized as an 8Mx36 high speed 
memory array, and is configured as 2 4Mx36 banks -
each independently selectable via unique RAS 
inputs. The assembly is intended for use in 18, 36 
and 72 bit parity applications. It is manufactured with 
16 4Mx4 devices, each in a 300mil package, and 8 
4Mx1 devices in a 300mil package. The module is 
compatible with the JEOEC 72-Pin SIMM standard. 

Card Outlines 

IBM 11 083608 
IBM11 E8360B 

SM x 36 DRAM Module 

• Single 5V, ± 0.5V Power Supply 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 2048 refresh cycles distributed across 32ms 
• 11/11 Addressing (Row/Column) 
• Optimized for use in byte-write parity applica

tions 
• Au and Sn/Pb versions available 

Two package offerings are available to accomodate 
system spacing requirements. 

The IBM 72-Pin SIMMs provide a high performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include the 8Mx32 non-parity 
SIMM, IBM11083208, as well as other density offer
ings and ECG-optimized SIMMs. 

l 0
, "'"'I II"'"'"' 111111111111 I II I II I II n I""' II I II I II !!!!!Ill I II I I II 11111111! I ,

0 r .. ;.., 

03H7151 
MMDS27DSU-OO 
Revised 7194 

0 

36 37 72 

0 
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IBM11 083608 
IBM11 E83608 
BM x 36 DRAM Module 

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 Input/output 1B-25, 27-34 

PQ8, 17, 26, 35 Parity Input/output 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1 -PD4 Presence Detects 

Ordering Information 

Part Number 

IBM11DB360BA-60 

IBM11 DB360BA-70 

IBM11EB360BA-60 

IBM 11 EB360BA-70 

IBM11DB360BB-60 

IBM11 DB360BB-70 

IBM11 EB360BB-60 

IBM11 EB360BB-70 

Page 344 

---------------------=.:.:=~= 
Preliminary 

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

1 Vss 13 A1 25 D024 37 P017 49 D09 61 D014 

2 DOO 14 A2 26 D07 3B P035 50 D027 62 DQ33 

3 D01B 15 A3 27 D025 39 Vss 51 D010 63 D015 

4 D01 16 A4 2B A7 40 CASO 52 D02B 64 D034 

5 D019 17 A5 29 NC 41 CAS2 53 D011 65 D016 

6 D02 1B A6 30 Vee 42 CAS3 54 D029 66 NC 

7 D020 19 A10 31 AB 43 CAS1 55 D012 67 PD1 

B D03 20 D04 32 A9 44 RASO 56 D030 6B PD2 

9 D021 21 D022 33 RAS3 45 RAS1 57 D013 69 PD3 

10 Vee 22 D05 34 RAS2 46 NC 5B D031 70 PD4 

11 NC 23 D023 35 P026 47 WE 59 Vee 71 NC 

12 AO 24 DOS 36 POB 48 NC 60 D032 72 Vss 

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

Organization Speed Leads 

BMx36 60ns Sn/Pb 

BM x36 70ns Sn/Pb 

BM x36 sons Au 

BM x36 70ns Au 

BM x36 60ns Sn/Pb 

BM x36 70ns Sn/Pb 

BM x36 60ns Au 

BMx36 70ns Au 

Dimensions Notes 

5" x 1" x .360" Wide 

5" x 1" x .360" Wide 

5" x 1" x .360" Wide 

5" x 1" x .360" Wide 

4.25" x 1 .25" x .360" Tall 

4.25" x 1.25" x .360" Tall 

4.25" x 1.25" x .360" Tall 

4.25" x 1.25" x .360" Tall 

03H7151 
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-------------= === .:.::::::=~= 

Preliminary 

Block Diagram 

CAS1 

CAS2 
RAS2 

CAS3 

AO-A10 

WE 
CASO 
RAS1 

CAS1 

CAS2 
RAS3 

CAS3 

03H7151 
MMDS27DSU-OO 
Revised 7 /94 

IBM11083608 
IBM11 E83608 

SM x 36 DRAM Module 
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IBM11083608 
IBM11 E8360B 
SM x 36 DRAM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

1. NC= OPEN, Vss = GND 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H--+L 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

Tsro Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

CAS WE 

x x 
L H 

L L 

H--+L H 

H...+L H 

H--+L L 

H...+L L 

H x 
L H 

-60 

NC 

Vss 

NC 

NC 

-----=--=-=-===-
! :=:. === ==::=::r= ':' = 

Prellmlnary 

Row Column All DO, PO bits Address Address 

x x High Impedance 

Row Col Valid Data Out 

Row Col Valid Data In 

Row Col Valid Data Out 

N/A Col Valid Data Out 

Row Col Valid Data In 

N/A Col Valid Data In 

Row N/A High Impedance 

x x High Impedance 

-70 

NC 

Vss 

Vss 

NC 

Rating Units Notes 

-1.0to+7.0 v 1 

-0.5 to min (Vee+ 0.5, 7.0) v 1 

-0.5 to min (Vee+ 0.5, 7.0) v 1 

Oto+70 ·c 1 

-55 to +125 ·c 1 

15.8 w 1,2 

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 condttions indicated is not implied. Exposure to absolute maximum rating condttions for extended peri-
ods may affect reliability. 

2. Maximum power occurs when all banks are active. 
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--------------- ------- -------------·-
Prell mi nary 

Recommended DC Operating Conditions (TA = o to 10°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss-

Capacitance (TA= o to +10°c, Vee= s.o ± o.sV) 

Symbol Parameter 

C11 Input Capacitance (AO-A10) 

C12 Input Capacitance (RAS) 

C1s Input Capacitance (CAS) 

C14 Input Capacitance (M) 

C1101 Output Capacitance (DQ0-0034) 

C1102 Output Capacitance (PQ8, 17, 26, 35) 

03H7151 
MMDS27DSU-OO 
Revised 7 /94 

Min 

4.5 

2.4 

-0.5 

Typ 

5.0 

-
-

IBM11 D8360B 
IBM11 E8360B 

SM x 36 DRAM Module 

Max Units Notes 

5.5 v t 

Vcc+0.5 v t 

0.8 v 1 

Max Units Notes 

161 pF 

57 pF 

57 pF 

188 pF 

27 pF 

37 pF 
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IBM11083608 
IBM11 E8360B 
8M x 36 DRAM Module 

DC Electrical Characteristics (TA= o to+ 1o·c. Vee = s ± o.svi 
Symbol Parameter 

Opera1ing Current -60 
lcc1 Avera~wer Supply O~era1ing Curren! 

(FiAS, , Address Cycling: 1Rc = 1Rc min) -70 

Standby Current (TTL) 
lcc2 Power S.!!l!e!y Standby Current 

{fiAS = CAS :!!: V1H) 

RAS Only Refresh Current -60 
Ices Average Powei:.§!lpply Current, RAS Only Mode 

(RAS Cycling, CAS :!!: V1H: !Re = 1Rc min) -70 

Fast Page Mode Current -60 
lcc4 Average Power Supply Current, Fast Page Mode 

(FiAS = V1L. OAS, Address Cycling: !pc = lpc min) -70 

Standby Current (CMOS) 
Ices Power S.!!l!e!y Standby Current 

(RAS= CAS =Vee - 0.2V) 

CJ!;§ Before FiAS Refresh Current -60 
Ices Averaa0rswer ~upply Current, .CAS Before FiAS Mode 

~. , Cycling: tRc = tRc min) -70 

Input Leakage Current RAS 

l1(L) 
Input Leakage Current, any input 

CAS (0.0 S V1N S {Vee < 6.0V)) 
All Other Pins Not Under Test= OV All others 

lo(L) 
Output Leakage Current 
(DoLrr is disabled, 0.0 s VouT s Vee) 

VoH Output High Level 
Output "H" Level Voltage (10 Lrr = -5mA @ 2.4V) 

Vol Output Low Level 
Output "L" Level Voltage (loLrr= +4.2mA@0.4V) 

1. lcc1, Ices. lcC4 and Ices depend on cycle rate. 

Min 

-
-

-

-

-
-
-

-

-
-
-60 

-60 

-240 

-20 

2.4 

-

2. 1001 , lcC4 depend on output loading. Specttied values are obtained with the output open. 

--------- ----- - -- ----- -------------·-
Prellmlnary 

Max Units Notes 

1464 
mA 1,2,3 

1304 

48 mA 

1464 
mA 1, 3, 4 

1304 

1264 
mA 1,2,3 

1104 

24 mA 

1464 
mA 1,3,4 

1304 

+60 

+60 µA 

+240 

+20 µA 

- v 

0.4 v 

3. Address can be changed once or less while~= Vil· In the case of lcC4. it can be changed once or less when~= V1H 
4. Refresh current is specttied for 1 bank. 
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-------------- - -- ----- --------------·-
Preliminary 

AC Characteristics (TA= o to +1o·c, Vee= s ± o.svi 

IBM11083608 
IBM11 E83608 

BM x 36 DRAM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V 1H 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. AC measurements assume tr = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!Re Random Read or Write Cycle Time 110 128K 130 128K ns 

!RP RAS Precharge Time 40 - 50 - ns 

lcp GAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

1cAS GAS Pulse Width 15 - 20 - ns 

1ASR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 15 - 15 - ns 

tRCD RAS to GAS Delay Time 20 45 20 50 ns 1 

!RAD RAS to Column Address Delay Time 15 - 15 - ns 2 

lRSH RAS Hold Time 15 - 20 - ns 

lcsH GAS Hold Time 60 - 70 - ns 

1cRP GAS to RAS Precharge Time 10 - 10 - ns 

1ozc GAS Delay Time from D1N 0 - 0 - ns 

Ir Transition Time (Rise and Fall) 3 30 3 30 ns 

IAR Column Address Hold Time Referenced to RAS 50 - 55 - ns 

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

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

03H7151 
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IBM11 083608 
IBM11 E8360B 
BM x 36 DRAM Module 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

twcH Write Command Hold Time 

twp Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

tcWL Write Command to CAS Lead Time 

twcR Write Command Hold Time Referenced to RAS 

toHR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

Read Cycle 

Symbol Parameter 

tRAc Access Time from RAS 

tcAC Access Time from CAS 

tAA Access Time from Address 

tRcS Read Command Setup Time 

tRCH Read Command Hold Time to CAS 

tRRH Read Command Hold Time to RAS 

tRAL Column Address to RAS Lead Time 

lcAL Column Address to CAS Lead Time 

lcLZ CAS to Output in Low-Z 

toH Output Data Hold Time 

!coo CAS to D1N Delay Time 

loFF Output Buffer Tum-off Delay 

1. Measured with the specified current load and 100pF. 
2. Access time is detennined by the latter of tRAc. lcAc. lcPA· 1AA. 
3. Either tRcH or tRRH must be satisfied for a read cycle. 

Min 

0 

15 

15 

15 

15 

45 

45 

0 

15 

Min 

-

-

-

0 

0 

5 

30 

30 

0 

0 

15 

0 

--------- ------------- -------------·-
Prellmlnary 

-60 -70 
Units Notes 

Max Min Max 

- 0 - ns 

- 15 - ns 

- 15 - ns 

- 20 - ns 

- 20 - ns 

- 55 - ns 

- 55 - ns 

- 0 - ns 

- 15 - ns 

-60 -70 
Units Notes 

Max Min Max 

60 - 70 ns 1,2 

15 - 20 ns 1,2 

30 - 35 ns 1,2 

- 0 - ns 

- 0 - ns 3 

- 5 - ns 3 

- 35 - ns 

- 35 - ns 

- 0 - ns 

- 0 - ns 

- 20 - ns 

15 0 20 ns 4 

4. loFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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--------- ----- - ------.:.::::::::::: ! = 
Prell ml nary 

Fast Page Mode Cycle 

Symbol Parameter 

tpc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

tcPRH RAS Hold Time from CAS Precharge 

tcPA Access Time from <'.:AS Precharge 

1. Access time is determined by the latter of tRAc. tcAc. tcPA. tAA. 
2. Measured with the specified current load and 1 OOpF. 

Refresh Cycle 

Symbol Parameter 

lcHR 
CAS Hold Time 
(CAS before RAS Refresh Cycle) 

lcsR 
CAS Setup Time 
(CAS before RAS Refresh Cycle) 

IWRP WE Setup Tiim.._ 
(CAS before RAS Refresh Cycle) 

IWRH ~HoldTime 
(GAS before RAS Refresh Cycle) 

tRPC RAS Precharge to CAS Hold Time 

tREF Refresh Period 

1. 2048 refreshes are required every 32ms. 

03H7151 
MMDS270SU-OO 
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Min 

40 

60 

35 

-

Min 

20 

10 

10 

10 

5 

-

-60 -70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 20 

- 10 

- 10 

- 10 

- 5 

32 -

IBM11D83608 
IBM11 E83608 

BM x 36 DRAM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

32 ms 1 
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IBM11 D83608 
IBM11 E83608 
BM x 36 DRAM Module 

Read 

V1H-
RAS 

V1L -

V1H-
CAS 

V1L -

tASR 

Address 
V1H-

V1L -

tRAH 

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

tRc 

tRAS 

tcsH 

tRCD tRSH 

lcAS 

~D 

D1N Hi-Z -+-------t---1 

VoH-

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

I: "H"or"L" 

Page352 

lcLZ 

tCAc toFF-

Valid Data Out 
Hi-Z _ 

_toH ----t 
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-------------- - -- - ---- - ------------·-
Preliminary 

Write Cycle (Early Write) 

V1H-
RAS 

VIL -

V1H-
GAS 

VIL -

!RAD 

!ASA 

V1H-
Address 

V1L-

WE 
VIL -

V1H-
D1N 

V1L-

VoH-

tRAS 

tcsH 

IA co 

los _toH 

Valid Data In 

tRc 

!ASH 

lcAs 

IBM11 D83608 
IBM11 E83608 

SM x 36 DRAM Module 

tRP 

_tcAP 

Dour _______________ Hi-Z ----------------

Vol-
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: "H"or "L" 
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IBM1108360B 
IBM11 E8360B 
SM x 36 DRAM Module 

Fast Page Mode Read Cycle 

Address 

V1H-
WE' 

V1L-

D1N 

Vott-

DoUT 
VOL-

I :"H"or"L" 

Page 354 

tRAc loFF-

1:cLZ 

1----1:cPRH 

lcPA 

.....loH 
t r DZC 

tCAc 

lcLz 

+-toH 

tCDD 

toFF 

DoUTN 

-------------- -·-- ----
=====~= 

Preliminary 
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-------------= - -::S'=f §: 

Prell ml nary 

Fast Page Mode Write Cycle 

v,H-
RAS 

V1L-

v,H-
GAS 

V1L-

v,H
Address 

V1L-

VoH-
DouT 

Vol-

03H7151 
MMDS27DSU-OO 
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lwcs 

!RASP 

_tpc 

lcp 

le As le As 

4.sH 

lcAS 

IBM11D8360B 
IBM11 E8360B 

BM x 36 DRAM Module 

!RP 

le RP 
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IBM11083608 
IBM11 E8360B 
8M x 36 DRAM Module 

RAS Only Refresh Cycle 

V1H_ 

CAS 

VIL-

lJ.sR 

~~H 
V1H_ 

Address 

VIL-

-------------- - -- ----.:.:::=:::: ~ = 
Preliminary 

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

I :"H"or"L" 

Note: ~. D1N are "H" or "L" 
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--------- ------ -- ----- -------------·-
Preliminary 

CAS Before RAS Refresh Cycle 

!+------tRAS ------------.f 

V1H-

RAS 

tRPC l V1L -

-1 tcsR 

V1H-

GAS 
V1L -

-----!coo ____ _,, 

---t------- Hi-Z 

DouT 
>-----Hi-Z 

Vol-

ii : "H" or "L" 

Note: Addresses are "H" or "L" 

03H7151 
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IBM1108360B 
IBM11 E8360B 
BM x 36 DRAM Module 

Layout Drawing (IBM11 D8360BA) 
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Prellmlnary 

Layout Drawing (18M110836088) 
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72 Pin SIMMs 
- ECG 
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-------------- - -- - ---- - ------------·-

Features 

• 72-Pin JEDEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

tRAc RAS Access Time 60ns 70ns 

le Ac GAS Access Time 15ns 20ns 

tAA Access Time From Address 30ns 35ns 

!Re Cycle Time 110ns 130ns 

!pc Fast Page Mode Cycle Time 40ns 45ns 

Description 

The ECG-Optimized SIMMS, IBM1101370BA and 
IBM1101400BA are 4MB industry standard 72 pin 
4-byte single inline memory modules (SIMMs). The 
Modules are organized as 1 M x 36/40 high speed 
memory arrays, and are configured as a single 1 M x 
36/40 bank. The 1 M x 36 assembly is intended for 
use in 8 byte applications, typically having 64 data 
and 8 check bits (64/72 code). The 1 M x 40 assem
bly is applicable to 4 byte applications with 32 data 
and 7 or 8 check bits (32/39 code), or 8 byte applica-

Card Outline 

IBM1101400BA IBM1101370BA 
IBM11 E1400BA IBM11 E1370BA 

1 M x 36/1 M x 40 DRAM Modules 

• Optimized for use in ECC applications 
• High Performance CMOS process 
• Single 5V, ± 0.5V Power Supply 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode, Read-Modify-Write cycles 

• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/10 Addressing (Row/Column) 
• Au and Sn/Pb versions available 

tions with extended error correction capabilities. The 
modules are manufactured with 9 or 10 1 M x 4 
devices, each in a 350 mil package, and are com
patible with the JEDEC 72-pin SIMM standard. 

The IBM 72-pin SIMMs provide a high-performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include other density offerings and 
parity SIMMS. 

~011111I1111I!I11111111111II1111111111111 I - 111111111111111111II11111111111111111111° I 
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IBM1101370BA IBM1101400BA 
IBM11E1370BA IBM11E1400BA 

1 M x 36/1 M x 40 DRAM Modules 

Pin Description 

RASO Row Address Strobe 

CASO Column Address Strobe 

WE Read/write Input 

OE Output Enable 

AO-A9 Address Inputs 

D00-35 or D00-39 Data Input/output 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

~.PD1 -PD4 Presence Detects 

Ordering Information 

Part Number 

IBM11D1370BA-60 

IBM11D1370BA-70 

IBM11E1370BA-60 

IBM11E1370BA-70 

IBM11D1400BA-60 

IBM11D1400BA-70 

IBM11E1400BA-60 

IBM11E1400BA-70 

Page 364 

Pinout 

Pin# Name Pin# Name Pin# Name 

1 Vss 13 A1 25 D013 

2 DQO 14 A2 26 D014 

3 DQ1 15 A3 27 DQ15 

4 D02 16 A4 28 A7 

5 D03 17 A5 29 DQ16 

6 D04 18 AS 30 Vee 

7 D05 19 OE 31 AB 

8 DOS 20 DOB 32 A9 

9 DQ7 21 DQ9 33 NC 

10 Vee 22 DQ10 34 NC 

11 NC 23 D011 35 D017 

12 AO 24 DQ12 36 DQ18 

1. D036 - DQ39 are NC for x36 SIMM. 

Organization Speed Leads 

1M x 36 60ns Sn/Pb 

1M x 36 70ns Sn/Pb 

1M x36 60ns Au 

1Mx36 70ns Au 

1M x40 60ns Sn/Pb 

1M x40 70ns Sn/Pb 

1M x 40 60ns Au 

1M x 40 70ns Au 

Pin# 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

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

Name Pin# Name Pin# Name 

D019 49 D022 61 D033 

DQ20 50 DQ23 62 D034 

Vss 51 DQ24 63 D035 

CASO 52 D025 64 DQ36 

NC 53 DQ26 65 DQ37 

NC 54 D027 66 DQ38 

NC 55 D028 67 PD1 

RASO 56 DQ29 68 PD2 

NC 57 D030 69 PD3 

DQ21 58 D031 70 PD4 

WE 59 Vee 71 D039 

ECC 60 D032 72 Vss 

Dimensions Notes 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 
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Block Diagram 
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~ 
WE 

RASO 
CASO 

RAS' Wt m:: 
000 
001 DO 
002 
003 

RAS Wt m:: 
D04 
005 D1 
DQ6 
DQ7 

RAS' WE m: 
DOS 
DQ9 D2 
DQ10 
DQ11 

'RAS Wt m: 
DQ12 
0013 D3 
0014 
0015 

RAS' Wt m:: 
DQ16 
DQ17 D4 
D018 
DQ19 

RAS WE OE' 
0020 
0021 DS 
DQ22 
0023 

RAS' Wt m:: 
DQ24 
DQ2S D6 
0026 
0027 

RAS' Wt m:: 
0028 
DQ29 D7 
0030 
0031 

RAS' wt m: 
DQ32 DQ1 
DQ33 DQ2 D8 
DQ34 D03 
0035 D04 

'--~~~~~~~~ 
r - - - , 
I ~ 'RAS WE' OE' 

0036 ·DQ1 I 
~ 18~ 09 I 
D039---~ - - - - - ..J 

NOTE: D9 IS NOT USED IN X36 SIMM 

AO· A9 -AO· A9: DRAMS DO· 09 

IBM1101400BA IBM11 D1370BA 
IBM11 E1400BA IBM11 E1370BA 

1 M x 36/1 M x 40 DRAM Modules 

VCC -...----DO- 09 

vss 00-09 
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IBM11 D1370BA IBM11 D1400BA 
IBM11 E1370BA IBM11E1400BA 
1M x 36/1M x 40 DRAM Modules 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Late-Write I RMW 

Fast Page Mode-Read 
1st cycle 

Subsequent Cycles 

Fast Page Mode-Write 
1st cycle 

subsequent Cycles 

Fast Page Mode 
Read-Modify-Write: 
1st cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 

Pin 

ECC (ECC Optimized SIMM) 

PD1 

PD2 

PD3 

PD4 

Page366 

mtS rntS ~ 

H x x 
L L H 

L L L 

L L H-.L 

L H-.L H 

L H-.L H 

L H-.L L 

L H-.L L 

L H-.L H-.L 

L H-.L H-.L 

L H x 
H-.L L H 

-60 

Vss 

Vss 

Vss 

NC 

NC 

~ Row Col 
Address Address 

x x x 
L Row Col 

x Row Col 

L-.H Row Col 

L Row Col 

L N/A Col 

x Row Col 

x NIA Col 

L-.H Row Col 

L-.H NIA Col 

x Row NIA 

x x x 

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

All DQ Bits 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

-70 

Vss 

Vss 

Vss 

Vss 

NC 
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-------------- - ------=..::=~= 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

TsTG Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

Rating 

-0.5to +6.5 

-0.7 to Vee+ 0.7 

-0.7to Vee+ 0.7 

Oto+70 

-55 to +125 

5.9 

50 

IBM11D1400BA IBM11D1370BA 
IBM11E1400BA IBM11E1370BA 

1 M x 36/1 M x 40 DRAM Modules 

Unns Notes 

v 1 

v 1 

v 1 

·c 1 

·c 1 

w 1 

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 condnions indicated is not implied. Exposure to absolute maximum rating conditions for extended peri-
ods may affect reliability. 

Recommended DC Operating Conditions (TA= o to 10°ci 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to V88. 

Capacitance (TA= o to+ 10°c, Vee= 5.0 ± 0.5V) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance ('RAS, CAS) 

C13 Input capacitance (WE) 

C14 Input Capacitance (OE) 

C1.o Output Capacitance (All DQ bits) 

8189247 
MMDS33DSU-OO 
Revised 7/94 

Min 

4.5 

2.4 

0.0 

x36 Max 

55 

50 

47 

65 

13 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee v 1 

- 0.8 v 1 

x40Max Units Notes 

58 pF 

53 pF 

50 pF 

70 pF 

13 pF 
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IBM11 D1370BA IBM1101400BA 
IBM11E1370BA IBM11E1400BA 
1M x 36/1M x 40 DRAM Modules 

1 M x 36 DC Electrical Characteristics CT A = o to+ 1o·c. Vee = s ± o.sv) 

Symbol Parameter Min 

Operating Current -60 -
lcc1 Average Power Supply Operating Current 

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

Standby Current (TTL) 
lcc2 Power Supply Standby Current -

(°RAS=~" V1H) 

RAS Only Refresh Current -60 -
lcc3 Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS" V1H: tRc = tRc min) -70 -
Fast Page Mode Current -60 -

ICC4 Average Power Supply Current, Fast Page Mode 
(°RAS= V1L, CAS, Address Cycling: lpe = tpe min) -70 -
Standby Current (CMOS) 

Ices Power Supply Standby Current -
(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current -60 -
Ices Average Power Supply Current, CAS Before RAS Mode 

(°RAS, CAS, Cycling: tRe = tRe min) -70 -

Input Leakage Current OE,WE, 
-90 

lt(L) 
Input Leakage Current, any input ADDRESS 
(0.0 S V1N S (Vee < 6.0V)) 
All Other Pins Not Under Test= OV RAS,CAS -90 

lo(L) 
Output Leakage Current 

-10 
(Dour is disabled, 0.0 s Vour s Vee) 

VoH 
Output High Level 

2.4 Output "H" Level Voltage (lour= -SmA@ 2.4V) 

Vol 
Output Low Level -Output "L" Level Voltage (lour= +4.2mA@ 0.4V) 

1. lcc1' Ices. ICC4 and Ices depend on cycle rate. 
2. lcc1. ICC4 depend on output loading. Specified values are obtained with the output open. 

--------- ----= :-:.::5Vi: 

Max Untts Notes 

1080 
mA 1,2,3 

972 

18 mA 

1080 
mA 1,3 

972 

675 
mA 1, 2,3 

630 

18 mA 

1080 
mA 1,3 

972 

+90 
µA 

+90 

+10 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS = Vil· In the case of lcC4. it can be changed once or less when cp;s = V1H 
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---------------------::5:::::::::::5? = IBM11D1400BA IBM11D13708A 
IBM11E1400BA IBM11E1370BA 

1 M x 36/1 M x 40 DRAM Modules 

1M x 40 DC Electrical Characteristics (TA= o 10+1o·c, Vee= 5±0.5V) 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 1200 
lee1 Average Power Supply Operating Current mA 1, 2, 3 

(RAS, CAS, Address Cycling: IRc = IRc min) -70 - 1080 

Standby Current (TTL) 
lcc2 Power Supply Standby Current - 20 mA 

(RAS= CAS ~ V1H) 

RAS Only Refresh Current -60 - 1200 
Ices Average Power Supply Current, RAS Only Mode mA 1,3 

(RAS Cycling, CAS ~ V1H: IRc = IRc min) -70 - 1080 

Fast Page Mode Current -60 - 750 
ICC4 Average Power Supply Current, Fast Page Mode mA 1, 2, 3 

(RAS = V1L. CAS, Address Cycling: lpc = IPC min) -70 - 700 

Standby Current (CMOS) 
Ices Power Supply Standby Current - 20 mA 

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current -60 - 1200 
Ices Average Power Supply Current, CAS Before RAS Mode mA 1,3 

(RAS, CAS, Cycling: IRc = IRc min) -70 - 1080 

Input Leakage Current OE,WE, 
-100 +100 

l1(L) 
Input Leakage Current, any input ADDRESS µA 
(0.0,; V1N,; (Vee < 6.0V)) 
All Other Pins Not Under Test = OV RAS,CAS -100 +100 

lo(L) 
Output Leakage Current 

-10 +10 µA 
(DoUT is disabled, 0.0,; VouT,; Vee) 

VoH 
Output High Level 

2.4 - v 
Output "H" Level Voltage (loUT = -5mA @ 2.4V) 

Vol 
Output Low Level - 0.4 v 
Output "L" Level Voltage (loUT= +4.2mA@0.4V) 

1. lcci. Ices. ICC4 and lcce depend on cycle rate. 
2. lcc1, lcC4 depend on output loading. Specified values are obtained w~h the output open. 
3. Address can be changed once or less while RAS = V1L· In the case of ICC4, ii can be changed once or less when CAS = V1H 

8189247 
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IBM11 D1370BA IBM11 D1400BA 
IBM11E1370BA IBM11E1400BA 
1M x 36/1M x 40 DRAM Modules 

AC Characteristics (TA= o to +1o·c, Vee= s ± o.sv) 

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

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 alter 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. AC measurements assume IT = 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

tRc Random Read or Write Cycle Time 110 - 130 - ns 

IRP RAS Precharge Time 40 - 50 - ns 

lcp CAS Precharge Time to - 10 - ns 

IRAs RAS Pulse Width 60 16K 70 16K ns 

lcAS CAS Pulse Width t5 - 20 - ns 

IASR Row Address Setup Time 0 - 0 - ns 

IRAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

le AH Column Address Hold Time 10 - 15 - ns 

IRcD RAS to CAS Delay Time 20 45 20 50 ns 1 

IRAD RAS to Column Address Delay Time 10 - 15 - ns 2 

IRSH RAS Hold Time 15 - 20 - ns 

lcsH CAS Hold Time 60 - 70 - ns 

le RP CAS to RAS Precharge Time 10 - 10 - ns 

looo OE to D1N Delay Time - - - - ns 3 

tozo OE Delay Time from D1N - - - - ns 3 

lozc CAS Delay Time from D1N - - - - ns 3 

IAR Column Address Hold Time Referenced to RAS 45 - 50 - -

IT Transition Time (Rise and Fall) 3 50 3 50 ns 

1. Operation within the IRcD (max) limit ensures that IRAc (max) can be met. IRcD (max) is specified as a reference point only: if IRCD is 
greater than the specified IRcD (max) limit, then access time is controlled by lcAC· 

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

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 
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! : =ivi: 

Write Cycle 

Symbol Parameler 
Min 

lwcs Wrile Command Sel Up Time 0 

lwcH Wrile Command Hold Time 10 

lwp Wrile Command Pulse Widlh 10 

1RWL Wrile Command lo RAS Lead Time 15 

1cWL Wrile Command lo GAS Lead Time 15 

lwcR Wrile Command Hold Time Referenced lo RAS -

loHR Dala Hold Time Referenced lo RAS -

los D1N Selup Time 0 

loH D1N Hold Time 10 

-60 

Max 

-

-

-

-

-

-

-

-

-

IBM11D1400BA IBM11D1370BA 
IBM11 E1400BA IBM11 E1370BA 

1 M x 36/1 M x 40 DRAM Modules 

-70 
Unils Noles 

Min Max 

0 - ns 1 

15 - ns 

15 - ns 

20 - ns 

20 - ns 

- - ns 2 

- - ns 2 

0 - ns 3 

15 - ns 3 

1. lwcs. 1Rwo. 1cwo. 1Awo. and lcpw are not reslrictive parameters. They are included in lhe dala sheet as electrical characteristics 
only. If twcs :1: twcs(min.), the enlire cycle is an early write cycle and the dala pin will remain open circuit (high impedance) through 
the entire cycle; If 1Rwo :1: 1Rwo(min.), tcwo;;, tcwo(min.), 1Awo;;, tAwo(min.) and tcpw" tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Wrile cycle and the dala will conlain read from lhe selecled cell: If neither of the above sets of condilions are met, the 
condilion of lhe dala (at access lime) is indeterminate. 

2. This timing parameter is not applicable to this product, but applies to a related product in this family. 
3. Data-in set-up and hold is measured from the latter of the two timings, GAS or WE. 
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IBM11D1370BA IBM11D1400BA 
IBM11E1370BA IBM11E1400BA 
1 M x 36/1 M x 40 DRAM Modules 

Read Cycle 

Symbol Parameter 

!RAC Access Time from RAS 

lcAC Access Time from GAS 

!AA Access Time from Address 

loeA Access Time from OE 

!Res Read Command Setup Time 

IRcH Read Command Hold Time to GAS 

IRRH Read Command Hold Time to RAS 

IRAL Column Address to RAS Lead Time 

lcAL Column Address to GAS Lead Time 

tcLZ GAS to Output in Low-Z 

lo es OE Setup Time prior to RAS 

toH Output Data Hold Time 

loHO Output Data Hold Time from OE 

to FF Output Buffer Turn-off Delay 

!ROH RAS Hold to Output Enable 

Icon GAS to D1N Delay Time 

loez Output Buffer Turn-off Delay from OE 

1. Measured with the specified current load and 1 OOpF. 

Min 

-

-

-

-

0 

0 

0 

30 

-

0 

-

0 

0 

0 

10 

10 

2. Access time is determined by the latter of tRAc. lcAC· lcPA· !AA, toEA-
3. Either tRcH or tRRH must be satisfied. 

-60 -70 

Max Min 

60 -

15 -
30 -

15 -

- 0 

- 0 

- 0 

- 35 

- -

- 0 

- -

- 0 

- 0 

10 0 

- 10 

- 15 

10 

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

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

Units Notes 
Max 

70 ns 1,2 

20 ns 1, 2 

35 ns 1,2 

20 ns 1, 2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 4 

- ns 

- ns 4 

- ns 

- ns 

15 ns 5 

- ns 

- ns 

15 ns 5 

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

Fast Page Mode Cycle 

-60 
Symbol Parameter 

Min 

tpc Fast Page Mode Cycle Time 40 

tRASP Fast Page Mode RAS Pulse Width 60 

tcPRH RAS Hold Time from CAS Precharge -
tcPA Access Time from~ Precharge -

Max 

-

tOOK 

-
35 

IBM11D1400BA IBM11D1370BA 
IBM11 E1400BA IBM11 E1370BA 

1 M x 36/1 M x 40 DRAM Modules 

-70 
Units Notes 

Min Max 

45 - ns 

70 tOOK ns 

- - ns 1 

- 40 ns 2,3 

1. This timing parameter is not applicable to this product, but applies to a related product in this family. 
2. Measured with the specffied current load and 1 OOpF. 
3. Access time is determined by the latter of tRAc. tcAc. tcpA, tAA, toEA· 

Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!Awe Read-Modify-Write Cycle Time 160 - 180 - ns 

tRwo RAS to WE Delay Time 90 - 95 - ns 1 

tcwo CAS to WE Delay Time 45 - 45 - ns 1 

lilwo Column Address to WE Delay Time 55 - 60 - ns 1 

loEH OE Command Hold Time 10 - 15 - ns 

1. twos. IRwo• tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs ~ twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRwo ~ tRwo(min.), lcwo ~ tcwo(min.), IAwo ~ tAwo(min.) and tcpw ~ lcPW(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 
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IBM11 D1370BA IBM11 D1400BA 
IBM11 E1370BA IBM11 E1400BA 
1Mx36/1Mx40DRAM Modules 

Fast Page Mode Read-Modify-Write Cycle 

Symbol Parameter 

tPRWC Fast Page Mode Read-Modify-Write Cycle Time 

tcpw WE Delay Time from CAS Precharge 

-60 -70 

Min Max Min 

85 - 90 

- - -
1. This timing parameter is not applicable lo this product, but applies to a related product in this family. 

Refresh Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

CAS Hold Time 
lcHR 

(CAS before RAS Refresh Cycle 
15 - 15 

lcsR 
CAS Setup Time 

10 - 10 
(CAS before RAS Refresh Cycle 

tWRp 
WE Setup Time 

5 5 
(CAS before RAS Refresh Cycle 

-

tWRH 
WE'HoldTime 

(CAS before RAS Refresh Cycle 
10 - 10 

IRPC RAS Precharge lo CAS Hold Time 0 - 0 

IREF Refresh Period - 16 -

1. 1024 Refreshes are required every 16ms. 

Page 374 

Max 

-

-

Max 

-

-

-

-

-
16 

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

Units Notes 

ns 

ns 1 

Units Notes 

ns 

ns 

ns 

ns 

ns 

ms 1 
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--------------- ------- -------------·-

Read Cycle 

V1H -
RAS 

V1L -

V1H-
CAS 

V1L -

V1H-
Address 

V1L -

V1H -
WE 

V1L -

VoH

~AS 

lesH 

lcAS 

!RAD !RAL 
!CAL 

lAsR !Ase 

lcLZ 

Dour -----+-- Hi-Z ---------4 
VoL-

8189247 
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I :"H"or"L" 

!Re 

~SH 

IBM11D1400BA IBM11D1370BA 
IBM11 E1400BA IBM11 E1370BA 

1 M x 36/1 M x 40 DRAM Modules 

!RP 

loEz __ _ 

Valid Data Out Hi-Z --

loH ---

,__ __ toHo __ _ 
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IBM1101370BA IBM1101400BA 
IBM11 E1370BA IBM11 E1400BA 
1M x 36/1M x 40 DRAM Modules 

Write Cycle (Early Write) 

V1H 
RAS 

V1L 

V1H 
CAS 

V1L 

!Rco 

IAAo 

!ASA !Ase 

Address 

VoH-

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

tiic 

IAAs 

lcsH 

tRSH 

lcAS 

Valid Data In 

DoUT --------------Hi-Z ----------------
VoL-

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

Write Cycle (Late Write) 

IBM11D1400BA IBM11D1370BA 
IBM11 E1400BA IBM11E1370BA 

1 M x 36/1 M x 40 DRAM Modules 

i---------!RAS ---------! 

V1H -
RAS 

Vtl -

lcsH 

tRco !ASH 

V1H -
lcAS CAS 

Vtl -

~AD 

~s !ASc 

Address 

DtN 

VoH-
DoUT ---- Hi-Z-------j 

VoL-

I : "H" or "L" ·output remains Hi-Z because WE is latched internally following twp min. 
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IBM11 D1370BA IBM11D1400BA 
IBM11 E1370BA IBM11 E1400BA 
1M x 36/1M x 40 DRAM Modules 

Read-Modify-Write Cycle 

-----------tRwc---------

V1H-

RAS 
V1L-

V1H-
CA5 

V1L-

tASR 

V1H 
Address 

V1L 

~------tAAs----------t 

~------~SH-------~ 
tRCD 

~D 

tASc 

----i-----tRSH----1---t 

~AS-------t/ 

~AH 

~AC 

~LZ 

----------------------:::.:::: i 5:: 

VoH-
DOUT -----Hi-Z _____ ___, ,,__ ________ Hi-Z* --

VOL-

I :"H"or"L" 

Page378 

-loHO 
·output remains Hi-Z because WE is latched internally following twp min. 
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--------------- -- ----- -------------·-

Fast Page Mode Read Cycle 

V1H-

CAS 
V1L -

V1H 

Address 
V1L 

V1H 

WE 
V1L 

V1H 

OE 
V1L 

VoH-

DoUT 
VoL-

1 :"H"or"L" 

8189247 
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lAR 

iAASP 

tpc 
lcp 

-f:cAs-

IBM1101400BA IBM11D1370BA 
IBM11E1400BA IBM11E1370BA 

1M x 36/1M x 40 DRAM Modules 

!,ip 

lcPRH 

tRSH 
lcRP 

lcAS 

!RCH 

!CAC 

DourN 
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IBM11D1370BA IBM11D1400BA 
IBM11E1370BA IBM11E1400BA 
1M x36/1M x40 DRAM Modules 

Fast Page Mode Write Cycle 

V1H 

Address 
VIL 

Page380 

I :"H"or"L" 

tRASP -------------41 

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

lcRP 
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---------------------- --------·----·-

Fast Page Mode Read-Modify-Write Cycle 

V1H 
Address 

V1L -

VoH
OoUT 

VoL-

l:"H"or"L" 

8189247 
MMDS33DSU-OO 
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OouT 1 OoUT2 

IBM1101400BA IBM1101370BA 
IBM11 E1400BA IBM11E1370BA 

1 M x 36/1 M x 40 DRAM Modules 

fcAP 

OoUTN 
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IBM1101370BA IBM1101400BA 
IBM11E1370BA IBM11E1400BA 
1M x 36/1M x 40 DRAM Modules 

RAS Only Refresh Cycle 

-~-----tiiAs--------i 

tRA 

Address 

Vott-

--------- -------- ----=.:.:=ii: 

Dour __________ Hi-Z ----------------

VoL-

I :"H"or"L" 

Note: WE, OE, D1N are "H" or "L" 
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-------------- - -- - ---- -- -----------·-

CAS Before RAS Refresh Cycle 

V1H -

RAS 
V1L - tRPC 1 

-i !csR 

V1H -

CAS 
V1L -

,__ ___ toDD ---

--+----tcoo -----+< 

D1N V1H ----+--r------ Hi-Z 

toEZ 

IBM11D1400BA IBM11D1370BA 
IBM11E1400BA IBM11E1370BA 

1 M x 36/1 M x 40 DRAM Modules 

D VoH-
OUT 1-----Hi-Z -------------------

Vol -

I : "H" or "L" . 

Note: Addresses are "H" or "L" 

8189247 
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IBM11 D1370BA IBM11 D1400BA 
IBM11E1370BA IBM11E1400BA 
1M x 36/1M x 40 DRAM Modules 

Layout Drawing (IBM11 D1400BA) 

(2X)fl 

107.95 
4.25 

101190 
3.983 

FRONT 

~ D D D D D 1 

I\ ~ "'. 

~l .08 

44.45 
1.75 

. ~J 0 

95.25 
3.75 REF. 

SIDE 

~~·u~ 
~l7 ~~ ~1~ 
1 .,., + .1016 
.... - .0762 

.050 ±:~ 

1.27 PITCH 
.050 

1.00WIDTH 
.039 

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

Features 

• 72-Pin JEDEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

!RAC RAS Access Time 60ns 70ns 

tcAc CAS Access Time 15ns 20ns 

IAA Access Time From Address 30ns 35ns 

IRC Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

Description 

The ECG-Optimized SIMMs, IBM11 D2370BA and 
IBM11 D2400BA are BMB industry standard 72 pin 
4-byte single inline memory modules (SIMMs). The 
Modules are organized as 2M x 36/40 high speed 
memory arrays, and are configured as 2 1 M x 36/40 
banks - each independently selectable via unique 
RAS inputs. The 2M x 36 assembly is intended for 
use in 8 byte applications, typically having 64 data 
and 8 check bits (64/72 code). The 2M x 40 assem
bly is applicable to 4 byte applications with 32 data 

Card Outline 

IBM11 D2400BA IBM11 D2370BA 
IBM11 E2400BA IBM11 E2370BA 

2M x 36/2M x 40 DRAM Modules 

• Optimized for use in ECC applications 
• High Performance CMOS process 
• Single 5V, ± 0.5V Power Supply 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode, Read-Modify-Write cycles 
• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/1 O Addressing (Row/Column) 
• Au and Sn/Pb versions available 

and 7 or 8 check bits (32/39 code), or 8 byte applica
tions with extended error correction capabilities. The 
modules are manufactured with 18 or 20 1 M x 4 
devices, each in a 350 mil package, and are compat
ible with the JEDEC 72-pin SIMM standard. 

The IBM 72-pin SIMMs provide a high-performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include other density offerings and 
parity SIMMS. 

\
0

, 11'"'" 11111' "' "''" 11• 11 "' "''" 11. 11111111 "' "'" 11• 11'"'" • 111111111111° I 
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IBM11 D2370BA IBM11 D2400BA 
IBM11 E2370BA IBM11 E2400BA 
2M x 36/2M x 40 DRAM Modules 

Pin Description 
RASO, RAS1 Row Address Strobe 

CASo, CAS1 Column Address Strobe 

liiiE Read/write Input 

~ Output Enable 

AO-A9 Address Inputs 

D00-35 or DQ0-39 Data Input/output 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

ECC, PD1 - PD4 Presence Detects 

Ordering Information 

Part Number 

IBM11D2370BA-60 

IBM11D2370BA-70 

IBM11 E2370BA-60 

IBM11E2370BA-70 

IBM11 D2400BA-60 

IBM11D2400BA-70 

IBM11E2400BA-60 

IBM11E2400BA-70 

. Page386 

Pin out 
Pin# Name Pin# Name Pin# Name 

1 Vss 13 A1 25 D013 

2 DQO 14 A2 26 D014 

3 001 15 A3 27 D015 

4 D02 16 A4 28 A7 

5 D03 17 A5 29 D016 

6 DQ4 18 AS 30 Vee 

7 D05 19 OE 31 AB 

8 006 20 008 32 A9 

9 D07 21 D09 33 NC 

10 Vee 22 0010 34 NC 

11 NC 23 0011 35 0017 

12 AO 24 D012 36 0018 

1. 0036 - 0039 are NC for x36 SIMM. 

Organization Speed Leads 

2Mx36 60ns Sn/Pb 

2Mx36 70ns Sn/Pb 

2Mx36 sons Au 

2Mx36 70ns Au 

2Mx40 sons Sn/Pb 

2Mx40 70ns Sn/Pb 

2Mx40 60ns Au 

2Mx40 70ns Au 

Pin# 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

-------------- - -- ----
::5:::::E::;:::5 '= 

Name Pin# Name Pin# Name 

D019 49 D022 61 D033 

0020 50 D023 62 0034 

Vss 51 D024 63 D035 

CASO 52 D025 64 D036 

NC 53 D026 65 D037 

NC 54 D027 66 D038 

CAS1 55 D028 67 PD1 

~ 56 D029 68 PD2 

RAS1 57 0030 69 PD3 

D021 58 0031 70 P04 

WE 59 Vee 71 0039 

ECC 60 D032 72 Vss 

Dimensions Notes 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 
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--------------- ------::5:..:.:::E?i: 

Block Diagram 

WE 

CAS 

8189248 
MMDS34DSU-OO 
Revised 7194 

OE 

RASO 

RAS WE OE' 
DQO 
001 DO 
002 
003 

RAS WE" 
004 
DQ5 D1 
DQ6 
D07 

RAS WE" 
DQ8 
DQ9 D2 
D010 
D011 

RAS WE" 
D012 
D013 D3 
D014 
D015 

RAS WE" 
D016 
0017 D4 
0018 
0019 

RAS WE" 
0020 
0021 D5 
0022 
D023 

RAS WE" 
D024 
DQ25 D6 
D026 
D027 

RAS WE" 
D028 
D029 D7 
0030 
0031 

RAS WE" 
0032 
0033 D8 
DQ34 
D035 

r 
D036---jD01 
D037---DQ2 D9 
0038---jD03 
0039---D04 

m RAS 
001 
002 
003 
D04 

~ RAS 
D01 
002 
003 
D04 

m RAS 
D01 
D02 
D03 
D04 

m RAS 
001 
D02 
003 
D04 

m RAS 
D01 
D02 
D03 
D04 

m RAS 
001 
002 
003 
004 

m RAS 
D01 
002 
DQ3 
D04 

m RAS 

RAS 

r cs RAS 
Hoa1 
-002 

H~ 

IBM11 D2400BA IBM11 D2370BA 
IBM11 E2400BA IBM11 E2370BA 

2M x 3612M x 40 DRAM Modules 

RAS1 
CAS1 

WE" OE' 

D10 

WE" OE' 

D11 

WE" OE' 

D12 

WE" OE' 

D13 

WE" OE' 

D14 

WE" OE' 

D15 

WE" OE: 

D16 

WE" OE' 

D17 

WE" OE' 

D18 

., 
D19 

L------..1 L------..1 

NOTE: D9 AND D19 ARE NOT USED IN X36 SIMM 

AO-A9 -AO-A9:DRAMSDO·D19 
vcc DO·D19 

vss D0-019 
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IBM11 D2370BA IBM11 D2400BA 
IBM11 E2370BA IBM11 E2400BA 
2M x 36/2M x 40 DRAM Modules 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Late-Write I RMW 

Fast Page Mode-Read 
1st cycle 

Subsequent Cycles 

Fast Page Mode-Write 
1st cycle 

Subsequent Cycles 

Fast Page Mode 
Read-Modify-Write: 
1st cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 
Pin 

ECC (ECC Optimized SIMM) 

PD1 

PD2 

PD3 

PD4 

Page388 

RAS CAS WE 

H x x 
L L H 

L L L 

L L H...+L 

L H...+L H 

L H...+L H 

L H--+L L 

L H...+L L 

L H...+L H...+L 

L H...+L H...+L 

L H x 
H...+L L H 

-60 

Vss 

NC 

NC 

NC 

NC 

OE Row Col 
Address Address 

x x x 
L Row Col 

x Row Col 

L--+H Row Col 

L Row Col 

L NIA Col 

x Row Col 

x N/A Col 

L--+H Row Col 

L--+H NIA Col 

x Row N/A 

x x x 

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

All DO Bits 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

-70 

Vss 

NC 

NC 

Vss 

NC 

8189248 
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--------------- ------- --------------·-

Absolute Maximum Ratings 
Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

TsTG Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

Rating 

-0.5 to +6.5 

--0.7 to Vee+ 0.7 

--0.7toVee+0.7 

Oto+70 

-55 to +125 

13.2 

50 

IBM11 D2400BA IBM11 D2370BA 
IBM11 E2400BA IBM11 E2370BA 

2M x 36/2M x 40 DRAM Modules 

Units Notes 

v 1 

v 1 

v 1 

·c 1 

·c 1 

w 1, 2 

mA 1 

1. Stresses greater than those listed may cause pennanent 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-
eds may affect reliability. 

2. Maximum power occurs when all banks are active. 

Recommended DC Operating Conditions (TA= o to 10°ci 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss· 

Capacitance (TA = o to+ 10°c, Vee = s.o ± o.svi 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS, 'GAS) 

C1s Input Capacitance (WE) 

C14 Input Capacitance (OE) 

Ct/O Output Capacitance (All DO bits) 

8189248 
MMDS34DSU-OO 
Revised 7/94 

Min 

4.5 

2.4 

0.0 

x36 Max 

100 

66 

112 

112 

25 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee v 1 

- 0.8 v 1 

x40Max Units Notes 

104 pF 

70 pF 

116 pF 

116 pF 

25 pF 
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IBM11 D2370BA IBM11 D2400BA 
IBM11 E2370BA IBM11 E2400BA 
2M x 36/2M x 40 DRAM Modules 

2M x 36 DC Electrical Characteristics (TA=Oto+1o·c. Vcc=s±o.svi 

Symbol Parameter Min 

Operating Current -60 -
lcc1 Avera92..fgwer Supply Operating Current 

(RAS, CAS, Address Cycling: !Re= ~e min) -70 -

Standb§ Current (TIL) 
lcc2 Power !!!.l!l?!Y Standby Current -

(RAS= CAS ;;, V1H) 

RAS Only Refresh Current -60 -
lcc3 Average P~we~ply Current, RAS_ Only Mode 

(RAS' Cycling, AS" v,H: tRc = tRe min) -70 -
Fast Page Mode Current -60 -

lcc4 Average Po~upply Current, Fast Page Mode 
(RAS = V1t. CAS, Address Cycling: tpc = tpc min) -70 -
Standby Current (CMOS) 

Ices Power S.!!.lm!y Standby Current -
(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current -60 -
Ices Avera92..fgwer Supply Current, CAS Before RAS Mode 

(RAS, CAS, Cycling: tRe =!Re min) -70 -

Input Leakage Current OE,WE, -180 
l1(L) 

Input Leakage Current, any input ADDRESS 
(0.0 S V1N S (Vee < 6.0V)) 
All Other Pins Not Under Test= OV RAS,CAS -90 

lo(L) Output Leakage Current 
-20 (DoLrr is disabled, 0.0 s VouTS Vee) 

VoH Output High Level 
2.4 Output "H" Level Voltage (loLrr = -5mA @ 2.4V) 

Vol Output Low Level -Output "L" Level Vohage (loLrr = +4.2mA@ 0.4V) 

1. lcc1o lcca, ICC4 and Ices depend on cycle rate. 
2. lcc1, ICC4 depend on output loading. SpecHied values are obtained with the output open. 

----------------- ----:!::!::!f::5? = 

Max Units Notes 

1098 
mA 1,2, 3 

990 

36 mA 

1098 
mA 1,3,4 

990 

693 
mA 1, 2,3 

648 

36 mA 

1098 
mA 1, 3,4 

990 

+180 
µA 

+90 

+20 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS = VJL· In the case of lc04, it can be changed once or less when CAS = ViH 
4. Refresh current is specified for 1 bank .. 
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-------------- - ------=.:.:=? 5: IBM11 D2400BA IBM11 D2370BA 
IBM11 E2400BA IBM11 E2370BA 

2M x 36/2M x 40 DRAM Modules 

2M x 40 DC Electrical Characteristics (TA =Oto+1o·c. Vee= 5±0.5V) 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 1220 
lcc1 Avera!!!tfgwer Supply Operating Current mA 1,2,3 

(RAS, CAS, Address Cycling: !Re= !Re min) -70 - 1100 

Standby Current (TTL) 
lcc2 Power SJ!eely Standby Current 

(RAS= CAS ~ V1H) 
- 40 mA 

RAS Only Refresh Current _ -60 - 1220 
Ices Average Powe!'..§ypply Curren!, RAS Only Mode mA 1,3,4 

(RAS Cycling, CAS ~ V1H: 1Rc = 1Rc min) -70 - 1100 

Fast Page Mode Current -60 - 770 
lcc4 ~ge Power Supply Current, Fast Page Mode mA 1, 2, 3 

(RAS = V1L. CAS, Address Cycling: tpc = tpe min) -70 - 720 

Standby Current (CMOS) 
Ices Power SJ!ee!y Standby Curren! 

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

CAS Before RAS Refresh Current -60 - 1220 
lcce Avera~wer ~upply Current, .CAS Before RAS Mode mA 1, 3,4 

(RAS, , Cycling: tRc =!Re mm) -70 - 1100 

Input Leakage Current OE,WE, -200 +200 
l1(L) 

Input Leakage Current, any input ADDRESS µA (0.0,;; V1N,;; (Vee < 6.0V)) 
All Other Pins Not Under Test= OV RAS,CAS -100 +100 

io(L) 
Output Leakage Current -20 +20 µA 
(Dour is disabled, 0.0,;; V0 ur,;; Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (lour= -SmA @ 2.4V) 2.4 - v 

VOL Output Low Level 
Output "L" Level Vohage (lour= +4.2mA@ 0.4V) - 0.4 v 

1. lcch lcc3, 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 1he case of lc04, it can be changed once or less when CAS = V1H 
4. Refresh current is specified for 1 bank .. 

8189248 
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IBM1102370BA IBM1102400BA 
IBM11 E2370BA IBM11 E2400BA 
2M x 36/2M x 40 DRAM Modules 

AC Characteristics (TA = o to + 1o·c, Vee = s ± o.sv) 

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

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H 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. AC measurements assume tT = 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

IRc Random Read or Write Cycle Time 110 - 130 - ns 

tRP RAS Precharge Time 40 - 50 - ns 

1cP CAS Precharge Time 10 - 10 - ns 

IRAs RAS Pulse Width 60 16K 70 16K ns 

lcAs CAS Pulse Width 15 - 20 - ns 

fAsR Row Address Setup Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - ns 

1Asc Column Address Setup Time 0 - 0 - ns 

tcAH Column Address Hold Time 10 - 15 - ns 

tRco RAS to CAS Delay Time 20 45 20 50 ns 1 

tRAo RAS to Column Address Delay Time 10 - 15 - ns 2 

1RsH RAS Hold Time 15 - 20 - ns 

tcsH CA§' Hold Time 60 - 70 - ns 

tcRP CAS to RAS Precharge Time 10 - 10 - ns 

1000 OE to D1N Delay Time - - - - ns 3 

1ozo ~Delay Time from D1N - - - - ns 3 

tozc CAS Delay Time from D1N - - - - ns 3 

1AR Column Address Hold Time Referenced to RAS 45 - 50 - -
IT Transition Time (Rise and Fall) 3 50 3 50 ns 

1. Operation within the tRco (max) limlt ensures that 1RAc (max) can be met. 1Rco (max) is specified as a reference point only: if tRco is 
greater than the specified tRco (max) limlt, then access time is controlled by tcAc. 

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

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 
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-------------- ---- - ---- -------------·-

Write Cycle 

Symbol Parameter 
Min 

twcs Write Command Set Up Time 0 

twcH Write Command Hold Time 10 

twp Write Command Pulse Width 10 

tRwL Write Command to RAS Lead Time 15 

tcwL Write Command to CAS Lead Time 15 

twcR Write Command Hold Time Referenced to RAS -

to HR Data Hold Time Referenced to RAS -

tos D1N Setup Time 0 

toH D1N Hold Time 10 

-60 

Max 

-

-

-

-

-

-

-

-

-

IBM11 D2400BA IBM11 D2370BA 
IBM11 E2400BA IBM11 E2370BA 

2M x 36/2M x 40 DRAM Modules 

-70 
Units Notes 

Min Max 

0 - ns 1 

15 - ns 

15 - ns 

20 - ns 

20 - ns 

- - ns 2 

- - ns 2 

0 - ns 3 

15 - ns 3 

1. twcs, tRwo, tcwo. tAwo, and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;,, twcs(min.), the enlire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRwo 2' tRwo(min.), tcwo 2' tcwo(min.), tAwo 2' tAwo(min.) and tcpw 2' tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

2. This timing parameter is not applicable to this product, but applies to a related product in this family. 
3. Data-in set-up and hold is measured from the latter of the two timings, GAS or WE. 
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IBM11 D2370BA IBM11 D2400BA 
IBM11 E2370BA IBM11 E2400BA 
2M x 36/2M x 40 DRAM Modules 

Read Cycle 

Symbol Parameter 

tRAc Access nme from RAS 

tcAc Access Time from ~ 

tAA Access Time from Address 

loeA Access Time from OE' 

tRcS Read Command Setup Time 

tRcH Read Command Hold Time to OAS 

tRRH Read Command Hold Time to RAS 

tRAL Column Address to RAS Lead Time 

teAL Column Address to ~ Lead Time 

lcLZ CAS to Output in Low-Z 

toes OE Setup Time prior to RAS 

loH Output Data Hold Time 

loHO Output Data Hold Time from OE 

toFF Output Buffer Tum-off Delay 

tROH RAS Hold to Output Enable 

!coo CAS to D1N Delay Time 

toez Output Buffer Turn-off Delay from OE 

1. Measured with the specified current load and 100pF. 

Min 

-

-
-
-
0 

0 

0 

30 

-
0 

-
0 

0 

0 

10 

10 

2. Access time is determined by the latter of tRAc. tcAc. lcPA. tAA, toEA· 
3. Either tRcH or tRRH must be satisfied. 

-60 -70 

Max Min 

60 -
15 -

30 -
15 -

- 0 

- 0 

- 0 

- 35 

- -
- 0 

- -
- 0 

- 0 

to 0 

- 10 

- 15 

10 

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

--------- ----- - -- ----:i::.:::::ii'E::: 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1,2 

20 ns 1, 2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 4 

- ns 

- ns 4 

- ns 

- ns 

t5 ns 5 

- ns 

- ns 

15 ns 5 

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

Fast Page Mode Cycle 

-60 
Symbol Parameter 

Min 

tpc Fast Page Mode Cycle Time 40 

tRASP Fast Page Mode RAS Pulse Width 60 

tcPRH ~Hold Time from GAS Precharge -

tcPA Access Time from GAS Precharge -

Max 

-

100K 

-

35 

IBM11 D2400BA IBM11 D2370BA 
IBM11 E2400BA IBM11 E2370BA 

2M x 36/2M x 40 DRAM Modules 

-70 
Units Notes 

Min Max 

45 - ns 

70 100K ns 

- - ns 1 

- 40 ns 2,3 

1. This timing parameter is not applicable to this product, but applies to a related product in this family. 
2. Measured with the specified current load and 1 OOpF. 
3. Access time is determined by the latter of tRAC. tcAc. tcPA. tAA, toEA· 

Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

tRwc Read-Modify-Write Cycle Time 160 - 180 - ns 

tRwo RAS to WE Delay Time 90 - 95 - ns 1 

tcwo GAS to WE Delay Time 45 - 45 - ns 1 

tAWD Column Address to WE Delay Time 55 - 60 - ns 1 

to EH OE Command Hold Time 10 - 15 - ns 

1. twcs. tRwo. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;, twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRwD;, tRwo(min.), tcwo;, tcwo(min.), tAwo;, tAwo(min.) and tcpw;, tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 
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IBM11 D2370BA IBM11 D2400BA 
IBM11 E2370BA IBM11 E2400BA 
2M x 36/2M x 40 DRAM Modules 

Fast Page Mode Read-Modify-Write Cycle 

Symbol Parameter 

tpRWC Fast Page Mode Read-Modify-Write Cycle Time 

lcPW WE' Delay Time from OAS Precharge 

-60 -70 

Min Max Min 

85 - 90 

- - -

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

Refresh Cycle 

Parameter 
-60 -70 

Symbol 
Min Max Min 

lcHR 
CASHoldTime 

15 15 (OAS before J!!AS Refresh Cycle -

lcsR 
CAS Setup Time 

10 - 10 (OAS before RAS Refresh Cycle 

IWRP 
WE Setup Time 

5 - 5 
(CAS before J!iAS Refresh Cycle 

tWRH 
WE' Hold Time 

10 10 
(CAS before RAS Refresh Cycle -

IRPC RAS Precharge to~ Hold Time 0 - 0 

IREF Refresh Period - 16 -
1. 1024 Refreshes are required every 16ms. 
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Max 

-

-

Max 

-

-

-

-

-

16 

Units Notes 

ns 

ns 1 

Units Notes 

ns 

ns 

ns 

ns 

ns 

ms 1 
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-----------------.!...:.: ~'f§: 

Read Cycle 

tRAS 

V1H -

RAS 
V1L -

lcsH 

tRCD 

V1H -
lcAs GAS 

VIL -

!RAD !RAL 

tcAL 

!ASR !Ase 

V1H -

Address 
V1L -

V1H -

WE 
V1L -

V1H -

OE 
VIL -

lcLZ 

VoH-

DoLIT --------+- Hi-Z ---------j 
VoL-

8189248 
MMDS34DSU-OO 
Revised 7 /94 

I :"H"or"L" 

tRc 

tRSH 

IBM11 D2400BA IBM1102370BA 
IBM11 E2400BA IBM11 E2370BA 

2M x 36/2M x 40 DRAM Modules 

!RP 

loEz ___ _, 

Valid Data Out Hi-Z __ 

toH ___ _, 

i.---toHo ___ _, 
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IBM11 D2370BA IBM11 D2400BA 
IBM11 E2370BA IBM11 E2400BA 
2M x 36/2M x 40 DRAM Modules 

Write Cycle (Early Write) 

V1H 
RAS 

V1L 

V1H 
'CAS 

V1L 

IA co 

!RAD 

!ASR !Ase 

Address 

VoH-

--------- ----- - -- - ---::::::::::::::: ! = 

~c 

tRAs 

l:csH 

tASH 

l:cAS 

Valid Data In 

DoUT ______________ Hi-Z ---------------
VoL-

I :"H"or"L" 
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------------------ - ---- -------------·- IBM11 D2400BA IBM11 D2370BA 
IBM11 E2400BA IBM11 E2370BA 

2M x 36/2M x 40 DRAM Modules 

Write Cycle (Late Write) 

t----------tRAS ----------.! 

V1H -
RAS 

VIL -

tcsH 

tRco tRSH 

V1H -
tcAS CAS 

VIL -

tRAD 

!ASA tAsc 

Address 

VoH-

DouT ---- Hi-Z--------1 
VoL-

8189248 
MMDS34DSU-OO 
Revised 7 /94 

~I : "H" or "L" 'output remains Hi-Z because WE is latched internally following twp min. 
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IBM11 D2370BA IBM11 D2400BA 
IBM11 E2370BA IBM11 E2400BA 
2M x 36/2M x 40 DRAM Modules 

Read-Modify-Write Cycle 

i-------------tRwc----------"f 

1---------tRAS•------------i 

V1H-
RAS 

V1L-

________ tcsH--------"f 

~co -----1-----tRSH-----t---.t 

V1H-
Ci\S 

~AD V1L-
!cAs------"iJ 

tASA tASC 

V1H-
Address 

V1L-

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

tcAP 

VoH-
DoUT ----1--Hi-Z --------1m"~ ~-------- Hi-l" __ 

VoL-

I :"H"or"L" 
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+-toHO 
·output remains Hi-Z because WE is latched internally following twp min. 
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----
5 : =~~S: 

Fast Page Mode Read Cycle 

V1H-

RAS 
VIL -

_tRCD 

V1H-

CAS 

Address 

V1H 

WE 
VIL 

V1H 

OE 
V1L 

Vott-

DOLrr 
VoL-

1: "H"or"L" 

8189248 
MMDS34DSU-OO 
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!,,ASP 

!pc 
lcp 

-lcAS 

IBM11 D2400BA IBM11 D2370BA 
IBM11 E2400BA IBM11 E2370BA 

2M x 36/2M x 40 DRAM Modules 

!RP 

lcPRH 

!ASH 
lcRP 

le As 

Dour N 
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IBM11 D2370BA IBM11 D2400BA 
IBM11 E2370BA IBM11 E2400BA 
2M x 36/2M x 40 DRAM Modules 

Fast Page Mode Write Cycle 

Address 

V1H -, 

D1N 

VIL -

Dour 
VoL-

I :"H"or"L" 
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--------- ------ -- - ---- -------------·- IBM11 D2400BA IBM11 D2370BA 
IBM11 E2400BA IBM11 E2370BA 

2M x 36/2M x 40 DRAM Modules 

Fast Page Mode Read-Modify-Write Cycle 

V1H -
Address 

VIL 

VoH

DouT 
VoL-

I ' 
8189248 
MMDS34DSU-OO 
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: "H" or"L" 

!+--------- tRASP --------------+! 

tcRP 

,._ ___ \RAC 

DouT 1 DouT 2 DoUTN 
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IBM11 D2370BA IBM11 D2400BA 
IBM11 E2370BA IBM11 E2400BA 
2M x 36/2M x 40 DRAM Modules 

RAS Only Refresh Cycle 

-------tRAS--------ot 

V1H-

GAS 
V1L-

IRA 

!ASA 

V1H 

Address 

VoH-

-------------- - -..:. :::F::!'f !: 

4,p 

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

I :"H"or"L" 

Note: WE, OE, D1N are "H" or "L" 
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-------------- - ------- -------------·-

CAS Before RAS Refresh Cycle 

IBM11 D2400BA IBM11 D2370BA 
IBM11 E2400BA IBM11 E2370BA 

2M x 36/2M x 40 DRAM Modules 

i------------ ~c ----------.i 

i--------t~s---------i ~p 

i------ loco ---.i 

--<---!coo ----
D V1H -

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

toez 

D VoH 
OUT 

1-----Hi-Z -------------------

I :"H"or"L" 

Note: Addresses are "H" or "L" 

8189248 
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IBM11 D2370BA IBM11 D2400BA 
IBM11 E2370BA IBM11 E2400BA 
2M x 36/2M x 40 DRAM Modules 

Layout Drawing (IBM11D2400BA) 

(2X), 

107.95 

4.25 

101190 

3.983 

FRONT 

!\OODD~DDDD 
~l .08 

---
- ~J 0 

44.45 

1.75 

95.25 

SIDE 

1.27 ±),~~ 

.050 ±:ggj 

3.75REF. 

l.27PITCH l .050 

l.OOWIDTII 
.039 

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

Features 

• 72-Pin JEDEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

IRAc mtS Access Time 60ns 70ns 

ICAc GAS Access Time 15ns 20ns 

WI Access Time From Address 30ns 35ns 

!Re Cycle Time 110ns 130ns 

1pc Fast Page Mode Cycle Time 40ns 45ns 

• Optimized for use in ECC applications 

Description 
The ECG-Optimized SIMMS, IBM11 D4370C and 
IBM11 D4400C are 16MB industry standard 72 pin 4-
byte single inline memory modules (SIMMs). The 
Modules are organized as 4M x 36/40 high speed 
memory arrays, and are configured as a single 4M x 
36/40 bank. The 4M x 36 assembly is intended for 
use in 8 byte applications, typically having 64 data 
and 8 check bits (64/72 code). The 4M x 40 assem
bly is applicable to 4 byte applications with 32 data 

Card Outline 

IBM11 D4400C IBM11 D4370C 
IBM11 E4400C IBM11 E4370C 

4M x 36/4M x 40 DRAM Modules 

• High Performance CMOS process 
• Single 5V, ± 0.5V Power Supply 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode, Read-Modify-Write cycles 
• Refresh Modes: RAS-Only and CBR 
• 1 024 refresh cycles distributed across 16ms 
• 10/10 Addressing (Row/Column) 
• Au and Sn/Pb versions available 

and 7 or 8 check bits (32/39 code), or 8 byte applica
tions with extended error correction capabilities. The 
modules are manufactured with 9 or 10 4M x 4 
devices, each in a 400 mil package, and are compat
ible with the JEDEC 72-pin SIMM standard. 

The IBM 72-pin SIMMs provide a high-performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include other density offerings and 
parity SIMMs. 

~01111111111111111111111111111111111111111A11111111111111111111111111111 """", ,,
0 I 
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IBM11 D4370C IBM11 D4400C 

IBM11 E4370C IBM11 E4400C 

4M x 36/4M x 40 DRAM Modules 

Pin Description 
RASO Row Address Strobe 

CASO Column Address Strobe 

WE Read/write Input 

OE Output Enable 

AO-At1 Address Inputs 

DQ0-35 or D00-39 Data lnpuVoutput 

Vee Power(+SV) 

Vss Ground 

NC No Connect 

ECC,PD1 -PD5 Presence Detects 

Ordering Information 
Part Number 

IBM11D4370CA-SO 

IBM11D4370CA-70 

IBM 11 E4370CA-60 

IBM11 E4370CA-70 

IBM 11 D4400CA-SO 

IBM11 D4400CA-70 

IBM11 E4400CA-SO 

IBM11 E4400CA-70 

Page 408 

Pinout 
Pin# Name Pin# Name Pin# Name 

1 Vss 13 A1 25 D013 

2 DOO 14 A2 2S D014 

3 D01 15 A3 27 D015 

4 D02 1S A4 2S A7 

5 D03 17 P.,5 29 D01S 

s D04 1S AS 30 Vee 

7 DOS 19 OE 31 AS 

s DOS 20 DOS 32 A9 

9 D07 21 D09 33 NC 

10 Vee 22 D010 34 NC 

11 PD5 23 D011 35 D017 

12 AO 24 D012 3S D01S 

1. D036 - D039 are NC for x3S SIMM. 

Organization Speed Leads 

4M x3S sons Sn/Pb 

4Mx36 70ns Sn/Pb 

4M x3S sons Au 

4M x3S 70ns Au 

4M x40 sons Sn/Pb 

4M x40 70ns Sn/Pb 

4Mx40 sons Au 

4M x40 70ns Au 

Pin# 

37 

3S 

39 

40 

41 

42 

43 

44 

45 

4S 

47 

48 

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

Name Pin# Name Pin# Name 

D019 49 D022 S1 D033 

D020 50 D023 S2 D034 

Vss 51 D024 S3 D035 

CASO 52 D025 S4 D03S 

A10 53 D02S 65 D037 

A11 54 D027 SS D038 

NC 55 D02S S7 PD1 

RASO SS D029 68 PD2 

NC 57 D030 S9 PD3 

D021 58 D031 70 PD4 

WE 59 Vee 71 D039 

ECC 60 D032 72 Vss 

Dimensions Notes 

4.25" x 1" x .3SO" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .3SO" 

4.25" x 1" x .3SO" 

4.25" x 1" x .3SO" 

4.25" x 1" x .3SO" 

4.25" x 1" x .360" 

S1S9249 
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--------------- ------- -------------·-

Block Diagram 

WE 

CAS 

OE 

RAS 

RAS wt OE 
DQO 
D01 DO 
D02 
003 

RAS' wt OE 
DQ4 
005 D1 
006 
007 

m RAS' wt OE 
D08 
D09 D2 
D010 
D011 

m RAS WE OE 
0012 
0013 D3 
0014 
0015 

CAS RAS wt OE 
D016 
D017 D4 
D018 
D019 

m RAS' wt OE 
D020 
D021 D5 
DQ22 
D023 

RAS' wt OE 
D024 
DQ25 D6 
D026 
DQ27 

m RAS' wt OE 
D028 
D029 D7 
DQ30 
DQ31 

RAS' wt OE 
0032 
0033 D8 
0034 
D035 

r rnrn"-IP:i wt- OE , 
0036----1001 

gg~~----188~ 09 I 
0039---~ - - - - - .J 

NOTE: D9 IS NOT USED IN X36 SIMM 

IBM1104400C IBM11 D4370C 
IBM11 E4400C IBM11 E4370C 

4M x 36/4M x 40 DRAM Modules 

AO-A11-AO-A11 DRAMSDO-D9 
VCC -----DO· D9 

VSS DO· D9 

8189249 
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IBM11D4370C IBM11D4400C 
IBM11 E4370C IBM11 E4400C 
4M x 36/4M x 40 DRAM Modules 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Late-Write I RMW 

Fast Page Mode-Read 
tst cycle 

Subsequent Cycles 

Fast Page Mode-Write 
tst cycle 

Subsequent Cycles 

Fast Page Mode 
Read-Modify-Write: 
1st cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 
Pin 

ECC (ECC Optimized SIMM) 

PD1 

PD2 

PD3 

PD4 

PD5 

Page 410 

RAS CAS WE 

H x x 
L L H 

L L L 

L L H-->L 

L H-->L H 

L H-->L H 

L H-->L L 

L H-->L L 

L H-->L H-->L 

L H-->L H-->L 

L H x 
H-->L L H 

-60 

Vss 

Vss 

NC 

NC 

NC 

Vss 

OE Row Col 
Address Address 

x x x 
L Row Col 

x Row Col 

L-->H Row Col 

L Row Col 

L N/A Col 

x Row Col 

x NIA Col 

L-->H Row Col 

L-->H N/A Col 

x Row N/A 

x x x 

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

All DQ Bits 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

-70 

Vss 

Vss 

NC 

Vss 

NC 

Vss 
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-------------- - -- - ---- --------·-----·-

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

VouT Output Voltage 

ToPR Operating Temperature 

Tsrn Storage Temperature 

Po Power Dissipation 

louT Short Circuit Output Current 

Rating 

-1.0to +7.0 

IBM11D4400C IBM11D4370C 
IBM11 E4400C IBM11 E4370C 

4M x 36/4M x 40 DRAM Modules 

Units Notes 

v 1 

-0.5 to min(Vee + 0.5, 7.0) v 1 

-0.5 to min(Vee + 0.5, 7.0) v 1 

Oto +70 oc 1 

-55 to +125 oc 1 

4.7 w 1 

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. 

Recommended DC Operating Conditions (TA= o to 10°c) 

Symbol Parameter Min Typ Max Units Notes 

Vee Supply Voltage 4.5 5.0 5.5 v 1 

V1H Input High Voltage 2.4 - Vee+ 0.5 v 1, 2 

V1L Input Low Voltage -0.5 - 0.8 v 1, 2 

1. All voltages referenced to V8 s. 
2. V1H may overshoot to Vee+ 2.0V for pulse widths,; 4.0ns (or Vee+ 1.0V for,; 8.0ns) and V1L may undershoot to -2.0V for pulse 

widths ,; 4.0ns (or -1.0V for,; 8.0ns). Pulse widths measured at 50% points with amplitude measured peak to DC reference. 

Capacitance (TA= o to+ 10°c, Vee= 5.0 ± o.sV) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS, GAS) 

C1s Input Capacitance (WE) 

C1• Input Capacitance (OE) 

C110 Output Capacitance (All DQ bits) 

8189249 
MMDS35DSU-OO 
Revised 7194 

x36 Max x40 Max Units Notes 

65 70 pF 

55 60 pF 

60 65 pF 

65 70 pF 

15 15 pF 

Page 411 



IBM11 D4370C IBM11 D4400C 
IBM11 E4370C IBM11 E4400C 
4M x 36/4M x 40 DRAM Modules 

4M x 36 DC Electrical Characteristics (TA= o to +1o·c, Vee= s ± o.svi 
Symbol Parameter Min 

Operating Current -60 -
lcc1 Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc = tRc min) -70 -
Standby Current (TTL) 

lcc2 Power SJ!.l!!!!y Standby Current -
(RAS = CAS ~ V1H) 

RAS Only Refresh Current -60 -
lcc3 Average PoweL§.!!pply Current, RAS Only Mode 

(RAS Cycling, CAS;;: V1H: tRc = tRc min) -70 -

Fast Page Mode Current -60 -
lcc4 Average Power Supply Current, Fast Page Mode 

(RAS = V1L. CAS, Address Cycling: tpc = tpc min) -70 -
Standby Current (CMOS) 

Ices Power SJ!.l!!!!y Standby Current -
(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current -60 -
Ices Average Power Supply Current, CAS Before RAS Mode 

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

Input Leakage Current OE,WE, -90 
ll(L) 

Input Leakage Current, any input ADDRESS 
(0.0,;; V1N,;; (Vee< 6.0V)) 
All Other Pins Not Under Test= OV RAS,CAS -90 

lo(L) 
Output Leakage Current -10 (Doerr is disabled, 0.0,;; Vocrr,;; Vee) 

VoH 
Output High Level 

2.4 Output "H" Level Voltage (loUT = -5mA @ 2.4V) 

VoL Output Low Level 
Output "L" Level Voltage (louT- +4.2mA@0.4V) -

1. lcc1, lcc3. lcC4 and Ices depend on cycle rate. 
2. lcc1o lcC4 depend on output loading. Specified values are obtained with the output open. 

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

Max Units Notes 

765 
mA 1, 2, 3 

675 

t8 mA 

765 
mA 1,3 

675 

675 
mA 1, 2, 3 

585 

9 mA 

765 
mA 1, 3 

675 

+90 
µA 

+90 

+10 µA 

- v 

0.4 v 

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 
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--------- ----- - -- - ---- ---------------·- IBM11 D4400C IBM11 D4370C 
IBM11 E4400C IBM11 E4370C 

4M x 36/4M x 40 DRAM Modules 

4M x 40 DC Electrical Characteristics (TA= o to +70°C, Vee= s ± o.sv) 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 850 
lcc1 Avera~wer Supply Operating Current mA 1, 2. 3 

(RAS, CAS, Address Cycling: 1Rc = 1Rc min) -70 - 750 

Standby Current (TTL) 
lcc2 Power S.!!12Q]y Standby Current - 20 mA 

(RAS = CAS :?: V1H) 

RAS Only Refresh Current -60 - 850 
lcc3 Average Powei:..§!!pply Current, RAS Only Mode mA 1, 3 

(RAS Cycling, CAS:?: V1H: 1Rc = tRc min) -70 - 750 

Fast Page Mode Current -60 - 750 
lcc4 Average Power Supply Current, Fast Page Mode mA 1, 2, 3 

(RAS= V1L. CAS, Address Cycling: lpc = tpc min) -70 - 650 

Standby Current (CMOS) 
Ices P..QX!'.2r S.!!12Q]y Standby Current - 10 mA 

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current -60 - 850 
Ices Avera9CASwer Supply Current, _CAS Before RAS Mode mA 1, 3 

(RAS, , Cycling: tRc = tRc mm) -70 - 750 

Input Leakage Current OE,WE, -100 +100 
lt(L) 

Input Leakage Current, any input ADDRESS 
µA (0.0,; VtN,; (Vee< 6.0V)) 

All Other Pins Not Under Test = OV RAS,CAS -100 +100 

locq 
Output Leakage Current 

-10 +10 µA 
(DouT is disabled, 0.0,; VouT,; Vee) 

VoH 
Output High Level 

2.4 - v Output "H" Level Voltage (loUT = -5mA@ 2.4V) 

VoL 
Output Low Level - 0.4 v Output "L" Level Voltage (louT = +4.2mA@ 0.4 V) 

1. lcc1, lcc3, 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 =Vil· In the case of lcC4. it can be changed once or less when CAS = V1H 
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IBM11 D4370C IBM11 D4400C 
IBM11 E4370C IBM11 E4400C 
4M x 3614M x 40 DRAM Modules 

AC Characteristics (TA= o to+ 1o'c, Vee= s ± o.sv) 

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

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and 
VIL· 

2. An initial pause of 200µs is required alter 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. AC measurements assume IT = Sns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

tRc Random Read or Write Cycle Time 110 - 130 - ns 

tRP RAS Precharge Time 40 - 50 - ns 

1cP GAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 10K 70 10K ns 

tcAS GAS Pulse Width 15 - 20 - ns 

IASR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

IAsc Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 15 - 15 - ns 

!RcD RAS to GAS Delay Time 20 45 20 50 ns 1 

IRAo RAS to Column Address Delay Time 15 30 15 35 ns 2 

IRsH RAS Hold Time 15 - 20 - ns 

lcsH GAS Hold Time 60 - 70 - ns 

le RP GAS to RAS Precharge Time 5 - 5 - ns 

looo OE to D1N Delay Time 15 - 20 - ns 3 

lozo OE Delay Time from D1N 0 - 0 - ns 4 

lozc GAS Delay Time from D1N 0 - 0 - ns 4 

tAR Column Address Hold Time Referenced to RAS - - - - - 5 

IT Transition Time (Rise and Fall) 3 30 3 30 ns 

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

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

3. Either !coo or tooo must be satisfied. 
4. Either tocz or lozo must be satisfied. 
5. This timing parameter is not applicable to this product, but applies to a related product in this family. 
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-------------- - -- - ---- --------·-----·-

Write Cycle 

Symbol Parameter 
Min 

lwcs Write Command Set Up Time 0 

twcH Write Command Hold Time 15 

tWP Write Command Pulse Width 15 

IRWL Write Command to RAS Lead Time 15 

lcWL Write Command to c:irn- Lead Time 15 

twcR Write Command Hold Time Referenced to RAS -

lo HR Data Hold Time Referenced to RAS -

los D1N Setup Time 0 

loH D1N Hold Time 15 

-60 

Max 

-

-
-

-

-

-

-

-

-

IBM11 D4400C IBM11 D4370C 
IBM11 E4400C IBM11 E4370C 

4M x 36/4M x 40 DRAM Modules 

-70 
Units Notes 

Min Max 

0 - ns 1 

15 - ns 

15 - ns 

20 - ns 

20 - ns 

- - ns 2 

- - ns 2 

0 - ns 3 

15 - ns 3 

1. lwcs. tRwo. lcwo. tAwo. and lcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If lwcs;,, lwcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If 1RWo;,, IRwo(min.), tcwo;;, tcwo(min.), tAwo;;, tAwo(min.) and tcpw<: lcPw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
cond~ion of the data (at access time) is indeterminate. 

2. This timing parameter is not applicable to this product, but applies to a related ~uct in this family. 
3. Data-in set-up and hold is measured from the latter of the two timings, CAS or WE. 

8189249 
MMDS35DSU-OO 
Revised 7194 

Page 415 



IBM11 D4370C IBM11 D4400C 
IBM11 E4370C IBM11 E4400C 
4M x 36/4M x 40 DRAM Modules 

Read Cycle 

Symbol Parameter 

IAAc Access Time from RAS 

lcAC Access Time from CAS 

IAA Access Time from Address 

loEA Access Time from OE 

tRCS Read Command Setup Time 

lAcH Read Command Hold Time to CA'S 

!RAH Read Command Hold Time to RAS 

tAAL Column Address to RAS Lead Time 

tcAL Column Address to CAS Lead Time 

tcLZ CAS to Output in Low-Z 

toes OE Setup Time prior to RAS 

1cH Output Data Hold Time 

loHO Output Data Hold Time from OE 

to FF Output Buffer Tum-off Delay 

tAOH RAS Hold to Output Enable 

tcoo CAS to D1N Delay Time 

loez Output Buffer Turn-off Delay from OE 

1. Measured with the specified current load and 100pF. 

Min 

-

-

-

-

0 

0 

5 

30 

30 

0 

-

3 

3 

0 

-

15 

0 

2. Access time is determined by the latter of IRAC. lcAc. lcpA, IAA, loEA· 
3. Either IRcH or lRRH must be satisfied. 

-60 -70 

Max Min 

60 -

15 -

30 -

15 -

- 0 

- 0 

- 5 

- 35 

- 35 

- 0 

- -
- 3 

- 3 

15 0 

- -

- 20 

15 0 

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

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

Units Notes 
Max 

70 ns 1, 2 

20 ns 1, 2 

35 ns 1, 2 

20 ns 1, 2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 

- ns 

- ns 4 

- ns 

- ns 

20 ns 6 

- ns 4 

- ns 6 

20 ns 5 

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

6. Either tcoo or tooo must be satisfied. 
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--------5 : =i"f~ 

Fast Page Mode Cycle 

Symbol Parameter 
Min 

!pc Fast Page Mode Cycle Time 40 

IRASP Fast Page Mode RAS Pulse Width 60 

lcPRH RAS Hold Time from GAS Precharge 35 

lcPA Access Time from GAS Precharge -

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of IRAc. tcAC· tcPA· tAA. toEA· 

Read-Modify-Write Cycle 

Symbol Parameter 
Min 

tRWC Read-Modify-Write Cycle Time 150 

tRWD RAS to WE Delay Time 80 

tcwo GAS to WE Delay Time 35 

tAWD Column Address to WE Delay Time 50 

toEH OE Command Hold Time 15 

-60 

Max 

-

100K 

-

35 

-60 

Max 

-

-

-

-

-

IBM1104400C IBM11 D4370C 
IBM11 E4400C IBM11 E4370C 

4M x 36/4M x 40 DRAM Modules 

-70 
Units Notes 

Min Max 

45 - ns 

70 100K ns 

40 - ns 

- 40 ns 1, 2 

-70 
Units Notes 

Min Max 

180 - ns 

95 - ns 1 

45 - ns 1 

60 - ns 1 

20 - ns 

1. twcs. IRwo. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;;, twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRwo;;, tRwo(min.), tcwo;;, tcwo(min.), tAwo;;, tAwo(min.) and tcpw;;, tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

tPRWC Fast Page Mode Read-Modify-Write Cycle Time 80 - 95 - ns 

tcpw WE Delay Time from GAS Precharge 55 - 65 - ns 1 

1. twcs. tRwo. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;;, twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRwo;;, tRwo(min.), tcwo;;, tcwo(min.), tAwo;;, tAwo(min.) and tcpw <: tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 
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IBM1104370C IBM11D4400C 
IBM11 E4370C IBM11 E4400C 
4M x 36/4M x 40 DRAM Modules 

Refresh Cycle 

Symbol Parameter 

lcHR 
CASHoldTime 
{OAS before RAS Refresh Cycle 

tcsR 
CAS Setup Time 
{CAS before RAS Refresh Cycle 

IWRp 
WE'SetupTime 
(CAS before RAS Refresh Cycle 

IWRH 
WE' Hold Time 
cm before m Refresh Cycle 

IRPC RAS Precharge to CAS Hold Time 

IREF Refresh Period 

1. 4096 Refreshes are required every 64ms. 

Page41B 

-60 

Min 

20 

10 

10 

10 

0 

-

-70 

Max Min Max 

- 20 -

- 10 -

- 10 -

- 10 -

- 0 -
64 - 64 

---------------------:i:::i:e:i'i'i:: 

Units Notes 

ns 

ns 

ns 

ns 

ns 

ms 1 
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---------------------::5::.:::::5?!::: 

Read Cycle 

~s 

V1H-
RAS 

V1L -

tcsH 

tRco 

CAS 
V1H-

bs 
VIL -

~AO tRAL 
tcAL 

~SR tAsc 

V1H-
Address 

V1L -

VOH
DoUT -----+-- Hi-Z --------1 

VoL-

8189249 
MMDS35DSU-OO 
Revised 7194 

I :"H"or"L" 

tRc 

tRSH 

IBM11 D4400C IBM11 D4370C 
IBM11 E4400C IBM11 E4370C 

4M x 36/4M x 40 DRAM Modules 

tRP 

toez __ _ 

Valid Data Out Hi-Z --

toH ----t 

___ toHo __ __, 
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IBM11 D4370C IBM 11 D4400C 
IBM11 E4370C IBM11 E4400C 
4M x 36/4M x 40 DRAM Modules 

Write Cycle (Early Write) 

V1H 
RAS 

V1L 

V1H 
CAS 

V1L 

!Rco 

!RAD 

l.4sR !ASc 

V1H 
Address 

V1L 

V1H 
WE 

V1L 

V1H 
OE 

V1L 

VoH-

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

!Re 

IRAs 

lcsH 

!ASH 

lcAs 

Valid Data In 

DOIJT ______________ Hi-Z ---------------
VoL-

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

Write Cycle (Late Write) 

IRAS 

V1H -
RAS 

VIL -

lcsH 

IReo 

V1H-
CAS 

VIL -

IAAo 

1AsR !Ase 

V1H 
Address 

VIL 

lweR 

WE 

V1H 
~ 

V1L 

looo 
l:os 

V1H 
D1N Hi-Z 

VIL 

VoH-
DouT ---- Hi-Z-------1 

VoL-

!Re 

!ASH 

lcAS 

IBM11 D4400C IBM11 D4370C 
IBM11 E4400C IBM11 E4370C 

4M x 36/4M x 40 DRAM Modules 

!RP 

I : "H" or "L" ·output remains Hi-Z because WE is latched internally following twp min. 

8189249 
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IBM11 D4370C IBM11D4400C 
IBM11 E4370C IBM11 E4400C 
4M x 36/4M x 40 DRAM Modules 

Read-Modify-Write Cycle 

t------------tRwc----------ot 

,__ ______ tAAs--------__, 

V1H-
RAS 

V1L-

_______ lcsH _______ _, 

~CD --~.i-----tRSH----1---.J 

V1H-
Ci\$ 

~AD V1L-

lcAS-------t 

tASR !Ase 

V1H 
Address 

V1L 

VoH-
Dour ------1-Hi-Z ------lllllllll 1---------- Hi-z* __ 

VoL-

I :"H"or"L" 
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-toHO 
·output remains Hi-Z because WE is latched internally following twp min. 

8189249 
MMDS35DSU-OO 

Revised 7194 



-------------- - -- ----::5:.:.::E'i'E:: 

Fast Page Mode Read Cycle 

Address 

V1H 
~ 

V1L 

V1H 
OE 

VIL 

Dour 
VoL-

8189249 
MMDS35DSU-OO 
Revised 7194 

1 :"H"or"L" 

IBM11 D4400C IBM11 D4370C 
IBM11 E4400C IBM11 E4370C 

4M x 36/4M x 40 DRAM Modules 

lru\sp -------------.1 ~p 

----lcPRH 

l"oez 
hz 

DourN 
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IBM11D4370C IBM11D4400C 
IBM11 E4370C IBM11 E4400C 
4M x 36/4M x 40 DRAM Modules 

Fast Page Mode Write Cycle 

Page 424 

Address 

VOH
DoUT 

VoL-

I :"H"or"L" 

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

tRASP -------------i 

tpc __ ___, 

tcRP 
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----------------------- -------------·-

Fast Page Mode Read-Modify-Write Cycle 

V1H
Address 

VIL -

VoH
Dour 

VoL-

l:"H"or"L" 

8189249 
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----lAAc 

Dour 1 Dour 2 

IBM11 D4400C IBM11 D4370C 
IBM11 E4400C IBM11 E4370C 

4M x 36/4M x 40 DRAM Modules 

tRP 

le RP 

DourN 
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IBM11 D4370C IBM 11 D4400C 
IBM11 E4370C IBM11 E4400C 
4M x 36/4M x 40 DRAM Modules 

RAS Only Refresh Cycle 

1--------ti.As--------. 

~PC 

tRA 

Address 

VoH-

-------------= - -::!?!:: 

DoUT 
__________ Hi-Z ______________ _ 

Vol-

I :"H"or"L" 

Note: WE, OE, D1N are "H" or "L" 
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-------------- - -- - ---- -------------·-

CAS Before RAS Refresh Cycle 

D VoH-
OUT 1-----Hi-Z 

VoL -

I : "H"or"L" 

Note: Addresses are "H" or "L" 

8189249 
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IBM11D4400C IBM11 D4370C 
IBM11 E4400C IBM11 E4370C 

4M x 36/4M x 40 DRAM Modules 
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IBM11D4370C IBM11D4400C 
IBM11 E4370C IBM11 E4400C 
4M x 36/4M x 40 DRAM Modules 

Layout Drawing (IBM11 D4400C) 

(2)().1 
3.1877 
.1255 

JE_ 

-;]l 
.08 

44.45 
1.75 

107.95 

4.25 

101.190 
3.983 

FRONT 

1.27 PITCH l .050 

1.00WIDTH 
.039 

95.25 
3.75 REF. 

SIDE 

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

Features 

• 72-Pin JEDEC Standard Single-In-Line 
Memory Module 

• Performance: 

-60 -70 

!RAC RAS Access Time 60ns 70ns 

lcAc CAS Access Time 15ns 20ns 

IAA Access Time From Address 30ns 35ns 

IRC Cycle Time 110ns 130ns 

!pc Fast Page Mode Cycle nme 40ns 45ns 

• Optimized for use in ECC applications 

Description 

The ECG-Optimized SIMMs, IBM11 D8370C and 
IBM11 DB400C are 32MB industry standard 72 pin 4-
byte single inline memory modules (SIMMs). The 
Modules are organized as BM x 36/40 high speed 
memory arrays, and are configured as 2 4M x 36/40 
banks - each independently selectable via unique 
RAS inputs. The BM x 36 assembly is intended for 
use in B byte applications, typically having 64 data 
and B check bits (64/72 code). The SM x 40 assem
bly is applicable to 4 byte applications with 32 data 

Card Outline 

IBM11 D8400C IBM11 D8370C 
IBM11 E8400C IBM11 E8370C 

SM x 36/SM x 40 DRAM Modules 

• High Performance CMOS process 
• Single 5V, ± 0.5V Power Supply 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode, Read-Modify-Write cycles 
• Refresh Modes: RAS-Only and CBR 
• 4096 refresh cycles distributed across 64ms 
• 12/10 Addressing (Row/Column) 
• Au and Sn/Pb versions available 

and 7 or 8 check bits (32/39 code), or 8 byte applica
tions with extended error correction capabilities. The 
modules are manufactured with 18 or 20 4M x 4 
devices, each in a 300 mil package, and are compat
ible with the JEDEC 72-pin SIMM standard. 

The IBM 72-pin SIMMs provide a high-performance, 
flexible 4-byte interface in a 4.25" long footprint. 
Related products include other density offerings and 
parity SIMMS. 

\
0

11' 11' 111II'''''11'' 11' 1111111, 11,,,, 11, A 11' 11,,,,,,,,,, 11' 11',,,,,'' 1111111m 11° I 
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IBM11 D8370C IBM11D8400C 
IBM11 E8370C IBM11 E8400C 
SM x 36/SM x 40 DRAM Modules 

Pin Description 

RASO,RAS1 Row Address Strobe 

CASO, CAS1 Column Address Strobe 

WE Read/write Input 

OE Output Enable 

AO-A11 Address Inputs 

DQ0-35 or DQ0-39 Data lnpul/oU1pul 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

tee, PD1 - PD5 Presence Detects 

Ordering Information 

Part Number 

IBM11DS370CA-60 

IBM11DS370CA-70 

IBM 11 ES370CA-60 

IBM11ES370CA-70 

IBM11DS400CA-60 

IBM11DS400CA-70 

IBM11ES400CA-60 

IBM11ES400CA-70 

Page 430 

Pin out 

Pin# Name Pin# Name Pin# Name 

1 Vss 13 A1 25 0013 

2 000 14 A2 26 0014 

3 001 15 A3 27 0015 

4 002 16 A4 2S A7 

5 003 17 A5 29 0016 

6 004 1S AS 30 Vee 

7 005 19 OE 31 AS 

s 006 20 DOS 32 A9 

9 007 21 009 33 NC 

10 Vee 22 0010 34 NC 

11 P05 23 0011 35 0017 

12 AO 24 0012 36 001S 

1. 0036 - 0039 are NC for x36 SIMM. 

Organization Speed Leads 

SM x36 60ns Sn/Pb 

SMx36 70ns Sn/Pb 

SMx36 60ns Au 

SMx36 70ns Au 

8Mx40 60ns Sn/Pb 

8Mx40 70ns Sn/Pb 

SM x40 60ns Au 

8Mx40 70ns Au 

Pin# 

37 

3S 

39 

40 

41 

42 

43 

44 

45 

46 

47 

4S 

----
;.:_;;i~ 

Name Pin# Name Pin# Name 

0019 49 0022 61 0033 

0020 50 0023 62 0034 

Vss 51 0024 63 0035 

CASO 52 0025 64 0036 

A10 53 0026 65 0037 

A11 54 0027 66 0038 

CAS1 55 D02S 67 PD1 

RASO 56 0029 SS PD2 

RAS1 57 0030 69 P03 

0021 5S 0031 70 PD4 

WE 59 Vee 71 0039 

ECC 60 0032 72 Vss 

Dimensions Noles 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 

4.25" x 1" x .360" 
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----------------- - --- IBM1108400C IBM1108370C - - -------------·- IBM11 E8400C IBM11 E8370C 
BM x 36/BM x 40 DRAM Modules 

Block Diagram 

OE 
WE 

RASO RAS1 

GAS CAS1 

RAS WE ill'. JiiiS WE OE 
DQO 
D01 DO D10 
D02 
D03 

RAS WE OE RAS WE OE 
DQ4 
DOS D1 011 
DOG 
DO? 

Ci'iS RAS WE ill'. RAS WE OE 
DOB 
D09 D2 D12 
0010 
0011 

Ci'iS RAS WE ill'. RAS WE OE 
0012 
D013 D3 D13 
0014 
0015 

Ci'iS RAS WE OE RAS WE OE 
D016 
0017 D4 D14 
001B 
0019 

RAS WE OE RAS WE OE 
0020 
0021 05 D15 
D022 
0023 

RAS WE OE RAS~ WE OE 
D024 
D025 D6 D16 
0026 
0027 

CAS RAS WE OE RAS WE OE 
D02B 
0029 07 D17 
D030 
0031 

RAS wt RAS wt OE 
D032 
DQ33 DB D1B 
D034 
0035 

1 CAS ro\S wt OE -, 1 CAS RAS WE OE -, 
0036---iD01 HD01 

gg~~---igg~ D9 --D02 
i--lD03 

D19 

DQ39---B~ --DQ4 
.J L - _J 

NOTE: D9 AND D19 ARE NOT USED IN X36 SIMM 

AO-A11--AO-A11: DRAMS D0-019 
vcc DO-D19 

vss 00-019 
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IBM11 D8370C IBM 11 D8400C 
IBM11 E8370C IBM11 E8400C 
BM x 36/BM x 40 DRAM Modules 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Late-Write I RMW 

Fast Page Mode-Read 
1st cycle 

Subsequent Cycles 

Fast Page Mode-Write 
1st cycle 

Subsequent Cycles 

Fast Page Mode 
Read-Modify-Write: 
1st cycle 

Subsequent Cycles 

RAS-Only Refresh 

GAS-Before-RAS Refresh 

Presence Detect 

Pin 

ECC (ECC Optimized SIMM) 

PD1 

PD2 

PD3 

PD4 

PD5 

Page 432 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

L 

~ 

L 

L 

H--+L 

CAS WE 

x x 
L H 

L L 

L H--+L 

H--+L H 

H--+L H 

H--+L L 

H--+L L 

H--+L H--+L 

H--+L H--+L 

H x 
L H 

-60 

Vss 

NC 

Vss 

NC 

NC 

Vss 

OE Row Col 
Address Address 

x x x 
L Row Col 

x Row Col 

L--+H Row Col 

L Row Col 

L NIA Col 

x Row Col 

x NIA Col 

L--+H Row Col 

L--+H N/A Col 

x Row N/A 

x x x 

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

All DO Bits 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

-70 

Vss 

NC 

Vss 

Vss 

NC 

Vss 
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-------------- - -- - ---- --------------·-

Absolute Maximum Ratings 
Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

Tsrn Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

Rating 

-1.0 to +7.0 

IBM11 D8400C IBM11 D8370C 
IBM11 E8400C IBM11 E8370C 

BM x 36/SM x 40 DRAM Modules 

Units Notes 

v 1 

-0.5 to min(Vee + 0.5, 7.0) v 1 

-0.5 to min(Vcc + 0.5, 7.0) v 1 

Oto +70 "C 1 

-55to +125 "C 1 

9.35 w 1, 2 

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 10°c) 

Symbol Parameter Min Typ Max Units Notes 

Vee Supply Voltage 4.5 5.0 5.5 v 1 

V1H Input High Voltage 2.4 - Vee+ 0.5 v 1, 2 

V1L Input Low Voltage -0.5 - 0.8 v 1, 2 

1. All voltages referenced to Vss· 
2. V1H may overshoot to Vee+ 2.0V for pulse widths;; 4.0ns (or Vee+ 1.0V for;; 8.0ns) and V1L may undershoot to -2.0V for pulse 

widths;; 4.0ns (or -1.0V for,; 8.0ns). Pulse widths measured at 50% points with amplitude measured peak to DC reference. 

Capacitance (TA= o to +10°c, Vee= s.o ± o.sV) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS, CAS) 

C1a Input Capacitance (WE) 

C14 Input Capacitance (OE) 

C110 Output Capacitance (All DQ bits) 

64G2159 
MMDS32DSU-OO 
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x36 Max x40 Max Units Notes 

126 130 pF 

74 80 pF 

149 155 pF 

168 174 pF 

25 25 pF 
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IBM11 D8370C IBM11 D8400C 
IBM11 E8370C IBM11 E8400C 
SM x 36/SM x 40 DRAM Modules 

8M x 36 DC Electrical Characteristics (TA= o to +70°c, Vee= s o.sv) 

Symbol Parameter Min 

Operating Current -60 -
lcc1 Avera~wer Supply Operating Current 

(RAS, CAS, Address Cycling: !Re= !Re min) -70 -

Standby Current (TIL) 
lcc2 Power Sgy Standby Current -

(RAS= CAS <: V1H) 

RAS Only Refresh Current -60 -
lcca Average PoweL§ill>ply Current, RAS Only Mode 

(RAS Cycling, CAS <: V1H: IRc = tRc min) -70 -

Fast Page Mode Current -60 -
lcc4 Average Power Supply Current, Fast Page Mode 

(RAS= V1L, CAS, Address Cycling: lpc = lpc min) -70 -

Standby Current (CMOS) 
Ices Power Sgy Standby Current 

(RAS= CAS =Vee - 0.2V) 
-

CAS Before RAS Refresh Current -60 -
Ices Average Power Supply Current, CAS Before RAS Mode 

(RAS, CAS, Cycling: 1Rc =!Re min) -70 -

Input Leakage Current OE,WE, -180 
l1(L) 

Input Leakage Current, any input ADDRESS 
(0.0,; V1N,; (Vee< 6.0V)) 
All Olher Pins Not Under Test = OV RAS,CAS -90 

lo(L) 
Output Leakage Current -20 (DouT is disabled, 0.0,; VouT" Vee) 

VoH 
Output High Level 

2.4 Output "H" Level Voltage (lour= -5mA@ 2.4V) 

Vol 
Output Low Level -Output "L" Level Voltage (louT = +4.2mA@ 0.4V) 

1. lcc1, lcc3, lcC4 and Ices depend on cycle rate. 
2. lcc1, lc04 depend on output loading. Specified values are obtained with the output open. 

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

Max Units Notes 

783 
mA 1,2,3 

693 

36 mA 

783 
mA t, 3,4 

693 

693 
mA 1, 2, 3 

603 

18 mA 

783 
mA 1, 3,4 

693 

+180 
µA 

+90 

+20 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS =VIL· In the case of lc04, it can be changed once or less when CAS = V1H 
4. Refresh current is specified for 1 bank. 
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--------------- -- ----- -------------·- IBM11 D8400C IBM11 D8370C 
IBM11 E8400C IBM11 E8370C 

BM x 36/BM x 40 DRAM Modules 

SM x 40 DC Electrical Characteristics (TA= o to +1o·c, Vee= s o.svi 
Symbol Parameter Min Max Units Notes 

Operating Current -60 - 870 
lcc1 Average Power Supply Operating Current mA 1,2, 3 

('RAS, CAS, Address Cycling: !Re= tRc min) -70 - 770 

Standby Current (TIL) 
lcc2 Power Sgy Standby Current 

(RAS• CAS:?: V1H) 
- 40 mA 

RAS Only Refresh Current -60 - 870 
lcC3 Average Powet§!!pply Current, RAS Only Mode mA 1,3,4 

(RAS Cycling, CAS:?: V1H: tRc = tRc min) -70 - 770 

Fast Page Mode Current -60 - 770 
lcc4 Average Power Supply Current, Fast Page Mode mA 1, 2, 3 

(RAS= V1L, CAS, Address Cycling: tpc = lpc min) -70 - 670 

Standby Current (CMOS) 
Ices Power Sgy Standby Current 

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

CAS Before RAS Refresh Current -60 - 870 
Ices Avera~wer ~upply Current, _CAS Before RAS Mode mA 1, 3,4 

(~. , Cycling: IRc = IRc mm) -70 - no 
Input Leakage Current OE.WE, -200 +200 

l1(L) 
Input Leakage Current, any input ADDRESS µA 
(0.0 S: V1N S: (Vee < 6.0V)) 
All Other Pins Not Under Test= OV RAS,CAS -100 +100 

lo(L) 
Output Leakage Current -20 +20 µA 
(DoUT is disabled, 0.0 s: VoUT S: Vee) 

VoH 
Output High Level 2.4 - v Output "H" Level Voltage (loUT = -5mA@ 2.4V) 

VoL 
Output Low Level 
Output "L" Level Vottage (louT = +4.2mA@ 0.4V) 

- 0.4 v 

1. lcc1. ICC3, 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 ICC4, it can be changed once or less when CAS • V1H 
4. Refresh current is specified for 1 bank. 
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IBM11D8370C IBM11D8400C 
IBM11 E8370C IBM11 E8400C 
SM x 36/SM x 40 DRAM Modules 

AC Characteristics (TA= o to +70°C, Vee= 5 0.5V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured be1Ween ViH and 
V1L· 

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. AC measurements assume IT = 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

I Re Random Read or Write Cycle Time 110 - 130 - ns 

IRP RAS Precharge Time 40 - 50 - ns 

tcp GAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 10K 70 10K ns 

tcAs GAS Pulse Width 15 - 20 - ns 

IAsR Row Address Setup Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - ns 

IAsc Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 15 - 15 - ns 

tRco RAS to GAS Delay Time 20 45 20 50 ns 1 

IRAO RAS to Column Address Delay Time 15 30 15 35 ns 2 

tRSH RAS Hold Time 15 - 20 - ns 

lcsH GAS Hold Time 60 - 70 - ns 

ICRP GAS to RAS Precharge Time 5 - 5 - ns 

looo OE to D1N Delay Time 15 - 20 - ns 3 

lozo OE Delay Time from D1N 0 - 0 - ns 4 

lozc GAS Delay Time from D1N 0 - 0 - ns 4 

!AR Column Address Hold Time Referenced to RAS - - - - - 5 

h Transition Time (Rise and Fall) 3 30 3 30 ns 

1. Operation within the IRco (max) limit ensures that IRAC (max) can be met. IRcO (max) is specified as a reference point only: if IRCO is 
greater than the specified IRco (max) limit, then access time is controlled by tcAC· 

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

3. Either tcoo or tooo must be satisfied. 
4. Either tozc or tozo must be satisfied. 
5. This timing parameter is not applicable to this product, but applies to a related product in this family. 
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-------------- - -- - ---- --------------·-

Write Cycle 

Symbol Parame1er 
Min 

1wcs Wri1e Command Se1 Up Time 0 

twcH Write Command Hold Time 15 

twp Write Command Pulse Wid1h 15 

tRwL Write Command to RAS Lead Time 15 

1cwL Write Command to GAS Lead Time 15 

1wcR Write Command Hold Time Referenced to RAS -

to HR Data Hold Time Referenced to RAS -

tos D1N Setup Time 0 

toH D1N Hold Time 15 

-60 

Max 

-

-

-

-

-

-

-

-

-

IBM11D8400C IBM11 D8370C 
IBM11 E8400C IBM11 E8370C 

BM x 36/BM x 40 DRAM Modules 

-70 
Uni1s Noles 

Min Max 

0 - ns 1 

15 - ns 

15 - ns 

20 - ns 

20 - ns 

- - ns 2 

- - ns 2 

0 - ns 3 

15 - ns 3 

1. twcs. tRwo. tcwo. 1Awo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If 1wcs;,: 1wcs(min.}, 1he entire cycle is an early write cycle and the data pin will remain open circui1 (high impedance) through 
the entire cycle; If tRwD;,: tAwo(min.), tcwo;,: tcwo(min.}, tAwD;,: 1Awo(min.) and tcpw;,: tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are me1, the 
condition of the data (at access time) is indeterminate. 

2. This timing parameter is not applicable to this product, but applies to a related ~uct in this family. 
3. Data-in set-up and hold is measured from the latter of the two timings, CAS or WE. 
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IBM11 D8370C IBM 11 D8400C 
IBM11 E8370C IBM11 E8400C 
8M x 36/8M x 40 DRAM Modules 

Read Cycle 

Symbol Parameter 

lRAc Access Time from RAS 

tcAC Access Time from CAS 

!AA Access Time from Address 

toEA Access Time from OE 

!Res Read Command Setup Time 

1RCH Read Command Hold Time to GAS 

1RRH Read Command Hold Time to RAS 

1RAL Column Address to RAS Lead Time 

lcAL Column Address to GAS Lead Time 

tcLZ GAS to Output in Low-Z 

loes OE Setup Time prior to RAS 

toH Output Data Hold Time 

lo HO Output Data Hold Time from OE 

loFF Output Buffer Turn-off Delay 

!ROH RAS Hold to Output Enable 

lcoo GAS to D1N Delay Time 

1oEZ Output Buffer Turn-off Delay from OE 

1. Measured with the specified current load and 1 OOpF. 

Min 

-

-

-

-

0 

0 

5 

30 

30 

0 

-

3 

3 

0 

-
15 

0 

2. Access time is determined by the latter of lRAc. tcAc. tcpA, 1AA, loEA· 
3. Either 1RcH or 1RRH must be satisfied. 

-60 -70 

Max Min 

60 -

15 -

30 -

15 -

- 0 

- 0 

- 5 

- 35 

- 35 

- 0 

- -

- 3 

- 3 

15 0 

- -

- 20 

15 0 

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

--------- ----- - -- ----::::::::::::::: ! = 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1,2 

20 ns 1, 2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 

- ns 

- ns 4 

- ns 

- ns 

20 ns 5 

- ns 4 

- ns 6 

20 ns 5 

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

6. Either tcoo or tooo must be satisfied. 
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------------------- ---- --------------·-

Fast Page Mode Cycle 

Symbol Parameter 
Min 

tpc Fast Page Mode Cycle Time 40 

tRASP Fast Page Mode RAS Pulse Width 60 

lcPRH RAS Hold Time from CAS Precharge 35 

tcPA Access Time from GAS Precharge -

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of !RAC· lcAc, tcPA• tAA. toEA· 

Read-Modify-Write Cycle 

Symbol Parameter 
Min 

tRwc Read-Modify-Write Cycle Time 150 

tRWD RAS to WE Delay Time 80 

1cwo CAS to WE Delay Time 35 

IAWD Column Address to WE Delay Time 50 

loEH OE Command Hold Time 15 

-60 

Max 

-

100K 

-

35 

-60 

Max 

-

-

-

-

-

IBM11 D8400C IBM11 D8370C 
IBM11 E8400C IBM11 E8370C 

SM x 36/SM x 40 DRAM Modules 

-70 
Units Notes 

Min Max 

45 - ns 

70 100K ns 

40 - ns 

- 40 ns 1, 2 

-70 
Units Notes 

Min Max 

180 - ns 

95 - ns 1 

45 - ns 1 

60 - ns 1 

20 - ns 

1. 1wcs, 1Rwo, tcwo, tAwo. and lcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If 1wcs 2 twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If 1RwD 21Rwo(min.), tcwo 2 tcwo(min.), tAwo 2 1Awo(min.) and lcpw 2 tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

1PRWC Fast Page Mode Read-Modify-Write Cycle Time 80 - 95 - ns 

lcPW WE Delay Time from CAS Precharge 55 - 65 - ns 1 

1. 1wcs, 1Rwo, 1cwo. 1Awo, and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If 1wcs 2 twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If 1Rwo 21Rwo(min.). tcwo 2 tcwo(min.). 1Awo 2 tAwo(min.) and tcpw 2 tcpw(min.)(Fast Page Mode). the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 
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IBM11 D8370C IBM11D8400C 
IBM11 E8370C IBM11 E8400C 
8M x 36/8M x 40 DRAM Modules 

Refresh Cycle 

Symbol Parameter 

lcHR 
CAS Hold Time 
(CAS before J!iAS Refresh Cycle 

lcsR 
CAS Setup Time 
('Cjt§' before RAS Refresh Cycle 

tWRP 
WE Setup Time 
('Cjt§' before RAS Refresh Cycle 

lRWH 
WE Hold Time 
(CAS before ltltS Refresh Cycle 

tRPC RAS Precharge to CAS Hold Time 

tREF Refresh Period 

1 . 4096 Refreshes are required every 64ms. 

Page440 

Min 

20 

to 

10 

10 

0 

-

-60 -70 

Max Min 

- 20 

- to 

- 10 

- 10 

- 0 

64 -

Max 

-

-

-

-

-
64 

Units Notes 

ns 

ns 

ns 

ns 

ns 

ms 1 
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--------------- -- ----- -------------·-

Read Cycle 

tRAs 

V1H-
RAS 

V1L -

tcsH 

~CD 

CAS 
V1H-

lcAS 

V1L -

~AD tRAL 
tCAL 

lAsR tASc 

V1H-
Address 

V1L -

ta.z 

VoH-
Dour -----1---Hi-Z --------I 

VoL-

64G2159 
MMDS32DSU-OO 
Revised 7194 

I :"H"or"L" 

tRc 

~SH 

IBM11 DB400C IBM11 DB370C 
IBM11 EB400C IBM11 EB370C 

SM x 36/SM x 40 DRAM Modules 

tRP 

loez __ _ 

Valid Data Out Hi-Z --

toH __ ___, 

___ toHO----t 
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IBM11 D8370C IBM11 D8400C 
IBM11 E8370C IBM11 E8400C 
BM x 36/BM x 40 DRAM Modules 

Write Cycle (Early Write) 

V1H 
RAS 

VrL 

V1H 
CAS 

VrL 

IRco 

~D 

!ASA !Ase 

Address 

VoH-

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

!Re 

IRAs 

lcsH 

IRsH 

lcAS 

Valid Data In 

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

I :"H"or"L" 
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-------------- - -- - ---..:...::::5'i'5: 

Write Cycle (Late Write) 

tRAs 

V1H-
RAS 

V1L -

tcsH 

~CD 

V1H -
CAS 

V1L -

~AD 

!As !Ase 

!RAH bH 

V1H 
Address 

VoH-
DoUT ---- Hi-Z--------1 

VoL-

tRc 

IRsH 

tcAS 

IBM11 D8400C IBM11D8370C 
IBM11 E8400C IBM11 E8370C 

SM x 36/SM x 40 DRAM Modules 

tRP 

I : "H" or "L" "output remains Hi-Z because WE is latched internally following twp min. 

64G2159 
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IBM11D8370C IBM11D8400C 
IBM11 E8370C IBM11 E8400C 
BM x 36/BM x 40 DRAM Modules 

Read-Modify-Write Cycle 

V1H-
RAS 

V1L-

V1H-
CAS' 

V1L-

lASR 

Address 

VOH-

tRCD 

tRAo 

IASc 

IRAS 

lcsH 

lcAS 

lcAC 

tcLZ 

!Awe 

~SH 

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

~p 

lcRP 

Dour ----1--Hi-Z -------1 
VoL-

11--------- Hi-Z*--

I : "H"or"L" 
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-toHO 
·0u1put remains Hi-Z because WE is latched internally following tWP min. 

64G2159 
MMOS320SU-OO 

Revised 7194 



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

Fast Page Mode Read Cycle 

V1H-

RAS 
V1L -

-tRCO 

V1H-

CAS 
VIL -

V1H 

Address 
V1L 

V1H 

WE 
V1L 

V1H 

OE 
V1L 

,.._ ___ !RAC 

hz-1 
VoH-

Do UT 
VoL-

1 :"H"or"L" 

64G2159 
MMDS32DSU..QO 
Revised 7 /94 

!RASP 

!pc 
lcp 

!coo 

i:cLz 

IBM11D8400C IBM11D8370C 
IBM11 E8400C IBM11 E8370C 

BM x 36/BM x 40 DRAM Modules 

!RP 

i:cPRH 

tcRP 

!RCH 

lcAC 

DouTN 
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IBM11D8370C IBM11D8400C 
IBM11 E8370C IBM11 E8400C 
8M x 36/SM x 40 DRAM Modules 

Fast Page Mode Write Cycle 

I: "H"or"L" 
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~SP -------------. tFIP 

--------- ----- - -- ----=..:.:=~= 
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--------------- -- ----- -------------·-

Fast Page Mode Read-Modify-Write Cycle 

V1H
Address 

V1L 

VoH
DoUT 

VoL-

l:"H"or"L" 

64G2159 
MMDS32DSU-OO 
Revised 7194 

DoUT 1 Dour2 

IBM11 D8400C IBM11 D8370C 
IBM11 E8400C IBM11 E8370C 

BM x 36/8M x 40 DRAM Modules 

tcRP 

DoUTN 
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IBM11 D8370C IBM11 D8400C 
IBM11 E8370C IBM11 E8400C 
8M x 36/SM x 40 DRAM Modules 

RAS Only Refresh Cycle 

-------IRAs-------

Address 

VOH-

--------- -------- ----=.=:=' = 

~p 

DOUT 
__________ Hi-Z ______________ _ 

I :"H"or"L" 

Note: WE, OE, D1N are "H" or "L" 
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---------------------- --------·----·-

CAS Before RAS Refresh Cycle 

V1H -

V1L - IRPc 1 
--j l:csR 

i------ looo ----i 

,._-+--- lcoo -----i 

DrN V1H ----+--+------ Hi-Z 
V1L -

loez 

loFF 

Dour VoH 
1-----Hi-Z 

I :"H"or"L" 

Note: Addresses are "H" or "L" 

64G2159 
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Revised 7194 

IBM11 D8400C IBM1108370C 
IBM11 E8400C IBM11 E8370C 

8M x 36/8M x 40 DRAM Modules 
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IBM11 D8370C IBM11 D8400C 
IBM11 E8370C IBM11 E8400C 
BM x 36/BM x 40 DRAM Modules 

Layout Drawing (IBM11 D8400C) 

(2X)JI' 
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101190 
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~ 
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\, tll co. 

~l .08 

--
- ~J 
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1.75 
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SIDE 

1.27 :t:~~~ 
.oso:t:~ 

3.75 REF. 

1.27 PITCH 

.050 

1.00WIDTH 
.039 

NOTE: All dimensions are typical unless otherwise stated. Ml'tJ~ifE~Rs 
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72 Pin SIMMs 
- ECG-On-SIMM 



~ ... 



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

Features 

• 72-Pin JEDEC-Standard Single In-Line 
Memory Module 

• Performance: 

-70 

1RAc RAS Access Time 70ns 

lcAc GAS Access Time 20ns 

!AA Access Time From Address 35ns 

!Re Cycle Time 130ns 

tpc Fast Page Mode Cycle Time 45ns 

Description 

The IBM1101480BA is a 4MB industry standard 
72-pin 4-byte single in-line memory module (SIMM) 

that has a fully functional, retrofittable and plug-com
patible on-board error-correcting-code (ECG). The 
ECG function is completely self-contained and trans

parent to the system. The module is manufactured 
with 12 1 M x 4 DRAMS and 4 ECG ASICs. The 
ECG-on-SIMM module corrects single-bit errors that 

Card Outline 

IBM1101480BA 
IBM11E1480BA 

1 M x 36 ECC-on-SIMM 

• Single-error-correct (SEC) high-speed ECG 

algorithm 

• Single 5V ± 0.25V Power Supply 

• All inputs & outputs are fully TTL & CMOS 
compatible 

• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 

• 10/10 Addressing (Row/Column) 
• Provides ECC and retrofits to standard x36 

socket 
• Au and Sn/Pb versions available 

may occur in any byte of SIMM data. It is recom

mended for systems that run critical applications but 

do not have native ECG. This family of SIMMs (1 M x 
36, 2M x 36, 4M x 36, and BM x 36) provides the 
memory reliability required by these applications with 
no performance penalty. The outline varies per den
sity. 

\
0
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IBM1101480BA 
IBM11 E1480BA 
1 M x 36 ECC-on-51MM 

Pin Description 

RASo,RAS2 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

000-7, 9-16, 
Data Input/output 18-25, 27-34 

PQB, 17, 26, 35 Parity Input/output 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1 -PD4 Presence Detects 

Ordering Information 

Part Number 

IBM11D1480BA-70 

IBM11E1480BA-70 

Page454 

Pinout 

Pin# Name Pin# Name 

1 Vss 13 A1 

2 000 14 A2 

3 0018 15 A3 

4 001 16 A4 

5 0019 17 A5 

6 002 18 AS 

7 0020 19 NC 

8 003 20 004 

9 0021 21 0022 

10 Vee 22 005 

11 NC 23 0023 

12 AO 24 006 

Organization Speed 

1Mx36 70ns 

1Mx36 70ns 

Pin# Name Pin# 

25 0024 37 

26 007 38 

27 0025 39 

28 A7 40 

29 NC 41 

30 Vee 42 

31 AB 43 

32 A9 44 

33 NC 45 

34 RA52 46 

35 P026 47 

36 P08 48 

Leads 

Sn/Pb 

Au 

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

Name Pin# Name Pin# Name 

P017 49 DQ9 61 0014 

P035 50 0027 62 0033 

Vss 51 0010 63 0015 

CASO 52 0028 64 0034 

CAS2 53 0011 65 0016 

'CAS3 54 0029 66 NC 

C'AS1 55 0012 67 PD1 

RASo 56 0030 68 PD2 

NC 57 0013 69 PD3 

NC 58 0031 70 PD4 

WE 59 Vee 71 NC 

NC 60 0032 72 Vss 

Dimensions Notes 

4.25" x 1.04" x .397" 

4.25" x 1.04" x .397" 

8186823 
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---------= =-=== = =-:. === --------·-

Block Diagram 

8186823 
MMDS04DSU-01 
Revised 7194 

RASO 

RA52 

1MX4 

Data 

OE 
WE 

Data 

OE 

WE 

Data 

OE 
WE 

Data 

OE 

WE 

IBM11D1480BA 
IBM11E1480BA 

1 M x 36 ECC-on-SIMM 

CASO WE 

DQO 
DQ1 
DQ2 
DQ3 

44PLCC DQ4 
DQ5 
DQ6 
DQ7 
PQ8 

CAS1 

DQ9 
DQ10 
D011 
DQ12 

44PLCC DQ13 
DQ14 
D015 
DQ16 
PQ17 

CAS2 

DQ18 
DQ19 
DQ20 
DQ21 

44PLCC DQ22 
DQ23 
DQ24 
DQ25 
PQ26 

DQ27 
DQ28 
DQ29 
DQ30 

44PLCC DQ31 
DQ32 
DQ33 
DQ34 
PQ35 
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IBM1101480BA 
IBM11E1480BA 
1 M x 36 ECC-on·SIMM 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Wrhe: 
1st Cycle 

Subsequent Cycles 

RAS°-Only Refresh 

CAS-Before-RAS" Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

RAS" 

H 

L 

L 

L 

L 

L 

L 

L 

H~L 

CAS WE 
Row Column 

Address Address 

x x x x 
L H Row Col 

L L Row Col 

H~L H Row Col 

H~L H NIA Col 

H~L L Row Col 

H~L L NIA Col 

H x Row NIA 

L H x x 

Application Specific -70 

Vss 

Vss 

NC 

Vss 

1. NC= OPEN, Vss = GND; Application specific SIMMs have unique IBM part numbers. 

Absolute Maximum Ratings 

Symbol Parameter Rating 

Vee Power Supply Voltage -0.3 to 6.5 

V1N Input Voltage -0.3 to Vee+ 0.3 

Vour Output Voltage -0.3 to Vee+ 0.3 

Tc Operating Temperature (Case) Oto +65 

TsrG Storage Temperature -40to +125 

Po Power Dissipation 12 

lour Short Circuh Output Current 50 

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

All DO, PO 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 

Industry Standard -70 

Vss 

Vss 

Vss 

NC 

Unhs Notes 

v 1 

v 1 

v 1 

·c 1 

·c 1 

w 1 

mA 1 

1. Stresses greater than those listed may cause penmanent damage to the device. This is a stress rating only, and device functional 
operation at or above the condhions indicated is not implied. Exposure to absolute maximum rating condhions for extended peri-
ods may affect reliabilhy. 
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-------------= - -::§'f!: IBM1101480BA 
IBM11E1480BA 

1Mx36 ECC-on-SIMM 

Recommended DC Operating Conditions (Tc= o to ss0 c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to V55. 

Capacitance (Tc= o to +ss•c, Vee= s.o ± o.2sv) 

Symbol Parameter 

e11 Input Capacitance (AO-A9) 

C12 Input Capacitance (~ 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C1101 Output Capacitance (DQO-DQ34) 

C1102 Output Capacitance (PQS, 17, 26, 35) 

Load Diagram 

1.31 v 

RL"' 436ohms 

LOAD CIRCUIT 

8186823 
MMDS04DSU-01 
Revised 7194 

Min Typ Max Units Notes 

4.75 5.0 5.25 v 1 

2.4 - Vee v 1 

0.0 - 0.8 v 1 

Max Units Notes 

65 pF 

50 pF 

30 pF 

35 pF 

12 pF 

12 pF 

5.0V 

RL 1 "' 1656 ohms 

Output 

RL2 "' 590 ohms 

ALTERNATE LOAD CIRCUIT 
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IBM11 D1480BA 
IBM11E1480BA 
1M x 36 ECC-on-SIMM 

DC Electrical Characteristics (Tc= o to +65'C, Vee = 5 ± o.25V) 

Symbol Parameter 

Operating Current 
lcc1 Average Power Supply Operating Current -70 

(RAS, CAS, Address Cycling: IRc = tiic min) 

Standby Current (TTL) 
lcc2 Power Supply Standby Current 

(RAS°=~ :!:V1H) 

RAS Only Refresh Current 
Ices Average Power Supply Current, RAS Only Mode -70 

(J!iAS Cycling, CAS :!:V1H: !RC = tRC min) 

Fast Page Mode Current 
lcc4 Average Power Supply Current, Fast Page Mode -70 

(RAS= V1L. OAS, Address Cycling: tpc = tpe min) 

Standby Current (CMOS) 
Ices Power Supply Standby Current 

(RAS = OAS = Vee - 0.2V) 

CAS Before RAS Refresh Current 
Ices Average Power Supply Current, CAS Before RAS Mode 

(J!iAS, OAS, Cycling: tRc = IRc min) 
-70 

Input Leakage Current RAS 

ll(L) 
Input Leakage Current, any input C'AS,WE 
(0.0 S V1N S (Vee < 6.0V)) 
All Other Pins Not Under Test= OV Address 

lo(L) 
Output Leakage Current 
(DoUT is disabled, 0.0 s Vaur S Vee) 

VaH 
Output High Level 
Output "H" Level Voltage (loUT = -4mA @ 2.4V) 

VOL 
Output Low Level 
Output "L" Level Vohage (loUT = +4mA@ 0.4V) 

1. Ice,. ICC3. ICC4 and Ices depend on cycle rate. 

Min 

-

-

-

-

-

-

-460 

-40 

-120 

-10 

2.4 

-

2. lcc1, ICC4 depend on output loading. Specified values are obtained wtth the output open. 

--------- ----- - -.!...::::!V!: 

Max Units Notes 

1296 mA 1,2,3 

24 mA 

1296 mA 1,3 

780 mA 1,2,3 

24 mA 

1296 mA 1,3 

+460 

+40 µA 

+120 

+10 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS m Vil· In the case of ICC4, it can be changed once or less when OAS= ViH· 
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AC Characteristics (Tc= o to +65°C, Vee= 5 ± o.25V) 

IBM1101480BA 
IBM11E1480BA 

1 M x 36 ECC-On·SIMM 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and 
VIL· 

2. An initial pause of 500ms 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. To prevent excess power dissipation during power-up, RAS should rise coincident with the power supply voltage. 

3. AC measurements assume IT = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-70 
Symbol Parameter Units Notes 

Min Max 

!Re Random Read or Write Cycle Time 130 128K ns 

IRP RAS Precharge Time 50 - ns 

tep CAS Precharge Time 10 - ns 

IRAS RAS Pulse Width 70 16K ns 

lcAS CAS Pulse Width 20 - ns 

IASR Row Address Setup Time 0 - ns 

!RAH Row Address Hold Time 10 - ns 

IASc Column Address Setup Time 0 - ns 

lcAH Column Address Hold Time 10 - ns 

IRCo RAS lo~ Delay Time 20 50 ns 1 

IRAo RAS to Column Address Delay Time 15 - ns 2 

IRsH RAS Hold Time 20 - ns 

lcsH CAS Hold Time 70 - ns 

lcRP CAS 10 RAS Precharge Time 10 - ns 

lozc CAS Delay Time from D1N - - ns 3 

IT Transition Time (Rise and Fall) 3 50 ns 

tAR Column Address Hold Time Referenced to RAS 55 - ns 

1. Operation within Iha tRco (max) limit ensures that IRAc (max) can be met. IRco (max) is specified as a reference point only: if IRco is 
grea1er than Iha specified IRco (max) limit, then access time is controlled by 1CAC· 

2. Operation within the IRAo (max) limit ensures that IRAc (max) can be met. tRAo (max) is specified as a reference point only: If tRAo 
is greater than the specified IRAo (max) limit, then access lime is controlled by IAA. 

3. This timing parameter is not applicable to this product, but applies lo a related product in this family. 

8186823 
MMDS04DSU-01 
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IBM1101480BA 
IBM11E1480BA 
1 M x 36 ECC-on-51MM 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

twcH Write Command Hold Time 

tWP Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

lcWL Write Command to CAS Lead Time 

twcR Write Command Hold Time Referenced to mtS 

lo HR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

Read Cycle 

Symbol Parameter 

IRAc Access Time from RAS 

lcAc Access Time from CAS 

IAA Access Time from Address 

!Res Read Command Setup Time 

IRCH Read Command Hold Time to 'CAS 

IRRH Read Command Hold Time to RAS 

1iw. Column Address to RAS Lead Time 

1cAL Column Address to CAS Lead Time 

tcLZ 'CAS to Output in Low-Z 

loH output Data Hold Time 

lcoo CAS to D1N Delay Time 

loFF Output Buffer Tum-off Delay 

1. Measured with the specified current load and 100pF. 
2. Access time is determined by the latter of tRAc. lcAc. lcPA. tAA. 
3. Either IAcH or IRRH must be satisfied for a read cycle. 

-70 

Min Max 

0 -
15 -
15 -
20 -

20 -
55 -
55 -
0 -

20 -

-70 

Min Max 

- 70 

- 20 

- 35 

0 -

0 -
0 -
35 -

- -
0 -
0 -
15 -
0 15 

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

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

Units Notes 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

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. 
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Fast Page Mode Cycle 

-70 
Symbol Parameter 

Min Max 

!pc Fast Page Mode Cycle Time 45 -
tRASP Fast Page Mode RAS Pulse Width 70 tOOK 

lcPRH RAS Hold Time from GAS Precharge - -

lcPA Access Time from GAS Precharge - 45 

1. This timing parameter is not applicable to this product, but applies to a related product in this family. 
2. Access time is determined by the latter of !RAC· leAe. lePA· IAA. 
3. Access time assumes a load of 100pF. 

Refresh Cycle 

-70 
Symbol Parameter 

Min Max 

lcHR 
GAS Hold Time 

15 
(GAS before RAS Refresh Cycle) 

-

tcsR 
GAS Setup Time 

10 -
(GAS before RAS Refresh Cycle) 

twAP 
WE Setup Time 

5 -
(GAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 

10 
(GAS before RAS Refresh Cycle) 

-

tRPC RAS Precharge to GAS Hold Time 10 -

!REF Refresh Period - 16 

IBM11D1480BA 
IBM11E1480BA 

1 M x 36 ECC-on-SIMM 

Units Notes 

ns 

ns 

ns 1 

ns 2,3 

Units Notes 

ns 

ns 

ns 

ns 

ns 

ms 1 

1. 1024 refreshes are required every 16ms. The DC variation in the Vee supply may not exceed 300mV within a refresh interval 
(16ms). 

8186823 
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IBM11 D1480BA 
IBM11E1480BA 
1 M x 36 ECC-on-SIMM 

Read 

V1H-
RAS 

V1L -

~CD 

V1H-
CAS 

V1L -

Address 

VoH-

-----+- Hi-Z 

I ·"H"or"L" . 

Page 462 

tRc 

tiiAs 

tcsH 

tRSH 

tcAS 

hz 

Valid Data Out 

_toH ___ _. 

-------------= == === :5::::E::5'::5? = 

Hi-Z _ 

8186823 
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--------------- - -- - ---- -------------·-

Write Cycle (Early Write) 

V1H-
RAS 

VIL -

V1H-
GAS 

VIL -

!RAO 

!ASR 

V1H-
Address 

V1L -

V1H-
WE 

V1L-

VIH-
D1N 

V1L -

VoH-

!RAS 

!csH 

!Rco 

!AR 

los _ tDH 

Valid Data In 

!Re 

!RSH 

!cAS 

IBM11D1480BA 
IBM11E1480BA 

1 M x 36 ECC-on-SIMM 

!RP 

_!cRP 

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

8186823 
MMDS04DSU-01 
Revised 7 /94 

: "H" or"L" 
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IBM11D1480BA 
IBM11E1480BA 
1 M x 36 ECC-on·SIMM 

Fast Page Mode Read Cycle 

V1H-
Address 

V1L-

V1H-
WE 

VIL-

V1H-

D1N 

VoK-

Dour 
VoL-

: "H" or"L" 

Page 464 

tAA 

!oH' 

tcLz 

Dour 1 

, ____ l:cPRH 

tpc---.., 

._1:cAs-

~cs 
tRCH 

:·::· 
-..::: 

- tAA 

tcPA 

-!oH 
t r DZC 

tCAc 

l:cLz 

Dour2 

+-toH 

tCDD 

to FF 

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

~CH 

8186823 
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Fast Page Mode Write Cycle 

Vui-
RAS 

V1L-

V1H-
CAS 

VIL-

V1H
Address 

VIL-

DoUT 
VoL-

8186823 
MMDS04DSU-01 
Revised 7194 

lwcs 

I :"H"or"L" 

_!pc 

tcP 

tcAS tcAS 

~SH 

tcAs 

IBM 11 01480BA 
IBM11 E1480BA 

1 M x 36 ECC-on-SIMM 

tcRP 
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IBM1101480BA 
IBM11 E1480BA 

--------- ----- - -- ----::::..:.::::!:: 
1 M x 36 ECC-on-SIMM 

RAS Only Refresh Cycle 

V1H_ 

CAS 

V1L_ 

VIH-

Address 

V1L _ 
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fo------------tRc --------------oi 

tASR 

~tRAH 

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

: "H" or "L" 

Note: WE, D,N are "H" or "L" 

8186823 
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-------------- - ------- -------------·-

CAS Before RAS Refresh Cycle 

______ IRAS ---------.i 

V1H-

RAS 

tRPCl 
V1L -

~ ICsR 

V1H-

CAS 
V1L -

____ tcoo -----i 

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

DoUT VoH-

I: "H"or"L" 

Note: Addresses are "H" or "L" 

8186823 
MMDS04DSU-01 
Revised 7194 

IBM1101480BA 
IBM11·E1480BA 

1 M x 36 ECC-on-SIMM 
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IBM1101480BA 
IBM11E1480BA 
1 M x 36 ECC-on-SIMM 

Layout Drawing 

(2)() 11 
3.1877 

2.03 I 
.08 

44.45 
1.75 

107.95 
4.25 

101.190 
3.983 

FRONT 

95.25 
3.75 REF. 

SIDE 

10.08 

6.35 
.250 

.397 MAx.'I r 

1.27 ± :~~~~ 
.050 ±:~ 

NOTE: All dimensions are typical unless otherwise stated. 
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1.27 PITCH 
.050 

1.00WIDTH 
.039 

MILLIMETERS 
INCHES 

--------- -------.!.~:!?$: 

8186823 
MMOS04DSU-01 

Revised 7/94 



--------------- ------- ----------___ ,_ 

4Features 

• 72-Pin JEDEC-Standard Single In-Line 
Memory Module 

• Performance: 

-70 

!RAC RAS Access Time 70ns 

lcAC CAS Access Time 20ns 

IAA Access Time From Address 35ns 

I Ac Cycle Time 130ns 

lpc Fast Page Mode Cycle Time 45ns 

Description 

The IBM11 D2480BA is an 8MB industry standard 
72-pin 4-byte single in-line memory module (SIMM) 
that has a fully functional, retrofittable and plug-com
patible on-board error-correcting-code (ECC). The 
ECC function is completely self-contained and trans
parent to the system. The module is manufactured 
with 24 1 M x 4 DRAMS and 4 ECC ASICs. The 
ECC-on-SIMM module corrects single-bit errors that 
may occur in any byte of SIMM data. It is recom-

Card Outline 

IBM11 D2480BA 
IBM11 E2480BA 

2M x 36 ECC-on-SIMM 

• Single-error-correct (SEC) high-speed ECC 
algorithm 

• Single 5V 0.25V Power Supply 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 1024 refresh cycles distributed across 16ms 
• 10/1 O Addressing (Row/Column) 
• Provides ECC and retrofits to standard x36 

socket 
• Au and Sn/Pb versions available 

mended for systems that run critical applications but 
do not have native ECC. This family of SIMMs (1 M x 
36, 2M x 36, 4M x 36, and SM x 36) provides the 
memory reliability required by these applications with 
no performance penalty. The outline varies per den
sity. 

~01111111111111111111111111111111111111111A 1111 1 11 1 11 1 111111 11 111111111111111111111° I 

64G2311 
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1 36 37 72 
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IBM11 D24808A 
IBM11 E2480BA 
2M x 36 ECC-on-SIMM 

Pin Description 
RASO-RAS3 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

D00-7, 9-1G, 
Data Input/output 18-25, 27-34 

P08, 17, 2G, 35 Parity Input/output 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1 -PD4 Presence Detects 

Ordering Information 

Part Number 

IBM11D2480BA-70 

IBM11E2480BA-70 

Page 470 

Pin out 
Pin# Name Pin# Name 

1 Vss 13 A1 

2 DOD 14 A2 

3 D018 1S A3 

4 D01 1G A4 

s D019 17 AS 

6 D02 18 AG 

7 D020 19 NC 

8 D03 20 D04 

9 D021 21 D022 

10 Vee 22 DOS 

11 NC 23 D023 

12 AO 24 DOG 

Organization Speed 

2M x3G 70ns 

2M x36 70ns 

Pin# Name Pin# 

25 D024 37 

26 D07 38 

27 D02S 39 

28 A7 40 

29 NC 41 

30 Vee 42 

31 A8 43 

32 A9 44 

33 RAS3 4S 

34 RAS2 4G 

3S P02G 47 

3G POB 48 

Leads 

Sn/Pb 

Au 

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

Name Pin# Name Pin# Name 

P017 49 D09 G1 D014 

P035 50 D027 62 D033 

Vss S1 D010 63 D01S 

CASO S2 D028 64 D034 

CAS'2 S3 D011 65 D01G 

CAS3 S4 D029 GG NC 

CAS1 SS D012 G7 PD1 

RASO SG D030 G8 PD2 

RAS1 S7 D013 69 PD3 

NC S8 D031 70 PD4 

WE S9 Vee 71 NC 

NC GO D032 72 Vss 

Dimensions Notes 

4.2S" x 1.04" x .SS9" 

4.2S" x 1.04" x .SS9" 

G4G2311 
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Block Diagram 

64G2311 
MMDS19DSU-01 
Revised 7 /94 

RAS1 

RAS3 

1M X4 

1M X4 

RASO 

Data 

OE 

WE 

Data 

OE 

WE 

RAS2 

Data 

OE 

WE 

Data 

OE 

WE 

1M X4 

IBM11 D2480BA 
IBM11 E2480BA 

2M x 36 ECC-on-SIMM 

CASO WE 

DQO 
DQ1 
DQ2 
DQ3 

44 PLCC DQ4 
DQ5 
DOG 
DQ7 
PQB 

DQ9 
DQ10 
D011 
D012 

44 PLCC DQ13 
DQ14 
D015 
D016 
P017 

CAS2 

D018 
D019 
D020 
D021 

44 PLCC DQ22 
D023 
D024 
D025 
P026 

D027 
D028 
D029 
D030 

44 PLCC D031 
D032 
DQ33 
D034 
P035 
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IBM11 D2480BA 
IBM11 E2480BA 
2M x 36 ECC-on-SIMM 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

~-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 
Pin 

PD1 

PD2 

PD3 

PD4 

~ 

H 

L 

L 

L 

L 

L 

L 

L 

H-.+L 

CAS ~ Row Column 
Address Adctess 

x x x x 
L H Row Col 

L L Row Col 

H-.+L H Row Col 

H-.+L H NIA Col 

H-.+L L Row Col 

H-.+L L NIA Col 

H x Row NIA 

L H x x 

Application Specific -70 

NC 

NC 

Vss 

NC 

1. NC= OPEN, Vss = GND; Application specific SIMMs have unique IBM part numbers. 

Absolute Maximum Ratings 
Symbol Parameter Rating 

Vee Power Supply Voltage -0.3 to 6.5 

V1N Input Voltage -0.3 to Vee+ 0.3 

Vour Output Voltage -0.3 to Vee + 0.3 

Tc Operating Temperature (Case) Oto +65 

TsrG Storage Temperature -40to +125 

Po Power Dissipation 24 

lour Short Circuit Output Current 50 

--------- ----= :-::!T!: 

All DQ, PQ bits 

High lmpedanoe 

Valid Data Out 

Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

High lmpedanoe 

High lmpedanoe 

Industry Standard -70 

NC 

NC 

Vss 

NC 

Units Notes 

v 1 

v 1 

v 1 

·c 1 

·c 1 

w 1 

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. 
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-------------- - -- - ---- -------------·- IBM11 D2480BA 
IBM11 E2480BA 

2M x 36 ECC-on-SIMM 

Recommended DC Operating Conditions (Te= o to ss0 c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1 . All voltages referenced to V ss-

Capacitance (Te= o to +ss 0 c, Vee= s.o ± 0.25V) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C1• Input Capacitance (WE) 

C1101 Output Capacitance (DQ0-0034) 

C1102 Output Capacitance (PQ8, 17, 26, 35) 

Load Diagram 

1.31 v 

RL = 436ohms 

LOAD CIRCUIT 

64G2311 
MMDS19DSU-01 
Revised 7194 

Min Typ Max Units Notes 

4.75 5.0 5.25 v t 

2.4 - Vee v 1 

0.0 - 0.8 v 1 

Max Units Notes 

140 pF 

50 pF 

45 pF 

35 pF 

12 pF 

12 pF 

5.0V 

RL 1 = 1656 ohms 

RL2 = 590 ohms 

ALTERNATE LOAD CIRCUIT 
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IBM11 D2480BA 
IBM11 E2480BA 
2M x 36 ECC-on-SIMM 

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

Symbol Parameter 

Operating Current 
lcc1 Average Power Supply Operating Current -70 

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

Standby Current (TIL) 
lcc2 Power S..!!.lm!y Standby Current 

(RAS= CAS ;o,V1H) 

RAS Only Refresh Current 
lcc3 Average Powe!:..§!lpply Current, RAS Only Mode -70 

(RAS Cycling, CAS ;o,V1H: tRc = tRc min) 

Fast Page Mode Current 
lcc4 Average Power Supply Current, Fast Page Mode -70 

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

Standby Current (CMOS) 
Ices Power S..!!.lm!y Standby Current 

(RAS= CAS =Vee -0.2V) 

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

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

Input Leakage Current RAS 

l1(L) 
Input Leakage Current, any input 

CAS, WE (0.0,;; V1N,;; (Vee< 6.0V)) 
All Other Pins Not Under Test= OV Address 

lo(L) 
Output Leakage Current 
(DouT is disabled, 0.0,;; VouT,;; Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (loUT = -4mA@ 2.4V) 

Vol 
Output Low Level 
Output "L" Level Voltage (lour = +4mA @ 0.4V) 

1. lcc1, lcc3, lc04 and Ices depend on cycle rate. 

Min 

-

-

-

-

-

-

-460 

-70 

-240 

-10 

2.4 

-

2. lcc1, lc04 depend on output loading. Specified values are obtained with the output open. 

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

Max Units Notes 

1320 mA 1, 2, 3 

48 mA 

1320 mA 1, 3, 4 

804 mA 1, 2, 3 

48 mA 

1320 mA 1, 3, 4 

+460 

+70 µA 

+240 

+10 µA 

- v 

0.4 v 

3. Address can be changed once or less while RAS= VIL· In the case of 1004, it can be changed once or less when CAS = ViH· 
4. When refreshing both banks at once, the refresh current becomes 25g2 mA. 
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--------------- -!..!:::Si!: 

AC Characteristics (Tc= o to +ss·c. Vee= s ± o.2svi 

IBM11 D2480BA 
IBM11 E2480BA 

2M x 36 ECC-on-SIMM 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V 1H and 
VIL· 

2. An initial pause of 500ms 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. To prevent excess power dissipation during power-up, RAS should rise coincident wtth the power supply voltage. 

3. AC measurements assume tr = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-70 
Symbol Parameter Units Notes 

Min Max 

tAc Random Read or Write Cycle Time 130 128K ns 

IAP RAS Precharge Time 50 - ns 

lcp CAS Precharge Time 10 - ns 

IRAs RAS Pulse Width 70 16K ns 

lcAS GAS Pulse Width 20 - ns 

IAsA Row Address Setup Time 0 - ns 

IAAH Row Address Hold Time 10 - ns 

!Ase Column Address Setup Time 0 - ns 

lcAH Column Address Hold Time 10 - ns 

IACo RAS to CAS Delay Time 20 50 ns 1 

1AAD RAS to Column Address Delay Time 15 - ns 2 

IAsH RAS Hold Time 20 - ns 

lcsH CAS Hold Time 70 - ns 

lcAP CAS to RAS Precharge Time 10 - ns 

lozc GAS Delay Time from D1N - - ns 3 

Ir Transttion Time (Rise and Fall) 3 50 ns 

IAA Column Address Hold Time Referenced to ~ 55 - ns 

1. Operation within the IAcD (max) limit ensures that IAAc (max) can be met. IAcD (max) is specified as a reference point only: if IAcD is 
greater than the specified IRco (max) limit, then access time is controlled by lcAC· 

2. Operation wtthin the IAAo (max) limtt ensures that IRAC (max) can be met. IAAo (max) is specified as a reference point only: If tAAo 
is greater than the specified IRAD (max) limtt, then access time is controlled by IAA. 

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

64G2311 
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IBM1102480BA 
IBM11 E2480BA 
2M x 36 ECC-on-SIMM 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

twcH Write Command Hold Time 

tWP Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

tcWL Write Command to Cilm' Lead Time 

twcR Write Command Hold Time Referenced to RAS 

toHR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

Read Cycle 

Symbol Parameter 

!rule Access Time from RAS 

tCAc Access Time from Ci\S 

l.\A Access Time from Address 

tRcs Read Command Setup Time 

tRCH Read Command Hold Time to Ci\S 

tRRH Read Command Hold Time to RAS 

tRAL Column Address to RAS Lead Time 

bL Column Address to CAS Lead Time 

tcLZ CAS to Output in Low-Z 

toH Output Data Hold Time 

tcoo Ci\S to D1N Delay Time 

to FF Output Buffer Tum-off Delay 

1. Measured with the specified current load and 100pF. 
2. Access time is determined by the latter of tRAc. tcAC· lcPA· tAA. 
3. Either tRcH or tRRH must be satisfied for a read cycle. 

-70 

Min Max 

0 -
15 -

15 -
20 -

20 -
55 -

55 -

0 -

20 -

-70 

Min Max 

- 70 

- 20 

- 35 

0 -

0 -
0 -

35 -
- -

0 -

0 -
15 -
0 15 

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

Units Notes 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

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 circu~ condition and is not referenced to output voltage levels. 
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--------------- -- - ---- --------------·-

Fast Page Mode Cycle 
-70 

Symbol Parameler 
Min Max 

lpc Fas1 Page Mode Cycle Time 45 -

!RASP Fas1 Page Mode RAS Pulse Widlh 70 100K 

1cPRH RAS Hold Time from GAS Precharge - -

1cPA Access Time from GAS Precharge - 45 

1. This liming parameler is no1 applicable lo 1his produc1, bu1 applies lo a relaled produc1 in !his family. 
2. Access lime is delermined by 1he la11er of 1RAC· 1cAC· 1cPA· 1AA· 
3. Access lime assumes a load of 1 OOpF. 

Refresh Cycle 
-70 

Symbol Parameler 
Min Max 

1cHR 
GAS Hold Time 15 -(GAS before RAS Refresh Cycle) 

1csR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 10 -

1wRP WE Setup TillliL 
(GAS before RAS Refresh Cycle) 5 -

1wRH 
WE Hold Time 10 -
(GAS before RAS Refresh Cycle) 

1RPC RAS Precharge to GAS Hold Time 10 -

!REF Refresh Period - 16 

IBM11 D2480BA 
IBM11 E24808A 

2M x 36 ECC-on-SIMM 

Unils Noles 

ns 

ns 

ns 1 

ns 2,3 

Unils Noles 

ns 

ns 

ns 

ns 

ns 

ms 1 

1. 1024 refreshes are required every 16ms. The DC variation in the V cc supply may not exceed 300mV within a refresh interval 
(16ms). 
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IBM11 D24808A 
IBM11 E24808A 
2M x 36 ECC-on-SIMM 

Read 

V1H-
RAS 

V1L -

V1H-
CAS 

V1L -

tASR 

Address 
V1H -

V1L -

VoH-

!Re 

IRAs 

lcsH 

tRCD !RSH 

ICAs 

!RAD 

li-R 

lAA +-----~ 

f-------t----- Hi-Z 

hz 

____ __,__Hi-Z 

VoL-

Page 478 

•· :"H"or"L" -~ll~ 

--------- ----= - -::E'fi: 

~p 

_. !coo 

loFF-

Valid Data Out 
Hi-Z _ 

64G2311 
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-------------- - -- - ---
=..:....:-=~= 

Write Cycle (Early Write) 

!AAS 

VrH-
RAS 

VrL -

lcsH 

lRCD 

VrH- lcAS 
CAS 

VrL -

!RAD 

!ASA 

VrH-
Address 

VrL -

VrH-
WE 

VrL-

los 

VrH-
DrN Valid Data In 

VrL-

DouT ________________ Hi-Z 
Vol-

64G2311 
MMDS19DSU-01 
Revised 7194 

I :"H"or"L" 

!Re 

!ASH 

IBM11 D2480BA 
IBM11 E2480BA 

2M x 36 ECC-on-SIMM 

!AP 

-lcRP 
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IBM11 D2480BA 
IBM11 E2480BA 
2M x 36 ECC·on-SIMM 

Fast Page Mode Read Cycle 

Address 

V1H-
WE 

V1L-

V1H-

D1N 
V1L-

VoH-

DouT 
VoL-

: "H" or"L" 

Page 480 

\RAC toFF_ 

lcLZ 

_tcAs-

tcPA 

-loH 
t r DZC 

tcAc 

tcLz-

--toH 

t 
COD 

lo FF 

DoUTN 

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

64G2311 
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-------------- - -- - ---- --------------·-

Fast Page Mode Write Cycle 

V11-1-

RAS 
V1L-

Vitt--

CAS 
V1L-

Vitt-

Address 
V1L-

DouT 
VoL-

64G2311 
MMDS19DSU-01 
Revised 7 /94 

lwcs 

I . : "H"or"L" 

!RASP 

_tpc 

IBM11 D2480BA 
IBM11 E2480BA 

2M x 36 ECC-on·SIMM 

l,.p 

le RP 
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IBM11 D2480BA 
IBM11 E2480BA 

--------- ----- - -- ----- -------------·-
2M x 36 ECC-on-SIMM 

RAS Only Refresh Cycle 

V1H_ 

CAS 

VIL-

V1H_ 

Address 

VIL-

DouT 

Page 482 

____________ tRc -----------t 

,___ _______ tRAS ---------t 

tASR 

~tRAH 

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

: "H" or"L" 

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

64G2311 
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--------------- --- ---=~=~= 

CAS Before RAS Refresh Cycle 

i-------!AAS ---------of 

VIH-

RAS 

tAPC 1 VIL_ 

~ tcsA 

VrH-

CA5 
VrL _ 

,__ ___ tcoo ___ ___, 

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

I : "H"or "L" . 

Note: Addresses are "H" or "L" 

64G2311 
MMDS19DSU-01 
Revised 7 /94 

IBM11 D2480BA 
IBM11 E2480BA 

2M x 36 ECC-on-SIMM 
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IBM11 D2480BA 
IBM11 E2480BA 
2M x 36 ECC-on-SIMM 

Layout Drawing 

~o .1255 

:~I\; 
"'I 

2.03 I 
.08 

44.45 
1.75 

107.95 

4.25 

10119 
3.983 

FRONT 

DD 
Oil 

_,.,_ 

1 ~ 
95.25 

3.75 REF. 

SIDE 

14.1986 

.559 MAX. , I _ .. n.,......., 

1.27 ±:m~ 

.050 :': :88~ 

-I 
1.27 PITCH 
.050 

1.00WIDTH 
.039 

NOTE: All dimensions are typical unless otherwise stated. Mi~~~~~~Rs 
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--------------- --------------------·-

Features 

• 72-Pin JEDEC-Standard Single In-Line 
Memory Module 

• Performance: 

-70 

IRAC RAS Access Time ?Ons 

lcAc CAS Access Time 20ns 

IAA Access Time From Address 35ns 

!Re Cycle Time 130ns 

!pc Fast Page Mode Cycle Time 45ns 

• Single-error-correct (SEC) high-speed ECC 
algorithm 

Description 

The IBM11 D4480BA is a 16MB industry standard 
72-pin 4-byte single in-line memory module (SIMM) 
that has a fully functional, retrofittable and plug-com
patible on-board error-correcting-code (ECC). The 
ECC function is completely self-contained and trans
parent to the system. The module is manufactured 
with 12 4M x 4 DRAMS and 4 ECC ASICs. The 
ECC-on-SIMM module corrects single-bit errors that 
may occur in any byte of SIMM data. It is recom-

Card Outline 

64G2312 
MMOS17DSU-01 
Revised 7 /94 

0 

IBM11 D4480BA 
IBM11 E4480BA 

4M x 36 ECC-on-SIMM 

• Single 5V ± 0.25V Power Supply 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 2048 refresh cycles distributed across 32ms 
• 11 /11 Addressing (Row/Column) 
• Provides ECC and retrofits to standard x36 

socket 
• Au and Sn/Pb versions available 

mended for systems that run critical applications but 
do not have native ECC. This family of SIMMs (1 M x 
36, 2M x 36, 4M x 36, and SM x 36) provides the 
memory reliability required by these applications with 
no performance penalty. The outline varies per den
sity. 

0 
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IBM11 D4480BA 
IBM11 E4480BA 
4M x 36 ECC-on-SIMM 

Pin Description 
RASO, R'AS2 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A10 Address Inputs 

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

PQ8, 17, 26, 35 Parity Input/output 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1-PD4 Presence Detects 

Ordering Information 
Part Number 

IBM11D4480BA-70 

IBM11E4480BA-70 

Page 486 

Pinout 
Pin# Name Pin# Name 

1 Vss 13 A1 

2 DQO 14 A2 

3 DQ18 15 A3 

4 DQ1 16 A4 

5 DQ19 17 A5 

6 D02 18 AG 

7 DQ20 19 A10 

8 DQ3 20 DQ4 

9 DQ21 21 DQ22 

10 Vee 22 DQ5 

11 NC 23 D023 

12 AO 24 D06 

Organization Speed 

4Mx36 70ns 

4Mx36 70ns 

Pin# Name 

25 DQ24 

26 DQ7 

27 DQ25 

28 A7 

29 NC 

30 Vee 

31 A8 

32 A9 

33 NC 

34 RAS2 

35 P026 

36 P08 

Leads 

Sn/Pb 

Au 

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

Pin# Name Pin# Name Pin# Name 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

PQ17 49 DQ9 61 DQ14 

PQ35 50 DQ27 62 DQ33 

Vss 51 DQ10 63 DQ15 

CASO 52 DQ28 64 DQ34 

CAS2 53 DQ11 65 DQ16 

CAS3 54 DQ29 66 NC 

CAS1 55 DQ12 67 PD1 

RASo 56 DQ30 68 PD2 

NC 57 DQ13 69 PD3 

NC 58 DQ31 70 PD4 

WE 59 Vee 71 NC 

NC 60 DQ32 72 Vss 

Dimensions Notes 

4.25" x 1.20" x .397" 

4.25" x 1.20" x .397" 

64G2312 
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Block Diagram 

64G2312 
MMDS17DSU-01 
Revised 7 /94 

RASO CASO 

IBM11 D44808A 
IBM11 E4480BA 

4M x 36 ECC-on-SIMM 

r-_i._...__--i..---..-----....-1'-D~m~a.__ _ _,__ _ _i_~-Doo 
D01 
D02 
D03 
D04 
D05 
DOS 
D07 
POB 

RAS2 

4MX4 

1-+------IOE 
~------lWE 

44 PLCC 

CAS1 

~~------irD-a~ta~-..L---'-~·-DQ9 
DQ10 
DQ11 
DQ12 
DQ13 
D014 
DQ15 
DQ16 
P017 

1-+-------IOE 

WE 44 PLCC 

CAS2 

Data 
DQ18 
DQ19 

OE DQ20 

WE 
D021 

44 PLCC DQ22 
DQ23 
D024 
D025 
P026 

CAS3 

0027 
Data DQ28 

OE D029 

WE 
DQ30 

44 PLCC DQ31 
DQ32 
DQ33 
DQ34 
PQ35 
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IBM1104480BA 
IBM11 E4480BA 
4M x 36 ECC-on-SIMM 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Wr~e: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 

1. NC= OPEN, Vss = GND. 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H-4L 

Pin 

PD1 

PD2 

PD3 

PD4 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Your Output Voltage 

Tc Operating Temperature (Case) 

TsrG Storage Temperature 

Po Power Dissipation 

lour Short Circuit Output Current 

CAS 

x 
L 

L 

H-4L 

H-4L 

H-4L 

H-4L 

H 

L 

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

WE Row Column All DO, PO bits Address Address 

x x x High Impedance 

H Row Col Valid Data Out 

L Row Col Valid Data In 

H Row Col Valid Data Out 

H N/A Col Valid Data Out 

L Row Col Valid Data In 

L NIA Col Valid Data In 

x Row N/A High Impedance 

H x x High Impedance 

Industry Standard -70 

Vss 

NC 

Vss 

NC 

Rating Units Notes 

-0.3 to 6.5 v 1 

-0.3 to Vee + 0.3 v 1 

-0.3 to Vee + 0.3 v 1 

0 to +65 oc 1 

-40 to +125 oc 1 

12 w 1 

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 eX1ended peri-
ods may affect reliability. 
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--------- ----- - -- - ---- -------------·- IBM11 D4480BA 
IBM11 E4480BA 

4M x 36 ECC-on-SIMM 

Recommended DC Operating Conditions (Te = o to 65°C) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vs8 . 

Capacitance (Te= o to +6s 0 c, Vee= s.o ± o.2sv) 

Symbol Parameter 

C11 Input Capacitance (AO-AtO) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C1101 Output Capacitance (DQ0-0034) 

C1102 Output Capacitance (PQS, 17, 26, 35) 

Load Diagram 

1.31 v 

RL = 436ohms 

ICL = 100pF 

LOAD CIRCUIT 

64G2312 
MMDS17DSU-01 
Revised 7 /94 

Min Typ Max Units Notes 

4.75 5.0 5.25 v 1 

2.4 - Vee v 1 

0.0 - 0.8 v 1 

Max Units Notes 

100 pF 

70 pF 

50 pF 

35 pF 

12 pF 

12 pF 

5.0V 

RL 1 = 1656 ohms 

Output 

RL2 = 590 ohms 

rL=100pF 

ALTERNATE LOAD CIRCUIT 
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IBM1104480BA 
IBM11 E4480BA 
4M x 36 ECC-on-SIMM 

DC Electrical Characteristics {Tc= o to +ss·c. Vee= s ± o.25V) 

Symbol Parameter 

Operating Current 
lcc1 ~ge Power Supply Operating Current 

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

Standby Current (TIL) 
lcc2 Power S.!l.l!.e!y Standby Current 

(RAS= CAS ;;,V1H) 

RAS Only Refresh Current 
lcc3 Average Powec..§!!pply Current, RAS Only Mode -70 

(RAS Cycling, CAS ;;,V1H: tRc = tRc min) 

Fast Page Mode Current 
lcc4 Average Power Supply Current, Fas1 Page Mode 

(RAS= V1L. GAS, Address Cycling: tpc = tPC min) 
-70 

Standby Current (CMOS) 
Ices Power S.!l.l!.e!y Standby Current 

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current 
Ices Avera~wer l?UPPIY Current, .CAS Before RAS Mode 

(RAS, AS, Cycling: tRc = tRc mm) 
-70 

Input Leakage Current RAS 

l1(L) 
Input Leakage Current, any input 
(0.0,;; V1N,;; (Vee < 6.0V)) CAS, WE 

All Other Pins Not Under Test= OV Address 

lo(L) 
Output Leakage Current 
(Dour is disabled, 0.0,;; VouT,;; Vee) 

VoH Output High Level 
Output "H" Level Voltage (lour= -4mA @ 2.4V) 

VoL 
Output Low Level 
Output "L" Level Voltage (louT = +4mA @ 0.4V) 

1. Ice,, ICC3. lc04 and Ices depend on cycle rate. 

Min 

-

-

-

-

-

-

-460 

-40 

-120 

-10 

2.4 

-

2. lcc1, lc04 depend on output loading. Specffied values are obtained with the output open. 

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

Max Units Notes 

1080 mA 1, 2, 3 

24 mA 

1080 mA 1, 3 

960 mA 1, 2, 3 

12 mA 

1080 mA 1, 3 

+460 

+40 µA 

+120 

+10 µA 

- v 

0.4 v 

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

AC Characteristics (Tc= o to +65°C, Vee= s ± o.2sv) 

IBM11 D4480BA 
IBM11 E4480BA 

4M x 36 ECC-on-SIMM 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and 
VIL· 

2. An initial pause of 500ms 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. To prevent excess power dissipation during power-up, RAS should rise coincident with the power supply voltage. 

3. AC measurements assume 1T = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-70 
Symbol Parameter Units Notes 

Min Max 

1Rc Random Read or Write Cycle Time 130 128K ns 

1RP RAS Precharge Time 50 - ns 

lcp GAS Precharge Time 10 - ns 

IRAS RAS Pulse Width 70 16K ns 

le AS GAS Pulse Width 20 - ns 

1ASR Row Address Setup Time 0 - ns 

!RAH Row Address Hold Time 10 - ns 

1Asc Column Address Setup Time 0 - ns 

1cAH Column Address Hold Time 10 - ns 

tRco RAS to GAS Delay Time 20 50 ns 1 

!RAD RAS lo Column Address Delay Time 15 - ns 2 

1RSH RAS Hold Time 20 - ns 

tcsH GAS Hold Time 70 - ns 

1cRP GAS 10 RAS Precharge Time 10 - ns 

1ozc GAS Delay Time from D1N 0 - ns 

1T Transition Time (Rise and Fall) 3 50 ns 

1AA Column Address Hold Time Referenced 10 RAS 55 - ns 

1. Operation within the IRco (max) limit ensures that IRAC (max) can be met. IRcD (max) is specified as a reference point only: if1Rco is 
greater than the specified IRcD (max) limit, then access time is controlled by tcAC· 

2. Operation within the IRAo (max) limit ensures that 1RAc (max) can be met. IRAD (max) is specified as a reference point only: If tRAD 
is greater than the specified IRAo (max) limit, then access time is controlled by IAA. 

64G2312 
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IBM11 D4480BA 
IBM11 E4480BA 
4M x 36 ECC-on-SIMM 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

1wcH Write Command Hold Time 

twp Write Command Pulse Width 

tRwL Write Command to RAS Lead Time 

lcWL Write Command to GAS Lead Time 

twcR Write Command Hold Time Referenced to RAS 

to HR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

Read Cycle 

Symbol Parameter 

1RAC Access Time from RAS 

lcAC Access Time from CAS 

tAA Access Time from Address 

tRcs Read Command Setup Time 

tRcH Read Command Hold Time to CAS 

!RAH Read Command Hold Time to RAS 

tRAL Column Address to RAS Lead Time 

tcAL Column Address to CAS Lead Time 

tcLz CAS to Output in Low-Z 

toH Output Data Hold Time 

tcoo CAS to D1N Delay Time 

lo FF Output Buffer Turn-off Delay 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAc. tcpA, tAA. 
3. Either tRcH or tRRH must be satisfied for a read cycle. 

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

-70 
Units Notes 

Min Max 

0 - ns 

15 - ns 

15 - ns 

20 - ns 

20 - ns 

55 - ns 

55 - ns 

0 - ns 

20 - ns 

-70 
Units Notes 

Min Max 

- 70 ns 1, 2 

- 20 ns 1, 2 

- 35 ns 1, 2 

0 - ns 

0 - ns 3 

0 - ns 3 

35 - ns 

35 - ns 

0 - ns 

0 - ns 

15 - ns 

0 15 ns 4 

4. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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-------------- - -- - ---=::::::=~= 

Fast Page Mode Cycle 

Symbol Parameter 

!pc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from GAS Precharge 

lcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of IRAC. lcAc. lcPA· IAA. 
2. Access time assumes a load of 1 OOpF. 

Refresh Cycle 

Symbol Parameter 

lcHR 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

lcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

lwRP 
WE Setup Ti'!!!L_ 
(GAS before RAS Refresh Cycle) 

tWRH 
WE Hold Time 
(CAS before RAS Refresh Cycle) 

IRPC RAS Precharge to GAS Hold Time 

IREF Refresh Period 

-70 

Min Max 

45 -

70 100K 

40 -

- 45 

-70 

Min Max 

15 -

10 -

5 -

10 -

10 -

- 32 

IBM11 D4480BA 
IBM11 E4480BA 

4M x 36 ECC-on-SIMM 

Units Notes 

ns 

ns 

ns 

ns 1, 2 

Units Notes 

ns 

ns 

ns 

ns 

ns 

ms 1 

1. 2048 refreshes are required every 32ms. The DC variation in the V cc supply may not exceed 300mV within a refresh interval 
(32ms). 

64G2312 
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IBM1104480BA 
IBM11 E4480BA 
4M x 36 ECC-on-SIMM 

Read 

V1H-
~ 

V1L -

V1H-
CAS 

V1L -

~SR 

Address 
V1H-

V1L -

VoH

lAAH 

tRC 

lAAs 

tcsH 

~CD tRSH 

ICAs 

tRAD 

t------i---- Hi-Z -+-------;---
be 

tcLz 
toFF-

DOUT ____ _,__Hi-Z ---------1 Valid Data Out 
Hi-Z _ 

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

Write Cycle (Early Write) 

IRAs 

VIH-
RAS 

V1L -

lcsH 

tRco 

V1H- lcAS 
CAS 

VIL -

!RAD 

tASR !AR 
!RAH 

Address 
V1L -

WE 
VIL -

los 

V1H-
D1N Valid Data In 

V1L -

VoH-
DouT _______________ Hi-Z 

VoL-

64G2312 
MMDS17DSU-01 
Revised 7 /94 

: "H" or "L" 

!Re 

tRSH 

IBM11 D4480BA 
IBM11 E4480BA 

4M x 36 ECC-on-SIMM 

!RP 

-lcRP 

Page 495 



IBM1104480BA 
IBM11 E4480BA 
4M x 36 ECC-on-SIMM 

Fast Page Mode Read Cycle 

i.---------'tRASP _____________ ~~1 

1----tcPRH 

Address 

tCAc 

toFF-

VoH-
-1tcLZ tcLZ tcLZ-

DoUT ------------~ DouT 1 DouT 2 DoUT N 
Vol-

I :"H"or"L" 

Page496 

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

Fast Page Mode Write Cycle 

v,H-

Vu-1-
Address 

Vil-

VOH-
DoUT 

Vol-

64G2312 
MMDS17DSU-01 
Revised 7194 

lwcs 

I :"H"or"L" 

4!SH 

IBM11 D4480BA 
IBM11 E4480BA 

4M x 36 ECC-on-SIMM 

fcRP 
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IBM11 D4480BA 
IBM11 E4480BA 
4M x 36 ECC-on-SIMM 

RAS Only Refresh Cycle 

V1H_ 

RAS 

VIL-

V1H_ 

CAS 

V1L _ 

!ASR 

~!RAH 
V1H_ 

Address 
V1L _ 

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

!Re 

~s lfip 

tRPC 

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

: "H" or "L" 

Note: WE, D1N are "H" or "L" 
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-------------= == === :::!5::..:::5?!: 

CAS Before RAS Refresh Cycle 

1+------tRAS ---------of 

V1H-

RAS 

tRPC 1 VIL_ 

-4 lcsR 

V1H-

CAS 
VIL -

_. ___ !coo ___ __, 

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

DauT 

I :"H"or"L" 

Note: Addresses are "H" or "L" 

64G2312 
MMDS17DSU-01 
Revised 7194 
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IBM11 E4480BA 

4M x 36 ECC-on-SIMM 
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IBM11 D4480BA 
IBM11 E4480BA 
4M x 36 ECC-on-SIMM 

Layout Drawing 
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-------------- - -- - ---- - -------·----·-

Features 

• 72-Pin JEDEC-Standard Single In-Line 
Memory Module 

• Performance: 

-70 

IRAC RAS Access Time 70ns 

lcAC CAS Access Time 20ns 

IAA Access Time From Address 35ns 

!Ac Cycle Time 130ns 

lpc Fast Page Mode Cycle Time 45ns 

Description 

The IBM11 D8480BA is a 32MB industry standard 
72-pin 4-byte single in-line memory module (SIMM) 
that has a fully functional, retrofittable and plug-com
patible on-board error-correcting-code (ECC). The 
ECC function is completely self-contained and trans
parent to the system. The module is manufactured 
with 24 4M x 4 DRAMS and 4 ECC ASICs. The 
ECC-on-SIMM module corrects single-bit errors that 
may occur in any byte of SIMM data. It is recom-

Card Outline 

64G2155 
MMDS20DSU-01 
Revised 7194 

0 

IBM11 D8480BA 
IBM11 E8480BA 

SM x 36 ECC-on-SIMM 

• Single-error-correct (SEC) high-speed ECC 
algorithm 

• Single SV ± 0.25V Power Supply 
• All inputs & outputs are fully TTL & CMOS 

compatible 
• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 2048 refresh cycles distributed across 32ms 
• 11 /11 Addressing (Row/Column) 
• Provides ECC and retrofits to standard x36 

socket 
• Au and Sn/Pb versions available 

mended for systems that run critical applications but 
do not have native ECC. This family of SIMMS (1 M x 
36, 2M x 36, 4M x 36, and SM x 36) provides the 
memory reliability required by these applications with 
no performance penalty. The outline varies per den
sity. 

0 
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IBM11 D8480BA 
IBM11 E8480BA 
BM x 36 ECC-on-SIMM 

Pin Description 
RASO-RAS3 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO -A10 Address Inputs 

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

PQ8, 17, 26, 35 Parity Input/output 

Vee Power (+5V) 

Vss Ground 

NC No Connect 

PD1 -PD4 Presence Detects 

Ordering Information 
Part Number 

IBM11D8480BA-70 

IBM11E8480BA-70 

Page 502 

Pinout 
Pin# Name Pin# Name 

1 Vss 13 A1 

2 DQO 14 A2 

3 DQ18 15 A3 

4 DQ1 16 A4 

5 0019 17 A5 

6 002 18 AS 

7 DQ20 19 A10 

8 DQ3 20 DQ4 

9 DQ21 21 DQ22 

10 Vee 22 DQ5 

11 NC 23 DQ23 

12 AO 24 DOS 

Organiza1ion Speed 

SM x36 70ns 

BM x36 70ns 

Pin# Name Pin# 

25 DQ24 37 

26 DQ7 38 

27 DQ25 39 

28 A7 40 

29 NC 41 

30 Vee 42 

31 AS 43 

32 A9 44 

33 RAS3 45 

34 RAS2 46 

35 PQ26 47 

36 PQ8 48 

Leads 

Sn/Pb 

Au 

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

Name Pin# Name Pin# Name 

PQ17 49 DQ9 61 DQ14 

PQ35 50 DQ27 62 DQ33 

Vss 51 DQ10 63 DQ15 

CASO 52 DQ28 64 DQ34 

CAS2 53 0011 65 0016 

CAS3 54 DQ29 66 NC 

CAS1 55 0012 67 PD1 

RASO 56 DQ30 68 PD2 

RAS1 57 DQ13 69 PD3 

NC 58 0031 70 PD4 

WE 59 Vee 71 NC 

NC 60 DQ32 72 Vss 

Dimensions Notes 

4.25" x 1.67'' x .397" 

4.25" x 1.67" x .397" 

64G2155 
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----------------.!.:::=:::5~5: 

Block Diagram 

64G2155 
MMDS20DSU-01 
Revised 7194 

RAS1 

RAS3 

4MX4 

RASO 

Data 

OE 

WE 

Data 

OE 

WE 

RAS2 

Data 

OE 

WE 

Data 

OE 

WE 

4MX4 

IBM11 D8480BA 
IBM11 E8480BA 

SM x 36 ECC-on-SIMM 

CASO WE 

DQO 
D01 
D02 
D03 

44 PLCC D04 
D05 
D06 
DO? 
P08 

CAS1 

D09 
D010 
D011 
D012 

44 PLCC D013 
D014 
D015 
D016 
PQ17 

CAS2 

DQ18 
D019 
D020 
D021 

44 PLCC DQ22 
D023 
D024 
D025 
P026 

D027 
DQ28 
D029 
D030 

44 PLCC D031 
D032 
D033 
D034 
P035 
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IBM1108480BA 
IBM11 E8480BA 
8M x 36 ECC-on-SIMM 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

GAS-Before-RAS Refresh 

Presence Detect 

1. NC= OPEN, V ss = GND. 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

H-;L 

Pin 

PD1 

PD2 

PD3 

PD4 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

VouT Output Voltage 

Tc Operating Temperature (Case) 

Tsrn Storage Temperature 

Po Power Dissipation 

louT Short Circuit Output Current 

GAS WE 

x x 
L H 

L L 

H->L H 

H->L H 

H-;L L 

H-;L L 

H x 
L H 

--------- ----= - -:S'f§: 

Row Column All DO, PQ bits Address Address 

x x High Impedance 

Row Col Valid Data Out 

Row Col Valid Data In 

Row Col Valid Data Out 

NIA Col Valid Data Out 

Row Col Valid Data In 

NIA Col Valid Data In 

Row NIA High Impedance 

x x High Impedance 

Industry Standard -70 

NC 

Vss 

Vss 

NC 

Rating Units Notes 

-0.3 to 6.5 v 1 

-0.3 to Vee+ 0.3 v 1 

-0.3 to Vee+ 0.3 v 1 

Oto +65 'C 1 

-40 to +125 'C 1 

24 w 1 

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. 
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--------- ----- - -- - ---- -------------·- IBM11 D8480BA 
IBM11 E8480BA 

BM x 36 ECC-on-SIMM 

Recommended DC Operating Conditions (Te= o to ss0 c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss-

Capacitance (Tc= o to +65°C, Vee= 5.0 ± o.25V} 

Symbol Parameter 

C11 Input Capacitance (AO-A10) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (GAS) 

C14 Input Capacitance (WE) 

C1101 Output Capacitance (DQO-DQ34) 

C1102 Output Capacitance (PQ8, 17, 26, 35) 

Load Diagram 

1.31 v 

RL = 436ohms 

LOAD CIRCUIT 

64G2155 
MMDS20DSU-01 
Revised 7 /94 

Min Typ Max Units Notes 

4.75 5.0 5.25 v 1 

2.4 - Vee v 1 

0.0 - 0.8 v 1 

Max Units Notes 

t50 pF 

70 pF 

70 pF 

35 pF 

12 pF 

t2 pF 

5.0V 

RL 1 = 1656 ohms 

Output 

RL2 = 590 ohms 

ALTERNATE LOAD CIRCUIT 
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IBM11 D8480BA 
IBM11 E8480BA 
SM x 36 ECC-on-SIMM 

DC Electrical Characteristics (Tc= o to +65°C, Vee= 5 ± o.25VJ 

Symbol Parameter 

Operating Current 
lcc1 Average Power Supply Operating Current -70 

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

Standby Current (TTL) 
lcc2 Power S..!!.ee!y Standby Current 

(RAS= CAS <!V1H) 

RAS Only Refresh Current 
lcc3 Average Powei:..§!U>ply Current, RAS Only Mode -70 

(RAS Cycling, CAS <!V1H: tRc = tRc min) 

Fast Page Mode Current 
lcc4 Average Power Supply Current, Fast Page Mode -70 

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

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

(RAS= CAS = Vee - 0.2V) 

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

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

Input Leakage Current RAS 

l1cL1 
Input Leakage Current, any input CAS, WE (0.0 :S V1N :S (Vee< 6.0V)) 
All Other Pins Not Under Test = OV Address 

locLJ 
Output Leakage Current 
(DouT is disabled, 0.0 :S VouT :S Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (loUT = -4mA@ 2.4V) 

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

1. lcc1, lcca. lcC4 and Ices depend on cycle rate. 

Min 

-

-

-

-

-

-

-460 

-70 

-240 

-10 

2.4 

-

2. lcc1• lcC4 depend on output loading. Specified values are obtained with the output open. 

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

Max Untts Notes 

1104 mA 1, 2, 3 

48 mA 

1104 mA 1, 3, 4 

984 mA 1, 2, 3 

24 mA 

1104 mA 1, 3, 4 

+460 

+70 µA 

+240 

+10 µA 

- v 

0.4 v 

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. When refreshing both banks at once, the refresh current becomes 2160mA. 
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-------------- - -- - ---- --------------·-

AC Characteristics (Te= o to +65°C, Vee= 5 ± 0.25VJ 

IBM11 D8480BA 
IBM11 E8480BA 

8M x 36 ECC-on-SIMM 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V 1H and 
VIL· 

2. An initial pause of 500ms 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. To prevent excess power dissipation during power-up, RAS should rise coincident with the power supply voltage. 

3. AC measurements assume tr = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-70 
Symbol Parameter Units Notes 

Min Max 

!Re Random Read or Write Cycle Time 130 128K ns 

!RP RAS Precharge Time 50 - ns 

lcp GAS Precharge Time 10 - ns 

IRAS RAS Pulse Width 70 16K ns 

le As GAS Pulse Width 20 - ns 

tAsR Row Address Setup Time 0 - ns 

!RAH Row Address Hold Time 10 - ns 

!Ase Column Address Setup Time 0 - ns 

lcAH Column Address Hold Time 10 - ns 

1Rco RAS to GAS Delay Time 20 50 ns 1 

1RAD RAS to Column Address Delay Time 15 - ns 2 

1RSH RAS Hold Time 20 - ns 

1csH GAS Hold Time 70 - ns 

le RP GAS to RAS Precharge Time 10 - ns 

1ozc GAS Delay Time from D1N 0 - ns 

Ir Transition Time (Rise and Fall) 3 50 ns 

1AR Column Address Hold Time Referenced to RAS 55 - ns 

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

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

64G2155 
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IBM11 D8480BA 
IBM11 E8480BA 
BM x 36 ECC-on-SIMM 

Write Cycle 

Symbol Parameter 

lwcs Write Command Set Up Time 

lwcH Write Command Hold Time 

tWP Write Command Pulse Width 

IRWL Write Command to RAS Lead Time 

tcwL Write Command to 'OAS Lead Time 

lwcR Write Command Hold Time Referenced to RAS 

toHR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

loH D1N Hold Time 

Read Cycle 

Symbol Parameter 

!RAC Access Time from RAS 

tcAc Access Time from CAS 

1AA Access Time from Address 

1Rcs Read Command Setup Time 

tRCH Read Command Hold Time to CAS 

tRRH Read Command Hold Time to RAS 

tRAL Column Address to RAS Lead Time 

lcAL Column Address to CAS Lead Time 

lcLz CAS to Output in Low-Z 

loH Output Data Hold Time 

!coo CAS to D1N Delay Time 

toFF Output Buffer Turn-off Delay 

1. Measured with the specified current load and 100pF. 
2. Access time is determined by the latter of tRAc. tcAc. tcPA. 1AA. 
3. Either 1RcH or 1RRH must be satisfied for a read cycle. 

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

-70 
Units Notes 

Min Max 

0 - ns 

15 - ns 

15 - ns 

20 - ns 

20 - ns 

55 - ns 

55 - ns 

0 - ns 

20 - ns 

-70 
Units Notes 

Min Max 

- 70 ns 1,2 

- 20 ns 1,2 

- 35 ns 1, 2 

0 - ns 

0 - ns 3 

0 - ns 3 

35 - ns 

35 - ns 

0 - ns 

0 - ns 

15 - ns 

0 15 ns 4 

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

Fast Page Mode Cycle 

Symbol Parameter 

!pc Fast Page Mode Cycle Time 

tAASP Fast Page Mode RAS Pulse Width 

tcPRH RAS Hold Time from CAS Precharge 

tcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of tRAC. tcAc. tcpA. IAA. 
2. Access time assumes a load of 1 OOpF. 

Refresh Cycle 

Symbol Parameter 

tcHR 
CAS Hold Time 
(GAS before RAS Refresh Cycle) 

tcsR 
CAS Setup Time 
(CAS before RAS Refresh Cycle) 

twRP 
WE Setup Ti'!!!L_ 
(CAS before RAS Refresh Cycle) 

tWRH 
WE Hold Time 
(CAS before RAS Refresh Cycle) 

1RPC RAS Precharge to CAS Hold Time 

tREF Refresh Period 

-70 

Min Max 

45 -

70 100K 

40 -

- 45 

-70 

Min Max 

15 -

10 -

5 -

10 -

10 -

- 32 

IBM11 D84808A 
IBM11 E84808A 

8M x 36 ECC-on-SIMM 

Units Notes 

ns 

ns 

ns 

ns 1, 2 

Units Notes 

ns 

ns 

ns 

ns 

ns 

ms 1 

1. 2048 refreshes are required every 32ms. The DC variation in the Vee supply may not exceed 300mV within a refresh interval 
(32ms). 

64G2155 
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IBM11 D8480BA 
IBM11 E8480BA 
SM x 36 ECC-on-SIMM 

Read 

V1H-

RAS 
VIL -

V1H -

CAS 
V1L -

!ASR 

Address 
V1H-

V1L -

VoH-

tRAH 

-------------= == === .:.:!::F:5? = 

4.c 

IRAs 

!csH 

tRCO tRSH 

!CAs 

tRAD 

tAsc 

Column 

!AA -1------

_,. !coo 

1-------r----- Hi-Z --1-------t---I 

!cAC !oFF-
!cLz 

Dour ------r- Hi-Z Valid Data Out 
Hi-Z _ 

VoL-

I 
Page 510 

_toH ----1 

: "H"or"L" 
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--------- ----- - -- - ---- -------------·-

Write Cycle (Early Write) 

V1H-
RAS 

VIL-

V1H-
CAS 

VIL-

!RAD 

tASR 

!RAH 

V1H-
Address 

V1L-

V1H-
WE 

VIL -

D1N 
V1L-

IRAS 

lcsH 

tRCD 

lo HA 

los _toH 

Valid Data In 

!Re 

!ASH 

lcAS 

IBM11 D8480BA 
IBM11 E8480BA 

SM x 36 ECC-on-SIMM 

!RP 

-lcRP 

DouT _______________ Hi-Z ----------------
Vol-

64G2155 
MMDS20DSU-01 
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: "H"or"L" 
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IBM11 D84808A 
IBM11 E8480BA 
SM x 36 ECC-on-SIMM 

Fast Page Mode Read Cycle 

,.,_ ___ tcPAH 

t.c---_, 

....!oH 
t r ozc 

-=··: 

tCAc 

tcLz-

DoUT --"----------m.1 Dour 1 l}-----<tmll 
VoL-

Dour2 

I :"H"or"L" 

Page 512 

.-toH 

tcoo 

loFF 

--------- ----- - -- ----
=..:...==~= 
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Fast Page Mode Write Cycle 

Vitt-

RAS 
V1L-

Vitt-

GAS 
V1L-

Vitt-

Address 
V1L-

VoH-

64G2155 
MMDS20DSU-01 
Revised 7 /94 

twcs 

I ·"H"or"L" . 

tcAs 

4.ASP 

_tpc 

tcp tASH 

tcAS tcAS 

IBM11 D8480BA 
IBM11 E8480BA 

BM x 36 ECC-on-SIMM 

tAP 

tcAP 
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IBM11 D8480BA 
IBM11 E8480BA 
SM x 36 ECC-on-SIMM 

RAS Only Refresh Cycle 

V1H_ 

RAS 
V1L _ 

V1H_ 

CAS 

V1L_ 

tASR 

~~H 
V1H_ 

Address 
V1L _ 

!Re 

IRAs !RP 

tRPC 

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

: "H" or"L" 

Note: WE, D1N are "H" or "L" 
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--------- ------ -- - ---=..:.:=~= 

CAS Before RAS Refresh Cycle 

______ tRAS ---------ol 

V1H-

RAS 

!RPC 1 V1L -

~ lcsR 

V1H-

CAS 
V1L -

_____ !coo ------ot 

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

DouT 

: 
11H" or"L" 

Note: Addresses are "H" or "L" 

64G2155 
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IBM11 D8480BA 
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8M x 36 ECC-on-SIMM 
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IBM11 D8480BA 
IBM11 E8480BA 
BM x 36 ECC-on-SIMM 

Layout Drawing 

44.45 
1.75 

116.23 
4.576 

107.95 
4.25 

101.19 
3.983 

FRONT 

I s~!~ ~I ~~~ PITCH l 
1.02WIDTH 
.040 

95.25 
3.75 REF. 

SIDE 

1.27 ± :~~~~ 
.050 ± :88~ 

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

Page 516 

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

64G2155 
MMDS20DSU-01 

Revised 7194 



168 Pin DIMMs 
- Parity 





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

Features 

• 168 Pin JEDEC Standard, 8 Byte Dual In-line 
Memory Module 

• 1 Mx64 Fast Page Mode DIMM 

Performance: 

1RAC RAS Access Time 

lcAc CAS Access Time 

1M Access Time From Address 

1Rc Cycle Time 

lpc Fasl Page Mode Cycle Time 

-60 -70 

sons 70ns 

20ns 25ns 

36ns 41ns 

110ns 130ns 

40ns 45ns 

• All inputs and outputs are fully TTL and CMOS 
compatible 

• Single 5V, ± 0.5V Power Supply 

Description 
IBM11M1640BA is an industry standard 168-pin 
8-byte Dual In-line Memory Module (DIMM) which is 
organized as a 1 Mx64 high speed memory array for 
non-parity applications. The DIMM uses 16 1 Mx4 
DRAMS in SOJ packages. 

Improved system performance is provided by the 
on-DIMM buffering of selected input signals. The 
specified timings include all buffer, net and skew 
delays, which simplifies the memory subsystem 
design analysis. The data and RAS signals are not 
buffered, which preserves the DRAM access specifi
cations of 60ns and 70ns. 

Presence Detect (PD) and Identification Detect (ID) 
bits provide information about the DIMM density, 
addressing, performance and features. PD bits can 

Card Outline 

IBM11M1640BA 

1 M x 64 DRAM MODULE 

• Au contacts 
• Optimized for byte-write non-parity applications 

• System Performance Benefits: 

Buffered inputs (except RAS, Data) 
- Reduced noise (32 VssNcc pins) 
- 4 Byte Interleave enabled 
- Byte write, byte read accesses 
- Buffered PDs 

• Fast Page Mode, Read-Modify-Write Cycles 

• Refresh Modes: RAS-Only and CBR 

• 1 024 refresh cycles distributed across 16ms 

• 10/10 addressing (Row/Column) 

• Card size: 5.25" x 1.0'' x 0.354" 

• DRAMS in SOJ Package 

be dotted at the system level and activated for each 
DIMM position using the PD enable (PDE) signal. ID 
bits also allow detection of card features, and may 
be dot-or'd at the system level to provide information 
for the entire DIMM bank. For example, if a x64 par
ity DIMM were inserted into a bank of x72 parity 
DIMMs, IDO (grounded) would indicate that at least 
one DIMM in that memory bank is x64, and if the 
memory controller is designed to do so, all DIMMs in 
that memory bank will function as x64s. 

All IBM 168-pin DIMMs provide a high performance, 
flexible 8-byte interface in a 5.25" long space-saving 
footprint. Related products are the x72 parity (5V) 
and ECG DIMMs (5V and 3.3V). 

f 0 aromm n 111111Ir111111r11111111111111 n II II II II II II II II II II II 111111111111II11111111 j 
(Front) 1 10 11 40 41 84 
(Back) 85 94 95 124 125 168 
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IBM11M16408A 

1 M x 64 DRAM MODULE 

Pin Description 

'RAso' 'RAS2 Row Address Strobe 

mo-m1 Column Address Strobe (Buffered) 

~o.wr2 Read/write Input (Buffered) 

l5EO, OE2 OUtput Enable (Buffered) 

AO, 80, A1 -A9 Address Inputs (Buffered) 

DOx Data Input/Output 

Vee Power (+SV) 

Vss Ground 

NC No Connect 

PD1 -PD8 Presence Detects (Buffered) 

~ Presence Detect Enable 

IDO-ID1 ID Bits 

Ordering Information 
Part Number Organization 

IBM11M1640BA-60 1Mx64 

IBM11M1640BA-70 1Mx64 

Page520 

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

Pin out 

Pin# 
Front 

Pin# 
Back 

Pin# 
Front 

Pin# 
Back 

Side Side Side Side 

1 Vss as Vss 43 Vss 127 Vss 
2 DQO 86 0036 44 ot2 t28 NC 
3 DQt 87 D037 4S 'RAS2 t29 NC 
4 DQ2 88 D038 46 m4 130 CASS 
s DQ3 89 0039 47 ms 131 CAS7 
6 Vee 90 Vee 48 wr2 132 J5i'iE 
7 D04 91 0040 49 Vee 133 Vee 
8 DOS 92 D041 so NC 134 NC 
9 006 93 0042 Sl NC 13S NC 
10 DQ7 94 0043 S2 DQ18 136 0054 
11 NC 9S NC S3 0019 137 OQSS 
12 Vss 96 Vss S4 Vss 138 Vss 
13 DQ9 97 004S SS DQ20 139 OQS6 
14 DQ10 98 D046 S6 DQ21 140 DQ57 
15 DQ11 99 0047 57 DQ22 t41 OQ58 
16 DQ12 100 0048 S8 OQ23 142 OQS9 
17 DQ13 101 0049 S9 Vee 143 Vee 
18 Vee 102 Vee 60 DQ24 144 D060 
19 DQ14 103 OQ50 61 NC 145 NC 
20 DQ1S 104 OQS1 62 NC 146 NC 
21 DQ16 105 0052 63 NC 147 NC 
22 NC 106 NC 64 NC 148 NC 
23 Vss 107 Vss 65 DQ25 149 OQ6t 
24 NC 108 NC 66 NC 150 NC 
25 NC 109 NC 67 DQ27 151 DQ63 
26 Vee 110 Vee 68 Vss 1S2 Vss 
27 i,\il;"o 111 NC 69 DQ28 153 DQ64 
28 mo t12 mt 70 0029 154 0065 
29 m2 113 ma 7t DQ30 tSS 0066 
30 miSo 1t4 NC 72 0031 1S6 D067 
31 OE'o 11S NC 73 Vee 1S7 Vee 
32 Vss 116 Vss 74 DQ32 1S8 0068 
33 AO 117 A1 7S DQ33 1S9 0069 
34 A2 118 A3 76 DQ34 t60 0070 
35 A4 tt9 AS 77 NC 161 NC 

36 A6 120 A7 78 Vss 162 Vss 
37 AS 121 A9 79 P01 163 PD2 
38 NC 122 NC 80 PD3 164 P04 
39 NC 123 NC 81 POS 16S P06 
40 Vee 124 Vee 82 P07 166 P08 
41 NC 125 NC 83 IDO 167 101 
42 NC 126 BO 84 Vee 168 Vee 

Note: All pin assignments are consistent for all 8 Byte versions. 

Speed Leads 

sons Au 

70ns Au 

Dimension 

5.25"x1 .O"x 0.354" 

5.25"x1 .O''x 0.354" 

Notes 

03H7155 
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Block Diagram 

OEO 

WEO 

CASO 

OQO 
001 
002 
003 

004 
005 
DOS 
007 

CAS1 

009 
DQ10 
0011 
DQ12 

CAS 
0013 I/DO 
0014 
0015 
001s 

CAS2 
CAS 

0018 1/00 
0019 
DQ20 
0021 

CAS 
0022 I/DO 
0023 1/01 
DQ24 1/02 
0025 1/03 

CAS3 
ro-

0027- 1100 
DQ28 1/01 
0029 1/02 
0030 1/03 

CAS 
0031 I/DO 
0032 
0033 
0034 

03H7155 
MMDL03DSU-OO 
Revised 6/94 

RAS WE BE 

DO 

RAS wt i5E 

D1 

RAS WE BE 

D2 

RAS WE OE 

D3 

RAS WE OE 

04 

RAS WE BE 

DS 

RAS wt 0 

DS 

RAS WE i5E 

D7 

IBM11M1640BA 

1M x 64 DRAM MODULE 

OE2 
WE2 

CAS4 

CAS RAS WE BE 
OQ3S I/DO 
0037 1/01 DB 
0038 
0039 

GAS RAS wt i5E 
0040 I/DO 
0041 1/01 09 
0042 1/02 
0043 

CAS5 
RAS WE OE 

D10 

RAS wt Qt 

D11 

CASS 
CAS RAS WE OE 

0054 
0055 D12 
DOSS 
DQ57 

RAS WE BE 
0058 
0059 D13 
0060 
0061 

Vss =£1>- PD 1-8 (when = 0, 1 =NC) 

~ 
CAS7 

GAS RAS WE 0 
A1-AN --!>- A1-AN: DRAMS DO-D15 

0064 014 AO --[>- AO: DRAMS DO-D7 
0065 
0066 BO --!>- AO: DRAMS DB-D15 

RAS WE 5E 
DOS7 
0068 

D15 Vee DO - D15, Buffers DQ69 
0070 DO - D15, Buffers Vss 
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1 M x 64 DRAM MODULE 

Truth Table 

Function RAS CAS WE OE 

Standby H x x x 
Read L L H L 

Early-Write L L L x 
Late-Write I RMW L L H--+L H--+L 

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

Subsequent Cycles L H--+L H L 

Fast Page Mode - Write 
L H--+L L x 

1st Cycle 

Subsequent Cycles L H--+L L x 
Fast Page Mode - RMW 

L H--+L H--+L H--+L 
1st Cycle 

Subsequent Cycles L H--+L H--+L H--+L 

RAS-Only Refresh L H x x 
CAS-Before-RAS"Refresh H--+L L H x 

Read Presence Detects x x x x 

Presence Detect 
Pin 

PD1 (PD1 - PD5: Addressing/Density) 

PD2 

PD3 

PD4 

PD5 

PD6 (PD6 - PD7: Speed) 

PD7 

POS (Parity/E CC Designator) 

100 (OIMM Type/Width) 

101 (Refresh Mode) 

1. P01-8 are buffered outputs (0 =driven to VoL. 1 =open) 
2. 100-1 are unbuffered outputs (0 = Vss, 1 =open) 

Page 522 

Row Column PDE Address Address 

x x x 
Row Col x 
Row Col x 

Row Col x 

Row Col x 

N/A Col x 

Row Col x 

N/A Col x 

Row Col x 

NIA Col x 

Row N/A x 
x x x 

x x L 

-60 

0 

0 

1 

0 

0 

1 

1 

1 

0 

0 

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

DQx 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

Not Affected 
(PD Bits Valid) 

-70 

0 

0 

1 

0 

0 

0 

1 

1 

0 

0 

03H7155 
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-------------- - -- - ---- ----------- IBM11 M1640BA ----·-
1M x 64 DRAM MODULE 

Absolute Maximum Ratings 

Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -0.5 to 6.5 v 1 

V1N Input Voltage -0.7 to Vee +0.7 v 1 

Vour Output Voltage -0.7 to Vee +0.7 v 1 

ToPR Operating Temperature Oto +70 oc 1 

TsrG Storage Temperature -55 to +125 oc 1 

Po Power Dissipation 10.6 w 1 

lour Short Circuit Output Current 50 mA 1 

louTPD Short Circuit Output Current (PD) 60 mA 1 

1. Stresses greater than those listed may cause permanent damage 10 the device. This is a stress rating only and functional opera-
lion of the device at these or any other conditions above those indicated is not implied. Exposure 10 absolute maximum rating con-
dition for extended periods may affect reliability. 

Recommended DC Operating Conditions (TA= o 10 70°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced lo Vss. 

Capacitance (TA= o 10 +70°c. Vee= 5.o ±0.5V) 

Symbol 

C11 

C12 

c,, 

c,. 

03H7155 
MMDLOODSU-00 
Revised 6/94 

Parameter 

Input Capacitance (AO, BO, A1-A9) 

Input Capacitance (RAS) 

Input Capacitance (GAS, WE, OE) 

DOx Capacitance 

Min 

4.5 

2.4 

0.0 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee v 1 

- 0.8 v 1 

Max Units Notes 

13 pF 

60 pF 

13 pF 

15 pF 
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--------- ----- - -IBM11 M1640BA - ----- --------------·-
1M x 64 DRAM MODULE 

DC Electrical Characteristics (TA= o 10 +10°c, Vee= s.o ±o.svi 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 1920 
lcc1 Avera~wer Supply Operating Current mA 1,2,3 

(RAS, CAS, Address Cycling: !Re =!Re min) -70 - 1728 

Standby Current (ITL) 
lcc2 Power SJ£E!y Standby Current - 32 mA 

(RAS = CAS ~ V1H) 

RAS Only Refresh Current -60 - 1920 
lcc3 ~ge Powe~ply Current, RAS.Only Mode mA 1,3 

(RAS Cycling, AS~ V1H: tRc = tRc min) -70 - 1728 

Fast Page Mode Current -60 - 1200 
lcc4 Average Power Supply Current, Fast Page Mode mA 1,2,3 

(RAS s V1c, CAS, Address Cycling: lpc = tpc min) -70 - 1120 

Standby Current (CMOS) 
Ices Power S~y Standby Current - 32 mA 

('RAS= S =Vee- 0.2V) 

CAS before RAS Refresh Current -60 - 1920 
Ices Average Power Supply Current, CAS Before RAS Mode mA 1,3 

(RAS, CAS, Cycling: IRc =!Re min) -70 - 1728 

Input Leakage Current All but l'iAS -10 +10 
l1(L) Input Leakage Current, any Input µA 

(0.0 s V1N s (Vee< 6.0V)), All Other Pins Not Under Test= OV RAS -80 +80 

lo(L) 
Output Leakage Current 

-10 +10 µA 
(Doerr is disabled, 0.0 s VouT s Vee) 

VoH 
Output High Level 

2.4 - v Output "H" Level Voltage (10 uT = -5mA@ 2.4V) 

Vol 
Output Low level - 0.4 v Output "L" Level Voltage (louT = +4.2mA@ 0.4V) 

1. lcc1 ,lcc3,lcc4 and Ices depend on cycle rate. 
2. lcc1 ,lcc4 depend on output loading. Specified values are obtained with output open. 
3. Address can be changed once or less while RAS = V1c. In the case of lcc4 , it can be changed once or less when CAS = V1H. 
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-------------- - -- - ---- -------------·- IBM11 M1640BA 

1 M x 64 DRAM MODULE 

AC Characteristics (TA= o to +70°C, Vee= 5.0 ± 0.5V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of inpU1 signals. Transition times are measured between V1H 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. The 1 Mx4 DRAM outputs will remain disabled until these 8 cycles have occurred. This prevents data contention 
(excessive current) during power on. To prevent excess power dissipation during power-up, RAS should rise coincident with the 
power supply voltage. 

3. The specified timings include buffer, loading and skew delay adders: 2ns minimum, 5ns (CAS, WE, OE) or 6ns (address) maximum 
delay, no pulse shrinkage to the DRAM device timings. The data and RAS signals are not buffered, which preserves the DRAM 
access specifications of 60ns and 70ns. 

4. AC measurements assume IT= 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

I Re Random Read or Write Cycle Time 110 - 130 - ns 

IRP RAS Precharge Time 40 - 50 - ns 

tcp CAS Precharge Time 10 - to - ns 

IRAS RAS Pulse Width 60 10K 70 10K ns 

tcAS CAS Pulse Width 15 - 20 - ns 1 

IAsA Row Address Setup Time 6 - 6 - ns 

tRAH Row Address Hold Time 8 - 8 - ns 

IAsc Column Address Setup Time 4 - 4 - ns 

lcAH Column Address Hold Time 17 - 17 - ns 

tACO RAS to CAS Delay Time 18 40 18 45 ns 2 

tAAO RAS to Column Address Delay Time 13 24 13 29 ns 3 

IASH RAS Hold Time 20 - 25 - ns 

tcsH CAS Hold Time 58 - 68 - ns 

tcAP CAS to RAS Precharge Time 15 - 15 - ns 

tooo OE to D1N Delay Time 20 - 25 - ns 4 

lozo OE Delay Time from D1N -2 - -2 - ns 

tozc CAS Delay Time from D1N -2 - -2 - ns 

tAR Column Address Hold Time Referenced to RAS 57 - 62 - -

IT Transition Time (Rise and Fall) 3 50 3 50 ns 

1. The minimum lcAs requires lcsH 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 (toH) in the application. For example, a tcAs of 15ns plus a minimum toH of 2ns 
would result in turning data out of the DIMM at 17ns (3ns before max tcAc of 20ns). 

2. Operation within the tRco(max) limit ensures that tAAc(max) can be met. The tRco(max) is specified as a reference point only: If IRco 
is greater than the specified tRco(max) limit, then access time is controlled by tcAc. 

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

4. Either lcoo or t000 must be satisfied. 

03H7155 
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----------------IBM11M1640BA - ----- --------·-----·-
1M x 64 DRAM MODULE 

Write Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

twcs Write Command Set Up Time 2 - 2 - ns 1 

twcH Write Command Hold Time 17 - 17 - ns 

tWP Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command tom Lead Time 20 - 25 - ns 

lcwi. Write Command to CAS Lead Time 17 - 22 - ns 

twcR Write Command Hold Time Referenced to RAS - - - - ns 2 

toHR Data Hold Time Referenced to 'RAS - - - - ns 2 

tos D1N Setup Time -2 - -2 - ns 3 

toH D1N HoldTime 20 - 20 - ns 3 

1. twcs, tmw. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs ~ twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuh (high impedance) through 
the entire cycle; If tRwo ~ tRwo(min.), tcwo ~ tcwo(min.), tAwo ~ IAwo(min.) and lcPw~ lcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of condhions are met, the 
condition of the data (at access time) is indetermina.1e. 

2. This timing parameter is not applicable to this product, but applies to a rela.1ed product in this family. 
3. Oa.1a-in set-up and hold is measured from the latter of the two timings, CAS or WE. 

Page526 03H7155 
MMDL03DSU-OO 

Revised 6/94 



---------------------- --------------·- IBM11M1640BA 

1 M x 64 DRAM MODULE 

Read Cycle 
-60 -70 

Symbol Parameter Un~ Notes 
Min Max Min Max 

tRAc Access Time from RAS - 60 - 70 ns 1,2 

tcAC Access Time from CAS - 20 - 25 ns 1,2 

tAA Access Time from Address - 36 - 41 ns 1,2 

to EA Access Time from OE - 20 - 25 ns 1,2 

tRcs Read Command Setup Time 2 - 2 - ns 

tRCH Read Command Hold Time to CAS 2 - 2 - ns 3 

tRRH Read Command Hold Time to RAS 3 - 3 - ns 3 

tRAL Column Address to RAS Lead Time 36 - 41 - ns 

tcAL Column Address to CAS Lead Time - - - - ns 4 

tcLZ CAS to Output in Low-Z 2 - 2 - ns 

tRoH RAS Hold to Output Enable 15 - 15 - ns 

toH Output Data Hold Time 2 - 2 - ns 

toHO Output Data Hold Time from OE 2 - 2 - ns 

toEz Output Bulfer Tum-off Delay from OE 2 20 2 25 ns 5 

tcoo CAS to D1N Delay Time 20 - 25 - ns 6 

toFF Output Bulfer Turn-off Delay 2 20 2 25 ns 5 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. lcAC• tcPA· tAA, loEA· 
3. Either tRcH or tRRH must be satisfied. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 
5. toFF (max) and toez (max) define the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
6. E~her lcoo or tooo must be satisfied. 

03H7155 
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1M x 64 DRAM MODULE 

Fast Page Mode Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

tpe Fast Page Mode Cycle Time 40 - 45 - ns 

tRASP Fast Page Mode RAS Pulse Width 60 100K 70 100K ns 

lcPRH RAS Hold Time from OAS Precharge - - - - ns 1 

lcPA Access Time from OAS Precharge - 40 - 45 ns 2,3 

1. This timing parameter is not applicable to this product, but applies to a related product in this family. 
2. Measured with the specified current load and 1 OOpF. 
3. Access time is determined by the latter of IRAc. tcAC. lcPA· tAA, loEA· 

Read-Modify-Write Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

~WC Read-Modify-Write Cycle Time 158 - 188 - ns 

~WD i:iAS to WE Delay Time 83 - 98 - ns 1 

lcwo OAS to WE Delay Time 45 - 55 - ns 1 

tAWD Column Address to WE Delay Time 59 - 69 - ns 1 

1QEH OE Command Hold Time 15 - 20 - ns 

1. twcs. tRwo. lcwo. tAwo. and lcPw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs <!: twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRWD :<: tRwo(min.), tcwo :<: tcwo(min.), tAwo :<: tAwo(min.) and lcPw"= lcPw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If nett her of the above sets of condmons are met, the 
condttion of the data (at access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 
-60 

Symbol Parameter 
Min Max Min 

tPRWC Fast Page Mode Read-Modify-Wrtte Cycle Time 83 - 98 

tCPW ~Delay time from ~ Precharge - - -

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

-

-

Untt Notes 

ns 

ns 1 
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-------------- - -- - ---- --------------·- IBM11M1640BA 

1M x 64 DRAM MODULE 

Refresh Cycle 

-60 -70 
Symbol Parame1er Uni1 Notes 

Min Max Min Max 

1cHR 
CAS Hold Time 

18 18 (CAS before RAS Refresh Cycle) 
- - ns 

1csR 
CAS Se1up Time 

15 - 15 - ns (GAS before 'RAS Refresh Cycle) 

twRP 
WESe1upTi~ 

15 (CAS before RAS Refresh Cycle) - 15 - ns 

1wRH 
WE Hold Time 

8 8 (CAS before RAS Refresh Cycle) - - ns 

IRPC RAS Precharge to CAS Hold Time 3 - 3 - ns 

1REF Refresh Period - 16 - 16 ms 1 

1. 1024 refreshes are required every 16ms. 

Presence Detect Read Cycle 

-60 -70 
Symbol Parame1er Unit Notes 

Min Max Min Max 

tpo PDE to Valid Presence Detect Data - 10 - 10 ns 1 

tpooFF PDE Inactive to Presence Detects lnac1ive 0 10 0 10 ns 2 

1. Measured with the specified curren1 load and 100pF. 
2. tpooFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

03H7155 
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1 M x 64 DRAM MODULE 

Read Cycle 

V1H -
RAS 

VIL -

V1H-
CAS 

VIL -

V1H -
Address 

VIL -

VoH

4iAs 

tcsH 

!ilco 

tcLZ 

Dour -----+-- Hi-Z ----------< 
VoL-

I :"H"or"L" 
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tRc 

tRP 

tRSH 

toEz ___ _. 

Valid Data Out 

toH ---~ 

,__ __ toHo ___ ~ 

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

Hi-Z __ 
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--------------- -- - ---- -------------·- IBM11 M1640BA 

1 M x 64 DRAM MODULE 

Write Cycle (Early Write) 

tRC 

tRAS 

V1H 
RAS 

V1L 

!csH 

tRCD tRSH 

V1H !cAs 
GAS 

V1L 

!RAD 

tASR tAsc 

Address 

Valid Data In 

VoH-
DouT _______________ Hi-Z ----------------

VoL-

03H7155 
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I :"H"or"L" 
, 

Page531 



-------------- - -IBM11M1640BA - ----- --------·----·-
1 M x 64 DRAM MODULE 

Write Cycle (Late Write) 

tRP 

V1H-
RAS 

VIL -

tcsH 

tRCD tRSH 

V1H -
tcAS GAS 

V1L -

tRAD 

tAs tASC 

Address 

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

I : "H" or "L" ·output remains Hi-Z because WE is latched internally following twp min. 
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--------------- -- - ---- ---------- IBM11M1640BA ----·-
1M x 64 DRAM MODULE 

Read-Modify-Write-Cycle 

!Awe 

tRAs 

V1H-

RAS 
V1L-

lcsH 

tRCD tRSH le RP 

V1H-
le AS GAS 

V1L- tRAO 

tASR tAsc 

tcLz 

DouT 
VoL -

-----t--Hi-Z --------ff >----------- Hi-Z* __ 

-loHO I :"H"or"L" 'output remains Hi-Z because WE is latched internally following twp min. 

03H7155 
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1 M x 64 DRAM MODULE 

Fast Page Mode Read Cycle 

V1H-
RAS 

V1L -

_tRCO 

V1H-

CAS 
V1L -

V1H 
Address 

V1L 

V1H 
WE 

V1L 

V1H 
OE 

V1L 

VoH-

Dour 
VoL-

1: "H"or"L" 

Page 534 

1AAsP 

lcPRH 

!PC 

looo 

lcAc 

lcLz 

Dour N 

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

!RP 

le RP 

!RCH 

03H7155 
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-------------- - -- - ---- -------------·-

Fast Page Mode Write Cycle 

Address 

V1H -
WE 

V1L -

V1H -
OE 

V1L -

V1H -

D1N 
VIL -

VoH-

DouT 
VoL-

03H7155 
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!pc ___ _, 
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1M x 64 DRAM MODULE 

Fast Page Mode Read-Modify-Write Cycle 

V1H
Address 

VIL -

VoH

Dour 
VoL-

I 
Page 536 

Dour 1 

· "H"or"L" . 

DouT 2 DourN 

--------- ----- - -- ----::ii::::::9::5~= 

tcRP 

03H7155 
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IBM11M1640BA 

1M x 64 DRAM MODULE 

RAS Only Refresh Cycle 

t--------tAAS---------1 

Address 

__________ Hi-Z ----------------
DouT 

VoL-

03H7155 
MMDL03DSU-OO 
Revised 6194 

I . :"H"or"L" 

Note: WE, OE, D1N are "H" or "L" 
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--------- ----- - -IBM11M1640BA - ----- -------------·-
1 M x 64 DRAM MODULE 

CAS Before RAS Refresh Cycle 

V1H -

RAS 
V1L - tRPC 1 

___, lcsR 

V1H -

GAS 
V1L -

14---- looo -------i 

--+---- tcoo ----~ 

D1N V1H -
---+--1------ Hi-Z 

loEz 

D VoH-
OUT 

:i------ Hi-Z -------------------

: "H" or"L" 

Note: Addresses are "H" or "L" 
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-------------- - -- - ---=~=v= 

Presence Detect Read Cycle 

VtH -

VrL -

VoH-

PD1-PD8 
VoL-

03H7155 
MMDL03DSU-OO 
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Valid Presence Detect 

*PD pins must be pulled high at next level of assembly 

IBM11M1640BA 

1M x 64 DRAM MODULE 
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1 M x 64 DRAM MODULE 

Layout Drawing 

(2)1 
3.1877 
.1255 

42.18 
1.661 

65.68 
2.586 

SIDE 
9.00 

·qi .354 MAX. 

~[1 
.050 ± .004 

133.35 
5.25 

131.35 
5.171 

127.35 
5.014 

FRONT 

1.27 PITCH 
.050 

1.00WIDTH 
.039 

~---- SEE DETAIL A 

DETAIL A 
SCALE 411 
----- ... 

' ' ' 

' ' 
/ 

' 
/ 

.... ,. 
-----

NOTE: All dimensions are typical unless otherwise stated. MILLIMETERS 
INCHES 
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Features 
• 168 Pin JEDEC Standard, 8 Byte Dual In-line 

Memory Module 

• 2Mx64 Fast Page Mode DIMM 
• Performance: 

-60 -70 

!RAC MS Access Time 60ns 70ns 

lcAc GAS Access Time 20ns 25ns 

1AA Access Time From Address 36ns 41ns 

!Re Cycle Time 110ns 130ns 

lpc Fasl Page Mode Cycle Time 40ns 45ns 

• All inputs and outputs are fully TTL and CMOS 
compatible 

• Single 5V, ± 0.5V Power Supply 
• Au contacts 
• Optimized for byte-write non-parity applications 

Description 

IBM11 M2640H is an industry standard 168-pin 
8-byte Dual In-line Memory Module (DIMM) which is 
organized as a 2Mx64 high speed memory array for 
non-parity applications. The DIMM uses 8 2Mx8 
DRAMs in TSOP packages. 

Improved system performance is provided by the 
on-DIMM buffering of selected input signals. The 
specified timings include all buffer, net and skew 
delays, which simplifies the memory subsystem 
design analysis. The data and RAS signals are not 
buffered, which preserves the DRAM access specifi
cations of 60ns and 70ns. 

Presence Detect (PD) and Identification Detect (ID) 
bits provide information about the DIMM density, 
addressing, performance and features. PD bits can 

Card Outline 

IBM11 M2640H 

2M x 64 DRAM MODULE 

• System Performance Benefits: 

- Buffered inputs (except RAS, Data) 
- Reduced noise (32 Vss/Vcc pins) 
- 4 Byte Interleave enabled 
- Byte write, byte read accesses 

Buffered PDs 

• Fast Page Mode, Read-Modify-Write Cycles 

• Refresh Modes: RAS-Only and CBR 

• 2048 refresh cycles distributed across 32ms 

• 11/10 addressing (Row/Column) 

• Card size: 5.25" x 1.0" x 0.157" 

• DRAMS in TSOP Package 

be dotted at the system level and activated for each 
DIMM position using the PD enable (PDE) signal. ID 
bits also allow detection of card features, and may 
be dot-or'd at the system level to provide information 
for the entire DIMM bank. For example, if a x64 par
ity DIMM were inserted into a bank of x72 parity 
DIMMs, IDO (grounded) would indicate that at least 
one DIMM in that memory bank is x64, and if the 
memory controller is designed to do so, all DIMMs in 
that memory bank will function as x64s. 

All IBM 168-pin DIMMs provide a high performance, 
flexible 8-byte interface in a 5.25" long space-saving 
footprint. Related products are the x72 parity (5V) 
and ECC DIMMs (5V and 3.3V). 

cnmrrmn 1111111II!II1111II11I111 I I I I In 1111 I I I I I I I I I I I I! I I I I 11III111 I I! I I! I I I I 11 I I I 

(Front) l 
(Back) 85 
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IBM11M2640H 

2M x 64 DRAM MODULE 

Pin Description 
RAS"o,'RAS2 Row Address Strobe 

CASO-CAS7 Column Address Strobe (Buffered) 

W!;"o.~2 Read/write Input (Buffered) 

O'Eo,CSE2 Output Enable (Buffered) 

AO, BO, A1 -A10 Address Inputs (Buffered) 

DOx Data lnpuVOutput 

Vee Power (+SV) 

Vss Ground 

NC No Connect 

PD1 -PD8 Presence Detects (Buffered) 

PDE Presence Detect Enable 

IDO-ID1 ID Bits 

Ordering Information 
Part Number Organization 

IBM11M2640HA-60 2Mx64 

IBM11M2640HA-70 2Mx64 

Page 542 

Pin out 

Pin# 
Front 

Pin# 
Back 

Pin# 
Front 

Pin# Back 
Side Side Side Side 

1 Vss 8S Vss 43 Vss 127 Vss 
2 DQO 86 DQ36 44 O'E2 128 NC 
3 DQ1 87 0037 4S 'RAS2 129 NC 
4 DQ2 88 DQ38 46 m4 130 ms 
s 003 89 0039 47 CASS 131 CAS"7 
6 Vee 90 Vee 48 WE2 132 pm;-
7 004 91 0040 49 Vee 133 Vee 
8 DOS 92 D041 so NC 134 NC 
9 006 93 0042 S1 NC 13S NC 
10 007 94 0043 S2 DQ18 136 DQ54 
11 NC 9S NC 53 D019 137 D05S 
12 Vss 96 Vss 54 Vss 138 Vss 
13 009 97 D04S SS D020 139 OOS6 
14 0010 98 0046 SS D021 140 0057 
1S 0011 99 0047 S7 D022 141 0058 
16 D012 100 0048 S8 D023 142 OOS9 
17 0013 101 D049 S9 Vee 143 Vee 
18 Vee 102 Vee 60 0024 144 D060 
19 0014 103 DQSO 61 NC 14S NC 
20 D01S 104 0051 62 NC 146 NC 
21 0016 10S DOS2 63 NC 147 NC 
22 NC 106 NC 64 NC 148 NC 
23 Vss 107 Vss 6S D02S 149 D061 
24 NC 108 NC 66 NC 1SO NC 
2S NC 109 NC 67 0027 151 0063 
26 Vee 110 Vee 68 Vss 1S2 Vss 
27 WEO 111 NC 69 D028 153 D064 
28 CASO 112 CASI 70 0029 154 D06S 
29 CA52 113 CAS"3 71 D030 15S D066 
30 RASO 114 NC 72 D031 1S6 D067 
31 O'Eo 11S NC 73 Vee 1S7 Vee 

32 Vss 116 Vss 74 D032 158 D068 
33 AO 117 A1 75 D033 159 D069 
34 A2 118 A3 76 D034 160 0070 
3S A4 119 AS 77 NC 161 NC 
36 A6 120 A7 78 Vss 162 Vss 
37 AS 121 A9 79 PD1 163 PD2 
38 A10 122 NC 80 PD3 164 PD4 
39 NC 123 NC 81 PD5 165 PD6 
40 Vee 124 Vee 82 PD7 166 PDS 

41 NC 125 NC 83 IDO 167 ID1 
42 NC 126 BO 84 Vee 168 Vee 

Note: All pin assignments are consistent for all 8 Byte versions. 

Speed Leads 

60ns Au 

70ns Au 

Dimension 

5.25"x1 .O"x0.157" 

5.25"x1.0"x0.157" 

Notes 

64G1559 
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--------------- -= .53::5ii: 

Block Diagram 

OEO~>~~~~~--, 
WEO~>~~~~--, 

CASO-;>--, 

DO 

CAS RAS WE OE 
I/OD 

1/01 D1 
1/0 2 

CAS RAS WE OE 
VOD 

VO 1 D2 

CAS 
VOD 
VO 1 
V02 
V03 
V04 
VOS 
V06 
V07 

64G1559 
MMDL04DSU-OO 
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RAS WE" 

03 

Vss 
~ 

A1-AN 

AO 

BO 

Vee 

Vss 

=ff-
-t>-
-{>-

-{>-

OE2 -f>------, 
WE2 --f>-----, 

CAS4--l>--, 

04 

DS 

D6 

1/0 7 

CAS RAS WE OE 
I/OD 
1/01 D7 
1/02 
1/03 
l/04 
l/05 
1/0 s 
l/07 

PD 1-8 (when = 0, 1 =NC) 

A1-AN: DRAMS DO - D7 

AO: DRAMS 00-03 

AO: DRAMS D4-D7 

DO - D7, Buffers 

DO - D7, Buffers 

IBM11M2640H 

2M x 64 DRAM MODULE 
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IBM11 M2640H 

2M x 64 DRAM MODULE 

Truth Table 

Function RAS' CA5 ~ OE' 

Standby H x x x 
Read L L H L 

Early-Write L L L x 
Late-Write I RMW L L H-+L H-+L 

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

Subsequent Cycles L H-+L H L 

Fast Page Mode - Wrtte 
L H-+L L x 

1st Cycle 

Subsequent Cycles L H-+L L x 
Fast Page Mode - RMW 

L H-+L H-+L H-+L 
1st Cycle 

subsequent Cycles L H-+L H-+L H-+L 

RAS'-Only Refresh L H x x 
~-Before-m"Refresh H-+L L H x 

Read Presence Detects x x x x 

Presence Detect 
Pin 

PD1 (PD1 - PD5: Addressing/Denstty) 

PD2 

PD3 

PD4 

PD5 

PDS (PDS - PD7: Speed) 

PD7 

PDS (Parity/ECC Designator) 

IDO (DIMM Type/Width) 

ID1 (Refresh Mode) 

1. PD1 -8 are buffered outputs (0 - driven to vOl. 1 • open) 
2. ID0-1 are unbuffered outputs (0 = Vss, 1 =open) 

Page544 

Row Column PDE Address Address 

x x x 
Row Col x 
Row Col x 

Row Col x 

Row Col x 

NIA Col x 

Row Col x 

NIA Col x 

Row Col x 

NIA Col x 

Row N/A x 
x x x 

x x L 

-60 

1 

0 

0 

1 

0 

1 

1 

1 

0 

0 

--------5 .i::ive: 

DQx 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

Not Affected 
(PD Bits Valid) 

-70 

1 

0 

0 

1 

0 

0 

1 

1 

0 

0 

64G1559 
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--------------- -..:...::: :5'f5: IBM11 M2640H 

2M x 64 DRAM MODULE 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -1.0to+7.0 v 1 

V1N Input Voltage -0.5 to min (Vee +0.5, 7.0) v 1 

VouT Output Voltage -0.5 to min (Vee +0.5, 7.0) v 1 

ToPR Operating Temperature Oto+70 oc 1 

Tsm Storage Temperature -55 to +125 oc 1 

Po Power Dissipation 5.3 w 1 

lour Short Circuit Output Current 50 mA 1 

louTPD Short Circuit Output Current (PD) 60 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only and functional opera-
lion of the device at these or any other conditions above those indicated is not implied. Exposure to absolute maximum rating con-
dition for extended periods may affect reliability. 

Recommended DC Operating Conditions (TA= o to 1o'ci 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss. 

Capacitance (TA= o 10 +1o'c, Vee= 5.o ± o.5V) 

Symbol 

C11 

C12 

C13 

C14 

64G155g 
MMDL04DSU-OO 
Revised 7194 

Parameter 

Input Capacitance (AO, BO, A1-A10) 

Input Capacitance (RAS) 

Input Capacitance (CAS, WE, OE) 

DOx Capacitance 

Min 

4.5 

2.4 

--0.5 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee v 1 

- 0.8 v 1 

Max Units Notes 

13 pF 

35 pF 

13 pF 

15 pF 
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-------------- - -IBM11 M2640H - ----- --------------·-
2M x 64 DRAM MODULE 

DC Electrical Characteristics (TA= o to +1o·c. Vee= 5.o ± o.5V) 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 960 
lcc1 Avera~wer Supply Operating Current mA 1,2,3 

(RAS, CAS, Address Cycling: tRC = tRC min) -70 - 800 

Standby Current (TTL) 
lcc2 ~r S..!!f!e!y Standby Current - 16 mA 

(RAS = CAS ~ V1H) 

RAS Only Refresh Current -60 - 960 
lcC3 Average Powe~ply Current, RAS.Only Mode mA 1,3 

(RAS Cycling, AS ~ V1H: tRc = tRc mm) -70 - 800 

Fast Page Mode Current -60 - 600 
lc04 Average Power Supply Current, Fast Page Mode mA 1,2,3 

(RAS :s; V1L, CAS, Address Cycling: tpc = tpc min) -70 - 520 

Standby Current (CMOS) 
Ices Power ~y Standby Current - 8 mA 

(RAS= =Vee- 0.2V) 

CAS before RAS Refresh Current -60 - 960 
Ices Average Power Supply Current, CAS Before RAS Mode mA 1,3 

(RAS, CAS, Cycling: tRc = tRc min) -70 - 800 

Input Leakage Current All but RAS -10 +10 
l1(L) Input Leakage Current, any Input µA 

(0.0 :s; V1N :s; (Vee< 6.0V)), All Other Pins Not Under Test = OV RAS -40 +40 

lo(L) 
Output Leakage Current 

-10 +10 µA (DollT is disabled, 0.0 :s; VollT :s; Vee) 

VoH 
Output High Level 

2.4 - v Output "H" Level Voltage (lour= -5mA@ 2.4V) 

VoL 
Output Low level - 0.4 v Output "L" Level Voltage (lour= +4.2mA@ 0.4V) 

1. lcc1 ,lcca.lcc4 and Ices depend on cycle rate. 
2. lcc1 ,lc04 depend on output loading. Specified values are obtained with 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. 
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--------------- -- - ---- ---------- IBM11 M2640H ----·-
2M x 64 DRAM MODULE 

AC Characteristics (TA= o to +70°c, Vee= 5.0 ± 0.5V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H 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 delay adders: 2ns minimum, 5ns (CAS, WE, OE) or 6ns (address) maximum 
delay, no pulse shrinkage to the Dram device timings. The data and RAS signals are not buffered, which preserves the DRAM 
access specifications of 60ns and 70ns. 

4. AC measurements assume tr = 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

!Ac Random Read or Write Cycle Time 110 - 130 - ns 

IAP RAS Precharge Time 40 - 50 - ns 

lcp CAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 10K 70 10K ns 

lcAs CAS Pulse Width 15 - 20 - ns 1 

!ASA Row Address Setup Time 6 - 6 - ns 

!RAH Row Address Hold Time 8 - 8 - ns 

!Ase Column Address Setup Time 4 - 4 - ns 

lcAH Column Address Hold Time 17 - 17 - ns 

IAco RAS to CAS Delay Time 18 40 18 45 ns 2 

!RAD RAS to Column Address Delay Time 13 24 13 2g ns 3 

lASH RAS Hold Time 20 - 25 - ns 

lcsH CAS Hold Time 58 - 68 - ns 

le AP GAS to RAS Precharge Time 15 - 15 - ns 

looo OE to D1N Delay Time 20 - 25 - ns 4 

lozo OE Delay Time from D1N -2 - -2 - ns 

lozc GAS Delay Time from D1N -2 - -2 - ns 

lAA Column Address Hold Time Referenced to RAS - - - - - 5 

tr Transition Time (Rise and Fall) 3 30 3 30 ns 

1. The minimum tcAs requires lcsH 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 (Iott) in the application. For example, a lcAS of 15ns plus a minimum Iott of 2ns 
would result in turning data out of the DIMM at 17ns (3ns before max lcAc of 20ns). 

2. Operation within the IACo(max) limit ensures that tAAc(max) can be met. The IAco(max) is specified as a reference point only: If IAco 
is greater than the specified IAco(max) limit, then access time is controlled by lcAc. 

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

4. Either !coo or 1000 must be satisfied. 
5. This timing parameter is not applicable to this product, but applies to a related product in this family. 

64G1559 
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-------------- - -IBM11 M2640H - ----- --------·-----·-
2M x 64 DRAM MODULE 

Write Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

twcs Write Command Setup Time 2 - 2 - ns 3 

twcH Write Command Hold Time 17 - 17 - ns 

twp Write Command Pulse Width 15 - 15 - ns 

tRWL Wrtte Command to RAS Lead Time 20 - 25 - ns 

lcwL Wrtte Command to CAS Lead Time 17 - 22 - ns 

twcR Write Command Hold Time Referenced to RAS - - - - ns 2 

toHR Data Hold Time Referenced to RAS - - - - ns 2 

tos D1N Setup Time -2 - -2 - ns 3 

toH D1N Hold Time 20 - 20 - ns 3 

1. twcs. tRwo. tcwo. tAwo. and tcPw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;;;, twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circutt (high impedance) through 
the entire cycle; If tRwo"' tRwo(min.), tcwo :!: tcwo(min.), tAwo :!: tAwo(min.) and tcpw:!: lcPw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Wrtte cycle and the data will contain read from the selected cell: If netther of the above sets of condttions are met, the 
condttion of the data (at access time) is indeterminate. 

2. This tining parameter is not applicable to this product, but applies to a related product in this family 
3. Da1a-in set-up and hold is measured from the latter of the two timings, CAS or WE. 
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--------------- ------- --------------·- IBM11 M2640H 

2M x 64 DRAM MODULE 

Read Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

tRAc Access Time from RAS - 60 - 70 ns 1,2 

tcAc Access Time from CAS - 20 - 25 ns 1,2 

tAA Access Time from Address - 36 - 41 ns 1,2 

toEA Access Time from OE - 20 - 25 ns 1,2 

tRcs Read Command Setup Time 2 - 2 - ns 

tRCH Read Command Hold Time to CAS 2 - 2 - ns 3 

tRRH Read Command Hold Time to RAS 3 - 3 - ns 3 

tRAL Column Address to RAS Lead Time 36 - 41 - ns 

tcAL Column Access to CAS Lead Time 36 - 41 - ns 

tcLZ CAS to Output in Low-Z 2 - 2 - ns 

tRoH RAS Hold to Output Enable - - - - ns 4 

toH Output Data Hold time 2 - 2 - ns 

toHO Output Data Hold from OE 2 - 2 - ns 

toEZ Output Buffer Tum-off Delay from OE 2 20 2 25 ns 5 

tcoo CAS to D1N Delay Time 20 - 25 - ns 6 

to FF Output Buffer Tum-off Delay 2 20 2 25 ns 5 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAC· tcAC• tcpA, tAA. toEA· 
3. Either tRcH or tRRH must be satisfied. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 
5. toFF (max) and toEz (max) define the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
6. Either tcoo or tooo must be satisfied. 
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IBM11 M2640H 

2M x 64 DRAM MODULE 

Fast Page Mode Cycle 

-60 
Symbol Parameter 

Min 

lpe Fast Page Mode Cycle Time 40 

IRAsP Fast Page Mode RAS Pulse Width 60 

lcPRH RAS Hold Time from CAS Precharge 40 

le PA Access Time from CAS Precharge -
1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. lcAc. lcPA. tAA, loEA· 

Read-Modify-Write Cycle 

-60 
Symbol Parameter 

Min 

tRwc Read-Modify-Write Cycle Time 158 

tRWD RAS to~ Delay Time 83 

tcwo CAS to WE Delay Time 45 

tAWD Column Address to WE Delay Time 59 

to EH OE Command Hold Time 15 

-70 

Max Min 

- 45 

100K 70 

- 45 

40 -

-70 

Max Min 

- t88 

- 98 

- 55 

- 69 

- 20 

Max 

-

100K 

-

45 

Max 

-
-
-

-
-

--------5 == =---= ::i::..=..:-:5?S:: 

Unit Notes 

ns 

ns 

ns 

ns 1,2 

Unit Notes 

ns 

ns t 

ns 1 

ns 1 

ns 

1. twcs. tRwo. tcwo. IAwo. and lcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs ~ twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If IRwo ~ IRwo(min.), !ewe~ tcwo(min.), tAwo ~ IAwo(min.) and lcpw~ tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

lpRWC Fast Page Mode Read-Modify-Write Cycle Time 83 - 98 - ns 

tepw WE Delay time from CAS Precharge 63 - 73 - ns 1 

1. lwcs. IRWo. tcwo. tAwo. and lcPW are not restrictive parameters. They are included in the data sheet as electrical characteristics only. 
If twcs ~ twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through the 
entire cycle; If tRWD ~ tRwo(min.), tcwo ~ lcwo(min.), tAwo ~ IAwo(min.) and lcPW~ tcPW(min.)(Fast Page Mode), the cycle is a Read-
Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the con-
dition of the data (at access time) is indeterminate. 
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--------- ----- - -- - ---- ---------- IBM11 M2640H ----·-
2M x 64 DRAM MODULE 

Refresh Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tcHR 
CAS Hold Time 

18 18 (CAS before RAS Refresh Cycle) - - ns 

tcsR 
CAS Setup Time 
(GAS before RAS Refresh Cycle) 15 - 15 - ns 

1wRP 
WE Setup Ti~ 15 (CAS before RAS Refresh Cycle) - 15 - ns 

lwRH 
WE Hold Time 

8 8 (CAS before RAS Refresh Cycle) - - ns 

tRPC RAS Precharge to CAS Hold Time 3 - 3 - ns 

!REF Refresh Period - 32 - 32 ms 1 

1. 2048 refreshes are required every 32ms. 

Presence Detect Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tpo PDE to Valid Presence Detect Data - 10 - 10 ns 1 

tpooFF PDE Inactive to Presence Detects Inactive 0 10 0 10 ns 2 

1. Measured with the specified curren1 load and 1 OOpF. 
2. tpooFF(max} defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

64G1559 
MMDL04DSU-OO 
Revised 7 /94 

Page 551 



IBM11 M2640H 

2M x 64 DRAM MODULE 

Read Cycle 

IRAs 

VIH -
RAS 

V1L -

lcsH 

tAco 

CAS 
V1H -

le As 

V1L -

IAAD tAAL 
!cAL 

~SR !Ase 

V1H -
Address 

V1L -

lcLZ 

VoH
Dour -----i-- Hi-Z --------1 

VoL-

I :"H"or"L" 

Page 552 

!Ac 

!ASH 

loez ___ _, 

Valid Data Out 

!oH ----

,__ __ toHo ___ _, 

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

Hi-Z __ 

64G1559 
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-------------= - -::!?!: IBM11 M2640H 

2M x 64 DRAM MODULE 

Write Cycle (Early Write) 

~c 

~. 

V1H 
RAS 

V1L 

fcsH 

tRCD tRSH 

V1H fcAs 
CAS 

V1L 

tRAD 

tASR tAsc 

V1H 
Address 

Valid Data In 

VoH-

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

64G1559 
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----------------IBM 11 M2640H - ----- -------------·-
2M x 64 DRAM MODULE 

Write Cycle (Late Write) 

V1H -
RAS 

V1L -

tcsH 

~CD ~SH 

V1H -
tcAS CAS 

V1L -

~D 

~s !Ase 

Address 

V1H 
~ 

V1L 

V1H 
OE 

V1L 

DoUT --- Hi-Z------
VoL-

I : "H" or "L" *Output remains Hi-Z because WE is latched internally following lwp min. 
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-------------- - -.!..=..::5'f!: IBM11 M2640H 

2M x 64 DRAM MODULE 

Read-Modify-Write-Cycle 

!Awe 

IRAs 

V1H-

RAS 
V1L-

lcsH 

!Aco ~SH lcAP 

V1H-
lcAS GAS 

V1L- !RAD 

!ASA !Ase 

V1H 
Address 

V1L 

lcLZ 

VoH-
DouT ----+--Hi-Z -------ih'm 

VoL-

>---------- Hi-Z* __ 

I :"H"or"L" • - I · · Output remains Hi-Z because WE is latched internally fol owing twp mm. 

64G1559 
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IBM11 M2640H 

2M x 64 DRAM MODULE 

Fast Page Mode Read Cycle 

V1H-

RAS 
V1L-

-tRCD 

V1H-

CAS 
V1L-

V1H 

Address 
V1L 

V1H 

WE 
V1L 

V1H 

OE 
V1L 

DoUT 
VoL-

1 :"H"or"L" 

Page 556 

!RASP 

lcPRH 

lpc 
lcP 

looo 

lcAC 

lcLz 

DoUTN 

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

!RP 

le RP 

tRCH 

64G1559 
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--------------- --------------------·-

Fast Page Mode Write Cycle 

Address 
V1L 

64G1559 
MMDL04DSU-OO 
Revised 7194 

l:"H"or"L" 

IBM11 M2640H 

2M x 64 DRAM MODULE 

~SP 
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IBM11 M2640H 

2M x 64 DRAM MODULE 

Fast Page Mode Read-Modify-Write Cycle 

V1H 
Address 

V1L 

VoH
DoUT 

VoL-

l:"H"or"L" 

Page558 

14----tRAc 
DoUT 1 DoUT2 DoUTN 

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

tRP 

tcRP 
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---------------------:::..:.::5'i'5: IBM11 M2640H 

2M x 64 DRAM MODULE 

RAS Only Refresh Cycle 

Address 

Dmrr 

64G1559 
MMDL04DSU-OO 
Revised 7/94 

VoH-

__________ Hi-Z ----------------

l:"H"or"L" 

Note: WE, OE, D1N are "H" or "L" 
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----------------IBM11 M2640H ------ --------·----·-
2M x 64 DRAM MODULE 

CAS Before RAS Refresh Cycle 

~p 

V1H -

RAS 
V1L - ~PC1 

__, tcsR 

V1H -

CAS 
V1L -

i----- looo ------i 

14--+--- tcoo ------i 

D1N V1H -
---+-<------ Hi-Z 

loez 

D VoH 
OUT 

1----- Hi-Z ------------------
VoL 

Page 560 

I :"H"or"L" 

Note: Addresses are "H" or "L" 
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-------------- - -- - ---- --------------·-

Presence Detect Read Cycle 

VoH-

PD1-PD8 
VoL-

64G1559 
MMDL04DSU-OO 
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Valid Presence Detect 

*PD pins must be pulled high at next level of assembly 

IBM11 M2640H 

2M x 64 DRAM MODULE 
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IBM11 M2640H 

2M x 64 DRAM MODULE 

Layout Drawing 
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Features 
• 168 Pin JEDEC Standard, 8 Byte Dual In-line 

Memory Module 

4Mx64 Fast Page Mode DIMM 
• Performance: 

-60 -70 

IRAC 'RAS Access Time 60ns 70ns 

lcAC CAS Access Time 20ns 25ns 

IAA Access Time From Address 36ns 41ns 

IRc Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

• All inputs and outputs are fully TTL and CMOS 
compatible 

• Single 5V, ± 0.5V Power Supply 
• Au contacts 

Description 

IBM11 M4640C is an industry standard 168-pin 
8-byte Dual In-line Memory Module (DIMM) which is 
organized as a 4Mx64 high speed memory array for 
non-parity applications. The DIMM uses 16 4Mx4 
DRAMs in SOJ packages. 

Improved system performance is provided by the 
on-DIMM buffering of selected input signals. The 
specified timings include all buffer, net and skew 
delays, which simplifies the memory subsystem 
design analysis. The data and RAS signals are not 
buffered, which preserves the DRAM access specifi
cations of 60ns and 70ns. 

Presence Detect (PD) and Identification Detect (ID) 
bits provide information about the DIMM density, 
addressing, performance and features. PD bits can 

Card Outline 

IBM11 M4640C 

4M x 64 DRAM MODULE 

• Optimized for byte-write non-parity applications 

• System Performance Benefits: 

Buffered inputs (except RAS, Data) 
Reduced noise (32 VssNcc pins) 
4 Byte Interleave enabled 
Byte write, byte read accesses 

- Buffered PDs 

• Fast Page Mode, Read-Modify-Write Cycles 

• Refresh Modes: RAS-Only and CBR 

• 4096 refresh cycles distributed across 64ms 

• 12/10 addressing (Row/Column) 

• Card size: 5.25" x 1.2" x 0.354" 

• DRAMS in SOJ Package 

be dotted at the system level and activated for each 
DIMM position using the PD enable (PDE) signal. ID 
bits also allow detection of card features, and may 
be dot-or'd at the system level to provide information 
for the entire DIMM bank. For example, if a x64 par
ity DIMM were inserted into a bank of x72 parity 
DIMMs, IDO (grounded) would indicate that at least 
one DIMM in that memory bank is x64, and if the 
memory controller is designed to do so, all DIMMs in 
that memory bank will function as x64s. 

All IBM 168-pin DIMMs provide a high performance, 
flexible 8-byte interface in a 5.25" long space-saving 
footprint. Related products are the x72 parity (5V) 
and ECG DIMMs (5V and 3.3V). 
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IBM11 M4640C 

4M x 64 DRAM MODULE 

Pin Description 
romo.m2 Row Address Strobe 

mo-m1 Column Address Strobe (Buffered) 

WEo.~ Read/write Input (Buffered) 

~0.~2 Outpul Enable (Buffered) 

AO,BO,A1 -A11 Address Inputs (Buffered) 

Dax Dala Input/Output 

Vee Power(+SV) 

Vss Ground 

NC No Connect 

PD1 - PD8 Presence Detects (Buffered) 

PDE Presence Delect Enable 

100-ID1 ID Bits 

Ordering Information 
Part Number Organization 

IBM11M4640CA-60 4Mx64 

IBM11M4640CA-70 4Mx64 

Page 564 

-------------- - -- ----::i:::i:e:5 i' 5: 

Pinout 

Pin# Front Pin# Back Pin# Front 
Pin# Back 

Side Side Side Side 

1 'Tss 85 Yss 43 'Tss 127 'Tss 
2 000 86 0036 44 ot2 128 NC 
3 001 87 0037 45 m2 129 NC 
4 OQ2 88 DQ38 46 ~ 130 ms 
5 D03 89 D039 47 ms 131 m1 
6 Vee 90 Vee 48 ~ 132 J5Dt 
7 OQ4 91 0040 49 Vee 133 Vee 
8 005 92 0041 50 NC 134 NC 
9 006 93 0042 51 NC 135 NC 
10 007 94 DQ43 52 0018 136 0054 
11 NC 95 NC 53 0019 137 0055 
12 Vss 96 Vss 54 Vss 138 Vss 
13 009 97 0045 55 0020 139 0056 
14 0010 98 0046 56 0021 140 0057 
15 D011 99 0047 57 0022 141 0058 
16 0012 100 0048 58 0023 142 0059 
17 0013 101 OQ49 59 Vee 143 Vee 
18 Vee 102 Vee 60 0024 144 0060 
19 D014 103 0050 61 NC 145 NC 
20 D015 104 0051 62 NC 146 NC 
21 D016 105 0052 63 NC 147 NC 
22 NC 106 NC 64 NC 148 NC 
23 Vss 107 Vss 65 0025 149 D061 
24 NC 108 NC 66 NC 150 NC 
25 NC 109 NC 67 0027 151 0063 
26 Vee 110 Vee 68 Vss 152 Vss 
27 wi;"o 111 NC 69 0028 153 DQ64 
28 CASO 112 CAS1 70 DQ29 154 DQ65 
29 m2 113 ma 71 0030 155 0066 
30 mo 114 NC 72 0031 156 0067 
31 ~o 115 NC 73 Vee 157 Vee 
32 Vss 116 Vss 74 0032 158 0068 
33 AO 117 A1 75 0033 159 DQ69 
34 A2 118 A3 76 0034 160 0070 
35 M 119 A5 77 NC 161 NC 
36 AS 120 A7 78 Vss 162 Vss 
37 A8 121 A9 79 PD1 163 P02 
38 A10 122 A11 80 PD3 164 P04 
39 NC 123 NC 81 PD5 165 P06 
40 Vee 124 Vee 82 PD7 166 P08 
41 NC 125 NC 83 100 167 ID1 
42 NC 126 BO 84 Vee 168 Vee 

Note: All pin assignmenlS are consistem for all 8 Byte versions. 

Speed Leads 

60ns Au 

70ns Au 

Dimension 

5.25"x1 .2"x0.354" 

5.25"x1 .2"x0.354" 

Notes 
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--------- --------- ---- --------------·-

Block Diagram 

OEO 
WEO 

CASO 

CAS 
DQO 1100 
DQ1 1101 
DQ2 1102 
DQ3 1103 

~ 
DQ4 1100 
DOS 1101 
DOS 1102 
DQ7 1103 

CAS1 
~ 

DQ9 1100 
DQ10 1101 
0011 1102 
D012 1103 

~ 
DQ13 1100 
DQ14 1101 
001S 1102 
0016 1103 

CAS2 

0018 
0019 
0020 
0021 

0022 
0023 
0024 
OQ2S 

CAS3 
~ 

0027- 1100 
0028 1101 
0029 1102 
0030 1103 

GAS 
0031 1100 

0032 
0033 
0034 
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RAS WE OE 

DO 

1iAS wr 5E 

D1 

RAS WE OE 

D2 

RAS wr 5E 

D3 

RAS WE OE 

D4 

RAS WE i5E 

DS 

RAS" WE 

DS 

RAS WE i5E 

D7 

IBM11 M4640C 

4M x 64 DRAM MODULE 

OE2 
WE2-l>:_ 

RAS2 
CAS4 

GAS RAS WE OE 
DQ36 1100 
DQ37 1101 DB 
DQ38 
DQ39 

GAS roiS wr 5E 
D040 1100 
DQ41 1101 D9 
DQ42 1102 
D043 1103 

CASS 
GAS RAS WE 5E 

DQ45 1100 
DQ46 1101 D10 
D047 1102 
D048 1103 

GAS roiS wr OE 
DQ49 1100 
Daso 1101 D11 
DOS1 1/02 
OQS2 1103 

CAS6 
GAS RAS WE 5E 

0054 1100 
oass 1101 D12 
oass 1102 
0057 1103 

CAS RAS WE OE 
OQS8 1100 
OQS9 1101 D13 
0060 1102 
DQ61 1103 

Vss =9>- PD 1-8 (when: 0, 1 :NC) 

PDr 
CAS7 

GAS RAS WE OE 
A1-AN -{>- A1-AN: DRAMS DO-D15 

DQ63- 1100 
0064 1/01 D14 AO -[>--- AO: DRAMS DO-D7 
0065 1102 
0066 1103 BO -{>-- AO: DRAMS D8-D15 

CAS RAS WE i5E 
0067 1/00 

0068 
D15 Vee DO - D15, Buffers 

0069 
0070 DO - D15, Buffers Vss 
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IBM11 M4640C 

4M x 64 DRAM MODULE 

Truth Table 

Function RA5 CA5 ~ OE' 

Standby H x x x 
Read L L H L 

Early-Write L L L x 
Late-Write I RMW L L H--+L H...+L 

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

Subsequent Cycles L H--+L H L 

Fast Page Mode - Write 
L H--+L L x 

1st Cycle 

Subsequent Cycles L H--+L L x 
Fast Page Mode - RMW 

L H--+L H--+L H...+L 
1st Cycle 

Subsequent Cycles L H--+L H--+L H--+L 

RAS-Only Refresh L H x x 
~Before-'RAS'Refresh H--+L L H x 

Read Presence Detects x x x x 

Presence Detect 
Pin 

PD1 (PD1 - PD5: Addressing/Density) 

PD2 

PD3 

PD4 

PD5 

PD6 (PD6 - PD7: Speed) 

PD7 

PD8 (Parity/ECC Designator) 

IDO (DIMM Type/Width) 

ID1 (Refresh Mode) 

1. PD1-8 are buffered outputs (0 •driven to VoL. 1 •open) 
2. 100-1 are unbuffered outputs (0 = Vss, 1 =open) 

Page 566 

Row Column PDE' Address Address 

x x x 
Row Col x 
Row Col x 

Row Col x 

Row Col x 

N/A Col x 

Row Col x 

NIA Col x 

Row Col x 

N/A Col x 

Row N/A x 
x x x 

x x L 

-60 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

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

DQx 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data OUt 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

Not Affected 
(PD Bits Valid) 

-70 

1 

1 

0 

1 

0 

0 

1 

1 

0 

0 
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-------------- - -- - ---- -------------·- IBM11 M4640C 

4M x 64 DRAM MODULE 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -1.0to+7.0 v 1 

V1N Input Voltage -0.5 to min (Vee +0.5, 7.0) v 1 

VoiJT Output Voltage -0.5 to min (Vee +0.5, 7.0) v 1 

ToPR Operating Temperature Oto +70 oc 1 

TsrG Storage Temperature -55 to +125 oc 1 

Po Power Dissipation 7.5 w 1 

lolJT Short Circuit Output Current 50 mA 1 

loiJTPD Short Circuit Output Current (PD) 60 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above those indicated is not implied. Exposure to absolute maximum rating con-
dition for extended periods may affect reliability. 

Recommended DC Operating Conditions (TA= o to 1o'ci 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss. 

Capacitance (TA= o to +1o'c, Vee= 5.o ± o.5V) 

Symbol 

C11 

C12 

C13 

C14 

03H7156 
MMDLOSDSU-00 
Revised 7194 

Parameter 

Input Capacitance (AO, BO, AO-A 11) 

Input Capacitance (RAS) 

Input Capacitance (CAS, WE, OE) 

DOx Capacitance 

Min 

4.5 

2.4 

-0.5 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee v 1 

- 0.8 v 1 

Max Units Notes 

13 pF 

60 pF 

13 pF 

15 pF 
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----------------IBM11 M4640C - ----- --------·----·-
4M x 64 DRAM MODULE 

DC Electrical Characteristics (TA= o to +1o·c. Vee= s.o ±o.svi 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 1360 
lcc1 Avera~wer Supply Operating Current mA 1,2,3 

(RAS, CAS, Address Cycling: IRC = tRC min) -70 - 1200 

Standby Current (TTL) 
lcc2 Power S~y Standby Current - 32 mA 

(RAS = CAS ~ V1H) 

FiAS Only Refresh Current -60 - 1360 
ICC3 Average Powe!:..§!!pply Current, RAS Only Mode mA 1,3 

(RAS Cycling, CAS ~ V1H: IRc = IRc min) -70 - 1200 

Fast Page Mode Current -60 - 1200 
lcC4 Average Power Supply Current, Fast Page Mode mA 1,2,3 

(RAS s V1L, CAS, Address Cycling: tpc = tpc min) -70 - 1040 

Standby Current (CMOS) 
Ices Power ~y Standby Current - 16 mA 

(RAS= S =Vee- 0.2V) 

CAS before RAS Refresh Current -60 - 1360 
Ices Avera~wer Supply Current, CAS Before RAS Mode mA 1,3 

(RAS, CAS, Cycling: tRc =!Re min) -70 - 1200 

Input Leakage Current All but RAS -10 +10 
l1(l) Input Leakage Current, any Input µA 

(0.0 s V1N s (Vee< 6.0V)), All Other Pins Not Under Test= OV "RAS -80 +80 

lo(L) 
Output Leakage Current -10 +10 µA 
(Dour is disabled, 0.0 s VotJT s Vee) 

VoH 
Output High Level 

2.4 - v Output "H" Level Voltage (lotJT = -5mA@ 2.4V) 

VoL 
Output Low level - 0.4 v Output "L" Level Voltage (lotJT - +4.2mA @ 0.4V) 

1. lcct.lccs.lcc4 and Ices depend on cycle rate. 
2. lcc1.lcc4 depend on output loading. Specttied values are obtained with output open. 
3. Address can be changed once or less while RAS = ViL· In the case of ICC4, it can be changed once or less when OAS• V1H. 
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------------------- ---- ---------- IBM11 M4640C ----·-
4M x 64 DRAM MODULE 

AC Characteristics (TA= o to +70'C, Vee= 5.0 ± 0.5V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H 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 delay adders: 2ns minimum, 5ns (GAS, WE, OE) or Gns (address) maximum 
delay, no pulse shrinkage to the Dram device timings. The data and RAS signals are not buffered, which preserves the DRAM 
access specifications of 60ns and 70ns. 

4. AC measurements assume lT ~ 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

!Re Random Read or Write Cycle Time 110 - 130 - ns 

tRP RAS Precharge Time 40 - 50 - ns 

lcp GAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 10K 70 10K ns 

le AS GAS Pulse Width 15 - 20 - ns 1 

lASR Row Address Setup Time 6 - 6 - ns 

tRAH Row Address Hold Time 8 - 8 - ns 

1Asc Column Address Setup Time 4 - 4 - ns 

le AH Column Address Hold Time 17 - 17 - ns 

tRCO RAS to GAS Delay Time 18 40 18 45 ns 2 

tRAO RAS to Column Address Delay Time 13 24 13 29 ns 3 

tRSH RAS Hold Time 20 - 25 - ns 

lcsH GAS Hold Time 58 - 68 - ns 

tcRP GAS to RAS Precharge Time t5 - t5 - ns 

1000 OE to D1N Delay Time 20 - 25 - ns 4 

lozo OE Delay Time from D1N -2 - -2 - ns 

lozc GAS Delay Time from D1N -2 - -2 - ns 

tAR Column Address Hold Time Referenced to RAS - - - - - 5 

tr Transition Time (Rise and Fall) 3 30 3 30 ns 

1. The minimum tcAs requires lcsH 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 (toH) in the application. For example, a tcAs of 15ns plus a minimum toH of 2ns 
would result in turning data out of the DIMM at 17ns (3ns before max lcAc of 20ns). 

2. Operation within the tRco(max) limit ensures that lRAc(max) can be met. The 1Rco(max) is specified as a reference point only: If lRcD 
is greater than the specified tRco(max) limit, then access time is controlled by lcAc 

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

4. Either lcoo or 1000 must be satisfied. 

5. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7156 
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--------- ----- - -IBM11 M4640C - ----- --------·-----·-
4M x 64 DRAM MODULE 

Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

twcs Write Command Setup Time 2 - 2 - ns 3 

twcH Write Command Hold Time 17 - 17 - ns 

twp Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to RAS Lead Time 20 - 25 - ns 

lcWL Write Command to CAS Lead Time 17 - 22 - ns 

twcR Wrne Command Hold Time Referenced to RAS - - - - ns 2 

toHR Data Hold Time Referenced to RAS - - - - ns 2 

tos D1N Setup Time -2 - -2 - ns 3 

toH D1N Hold Time 20 - 20 - ns 3 

1. twcs. IRwo. lcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs <:: twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRWD l:: tRwo(min.), tcwo l:: tcwo(min.), tAwo l:: tAwo(min.) and tcpwl:: tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If nenher of the above sets of condnions are met, the 
condition of the data (at access time) is indeterminate. 

2. This timing parameter is not applicable to this product, but applies to a related product in this family 
3. Data-in set-up and hold is measured from the latter of the two timings, CAS or WE. 
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--------------- --- ---- -------------·- IBM11 M4640C 

4M x 64 DRAM MODULE 

Read Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

tRAc Access Time from RAS - 60 - 70 ns 1,2 

lcAc Access Time from CAS - 20 - 25 ns 1,2 

tAA Access Time from Address - 36 - 41 ns 1,2 

loEA Access Time from OE - 20 - 25 ns 1,2 

tRcs Read Command Setup Time 2 - 2 - ns 

tRCH Read Command Hold Time to CAS 2 - 2 - ns 3 

tRRH Read Command Hold Time to RAS 3 - 3 - ns 3 

tRAL Column Address to RAS Lead Time 36 - 41 - ns 

tcAL Column Access to GAS Lead Time 36 - 41 - ns 

tcLz CAS to Output in Low-Z 2 - 2 - ns 

tROH RAS Hold to Output Enable - - - - ns 4 

toH Output Data Hold time 2 - 2 - ns 

loHO Output Data Hold from OE 2 - 2 - ns 

toez Output Buffer Turn-off Delay from OE 2 20 2 25 ns 5 

tcoo GAS to D1N Delay Time 20 - 25 - ns 6 

loFF Output Buffer Tum-off Delay 2 20 2 25 ns 5 

1. Measured with the specttied current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. 1cAC· tcPA· tAA. toEA· 
3. E~her tRcH or tRRH must be satisfied. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 
5. toFF (max) and toEz (max) define the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
6. Either tcoo or tooo must be satisfied. 
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-------------- - -IBM11 M4640C - ----- -------------·-
4M x 64 DRAM MODULE 

Fast Page Mode Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

tpe Fast Page Mode Cycle Time 40 - 45 - ns 

tRASP Fast Page Mode RAS Pulse Width 60 100K 70 100K ns 

tcPRH RAS Hold Time from CAS Precharge 40 - 45 - ns 

tcPA Access Time from CAS Precharge - 40 - 45 ns 1,2 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. lcAc. tcPA. tAA. 1oEA· 

Read-Modify-Write Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

tRwc Read-Modify-Write Cycle Time 158 - 188 - ns 

tRWD RA§" to WE" Delay Time 83 - 98 - ns 1 

tcwo CAS to WE Delay Time 45 - 55 - ns 1 

tAwo Column Address to WE Delay Time 59 - 69 - ns 1 

toeH OE Command Hold Time 15 - 20 - ns 

1. twcs. tRwo. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs ;i; twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRwo ;i; tRwo(min.), tcwo ;i; tcwo(min.), tAwo ;i; tAwo(min.) and tcpw;i; tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of condmons are met, the 
condition of the data (at access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

tPRWC Fast Page Mode Read-Modify-Write Cycle Time 83 - 98 - ns 

tepw WE Delay time from CAS Precharge 63 - 73 - ns 1 

1. twcs, tRWo. tcwo. tAwo. and tcPW are not restrictive parameters. They are included in the data sheet as electrical characteristics only. 
If twcs ;i; twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through the 
entire cycle; If tRwo <!: tRwo(min.), tcwo <!: tcwo(min.), tAwo <!: tAwo(min.) and tcPW;i; tcpw(min.)(Fast Page Mode), the cycle is a Read-
Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the con-
dition of the data (at access time) is indeterminate. 
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------------------- - ---- --------------·- IBM11 M4640C 

4M x 64 DRAM MODULE 

Refresh Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

lcHR 
GAS Hold Time 

18 18 
{GAS before RAS Refresh Cycle) 

- - ns 

lcsR 
GAS Setup Time 
{GAS before RAS Refresh Cycle) 

15 - 15 - ns 

IWRP 
WE Setup Ti~ 

15 
{GAS before RAS Refresh Cycle) - 15 - ns 

lwRH 
WE Hold Time 

8 8 
{GAS before RAS Refresh Cycle) 

- - ns 

IRPC RAS Precharge to GAS Hold Time 3 - 3 - ns 

!REF Refresh Period - 64 - 64 ms 1 

1. 4096 refreshes are required every 64ms. 

Presence Detect Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

!po PDE to Valid Presence Detect Data - 10 - 10 ns 1 

lpQQFF PDE Inactive to Presence Detects Inactive 0 10 0 10 ns 2 

1. Measured with the specified current load and 1 OOpF. 
2. lpooFF{max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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IBM11 M4640C 

4M x 64 DRAM MODULE 

Read Cycle 

V1H
Address 

V1L -

VoH

~SR 

lilco---------lilsH -1-----i 

l:cAs----'' 

IRAo~*"--1----1---tRAL __ _,_ __ __, 
i---+---+-t~L ____ __, 

loEZ----.1 

Dour -----1--- Hi-Z ------~ Valid Data Out 
VoL-

loH __ __., 

I :"H"or"L" ,__ __ loHo __ ---.i 
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---------------------- -----======="="='= IBM11 M4640C 

4M x 64 DRAM MODULE 

Write Cycle (Early Write) 

!Re 

liiAs 

V1H 
RAS 

V1L 

lcsH 

!ReD !ASH 

V1H lcAs 
GAS 

V1L 

!RAD 

IASR !Ase 

V1H 
Address 

Valid Data In 

VoH-

Dol/T --------------Hi-Z ----------------
VoL-

03H7156 
MMDL050SU-OO 
Revised 7194 

l:"H"or"L" 
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-------------- - -IBM11 M4640C ------ -------------·-
4M x 64 DRAM MODULE 

Write Cycle (Late Write) 

!Re 

V1H -
RAS 

V1L -

lcsH 

liico liisH 

V1H -
tcAS CAS 

V1L -

lrulo 

IAs !Ase 

Address 

lwcR 

WE 
V1L 

V1H 
OE 

V1L 

Hi-Z 

DoUT 

~ loez1 

Hi-Z ~1 Hi-Z" 

I : "H" or "L" ·output remains Hi-Z because WE is latched internally following twp min. 
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-------------- - -- - ---- ---------------·- IBM11 M4640C 

4M x 64 DRAM MODULE 

Read-Modify-Write-Cycle 

!Rwc 

IRAs 

V1H-

RAS 
V1L-

lcsH 

!RCD !ASH lcRP 

V1H-
le AS GAS 

V1L- !RAD 

!ASA !Ase 

V1H 

Address 
V1L 

-----+--Hi-Z --------« J----------- Hi-Z* __ 

-toHo I :"H"or"L" 'output remains Hi-Z because WE is latched internally following twp min. 

03H7156 
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IBM11 M4640C 

4M x 64 DRAM MODULE 

Fast Page Mode Read Cycle 

V1H-

RAS 
V1L -

_tRCD 

V1H-

CAS 
V1L -

V1H 

Address 
V1L 

V1H 

WE 
V1L 

V1H 

OE 
V1L 

Dour 
VOL-

i: "H"or"L" 
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!RASP 

lcPRH 

tpe 

loez 

Dour N 

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

tRP 

lcRP 

tRCH 

03H7156 
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Fast Page Mode Write Cycle 

03H7156 
MMDLOSDSU-00 
Revised 7194 

l:"H"or"L" 

IBM11 M4640C 

4M x 64 DRAM MODULE 

!RASP -------------< IAP 
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IBM11 M4640C 

4M x 64 DRAM MODULE 

Fast Page Mode Read-Modify-Write Cycle 

V1H
Address 

V1L -

VoH
Dour 

Vol-

l:"H"or"L" 

Page 580 

Dour 1 DouT2 DourN 

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

tRP 

1:cRP 
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IBM11 M4640C 

4M x 64 DRAM MODULE 

RAS Only Refresh Cycle 

!Ac 

!RAS !AP 

V1H-

RAS 

V1L-

IRPc 

V1H-

CAS 
V1L-

!RAH 

!ASA 

V1H 

Address 

V1L 

VoH-

Dour __________ Hi-Z ----------------

03H7156 
MMDLOSDSU-00 
Revised 7194 

Vol-

l:"H"or"L" 

Note: WE, OE, D1N are "H" or "L" 
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----------------IBM11 M4640C - ----=..:.:= r:: 
4M x 64 DRAM MODULE 

CAS Before RAS Refresh Cycle 

i-------- tooo -----i 

--+--- tcoo ----

D1N V1H -
--+-+------- Hi-Z 

V1L -

D VOH 
OUT 

t---- Hi-Z ------------------

I :"H"or"L" 

Note: Addresses are "H" or "L" 
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--------------- ------::5::::::::::5?5:: 

Presence Detect Read Cycle 

VoH-

PD1-PD8 
VoL-

03H7156 
MMDL05DSU-OO 
Revised 7194 

Valid Presence Detect 

*PD pins must be pulled high at next level of assembly 

IBM11 M4640C 

4M x 64 DRAM MODULE 
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IBM11 M4640C 

4M x 64 DRAM MODULE 

Layout Drawing 

(2X) [I 
3.1877 D 

13335 
5.25 

131.35 
5.171 

127.35 
5.014 

FRONT 

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

0 
0 

±~ x. 
~ 

D O__L_ "" ""= 0 ---:12s5' ooo 
1\D D<!lj u "' D/--,D 
I ( t;l" iITlilim:llil \ 

!JI 
6.35 
.250 

I L 

42.18 
1.661 

65.68 
2.586 

SIDE 
9.oo •

1 .354MAX. 

1.27 ± 0.10 
.050 ± .004 
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', -- 'J~ ~ .050 

1.00WJDTH 

.039 

SEE DETAIL A 
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DETAIL A 
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NOTE: All dimensions are typical unless otherwise stated. Ml~~1~~;~Rs 
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--------
5 : =i'fi: 

Features 

• 168 Pin JEDEC Standard, 8 Byte Dual In-line 
Memory Module 

• 1 Mx72 Fast Page Mode DIMM 

• Performance: 

-60 -70 

!RAC RAS Access Time 60ns 70ns 

1cAc CAS Access Time 20ns 25ns 

tAA Access Time From Address 36ns 41ns 

!Ac Cycle Time 110ns 130ns 

!pc Fast Page Mode Cycle Time 40ns 45ns 

• All inputs and outputs are fully TTL and CMOS 
compatible 

• Single 5V, ± 0.5V Power Supply 

Description 
IBM11M1720BA is an industry standard 168-pin 
8-byte Dual In-line Memory Module (DIMM) which is 
organized as a 1 Mx72 high speed memory array for 
parity applications. The DIMM uses 16 1 Mx4 
DRAMs and 2 1 Mx4 Quad CAS DRAMS in SOJ 
packages. 

Improved system performance is provided by the 
on-DIMM buffering of selected input signals. The 
specified timings include all buffer, net and skew 
delays, which simplifies the memory subsystem 
design analysis. The data and RAS signals are not 
buffered, which preseNes the DRAM access specifi
cations of 60ns and 70ns. 

Presence Detect (PD) and Identification Detect (ID) 
bits provide information about the DIMM density, 

Card Outline 

IBM11M1720BA 

1 M x 72 DRAM MODULE 

• Au contacts 
• Optimized for byte-write parity applications 

• System Performance Benefits: 

- Buffered inputs (except RAS, Data) 
- Reduced noise (32 VssNcc pins) 
- 4 Byte Interleave Enabled 

Byte write, byte read accesses 
- Buffered PDs 

• Fast Page Mode, Read-Modify-Write Cycles 

• Refresh Modes: RAS-Only and CBR 

• 1024 refresh cycles distributed across 16ms 

• 10/10 addressing (Row/Column) 

• Card size: 5.25" x 1 .O" x 0.354" 

• DRAMS in SOJ Package 

addressing, performance and features. PD bits can 
be dotted at the system level and activated for each 
DIMM position using the PD enable (PDE) signal. ID 
bits also allow detection of card features, and may 
be dot-or'd at the system level to provide information 
for the entire DIMM bank. For example, if a x64 or 
x72 (ECC) DIMM were inserted into a bank of x72 
parity DIMMs, IDO (grounded) would indicate that at 
least one DIMM in that memory bank will not func
tion properly. PD8 would indicate what positions, if 
any, contained an ECC DIMM. 

All IBM 168-pin DIMMs provide a high performance, 
flexible 8-byte interface in a 5.25" long space-saving 
footprint. Related products are the x64 non-parity 
(5V) and ECC DIMMs (SV and 3.3V). 

OTOlIOJl n I II I II I I II II I I II I I II I II II I I II n 111IIIIIIII111111II111IIIIIIII111IIII11111 II j 
(Front) 
(Back) 

64G1558 
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IBM11M1720BA 

1 M x 72 DRAM MODULE 

Pin Description 

RASO, roiS2 Row Address Strobe 

CASO-CAS7 Column Address Strobe (Buffered) 

WEO,WE2 Read/write Input (Buffered) 

OEO, 0!:':2 Output Enable (Buffered) 

AO, BO, A1 - A9 Address Inputs (Buffered) 

DOx Data lnpuVOutput 

POx Parity lnpuVOutput 

Vee Power (+SV) 

Vss Ground 

NC No Connect 

PD1 - PD8 Presence Detects (Buffered) 

PDE Presence Detect Enable 

IDO-ID1 ID Bits 

Ordering Information 

Part Number Organization 

IBM11M1720BA-60 1Mx72 

IBM11M1720BA-70 1Mx72 

Page 586 

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

Pin out 

Pin# 
Front 

Pin# 
Back 

Pin# 
Front 

Pin# 
Back 

Side Side Side Side 

1 Vss 8S Vss 43 Vss 127 Vss 
2 DQO 86 DQ36 44 m::2 128 NC 
3 D01 87 D037 4S roiS2 129 NC 
4 D02 88 DQ38 46 eAS4 130 ms 
s D03 89 DQ39 47 ms 131 Ci\87 
6 Vee 90 Vee 48 WE2 132 PDE" 
7 DQ4 91 DQ40 49 Vee 133 Vee 
8 DOS 92 DQ41 so NC 134 NC 
9 DOG 93 DQ42 S1 NC 13S NC 
10 D07 94 DQ43 S2 D018 136 D054 
11 P08 9S PQ44 S3 D019 137 DOSS 
12 Vss 96 Vss S4 Vss 138 Vss 
13 D09 97 DQ4S SS D020 139 DQSG 
14 D010 98 DQ46 SG D021 140 DQS7 
1S D011 99 DQ47 S7 D022 141 DQS8 
16 D012 100 DQ48 S8 D023 142 DOS9 
17 D013 101 DQ49 S9 Vee 143 Vee 

18 Vee 102 Vee 60 D024 144 D060 

19 D014 103 DOSO 61 NC 14S NC 
20 D015 104 DOS1 62 NC 146 NC 
21 D016 10S DOS2 63 NC 147 NC 
22 P017 106 PQS3 64 NC 148 NC 
23 Vss 107 Vss 6S D02S 149 D061 
24 NC 108 NC 66 P026 1SO PQ62 
2S NC 109 NC 67 DQ27 1S1 D063 
26 Vee 110 Vee 68 Vss 1S2 Vss 
27 WEO 111 NC 69 D028 153 D064 
28 CASO 112 CAS1 70 D029 154 DOGS 
29 Ci'i'S2 113 Ci'i'S3 71 D030 15S DOGS 
30 RASO 114 NC 72 D031 1S6 D067 
31 m::o 11S NC 73 Vee 1S7 Vee 
32 Vss 116 Vss 74 D032 1S8 D068 
33 AO 117 At 7S D033 1S9 0069 
34 A2 118 A3 76 DQ34 160 OQ70 
3S M 119 AS 77 PQ3S 161 PQ71 

36 AS 120 A7 78 Vss 162 Vss 
37 A8 121 A9 79 PD1 163 P02 
38 NC 122 NC 80 PD3 164 P04 
39 NC 123 NC 81 POS 16S PD6 
40 Vee 124 Vee 82 P07 166 PD8 
41 NC 12S NC 83 IDO 167 101 
42 NC 126 BO 84 Vee 168 Vee 

Note: All pin assignments are consistent for all 8 Byte versions. 

Speed Leads 

60ns Au 

70ns Au 

Dimension 

5.25"x1 .O"x 0.354" 

5.25"x1 .O"x 0.354" 

Notes 

64G1558 
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--------------- ---- - --- IBM11M1720BA - ---------------·-
1M x 72 DRAM MODULE 

Block Diagram 

OEO OE2 
WEO WE2 

CASO CAS4 

GAS RAS WE 5E GAS RAS WE 5E 

DO D8 

RAS WE 5E GAS RAS WE 5E 
VO 0 

D1 D9 

RAS WE 5E GAS RAS WE 5E 

PQS D16 (1/4) PQ44 D17 (1/4) 

CAS1 CAS5 
RAS WE 5E GAS RAS WE 5E 

VO 0 

D2 D10 

RAS WE OE GAS RAS WE OE 
VO 0 

D3 D11 

RAS WE OE GAS RAS WE OE 
D16 (214) D17 (214) 

CAS2 
RAS WE OE GAS RAS WE OE 

D4 D12 

RAS WE 5E GAS" RAS' WE OE 

D5 D13 

RAS WE 5E GAS RAS WE OE Vss y- PD 1 - 8 (when =O, 1 =NC) 

D16 (3/4) D17 (3/4) PDE 

RAS WE 5E RAS WE 5E A1 -AN --{>- A1 -AN: DRAMS DO - D17 

AO ---t>- AO: DRAMS DO-D7, D16 
D6 VO 1 D14 

V02 BO ----{>-- AO: DRAMS D8-D15, D17 
VO 3 

RAS WE 5E GAS RAS WE OE 

D7 D15 
Vee DO - D17, Buffers 

Vss DO - D17, Buffers 

RAS ~ 5E eAS" RAS ~ 5E 

D16 (4/4) D17 (4/4) 

64G1558 Page 587 
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IBM11M1720BA 

1M x 72 DRAM MODULE 

Truth Table 

Function RAS CAS WE OE 

Standby H x x x 
Read L L H L 

Early-Write L L L x 
Late-Write I RMW L L H-+L H-+L 

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

Subsequent Cycles L H-+L H L 

Fast Paga Mode - Write 
L H-+L L x 

1st Cycle 

Subsequent Cycles L H-+L L x 
Fast Page Mode - RMW 

L H-+L H-+L H-+L 
1st Cycle 

Subsequent Cycles L H-+L H-+L H-+L 

RAS-Only Refresh L H x x 
CA'S-Before-RAS Refresh H-+L L H x 
Read Presence Detects x x x x 

Presence Detect 
Pin 

PD1 (PD1 - PDS: Addressing/Density) 

PD2 

PD3 

PD4 

PDS 

PD6 (PD6 - PD7: Speed) 

PD7 

PD8 (Parity/ECC Designa1or) 

IDO (DIMM Type/Width) 

101 (Refresh Mode) 

1. PD1-8 are buffered outputs (0 =driven to VoL. 1 =open) 
2. ID0-1 are unbuffered outputs (0 = Vss, 1 =open) 

Page 588 

Row Column 
Address Address 

x x 
Row Col 

Row Col 

Row Col 

Row Col 

N/A Col 

Row Col 

NIA Col 

Row Col 

NIA Col 

Row NIA 

x x 

x x 

-60 

0 

0 

1 

0 

0 

1 

1 

1 

1 

0 

PDE 

x 
x 
x 

x 

x 

x 

x 

x 

x 

x 

x 
x 

L 

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

Dax, Pax 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

Not Affected 
(PD Bits Valid) 

-70 

0 

0 

1 

0 

0 

0 

1 

1 

1 

0 
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--------------- -- - ---- --------·----·- IBM11M1720BA 

1 M x 72 DRAM MODULE 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -0.5 to 6.5 v 1 

V1N Input Voltage -0.7 to Vee +0.7 v 1 

VouT Output Voltage -0.7 to Vee +0.7 v 1 

ToPR Operating Temperature Oto+70 oc 1 

Tsm Storage Temperature -55 to +125 oc 1 

Po Power Dissipation 11.7 w 1 

lo UT Short Circuit Output Current 50 mA 1 

louTPD Short Circuit Output Current (PD) 60 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only and functional opera-
lion of the device at these or any other conditions above those indicated is not implied. Exposure to absolute maximum rating con-
dition for extended periods may affect reliability. 

Recommended DC Operating Conditions (TA= o 101o'c> 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss. 

Capacitance (TA= o to +1o'c, Vee= 5.o ±0.5V) 

Symbol 

C11 

C12 

c,. 
C14 

C1s 

64G1558 
MMDLOSDSU-00 
Revised 7194 

Parameter 

Input Capacitance (AO, BO, A1-A9) 

Input Capacitance (RAS) 

Input Capacitance (CAS, WE, OE) 

DOx Capacitance 

POx Capacitance 

Min 

4.5 

2.4 

0.0 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee v 1 

- 0.8 v 1 

Max Units Notes 

13 pF 

70 pF 

13 pF 

15 pF 

15 pF 
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----------------IBM11M1720BA - ----:::::::::::!i:: 
1M x 72 DRAM MODULE 

DC Electrical Characteristics (TA= o 10 +1o·c, Vee= s.o ± o.svi 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 2120 
lcc1 Avera~wer Supply Operating Current mA 1,2,3 

(RAS, CAS, Address Cycling: IRC = IRC min) -70 - 1908 

Standby Current (TTL) 
lcc2 Power S~y Standby Current - 37 mA 

(RAS = CA ;:: V1H) 

RAS Only Refresh Current -60 - 2120 
Ices Average Powe~ply Current, RAS Only Mode mA 1,3 

(RAS Cycling, GAS;:: V1H: IRc = IRc min) -70 - 1908 

Fast Page Mode Current -60 - 1340 
lcc4 Average Power Supply Current, Fast Page Mode mA 1,2,3 

(RAS,;; V1l, CAS, Address Cycling: lpc = lpc min) -70 - 1240 

Standby Current (CMOS) 
Ices Power Supply Standby Current 

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

CAS before RAS Refresh Current -60 - 2120 
Ices Avera~wer Supply Current, CAS Before RAS Mode mA 1,3 

(RAS, GAS, Cycling; 1Rc =!Re min) -70 - 1908 

Input Leakage Current All but RA§ -10 +10 
l1(l) Input Leakage Current, any Input µA 

(0.0,;; V1N,;; (Vee< 6.0V)), All Other Pins Not Under Test= OV RAS -90 +90 

lo(l) 
Output Leakage Current 

-10 +10 µA (DoUT is disabled, 0.0,;; VoUT,;; Vee) 

VoH 
Output High Level 

2.4 - v Output "H" Level Voltage (loUT = -5mA@ 2.4V) 

Vol 
Output Low level 

- 0.4 v Output "L" Level Voltage (louT = +4.2mA @ 0.4V) 

1. lcc1 ,lccs.lcC4 and Ices depend on cycle rate. 
2. lcc1 ,lcc4 depend on output loading. Specttied values are obtained with output open. 
3. Address cen be changed once or less while RAS= Vil· In the case of lcc4, It cen be changed once or less when GAS = V1H. 

Page 590 64G1558 
MMDL06DSU-OO 

Revised 7194 



---------------------.:..=.::ii: IBM11M1720BA 

1 M x 72 DRAM MODULE 

AC Characteristics (TA= o to +10°c, Vee= 5.0 ± 0.5V) 

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 alter 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. The 1 Mx4 DRAM outputs will remain disabled until these 8 cycles have occurred. This prevents data contention 
(excessive current) during power on. To prevent excess power dissipation during power-up, RAS should rise coincident with the 
power supply voltage. 

3. The specttied timings include buffer, loading and skew delay adders: 2ns minimum, 5ns (CAS, WE, OE) or Sns (address) maximum 
delay, no pulse shrinkage to the DRAM device timings. The data and RAS signals are not buffered, which preserves the DRAM 
access specifications of 60ns and 70ns. 

4. AC measurements assume IT = 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tRc Random Read or Write Cycle Time 110 - 130 - ns 

!RP RAS Precharge Time 40 - 50 - ns 

lcp CAS Precharge Time 10 - 10 - ns 1 

IRAS RAS" Pulse Width 60 10K 70 10K ns 

lcAS CAS Pulse Width 15 - 20 - ns 2 

IAsR Row Address Setup Time 6 - 6 - ns 

!RAH Row Address Hold Time 8 - 8 - ns 

IAsc Column Address Setup Time 4 - 4 - ns 

tcAH Column Address Hold Time 17 - 17 - ns 

tRco RAS to CAS Delay Time 18 40 18 45 ns 3 

!RAD RAS to Column Address Delay Time 13 24 13 29 ns 4 

IRsH RAS Hold Time 20 - 25 - ns 

lcsH CAS Hold Time 58 - 68 - ns 

le RP CAS to RAS Precharge Time 15 - 15 - ns 

looo OE to D1N Delay Time 20 - 25 - ns 5 

lozo OE Delay Time from D1N -2 - -2 - ns 

lozc CAS Delay Time from D1N -2 - -2 - ns 

!AR Column Address Hold Time Referenced to RAS 57 - 62 - -

lcLCH Hold Time CAS Low to CAS High 10 - 10 - ns 6 

IT Transition Time (Rise and Fall) 3 50 3 50 ns 

1. Last rising CASx edge to first falling CASx edge. 
2. 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 15ns plus a minimum loH of 2ns 
would result in turning data out of the DIMM at 17ns (3ns before max lcAc of 20ns). 

3. Operation within the IRco(max) limit ensures that IRAc(max) can be met. The IRco(max) is specified as a reference point only: If IRco 
is greater than the specified IRco(max) limit, then access time is controlled by lcAC. 

4. Operation within the IRAo(max) limit ensures that tRAc(max) can be met. The IRAo(max) is specified as a reference point only: If IRAo 
is greater than the specified tRAo(max) limit, then access time is controlled by tAA. 

5. Either lcoo or 1000 must be satisfied. 
6. Last felling CASx edge to first rising CASx edge. 

64G1558 
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--------- -------IBM11M1720BA - ----- -------------·-
1M x 72 DRAM MODULE 

Write Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

lwcs Write Command Set Up Time 2 - 2 - ns 1 

twcH Write Command Hold Time 17 - 17 - ns 

tWP Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to RAS Lead Time 20 - 25 - ns 

lcWL Write Command to CAS Lead Time 17 - 22 - ns 

twcR Wrne Command Hold Time Referenced to RAS 47 - 57 - ns 

toHR Data Hold Time Referenced to RAS 50 - 55 - ns 

los DtN Setup Time -2 - -2 - ns 2 

loH D1N HoldTime 20 - 20 - ns 2 

1. twcs, tRwo. tcwo. tAwo. and lcPw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs ~ twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circun (high impedance) through 
the entire cycle; If tRWD ~ IRwo(min.), tcwo ~ tcwo(min.), tAwo ~ tAwo(min.) and lcPw~ lcPw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condnion of the data (at access time) is indeterminate. 

2. Data-in set-up and hold is measured from the latter of the two timings, CAS or WE. 
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-------------- - -- - ---- ---------- IBM11M1720BA ----·-
1 M x 72 DRAM MODULE 

Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tRAC Access Time from RAS - 60 - 70 ns 1,2 

tcAC Access Time from CAS - 20 - 25 ns 1,2 

tAA Access Time from Address - 36 - 41 ns 1,2 

toEA Access Time from OE - 20 - 25 ns 1,2 

tRcs Read Command Setup Time 2 - 2 - ns 

tRcH Read Command Hold Time to CAS 2 - 2 - ns 3 

tRRH Read Command Hold Time to RAS 3 - 3 - ns 3 

tRAL Column Address to RAS Lead Time 36 - 41 - ns 

tcAL Column Address to CAS Lead Time - - - - ns 4 

tcLZ CAS to Output in Low-Z 2 - 2 - ns 

tROH RAS Hold to Output Enable 15 - 15 - ns 

loH Output Data Hold Time 2 - 2 - ns 

loHO Output Data Hold Time from OE 2 - 2 - ns 

toEZ Output Buffer Turn-off Delay from OE 2 20 2 25 ns 5 

lcoo GAS to D1N Delay Time 20 - 25 - ns 6 

toFF Output Buffer Turn-off Delay 2 20 2 25 ns 5 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is detennined by the latter of tRAc. tcAc. tcpA, tAA, toEA· 
3. Either tRcH or tRRH must be satisfied. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 
5. loFF (max) and toEz (max) define the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
6. Either tcoo or tooo must be satisfied. 

64G1558 
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--------- ----- - -IBM11M1720BA - ----:::.:.::::Ti: 
1 M x 72 DRAM MODULE 

Fast Page Mode Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tpc Fast Page Mode Cycle Time 40 - 45 - ns 

tRASP Fast Page Mode RAS Pulse Width 60 100K 70 100K ns 

lcPRH RAS Hold Time from CAS Precharge 40 - 45 - ns 

lcPA Access Time from CAS Precharge - 40 - 45 ns 1,2 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAc. tcpA, tAA, toEA· 

Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tRwc Read-Modify-Write Cycle Time 158 - 188 - ns 

tRWD RAS to~ Delay Time 83 - 98 - ns 1 

tcwo CAS to WE Delay Time 45 - 55 - ns 1 

tAwD Column Address to WE Delay Time 59 - 69 - ns 1 

toEH OE Command Hold Time 15 - 20 - ns 

1. twcs, tRwo. tcwo. tAwo. and lcPw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcsl!: twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRwo :!!: tRwo(min.), tcwo :!!: tcwo(min.), tAwo :!!: tAwo(min.) and tcpwl!: tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 

-60 
Symbol Parameter 

Min Max Min 

tPRWC Fast Page Mode Read-Modify-Write Cycle Time 83 - 98 

tepw WE Delay time from CAS Precharge - - -

1. This timing parameter is not applicable to this product, but applies to a related product in this family. 
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-70 

Max 

-
-

Unit Notes 

ns 

ns 1 
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--------- ----- - -- - ---- - -------------·- IBM11M1720BA 

1M x 72 DRAM MODULE 

Refresh Cycle 

-60 -70 
Symbol Parameler Unil Noles 

Min Max Min Max 

lcHR 
CAS Hold Time 

18 18 
(CAS before RAS Refresh Cycle) 

- - ns 

lcsR 
CAS Setup Time 

15 - 15 - ns 
(CAS before RAS Refresh Cycle) 

twRP 
WE Setup Ti~ 

15 - 15 - ns 
(CAS before RAS Refresh Cycle) 

twRH 
WE Hold Time 

8 8 -
(CAS before RAS Refresh Cycle) 

- ns 

lRPC RAS Precharge lo CAS Hold Time 3 - 3 - ns 

lREF Refresh Period - 16 - 16 ms 1 

1. 1024 refreshes are required every 16ms. 

Presence Detect Read Cycle 
-60 -70 

Symbol Parame1er Unit Notes 
Min Max Min Max 

lpo PDE to Valid Presence Detect Data - 10 - 10 ns 1 

tpooFF PDE lnaclive to Presence Detects Inactive 0 10 0 10 ns 2 

1. Measured wilh lhe specified currenl load and 1 OOpF. 
2. lpooFF(max) defines lhe time al which the oulpul achieves the open circuil condition and is nol referenced lo outpul vollage levels. 

64G1558 
MMDL06DSU-OO 
Revised 7194 
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IBM11M1720BA 

1M x 72 DRAM MODULE 

Read Cycle 

V1H
Address 

VoH

IAsR 

1---------lilAs---------t 

14----------tcsH----~ 

lilAo~~-+----t---tRAL __ -+---~ 
.._-+---+-tcAL ____ --t 

tASc 

tcLz 
toez __ _ 

Dol/T -----+-- Hi-Z --------j Valid Data Out 
VoL-

I :"H"or"L" ___ toHo, ___ .. 
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Hi-Z __ 
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--------------- -- ----- --------·----·- IBM11 M1720BA 

1 M x 72 DRAM MODULE 

Write Cycle {Early Write) 

~c 

~s ~p 

V1H -
RAS 

V1L -

fcsH 

tRco tRSH 

CAS V1H -
or 

CASx V1L -

tRAD 

tASR tAsc 

V1H 
Address 

VIL 

Valid Data In 

VoH-
DoUT _______________ Hi·Z ----------------

VoL-

64G1558 
MMDLOSDSU-00 
Revised 7 /94 

I :"H"or"L" 
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-------------IBM11M1720BA - - -- ----- --------·----·-
1 M x 72 DRAM MODULE 

Write Cycle {Late Write) 

!Re 

IRAS 

V1H -
RAS 

V1L -

lcsH 

~CD tRSH 

CAS V1H -
or 

CASx V1L -

41Ao 

~s !Ase 

V1H 
Address 

V1L 

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

I : "H" or "L" ·output remains Hi-Z because WE is latched internally following twp min. 

Page 598 64G1558 
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---------------------- -------------·- IBM11M1720BA 

1 M x 72 DRAM MODULE 

Read-Modify-Write-Cycle 

tRwc 

IRAs 

V1H-

RAS 
V1L-

lcsH 

!Rco !RSH le RP 

CAS V1H- le As or 
!cLCH 

CASx V1L- ~AO 

!ASR !Ase 

V1H 

Address 
V1L 

!cLZ 

VoH-
DoUT ----+-- Hi-Z ______ __..,,, 

VoL-

I>---------- Hi-Z* --

-loHO I :"H"or"L" ·output remains Hi-Z because WE is latched internally following twp min. 

64G1558 
MMDLOSDSU-00 
Revised 7194 
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IBM11M1720BA 

1M x 72 DRAM MODULE 

Fast Page Mode Read Cycle 

V1H-
RAS 

V1L-

_tRCO 

CAS V1H-
or 

CASx V1L-

Address 

----tRAc 

tcLZ..j 

Dour 
Vol-

l :"H"or"L" 

Page600 

tRASP 

tcPRH 

tpe 

DourN 

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

tRP 

tcRP 

64G1558 
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--------------- ------=:::::=:= ~ = 
Fast Page Mode Write Cycle 

or 

VoH
Dour 

64G1558 
MMDLOSDSU-00 
Revised 7 /94 

V01.-

I :"H"or"L" 

IBM11M1720BA 

1M x 72 DRAM MODULE 

!RASP ------------_, !RP 
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IBM11M1720BA 

1M x 72 DRAM MODULE 

Fast Page Mode Read-Modify-Write Cycle 

CAS V1H
or 

CAS"x v,L -

V1H
Address 

V1L -

VoH
Dour 

VoL-

l:"H"or"L" 

Page 602 

14-------- IAAsP --------------"1 

Dour 1 Dour2 DourN 

--------------- -- ----- ----------___ .,_ 

tRP 

lcRP 

64G1558 
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IBM11M1720BA 

1 M x 72 DRAM MODULE 

RAS Only Refresh Cycle 

-------~AS---------ot 

~PC 

CAS V1H-
or 

CASx V1L-

tRA 

IAsR 

V1H 

Address 

V1L 

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

64G1558 
MMDLOSDSU-00 
Revised 7194 

VoL-

11 : "H" or "L" 

Note: WE, OE, D1N are "H" or "L" 
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IBM11M1720BA 

1 M x 72 DRAM MODULE 

CAS Before RAS Refresh Cycle 

~PC 

CAS V1H -
or 

t---- lcHR ----i r--------

CASX V1L -

14---- looo ----i 

14--+--- !coo -----i 

D1N V1H -
---+-+------- Hi-Z 

V1L -

loez 

loFF ---. 

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

DOUT VoH-

>----Hi-Z ------------------

I :"H"or"L" 

Note: Addresses are "H" or "L" 

Page604 64G1558 
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-------------= ==== :5:::5:e:::5? = 

Presence Detect Read Cycle 

VoH-

PD1-PD8 
VoL-

64G1558 
MMDL06DSU-OO 
Revised 7194 

Valid Presence Detect 

*PD pins must be pulled high at next level of assembly 

IBM11M1720BA 

1M x 72 DRAM MODULE 
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IBM11M1720BA 

1M x 72 DRAM MODULE 

Layout Drawing 

13335 
5.25 

131.35 
5.171 

127.35 
5.014 

FRONT 

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

=~2=~~-----il L \ -- I 1.27 PITCH :::1~ 
------ ~1: 

42.18 
1.661 

65.68 
2.586 

.050 

1.00WIDTH 
.=03~9----1-

SEE DETAIL A 

SIDE DETAIL A 
9.00 

SCALE 4/1 

'Q~ 
-----

.354MAX. ,,. ,,. ' ' / 

' / , ' I \ 

I \ 

I \ 

I I 
I 
I 
I 

l[l 
I 

I 
I 

1.27 ± 0.10 \ 
I 

I 
.050 ± .004 \ 

/ 

' ' 
/ 

' ,,. / 

' ,,. ------

NOTE: All dimensions are typical unless otherwise stated. Ml'M~~~Rs 
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--------- ------ -- - ---- - ------------·-

Features 
• 168 Pin JEDEC Standard, 8 Byte Dual In-line 

Memory Module 

• 2Mx72 Fast Page Mode DIMM 
• Performance: 

-60 -70 

!RAC RAS Access Time 60ns 70ns 

lcAc GAS Access Time 20ns 25ns 

!AA Access Time From Address 36ns 41ns 

!Re Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

• All inputs and outputs are fully TIL and CMOS 
compatible 

• Single 5V, ± 0.5V Power Supply 
• Au contacts 
• Optimized for byte-write parity applications 

Description 

IBM11 M2720L is an industry standard 168-pin 
8-byte Dual In-line Memory Module (DIMM) which is 
organized as a 2Mx72 high speed memory array 
and is configured as 2 1 Mx72 banks. The DIMM 
uses 8 1Mx18 DRAMs in TSOP packages, and is 
intended for parity applications. 

Improved system performance is provided by the 
on-DIMM buffering of selected input signals. The 
specified timings include all buffer, net and skew 
delays, which simplifies the memory subsystem 
design analysis. The data and RAS signals are not 
buffered, which preserves the DRAM access specifi
cations of 60ns and 70ns. 

Presence Detect (PD) and Identification Detect (ID) 
bits provide information about the DIMM density, 

Card Outline 

IBM11 M2720L 

2M x 72 DRAM MODULE 

• System Performance Benefits: 

- Buffered inputs (except RAS, Data) 
- Reduced Noise (32 Vss/Vcc pins) 

4 Byte Interleave enabled 
- Byte write, byte read accesses 
- Buffered PDs 

• Fast Page Mode, Read-Modify-Write Cycles 

• Refresh Modes: RAS-Only and CBR 

• 1024 refresh cycles distributed across 16ms 

• 10/1 O addressing (Row/Column) 

• Card size: 5.25" x 1.0" x 0.157'' 

• DRAMS in TSOP Package 

addressing, performance and features. PD bits can 
be dotted at the system level and activated for each 
DIMM position using the PD enable (PDE) signal. ID 
bits also allow detection of card features, and may 
be dot-or'd at the system level to provide information 
for the entire DIMM bank. For example, if a x64 or 
x72 (ECC) DIMM were inserted into a bank of x72 
parity DIMMs, IDO (grounded) would indicate that at 
least one DIMM in that memory bank will not func
tion properly. PD8 would indicate what positions, if 
any, contained an ECC DIMM. 

All IBM 168-pin DIMMs provide a high performance, 
flexible 8-byte interface in a 5.25" long space-saving 
footprint. Related products are the x64 non-parity 
(5V) and ECC DIMMs (5V and 3.3V). 

rrmmmn II 111111I111111111111111111 II n 111111111111111111111111111111111111111111 II j 
(Front) 
(Back) 

64G3443 
MMDL07DSU-OO 
Revised 7 /94 

I 10 II 40 41 84 
85 94 95 124 125 168 
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IBM11 M2720L 

2M x 72 DRAM MODULE 

Pin Description 
iiiiSo -ii'iiS3 Row Address Strobe 

CASO-CAS7 Column Address Strobe (Buffered) 

wto, wi;"2 Read/write Input (Buffered) 

OEO,OE2 Output Enable (Buffered) 

AO, BO, A1 -A9 Address Inputs (Buffered) 

DQx Data Input/output 

PQx Parity Input/output 

Vee Power(+SV) 

Vss Ground 

NC No Connect 

PD1 -PD8 Presence Detects (Buffered) 

~ Presence Detect Enable 

IDO-ID1 ID Bits 

Ordering Information 
Part Number Organization 

IBM11M2720LA-60 2Mx72 

IBM11M2720LA-70 2Mx72 

Page 608 

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

Pin out 

Pin# 
Front 

Pin# 
Back Pin# Front 

Pin# 
Back 

Side Side Side Side 

1 -Vss SS -Yss 43 Vss 127 Vss 
2 DOO 86 D036 44 lSE2 128 NC 
3 DOI 87 D037 4S RAS2 129 ii'iiS3 
4 D02 88 D038 46 CAS4 130 CASS 
s D03 89 D039 47 CASS 131 CAS'1 
6 Vee 90 Vee 48 WE2 132 PDE 

7 DQ4 91 D040 49 Vee 133 Vee 
8 DOS 92 D041 so NC 134 NC 
9 D06 93 D042 S1 NC 135 NC 
10 DQ7 94 D043 S2 D018 13S D054 
11 P08 9S P044 S3 D019 137 DOSS 
12 Vss 96 Vss S4 Vss 138 Vss 
13 D09 97 D04S SS 0020 139 DOSS 
14 D010 98 D04S SS D021 140 DOS7 
IS D011 99 D047 S7 0022 141 DOSS 
16 DOl2 100 D048 SS 0023 142 DOS9 

17 D013 101 D049 S9 Vee 143 Vee 

18 Vee 102 Vee so D024 144 D060 

19 D014 103 DOSO 61 NC 14S NC 
20 DOIS 104 DOSI 62 NC 146 NC 
21 D016 !OS DOS2 63 NC 147 NC 
22 P017 !OS POS3 64 NC 148 NC 

23 Vss 107 Vss 6S D02S 149 D061 
24 NC 108 NC 66 P026 1SO P062 
2S NC 109 NC 67 D027 1S1 D063 
26 Vee 110 Vee SS Vss 1S2 Vss 
27 WEO 111 NC 69 D028 1S3 0064 
28 CASO 112 CASI 70 0029 1S4 DQ65 
29 CAS2 113 CAS3 71 D030 1SS DQ66 
30 mo 114 m1 72 0031 1S6 DOS7 
31 OEO 11S NC 73 Vee 1S7 Vee 

32 Vss 11S Vss 74 D032 1S8 DQ68 
33 AO 117 At 7S D033 1S9 D069 
34 A2 118 A3 76 D034 160 0070 
3S A4 119 AS 77 P03S 161 P071 

36 AS 120 A7 78 Vss 162 Vss 
37 AS 121 A9 79 PD1 163 PD2 
38 NC 122 NC 80 PD3 164 PD4 
39 NC 123 NC 81 PDS !SS PD6 

40 Vee 124 Vee 82 PD7 !SS PD8 

41 NC 12S NC 83 IDO 167 ID! 
42 NC 126 BO 84 Vee 168 Vee 

Note: All pin assignments are consistent for all 8 Byte versions. 

Speed Leads 

60ns Au 

70ns Au 

Dimension 

5.25"x1 .O"x0.157" 

5.25"x1.0"x0.157" 

Notes 

64G3443 
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------------------ ---::::::::::::::: ~ = 

Block Diagram 

RAS1 
OEO 
WEO 

RAS 
CASO LCAS 

1/00 
1/01 DO 
1/02 
1/03 
1/04 
1/05 
1/06 
l/07 
l/08 

UCAS 
1/09 
1/010 
1/011 

RAS 
CAS2 LCAS 

l/00 
1/01 D1 
1/02 
1/03 
1/04 
1/05 
1/06 
1/07 
1/08 

Uc:ilS 
1/0 9 
1/010 
1/011 
1/012 
1/013 
1/014 
1/015 
1/0 16 
1/017 

Vss =ff--PD 1-8 
J55r 

(when = 0, 1 =NC) 

64G3443 
MMDL07DSU-OO 
Revised 7 /94 

WE RAS WE 

LCAS 

1/00 
1/01 D4 
1/02 
l/03 
1/04 
1/05 
1/06 
l/07 
1/08 

UCAS 
1/09 
1/010 
1/011 
1/012 
1/013 
1/014 
1/015 
1/016 
1/017 

w.- RAS WE 

LCAS 

1/00 
1/01 DS 
1/02 
1/03 
1/04 
1/05 
1/06 
1/07 
1/08 

UCAS 
1/09 
1/010 
1/011 
1/012 
1/013 
1/014 
1/015 
1/016 
1/017 

A1 -AN 

AO 

BO 

IBM11 M2720L 

2M x 72 DRAM MODULE 

RAS3 
OE2 
WE2 

OE RAS WE OE RAS w.- OE 
CAS4 LCAS LCAS 

1/00 1/00 
1/01 D2 1/01 DB 
110 2 1/02 
103 l/03 

1/04 

1106 1/06 
1107 1/07 
1/08 1/08 

UCAS UCAS 
1109 1/09 

1/0 10 
1/011 
1/012 

VO 13 1/013 
1/014 
1/015 
1/0 16 
1/017 

OE RAS RAS WE OE 
CASS LCAS LCAS 

1/00 1/00 

D3 1/01 D7 
1/02 
1/03 
1/04 
1/05 

1/06 1/06 
1/07 1/07 
1/08 1/08 

UCAS UCAS 
1/09 1/09 
1/010 1/010 
1/0 II 1/011 
1/0 12 1/012 
1/013 1/0 13 
110 14 1/014 
1/015 1/015 

0070- 1:016 1/0 16 
PQ71- 1/017 1/0 17 

----(>---- A1-AN: DRAMS DO-D7 Vee DO - D7, Buffers 

-I>-- AO: DRAMS DO,D1 ,D4,DS Vss DO - D7, Buffers 

----(>---- AO: DRAMS D2,D3,D6,D7 
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IBM11 M2720L 

2M x 72 DRAM MODULE 

Truth Table 

Function RAS CAS WE OE 

Standby H x x x 
Read L L H L 

Early-Write L L L x 

Late-Write I RMW L L H4L H4L 

Fast Page Mode - Read L H4L H L 
1st Cycle 

Subsequent Cycles L H4L H L 

Fast Page Mode - Write 
L H4L L x 

1st Cycle 

Subsequent Cycles L H4L L x 
Fast Page Mode - RMW 

L H4L H4L H4L 
1st Cycle 

Subsequent Cycles L H4L H4L H4L 

RAS-Only Refresh L H x x 
CAS-Before-'RAS"Refresh H4L L H x 

Read Presence Detects x x x x 

Presence Detect 
Pin 

PD1 (PD1 - PDS: Addressing/Density) 

PD2 

PD3 

PD4 

PDS 

PD6 (PD6 - PD7: Speed) 

PD7 

PD8 (Parity/ECC Designator) 

IDO (DIMM Type/Width) 

ID1 (Refresh Mode) 

1. PD1-8 are buffered outputs (0 •driven to VoL. 1 =open) 
2. ID0-1 are unbuffered outputs (0 = Vss, 1 =open) 

Page610 

Row Column 
Address Address 

x x 
Row Col 

Row Col 

Row Col 

Row Col 

NIA Col 

Row Col 

N/A Col 

Row Col 

N/A Col 

Row N/A 

x x 

x x 

-60 

1 

0 

1 

0 

0 

1 

1 

1 

1 

0 

PDE 

x 
x 
x 

x 

x 

x 

x 

x 

x 

x 

x 
x 

L 

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

DOx, PQx 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

Not Affected 
(PD Bits Valid) 

-70 

1 

0 

1 

0 

0 

0 

1 

1 

1 

0 

64G3443 
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--------------- ------- --------·----·- IBM11 M2720L 

2M x 72 DRAM MODULE 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -1.0 to +7.0 v 1 

V1N Input Voltage -0.5 to min (Vee +0.5, 7.0) v 1 

Vour Output Voltage -0.5 to min (Vee +0.5, 7.0) v 1 

ToPR Operating Temperature Oto +70 oc 1 

Tsro Storage Temperature -55 to +125 oc 1 

Po Power Dissipation 9.25 w 1,2 

lour Short Circuit Output Current 50 mA 1 

lourPD Short Circuit Output Current (PD) 60 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only and functional opera-
lion of the device at these or any other conditions above those indicated is not implied. Exposure to absolute maximum rating con-
dition for extended periods may affect reliability. 

2. Maximum power occurs when all banks are active. 

Recommended DC Operating Conditions (TA= o 1010°ci 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss. 

Capacitance (TA= o to +10°c, Vee= 5.o ± o.5V) 

Symbol 

C11 

C12 

C13 

C14 

C1s 

64G3443 
MMDL07DSU-OO 
Revised 7194 

Parameter 

Input Capacitance (AO, BO, A1-A9) 

Input Capacitance (RAS) 

Input Capacitance (GAS, WE, OE) 

DOx Capacitance 

POx Capacitance 

Min 
-

4.5 

2.4 

-0.5 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee v 1 

- 0.8 v 1 

Max Units Notes 

13 pF 

25 pF 

13 pF 

22 pF 

22 pF 
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-------------- - -IBM11 M2720L - ----- --------------·-
2M x 72 DRAM MODULE 

DC Electrical Characteristics (TA= oto +1o·c. Vee= s.o ±o.sv) 

Symbol Parameter Min Max Untts Notes 

Operating Current -60 - 848 
lcc1 Avera~wer Supply Operating Current mA 1,2,3 

{1iAS, C S, Address Cycling: tRC = tRC min) -70 - 748 

Standby Current (TTL) 
lcca ~r S~y Standby Current 

(RAS = CAS ~ V1H) 
- 16 mA 

RAS Only Refresh Current -60 - 848 
Ices ~ge P~we~ply Current, RAS_ Only Mode mA 1,3,4 

(RAS Cycling, C ~ V1H: tRc = tRc min) -70 - 748 

FaS1 Page Mode Current -60 - 368 
lcC4 Average Power Supply Current, Fast Page Mode mA 1,2, 3 

(RAS s V1L. CAS, Address Cycling: lpc = tpc min) -70 - 328 

Standby Current (CMOS) 
Ices Power ~y Standby Current - 8 mA 

(1UlS = = Vcc-0.2V) 

GAS before RAS Refresh Current -60 - 848 
Ices Average Power Supply Current, CAS Before RAS Mode mA 1,3,4 

(RAS, CAS, Cycling: tRc = !Re min) -70 - 748 

Input Leakage Current All but RAS -10 +10 
l1(L) Input Leakage Current, any Input µA 

(0.0 s V1N s (Vee< 6.0V)), All Other Pins Not Under Test= OV RAS -20 +20 

lo(L) 
Output Leakage Current 

-20 +20 µA 
(DoUT is disabled, 0.0 S VoUT S Vee) 

VoH 
Output High Level 

2.4 - v Output "H" Level Voltage (lour= -5mA@ 2.4V) 

Vol 
Output Low level - 0.4 v Output "L" Level Vohage (lour • +4.2mA @ 0.4V) 

1. lcc1 ,lcC3.ICC4 and lcce depend on cycle rate. 
2. lcc1 ,lcC4 depend on output loading. Specified values are obtained wtth 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 OAS • V1H. 
4. Refresh current is specified for 1 bank. 

Page612 64G3443 
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-------------- - ------- - -------------·- IBM11 M2720L 

2M x 72 DRAM MODULE 

AC Characteristics (TA= o to +1o•c, Vee= s.o ± o.sV) 

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 delay adders: 2ns minimum, 5ns (CAS, WE, OE) or 6ns (address) maximum 
delay, no pulse shrinkage to the Dram device timings. The data and RAS signals are not buffered, which preserves the DRAM 
access specifications of 60ns and 70ns. 

4. AC measurements assume tr= 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

1Rc Random Read or Write Cycle Time 110 - 130 - ns 

tRP RAS Precharge Time 40 - 50 - ns 

lcp CAS Precharge Time 10 - 10 - ns 1 

IRAS RAS Pulse Width 60 10K 70 10K ns 

1cAS CAS Pulse Width 15 - 20 - ns 2 

tASR Row Address Setup Time 6 - 6 - ns 

IRAH Row Address Hold Time 8 - 8 - ns 

1ASc Column Address Setup Time 4 - 4 - ns 

1cAH Column Address Hold Time 17 - 17 - ns 

I Rec RAS to CAS Delay Time 18 40 18 45 ns 3 

1RAo RAS to Column Address Delay Time 13 24 13 2g ns 4 

tRSH RAS Hold Time 20 - 25 - ns 

tesH CAS Hold Time 58 - 68 - ns 

lcRP CAS to RAS Precharge Time 15 - 15 - ns 

tooo OE to D1N Delay Time 20 - 25 - ns 5 

lozo OE Delay Time from D1N -2 - -2 - ns 

tozc CAS Delay Time from D1N -2 - -2 - ns 

IAR Column Address Hold Time Referenced to RAS - - - - - 6 

lcLeH Hold Time from CAS Low to CAS High 10 - 10 - ns 7 

tr Transition Time (Rise and Fall) 3 30 3 30 ns 

1. Last rising CASx edge to first falling CASx edge. 
2. The minimum ICAs requires lcsn 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 (ton) in the application. For example, a tCAs of 15ns plus a minimum ton of 2ns 
would resuh in turning data out of the DIMM at 17ns (3ns before max tCAc of 20ns). 

3. Operation within the 1Rco(max) limit ensures that tRAc(max) can be met. The 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 

4. Operation within the tRAo(max) limit ensures that tRAc(max) can be met. The tRAo(max) is specified as a reference point only: If IRAo 
is greater than the specified tRA0 (max) limit, then access time is controlled by tAA. 

5. Either lcoo or 1000 must be satisfied. 
6. This timing parameter is not applicable to this product, but applies to a related product in this family. 
7. Last falling CASx edge to first rising CASx edge. 

64G3443 
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--------- ----- - -IBM11 M2720L - ----::5::.:::5i5:: 

2M x 72 DRAM MODULE 

Write Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

twcs Write Command Setup Time 2 - 2 - ns 3 

twcH Write Command Hold Time 17 - 17 - ns 

tWP Write Command Pulse Width 15 - t5 - ns 

tRWL Write Command to RAS Lead Time 20 - 25 - ns 

lcwt Write Command to CAS Lead Time 17 - 22 - ns 

twcR Write Command Hold Time Referenced to RAS - - - - ns 2 

toHR Data Hold Time Referenced to RAS - - - - ns 2 

tos DrN Setup Time -2 - -2 - ns 3 

toH DrN HoldTime 20 - 20 - ns 3 

1. twcs. tRwo. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;;, twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the emire cycle; If tRWD;;, tRwo(mln.), tcwo;;, tcwo(min.), tAwo;;, tAwo(min.) and tcpw;, tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If ne~her of the above sets of conditions are met, the 
cond~ion of the data (at access time) is indeterminate. 

2. This timing parameter is not applicable to this product, but applies to a related product in this family 
3. Data-in set-up and hold is measured from the latter of the two timings, CAS or WE. 
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-------------- - ------- - --------- IBM11 M2720L ---·-
2M x 72 DRAM MODULE 

Read Cycle 
-60 -70 

Symbol Parameter Untt Notes 
Min Max Min Max 

tRAc Access Time from RAS - 60 - 70 ns 1,2 

ICAC Access Time from GAS - 20 - 25 ns 1,2 

IM Access Time from Address - 36 - 41 ns 1,2 

loEA Access Time from aE - 20 - 25 ns 1,2 

tRcs Read Command Setup Time 2 - 2 - ns 

IRCH Read Command Hold Time to GAS 2 - 2 - ns 3 

lRRH Read Command Hold Time to RAS 3 - 3 - ns 3 

tRAL Column Address to RAS Lead Time 36 - 41 - ns 

tcAL Column Access to rni:8 Lead Time 36 - 41 - ns 

tcLZ GAS to Output in Low-Z 2 - 2 - ns 

IRoH RAS Hold to Output Enable - - - - ns 4 

loH Output Data Hold time 2 - 2 - ns 

toHO Output Data Hold from OE 2 - 2 - ns 

toEZ Output Bulfer Turn-off Delay from OE 2 20 2 25 ns 5 

tcoo GAS to D1N Delay Time 20 - 25 - ns 6 

lo FF Output Bulfer Turn-off Delay 2 20 2 25 ns 5 

1. Measured with the specttied current load and 1 OOpF. 
2. Access time is determined by the latter of tRAC· tcAC• tcPA• IAA, toEA· 
3. Either tRcH or IRRH must be satisfied. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 
5. loFF (max) and toez (max) define the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
6. Etther tcoo or tooo must be satisfied. 

64G3443 
MMDL07DSU-OO 
Revised 7194 
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---------· ----- - -IBM11 M2720L - ----- -------------·-
2M x 72 DRAM MODULE 

Fast Page Mode Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

tpc Fast Page Mode Cycle Time 40 - 45 - ns 

tRASP Fast Page Mode RAS Pulse Width 60 100K 70 100K ns 

tcPRH RAS Hold Time from CAS Precharge 40 - 45 - ns 

lcPA Access Time from CAS Precharge - 40 - 45 ns 1,2 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAC, tcAc. lcPA. tAA, toeA· 

Read-Modify-Write Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

tRwc Read-Modify-Write Cycle Time 158 - 188 - ns 

tRwo RAS to Wt Delay Time 83 - 98 - ns 1 

tcwo OAS to Wt Delay Time 45 - 55 - ns 1 

tAwo Column Address to WE Delay Time 59 - 69 - ns 1 

toeH ~Command Hold Time 15 - 20 - ns 

1. twcs, tRwo. lcwo. IAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs :i: twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If IRWD :i: IRwo(min.), lcwo :i:tcwo(min.), tAwo :i: tAwo(min.) and tcpw:i: tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

tPRWC Fast Page Mode Read-Modify-Write Cycle Time 83 - 98 - ns 

tepw WE Delay time from CAS Precharge 63 - 73 - ns 

1. twcs. tRWo. tcwo. tAwo. and lcPw are not restrictive parameters. They are included in the data sheet as electrical characteristics only. 
If twcs :i:twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through the 
entire cycle; If tRWO :i: tRwo(min.), tcwo :i: lcwo(min.), tAwo :i: tAwo(min.) and lcPw:i: tcpw(min.)(Fast Page Mode), the cycle is a Read-
Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the con-
dition of the data (at access time) is indeterminate. 
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-------------- - -- - ---- --------------·- IBM11 M2720L 

2M x 72 DRAM MODULE 

Refresh Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tcHR 
GAS Hold Time 

18 18 
(GAS before RAS Refresh Cycle) - - ns 

tcsR 
GAS Setup Time 
(GAS before ~ Refresh Cycle) 

15 - 15 - ns 

lwRP 
WE Setup Ti'!!!:_ 

15 (GAS before RAS Refresh Cycle) - 15 - ns 

lwRH 
WE Hold Time 

8 8 
(GAS before RAS Refresh Cycle) - - ns 

tRPC RAS Precharge to GAS Hold Time 3 - 3 - ns 

!REF Refresh Period - 16 - 16 ms 1 

1. 1024 refreshes are required every 16ms. 

Presence Detect Read Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

lpo PDE to Valid Presence Detect Data - 10 - 10 ns 1 

IP DOFF PDE Inactive to Presence Detects Inactive 0 10 0 10 ns 2 

1. Measured with the specified current load and 1 OOpF. 
2. tpooFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

64G3443 
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IBM11 M2720L 

2M x 72 DRAM MODULE 

Read Cycle 

GAS V,H -
or 

CASx v,L -

VaH-

i----------4!As----------' 

i.---------tcsH-----.1 

tRAO -"'4--+--+---- tRAL ---1-----i 
i.---+--__,_tCAL ____ __., 

toez ___ _. 

Dour -----+-- Hi-Z ------- Valid Data Out 
VaL-

taH ---+ 

I :"H"or"L" . ,__ __ toHo ___ .., 

Page 618 

Hi-Z __ 
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--------------- ------- --------·----·-

Write Cycle (Early Write) 

CA8 v,H _ 
or 

CASx v,L -

Address 

VoH-

i----------lcSH ------ol 

~AD 

Valid Data In 

IBM11 M2720L 

2M x 72 DRAM MODULE 

DoUT --------------Hi-Z ----------------
Vol-

64G3443 
MMDL07DSU-OO 
Revised 7194 
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IBM11 M2720L 

2M x 72 DRAM MODULE 

Write Cycle (Late Write) 

!Re 

IRAs 

V1H -
RAS 

V1L -

lesH 

IReD !ASH 

CAS V1H- lcAs 
or leLeH 

CASx V1L -

!RAD 

~s !Ase 

V1H 
Address 

VoH-
Dour ---- Hi-Z-------

VoL-
f--------Hi-Z*-------

I : "H" or "L" 'output remains Hi-Z because WE is latched internally following twp min. 
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--------- ----- - ------- --------------·- IBM11 M2720L 

2M x 72 DRAM MODULE 

Read-Modify-Write-Cycle 

!Awe 

IRAs 

V1H-
RAS 

V1L-

lcsH 
!ACD !ASH le AP 

CAS V1H- le AS or 
tcLCH 

CASx V1L- !RAD 

tASA tAsc 

Address 

lcLZ 

-----+--Hi-Z --------m 1------------ Hi-Z* __ 

-loHO 
~11 : "H" or "L" 'output remains Hi-Z because WE is latched internally following lwp min. 

64G3443 
MMDLO?DSU-00 
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IBM11 M2720L 

2M x 72 DRAM MODULE 

Fast Page Mode Read Cycle 

or 

CASx 

Address 

V1H 
WE 

V1L 

V1H 
OE 

V1L 

tcLZ -I 
VoH-

DouT 
VoL-

1 :"H"or"L" 
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i+----fcPRH 

DoUTN 
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Fast Page Mode Write Cycle 

or 

V1H -
WE 

V1L -

V1H -
OE 

V1L -

VoH

Dour 
VoL-

jf f : "H" or "L" 

IBM11 M2720L 

2M x 72 DRAM MODULE 
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IBM11 M2720L 

2M x 72 DRAM MODULE 

Fast Page Mode Read-Modify-Write Cycle 

GAS V1H
or 

CASx V1L -

V1H

Address 
V1L 

I 
Page 624 

I+-------- tAASP --------------~ 

Dour 1 Dour2 Dour N 

: "H" or"L" 

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

tcAP 

64G3443 
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--------------- -.:.. ::-:.:ii!: IBM11M2720L 

2M x 72 DRAM MODULE 

RAS Only Refresh Cycle 

or 

Address 

64G3443 
MMDL07DSU-OO 
Revised 7194 

1--------tRAS--------

~PC 

tRA 

~SR 

VoH-

__________ Hi·Z ----------------

Vol-

I :"H"or"L" 

Note: WE, OE, D1N are "H" or "L" 
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----
IBM11 M2720L §~~i5: 
2M x 72 DRAM MODULE 

CAS Before RAS Refresh Cycle 

!*--- tcHR ----1 r-------~ 

---- l:ooo -----1 

14--t--- lcoo ------1 

D V1H -
IN ---+-+------- Hi-Z 

D VoH 
OUT 

1---- Hi-Z -------------------
VoL 

Page626 

l:"H"or"L" 

Note: Addresses are "H" or "L" 
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-------------- - -- - ---- -------------·-

Presence Detect Read Cycle 

VoH-

PD1-PD8 

64G3443 
MMDL07DSU-OO 
Revised 7194 

Valid Presence Detect 

*PD pins must be pulled high at next level of assembly 

IBM11 M2720L 

2M x 72 DRAM MODULE 
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IBM11 M2720L 

2M x 72 DRAM MODULE 

Layout Drawing 

1 333 .5 
5.25 
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127.35 
5.014 
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~ ; 
.1255 

I'© ~ 
...... - -, 

~j\_ 
I \ ~ ~ 

ill I][ 

I L ', I 

JI l 
6.35 --
.250 1.27 PITCH 
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~----SEE DETAIL A 

SIDE DETAIL A 
4.00 

SCALE 4/1 

·1 r- -----
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' 

~rr M~ M~ 
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-------------- ---- - ---- -------------·-

Features 
• 168 Pin JEDEC Standard, 8 Byte Dual In-line 

Memory Module 

• 4Mx72 Fast Page Mode DIMM 
• Performance: 

-60 -70 

!RAC J:i7iS Access Time 60ns 70ns 

lcAC GAS Access Time 20ns 25ns 

!AA Access Time From Address 36ns 41ns 

!Ac Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

• All inputs and outputs are fully TIL and CMOS 
compatible 

• Single 5V, ± 0.5V Power Supply 
• Au contacts 
• Optimized for byte-write parity applications 

Description 

IBM11 M4720D is an industry standard 168-pin 
8-byte Dual In-line Memory Module (DIMM) which is 
organized as a 4Mx72 high speed memory array for 
parity applications. The DIMM uses 16 4Mx4 (12/1 O 
addressed) DRAMs and 8 4Mx1 (11 /11 addressed) 
DRAMS in SOJ packages. 

Improved system performance is provided by the 
on-DIMM buffering of selected input signals. The 
specified timings include all buffer, net and skew 
delays, which simplifies the memory subsystem 
design analysis. The data and RAS signals are not 
buffered, which preserves the DRAM access specifi
cations of 60ns and 70ns. 

Presence Detect (PD) and Identification Detect (ID) 
bits provide information about the DIMM density, 

Card Outline 

IBM11 M4720D 

4M x 72 DRAM MODULE 

• System Performance Benefits: 

- Buffered inputs (except RAS, Data) 
Reduced noise (32 VssNcc pins) 
4 Byte Interleave enabled 
Byte write, byte read accesses 

- Buffered PDs 

• Fast Page Mode 

• Refresh Modes: RAS-Only and CBR 

• 4096 refresh cycles distributed across 64ms 

• 12/11 (redundant) addressing (Row/Column) 

Card size: 5.25" x 1.2" x 0.354" 

• DRAMS in SOJ Package 

addressing, performance and features. PD bits can 
be dotted at the system level and activated for each 
DIMM position using the PD enable (PDE) signal. ID 
bits also allow detection of card features, and may 
be dot-or'd at the system level to provide information 
for the entire DIMM bank. For example, if a x64 or 
x72 (ECC) DIMM were inserted into a bank of x72 
parity DIMMs, IDO (grounded) would indicate that at 
least one DIMM in that memory bank will not func
tion properly. PD8 would indicate what positions, if 
any, contained an ECC DIMM. 

All IBM 168-pin DIMMs provide a high performance, 
flexible 8-byte interface in a 5.25" long space-saving 
footprint. Related products are the x64 non-parity 
(5V) and ECG DIMMs (5V and 3.3V). 

cmrrcrm n ! I I 1111 I I I I I I I I I I! I II II I! I I I! n If! II I I I I! I !I I II! I! I! I I I I 1111 II I I II I! II I I!! I 
(Front) 1 
(Back) 85 
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IBM11 M4720D 

4M x 72 DRAM MODULE 

Pin Description 
RASO, i'ii\§'2 Row Address Strobe 

~0-~7 Column Address Strobe (Buffered) 

WEO,WE2 Read/write Input (Buffered) 

~0.~2 Output Enable (Buffered) 

AO, BO, At -Att Address Inputs (Buffered) 

DQx Data Input/output 

Pax Parity Input/output 

Vee Power (+5V) 

Vss Ground 

NC No Connect 

PDt - PD8 Presence Detects (Buffered) 

PDE Presence Detect Enable 

IDO-IDt ID Bits 

Ordering Information 
Part Number Organization 

IBM11M472DDA-60 4Mx72 

IBM11M4720DA-70 4Mx72 

Page 630 

Pin out 

Pin# 
Front 

Pin# 
Back 

Pin# 
Front 

Pin# 
Back 

Side Side Side Side 

t Vss 85 Vss 43 Vss t27 -Vss 
2 DQO 86 DQ36 44 ~2 128 NC 
3 DQt 87 DQ37 45 'RAS°2 129 NC 
4 DQ2 88 DQ38 46 ~4 t30 ~5 
5 DQ3 89 DQ39 47 ~6 131 ~7 
6 Vee 90 Vee 48 WE2 132 ~ 
7 DQ4 91 DQ40 49 Vee 133 Vee 
8 DQ5 92 DQ41 50 NC 134 NC 
9 DQ6 93 DQ42 5t NC 135 NC 
tO DQ7 94 DQ43 52 DQ18 136 0054 
tt PQB 95 PQ44 53 DQ19 137 DQ55 

t2 Vss 96 Vss 54 Vss 138 Vss 
t3 DQ9 97 DQ45 55 DQ20 139 DQ56 
t4 DQtO 98 DQ46 56 DQ21 140 DQ57 
t5 DQ1t 99 DQ47 57 DQ22 141 DQ58 
t6 DQt2 tOO DQ48 58 DQ23 142 DQ59 
t7 DQt3 tot DQ49 59 Vee 143 Vee 
t8 Vee t02 Vee 60 DQ24 144 DQ60 

t9 DQt4 t03 DQ50 6t NC 145 NC 
20 DQ15 t04 DQ5t 62 NC 146 NC 
2t DQt6 t05 DQ52 63 NC 147 NC 
22 PQt7 t06 PQ53 64 NC 148 NC 
23 Vss t07 Vss 65 DQ25 149 DQ61 
24 NC t08 NC 66 PQ26 150 PQ62 
25 NC t09 NC 67 DQ27 151 DQ63 
26 Vee ttO Vee 68 Vss t52 Vss 
27 WEO ttt NC 69 DQ28 t53 DQ64 
28 CASO t12 Ci\St 70 DQ29 154 DQ65 
29 Ci\S2 113 CA$3 71 DQ30 155 DQ66 
30 RASO tt4 NC 72 DQ3t 156 DQ67 
3t OEO tt5 NC 73 Vee 157 Vee 

32 Vss tt6 Vss 74 DQ32 158 DQ68 
33 AO tt7 At 75 DQ33 159 DQ69 
34 A2 tt8 A3 76 DQ34 160 DQ70 
35 M tt9 AS 77 PQ35 161 PQ71 

36 AS t20 A7 78 Vss 162 Vss 
37 AB t2t A9 79 PDt 163 PD2 
38 AtO t22 At1 80 PD3 164 PD4 
39 NC t23 NC Bt PD5 165 PD6 
40 Vee t24 Vee 82 PD7 166 PDB 

4t NC t25 NC 83 IDO 167 IDt 
42 NC t26 BO 84 Vee 168 Vee 

Note: All pin assignments are consistent for all 8 Byte versions. 

Speed Leads 

60ns Au 

70ns Au 

Dimension 

5.25"x1 .2"x0.354" 

5.25"x1 .2"x0.354" 

Notes 
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--------------------- IBM11 M4720D - -------------·-
4M x 72 DRAM MODULE 

Block Diagram 

OEO OE2 
WEO WE2 

CASO CAS4 

~ m WE" ~ CilS m WE" 01' 
• Note: Parity (PQ) outputs ARE 

voo 1/00 
NOT affected by the OE control 

VOi DO 1/0 I DB 
V02 1102 
1/03 1/03 

CAS RAS WE OE CAS RAS WE OE 
VOO 1/00 
VOi D1 1/0 I D9 
V02 l/02 
V03 1103 

~ m WE" OAS m WE" 

PCS 1/00 D16 l/00 D20 

CAS1 
CAS RAS WE OE CAS RAS WE OE 

VOO 1/00 
VOi 

D2 
1101 D10 

1/02 1/02 
1/0 3 1/03 

CilS MS WE" OE CAS RAS WE" 01' 
voo 1/00 
VOi D3 1101 D11 
V02 1/0 2 
V03 1103 

CAS RAS WE CAS RAS WE 

PQl7 voo D17 1/00 D21 

CAS2 CASS 
l:JIS' MS WE" ~ CilS RAS WE" 01' 

voo 1100 
VOi D4 1/0 I D12 
V02 V02 
V03 V03 

CilS m WE" 5E OAS RAS" WE" m;-
voo l/00 
VOi DS VO I D13 
V02 V02 
V03 1103 

l:JIS' m WE" OAS m WE" Vss y-- PD 1 - 8 (when =O, 1 =NC) 

voo D18 voo D22 ~ 

CiiS RA'S WE OE BAS RAS WE OE A1-AN ---{>--- A1 -AN: DRAMS DO - 023 

0027- 1/00 0063- voo AO ---!>---- AO: DRAMS DO-D7, D16 - D19 
0028 1/0 I D6 0064 1/0 I D14 
0029 V02 0065 1/02 BO ----{>-- AO: DRAMS D8-D15, D20 - D23 
0030 V03 0066 1103 

~ RAS WE" 01' CilS m WE OE 
0031 0067 
0032 

D7 
0068 D15 

Vee DO - 023, Buffers 
0033 0069 
0034 0070 Vss DO - 023, Buffers 

CilS m WE" CilS m WE" 

PQ35 
D19 

PQ71 
D23 

8186854 Page631 
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IBM11 M4720D 

4M x 72 DRAM MODULE 

Truth Table 

Function 'RAS CAS WE 

Standby H x x 
Read L L H 

Early-Write L L L 

Late-Write I RMW L L H4L 

Fast Page Mode - Read L H4L H 1st Cycle 

Subsequent Cycles L H4L H 

Fast Page Mode - Write 
L H4L L 

1st Cycle 

Subsequent Cycles L H4L L 

RAS-Only Refresh L H x 
OAS-Before-RAS Refresh H4L L H 

Read Presence Detects x x x 

Presence Detect 

Pin 

PD1 (PD1 - PD5: Addressing/Density) 

PD2 

PD3 

PD4 

PD5 

PD6 (PD6 - PD7: Speed) 

PD7 

PD8 (Parity/E CC Designator) 

IDO (DIMM Type/Width) 

ID1 (Refresh Mode) 

1. PD1-8 are buffered outputs (0 =driven to VoL. 1 =open) 
2. ID0-1 are unbuffered outputs (0 = Vss. 1 =open) 

Page632 

~ Row Column 
Address Address 

x x x 
L Row Col 

x Row Col 

H4L Row Col 

L Row Col 

L N/A Col 

x Row Col 

x NIA Col 

x Row NIA 

x x x 

x x x 

-60 

1 

1 

0 

1 

0 

1 

1 

t 

1 

0 

PDE 

x 
x 
x 

x 

x 

x 

x 

x 
x 
x 

L 

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

DQx, PQx 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

High Impedance 

High Impedance 

Not Affected 
(PD Bits Valid) 

-70 

1 

1 

0 

1 

0 

0 

1 

1 

1 

0 
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-------------- - --- ---:::::=::::5i5: IBM11 M4720D 

4M x 72 DRAM MODULE 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -1.0 to +7.0 v 1 

V1N Input Voltage -0.5 to min (Vee +0.5, 7.0) v 1 

Vo1JT Output Voltage -0.5 to min (Vee +0.5, 7.0) v 1 

ToPR Operating Temperature Oto+70 oc 1 

TsTG Storage Temperature -55 to +t25 oc 1 

Po Power Dissipation t2.3 w t 

lolJT Short Circuit Output Current 50 mA 1 

louTPD Short Circuit Output Current (PD) 60 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above those indicated is not implied. Exposure to absolute maximum rating con-
dition for extended periods may affect reliability. 

Recommended DC Operating Conditions (TA= o to 10°c) 

Symbol Parameter 

Vee Supply Voltage 

Vitt Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss. 

Capacitance (TA= o to +1o'c, Vee= 5.o ± o.5V) 

Symbol 

c,, 
C12 

C13 

C14 

C1s 

8186854 
MMDLOBDSU-00 
Revised 7194 

Parameter 

Input Capacitance (AO, BO, At-A1 t) 

Input Capacitance (RAS) 

Input Capacitance (CAS, WE, OE) 

DOx Capacitance 

POx Capacitance 

Min 

4.5 

2.4 

-0.5 

Typ Max Units Notes 

5.0 5.5 v t 

- Vee v 1 

- 0.8 v 1 

Max Units Notes 

13 pF 

90 pF 

13 pF 

t5 pF 

20 pF 
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--------------- -IBM11 M4720D - ----:i5:::5::e::5 ';' = 
4M x 72 DRAM MODULE 

DC Electrical Characteristics (TA= o to +1o'c, Vee= s.o ±o.sv) 

symbol Parameter Min Max Units Notes 

Operating Current -60 - 2240 
lcc1 Avera~wer Supply Operating Current mA 1,2,3 

(RAS, CAS, Address Cycling: 1Rc = 1RC min) -70 - 2000 

Standby Current (TTL) 
lcc2 ~r S..!!eE!Y Standby Current 

(RAS = CAS :<: V1H) 
- 48 mA 

RAS Only Refresh Current -60 - 2240 
Ices Average P~we~ply Current, RAS_ Only Mode mA 1,3 
~ Cychng, CA ;,; v,H: tRc = tRc mm) -70 - 2000 

Fast Page Mode Current -60 - 1840 
ICC4 Average Power Supply Current, Fast Page Mode mA 1,2,3 

(RAS s V1Lo CAS, Address Cycling: tpc = tpc min) -70 - 1600 

Standby Current (CMOS) 
Ices Power ~y Standby Current 

(RAS= = Vee - 0.2V) 
- 24 mA 

CAS before RAS Refresh Current -60 - 2240 
Ices Avera~wer ~upply Current,.™ Before RAS Mode mA 1,3 

~. , Cycling: tRc = tRc mm) -70 - 2000 

Input Leakage Current All butrotS -10 +10 
11(1.) Input Leakage Current, any Input µA 

(0.0 s V1N s (Vee< 6.0V)), All Other Pins Not Under Test= OV RAS -120 +120 

lo(L) 
Output Leakage Current 

-10 +10 µA 
(DoUT is disabled, 0.0 s VoUT s Vee) 

VoH 
Output High Level 

2.4 - v Output "H" Level Voltage (loUT = -SmA@ 2.4V) 

Vol 
Output Low level - 0.4 v Output "L" Level Voltage (lour= +4.2mA@ 0.4V) 

1. lcc1 ,lccs.lcc4 and lcce depend on cycle rate. 
2. lcc1.lcC4 depend on output loading. Specttied values are obtained w~h 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. 
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--------------- -- - ---- -------------·- IBM11M4720D 

4M x 72 DRAM MODULE 

AC Characteristics (TA= o to +10°c, Vee= s.o ± o.sv) 
1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H 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 delay adders: 2ns minimum, 5ns (CAS, WE, OE) or 6ns (address) maximum 
delay, no pulse shrinkage to the Dram device timings. The data and FiAS signals are not buffered, which preserves the DRAM 
access specifications of 60ns and 70ns. 

4. AC measurements assume tr = 5ns. 

Read, Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

1Rc Random Read or Write Cycle Time 110 - 130 - ns 

tRP RAS Precharge Time 40 - 50 - ns 

tcp CAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 10K 70 10K ns 

1cAS CAS Pulse Width 15 - 20 - ns 1 

1ASA Row Address Setup Time 6 - 6 - ns 

1AAH Row Address Hold Time 8 - 8 - ns 

1Asc Column Address Setup Time 4 - 4 - ns 

tcAH Column Address Hold Time 17 - 17 - ns 

tACo RAS to CAS Delay Time 18 40 18 45 ns 2 

tAAo RAS to Column Address Delay Time 13 24 13 29 ns 3 

tASH RAS Hold Time 20 - 25 - ns 

tcsH CAS Hold Time 58 - 68 - ns 

1cAP CAS to RAS Precharge Time 15 - 15 - ns 

tooo OE to D1N Delay Time 20 - 25 - ns 4,5 

tozo OE Delay Time from D1N -2 - -2 - ns 5 

tozc CAS Delay Time from D1N -2 - -2 - ns 

1AR Column Address Hold Time Referenced to RAS 57 - 62 - -

1r Transition Time (Rise and Fall) 3 30 3 30 ns 

1. The minimum tcAs requires tcsH to be met for both writes and reads. Also, because of the buffer, the minimum 1cAs for a read cycle 
must be extended to guarantee the data out window (1oH) in the application. For example, a 1cAs of 15ns plus a minimum 1oH of 2ns 
would result in turning data out of the DIMM a117ns (3ns before max 1cAc of 20ns). 

2. Operation within the 1Aco(max) limit ensures 1ha11RAc(max) can be met The tAco(max) is specified as a reference point only: If 1Aco 
is greater than the specified 1Aco(max) limit, then access time is controlled by tcAc. 

3. Operation within the tAAo(max) limit ensures that 1RAc(max) can be met The tAAo(max) is specified as a reference point only: If 1AAO 
is greater than the specified 1AAo(max) limit, then access time is controlled by 1AA. 

4. Either tcoo or t000 must be satisfied. 
5. OE has no effect on Parity (PQx) bits. 

8186854 
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--------------- - -IBM11 M4720D - ----.:..:.:::: ?' = 
4M x 72 DRAM MODULE 

Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

twcs Write Command Setup Time 2 - 2 - ns 2 

twcH Write Command Hold Time 17 - 17 - ns 

tWP Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to RAS Lead Time 20 - 25 - ns 

lcWL Write Command to CAS Lead Time 17 - 22 - ns 

twcR Write Command Hold Time Referenced to RAS 47 - 57 - ns 

toHR Data Hold Time Referenced to RAS 50 - 55 - ns 

tos D1N Setup Time -2 - -2 - ns 2 

toH D1N Hold Time 20 - 20 - ns 2 

1. twcs. tRwo. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs ~ twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRwo ~ tRwo(min.), tcwo ~ tcwo(min.), tAwo ~ tAwo(min.) and tcpw~ tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

2. Data-in set-up and hold is measured from the latter of the two timings, CAS or WE. 
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-------------- - ------=..::=~= IBM11 M4720D 

4M x 72 DRAM MODULE 

Read Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

tRAc Access Time from RAS - 60 - 70 ns 1, 2 

lcAC Access Time from CAS - 20 - 25 ns 1, 2 

tAA Access Time from Address - 36 - 41 ns 1, 2 

toEA Access Time from OE - 20 - 25 ns 1,2,3 

tRcs Read Command Setup Time 2 - 2 - ns 

IRCH Read Command Hold Time to CAS 2 - 2 - ns 4 

tRRH Read Command Hold Time to RAS 3 - 3 - ns 4 

tRAL Column Address to RAS Lead Time 36 - 41 - ns 

lcAL Column Access to c:il:S Lead Time 36 - 41 - ns 

tcLZ CAS to Output in Low-Z 2 - 2 - ns 

tROH RAS Hold to Output Enable - - - - ns 5 

toH Output Data Hold time 2 - 2 - ns 

toHO Output Data Hold from OE 2 - 2 - ns 3 

1oez Output Buffer Tum-off Delay from OE 2 20 2 25 ns 3,6 

tcoo CAS to D1N Delay Time 20 - 25 - ns 7 

lo FF Output Buffer Turn-off Delay 2 20 2 25 ns 6 

1. Measured with the specHied current load and 1 OOpF. 
2. Access time is detennined by the latter of tRAc. tcAC· tcPA· tAA, toEA· 
3. OE has no effect on Parity (PQx) bits. 
4. Either IRcH or tRRH must be satisfied. 
5. This timing parameter is not applicable to this product, but applies to a related product in this family. 
6. toFF (max) and toez (max) define the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
7. Either1coo ortooo must be satisfied. 

8186854 
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-------------IBM11 M4720D - - -- ----- -------------·-
4M x 72 DRAM MODULE 

Fast Page Mode Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tpe Fast Page Mode Cycle Time 40 - 45 - ns 

tRASP Fast Page Mode RAS Pulse Width 60 100K 70 100K ns 

tcPRH RAS Hold Time from CAS Precharge 40 - 45 - ns 

lcPA Access Time from CAS Precharge - 40 - 45 ns 1,2 

1. Measured with the specified current load and 100pF. 
2. Access time is determined by the latter of tRAC. tcAc. lcPA. tAA, toEA· 

Refresh Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

tCHR 
CASHoldTime 

18 18 (CAS before RAS Refresh Cycle) - - ns 

tcsR 
CAS Setup Time 

15 - 15 - ns (CAS before RAS Refresh Cycle) 

tWRP 
WE Setup Time 

15 - 15 - ns (c:l\S before RAS Refresh Cycle) 

tWRH 
WE Hold Time 

8 (c:l\S before RAS Refresh Cycle) - 8 - ns 

tRPC RAS Precharge to CAS Hold Time 3 - 3 - ns 

tREF Refresh Period - 64 - 64 ms 1 

1. 4096 refreshes are required every 64ms. 

Presence Detect Read Cycle 
-60 -70 

Symbol Parameter Un~ Notes 
Min Max Min Max 

tpo J5l5E" to Valid Presence Detect Data - to - 10 ns 1 

tpooFF PDE Inactive to Presence Detects Inactive 0 10 0 10 ns 2 

1. Measured with the specified current load and tOOpF. 
2. tp00FF(max) defines the time at which the output achieves the open circuit condition and is not referenced to output vottage levels. 
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Read Cycle 

V1H
Address 

VoH

IRco---------

lrulo~-i---+--+----

IAsR 

lcLz 

Dour -----+-- Hi-Z --------i 
VoL-

8186854 
MMDLOSDSU-00 
Revised 7/94 

I :"H"or"L" 

IBM11 M4720D 

4M x 72 DRAM MODULE 

toEz ___ .., 

Valid Data Out Hi-Z --

loH ----1 

i.---loHo ___ -1 
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-------------IBM11 M4720D ---- ----:5:.:::5!!:: 

4M x 72 DRAM MODULE 

Write Cycle (Early Write) 

tRc 

W.s 

V1H 
RAS 

VIL 

tcsH 
tRco tRSH 

V1H tcAS 
CAS 

V1L 

tRAo 

tASR tAsc 

Address 

Valid Data In 

VoH-

DoUT --------------Hi-Z ---------------
VoL-

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

Fast Page Mode Read Cycle 

Address 

V1H 
WE 

V1L 

V1H 
OE 

V1L 

VaH-

DauT 
VaL-

1 :"H"or"L" 

8186854 
MMDL08DSU-OO 
Revised 7194 

IBM11 M4720D 

4M x 72 DRAM MODULE 

!RASP -------------1 IRP 

i-----fcPRH 

loez 

DouTN 
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IBM11 M4720D 

4M x 72 DRAM MODULE 

Fast Page Mode Write Cycle 

Page642 

VoH
Dour 

VoL-

I :"H"or"L" 

tRASP ------------_,., 

----------------- ----- -------------·-
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--------------- ------- ---------- IBM11 M4720D ---·-
4M x 72 DRAM MODULE 

RAS Only Refresh Cycle 

V1H-

CAS 
V1L-

lfiAH 

~SR 

V1H 

Address 

VIL 

VoH-

Dour 
__________ Hi-Z ----------------

Vol-

l:"H"or"L" 

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

8186854 
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--------------- -IBM11 M4720D ------ -------------·-
4M x 72 DRAM MODULE 

CAS Before RAS Refresh Cycle 

V1H -

i----- looo ------i 

14--+--- l'coo -------. 

D1N V1H ---+-+------ Hi-Z 
V1L -

loez 

D VoH 
OUT 

1----- Hi-Z ------------------

I :"H"or"L" 

Note: Addresses are "H" or "L" 
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--------------- -- ----- -------------·-

Presence Detect Read Cycle 

VoH-

PD1-PD8 
Vol-

8186854 
MMDLOBDSU-00 
Revised 7194 

Valid Presence Detect 

*PD pins must be pulled high at next level of assembly 

IBM11 M4720D 

4M x 72 DRAM MODULE 
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IBM11 M4720D 

4M x 72 DRAM MODULE 

Layout Drawing 

(2X)ll 
3.1877 

13335 
5.25 

131.35 
5.171 

127.35 
5.014 

FRONT 

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

0 
0 

Q'.~ 
~· 

-~ "' "". 
0 -:125s' 

~ooo0oor i, 
u \r:;~]F::JD,~-::.DDD., 

"' 

6.35 
.250 

I L 

42.18 

1.661 

65.68 

2.586 

SIDE 

9.oo •1 .354MAX. 

1.27±.0.10 
.050 !: .004 

_J_ 

l[l 

' -- 'j~ l .050 

1.00WIDTH 
.039 

SEE DETAIL A 

DETAIL A 
SCALE 4/1 
-----

------

' ' ' 
' ' 

/ 

' \ 
I 
I 
I 
I 
I 
I 

I 
I 

I 

/ 
/ 

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

Page 646 

~r~ "''""' "'o ":o 
~f-..; 

8186854 
MMDL08DSU-OO 

Revised 7/94 
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--------------- -- - ---- -----=='=~= 

Features 

• 168 Pin JEDEC Standard, 8 Byte Dual In-line 
Memory Module 

• 1 Mx72 Fast Page Mode DIMM 

• Performance: 

-60 -70 

tRAc RAS Access Time 60ns 70ns 

1cAC GAS Access Time 20ns 25ns 

1AA Access Time From Address 36ns 41ns 

1Rc Cycle Time 110ns 130ns 

tpc Fast Page Mode Cycle Time 40ns 45ns 

• All inputs and outputs are fully TTL and CMOS 
compatible 

• Single 5V, ± 0.5V Power Supply 

Description 

IBM11M1730BA is an industry standard 168-pin 
8-byte Dual In-line Memory Module (DIMM) which is 
organized as a 1 Mx72 high speed memory array for 
ECC applications. The DIMM uses 18 1 Mx4 DRAMS 
in SOJ packages. 

Improved system performance is provided by the 
on-DIMM buffering of selected input signals. The 
specified timings include all buffer, net and skew 
delays, which simplifies the memory subsystem 
design analysis. The data and RAS signals are not 
buffered, which preserves the DRAM access specifi
cations of 60ns and 70ns. 

Presence Detect (PD) and Identification Detect (ID) 
bits provide information about the DIMM density, 

Card Outline 

IBM11M1730BA 

1 M x 72 DRAM MODULE 

• Au contacts 
• Optimized for ECC applications 

• System Performance Benefits: 

- Buffered inputs (except RAS, Data) 

- Reduced noise (32 VssNcc pins) 

- 4 Byte Interleave enabled 

- Buffered PDs 

• Fast Page Mode, Read-Modify-Write Cycles 

• Refresh Modes: RAS-Only and CBR 

• 1024 refresh cycles distributed across 16ms 

• 10/10 addressing (Row/Column) 

• Card size = 5.25" x 1.0" x 0.354" 

• DRAMS in SOJ Package 

addressing, performance and features. PD bits can 
be dotted at the system level and activated for each 
DIMM position using the PD enable (PDE) signal. ID 
bits also allow detection of card features, and may 
be dot-or'd at the system level to provide information 
for the entire DIMM bank. For example, the system 
will determine that ECC DIMMs are installed if PD8 
is low (0). IDO need not be sensed since both x72 
and x80 ECC DIMMs will function in a x72 bank. 

All IBM 168-pin DIMMs provide a high performance, 
flexible 8-byte interface in a 5.25" long space-saving 
footprint. Related products are the x64 and x72 par
ity (5V) DIMMs and ECC DIMMs (5V and 3.3V). 

~o amrrrrn n 11111111111111111 11 1111111111n 11 11111 1111 11111 11 11111111111111111111111111 

(Front) 1 
(Back) 85 

64G1555 
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IBM11M1730BA 

1M x 72 DRAM MODULE 

Pin Description 
R'A§i.m2 Row Address Strobe 

~.~ Column Address Strobe (Buffered) 

~o.WE2 Read/write Input (Buffered) 

CiEo,ru Output Enable (Buffered) 

AO,BO,A1 -A9 Address Inputs (Buffered) 

OQx Data Input/Output 

Vee Power (+SV) 

Vss Ground 

NC No Connect 

PD1 -PD8 Presence Detects (Buffered) 

~ Presence Detect Enable 

IDO-ID1 ID Bits 

Ordering Information 
Part Number Organization 

IBM11M1730BA-60 1Mx72 

IBM11M1730BA-70 1Mx72 

Page650 

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

Pin out 

Pin# 
From 

Pin# 
Back 

Pin# 
From 

Pin# 
Back 

Side Side Side Side 

1 Yss 85 'Tss 43 Yss 127 Vss 
2 000 86 DQ36 44 CiE2 128 NC 
3 001 87 0037 45 m2 129 NC 
4 002 88 0038 46 CAS°4 130 NC 
5 003 89 0039 47 NC 131 NC 
6 Vee 90 Vee 48 WE'2 132 J5l5E' 
7 004 91 0040 49 Vee 133 Vee 
8 DOS 92 0041 50 NC 134 NC 
9 006 93 0042 51 NC 135 NC 
10 007 94 DQ43 52 D018 136 0054 
11 DQ8 95 DQ44 53 D019 137 DOSS 
12 Vss 96 Vss 54 Vss 138 Vss 
13 009 97 0045 55 0020 139 0056 
14 D010 98 0046 56 0021 140 D057 
15 D011 99 0047 57 0022 141 0058 
16 0012 100 0048 58 0023 142 0059 
17 D013 101 0049 59 Vee 143 Vee 
18 Vee 102 Vee 60 0024 144 D060 
19 D014 103 0050 61 NC 145 NC 
20 D015 104 0051 62 NC 146 NC 
21 D016 105 OQ52 63 NC 147 NC 
22 D017 106 DQ53 64 NC 148 NC 
23 Vss 107 Vss 65 0025 149 0061 
24 NC 108 NC 66 DQ26 150 DQ62 

25 NC 109 NC 67 DQ27 151 D063 
26 Vee 110 Vee 68 Vss 152 Vss 
27 wi;"o 111 NC 69 0028 153 DQ64 
28 CASO 112 NC 70 0029 154 D065 
29 NC 113 NC 71 0030 155 0066 
30 AAS'o 114 NC 72 0031 156 D067 
31 CiEo 115 NC 73 Vee 157 Vee 
32 Vss 116 Vss 74 0032 158 D068 
33 AO 117 Al 75 DQ33 159 0069 
34 A2 118 A3 76 DQ34 160 0070 
35 A4 119 AS 77 DQ35 161 0071 
36 AS 120 A7 78 Vss 162 Vss 
37 AB 121 A9 79 P01 163 PD2 
38 NC 122 NC 80 P03 164 PD4 
39 NC 123 NC 81 POS 165 PD6 
40 Vee 124 Vee 82 P07 166 PDB 
41 NC 125 NC 83 IDO 167 ID1 
42 NC 126 BO 84 Vee 168 Vee 

Note: All pin assignments are consistent for all 8 Byte versions. 

Speed Leads 

60ns Au 

70ns Au 

Dimension 

5.25"x1 .O"x 0.354" 

5.25"x1 .O"x 0.354" 

Notes 
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------------------ ---::E::.:.::?E: 

Block Diagram 

OEO 
WEO 

CASO 

oao 
DQ1 
DQ2 
DQ3 

GAS 
DQ4 voo 
DQ5 
oos 
007 

GAS 
008 
009 
DQ10 
0011 

DQ12 
DQ13 
DQ14 
DC15 

0016 
0017 
0018 
0019 

CAS 
0020 voo 
0021 
0022 
0023 

00 
0024- 1/00 
0025 1/01 
DQ26 1/02 
DQ27 1/03 

CAS 
1/00 

00 
voo 
V01 
V02 
V03 

64G1555 
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'6E2 
WE2 

CAS4 
RAS WE OE 

DQ36 

DO DQ37 
DQ38 
DQ39 

R1ill" WE" O"E: 
DQ40 

D1 DQ41 
DQ42 
DQ43 

R1ill" WE" O"E: 
DQ44 

D2 DQ45 
DQ46 
DC47 

RAS WE OE 
DQ48 

D3 DQ49 
DQ50 
DQ51 

R1ill" WE" 
DQ52 

D4 DQ53 
DQ54 
DQ55 

RAS WE" 5E 
DQ56 

DS DQ57 
DQ58 
DQ59 

m WE" 

D6 

Ri\SWE" OE 

D7 

RAS WE OE 

DB 

IBM11M1730BA 

1M x 72 DRAM MODULE 

CAS RAS WE OE 
1/00 

D9 

RAS WE" 

D10 

RAS WE OE 

D11 

GAS R1ill" WE OE 
1/00 

D12 

CAS RAS WE" 5E 
voo 

D13 

GAS m WE" 5E 

D14 

V01 D15 
V02 
V03 

RAS WE 

D16 
Vss =!;>- PD 1-8 (when= O, 1=Ne) 
J5l% 

~ RAS WE" 5E 
---{>-+ A1-AN: DRAMS DO- D17 1/00 A1-AN 

1/01 D17 AO -c>- AO: DRAMS DO-DB 
V02 
V03 BO ---{>-+ AO: DRAMS D9-D17 

Vee DO - D17, Buffers 

Vss DO - D17, Buffers 
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IBM11M1730BA 

1 M x 72 DRAM MODULE 

Truth Table 

Function RAS CAS WE 

Standby H x x 
Read L L H 

Early-Write L L L 

Late-Write I RMW L L H4L 

Fast Page Mode - Read L H4L H 1st Cycle 

Subsequent Cycles L H4L H 

Fast Page Mode - Write 
L H4L L 

1st Cycle 

Subsequent Cycles L H4L L 

Fast Page Mode - RMW 
L H4L H4L 

1st Cycle 

Subsequent Cycles L H4L H4L 

RAS-Only Refresh L H x 
CAS-Before-'RAS"Relresh H4L L H 

Read Presence Detects x x x 

Presence Detect 
Pin 

PD1 (PD1 - PDS: Addressing/Density) 

PD2 

PD3 

PD4 

PDS 

PD6 (PD6 - PD7: Speed) 

PD7 

PD8 (Parity/ECC Designa1or) 

IDO (DIMM Type/Width) 

ID1 (Refresh Mode) 

1. PD1-8 are buffered outputs (0 =driven to VoL. 1 =open) 
2. ID0-1 are unbuffered outputs (0 = Vss. 1 =open) 

Page 652 

OE Row Column 
Address Address 

x x x 
L Row Col 

x Row Col 

H4L Row Col 

L Row Col 

L N/A Col 

x Row Col 

x NIA Col 

H4L Row Col 

H4L NIA Col 

x Row N/A 

x x x 

x x x 

-60 

0 

0 

1 

0 

0 

1 

1 

0 

0 

0 

PDE 

x 
x 
x 

x 

x 

x 

x 

x 

x 

x 

x 
x 

L 

DQx 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

Not Affected 
(PD Bits Valid) 

-70 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 
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--------------- - -- - ---- --------·- IBM11M1730BA ----·-
1M x 72 DRAM MODULE 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -0.5 to 6.5 v 1 

V1N Input Voltage -0.7 to Vee +0.7 v 1 

VouT Output Voltage -0.7 to Vee +0.7 v 1 

ToPR Operating Temperature Oto +70 oc 1 

TsTG Storage Temperature -55 to +125 oc 1 

Po Power Dissipation 11.9 w 1 

lour Short Circuit Output Current 50 mA 1 

louTPo Short Circuit Output Current (PD) 60 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above those indicated is not implied. Exposure to absolute maximum rating con-
dition for ex1ended periods may affect reliability. 

Recommended DC Operating Conditions (TA= o 101o'c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss. 

Capacitance (TA= o to +1o'c. Vee= 5.o ± o.5V) 

Symbol 

C11 

C12 

C13 

c,. 

64G1555 
MMDL09DSU-OO 
Revised 7 /94 

Parameter 

Input Capacitance (AO, BO, A 1-A9) 

Input Capacitance (RAS) 

Input Capacitance (CAS, WE, OE) 

DOx Capacitance 

Min 

4.5 

2.4 

0.0 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee v 1 

- 0.8 v 1 

Max Units Notes 

13 pF 

70 pF 

13 pF 

15 pF 
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IBM11M1730BA 

1 M x 72 DRAM MODULE 

DC Electrical Characteristics (TA= oto +7o'c, Vee= s.o±o.svi 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 2160 
lcc1 Avera~wer Supply Operating Current mA 1,2,3 

(RAS, C S, Address Cycling: !Ac =!Ac min) -70 - 1944 

Standby Current (TTL) 
lcc2 Power S..!!EE!y Standby Current - 36 mA 

(RAS = CAS ~ V1H) 

RAS Only Refresh Current -60 - 2160 
Ices Average Powe~ply Current, RAS Only Mode mA 1,3 

(RAS Cycling, CAS ~ V1H: IAc = IAc min) -70 - 1944 

Fast Page Mode Current -60 - 1350 
lcc4 Average Power Supply Current, Fast Page Mode mA 1,2,3 

(RAS ,,; V1L, CAS, Address Cycling: lpc = lpc min) -70 - 1260 

Standby Current (CMOS) 
Ices Power ~y Standby Current 

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

GAS before RAS Refresh Current -60 - 2160 
Ices Avera~wer Supply Current, CAS Before RAS Mode mA 1,3 

{RAS, CAS, Cycling: !Re= tAc min) -70 - 1944 

Input Leakage Current All but RAS -10 +10 
l1(L) Input Leakage Current, any Input µA 

(0.0,,; V1N,;; (Vee< 4.0V)), All Other Pins Not Under Test = OV RAS -90 +90 

locq 
Output Leakage Current 

-10 +10 µA (DouT is disabled, 0.0,;; VouT,,; Vee) 

VoH 
Output High Level 

2.4 - v Output "H" Level Voltage (louT = -5mA@ 2.4V) 

VOL 
Output Low level 

- 0.4 v Output "L" Level Voltage (1 0 uT = +4.2mA@ 0.4V) 

1. lcc1 .lccs.lcc4 and Ices depend on cycle rate. 
2. lcc1 ,lcc4 depend on output loading. Specified values are obtained with 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. 
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--------------- - -- - ---::::a::;:::i'":: IBM11M1730BA 

1M x 72 DRAM MODULE 

AC Characteristics (TA= o to +70°c, Vee= s.o ± o.sV) 

1. V1H (min} and V1L (max} are reference levels for measuring liming of inpul signals. Transilion limes are measured be1Ween V1H and 
VIL· 

2. An inilial pause of 200µs is required after power-up followed by 8 RAS only refresh cycles before proper device operalion is 
achieved. In case of using inlernal refresh counter, a minimum of 8 CAS before RAS refresh cycles inslead of 8 RAS only refresh 
cycles is required. The 1 Mx4 DRAM Outputs will remain disabled until lhese 8 cycles have occurred. This prevents dala conlenlion 
(excessive currenl) during power on. To prevenl excess power dissipalion during power-up, RAS should rise coincidenl wilh lhe 
power supply voltage. 

3. The specified timings include butler, loading and skew delay adders: 2ns minimum, 5ns (CAS, WE, OE) or 6ns (address) maximum 
delay, no pulse shrinkage to the Dram device timings. The data and RAS signals are not buffered, which preserves the DRAM 
access specifications of 60ns and 70ns. 

4. AC measuremenls assume lr = 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tRc Random Read or Wrile Cycle Time 110 - 130 - ns 

1Rp RAS Precharge Time 40 - 50 - ns 

lcp CAS Precharge Time 10 - 10 - ns 

lRAs RAS Pulse Width 60 10K 70 10K ns 

tcAs CAS Pulse Widlh 15 - 20 - ns 1 

lASR Row Address Selup Time 6 - 6 - ns 

tRAH Row Address Hold Time 8 - 8 - ns 

1Asc Column Address Setup Time 4 - 4 - ns 

lcAH Column Address Hold Time 17 - 17 - ns 

lRcO RAS lo CAS Delay Time 18 40 18 45 ns 2 

lRAO RAS to Column Address Delay Time 13 24 13 2g ns 3 

1RsH RAS Hold Time 20 - 25 - ns 

lcsH CAS Hold Time 58 - 68 - ns 

le RP CAS to RAS Precharge Time 15 - 15 - ns 

1000 OE to D1N Delay Time 20 - 25 - ns 4 

tozo OE Delay Time from D1N -2 - -2 - ns 

tozc CAS Delay Time from D1N -2 - -2 - ns 

lAR Column Address Hold Time Referenced lo RAS 57 - 62 - -

IT Transilion Time (Rise and Fall) 3 50 3 50 ns 

1. The minimum 1cAs requires 1csH to be met for both writes and reads. Also, because of the buffer, lhe minimum tcAs for a read cycle 
musl be eX1ended lo guarantee lhe dala oul window (loH) in the applicalion. For example, a lcAs of 15ns plus a minimum loH of 2ns 
would resull in lurning dala oul of lhe DIMM a117ns (3ns before max tcAc of 20ns). 

2. Operalion within the 1Rco(max) limit ensures lhat tRAc(max} can be met. The tRco(max) is specified as a reference point only: If 1Rco 
is grealer lhan lhe specified tRco(max) limil, then access time is conlrolled by tcAc. 

3. Operation wilhin the lRAo(max} limit ensures lhat lRAc(max) can be met. The tRAo(max) is specified as a reference point only: If tRAo 
is greater than the specified tRAo(max) limit, then access lime is controlled by tAA. 

4. Eilher tcoo or t000 must be satisfied. 

64G1555 
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--------- ----- - -IBM11M1730BA - - ---- --------------·-
1 M x 72 DRAM MODULE 

Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

twcs Wrtte Command Set Up Time 2 - 2 - ns 1 

twcH Write Command Hold Time 17 - 17 - ns 

twp Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to RAS Lead Time 20 - 25 - ns 

tcwL Write Command to GAS Lead Time 17 - 22 - ns 

twcR Write Command Hold Time Referenced to RAS - - - - ns 2 

toHR Data Hold Time Referenced to RAS - - - - ns 2 

tos D1N Setup Time -2 - -2 - ns 3 

toH D1N Hold Time 20 - 20 - ns 3 

1. twcs. tRWD• tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs:?! twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRwo;;,, tRwo(min.), tcwo <: tcwo(min.), tAwo <: tAwo(min.) and tcpw:?! tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of condttions are met, the 
condition of the data (at access time) is indeterminate. 

2. This timing parameter is not applicable to this product, but applies to a related product in this family. 
3. Data-in set-up and hold is measured from the latter of the two timings, GAS or WE. 

Page 656 64G1555 
MMDL09DSU-OO 

Revised 7/94 



--------------- - -- - ---- --------------·- IBM11M1730BA 

1M x 72 DRAM MODULE 

Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

IRAC Access Time from RAS - 60 - 70 ns 1, 2 

lcAc Access Time from GAS - 20 - 25 ns 1, 2 

IAA Access Time from Address - 36 - 41 ns 1, 2 

to EA Access Time from OE - 20 - 25 ns 1, 2 

!Res Read Command Setup Time 2 - 2 - ns 

IRcH Read Command Hold Time to GAS 2 - 2 - ns 3 

tRRH Read Command Hold Time to RAs 3 - 3 - ns 3 

IRAL Column Address to RAS Lead Time 36 - 41 - ns 

le AL Column Address to GAS Lead Time - - - - ns 4 

tcLz GAS to Output in Low-Z 2 - 2 - ns 

IRoH RAS Hold to Output Enable 15 - 15 - ns 

loH Output Data Hold Time 2 - 2 - ns 

loHO Output Data Hold Time from OE 2 - 2 - ns 

loEZ Output Bulfer Turn-off Delay from OE 2 20 2 25 ns 5 

1coo GAS to D1N Delay Time 20 - 25 - ns 6 

lo FF Output Bulfer Turn-off Delay 2 20 2 25 ns 5 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the laner of tRAc, tcAc. lcPA· tAA. toEA· 
3. Either tRcH or tRRH must be satisfied. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 
5. toFF (max) and loEZ (max) define the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
6. Either tcoo or t000 must be satisfied. 

64G1555 
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-------------IBM11M1730BA - - -- ----- --------------·-
1 M x 72 DRAM MODULE 

Fast Page Mode Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tpc Fast Page Mode Cycle Time 40 - 45 - ns 

tRASP Fast Page Mode RAS Pulse Width 60 100K 70 100K ns 

tcPRH RAS Hold Time from CAS Precharge - - - - ns 1 

tcPA Access Time from CAS Precharge - 40 - 45 ns 2,3 

1. This timing parameter is not applicable to this product, but applies to a related product in this family. 
2. Measured with the specified current load and 1 OOpF. 
3. Access time is determined by the latter of tRAc. tcAC· tcPA· tAA, toEA· 

Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tRwc Read-Modify-Write Cycle Time 158 - 188 - ns 

tRwD RAS to WE Delay Time 83 - 98 - ns 1 

tcwD CAS to WE Delay Time 45 - 55 - ns 1 

tAWD Column Address to WE Delay Time 59 - 69 - ns 1 

to EH OE Command Hold Time 15 - 20 - ns 

1. twcs. tRwo. tcwo. tAwD. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;:, twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; 11 tRwo;:, tRwo(min.), tcwo;:, tcwo(min.), tAwo;:, tAwo(min.) and tcpw;:, tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 

-60 
Symbol Parameter 

Min Max Min 

tPRWC Fast Page Mode Read-Modify-Write Cycle Time 83 - 98 

tcpw WE Delay time from CAS Precharge - - -
1. This timing parameter is not applicable to this product, but applies to a related product in this family. 
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Max 

-

-

Unit Notes 

ns 

ns 1 
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-------------- - -- - ---- - ---------- IBM11M1730BA ----·-
1 M x 72 DRAM MODULE 

Refresh Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tcHA 
GAS Hold Time 

18 18 
(GAS before RAS Refresh Cycle) 

- - ns 

tcsR 
GAS Setup Time 

15 - 15 - ns (GAS before RAS Refresh Cycle) 

lwRP 
WE Setup Ti~ 

15 - 15 - ns 
(GAS before RAS Refresh Cycle) 

twRH 
WE Hold Time 

8 8 
(GAS before RAS Refresh Cycle) 

- - ns 

IRPC RAS Precharge to GAS Hold Time 3 - 3 - ns 

!REF Refresh Period - 16 - 16 ms 1 

1. 1024 refreshes are required every 16ms. 

Presence Detect Read Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

tpo PDE to Valid Presence Detect Data - 10 - to ns t 

tpooFF PDE Inactive to Presence Detects Inactive 0 10 0 10 ns 2 

1. Measured with the specified current load and 1 OOpF. 
2. tpooFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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IBM11M1730BA 

1M x 72 DRAM MODULE 

Read Cycle 

~AS 

V1H -
RAS 

V1L -

lcsH 

IRco 

GAS 
V1H -

lcAs 

VIL -

IRAo tRAL 
!CAL 

IAsR !Ase 

V1H -
Address 

VIL -

V1H -
WE 

VIL -

V1H -
OE 

V1L -

tcLZ 

VoH
DolJT -----+-- Hi-Z -------

VoL-

l:"H"or"L" 
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tRc 

tRP 

tRSH 

l0Ez ___ -o1 

Valid Data Out 

loH ----

,__ __ loHo ___ _, 

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

Hi-Z __ 
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-------------= - -::5~§: IBM11M1730BA 

1 M x 72 DRAM MODULE 

Write Cycle (Early Write) 

!Ac 

!RAS ~p 

V1H 

RAS 
VIL 

lcsH 

tACD !ASH 

VIH 
lcAs 

CAS 
VIL 

!RAD 

!ASA !Ase 

V1H 

Address 
VIL 

WE 
VIL 

V1H -

OE 
VIL -

Valid Data In 

VoH-

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

64G1555 
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-------------- - -IBM11M1730BA - ----=..:.:=~= 
1 M x 72 DRAM MODULE 

Write Cycle (Late Write) 

!Re 

IRAs 

V1H -
RAS 

V1L -

lesH 

tReD !RSH 

V1H -
le AS GAS 

V1L -

!RAD 

tAs !Ase 

!RAH lcAH 

V1H 
Address 

DouT ---- Hi-Z------~ 
VoL-

-~': : "H" or "L" 'output remains Hi-Z because WE is latched internally following lwp min. 
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-----------------
.:...:::a~~ IBM11M1730BA 

1M x 72 DRAM MODULE 

Read-Modify-Write-Cycle 

tRwc 

tRAs 

V1H-
RAS 

v,,-
lcsH 

tRCD !RSH lcAP 

V1H-
le AS GAS 

v,,- !RAD 

tASR tASC 

V1H 
Address 

v,, 

V1H 

WE v,, 

V1H 
OE v,, 

tcLZ 

VoH
-----t-- Hi-Z --------t1 

,,__ _________ Hi-Z* __ 
DouT 

Vo, -

-loHo ;Ill : "H" or "L" "output remains Hi-Z because WE is latched internally following twp min. 
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IBM11M1730BA 

1 M x 72 DRAM MODULE 

Fast Page Mode Read Cycle 

RAS' 

CAS 

Address 

WE 

OE 

DouT 

Page664 

V1H-

V1L -

V1H-

V1L -

V1H 

V1L 

V1H 

V1L 

V1H 

VIL 

VoL-

-tRcD 

1<>----tRAC 

tcLZ-l 

1 :"H"or"L" 

tRASP 

!cPRH 

tpc 
tRSH 

!cAs- !cAS 

loEz 

DourN 

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

tRP 

tcRP 

tRCH 

64G1555 
MMDL09DSU-OO 

Revised 7/94 



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

Fast Page Mode Write Cycle 

Address 

V1H 
D1N 

V1L 

VoH-

DouT 
VoL-

64G1555 
MMDL09DSU-OO 
Revised 7 /94 

I :"H"or"L" 

IBM11M1730BA 

1M x 72 DRAM MODULE 

!pc ___ .., 

le RP 
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IBM11M1730BA 

1 M x 72 DRAM MODULE 

Fast Page Mode Read-Modify-Write Cycle 

V1H
Address 

V1L _. 

VoH
DouT 

VOL-

I 
Page 666 

----lRAc 

DouT 1 

: "H" or"L" 

DouT 2 DouTN 

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

le RP 

64G1555 
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IBM11M1730BA 

1M x 72 DRAM MODULE 

RAS Only Refresh Cycle 

!Ac 

IRAS ~p 

V1H-

RAS 

V1L-

IAPC 

V1H-

CAS 
V1L-

IRA 

!ASA 

V1H 

Address 

V1L 

VoH-

Dour __________ Hi-Z ----------------

64G1555 
MMDL09DSU-OO 
Revised 7194 

VoL-

I :"H"or"L" 

Note: WE, OE, o,N are "H" or "L" 
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--------- ----- - -IBM11M1730BA - ----- - ---------___ ,_ 

1 M x 72 DRAM MODULE 

CAS Before RAS Refresh Cycle 

I+---- looo ------i 

i---+--- !coo -----+< 

D1N V1H -
---4-+------ Hi-Z 

D VoH-
OUT }------ Hi-Z -------------------

Vol -

Note: Addresses are "H" or "L" 
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-------------- - --------------------·-

Presence Detect Read Cycle 

PD1-PD8 

64G1555 
MMDL09DSU-OO 
Revised 7194 

Valid Presence Detect 

*PD pins must be pulled high at next level of assembly 

IBM11M1730BA 

1M x 72 DRAM MODULE 
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IBM11 M1730BA 

1 M x 72 DRAM MODULE 

Layout Drawing 

(2)1 
3.1877 
.1255 

.250 

42.18 
1.661 

65.68 
2.586 

SIDE 

9.00 I 
.354MAX. • I 

LIJ 
,._rz r~ '"::;; "'::;; 
~§ '.:i;i 

1.27 ± 0.10 
.050 ± .004 

133.35 
5.25 

131.35 
5.171 

127.35 
5.014 

FRONT 

DODD 
1.27 PITCH l 
.050 

1.00WIDTH 
.~039 

~----SEE DETAIL A 
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/ 

DETAIL A 
SCALE 4/1 
------

' ' ' ' \ 
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NOTE: All dimensions are typical unless otherwise stated. Ml~~~~~Rs 
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-------------- - -- - ---- -------------·-

Features 

• 168 Pin JEDEC Standard, 8 Byte Dual In-line 
Memory Module 

• 1 Mx72 Fast Page Mode DIMM 

Performance: 

1RAC RAS Access Time 

lcAC GAS Access Time 

1AA Access Time From Address 

1Rc Cycle Time 

lpc Fast Page Mode Cycle Time 

-60 -70 

60ns 70ns 

20ns 25ns 

36ns 41ns 

110ns 130ns 

40ns 45ns 

• All inputs and outputs are LVTTL and LVCMOS 
compatible 

• Single 3.3V, ± 0.3V Power Supply 

• Au contacts 

Description 

IBM11M1730BB is an industry standard 168-pin 
8-byte Dual In-line Memory Module (DIMM) which is 
organized as a 1 Mx72 high speed memory array for 
ECC applications. The DIMM uses 18 1 Mx4 DRAMS 
in SOJ packages. 

Improved system performance is provided by the 
on-DIMM buffering of selected input signals. The 
specified timings include all buffer, net and skew 
delays, which simplifies the memory subsystem 
design analysis. The data and RAS signals are not 
buffered, which preserves the DRAM access specifi
cations of 60ns and 70ns. 

Presence Detect (PD) and Identification Detect (ID) 
bits provide information about the DIMM density, 

Card Outline 

IBM11M1730BB 

1 M x 72 DRAM MODULE 

• Optimized for ECC applications 

• System Performance Benefits: 

- Buffered inputs (except RAS, Data) 
Reduced noise (32 VssNcc pins) 

- 4 Byte Interleave enabled 
- Buffered PDs 

• Fast Page Mode, Read-Modify-Write Cycles 

• Refresh Modes: RAS-Only and CBR 

• 1024 refresh cycles distributed across 16ms 

• 10/10 addressing (Row/Column) 

• Card size: 5.25" x 1.0" x 0.354" 

• DRAMS in SOJ Package 

addressing, performance and features. PD bits can 
be dotted at the system level and activated for each 
DIMM position using the PD enable (PDE) signal. ID 
bits also allow detection of card features, and may 
be dot-or'd at the system level to provide information 
for the entire DIMM bank. For example, the system 
will determine that ECC DIMMs are installed if PD8 
is low (0). IDO need not be sensed since both x72 
and x80 ECC DIMMs will function in a x72 bank. 

All IBM 168-pin DIMMs provide a high performance, 
flexible 8-byte interface in a 5.25" long space-saving 
footprint. Related products are the x64 and x72 par
ity (5V) DIMMs and ECC DIMMs (5V and 3.3V). 

f 0 ITTW1ll n II II II II II II II II II II II II 111 II n II II II 111111II111 II II II II 111 II II II II II 111 111 ol 
(Front) 1 10 11 40 41 84 
(Back) 85 94 95 124 125 168 
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IBM11M1730BB 

1 M x 72 DRAM MODULE 

Pin Description 
RASO, RAS2 Row Address Strobe 

CASO,CAS4 Column Address Strobe (Buffered) 

WEO,WE2 Read/write Input (Buffered) 

<5ro,<5r2 Output Enable (Buffered) 

AO,BO,A1 -A9 Address Inputs (Buffered) 

DOx Data Input/Output 

Vee Power (3.3V) 

Vss Ground 

NC No Connect 

PD1 -PD8 Presence Detects (Buffered) 

~ Presence Detect Enable 

IDO-ID1 ID Bits 

Ordering Information 

Part Number Organization 

IBM11M1730BBA-60 1Mx72 

IBM11M1730BBA-70 1Mx72 

Page 672 
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Pin out 

Pin# Front Pin# Back Pin# Front Pin# Back 
Side Side Side Side 

1 Vss SS Vss 43 Vss 127 Vss 
2 DOO S6 D036 44 0!:2 128 NC 
3 DQ1 S7 D037 4S ~2 129 NC 
4 D02 SS D03S 46 CAS4 130 NC 
s D03 S9 DQ39 47 NC 131 NC 
6 Vee 90 Vee 4S WE2 132 "PDE 
7 DQ4 91 D040 49 Vee 133 Vee 
8 DOS 92 D041 so NC 134 NC 
9 DQ6 93 D042 S1 NC 13S NC 
10 DQ7 94 DQ43 S2 DQ18 136 DQ54 
11 DOS 9S DQ44 S3 DQ19 137 DOSS 
12 Vss 96 Vss S4 Vss 13S Vss 
13 D09 97 D04S SS D020 139 DOS6 
14 D010 9S D046 S6 D021 140 DOS7 
1S D011 99 D047 S7 D022 141 DOSS 
16 D012 100 D04S SS D023 142 DQS9 
17 D013 101 D049 S9 Vee 143 Vee 
1S Vee 102 Vee 60 D024 144 D060 
19 D014 103 DOSO 61 NC 14S NC 
20 D01S 104 D051 62 NC 146 NC 
21 D016 105 0052 63 NC 147 NC 
22 D017 106 D053 64 NC 148 NC 
23 Vss 107 Vss 65 D025 149 D061 
24 NC 10S NC 66 D026 150 D062 
25 NC 109 NC 67 D027 151 D063 
26 Vee 1t0 Vee 68 Vss 152 Vss 
27 WEO 111 NC 69 D028 153 D064 
28 CASO 112 NC 70 D029 154 D065 
29 NC 113 NC 71 D030 155 DQ66 
30 RASO 114 NC 72 D031 156 D067 
31 OEO 115 NC 73 Vee 157 Vee 
32 Vss 116 Vss 74 D032 15S D06S 
33 AO 117 A1 75 D033 159 D069 
34 A2 11S A3 76 D034 160 D070 
35 A4 119 AS 77 D035 161 D071 
36 AG 120 A7 78 Vss 162 Vss 
37 AS 121 A9 79 PD1 163 PD2 
38 NC 122 NC 80 PD3 164 PD4 
39 NC 123 NC 81 PDS 165 PD6 
40 Vee 124 Vee 82 PD7 166 PD8 

41 NC 125 NC 83 IDO 167 ID1 
42 NC 126 BO S4 Vee 168 Vee 

Note: All pin assignments are consistent for all 8 Byte versions. 

Speed Leads 

60ns Au 

70ns Au 

Dimension 

5.25"x1 .O"x 0.354" 

5.25"x1 .O"x 0.354" 

Notes 
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Block Diagram 

OEO 
WEO 

CASO 

DOO 
001 
002 
003 

CA5 
004 
005 
006 
007 

CA5 
DOB 
009 
0010 
0011 

GAS 
0012 1/00 
0013 
0014 
001S 

~ 
0016 
0017 
0018 
0019 

CAS 
0020 1/00 
0021 
0022 
0023 

GAS 
0024- 1/00 
0025 1/01 
0026 1/02 
0027 1/03 

CAS 
0028 1/00 
0029 
0030 
0031 

CA5 
voo 
1/0 1 
1/02 
1/03 

64G2145 
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RAS WE 

DO 

RAS WE 

D1 

RAS WE 

D2 

RAS WE 

D3 

RAS" WE 

D4 

RAS WE 

DS 

RAS WI"'. 

D6 

RAS WE 

D7 

RAS WE 

DB 

i5E 

OE 

OE 

OE 

OE 

OJ: 

OE 

OE 

18M11M173088 

1 M x 72 DRAM MODULE 

OE2 
WE2 

CAS4 

RAS WE OE 
0036 
0037 D9 
0038 
0039 

~ RAS" WI"'. rn:: 
0040 
0041 D10 
0042 
0043 

RAS WE OE 
0044 
0045 

D11 0046 
0047 

~ llJiS WE OE 
0048 
0049 

D12 
0050 
0051 

RAS WE OE 
DOS2 
DOS3 D13 
0054 
DOSS 

Ci\S llJiS WE OE 
DOS6 
DOS7 D14 
0058 
DOS9 

RAS WE 

D15 
1/02 
1/03 

RAS WE OE 

D16 

~ Vss PD 1-8 (when= 0, 1=Ne) 

Pl5E 

Ci\S RAS WE OE 
-[>-- A1-AN: DRAMS DO· D17 1/00 A1-AN 

1/01 D17 AO -!>- AO: DRAMS D0-08 
1/02 
1/03 BO -[>-- AO: DRAMS D9-D17 

Vee DO - D17, Buffers 

Vss DO - D17, Buffers 
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IBM11M173088 

1 M x 72 DRAM MODULE 

Truth Table 

Function RAS CAS WE OE 

Standby H x x x 
Read L L H L 

Early-Write L L L x 

Late-Write I RMW L L H--;L H--;L 

Fast Page Mode - Read 
L H--;L H L 

1st Cycle 

Subsequent Cycles L H--;L H L 

Fast Page Mode - Write 
L H--;L L x 

tst Cycle 

Subsequent Cycles L H--;L L x 
Fast Page Mode - RMW 

L H--;L H--;L H--;L 
1st Cycle 

Subsequent Cycles L H--;L H--;L H--;L 

RAS-Only Refresh L H x x 
GAS-Before-RAS Refresh H--;L L H x 

Read Presence Detects x x x x 

Presence Detect 

Pin 

PD1 (PD1 - PD5: Addressing/Density) 

PD2 

PD3 

PD4 

PD5 

PD6 (PD6 - PD7: Speed) 

PD7 

PD8 (Parity/ECG Designator) 

IDO (DIMM Type/Width) 

ID1 (Refresh Mode) 

3. PD1-8 are buffered outputs (0 =driven to VoL. 1 =open) 
4. ID0-1 are unbuffered outputs (0 = Vss. 1 =open) 
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Row Column PDE Address Address 

x x x 
Row Col x 
Row Col x 

Row Col x 

Row Col x 

N/A Col x 

Row Col x 

N/A Col x 

Row Col x 

N/A Col x 

Row N/A x 
x x x 

x x L 

-60 

0 

0 

1 

0 

0 

1 

1 

0 

0 

0 

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

DQx 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

Not Affected 
(PD Bits Valid) 

-70 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 
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--------------- -- - -------------- IBM11M1730BB ----·-
1 M x 72 DRAM MODULE 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -0.5 to 4.1 v 1 

V1N Input Voltage -0.5to4.1 v 1 

VouT Output Voltage -0.5to4.1 v 1 

ToPR Operating Temperature Oto +70 oc 1 

Tsm Storage Temperature -55 to +125 oc 1 

Po Power Dissipation 5.5 w 1 

lo UT Short Circuit Output Current 50 mA 1 

louTPD Short Circuit Output Current (PD) 60 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only and functional opera-
lion of the device at these or any other condttions above those indicated is not implied. Exposure to absolute maximum rating con-
dition for extended periods may affect reliability. 

Recommended DC Operating Conditions (TA= o to 10°c) 

Symbol Parameter 

Vee Supply Voltage 

· V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss. 

Capacitance (TA= o 10 +10°c, Vee= 3.3 ± o.3VJ 

Symbol 

C11 

C12 

c,. 
C14 

64G2145 
MMDL 13DSU-OO 
Revised 7194 

Parameter 

Input Capacitance (AO, BO, A1-A9) 

Input Capacitance (RAS) 

Input Capacitance (CAS, WE, OE) 

DOx Capacitance 

Min 

3.0 

2.0 

-0.3 

Typ Max Units Notes 

3.3 3.6 v 1 

- Vee+ 0.3 v 1 

- 0.8 v 1 

Max Units Notes 

13 pF 

70 pF 

13 pF 

15 pF 
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-------------- - -18M11M173088 - ----- --------------·-
1 M x 72 DRAM MODULE 

DC Electrical Characteristics (TA= oto +1o·c. Vee= 3.3 ±0.3Vl 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 1530 
lcc1 Avera~wer Supply Operating Current mA 1,2,3 

(RAS, CAS, Address Cycling: tRC = tRc min) -70 - 1260 

Standby Current (TTL) 
lcc2 Power S..!!.l!.e!y Standby Current 

(RAS = CAS :!: V1H) 
- 36 mA 

RAS Only Refresh Current -60 - 1530 
lcc3 Average Powe~ply Current, RAS Only Mode mA 1,3 

(RAS Cycling, CAS :!: V1H: 1Rc = 1Rc min) -70 - 1260 

Fast Page Mode Current -60 - 1080 
lcc4 Average Power Supply Current, Fast Page Mode mA 1,2,3 

(RAS S V1L. CAS, Address Cycling: lpc = lpc min) -70 - 900 

Standby Current (CMOS) 
Ices Power Supply Standby Current - 18 mA 

(RAS= CAS =Vee - 0.2V) 

CAS before RAS Refresh Current -60 - 1530 
lcce ~~wer Supply Current, CAS Before RAS Mode mA 1,3 

(RAS, CAS, Cycling: !Re = !Re min) -70 - 1260 

Input Leakage Current All but RAS -10 +10 
l1(L) Input Leakage Current, any Input µA 

(0.0 S V1N S (Vee< 6.0V)), All Other Pins Not Under Test= OV RAS -90 +90 

lo{L) 
Output Leakage Current 

-10 +10 µA (DoUT is disabled, 0.0 s VoUT s Vee) 

VoH 
Output High Level 

2.4 - v Output "H" Level Voltage OoUT = -2mA@ 2.4V) 

Vol 
Output Low level 

- 0.4 v Output "L" Level Voltage (loUT = +2mA@ 0.4V) 

1. lcc1.lcC3.lcc4 and lcce depend on cycle rate. 
2. lcct.ICC4 depend on output loading. Specttied values are obtained with 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. 
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---------------------- --------------·- 18M11M173088 

1 M x 72 DRAM MODULE 

AC Characteristics (TA= o to +10°c, Vee= 3.3 ± o.3V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H 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 delay adders: 2ns minimum, 5ns (CAS, WE, OE) or 6ns (address) maximum 
delay, no pulse shrinkage to the Dram device timings. The data and RAS signals are not buffered, which preserves the DRAMs 
access specifications of 60ns and 70ns. 

4. AC measurements assume tr = 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

!Re Random Read or Write Cycle Time 110 - 130 - ns 

IRP RAS Precharge Time 40 - 50 - ns 

tep CAS Precharge Time 10 - 10 - ns 

IRAs RAS Pulse Width 60 10K 70 10K ns 

lcAS CAS Pulse Width 15 - 20 - ns 1 

IAsR Row Address Setup Time 6 - 6 - ns 

!RAH Row Address Hold Time 8 - 8 - ns 

!Ase Column Address Setup Time 4 - 4 - ns 

lcAH Column Address Hold Time 17 - 17 - ns 

IRCo RAS to CAS Delay Time 18 40 18 45 ns 2 

!RAD RAS to Column Address Delay Time 13 24 13 2g ns 3 

tRSH RAS Hold Time 20 - 25 - ns 

lcsH CAS Hold Time 58 - 68 - ns 

le RP CAS to RAS Precharge Time 15 - 15 - ns 

looo OE to D1N Delay Time 20 - 25 - ns 4 

lozo OE Delay Time from D1N -2 - -2 - ns 

lozc rntS Delay Time from D1N -2 - -2 - ns 

IAR Column Address Hold Time Referenced to RAS - - - - - 5 

tr Transition Time (Rise and Fall) 3 50 3 50 ns 

1. The minimum tcAs requires lcsH 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 (toH) in the application. For example, a lcAs of 15ns plus a minimum toH of 2ns 
would result in turning data out of the DIMM at 17ns (3ns before max lcAc of 20ns). 

2. Operation within the IRCo(max) limn ensures that tRAc(max) can be met. The IRco(max) is specified as a reference point only: If IRco 
is greater than the specified IRco(max) limit, then access time is controlled by lcAc. 

3. Operation wnhin the tRAo(max) limit ensures that tRAc(max) can be met. The tRAo(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. Enher tcoo or t000 must be satisfied. 
5. This timing parameter is not applicable to this product, but applies to a related product in this family. 

64G2145 
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1 M x 72 DRAM MODULE 

Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

twcs Write Command Set Up Time 2 - 2 - ns 1 

twcH Write Command Hold Time 17 - 17 - ns 

twp Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to RAS Lead Time 20 - 25 - ns 

tcwL Write Command to GAS Lead Time 17 - 22 - ns 

twcR Write Command Hold Time Referenced to RAS - - - - ns 2 

toHR Data Hold nme Referenced to RAS - - - - ns 2 

tos D1N Setup Time -2 - -2 - ns 3 

toH D1N Hold Time 20 - 20 - ns 3 

1. twcs. tRwo. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs 2 twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If 1RwD 2 tRwo(min.), tcwo 2 tcwo(min.), tAwD 2 tAwo(min.) and tcpw2 tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

2. This timing parameter is not applicable to this product, but applies to a related product in this family. 
3. Data-in set-up and hold is measured from the latter of the 1Wo timings, CAS or WE. 
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1 M x 72 DRAM MODULE 

Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

IRAc Access Time from RAS - 60 - 70 ns 1,2 

lcAC Access Time from CAS - 20 - 25 ns 1, 2 

IAA Access Time from Address - 36 - 41 ns 1,2 

lo EA Access Time from OE - 20 - 25 ns 1,2 

!Res Read Command Setup Time 2 - 2 - ns 

IRcH Read Command Hold Time to CAS 2 - 2 - ns 3 

!RAH Read Command Hold Time to RAS 3 - 3 - ns 3 

IRAL Column Address to RAS Lead Time 36 - 41 - ns 

lcAL Column Address to CAS Lead Time - - - - ns 4 

lcLZ CAS to Output in Low-Z 2 - 2 - ns 

IRoH RAS Hold to Output Enable 15 - 15 - ns 

1oH Output Data Hold Time 2 - 2 - ns 

loHO Output Data Hold Time from OE 2 - 2 - ns 

loEZ Output Buffer Turn-off Delay from OE 2 20 2 25 ns 5 

I coo CAS to D1N Delay Time 20 - 25 - ns 6 

loFF Output Buffer Turn-off delay 2 20 2 25 ns 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of IRAC• lcAC· lcPA• IAA, loEA· 
3. Either IRHC or IRRH must be satisfied. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 
5. loFF (max) and loEz (max) define the time at which the ou1pu1 achieves the open circuit condition and is not referenced to ou1put 

voltage levels. 
6. Either lcoo or 1000 must be satisfied. 

64G2145 
MMDL 13DSU-OO 
Revised 7 /94 

Page 679 



--------- ----- ---IBM11M1730BB - - ---- - --------------·-
1 M x 72 DRAM MODULE 

Fast Page Mode Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tpc Fast Page Mode Cycle Time 40 - 45 - ns 

tAAsP Fast Page Mode RAS Pulse Width 60 100K 70 100K ns 

tcPRH RAS Hold Time from CAS Precharge 40 - 45 - ns 

tcPA Access Time from CAS Precharge - 40 - 45 ns 1, 2 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAc. tcpA, tAA. toEA· 

Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tRwc Read-Modify-Write Cycle Time 158 - 188 - ns 

tRWD RAS to WE Delay Time 83 - 98 - ns 1 

tcwo CAS to WI: Delay Time 45 - 55 - ns 1 

tAWD Column Address to WE Delay Time 59 - 69 - ns 1 

toEH OE Command Hold Time 15 - 20 - ns 

1. twcs. tRwo. tcwo. tAwo, and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;, twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRwo;, tRwo(min.), tcwo;, tcwo(min.), tAwo" tAwo(min.) and tcpw" tcpw(min.)(Fast Page Mode}, the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 

-60 
Symbol Parameter 

Min Max Min 

tPRWC Fast Page Mode Read-Modify-Write Cycle Time 83 - 98 

tcpw WE Delay time from CAS Precharge - - -

1. This timing parameter is not applicable to this product, but applies to a related product in this family. 
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-70 

Max 

-

-

Unit Notes 

ns 

ns 1 
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1 M x 72 DRAM MODULE 

Refresh Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

lcHA 
GAS Hold Time 

18 18 
(GAS before RAS Refresh Cycle) 

- - ns 

lcsA 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

15 - 15 - ns 

lwRP 
WE Setup Ti~ 

15 - 15 - ns 
(GAS before RAS Refresh Cycle) 

lwAH 
WE Hold Time 

8 8 
(GAS before RAS Refresh Cycle) 

- - ns 

IAPC RAS Precharge to GAS Hold Time 3 - 3 - ns 

!REF Refresh Period - 16 - 16 ms 1 

1. 1024 refreshes are required every 16ms. 

Presence Detect Read Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

lpo PDE to Valid Presence Detect Data - 10 - 10 ns 1 

lpooFF PDE Inactive to Presence Detects Inactive 0 10 0 10 ns 2 

1. Measured with the specified current load and 1 OOpF. 
2. lpooFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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1 M x 72 DRAM MODULE 

Read Cycle 

!RAS 

V1H -
RAS 

VIL -

tcsH 

tReO 

CAS 
V1H -

le As 

VIL -

tRAD tRAL 
tcAL 

lAsR !Ase 

V1H -
Address 

VIL -

teLZ 

VoH-
Dour ----->-- Hi-Z _______ ____, 

VoL-

I :"H"or"L" . 
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!Re 

!RP 

tRSH 

loEZ----ol 

Valid Data Out 

loH -----< 

,__ __ toHO ___ _,,. 

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

Hi-Z __ 
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-------------- ---- - ---- -------------·-

Write Cycle (Early Write) 

IRAS 

V1H 
RAS 

V1L 

lesH 

!ReD 

V1H le As 
GAS 

V1L 

!RAD 

!ASR !Ase 

V1H 
Address 

V1L 

Valid Data In 

VoH-

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

64G2145 
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: "H"or "L" 

IBM11M1730BB 

1M x 72 DRAM MODULE 

!Re 

!RSH 
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1 M x 72 DRAM MODULE 

Write Cycle (Late Write) 

!Re 

tRAS 

V1H -
RAS 

VIL -

lesH 

!ReD !RSH 

V1H -
le As CAS 

V1L -

!RAD 

!As !Ase 

V1H 
Address 

VIL 

DouT Hi-Z------~ 1---------Hi-Z*--------
VoL-

I : "H" or "L" *output remains Hi-Z because WE is latched internally following twp min. 
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-------------- - -- - ---- -------------·- IBM11M173088 

1M x 72 DRAM MODULE 

Read-Modify-Write-Cycle 

!Awe 

IRAs 

V1H-

RAS 
V1L-

lcsH 

tRCO tRSH le RP 

V1H-
lcAS CAS 

V1L- lRAO 

tASR !Ase 

tcLZ 

VoH
Dour ----1--Hi-Z --------jiml 

VoL-

>---------- Hi-Z* --

-loHo I :"H"or"L" . ·output remains Hi-Z because WE is latched internally following twp min . 

64G2145 
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1 M x 72 DRAM MODULE 

Fast Page Mode Read Cycle 

Address 

WE 

OE 

DouT 

Page 686 

V1L -

V1H 

V1L 

V1H 

VIL 

VoL-

----tRAC 

tcLz-J 

1: "H" or "L" 

41ASP 

1+----!cPRH 

loEz 

DouT N 

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

le RP 
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-------------- - -- - ---- -------------·-

Fast Page Mode Write Cycle 

Address 

VoH-
DouT 

VoL-

~:~:§:$ 
~~ : "H" or "L" 
);:::::::::· 

64G2145 
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18M11M173088 

1M x 72 DRAM MODULE 

!RASP -----------------! lfip 

!pc ___ _., 

le RP 

le As 

Page687 



IBM11M1730BB 

1M x 72 DRAM MODULE 

Fast Page Mode Read-Modify-Write Cycle 

V1H -
Address 

v,, -

VoH
Dour 

VoL-

I 
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--------!RASP----------------. 

Dour 1 Dour2 Dour N 

: 11H"or"L" 

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

le RP 
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--------- ----- - -- - ---- ---------- IBM11M1730BB ---·-
1M x 72 DRAM MODULE 

RAS Only Refresh Cycle 

Address 

DouT 

64G2145 
MMDL 13DSU-OO 
Revised 7 /94 

l+---------tRAS----------1 

VoH -

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

VoL-

Note: WE, OE, D1N are "H" or "L" 
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---------- ------ -18M11M173088 - ----- -------------·-
1 M x 72 DRAM MODULE 

CAS Before RAS Refresh Cycle 

\4------t..As ----------. 

V1H -

V1H -

,__ ____ tooo -----. 

,..____,_ ___ tcoo -----

D1N V1H -----+--+------ Hi-Z 

D VoH -
OUT 

}------ Hi-Z -------------------
VoL -

11. : "H" or "L" 

Note: Addresses are "H" or "L" 
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-------------- - -- - ---- --------·----·-

Presence Detect Read Cycle 

VtL -

VoH-

PD1-PD8 
VoL-

64G2145 
MMDL 13DSU-OO 
Revised 7 /94 

Valid Presence Detect 

*PD pins must be pulled high at next level of assembly 

IBM11M1730BB 

1 M x 72 DRAM MODULE 
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IBM11M1730BB 

1 M x 72 DRAM MODULE 

Layout Drawing 
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--------- ----- - -- - ---- -------------·-

Features 

• 168 Pin JEDEC Standard, 8 Byte Dual In-line 
Memory Module 

• 2Mx72 Fast Page Mode DIMM 

Performance: 

!RAC RAS Access Time 

1cAC CAS Access Time 

1AA Access Time From Address 

I Ac Cycle Time 

!pc Fast Page Mode Cycle Time 

-60 -70 

60ns 70ns 

20ns 25ns 

36ns 41ns 

110ns 130ns 

40ns 45ns 

• All inputs and outputs are TTL and CMOS com
patible 

• Single 5.0V, ± 0.5V Power Supply 

Description 

IBM11 M2730H is an industry standard 168-pin 
8-byte Dual In-line Memory Module (DIMM) which is 
organized as a 2Mx72 high speed memory array for 
ECC applications. The DIMM uses 9 2Mx8 DRAMS 
in TSOP packages. 

Improved system performance is provided by the 
on-DIMM buffering of selected input signals. The 
specified timings include all buffer, net and skew 
delays, which simplifies the memory subsystem 
design analysis. The data and RAS signals are not 
buffered, which preserves the DRAM access specifi
cations of 60ns and 70ns. 

Presence Detect (PD) and Identification Detect (ID) 
bits provide information about the DIMM density, 

Card Outline 

IBM11 M2730H 

2M x 72 DRAM MODULE 

• Au contacts 
• Optimized for ECC applications 

• System Performance Benefits: 

- Buffered inputs (except RAS, Data) 
- Reduced noise (32 VssNcc pins) 
- Buffered PDs 

• Fast Page Mode, Read-Modify-Write Cycles 

• Refresh Modes: RAS-Only and CBR 

• 2048 refresh cycles distributed across 32ms 

• 11 /10 addressing (Row/Column) 

• Card size: 5.25" x 1.0" x 0.157" 

DRAMS in TSOP Package 

addressing, performance and features. PD bits can 
be dotted at the system level and activated for each 
DIMM position using the PD enable (PDE) signal. ID 
bits also allow detection of card features, and may 
be dot-or'd at the system level to provide information 
for the entire DIMM bank. For example, the system 
will determine that ECC DIMMs are installed if PD8 
is low (0). IDO need not be sensed since both x72 
and x80 ECC DIMMs will function in a x72 bank. 

All IBM 168-pin DIMMs provide a high performance, 
flexible 8-byte interface in a 5.25" long space-saving 
footprint. Related products are the x64 and x72 par
ity (5V) DIMMs and ECC DIMMs (5V and 3.3V). 

rrrrrmm n 111111 ""'" '"' "'' """" n '"""""" "'''"'"I 111111 I'"" I"'"" j (Front) 
(Back) 

64G1556 
MMDL 10DSU-OO 
Revised 7 /94 

l 10 11 40 41 84 
85 94 95 124 125 168 

Page 693 



I BM 11 M2730H 

2M x 72 DRAM MODULE 

Pin Description 

RASO, i'i!IB2 Row Address Strobe 

CiiSO,CAS°4 Column Address Strobe (Buffered) 

WEO, WE2 Read/write Input (Buffered) 

OEO,OE2 Output Enable (Buffered) 

AO,BO,A1 -A10 Address Inputs (Buffered) 

DOx Data Input/Output 

Vee Power (+3.3V) 

Vss Ground 

NC No Connect 

PD1 -PDB Presence Detects (Buffered) 

Pl'5E Presence Detect Enable 

IDO-ID1 ID Bits 

Ordering Information 

Part Number Organization 

IBM11M2730HA-60 2Mx72 

IBM11M2730HA-70 2Mx72 

Page 694 

Pinout 

Pin# 
Front 

Pin# 
Back 

Pin# 
Front 

Pin# 
Back 

Side Side Side Side 

1 Vss BS Vss 43 Vss 127 Vss 
2 DOO 86 D036 44 OE:2 12B NC 
3 D01 B7 D037 4S i'i/IB2 129 NC 
4 D02 B8 D03B 46 CiiS4 130 NC 
s D03 B9 DQ39 47 NC 131 NC 
6 Vee 90 Vee 48 WE2 132 PiSE 
7 DQ4 91 D040 49 Vee 133 Vee 
B DOS 92 D041 so NC 134 NC 
9 D06 93 D042 S1 NC 13S NC 
10 D07 94 D043 S2 D018 136 D054 
11 DOB 9S DQ44 S3 D019 137 DOSS 
12 Vss 96 Vss S4 Vss 13B Vss 
13 D09 97 DQ4S SS D020 139 DOS6 
14 0010 98 D046 S6 D021 140 DOS7 
1S D011 99 D047 S7 D022 141 DOS8 
16 D012 100 DQ4B SB D023 142 DOS9 
17 D013 101 D049 S9 Vee 143 Vee 
1B Vee 102 Vee 60 D024 144 D060 
19 D014 103 DOSO 61 NC 14S NC 
20 D01S 104 DOS1 62 NC 146 NC 
21 0016 10S DOS2 63 NC 147 NC 
22 D017 106 OOS3 64 NC 14B NC 
23 Vss 107 Vss 6S D02S 149 D061 
24 NC 10B NC 66 D026 150 D062 
25 NC 109 NC 67 D027 151 D063 
26 Vee 110 Vee 6B Vss 1S2 Vss 
27 WEO 111 NC 69 D028 153 D064 
2B CASO 112 NC 70 D029 154 0065 
29 NC 113 NC 71 D030 155 D066 
30 i'iiiSo 114 NC 72 DQ31 156 DQ67 
31 OE:o 115 NC 73 Vee 157 Vee 
32 Vss 116 Vss 74 DQ32 158 D06B 
33 AO 117 A1 7S D033 1S9 D069 
34 A2 11B A3 76 DQ34 160 0070 
35 A4 119 AS 77 DQ35 161 DQ71 
36 A6 120 A7 7B Vss 162 Vss 
37 AB 121 A9 79 PD1 163 PD2 
3B A10 122 NC BO PD3 164 PD4 
39 NC 123 NC B1 PDS 165 PD6 
40 Vee 124 Vee 82 PD7 166 PDB 
41 NC 12S NC B3 100 167 ID1 
42 NC 126 BO 84 Vee 168 Vee 

Note: All pin assignments are consistent for all 8 Byte versions. 

Speed Leads 

60ns Au 

70ns Au 

Dimension 

5.25"x1 .O"x 0.157'' 

5.25"x1 .O"x 0.157" 

Notes 
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Block Diagram 

OEO 
WEO 

CASO 

C7iS 
DOD 
D01 
D02 
DQ3 
OQ4 
DQ5 
OQ6 
DQ7 

DQ8 
DQ9 
DQIO 
DQ11 
DQ12 
DQ13 
0014 
DQ15 

DQ16 
OQ17 
OQ18 
DQ19 
D020 
0021 
D022 
0023 

D024 
D025 
D026 
DQ27 
D028 
D029 
D030 
D031 

D032 
D033 
D034 
0035 
D036 
OQ37 
D038 1/06 
D039 1/07 

64G1556 
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RAS wt OE 

DO 

RAS WE OE 

D1 

RAS WE OE 

D2 

RAS WE OE 

D3 

RAS WE OE 

D4 

IBM11 M2730H 

2M x 72 DRAM MODULE 

OE2 t 
WE2 _ 

RAS2 
CAS4 

CA'S" RllS wt °" D040 
D041 DS 
D042 
0043 
OQ44 
D045 
0046 
D047 

GAS RAS WE OE 
DQ48 
DQ49 D6 
OQ50 
0051 
0052 
OQ53 
OQ54 
DQ55 

RAS WE OE 
DQ56 
0057 D7 
OQ58 
D059 
DQ60 
D061 
D062 
D063 

GAS RAS WE OE 
D064 1/00 
0065 1/01 DB 
D066 1/02 
0067 1/03 
D068 1/04 
0069 1/05 
0070 1/06 
D071 1/07 

Vss ~ PD 1-B (when = 0, 1 =NC) 

~ 

A1 -AN ---{>---- A1-AN: DRAMS DO -DB 

AO -t>-- AO: DRAMS DO-D4 

BO --t>-- AO: DRAMS DS-DB 

Vee DO - DB, Buffers 

vss DO - DB, Buffers 

Page695 



IBM11M2730H 

2M x 72 DRAM MODULE 

Truth Table 

Function RAS CA'S WE 5E 

Standby H x x x 
Read L L H L 

Early-Write L L L x 

Late-Write I RMW L L H-;L H-+L 

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

Subsequent Cycles L H-+L H L 

Fast Page Mode - Write 
L H-;L L x 

1st Cycle 

Subsequent Cycles L H-+L L x 
Fast Page Mode - RMW 

L H-+L H-+L H-+L 
1st Cycle 

Subsequent Cycles L H-;L H-;L H-;L 

RAS-Only Refresh L H x x 
CAS°-Before-'RAS"Refresh H-+L L H x 
Read Presence Detects x x x x 

Presence Detect 

Pin 

PD1 (PD1 - PDS: Addressing/Density) 

PD2 

PD3 

PD4 

PD5 

PD6 (PD6 - PD?: Speed) 

PD? 

PD8 (Parity/ECC Designator) 

IDO (DIMM Type/Width) 

ID1 (Refresh Mode) 

1. PD1-8 are buffered outputs (0 =driven to VoL, 1 =open) 
2. ID0-1 are unbuffered outputs (0 = V88 , 1 =open) 
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Row Column P15E Address Address 

x x x 
Row Col x 
Row Col x 

Row Col x 

Row Col x 

NIA Col x 

Row Col x 

NIA Col x 

Row Col x 

NIA Col x 

Row NIA x 
x x x 

x x L 

-60 

1 

0 

0 

1 

0 

1 

1 

0 

0 

0 

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

DQx 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

Not Affected 
(PD Bits Valid) 

-70 

1 

0 

0 

1 

0 

0 

1 

0 

0 

0 
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-------------- ----- ---- ---------------·- IBM11 M2730H 

2M x 72 DRAM MODULE 

Absolute Maximum Ratings 
Symbol Parameler Raling Unils Noles 

Vee Power Supply Vollage -1.0lo +7.0 v 1 

V1N lnpul Vollage -0.5 lo min (Vee + 0.5, 7.0) v 1 

VouT Oulpul Vol1age -0.5 lo min (Vee+ 0.5, 7.0) y 1 

ToPR Operating Temperature Oto +70 oc 1 

Tsm Storage Temperature -55 to +125 oc 1 

Po Power Dissipation 5.95 w 1 

lo UT Short Circuit Output Curren! 50 mA 1 

louTPD Short Circuit Output Current (PD) 60 mA 1 

1. Stresses grealer than !hose listed may cause permanenl damage 10 the device. This is a slress raling only and functional opera-
lion of the device at these or any other conditions above those indicated is not implied. Exposure to absolute maximum rating con-
dition for extended periods may affect reliability. 

Recommended DC Operating Conditions (TA= o 10 10°c) 

Symbol Parameter 

Yee Supply Yollage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Yss. 

Capacitance (TA= o 10 +70°c, Yee= s.o ± o.5Y) 

Symbol 

C11 

C12 

C1a 

C14 

64G1556 
MMDL 10DSU-OO 
Revised 7 /94 

Parameler 

lnpul Capacitance (AO, BO, A 1-A 10) 

Input Capacitance (RAS) 

Input Capacitance (GAS, WE, OE) 

DOx Capacitance 

Min 

4.5 

2.4 

-0.5 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee y 1 

- 0.8 y 1 

Max Unils Noles 

13 pF 

40 pF 

13 pF 

15 pF 
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-------------- - -IBM11 M2730H - ----=::::::::= ~ = 
2M x 72 DRAM MODULE 

DC Electrical Characteristics (TA= o to +1o'c, Vee= 5.o ± o.5V) 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 1080 
lcc1 Avera~wer Supply Operating Current mA 1,2,3 

(RAS, CAS, Address Cycling: tRc = tRc min) -70 - 900 

Standby Current (TTL) 
lcc2 Power S.!!ee]y Standby Current 

(RAS = CAS ;;: V1H) 
- 18 mA 

RAS Only Refresh Current -60 - 1080 
lcc3 Average Powe~ply Current, RAS Only Mode mA 1,3 

(RAS Cycling, CAS;;: V1H: IRc = IRc min) -70 - 900 

Fast Page Mode Current -60 - 675 
lcc4 Average Power Supply Current, Fast Page Mode mA 1,2,3 

(RAS,;; V1L, CAS, Address Cycling: lpc = tpc min) -70 - 585 

Standby Current (CMOS) 
Ices Power Supply Standby Current - 9 mA 

(RAS= GAS= Vee - 0.2V) 

GAS before RAS Refresh Current -60 - 1080 
Ices Avera~wer Supply Current, CAS Before RAS Mode mA 1,3 

(RAS, CAS, Cycling: !Re= !Re min) -70 - 900 

Input Leakage Current All but RAS -10 +10 
l1(L) Input Leakage Current, any Input µA 

(0.0,;; V1N,;; (Vee< 6.0V)), All Other Pins Not Under Test= OV RAS -50 +50 

lo(L) 
Output Leakage Current 

-10 +10 µA 
(DouT is disabled, 0.0,;; VouT,;; Vee) 

VoH 
Output High Level 

2.4 - v Output "H" Level Voltage (louT = -5mA@ 2.4 V) 

VoL 
Output Low level - 0.4 v Output "L" Level Voltage (lour= +4.2mA@0.4V) 

1. lcc1 ,lcc3.lcc4 and Ices depend on cycle rate. 
2. lcc1 ,lcc4 depend on output loading. Specified values are obtained with 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. 
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-------------- ---- - ---- ---------- IBM11 M2730H ----·-
2M x 72 DRAM MODULE 

AC Characteristics (TA= o to +70°c, Vee= s.o± o.svi 

1. ViH (min) and ViL (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H 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 delay adders: 2ns minimum, 5ns (GAS, WE, OE) or 6ns (address) maximum 
delay, no pulse shrinkage to the Dram device timings. The data and RAS signals are not buffered, which preserves the DRAMs 
access specifications of 60ns and 70ns. 

4. AC measurements assume IT ~ 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Unit Noles 

Min Max Min Max 

tRc Random Read or Write Cycle Time 110 - 130 - ns 

!RP RAS Precharge Time 40 - 50 - ns 

tcp GAS Precharge Time 10 - 10 - ns 

1RAS RAS Pulse Width 60 10K 70 10K ns 

lcAS GAS Pulse Width 15 - 20 - ns 1 

IAsR Row Address Setup Time 6 - 6 - ns 

!RAH Row Address Hold Time 8 - 8 - ns 

tAsc Column Address Setup Time 4 - 4 - ns 

lcAH Column Address Hold Time 17 - 17 - ns 

IRcD RAS to CAs Delay Time 18 40 18 45 ns 2 

tRAD RAS to Column Address Delay Time 13 24 13 29 ns 3 

lRSH RAS Hold Time 20 - 25 - ns 

lcsH GAS Hold Time 58 - 68 - ns 

lcRP GAS to RAS Precharge Time 15 - 15 - ns 

looo OE to D1N Delay Time 20 - 25 - ns 4 

lozo OE Delay Time from D1N -2 - -2 - ns 

lozc CAs Delay Time from D1N -2 - -2 - ns 

IAR Column Address Hold Time Referenced to RAS - - - - - 5 

IT Transition Time (Rise and Fall) 3 30 3 30 ns 

1. The minimum lcAs requires lcsH 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 15ns plus a minimum loH of 2ns 
would result in turning data out of the DIMM at 17ns (3ns before max lcAc of 20ns). 

2. Operation within the IRco(max) limit ensures that lRAc(max) can be met. The tRco(max) is specified as a reference point only: If 1Rco 
is greater than the specified IRco(max) limit, then access time is controlled by lcAc 

3. Operation within the lRAo(max) limit ensures that tRAc(max) can be met. The tRAo(max) is specified as a reference point only: If !RAD 
is greater than the specified tRAo(max) limit, then access time is controlled by IAA. 

4. Either !coo or 1000 must be satisfied. 
5. This timing parameter is not applicable to this product, but applies to a related product in this family. 
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-------------- - -IBM11 M2730H - ----- -- ------------·-
2M x 72 DRAM MODULE 

Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

twcs Write Command Set Up Time 2 - 2 - ns 1 

twcH Write Command Hold Time 17 - 17 - ns 

twp Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to RAS Lead Time 20 - 25 - ns 

tcwL Write Command to GAS Lead Time 17 - 22 - ns 

twcR Write Command Hold Time Referenced to RAS - - - - ns 2 

toHR Data Hold Time Referenced to RAS - - - - ns 2 

tos D1N Setup Time -2 - -2 - ns 3 

1oH D1N Hold Time 20 - 20 - ns 3 

1. 1wcs. tRwo. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;, twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRwo;, tRwo(min.), tcwo;, tcwo(min.), tAwo;, tAwo(min.) and tcpw;, tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

2. This timing parameter is not applicable to this product, but applies to a related product in this family. 
3. Data-in set-up and hold is measured from the latter of the two timings, GAS or WE. 
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--------------- - -- ----- ----------- IBM11 M2730H ----·-
2M x 72 DRAM MODULE 

Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tRAC Access Time from RAS - 60 - 70 ns 1, 2 

tcAC Access Time from CAS - 20 - 25 ns 1, 2 

tAA Access Time from Address - 36 - 41 ns 1, 2 

to EA Access Time from OE - 20 - 25 ns 1, 2 

tRcs Read Command Setup Time 2 - 2 - ns 

tRCH Read Command Hold Time to CAS 2 - 2 - ns 3 

tRRH Read Command Hold Time to RAS 3 - 3 - ns 3 

tRAL Column Address to RAS Lead Time 36 - 41 - ns 

tcAL Column Address to GAS Lead Time 36 - 41 - ns 

tcLZ CAS to Output in Low-Z 2 - 2 - ns 

tROH RAS Hold to Output Enable - - - - ns 4 

toH Output Data Hold Time 2 - 2 - ns 

to HO Output Data Hold Time from OE 2 - 2 - ns 

toEZ Output Buffer Turn-off Delay from OE 2 20 2 25 ns 5 

tcoo CAS to DIN Delay Time 20 - 25 - ns 6 

toFF Output Buffer Turn-off Delay 2 20 2 25 ns 5 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAc. tcPA· tAA, toEA· 
3. Either tRcH or tRRH must be satisfied. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 
5. toFF (max) and 1oEz (max) define the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
6. Either tCDo or tooo must be satisfied. 

64G1556 
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--------- ----- - -IBM11 M2730H - ----- - - ------------·-
2M x 72 DRAM MODULE 

Fast Page Mode Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

lpc Fast Page Mode Cycle Time 40 - 45 - ns 

IRASP Fast Page Mode RAS Pulse Width 60 100K 70 100K ns 

lcPRH RAS Hold Time from CAS Precharge 40 - 45 - ns 

lcPA Access Time from CAS Precharge - 40 - 45 ns 1,2 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of IRAC· lcAc. lcpA, IAA. loEA· 

Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

!Awe Read-Modify-Write Cycle Time 158 - 188 - ns 

IRWD RAS to WE Delay Time 83 - 98 - ns 1 

lcwo CAS to WE Delay Time 45 - 55 - ns 1 

IAwo Column Address to WE Delay Time 59 - 69 - ns 1 

loeH OE Command Hold Time 15 - 20 - ns 

1. lwcs. IRwo. lcwo. IAwo. and lcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. II lwcs;?; lwcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; 11 IRwo;?; tRwo(min.), tcwo;?; tcwo(min.), tAwo;?; tAwo(min.) and tcpw;?; tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: II neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tPAWC Fast Page Mode Read-Modify-Write Cycle Time 83 - 98 - ns 

tcpw WE Delay time from CAS Precharge 63 - 73 - ns 1 

1. twcs. tRwo. tcwo. IAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics only. 
If lwcs;?; twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through the 

entire cycle; If IRwo;?; tRwo(min.), lcwo;?; tcwo(min.), IAwo ~ IAwo(min.) and lcpw ~ tcpw(min.)(Fast Page Mode), the cycle is a Read-
Modify-Write cycle and the data will contain read from the selected cell: II neither of the above sets of conditions are met, the con-
dition of the data (at access time) is indeterminate. 
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-------------- - -- ----- ---------- IBM11 M2730H ----·-
2M x 72 DRAM MODULE 

Refresh Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tcHR 
CAS Hold Time 

18 18 
(CAS before RAS Refresh Cycle) - - ns 

tcsR 
CAS Setup Time 
(GAS before RAS Refresh Cycle) 

15 - 15 - ns 

lwRP 
WE Setup Ti~ 15 - 15 - ns 
(CAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 

8 8 (CAS before RAS Refresh Cycle) - - ns 

tRPC RAS Precharge to CAS Hold Time 3 - 3 - ns 

!REF Refresh Period - 32 - 32 ms 1 

1. 2048 refreshes are required every 32ms. 

Presence Detect Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

lpo PDE to Valid Presence Detect Data - 10 - 10 ns 1 

lpooFF PDE Inactive to Presence Detects Inactive 0 10 0 10 ns 2 

1. Measured with the specified current load and 1 OOpF. 
2. lpooFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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IBM11M2730H 

2M x 72 DRAM MODULE 

Read Cycle 

IRAS 

V1H -
RAS 

VIL -

lcsH 

lRco 

CAS 
V1H -

lcAs 

V1L -

!RAD !RAL 
lcAL 

!ASR !Ase 

V1H -
Address 

V1L -

lcLZ 

VoH-
DoUT -----t-- Hi-Z --------1 

VoL-

I : "H" or "L" 
. 
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tRc 

!RSH 

loEz ___ _., 

Valid Data Out 

loH ___ ., 

___ toHo ___ ... 

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

Hi-Z __ 

64G1556 
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-------------- ---- - -------------- IBM11M2730H ---·-
2M x 72 DRAM MODULE 

Write Cycle (Early Write) 

file 

IRAs 

V1H 
RAS 

V1L 

lcsH 

tReo tRSH 

V1H lcAs 
CAS 

V1L 

filAD 

lAsR !Ase 

V1H 
Address 

Valid Data In 

DoUT _______________ Hi-Z ----------------
VoL-

64G1556 
MMDL10DSU-OO 
Revised 7 /94 

l:"H"or"L" 
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--------------- -IBM11 M2730H - ----- - ------------·-
2M x 72 DRAM MODULE 

Write Cycle (Late Write) 

!Re 

IRAs 

V1H-
RAS 

V1L -

lcsH 

~CD !ASH 

V1H -
!cAS GAS 

V1L -

!RAD 

l.4s !Ase 

V1H 
Address 

DollT ---- Hi-z--~------1 
VoL-

I : "H" or "L" *output remains Hi-Z because WE is latched internally following twp min. 
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------------------ - ---- ---------------·- IBM11 M2730H 

2M x 72 DRAM MODULE 

Read-Modify-Write-Cycle 

V1H-
RAS 

V1L-

V1H-
CAS 

V1L-

V1H 
Address 

V1H 

D1N 
VIL 

VoH-

Dour 
VoL-

64G1556 
MMDL10DSU..QO 
Revised 7 /94 

!ASA 

~II : "H" or "L" 

!Awe 

IRAs 

lcsH 

!ReD !ASH le RP 

le As 
!RAD 

!Ase 

leLZ 

Hi-Z Hi-Z* __ 

-loHo 

·output remains Hi-Z because WE is latched internally following twp min. 
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-------------- - -IBM11M2730H - ----- --------------·-
2M x 72 DRAM MODULE 

Fast Page Mode Read Cycle 

----l:cPRH 

le RP 

Address 

V1H 
WE 

V1L 

V1H 
OE 

V1L 

r--t----t--t-tt-filW--t--t---t-+t-~~;ll--f---t--t-----1-H 
!cAC 

fo----tRAC 

l:cLz-1 

DouT 
VoL-

1 :"H"or"L" 
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loEz 

DouTN 
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-------------- - -- - ---- -------------·-

Fast Page Mode Write Cycle 

Address 

V1H 

WE 
V1L 

V1H 

OE 
V1L 

64G1556 
MMDL 10DSU-OO 
Revised 7 /94 

l:"H"or"L" 

IBM11 M2730H 

2M x 72 DRAM MODULE 

!pc ___ _, 
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IBM11 M2730H 

2M x 72 DRAM MODULE 

Fast Page Mode Read-Modify-Write Cycle 

V1H
Address 

V1L -

VoH

Dour 
VOL-

I: "H"or"L" 

Page 710 

Dour 1 Dour 2 DourN 

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

le AP 
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-------------- - -- - ---:5:..:.::5?5: I BM11 M2730H 

2M x 72 DRAM MODULE 

RAS Only Refresh Cycle 

~c 

~AS ~p 

V1H-

RAS 

V1L-

!RPC 

V1H-

CAS 
V1L-

!RA 

!ASR 

V1H 

Address 

V1L 

VoH-

__________ Hi-Z ----------------

64G1556 
MMDL10DSU-OO 
Revised 7/94 

VoL-

l:"H"or"L" 

Note: WE, OE, D1N are "H" or "L" 
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--------- ----- - -IBM11 M2730H - ----- -----==--=~= 

2M x 72 DRAM MODULE 

CAS Before RAS Refresh Cycle 

14------tRAS ---------

i.------ tooo ----i 

i---+--- tcoo ------"i 

D1N v,H - _ ____,_~----- Hi-Z 

toez 

D VoH-
OUT 

Ii---- Hi-Z -------------------

I :"H"or"L" 

Note: Addresses are "H" or "L" 
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Presence Detect Read Cycle 

VoH-

PD1-PD8 
VoL-

64G1556 
MMDL 1 ODSU-00 
Revised 7 /94 

\ Valid Presence Detect 

*PD pins must be pulled high at next level of assembly 

IBM11 M2730H 

2M x 72 DRAM MODULE 

I 
+-
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IBM11 M2730H 

2M x 72 ORAM MODULE 

Layout Drawing 
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Features 

• 168 Pin JEDEC Standard, 8 Byte Dual In-line 
Memory Module 

• 2Mx72 Fast Page Mode DIMM 

Performance: 

!RAC MS Access Time 

le AC GAS Access Time 

!AA Access Time From Address 

!Re Cycle Time 

lpc Fast Page Mode Cycle Time 

-60 -70 

60ns 70ns 

20ns 25ns 

36ns 41ns 

110ns 130ns 

40ns 45ns 

• All inputs and outputs are LVTTL and LVCMOS 
compatible 

• Single 3.3V, ± 0.3V Power Supply 

Description 

IBM11 M2730HB is an industry standard 168-pin 
8-byte Dual In-line Memory Module (DIMM) which is 
organized as a 2Mx72 high speed memory array for 
ECG applications. The DIMM uses 9 2Mx8 DRAMs 
in TSOP packages. 

Improved system performance is provided by the 
on-DIMM buffering of selected input signals. The 
specified timings include all buffer, net and skew 
delays, which simplifies the memory subsystem 
design analysis. The data and RAS signals are not 
buffered, which preserves the DRAM access specifi
cations of 60ns and 70ns. 

Presence Detect (PD) and Identification Detect (ID) 
bits provide information about the DIMM density, 

Card Outline 

IBM11 M2730HB 

2M x 72 DRAM MODULE 

• Au contacts 
• Optimized for ECG applications 

• System Performance Benefits: 

Buffered inputs (except RAS, Data) 
- Reduced noise (32 VssNcc pins) 
- Buffered PDs 

• Fast Page Mode, Read-Modify-Write Cycles 

• Refresh Modes: RAS-Only and CBR 

• 2048 refresh cycles distributed across 32ms 

• 11/10 addressing (Row/Column) 

• Card size: 5.25" x 1.0" x 0.157'' 

DRAMS in TSOP Package 

addressing, performance and features. PD bits can 
be dotted at the system level and activated for each 
DIMM position using the PD enable (PDE) signal. ID 
bits also allow detection of card features, and may 
be dot-or'd at the system level to provide information 
for the entire DIMM bank. For example, the system 
will determine that ECG DIMMs are installed if PD8 
is low (0). IDO need not be sensed since both x72 
and x80 ECG DIMMs will function in a x72 bank. 

All IBM 168-pin DIMMs provide a high performance, 
flexible 8-byte interface in a 5.25" long space-saving 
footprint. Related products are the x64 and x72 par
ity (5V) DIMMs and ECG DIMMs (5V and 3.3V). 

rrnmrrn n '"''"'I'""'''"''""',,, n "' '"""'' "" 1111111111111111111111111111 j 
(Front) 
(Back) 

64G2239 
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IBM11 M2730HB 

2M x 72 DRAM MODULE 

Pin Description 

RASO, 1'1AS2 Row Address Strobe 

Cii'SO, CAS4 Column Address Strobe (Buffered) 

WEO,WE2 Read/write Input (Buffered) 

OEO, OE2 Output Enable (Buffered) 

AO, BO, A1 -A10 Address Inputs (Buffered) 

DQx Data Input/Output 

Vee Power ( +3.3V) 

Vss Ground 

NC No Connect 

PD1 - PD8 Presence Detects (Buffered) 

15Dt Presence Detect Enable 

IDO-ID1 ID Bits 

Ordering Information 

Part Number Organization 

IBM11M2730HBA-60 2Mx72 

IBM11M2730HBA-70 2Mx72 
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Pin out 

Pin# 
Front 

Pin# 
Back 

Pin# 
Front 

Pin# 
Back 

Side Side Side Side 

1 Vss 85 Vss 43 Vss 127 Vss 
2 DQO 86 DQ36 44 OE2 128 NC 
3 DQ1 87 DQ37 45 RAS2 129 NC 
4 DQ2 88 DQ38 46 Ci\§"4 130 NC 
5 DQ3 89 DQ39 47 NC 131 NC 
6 Vee 90 Vee 48 WE2 132 P5E 
7 DQ4 91 D040 49 Vee 133 Vee 
8 DQS 92 DQ41 50 NC 134 NC 
9 DQ6 93 D042 51 NC 135 NC 
10 DQ7 94 D043 52 DQ18 136 DQ54 
11 DQ8 95 DQ44 53 DQ19 137 DQSS 
12 Vss 96 Vss 54 Vss 138 Vss 
13 DQ9 97 D045 55 DQ20 139 DQ56 
14 OQ10 98 0046 56 OQ21 140 OQ57 
15 OQ11 99 0047 57 OQ22 141 OQ58 
16 OQ12 100 0048 58 OQ23 142 DQ59 
17 OQ13 101 0049 59 Vee 143 Vee 
18 Vee 102 Vee 60 OQ24 144 0060 
19 0014 103 DQSO 61 NC 145 NC 
20 OQ15 104 OQ51 62 NC 146 NC 
2t OQ16 105 OQ52 63 NC 147 NC 
22 OQ17 106 OQ53 64 NC 148 NC 
23 Vss 107 Vss 65 OQ25 149 DQ61 
24 NC 108 NC 66 OQ26 150 DQ62 
25 NC 109 NC 67 OQ27 151 0063 
26 Vee 110 Vee 68 Vss 152 Vss 
27 WEO 111 NC 69 OQ28 153 DQ64 
28 CASO 112 NC 70 OQ29 154 OQ65 
29 NC 113 NC 71 OQ30 tSS 0066 
30 liiiSo 114 NC 72 OQ31 156 OQ67 
31 OEO 115 NC 73 Vee 157 Vee 
32 Vss 116 Vss 74 OQ32 158 DQ68 
33 AO 117 A1 75 OQ33 159 DQ69 
34 A2 118 A3 76 DQ34 160 OQ70 
35 A4 119 AS 77 DQ35 161 0071 
36 A6 120 A7 78 Vss 162 Vss 
37 A8 121 A9 79 P01 163 PD2 
38 A10 122 NC 80 P03 164 P04 
39 NC 123 NC 81 PDS 165 PD6 
40 Vee 124 Vee 82 PD7 166 P08 
41 NC 125 NC 83 IDO 167 ID1 
42 NC 126 BO 84 Vee 168 Vee 

Note: All pin assignments are consistent for all 8 Byte versions. 

Speed Leads 

sons Au 

70ns Au 

Dimension 

5.25"x1.O"x0.157'' 

5.25"x1 .O''x 0.157" 

Notes 

64G2239 
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---------- ----- ---- - ---
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Block Diagram 

OEO 
WEO 

CASO 

<:AS 
000 
001 
002 
003 
004 
005 
006 
007 

(;AS 
008 
009 
0010 
0011 
0012 
0013 
0014 
0015 

(;AS 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 

CiiS 
0024 1/00 
0025 1101 
0026 
0027 
0028 
0029 
0030 
0031 

GAS 
0032 1100 
0033 
0034 1/02 
0035 
0036 
0037 1/05 
0038 1106 
0039 1107 

64G2239 
MMDL14DSU-OO 
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l'iAS WI!': 

DO 

RAS WI!': 

D1 

RAS WE 

D2 

RAS WE 

D3 

RAS WE 

D4 

5E 

OE 

OE 

OE 

OE 

IBM11 M2730HB 

2M x 72 DRAM MODULE 

OE2 =& 
WE2 _ 

RAS2 
CAS4 

GAS R7iS WI!': 5E 
0040 
0041 D5 
0042 
0043 
0044 
0045 
0046 
0047 

R7iS WE" OE 
0048 
0049 1/01 D6 
0050 1/02 
0051 110 3 
0052 1/04 
0053 1/05 
0054 1/06 
0055 1/07 

GAS RAS WE OE 
0056 1/00 
0057 1101 D7 
0058 1/02 
0059 1/03 
0060 1104 
0061 1/05 
0062 1/06 
0063 1107 

GAS RAS WE OE 
0064 1/00 
0065 1101 D8 
0066 1/02 
0067 1103 
0068 1104 
0069 1105 
0070 1106 
0071 1107 

Vss ~ PD 1-8 (when = 0, 1 =NC) 

~ 

A1 -AN -t>- A1-AN: DRAMS DO-D8 

AO ---{>----- AO: DRAMS D0-04 

BO -{>- AO: DRAMS D5-D8 

Vee DO - D8, Buffers 

Vss DO - DB, Buffers 
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IBM11 M2730HB 

2M x 72 DRAM MODULE 

Truth Table 

Function RAS CAS WE OE 

Standby H x x x 
Read L L H L 

Early-Write L L L x 

Late-Write I RMW L L H4L H4L 

Fast Page Mode • Read 
L H4L H L 

1st Cycle 

Subsequent Cycles L H4L H L 

Fast Page Mode • Write 
L H4L L x 

1st Cycle 

Subsequent Cycles L H4L L x 
Fast Page Mode - RMW 

L H4L H4L H4L 
1st Cycle 

Subsequent Cycles L H4L H4L H4L 

RAS-Only Refresh L H x x 
CPS-Before-~Refresh H4L L H x 

Read Presence Detects x x x x 

Presence Detect 

Pin 

PD1 (PD1 - PD5: Addressing/Density) 

PD2 

PD3 

PD4 

PDS 

PDS (PDS • PD7: Speed) 

PD7 

PDB (Parity/ECC Designator) 

100 (DIMM Type/Width) 

ID1 (Refresh Mode) 

1. PD1 -8 are buffered outputs (0 =driven to VoL. 1 =open) 
2. ID0-1 are unbuffered outputs (0 = Vss. 1 =open) 

Page 718 

Row Column PDE Address Address 

x x x 
Row Col x 
Row Col x 

Row Col x 

Row Col x 

NIA Col x 

Row Col x 

NIA Col x 

Row Col x 

N/A Col x 

Row N/A x 
x x x 

x x L 

-60 

1 

0 

0 

1 

0 

1 

1 

0 

0 

0 

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

DOx 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

Not Affected 
(PD Bits Valid) 

-70 

1 

0 

0 

1 

0 

0 

1 

0 

0 

0 

64G2239 
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--------------- - -- - ---- ----------- IBM11 M2730HB ----·-
2M x 72 DRAM MODULE 

Absolute Maximum Ratings 

Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -0.5 to +4.6 v 1 

V1N Input Voltage -0.5 to min (Vee+ 0.5, 4.6) v 1 

VouT Output Voltage -0.5 to min (Vee+ 0.5, 4.6) v 1 

ToPR Operating Temperature 0 to +70 oc 1 

Tsrn Storage Temperature -55 to +125 oc 1 

Po Power Dissipation 3.9 w 1 

lo UT Short Circuit Output Current 50 mA 1 

louTPD Short Circuit Output Current (PD) 60 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above those indicated is not implied. Exposure to absolute maximum rating con-
dition for extended periods may affect reliability. 

Recommended DC Operating Conditions (TA= o to 70°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss 

Capacitance (TA= o to +70°c. Vee= 3.3 ± o.3V) 

Symbol 

c,, 

C12 

C13 

c,. 

64G2239 
MMDL 14DSU-OO 
Revised 7 /94 

Parameter 

Input Capacitance (AO, BO, A1-A10) 

Input Capacitance (RAS) 

Input Capacitance (GAS, WE, OE) 

DOx Capacitance 

Min 

3.0 

2.0 

-0.5 

Typ Max Units Notes 

3.3 3.6 v 1 

- Vee+ 0.5 v 1 

- 0.8 v 1 

Max Units Notes 

13 pF 

40 pF 

13 pF 

15 pF 
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--------- ----- - -IBM11 M2730HB - ----- --------------·-
2M x 72 DRAM MODULE 

DC Electrical Characteristics (TA= o to +7o'c, Yee= 3.3 ±0.3V) 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 1080 
lcc1 Avera~wer Supply Operating Current mA 1,2,3 

(RAS, CAS, Address Cycling: !Re =!Re min) -70 - 900 

Standby Current (TTL) 
lcc2 Power S~y Standby Current - 18 mA 

(RAS = CAS ;;, Y1H) 

RAS Only Refresh Current -60 - 1080 
lcc3 Average Powe~ply Current, RAS Only Mode mA 1,3 

(RAS Cycling, CAS;;, Y1H: 1Rc =!Re min) -70 - 900 

Fast Page Mode Current -60 - 675 
Ice• Average Po~Supply Current, Fast Page Mode mA 1,2,3 

(RAS ~ V1L. CAS, Address Cycling: lpc = lpc min) -70 - 585 

Standby Current (CMOS) 
Ices Power Supply Standby Current - 9 mA 

(RAS = CAS =Yee - 0.2V) 

CAS before RAS Refresh Current -60 - 1080 
Ices Avera~wer Supply Current, CAS Before RAS Mode mA 1,3 

(RAS, CAS, Cycling: !Re= !Re min) -70 - 900 

Input Leakage Current All but RAS -10 +10 
l1(L) Input Leakage Current, any Input µA 

(0.0 ~ V1N ~(Yee< 6.0V)), All Other Pins Not Under Test= OV RA~ -50 +50 

lo1L) 
Output Leakage Current 

-10 +10 µA 
(Dour is disabled, 0.0 ~Your~ Yee) 

YoH 
Output High Level 

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

YoL 
Output Low level - 0.4 v Output "L" Level Voltage (lour= +2mA@ 0.4V) 

1 . lcc1 ,lcc3.lcc• and Ices depend on cycle rate. 
2. lcc1,lcc4 depend on output loading. Specified values are obtained with output open. 
3. Address can be changed once or less while RAS = YiL· In the case of lcc4• it can be changed once or less when CAS = V1H. 
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--------------- -- - ---
=..:.:=~= IBM11 M2730HB 

2M x 72 DRAM MODULE 

AC Characteristics (TA= o to +70°c, Vee= 3.3 ± o.3V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V 1H 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 delay adders: 2ns minimum, 5ns (GAS, WE, OE) or 6ns (address) maximum 
delay, no pulse shrinkage to the Dram device timings. The data and RAS signals are not buffered, which preserves the DRAMs 
access specifications of 60ns and 70ns. 

4. AC measurements assume IT = 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tAc Random Read or Write Cycle Time 110 - 130 - ns 

tAP RAS Precharge Time 40 - 50 - ns 

tcp GAS Precharge Time 10 - 10 - ns 

tAAS RAS Pulse Width 60 10K 70 10K ns 

lcAS GAS Pulse Width 15 - 20 - ns 1 

tASA Row Address Setup Time 6 - 6 - ns 

tAAH Row Address Hold Time 8 - 8 - ns 

tAsc Column Address Setup Time 4 - 4 - ns 

lcAH Column Address Hold Time 17 - 17 - ns 

tAcO RAS to GAS Delay Time t8 40 18 45 ns 2 

tAAO RAS to Column Address Delay Time 13 24 13 29 ns 3 

tASH RAS Hold Time 20 - 25 - ns 

tcsH GAS Hold Time 58 - 68 - ns 

tcAP GAS to RAS Precharge Time 15 - 15 - ns 

tooo OE to D1N Delay Time 20 - 25 - ns 4 

tozo OE Delay Time from D1N -2 - -2 - ns 

tozc GAS Delay Time from D1N -2 - -2 - ns 

tAA Column Address Hold Time Referenced to RAS - - - - - 5 

tT Transition Time (Rise and Fall) 3 30 3 30 ns 

1. The minimum lcAs 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 15ns plus a minimum loH of 2ns 
would result in turning data out of the DIMM at 17ns (3ns before max tcAc of 20ns). 

2. Operation within the tAco(max) limit ensures that tAAc(max) can be met. The tAco(max) is specified as a reference point only: If tAcD 
is greater than the specified tAco(max) limit, then access time is controlled by tcAc. 

3. Operation within the tAAD(max) limit ensures that tAAc(max) can be met. The tAAo(max) is specified as a reference point only: If tAAD 
is greater than the specified tAAD(max) limit, then access time is controlled by tAA. 

4. Either tcoo or t000 must be satisfied. 
5. This timing parameter is not applicable to this product, but applies to a related product in this family. 
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--------------- -IBM11 M2730HB - ----=~=v= 

2M x 72 DRAM MODULE 

Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

twcs Write Command Set Up Time 2 - 2 - ns 1 

twcH Write Command Hold Time 17 - 17 - ns 

tWP Write Command Pulse Width 15 - 15 - ns 

1RWL Write Command to RAS Lead Time 20 - 25 - ns 

1cwL Write Command 10 CAS Lead Time 17 - 22 - ns 

1wcR Write Command Hold Time Referenced to RAS - - - - ns 2 

1oHR Data Hold Time Referenced to RAS - - - - ns 2 

tos D1N Setup Time -2 - -2 - ns 3 

toH D1N Hold Time 20 - 20 - ns 3 

1. twcs, tRwo, tcwo, tAwo, and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs 2 twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRwo 2 tRwo(min.), tcwo 21cw0 (min.), tAwD 2 tAwo(min.) and tcpw2 tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

2. This timing parameter is not applicable to this product, but applies to a related product in this family. 
3. Data-in set-up and hold is measured from the latter of the two timings, CAS or WE. 
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--------- ----= - -::§~§:: IBM11 M2730HB 

2M x 72 DRAM MODULE 

Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

!RAC Access Time from RAS - 60 - 70 ns 1, 2 

lcAc Access Time from GAS - 20 - 25 ns 1, 2 

!AA Access Time from Address - 36 - 41 ns 1, 2 

lo EA Access Time from OE - 20 - 25 ns 1, 2 

!Res Read Command Setup Time 2 - 2 - ns 

tRCH Read Command Hold Time to GAS 2 - 2 - ns 3 

!RRH Read Command Hold Time to RAS 3 - 3 - ns 3 

!RAL Column Address to RAS Lead Time 36 - 41 - ns 

lcAL Column Address to GAS Lead Time 36 - 41 - ns 

lcLZ GAS to Output in Low-Z 2 - 2 - ns 

!ROH RAS Hold to Output Enable - - - - ns 4 

loH Output Data Hold Time 2 - 2 - ns 

loHO Output Data Hold Time from OE 2 - 2 - ns 

loEZ Output Buffer Turn-off Delay from OE 2 20 2 25 ns 5 

lcoo GAS to D1N Delay Time 20 - 25 - ns 6 

lo FF Output Buffer Turn-off Delay 2 20 2 25 ns 5 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the laner of !RAC· tcAc. tcPA· IAA, toEA· 
3. Either lRcH or IRRH must be satisfied. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 
5. toFF (max) and toEz (max) define the time at which the ou1put achieves the open circuit condition and is not referenced to output 

voltage levels. 
6. Either lcoo or looo must be satisfied. 

64G2239 
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-------------- - -IBM11 M2730HB ..=..:..: :S'fi: 
2M x 72 DRAM MODULE 

Fast Page Mode Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tpc Fast Page Mode Cycle Time 40 - 45 - ns 

tRAsP Fast Page Mode RAS Pulse Width 60 100K 70 100K ns 

tcPRH RAS Hold Time from CAS Precharge 40 - 45 - ns 

tcPA Access Time from OAS Precharge - 40 - 45 ns 1,2 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAc. tcPA· tAA, toEA· 

Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tRwc Read-Modify-Write Cycle Time 158 - 188 - ns 

tRwo RAS to WE Delay Time 83 - 98 - ns 1 

tcwo CAS to WE Delay Time 45 - 55 - ns 1 

tAwo Column Address to WE Delay Time 59 - 69 - ns 1 

toeH OE Command Hold Time 15 - 20 - ns 

1. twcs. tRwo. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs 2 twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If 1Rwo 2 tRwo(min.), tcwo 2 lcwo(min.), tAwo 2 tAwo(min.) and tcpw2 lcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (al access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

lPRWC Fast Page Mode Read-Modify-Write Cycle Time 83 - 98 - ns 

tcpw WE Delay time from CAS Precharge 63 - 73 - ns 1 

1. twcs. tRwo. lcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics only. 
If twcs 2 twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through the 
entire cycle; If tRwo 2 tRwo(min.), tcwo 2 tcwo(min.), tAwo 2 tAwo(min.) and lcPw 2 tcpw(min.)(Fast Page Mode), the cycle is a Read-
Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the con-
dition of the data (at access time) is indeterminate. 
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-------------- - -- - ---- -- -------- IBM11 M2730HB ---·-
2M x 72 DRAM MODULE 

Refresh Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

le HR 
CAS Hold Time 

18 18 
(CAS before RAS Refresh Cycle) 

- - ns 

lcsR 
CAS Setup Time 
(CAS before RAS Refresh Cycle) 

15 - 15 - ns 

lwRP 
WE Setup Ti~ 

15 
(CAS before RAS Refresh Cycle) - 15 - ns 

lwRH 
WE Hold Time 

8 8 
(CAS before RAS Refresh Cycle) 

- - ns 

IRPC RAS Precharge to CAS Hold Time 3 - 3 - ns 

!REF Refresh Period - 32 - 32 ms 1 

1. 2048 refreshes are required every 32ms. 

Presence Detect Read Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

!po PDE to Valid Presence Detect Data - 10 - 10 ns 1 

lpooFF PDE Inactive to Presence Detects Inactive 0 10 0 10 ns 2 

1. Measured with the specified current load and 1 OOpF. 
2. lpooFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

64G2239 
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IBM11 M2730HB 

2M x 72 DRAM MODULE 

Read Cycle 

!Re 

IRAs 

V1H-
RAS 

V1L -

lcsH 

!Reo !ASH 

V1H -
lcAS GAS 

VIL -

!RAD !RAL 
!eAL 

IAsR !Ase 

V1H -
Address 

VIL -

j-----+---- Hi-Z 
!eAe 

!eLZ 

VoH
Dour -----+-- Hi-Z --------1 

VoL-

Page 726 

~!!.'*~' 
@fu; : "H" or "L" 
·*~~1r 

!oFF 

loEz ___ -.J 

Valid Data Out 

!oH ___ _, 

,.._ __ toHo ___ _, 

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

Hi-Z __ 
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--------------- ---- - ---
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2M x 72 DRAM MODULE 

Write Cycle (Early Write) 

\Re 

!RAS 

V1H 

RAS 
V1L 

\csH 

tRCD tRSH 

V1H le As 
GAS 

VIL 

\RAD 

tASR !Ase 

V1H -

Address 

V1H 

WE 
V1L 

V1H 

OE 
VIL 

Valid Data In 

VoH-

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

64G2239 
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--------- ----- - -IBM11 M2730HB - ----- --------·----·-
2M x 72 DRAM MODULE 

Write Cycle (Late Write) 

!Re 

IRAs 

Y1H -
RAS 

Y1L -

lesH 

!ReD !ASH 

Y1H -
!eAS CAS 

Y1L -

!RAD 

!..s !Ase 

Y1H-
Address 

Y1L -

lweR 

Y1H -
WE 

Y1L -

Y1H -
OE 

Y1L -. 

YoH-
}-----------Hi-Z*--------

YoL-

I : "H" or "L" 'output remains Hi-Z because WE is latched internally following twp min. 
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--------------- --------------------·- IBM11M2730HB 

2M x 72 DRAM MODULE 

Read-Modify-Write-Cycle 

tRwc 

tRAs 

V1H-
RAS 

V1L-

!csH 
tRCD !ASH !cRP 

V1H-
!cAS CAS 

V1L- tRAD 

tASR !Ase 

V1H 
Address 

VIL 

VoH-
Dour ----+--Hi-Z ------~~ 

VOL-
>---------- Hi-z* __ 

-!oHO I :"H"or"L" "output remains Hi-Z because WE is latched internally following twp min. 

64G2239 
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IBM11 M2730HB 

2M x 72 DRAM MODULE 

Fast Page Mode Read Cycle 

~SP 

V1H-

RAS 
V1L -

-tRCD 

V1H-

CAS 

Address 

Dol/T ------------IM! Dol/T 1 
VoL-

1: "H"or"L" 

Page 730 

lcPRH 

tpe 
tRSH 

lcAs lcAS 

DouTN 

--------- -------- ----:5:::::;:::5 i = 

tRP 

lcRP 

64G2239 
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--------------- ---- - ---- -------------·-

Fast Page Mode Write Cycle 

Address 

V1H -
WE 

V1L -

V1H -
OE 

V1L -

V1H -
D,N 

VIL -

VoH-
DouT 

VoL-

I :"H"or"L" 

64G2239 
MMDL14DSU-OO 
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!pc ___ ._. 

le RP 
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IBM11M2730HB 

2M x 72 DRAM MODULE 

Fast Page Mode Read-Modify-Write Cycle 

V1H 
Address 

V1L 

VoH
DoUT 

VoL-

l:"H"or"L" 

Page 732 

----tRAc 
DoUT2 DoUTN 

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

tRP 

lcRP 
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-------------- - -- - ---- -------------·- IBM11 M2730HB 

2M x 72 DRAM MODULE 

RAS Only Refresh Cycle 

Address 

64G2239 
MMDL 14DSU-OO 
Revised 7 /94 

j.--------tAAS--------.+ 

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

I : llH" or UL" 

Note: WE, OE, D1N are "H" or "L" 
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-------------- - -IBM11 M2730HB - ----- --------------·-
2M x 72 DRAM MODULE 

CAS Before RAS Refresh Cycle 

14------tRAS ----------ot 

---- looo ---

,____,__ ___ !coo -----

Hi-Z 

D VoH-
OUT 

!----- Hi-Z -------------------
VoL 

Page 734 

I : "H" or"L" 
~ 

Note: Addresses are "H" or "L" 
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------------------ ----.:..::::::::::: ! = 

Presence Detect Read Cycle 

VoH-
PD1-PD8 

Vol-

64G2239 
MMDL 14DSU-OO 
Revised 7194 

Valid Presence Detect 

•po pins must be pulled high at next level of assembly 

IBM11 M2730HB 

2M x 72 DRAM MODULE 
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IBM11 M2730HB 

2M x 72 DRAM MODULE 

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

• 168 Pin JEDEC Standard, 8 Byte Dual In-line 
Memory Module 

• 4Mx72 Fast Page Mode DIMM 

• Performance: 

-60 -70 

IRAc RAS Access Time 60ns 70ns 

lcAC CAS Access Time 20ns 25ns 

IAA Access Time From Address 36ns 41ns 

!Re Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

• All inputs and outputs are TTL and CMOS com
patible 

• Single 5.0V, ± 0.5V Power Supply 

Description 

IBM11 M4730C is an industry standard 168-pin 
8-byte Dual In-line Memory Module (DIMM} which is 
organized as a 4Mx72 high speed memory array for 
ECG applications. The DIMM uses 18 4Mx4 DRAMS 
in SOJ packages. 

Improved system performance is provided by the 
on-DIMM buffering of selected input signals. The 
specified timings include all buffer, net and skew 
delays, which simplifies the memory subsystem 
design analysis. The data and RAS signals are not 
buffered, which preserves the DRAM access specifi
cations of 60ns and 70ns. 

Presence Detect (PD} and Identification Detect (ID) 
bits provide information about the DIMM density, 

Card Outline 

IBM11 M4730C 

4M x 72 DRAM MODULE 

• Au contacts 
• Optimized for ECG applications 

• System Performance Benefits: 

- Buffered inputs (except RAS, Data} 
- Reduced noise (32 VssNcc pins} 
- 4 Byte Interleave enabled 
- Buffered PDs 

• Fast Page Mode, Read-Modify-Write Cycles 

• Refresh Modes: RAS-Only and CBR 

• 4096 refresh cycles distributed across 64ms 

• 12/1 O addressing (Row/Column} 

• Card size: 5.25" x 1.0" x 0.354" 

• DRAMS in SOJ Package 

addressing, performance and features. PD bits can 
be dotted at the system level and activated for each 
DIMM position using the PD enable (PDE) signal. ID 
bits also allow detection of card features, and may 
be dot-or'd at the system level to provide information 
for the entire DIMM bank. For example, the system 
will determine that ECG DIMMs are installed if PD8 
is low (0). IDO need not be sensed since both x72 
and x80 ECG DIMMs will function in a x72 bank. 

All IBM 168-pin DIMMs provide a high performance, 
flexible 8-byte interface in a 5.25" long space-saving 
footprint. Related products are the x64 and x72 par
ity (5V} DIMMs and ECG DIMMs (5V and 3.3V}. 

to mmnm n II 111 II II II II II II II II II II II II n II II! II II II II II II I II 111111IIIIII1111IIIIII11 ol 
(Front) 1 10 11 40 41 84 
(Back) 85 94 95 124 125 168 

64G1557 
MMDL 11 DSU-00 
Revised 7 /94 

Page 737 



IBM11 M4730C 

4M x 72 DRAM MODULE 

Pin Description 
JtliSO, RAS2 Row Address Strobe 

l!i\So, CAS4 Column Address Strobe (Buffered) 

wto. wr;-2 Read/write Input (Buffered) 

~0.~2 Output Enable (Buffered) 

AO, BO,A1 -A11 Address Inputs (Buffered) 

DOx Data Input/Output 

Vee Power (+5V) 

Vss Ground 

NC No Connect 

PD1 -PD8 Presence Detects (Buffered) 

PDE Presence Detect Enable 

IOO-ID1 ID Bits 

Ordering Information 
Part Number Organization 

IBM1 tM4730CA-60 4Mx72 

IBM11M4730CA-70 4Mx72 
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Pinout 

Pin# 
Front 

Pin# 
Back 

Pin# Front Pin# Back 
Side Side Side Side 

1 Vss 85 Vss 43 Vss 127 Vss 
2 DQO 86 D036 44 C5E2 128 NC 
3 001 87 D037 45 m2 129 NC 
4 002 88 D038 46 m.i 130 NC 
5 D03 89 D039 47 NC 131 NC 
6 Vee 90 Vee 48 WE'2 132 ~ 
7 DQ4 91 D040 49 Vee 133 Vee 
8 D05 92 D041 50 NC 134 NC 
9 DOS 93 D042 51 NC 135 NC 
10 007 94 DQ43 52 0018 136 D054 
11 DOB 95 DQ44 53 0019 137 D055 
12 Vss 96 Vss 54 Vss 138 Vss 
13 009 97 DQ45 55 0020 139 D056 
14 D010 98 D046 56 0021 140 D057 
15 D011 99 0047 57 D022 141 D058 
16 0012 100 D048 58 D023 142 D059 
17 0013 101 D049 59 Vee 143 Vee 
18 Vee 102 Vee 60 DQ24 144 0060 
19 0014 103 DQSO 61 NC 145 NC 
20 0015 104 DQ51 62 NC 146 NC 
21 0016 105 DQ52 63 NC 147 NC 
22 0017 106 DQ53 64 NC 148 NC 
23 Vss 107 Vss 65 DQ25 149 0061 
24 NC 108 NC 66 D026 150 0062 
25 NC 109 NC 67 D027 151 D063 
26 Vee 110 Vee 68 Vss 152 Vss 
27 WEO 111 NC 69 D028 153 D064 
28 CASO 112 NC 70 0029 154 D065 
29 NC 113 NC 71 0030 155 D066 
30 ~o 114 NC 72 0031 156 D067 
31 C5Eo 115 NC 73 Vee 157 Vee 
32 Vss 116 Vss 74 D032 158 D068 
33 AO 117 A1 75 D033 159 D069 
34 A2 118 A3 76 D034 160 D070 
35 M 119 AS 77 D035 161 D071 
36 A6 120 A7 78 Vss 162 Vss 
37 AB 121 A9 79 PD1 163 PD2 
38 A10 122 A11 80 PD3 164 PD4 
39 NC 123 NC 81 PD5 165 PD6 
40 Vee 124 Vee 82 PD7 166 PDB 
41 NC 125 NC 83 100 167 ID1 
42 NC 126 BO 84 Vee 168 Vee 

Note: All pin assignments are consistent for all 8 Byte versions. 

Speed Leads 

60ns Au 

70ns Au 

Dimension 

5.25"x1 .O"X 0.354" 

5.25"x1 .O"X 0.354" 

Notes 

64G1557 
MMDL 11 DSU-00 

Revised 7 /94 



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

Block Diagram 

OEO 
WEO 

CASO 

DQO 

DQ1 
DQ2 

DQ3 

CAS 
DQ4 1100 
DQ5 
DQS 
DQ7 

CAS 
DQB 
DQ9 

DQ10 
DQ11 

CAS 
DQ12 1100 
DQ13 
DQ14 
DQ15 

CAS 
DQ16 1100 
DQ17 

DQ1B 
DQ19 

CAS 
DQ20 
DQ21 

DQ22 
DQ23 

GAS 

DQ25 1101 
DQ26 1102 
DQ27 1103 

CAS 
DQ28 1100 

DQ29 
DQ30 
DQ31 

CAS 
1100 
1101 
1102 
1103 

64G1557 
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RAS WE OE 

DO 

RAS wr;_ OE 

D1 

RAS WE 51' 

D2 

RAS WE OE 

D3 

RAS WE i5E 

D4 

RAS WE i5E 

D5 

RAS WE 0 

D6 

RAS WE OE 

D7 

RAS WE i5E 

DB 

IBM11 M4730C 

4M x 72 DRAM MODULE 

OE2 
WE2 

CAS4 

RAS WE OE 
DQ36 
DQ37 D9 
DQ3B 
DQ39 

RAS WE OE 
DQ40 
DQ41 D10 
DQ42 
DQ43 

RAS WE OE 
DQ44 

DQ45 
D11 

DQ46 
DQ47 

RAS WE i5E 
DQ48 
DQ49 D12 
DQ50 
DQ51 

GAS RAS WE i5E 
DQ52 
DQ53 D13 
DQ54 

DQ55 

RAS WE i5E 
DQ56 
DQ57 D14 
DQ5B 

RAS WE 0 

DQ61 1101 D15 
1102 

1103 

RAS WE OE 

D16 

~ Vss PD 1-8 (when = 0, 1 =NC) 
j5'[5I;" 

CAS RAS WE i5E 
-[>- A1-AN: DRAMS DO-D17 1100 A1-AN 

1101 D17 AO ----t>--- AO: DRAMS DO-D8 
1102 
1103 BO -[>- AO: DRAMS D9-D17 

Vee DO - D17, Buffers 

vss DO - D17, Buffers 
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IBM11 M4730C 

4M x 72 DRAM MODULE 

Truth Table 

Function RAS CAS WE OE 

Standby H x x x 
Read L L H L 

Early-Write L L L x 

Late-Write I RMW L L H-->L H-->L 

Fast Page Mode - Read 
L H-->L H L 1st Cycle 

Subsequent Cycles L H--;L H L 

Fast Page Mode - Write 
L H-->L L x 

1st Cycle 

Subsequent Cycles L H-->L L x 
Fast Page Mode - RMW 

L H-->L H-->L H-->L 
1st Cycle 

Subsequent Cycles L H-->L H-->L H-->L 

RAS-Only Refresh L H x x 
GAS-Before-RAS Refresh H-->L L H x 

Read Presence Detects x x x x 

Presence Detect 

Pin 

PD1 (PD1 - PDS: Addressing/Density) 

PD2 

PD3 

PD4 

PDS 

PD6 (PD6 - PD7: Speed) 

PD7 

PDS (Parity/ECG Designator) 

IDO (DIMM Type/Width) 

ID1 (Refresh Mode) 

1. PD1-8 are buffered outputs (0 =driven to VoL. 1 =open) 
2. ID0-1 are unbuffered outputs (0 = Vss. 1 =open) 

Page 740 

Row Column PDE Address Address 

x x x 
Row Col x 
Row Col x 

Row Col x 

Row Col x 

N/A Col x 

Row Col x 

NIA Col x 

Row Col x 

N/A Col x 

Row N/A x 
x x x 

x x L 

-60 

1 

1 

0 

1 

0 

1 

1 

0 

0 

0 

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

DOx 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

Not Affected 
(PD Bits Valid) 

-70 

1 

1 

0 

1 

0 

0 

1 

0 

0 

0 
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--------------- -- - ---- ---------- IBM11 M4730C ---·-
4M x 72 DRAM MODULE 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -1.010+7.0 v 1 

V1N Input Voltage -0.5 to min (Vee+ 0.5, 7.0) v 1 

VouT OU1put Voltage -0.5 to min (Vee+ 0.5, 7.0) v 1 

ToPR Operating Temperature Oto +70 oc 1 

Tsm Storage Temperature -5510 +125 oc 1 

Po Power Dissipation 8.4 w 1 

lo UT Short Circuit Output Current 50 mA 1 

louTPD Short Circuit Outpu1 Current (PD} 60 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only and functional opera-
lion of the device at these or any other conditions above those indicated is not implied. Exposure to absolute maximum rating con-
dition for extended periods may affect reliability. 

Recommended DC Operating Conditions (TA= o 101o'c) 

Symbol Parameter 

Vee Supply Voltage 

V1H lnpU1 High Voltage 

V1L lnpU1 Low Voltage 

1. All voltages referenced to Vss. 

Capacitance (TA= o 10 +7o'c, Vee= 5.o ± o.5V} 

Symbol 

C11 

C12 

C13 

C14 

64G1557 
MMDL 11 DSU-00 
Revised 7194 

Parameter 

Input Capacitance (AO, BO, A1-A11) 

Input Capacitance (RAS) 

Input Capacitance (CAS, WE, OE) 

DOx Capacitance 

Min 

4.5 

2.4 

-0.5 

Typ Max Units No1es 

5.0 5.5 v 1 

- Vee v 1 

- 0.8 v 1 

Max Units Notes 

13 pF 

70 pF 

13 pF 

15 pF 
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--------- ----- - -IBM11 M4730C - ----- -------------·-
4M x 72 DRAM MODULE 

DC Electrical Characteristics (TA= o 10 +70°c, Vee= 5.o ± o.5V) 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 1530 
fcc1 Avera~wer Supply Operating Current mA 1,2,3 

(RAS, CAS, Address Cycling: !Ac =!Ac min) -70 - 1350 

Standby Current (TIL) 
fcc2 Power S~y Standby Current - 36 mA 

(RAS = CAS :<>: V1H) 

RAS Only Refresh Current -60 - 1530 
fcc3 Average Powe~ply Current, RAS Only Mode mA 1,3 

(RAS Cycling, CAS '.<". V1H: IAc = IAc min) -70 - 1350 

Fast Page Mode Current -60 - 1350 
fcc4 Average Power Supply Current, Fast Page Mode mA 1,2,3 

(RAS ,:; V1l, CAS, Address Cycling: lpe = lpc min) -70 - 1170 

Standby Current (CMOS) 
fees Power Supply Standby Current - 18 mA 

(RAS = CAS = Vee - 0.2V) 

CAS before RAS Refresh Current -60 - 1530 
fees Average Power Supply Current, CAS Before RAS Mode mA 1,3 

(RAS, CAS, Cycling: !Re= !Re min) -70 - 1350 

Input Leakage Current All but RAS -10 +10 
l1(L) Input Leakage Current, any Input µA 

(0.0,:; V1N,:; (Vee< 6.0V)), All Other Pins Not Under Test= OV RAS -90 +90 

fo(l) 
Output Leakage Current 

-10 +10 µA 
(DouT is disabled, 0.0,:; VouT,:; Vee) 

VoH 
Output High Level 

2.4 - v 
Output "H" Level Voltage (louT = -5mA@ 2.4V) 

Vol 
Output Low level - 0.4 v 
Output "L" Level Voltage (louT = +4.2mA@ 0.4V) 

1. fcc1.lccs.fcc4 and fees depend on cycle rate. 
2. fce1 ,fcc4 depend on output loading. Specified values are obtained with output open. 
3. Address can be changed once or less while RAS =Vil· In the case of fcc4, it can be changed once or less when CAS = V1H. 
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--------- --------- - ---- ---------- IBM11 M4730C ----·-
4M x 72 DRAM MODULE 

AC Characteristics (TA= o to +70°C, Vee= 5.0 ± 0.5V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals.Transition times are measured between V1H 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 delay adders: 2ns minimum, 5ns (GAS, WE, OE) or 6ns (address) maximum 
delay, no pulse shrinkage to the Dram device timings. The data and RAS signals are not buffered, which preserves the DRAMs 
access specifications of 60ns and 70ns. 

4. AC measurements assume tr ~ 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

I Re Random Read or Write Cycle Time 110 - 130 - ns 

IRp RAS Precharge Time 40 - 50 - ns 

lcp GAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 10K 70 10K ns 

lcAS GAS Pulse Width 15 - 20 - ns 1 

tASR Row Address Setup Time 6 - 6 - ns 

!RAH Row Address Hold Time 8 - 8 - ns 

IASc Column Address Setup Time 4 - 4 - ns 

le AH Column Address Hold Time 17 - 17 - ns 

tRco RAS to GAS Delay Time 18 40 18 45 ns 2 

!RAO RAS to Column Address Delay Time 13 24 13 29 ns 3 

IRSH RAS Hold Time 20 - 25 - ns 

lcsH GAS Hold Time 58 - 68 - ns 

le RP GAS to RAS Precharge Time 15 - 15 - ns 

tooo OE to D1N Delay Time 20 - 25 - ns 4 

tozo OE Delay Time from D1N -2 - -2 - ns 

lozc GAS Delay Time from D1N -2 - -2 - ns 

IAR Column Address Hold Time Referenced to RAS - - - - ns 5 

h Transition Time (Rise and Fall) 3 30 3 30 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 (toH) in the application. For example, a tcAs of 15ns plus a minimum toH of 2ns 
would result in turning data out of the DIMM at 17ns (3ns before max tcAc of 20ns). 

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

3. Operation wtthin the IRAo(max) limit ensures that tRAc(max) can be met. The tRAo(max) is specified as a reference point only: If IRAo 
is greater than the specified IRAo(max) limit, then access time is controlled by tAA. 

4. Either !coo or t000 must be satisfied. 
5. This timing parameter is not applicable to this product, but applies to a related product in this family. 

64G1557 
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--------------- - -IBM11 M4730C - - ---- ---------------·-
4M x 72 DRAM MODULE 

Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

twcs Write Command Set Up Time 2 - 2 - ns 1 

twcH Write Command Hold Time 17 - 17 - ns 

twp Write Command Pulse Width 15 - 15 - ns 

tRwL Write Command to RAS Lead Time 20 - 25 - ns 

tcwL Write Command to CAS Lead Time 17 - 22 - ns 

twcR Write Command Hold Time Referenced to RAS - - - - ns 2 

to HR Data Hold Time Referenoed to RAS - - - - ns 2 

tos D1N Setup Time -2 - -2 - ns 3 

toH D1N Hold Time 20 - 20 - ns 3 

1. twcs. tRwo. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;;, twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; 11 tRwo;;, tRwo(min.), tcwo;;, tcw0(min.). tAwo" tAwo(min.) and tcpw" tcpw(min.)(Fast Page Mode). the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at acoess time) is indeterminate. 

2. This timing parameter is not applicable to this product, but applies to a related product in this family. 
3. Data-in set-up and hold is measured from the latter of the two timings, CAS or WE. 
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-------------- ----- ---- ---------- IBM11 M4730C ----·-
4M x 72 DRAM MODULE 

Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

IRAc Access Time from RAS - 60 - 70 ns 1, 2 

tcAC Access Time from CAS - 20 - 25 ns 1, 2 

IAA Access Time from Address - 36 - 41 ns 1, 2 

lo EA Access Time from OE - 20 - 25 ns 1, 2 

I Res Read Command Setup Time 2 - 2 - ns 

IRcH Read Command Hold Time to CAS 2 - 2 - ns 3 

IRRH Read Command Hold Time to RAS 3 - 3 - ns 3 

IRAL Column Address to RAS Lead Time 36 - 41 - ns 

1cAL Column Address to CAS Lead Time 36 - 41 - ns 

lcLZ CAS to Output in Low-Z 2 - 2 - ns 

IRoH RAS Hold to Output Enable - - - - ns 4 

loH Output Data Hold Time 2 - 2 - ns 

toHO Output Data Hold Time from OE 2 - 2 - ns 

loEZ Output Buffer Turn-off Delay from OE 2 20 2 25 ns 5 

lcoo CAS to D1N Delay Time 20 - 25 - ns 6 

lo FF Output Buffer Turn-off Delay 2 20 2 25 ns 5 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAC· tcAc. tcpA. tAA, loEA· 
3. Either IRcH or tRRH must be satisfied. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 
5. toFF (max) and toEZ (max) define the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
6. Either tcDD or toDD must be satisfied. 
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--------- ----- - -IBM11 M4730C -----::5::.:.:::5!!: 

4M x 72 DRAM MODULE 

Fast Page Mode Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tpc Fast Page Mode Cycle Time 40 - 45 - ns 

tRASP Fast Page Mode RAS Pulse Width 60 100K 70 100K ns 

tcPRH RAS Hold lime from GAS Precharge 40 - 45 - ns 

lcPA Access lime from CAS Precharge - 40 - 45 ns 1,2 

1. Measured with the specified current load and 100pF. 
2. Access time is determined by the latter of tAAc. tcAc. tcpA, tAA, toeA· 

Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

~WC Read-Modify-Wrtte Cycle lime 158 - 188 - ns 

1Rwo ~to~ Delay Time 83 - 98 - ns 1 

lcwo CAS to WE Delay Time 45 - 55 - ns 1 

tAWO Column Address to WE Delay Time 59 - 69 - ns 1 

toEH OE Command Hold Time 15 - 20 - ns 

1. twcs. tRwo. lcwo. tAwo. and lcPw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;;, twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circutt (high impedance) through 
the entire cycle; If tRwo;;, ~wo(min.), tcwo;;, tcwo(min.), tAwo;;, tAwo(min.) and lcPw" lcPw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of condttions are met, the 
condition of the data (at access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tpRWC Fast Page Mode Read-Modify-Write Cycle lime 83 - 98 - ns 

tcpw WE Delay time from CAS Precharge 63 - 73 - ns 

1. twcs. tRWo. lcwo. tAwo. and tcPW are not restrictive parameters. They are included in the data sheet as electrical characteristics only. 
If twcs;;, twcs(min.), the entire cycle is an early wme cycle and the data pin will remain open circutt (high impedance) through the 
entire cycle; If tRWo;;, tRwo(min.), tcwo;;, tcwo(min.), tAwo;;, tAwo(min.) and tcPW;;, tcpw(min.)(Fast Page Mode), the cycle is a Read-
Modify-Wme cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the con-
dttion of the data (at access time) is indeterminate. 
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--------------- -- - ---=~=?= IBM11 M4730C 

4M x 72 DRAM MODULE 

Refresh Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tcHR 
CAS Hold Time 

18 18 (CAS before RAS Refresh Cycle) - - ns 

tcsR 
CAS Setup Time 
(GAS before~ Refresh Cycle) 15 - 15 - ns 

twRP 
WE Setup Time 15 - 15 - ns (CAS before RAS Refresh Cycle) 

twRH 
WE Hold Time 8 (CAS before RAS Refresh Cycle) - 8 - ns 

tRPC RAS Precharge to CAS Hold Time 3 - 3 - ns 

tREF Refresh Period - 64 - 64 ms 1 

1. 4096 refreshes are required every 64ms. 

Presence Detect Read Cycle 
-60 -70 

Symbol Parameter Un~ Notes 
Min Max Min Max 

tpo PDE to Valid Presence Detect Data - 10 - 10 ns 1 

tpooFF PDE Inactive to Presence Detects Inactive 0 10 0 10 ns 2 

1 . Measured with the specified current load and 1 OOpF. 
2. tp00FF(max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

64G1557 
MMDL 11 DSU-00 
Revised 7 /94 

Page 747 



IBM11 M4730C 

4M x 72 DRAM MODULE 

Read Cycle 

IRAS 

V1H -
RAS 

V1L -

lcsH 

tRCD 

GAS 
V1H -

le As 

V1L -

IRAo tRAL 

!CAL 

lAsR !Ase 

V1H -
Address 

V1L -

lcLZ 

VoH-
Dour -----+-- Hi-Z _______ __, 

VoL-

I :"H"or"L" 
. 
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tRc 

!RP 

tRSH 

loEz ___ __, 

Valid Data Out 

___ toHo ___ --i 

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

Hi-Z __ 
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--------- ----- ---- - ---- -------------·- IBM11 M4730C 

4M x 72 DRAM MODULE 

Write Cycle (Early Write) 

!Ac 

!RAS 

V1H 

RAS 
VIL 

lcsH 

tRCD tRSH 

V1H 
lcAS 

GAS 
V1L 

~AD 

!ASA tAsc 

V1H -

Address 

Valid Data In 

VoH-

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

tJ.fi : "H" or "L" 
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--------- ----- - -IBM11 M4730C - ----- - ------------·-
4M x 72 DRAM MODULE 

Write Cycle (Late Write) 

!Re 

IRAs 

V1H -
RAS 

VIL -

lesH 

tReD tRSH 

V1H -
le AS CAS 

VIL -

!RAD 

!As !Ase 

V1H -
Address 

DouT ---- Hi-Z-------< f---------Hi-Z*-------
VoL-

I : "H" or "L" ·output remains Hi-Z because WE is latched internally following twp min. 
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---------- ----- - -- - ---- --------------·- IBM11 M4730C 

4M x 72 DRAM MODULE 

Read-Modify-Write-Cycle 

tRWC 

tRAs 

V1H-

RAS v,,_ 
tcsH 

tRCD tRSH lcRP 

V1H-
le AS GAS 

v,,- !RAD 

tASR tASC 

lcLZ 

Dour -------t--Hi-Z ______ _____,, 
Vo,-

,,_ _________ Hi-Z* __ 

11111 : "H" or "L" ·output remains Hi-Z because WE is latched internally following lwp min. 
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IBM11 M4730C 

4M x 72 DRAM MODULE 

Fast Page Mode Read Cycle 

Address 

V1H 
WE 

V1L 

V1H 
OE 

V1L 

lcLZ -I 

Dour 
VoL-

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

!pc---~ 

loEz 
!cu 

DourN 

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

le RP 
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-------------- - -- - ---- -------------·-

Fast Page Mode Write Cycle 

Address 

64G1557 
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I : "H"or "L" 

IBM11M4730C 

4M x 72 DRAM MODULE 

!pc ___ _, 

4'sH 
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IBM11M4730C 

4M x 72 DRAM MODULE 

Fast Page Mode Read-Modify-Write Cycle 

V1H

Address 
V1L 
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Dour 1 Dour2 Dour N 

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

!cRP 
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-------------- - -.:...:::::5~~ IBM11 M4730C 

4M x 72 DRAM MODULE 

RAS Only Refresh Cycle 

IRc 

\RAS \RP 

V1H-

RAS 

V1L -

\RPG 

V1H-

GAS 
V1L -

\RAH 

\ASR 

V1H-

Address 

V1L-

VoH -

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

64G1557 
MMDL 11 DSU-00 
Revised 7 /94 

VoL-

lit 
*~~ : uH" or "L" 

Note: WE, OE, D1N are "H" or "L" 
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--------- ----- - -IBM11 M4730C - ----- -------------·-
4M x 72 DRAM MODULE 

CAS Before RAS Refresh Cycle 

V1H -

V1H -

V1L -

i----- looo ----i 

..--+----- tcoo ------. 

D1N V1H -

----+--+------- Hi-Z 
V1L -

toEz 

loFF 

D VoH-
OUT 

1------ Hi-Z -------------------

l:"H"or"L" 

Note: Addresses are "H" or "L" 
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--------- --------- - ---
=::::=:=~= 

Presence Detect Read Cycle 

VoH-

PD1-PD8 
VoL-

64G1557 
MMDL 11 DSU-00 
Revised 7 /94 

Valid Presence Detect 

*PD pins must be pulled high at next level of assembly 

IBM11 M4730C 

4M x 72 DRAM MODULE 
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IBM11M4730C 

4M x 72 DRAM MODULE 

Layout Drawing 
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--------- ----- - -- - ---- -------------·-

Features 

• 168 Pin JEDEC Standard, 8 Byte Dual In-line 
Memory Module 

• 4Mx72 Fast Page Mode DIMM 

• Performance: 

-60 -70 

!RAC RAS Access Time 60ns 70ns 

lcAC GAS Access Time 20ns 25ns 

tAA Access Time From Address 36ns 41ns 

!Re Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

• All inputs and outputs are LVTTL and LVCMOS 
compatible 

• Single 3.3V, ± 0.3V Power Supply 

Description 

IBM11 M4730CB is an industry standard 168-pin 
8-byte Dual In-line Memory Module (DIMM) which is 
organized as a 4Mx72 high speed memory array for 
ECG applications. The DIMM uses 18 4Mx4 DRAMs 
in SOJ packages. 

Improved system performance is provided by the 
on-DIMM buffering of selected input signals. The 
specified timings include all buffer, net and skew 
delays, which simplifies the memory subsystem 
design analysis. The data and RAS signals are not 
buffered, which preserves the DRAM access specifi
cations of 60ns and 70ns. 

Presence Detect (PD) and Identification Detect (ID) 
bits provide information about the DIMM density, 

Card Outline 

IBM11 M4730CB 

4M x 72 DRAM MODULE 

• Au contacts 
Optimized for ECC applications 

• System Performance Benefits: 

Buffered inputs (except RAS, Data) 
Reduced noise (32 VssNcc pins) 
4 Byte Interleave enabled 
Buffered PDs 

• Fast Page Mode, Read-Modify-Write Cycles 

• Refresh Modes: RAS-Only and CBR 

• 4096 refresh cycles distributed across 64ms 

• 12/10 addressing (Row/Column) 

Card size: 5.25" x 1 .O" x 0.354" 

• DRAMS in SOJ Package 

addressing, performance and features. PD bits can 
be dotted at the system level and activated for each 
DIMM position using the PD enable (PDE) signal. ID 
bits also allow detection of card features, and may 
be dot-or'd at the system level to provide information 
for the entire DIMM bank. For example, the system 
will determine that ECC DIMMs are installed if PD8 
is low (0). IDO need not be sensed since both x72 
and x80 ECG DIMMs will function in a x72 bank. 

All IBM 168-pin DIMMs provide a high performance, 
flexible 8-byte interface in a 5.25" long space-saving 
footprint. Related products are the x64 and x72 par
ity (5V) DIMMs and ECC DIMMs (5V and 3.3V). 

[O rrmrom n 1111111111111111111!111111111n11 llll lllll !!Ill!! 1111111 llll lllll!!llllllll j 
(Front) 1 10 11 40 41 84 
(Back) 85 94 95 124 125 168 

64G2240 
MMDL 15DSU-OO 
Revised 7 /94 
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IBM11M4730CB 

4M x 72 DRAM MODULE 

Pin Description 
mo.m2 Row Address Strobe 

~0.~4 Column Address Strobe (Buffered) 

W!;"o, W1;"2 Read/Write Input (Buffered) 

~0.~2 Output Enable (Buffered) 

AO,BO,A1 -A11 Address Inputs (Buffered) 

DQx Data lnpuVOutput 

Vee Power ( +3.3V) 

Vss Ground 

NC No Connect 

PD1 -PDS Presence Detects (Buffered) 

~ Presence Detect Enable 

100-101 ID B~s 

Ordering Information 
Part Number Organization 

IBM11M4730CBA-60 4Mx72 

IBM11M4730CBA-70 4Mx72 

Page 760 

--------- ----- - -- ----
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Pin out 

Pin# 
Front 

Pin# 
Back 

Pin# 
Front 

Pin# 
Back 

Side Side Side Side 

1 Vss SS Vss 43 Vss 127 Vss 
2 DQO 86 0036 44 ~2 128 NC 
3 DQ1 87 DQ37 4S RAS"2 129 NC 
4 DQ2 88 D038 46 CAS4 130 NC 
s DQ3 89 0039 47 NC 131 NC 
6 Vee 90 Vee 48 ~ 132 ~ 
7 DQ4 91 D040 49 Vee 133 Vee 
8 DOS 92 D041 so NC 134 NC 
9 006 93 D042 S1 NC 13S NC 
10 007 94 0043 S2 DQ18 136 0054 
11 DOS 9S DQ44 S3 DQ19 137 DOSS 
12 Vss 96 Vss S4 Vss 138 Vss 
13 DQ9 97 D04S SS DQ20 139 DOS6 
14 0010 98 D046 S6 DQ21 140 DQS7 
1S 0011 99 D047 S7 0022 141 DQS8 
16 DQ12 100 0048 S8 0023 142 DQS9 
17 DQ13 101 D049 S9 Vee 143 Vee 
18 Vee 102 Vee 60 0024 144 DQSO 
19 DQ14 103 DQSO 61 NC 145 NC 
20 DQ1S 104 DQS1 62 NC 146 NC 
21 DQ16 10S DQS2 63 NC 147 NC 
22 DQ17 106 DQS3 64 NC 148 NC 
23 Vss 107 Vss SS DQ2S 149 0061 
24 NC 108 NC 66 0026 1SO 0062 
2S NC 109 NC 67 0027 1S1 0063 
26 Vee 110 Vee 68 Vss 1S2 Vss 
27 wto 111 NC 69 0028 1S3 0064 
28 CASO 112 NC 70 D029 154 D06S 
29 NC 113 NC 71 0030 155 0066 
30 miSo 114 NC 72 0031 1S6 D067 
31 OJ;"o 11S NC 73 Vee 1S7 Vee 
32 Vss 116 Vss 74 0032 158 0068 
33 AO 117 A1 7S 0033 1S9 D069 
34 A2 118 A3 76 0034 160 D070 
3S A4 119 AS 77 D03S 161 0071 
36 AS 120 A7 78 Vss 162 Vss 
37 AS 121 A9 79 PD1 163 PD2 
38 A10 122 A11 80 PD3 164 PD4 
39 NC 123 NC 81 PDS 165 PD6 
40 Vee 124 Vee 82 PD7 166 PD8 
41 NC 12S NC 83 IDO 167 ID1 
42 NC 126 BO 84 Vee 168 Vee 

Note: All pin assignments are consistent for all 8 Byte versions. 

Speed Leads 

60ns Au 

70ns Au 

Dimension 

5.25"x1 .O"x 0.354" 

5.25"x1 .O"x 0.354" 

Notes 

64G2240 
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Block Diagram 

OEO 
WEO 

CASO 

CAS 
DOD 1100 
D01 
D02 
D03 

CAS 
D04 1100 
D05 
DOG 
D07 

GAS 
DOB 
D09 
D010 
D011 

GAS 
D012 1100 
D013 
D014 
D015 

GAS 
D016 1100 
D017 
D018 
D019 

GAS 
D020 1100 
D021 
D022 
D023 

GAS 
D024- 1100 
D025 1101 
D026 1102 
D027 llD3 

CAS 
D028 1100 
D029 
D030 
D031 

GAS 
1100 
1101 
1102 
1103 

64G2240 
MMDL 15DSU-OO 
Revised 7 /94 

RAS 

DO 

RiiS 

D1 

RiiS 

D2 

RAS 

D3 

RiiS 

D4 

RiiS 

D5 

RAS 

D6 

RAS 

D7 

RiiS 

DB 

OE2 
WE2 

CAS4 

WE OE 
D036 
D037 
D038 
D039 

WE OE 
D040 
D041 
D042 
D043 

WE 5E 
D044 
D045 
D046 
D047 

WE OE 
D048 
D049 
D050 
D051 

WE 5E 
D052 
D053 
D054 
D055 

WE OE 
D056 
D057 
D058 
D059 

WE OE 
D060-
DQ61 
DQ62 
D063 

WE OE 
D064 
D065 
D066 
D067 

WE 5E 
D068 
D069 
D070 
D071 

IBM11 M4730CB 

4M x 72 DRAM MODULE 

GAS RAS WE OE 
1100 

D9 

GAS RAS WE OE 

D10 

GAS RAS WE OE 
1100 

D11 

GAS RAS WE OE 
1100 

D12 

GAS 11AS wt oc 

D13 

GAS RAS WE OE 
1100 

D14 

GAS RAS WE OE 
1100 
1101 D15 
1102 
1103 

GAS RAS WE 5E 
1100 

D16 =i(-Vss PD 1-8 (when= 0, 1 =NC) 
1103 ~ 

GAS RAS WE OE 
--!>- A1-AN: DRAMS DO - D17 1100 A1-AN 

1101 D17 AO -I>- AO: DRAMS DO-DB 
1102 
1103 BO --!>- AO: DRAMS D9-D17 

Vee DO - D17, Buffers 

Vss DO - D17, Buffers 

Page 761 



IBM11M4730CB 

4M x 72 DRAM MODULE 

Truth Table 

Function RAS CAS WE 

Standby H x x 
Read L L H 

Early-Write L L L 

Late-Write I RMW L L H-.+L 

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

Subsequent Cycles L H-.+L H 

Fast Page Mode - Write 
L H-.+L L 

1st Cycle 

Subsequent Cycles L H-.+L L 

Fast Page Mode - RMW 
L H-.+L H-.+L 

1st Cycle 

Subsequent Cycles L H-.+L H-.+L 

RAS-Only Refresh L H x 
CAS-Before-~Refresh H-.+L L H 

Read Presence Detects x x x 

Presence Detect 
Pin 

PD1 (PD1 - PD5: Addressing/Density) 

PD2 

PD3 

PD4 

PD5 

' PDS (PDS - PD7: Speed) 

PD7 

PD8 (Parity/ECG Designator) 

IDO (DIMM Type/Width) 

ID1 (Refresh Mode) 

1. PD1-8 are buffered outputs (0 =driven to VoL. 1 =open) 
2. ID0-1 are unbuffered outputs (0 = V55, 1 =open) 

Page 762 

OE Row Column 
Address Address 

x x x 
L Row Col 

x Row Col 

H-.+L Row Col 

L Row Col 

L NIA Col 

x Row Col 

x N/A Col 

H-.+L Row Col 

H-.+L NIA Col 

x Row N/A 

x x x 

x x x 

-60 

1 

1 

0 

1 

0 

1 

1 

0 

0 

0 

PDE 

x 
x 
x 

x 

x 

x 

x 

x 

x 

x 

x 
x 

L 

--------------- -- ----.:..:::::r:: 

DQx 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

Not Affected 
(PD Bits Valid) 

-70 

1 

1 

0 

1 

0 

0 

1 

0 

0 

0 

64G2240 
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-------------- - -- - ---- --------------·- IBM11 M4730CB 

4M x 72 DRAM MODULE 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -0.5 to 4.6 v 1 

V1N Input Voltage -0.5 to min (Vee+ 0.5, 4.6) v 1 

VouT Output Vohage -0.5 to min (Vee+ 0.5, 4.6) v 1 

ToPR Operating Temperature Oto+70 oc 1 

TsTG Storage Temperature -55 to +125 oc 1 

Po Power Dissipation 5.5 w 1 

lo UT Short Circuit Output Current 50 mA 1 

loUTPD Short Circuit Output Current (PD) 60 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above those indicated is not implied. Exposure to absolute maximum rating con-
dition for extended periods may affect reliability. 

Recommended DC Operating Conditions (TA= o to 10°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss. 

Capacitance (TA= o to +10°c, Vee= 3.3 ± o.3V) 

Symbol 

C11 

C12 

c,. 

C14 

64G2240 
MMDL15DSU-OO 
Revised 7/94 

Parameter 

Input Capacitance (AO, BO, A1-A11) 

Input Capacitance (RAS) 

Input Capacitance (CAS, WE, OE) 

DOx Capacitance 

Min 

3.0 

2.0 

-0.5 

Typ Max Units Notes 

3.3 3.6 v 1 

- Vee+ 0.5 v 1 

- 0.8 v 1 

Max Units Notes 

13 pF 

70 pF 

13 pF 

15 pF 
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--------- ----
IBM11 M4730CB - - -- ----- - ------------·-
4M x 72 DRAM MODULE 

DC Electrical Characteristics (TA= o to +70°c, Vee= 3.3 ±0.3V) 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 1530 
lcc1 Avera~wer Supply Operating Current mA 1,2,3 

(RAS, CAS, Address Cycling: tRc = tRc min) -70 - 1350 

Standby Current (TTL) 
lcc2 Power S~y Standby Current - 36 mA 

(RAS = CAS ;;: V1H) 

RAS Only Refresh Current -60 - 1530 
Ices Average Powe~ply Current, RAS Only Mode mA 1,3 

(RAS Cycling, CAS;;, V1H: tRc = tRc min) -70 - 1350 

Fast Page Mode Current -60 - 1350 
lcc4 Average Power Supply Current, Fast Page Mode mA 1,2,3 

(RAS,;; V1L, CAS, Address Cycling: tpc = tpc min) -70 - 1170 

Standby Current (CMOS) 
Ices Power Supply Standby Current - 18 mA 

(RAS = CAS =Vee - 0.2V) 

CAS before RAS Refresh Current -60 - 1530 
Ices Avera~wer Supply Current, CAS Before RAS Mode mA 1,3 

(RAS, CAS, Cycling: !Re= tRc min) -70 - 1350 

Input Leakage Current All but RAS -10 +10 
l1(L) Input Leakage Current, any Input µA 

(0.0,;; V1N,;; (Vee< 6.0V)), All Other Pins Not Under Test= OV RAS -90 +90 

lo(L) 
Output Leakage Current 

-10 +10 µA (DouT 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 Output "L" Level Voltage (louT = +2mA@ 0.4V) 

1. lcc1,lccs.lcc4 and lcc6 depend on cycle rate. 
2. lcc1 ,lcc4 depend on output loading. Specified values are obtained with 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 = ViH. 
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--------------- -- - ---- - --------- IBM11M4730CB ----·-
4M x 72 DRAM MODULE 

AC Characteristics (TA= o to+ 10°c, Vee= 3.3 ± o.3V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H 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 specttied timings include buffer, loading and skew delay adders: 2ns minimum, 5ns (CAS, WE, OE) or 6ns (address) maximum 
delay, no pulse shrinkage to the Dram device timings. The data and RAS signals are not buffered, which preserves the DRAMs 
access specttications of 60ns and 70ns. 

4. AC measurements assume tr = 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

1Rc Random Read or Write Cycle Time 110 - 130 - ns 

IRP RAS Precharge Time 40 - 50 - ns 

lcp GAS Precharge Time 10 - 10 - ns 

IRAs RAS Pulse Width 60 10K 70 10K ns 

1cAS GAS Pulse Width 15 - 20 - ns 1 

1ASR Row Address Setup Time 6 - 6 - ns 

IRAH Row Address Hold Time 8 - 8 - ns 

IASc Column Address Setup Time 4 - 4 - ns 

1cAH Column Address Hold Time 17 - 17 - ns 

1Rco RAS to GAS Delay Time 18 40 18 45 ns 2 

tRAo RAS to Column Address Delay Time 13 24 13 2g ns 3 

1RSH RAS Hold Time 20 - 25 - ns 

1csH GAS Hold Time 58 - 68 - ns 

1cRP GAS to RAS Precharge Time 15 - 15 - ns 

looo OE to D1N Delay Time 20 - 25 - ns 4 

lozo OE Delay Time from D1N -2 - -2 - ns 

1ozc ~Delay Time from D1N -2 - -2 - ns 

IAR Column Address Hold Time Referenced to RAS - - - - ns 5 

IT Transition Time (Rise and Fall) 3 30 3 30 ns 

1. The minimum lcAs requires tcsH to be met for both writes and reads. Also, because of the buffer, the minimum ICAs for a read cycle 
must be extended to guarantee the da1a out window (loH) in the application. For example, a tcAS of 15ns plus a minimumtoH of 2ns 
would resuh in turning data out of the DIMM at 17ns (3ns before max tcAc of 20ns). 

2. Operation within the IRCo(max) limit ensures that tRAc(max) can be met. The 1Rco(max) is specttied as a reference point only: If 1Rco 
is greater than the specified IRco(max) limit, then access time is controlled by tcAc. 

3. Operation within the IRAo(max) limit ensures that 1RAc(max) can be met. The tRAo(max) is specttied as a reference point only: If tRAo 
is greater than the specified IRAo(max) limit, then access time is controlled by IAA. 

4. Either lcoo or 1000 must be satisfied. 
5. This timing parameter is not applicable to this product, but applies to a related product in this family. 

64G2240 
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--------- ----- - -IBM11 M4730CB - ----- -------------·-
4M x 72 DRAM MODULE 

Write Cycle 

-60 -70 
Symbol Parameler Unil Noles 

Min Max Min Max 

lwcs Wrile Command Sel Up Time 2 - 2 - ns 1 

lwcH Wrile Command Hold Time 17 - 17 - ns 

lwp Wri1e Command Pulse Wid1h 15 - 15 - ns 

1RWL Wrile Command lo RAS Lead Time 20 - 25 - ns 

lcwL Wrile Command lo CAS Lead Time 17 - 22 - ns 

lwcR Wrile Command Hold Time Referenced lo RAS - - - - ns 2 

tDHR Data Hold Time Referenced to RAS - - - - ns 2 

los D1N Setup Time -2 - -2 - ns 3 

loH D1N Hold Time 20 - 20 - ns 3 

1. lwcs. 1Rwo. lcwo. 1Awo. and lcpw are nol reslrictive parameters. They are included in lhe dala sheet as electrical characleristics 
only. If lwcs;,, twcs(min.), the entire cycle is an early wrile cycle and lhe dala pin will remain open circuit (high impedance) lhrough 
lhe enlire cycle; If 1Rwo;,, 1Rwo(min.), lcwo;,, lcwo(min.), tAwo;,, 1Awo(min.) and tcpw;,, 1cpw(min.)(Fas1 Page Mode), lhe cycle is a 
Read-Modify-Wrile cycle and lhe dala will conlain read from lhe selected cell: If neilher oflhe above sels of condilions are mel, lhe 
condition of the data (at access time) is indeterminate. 

2. This timing parameter is not applicable to this producl, but applies to a related product in this family. 
3. Data-in set-up and hold is measured from the laner of the two limings, CAS or WE. 
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---------- ----- - -- - ---- - --------·- IBM11 M4730CB ----·-
4M x 72 DRAM MODULE 

Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tRAC Access Time from RAS - 60 - 70 ns 1, 2 

lcAC Access Time from GAS - 20 - 25 ns 1, 2 

tAA Access Time from Address - 36 - 41 ns 1, 2 

lo EA Access Time from OE - 20 - 25 ns 1, 2 

!Res Read Command Setup Time 2 - 2 - ns 

IRcH Read Command Hold Time to GAS 2 - 2 - ns 3 

!RAH Read Command Hold Time to RAS 3 - 3 - ns 3 

IRAL Column Address to RAS Lead Time 36 - 41 - ns 

lcAL Column Address to GAS Lead Time 36 - 41 - ns 

lcLZ GAS to Output in Low-Z 2 - 2 - ns 

!ROH RAS Hold to Output Enable - - - - ns 4 

loH Output Data Hold Time 2 - 2 - ns 

lo HO Output Data Hold Time from OE 2 - 2 - ns 

loEZ Output Buffer Turn-off Delay from OE 2 20 2 25 ns 5 

!coo GAS to D1N Delay Time 20 - 25 - ns 6 

loFF Output Buffer Turn-off Delay 2 20 2 25 ns 5 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the laner of IRAc. tcAc. tcPA· tAA, toEA· 
3. Either IRcH or IRRH must be satisfied. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 
5. toFF (max) and toEz (max} define the time at which the output achieves the open circuit condition and is not referenced to output 

vottage levels. 
6. Either lcDD or loDD must be satisfied. 

64G2240 
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--------- ------ -IBM11M4730CB - ----- --------------·-
4M x 72 DRAM MODULE 

Fast Page Mode Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tpc Fast Page Mode Cycle Time 40 - 45 - ns 

tRASP Fast Page Mode RAS Pulse Width 60 100K 70 100K ns 

tcPRH RAS Hold Time from CAS Precharge 40 - 45 - ns 

1cPA Access Time from CAS Precharge - 40 - 45 ns 1, 2 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAc. tcpA, tAA, toEA· 

Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tRwc Read-Modify-Write Cycle Time 158 - 188 - ns 

tRWD RAS to WE Delay Time 83 - 98 - ns 1 

tcwo CAS to WE Delay Time 45 - 55 - ns 1 

tAWD Column Address to WE Delay Time 59 - 69 - ns 1 

toEH OE Command Hold Time 15 - 20 - ns 

1. twcs. tRwo. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;,, twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If IRwD;,, tRwo(min.), tcwo;,, tcwo(min.), tAWD;,, tAwo(min.) and tcpw<! tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tpRWC Fast Page Mode Read-Modify-Write Cycle Time 83 - 98 - ns 

tcpw WE Delay time from CAS Precharge 63 - 73 - ns 1 

1. twcs. tRWo. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics only. 
If twcs <: twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through the 
entire cycle; If tRwo;,, tRwo(min.), tcwo;,, tcwo(min.), tAwo;,, tAwo(min.) and tcpw;,, tcpw(min.)(Fast Page Mode), the cycle is a Read-
Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the con-
dition of the data (at access time) is indeterminate. 
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----------------.!.:i:i:ii'f!: IBM11 M4730CB 

4M x 72 DRAM MODULE 

Refresh Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tCHR 
CAS Hold Time 

18 18 (CAS before RAS Refresh Cycle) - - ns 

1csR 
GAS Setup Time 15 - 15 - ns (GAS before fiAS Refresh Cycle) 

twRP 
WE Setup Time 

15 - 15 - ns (CAS before RAS Refresh Cycle) 

twRH 
WE Hold Time 

8 8 (CAS before RAS Refresh Cycle) - - ns 

tRPC RAS Precharge to CAS Hold Time 3 - 3 - ns 

tREF Refresh Period - 64 - 64 ms 1 

1. 4096 refreshes are required every 64ms. 

Presence Detect Read Cycle 

-60 -70 
Symbol Parameter Un~ Notes 

Min Max Min Max 

tpo PDE to Valid Presence Detect Data - 10 - 10 ns 1 

tpooFF PDE Inactive to Presence Detects Inactive 0 10 0 10 ns 2 

1. Measured with the specified current load and 1 OOpF. 
2. tp00FF(max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

64G2240 
MMDL 15DSU-OO 
Revised 7 /94 
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IBM11 M4730CB 

4M x 72 DRAM MODULE 

Read Cycle 

lRAs 

V1H-
RAS 

V1L -

tcsH 

tRCD 

CAS 
V1H-

lcAS 

V1L -

lAAo 
lcAL 

tRAL 

~SR !Ase 

V1H-
Address 

V1L -

VoH-
Dour -----+--Hi-Z --------1 

VoL-

I :"H"or"L" 

Page 770 

tRc 

~SH 

loez __ _ 

Valid Data Out 

loH ----t 

___ foHo __ _ 

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

Hi-Z --

64G2240 
MMDL 15DSU-OO 
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--------------- ------- --------·----·- IBM11 M4730CB 

4M x 72 DRAM MODULE 

Write Cycle (Early Write) 

tRc 

IRAs 

VtH 
RAS 

VtL 

lcsH 

tRco tRSH 

VtH lcAS 
CAS 

VtL 

tRAo 

tASR tASC 

VtH 
Address 

Vtl 

VtH 
WE 

VIL 

VtH 
OE 

Vtl 

Valid Data In 

VoH-

DoUT --------------Hi-Z --------------
VoL-

64G2240 
MMDL15DSU-OO 
Revised 7194 

I :"H"or"L" 
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-------------- - -IBM11 M4730CB - ----- --------·----·-
4M x 72 DRAM MODULE 

Write Cycle (Late Write) 

!Re 

IRAS 

V1H -
RAS 

V1L -

lcsH 

tRCO IRsH 

V1H-
lcAs CAS 

V1L -

m 
~s IASc 

V1H 
Address 

V1L 

V1H 
WE 

V1L 

V1H 
OE 

V1L 

VoH-
Dour ---- Hi-Z------~ 

VoL-

I : "H" or "L" *output remains Hi-Z because WE is latched internally following lwp min. 
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-------------- - -- - ---:::::::e:::?:: IBM11 M4730CB 

4M x 72 DRAM MODULE 

Read-Modify-Write-Cycle 

tRwc 

tAAs 

VrH-
RAS 

V1L-

l:csH 
~CD ~SH l:cRP 

V1H-
l:cAs GAS 

V1L- ~D 

tASR tAsc 

V1H 
Address 

VoH-
Dour ----t--Hi-Z --------ill!!i!X 

VoL -

,,_ ________ Hi-Z* __ 

-toHo I :"H"or"L" "output remains Hi-Z because WE is latched internally following twp min. 

64G2240 
MMDL 15DSU-OO 
Revised 7194 
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IBM11 M4730CB 

4M x 72 DRAM MODULE 

Fast Page Mode Read Cycle 

Address 

V1H 

WE 
V1L 

V1H 

OE 
V1L 

Dour 
Vol-

l :"H"or"L" 

Page 774 

tRASP tRP 

14----lcPRH 

DourN 

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

64G2240 
MMDL 15DSU-OO 
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--------------- -- ----:::i:::..:.:::5?a: 

Fast Page Mode Write Cycle 

Address 

64G2240 
MMDL 15DSU-OO 
Revised 7/94 

l:"H"or"L" 

IBM11 M4730CB 

4M x 72 DRAM MODULE 

~ASP ~p 

tcRP 
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IBM11 M4730CB 

4M x 72 DRAM MODULE 

Fast Page Mode Read-Modify-Write Cycle 

V1H 

Address 
V1L 

l:"H"or"L" 

Page 776 

DoUT 1 DoUT2 DouTN 

--------- ----- - -- ----=.:.:= ~ 5: 

lcRP 

64G2240 
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-------------= - -::E'f!: IBM11 M4730CB 

4M x 72 DRAM MODULE 

RAS Only Refresh Cycle 

!Re 

IRAS !RP 

V1H-

RAS 

VIL-

IRPC 

V1H-

CAS 
V1L-

IRA 

tASR 

V1H 

Address 

V1L 

VoH-
__________ Hi-Z _______________ _ 

64G2240 
MMDL15DSU-OO 
Revised 7194 

I :"H"or"L" 

Note: WE, OE, D1N are "H" or "L" 
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--------- ----- - -IBM11 M4730CB - ----- -------------·-
4M x 72 DRAM MODULE 

CAS Before RAS Refresh Cycle 

~PC1 

--J lcsR 

i----- taoo __ ____, 

14--<--- !coo ----

D1N V1H ---+--1------ Hi-Z 

D VoH 
OUT 

1----- Hi-Z -------------------
VOL 

Page 778 

I :"H"or"L" 

Note: Addresses are "H" or "L" 
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-------------.!. :-:.:5?5: 

Presence Detect Read Cycle 

VoH-

PD1-PD8 
VoL-

64G2240 
MMDL 15DSU-OO 
Revised 7/94 

Valid Presence Detect 

*PD pins must be pulled high at next level of assembly 

IBM11 M4730CB 

4M x 72 DRAM MODULE 
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IBM11 M4730CB 

4M x 72 DRAM MODULE 

Layout Drawing 
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DETAIL A 
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ADVANCE 

Features 

• 168 Pin JEDEC Standard, 8 Byte Dual In-line 
Memory Module 

• 8Mx72 Fast Page Mode DIMM 

• Performance: 

-60 -70 

IRAC ~Access Time 60ns 70ns 

lcAc CAS Access Time 20ns 25ns 

IAA Access Time From Address 36ns 41ns 

1Rc Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

• All inputs and outputs are TTL and CMOS com
patible 

• Single 5.0V, ± 0.5V Power Supply 

Description 

IBM11 M8730P is an industry standard 168-pin 
8-byte Dual In-line Memory Module (DIMM) which is 
organized as an 8Mx72 high speed memory array, 
and is configured as 2 4Mx72 banks. The DIMM 
uses 36 4Mx4 DRAMs assembled as 18 stacked 
TSOP packages. 

Improved system performance is provided by the 
on-DIMM buffering of selected input signals. The 
specified timings include all buffer, net and skew 
delays, which simplifies the memory subsystem 
design analysis. The data and RAS signals are not 
buffered, which preserves the DRAM access specifi
cations of 60ns and 70ns. 

Presence Detect (PD) and Identification Detect (ID) 

Card Outline 

IBM11 M8730P 

SM x 72 DRAM MODULE 

• Au contacts 
• Optimized for ECG applications 

• System Performance Benefits: 

- Buffered inputs (except RAS, Data) 
- Reduced noise (32 VssNcc pins) 
- 4 Byte Interleave enabled 
- Buffered PDs 

• Fast Page Mode, Read-Modify-Write Cycles 

• Refresh Modes: RAS-Only and CBR 

• 4096 refresh cycles distributed across 64ms 

• 12/1 o addressing (Row/Column) 

• Card size: 5.25" x 1.5" x 0.320" 

• DRAMS in Stacked TSOP Package 

bits provide information about the DIMM density, 
addressing, performance and features. PD bits can 
be dotted at the system level and activated for each 
DIMM position using the PD enable (PDE) signal. ID 
bits also allow detection of card features, and may 
be dot-or'd at the system level to provide information 
for the entire DIMM bank. For example, the system 
will determine that ECG DIMMs are installed if PD8 
is low (0). IDO need not be sensed since both x72 
and x80 ECG DIMMs will function in a x72 bank. 

All IBM 168-pin DIMMs provide a high performance, 
flexible.8-byte interface in a 5.25" long space-saving 
footprint. Related products are the x64 and x72 par
ity (5V) DIMMs and ECG DIMMs (5V and 3.3V). 

ro 111II111IIInIIII111111IIIIIIIIIIII111 I !II n II II II II II II II II II II 111IIII111II!IllII111 II I ol 
(Front) 1 10 II 40 41 84 
(Back) 85 94 95 124 125 168 
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IBM11 M8730P 

SM x 72 DRAM MODULE 

Pin Description 
RASO - RAS3 Row Address Strobe 

CASO, CAS4 Column Address Strobe (Buffered) 

WEO, WE2 Read/write Input (Buffered) 

OE0,~2 Output Enable (Buffered) 

AO,BO,A1 -A11 Address Inputs (Buffered) 

DOx Data Input/Output 

Vee Power (+SV) 

Vss Ground 

NC No Connect 

PD1 - PDB Presence Detects (Buffered) 

PDE Presence De1ect Enable 

IDO- ID1 ID Bits 

Ordering Information 

Part Number Organization 

IBM11M8730PA-60 8Mx72 

IBM11M8730PA-70 8Mx72 

Page 782 

---------- ----- - -- ----- --------------·-
ADVANCE 

Pin out 

Pin# 
Front 

Pin# 
Back 

Pin# 
Front 

Pin# 
Back 

Side Side Side Side 

1 Vss BS Vss 43 Vss 127 Vss 
2 DOO 86 DQ36 44 ~2 128 NC 
3 D01 87 D037 4S i'iAS2 129 i'iAS3 
4 D02 88 D038 46 CiiS4 130 NC 
s D03 89 D039 47 NC 131 NC 
6 Vee 90 Vee 48 WE2 132 J5l5t 
7 D04 91 D040 49 Vee 133 Vee 
8 DOS 92 D041 so NC 134 NC 
9 DOG 93 D042 SI NC 13S NC 
10 D07 94 D043 S2 D018 136 DOS4 
11 DOB 9S D044 S3 D019 137 DOSS 
12 Vss 96 Vss S4 Vss 138 Vss 
13 D09 97 D04S SS D020 139 DOS6 
14 D010 98 D046 S6 D021 140 DOS7 
1S D011 99 D047 S7 D022 141 DOSS 
16 D012 100 D048 SB D023 142 DOS9 
17 D013 101 D049 S9 Vee 143 Vee 
18 Vee 102 Vee 60 D024 144 D060 
19 D014 103 DOSO 61 NC 14S NC 
20 DOIS 104 DOSI 62 NC 146 NC 
21 D016 10S DOS2 63 NC 147 NC 
22 0017 106 DOS3 64 NC 148 NC 
23 Vss 107 Vss GS D02S 149 0061 
24 NC 108 NC 66 D026 1SO D062 
2S NC 109 NC 67 D027 1S1 D063 
26 Vee 110 Vee 68 Vss 1S2 Vss 
27 WEO 111 NC 69 D028 1S3 0064 
28 CASO 112 NC 70 D029 154 006S 
29 NC 113 NC 71 D030 1SS DQ66 
30 RASO 114 i'iAS1 72 D031 1S6 0067 
31 ~o 11S NC 73 Vee 157 Vee 

32 Vss 116 Vss 74 D032 158 0068 
33 AO 117 A1 75 DQ33 159 0069 
34 A2 118 A3 76 D034 160 DQ70 
3S A4 119 AS 77 DQ3S 161 0071 
36 A6 120 A7 78 Vss 162 Vss 
37 AB 121 A9 79 PD1 163 PD2 
38 A10 122 A11 80 PD3 164 PD4 
39 NC 123 NC 81 PDS 16S P06 
40 Vee 124 Vee 82 PD7 166 PDB 
41 NC 12S NC 83 IDO 167 101 
42 NC 126 BO 84 Vee 168 Vee 

Note: All pin assignments are consistent for all 8 Byte versions. 

Speed Leads 

60ns Au 

70ns Au 

Dimension 

5.25"x1 .5"x 0.320" 

5.25"x1 .5"x 0.320" 

Notes 

03H7152 
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-------------- - ------::::::::::::::::? = 
ADVANCE 

Block Diagram 

_r--OEO 
WEO 

CASO 

-r:: 
_:RASO-==:] 

DQ 
DQ 

00 
00 

v 

o --I 
1 __, 

2 --I 
3 --I 

j_ J_ 
GAS RAS 

1100 
1/01 DO 
1102 
1103 

i 
l 

WE ot 
H 
1---1 
1---1 
1---1 

-

J_ 
GAS RAS WE Qt 

1100 
1101 D18 
1102 
1103 

OE2 
WE2 

CAS2 

j( 
-i..-RAS2-==:l 
-j;. _L 

DQ 

00 
00 
00 

36-
37-
38-
39-

m 
1100 
1101 
1102 
1103 

RAS" 

D9 

I 
WE: 

m RAS WE ot m RAS WE: ot CAS RAS WE 
4 --I DQ 

DQ 
DQ 

DQ 

DQ 
00 
DQ 

00 

5 --I 
6 --I 
7 --I 

8 __, 
9 __, 

10--1 
11 --I 

l/00 
llO 1 
1/02 
l/03 

m 
1/00 
1101 
llO 2 
1103 

D1 

RAS WE: 

D2 

1---1 1100 
1---1 1101 D19 
1---1 1102 
1---1 1103 

ot m RAS WE 
H 1100 
1---1 1101 

D20 H 1102 
1---1 1103 

GAS RAS WE ot m RAS WE 
DQ 
DQ 

DQ 
00 

12--1 
13--1 
14--1 
15--1 

1100 
llO 1 
1/02 

D3 

1103 

H 1100 
H llO 1 D21 
H 1102 
H 1103 

m rolS" WE ot GAS RAS WE 
DQ 
DQ 

DQ 
00 

16 --I 
17 --I 
18 --I 
19 --I 

OEO 
~o 

jC 
-y 

CASO -l> 

DQ 

00 
DQ 

DQ 

20-
21-
22-
23-

l/00 
1101 
llO 2 
l/03 

l 
m 

1100 
1/0 1 
1/02 
1/03 

1---1 1100 

D4 1---1 1101 D22 
1---1 1102 
1---1 1103 

J 
RAS WE: Qt - RAS WE CAS 

t-- 1100 

D5 t-- 1/0 1 D23 
t-- 1102 
t-- 1103 

00 
00 
00 
DQ 

24-
CllS" RAS WE otj 

1--1 
CAS RAS WE: 

25-
26-
27-

28-
25-
30-

DQ 
DQ 
DQ 

00 31-

!--1 
33--1 

1--1 
35 --I 

DQ32 

DQ 
DQ34 
DQ 

1100 
1101 D6 
l/02 
1103 

m RAS" WE 
1100 
1101 D7 
llO 2 
1/03 

CAS RAS WE 
voo 
VO 1 DB 
V02 
1103 

Vss 
~ 

y-PD 1-a 

(when = 0, 1 =NC) 

03H7152 
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1100 
1--1 1101 D24 
1--1 1102 
t--1 1103 

5E c:AS" RAS WE 
t-- 1100 
t-- 1101 D25 
1---1 llO 2 
1---1 1103 

OE CAS RAS WE 
t-- 1100 
1---1 1101 D26 
1---1 1102 
1---1 1103 

A1-AN -rg:: 
AO --[>--. 
BO -!>-

Qt 

Qt 

Qt 

5E 

OE" 

Qt 

OE" 

004 
004 
004 
004 

0-
1-
2-
3-

1-
5-
6-
7-

0044 
004 
004 
004 

8-
9-

004 
004 
00 
00 

50-
51-

00 
00 
DQ 

00 

52-
53-
54-
55-

_r--OE2 
WE2 '_j( v 

CAS2 ~-l> 

0 
0 
0 
0 

056--1 
057--1 
058 --I 
059 --I 

1100 
1101 
1102 
1103 

GAS 
1100 
1101 
1102 
1103 

m 
1100 
1101 
1102 
1103 

CAS 
1100 
1101 
1102 
1103 

I 
GAS 

1100 
1101 
1102 
1103 

m 
0 
0 
D 
0 

060- 1100 
061-
062-
063-

1-
065-

0064 
0 
0 066-
0 067-

068--1 0 
DQ 

0 
0 

69--1 
070--1 
071 --I 

1101 
1102 
1103 

CAS 
1100 
1101 
1102 
1103 

m 
1100 
1101 
1102 
VO 3 

A1-AN: DRAMS D9-D17,D27-D35 

A1-AN: DRAMS DO-D8,D18-D26 

AO: DRAMS DO-D8,D18-D26 

AO: DRAMS D9-D17,D27-D35 

D10 

RliS WE 

D11 

RAS WE 

D12 

RAS WE 

D13 

RJISWE 

D14 

RAS" WE: 

D15 

RAS WE 

D16 

RliS WE 

D17 

Vee 

Vss 

IBM11 M8730P 

8M x 72 DRAM MODULE 

l l 
OE" CAS mm WE: OE" 
I- 1100 

I- 1101 D27 
I- 1102 
I- 1103 

-OE CAS RAS WE OE 
I- 1100 
1-- llO 1 D28 
!-- 1102 
1-- l/03 

ot m mm WE: Qt 
t-- 1100 

I- 1101 
D29 I- 1/02 

I- 1/03 

Qt CAS RAS WE OE 
t-- 1100 
t-- 1/0 1 D30 
t-- 1102 
1---1 1/0 3 

-OE CAS RAS WE OE 
!-- 1/00 
1-- 1101 D31 
1-- 1102 
1-- 1103 

l 
Qt GAS RAS WE: OE" 

1-- l/00 
t-- 1101 D32 
t-- 1102 
t-- 1103 

OE" m RliS WE: Qt 

1--1 1100 
1--1 l/01 033 
1--1 1102 
1--1 1103 

- CAS RAS WE: Qt OE 
t-- 1100 
t-- 1/0 1 034 H 1102 
H 1103 

Qt - R7iS WE ~ CAS 
H 1100 
H 1101 D35 
1---1 1102 
1---1 1103 

__ 1 ___ , DO - D35, Buffers 

--T,__, DO - D35, Buffers 
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IBM11 M8730P 

8M x 72 DRAM MODULE 

Truth Table 

Function RAS CAS WE 

Standby H x x 
Read L L H 

Early-Write L L L 

Late-Write I RMW L L H~L 

Fast Page Mode - Read 
L H~L H 

1st Cycle 

Subsequent Cycles L H~L H 

Fast Page Mode - Write 
L H~L L 

1st Cycle 

Subsequent Cycles L H~L L 

Fast Page Mode - RMW 
L H~L H~L 

1st Cycle 

Subsequent Cycles L H~L H~L 

RAS-Only Refresh L H x 
~-Before-RASRefresh H~L L H 

Read Presence Detects x x x 

Presence Detect 

Pin 

PD1 (PD1 - PD5: Addressing/Density) 

PD2 

PD3 

PD4 

PD5 

PD6 (PD6 - PD7: Speed) 

PD7 

PDS (Parity/ECC Designator) 

IDO (DIMM Type/Width) 

101 (Refresh Mode) 

1. PD1-8 are buffered outputs (0 =driven to VoL. 1 •open) 
2. ID0-1 are unbuffered outputs (0 = V88, 1 =open) 

Page 784 

OE Row Column 
Address Address 

x x x 
L Row Col 

x Row Col 

H~L Row Col 

L Row Col 

L N/A Col 

x Row Col 

x N/A Col 

H~L Row Col 

H~L N/A Col 

x Row NIA 

x x x 

x x x 

-60 

0 

0 

1 

1 

0 

1 

1 

0 

0 

0 

PDE 

x 
x 
x 

x 

x 

x 

x 

x 

x 

x 

x 
x 

L 

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

Dax 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

Not Affected 
(PD Bits Valid) 

-70 

0 

0 

1 

1 

0 

0 

1 

0 

0 

0 
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---------- --------- - ---- --------------·- IBM11 M8730P 

ADVANCE BM x 72 DRAM MODULE 

Absolute Maximum Ratings 

Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -t.O to +7.0 v 1 

V1N Input Voltage -0.5 to min (Vee + 0.5, 7.0) v 1 

VouT Output Voltage -0.5 to min (Vee+ 0.5, 7.0) v 1 

ToPR Operating Temperature 0 to +70 oc 1 

TsTG Storage Temperature -55 to +125 oc 1 

Po Power Dissipation 16.8 w 1,2 

lo UT Short Circuit Output Current 50 mA 1 

louTPD Short Circuit Output Current (PD) 60 mA 1 

1. Stresses greater than those listed may cause permanent damage 10 the device. This is a stress rating only and functional opera-
lion of the device at these or any other conditions above those indicated is not implied. Exposure to absolute maximum rating con-
dition for extended periods may affect reliability. 

2. Maximum power occurs when all banks are active. 

Recommended DC Operating Conditions (TA= oto 10°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss. 

Capacitance (TA = o 10 + 1o"c, Vee = 5.o ± o.5V) 

Symbol 

c,, 

C12 

C13 

C14 

03H7152 
MMDL12DSU-OO 
Revised 7 /94 

Parameter 

Input Capacitance (AO, BO, A1-A11) 

Input Capacitance (RAS) 

Input Capacitance (GAS, WE, OE) 

DOx Capacitance 

Min 

4.5 

2.4 

-0.5 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee v 1 

- 0.8 v 1 

Max Units Notes 

18 pF 

80 pF 

18 pF 

22 pF 
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-------------- - -IBM11 M8730P - ----- --------------·-
BM x 72 DRAM MODULE ADVANCE 

DC Electrical Characteristics (TA= o 10 +7o'c. Vee= 5.o ±0.5V) 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 1566 
lcc1 Avera~wer Supply Operating Current mA 1,2,3 

(RAS, CA • Address Cycling: IRc =!Re min) -70 - 1386 

Standby Current (TIL) 
lcc2 Power S..!!el!]y Standby Current - 72 mA 

(RAS = CAS <: V1H) 

RAS Only Refresh Current -60 - 1566 
lcc3 Average Powe~ply Current, RAS Only Mode mA 1,3, 4 

(RAS Cycling, CAS <: V1H: IRc = IRc min) -70 - 1386 

Fast Page Mode Current -60 - 1386 
Ice• Average Power Supply Current, Fast Page Mode mA 1.2. 3 

(RAS,; V1L. CAS, Address Cycling: lpc = lpc min) -70 - 1206 

Standby Current (CMOS) 
Ices Power Supply Standby Current 

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

GAS before RAS Refresh Current -60 - 1566 
Ices Avera~wer Supply Current, CAS Before RAS Mode mA 1,3,4 

(RAS, CAS, Cycling: !Re= !Re min) -70 - 1386 

Input Leakage Current All but RAS -20 +20 
l1(L) Input Leakage Current. any Input µA 

(0.0,; V1N,; (Vee< 6.0V)), All Other Pins Not Under Test= OV RAS -90 +90 

lo(L) 
Output Leakage Current 

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

VoH 
Output High Level 

2.4 - v Output "H" Level Voltage (louT = -5mA@ 2.4V) 

Vol 
Output Low level 

- 0.4 v Output "L" Level Voltage OouT = +4.2mA@ 0.4V) 

1. lcc1 ,lcc3,lcc• and Ices depend on cycle rate. 
2. lcc1 ,lcc4 depend on output loading. Specified values are obtained with 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 specified for 1 bank. 
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--------- --------- - ---- ---------- IBM 11 M8730P ----·-
ADVANCE BM x 72 DRAM MODULE 

AC Characteristics (TA= o to +70°c, Vee= s.o ± o.sV) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V 1H and 
VtL· 

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 delay adders: 2ns minimum, 5ns (GAS, WE, OE) or 6ns (address) maximum 
delay, no pulse shrinkage to the Dram device timings. The data and RAS signals are not buffered, which preserves the DRAMs 
access specifications of 60ns and 70ns. 

4. AC measurements assume tT ~ 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tAc Random Read or Write Cycle Time 110 - t30 - ns 

tAP RAS Precharge Time 40 - 50 - ns 

tcp GAS Precharge Time 10 - tO - ns 

IRAS RAS Pulse Width 60 tOK 70 10K ns 

1cAS GAS Pulse Width t5 - 20 - ns t 

tASA Row Address Setup Time 6 - 6 - ns 

tAAH Row Address Hold Time 8 - 8 - ns 

1AsC Column Address Setup Time 4 - 4 - ns 

tcAH Column Address Hold Time 17 - 17 - ns 

tAco RAS to GAS Delay Time 18 40 18 45 ns 2 

tRAO RAS to Column Address Delay Time 13 24 13 29 ns 3 

tASH RAS Hold Time 20 - 25 - ns 

tcsH GAS Hold Time 58 - 68 - ns 

tcRP GAS to RAS Precharge Time 15 - t5 - ns 

1000 OE to D1N Delay Time 20 - 25 - ns 4 

tozo OE Delay Time from D1N -2 - -2 - ns 

tozc GAS Delay Time from D1N -2 - -2 - ns 

tAR Column Address Hold Time Referenced to RAS - - - - ns 5 

h Transition Time (Rise and Fall) 3 30 3 30 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 (toH) in the application. For example, a tcAs of 15ns plus a minimum toH of 2ns 
would result in turning data out of the DIMM at 17ns (3ns before max tcAc of 20ns). 

2. Operation within the tRco(max) limit ensures that tRAc(max) can be met. The tRco(max) is specified as a reference point only: If tRco 
is greater than the specified tAco(max) limit, then access time is controlled by tcAc 

3. Operation within the tAAo(max) limit ensures that tRAc(max) can be met. The tAAo(max) is specified as a reference point only: If tAAD 
is greater than the specified tRAo(max) limit, then access time is controlled by tAA 

4. Either tcoo or t000 must be satisfied. 
5. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7152 
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--------------- -IBM 11 M8730P - ----- - ------------·-
SM x 72 DRAM MODULE ADVANCE 

Write Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

twcs Write Command Set Up Time 2 - 2 - ns 1 

twcH Write Command Hold Time 17 - 17 - ns 

tWP Write Command Pulse Width 15 - 15 - ns 

tRwL Write Command to RAS Lead Time 20 - 25 - ns 

lcwL Write Command to CAS Lead Time 17 - 22 - ns 

twcR Write Command Hold Time Referenced to RAS - - - - ns 2 

toHR Data Hold Time Referenced to RAS - - - - ns 2 

tos D1N Setup Time -2 - -2 - ns 3 

toH D1N Hold Time 20 - 20 - ns 3 

1. twcs. tRwo. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;;: twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; 11 tRWO;;: tRwo(min.), tcwo;;: tcwo(min.), tAwo;;: tAwo(min.) and lcPw;;: 1cPw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

2. This timing parameter is not applicable to this product, but applies to a related product in this family. 
3. Data-in set-up and hold is measured from the latter of the two timings, CAS or WE. 
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---------- ----- ---- - ---- - - -------- IBM11 MB730P ----·-
ADVANCE SM x 72 DRAM MODULE 

Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tRAC Access Time from RAS - 60 - 70 ns 1, 2 

tcAC Access Time from GAS - 20 - 25 ns 1, 2 

tAA Access Time from Address - 36 - 41 ns 1, 2 

to EA Access Time from OE - 20 - 25 ns 1, 2 

tRcs Read Command Setup Time 2 - 2 - ns 

tRCH Read Command Hold Time to GAS 2 - 2 - ns 3 

tRRH Read Command Hold Time to RAS 3 - 3 - ns 3 

tRAL Column Address to RAS Lead Time 36 - 41 - ns 

tcAL Column Address to GAS Lead Time 36 - 41 - ns 

tcLZ GAS to Output in Low-Z 2 - 2 - ns 

tROH RAS Hold to Output Enable - - - - ns 4 

toH Output Data Hold Time 2 - 2 - ns 

to HO Output Data Hold Time from OE 2 - 2 - ns 

toEZ Output Buffer Turn-off Delay from OE 2 20 2 25 ns 5 

tcoo GAS to D1N Delay Time 20 - 25 - ns 6 

lo FF Output Buffer Turn-off Delay 2 20 2 25 ns 5 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by 1he latter of tRAC· 1cAc. tcPA• tAA. toEA· 
3. Either tRcH or tRRH must be satisfied. 
4. This timing parameter is not applicable 1o this product, but applies to a related product in this family. 
5. toFF (max) and toEz (max) define the time at which the output achieves the open circui1 condi1ion and is not referenced to output 

voltage levels. 
6. Either tcoo or tooo must be satisfied. 
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-------------- - -IBM11 M8730P - ----- --------------·-
8M x 72 DRAM MODULE ADVANCE 

Fast Page Mode Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

tpc Fast Page Mode Cycle 1ime 40 - 45 - ns 

tRASP Fast Page Mode RAS Pulse Width 60 100K 70 100K ns 

1cPRH RAS Hold 1ime from CAS Precharge 40 - 45 - ns 

1cPA Access 1ime from GAS Precharge - 40 - 45 ns 1,2 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAC. tcPA· tAA.1oEA· 

Read-Modify-Write Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

tRwc Read-Modify-Write Cycle Time 158 - t88 - ns 

tRWO RAS to~ Delay Time 83 - 98 - ns 1 

tcwo CAS to WE Delay Time 45 - 55 - ns 1 

tAwo Column Address to WE Delay Time 59 - 69 - ns 1 

toeH OE Command Hold Time t5 - 20 - ns 

1. twcs. tRwo. tcwo. tAwo, and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;;, twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRWO;;, tRwo(min.), tcwo;;, tcwo(min.), tAwo;;, tAwo(min.) and tcpw" tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tPRWC Fast Page Mode Read-Modify-Write Cycle Time 83 - 98 - ns 

tcpw WE Delay time from CAS Precharge 63 - 73 - ns 1 

1. lwcs. tRWo. tcwo. tAwo. and lcPW are not restrictive parameters. They are included in the data sheet as electrical characteristics only. 
If twcs;;, twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through the 
entire cycle; If tRWO;;, tRwo(min.), tcwo;;, tcwo(min.), tAwo;;, tAwo(min.) and tcpw" tcPW(min.)(Fast Page Mode), the cycle is a Read-
Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the con-
dition of the data (at access time) is indeterminate. 

Page 790 03H7152 
MMDL 12DSU-OO 

Revised 7/94 



--------------- -- - ---- --------·- IBM11 M8730P ----·-
ADVANCE BM x 72 DRAM MODULE 

Refresh Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

lcHR 
CAS Hold Time 

18 18 (CAS before RAS Refresh Cycle) 
- - ns 

lcsR 
CAS Setup Time 
(GAS before~ Refresh Cycle) 15 - 15 - ns 

lwRP 
WE Setup Ti~ 15 - 15 - ns (CAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 

8 8 (CAS before RAS Refresh Cycle) - - ns 

IRPC RAS Precharge to CAS Hold Time 3 - 3 - ns 

!REF Refresh Period - 64 - 64 ms 1 

1. 4096 refreshes are required every 64ms. 

Presence Detect Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

lpo PDE to Valid Presence Detect Data - 10 - 10 ns 1 

lpooFF PDE Inactive to Presence Detects Inactive 0 10 0 10 ns 2 

1. Measured with the specified current load and 1 OOpF. 
2. lpoofF(max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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IBM11 M8730P 

8M x 72 DRAM MODULE 

Read Cycle 

t----------tRAS-----------t 

V1H -
Address 

VoH-

IAsR 

lcsH 

tRco---------

lcAs 

!RAD ~of*---+--+------ tRAL 
!CAL 

lcLz 

DolJT -----+--Hi-Z --------1 
VoL-

l:"H"or"L" 
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tRSH 

toEz ___ ~ 

Valid Data Out 

loH ___ _, 

14----loHo ___ .., 

-------------- - -- ----- -------------·-
ADVANCE 

Hi-Z __ 

03H7152 
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--------------- -- - ---=::::=:= ! = 
ADVANCE 

Write Cycle (Early Write) 

V1H 
RAS 

VIL 

!RCD 

V1H 
CAS 

V1L 

!RAD 

IAsR !Ase 

V1H 
Address 

VIL 

V1H 

VoH-

!RAS 

lcsH 

lcAs 

Valid Data In 

~c 

!RSH 

IBM11 MIF30P 

SM x 72 DRAM MOPULE 

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

03H7152 
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l:"H"or"L" 
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-------------- - -IBM11 M8730P -----.:...::.::::: ! =. 
BM x 72 DRAM MODULE ADVANCE 

Write Cycle (Late Write) 

!Re 

IRAs 

V1H-
RAS 

VIL -

lesH 

!ReD IRsH 

V1H -
teAs CAS 

V1L -

IRAD 

l.4s !Ase 

V1H -
Address 

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

I : "H" or "L" ·output remains Hi-Z because WE is latched internally following lwp min. 
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--------- ---------- ---- - - ---==-='":':; IBM11 M8730P 

ADVANCE BM x 72 DRAM MODULE 

Read-Modify-Write-Cycle 

V1H-
RAS 

V1L-

V1H-
GAS 

V1L-

D1N 
V1L 

VoH-
DouT 

Vo,-

03H7152 
MMDL12DSU-OO 
Revised 7 /94 

tASR 

Ill, : "H" or "L" 

tRWC 

IRAs 

lcsH 
tRCD tRSH le RP 

lcAs 
!RAD 

!Ase 

lcLZ 

Hi-Z Hi-Z* __ 

-loHO 
·output remains Hi-Z because WE is latched internally following twp min. 
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IBM11 M8730P 

BM x 72 DRAM MODULE 

Fast Page Mode Read Cycle 

V1H-

RAS 
V1L -

-tRco 

V1H-

CAS 
V1L -

V1H 

Address 
V1L 

V1H 

WE 
V1L 

V1H 

OE 
V1L 

Page 796 

4iASP 

tcPRH 

tpe 
tRSH 

tcAs tcAS 

--------- ------------- -------------·-
ADVANCE 

tRP 

tcRP 

tACH 
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-------------- - -- - -----------------·-
ADVANCE 

Fast Page Mode Write Cycle 

Address 

D1N 
VIL 

VoH-

DouT 
VoL-

03H7152 
MMDL12DSU-OO 
Revised 7194 

I :"H"or"L" 

IBM11 M8730P 

BM x 72 DRAM MODULE 

!,,ASP -------------..i t,,p 

!pc __ _ 

le RP 
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IBM11M8730P 

BM x 72 DRAM MODULE 

Fast Page Mode Read-Modify-Write Cycle 

V1H -

Address 
V1L 

l:"H"or"L" 
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14--------!RASP--------------

----tRAc 

DouT 1 DouT2 DoUTN 

--------- ----- - -- ----- -------------·-
ADVANCE 

le RP 
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---------- ----- ---- - ---- ----------- IBM11 M8730P ---·-
ADVANCE BM x 72 DRAM MODULE 

RAS Only Refresh Cycle 

i---------tRAS-----------.+ 

Address 

VoH -

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

Vm-

03H7152 
MMDL12DSU-OO 
Revised 7 /94 

I :"H"or"L" 

Note: WE, OE, D1N are "H" or "L" 
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--------- ----- - -IBM11 M8730P - ----- -------------·-
SM x 72 DRAM MODULE ADVANCE 

CAS Before RAS Refresh Cycle 

~PC1 

--j lcsR 

----l:ooo---

1+-+--- lcoo -----i 

D V1H -
IN --+-+------- Hi-Z 

D VoH 
OUT 

f-----Hi-Z ------------------

l:"H"or"L" 

Note: Addresses are "H" or "L" 
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------------------ - ---- -------------·-
ADVANCE 

Presence Detect Read Cycle 

VoH-

PD1-PD8 
Vm-

03H7152 
MMDL 12DSU-OO 
Revised 7 /94 

tpo 

Valid Presence Detect 

*PD pins must be pulled high at next level of assembly 

IBM11 M8730P 

BM x 72 DRAM MODULE 

Page 801 



IBM11 M8730P 

BM x 72 DRAM MODULE 

Layout Drawing 

(2)11 

31877 ~ 
.1255 
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.050 :': .004 

133 35 
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131.35 
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127.35 
5.014 

FRONT 

/ 
/ 

/ 
/ 

/ R 1.00 
I .0393 

I 
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NOTE: All dimensions are typical unless otherwise stated. Ml~~~~J~Rs 
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--------------- -.!.~:ii!: 

ADVANCE 

Features 

• 168 Pin JEDEC Standard, 8 Byte Dual In-line 
Memory Module 

• 8Mx72 Fast Page Mode DIMM 

• Performance: 

-60 -70 

IRAC RAS Access Time 60ns 70ns 

lcAC CAS Access Time 20ns 25ns 

IAA Access Time From Address 36ns 41ns 

!Re Cycle Time 110ns 130ns 

!pc Fast Page Mode Cycle Time 40ns 45ns 

• All inputs and outputs are LVTTL and LVCMOS 
compatible 

• Single 3.3V, ± 0.3V Power Supply 

Description 

IBM11 M8730PB is an industry standard 168-pin 
8-byte Dual In-line Memory Module (DIMM) which is 
organized as an 8Mx72 high speed memory array, 
and is configured as 2 4Mx72 banks. The DIMM 
uses 36 4Mx4 DRAMs, which are assembled as 18 
stacked TSOP packages. 

Improved system performance is provided by the 
on-DIMM buffering of selected input signals. The 
specified timings include all buffer, net and skew 
delays, which simplifies the memory subsystem 
design analysis. The data and RAS signals are not 
buffered, which preserves the DRAM access specifi
cations of sons and 70ns. 

Presence Detect (PD) and Identification Detect (ID) 

Card Outline 

IBM11M8730PB 

SM x 72 DRAM MODULE 

• Au contacts 
• Optimized for ECC applications 

• System Performance Benefits: 

- Buffered inputs (except RAS, Data) 
- Reduced noise (32 VssNcc pins) 
- 4 Byte Interleave enabled 
- Buffered PDs 

• Fast Page Mode, Read-Modify-Write Cycles 

• Refresh Modes: RAS-Only and CBR 

• 4096 refresh cycles distributed across 64ms 

• 12/1 O addressing (Row/Column) 

• Card size: 5.25" x 1.5" x 0.320" 

• DRAMS in stacked TSOP Package 

bits provide information about the DIMM density, 
addressing, performance and features. PD bits can 
be dotted at the system level and activated for each 
DIMM position using the PD enable (PDE) signal. ID 
bits also allow detection of card features, and may 
be dot-or'd at the system level to provide information 
for the entire DIMM bank. For example, the system 
will determine that ECC DIMMs are installed if PD8 
is low (0). IDO need not be sensed since both x72 
and x80 ECC DIMMs will function in a x72 bank. 

All IBM 168-pin DIMMs provide a high performance, 
flexible 8-byte interface in a 5.25" long space-saving 
footprint. Related products are the x64 and x72 par
ity (5V) DIMMs and ECC DIMMs (5V and 3.3V). 

~o '"' 1111111n11111111111111111""""""n11111111111111111111111111111111111 "'"'"' j 
(Front) 1 10 11 40 41 84 
(Back) 85 94 95 124 125 168 
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IBM11 M8730PB 

8M x 72 DRAM MODULE 

Pin Description 
'Rlrn'O-RAS'3 Row Address Strobe 

l':AS0,~4 Column Address Strobe (Buffered) 

WEO, WE2 Read/write Input (Buffered} 

OEO,OE2 Output Enable (Buffered} 

AO,BO,A1 -A11 Address Inputs (Buffered) 

DQx Data lnpuVOutput 

Vee Power ( +3.3V} 

Vss Ground 

NC No Connect 

PD1-PD8 Presence Detects (Buffered} 

PDE Presence Detect Enable 

IDO-ID1 ID Bits 

Ordering Information 
Part Number Organization 

IBM11 M8730PBA-60 8Mx72 

IBM11M8730PBA-70 8Mx72 

Page 804 

-------------- - -- ----- --------------·-
ADVANCE 

Pinout 

Pin# 
Front 

Pin# Back 
Pin# 

Front 
Pin# 

Back 
Side Side Side Side 

1 Vss 85 Vss 43 Vss 127 Vss 
2 DQO 86 DQ36 44 ~2 128 NC 
3 DQ1 87 DQ37 45 "RAS2 129 iiAS3 
4 DQ2 88 DQ38 46 E.45"4 130 NC 
5 DQ3 89 DQ39 47 NC 131 NC 
6 Vee 90 Vee 48 iNE2 132 Pi"iE 
7 DQ4 91 DOIO 49 Vee 133 Vee 
8 DQ5 92 DOl1 50 NC 134 NC 
9 DQS 93 DQ42 51 NC 135 NC 
10 007 94 DQ43 52 0018 136 0054 
11 008 95 DQ44 53 0019 137 0055 
12 Vss 96 Vss 54 Vss 138 Vss 
13 009 97 DQ45 55 0020 139 DQ56 
14 DQ10 98 DQ46 56 0021 140 DQ57 
15 DQ11 99 DQ47 57 0022 141 DQ58 
16 DQ12 100 DQ48 58 0023 142 DQ59 
17 DQ13 101 DQ49 59 Vee 143 Vee 
18 Vee 102 Vee 60 DQ24 144 0060 
19 DQ14 103 DQ50 61 NC 145 NC 
20 DQ15 104 DQ51 62 NC 146 NC 
21 DQ16 105 DQ52 63 NC 147 NC 
22 DQ17 106 DQ53 64 NC 148 NC 
23 Vss 107 Vss 65 DQ25 149 DQ61 
24 NC 108 NC 66 0026 150 DQ62 
25 NC 109 NC 67 0027 151 DQ63 
26 Vee 110 Vee 68 Vss 152 Vss 
27 WEO 111 NC 69 DQ28 153 DQ64 
28 ~o 112 NC 70 0029 154 DQ65 
29 NC 113 NC 71 0030 155 DQ66 
30 ~o 114 m1 72 DQ31 156 DQ67 
31 rn::o 115 NC 73 Vee 157 Vee 
32 Vss 116 Vss 74 DQ32 158 0068 
33 AO 117 A1 75 DQ33 159 DQ69 
34 A2 118 A3 76 DQ34 160 0070 
35 M 119 AS 77 DQ35 161 DQ71 
36 AS 120 A7 78 Vss 162 Vss 
37 AS 121 A9 79 PD1 163 PD2 
38 A10 122 A11 80 PD3 164 PD4 
39 NC 123 NC 81 PD5 165 PD6 
40 Vee 124 Vee 82 PD7 166 PD8 
41 NC 125 NC 83 IDO 167 ID1 
42 NC 126 BO 84 Vee 168 Vee 

Note: All pin assignments are consistent for all 8 Byte versions. 

Speed Leads 

60ns Au 

70ns Au 

Dimension 

5.25"x1 .5"X 0.320" 

5.25"x1 .5"X 0.320" 

Notes 
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--------------- ------- --------·----·-
ADVANCE 

Block Diagram 

j: 
-[ 

v.RASO-==i 
-v .l .l 

0 -DQ 
DQ 
DQ 
DQ3 

1-
2 -

-

-
5 -

DQ4 

DQ 
DQ 
DO 

6 -
7 -

8 -DQ 
DQ 
DQ 
DO 

DO 
DO 
DO 
DO 

DO 
DO 
DO 
DQ 

9 -
10-
11-

12-
13-
14-
15-

16-
17-
18-
19-

-" OEO 
WEO --t> 

CASO --{> 

DO 
DQ 
DQ 
DQ 

20-
21-
22-
23-

DQ 
DQ 
DO 
DO 

24-
25-
26-
27-

8-
29--1 

DQ2 
DQ 
DO 
DQ 

30--1 
31--1 

DQ 
DQ 
DQ 
DQ 

32--1 
33--1 
34--I 
35--1 

CA5 
I/DO 
VD1 
VD2 
l/D 3 

m 
voo 
1/01 
1/02 
1/03 

m 
1/00 
1/01 
1/02 
1/03 

CA5 
1/00 
l/D 1 
1/02 
l/D 3 

m 
I/DO 
l/D 1 
l/D 2 
l/D 3 

j 
CA5 

1100 
1/01 
l/02 
1103 

m 
voo 
VO 1 
1/02 
1/03 

m 
1/00 
1101 
1/02 
1/03 

CiiS 
1100 
1101 
l/O 2 
1/03 

.l 
RAS WE OE 

1--
DO H 

H 
f---J 

RAS iiiiE rn; 
I--

D1 H 
H 
t--1 

RAS WE OE 
1--

D2 
I--
I--
J--

Rn WE OE 
1--

D3 1--
I--
I--

RAS WE OE 
1--

D4 1--
I--
I--

RAS" WE OE 

t----
D5 t----

t----
1--

RAS WE OE 
1--

D6 1--
t--
t--

RAS WE OE 

t----
D7 t-

t-
1--

RAS WE OE 
t--1 

DB t--1 
H 
H 

Vss 
Pnr=' 

y-PD1-8 

(when = 0, 1 =NC) 
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-
l 
CA5 RAS WE OE 

I/DO 
l/D1 D18 
VD2 
1/03 

m RAS WE OE 
1/00 
VO 1 D19 
1/02 
1/03 

CAS RAS WE OE 
1/00 
l/01 

D20 1102 
1/03 

- RAS WE OE CAS 
1100 
1/01 
1/02 

D21 

l/03 

-CAS RAS" WE OE 
1/00 
1/01 D22 
1/02 
1103 

l 
CAS RAS WE OE 

1100 
l/D 1 D23 
1/02 
1/03 

OE2 
WE2 

CAS2 

j; 
:RAS~ 
-j,. .l 

36-DO 
DO 
DO 
DQ 

37-
38-
39-

0-
1-
2-

D04 
D04 
D04 
D04 3-

I-
5-
3-
7-

DQ44 
D04 
D046 
D04 

8-
9-

DQ4 

DC4 
DQ 
DO 

50-
51-

DO 
DO 
DO 
DO 

OE2 
WE2 

CAS2 

52-
53-
54-
55-

-t --£; 
-j,. 

056-D 
D 
DQ 
DQ 

057-
58-
59-

m RAS" wt 
1/00 
1/01 D9 
1/02 
1103 

CAS RAS WE 
1100 
1101 D10 
1/02 
1/03 

m RAB WE 
1100 
1/01 
1/02 D11 

1103 

GAS RAS WE 
1/00 
1101 
1/02 

D12 

1103 

CAS RAS WE 
1/00 
1/01 D13 
1/02 
1103 

l 
(;AS RAS" WE 

1100 
1101 D14 
V02 
1/03 

IBM11 M8730PB 

BM x 72 DRAM MODULE 

J_ l 
rn; mm- RAS" WE OE 

t- 1100 
t- 1101 D27 
r- 1/02 
J- 1103 

- CAS RAS WE OE OE 
t- 1/00 
r- 1101 028 
r- 1102 
r- 1/03 

OE CAS Rn WE OE 
t-- 1100 
t-- 1/01 

D29 t-- 1/02 
j-- l/03 

OE -CAS RAS WE OE' 
t- 1100 
r- 1/01 030 
I- 1/02 
t- 1/03 

OE CAS RAS WE OE 
t-- l/O 0 
t-- 1/01 031 
t-- 1/02 
t-- 1103 

J 
OE - RliS iiiiE OE CAS 

r-- 1100 

t---- VO 1 D32 
t---- V02 
r-- 1/03 

GAS RAS WE OE CA5 RAS" WE OE - RAS WE OE CAS 
1/00 
1/01 D24 
1/02 
1103 

GAS RAS WE rn; 
1/00 
1101 D25 
1/02 
1103 

60-
61-

DQ 
DQ 
D 
D 
062-
063-

064-D 
DQ 
00 
DQ 

65--1 
66 --I 
67 --I 

1100 
1/01 
1/02 
1/03 

CAS 
1100 
1/01 
1/02 
l/03 

<:AS l1llS" WE OE m 
1100 
1101 

D26 
1102 
1/03 

A1-AN -t::g=: 
AO -(>--+ 
BO -[>-

D 
D 
D 
D 

068--I 
069--I 
070---j 
071---1 

1100 
1/01 
1102 
1103 

A1-AN: DRAMS D9-D17,D27-D35 

A 1- AN: DRAMS DO-D8,D18-D26 

AO: DRAMS DO-D8,D18-D26 

AO: DRAMS D9-D17,D27-035 

D15 

RAS WE 

D16 

RAS" wt 

D17 

Vee 

vss 

t-- 1100 
t-- 1/01 033 
t-- 1/02 
t-- 1103 

OE GAS RAS" iiiiE rn; 
i- 1100 
t-- 1101 034 
t-- 1102 
j-- 1/03 

rn; CAS RAS" WE QEI 
t--1 1100 
t--1 1/01 

D35 
t--1 1/02 
J--1 1/03 

--:r.---·~ DO - 035, Buffers 

--To---·~oo -035, Buffers 

Page 805 



IBM11 M8730PB 

8M x 72 DRAM MODULE 

Truth Table 

Function RAS CAS WE OE 

Standby H x x x 
Read L L H L 

Early-Write L L L x 
Late-Write I RMW L L H"""*L H"""*L 

Fast Page Mode - Read L H--*L H L 1st Cycle 

Subsequent Cycles L H--*L H L 

Fast Page Mode - Write 
L H--*L L x 

1st Cycle 

Subsequent Cycles L H"""*L L x 
Fast Page Mode - RMW 

L H"""*L H"""*L H"""*L 1st Cycle 

Subsequent Cycles L H"""*L H"""*L H"""*L 

RAS-Only Refresh L H x x 
CAS-Before-RAS Refresh H"""*L L H x 

Read Presence Detects x x x x 

Presence Detect 

Pin 

PD1 (PD1 - PD5: Addressing/Density) 

PD2 

PD3 

PD4 

PD5 

PD6 (PD6 - PD7: Speed) 

PD7 

PDB (Parity/ECC Designator) 

IDO (DIMM Type/Width) 

ID1 (Refresh Mode) 

1. PD1-8 are buffered outputs (0 =driven to VoL. 1 =open) 
2. ID0-1 are unbuffered outputs (0 = Vss. 1 =open) 

Page 806 

Row Column PDE Address Address 

x x x 
Row Col x 
Row Col x 

Row Col x 

Row Col x 

NIA Col x 

Row Col x 

N/A Col x 

Row Col x 

NIA Col x 

Row N/A x 
x x x 

x x L 

-60 

0 

0 

1 

1 

0 

1 

1 

0 

0 

0 

--------------- -- ----=.:.:=~= 
ADVANCE 

DQx 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

Not Affected 
(PD Bits Valid) 

-70 

0 

0 

1 

1 

0 

0 

1 

0 

0 

0 

03H7153 
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------------------ ----- ---------- IBM11 M8730PB ----·-
ADVANCE 8M x 72 DRAM MODULE 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -0.5 to 4.6 v 1 

V1N Input Voltage -0.5 to min (Vee+ 0.5, 4.6) v 1 

VouT Output Voltage -0.5 to min (Vee+ 0.5, 4.6) v 1 

ToPR Operating Temperature 0 to +70 oc 1 

Tsrn Storage Temperature -55 to +125 oc 1 

Po Power Dissipation 11 w 1,2 

lo UT Short Circuit Output Current 50 mA 1 

louTPO Short Circuit Output Current (PD) 60 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above those indicated is not implied. Exposure to absolute maximum rating con-
dition for extended periods may affect reliability. 

2. Maximum power occurs when all banks are active. 

Recommended DC Operating Conditions (TA = o to 1o'c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss. 

Capacitance (TA= o to +1o'c, Vee= 3.3 ± o.3V) 

Symbol 

C11 

C12 

C13 

C14 

03H7153 
MMDL 16DSU-OO 
Revised 7194 

Parameter 

Input Capacitance (AO, BO, A1-A11) 

Input Capacitance (RAS) 

Input Capacitance (CAS, WE, OE) 

DOx Capacitance 

Min 

3.0 

2.0 

-0.5 

Typ Max Units Notes 

3.3 3.6 v 1 

- Vee+ 0.5 v 1 

- 0.8 v 1 

Max Units Notes 

18 pF 

80 pF 

18 pF 

22 pF 

Page 807 



--------- ----- - -IBM11 M8730PB -----
=::::=:=~= 

SM x 72 DRAM MODULE ADVANCE 

DC Electrical Characteristics (TA= o to +10°c, Vee= 3.3 ± o.3V) 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 1566 
lcc1 Avera~wer Supply Operating Current mA 1,2,3 

(RAS, CAS, Address Cycling: !Re = tRc min) -70 - 1386 

Standby Current (TTL) 
lcc2 Power S..!!ei!!Y Standby Current 

(RAS = GAS~ V1H) 
- 72 mA 

RAS Only Refresh Current -60 - 1566 
Ices Average Powe~ply Current, RAS Only Mode mA 1,3,4 

(RAS Cycling, CAS ~ V1H: tRc =!Re min) -70 - 1386 

Fast Page Mode Current -60 - 1386 
lcc4 Average Power Supply Current, Fast Page Mode mA 1,2,3 

(RAS ,;; V1L. CAS, Address Cycling: tpc = tpc min) -70 - 1206 

Standby Current (CMOS) 
Ices Power ~y Standby Current - 36 mA 

~= =Vcc·0.2V) 

CAS before RAS Refresh Current -60 - t566 
Ices Avera~wer Supply Current, CAS Before RAS Mode mA 1,3,4 

(RAS, CAS, Cycling: !Re= !Re min) -70 - 1386 

Input Leakage Current All but RAS -20 +20 
l1(L) Input Leakage Current, any Input µA 

(0.0,;; V1N,;; (Vee< 6.0V)), All Other Pins Not Under Test= OV RAS -90 +90 

lo(L) 
Output Leakage Current -20 +20 µA 
(DoUT is disabled, 0.0,;; VouT,;; Vee) 

VoH 
Output High Level 

2.4 - v Output 0 H" Level Voltage (loUT = -2mA@ 2.4V) 

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

1. lcc1 ,lcca,lcc4 and Ices depend on cycle rate. 
2. lcc1olcc4 depend on output loading. Specified values are obtained w~h 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 specified for 1 bank. 

Page 808 03H7153 
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IBM11 M8730PB 

ADVANCE 8M x 72 DRAM MODULE 

AC Characteristics (TA = o to + 10°c, v cc = 3.3 ± o.3V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V 1H 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 delay adders: 2ns minimum, 5ns (CAS, WE, OE) or 6ns (address) maximum 
delay, no pulse shrinkage to the Dram device timings. The data and RAS signals are not buffered, which preserves the DRAMs 
access specifications of 60ns and 70ns. 

4. AC measurements assume IT = 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

!Re Random Read or Write Cycle Time 110 - 130 - ns 

tRP RAS Precharge Time 40 - 50 - ns 

lcp CAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 10K 70 tOK ns 

bs CAS Pulse Width t5 - 20 - ns 1 

IASR Row Address Setup Time 6 - 6 - ns 

!RAH Row Address Hold Time 8 - 8 - ns 

!Ase Column Address Setup Time 4 - 4 - ns 

lcAH Column Address Hold Time 17 - 17 - ns 

IRCo RAS to CAS Delay Time 18 40 18 45 ns 2 

IRAo RAS to Column Address Delay Time 13 24 t3 29 ns 3 

IRSH RAS Hold Time 20 - 25 - ns 

lcsH CAS Hold Time 58 - 68 - ns 

le RP CAS to RAS Precharge Time 15 - t5 - ns 

looo OE to D1N Delay Time 20 - 25 - ns 4 

lozo OE Delay Time from D1N -2 - -2 - ns 

lozc GAS Delay Time from D1N -2 - -2 - ns 

!AR Column Address Hold Time Referenced to RAS - - - - ns 5 

IT Transition Time (Rise and Fall) 3 30 3 30 ns 

1. The minimum tcAS requires lcsH 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 (toH) in the application. For example, a lcAS oft 5ns plus a minimum toH of 2ns 
would result in turning data out of the DIMM at t 7ns (3ns before max lcAc of 20ns). 

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

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

4. Either !coo or t000 must be satisfied. 
5. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7153 
MMDL16DSU-OO 
Revised 7 /94 
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-------------- - -IBM11 M8730PB - ----=..=.:= 'f = 
SM x 72 DRAM MODULE ADVANCE 

Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

twcs Write Command Set Up Time 2 - 2 - ns 1 

twcH Write Command Hold Time 17 - 17 - ns 

twp Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to RAS Lead Time 20 - 25 - ns 

tcwL Write Command to CAS Lead Time 17 - 22 - ns 

twcR Write Command Hold Time Referenced to RAS - - - - ns 2 

toHR Data Hold Time Referenced to RAS - - - - ns 2 

tos D1N Setup Time -2 - -2 - ns 3 

toH D1N Hold Time 20 - 20 - ns 3 

1. twcs. tRwo. lcwo. tAwo. and lcPw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;;,, twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRwo :2: tRwo(min.), tcwo :2: tcwo(min.), tAwo :2: tAwo(min.) and lcpw:2: tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

2. This timing parameter is not applicable to this product, but applies to a related product in this family. 
3. Data-in set-up and hold is measured from the latter of the two timings, CAS or WE. 
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----------------- ----- --------------·- IBM11 M8730PB 

ADVANCE BM x 72 DRAM MODULE 

Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

!RAC Access Time from RAS - 60 - 70 ns 1, 2 

lcAC Access Time from CAS - 20 - 25 ns 1, 2 

tAA Access Time from Address - 36 - 41 ns 1, 2 

lo EA Access Time from OE - 20 - 25 ns 1, 2 

!Res Read Command Setup Time 2 - 2 - ns 

tRCH Read Command Hold Time to CAS 2 - 2 - ns 3 

!RAH Read Command Hold Time to RAS 3 - 3 - ns 3 

IRAL Column Address to RAS Lead Time 36 - 41 - ns 

lcAL Column Address to CAS Lead Time 36 - 41 - ns 

lcLZ CAS to Output in Low-Z 2 - 2 - ns 

IROH RAS Hold to Output Enable - - - - ns 4 

loH Output Data Hold Time 2 - 2 - ns 

loHO Output Data Hold Time from OE 2 - 2 - ns 

loEZ Output Buffer Turn-off Delay from OE 2 20 2 25 ns 5 

!coo CAS to D1N Delay Time 20 - 25 - ns 6 

loFF Output Buffer Turn-off Delay 2 20 2 25 ns 5 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAC· lcPA· IAA, toEA· 
3. Either IRcH or tRRH must be satisfied. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 
5. loFF (max) and loEz (max) define the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
6. Either tcoo or tooo must be satisfied. 

03H7153 
MMDL16DSU-OO 
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--------------- -IBM11 M8730PB - ----- - -------------·-
8M x 72 DRAM MODULE ADVANCE 

Fast Page Mode Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tpc Fast Page Mode Cycle Time 40 - 45 - ns 

tRASP Fast Page Mode RAS Pulse Width 60 100K 70 100K ns 

tcPRH RAS Hold Time from CAS Precharge 40 - 45 - ns 

lcPA Access Time from CAS Precharge - 40 - 45 ns 1,2 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAc. lcPA· tAA, toEA-

Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tRWC Read-Modify-Write Cycle Time 158 - 188 - ns 

tRWO RAS to~ Delay Time 83 - 98 - ns 1 

lcwo CAS to WE Delay Time 45 - 55 - ns 1 

tAwo Column Address to WE Delay Time 59 - 69 - ns 1 

toeH OE Command Hold Time 15 - 20 - ns 

1. twcs, tRwo. lcwo. IAwo, and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs <!: twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRWo <!: tRwo(min.), tcwo <!: tcwo(min.), tAwo <!: tAwo(min.) and lcPw<!: tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tPRWC Fast Page Mode Read-Modify-Write Cycle Time 83 - 98 - ns 

tcpw WE Delay time from CAS Precharge 63 - 73 - ns 

1. twcs. tRwo. lcwo. !Awe. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics only. 
If twcs <!: twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) thruugh the 
entire cycle; If tRWD <!: tRwo(min.), tcwo <!: tcwo(min.), tAwo <!: tAwo(min.) and lcPW<!: tcpw(min.)(Fast Page Mode), the cycle is a Read-
Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the con-
dition of the data (at access time) is indeterminate. 
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---------- ----- - -- - ---- -- ------------·- I BM 11 M8730PB 

ADVANCE BM x 72 DRAM MODULE 

Refresh Cycle 

-60 -70 
Symbol Parameler Unil Noles 

Min Max Min Max 

lcHR 
GAS Hold Time 

18 18 (GAS before RAS Refresh Cycle) - - ns 

lcsR 
GAS Setup Time 

15 - 15 - ns (GAS before RAS Refresh Cycle) 

lwRP 
WE Setup Ti~ 

15 - 15 - ns (GAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 

8 8 
(GAS before RAS Refresh Cycle) 

- - ns 

1RPC RAS Precharge to GAS Hold Time 3 - 3 - ns 

tREF Refresh Period - 64 - 64 ms 1 

1. 4096 refreshes are required every 64ms. 

Presence Detect Read Cycle 
-60 -70 

Symbol Parameler Unil Noles 
Min Max Min Max 

tpo PDE lo Valid Presence Delect Data - 10 - 10 ns 1 

tpooFF PDE Inactive to Presence Detects Inactive 0 10 0 10 ns 2 

1. Measured with the specified current load and 100pF. 
2. tpooFF(max) defines lhe time al which lhe ou1pu1 achieves the open circuil condilion and is nol referenced to outpul voltage levels. 

03H7153 
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IBM11 M8730PB 

SM x 72 DRAM MODULE 

Read Cycle 

tRAS 

V1H -
RAS 

VIL -

tcsH 

tRcD 

V1H -
le As GAS 

VIL -

!RAD tRAL 

tcAL 

lAsR tAsc 

V1H -
Address 

VIL -

V1H -
WE 

VIL -

V1H -
OE 

V1L -

tcLZ 

VoH-
Dour ____ _,__ Hi-Z --------j 

VoL-

Page 814 

I :"H"or"L" 

" 

tRc 

!RP 

tRSH 

toEz ___ _, 

Valid Data Out 

loH ---+I 

1+---toHo ___ ., 

--------- ----- - -- ----- --------------·-
ADVANCE 

Hi-Z __ 

03H7153 
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IBM11M8730PB 

ADVANCE SM x 72 DRAM MODULE 

Write Cycle (Early Write) 

tRc 

tRAS 

V1H 

RAS 
VIL 

tcsH 

tRCD tRSH 

V1H 
tcAs 

GAS 
VIL 

tRAD 

!ASA tASC 

V1H -

Address 
V1L -

Valid Data In 

VoH-

DouT Hi-Z 
VoL-

Ilt : "H" or "L" 

03H7153 Page 815 
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--------- ----- - -IBM11 M8730PB - ----- -------------·-
SM x 72 DRAM MODULE ADVANCE 

Write Cycle (Late Write) 

!Re 

IRAS 

V1H -
RAS 

VIL -

lcsH 

!Rco !RSH 

V1H-
lcAs GAS 

V1L -

!RAD 

!As !Ase 

V1H-
Address 

VIL -

lwcR 

WE 

DouT ---- Hi-Z-------1 
VoL-

r-------- Hi-Z*-------

I : "H" or "L" 'output remains Hi-Z because WE is latched internally following twp min. 
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-------------- - -- - ---:5:::::::;::5!S:: IBM11M8730PB 

ADVANCE BM x 72 DRAM MODULE 

Read-Modify-Write-Cycle 

tRwc 

tRAs 

V1H-
RAS 

V1L-

lcsH 
tACD (ASH le AP 

V1H-
le AS GAS 

V1L- (RAD 

tAsR tASc 

V1H 
Address 

V1L 

tcLZ 

DouT 
VoL-

-------+--Hi-Z -------~~; 11----------- Hi-Z* __ 

-loHo II : "H" or "L" ·output remains Hi-Z because WE is latched internally following twp min. 

03H7153 
MMDL16DSU-OO 
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IBM11 M8730PB 

SM x 72 DRAM MODULE 

Fast Page Mode Read Cycle 

V1H-

RAS 
V1L -

_tRCD 

V1H-

CAS 

V1H 

WE 
V1t 

V1H 

OE 
V1t 

I : "H" or"L" 

Page 818 

!RASP 

lcPRH 

!pc 
lcP !ASH 

-lcAs- lcAs 

--------- -------- ----- --------------·-
ADVANCE 

!RP 

le RP 

03H7153 
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-------------- - ------.:.:::::::::: ~ = 
ADVANCE 

Fast Page Mode Write Cycle 

Address 

DouT 
VoL-

03H7153 
MMDL 1 SDSU-00 
Revised 7 /94 

IBM11M8730PB 

SM x 72 DRAM MODULE 

!RASP --------------1 lfip 

!pc ___ ~ 

le RP 

Page 819 



IBM11 M8730PB 

SM x 72 DRAM MODULE 

Fast Page Mode Read-Modify-Write Cycle 

V1H-· 

Address 
V1L -

I 
Page 820 

DouT 1 

· "H"or"L" . 

DouT2 DouT N 

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

ADVANCE 

le RP 

03H7153 
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-------------- - -- - ---- -------------·- IBM11 M8730PB 

ADVANCE SM x 72 DRAM MODULE 

RAS Only Refresh Cycle 

RAS 

GAS 

Address 

DouT 

03H7153 
MMDL 16DSU-OO 
Revised 7 /94 

\Re 

\RAS \RP 

V1H-

VIL -

\RPC 

V1H-

V1L-

\RAH 

\ASA 

V1H 

VoH-

___________ Hi·Z -----------------

VoL-

ttOO 
~t.~ : "H" or "L" 

Note: WE, OE, D,N are "H" or "L" 
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-------------- - -IBM11 M8730PB - ----::::::::::::::: ~ = 
SM x 72 DRAM MODULE ADVANCE 

CAS Before RAS Refresh Cycle 

14------lAAS ---------

,__ ___ looo __ ___, 

1+--+--- !coo -----

D1N V1H ----!--+------- Hi-Z 

loez 

D VoH-
OUT 

1----- Hi-Z -------------------

I : "H"or"L" 

Note: Addresses are "H" or "L" 
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--------- ----- - -- - ---- -------------·-
ADVANCE 

Presence Detect Read Cycle 

VoH-

PD1-PD8 
VoL-

03H7153 
MMDL16DSU-OO 
Revised 7 /94 

Valid Presence Detect 

*PD pins must be pulled high at next level of assembly 

IBM11 M8730PB 

8M x 72 DRAM MODULE 
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-------------- - -IBM11 M8730PB ..:....:.: ::5"fi: 
SM x 72 DRAM MODULE ADVANCE 

Layout Drawing 
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-------------- - -- - ---- - ------------·-
ADVANCE 

Features 

• 168 Pin JEDEC Standard, 8 Byte Dual In-line 
Memory Module 

• 8Mx72 Fast Page Mode DIMM 

Performance: 

jRAC RAS Access Time 

1cAC GAS Access Time 

tAA Access Time From Address 

1Rc Cycle Time 

1pc Fast Page Mode Cycle Time 

-60 -70 

60ns 70ns 

20ns 25ns 

36ns 41ns 

110ns 130ns 

40ns 45ns 

• All inputs and outputs are LVTTL and LVCMOS 
compatible 

• Single 3.3V, ± 0.3V Power Supply 

Description 

IBM11 M8730HB is an industry standard 168-pin 
8-byte Dual In-line Memory Module (DIMM) which is 
organized as an 8Mx72 high speed memory array 
for ECG applications. The DIMM uses 9 8Mx8 
DRAMs in TSOP packages. 

Improved system performance is provided by the 
on-DIMM buffering of selected input signals. The 
specified timings include all buffer, net and skew 
delays, which simplifies the memory subsystem 
design analysis. The data and RAS signals are not 
buffered, which preserves the DRAM access specifi
cations of sons and 70ns. 

Presence Detect (PD) and Identification Detect (ID) 
bits provide information about the DIMM density, 

Card Outline 

IBM11 M8730HB 

SM x 72 DRAM MODULE 

• Au contacts 
• Optimized for ECG applications 

• System Performance Benefits: 

- Buffered inputs (except RAS, Data) 
- Reduced noise (32 VssNcc pins) 
- Buffered PDs 

• Fast Page Mode, Read-Modify-Write Cycles 

• Refresh Modes: RAS-Only and CBR 

• 4096 refresh cycles distributed across 64ms 

• 12/11 addressing (Row/Column) 

• Card size: 5.25" x 1.2" x 0.157" 

• DRAMS in TSOP Package 

addressing, performance and features. PD bits can 
be dotted at the system level and activated for each 
DIMM position using the PD enable (PDE) signal. ID 
bits also allow detection of card features, and may 
be dot-or'd at the system level to provide information 
for the entire DIMM bank. For example, the system 
will determine that ECG DIMMs are installed if PD8 
is low (0). IDO need not be sensed since both x72 
and x80 ECG DIMMs will function in a x72 bank. 

All IBM 168-pin DIMMs provide a high performance, 
flexible 8-byte interface in a 5.25" long space-saving 
footprint. Related products are the x64 and x72 par
ity (5V) DIMMs and ECG DIMMs (5V and 3.3V). 

rmxmm n 11I11111111111111111111111111n11111111111111111111111111111rn11 "'""'" j 
(Front) 
(Back) 
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IBM11 M8730HB 

SM x 72 DRAM MODULE 

Pin Description 
RASO, RAS2 Row Address Strobe 

CAS0,CAS4 Column Address Strobe (Buffered) 

wto,wt2 Read/write Input (Buffered) 

O'Eo,O'E2 Output Enable (Buffered) 

A0,BO,A1 -All Address Inputs (Buffered) 

DOx Data lnpuVOu1put 

Vee Power (+3.3V) 

Vss Ground 

NC No Connect 

PD1 - PDB Presence Detects (Buffered) 

Pi5E Presence Detect Enable 

IDO-ID1 ID Bits 

Ordering Information 
Part Number Organization 

IBM11M8730HBA-60 8Mx72 

IBM11M8730HBA-70 8Mx72 

Page 826 

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

ADVANCE 

Pin out 

Pin# 
Front 

Pin# 
Back 

Pin# 
Front 

Pin# 
Back 

Side Side Side Side 

1 Vss 85 Vss 43 Vss 127 Vss 
2 DOO 86 D036 44 OE2 128 NC 
3 D01 87 D037 4S RAS2 129 NC 
4 D02 88 DQ38 46 CAS4 130 NC 
s D03 89 D039 47 NC 131 NC 
6 Vee 90 Vee 48 WE2 132 Pi5E 
7 D04 91 D040 49 Vee 133 Vee 
8 DOS 92 D041 so NC 134 NC 
9 DOG 93 D042 Sl NC 13S NC 
10 D07 94 D043 S2 D018 136 D054 
11 DOB 95 D044 S3 D019 137 DOSS 
12 Vss 96 Vss S4 Vss 138 Vss 
13 D09 97 D04S S5 D020 139 DOSG 
14 D010 98 D046 S6 D021 140 D057 
1S D011 99 D047 S7 D022 141 DOS8 
16 D012 100 D048 SB D023 142 DOS9 
17 D013 101 D049 S9 Vee 143 Vee 
18 Vee 102 Vee 60 D024 144 DOGO 
19 D014 103 DOSO 61 NC 14S NC 
20 D01S 104 DOS1 62 NC 146 NC 
2t D016 10S DOS2 63 NC 147 NC 
22 D017 106 DOS3 64 NC 148 NC 
23 Vss 107 Vss GS D02S 149 D061 
24 NC 108 NC 66 D026 1SO D062 
2S NC 109 NC 67 D027 1S1 D063 
26 Vee 110 Vee 68 Vss 1S2 Vss 
27 wto 111 NC 69 D028 153 D064 
28 CASO 112 NC 70 D029 154 D065 
29 NC 113 NC 71 D030 155 D066 
30 RASO 114 NC 72 D031 1S6 D067 
31 OEO 11S NC 73 Vee 1S7 Vee 
32 Vss 116 Vss 74 D032 158 D068 
33 AO 117 A1 7S D033 1S9 D069 
34 A2 118 A3 76 D034 160 D070 
3S A4 119 AS 77 D03S 161 D071 
36 AG 120 A7 78 Vss 162 Vss 
37 AB 121 A9 79 PD1 163 PD2 
38 A10 122 All 80 PD3 164 PD4 
39 NC 123 NC 81 PD5 165 PD6 
40 Vee 124 Vee 82 PD? 166 PDB 
41 NC 12S NC 83 IDO 167 ID1 
42 NC 126 BO 84 Vee 168 Vee 

Note: All pin assignments are consistent for all 8 Byte versions. 

Speed Leads 

60ns Au 

70ns Au 

Dimension 

5.25"x1 .2"X 0.157" 

5.25"x1 .2"x 0.157" 

Notes 

03H7154 
MMDL 1 ?DSU-00 
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--------- -------- - ---- ---------------·-
ADVANCE 

Block Diagram 

OEO 
WEO 

CASO 

DOO 
D01 
D02 
D03 
D04 
D05 
DOS 
D07 

DOS 
D09 
D010 
0011 
D012 
D013 
D014 
D015 

D016 
0017 
D018 
D019 
D020 
D021 
D022 
D023 

D024 
D025 
D026 
D027 
D028 
0029 
D030 
D031 

0032 
D033 
0034 
D035 
D036 
0037 
0038 
D039 

03H7154 
MMDL 17DSU-OO 
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CiiS 

RAS WE OE 

DO 

RAS WE OE 

D1 

RAS WE OE 

D2 

RAS WE OE 

D3 

RAS WE OE 

D4 

OE2 =& 
WE2 _ 

RAS2 
CAS4 

GAS 
D040 
D041 
DQ42 
DQ43 
0044 
0045 
DQ46 
0047 

GAS 
0048 
0049 
0050 
0051 
0052 
0053 
0054 
0055 

0056 
0057 
D058 
0059 
D060 
D061 
0062 
0063 

0064 
D065 
0066 
0067 
DOSS 1/04 
D069 1/05 
0070 1/06 
0071 1/07 

RAS WE 

DS 

RAS WE 

D6 

RAS WE 

D7 

RAS WE 

DB 

Vss 
PDE 

Al-AN 

AO 

BO 

Vee 

Vss 

OE 

OE 

OE 

5E 

=ir 
--t>-
--[>-

--{>--

IBM11 M8730HB 

SM x 72 DRAM MODULE 

PD 1-B (when = 0, I =NC) 

Al-AN: DRAMS DO -DB 

AO: DRAMS D0-04 

AO: DRAMS DS-DB 

DO - DB, Buffers 

DO - DB, Buffers 
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IBM11 M8730HB 

SM x 72 DRAM MODULE 

Truth Table 

Function RAS CAS WE OE 

Standby H x x x 
Read L L H L 

Early-Write L L L x 
Late-Write I RMW L L H->L H-.L 

Fast Page Mode - Read 
L H->L H L 1st Cycle 

Subsequent Cycles L H->L H L 

Fast Page Mode - Write 
L H->L L x 

1st Cycle 

Subsequent Cycles L H->L L x 
Fast Page Mode - RMW 

L H->L H-.L H-.L 
1st Cycle 

Subsequent Cycles L H-.L H->L H-.L 

RAS-Only Refresh L H x x 
GAS-Before-RAS Refresh H->L L H x 
Read Presence Detects x x x x 

Presence Detect 

Pin 

PD1 (PD1 - PDS: Addressing/Density) 

PD2 

PD3 

PD4 

PDS 

PD6 (PD6 - PD7: Speed) 

PD7 

PD8 (Parity/ECC Designator) 

IDO (DIMM Type/Width) 

ID1 (Refresh Mode) 

1. PD1-8 are buffered outputs (0 =driven to VoL. 1 =open) 
2. ID0-1 are unbuffered outputs (0 = Vss. 1 =open) 

Page 828 

Row Column PDE Address Address 

x x x 
Row Col x 
Row Col x 

Row Col x 

Row Col x 

N/A Col x 

Row Col x 

NIA Col x 

Row Col x 

NIA Col x 

Row N/A x 
x x x 

x x L 

-60 

1 

0 

1 

1 

0 

1 

1 

0 

0 

0 

-------------- - -- ----- --------------·-
ADVANCE 

DQx 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

Not Affected 
(PD Bits Valid) 

-70 

1 

0 

1 

1 

0 

0 

1 

0 

0 

0 

03H7154 
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------------------ - ---- --------------·- IBM11 M8730HB 

ADVANCE SM x 72 DRAM MODULE 

Absolute Maximum Ratings 

Symbol Parameter Rating Units Notes 

Yee Power Supply Voltage -0.5 to +4.6 v 1 

V1N Input Voltage -0.5 to min (Vee+ 0.5, 4.6) v 1 

YouT Output Voltage -0.5 to min (Vee+ 0.5, 4.6) v 1 

ToPR Operating Temperature Oto +70 oc 1 

TsTG Storage Temperature -55 to +125 oc 1 

Po Power Dissipation 3.9 w 1 

lo UT Short Circuit Output Current 50 mA 1 

louTPD Short Circuit Output Current (PD) 60 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only and functional opera-
lion of the device at these or any other conditions above those indicated is not implied. Exposure to absolute maximum rating con-
dition for extended periods may affect reliability. 

Recommended DC Operating Conditions (TA= o to 1o"c) 

Symbol Parameter 

Yee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss. 

Capacitance (TA= o to +70°c. Vee= 3.3 ± o.3V) 

Symbol 

c,, 

C12 

C13 

C14 

03H7154 
MMDL17DSU-OO 
Revised 7 /94 

Parameter 

Input Capacitance (AO, BO, A1-A11) 

Input Capacitance (RAS) 

Input Capacitance (CAS, WE, OE) 

DOx Capacitance 

Min 

3.0 

2.0 

-0.5 

Typ Max Units Notes 

3.3 3.6 v 1 

- Vee+ 0.5 v 1 

- 0.8 v 1 

Max Units Notes 

13 pF 

40 pF 

13 pF 

15 pF 
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-------------- - -IBM11 M8730HB - ----- --------------·-
SM x 72 DRAM MODULE ADVANCE 

DC Electrical Characteristics (TA= o to +70°c, Vee= 3.3 ± o.3V) 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 1080 
lee1 Avera~wer Supply Operating Current mA 1,2,3 

(RAS, GAS, Address Cycling: tRe = tRe min) -70 - 990 

Standby Current (TIL) 
lee2 Power S..!!£E!y Standby Current - 18 mA 

(RAS = GAS ;;, V1H) 

RAS Only Refresh Current -60 - 1080 
Ices Average Powe~ply Current, RAS Only Mode mA 1,3 

(RAS Cycling, GAS;;, V1H: tRe = tRc min) -70 - 990 

Fast Page Mode Current -60 - 675 
lcc4 Average Power Supply Current, Fast Page Mode mA 1,2,3 

(RAS:> V1L. GAS, Address Cycling: tpe = tpe min) -70 - 585 

Standby Current (CMOS) 
Ices Power Supply Standby Current - 1.8 mA 

(RAS =GAS = Vee - 0.2V) 

GAS before RAS Refresh Current -60 - 1080 
Ices Avera~wer Supply Current, GAS Before RAS Mode mA 1,3 

(RAS, GAS, Cycling: tRc = tRc min) -70 - 990 

Input Leakage Current All but RAS -10 +10 
l1(L) Input Leakage Current, any Input µA 

(0.0 :> V1N,; (Vee< 6.0V)), All Other Pins Not Under Test= OV RAS -50 +50 

lo1L1 
Output Leakage Current 

-10 +10 µA 
(DouT 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 
Output "L" Level Voltage (louT = +2mA@ 0.4V) 

1. lcci,lccs,lec4 and Ices depend on cycle rate. 
2. lcc1 ,lcc4 depend on output loading. Specified values are obtained with 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 GAS = V1H. 
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IBM11 M8730HB 

ADVANCE SM x 72 DRAM MODULE 

AC Characteristics (TA= o to +10°c, Vee= 3.3 ± 0.3V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V 1H 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 delay adders: 2ns minimum, 5ns (GAS, WE, OE) or 6ns (address) maximum 
delay, no pulse shrinkage to the Dram device timings. The data and RAS signals are not buffered, which preserves 1he DRAMs 
access specifications of 60ns and 70ns. 

4. AC measurements assume IT~ 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles {Common Parameters) 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

1Rc Random Read or Write Cycle Time 110 - 130 - ns 

1RP RAS Precharge Time 40 - 50 - ns 

1cp GAS Precharge Time 10 - 10 - ns 

1RAs RAS Pulse Width 60 10K 70 10K ns 

1cAS GAS Pulse Width 15 - 20 - ns 1 

1ASR Row Address Setup Time 6 - 6 - ns 

1RAH Row Address Hold Time 8 - 8 - ns 

1Asc Column Address Setup Time 4 - 4 - ns 

1cAH Column Address Hold Time 17 - 17 - ns 

tRcO RAS lo GAS Delay Time 18 40 18 45 ns 2 

tRAo RAS lo Column Address Delay Time 13 24 13 29 ns 3 

tRSH RAS Hold Time 20 - 25 - ns 

tcsH GAS Hold Time 58 - 68 - ns 

tcRP GAS to RAS Precharge Time 15 - 15 - ns 

tooo OE lo D1N Delay Time 20 - 25 - ns 4 

tozo OE Delay Time from D1N -2 - -2 - ns 

1ozc GAS Delay Time from D1N -2 - -2 - ns 

1AR Column Address Hold Time Referenced to RAS - - - - - 5 

h Transition Time (Rise and Fall) 3 30 3 30 ns 

1. The minimum 1cAs requires 1csH 10 be met for both writes and reads. Also, because of the buffer, the minimum lcAs for a read cycle 
must be extended 10 guarantee the data out window (loH) in the application. For example, a 1cAs of 15ns plus a minimum 1oH of 2ns 
would result in turning data out of 1he DIMM a117ns (3ns before max 1cAc of 20ns). 

2. Operation within the 1Rco(max) limit ensures that tRAc(max) can be met. The 1Rco(max) is specified as a reference point only: If 1Rco 
is greater than the specified 1Rco(max) limit, then access time is controlled by tcAc. 

3. Operation within the tRAo(max) limit ensures that tRAc(max) can be met. The 1RAo(max) is specified as a reference point only: If 1RAo 
is greater than the specified tRAo(max) limit, then access lime is controlled by 1AA. 

4. Either 1coo or 1000 must be satisfied. 

5. This timing parameter is no1applicable10 this product, but applies 10 a related product in this family. 

03H7154 
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-------------- - -IBM11 M8730HB - ----- - - -----------·-
BM x 72 DRAM MODULE ADVANCE 

Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

twcs Write Command Set Up Time 2 - 2 - ns 1 

twcH Write Command Hold Time 17 - 17 - ns 

twp Write Command Pulse Width 15 - 15 - ns 

tRwL Write Command to RAS Lead Time 20 - 25 - ns 

tcwL Write Command to GAS Lead Time 17 - 22 - ns 

twcR Write Command Hold Time Referenced to RAS - - - - ns 2 

to HR Data Hold Time Referenced to RAS - - - - ns 2 

tos D1N Setup Time -2 - -2 - ns 3 

toH D1N Hold Time 20 - 20 - ns 3 

1. twcs. tRwo. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;,, twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRwo;,, tRwo(min.), tcwo ~ tcwo(min.), tAwo ~ tAwo(min.) and tcpw~ lcPw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

2. This timing parameter is not applicable to this product, but applies to a related product in this family. 
3. Data-in set-up and hold is measured from the laner of the two timings, GAS or WE. 
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-------------- - -- - ---- ---------- IBM11 M8730HB ----·-
ADVANCE SM x 72 DRAM MODULE 

Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

IRAC Access Time from RAS - 60 - 70 ns 1, 2 

lcAC Access Time from CAS - 20 - 25 ns 1, 2 

!AA Access Time from Address - 36 - 41 ns 1, 2 

loEA Access Time from OE - 20 - 25 ns 1,2 

!Res Read Command Setup Time 2 - 2 - ns 

IRCH Read Command Hold Time to CAS 2 - 2 - ns 3 

IRRH Read Command Hold Time to RAS 3 - 3 - ns 3 

tAAL Column Address to RAS Lead Time 36 - 41 - ns 

tcAL Column Address to GAS Lead Time 36 - 41 - ns 

lcLZ CAS to Output in Low-Z 2 - 2 - ns 

IAOH RAS Hold to Output Enable - - - - ns 4 

loH Output Data Hold Time 2 - 2 - ns 

loHO Output Data Hold Time from OE 2 - 2 - ns 

loEZ Output Buffer Turn-off Delay from OE 2 20 2 25 ns 5 

tcoo CAS to D1N Delay Time 20 - 25 - ns 6 

lo FF Output Buffer Turn-off Delay 2 20 2 25 ns 5 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the laner of IRAC· lcAc. tcPA· tAA. toEA· 
3. Either IRcH or tRAH must be satisfied. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 
5. toFF (max) and loEZ (max) define the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
6. Either tcoo or tooo must be satisfied. 
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-------------- - -IBM11 M8730HB !...!::":§~§: 

8M x 72 DRAM MODULE ADVANCE 

Fast Page Mode Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

!pc Fast Page Mode Cycle Time 40 - 45 - ns 

tRASP Fast Page Mode RAS Pulse Width 60 100K 70 100K ns 

tcPRH RAS Hold Time from GAS Precharge 40 - 45 - ns 

tcPA Access Time from GAS Precharge - 40 - 45 ns 1, 2 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of IRAc. lcAc. lcPA. IAA, loEA· 

Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

!Awe Read-Modify-Write Cycle Time 158 - 188 - ns 

IRWD RAS to WE Delay Time 83 - 98 - ns 1 

lcwo GAS to WE Delay Time 45 - 55 - ns 1 

IAWD Column Address to WE Delay Time 59 - 69 - ns 1 

lo EH OE Command Hold Time 15 - 20 - ns 

1. 1wcs, IRwo, lcwo, IAwo, and lcPw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If lwcs 2 lwcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If IRwo;:.: IRwo(min.), lcwo 2 lcwo(min.), IAwo 2 IAwo(min.) and lcpw2 tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tPRWC Fast Page Mode Read-Modify-Write Cycle Time 83 - 98 - ns 

lcPw WE Delay time from GAS Precharge 63 - 73 - ns 1 

1. lwcs. !Rwo. lcwo. !Awe. and lcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics only. 
If lwcs 2 lwcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through the 
entire cycle; If IRwo 2 IRwo(min.), 1cwo 2 lcwo(min.), IAwo 2 IAwo(min.) and lcpw 2 lcpw(min.)(Fast Page Mode}, the cycle is a Read-
Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the con-
dition of the data (at access time) is indeterminate. 
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IBM11 M8730HB 

ADVANCE SM x 72 DRAM MODULE 

Refresh Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

lcHR 
CAS Hold Time 

18 18 
(CAS before RAS Refresh Cycle) - - ns 

lcsR 
CAS Setup Time 

15 - 15 - ns (GAS before ~ Refresh Cycle) 

IWRP 
WE Setup Time 

15 - 15 - ns 
(CAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 

8 8 
(CAS before RAS Refresh Cycle) - - ns 

IRPC RAS Precharge to CAS Hold Time 3 - 3 - ns 

!REF Refresh Period - 64 - 64 ms 1 

1. 4096 refreshes are required every 64ms. 

Presence Detect Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

!po PDE to Valid Presence Detect Data - 10 - 10 ns 1 

lpooFF PDE Inactive to Presence Detects Inactive 0 10 0 10 ns 2 

1 . Measured with the specified current load and 1 OOpF. 
2. lpooFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

03H7154 
MMDL17DSU-OO 
Revised 7 /94 

Page 835 

I 

I 



IBM11 M8730HB 

SM x 72 DRAM MODULE 

Read Cycle 

!RAS 

V1H -
RAS 

V1L -

tesH 

IReo 

GAS 
V1H -

!cAs 

VIL -

!RAD tRAL 
!eAL 

lAsR !Ase 

V1H-
Address 

V1L -

teLZ 

VoH-
DoUT -----t-- Hi-Z -------~ 

Vol-

l:"H"or"L" 

Page 836 

!Re 

tRSH 

!oEZ ___ _, 

Valid Data Out 

!oH ----.i 

,.._ __ toHo ___ .., 

--------------- -- ----:::..:.:::-;i:: 
ADVANCE 

Hi-Z __ 
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--------- ------ ------- ---------- IBM11 M8730HB ---·-
ADVANCE BM x 72 DRAM MODULE 

Write Cycle (Early Write) 

!RC 

~AS 

V1H 

RAS 
VIL 

lcsH 

tRCD !ASH 

V1H 
lcAs 

CAS 
VIL 

~AD 

IASR tASC 

V1H -

Address 
VIL -

V1H -

WE 
VIL -

V1H -

OE 
VIL -

Valid Data In 
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--------- ----- - -IBM11 M8730HB - ----- -------------·-
BM x 72 DRAM MODULE ADVANCE 

Write Cycle (Late Write) 

tRc 

tRAS 

V1H -
RAS 

VIL -

tcsH 

tRCD tRSH 

V1H -
tcAS GAS 

V1L -

tRAD 

tAs tASC 

V1H 
Address 

V1L 

VoH-
DouT ---- Hi-Z------~ 

VoL-

I : "H" or "L" 'output remains Hi-Z because WE is latched internally following twp min. 
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-------------- - -- - ---- ---------- IBM11 M8730HB ---·-
ADVANCE BM x 72 DRAM MODULE 

Read-Modify-Write-Cycle 

------------lRwc----------.. 

1----------!AAs--------------+I 

V1H-

RAS 
V1L-

,._ _______ losH-----------.. 
!Rco -----~---!ASH-----+-~ lo RP 

V1H-
GAS 

V1L- !RAO 
loAs-------< 

!ASA !Ase 

V1H 

Address 
V1L 

!cLZ 

VoH
DouT ----+-- Hi-Z --------11 

VoL-

>---------- Hi-Z* __ 

03H7154 
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~; :"H"or"L" 
-loHO 

·output remains Hi-Z because WE is latched internally following lwp min. 
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IBM11 M8730HB 

BM x 72 DRAM MODULE 

Fast Page Mode Read Cycle 

V1H-

RAS 
V1L -

_tRCD 

V1H-

CAS 

Address 

V1H 

WE 
Vil 

V1H 

OE 
Vil 

lcLz-j 

VoH-

Dour 
Vol-

l :"H"or"L" 

Page 840 

tRASP 

tcPRH 

tpc 
tee tRSH 

-tcAs- tcAS 

tcLz 

DourN 

--------- ------·-- ----- --------------·-
ADVANCE 

tRP 

tcRP 
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-------------= - -:5~!: IBM11 M8730HB 

ADVANCE BM x 72 DRAM MODULE 

Fast Page Mode Write Cycle 

\RASP ------------____, 

lpc ___ .., 

le RP 

Address 

~-j : "H" or "L" 
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IBM11 M8730HB 

SM x 72 DRAM MODULE 

Fast Page Mode Read-Modify-Write Cycle 

V1H

Address v,, 

I: "H"or"L" 

Page 842 

i--------- tRASP ---------------

DouT 1 DoUT2 DouTN 

ADVANCE 

tcRP 
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--------------- -- - ---.::...::..: :::5? = IBM11 M8730HB 

ADVANCE SM x 72 DRAM MODULE 

RAS Only Refresh Cycle 

Address 

03H7154 
MMDL 17DSU-OO 
Revised 7 /94 

4'Pc 

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

VoL-

If : "H" or "L" 

Note: WE, OE, D1N are "H" or "L" 
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--------- ----- - -IBM11 M8730HB - ----- - ------------·-
SM x 72 DRAM MODULE ADVANCE 

CAS Before RAS Refresh Cycle 

i..---- tooo __ ___, 

,.___,__ ___ !coo -----

D1N V1H ----+-+------ Hi-Z 

1:oez 

D VoH 
OUT 

t------- Hi-Z -------------------
VoL 
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I :"H"or"L" 

Note: Addresses are "H" or "L" 
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ADVANCE 

Presence Detect Read Cycle 

VoH-

PD1-PD8 
VoL-

03H7154 
MMDL17DSU-OO 
Revised 7 /94 

Valid Presence Detect 

*PD pins must be pulled high at next level of assembly 

IBM11 M8730HB 

8M x 72 DRAM MODULE 
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SM x 72 DRAM MODULE 

Layout Drawing 

SIDE 

.157 MAX. 
4.00 
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.. 

-11-li. 1.27 ±. 0.10 ~ 
.050 ±. .004 
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5.014 

FRONT 

/ 
/ 

/ ,. 

DETAIL A 
SCALE 4/1 -----

/ R 1.00 
I .0393 

I 
I 

\ 
\ 

\ 

' ' ------
NOTE: All dimensions are typical unless otherwise stated. Ml~~~~J~Rs 
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ADVANCE 

Features 

• 168 Pin JEDEC Standard, 8 Byte Dual In-line 
Memory Module 

• 16Mx72 Fast Page Mode DIMM 

• Performance: 

-60 -70 

1RAC RAS Access Time 60ns 70ns 

1cAC CAS Access Time 20ns 25ns 

tAA Access Time From Address 36ns 41ns 

1Rc Cycle Time 110ns 130ns 

tpc Fast Page Mode Cycle Time 40ns 45ns 

• All inputs and outputs are LVTTL and LVCMOS 
compatible 

• Single 3.3V, ± 0.3V Power Supply 

Description 

IBM11M16730CB is an industry standard 168-pin 
8-byte Dual In-line Memory Module (DIMM) which is 
organized as a 16Mx72 high speed memory array 
for ECG applications. The DIMM uses 18 16Mx4 
DRAMS in TSOP packages. 

Improved system performance is provided by the 
on-DIMM buffering of selected input signals. The 
specified timings include all buffer, net and skew 
delays, which simplifies the memory subsystem 
design analysis. The data and RAS signals are not 
buffered, which preserves the DRAM access specifi
cations of 60ns and 70ns. 

Presence Detect (PD) and Identification Detect (ID) 
bits provide information about the DIMM density, 

Card Outline 

IBM11M16730CB 

16M x 72 DRAM MODULE 

• Au contacts 
• Optimized for ECG applications 

• System Performance Benefits: 

- Buffered inputs (except RAS, Data) 
- Reduced noise (32 VssNcc pins) 
- 4 Byte Interleave enabled 
- Buffered PDs 

• Fast Page Mode, Read-Modify-Write Cycles 

• Refresh Modes: RAS-Only and CBR 

• 8192 refresh cycles distributed across 128ms 

• 13/11 addressing (Row/Column) 

• Card size: 5.25" x 1.5" x 0.157" 

• DRAMS in TSOP Package 

addressing, performance and features. PD bits can 
be dotted at the system level and activated for each 
DIMM position using the PD enable (PDE) signal. ID 
bits also allow detection of card features, and may 
be dot-or'd at the system level to provide information 
for the entire DIMM bank. For example, the system 
will determine that ECG DIMMs are installed if PD8 
is low (0). IDO need not be sensed since both x72 
and x80 ECG DIMMs will function in a x72 bank. 

All IBM 168-pin DIMMs provide a high performance, 
flexible 8-byte interface in a 5.25" long space-saving 
footprint. Related products are the x64 and x72 par
ity (5V) DIMMs and ECG DIMMs (5V and 3.3V). 

rQ arrrmrn n I 1!111!11!1!1!11!1!11!1111!1! n 11!!11!111! II!! 1!1!1!111! II!! !11!1!!11!11!1! j 
(Front) 1 10 11 40 41 84 
(Back) 85 94 95 124 125 168 

07H1729 
MMDL 18DSU-OO 
Revised 7 /94 
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16M x 72 DRAM MODULE 

Pin Description 
'RAS'o, 'RAS2 Row Address Strobe 

Ci!iS"0.~4 Column Address Strobe (Buffered) 

~0.~2 Read/write Input (Buffered) 

OEO,OE2 Output Enable (Buffered) 

AO,BO,A1·A12 Address Inputs (Buffered) 

DOx Data lnpuVOutput 

Vee Power (+3.3V) 

Vss Ground 

NC No Connect 

PD1 • P08 Presence Detects (Buffered) 

mi: Presence Detect Enable 

100-101 ID Bits 

Ordering Information 

Part Number Organization 

IBM11M16730CBA-60 16Mx72 

IBM11M16730CBA-70 16Mx72 

Page 848 
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ADVANCE 

Pin out 

Pin# 
Front 

Pin# 
Back 

Pin# 
Front 

Pin# 
Back 

Side Side Side Side 

1 Vss 85 Vss 43 Vss 127 Vss 
2 000 86 0036 44 OE:2 t28 NC 
3 001 87 D037 45 RAS2 129 NC 
4 002 88 DQ38 46 CAS4 t30 NC 
5 003 89 DQ39 47 NC 131 NC 
6 Vee 90 Vee 48 WE2 132 ~ 
7 DQ4 91 DQ40 49 Vee 133 Vee 
8 D05 92 0041 50 NC 134 NC 
9 D06 93 0042 51 NC 135 NC 
10 DQ7 94 0043 52 D018 136 D054 
11 DOB 95 0044 53 DOt9 137 D055 
12 Vss 96 Vss 54 Vss 138 Vss 
t3 D09 97 0045 55 D020 139 DOSS 
14 0010 98 0046 56 D021 140 D057 
15 0011 99 0047 57 D022 t41 D058 
t6 0012 100 0048 58 D023 142 D059 
17 0013 t01 0049 59 Vee 143 Vee 
18 Vee 102 Vee 60 D024 t44 D060 
19 0014 103 0050 61 NC 145 NC 
20 0015 104 0051 62 NC 146 NC 
21 0016 105 0052 63 NC 147 NC 
22 0017 106 0053 64 NC t48 NC 
23 Vss 107 Vss 65 D025 149 D061 
24 NC 108 NC 66 D026 150 D062 
25 NC 109 NC 67 D027 151 D063 
26 Vee 110 Vee 68 Vss 152 Vss 
27 ~o 111 NC 69 D028 153 0064 
28 ~o 112 NC 70 D029 154 D065 
29 NC 113 NC 71 D030 155 D066 
30 RASO 114 NC 72 D031 156 D067 
31 CEO 115 NC 73 Vee 157 Vee 
32 Vss 116 Vss 74 0032 158 DOSS 
33 AO 117 Al 75 0033 159 0069 
34 A2 118 A3 76 0034 160 D070 
35 M 119 AS 77 0035 161 D071 
36 AS 120 A7 78 Vss 162 Vss 
37 AB 121 A9 79 PD1 163 PD2 
38 A10 122 Alt 80 PD3 164 PD4 
39 A12 123 NC 81 PD5 165 PDS 
40 Vee 124 Vee 82 PD7 166 PD8 
41 NC 125 NC 83 IDO 167 ID1 
42 NC 126 BO 84 Vee 168 Vee 

Note: All pin assignments are consistent for all 8 Byte versions. 

Speed Leads 

60ns Au 

70ns Au 

Dimension 

5.25"x1 .s"x 0.157'' 

5.25"x1 .5"x 0.157" 

Notes 

07H1729 
MMDL18DSU-OO 
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ADVANCE 

Block Diagram 

OEO 
WEO 

CASO 

DOO 
D01 
D02 
D03 

GAS 
D04 I/DO 
D05 
D06 
D07 

GAS 
DOB 
D09 
D010 
D011 

CAS 
D012 I/DO 
D013 
D014 
D015 

GAS 
D016 1/00 
0017 
D018 
D019 

CAS 
D020 l/00 
D021 
D022 
D023 

Ci\S" 
0024- 1/00 
D025 1101 
D026 1/02 
D027 1/03 

CAS 
0028 1/00 
0029 
D030 
D031 

()AS 

07H1729 
MMDL 18DSU-OO 
Revised 7 /94 

RAS 

DO 

RAS 

D1 

RAS 

D2 

RAS 

D3 

RAS 

04 

RAS 

DS 

RAS" 

D6 

RAS 

D7 

RAS 

D8 

WE OE 

WE OE 

WE OE 

WE OE 

WE 0 

WE OE 

WE 

WE OE 

WE 5t 

IBM11 M16730CB 

16M x 72 DRAM MODULE 

OE2 
WE2 

CAS4 

RAS WE OE 
D036 
D037 D9 
DQ38 
0039 

(;AS RAS WE OE 
0040 1/00 
D041 D10 
0042 
0043 

CAS RAS WE OE 
D044 1/00 
D045 

D11 D046 
D047 

CAS RAS WE Qt 
D048 1100 
D049 D12 
D050 
D051 

(;AS RJIS WE Qt 
D052 1/00 
0053 D13 
D054 
D055 

RAS WE OE 
0056 
D057 D14 
0058 
D059 

CAS RAS WE OE 
D060- 1/00 
0061 1/01 D15 
D062 1/02 
D063 1/03 

RAS WE OE 
0064 
D065 D16 jf--D066 1/02 Vss PD 1-8 (when = 0, 1 =NC) 
D067 PDE" 

CAS RAS WE OE 
-{>- Al-AN: DRAMS DO-D17 1/00 Al-AN 

1/01 D17 AO -{>- AO: DRAMS DO-D8 
l/02 
1/03 BO -{>- AO: DRAMS D9-D17 

Vee DO - D17, Buffers 

Vss DO - D17, Buffers 
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16M x 72 DRAM MODULE 

Truth Table 

Function RAS CAS WE OE 

Standby H x x x 
Read L L H L 

Early-Write L L L x 
Late-Write I RMW L L H--;L H--;L 

Fast Page Mode - Read 
L H--;L H L 1st Cycle 

Subsequent Cycles L H--;L H L 

Fast Page Mode - Write 
L H-->L L x 

1st Cycle 

Subsequent Cycles L H-->L L x 
Fast Page Mode - RMW 

L H--;L H--;L H-->L 
1st Cycle 

Subsequent Cycles L H--;L H-->L H--;L 

RAS-Only Refresh L H x x 
GAS-Before-RAS Refresh H-->L L H x 

Read Presence Detects x x x x 

Presence Detect 

Pin 

PD1 (PD1 - PD5: Addressing/Density) 

PD2 

PD3 

PD4 

PD5 

PDS (PDS - PD7: Speed) 

PD? 

PDB (Parity/ECC Designator) 

IDO (DIMM Type/Width) 

ID1 (Refresh Mode) 

1. PD1-8 are buffered outputs (0 =driven to VoL. 1 =open) 
2. ID0-1 are unbuffered outputs (0 = V88, 1 =open) 

Page 850 

Row Column 
Address Address 

x x 
Row Col 

Row Col 

Row Col 

Row Col 

N/A Col 

Row Col 

NIA Col 

Row Col 

N/A Col 

Row N/A 

x x 

x x 

-60 

1 

1 

1 

1 

0 

1 

1 

0 

0 

0 

PDE 

x 
x 
x 

x 

x 

x 

x 

x 

x 

x 

x 
x 

L 

--------- ----- - -- ----- --------------·-
ADVANCE 

Dax 

High Impedance 

Valid Data Out 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out 

Valid Data Out 

Valid Data In 

Valid Data In 

Valid Data Out, 
Valid Data In 

Valid Data Out, 
Valid Data In 

High Impedance 

High Impedance 

Not Affected 
(PD Bits Valid) 

-70 

1 

1 

1 

1 

0 

0 

1 

0 

0 

0 

07H1729 
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--------------- - -- - ---- -------------·- IBM11 M16730CB 

ADVANCE 16M x 72 DRAM MODULE 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -0.5 to 4.6 v 1 

V1N Input Voltage -0.5 to min (Vee+ 0.5, 4.6) v 1 

VouT Output Voltage -0.5 to min (Vee+ 0.5, 4.6) v 1 

ToPR Operating Temperature 0 to +70 oc 1 

TsTG Storage Temperature -55 to +125 oc 1 

Pa Power Dissipation 3.6 w 1 

lour Short Circuit Output Current 50 mA 1 

louTPD Short Circuit Output Current (PD) 60 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above those indicated is not implied. Exposure to absolute maximum rating con-
dition for extended periods may affect reliability. 

Recommended DC Operating Conditions (TA= oto 10°C) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss. 

Capacitance (TA= o to +1o·c, Vee= 3.3 ± o.3V) 

Symbol 

C11 

C12 

C13 

C14 

07H1729 
MMDL 18DSU-OO 
Revised 7 /94 

Parameter 

Input Capacitance (AO, BO, A1-A12) 

Input Capacitance (RAS) 

Input Capacitance (CAS, WE, OE) 

DOx Capacitance 

Min 

3.0 

2.0 

-0.5 

Typ Max Units Notes 

3.3 3.6 v 1 

- Vee+ 0.5 v 1 

- 0.8 v 1 

Max Units Notes 

13 pF 

80 pF 

13 pF 

17 pF 
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-------------- - -IBM11M16730CB - ----- --------------·-
16M x 72 DRAM MODULE ADVANCE 

DC Electrical Characteristics <TA= o 10 +70°c, Vee= 3.3 ± o.3VJ 

Symbol Parameter Min Max Units Notes 

Operating Current -60 - 1980 
lcc1 Avera~wer Supply Operating Current mA 1,2,3 

(RAS, CAS, Address Cycling: !Re =!Re min) -70 - 1620 

Standby Current (TIL) 
lcc2 Power S~y Standby Current - 36 mA 

(RAS = CAS ;, V1H) 

RAS Only Refresh Current -60 - 1980 
lcc3 Average Powe~ply Current, RAS Only Mode mA 1,3 

(RAS Cycling, CAS;, V1H: IRc = IRc min) -70 - 1620 

Fast Page Mode Current -60 - 1350 
lcc4 Average Power Supply Current, Fast Page Mode mA 1,2,3 

(RAS ,; V1L, CAS, Address Cycling: lpc = lpc min) -70 - 1170 

Standby Current (CMOS) 
Ices Power Supply Standby Current 

(fiAS =GAS= Vee - 0.2V) 
- 3.6 mA 

CAS before RAS Refresh Current -60 - 1980 
Ices Avera~wer Supply Current, CAS Before RAS Mode mA 1,3 

(RAS, CAS, Cycling: !Re =!Re min) -70 - 1620 

Input Leakage Current All but RAS -10 +10 
l1(L) Input Leakage Current, any Input µA 

(0.0,; V1N,; (Vee< 6.0V)), All Other Pins Not Under Test= OV RAS -90 +90 

lo(L) 
Output Leakage Current 

-10 +10 µA (DouT is disabled, 0.0,; VouT,; Vee) 

VoH 
Output High Level 

2.4 - v Output "H" Level Voltage (iouT = -2mA@ 2.4 V) 

Vol 
Output Low level 

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

1. lcc1 ,lcc3,lcc4 and Ices depend on cycle rate. 
2. lcc1 ,lcc4 depend on output loading. Specified values are obtained with output open. 
3. Address can be changed once or less while RAS= V1L. In the case of lcc4, it can be changed once or less when CAS = V1H. 
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-------------- - ------- --------·----·- IBM11M16730CB 

ADVANCE 16M x 72 DRAM MODULE 

AC Characteristics (TA= o to +1o•c, Vee= 3.3 ± o.3V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between ViH and 
V1L-

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 delay adders: 2ns minimum, 5ns (CAS, WE", Qt) or 6ns (address) maximum 
delay, no pulse shrinkage to the Dram device timings. The data and RAS signals are not buffered, which preserves the DRAMs 
access specifications of 60ns and 70ns. 

4. AC measurements assume tr = 5ns. 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tRc Random Read or Write Cycle Time 110 - 130 - ns 

IRP RAS Precharge Time 40 - 50 - ns 

ICP CAS Precharge Time 10 - 10 - ns 

IRAs RAS Pulse Width 60 10K 70 10K ns 

lcAS CAS Pulse Width 15 - 20 - ns 1 

tASR Row Address Setup Time 6 - 6 - ns 

IRAH Row Address Hold Time 8 - 8 - ns 

lilsc Column Address Setup Time 4 - 4 - ns 

tcAH Column Address Hold Time 17 - 17 - ns 

IRCo RAS to CAS Delay Time 18 40 18 45 ns 2 

tRAo RAS to Column Address Delay Time 13 24 13 29 ns 3 

tRSH RAS Hold Time 20 - 25 - ns 

lcsH CAS Hold Time 58 - 68 - ns 

lcRP CAS to RAS Precharge Time 15 - 15 - ns 

looo OE to D1N Delay Time 20 - 25 - ns 4 

tozo OE Delay Time from D1N -2 - -2 - ns 

tozc ~Delay Time from D1N -2 - -2 - ns 

tAR Column Address Hold Time Referenced to RAS - - - - ns 5 

tr Transition Time (Rise and Fall) 3 30 3 30 ns 

1. The minimum tcAS 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 (toHl in the application. For example, a tcAs of 15ns plus a minimum toH of 2ns 
would result in turning data out of the DIMM a117ns (3ns before max tcAC of 20ns). 

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

3. Opera1ion within the tRAo(max) limit ensures that tRAc(max) can be met. The tRAo(max) is specttied as a reference point only: If tRAo 
is greater than the specified tRAD(max) limit, then access time is controlled by tAA. 

4. Either lcoo or t000 must be satisfied. 
5. This timing parameter is not applicable to this product, but applies to a related product in this family. 

07H1729 
MMDL18DSU-OO 
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16M x 72 DRAM MODULE ADVANCE 

Write Cycle 
-60 -70 

Symbol Parameter Unit Notes 
Min Max Min Max 

lwcs Write Command Set Up Time 2 - 2 - ns 1 

lwctt Write Command Hold Time 17 - 17 - ns 

IWP Write Command Pulse Width 15 - 15 - ns 

IRWL Write Command to RAS Lead Time 20 - 25 - ns 

lcWL Write Command to CAB Lead Time 17 - 22 - ns 

lwcR Write Command Hold Time Referenced to RAS - - - - ns 2 

toHR Data Hold Time Referenced to m - - - - ns 2 

tos D1N Setup Time -2 - -2 - ns 3 

Iott D1N HoldTime 20 - 20 - ns 3 

1. lwcs, tRwo. lcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs <;: twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; JI tRWo <!: IRwo(min.), tcwo <!: tcwo(min.), IAwo <;: IAwo(min.) and lcpw<!: lcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modify-Write cycle and the data will contain read from the selected cell: JI neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

2. This timing parameter is not applicable to this product, but applies to a related ~uct in this family. 
3. Data-in set-up and hold is measured from the latter of the two timings, CAS or WE. 
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ADVANCE 16M x 72 DRAM MODULE 

Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

IRAC Access Time from RAS - 60 - 70 ns 1, 2 

lcAC Access Time from CAS - 20 - 25 ns 1,2 

IAA Access Time from Address - 36 - 41 ns 1,2 

lcEA Access Time from OE - 20 - 25 ns 1,2 

IRcs Read Command Setup Time 2 - 2 - ns 

IRCH Read Command Hold Time to CAS 2 - 2 - ns 3 

IRRH Read Command Hold Time to RAS 3 - 3 - ns 3 

IRAL Column Address to RAS Lead Time 36 - 41 - ns 

tcAL Column Address to ~Lead Time 36 - 4t - ns 

lcLZ CAS to Output in Low-Z 2 - 2 - ns 

IRoH RAS Hold to Output Enable - - - - ns 4 

loH Output Data Hold Time 2 - 2 - ns 

lcHO Output Data Hold Time from OE 2 - 2 - ns 

loEZ Output Bulfer Turn-off Delay from OE 2 20 2 25 ns 5 

lcoo CAS to D1N Delay Time 20 - 25 - ns 6 

toFF Output Bulfer Tum-off Delay 2 20 2 25 ns 5 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of IRAc. lcAC· lcPA· IAA, loEA· 
3. Either IRcH or IRRH must be satisfied. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 
5. toFF (max) and loez (max) define the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
6. Either lcoo or tooo must be satisfied. 

07H172g 
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16M x 72 DRAM MODULE ADVANCE 

Fast Page Mode Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tpc Fast Page Mode Cycle Time 40 - 45 - ns 

tRASP Fast Page Mode RAS Pulse Width 60 100K 70 100K ns 

tcPRH RAS Hold Time from GAS Precharge 40 - 45 - ns 

tcPA Access Time from GAS Precharge - 40 - 45 ns 1, 2 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAC· tcAc. tcpA, tAA. toEA· 

Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tRwc Read-Modify-Write Cycle Time 158 - 188 - ns 

tRWD RAS to iJilE" Delay Time 83 - 98 - ns 1 

tcwo GAS to WE Delay Time 45 - 55 - ns 1 

tAWD Column Address to WE Delay Time 59 - 69 - ns 1 

toEH OE Command Hold Time 15 - 20 - ns 

1. twcs. 1Rwo. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics 
only. If twcs;, twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through 
the entire cycle; If tRwD <: tRwo(min.), tcwo <: tcwo(min.), tAwo;, tAwo(min.) and tcpw<: tcpw(min.)(Fast Page Mode), the cycle is a 
Read-Modily-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the 
condition of the data (at access time) is indeterminate. 

Fast Page Mode Read-Modify-Write Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tPRWC Fast Page Mode Read-Modify-Write Cycle Time 83 - 98 - ns 

tcpw WE Delay time from GAS Precharge 63 - 73 - ns 1 

1. twcs. tRwo. tcwo. tAwo. and tcpw are not restrictive parameters. They are included in the data sheet as electrical characteristics only. 
If twcs <: twcs(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through the 
entire cycle; If tRwo <: tRwo(min.), tcwo <: tcwo(min.), tAwo <: tAwo(min.) and tcpw<: tcpw(min.)(Fast Page Mode), the cycle is a Read-
Modify-Write cycle and the data will contain read from the selected cell: If neither of the above sets of conditions are met, the con-
dition of the data (at access time) is indeterminate. 
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ADVANCE 16M x 72 DRAM MODULE 

Refresh Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tcHR 
CAS Hold Time 

18 18 
(CAS before RAS Refresh Cycle) - - ns 

tcsR 
CAS Setup Time 

15 - 15 - ns 
(CAS before RAS Refresh Cycle) 

twRP 
WE Setup Ti'.!!!:_ 

15 
(CAS before RAS Refresh Cycle) 

- 15 - ns 

tWRH 
WE Hold Time 

8 8 
(CAS before RAS Refresh Cycle) - - ns 

tRPC RAS Precharge to CAS Hold Time 3 - 3 - ns 

tREF Refresh Period - 128 - 128 ms 1 

1. 8192 refreshes are required every 128ms. 

Presence Detect Read Cycle 

-60 -70 
Symbol Parameter Unit Notes 

Min Max Min Max 

tpo PDE to Valid Presence Detect Data - 10 - 10 ns 1 

tpooFF PDE Inactive to Presence Detects Inactive 0 10 0 10 ns 2 

1. Measured with the specified current load and 1 OOpF. 
2. tpooFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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16M x 72 DRAM MODULE 

Read Cycle 

VoH
Dour -----1-- Hi-Z ---------{ 

Vol-

I ·"H"or"L" . 

Page 858 

toEz ___ _, 

Valid Data Out 

toH ---+! 

___ toHo ___ _, 

--------------- -- ----- --------------·-
ADVANCE 

Hi-Z __ 
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ADVANCE 16M x 72 DRAM MODULE 

Write Cycle (Early Write) 

tRC 

tRAS (ep 

V1H 

RAS 
VIL 

\csH 

tRCD tRSH 

V1H 
lcAs 

GAS 
VIL 

tRAD 

tASR tAsc 

V1H 

Address 
VIL 

Valid Data In 

VoH-
DouT _______________ Hi-Z ----------------

Vol-

07H1729 
MMDL 18DSU-OO 
Revised 7 /94 

I :"H"or"L" 
"' 
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-------------- - -IBM11 M16730CB - ----- -------------·-
16M x 72 DRAM MODULE ADVANCE 

Write Cycle (Late Write) 

V1H -
RAS 

VIL -

lcsH 

!Rco !ASH 

V1H -
tcAS aAS 

V1L -

tRAD 

t..s !Ase 

Address 

DouT ---- Hi-Z------~ 
VoL-

I : "H" or "L" ·Output remains Hi-Z because WE is latched internally following lwp min. 

Page 860 07H1729 
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IBM11M16730CB 

ADVANCE 16M x 72 DRAM MODULE 

Read-Modify-Write-Cycle 

tRwc 

tRAs 

V1H-

RAS 
V1L-

lcsH 

tRCD tRSH lcRP 

V1H-
le As CAS 

V1L- tRAD 

tAsR tAsc 

tcAH 

to HR 
loH 

tos 

le Ac 

hz looo -

DouT ----t--Hi-Z --------ii~ 
VoL-

11---------- Hi-Z* __ 

I : "H" or "L" ·output remains Hi-Z because WE is latched internally following twp min. 

~~[\L~~DSU-OO Page 861 
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IBM11M16730CB 

16M x 72 DRAM MODULE 

Fast Page Mode Read Cycle 

Address 

V1H 
WE 

V1L 

V1H 
OE 

V1L 

~---!RAC 

lcLz-/ 

Dour 
VaL-

1 :"H"or"L" 

Page 862 

~---lcPRH 

loEz 

DourN 

-------------- - -- ----- --------------·-
ADVANCE 

07H1729 
MMDL 18DSU-OO 

Revised 7/94 



ADVANCE 

Fast Page Mode Write Cycle 

Address 

V1H -
WE 

VIL -

V1H -
OE 

V1L -

DouT 
VoL-

I ' 

07H1729 
MMDL 1 SDSU-00 
Revised 7 /94 

: "H" or "L" 

IBM11M16730CB 

16M x 72 DRAM MODULE 

tpc ___ _, 

tcRP 
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IBM11M16730CB 

16M x 72 DRAM MODULE 

Fast Page Mode Read-Modify-Write Cycle 

V1H
Address 

V1L -

VoH
Dour 

VoL-

l:"H"or"L" 

Page 864 

Dour 1 Dour2 DourN 

-------------- - -- ----- -------------·-
ADVANCE 

lcRP 

07H1729 
MMDL 18DSU-OO 

Revised 7194 



--------- ----- - -- ----- -------------·- IBM11 M16730CB 

ADVANCE 1 SM x 72 DRAM MODULE 

RAS Only Refresh Cycle 

Address 

07H1729 
MMDL18DSU-OO 
Revised 7 /94 

f.--------IRAS-------_,, 

VoH-

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

I . : "H"or"L" 

Note: WE, OE, D1N are "H" or "L" 
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-------------- ---IBM11M16730CB - - ---- --------------·-
16M x 72 DRAM MODULE ADVANCE 

CAS Before RAS Refresh Cycle 

14------tRAS ----------ot 

V1H -

RAS 
VrL - tRPC 1 

--i lcsA 

VrH -

GAS 
VrL -

VrH -

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

r+--+---- !coo -----i 

D V1H -
IN ---t--+------ Hi-Z 

VrL -

D VoH-
OUT 

1-----Hi-Z -------------------
VoL -

I :"H"or"L" 

Note: Addresses are "H" or "L" 

Page 866 07H1729 
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--------- ----- - -- - ---:::::::::=:::!:: 
ADVANCE 

Presence Detect Read Cycle 

VoH-

PD1-PDB 
Vol-

07H1729 
MMDL 18DSU-OO 
Revised 7 /94 

Valid Presence Detect 

*PD pins must be pulled high at next level of assembly 

IBM11M16730CB 

1 GM x 72 DRAM MODULE 
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IBM11 M16730CB 

16M x 72 DRAM MODULE 

Layout Drawing 

~ ......-)ID D (2)~ 

31877 ~ 
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SEE DETAIL A 

DETAIL A 
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NOTE: All dimensions are typical unless otherwise stated. Ml~~1~~~~Rs 
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-------------- - -- ----- -------------·-
ADVANCE 
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ai 
"' 

f 

1--t-ctr 

\ 
I 
I 
I 

~1~ "'..., 
"" '°'o t-0 _,., 
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72 Pin 
SO DIMMs 





----
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Features 

• 72-Pin Small Outline Dual-In-Line 
Memory Module 

• Performance: 

-60 

1RAC RAS Access Time 60ns 

le AC CAS Access Time 15ns 

IAA Access Time From Address 30ns 

I Ac Cycle Time 110ns 

lpc Fast Page Mode Cycle Time 45ns 

• High Performance CMOS process 

-70 

70ns 

20ns 

35ns 

130ns 

45ns 

• Single 3.3, ± 0.3V or 5.0, ± 0.25V Power Supply 
• Low active current consumption 

Description 

The IBM11S1320BN/L are 4MB industry standard 
72-pin 4-byte small outline dual in-line memory mod
ules (SODIMM's). The module is organized as a 
1 Mx32 high speed memory array that is intended for 
use in 16, 32 and 64 bit applications. It is manufac
tured with 8 1 Mx4 TSOP devices, each in a 300mil 
package 

This assembly is intended for use in space con-

Card Outline 

03H7113 
MMDJ02DSU-OO 
Revised 6/94 

(Front) 1 
(Back) 2 

IBM11S1320BN 
IBM11S1320BL 

1 M x 32 SODIMM Module 

• All inputs & outputs are TTL & CMOS 
compatible 

• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 1 024 refresh cycles distributed across 128ms 
• 10/10 Addressing (Row/Column) 
• Optimized for use in byte-write non-parity appli

cations. 
• Au contacts 

strained and or low power applications. 

The IBM 72-Pin SODIMMs provide a high perfor
mance, flexible 4-byte interface in a 2.35" long foot
print. Related products include the 1 Mx32 version 
with 12/8 addressing IBM11S1320NN/L as well as a 
1 Mx36 parity version IBM11S1360NN/L. 

71 
72 

0 
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IBM11S1320BN 
IBM11S1320BL 
1M x 32 SODIMM Module 

Pin Description 

RASO,RAS2 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-AS Address Inputs 

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

Vee Power (+3.3Vor +5V) 

Vss Ground 

NC No Connect 

PD1 -PD? Presence Detects 

Ordering Information 

Part Number 

IBM11S1320BNA-60 

IBM11S13208NA-70 

IBM11S1320BLA-60 

IBM11S1320BLA-70 

Page 872 

Pin out 

Pin# Name Pin# 

1 Vss 13 

2 DOO 14 

3 D01 15 

4 002 16 

5 D03 17 

6 D04 18 

7 D05 19 

8 006 20 

9 DO? 21 

10 Vee 22 

11 PD1 23 

12 AO 24 

Organization 

1Mx32 

1M x32 

1Mx32 

1M x32 

Name Pin# Name Pin# 

A1 25 DQ13 37 

A2 26 D014 38 

A3 27 D015 39 

A4 28 A? 40 

A5 29 NC 41 

A6 30 Vee 42 

NC 31 AS 43 

NC 32 A9 44 

DOS 33 NC 45 

D010 34 RAS2 46 

0011 35 D016 47 

0012 36 NC 48 

Speed Leads 

60ns Au 

70ns Au 

60ns Au 

70ns Au 

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

Name Pin# Name Pin# Name 

D018 49 D020 61 Vee 

D019 50 D021 62 D032 

Vss 51 D022 63 D033 

CASO 52 0023 64 0034 

CAS2 53 D024 65 NC 

CAS3 54 D025 66 PD2 

CAS1 55 NC 67 PD3 

RASO 56 D027 68 PD4 

NC 57 D028 69 PD5 

NC 58 D029 70 PD6 

WE 59 D031 71 PD? 

NC 60 D030 72 Vss 

Dimensions Power 

2.35" x 1" x . 15" 

2.35"' x 1 ·· x .15'" 

2.35" x 1" x . 15" 

2.35"x1"x.15" 

3.3V 

3.3V 

5.0V 

5.0V 

03H7113 
MMDJ02DSU-OO 
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--------- ----- - -- - ---=::::::=::::-;-::: 

Block Diagram 

DQO - - - - - - - - - - - - - - - - - - - - - DQ7 

CAS1 

CAS2 

RAS2 

CAS3 

AO-A9 

---~--<WE 

----+---<GAS 

WE 

------<GAS 

03H7113 
MMDJ02DSU-OO 
Revised 6/94 

001-4 

1-------iWE 

LJ1 l-------iGAS 

001-4 

1------1WE 

U5 >------<GAS 

U2 

U6 

DQ9---

001-4 

IBM11S1320BN 
IBM11S1320BL 

1M x 32 SODIMM Module 

- -DQ16 

001-4 

1-------iWE 

>-------<GAS 

>------<WE 

U7 r--------< GAS 

U4 

us 
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IBM11S1320BN 
IBM11S1320BL 
1 M x 32 SODIMM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

PD5 

PD6 

PD7 

1. NC= OPEN, Vss = GND 

Page 874 

RAS CAS 

H x 
L L 

L L 

L H-+L 

L H-+L 

L H.-+L 

L H-+L 

L H 

H-+L L 

WE Row Column 
Address Address 

x x x 
H Row Col 

L Row Col 

H Row Col 

H NIA Col 

L Row Col 

L NIA Col 

x Row NIA 

H x x 

-60 

NC 

Vss 

Vss 

NC 

NC 

NC 

NC 

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

All DQbits 

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 

NC 

Vss 

Vss 

NC 

Vss 

NC 

NC 

03H7113 
MMDJ02DSU-OO 
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Absolute Maximum Ratings 

Symbol Parameter 
3.3 Volt 

Vee Power Supply Voltage -0.5 to+ 4.6 

V1N Input Voltage -0.7 to Vee+ 0.5 

VouT Output Voltage -0.5 to Vee+ 0.5 

ToPR Operating Temperature 0 to +70 

Tsrn Storage Temperature -55 to +125 

Po Power Dissipation 3.75 

louT Short Circuit Output Current 50 

Rating 

5.0 Volt 

-1.0 to+ 6.0 

-1.0 to+ 6.0 

-1.0 to+ 6.0 

0 to +70 

-55 to +125 

3.75 

50 

IBM11S1320BN 
IBM11S1320BL 

1 M x 32 SODIMM Module 

Units Notes 

v 1 

v 1 

v 1 

·c 1 

·c 1 

w 1 

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. 

Recommended DC Operating Conditions (TA= o to 70°C) 

3.3 Volt 
Symbol Parameter 

Min Typ Max 

Vee Supply Voltage 3.0 3.3 3.6 

V1H Input High Voltage 2.4 - Vee+ 0.5 

VIL Input Low Voltage -0.5 - 0.8 

1. All voltages referenced to Vss. 

Capacitance (TA= 0 to+ 70°C, Vee= 3.3± 0.3V or 5.0 ± 0.25V) 

Symbol 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (GAS) 

C14 Input Capacitance (WE) 

C110 Output Capacitance (DQO-DQ34) 

03H7113 
MMDJ02DSU-OO 
Revised 6/94 

Parameter 

Min 

4.5 

2.4 

-0.5 

5.0 Volt 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee+ 0.5 v 1 

- 0.8 v 1 

Max Units Notes 

50 pF 

35 pF 

20 pF 

67 pF 

15 pF 
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IBM11S1320BN 
IBM11S1320BL 
1 M x 32 SODIMM Module 

DC Electrical Characteristics (TA= 0 to +70°C, Vee= 3.3 ± 0.3V or 5.0± 0.25V) 

3.3 Volt 5.0 Volt 
Symbol Parameler 

Min Max Min Max 

Operaling Curren! -60 - 760 960 
lee1 Average Power Supply Operaling Curren! 

(RAS, CAS, Address Cycling: !Re= !Re min) -70 - 640 800 

S1andby Curren! (TIL) 
lee2 Power S~y Standby Current - 16 16 

(RAS = CA 2'V1H) 

RAS Only Refresh Current -60 - 760 960 
lcca Average PoweL.§!!pply Curren!, RAS Only Mode 

(RAS Cycling, CAS 2!V1H: !Re =!Re min) -70 - 640 800 

Fas! Page Mode Curren! -60 - 520 880 
lcc4 Average Power Supply Current, Fas! Page Mode 

(RAS= V1L, CAS, Address Cycling: lpc = lpe min) -70 - 520 800 

S!andby Curren! (CMOS) 
Ices Power SJ!1212!y S!andby Curren! - 1.6 

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Curren! -60 - 760 960 
Ices Average Power Supply Curren!, CAS Before RAS Mode 

(RAS, CAS, Cycling: 1Rc = 1Re min) -70 - 640 800 

RAS -40 +40 -40 +40 
Input Leakage Current 

l1(L) 
Input Leakage Current, any input CAS -20 +20 -20 +20 
(0.0:;; V1N:;; (Vee< 6.0V)) 
All Other Pins Not Under Test= OV All oth-

-80 +80 -80 +80 
ers 

lo(L) 
Outpul Leakage Current 

-10 +10 -10 +10 (DouT is disabled, 0.0:;; VouT:;; Vee) 

VoH 
Output High Level 

2.4 Outpu1 "H" Level Vollage (lour= -5mA@ 2.4V) 
- 2.4 -

Vol 
Outpu1 Low Level - 0.4 - 0.4 Output "L" Level Vohage (louT = +4.2mA@ 0.4V) 

1. lcch Ices. lcC4 and Ices depend on cycle rale. 
2. lcc1, lcC4 depend on oU1pU1 loading. Specified values are oblained wilh !he output open. 

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

Unils Noles 

mA 1, 2, 3 

mA 

mA 1,3 

mA 1, 2, 3 

mA 

mA 1,3 

µA 

µA 

v 

v 

3. Address can be changed once or less while RAS= Vil· In the case of lcC4• it can be changed once or less when GAS= V1H· 

Page 876 03H7113 
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--------- ----- ---- - ---- --------------·-

AC Characteristics (TA= o to+ 70°C, Vee= s ± o.2svi 

IBM11S1320BN 
IBM11S1320BL 

1 M x 32 SODIMM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V 1H and 
~ . 

2. An initial pause of 100µs 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. AC measurements assume IT~ 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

1Ac Random Read or Write Cycle Time 110 128K 130 128K ns 

IAP RAS Precharge Time 40 - 50 - ns 

lcp GAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

le AS GAS Pulse Width 15 - 20 - ns 

!ASA Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

le AH Column Address Hold Time 10 - 15 - ns 

IA co RAS to GAS Delay Time 20 45 20 52 ns 1 

!RAD RAS to Column Address Delay Time 13 - 15 35 ns 2 

!ASH RAS Hold Time 15 - 20 - ns 

lcsH GAS Hold Time 60 - 70 - ns 

le AP GAS to RAS Precharge Time 5 - 5 - ns 

lozc GAS Delay Time from D1N 0 - 0 - ns 

h Transition Time (Rise and Fall) 3 50 3 50 ns 

!AA Column Address Hold Time Referenced to RAS - - - - ns 3 

1. Operation within the IRcD (max) limit ensures that IRAC (max) can be met. IRcD (max) is specified as a reference point only: if IRcD is 
greater than the specified IRCD (max) limit, then access time is controlled by lcAC· 

2. Operation within the tRAD (max) limit ensures tha11RAC (max) can be met. 1RAD (max) is specified as a reference point only: If 1RAo 
is greater than the specified 1RAD (max) limit, then access time is controlled by 1AA. 

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7113 
MMDJ02DSU-OO 
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IBM11S1320BN 
IBM11 S1320BL 
1 M x 32 SODIMM Module 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

twcH Write Command Hold Time 

tWP Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

tcwL Write Command to CAS Lead Time 

twcR Write Command Hold Time Referenced to RAS 

to HR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

10 - 15 

10 - 15 

15 - 20 

15 - 20 

- - -

- - -

0 - 0 

15 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

tRAc Access Time from RAS - 60 -

tcAC Access Time from CAS - 15 -

IAA Access Time from Address - 30 -

tRcs Read Command Setup Time 0 - 0 

tRcH Read Command Hold Time to CAS 0 - 0 

tRRH Read Command Hold Time to RAS 0 - 0 

tRAL Column Address to RAS Lead Time 30 - 35 

tcAL Column Address to CAS Lead Time - - -

tcLz CAS to Output in Low-Z 0 - 0 

toH Output Data Hold Time 0 - 0 

!coo CAS to D1N Delay Time 15 - 20 

loFF Output Buffer Turn-off Delay 0 15 0 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. lcAc. tcPA. tAA. 
3. Either tRcH or tRRH must be satisfied for a read cycle. 
4. This timing parameter is not applicable to this product, but applies to a related product in this family. 

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1, 2 

20 ns 1, 2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 4 

- ns 

- ns 

- ns 

20 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 878 03H7113 
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-------------- - -- - ---- ---------------·-

Fast Page Mode Cycle 

Symbol Parameter 

lpc Fast Page Mode Cycle Time 

tAASP Fast Page Mode RAS Pulse Wid1h 

tcPRH RAS Hold Time from GAS Precharge 

1cpA Access Time from GAS Precharge 

1 . Access time is determined by the latter of tRAc. tcAc. lcPA. IAA· 
2. Access time assumes a load of 1 OOpF. 

Refresh Cycle 

Symbol Parameter 

lcHR 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

lcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

lwRP 
WE Setup Ti~ 
(GAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 
(GAS before RAS Refresh Cycle) 

tRPC RAS Precharge to GAS Hold Time 

!REF Refresh Period 

1 . 1024 refreshes are required every 128ms. 

03H7113 
MMDJ02DSU-OO 
Revised 6/94 

Min 

45 

60 

35 

-

Min 

10 

10 

10 

10 

0 

-

-60 -70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 10 

- 10 

- 10 

- 10 

- 0 

128 -

IBM11S1320BN 
IBM 11S1320BL 

1 M x 32 SODIMM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

128 ms 1 
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IBM11S1320BN 
IBM11S1320BL 
1 M x 32 SODIMM Module 

Read 

V1H -

RAS 
V1L -

V1H-

GAS 
V1L -

V1H -
Address 

V1L -

VoH-

Dour 

Page 880 

liic 

tRAS 

tcsH 

tRCD !ASH 

lcAs 

!RAD 

tASR 

!RAH 

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

-----+- Hi-Z 

: "H"or"L" 

lcAc 

lcLz 

fiip 

Valid Data Out 

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

Hi-Z _ 

03H7113 
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--------------- - -- - ---- -------------·-

Write Cycle (Early Write) 

V1H-
RAS 

VIL -

V1H-
GAS 

VIL-

tASR 

V1H-
Address 

WE 
VIL -

V1H-
D1N 

V1L -

Vo1-1-

IRAS 

lcsH 

!RCD 

!RAD 

los -loH 

Valid Data In 

!Re 

!RSH 

tcAS 

IBM11S1320BN 
IBM11S1320BL 

1M x 32 SODIMM Module 

!RP 

-lcRP 

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

03H7113 
MMDJ02DSU-OO 
Revised 6/94 

: "H" or"L" 
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IBM11S1320BN 
IBM1151320BL 
1 M x 32 SODIMM Module 

Fast Page Mode Read Cycle 

V1H-

RAS 
V1L-

V1H-

GAS 
V1L-

Address 

DouT 
VoL-

: "H" or"L" 

Page 882 

l 

!RASP 

lcPRH 

!pc 
tRSH 

lcLZ 

Dour N 

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

!RP 

le RP 

03H7113 
MMDJ02DSU-OO 
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--------------- -- - ---- - ------------·-

Fast Page Mode Write Cycle 

V1H--

RAS 
Vil-

V1H--

CAS 
Vil-

V1H-

Address 
Vil-

VoH-
Dour 

Vol-

03H7113 
MMDJ02DSU-OO 
Revised 6/94 

twcs 

l:"H"or"L" 

tRASP 

_tpc 

tcp 

tcAS tcAS 

IBM11S1320BN 
IBM11S1320BL 

1 M x 32 SODIMM Module 

tRP 

tcRP 
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IBM11S1320BN 
IBM11S1320BL 
1 M x 32 SODIMM Module 

RAS Only Refresh Cycle 

V1H_ 

RAS 

V1L_ 

V1H_ 

CA5 
VIL-

tASR 

~tRAH 
VIH-

Address 
V1L_ 

tRc 

tRAS tRP 

~PC 

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

I :"H"or"L" 

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

Page 884 03H7113 
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--------------- --- ---- -------------·-

CAS Before RAS Refresh Cycle 

V1H-

RAS 

tRPC 1 V1L -

4 lcsR 

V1H-

CAS 
V1L -

____ lcoo ------i 

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

VoH 
DouT 

I :"H"or"L" 

Note: Addresses are "H" or "L" 

03H7113 
MMDJ02DSU-OO 
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IBM11S1320BN 
IBM11S1320BL 

1M x 32 SODIMM Module 
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IBM11S1320BN 
IBM11S1320BL 
1M x 32 SODIMM Module 

Layout Drawing 

3.3V 5.0V 

A= 3.175 6.35 
.125 .246 

(2X)'I 
3.1877 
.1255 

A~l 

59.69 

2.35 

51.66 

2.034 

FRONT 

l~~~ PITCH 1.00 WIDTH I l 
.039 

45.45 

1.7894 
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Features 

• 72-Pin Small Outline Dual-In-Line 
Memory Module 

• Performance: 

-60 

lAAC RAS Access Time 60ns 

lcAC GAS Access Time 15ns 

tAA Access Time From Address 30ns 

1Ac Cycle Time 110ns 

lpc Fast Page Mode Cycle Time 40ns 

• High Performance CMOS process 

-70 

70ns 

20ns 

35ns 

130ns 

45ns 

• Single 3.3, ± 0.3V or 5.0, ± 0.25V Power Supply 
• Low active current consumption 

Description 

The IBM11S1320NN/L are 4MB industry standard 
72-pin 4-byte small outline dual in-line memory mod
ules (SODIMM's). The module is organized as a 
1 Mx32 high speed memory array that is intended for 
use in 16, 32 and 64 bit applications. It is manufac
tured with 2 1Mx16 TSOP devices. each in a 400mil 
package 

This assembly is intended for use in space con
strained and or low power applications. It utilizes 
12/8 address 16m bit technology to further reduce 

Card Outline 

03H7114 
MMDJ03DSU-OO 
Revised 6/94 

(Front) 1 
(Back) 2 

IBM11 S1320NN 
IBM11S1320NL 

1 M x 32 SODIMM Module 

• All inputs & outputs are TTL & CMOS 
compatible 

• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 4096 refresh cycles distributed across 256ms 
• 12/8 Addressing (Row/Column) 
• Optimized for use in byte-write non-parity appli

cations. 
• Au contacts 

power consumption. 

The IBM 72-Pin SODIMMs provide a high perfor
mance, flexible 4-byte interface in a 2.35" long foot
print. Related products include the 1 Mx32 version 
with 10/10 addressing IBM11S1320BN/L as well as 
a 1 Mx36 parity version IBM11S1360NN/L. 

71 
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IBM11S1320NL 
1M x 32 SODIMM Module 

Pin Description 
RASO,RAS2 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A11 Address Inputs 

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

Vee Power (+3.3Vor +5V) 

Vss Ground 

NC No Connect 

PD1 - PD7 Presence Detects 

Ordering Information 

Part Number 

IBM11S1320NNA-60 

IBM11S1320NNA-70 

IBM11S1320NLA-60 

IBM11S1320NLA-70 

Page 888 

Pinout 
Pin# Name Pin# Name 

1 Vss 13 A1 

2 DQO 14 A2 

3 DQ1 15 A3 

4 DQ2 16 A4 

5 DQ3 17 A5 

6 DQ4 18 A6 

7 DQ5 19 A10 

8 DOG 20 NC 

9 DQ7 21 DQ9 

10 Vee 22 DQ10 

11 PD1 23 DQ11 

12 AO 24 DQ12 

Organization Speed 

1M x32 60ns 

1Mx32 70ns 

1M x 32 60ns 

1Mx32 70ns 

Pin# Name Pin# 

25 DQ13 37 

26 DQ14 38 

27 DQ15 39 

28 A7 40 

29 A11 41 

30 Vee 42 

31 AS 43 

32 A9 44 

33 NC 45 

34 RAS2 46 

35 DQ16 47 

36 NC 48 

Leads 

Au 

Au 

Au 

Au 

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

Name Pin# Name Pin# Name 

DQ18 49 DQ20 61 Vee 

DQ19 50 DQ21 62 DQ32 

Vss 51 DQ22 63 DQ33 

CASO 52 DQ23 64 DQ34 

CAS2 53 DQ24 65 NC 

CAS3 54 DQ25 66 PD2 

CAS1 55 NC 67 PD3 

RASO 56 D027 68 PD4 

NC 57 DQ28 69 PD5 

NC 58 DQ29 70 PDG 

WE 59 DQ31 71 PD7 

NC 60 DQ30 72 Vss 

Dimensions Power 

2.35" x 1" x .0965" 3.3V 

2.35" x 1" x .0965" 3.3V 

2.35" x 1" x .0965" 5.0V 

2.35" x 1" x .0965" 5.0V 

03H7114 
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Block Diagram 

03H7114 
MMDJ03DSU-OO 
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AO - A11 

WE 

RASO 

CASO 

CAS1 

RAS2 

CAS2 

CAS3 

DQO DQ7 DQ9 DQ16 

I 1 
DQ DQ 

AO-All 

WE 

RAS 
U1 

LCAS 

UCAS 

OE 

~ 

IBM11S1320NN 
IBM11S1320NL 

1 M x 32 SODIMM Module 

DQ18 DQ25 DQ27 DQ34 

1 l 
DQ DQ 

AO-All 

WE 

RAS U2 

LCAS 

UCAS 

OE 

~ 
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Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Raad: 
1st Cycle 

Subsequent Cycles 

Fast Paga Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

PD5 

PDS 

PD7 

1. NC= OPEN, Vss = GND 

Page 890 

RAS CAS 

H x 
L L 

L L 

L H~L 

L H~L 

L H~L 

L H~L 

L H 

H~L L 

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 NIA 

H x x 

-60 

NC 

Vss 

NC 

NC 

NC 

NC 

NC 

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

All DO btts 

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 

NC 

Vss 

NC 

NC 

Vss 

NC 

NC 

03H7114 
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Absolute Maximum Ratings 

IBM11S1320NN 
IBM11S1320NL 

1 M x 32 SODIMM Module 

Symbol Parameter 
Rating 

Units Notes 
3.3 Volt 5.0 Volt 

Vee Power Supply Voltage -0.5 to+ 4.6 -1.0 to+ 7.0 v 1 

V1N Input Voltage -0.7 to min (Vee + 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

Vour Output Voltage -0.5 to min (Vee + 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

ToPR Operating Temperature 0 to +70 Oto +70 'C 1 

Tsrn Storage Temperature -55 to +125 -55 to +125 'C 1 

Po Power Dissipation 0.6 1.0 w 1 

lour Shon Circuit Output Current 50 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. 

Recommended DC Operating Conditions (TA= o to 10°c) 

3.3Volt 
Symbol Parameter 

Min Typ Max 

Vee Supply Voltage 3.0 3.3 3.6 

V1H Input High Voltage 2.0 - Vcc+0.5 

V1L Input Low Voltage 0.0 - 0.8 

1. All voltages referenced to V8s. 

Capacitance (TA= 0 to +70°C, Vee= 3.3± 0.3V or 5.0 ± 0.25V) 

Symbol 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (VVE) 

C110 Output Capacitance (DQ0-0034) 

03H7114 
MMDJ03DSU-OO 
Revised 6/94 

Parameter 

Min 

4.5 

2.4 

-0.5 

5.0 Volt 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee+ 0.5 v 1 

- 0.8 v 1 

Max Units Notes 

28 pF 

16 pF 

15 pF 

28 pF 

16 pF 
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IBM11S1320NN 
IBM11S1320NL 
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DC Electrical Characteristics (TA = 0 to + 70°C, Vee = 3.3 ± 0.3V or 5.0± 0.25V) 

3.3 Volt 5.0 Volt 
Symbol Parameter 

Min Max Min Max 

Operating Current -60 - 190 - 190 
lcc1 Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc = tRc min) -70 - 170 - 170 

Standby Current (TTL) 
lcc2 Power Sgy Standby Current - 4 - 4 

(~ = CAS "V1H) 

RAS Only Refresh Current -60 - 190 - 190 
lcc3 Average Powe~ply Current, RAS Only Mode 

(RAS Cycling, CAS "V1H: tRc = tRc min) -70 - 170 - 170 

Fast Page Mode Current -60 - 150 - 150 
Ice• Average Power Supply Current, Fast Page Mode 

(RAS= V1L, CAS, Address Cycling: tpc = tpc min} -70 - 130 - 130 

Standby Current (CMOS} 
Ices Power Sgy Standby Current - 0.4 - 0.4 

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current -60 - 190 - 190 
Ices Average Power Supply Current, CAS Before RAS Mode 

(RAS, CAS, Cycling: tRc = tRc min} -70 - 170 - 170 

Input Leakage Current 
RAS -10 +10 -10 +10 

l1(L) 
Input Leakage Current, any input CAS -10 +10 -10 +10 
(0.0 ,;; V1N ,;; (V cc < 6.0V)) 
All other Pins Not Under Test = OV Alioth- -20 +20 -20 +20 ers 

locq 
Output Leakage Current 

-10 +10 -10 +10 (Dour is disabled, 0.0,;; Vrnrr,;; Vee) 

VoH 
Output High Level 

2.4 - 2.4 -Output "H" Level Voltage (lour= -5mA@ 2.4V} 

Vol 
Output Low Level -Output "L" Level Voltage (lour= +4.2mA@ 0.4V) 0.4 - 0.4 

1. lcc1. lcc3, lcC4 and Ices depend on cycle rate. 
2. lcc1, lcC4 depend on output loading. Specified values are obtained with the output open. 

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

Units Notes 

mA 1, 2, 3 

mA 

mA t,3 

mA 1,2, 3 

mA 

mA 1, 3 

µA 

µA 

v 

v 

3. Address can be changed once or less while~= ViL· In the case of lcC4. it can be changed once or less when CAS = ViH· 
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AC Characteristics (TA= o to +1o·c. Vee= s ± o.2sv) 

IBM11S1320NN 
IBM11S1320NL 

1M x 32 SODIMM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between ViH and 
VtL· 

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. AC measurements assume IT = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!Re Random Read or Write Cycle Time 110 128K 130 128K ns 

!RP RAS Precharge Time 40 - 50 - ns 

lcp CAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

lcAS CAS Pulse Width 15 - 20 - ns 

IAsR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

IAsc Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 15 - 15 - ns 

IRCD RAS to CAS Delay Time 20 45 20 50 ns 1 

IRAo RAS to Column Address Delay Time 15 - 15 - ns 2 

IRsH RAS Hold Time 15 - 20 - ns 

lcsH CAS Hold Time 60 - 70 - ns 

lcRP CAS to RAS Precharge Time 5 - 5 - ns 

lozc CAS Delay Time from D1N 0 - 0 - ns 

IT Transttion Time (Rise and Fall) 3 30 3 30 ns 

IAR Column Address Hold Time Referenced to RAS - - - - ns 3 

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

2. Operation wtthin the IRAD (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 IRAo (max) limit, then access time is controlled by IAA. 

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7114 
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Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

twcH Write Command Hold Time 

1WP Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

tcwL Write Command to GAS Lead Time 

1WCR Write Command Hold Time Referenced to l'iAS 

to HR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

15 - 15 

15 - 15 

15 - 20 

15 - 20 

- - -

- - -

0 - 0 

15 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

tRAc Access Time from RAS - 60 -

tcAc Access Time from CAS - 15 -

tAA Access Time from Address - 30 -

tRcs Read Command Setup Time 0 - 0 

tRCH Read Command Hold Time to CAS 0 - 0 

tRRH Read Command Hold Time to RAS 5 - 5 

tRAL Column Address to RAS Lead Time 30 - 35 

tCAL Column Address to CAS Lead Time 30 - 35 

lcLz CAS to Output in Low-Z 0 - 0 

toH Output Data Hold Time 3 - 3 

tcoo CAS to D1N Delay Time 15 - 20 

foFF Output Buffer Turn-off Delay 0 15 0 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAc. tcPA· tAA· 
3. Either tRcH or tRRH must be sa1isfied for a read cycle. 

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1, 2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 

- ns 

- ns 

- ns 

20 ns 4 

4. foFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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Fast Page Mode Cycle 

Symbol Parameter 

tPC Fast Page Mode Cycle Time 

tRASP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from GAS Precharge 

lcPA Access Time from CAS Precharge 

1. Access time is determined by the latter of IRAc. lcAc. lcPA· IAA. 
2. Access time assumes a load of 100pF. 

Refresh Cycle 

Symbol Parameter 

le HR CAS Hold Time 
(CAS before RAS Refresh Cycle) 

tcsR CAS Setup Time 
(GAS before RAS Refresh Cycle) 

twRP 
WE Setup Time 
(GAS before RAS Refresh Cycle) 

twRH WE Hold Tim.!L_ 
(CAS before RAS Refresh Cycle) 

tRPC RAS Precharge to CAS Hold Time 

tREF Refresh Period 

1. 4096 refreshes are required every 256ms. 

03H7114 
MMDJOODSU-00 
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Min 

40 

60 

35 

-

Min 

20 

10 

10 

10 

0 

-

-60 -70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 20 

- 10 

- 10 

- 10 

- 0 

256 -

IBM11S1320NN 
IBM11S1320NL 

1 M x 32 SODIMM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

256 ms 1 
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Read 

V1H-
RAS 

V1L -

V1H-
CAS 

V1L -

~SR 

Address 

VoH-

liic 

li!As 

l:csH 

t.ico tRSH 

l:cAS 

tRAD 

!-------+----- Hi-Z 
l:cAC 

l:cLz 

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

I :"H"or"L" 

Page 896 

Valid Data Out 

_toH ___ ., 

----------------.=. =-=-:ava: 

Hi-Z _ 

03H7114 
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Write Cycle (Early Write) 

V1H-
RAS 

VIL-

V1H-
GAS 

V1L-

tASR 

V1H-
Address 

V1L-

V1H-
WE 

V1L -

V1H-
D1N 

V1L -

!RAS 

lcsH 

lRCD 

tRAD 

tos __ toH 

Valid Data In 

tRc 

tRSH 

tCAs 

IBM11S1320NN 
IBM11S1320NL 

1 M x 32 SODIMM Module 

~p 

-lcRP 

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

03H7114 
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l:"H"or"L" 
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Fast Page Mode Read Cycle 

Address 

V1H-
WE 

V1L-

V1H-

D1N 
V1L-

Vo~ 

DoUT 
VoL-

I :"H"or"L" 

Page 898 

tRAc toFF-

ltctz 

, ____ tcPRH 

!pc---..., 

lcPA 

-loH 
t r DZC 

tcAc 

tcLZ tcLZ 

+-toH 

tCOD 

toFF 

DoUTN 

--------------- -- ----=::::::=' = 
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Fast Page Mode Write Cycle 

v,..,_ 

v,..,_ 

v,..,_ 
Address 

VIL-

v,..,_ 

VoH-

Dour 
VoL-

03H7114 
MMDJ03DSU-OO 
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lwcs 

I :"H"or"L" 

IBM11S1320NN 
IBM1181320NL 

1 M x 32 SODIMM Module 
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RAS Only Refresh Cycle 

V1H_ 

RAS 
V1L_ 

V1H_ 

CAS 

VIL-

~SR 

~lRAH 
V1H_ 

Address 

li!c 

liiP 

liiPc 

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

I :"H"or"L" 

Note: WE, 01N are "H" or "L" 
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--------------- ------- - -------·----·-

CAS Before RAS Refresh Cycle 

V1H-

RAS 

tRPC 1 V1L -

-1 icsR 

V1H-

CAS 
V1L -

---- tcoo ------i 

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

DaUT VoH

VaL-

I :"H"or"L" 

Note: Addresses are "H" or "L" 

03H7114 
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~PC 
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Layout Drawing 
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NOTE: All dimensions are typical unless otherwise stated. Ml~~~~~Rs 
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Features 

• 72-Pin Small Outline Dual-In-Line 
Memory Module 

• Performance: 

-60 

1RAC RAS Access Time 60ns 

1cAC CAS Access Time 15ns 

tAA Access Time From Address 30ns 

1Rc Cycle Time 110ns 

tpc Fast Page Mode Cycle Time 40ns 

• High Performance CMOS process 

-70 

70ns 

20ns 

35ns 

130ns 

45ns 

• Single 3.3, ± 0.3V or 5.0, ± 0.25V Power Supply 
• Low active current consumption 

Description 

The IBM11 S2320HN/L are BMB 72-pin 4-byte small 
outline dual in-line memory modules (SODIMM's). 
The module is organized as a 2Mx32 high speed 
memory array that is intended for use in 16, 32 and 
64 bit applications. It is manufactured with 4 2Mx8 
TSOP devices, each in a 400mil package 

This assembly is intended for use in space con
strained and or low power applications. 

The IBM 72-Pin SODIMMs provide a high perfor-

Card Outline 

03H7116 
MMDJOSDSU-00 
Revised 6194 

(Front) I 
(Back) 2 

IBM11 S2320HN 
IBM11 S2320HL 

2M x 32 SODIMM Module 

• All inputs & outputs are TTL & CMOS 
compatible 

• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 2048 refresh cycles distributed across 256ms 
• 11 /1 0 Addressing (Row/Column) 
• Optimized for use in byte-write non-parity appli

cations. 
• Au contacts 

mance, flexible 4-byte interface in a 2.35" long foot
print. Related products include the 2Mx32 version 
with 12/8 addressing IBM11 S2320NN/L as well as a 
2Mx36 parity version IBM11 S2360NN/L. 

71 
72 
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IBM11 S2320HL 

2M x 32 SODIMM Module 

Pin Description 
RASO,RAS2 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO -A10 Address Inputs 

D00-7, 9-1S, 
Data Input/output 18-25, 27-34 

Vee Power {+3.3V or +5V) 

Vss Ground 

NC No Connect 

PD1 - PD7 Presence Detects 

Ordering Information 
Part Number 

IBM11S2320HNA-SO 

IBM11S2320HNA-70 

IBM11S2320HLA-SO 

IBM11S2320HLA-70 

Page 904 

Pin out 
Pin# Name Pin# Name 

1 Vss 13 At 

2 DOO 14 A2 

3 D01 15 A3 

4 D02 1S A4 

5 D03 17 AS 

s D04 18 AS 

7 D05 19 A10 

8 D06 20 NC 

9 D07 21 DOS 

10 Vee 22 0010 

1t PD1 23 D011 

12 AO 24 0012 

Organization Speed 

2M x32 SOns 

2M x32 70ns 

2M x32 sons 

2M x32 70ns 

Pin# Name Pin# 

25 D013 37 

26 D014 38 

27 D015 39 

28 A7 40 

29 A11 41 

30 Vee 42 

31 A8 43 

32 AS 44 

33 NC 45 

34 RAS2 4S 

35 D016 47 

36 NC 48 

Leads 

Au 

Au 

Au 

Au 

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

Name Pin# Name Pin# Name 

D018 49 D020 61 Vee 

D019 50 D021 62 D032 

Vss 51 D022 63 D033 

CASO 52 D023 64 D034 

CAS2 53 D024 65 NC 

CAS3 54 0025 SS PD2 

CAS1 55 NC 67 PD3 

RASO 5S D027 S8 PD4 

NC 57 D028 69 PD5 

NC 58 D029 70 PDS 

WE 59 D031 71 PD7 

NC so 0030 72 Vss 

Dimensions Power 

2.35" x 1" x .083" 

2.35" x 1" x .083" 

2.35" x 1" x .083" 

2.35" x 1" x .083" 

3.3V 

3.3V 

5.0V 

5.0V 

03H7116 
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Block Diagram 

CAS2 

RAS2 

AO-A10 

CAS3 
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0001007 

DQ1-7 

WE 
GAS U1 
RAS 
OE 

AO-A10 

~ ~1~ 

009 f016 

DQ9-16 

WE 
'---- GAS U2 

RAS 
DE 

AO-A10 

~ C"ll~ 
f----J 

001810025 

DQ18-25 

WE 
GAS U3 
RAS 
OE 

AO-A10 

~ 1~ 

IBM11S2320HN 
IBM11 S2320HL 

2M x 32 SODIMM Module 

002710034 

DQ27-34 

WE 
,-- GAS U4 

RAS 
OE 

AO-A10 

C" 
~ 11 
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IBM11 S2320HN 
IBM11 S2320HL 
2M x 32 SODIMM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode -Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

c:AS-Before-~ Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

PDS 

PD6 

PD7 

1. NC= OPEN, Vss = GND 

Page 906 

~ (;AS 

H x 
L L 

L L 

L H-.L 

L H-.L 

L H.-+L 

L H.-+L 

L H 

H.-+L L 

WI: Row 
Address 

x x 
H Row 

L Row 

H Row 

H N/A 

L Row 

L N/A 

x Row 

H x 

-60 

Vss 

NC 

Vss 

NC 

NC 

NC 

NC 

Column 
Address 

x 
Col 

Col 

Col 

Col 

Col 

Col 

N/A 

x 

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

All DO b~s 

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 

NC 

Vss 

NC 

Vss 

NC 

NC 
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--------------- ------::::::::::::? = 

Absolute Maximum Ratings 

IBM11 S2320HN 
IBM11 S2320HL 

2M x 32 SODIMM Module 

Symbol Parameter 
Rating 

Units Notes 
3.3 Volt 5.0 Volt 

Vee Power Supply Voltage -0.5 to+ 4.6 -1.0to+7.0 v 1 

V1N Input Voltage -0.7 to min (Vee+ 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

Vour Output Voltage -0.5 to min (Vee + 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

ToPR Operating Temperature 0 to +70 0 to +70 'C 1 

Tsrn Storage Temperature -55to +125 -55to+125 'C 1 

Po Power Dissipation 0.6 1.0 w 1 

lour Short Circuit Output Current 50 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-
eds may affect reliability. 

Recommended DC Operating Conditions (TA = o to 10°ci 

3.3Volt 
Symbol Parameter 

Min Typ Max 

Vee Supply Voltage 3.0 3.3 3.6 

V1H Input High Voltage 2.0 - Vee+ 0.5 

V1L Input Low Voltage 0.0 - 0.8 

1. All voltages referenced to V88. 

Capacitance (TA = 0 to + 70°C, Vee = 3.3± 0.3V or 5.0 ± 0.25V) 

Symbol 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C110 Output Capacitance (DQ0-0034) 

03H7116 
MMDJ05DSU-OO 
Revised 6194 

Parameter 

Min 

4.5 

2.4 

-0.5 

5.0Volt 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vcc+0.5 v 1 

- 0.8 v 1 

Max Units Notes 

38 pF 

24 pF 

14 pF 

40 pF 

15 pF 
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IBM11 S2320HN 
IBM11 S2320HL 
2M x 32 SODIMM Module 

DC Electrical Characteristics (TA = 0 to + 70°C, v cc = 3.3 ± 0.3V or 5.0± 0.25V) 

3.3 Volt 5.0 Volt 
Symbol Parameter 

Min Max Min Max 

Operating Current -60 - 480 - 480 
lcc1 Avera~wer Supply Operating Current 

(RAS, C , Address Cycling: tRc = tRc min) -70 - 400 - 400 

Standby Current (TIL) 
lcc2 Power S~y Standby Current - 8 - 8 

(RAS= ~V1H) 

RAS Only Refresh Current -60 - 480 - 480 
Ices Average PoweL§!!pply Current, RAS Only Mode 

(RAS Cycling, CAS ~V1H: tRC = tRC min) -70 - 400 - 400 

Fast Page Mode Current -60 - 300 - 300 
lcC4 Average Power Supply Current, Fast Page Mode 

(RAS = V1L, CAS, Address Cycling: tpc = tpe min) -70 - 260 - 260 

Standby Current (CMOS) 
Ices Power Sgy Standby Current 

(RAS= CAS =Vee - 0.2V) 
- 0.8 - 0.8 

CAS Before RAS Refresh Current -60 - 480 - 480 
lcca Avera~wer Supply Current, CAS Before RAS Mode 

(RAS, CAS, Cycling: tRc = tRc min) -70 - 400 - 400 

RAS -10 +10 -10 +10 
Input Leakage Current 

l1(L) 
Input Leakage Current, any input CAS -20 +20 -20 +20 
(0.0 ~ V1N ~(Vee< 6.0V)) 
All Other Pins Not Under Test= OV All oth- -40 +40 -40 +40 ers 

lo(L) 
Output Leakage Current -10 +10 -10 +10 (Dour is disabled, 0.0 ~ Vour ~Vee) 

VoH Output High Level 2.4 - 2.4 -Output "H" Level Voltage (lour= -5mA @ 2.4V) 

Vol Output Low Level - 0.4 - 0.4 Output "L" Level Voltage Oour= +4.2mA@ 0.4V) 

1. lcc1. Ices. lcC4 and.lcca depend on cycle rate. 
2. lcc1, ICC4 depend on output loading. Specified values are obtained with the output open. 

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

Units Notes 

mA 1,2,3 

mA 

mA 1,3 

mA 1,2, 3 

mA 

mA 1,3 

µA 

µA 

v 

v 

3. Address can be changed once or less while~= Vil· In the case of lcC4. it can be changed once or less when~= ViH· 
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--------------- - -- - ---- --------------·-

AC Characteristics (TA= o to +70°C, Vee= s ± o.2sv) 

IBM11 S2320HN 
IBM11 S2320HL 

2M x 32 SODIMM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H 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. AC measurements assume t1 = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

IRc Random Read or Write Cycle Time 110 128K 130 128K ns 

IRP RAS Precharge Time 40 - 50 - ns 

lcp CAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

lcAS GAS Pulse Width 15 - 20 - ns 

tASR Row Address Setup Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - ns 

tASC Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 15 - 15 - ns 

tRCD RAS to CAS Delay Time 20 45 20 50 ns 1 

!RAD RAS to Column Address Delay Time 15 - 15 - ns 2 

tRSH RAS Hold Time 15 - 20 - ns 

tcsH CAS Hold Time 60 - 70 - ns 

tcRP CAS to RAS Precharge Time 5 - 5 - ns 

tozc CAS Delay Time from D1N 0 - 0 - ns 

tT Transition Time (Rise and Fall) 3 30 3 30 ns 

IAR Column Address Hold Time Referenced to RAS - - - - ns 3 

1. Operation within the IRcD (max) limit ensures that IRAC (max) can be met. IRcD (max) is specified as a reference point only: if IRCD is 
greater than the specified tRcD (max) limit, then access time is controlled by tcAC· 

2. Operation within the IRAD (max) limit ensures that IRAc (max) can be met. IRAo (max) is specified as a reference point only: If IRAD 

is greater than the specified IRAo (max) limit, then access time is controlled by IAA. 

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7116 
MMDJOSDSU-00 
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IBM11S2320HN 
IBM11 S2320HL 
2M x 32 SODIMM Module 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

lwcH Write Command Hold Time 

IWP Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

lcWL Write Command to CAS Lead Time 

IWCR Write Command Hold Time Referenced to RAS 

toHR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

15 - 15 

15 - 15 

15 - 20 

15 - 20 

- - -

- - -

0 - 0 

15 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

tRAc Access Time from RAS - 60 -
lcAC Access Time from CAS - 15 -
!AA Access Time from Address - 30 -

tRcs Read Command Setup Time 0 - 0 

tRcH Read Command Hold Time to CAS 0 - 0 

tRRH Read Command Hold Time to RAS 5 - 5 

tRAL Column Address to RAS Lead Time 30 - 35 

lcAL Column Address to CAS Lead Time 30 - 35 

tcLZ CAS to Output in Low-Z 0 - 0 

foH Output Data Hold Time 3 - 3 

!coo CAS to D1N Delay Time 15 - 20 

toFF Output Buffer Turn-off Delay 0 15 0 

1 . Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAc. tcpA, IAA. 
3. Either tRcH or IRRH must be satisfied for a read cycle. 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1, 2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 

- ns 

- ns 

- ns 

20 ns 4 

4. loFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output vohage levels. 
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------------------- - ---- ---------------·-

Fast Page Mode Cycle 

Symbol Parameler 

lpc Fasl Page Mode Cycle Time 

1RASP Fasl Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from CAS Precharge 

lcPA Access Time from CAS Precharge 

1. Access lime is delermined by lhe latter of lRAc. tcAc. tcPA. tAA. 
2. Access lime assumes a load of 100pF. 

Refresh Cycle 

Symbol Parameler 

tcHR 
CAS Hold Time 
(CAS before RAS Refresh Cycle) 

tcsR 
CAS Setup Time 
(CAS before RAS Refresh Cycle) 

lwRP 
WE Selup TillliL_ 
(CAS before RAS Refresh Cycle) 

twRH 
fil Hold Time 
(CAS before RAS Refresh Cycle) 

tRPC RAS Precharge to CAS Hold Time 

1REF Refresh Period 

1. 2048 refreshes are required every 256ms. 

03H7116 
MMDJ05DSU-OO 
Revised 6/94 

-60 

Min 

40 

60 

35 

-

-60 

Min 

20 

10 

10 

10 

0 

-

-70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-70 

Max Min 

- 20 

- 10 

- 10 

- 10 

- 0 

256 -

IBM11 S2320HN 
IBM11 S2320HL 

2M x 32 SODIMM Module 

Unils Noles 
Max 

- ns 

100K ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

256 ms 1 
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IBM11S2320HN 
IBM11S2320HL 
2M x 32 SODIMM Module 

Read 

V1H-
RAS 

V1L -

V1H-
CAS 

V1L -

t..sR 

Address 
V1H-

V1L -

~H 

-------------! :-:. === 
=~=i:= 

IRc 

4.As 

lcsH 

4.co IRsH 

lcAS 

IRAo 

!Ase 

1------+----- Hi-Z --!--------+--

VoH-

Dour 
VoL-

Page 912 

-----+- Hi-Z 

I :"H"or"L" 

lcAc 

lcLZ 

loFF-

Valid Data Out 

_loH ----t 

Hi-Z _ 

03H7116 
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-------------- - -- - ---- --------------·-

Write Cycle (Early Write) 

V1H-

RAS 
VIL-

V1H-

GAS 
VIL -

tASR 

V1H-

Address 

VoH-

!RAS 

lcsH 

lRcD 

!RAD 

Valid Data In 

!Re 

tRSH 

tcAS 

IBM11 S2320HN 
IBM11 S2320HL 

2M x 32 SODIMM Module 

!RP 

_lcRP 

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

03H7116 
MMDJ05DSU-OO 
Revised 6/94 

: 11H" or "L" 

Page 913 



IBM11 S2320HN 
IBM11S2320HL 
2M x 32 SODIMM Module 

Fast Page Mode Read Cycle 

V1H-

RAS 
V1L-

V1H-

CAS 
V1L-

Address 

Dour 
VOL-

: "H" or "L" 

Page 914 

t,,ASP 

lpc 

....loH 

lcPRH 

tRSH 

t r DZC 

tCAc 

Dour N 

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

tRP 

le RP 

03H7116 
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--------------- - -- - ---- ---------------·-

Fast Page Mode Write Cycle 

v,..,_ 
RAS v,,_ 

v,..,_ 
GAS 

v,,_ 

v,..,_ 
Address v,,_ 

VoH-

lwcs 

~1;, : "H" or "L" 

!RASP 

~!pc 

lcp 

le As le As 

!RsH 

lcAs 

IBM11 S2320HN 
IBM11 S2320HL 

2M x 32 SODIMM Module 

!RP 

le RP 
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IBM11S2320HN 
IBM11S2320HL 
2M x 32 SODIMM Module 

RAS Only Refresh Cycle 

VrH_ 

RAS 

VrL_ 

V,H_ 

GAS 

VrL _ 

tASA 

ltRAH 

VrH-

Address 
VrL _ 

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

tAc 

tAAS tAP 

tAPC 

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

I : "H" or"L" 

Note: WE, DrN are "H" or "L" 
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--------------- - -- - ---- -- -----------·-

CAS Before RAS Refresh Cycle 

t-------tRAS ---------

V1H-

RAS 

!RPG 1 VIL_ 

4 lcsR 

V1H-

CAS 
V1L _ 

-----!coo ____ _., 

---i------- Hi-Z 

Dour 

: "H" or"L" 

Note: Addresses are "H" or "L" 

03H7116 
MMDJOSDSU-00 
Revised 6/94 
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IBM11S2320HN 
IBM11S2320HL 
2M x 32 SODIMM Module 

Layout Drawing 
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083MAX 'I r 
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--------- ----- - -- - ---- -------------·-

Features 

• 72-Pin Small Outline Dual-In-Line 
Memory Module 

• Performance: 

-60 

tRAC RAS Access Time 60ns 

le AC GAS Access Time 15ns 

IAA Access Time From Address 30ns 

!Re Cycle Time 110ns 

lpc Fast Page Mode Cycle Time 40ns 

• High Performance CMOS process 

-70 

70ns 

20ns 

35ns 

130ns 

45ns 

• Single 3.3, ± 0.3V or 5.0, ± 0.25V Power Supply 
• Low active current consumption 

Description 

The IBM11 S2320NN/L are 8MB industry standard 
72-pin 4-byte small outline dual in-line memory mod
ules (SODIMM's). The module is organized as a 
2Mx32 high speed memory array that is intended for 
use in 16, 32 and 64 bit applications. It is manufac
tured with 4 1Mx16 TSOP devices, each in a 400mil 
package 

This assembly is intended for use in space con
strained and or low power applications. It utilizes 
12/8 address 16m bit technology to further reduce 

Card Outline 

03H7117 
MMDJOSDSU-00 
Revised 6/94 

(Front) I 
(Back) 2 

IBM11 S2320NN 
IBM11S2320NL 

2M x 32 SODIMM Module 

• All inputs & outputs are TIL & CMOS 
compatible 

• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 4096 refresh cycles distributed across 256ms 
• 12/8 Addressing (Row/Column) 
• Optimized for use in byte-write non-parity appli

cations. 
• Au contacts 

power consumption. 

The IBM 72-Pin SODIMMs provide a high perfor
mance, flexible 4-byte interface in a 2.35" long foot
print. Related products include the 2Mx36 parity 
version IBM11 S2360NN/L as well as a 2Mx32 ver
sion with 11 /1 O addressing IBM11 S2320HN/L 

71 
72 

0 
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IBM11 S2320NN 
IBM11 S2320NL 
2M x 32 SODIMM Module 

Pin Description 
RASO- RAS3 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO -A11 Address Inputs 

DQ0-7, 9-16, 
Data lnpuVoutput 18-25, 27-34 

Vee Power (+3.3V or +5V) 

Vss Ground 

NC No Connect 

PD1 -PD7 Presence Detects 

Ordering Information 

Part Number 

IBM11S2320NNA-60 

IBM11S2320NNA-70 

IBM11S2320NLA-60 

IBM11S2320NLA-70 

Page 920 

Pin out 
Pin# Name Pin# Name 

1 Vss 13 Al 

2 DQO 14 A2 

3 DQ1 15 A3 

4 DQ2 16 A4 

5 DQ3 17 A5 

6 DQ4 18 AS 

7 DQ5 19 A10 

8 DOG 20 NC 

9 DQ7 21 DQ9 

10 Vee 22 DQ10 

11 PD1 23 DQ11 

12 AO 24 DQ12 

Organization Speed 

2Mx32 60ns 

2M x32 70ns 

2Mx32 60ns 

2Mx32 70ns 

Pin# Name Pin# 

25 DQ13 37 

26 DQ14 38 

27 DQ15 39 

28 A7 40 

29 A11 41 

30 Vee 42 

31 A8 43 

32 A9 44 

33 RAS3 45 

34 RAS2 46 

35 DQ16 47 

36 NC 48 

Leads 

Au 

Au 

Au 

Au 

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

Name Pin# Name Pin# Name 

DQ18 49 DQ20 61 Vee 

DQ19 50 DQ21 62 DQ32 

Vss 51 DQ22 63 DQ33 

CASO 52 DQ23 64 DQ34 

CAS2 53 D024 65 NC 

CAS3 54 DQ25 66 PD2 

CAS1 55 NC 67 PD3 

RASO 56 DQ27 68 PD4 

RAS1 57 DQ28 69 PD5 

NC 58 DQ29 70 PD6 

WE 59 DQ31 71 PD7 

NC 60 DQ30 72 Vss 

Dimensions Power 

2.35" x 1" x .1496" 3.3V 

2.35" x 1" x .1496" 3.3V 

2.35" x 1" x .1496" 5.0V 

2.35" x 1" x .1496" 5.0V 

03H7117 
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---------- ----- - -- - ---- -------------·-

Block Diagram 

03H7117 
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AO - A11 

WE 

RASO 

CASO 

CAS1 

RAS2 

CAS2 

CAS3 

AO - A11 

WE 

RAS1 

CASO 

CAS1 

RAS3 

CAS2 

CAS3 

DQO DQ7 DQ9 DQ16 -I 1 
DQ DQ 

AO-All 

WE 

RAS 
U1 

LCAS 

UCAS 

OE 

~ 

DQO DQ7 DQ9 DQ16 

1 1 
DQ DQ 

AO-A11 

WE 

RAS 
U3 

LCAS 

UCAS 

OE 

~ 

IBM11 S2320NN 
IBM11 S2320NL 

2M x 32 SODIMM Module 

DQ18 DQ25 DQ27 DQ34 -I ' i 
DQ DQ 

AO-All 

WE 

RAS U2 

LCAS 

UCAS 
OE 

~ 

DQ18 DQ25 DQ27 DQ34 

T l 
DQ DQ 

AO-All 

WE 

RAS U4 

LCAS 

UCAS 
OE 

~ 
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IBM11 S2320NN 
IBM11 S2320NL 
2M x 32 SODIMM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

SUbsequent Cycles 

Fast Page Mode -Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 
Pin 

PD1 

PD2 

PD3 

PD4 

PD5 

PDS 

PD7 

1. NC= OPEN, Vss = GND 

Page 922 

RAS CAS WE 

H x x 
L L H 

L L L 

L H~L H 

L H~L H 

L H~L L 

L H~L L 

L H x 
H~L L H 

-60 

NC 

Vss 

NC 

Vss 

NC 

NC 

NC 

Row Column 
Address Address 

x x 
Row Col 

Row Col 

Row Col 

N/A Col 

Row Col 

N/A Col 

Row N/A 

x x 

--------------- -- ----=:::::=:=' = 

All DQ 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 

NC 

Vss 

NC 

Vss 

Vss 

NC 

NC 
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5 : =i'fe: 

Absolute Maximum Ratings 

IBM11S2320NN 
IBM11 S2320NL 

2M x 32 SODIMM Module 

Symbol 
Rating 

Parameter Units Notes 
3.3 Volt 5.0Volt 

Vee Power Supply Voltage -0.5to +4.6 -1.0to+7.0 v 1 

V1N Input Voltage -0.7 to min (Vee + 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

Vour Output Voltage -0.5 to min (Vee + 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

ToPR Operating Temperature Oto +70 Oto +70 ·c 1 

TsTG Storage Temperature -55 to +t25 -55to +125 ·c 1 

Po Power Dissipation 0.6 1.0 w 1 

lour Short Circuit Output Current 50 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-
eds may affect reliability. 

Recommended DC Operating Conditions (TA= o to 10°c) 

3.3 Volt 
Symbol Parameter 

Min Typ Max 

Vee Supply Voltage 3.0 3.3 3.6 

V1H Input High Voltage 2.0 - Vcc+0.5 

V1L Input Low Voltage 0.0 - 0.8 

1. All voltages referenced to V88. 

Capacitance (TA = 0 to+ 70°C, Vee = 3.3± 0.3V or 5.0 ± 0.25V) 

Symbol 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C110 Output Capacitance (DQO-DQ34) 

03H7117 
MMDJ06DSU-OO 
Revised 6/94 

Parameter 

Min 

4.5 

2.4 

-0.5 

5.0 Volt 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee+ 0.5 v 1 

- 0.8 v 1 

Max Units Notes 

38 pF 

16 pF 

22 pF 

42 pF 

23 pF 
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IBM11 S2320NN 
IBM11 S2320NL 
2M x 32 SODIMM Module 

DC Electrical Characteristics (TA= o to +1o·c, Vee= 3.3 ± o.3Vor s.0± 0.25V) 

3.3 Volt 5.0Volt 
Symbol Parameter 

Min Max Min Max 

Operating Current -60 - 1go - 190 
lcc1 Avera!l!Egwer Supply Operating Current 

(RAS, CAS, Address Cycling: IRc =!Re min) -70 - 170 - 170 

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

(~= ;;,V1H) 
8 - 8 

RAS Only Refresh Current -60 - 1go - 190 
ICC3 Average Power.§!lpply Current, RAS Only Mode 

(RAS Cycling, CAS :?!V1H: tRC = tRC min) -70 - 170 - 170 

Fast Page Mode Current -60 - 150 - 150 
lcC4 ~ge Power Supply Current, Fast Page Mode 

(RAS = V1L, CAS, Address Cycling: tpc = lpc min) -70 - 130 - 130 

Standby Current (CMOS) 
Ices Power S..!!ll.e!y Standby Current - 0.8 - 0.8 

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current -60 - 190 - 190 
Ices Average Power Supply Current, CAS Before RAS Mode 

(RAS, CAS, Cycling: IRc = IRc min) -70 - 170 - 170 

RAS -10 +10 -10 +10 
Input Leakage Current 

l1(L) 
Input Leakage Current, any input CAS -20 +20 -20 +20 
(0.0,;; V1N,;; (Vee< 6.0V)) 
All Other Pins Not Under Test = OV All oth- -40 +40 -40 +40 ers 

lo(L) 
Output Leakage Current -10 +10 -10 +10 (Dour is disabled, 0.0,;; Vour,;; Vee) 

VoH 
Output High Level 2.4 Output "H" Level Voltage (lour= -5mA @ 2.4V) - 2.4 -

Vol Output Low Level 
Output "L" Level Voltage (lour= +4.2mA@ 0.4V) - 0.4 - 0.4 

1. lcc1. lcc3, lcC4 and Ices depend on cycle rate. 
2. lcc1' lcC4 depend on output loading. Specified values are obtained with the output open. 

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

Units Notes 

mA 1,2, 3 

mA 

mA 1,3 

mA 1, 2,3 

mA 

mA 1,3 

µA 

µA 

v 

v 

3. Address can be changed once or less while Ri\S' = Vil· In the case of ICC4, it can be changed once or less when GAS - ViH· 
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AC Characteristics (TA= o to +1o·c. Vee= 5± o.25V) 

IBM 11 S2320NN 
IBM11S2320NL 

2M x 32 SODIMM Module 

1. VtH (min) and V1L (max) are reference levels for measuring timing of input signals. Transition limes are measured between VtH and 
VtL· 

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. AC measurements assume lr = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Noles 

Min Max Min Max 

1Rc Random Read or Write Cycle Time 110 128K 130 128K ns 

!RP RAS Precharge Time 40 - 50 - ns 

lcp CAS Precharge Time 10 - 10 - ns 

!RAS RAS Pulse Width 60 16K 70 16K ns 

lcAS GAS Pulse Width 15 - 20 - ns 

lASR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 15 - 15 - ns 

IRco RAS to eAS Delay Time 20 45 20 50 ns 1 

!RAD RAS lo Column Address Delay Time 15 - 15 - ns 2 

tRSH RAS Hold Time 15 - 20 - ns 

lcsH CAS Hold Time 60 - 70 - ns 

tcRP CAS to RAS Precharge Time 5 - 5 - ns 

tozc ~Delay Time from D1N 0 - 0 - ns 

tr Transition Time (Rise and Fall) 3 30 3 30 ns 

IAR Column Address Hold Time Referenced to RAS - - - - ns 3 

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

2. Operation wnhin the IRAo (max) limn ensures that tRAc (max) can be met. tRAo (max) is specified as a reference point only: If tRAo 
is greater than the specified IRAo (max) limit, then access time is controlled by IAA. 

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7117 
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IBM11 S2320NN 
IBM11S2320NL 
2M x 32 SODIMM Module 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

twcH Write Command Hold Time 

twp Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

tcWL Write Command to ~Lead Time 

tWCR Write Command Hold Time Referenced to RAS 

to HR Data Hold Time Referenced to RAS 

tos D,N Setup Time 

toH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

15 - 15 

15 - 15 

15 - 20 

15 - 20 

- - -
- - -

0 - 0 

15 - 15 

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

Read Cycle 
-60 -70 

Symbol Parameter 
Min Max Min 

tRAc Access Time from RAS - 60 -

tcAC Access Time from CAS - 15 -

tAA Access Time from Address - 30 -

tRcs Read Command Setup Time 0 - 0 

tRCH Read Command Hold Time to CAS 0 - 0 

tRRH Read Command Hold Time to RAS 5 - 5 

tRAL Column Address to RAS Lead Time 30 - 35 

tcAL Column Address to CAS Lead Time 30 - 35 

lcLZ CAS to Output in Low-Z 0 - 0 

toH Output Data Hold Time 3 - 3 

tcoo CAS to D1N Delay Time t5 - 20 

1oFF Output Buffer Tum-off Delay 0 15 0 

1. Measured with the specified current load and 100pF. 
2. Access time is determined by the latter of tRAc. tcAc. tcpA, tAA. 
3. Either tRcH or tRRH must be satisfied for a read cycle. 

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 

- ns 

- ns 

- ns 

20 ns 4 

4. 1oFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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-------------- - ------- --------------·-

Fast Page Mode Cycle 

Symbol Parameter 
Min 

tpe Fast Page Mode Cycle Time 40 

!RASP Fast Page Mode RAS Pulse Width 60 

lcPRH RAS Hold Time from CAS Precharge 35 

tcPA Access Time from CAS Precharge -

1. Access time is determined by the latter of tRAc. tcAc. tcpA, tAA· 
2. Access time assumes a load of 100pF. 

Refresh Cycle 

Symbol Parameter 
Min 

tcHR 
CAS Hold Time 20 (CAS before RAS Refresh Cycle) 

1csR 
GAS Setup Time 10 (CAS before RAS Refresh Cycle) 

!wRP 
WE Setup Tirm_ 10 (CAS before RAS Refresh Cycle) 

IWRH 
MHoldTime 10 (CAS before RAS Refresh Cycle) 

tRPC RAS Precharge to CAS Hold Time 0 

!REF Refresh Period -

1. 4096 refreshes are required every 256ms. 

-60 -70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 20 

- 10 

- 10 

- 10 

- 0 

256 -

IBM11S2320NN 
IBM11S2320NL 

2M x 32 SODIMM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

256 ms 1 
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IBM11 S2320NN 
IBM11S2320NL 
2M x 32 SODIMM Module 

Read 

V1H-

RAS 
V1L -

V1H-

CAS 
V1L -

tASR 

Address 
V1H-

V1L -

VoH

~H 

~s 

t'csH 

tRCD 

t'cAs 

tRAD 

Column 

tRc 

tRSH 

==------ ----= - -::!?!: 

.__----t---- Hi-Z -+------t---1 
t'cAc 

lcLz 
loFF-

DouT ------+- Hi-Z ---------i Valid Data Out 
Hi-Z _ 

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

Write Cycle (Early Write) 

!AAS 

V1H-
RAS 

V1L -

lcsH 

lAcD 

V1H- tcAS 
CAS 

V1L-

!RAD 

!ASA 

V1H-
Address 

VIL -

V1H-
WE 

V1L -

tos _ toH 

D1N Valid Data In 
V1L -

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

I\! : "H" or "L" 

!Ac 

!ASH 

IBM11S2320NN 
IBM11 S2320NL 

2M x 32 SODIMM Module 

!RP 

-lcRP 
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IBM11 S2320NN 
IBM11 S2320NL 
2M x 32 SODIMM Module 

Fast Page Mode Read Cycle 

,__ ________ tAASP _______________ I 

Address 

l 
le Ac 

tAAc 

-1tCLZ lcLZ 

DouT 
YoL-

: jjH" or "L" 

Page 930 

, ____ !cPAH 

lpc----o1 

__ tcAs-

DouT2 

-!oH 
t r DZC 

tcAC 

!cLz-

t\ 
~-=-· 
~· 

to FF 

DolJT N 

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

03H7117 
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-------------- - -- - ---- --------------·-

Fast Page Mode Write Cycle 

v,»-
RAS 

V1L-

v,»-
GAS 

V1L-

v,»
Address 

VIL-

VoH-

DouT 
VoL-

lwcs 

tAASP 

_tpc 

lcp 

le AS le As 

tRSH 

lcAs 

IBM11S2320NN 
IBM11 S2320NL 

2M x 32 SODIMM Module 

tAP 

le RP 
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IBM11 S2320NN 
IBM11 S2320NL 
2M x 32 SODIMM Module 

RAS Only Refresh Cycle 

V1H_ 

RAS 

VIL_ 

V1H_ 

CAS 

VIL-

!ASA 

~!RAH 
V1H-

Address 
V1L _ 

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

\Ac 

IRAs IAP 

!APC 

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

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

VIH-

RAS 

!RPC 1 VIL -

~ tcsR 

V1H-

CAS 
V1L _ 

---- tcoo ------o1 

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

DouT 

Note: Addresses are "H" or "L" 

OOH7117 
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IBM11S2320NN 
IBM11S2320NL 
2M x 32 SODIMM Module 

Layout Drawing 

3.3V 5.0V 

A= 3.175 6.35 
.125 .246 

59.69 

2.35 

51.66 

2.034 

FRONT 

45.45 

1.7894 

SIDE 

~r 

l ~-
n b . .039 ±. .0039 

2.00MIN 

.0787 

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

• 72-Pin Small Outline Dual-In-Line 
Memory Module 

• Performance: 

-60 

tAAc RAS Access Time 60ns 

1cAC CAS Access Time 15ns 

!AA Access Time From Address 30ns 

!RC Cycle Time 110ns 

lpc Fast Page Mode Cycle Time 40ns 

• High Performance CMOS process 

-70 

70ns 

20ns 

35ns 

130ns 

45ns 

• Single 3.3, ± 0.3V or 5.0, ± 0.25V Power Supply 
• Low active current consumption 

Description 

The IBM11 S4320HN/L are 16MB 72-pin 4-byte 
small outline dual in-line memory modules 
(SODIMM's). The module is organized as a 4Mx32 
high speed memory array that is intended for use in 
16, 32 and 64 bit applications. It is manufactured 
with 8 2Mx8 TSOP devices, each in a 400mil pack
age 

This assembly is intended for use in space con
strained and or low power applications. 

Card Outline 

03H7120 
MMDJ09DSU-OO 
Revised 6/94 

(Front) 1 
(Back) 2 

IBM11 S4320HN 
IBM11 S4320HL 

4M x 32 SODIMM Module 

• All inputs & outputs are TTL & CMOS 
compatible 

• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 2048 refresh cycles distributed across 256ms 
• 11110 Addressing (Row/Column) 
• Optimized for use in byte-write non-parity appli

cations. 
• Au contacts 

The IBM 72-Pin SODIMMs provide a high perfor
mance, flexible 4-byte interface in a 2.35" long foot
print. Related products include the 4Mx32 version 
with 12/10 addressing IBM11 S4320CN/L as well as 
a 4Mx36 parity version IBM11 S4360DN/L. 

71 
72 
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IBM11S4320HN 
IBM11 S4320HL 
4M x 32 SODIMM Module 

Pin Description 
RASo-RAS3 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A10 Address Inputs 

DQ0-7, 9-16, 
Data lnpuVoutput 18-25, 27-34 

Vee Power (+3.3V or +5V) 

Vss Ground 

NC No Connect 

PDt -PD7 Presence Detects 

Ordering Information 

Part Number 

IBM11S4320HNA-60 

IBM11S4320HNA-70 

IBM11S4320HLA-60 

IBM11S4320HLA-70 

Page 936 

Pin out 
Pin# Name Pin# Name 

1 Vss 13 A1 

2 DQO 14 A2 

3 DQ1 15 A3 

4 DQ2 16 A4 

5 DQ3 17 AS 

6 DQ4 18 A6 

7 DQ5 19 A10 

8 DQ6 20 NC 

9 DQ7 21 DQ9 

10 Vee 22 DQ10 

11 PD1 23 DQ11 

12 AO 24 DQ12 

Organization Speed 

4Mx32 60ns 

4Mx32 70ns 

4Mx32 sons 

4Mx32 70ns 

Pin# Name Pin# 

25 DQ13 37 

26 DQ14 38 

27 DQ15 39 

28 A7 40 

29 A11 41 

30 Vee 42 

31 A8 43 

32 A9 44 

33 RAS3 45 

34 RAS2 46 

35 DQ16 47 

36 NC 48 

Leads 

Au 

Au 

Au 

Au 

-------------- - -..:..-===:iii: 

Name Pin# Name Pin# Name 

DQ18 49 DQ20 61 Vee 

DQ19 50 DQ21 62 DQ32 

Vss 51 DQ22 63 DQ33 

CASO 52 DQ23 64 DQ34 

CAS2 53 DQ24 65 NC 

CAS3 54 DQ25 66 PD2 

CA51 55 NC 67 PD3 

RASO 56 DQ27 68 PD4 

RAS1 57 DQ28 69 PD5 

NC 58 DQ29 70 PD6 

WE 59 DQ31 71 PD7 

NC 60 DQ30 72 Vss 

Dimensions Power 

2.35" x 1" x .127" 

2.35"x 1"x .127" 

2.35" x 1" x .127" 

2.35" x 1"x .127" 

3.3V 

3.3V 

5.0V 

5.0V 

03H7120 
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--------------- - -- ----- -------------·-

Block Diagram 

WE 
CAS11--r--+-----< 
RAS,..__,__,_---< 

CAS1-+--+----1 RAS,,__,__,_ _ _, 

GAS,._------< 
RAS.>------1 

IBM11S4320HN 
IBM11 S4320HL 

4M x 32 SODIMM Module 

AO-A10 ____________________ ~--~ 

CAS3-----------------------< 

03H7120 
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IBM11S4320HN 
IBM11S4320HL 
4M x 32 SODIMM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

GAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

PD5 

PD6 

PD7 

1. NC= OPEN, Vss = GND 

Page 938 

'RAS CAS WE 

H x x 
L L H 

L L L 

L H--;L H 

L H-->L H 

L H-->L L 

L H--;L L 

L H x 
H--;L L H 

-60 

Vss 

NC 

Vss 

Vss 

NC 

NC 

NC 

Row Column 
Address Address 

x x 
Row Col 

Row Col 

Row Col 

N/A Col 

Row Col 

N/A Col 

Row N/A 

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 

NC 

Vss 

Vss 

Vss 

NC 

NC 
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5 == =---= :::-=.:::E?i: 

Absolute Maximum Ratings 

IBM11 S4320HN 
IBM11 S4320HL 

4M x 32 SODIMM Module 

Symbol 
Rating 

Parameter Units Notes 
3.3 Volt 5.0Volt 

Vee Power Supply Voltage -0.5 to+ 4.6 -1.0 to+ 7.0 v 1 

V1N Input Voltage -0.7 to min (Vee+ 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

Vour Output Voltage -0.5 to min (Vee + 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

ToPR Operating Temperature 0 to +70 0 to +70 'C 1 

TsTG Storage Temperature -55 to +125 -55to +125 'C 1 

Po Power Dissipation 0.6 1.0 w 1 

lour Short Circuit Output Current 50 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. 

Recommended DC Operating Conditions (TA= o to 10°c) 

3.3 Volt 
Symbol Parameter 

Min Typ Max 

Vee Supply Voltage 3.0 3.3 3.6 

V1H Input High Voltage 2.0 - Vcc+0.5 

V1L Input Low Voltage 0.0 - 0.8 

1. All voltages referenced to Vss. 

Capacitance (TA= o to +10°c, Vee= 3.3± o.3Vor 5.0± 0.25V) 

Symbol 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C1s Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C110 Output Capacitance (DQ0-0034) 

03H7120 
MMDJOSDSU-00 
Revised 6/94 

Parameter 

Min 

4.5 

2.4 

-0.5 

5.0 Volt 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee+ 0.5 v 1 

- 0.8 v 1 

Max Units Notes 

58 pF 

24 pF 

21 pF 

68 pF 

24 pF 

Page 939 



IBM11 S4320HN 
IBM11S4320HL 

4M x 32 SODIMM Module 

DC Electrical Characteristics (TA = 0 to+ 70'C, Vee = 3.3 ± 0.3V or 5.0± 0.25V) 

3.3 Volt 5.0Volt 
Symbol Parameter 

Min Max Min Max 

Operating Current -60 - 480 - 480 
lcc1 Avera~wer Supply Operating Current 

(Ri\S, S, Address Cycling: IRc = tRc min) -70 - 400 - 400 

Standby Current (TIL) 
lcc2 Power S~y Standby Current - 8 - 8 

(Ri\S = CA ~V1H) 

RAS Only Refresh Current -60 - 480 - 480 
Ices Average Power..§!!pply Current, RAS Only Mode 

(RAS Cycling, CAS ~V1H: tRC = tRc min) -70 - 400 - 400 

Fast Page Mode Current -60 - 300 - 300 
lcC4 Average Power Supply Current, Fast Page Mode 

(RAS= V1L. CAS, Address Cycling: tpc = tpe min) -70 - 260 - 260 

Standby Current (CMOS) 
Ices Power S..!!J212!y Standby Current - 0.8 - 0.8 

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current -60 - 480 - 480 
Ices Avera!l!!.fgwer Supply Current, CAB Before Ri\S Mode 

{RAS, CAS, Cycling: tRc = tRc min) -70 - 400 - 400 

RAS -10 +10 -10 +10 
Input Leakage Current 

l1(L) 
Input Leakage Current, any input CAS -20 +20 -20 +20 
(0.0,;; V1N,;; (Vee< 6.0V)) 
All Other Pins Not Under Test= OV Alioth- -80 +80 -80 +40 ers 

lo(L) 
Output Leakage Current 

-20 +20 -20 +20 (DolJT is disabled, 0.0,;; VolJT,;; Vee) 

VoH 
Output High Level 

2.4 - 2.4 -Output "H" Level Voltage (lolJT = -5mA@ 2.4V) 

Vol 
Output Low Level 
Output "L' Level Voltage (louT = +4.2mA@ 0.4V) - 0.4 - 0.4 

1. lcc1, lcC3. ICC4 and Ices depend on cycle rate. 
2. lcc1, lcC4 depend on output loading. Specttied values are obtained with the output open. 

-------------= :-:::!?!:: 

Units Notes 

mA 1, 2,3 

mA 

mA 1,3 

mA 1, 2,3 

mA 

mA 1,3 

µA 

µA 

v 

v 

3. Address can be changed once or less while~= Vil· In the case of lcC4. it can be changed once or less when GAS= ViH· 
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AC Characteristics (TA = o to + 1o·c. Vee = s ± o.2sv) 

IBM11S4320HN 
IBM11 S4320HL 

4M x 32 SODIMM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H 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. AC measurements assume tr = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

tRc Random Read or Write Cycle Time 110 128K 130 128K ns 

!RP RAS Precharge Time 40 - 50 - ns 

lcp CAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

lcAS GAS Pulse Width 15 - 20 - ns 

IAsR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 15 - 15 - ns 

IRCD RAS to CAS Delay Time 20 45 20 50 ns 1 

tRAD RAS to Column Address Delay Time 15 - 15 - ns 2 

IRsH RAS Hold Time 15 - 20 - ns 

lcsH CAS Hold Time 60 - 70 - ns 

le RP CAS to RAS Precharge Time 5 - 5 - ns 

lozc GAS Delay Time from D1N 0 - 0 - ns 

h Transition Time (Rise and Fall) 3 30 3 30 ns 

tAR Column Address Hold Time Referenced to ~ - - - - ns 3 

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

2. Operation within the tRAo (max) limit ensures that IRAc (max) can be met. IRAD (max) is specified as a reference point only: If IRAD 
is greater than the specified 1RAo (max) limit, then access time is controlled by IAA. 

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7120 
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IBM11 S4320HN 
IBM11 S4320HL 
4M x 32 SODIMM Module 

Write Cycle 

Symbol Parameter 

lwcs Write Command Set Up Time 

IWCH Write Command Hold Time 

IWP Write Command Pulse Width 

IRWL Write Command to RAS Lead Time 

!cwt Write Command to CA'S Lead Time 

IWCR Write Command Hold Time Referenced to RAS 

lo HR Data Hold Time Referenced to RAS 

los DoN Setup Time 

loH DoN Hold Time 

-60 -70 

Min Max Min 

0 - 0 

15 - 15 

15 - 15 

15 - 20 

15 - 20 

- - -

- - -

0 - 0 

15 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

IRAc Access Time from RAS - 60 -

lcAc Access Time from CA'S - 15 -

tAA Access Time from Address - 30 -
IRcs Read Command Setup Time 0 - 0 

tRCH Read Command Hold Time to CAS 0 - 0 

IRRH Read Command Hold Time to RAS 5 - 5 

tRAL Column Address to RAS Lead Time 30 - 35 

lcAL Column Address to CAS Lead Time 30 - 35 

lcLZ CA'S to Output in Low-Z 0 - 0 

1oH Output Data Hold Time 3 - 3 

!coo CAS to DoN Delay Time 15 - 20 

1oFF Output Buffer Tum-off Delay 0 15 0 

1 . Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of IRAc. lcAc. lcPA. tAA. 
3. Either 1RcH or tRRH must be satisfied for a read cycle. 

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 

- ns 

- ns 

- ns 

20 ns 4 

4. loFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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Fast Page Mode Cycle 

Symbol Parameter 

!pc Fast Page Mode Cycle Time 

tRASP Fast Page Mode RAS Pulse Width 

1cPRH RAS Hold Time from GAS Precharge 

lcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of 1RAc. lcAc. tcPA. tAA. 
2. Access time assumes a load of 1 OOpF. 

Refresh Cycle 

Symbol Parameter 

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

tcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

twRP 
WE Setup nrm_ 
(GAS before RAS Refresh Cycle) 

twRH 
WE Hold Time 
(GAS before RAS Refresh Cycle) 

IRPC RAS Precharge to GAS Hold Time 

!REF Refresh Period 

1. 2048 refreshes are required every 256ms. 

03H7120 
MMDJ09DSU-OO 
Revised 6/94 

Min 

40 

60 

35 

-

Min 

20 

10 

10 

to 

0 

-

-60 -70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 20 

- 10 

- 10 

- to 

- 0 

256 -

IBM11 S4320HN 
IBM11 S4320HL 

4M x 32 SODIMM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

256 ms 1 
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IBM11S4320HN 
IBM11 S4320HL 
4M x 32 SODIMM Module 

Read 

V1H-
RAS 

VIL -

V1H-
GAS 

V1L -

lAsR 

Address 
V1H-

V1L -

!RAH 

!Re 

IRAs 

lcsH 

!ReD !RSH 

lcAs 

!RAD 

!Ase 

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

lcAe 

lcLZ 

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

I ·"H"or"L" . 

Page 944 

~p 

Valid Data Out 

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

Hi-Z _ 

03H7120 
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-------------- - ------.::.::5::6:5 ? = 

Write Cycle (Early Write) 

V1H-
RAS 

V1L -

V1H-
CAS 

V1L-

tASR 

V1H-
Address 

V1L-

V1H-
WE 

V1L-

V1H-
D1N 

V1L-

tRAS 

tcsH 
tRCD 

tRAD 

tAR 

tos _toH 

Valid Data In 

tRC 

tRSH 

bs 

IBM11S4320HN 
IBM11S4320HL 

4M x 32 SODIMM Module 

tRP 

_tcRP 

DoUT ______________ Hi-Z ---------------
Vol-

03H7120 
MMDJ09DSU-OO 
Revised 6194 

I :"H"or"L" 
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IBM11 S4320HN 
IBM11 S4320HL 
4M x 32 SODIMM Module 

Fast Page Mode Read Cycle 

,.._ ________ tAASP _______________ I 

-~CD 

Address 

VoH-

I : "H" or "L" . 

Page 946 

__ tcAs-

l 

, ____ tcPRH 

...JoH 
t r DZC 

to FF 

Dour N 

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

03H7120 
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-------------- - ------
-=-~=~= 

Fast Page Mode Write Cycle 

Vitt-

RAS 
V1L-

Vitt-

CAS 
VIL-

V1tt

Address 
V1L-

VoH
DouT 

Vol-

03H7120 
MMDJOSDSU-00 
Revised 6/94 

!cAS 

!RAD 

lwcR -+-1--.i 

twcs 

l:"H"or"L" 

!RASP 

_tpc 

lcP 

lcAs 

IBM11S4320HN 
IBM11S4320HL 

4M x 32 SODIMM Module 

lRP 

le RP 
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IBM11 S4320HN 
IBM11S4320HL 
4M x 32 SODIMM Module 

RAS Only Refresh Cycle 

V1H_ 

RAS 

V1L_ 

V1H_ 

CA5 
VIL-

l..sR 

~!MH 
V1H_ 

Address 

V1L_ 

tile 

lRP 

lRPc 

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

I :"H"or"L" 

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

Page 948 03H7120 
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-------------- - -- - ---- -------------·-

CAS Before RAS Refresh Cycle 

i.--- !CHA ----1 r--------, 

,__ ___ !Coo ___ __, 

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

Dol/T VoH-

Vol-

I :"H"or"L" 

Note: Addresses are "H" or "L" 

03H7120 
MMDJ09DSU-OO 
Revised 6/94 

IBM11 S4320HN 
IBM 11 S4320HL 

4M x 32 SODIMM Module 
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IBM11S4320HN 
IBM11 S4320HL 
4M x 32 SODIMM Module 

Layout Drawing 
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------------------ - ---- -------------·-

Features 

• 72-Pin Small Outline Dual-In-Line 
Memory Module 

• Performance: 

-60 

1RAC RAS Access Time 60ns 

lcAC GAS Access Time 15ns 

IAA Access Time From Address 30ns 

!Re Cycle Time 110ns 

!pc Fast Page Mode Cycle Time 40ns 

• High Performance CMOS process 

-70 

70ns 

20ns 

35ns 

130ns 

45ns 

• Single 3.3, ± 0.3V or 5.0, ± 0.25V Power Supply 
• Low active current consumption 

Description 

The IBM11 S4320CN/L are 16MB 72-pin 4-byte 
small outline dual in-line memory modules 
(SODIMM's). The module is organized as a 4Mx32 
high speed memory array that is intended for use in 
16, 32 and 64 bit applications. It is manufactured 
with 8 4Mx4 TSOP devices, each in a 300mil pack
age 

This assembly is intended for use in space con
strained and or low power applications. 

Card Outline 

03H7119 
MMDJ07DSU-OO 
Revised 6/94 

e 
(Front) 1 

(Back) 2 

IBM11 S4320CN 
IBM11 S4320CL 

4M x 32 SODIMM Module 

• All inputs & outputs are TIL & CMOS 
compatible 

• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 4096 refresh cycles distributed across 256ms 

12/10 Addressing (Row/Column) 
• Optimized for use in byte-write non-parity appli

cations. 
• Au contacts 

The IBM 72-Pin SODIMMs provide a high perfor
mance, flexible 4-byte interface in a 2.35" long foot
print. Related products include the 4Mx32 version 
with 11 /1 o addressing IBM11 S4320HN/L as well as 
a 4Mx36 parity version I BM11 S4360DN/L. 

71 
72 
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IBM11S4320CN 
IBM11S4320CL 
4M x 32 SODIMM Module 

Pin Description 
RASO-RAS3 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A11 Address Inputs 

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

Vee Power (+3.3V or +5V) 

Vss Ground 

NC No Connect 

PDt-PD7 Presence Detects 

Ordering Information 
Part Number 

IBM 11 S4320CNA-60 

IBM11S4320CNA-70 

IBM11S4320CLA-60 

IBM11S4320CLA-70 

Page 952 

Pin out 
Pin# Name Pin# Name 

1 Vss 13 A1 

2 DOO 14 A2 

3 D01 15 A3 

4 002 16 A4 

5 D03 17 A5 

6 004 18 AG 

7 D05 19 A10 

8 DOG 20 NC 

9 D07 21 009 

10 Vee 22 D010 

11 PD1 23 D011 

12 AO 24 D012 

Organization Speed 

4Mx32 60ns 

4M x32 70ns 

4Mx32 60ns 

4Mx32 70ns 

Pin# Name Pin# 

25 D013 37 

26 D014 38 

27 D015 39 

28 A7 40 

29 A11 41 

30 Vee 42 

31 A8 43 

32 A9 44 

33 NC 45 

34 RAS2 46 

35 D016 47 

36 NC 48 

Leads 

Au 

Au 

Au 

Au 

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

Name Pin# Name Pin# Name 

D018 49 D020 61 Vee 

D019 50 D021 62 D032 

Vss 51 D022 63 D033 

CASO 52 D023 64 D034 

CAS2 53 D024 65 NC 

CAS3 54 D025 66 PD2 

CAS1 55 NC 67 PD3 

RASo 56 D027 68 PD4 

NC 57 0028 69 PD5 

NC 58 D029 70 PD6 

WE 59 D031 71 PD7 

NC 60 D030 72 Vss 

Dimensions Power 

2.35" x 1· x .1496" 3.3V 

2.35" x 1" x .1496" 3.3V 

2.35" x 1· x .1496" 5.0V 

2.35" x 1· x .1496" 5.0V 

03H7119 
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--------- ----- - -- - ---- ---------------·-

Block Diagram 

DQO 

---~----JWE 

----+-----l GAS 

CAS1 

CAS2 

RAS2 

CAS3 

03H7119 
MMDJO?DSU-00 
Revised 6/94 

WE 

GAS 

001-4 

IBM11 S4320CN 
IBM11 S4320CL 

4M x 32 SODIMM Module 

--------------- --DQ7 DQ9 - - - - - - - - - - - - - - - - - - -DQ16 

1------lWE 

Ul 1-----IGAS 

001-4 

1-----/RAS 

~OE AO-All 

~ 12 

U2 

t---------JWE 

GAS 

f------t---1 RAS 

001-4 

~OE AO-A11 

~ 12 

- -D025 

WE WE 

us GAS us GAS 

t-------lWE 

U3 t------1 GAS 

WE 

U7 GAS 

001-4 

U4 

us 
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IBM11 S4320CN 
IBM11 S4320CL 
4M x 32 SODIMM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode -Wr~e: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 
Pin 

PDt 

PD2 

PD3 

PD4 

PDS 

PD6 

PD7 

1. NC= OPEN, Vss = GND 

Page 954 

'RAS CAS 

H x 
L L 

L L 

L H...+L 

L H...+L 

L H-+L 

L H-+L 

L H 

H...+L L 

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 

-60 

NC 

NC 

Vss 

NC 

NC 

NC 

NC 

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

All DQb~s 

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 

NC 

NC 

Vss 

NC 

Vss 

NC 

NC 

03H7119 
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-------------- - -- ----..:..:::::::::::: ~ = 

Absolute Maximum Ratings 

IBM 11 S4320CN 
IBM 11 S4320CL 

4M x 32 SODIMM Module 

Symbol Parameter 
Rating 

Units Notes 
3.3 Volt 5.0 Volt 

Vee Power Supply Voltage -0.5 to+ 4.6 -1.0 to+ 7.0 v 1 

V1N Input Voltage -0.7 to min (Vee+ 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

Your Output Voltage -0.5 to min (Vee+ 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

ToPR Operating Temperature 0 to +70 0 to +70 ·c 1 

TsTG Storage Temperature -55 to +125 -55to +125 ·c 1 

Po Power Dissipation 0.6 1.0 w 1 

lour Short Circuit Output Current 50 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. 

Recommended DC Operating Conditions (TA = o to 70°C) 

3.3 Volt 
Symbol Parameter 

Min Typ Max 

Vee Supply Voltage 3.0 3.3 3.6 

V1H Input High Voltage 2.0 - Vcc+0.5 

V1L Input Low Voltage 0.0 - 0.8 

1. All voltages referenced to Vss-

Capacitance (TA = 0 to + 70°C, v cc = 3.3± 0.3V or 5.0 ± 0.25V) 

Symbol 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C110 Output Capacitance (DQO-D034) 

03H7119 
MMDJ07DSU-OO 
Revised 6/94 

Parameter 

Min 

4.5 

2.4 

-0.5 

5.0Volt 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee+ 0.5 v 1 

- 0.8 v 1 

Max Units Notes 

53 pF 

38.9 pF 

23 pF 

67 pF 

15 pF 
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IBM11 S4320CN 
IBM11 S4320CL 
4M x 32 SODIMM Module 

DC Electrical Characteristics (TA= 0to+1o·c. Vee = 3.3 ± 0.3V or 5.0± 0.25V) 

3.3 Volt 5.0 Volt 
Symbol Parameter 

Min Max Min Max 

Operating Current -60 - 680 - 680 
lcc1 A~~wer Supply Operating Current 

(RAS, AS, Address Cycling: IRc = tRc min) -70 - 600 - 600 

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

(J!iAS= ~V1H) 
16 - 16 

RAS Only Refresh Current -60 - 680 - 680 
Ices Average Powe[.§ypply Current, RAS Only Mode 

(RAS Cycling, CAS ~V1H: !Re =!Re min) -70 - 600 - 600 

Fast Page Mode Current -60 - 600 - 600 
lce4 Average Power Supply Current, Fast Page Mode 

(RAS = V1L, CAS, Address Cycling: lpc = tpc min) -70 - 520 - 520 

Standby Current (CMOS) 
Ices Power Sgy Standby Current - 1.6 - 1.6 

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current -60 - 680 - 680 
lcce Avera~wer ~upply Current, _CAS' Before RAS Mode 

(RAS, C S, Cycling: IRc = IRe mm) -70 ~ 600 - 600 

RAS -40 +40 -40 +40 
Input Leakage Current 

l1(L) 
Input Leakage Current, any input Ci\S -20 +20 -20 +20 
(0.0 :!> V1N :!>(Vee< 6.0V)) 
All Other Pins Not Under Test = OV Alioth- -80 +80 -80 +40 ers 

lo(L) 
Output Leakage Current -10 +10 -10 +10 (DollT is disabled, 0.0 s Vour:!> Vee) 

VoH 
Output High Level 2.4 Output "H" Level Voltage (lollT = -5mA @ 2.4V) - 2.4 -

Vol Output Low Level 
Output "L" Level Voltage (lollT = +4.2mA@ 0.4V) - 0.4 - 0.4 

1. lcc1, Ices. lcC4 and Ices depend on cycle rate. 
2. lcc1, ICC4 depend on output loading. SpecHied values are obtained wnh the output open. 

Un~s Notes 

mA 1,2,3 

mA 

mA 1,3 

mA 1,2, 3 

mA 

mA 1, 3 

µA 

µA 

v 

v 

3. Address can be changed once or less while RAS= Vil· In the case of ICC4, it can be changed once or less when CAS = ViH· 
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-------------= == === =::::=::::l':: 

AC Characteristics (TA= o to+70'c, Vee= 5± o.25V) 

IBM11S4320CN 
IBM11 S4320CL 

4M x 32 SODIMM Module 

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. AC measurements assume tr = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

IRc Random Read or Write Cycle Time 110 128K 130 128K ns 

tRP RAS Precharge Time 40 - 50 - ns 

lcp GAS Precharge Time 10 - 10 - ns 

IRAs RAS Pulse Width 60 16K 70 16K ns 

lcAS GAS Pulse Width 15 - 20 - ns 

IAsR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

!Ase Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold lime 15 - 15 - ns 

IRCD RAS to GAS Delay Time 20 45 20 50 ns 1 

IRAo RAS to Column Address Delay Time 15 - 15 - ns 2 

IRsH RAS Hold lime 15 - 20 - ns 

tcsH GAS Hold lime 60 - 70 - ns 

le RP GAS to RAS Precharge Time 5 - 5 - ns 

tozc GAS Delay lime from D1N 0 - 0 - ns 

Ir Transttion lime (Rise and Fall) 3 30 3 30 ns 

tAR Column Address Hold Time Referenced to RAS - - - - ns 3 

1. Operation wtthin the IRco (max) limit ensures that tRAc (max) can be met. 1Rco (max) is specified as a reference point only: if 1Rco is 
greater than the specified tRco (max) limtt, then access time is controlled by lcAC· 

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

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7119 
MMDJ07DSU-00 
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IBM11 S4320CN 
IBM 11 S4320CL 
4M x 32 SODIMM Module 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

tWCH Write Command Hold Time 

tWP Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

tcwi. Write Command to CAS Lead Time 

twcR Write Command Hold Time Referenced to RAS 

toHR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

15 - 15 

15 - 15 

15 - 20 

15 - 20 

- - -

- - -

0 - 0 

15 - 15 

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

Read Cycle 
-60 -70 

Symbol Parameter 
Min Max Min 

IRAc Access Time from RAS - 60 -

lcAc Access Time from CAS - 15 -

!AA Access Time from Address - 30 -

!Res Read Command Setup Time 0 - 0 

!RCH Read Command Hold Time to CAS 0 - 0 

!RRH Read Command Hold Time to RAS 5 - 5 

IRAL Column Address to RAS Lead Time 30 - 35 

lcAL Column Address to CAS Lead Time 30 - 35 

lcLZ CAS to Output in Low-Z 0 - 0 

1oH Output Data Hold Time 3 - 3 

tcoo CAS to D1N Delay Time 15 - 20 

1oFF Output Buffer Turn-off Delay 0 15 0 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. tcAc. tcPA· tAA· 
3. EithertRcH or IRRH must be satisfied for a read cycle. 

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 

- ns 

- ns 

- ns 

20 ns 4 

4. loFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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---------- ----- - -- - ---- --------------·-

Fast Page Mode Cycle 

Symbol Parameter 

tpc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

1cPRH RAS Hold Time from GAS Precharge 

1cPA Access Time from GAS Precharge 

1. Access time is determined by the latter of tRAc. tcAc. tcPA. IAA. 
2. Access time assumes a load of 1 OOpF. 

Refresh Cycle 

Symbol Parameter 

lcHR 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

tcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

lwRP 
WE Setup TilJJ!L. 
(GAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 
(GAS before RAS Refresh Cycle) 

lRPC RAS Precharge to GAS Hold Time 

!REF Refresh Period 

1. 4096 refreshes are required every 256ms. 

03H7119 
MMDJ07DSU-OO 
Revised 6194 

-60 

Min 

40 

60 

35 

-

-60 

Min 

20 

10 

10 

10 

0 

-

-70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-70 

Max Min 

- 20 

- 10 

- 10 

- 10 

- 0 

256 -

IBM11 S4320CN 
IBM11 S4320CL 

4M x 32 SODIMM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

256 ms 1 
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IBM11 S4320CN 
IBM11S4320CL 
4M x 32 SODIMM Module 

Read 

V1H-
RAS 

V1L -

V1H-
CAS 

V1L -

li\sR 

Address 
V1H-

V1L -

li!c 

tiiAs lilP 

tcsH 

IRCD !ASH 

bs 

!RAD 

lilsc 

!RAH 

}--------+---- Hi-Z -+------+--____, 

Dour 

Page 960 

VoH
------1--Hi-Z 

Vol-

: "H" or "L" 

tcAc 

hz 
loFF-

Valid Data Out 
Hi-Z _ 

03H7119 
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--------------- - -- - ---- --------------·-

Write Cycle (Early Write) 

tAAS 

V1H-
RAS 

v,, -

lcsH 

IRCD 

V1H- lcAS 
GAS 

v,, -

!RAD 

!ASA 

V1H-
Address 

v,, -

V1H-
WE 

v,, -

los _ tDH 

D1N Valid Data In v,, -

VoH-
~~ H~ 

VoL-

41~' : "H" or "L" 

!Ac 

!ASH 

IBM11 S4320CN 
IBM 11 S4320CL 

4M x 32 SODIMM Module 

tAP 

-lcAP 
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IBM11 S4320CN 
IBM11 S4320CL 
4M x 32 SODIMM Module 

Fast Page Mode Read Cycle 

,__ ________ tRASP _______________ 1 

tpc---~ 

~'tcAs-

V1H-
Address 

V1L-

V1H-
WE 

V1L-
\AA 

...!oH --toH 
t r DZC 

tCDD 

D1N 
lcAc tcAc 

tRAc 
toFF 

l~j VoH-

DouT DouT 1 DoUT N 
VoL-

: "H" or "L" 

Page 962 

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

tRCH 
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--------------- - -- - ---- --------------·-

Fast Page Mode Write Cycle 

V1H-

RAS 
V1L-

V1H-

GAS 
VIL-

V1H

Address 
VIL-

VoH-

!RCD 

lwcs 

:;111 : "H" or "L" 

!RASP 

_tpc 

lcp 

lcAs le AS 

!RSH 

lcAs 

IBM11 S4320CN 
IBM11 S4320CL 

4M x 32 SODIMM Module 

!RP 

le RP 
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IBM11 S4320CN 
IBM11S4320CL 
4M x 32 SODIMM Module 

RAS Only Refresh Cycle 

V1H_ 

RAS 

V1L_ 

V1H_ 

CAS 

VIL-

~SR 

~tAAH 
V1H-

Address 

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

!Re 

IRAs ~p 

~PC 

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

I :"H"or"L" 

Note: WE, D1N are "H" or "L" 
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-------------- - -- - ---::::::::=::::";":: 

CAS Before RAS Refresh Cycle 

t<------tRAS ---------ol 

V1H-

RAS 

!RPG 1 V1L -

~ lcsR 

t 
V1H-

CHA 

CAS 

VIL -

.._ ____ !coo ____ ...., 

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

DouT VoH-

Vol-

: "H" or "L" 

Note: Addresses are "H" or "L" 

03H7119 
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IBM11S4320CN 
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4M x 32 SODIMM Module 
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IBM11 S4320CN 
IBM11 S4320CL 
4M x 32 SODIMM Module 

Layout Drawing 
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-------------- - -- - ---- -------------·-
Preliminary 

Features 

• 72-Pin Small Outline Dual-In-Line 
Memory Module 

• Performance: 

-60 

IRAC RAS Access Time sons 

lcAC GAS Access Time 15ns 

IAA Access Time From Address 30ns 

-70 

70ns 

20ns 

35ns 

I Re Cycle Time 110ns 130ns 

tpc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Single 5.0, ± 0.25V Power Supply 
• Low active current consumption 

Description 

The IBM11S1360BL are 4MB 72-pin 4-byte small 
outline dual in-line memory modules (SODIMM's). 
The module is organized as a 1 Mx36 high speed 
memory array that is intended for use in 16, 32 and 
64 bit applications. It is manufactured with 8 1 Mx4 
and 4 1 Mx1 TSOP devices each in a 300mil pack
age. Each bit is uniquely addressed via 20 address 
bits. This assembly is intended for use in space con
strained and or low power applications. 

The IBM 72-Pin SODIMMs provide a high perfor-

Card Outline 

07H4034 
MMDJ10DSU-OO 
Revised 6/94 

(Front) I 
(Back) 2 

IBM11S1360BL 

1 M x 36 SODIMM Module 

• All inputs & outputs are TTL & CMOS 
compatible 

• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only, CSR 
• 1024 refresh cycles distributed across 128ms 
• 10/1 O (Redundant Addressing) Addressing 

(Row/Column) 
• Optimized for use in byte-write parity applica

tions. 
• Au contacts 

mance, flexible 4-byte interface in a 2.35" long foot
print. A related product is the 1 Mx32 version with 
10/1 O addressing IBM11 S1320BL. 
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IBM1151360BL 

1M x 36 SODIMM Module 

Pin Description Pin out 
RASO,RAS2 Row Address Strobe Pin# Name Pin# Name 

CASO-CAS3 Column Address Strobe 1 Vss 13 Al 

WE Read/write Input 
2 DOO 14 A2 

AO-A9 Address Inputs 
3 D01 15 A3 

D00-7, 9-16, 
Data Input/output 18-25, 27-34 4 D02 16 A4 

PQ8, P0t7, 
Par~y Data Input/output P026, P035 

5 D03 17 A5 

Vee Power( +5V) 6 D04 18 AG 

Vss Ground 7 DOS 19 NC 

NC No Connect 8 DOS 20 P08 

PD1 -PD7 Presence Detects 9 D07 21 D09 

10 Vee 22 D010 

11 PD1 23 D011 

12 AO 24 D012 

Ordering Information 

Part Number Organization Speed 

IBM11S1360BLA-60 1M x36 60ns 

IBM11S1360BLA-70 1M x36 70ns 
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Pin# Name 

25 D013 

26 D014 

27 D015 

28 A7 

29 NC 

30 Vee 

31 A8 

32 A9 

33 NC 

34 RAS2 

35 D016 

36 P017 

Leads 

Au 

Au 

-------------- - -- ----- -------------·-
Prellmlnary 

Pin# Name Pin# Name Pin# Name 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

D018 49 D020 61 Vee 

D019 50 D021 62 D032 

Vss 51 D022 63 D033 

CASO 52 D023 64 D034 

CAS2 53 D024 65 P035 

CAS3 54 D025 66 PD2 

CAS1 55 P026 67 PD3 

RASO 56 D027 68 PD4 

NC 57 D028 69 PDS 

NC 58 D029 70 PD6 

WE '59 D031 71 PD7 

NC 60 D030 72 Vss 

Dimensions Power 

2.35" x 1.25" x .1496" 5.0V 

2.35" x 1.25" x .1496" 5.0V 
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-------------- - -- - ---
=~=~= IBM11S1360BL 

Preliminary 1M x 36 SODIMM Module 

Block Diagram 
DQO mr --------_uu- ------d DQ9 lll1--------JJJl ______ 711t1 

DQl-4 DQl-4 D Q DQl-4 u1..11-4 D Q 

WE WE' i----- WE WE' t--- WE wt 
CAS' t--- GAS U2 i----- GAS US r- CAS' us t--- GAS US CAS' u10 RAS Ul t--- m i--- RAS RJiS t--- RAS RJiS 
OE OE OE': OE 

AO-A9 AO-A9 AO-A9 AO-A9 AO-A9 AO-A9 

7""'1~ 7-""'- 10;:.. ~o;:.. 7 "' 10-r- 7"'1~ ""1? 
CAS1 r---

CAS2 
RAS2 

CAS3 

AO-A9 
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DQ18 Jill- ------Jill -------Pd_ 
DQ1-4 001-4 D Q 

'--- WE WE r-----------1 WE t--
CAS' - CAS' GAS r--- r 
RAS U3 RAS U4 r--- RJiS U11 

t-
OE OE 

AO-A9 AO-A9 AO-A9 

7-"' 10;:.. 7 10;:.. "'10;:.. 

+--

'------

mr-- -- ---Jill- ------ci 
DQ1-4 IJUl-4 D Q 

- WE wt t- WE t---
CAS' ~ ~ U12 t- t---

t-
RJiS U7 t--- RJiS ua 'RAS" 
OE OE 

AO-A9 AO-A9 AO-A9 

7 ""1ir 7 "'1? ~o,,.. 

'------
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IBM1151360BL 

1 M x 36 SODIMM Module 

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 

PD2 

PD3 

PD4 

PD5 

PDG 

PD7 

1. NC= OPEN, Vss = GND 
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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 

-60 

NC 

Vss 

Vss 

NC 

NC 

NC 

NC 

-------------- - -- ----- --------·----·-
Prellmlnary 

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 

NC 

Vss 

Vss 

NC 

Vss 

NC 

NC 
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--------------- -- - ---- ---------- IBM11S1360BL ---·-
Preliminary 1M x 36 SODIMM Module 

Absolute Maximum Ratings 
Rating 

Symbol Parameter Units Notes 
3.3 Volt 5.0 Volt 

Vee Power Supply Voltage -0.5 to+ 4.6 -1.0 to+ 7.0 v 1 

V1N Input Voltage -0.7 to min (Vee+ 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

Vour Output Voltage -0.5 to min (Vee + 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

ToPR Operating Temperature Oto +70 0 to +70 ·c 1 

Tsrn Storage Temperature -55 to +125 -55 to +125 ·c 1 

Po Power Dissipation 0.6 1.0 w 1 

lour Short Circuit Output Current 50 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. 

Recommended DC Operating Conditions (TA= o to 10°c) 

3.3Volt 
Symbol Parameter 

Min Typ Max 

Vee Supply Voltage 3.0 3.3 3.6 

V1H Input High Voltage 2.0 - Vee+0.5 

V1L Input Low Voltage 0.0 - 0.8 

1 . All voltages referenced to V ss. 

Capacitance (TA = 0 to + 70°C, v cc = 3.3± 0.3V or 5.0 ± 0.25V) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C1101 Output Capacitance (DQO-DQ34) 

C1102 Parity Output Capacitance (PQO, PQ17, PQ26, PQ35) 

07H4034 
MMDJ10DSU-OO 
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Min 

4.5 

2.4 

-0.5 

5.0Volt 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee+ 0.5 v 1 

- 0.8 v 1 

Max Units Notes 

82 pF 

57 pF 

32 pF 

80 pF 

13 pF 

21 pF 
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--------- ----- - -IBM11S1360BL ------ -------------·-
1M x 36 SODIMM Module Preliminary 

DC Electrical Characteristics (TA= o to +1o·c. Vee= 3.3 ± o.3Vor s.0± o.25V) 

3.3Volt 5.0Volt 
Symbol Parameter Units Notes 

Min Max Min Max 

Operating Current -60 - 1880 - 1440 
lcc1 Avera!l2.fgwer Supply Operating Current mA 1, 2, 3 

(RAS, CAS, Address Cycling: tRc = tRc min) -70 - t680 - 1280 

Standby Current (TIL) 
lcc2 Power S~y Standby Current - 24 - 24 mA 

(mtS' = C ~V1H) 

RAS Only Refresh Current -60 - 1880 - 1440 
Ices Average Powei:..§!!pply Current, RAS Only Mode mA 1,3 

(RAS Cycling, CAS ~V1H: tRc = tRc min) -70 - 1680 - 1280 

Fast Page Mode Current -60 - 1560 - 1240 
lc04 Average Power Supply Current, Fast Page Mode mA 1,2,3 

(RAS = V1L, CAS, Address Cycling: tpc = tPC min) -70 - 1360 - 1080 

Standby Current (CMOS) 
Ices Power S..!!lll!!y Standby Current - 2.4 - 2.4 mA 

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current -60 - 1040 - 1440 
Ices Avera~wer Supply Current, CAS Before RAS Mode mA 1,3 

(RAS, CAS, Cycling: tRc = tRc min) -70 - 920 - 1280 

RAS -60 +60 -60 +60 
Input Leakage Current 

l1(L) 
Input Leakage Current, any input CAS -30 +30 -30 +30 µA (0.0 S V1N S (Vee < 6.0V)) 
All Other Pins Not Under Test = OV All oth- -120 +120 -120 +120 ers 

lo(L) 
Output Leakage Current 

-10 +10 -10 +10 µA (DouT is disabled, 0.0 S VouT S Vee) 

VoH 
Output High Level 

2.4 - 2.4 - v Output "H" Level Voltage (loUT = -5mA @ 2.4V) 

Vol 
Output Low Level - 0.4 - 0.4 v Output "L" Level Voltage (loUT = +4.2mA@ 0.4V) 

1. Jech lcc3, ICC4 and Ices depend on cycle rate. 
2. lcch lcC4 depend on output loading. Specttied values are obtained with the output open. 
3. Address can be changed once or less while mtS = Vil· In the case of lcC4. it can be changed once or less when ~ = ViH· 
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IBM11S1360BL 

Preliminary 1M x 36 SODIMM Module 

AC Characteristics (TA= o to +70°C, Vee= 3.3± o.3Vor 5 ± 0.25V) 

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. AC measurements assume tr = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

IRc Random Read or Write Cycle Time 110 128K 130 128K ns 

tRP RAS Precharge Time 40 - 50 - ns 

lcP GAS Precharge Time 10 - 10 - ns 

IRAs RAS Pulse Width 60 16K 70 16K ns 

lcAS GAS Pulse Width 15 - 20 - ns 

IASR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

tAsc Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 15 - t5 - ns 

IRco RAS to GAS Delay Time 20 45 20 50 ns 1 

IRAo RAS to Column Address Delay Time 15 - 15 - ns 2 

tRSH RAS Hold Time 15 - 20 - ns 

tcsH GAS Hold Time 60 - 70 - ns 

lcRP CAS to RAS Precharge Time 5 - 5 - ns 

tozc GAS Delay Time from D1N 0 - 0 - ns 

tr Transition Time (Rise and Fall) 3 30 3 30 ns 

tAR Column Address Hold Time Referenced to RAS - - - - ns 3 

1. Operation within the IRco(max) limit ensures thal IRAc (max) can be met. IRco (max) is specified as a reference point only: iflRco is 
greater than the specified tRco (max) limit, then access time is controlled by tcAC· 

2. Operation within the IRAo (max) limit ensures thal IRAc (max) can be met. IRAD (max) is specified as a reference point only: 11 IRAo 
is greater than the specified IRAD (max) limit, then access time is controlled by IM. 

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

07H4034 
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-------------- - -IBM1151360BL - ----- -------------·-
1 M x 36 SODIMM Module Prellmlnary 

Write Cycle 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

twcs Write Command Set Up Time 0 - 0 - ns 

tWCH Write Command Hold Time 15 - 15 - ns 

twp Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to RAS Lead Time 15 - 20 - ns 

tcWL Write Command to CAS Lead Time 15 - 20 - ns 

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

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

los D1N Setup Time 0 - 0 - ns 

loH D1N Hold Time 15 - 15 - ns 

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

Read Cycle 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

IRAc Access Time from RAS - 60 - 70 ns 1,2 

lc:Ac Access Time from CAS - 15 - 20 ns 1,2 

tAA Access Time from Address - 30 - 35 ns 1,2 

tRcs Read Command Setup Time 0 - 0 - ns 

tRCH Read Command Hold Time to CAS 0 - 0 - ns 3 

IRRH Read Command Hold Time to RAS 5 - 5 - ns 3 

IRAL Column Address to RAS Lead Time 30 - 35 - ns 

!CAL Column Address to CAS Lead Time 30 - 35 - ns 

lcLZ CAS to Output in Low-Z 0 - 0 - ns 

1oH Output Data Hold Time 3 - 3 - ns 

!coo CAS to D1N Delay Time 15 - 20 - ns 

loFF Output Buffer Turn-off Delay 0 15 0 20 ns 4 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of IRAc. lcAc. 1cPA· IAA. 
3. Either tRcH or tRRH must be satisfied for a read cycle. 
4. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output vohage levels. 
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-------------- - -- - ---- --------------·-
Preliminary 

Fast Page Mode Cycle 

Symbol Parameter 

tpe Fast Page Mode Cycle Time 

tRASP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from CAS Precharge 

tcPA Access Time from ~ Precharge 

1. Access time is determined by the latter of tRAc. tcAc. tcpA, tAA. 
2. Access time assumes a load of 1 OOpF. 

Refresh Cycle 

Symbol Parameter 

tcHR CAS Hold Time 
(CAS before RAS Refresh Cycle) 

tcsR 
CAS Setup Time 
(CAS before RAS Refresh Cycle) 

twRP WE Setup Ti'!!!_ 
(CAS before RAS Refresh Cycle) 

twRH WE Hold Tim.!L._ 
(CAS before RAS Refresh Cycle) 

tRPC RAS Precharge to CAS Hold Time 

tREF Refresh Period 

1. 1024 refreshes are required every 128ms. 

07H4034 
MMDJ10DSU-OO 
Revised 6194 

Min 

40 

60 

35 

-

Min 

20 

10 

10 

10 

0 

-

IBM11S1360BL 

1M x 36 SODIMM Module 

-60 -70 
Units Notes 

Max Min Max 

- 45 - ns 

100K 70 100K ns 

- 40 - ns 

35 - 40 ns 1,2 

-60 -70 
Units Notes 

Max Min Max 

- 20 - ns 

- 10 - ns 

- 10 - ns 

- 10 - ns 

- 0 - ns 

256 - 256 ms 1 
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--------------- -IBM11S1360BL - ----::E::...:.::::5';' = 
1M x 36 SODIMM Module Preliminary 

Read 

IRc 

IRAs IRP 

V1H-
RAS 

V1L-

lcsH 

!Rco !RSH 

V1H-
bs CAS 

V1L -

!RAD 

IAsR 

Address Column 

IAA+-------1 

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

lcLz 

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

I :"H"or"L" 

Page976 

be loFF-

Valid Data Out 
Hi-Z _ 

07H4034 
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---------- ----- - -- - ---- --------------·-
Preliminary 

Write Cycle (Early Write) 

!RAS 

V1H-
RAS 

VIL-

lcsH 

!Rco 

V1H- lcAS 
GAS 

V1L-

!RAD 

!ASR 
!AR 

V1H-
Address 

V1L-

los _ loH 

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

07H4034 
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: "H" or "L" 

IBM11S1360BL 

1 M x 36 SODIMM Module 

!Re 

!RP 

!RSH -lcRP 
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IBM11S13608L 

1 M x 36 SODIMM Module 

Fast Page Mode Read Cycle 

14---------tAASP _______________ I 

1 
____ tcPAH 

tpc----i 

Address 

..J:oH 
t r DZC 

tcAC 

DouT Vof>.-________ -_lt___,'" '·~: DouT 1 

VOL- ' 

DoUT N 

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

Fast Page Mode Write Cycle 

V1H-

RAS 
V1L-

V1H-

GAS 
VIL-

V1H

Address 
VIL-

V1H-

VoH-

DouT 
VoL-

lwcs 

::IJ.i :"H"or"L" 

IBM11S1360BL 

1M x 36 SODIMM Module 

4'ASP 4'P 

~tpc 

lcp tRSH le RP 

lcAS i:cAS i:cAS 
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-------------- - -IBM11S1360BL - ----- -------------·-
1M x 36 SODIMM Module Preliminary 

RAS Only Refresh Cycle 

!Re 

!RAS tRP 

V1H_ 

RAS 

V1L _ 

tRPC 

V1H_ 

CAS 

V1L -

tASR 

~!RAH 
V1H_ 

Address 

V1L_ 

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

Note: WE, D1N are "H" or "L" 
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---------- ----- - -- - ---- -------------·-
Preliminary 

CAS Before RAS Refresh Cycle 

1-------tRAS ------------+ 

VIH-

RAS 

tRPC 1 VIL_ 

~ tcsR 

VIH-

GAS 
VIL_ 

,__ ____ tcoo ____ __, 

---<------- Hi-Z 

VoH 
DouT 

: "H"or"L" 

Note: Addresses are "H" or "L" 

07H4034 
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IBM11S1360BL 

1M x 36 SODIMM Module 

Layout Drawing 
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Features 

• 72-Pin Small Outline Dual-In-Line 
Memory Module 

• Performance: 

-60 

1AAC RAS Access Time 60ns 

lcAC GAS Access Time 15ns 

1AA Access Time From Address 30ns 

1Rc Cycle Time 110ns 

lpc Fast Page Mode Cycle Time 40ns 

• High Performance CMOS process 

-70 

70ns 

20ns 

35ns 

130ns 

45ns 

• Single 3.3, ± 0.3V or 5.0, ± 0.25V Power Supply 
• Low active current consumption 

Description 

The IBM11 S1360NN/L are 4MB industry standard 
72-pin 4-byte small outline dual in-line memory mod
ules (SODIMM's). The module is organized as a 
1 Mx36 high speed memory array that is intended for 
use in 16, 32 and 64 bit applications. It is manufac
tured with 2 1Mx18 TSOP devices, each in a 400mil 
package 

This assembly is intended for use in space con
strained and or low power applications. It utilizes 
12/8 address 16m bit technology to further reduce 

Card Outline 

03H7115 
MMDJ04DSU-OO 
Revised 6/94 

(Front) 1 
(Back) 2 

IBM11S1360NN 
IBM11S1360NL 

1 M x 36 SODIMM Module 

• All inputs & outputs are TTL & CMOS 
compatible 

• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 4096 refresh cycles distributed across 256ms 

12/8 Addressing (Row/Column) 

Optimized for use in byte-write parity applica

tions. 
• Au contacts 

power consumption. 

The IBM 72-Pin SODIMMs provide a high perfor
mance, flexible 4-byte interface in a 2.35" long foot
print. Related products include the 1 Mx32 version 
with 12/8 addressing IBM11S1320NN/L as well as a 
1 Mx32 version with 10/10 addressing 
IBM11S1320BN/L. 
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IBM11S1360NN 
IBM11S1360NL 
1M x 36 SODIMM Module 

Pin Description 
RASO-RAS3 Row Address Strobe 

CASO-CAS3 Column Address S1robe 

WE Read/write Input 

AO-A12 Address Inputs 

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

POS, 
Parity Data Input/output P017,P026,P035 

Vee Power (+3.3Vor +5V) 

Vss Ground 

NC No Connect 

PD1 -PD7 Presence Detects 

Ordering Information 
Part Number 

IBM11S1360NNA-60 

IBM11S1360NNA-70 

IBM11S1360NLA-60 

IBM11S1360NLA-70 

Page 984 

Pin out 
Pin# Name Pin# Name 

1 Vss 13 A1 

2 DOO 14 A2 

3 D01 15 A3 

4 D02 16 A4 

5 D03 17 A5 

6 D04 18 A6 

7 D05 19 A10 

8 D06 20 POS 

9 D07 21 D09 

10 Vee 22 D010 

11 PD1 23 D011 

12 AO 24 D012 

Organization Speed 

1M x36 60ns 

1M x36 70ns 

1M x36 60ns 

1M x36 70ns 

Pin# Name Pin# 

25 D013 37 

26 D014 38 

27 D015 39 

28 A7 40 

29 A11 41 

30 Vee 42 

31 AS 43 

32 A9 44 

33 NC 45 

34 RAS2 46 

35 D016 47 

36 P017 48 

Leads 

Au 

Au 

Au 

Au 

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

Name Pin# Name Pin# Name 

D018 49 D020 61 Vee 

D019 50 D021 62 D032 

Vss 51 D022 63 D033 

CASO 52 D023 64 D034 

CAS2 53 D024 65 P035 

CAS3 54 D025 66 PD2 

CAS1 55 P026 67 PD3 

RASO 56 D027 68 PD4 

NC 57 D028 69 PD5 

NC 58 D029 70 PD6 

WE 59 D031 71 PD7 

NC 60 D030 72 Vss 

Dimensions Power 

2.35" x 1" x .0965" 3.3V 

2.35" x 1" x .0965" 3.3V 

2.35" x 1" x .0965" 5.0V 

2.35" x 1" x .0965" 5.0V 
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--------------- -- - ---- --------------·-

Block Diagram 

03H7115 
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AO-A11 

WE 

RASO 

CASO 

CAS1 

RAS2 

CAS2 

CAS3 

DQO- DQ9-
DQ7 PQ8 0016 PQ17 

t J J 1 
DO PO DQ PQ 

AO-A11 

WE 

RAS 
U1 

LCAS 

UCAS 

OE 

~ 

IBM11S1360NN 
IBM11S1360NL 

1M x 36 SODIMM Module 

0018- 0027-
0025 PQ26 DQ34 PQ35 

lt I i 
DQ PQ DQ PO 

AO-A11 

WE 

RAS U2 

LCAS 

UCAS 
OE 

~ 
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IBM11S1360NN 
IBM11S1360NL 
1M x 36 SODIMM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

GAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

PD5 

PD6 

PD7 

1. NC= OPEN, Vss = GND 

Page 986 

RAS GAS 

H x 
L L 

L L 

L H--;L 

L H--;L 

L H-->L 

L H-->L 

L H 

H-->L L 

WE Row 
Address 

x x 
H Row 

L Row 

H Row 

H N/A 

L Row 

L N/A 

x Row 

H x 

-60 

NC 

Vss 

NC 

NC 

NC 

NC 

NC 

Column 
Address 

x 
Col 

Col 

Col 

Col 

Col 

Col 

N/A 

x 

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

All DQ 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 

NC 

Vss 

NC 

NC 

Vss 

NC 

NC 
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Absolute Maximum Ratings 

IBM11S1360NN 
IBM11S1360NL 

1M x 36 SODIMM Module 

Rating 
Symbol Parameter Units Notes 

3.3 Volt 5.0Volt 

Vee Power Supply Voltage -0.5 to+ 4.6 -1.0to+7.0 v 1 

V1N Input Voltage -0.7 to min (Vee+ 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

Vour Output Voltage -0.5 to min (Vee+ 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

ToPR Operating Temperature 0 to +70 0 to +70 ·c 1 

TsTG Storage Temperature -55 to +t25 -55 to +125 ·c 1 

Po Power Dissipation 0.6 1.0 w 1 

lour Short Circuit Output Current 50 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. 

Recommended DC Operating Conditions (TA= o to 10°c) 

3.3 Volt 
Symbol Parameter 

Min Typ Max 

Vee Supply Voltage 3.0 3.3 3.6 

VrH Input High Voltage 2.0 - Vec+0.5 

VrL Input Low Voltage 0.0 - 0.8 

1. All voltages referenced to Vss. 

Capacitance (TA= 0 to +70°C, Vee= 3.3± 0.3V or 5.0 ± 0.25V) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C1101 Output Capacitance (D00-0034) 

C1102 Parity Output Capacitance (PQ8, PQ17, PQ26, PQ35) 

03H7115 
MMDJ04DSU-OO 
Revised 6194 

Min 

4.5 

2.4 

-0.5 

5.0Volt 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee+ 0.5 v 1 

- 0.8 v 1 

Max Units Notes 

28 pF 

16 pF 

15 pF 

28 pF 

16 pF 

16 pF 
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1 M x 36 SODIMM Module 

DC Electrical Characteristics (TA= 0 to +70°C, Vee= 3.3 ± 0.3V or 5.0± 0.25V) 

3.3 Volt 5.0 Volt 
Symbol Parameter 

Min Max Min Max 

Operating Current -60 - 190 - 190 
lcc1 Average Power Supply Operating Current 

(RAS, GAS, Address Cycling: !Re= !Re min) -70 - 170 - 170 

Standby Current (TTL) 
lce2 Power S~y Standby Current - 4 - 4 

(RAS = CA <!VrH) 

RAS Only Refresh Current -60 - 190 - 190 
Ices Average PoweL§!!pply Current, RAS Only Mode 

(RAS Cycling, GAS <!VrH: IAc =!Ac min) -70 - 170 - 170 

Fast Page Mode Current -60 - 150 - 150 
Ice• Average Power Supply Current, Fast Page Mode 

(RAS= VrL. GAS, Address Cycling: lpc = lpc min) -70 - 130 - 130 

Standby Current (CMOS) 
Ices Power Sgy Standby Current - 0.4 - 0.4 

(RAS= GAS = Vee - 0.2V) 

GAS Before RAS Refresh Current -60 - 190 - 190 
Ices Average Power Supply Current, GAS Before RAS Mode 

(RAS, GAS, Cycling: IAc = IRc min) -70 - 170 - 170 

RAS -10 +10 -10 +10 
Input Leakage Current 

lr(L) 
Input Leakage Current, any input GAS -10 +10 -10 +10 
(0.0,; VrN,; (Vee< 6.0V)) 
All Other Pins Not Under Test = OV Alioth- -20 +20 -20 +20 ers 

lo(L) 
Output Leakage Current -10 +10 -10 +10 (DouT is disabled, 0.0 s VouT,; Vee) 

VoH 
Output High Level 

2.4 Output "H" Level Voltage OoUT = -5mA@ 2.4V) - 2.4 -

VoL 
Output Low Level 
Output "L" Level Voltage (louT= +4.2mA@0.4V) - 0.4 - 0.4 

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. 

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

Untts Notes 

mA 1, 2, 3 

mA 

mA 1, 3 

mA 1, 2, 3 

mA 

mA 1, 3 

µA 

µA 

v 

v 

3. Address can be changed once or less while RAS= VrL· In the case of lcC4. it can be changed once or less when GAS = VrH· 
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AC Characteristics (TA= o to +70°C, Vee= s ± o.2svi 

IBM11S1360NN 
IBM11S1360NL 

1M x 36 SODIMM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V 1H 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. AC measurements assume tr = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

1Rc Random Read or Write Cycle Time 110 128K 130 128K ns 

1Rp RAS Precharge Time 40 - 50 - ns 

1cp CAS Precharge Time 10 - 10 - ns 

IRAs RAS Pulse Width 60 16K 70 16K ns 

1cAS CAS Pulse Width 15 - 20 - ns 

1ASR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

1Asc Column Address Setup Time 0 - 0 - ns 

1cAH Column Address Hold Time 15 - 15 - ns 

1Rco RAS to CAS Delay Time 20 45 20 50 ns 1 

1RAD RAS to Column Address Delay Time 15 - 15 - ns 2 

1RSH RAS Hold Time 15 - 20 - ns 

1csH CAS Hold Time 60 - 70 - ns 

1cRP CAS to RAS Precharge Time 5 - 5 - ns 

1ozc W\S Delay Time from D1N 0 - 0 - ns 

h Transition Time (Rise and Fall) 3 30 3 30 ns 

1AR Column Address Hold Time Referenced to "RAS - - - - ns 3 

1. Operation within the 1RcD (max) limit ensures tha11RAc (max) can be met. 1RcD (max) is specified as a reference point only: if 1RcD is 
greater than the specified tRcD (max) limit, then access time is controlled by tcAC· 

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

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7115 
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Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

twcH Write Command Hold Time 

tWP Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

tcwt. Write Command to~ Lead Time 

tWCR Write Command Hold Time Referenced to RAS 

to HR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

15 - 15 

t5 - 15 

15 - 20 

15 - 20 

- - -

- - -

0 - 0 

15 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

tRAC Access Time from RAS - 60 -

tcAC Access Time from CAS - t5 -

tAA Access Time from Address - 30 -

tRcs Read Command Setup Time 0 - 0 

tRCH Read Command Hold Time to CAS 0 - 0 

tRRH Read Command Hold Time to RAS 5 - 5 

tRAL Column Address to RAS Lead Time 30 - 35 

lcAL Column Address to CAS Lead Time 30 - 35 

lcLz CAS to Output in Low-Z 0 - 0 

toH Output Data Hold Time 3 - 3 

!coo CAS to D1N Delay Time 15 - 20 

toFF Output Buffer Tum-off Delay 0 15 0 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of IRAc. lcAc. tcpA, IAA. 
3. Either 1RcH or tRRH must be satisfied for a read cycle. 

Max 

-

-
-

-

-

-
-

-

-

Max 

70 

20 

35 

-

-

-

-

-

-
-

-

20 

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

Units Notes 

ns 

ns 

ns 

ns 

ns 

ns 1 

ns 1 

ns 

ns 

Units Notes 

ns 1,2 

ns 1,2 

ns 1,2 

ns 

ns 3 

ns 3 

ns 

ns 

ns 

ns 

ns 

ns 4 

4. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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Fast Page Mode Cycle 

Symbol Parameter 

lpc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from GAS Precharge 

lcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of IRAC. lcAc, lcpA, 'AA· 
2. Access time assumes a load of 100pF. 

Refresh Cycle 

Symbol Parameter 

tcHR 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

lcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

lwRP 
WE Setup Ti~ 
(GAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 
(GAS before RAS Refresh Cycle) 

tRPC RAS Precharge to GAS Hold Time 

!REF Refresh Period 

1. 4096 refreshes are required every 256ms. 

03H7115 
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-60 

Min Max Min 

40 - 45 

60 100K 70 

35 - 40 

- 35 -

-60 

Min Max Min 

20 - 20 

10 - 10 

10 - 10 

10 - 10 

0 - 0 

- 256 -

-70 

-70 

IBM11S1360NN 
IBM11S1360NL 

1 M x 36 SODIMM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

256 ms 1 
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Read 

V1H-

RAS 
V1L -

tRCD 

V1H-

GAS 
V1L -

Address 

D1N 

VoH-

Dour ------r--- Hi-Z 

: "H" or"L" 

Page 992 

tRc 

IRAs 

lcsH 

lRSH 

le As 

lcLz 

Valid Data Out 

_loH 

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

Hi-Z _ 
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Write Cycle (Early Write) 

V1H-
RAS 

VIL -

V1H-
GAS 

VIL-

!ASA 

!RAH 

V1H-
Address 

V1L-

V1H-
WE 

VIL -

V1H-
D,N 

V1L -

VoH-

IRAs 

lcsH 

lACD 

\RAD 

los _ toH 

Valid Data In 

!Re 

!ASH 

lcAS 

IBM11 S1360NN 
IBM11S1360NL 

1 M x 36 SODIMM Module 

!RP 

_tCRP 

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

03H7115 
MMDJ04DSU-OO 
Revised 6/94 

I :"H"or"L" 
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Fast Page Mode Read Cycle 

-~CD 

Address 

V1H-
WE 

V1L-

D1N 

Vott-

DoLIT 
Vol-

: "H" or "L" 

Page 994 

l 
lcAc 

tRAc loFF-

-1lcLZ 

, ____ lcPRH 

4>c---~ 

,._fcAs-

....toH 
t r DZC 

!CAc 

loFF 

lcLZ 

-toH 

!COD 

toFF 

DoLITN 

--------- ----- - -- ----- -------------·-
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-------------- - -- - ---:5::..:.::5?!:: 

Fast Page Mode Write Cycle 

v,1-1--
RAS 

V1L-

V11-1--
CAS 

V1L-

v,1-1-
Address 

V1L-

Vo1-1--
DoUT 

VoL-

03H7115 
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lwcs 

l:"H"or"L" 

lfiASP 

_tpc 

IBM11S1360NN 
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1 M x 36 SODIMM Module 

tRP 

le RP 
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RAS Only Refresh Cycle 

V1H_ 

'RAS 
V1L_ 

VIH-

CAS 

VIL-

lAsR 

~~AH 
VIH-

Address 

tRc 

tRAs 

~PC 

lRP 

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

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

I: "H"or"L" 

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

CAS Before RAS Refresh Cycle 

,._ _____ tRAS ---------i 

VIH-

RAS 

tRPCl 
VIL_ 

~ tcsR 

V1H-

CAS 
VIL_ 

---- tcoo ___ ____, 

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

I :"H"or"L" 

Note: Addresses are "H" or "L" 

03H7115 
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Layout Drawing 

3.3V 5.0V 

A= 3.175 6.35 
.125 .246 

59.69 

2.35 

51.66 

2.034 

FRONT 

45.45 

1.7894 

SIDE 

~r-

l I 
J~ 111.00 ~ 0.10 

1~ 1~ 

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

• 72-Pin Small Outline Dual-In-Line 
Memory Module 

• Performance: 

-60 

!RAC RAS Access Time 60ns 

lcAC GAS Access Time 15ns 

!AA Access Time From Address 30ns 

!Re Cycle Time 110ns 

lpc Fast Page Mode Cycle Time 40ns 

• High Performance CMOS process 

-70 

70ns 

20ns 

35ns 

130ns 

45ns 

• Single 3.3, ± 0.3V or 5.0, ± 0.25V Power Supply 
• Low active current consumption 

Description 

The IBM11 S2360NN/L are BMB industry standard 
72-pin 4-byte small outline dual in-line memory mod
ules (SODIMM's). The module is organized as a 
2Mx36 high speed memory array that is intended for 
use in 16, 32 and 64 bit applications. It is manufac
tured with 4 1Mx18 TSOP devices, each in a 400mil 
package 

This assembly is intended for use in space con
strained and or low power applications. It utilizes 
12/8 address 16m bit technology to further reduce 

Card Outline 

03H7118 
MMDJOSDSU-00 
Revised 6/94 

(Front) I 

(Back) 2 

IBM11 S2360NN 
IBM11 S2360NL 

2M x 36 SODIMM Module 

• All inputs & outputs are TTL & CMOS 
compatible 

• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 4096 refresh cycles distributed across 256ms 

• 12/8 Addressing (Row/Column) 
• Optimized for use in byte-write parity applica

tions. 
• Au contacts 

power consumption. 

The IBM 72-Pin SODIMMs provide a high perfor
mance, flexible 4-byte interface in a 2.35" long foot
print. Related products include the 2Mx32 version 
with 12/8 addressing IBM11 S2320NN/L as well as a 
2Mx32 version with 11 /1 0 addressing 
IBM11 S2320HN/L 

71 
72 

0 

Page 999 



IBM11 S2360NN 
IBM11 S2360NL 
2M x 36 SODIMM Module 

Pin Description 
RASo-RASS Row Address Strobe 

CASO-CASS Column Address Strobe 

WE Read/write Input 

AO-A12 Address Inputs 

D00-7, 9-16, 
Data lnpuVoutput 18-25, 27-34 

PQS, 
Parity Data lnpuVoutput P017,P026,POS5 

Vee Power (+S.SV or +5V) 

Vss Ground 

NC No Connect 

PD1 -PD7 Presence Detects 

Ordering Information 
Part Number 

IBM11S2S60NNA-60 

IBM11S2S60NNA-70 

IBM11S2360NLA-60 

IBM11S2360NLA-70 

Page 1000 

Pin out 
Pin# Name Pin# Name 

1 Vss 1S A1 

2 DOO 14 A2 

s D01 15 AS 

4 002 16 A4 

5 oos 17 A5 

6 004 18 AS 

7 D05 19 A10 

8 006 20 P08 

9 007 21 D09 

10 Vee 22 D010 

11 PD1 23 D011 

12 AO 24 D012 

Organization Speed 

2Mx36 60ns 

2Mx36 70ns 

2Mx36 60ns 

2Mx36 70ns 

Pin# Name Pin# 

25 D01S S7 

26 0014 38 

27 D015 S9 

28 A7 40 

29 A11 41 

so Vee 42 

S1 AS 43 

32 AS 44 

S3 RAS3 45 

34 RAS2 46 

35 0016 47 

S6 P017 48 

Leads 

Au 

Au 

Au 

Au 

Name Pin# Name Pin# Name 

D018 49 D020 61 Vee 

0019 50 D021 62 OOS2 

Vss 51 D022 63 ooss 

CASO 52 002S 64 OOS4 

CAS2 5S 0024 65 POS5 

CASS 54 0025 66 P02 

CAS1 55 P026 67 PDS 

ruIBo 56 0027 68 P04 

RAS1 57 0028 69 PD5 

NC 58 0029 70 P06 

WE 59 OOS1 71 PD7 

NC 60 D030 72 Vss 

Dimensions Power 

2.S5" x 1" x .1496" S.SV 

2.35" x 1" x .1496" 3.3V 

2.35" x 1" x .1496" 5.0V 

2.35" x 1· x .1496" 5.0V 
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Block Diagram 
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AO-A11 

WE 

RASO 

CASO 

CAS1 

RAS2 

CAS2 

CAS3 

AO-A11 

WE 

RAS1 

CASO 

CAS1 

RAS3 

CAS2 

CAS3 

DOO- D09-
D07 P08 D016 P017 

DO PO DO PO 

AO-All 

WE 

RAS 
U1 

LCAS 

UCAS 

OE 

DQO- D09-
DQ7 PQB D016 P017 

DO PO DO PO 

AO-All 

WE 

RAS 
U3 

LCAS 

UCAS 

OE 

IBM11S2360NN 
IBM11S2360NL 

2M x 36 SODIMM Module 

0018- 0027-
0025 P026 D034 PQ35 

t 
DO PO 

AO-All 

WE 

RAS U2 

LCAS 

UCAS 

0018- D027-
D025 PQ26 D034 P035 

DO PO DO PO 

AO-All 

WE 

RAS U4 

LCAS 
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Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode -Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

PD5 

PD6 

PD7 

1. NC= OPEN, Vss = GND 

Page 1002 

RAS CAS WE 

H x x 
L L H 

L L L 

L H--+L H 

L H--+L H 

L H--+L L 

L H--+L L 

L H x 
H--+L L H 

-60 

NC 

Vss 

NC 

Vss 

NC 

NC 

NC 

Row Column 
Address Address 

x x 
Row Col 

Row Col 

Row Col 

NIA Col 

Row Col 

NIA Col 

Row N/A 

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 

NC 

Vss 

NC 

Vss 

Vss 

NC 

NC 
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Absolute Maximum Ratings 

IBM11 S2360NN 
IBM11S2360NL 

2M x 36 SODIMM Module 

Symbol Parameter 
Rating 

Units Notes 
3.3 Volt 5.0 Volt 

Vee Power Supply Voltage -0.5 to+ 4.6 -1.0 to+ 7.0 v 1 

V1N Input Voltage -0.7 to min (Vee+ 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

Vour Output Voltage -0.5 to min (Vee+ 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

ToPR Operating Temperature 0 to +70 0 to +70 ·c 1 

Tsrn Storage Temperature -55 to +125 -55to+125 ·c 1 

Po Power Dissipation 0.6 1.0 w 1 

lour Short Circuit Output Current 50 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. 

Recommended DC Operating Conditions {TA= o to 10°c) 

3.3 Volt 
Symbol Parameter 

Min Typ Max 

Vee Supply Voltage 3.0 3.3 3.6 

V1H Input High Voltage 2.0 - Vee+ 0.5 

VIL Input Low Voltage 0.0 - 0.8 

1. All voltages referenced to V88. 

Capacitance {TA= o to +70°c, Vee= 3.3± o.3Vor 5.0 ± 0.25V) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C1101 Output Capacitance (DQ0-0034) 

C1102 Parity Output Capacitance (PQ8, PQ17, PQ26, PQ35) 

03H7118 
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Min 

4.5 

2.4 

-0.5 

5.0 Volt 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee+ 0.5 v t 

- 0.8 v 1 

Max Units Notes 

38 pF 

16 pF 

22 pF 

42 pF 

23 pF 

23 pF 
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DC Electrical Characteristics (TA= 0 to +70°C, Vee= 3.3 ± 0.3V or 5.0± 0.25V) 

3.3Volt 5.0 Volt 
Symbol Parameter 

Min Max Min Max 

Operating Current -60 - 190 - 190 
lcc1 Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: IRc =file min) -70 - 170 - 170 

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

(IDrn° • ~V1H) 
8 - 8 

RAS Only Refresh Current -60 - 190 - 190 
lcc3 Average Powe!'...§!!pply Current, RAS Only Mode 

(RAS Cycling, CAS ~V1H: IRC =!Re min) -70 - 170 - 170 

Fast Page Mode Current -60 - 150 - 150 
lcc4 Average Power Supply Current, Fast Page Mode 

(RAS = V1L, CAS, Address Cycling: lpc = lpc min) -70 - 130 - 130 

Standby Current (CMOS) 
Ices Power S..!!lm!y Standby Current - 0.8 - 0.8 

(RAS = CAS = Vee - 0.2V) 

CAS Before RAS Refresh Current -60 - 190 - 190 
Ices Avera~wer Supply Current, CAS Before RAS Mode 

(RAS, CAS, Cycling: IRc = IRc min) -70 - 170 - 170 

RAS -10 
Input Leakage Current 

+10 -10 +10 

l1(L) 
Input Leakage Current, any input CAS -20 +20 -20 +20 
(0.0 s; V1N s; (Vee< 6.0V)) 
All Other Pins Not Under Test = OV Alioth- 40 +40 -40 +40 ers 

lo(L) 
Output Leakage Current -10 +10 -10 +10 (DoUT is disabled, 0.0 s: VouT s: Vee) 

VoH 
Output High Level 2.4 Output "H" Level Voltage (loUT = -5mA@ 2.4V) - 2.4 -

VOL Output Low Level 
Output "L" Level Vohage (loUT = +4.2mA@ 0.4V) - 0.4 - 0.4 

1. lcc1, lc03, lc04 and lcca depend on cycle rate. 
2. lcc1, 1004 depend on output loading. Specttied values are obtained with the output open. 

-------------- - -- ----=:::::=:=? = 

Units Notes 

mA 1,2,3 

mA 

mA 1,3 

mA 1, 2,3 

mA 

mA 1,3 

µA 

µA 

v 

v 

3. Address can be changed once or less while IDrn" = V1L· In the case of lc04. it can be changed once or less when ~ = V1H· 
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--------------- - -- - ---- ---------------·-

AC Characteristics (TA= o to+ ?0°C, Vee= s ± o.2sv) 

IBM11S2360NN 
IBM11S2360NL 

2M x 36 SODIMM Module 

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. AC measurements assume tr ~ 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!Re Random Read or Write Cycle Time 110 128K 130 128K ns 

!RP RAS Precharge Time 40 - 50 - ns 

lcp GAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

le As GAS Pulse Width 15 - 20 - ns 

IASR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

'•sc Column Address Setup Time 0 - 0 - ns 

tcAH Column Address Hold Time 15 - 15 - ns 

tRcD RAS to GAS Delay Time 20 45 20 50 ns 1 

tRAD RAS to Column Address Delay Time 15 - 15 - ns 2 

tRSH RAS Hold Time 15 - 20 - ns 

lcsH GAS Hold Time 60 - 70 - ns 

tcRP GAS to RAS Precharge Time 5 - 5 - ns 

lozc GAS Delay Time from D1N 0 - 0 - ns 

h Transition Time (Rise and Fall) 3 30 3 30 ns 

!AR Column Address Hold Time Referenced to RAS - - - - ns 3 

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

2. Operation within the tRAo (max) limit ensures that IRAC (max) can be met. IRAD (max) is specified as a reference point only: If 1RAD 
is greater than the specified IRAD (max) limit, then access time is controlled by IAA. 

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

03H7118 
MMDJOBDSU-00 
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IBM11 S2360NN 
IBM11S2360NL 
2M x 36 SODIMM Module 

Write Cycle 

Symbol Parameter 

lwcs Write Command Set Up Time 

lwcH Write Command Hold Time 

lwp Write Command Pulse Width 

IRwL Write Command to RAS Lead Time 

lcWL Write Command to GAS Lead Time 

lwcR Write Command Hold Time Referenced to RAS 

foHR Data Hold Time Referenced to RAS 

los D1N Setup Time 

loH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

15 - 15 

15 - 15 

15 - 20 

15 - 20 

- - -

- - -

0 - 0 

15 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

!RAC Access Time from RAS - 60 -

lcAC Access Time from GAS - 15 -

!AA Access Time from Address - 30 -

IRcs Read Command Setup Time 0 - 0 

IRcH Read Command Hold Time to GAS 0 - 0 

IRRH Read Command Hold Time to RAS 5 - 5 

tRAL Column Address to RAS Lead Time 30 - 35 

lcAL Column Address to GAS Lead Time 30 - 35 

lcLZ GAS to Output in Low-Z 0 - 0 

loH Output Data Hold Time 3 - 3 

lcoo GAS to D1N Delay Time 15 - 20 

lo FF Output Buffer Turn-off Delay 0 15 0 

1. Measured with the specified current load and 100pF. 
2. Access time is determined by the latter of IRAc, lcAc. lcpA, IAA. 
3. Erther tRcH or IRRH must be satisfied for a read cycle. 

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1, 2 

35 ns 1, 2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 

- ns 

- ns 

- ns 

20 ns 4 

4. loFF (max) defines the time at which the output achieves the open circuit condrtion and is not referenced to output voltage levels. 
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Fast Page Mode Cycle 

Symbol Parameter 

lpc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from GAS Precharge 

lcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of 1RAc. lcAc. tcpA, 'AA· 
2. Access time assumes a load of 1 OOpF. 

Refresh Cycle 

Symbol Parameter 

tcHR 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

lcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

twRP 
WE Setup Ti~ 
(GAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 
(GAS before RAS Refresh Cycle) 

IRPC RAS Precharge to GAS Hold Time 

!REF Refresh Period 

1. 40g6 refreshes are required every 256ms. 

03H7118 
MMDJOBDSU-00 
Revised 6/94 

Min 

40 

60 

35 

-

Min 

20 

10 

10 

10 

0 

-

-60 -70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 20 

- 10 

- 10 

- 10 

- 0 

256 -

IBM11 S2360NN 
IBM11 S2360NL 

2M x 36 SODIMM Module 

Units Notes 
Max 

- ns 

tOOK ns 

- ns 

40 ns t, 2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

256 ms 1 
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IBM11 S2360NN 
IBM11 S2360NL 
2M x 36 SODIMM Module 

Read 

V1H-

RAS 
V1L -

V1H-

CAS 
V1L -

!ASR 

Address 

!RCD 

!RAD 

IRc 

IRAs 

lcsH 

!RSH 

le As 

Column 

lAA _,_ ____ __, 

IRP 

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

!-----+---- Hi-Z -+-------+----1 

VoL-

Page 1008 

____ _,__ Hi-Z 

: "H" or"L" 

lcAc 

lcLz 

loFF-

Valid Data Out 

_loH ----"1 

Hi-Z _ 

03H7118 
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-------------- - -- - ---- --------------·-

Write Cycle (Early Write) 

IRAS 

V1H-

RAS 
VIL -

lcsH 

IA co 

V1H-
lcAS 

CAS 
V1L-

!RAD 

!ASA 

V1H-

Address 
V1L -

DoUT ________________ Hi-Z 

VoL-

03H7118 
MMDJ08DSU-OO 
Revised 6/94 

!Re 

!ASH 

IBM11 S2360NN 
IBM11 S2360NL 

2M x 36 SODIMM Module 

!RP 

-lcRP 
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IBM11 S2360NN 
IBM11S2360NL 
2M x 36 SODIMM Module 

Fast Page Mode Read Cycle 

,__ ________ tAASP ______________ _ 

, ____ lcPRH 

;11: : "H" or "L" 

Page 1010 

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

Fast Page Mode Write Cycle 

V1K-

RAS 
VIL-

V1K-

GAS 
VIL-

V1K

Address 
VIL-

VoH-

DouT 
VoL-

lwcs 

!fl~: : "H" or "L" 

!RASP 

__ tpc 

lcp 

le AS 

\RSH 

le As 

IBM11 S2360NN 
IBM11 S2360NL 

2M x 36 SODIMM Module 

!RP 

le RP 

03H7118 Page 1011 
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I BM 11 S2360NN 
IBM11 S2360NL 
2M x 36 SODIMM Module 

RAS Only Refresh Cycle 

V1H_ 

RAS 

V1L _ 

V1H_ 

CAS 

V1L _ 

tASR 

~tRAH 

V1H_ 

Address 

V1L _ 

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

tRc 

tRAS tRP 

tRPC 

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

II : "H" or "L" 

Note: WE, D1N are "H" or "L" 
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--------------- ------:::::::::::: ~ = 

CAS Before RAS Refresh Cycle 

V1H-

RAS 

tRPC 1 V1L -

~ lcsR 

V1H-

CAS 
V1L -

____ !coo ___ _ 

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

I :"H"or"L" 

Note: Addresses are "H" or "L" 

03H7118 
MMDJOSDSU-00 
Revised 6194 

Iii Pc 

IBM1152360NN 
IBM11 S2360NL 

2M x 36 SODIMM Module 
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IBM11S2360NN 
IBM 11 S2360NL 
2M x 36 SODIMM Module 
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-------------- - -- - ---- -------------·-
Preliminary 

Features 

• 72-Pin Small Outline Dual-In-Line 
Memory Module 

• Performance: 

-60 

IRAc RAS Access Time sons 

lcAC CAS Access Time 15ns 

IAA Access Time From Address 30ns 

-70 

70ns 

20ns 

35ns 

!Re Cycle Time 110ns 130ns 

lpc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Single 3.3, ± 0.3V or 5.0, ± 0.25V Power Supply 
• Low active current consumption 

Description 

The IBM11 S4360BN/L are 16MB 72-pin 4-byte small 
outline dual in-line memory modules (SODIMM's). 
The module is organized as a 4Mx36 high speed 
memory array that is intended for use in 16, 32 and 
64 bit applications. It is manufactured with 8 4Mx4 
and 4 4Mx1 TSOP devices each in a 300mil pack
age. Each bit is uniquely addressed via 22 address 
bits. This assembly is intended for use in space con
strained and or low power applications. 

The IBM 72-Pin SODIMMs provide a high perfor
mance, flexible 4-byte interface in a 2.35" long foot
print. Related products include the 4Mx32 version 

Card Outline 

07H4029 
MMDJ11 DSU-00 
Revised 6/94 

(Front) 1 
(Back) 2 

IBM11 S4360BN 
IBM11S4360BL 

4M x 36 SODIMM Module 

• All inputs & outputs are TTL & CMOS 
compatible 

• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only, CBR 
• 2048 refresh cycles distributed across 256ms 
• 11 /11 (Redundant Addressing) Addressing 

(Row/Column) 
• Optimized for use in byte-write parity applica

tions. 
• Au contacts 

with 12/1 O addressing IBM11 S4320CN/L as well as 
the 4Mx36 version with 12/11 addressing 
IBM11 S4360DN/L. 

71 
72 

0 

Page 1015 



I BM 11 S4360BN 
IBM11S4360BL 
4M x 36 SODIMM Module 

Pin Description 
RASO,RAS3 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A10 Address Inputs 

DQ0-7, 9-16, 
Data lnpuVoutput 18-25, 27-34 

PQ8, P017, 
Parity Data lnpuVoutput P026, P035 

Vee Power (+3.3V or +5V) 

Vss Ground 

NC No Connect 

PD1-PD7 Presence Detects 

Ordering Information 

Part Number 

IBM11S4360BNA-60 

IBM11S4360BNA-70 

IBM11S4360BLA-60 

IBM11S4360BLA-70 

Page 1016 

Pinout 
Pin# Name Pin# Name 

1 Vss 13 A1 

2 DOO 14 A2 

3 D01 15 A3 

4 D02 16 A4 

5 D03 17 AS 

6 004 18 A6 

7 005 19 A10 

8 006 20 P08 

9 D07 21 DQ9 

10 Vee 22 D010 

11 PD1 23 0011 

12 AO 24 D012 

Organization Speed 

4M x36 60ns 

4Mx36 70ns 

4Mx36 60ns 

4Mx36 70ns 

Pin# Name 

25 D013 

26 D014 

27 D015 

28 A7 

29 NC 

30 Vee 

31 A8 

32 A9 

33 NC 

34 RAS2 

35 0016 

36 P017 

Leads 

Au 

Au 

Au 

Au 

Preliminary 

Pin# Name Pin# Name Pin# Name 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

D018 49 D020 61 Vee 

D019 50 DQ21 62 D032 

Vss 51 D022 63 D033 

CASO 52 D023 64 D034 

CAS2 53 D024 65 P035 

CAS3 54 0025 66 PD2 

CAS1 55 P026 67 PD3 

RASO 56 0027 68 PD4 

NC 57 D028 69 PD5 

NC 58 D029 70 PD6 

WE 59 0031 71 PD7 

NC 60 D030 72 Vss 

Dimensions Power 

2.35" x 1.25" x .1496" 3.3V 

2.35" x 1.25" x .1496" 3.3V 

2.35" x 1.25" x .1496" 5.0V 

2.35" x 1.25" x .1496" 5.0V 

07H4029 
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--------- ----- ---- - ---- -------------·-
Preliminary 

Block Diagram 

CAS2 
RAS2 

CAS3 

AO-A10 

07H4029 
MMDJ11 DSU-00 
Revised 6/94 

WE 

11 11 11 11 

IBM11 S4360BN 
IBM11 S4360BL 

4M x 36 SODIMM Module 

CAS U12 
1iAS 

AO-A10 

11 11 
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IBM11 S4360BN 
IBM11S4360BL 
4M x 36 SODIMM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Reacl: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode -Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 

Pin 

PD1 

PD2 

PD3 

PD4 

PD5 

PD6 

PD7 

1. NC= OPEN, Vss = GND 

Page 1018 

RAS CAS 

H x 
L L 

L L 

L H-.+L 

L H-.+L 

L H-.+L 

L H-.+L 

L H 

H-.+L L 

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 NIA Col 

x Row N/A 

H x x 

-60 

NC 

NC 

Vss 

NC 

NC 

NC 

NC 

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

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 

NC 

NC 

Vss 

NC 

Vss 

NC 

NC 

07H4029 
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--------------- -- - ---::::::::::::::: ~ = 
Preliminary 

Absolute Maximum Ratings 

Symbol Parameter 

Vee Power Supply Voltage 

V1N Input Voltage 

Vour Output Voltage 

ToPR Operating Temperature 

TsTG Storage Temperature 

Po Power Dissipation 

lour Short Circun Output Current 

Rating 

5.0 Volt 

-1.0to+7.0 

IBM 11 S4360BN 
IBM 11 S4360BL 

4M x 36 SODIMM Module 

Units Notes 

v 1 

-0.5 to min (Vee+ 0.5, 7.0) v t 

-0.5 to min (Vee+ 0.5, 7.0) v 1 

Oto +70 "C 1 

-55 to +125 "C 1 

1.0 w 1 

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-
eds may affect reliability. 

Recommended DC Operating Conditions (TA= o to 10°c) 

Symbol Parameter 

Vee Supply Voltage 

V1H Input High Voltage 

V1L Input Low Voltage 

1. All voltages referenced to Vss-

Capacitance (TA = o to + 10°c, 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 (DQ0-0034) 

C1102 Parity Output Capacitance (PQ8, P017, PQ26, PQ35) 

07H4029 
MMDJ11DSU-OO 
Revised 6194 

Min 

4.5 

2.4 

-0.5 

5.0Volt 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vcc+0.5 v 1 

- 0.8 v 1 

Max Unns Notes 

82 pF 

57 pF 

32 pF 

80 pF 

13 pF 

21 pF 
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IBM11 S4360BN 
IBM1154360BL 
4M x 36 SODIMM Module 

DC Electrical Characteristics (TA= o to +7o·c, Vee= s.0± o.2sv) 

Symbol Parameter 

Operating Current 
lcc1 Avera!l2.fgwer Supply Operating Current 

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

Standby Current (lTL) 
lcc2 Power Sgy Standby Current 

(RAS = CAS ~V,H) 

RAS Only Refresh Current 
lcc3 Average P~we~ply Current,~ Only Mode 

(RAS Cycling, ~v,H: tRc = tRC mm) 

Fast Page Mode Current 
lcc4 Average Power Supply Current, Fast Page Mode 

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

Standby Current (CMOS) 
Ices Power Sgy Standby Current 

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current 
Ices Avera!l2.fgwer Supply Current, GAS Before RAS Mode 

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

Input Leakage Current 

l1(L) 
Input Leakage Current, any input 
(0.0,;; V1N,;; (Vee < 6.0V)) 
All Other Pins Not Under Test= OV 

lo(L) 
Output Leakage Current 
(DouT is disabled, 0.0,;; VouT,;; Vee) 

VoH 
Output High Level 
Output "H" Level Voltage (loUT = -5mA@ 2.4V) 

Vol 
Output Low Level 
Output "L" Level Voltage (loUT = +4.2mA@ 0.4V) 

1. lcc1, lcc3, lc04 and lcce depend on cycle rate. 

-60 

-70 

24 

-60 

-70 

-60 

-70 

2.4 

-60 

-70 

RAS 

CAS 

All oth-
ers 

-10 

2.4 

-

2. lcc1o lc04 depend on output loading. Specified values are obtained with the output open. 

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

5.0Volt 
Units Notes 

Min Max 

- 1440 
mA 1, 2, 3 

- 1280 

- 24 mA 

- 1440 
mA 1,3 

- 1280 

- 1240 
mA 1, 2,3 

- 1080 

- 2.4 mA 

- 1440 
mA 1,3 

- 1280 

-60 +60 

-30 +30 µA 

-120 +120 

-10 +10 µA 

2.4 - v 

- 0.4 v 

3. Address can be changed once or less while RAS= V1L· In the case of lc04, it can be changed once or less when CAS = V1H· 
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--------------- -- - ---- - -------------·-
Preliminary 

AC Characteristics (TA= o to +1o·c. Vee= s ± o.25V) 

IBM11 S4360BN 
IBM11 S4360BL 

4M x 36 SODIMM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between ViH and 
VtL· 

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. AC measurements assume IT = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

I Re Random Read or Write Cycle Time 110 128K 130 128K ns 

!RP RAS Precharge Time 40 - 50 - ns 

lcp GAS Precharge Time 10 - 10 - ns 

1RAS RAS Pulse Width 60 16K 70 16K ns 

tcAS CAS Pulse Width 15 - 20 - ns 

tASR Row Address Setup Time 0 - 0 - ns 

!RAH Row Address Hold Time 10 - 10 - ns 

IAsc Column Address Setup Time 0 - 0 - ns 

1cAH Column Address Hold Time 15 - 15 - ns 

tRCD RAS to CAS Delay Time 20 45 20 50 ns 1 

tRAD RAS 1o Column Address Delay Time 15 - 15 - ns 2 

tRSH RAS Hold Time 15 - 20 - ns 

1csH CAS Hold Time 60 - 70 - ns 

le RP GAS to RAS Precharge Time 5 - 5 - ns 

tozc 'OAS Delay Time from DtN 0 - 0 - ns 

1T Transition Time (Rise and Fall) 3 30 3 30 ns 

IAR Column Address Hold Time Referenced to~ - - - - ns 3 

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

2. 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 IAA. 

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

07H4029 
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IBM11 S4360BN 
IBM11 S4360BL 
4M x 36 SODIMM Module 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

tWCH Write Command Hold Time 

tWP Write Command Pulse Width 

tRWI. Write Command to RAS Lead Time 

tewt. Write Command to Ci\S Lead Time 

twcR Write Command Hold Time Referenced to RAS 

to HR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

15 - 15 

15 - 15 

15 - 20 

15 - 20 

- - -

- - -

0 - 0 

15 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

tRAc Access Time from RAS - 60 -

tcAC Access Time from CAS - 15 -

tAA Access Time from Address - 30 -

tRCS Read Command Setup Time 0 - 0 

tRcH Read Command Hold Time to CAS 0 - 0 

tRRH Read Command Hold Time to RAS 5 - 5 

tRAL Column Address to RAS Lead Time 30 - 35 

lcAL Column Address to CAS Lead Time 30 - 35 

lcLZ CAS to Output in Low-Z 0 - 0 

lcH Output Data Hold Time 3 - 3 

tcoo CAS to D1N Delay Time 15 - 20 

toFF Output Buffer Tum-off Delay 0 15 0 

1. Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. lcAc. tcpA, tM. 
3. Either tRcH or tRRH must be satisfied for a read cycle. 

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 

- ns 

- ns 

- ns 

20 ns 4 

4. loFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output vohage levels. 
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--------- ----- - ------- ---------------·-
Preliminary 

Fast Page Mode Cycle 

Symbol Parameter 

lpc Fast Page Mode Cycle Time 

IRAsP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from CAS Precharge 

tcpA Access Time from CAS Precharge 

1. Access time is determined by the latter of IRAc, lcAc, lcPA, IAA. 
2. Access time assumes a load of 100pF. 

Refresh Cycle 

Symbol Parameter 

lcHR 
CAS Hold Time 
(CAS before RAS Refresh Cycle) 

lcsR 
CAS Setup Time 
(CAS before RAS Refresh Cycle) 

lwRP WE Setup Ti!]L_ 
(CAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 
(CASbelore RAS Refresh Cycle) 

lRPC RAS Precharge to CAS Hold Time 

jREF Refresh Period 

1. 2048 refreshes are required every 256ms. 

07H4029 
MMDJ11DSU-OO 
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Min 

40 

60 

35 

-

Min 

20 

10 

10 

10 

0 

-

-60 -70 

Max Min 

- 45 

100K 70 

- 40 

35 -

-60 -70 

Max Min 

- 20 

- 10 

- 10 

- 10 

- 0 

256 -

IBM11 S4360BN 
IBM 11 S4360BL 

4M x 36 SODIMM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1,2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

256 ms 1 
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IBM11S4360BN 
IBM11S4360BL 
4M x 36 SODIMM Module 

Read 

V1H-
RAS 

V1L -

V1H -
CAS 

V1L -

tASR 

Address 
V1H-

V1L -

~co 

!RAO 

!Ase 

fAAH 

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

IRc 

lAAs ~p 

lcsH 

!ASH 

lcAS 

IAA -+------.; 

11--------r----- Hi-Z -+-------+---1 
lcAc 

-------r- Hi-Z 
VoL-

l:"H"or"L" 

Page 1024 

loFF-

Valid Data Out 

_loH ----P< 

Hi-Z _ 

07H4029 
MMDJ11 DSU-00 

Revised 6/94 



-------------5 ::-:::§~!:: 

Prellmlnary 

Write Cycle (Early Write) 

V1H-
RAS 

V1L -

V1H-
GAS 

V1L-

tASR 

V1H-
Address 

V1L-

V1H-
WE 

V1L-

V1H-
D1N 

V1L-

tRAs 

lcsH 

tRco 

tRAO 

tos _toH 

Valid Data In 

tRc 

tRSH 

tCAs 

IBM 11 S4360BN 
IBM 11 S4360BL 

4M x 36 SODIMM Module 

tRP 

-lcRP 

DoUT ______________ Hi-Z ---------------
VoL-

07H4029 
MMDJ11DSU-OO 
Revised 6194 

I :"H"or"L" 
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IBM11S4360BN 
IBM11S4360BL 
4M x 36 SODIMM Module 

Fast Page Mode Read Cycle 

V1H-
RAS 

V1L-

V1H-
'G.l\S 

V1L-

Address 

I :"H"or"L" 

Page 1026 

!RASP 

lcAc 

lRAc loFF-

-rcLZ lcLz 

Dour 1 

!pc 

...ioH 

lo FF 

lcLZ 

DouT2 

lcPRH 

!ASH 

t r DZC 

lCAc 

Dour N 

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

Preliminary 

!RP 

lcRP 

07H4029 
MMDJ11DSU-OO 
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---------------------- -------------·-
Prell ml nary 

Fast Page Mode Write Cycle 

Vu;-
RAS 

V1L-

V1H--
CAS 

V1L-

V1H-
Address 

V1L-

07H4029 
MMDJ11DSU-OO 
Revised 6194 

lwcs 

I :"H"or"L" 

~ASP 

_tpc 

IBM11S4360BN 
IBM11 S4360BL 

4M x 36 SODIMM Module 

!RP 

le RP 
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IBM11 S43608N 
IBM11 S4360BL 
4M x 36 SODIMM Module 

RAS Only Refresh Cycle 

VIH-

RAS 

VIL-

V1H_ 

CAS 

VIL-

~SR 

~!RAH 
VIH-

Address 

--------- ----- - -- ----- -------------·-
Prellmlnary 

!Re 

t..As !RP 

tRPC 

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

I :"H"or"L" 

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

Page 1028 07H4029 
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------------------ ---- - ------------·-
Preliminary 

CAS Before RAS Refresh Cycle 

1+------tRAS ---------ot 

V1H-

RAS 

tRPC 1 V1L -

-1 lcsR 

V1H-

CAS 
V1L -

,__ ___ tcoo ___ _ 

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

DouT VoH

VoL-

l:"H"or"L" 

Note: Addresses are "H" or "L" 

07H4029 
MMDJ11DSU-OO 
Revised 6/94 

41Pc 

IBM11 S4360BN 
IBM 11 S4360BL 

4M x 36 SODIMM Module 
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IBM11 S4360BN 
IBM11S4360BL 
4M x 36 SODIMM Module 

Layout Drawing 

3.3V 5.0V 

A= 3.175 6.35 
.125 .246 

59.69 

2.35 

FRONT 

I.27PITCHdl 
.050 

l.OOWID1H 

.039 

3.80 
.1496MAX. 

44.45 

l.5REF. 
51.66 

2.034 

SIDE 

n~ .039 .:': .0039 

2.00MIN .0787 

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

• 72-Pin Small Outline Dual-In-Line 
Memory Module 

• Performance: 

-60 

IRAC RAS Access Time sons 

lcAC CAS Access Time 15ns 

1AA Access Time From Address 30ns 

-70 

70ns 

20ns 

35ns 

1Rc Cycle Time 110ns 130ns 

1pc Fast Page Mode Cycle Time 40ns 45ns 

• High Performance CMOS process 
• Single 3.3, ± 0.3V or 5.0, ± 0.25V Power Supply 
• Low active current consumption 

Description 

The IBM11 S4360DN/L are 16MB 72-pin 4-byte 
small outline dual in-line memory modules 
(SODIMM's). The module is organized as a 4Mx36 
high speed memory array that is intended for use in 
16, 32 and 64 bit applications. It is manufactured 
with 8 4Mx4 and 4 4Mx1 TSOP devices each in a 
300mil package. 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 require
ments.This assembly is intended for use in space 

Card Outline 

07H4996 
MMDJ01 DSU-00 
Revised 6/94 

(Front) I 
(Back) 2 

IBM11 S4360DN 
IBM11S4360DL 

4M x 36 SODIMM Module 

• All inputs & outputs are TTL & CMOS 
compatible 

• Fast Page Mode access cycle 
• Refresh Modes: RAS-Only and CBR 
• 4096 refresh cycles distributed across 256ms 
• 12/11 (Redundant Addressing) Addressing 

(Row/Column) 
• Optimized for use in byte-write parity applica

tions. 
• Au contacts 

constrained and or low power applications. 

The IBM 72-Pin SODIMMs provide a high perfor
mance, flexible 4-byte interface in a 2.35" long foot
print. Related products include the 4Mx32 version 
with 11 /1 O addressing IBM11 S4320HN/L as well as 
the 4Mx32 version with 12110 addressing 
IBM11 S4320CN/L. 

71 
72 

0 
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IBM11 S4360DN 
IBM11 S4360DL 
4M x 36 SODIMM Module 

Pin Description 
~-RAS3 Row Address Strobe 

CASo-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 (+3.3V or +5V) 

Vss Ground 

NC No Connect 

PD1 -PD7 Presence Detects 

Ordering Information 
Part Number 

IBM11S4360DNA-60 

IBM11S4360DNA-70 

IBM11S43600LA-60 

IBM11S43600LA-70 

Page 1032 

Pinout 
Pin# Name Pin# Name 

1 Vss 13 A1 

2 DQO 14 A2 

3 DQ1 15 A3 

4 OQ2 16 A4 

5 DQ3 17 A5 

6 004 18 AG 

7 D05 19 A10 

8 006 20 POS 

9 D07 21 D09 

10 Vee 22 DQ10 

11 PD1 23 DQ11 

12 AO 24 DQ12 

Organization Speed 

4M x36 sons 

4Mx36 70ns 

4Mx36 sons 

4Mx36 70ns 

Pin# Name 

25 DQ13 

26 DQ14 

27 DQ15 

28 A7 

29 A11 

30 Vee 

31 AS 

32 A9 

33 NC 

34 RAS2 

35 OQ16 

36 P017 

Leads 

Au 

Au 

Au 

Au 

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

Pin# Name Pin# Name Pin# Name 

37 DQ18 49 DQ20 61 Vee 

38 DQ19 50 DQ21 62 DQ32 

39 Vss 51 DQ22 63 DQ33 

40 CASO 52 OQ23 64 0034 

41 CAS2 53 0024 65 PQ35 

42 CAS3 54 D025 66 P02 

43 CAS1 55 PQ26 67 P03 

44 RASO 56 0027 68 P04 

45 NC 57 0028 69 PD5 

46 NC 58 D029 70 PD6 

47 WE 59 0031 71 PD7 

48 NC 60 DQ30 72 Vss 

Dimensions Power 

2.35"x 1.25"x .1496" 3.3V 

2.35" x 1.25" x .1496" 3.3V 

2.35" x 1.25" x .1496" 5.0V 

2.35" x 1.25" x .1496" 5.0V 

07H4996 
MMOJ01 OSU-00 
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-------------- - -- - ---::S:::::::::::~= 

Block Diagram 
DQO llil- -------iu t -------ci_ 

DQl-4 DQl-4 D Q 

~ ~ -r--- r--- WE 
GAS f--- CAS U2 r--- GAS U9 miS U1 f--- RAS f--- RAS 

OE OE 
AO-A11 AO-A11 AO-A11 

~ ~2.,,,.. c'f>. 
~ 12 12.,,,.. 

IBM11S4360DN 
IBM11 S4360DL 

4M x 36 SODIMM Module 

DQ9 w--------JJ.ll- ------':ci_ 
D01-4 uu1C4 -u- a 

wt ~ ~ 

.--- CAS CAS US CAS U10 miS us 
~ RAS RAS 

l'5!:'. OE 
AO-A11 AO-A11 AO-A11 

~~ ~ ~2;:>- ""1f 
CAS1 r-------' 

CAS2 
RAS2 

CAS3 

AO-A11 

07H4996 
MMDJ01 DSU-00 
Revised 6194 

DQ18 1111. _______ Jill _______ p~ 
DQl-4 001-4 D Q 

'---I wt - wt WE ~ 1--
CAS CAS r---- GAS 
RAS U3 RAS U4 RAS U11H f---
OE OE 

AO-A11 AO-A11 AO-A11 

~-L 12;:>- ~ 12;:>- L 12;:>-
I--

'----

lill--------Jill·-----· ~ 
DQ1-4 001-4 D Q 

t- wt WE wt 
t- GAS GAS GAS U12 miS U7 miS us f- RAS 

OE OE 
AO·A11 AO·A11 AO-A11 

~ L 12.,,,.. ~ 1f 1f 

'----
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IBM11S4360DN 
IBM11 S4360DL 
4M x 36 SODIMM Module 

Truth Table 

Function 

Standby 

Read 

Early-Write 

Fast Page Mode - Read: 
1st Cycle 

Subsequent Cycles 

Fast Page Mode - Write: 
1st Cycle 

Subsequent Cycles 

RAS-Only Refresh 

CAS-Before-RAS Refresh 

Presence Detect 
Pin 

PD1 

PD2 

PD3 

PD4 

PD5 

PD6 

PD7 

1. NC= OPEN, Vss = GND 

Page 1034 

'RAS CAS 

H x 
L L 

L L 

L H-+L 

L H-+L 

L H-+L 

L H-+L 

L H 

H-+L L 

WE Row 
Address 

x x 
H Row 

L Row 

H Row 

H NIA 

L Row 

L NIA 

x Row 

H x 

-60 

NC 

NC 

Vss 

NC 

NC 

NC 

NC 

Column 
Address 

x 
Col 

Col 

Col 

Col 

Col 

Col 

NIA 

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 

NC 

NC 

Vss 

NC 

Vss 

NC 

NC 

07H4996 
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--------------- - -- - ---- - --------------·-

Absolute Maximum Ratings 

IBM11 S4360DN 
IBM11S4360DL 

4M x 36 SODIMM Module 

Rating 
Symbol Parameter Units Notes 

3.3 Volt 5.0 Volt 

Vee Power Supply Voltage -0.5 to+ 4.6 -1.0to + 7.0 v 1 

V1N Input Voltage -0.7 to min (Vee+ 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

VouT Output Voltage -0.5 to min (Vee + 0.5) -0.5 to min (Vee+ 0.5, 7.0) v 1 

ToPR Operating Temperature 0 to +70 0 to +70 'C 1 

Tsrn Storage Temperature -55 to +125 -55 to +125 'C 1 

Po Power Dissipation 0.6 1.0 w 1 

louT Short Circuit Output Current 50 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. 

Recommended DC Operating Conditions (TA = o to 10°c) 

3.3 Volt 
Symbol Parameter 

Min Typ Max 

Vee Supply Voltage 3.0 3.3 3.6 

V1H Input High Voltage 2.0 - Vee+ 0.5 

V1L Input Low Voltage 0.0 - 0.8 

1. All voltages referenced to V88. 

Capacitance (TA= 0 to +70°C, Vee= 3.3± 0.3V or 5.0 ± 0.25V) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C1a Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C1101 Output Capacitance (DQ0-0034) 

C1102 Parity Output Capacitance (PQ8, PQ17, PQ26, PQ35) 

07H4996 
MMDJ01 DSU-00 
Revised 6/94 

Min 

4.5 

2.4 

-0.5 

5.0 Volt 

Typ Max Units Notes 

5.0 5.5 v 1 

- Vee+ 0.5 v 1 

- 0.8 v 1 

Max Units Notes 

82 pF 

57 pF 

32 pF 

80 pF 

13 pF 

21 pF 

Page 1035 



IBM11S4360DN 
IBM11S4360DL 
4M x 36 SODIMM Module 

DC Electrical Characteristics (TA= o to +1o·c, Vee= 3.3± o.3Vor s.0± o.2sv) 

3.3Volt 5.0Volt 
Symbol Parameter 

Min Max Min Max 

Operating Current -60 - 1040 - 1040 
lcc1 Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc = IRc min) -70 - 920 - 920 

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

(ftlt'S" = AS ~V1H) 
24 - 24 

RAS Only Refresh Current -60 - 1040 - 1040 
Ices Average PoweL.§!!pply Current, RAS Only Mode 

(RAS Cycling, CAS ~V1H: !RC =!Re min) -70 - 920 - 920 

Fast Page Mode Current -60 - 920 - 920 
lcc4 Average Power Supply Current, Fast Page Mode 

(RAS = V1L, CAS, Address Cycling: lpc = lpc min) -70 - 800 - 800 

Standby Current (CMOS) 
Ices ~r S.wm!y Standby Current - 2.4 - 2.4 

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current -60 - 1040 - 1040 
Ices Average Power Supply Current, CAS Before RAS Mode 

(RAS, CAS, Cycling: tRc = tRc min) -70 - 920 - 920 

RAS -60 +60 -60 +60 
Input Leakage Current 

l1(L) 
Input Leakage Current, any input CAS -30 +30 -30 +30 
(0.0 :!> V1N :!>(Vee< 6.0V)) 
All Other Pins Not Under Test= OV Alioth- -120 +120 -120 +120 ers 

lo(L) 
Output Leakage Current -10 +10 -10 +10 (DoUT is disabled, 0.0 s VoUT S Vee) 

VoH 
Output High Level 2.4 Output "H" Level Voltage (loUT = -5mA @ 2.4V) - 2.4 -

Vol 
Output Low Level - 0.4 - 0.4 Output "L" Level Voltage (loUT= +4.2mA@0.4V) 

1. lcc1, l0e3, lcC4 and Ices depend on cycle rate. 
2. lcc1, ICC4 depend on output loading. Specified values are obtained with the output open. 

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

Units Notes 

mA 1,2, 3 

mA 

mA 1,3 

mA 1, 2, 3 

mA 

mA 1,3 

µA 

µA 

v 

v 

3. Address can be changed once or less while RAS c ViL· In the case of ICC4, it can be changed once or less when ~ = V1H· 
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-------------- --------..:....=..:-::?5: 

AC Characteristics (TA= o to +70°C, Vee= 5± o.2sv) 

IBM11 S4360DN 
IBM11 S4360DL 

4M x 36 SODIMM Module 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H 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. AC measurements assume tr= 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-60 -70 
Symbol Parameter Units Notes 

Min Max Min Max 

!Re Random Read or Write Cycle Time 110 128K 130 128K ns 

IRP RAS Precharge Time 40 - 50 - ns 

tcp CAS Precharge Time 10 - 10 - ns 

IRAS RAS Pulse Width 60 16K 70 16K ns 

lcAS GAS Pulse Width 15 - 20 - ns 

tASR Row Address Setup Time 0 - 0 - ns 

IRAH Row Address Hold Time 10 - 10 - ns 

I Ase Column Address Setup Time 0 - 0 - ns 

lcAH Column Address Hold Time 15 - 15 - ns 

1RCD RAS to CAS Delay Time 20 45 20 50 ns 1 

IRAo RAS to Column Address Delay Time 15 - 15 - ns 2 

IRsH RAS Hold Time 15 - 20 - ns 

lcsH CAS Hold Time 60 - 70 - ns 

tcRP CAS to RAS Precharge Time 5 - 5 - ns 

tozc CAS Delay Time from D1N 0 - 0 - ns 

Ir Transition Time (Rise and Fall) 3 30 3 30 ns 

IAR Column Address Hold Time Referenced to RAS - - - - ns 3 

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

2. Operation within the IRAD (max) limit ensures thal IRAC (max) can be met. IRAD (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. 

3. This timing parameter is not applicable to this product, but applies to a related product in this family. 

07H4996 
MMDJ01 DSU-00 
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IBM11 S4360DN 
IBM 11 S4360DL 
4M x 36 SODIMM Module 

Write Cycle 

Symbol Parameter 

twcs Write Command Set Up Time 

IWCH Write Command Hold Time 

!WP Write Command Pulse Width 

IRWL Write Command to RAS Lead Time 

lcwi. Write Command to C;o;$ Lead Time 

twcR Write Command Hold Time Referenced to RAS 

loHR Data Hold Time Referenced to RAS 

tos D1N Setup Time 

toH D1N Hold Time 

-60 -70 

Min Max Min 

0 - 0 

15 - 15 

15 - 15 

15 - 20 

15 - 20 

- - -
- - -

0 - 0 

15 - 15 

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

Read Cycle 

-60 -70 
Symbol Parameter 

Min Max Min 

IRAc Access Time from RAS - 60 -

lcAc Access Time from CAS - 15 -
!AA Access Time from Address - 30 -

1Rcs Read Command Setup Time 0 - 0 

IRcH Read Command Hold Time to CAS 0 - 0 

lRRH Read Command Hold Time to~ 5 - 5 

tRAL Column Address to ~ Lead Time 30 - 35 

lcAL Column Address to CAS Lead Time 30 - 35 

lcLz C;o;$ to Output in Low-Z 0 - 0 

toH Output Data Hold Time 3 - 3 

!coo CAS to D1N Delay Time 15 - 20 

loFF Output Buffer Tum-off Delay 0 15 0 

1 . Measured with the specified current load and 1 OOpF. 
2. Access time is determined by the latter of tRAc. lcAC. tcPA. IAA. 
3. Either tRcH or IRRH must be satisfied for a read cycle. 

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

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 1 

- ns 1 

- ns 

- ns 

Units Notes 
Max 

70 ns 1,2 

20 ns 1,2 

35 ns 1,2 

- ns 

- ns 3 

- ns 3 

- ns 

- ns 

- ns 

- ns 

- ns 

20 ns 4 

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

Fast Page Mode Cycle 

Symbol Parameter 

!pc Fast Page Mode Cycle Time 

tRASP Fast Page Mode RAS Pulse Width 

tcPRH RAS Hold Time from GAS Precharge 

tcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of tRAC, tcAc, lcpA, IAA. 
2. Access time assumes a load of t OOpF. 

Refresh Cycle 

Symbol Parameter 

fcHR 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

lcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

lwRP 
WE Setup Ti!J]L 
(GAS before RAS Refresh Cycle) 

twRH 
WE Hold Time 
(GAS before RAS Refresh Cycle) 

!RPG RAS Precharge to GAS Hold Time 

tREF Refresh Period 

1. 4096 refreshes are required every 256ms. 

07H4996 
MMDJ01 DSU-00 
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Min 

40 

60 

35 

-

Min 

20 

10 

10 

10 

0 

-

·60 ·70 

Max Min 

- 45 

100K 70 

- 40 

35 -

·60 ·70 

Max Min 

- 20 

- 10 

- 10 

- 10 

- 0 

256 -

IBM11S4360DN 
IBM11 S4360DL 

4M x 36 SODIMM Module 

Units Notes 
Max 

- ns 

100K ns 

- ns 

40 ns 1, 2 

Units Notes 
Max 

- ns 

- ns 

- ns 

- ns 

- ns 

256 ms 1 
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IBM11S4360DN 
IBM11 S4360DL 
4M x 36 SODIMM Module 

Read 

Address 

VoH-
Dour 

Vol-

Page 1040 

!+--------- tAAS ----------.. 

1----------~SH _____ -+\ 

tRCD ----..i.------ tRSH --+-------.... 

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

~AC 

hz 

-----+-- Hi-Z Valid Data Out 

_toH ----

I : "H" or"L" 
. 

--------
§ ==i~~ 

Hi-Z _ 

07H4996 
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---------- ----- - -- - ---- --------·----·-

Write Cycle (Early Write) 

V1H-

RAS 
VIL -

V1H-

CAS 
VIL -

(RAD 

tASR 

V1H-

Address 
V1L -

(RAS 

l:csH 

IRco 

!AR 

los _ toH 

Valid Data In 

!Re 

!ASH 

tcAs 

IBM11S4360DN 
IBM11 S4360DL 

4M x 36 SODIMM Module 

(RP 

-l:cRP 

DouT _______________ Hi-Z ----------------
Vol-

07H4996 
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: "H"or "L" 
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IBM11S4360DN 
IBM11S4360DL 
4M x 36 SODIMM Module 

Fast Page Mode Read Cycle 

1----------tRASP ______________ _ 

1~ ___ tcPRH 

tpc----..i 

.-t°cAs-

Address 

.....!oH 
t r DZC 

lcAC 

lcLz 

Dour 
VoL-

Dour N 

: frH" or "L" 

Page 1042 
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le RP 
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----------- ----- - -- - ---- - -------------·-

Fast Page Mode Write Cycle 

V1H
Address 

V1L-

Dour 
VoL-

twcs 

~1· : "H" or "L" 

IBM11 S4360DN 
IBM11 S4360DL 

4M x 36 SODIMM Module 

07H4996 Page 1043 
MMDJ01 DSU-00 
Revised 6/94 



IBM11S4360DN 
IBM11S4360DL 
4M x 36 SODIMM Module 

RAS Only Refresh Cycle 

V1H_ 

RAS 

VIL_ 

V1H_ 

GAS 

VIL-

tASR 

~!RAH 

VIH-

Address 

V1L -

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

!iic 

IRAS IRP 

tRPC 

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

{itl : "H" or "L" 

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

CAS Before RAS Refresh Cycle 

______ tRAS -----------+ 

VIH-

RAS 

tRPC 1 VIL_ 

-1 tcsR 

V1H-

GAS 
V1L _ 

,._ ____ !coo ____ _, 

---t------- Hi-Z 

Dour VoH-

VoL-

: "H" or"L" 

Note: Addresses are "H" or "L" 

07H4996 
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4M x 36 SODIMM Module 
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IBM11 S4360DN 
IBM11 S4360DL 
4M x 36 SODIMM Module 

Layout Drawing 

A= 

3.3V 

3.175 
.125 

5.0V 

6.35 
.246 

3.80 

59.69 

2.35 

FRONT 

l.27PITCH~l 
.050 

l.OOWIDIB 

.039 

44.45 

l.5REF. 
51.66 

2.034 

SIDE 

.1496MAX. 

n~ .039 :t. .0039 

2.00MIN 

.0787 

NOTE: All dimensions are typical unless otherwise stated. MiL1~~~~~Rs 
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IC DRAM Cards 





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

Features 

• Industry Standard 88Pin IC DRAM Card 
• Performance: 

-70 

!RAC RAS Access Time 70ns 

tcAC CAS Access Time 29ns 

!AA Access Time From Address 46ns 

!Re Cycle Time 130ns 

!pc Fast Page Mode Cycle Time 45ns 

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

Description 

The IBM11J1320BL is a 4MB industry standard 
88-pin IC DRAM card. It is organized as a 1 M x 32 
high speed memory array. It is built using 8 1 Mx4 
devices and is compatible to the JEDEC/PCM
CIA/JEIDA 88-pin standard. Improved system per
formance is provided by the on-card buffering of 
selected input signals. The specified timings include 
all buffer, net and skew delays, which allow the sys
tem designer to work with a simpler interface. The 
DQ and RAS signals are not buffered, which pre
serves the access specification of 70ns. Multiple 
RAS inputs are used to conserve power by allowing 
individual bank selection. In the x32 configuration 

Card Outline 

#88 

#44 f--

IBM11J1320BL 

1 M x 32 5.0V IC DRAM Card 

• Single 5.0, ± 0.25V Power Supply 
• All inputs buffered except RAS and DATA inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• 10/10 Addressing (Row/Column) 
• Optional Fast Page Mode access cycle __ 
• Refresh Modes: RAS-Only, GAS before RAS 

and BBU (Battery Backup) 
• 1 024 refresh cycles distributed across 128ms 
• Polarized Connector 

the memory is a single bank, having four unique 
bytes. The x16 configuration may be utilized as two 
banks each having two unique bytes. Only one bank 
is activated by each RAS, leaving the other bank in 
standby mode, thus saving power. All IBM IC DRAM 
cards are packaged in a rugged metal case for maxi
mum device protection in portable applications. The 
related 1 M x 36 versions of these I CORAM cards is 
IBM11J1360BLA. 

to 

¢=J~ 0 
~ IC DRAM ~ 

~ 0 
"tj ~ CARD 
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IBM11J1320BL 

1 M x 32 5.0V IC DRAM Card 

Pin Description 
RASO, RAS2 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

DQ0-7, 9-16, 
Data lnpuVoutput 18-25, 27 -34 

Vee Power {+SV) 

Vss Ground 

NC No Connect 

PD1 -PD8 Presence Detects 

Ordering Information 
Part Number 

IBM11J1320BLA-70 

Page 1050 

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

Pin out 
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 MS"2 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 DQ6 30 PD6 52 DQ24 74 PDS 

9 Vee 31 NC 53 DQ25 75 PD? 

10 DQ7 32 NC 54 NC 76 PDB 

11 NC 33 NC 55 NC 77 NC 

12 NC 34 DQ9 56 Vss 78 NC 

13 AO 35 NC 57 A1 79 NC 

14 A2 36 DQ10 58 A3 80 DQ27 

15 Vee 37 Vee 59 AS 81 DQ28 

16 A4 38 DQ11 60 A7 82 DQ29 

17 NC 39 0012 61 A9 83 DQ30 

18 AG 40 DQ13 62 NC 84 DQ31 

19 AB 41 DQ14 63 Vss 85 DQ32 

20 NC 42 DQ15 64 NC 86 DQ33 

21 NC 43 DQ16 65 NC 87 DQ34 

22 RASO 44 Vss 66 CAS2 88 Vss 

1. DO numbering is compatible with parity (x36) version) 

Organization Speed 

1M x32 70ns 

Notes 

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

Block Diagram 
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CAS3 

WE 

GAS 1 

RASO 

WE 

CASO 

AO-A09 

IBM11J1320BL 

1 M x 32 5.0V IC DRAM Card 

0034 
* 

0031 

0030 

0027 

0025 
* 0022 

0021 
* 0018 

0016 
* 0013 

0012 
* 0009 

007 . 
004 

003 . 
000 
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IBM11J1320BL 

1 M x 32 5.0V IC DRAM Card 

Truth Table 

Function RAS GAS WE 

Standby H x x 
Read L L H 

Early-Write L L L 

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

Subsequent Cycles L H~L H 

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

Subsequent Cycles L H~L L 

RAS-Only Refresh L H x 
GAS-Before-RAS Refresh H~L L H 

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 
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Row Column 
Address Address 

x x 
Row Col 

Row Col 

Row Col 

NIA Col 

Row Col 

N/A Col 

Row N/A 

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 

NC 

Vss 

Vss 

NC 

Vss 

NC 

NC 
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--------- ----- ---- - ---- -- -------- IBM11J1320BL ----·-
1 M x 32 5.0V IC DRAM Card 

Absolute Maximum Ratings 

Symbol Parameler Ra ling Unils Noles 

Vee Power Supply Voltage -1.0lo +6.0 v 1 

lnpul Vollage (RAS & DATA) -1.010 +6.0 v 1 
V1N 

lnpul Vollage (Redriven Signals) -0.5 to Vee + 0.5 v 1 

VouT Output Voltage ·1.0 to +6.0 v 1 

ToPR Operating Temperalure 0 to +55 "C 1 

Tsrn Storage Temperature -40 to +85 "C 1 

Po Power Dissipation 4.2 w 1, 2 

louT Short Circuit Output Current 50 mA 1 

1. Stresses grealer than those listed may cause permanent damage to the device. This is a stress raling 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 aclive. 

Recommended DC Operating Conditions (TA= o to ss 0 c) 

Symbol Parameter 

Vee Supply Voltage 

V1H 
lnpul High Vollage (RAS & DATA) 

Input High Voltage (Redriven Signals) 

V1L 
lnpul Low Vollage (RAS & DATA) 

lnpul Low Vollage (Redriven Signals) 

1. All vollages referenced lo V ss-

Capacitance (TA= o to +55°C, Vee= 5.0 ± 0.25V) 

Symbol Parameter 

C11 lnpul Capacilance (AO-A9) 

C12 lnpul Capacitance (RAS) 

C13 lnpul Capacilance (GAS) 

c,. Input Capacitance (WE) 

C110 Output Capacilance (DQO-DQ34) 

64G1719 
MMDl26DSU-OO 
Revised 6/94 

Min 

4.75 

2.4 

2.0 

-0.5 

0.0 

Typ Max Unils Noles 

5.0 5.25 v 1 

- Vcc+0.5 v 1 

- Vee v 1 

- 0.8 v 1 

- 0.8 v 1 

Max Unils Noles 

15 pF 

43 pF 

15 pF 

20 pF 

25 pF 
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-------------- - -IBM11J1320BL ------ --------------·-
1 M x 32 5.0V IC DRAM Card 

DC Electrical Characteristics (TA= o to +55"C, Vee= 5.0 ± o.25V) 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 Average Power Supply Operating Current -70 - 800 mA 

(RAS, GAS, Address Cycling: tRc = tRc min) 

Standby Current (TIL) 
lcc2 Power S.l!fil!ly Standby Current - 16 mA 1,3 

(RAS= GAS <:V1H) 

RAS Only Refresh Current 
lcc3 Average PoweLl2!Jpply Current, RAS Only Mode -70 - 800 mA 

(RAS Cycling, GAS <:V1H: tRc = tRc min) 

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

(RAS= V1L, GAS, Address Cycling: tpc = tpc min) 

Standby Current (CMOS) 
Ices Power S.l!fil!ly Standby Current - 1.6 mA 

(RAS= GAS =Vee - 0.2V) 

GAS Before RAS Refresh Current 
Ices Average Power Supply Current, GAS Before RAS Mode -70 - 800 mA 

(RAS, GAS, Cycling: tRc = IRc min) 

Battery Backup Refresh Current 
lcc1 Average Po~ Supply Current during Battery Backup refresh 2.4 mA 1, 2 

(GAS s V1L, WE<: V1H, tRAS s 1 µSec, IRc = 125µSec) 

Input Leakage Current RAS -40 +40 

l1(L) 
Input Leakage Current, any input 

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

lo1q 
Output Leakage Current 

-10 +10 µA 
(DouT is disabled, 0.0 s VouT s Vee) 

VoH 
Output High Level 

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

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

1. Ice 1, lcc3, lcC4 and Ices depend on cycle rate. 
2. lcch lcc4 depend on output loading. Specified 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 GAS= V1H 
4. Refresh current is specified for the X32 configuration using One Bank 
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-------------- ---- - ---- -------------·- IBM11J1320BL 

1 M x 32 5.0V IC DRAM Card 

AC Characteristics (TA= o to +ss'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 V1H and 
V1L. 

2. An initial pause of 100µs 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, 1 Ons (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 IT= 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-70 
Symbol Parameter Units Notes 

Min Max 

tRC Random Read or Write Cycle Time 130 - ns 

!RP RAS Precharge Time 50 - ns 

lcp GAS Precharge Time 10 - ns 

IRAS RAS Pulse Width 70 10K ns 

tcAS GAS Pulse Width 21 - ns 2 

IASR Row Address Setup Time 11 - ns 

!RAH Row Address Hold Time 10 - ns 

!Ase Column Address Setup Time 3 - ns 

lcAH Column Address Hold Time 17 - ns 

IRco RAS to GAS Delay Time 20 42 ns 2 

IRAo RAS to Column Address Delay Time 15 24 ns 3 

IRsH RAS Hold Time 29 - ns 

lcsH GAS Hold Time 70 - ns 

lcRP GAS to RAS Precharge Time 20 - ns 

lozc GAS Delay Time from D1N 0 - ns 

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

h Transition Time (Rise and Fall) 3 50 ns 

1. The minimum ICAs 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 19ns plus a minimum loH of 
2ns would result in turning data out of the card at 21 ns (7ns before max tcAC of 28ns). 

2. Operation within the IRcD (max) limi1 ensures that IRAC (max) can be met. IRcD (max) is specified as a reference point only: if IRcD is 
greater than the specified IRcD (max) limit, then access time is controlled by lcAC· 

3. Operation within the IRAD (max) limit ensures that IRAc (max) can be met. IRAD (max) is specified as a reference point only: If IRAD 
is greater than the specified tRAD (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. 

64G1719 
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-------------- - -IBM11J1320BL - ----- -------------·-
1 M x 32 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 15 - ns 

twp Write Command Pulse Width 16 - ns 

tRwL Write Command to RAS Lead Time - - ns 1 

tcWL Write Command to CAS Lead Time - - ns 1 

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

toHR Data Hold Time Referenced to RAS - - ns 1 

tos D1N Setup Time 0 - ns 

toH D1N Hold Time 25 - 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 

lcAc Access Time from CAS - 29 ns 1, 2 

tAA Access Time from Address - 46 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 0 - ns 3 

tRAL Column Address to RAS Lead Time 46 - ns 

tcAL Column Address to CAS Lead Time - - ns 4 

tcLZ CAS to Output in Low-Z 2 - ns 

toH Output Data Hold Time 2 - ns 

tcoo GAS to DiN Delay Time 29 - ns 

toFF 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 tRAH 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. 
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---------- ----- ---- - ---- ---------------·-

Fast Page Mode Cycle 

Symbol Parameter 

!pc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

tcPRH RAS Hold Time from GAS Precharge 

tcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of IRAc, tcAc. tcpA, tAA. 
2. Access time assumes a load of 100pf. 

Refresh Cycle 

Symbol Parameter 

fcHR 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

lcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

lwAP 
~etup Tir:!J!L_ 
(GAS before RAS Refresh Cycle) 

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

IRPC RAS Precharge to GAS Hold Time 

tREF Refresh Period 

1. 1024 refreshes are required every 128ms. 

64G1719 
MMDl26DSU-OO 
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IBM11J1320BL 

1 M x 32 5.0V IC DRAM Card 

-70 
Units Notes 

Min Max 

45 - ns 

70 10K ns 

49 - ns 

- 49 ns 1, 2 

-70 
Units Notes 

Min Max 

13 - ns 

20 - ns 

20 - ns 

10 - ns 

8 - ns 

- 128 ms 1 
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IBM11J1320BL 

1 M x 32 5.0V IC DRAM Card 

Read 

V1H-

RAS 
V1L -

tRCD 

V1H-

GAS 
V1L -

Address 

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

: "H" or"L" 
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!Re 

\RAS 

lcsH 

tRsH 

lcAs 

lcLZ 

Valid Data Out 

_toH ----

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

Hi-Z _ 

64G1719 
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-------------- - -- - ---- - ------------·- IBM11J1320BL 

1 M x 32 5.0V IC DRAM Card 

Write Cycle (Early Write) 

tRc 

tAAS tRp 

V1H-
RAS 

V1L -

!csH 

tRCD tRSH -!cRP 

V1H- tcAS 
CAS 

V1L -

tRAD 

tASR 

tRAH 

V1H-
Address 

V1L -

V1H-
WE 

V1L-

los -- tDH 

D1N Valid Data In 
V1L -

VoH-

Do UT ________________ Hi-Z -----------------

'' : "H" or "L" 
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IBM11J1320BL 

1 M x 32 5.0V IC DRAM Card 

Fast Page Mode Read Cycle 

!RASP 

V1H-

RAS 
V1L-

V1H-

GAS 
V1L-

Address 

l 

DouT VoH-_________ ... _1tc~"'1,--D-ou_T_1,:,t_cL_z _ _,,, 

VoL- ' 

I · "H"or "L" . 
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lcPRH 

lpc 
!RSH 

lcPA 

--loH 
t r DZC 

ir---.I lcLz-

DaUT N 

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

!RP 

le RP 
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---------- ----- - -- - ---- ---------------·-

Fast Page Mode Write Cycle 

v,H-
RAS 

V1L-

v,H-
GAS 

VIL-

v,H
Address 

V1L-

VoH-

DouT 
Vol-

lwcs 

I :"H"or"L" 

IBM11J1320BL 

1 M x 32 5.0V IC DRAM Card 

!RASP !RP 

~tpc 
le RP 
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--------- ----- - -IBM11J1320BL - ----- -------------·-
1 M x 32 5.0V IC DRAM Card 

RAS Only Refresh Cycle 

tRc 

tRAS t,,p 

V1H_ 

RAS 

V1L _ 

tRPC 

V1H_ 

GAS 

V1L _ 

tASR 

~t,,AH 
V1H_ 

Address 

V1L _ 

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

: "H" or "L" 

Note: WE, D1N are "H" or "L" 
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--------- ----- - -- - ---- -------------·- IBM11J1320BL 

1 M x 32 5.0V IC DRAM Card 

CAS Before RAS Refresh Cycle 

14------tRAS ----------ot 

VIH-

RAS 

tAPC 1 V1L -

~ !csR 

V1H-

CAS 

VIL -

,._ ____ tcoo ____ ..., 

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

DouT VoH-

: "H" or"L" 

Note: Addresses are "H" or "L" 

64G1719 
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IBM11J1320BL 

1 M x 32 5.0V IC DRAM Card 

Layout Drawing 
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'r 
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~=i-
I 45 
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NOTE: All dimensions are typical unless otherwise stated. MILLIMETERS 
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Features 

• Industry Standard 88Pin IC DRAM Card 
• Performance: 

-70 

!RAC RAS Access Time 70ns 

lcAC GAS Access Time 24ns 

!AA Access Time From Address 40ns 

!Ac Cycle Time 130ns 

lpc Fast Page Mode Cycle Time 45ns 

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

Description 

The IBM11J1320BN is a 4MB industry standard 
88-pin IC DRAM card. It is organized as a 1 M x 32 
high speed memory array. It is built using 8 1 Mx4 
devices and is compatible to the JEDEC/PCM
CIA/JEIDA 88-pin standard. Improved system per
formance is provided by the on-card buffering of 
selected input signals. The specified timings include 
all buffer, net and skew delays, which allow the sys
tem designer to work with a simpler interface. The 
DQ and RAS signals are not buffered, which pre
serves the access specification of 70ns. Multiple 
RAS inputs are used to conserve power by allowing 
individual bank selection. In the x32 configuration 

Card Outline 

#88 

#44 :3 

IBM11J1320BN 

1 M x 32 3.3V IC DRAM Card 

• Single 3.3 ± 0.3V Power Supply 
• All inputs buffered except RAS and DATA inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• 10/1 O Addressing (Row/Column) 
• Optional Fast Page Mode a™s cycle __ 
• Refresh Modes: RAS-Only, GAS before RAS 

and BBU (Battery Backup) 
• 1024 refresh cycles distributed across 128ms 
• Polarized Connector 

the memory is a single bank, having four unique 
bytes. The x16 configuration may be utilized as two 
banks each having two unique bytes. Only one bank 
is activated by each RAS, leaving the other bank in 
standby mode, thus saving power. All IBM IC DRAM 
cards are packaged in a rugged metal case for maxi
mum device protection in portable applications. Cau
tion must be used to prevent insertion into a 5.0V 
application. 

t:c 

~~ 0 ...., IC DRAM ...., 

6 0 
'"1:1 ~ CARD 

64G1630 
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IBM11J1320BN 

1 M x 32 3.3V IC DRAM Card 

Pin Description Pin out 
RASO,RAS2 Row Address Strobe Pin# Name Pin# 

CASO-CAS3 Column Address Strobe 1 Vss 23 

WE Read/write Input 
2 DQO 24 

AO-A9 Address Inputs 
3 DQ1 25 

4 DQ2 26 
DQ0-7, 9-16, 

Data lnpuVoutput 18-25, 27-34 5 DQ3 27 

Vee Power (+3.3V) 
6 D04 28 

7 DQ5 29 
Vss Ground 

8 DOS 30 
NC No Connect 9 NC 31 

PD1 - PD8 Presence Detects 10 DQ7 32 

11 Vee 33 

12 NC 34 

13 AO 35 

14 A2 36 

15 NC 37 

16 A4 38 

17 Vee 39 

18 AS 40 

19 A8 41 

20 NC 42 

21 NC 43 

22 RASO 44 

Ordering Information 

Part Number Organization Speed 

IBM11J13208NA-70 1M x32 70ns 
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--------- ----- - -- ----- ---------------·-

Name Pin# Name Pin# Name 

CASO 45 Vss 67 Vss 

CAS1 46 DQ18 68 CAS3 

Vee 47 DQ19 69 NC 

RAS2 48 DQ20 70 WE 

NC 49 DQ21 71 PD1 

PD2 50 D022 72 PD3 

PD4 51 DQ23 73 Vss 

PD6 52 DQ24 74 PD5 

NC 53 DQ25 75 PD7 

NC 54 NC 76 PD8 

NC 55 NC 77 NC 

D09 56 Vss 78 NC 

Vee 57 A1 79 NC 

DQ10 58 A3 80 DQ27 

NC 59 A5 81 DQ28 

DQ11 60 A7 82 DQ29 

DQ12 61 A9 83 DQ30 

DQ13 62 NC 84 DQ31 

DQ14 63 Vss 85 DQ32 

DQ15 64 NC 86 DQ33 

DQ16 65 NC 87 DQ34 

Vss 66 CAS2 88 Vss 

Notes 

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

Block Diagram 
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CAS3 

WE 

GAS 1 

RASO 

WE 

CASO 

AO-A09 

IBM11J1320BN 

1 M x 32 3.3V IC DRAM Card 

0034 . 
0031 

0030 . 
0027 

0025 . 
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0021 . 
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0012 . 
0009 
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004 

003 . 
000 
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IBM11J1320BN 

1 M x 32 3.3V IC DRAM Card 

Truth Table 

Function RAS CAS WE 

Standby H x x 
Read L L H 

Early-Write L L L 

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

Subsequent Cycles L H->L H 

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

Subsequent Cycles L H->L L 

RAS-Only Refresh L H x 
GAS-Before-RAS Refresh H->L L H 

Presence Detect 

Pin 

PD1 (PD1 - PD4: Addressing/Dram Type) 

PD2 

PD3 

PD4 

PDS ( Number of Banks/Organization) 

PD6 (Speed) 

PD7 

PDB (Refresh Type) 

1. NC= OPEN, V ss ~ GND 
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Row Column 
Address Address 

x x 
Row Col 

Row Col 

Row Col 

N/A Col 

Row Col 

N/A Col 

Row N/A 

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 

NC 

Vss 

Vss 

NC 

Vss 

NC 

NC 
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--------------- - -- - ---- --------·-----·- IBM11J1320BN 

1M x 32 3.3V IC DRAM Card 

Absolute Maximum Ratings 

Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -0.5 to +4.1 v 1 

Input Voltage (RAS & DATA) -0.5 to +4.1 v 1 
V1N 

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

Vour Output Voltage -0.5 to +4.1 v 1 

ToPR Operating Temperature 0 to +55 oc 1 

Tsrn Storage Temperature -40 to +85 oc 1 

Po Power Dissipation 2.3 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 0 c) 

Symbol Parameter 

Vee Supply Voltage 

V1H 
Input High Voltage (RAS & DATA) 

Input High Voltage (Redriven Signals) 

VIL 
Input Low Voltage (RAS & DATA) 

Input Low Voltage (Redriven Signals) 

1. All voltages referenced to Vss-

Capacitance (TA= o to +55°C, Vee= 3.3 ± o.3V) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C110 Output Capacitance (DQO-DQ34) 

64G1630 
MMDl12DSU-OO 
Revised 6194 

Min 

3.0 

2.0 

2.0 

-0.3 

0.0 

Typ Max Units Notes 

3.3 3.6 v 1 

- Vcc+0.3 v 1 

- Vee v 1 

- 0.8 v 1 

- 0.8 v 1 

Max Units Notes 

15 pF 

43 pF 

15 pF 

20 pF 

25 pF 
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--------- --------IBM11J1320BN - ----- --------------·-
1 M x 32 3.3V IC DRAM Card 

DC Electrical Characteristics (TA= o to +55°C, Vee= 3.3 ± o.3V) 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 Average Power Supply Operating Current -70 - 640 mA 

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

Standby Current (TIL) 
lcc2 Power S.Jmlliy Standby Current - 8 mA 1,3 

(RAS= CAS 2V1H) 

RAS Only Refresh Current 
lcc3 Average Powe!J2ypply Current, RAS Only Mode -70 - 640 mA 

(RAS Cycling, CAS 2V1H: !Re =!Re min) 

Fast Page Mode Current 
lcc4 Average Power Supply Current, Fast Page Mode -70 - 520 mA 1, 2,3 

(RAS= V1,, CAS, Address Cycling: tpc = tpc min) 

Standby Current (CMOS) 
Ices Power S.Jmlliy Standby Current - 2.0 mA 

(RAS= CAS = Vee - 0.2V) 

CAS Before RAS Refresh Current 
Ices Average Power Supply Current, CAS Before RAS Mode -70 - 640 mA 

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

Battery Backup Refresh Current 
lcc7 Average Po~ Supply Current during Battery Backup refresh 2.4 mA 1, 2 

(CAS s V1L, WE 2 V1H, IRAS s 1 µSec, !Re= 125µSec) 

Input Leakage Current RAS -40 +40 

l1(L) 
Input Leakage Current, any input 

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

lo(L) 
Output Leakage Current -10 +10 µA 
(DouT is disabled, 0.0 s VouT s Vee) 

VoH 
Output High Level 

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

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. lccJ. lcC4 depend on output loading. Specified 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 specified for the X32 configuration using One Bank 
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--------- ----- - -- - ---- - --------- IBM11J1320BN ----·-
1 M x 32 3.3V IC DRAM Card 

AC Characteristics (TA= o to +55°C, Vee= 3.3 ± o.3V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and 

VIL· 
2. An initial pause of 100µs is required alter 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: 1ns minimum, 4ns (GAS, WE) or 5ns (Address) maximum delay, no 
pulse shrinkage. The data and RAS signals are not buffered, which preserves the DRAMs access specification of 70ns 

4. AC measurements assume tr = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-70 
Symbol Parameter Units Notes 

Min Max 

tRc 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 

tcAs CAS Pulse Width 20 - ns 2 

1ASR Row Address Setup Time 5 - ns 

!RAH Row Address Hold Time 9 - ns 

tASC Column Address Setup Time 2 - ns 

lcAH Column Address Hold Time 16 - ns 

IRco RAS to GAS Delay Time 19 46 ns 2 

tAAD RAS to Column Address Delay Time 14 30 ns 3 

tAsH RAS Hold Time 24 - ns 

lcsH GAS Hold Time 69 - ns 

ICAP GAS to RAS Precharge Time 14 - ns 

tozc GAS Delay Time from D1N 0 - ns 

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

tr 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 ( toH) in the application. For example, a tcAs of 20ns plus a minimum toH of 
1 ns would result in turning data out of the card at 21 ns (3ns before max lcAc of 24ns). 

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

3. Operation wtthin the tRAD (max) limit ensures that tRAC (max) can be met. IRAD (max) is specified as a reference point only: 11 tRAo 
is greater than the specified !RAD (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. 

64G1630 
MMDl12DSU-OO 
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---------- ----- - -IBM11J1320BN - ----::::::::::::::::: ~ = 
1 M x 32 3.3V IC DRAM Card 

Write Cycle 

-70 
Symbol Parameter Units Notes 

Min Max 

lwcs Write Command Set Up Time 0 - ns 

lwcH Write Command Hold Time 15 - ns 

twp Write Command Pulse Width 15 - ns 

IRwL Write Command to RAS Lead Time - - ns 1 

lcwL Write Command to CAS Lead Time - - ns 1 

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

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

tos D1N Setup Time 0 - ns 

toH D1N Hold Time 19 - 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 

!RAC Access Time from RAS - 70 ns 1,2 

lcAC Access Time from CAS - 24 ns 1,2 

IAA Access Time from Address - 40 ns 1,2 

IA cs Read Command Setup Time 0 - ns 

IRcH Read Command Hold Time to CAS 0 - ns 3 

IRRH Read Command Hold Time to RAS 0 - ns 3 

tRAL Column Address to RAS Lead Time 40 - ns 

lcAL Column Address to CAS Lead Time - - ns 4 

lcLZ CAS to Output in Low-Z 1 - ns 

loH Output Data Hold Time 1 - ns 

lcoo CAS to D1N Delay Time 24 - ns 

loFF Output Bulfer Turn-off Delay 1 24 ns 5 

1. Access time is determined by the later of tRAc, tcAc. tAA or lcPA. 
2. Measured with two TIL loads and t OOpF. 
3. Either tRcH or IRRH 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. 
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--------- ----- - -- - ---- ---------------·-

Fast Page Mode Cycle 

Symbol Parameter 

lee Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

1cPRH RAS Hold Time from GAS Precharge 

le PA Access Time from GAS Precharge 

1. Access time is determined by the latter of 1RAC· tcAc. tceA. 1AA· 
2. Access time assumes a load of 100pf. 

Refresh Cycle 

Symbol Parameter 

le HR 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

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

1wRP 
WE Setup Ti1]2_ 
(GAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 
(GAS before RAS Refresh Cycle) 

1RPC RAS Precharge to GAS Hold Time 

!REF Refresh Period 

1 . 1024 refreshes are required every 128ms. 

64G1630 
MMDl12DSU-OO 
Revised 6/94 

IBM11J1320BN 

1 M x 32 3.3V IC DRAM Card 

-70 
Units Notes 

Min Max 

45 - ns 

70 10K ns 

44 - ns 

- 44 ns 1, 2 

-70 
Units Notes 

Min Max 

9 - ns 

14 - ns 

15 - ns 

9 - ns 

9 - ns 

- 128 ms 1 
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IBM11J1320BN 

1 M x 32 3.3V IC DRAM Card 

Read 

V1H-

RAS 
Vil-

V1H-

GAS 
Vil -

tASR 

tRAH 

Address 
V1H-

V1L -

VoH-

tRc 

tRAS 

tcsH 

tRCD tRSH 

tcAS 

tRAD 

tAsc 

tAA --1------

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

_tcAc 

lcLZ 

DouT ------+-- Hi-Z 
Vol-

:"H"or "L" 
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!RP 

Valid Data Out 

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

Hi-Z _ 
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--------- --------- - ---- --------------·-

Write Cycle (Early Write) 

IRAS 

V1H-
RAS 

VIL -

lcsH 

!Rco 

V1H- lcAS 
GAS 

VIL -

!RAD 

!ASA 

le AH 

VrH-
Address 

VrL -

VrH-
WE 

VIL -

los 

VrH-
DrN Valid Data In 

VrL-

DoUT ________________ Hi-Z 

Vol-

64G1630 
MMDl12DSU·OO 
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IBM11J1320BN 

1 M x 32 3.3V IC DRAM Card 

!Ac 

!RP 

!ASH _tCRP 

Page 1075 



IBM11J1320BN 

1 M x 32 3.3V IC DRAM Card 

Fast Page Mode Read Cycle 

~-------~tRASP----------------1 

tcP 

Address 

l 

DouT Vof+.- __________ -_ltc----1"1.i; DouT 1 

VoL- ' 

tcLz 

II : "H" or"L" 

Page 1076 

l ____ tcPRH 

tpc-----i 

.-°tcAs-

--toH 
t r DZC 

tcAc 

.-toH 

t 
COD 

DoUTN 

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

le RP 

64G1630 
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---------- ----- ---- - ---- ---------------·-

Fast Page Mode Write Cycle 

v,K--
RAS 

v,,_ 

v,K--
GAS 

v,,_ 

v,K-
Address v,,_ 

VoH-

DouT 

tRCD 

twcs 

l~· : "H" or "L" 

IBM11J1320BN 

1 M x 32 3.3V IC DRAM Card 

tRASP tRP 

_tpc 

tcp _tRSH tcRP 

tcAS !cAs lcAS 
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-------------- - -IBM11J1320BN - ----- -------------·-
1 M x 32 3.3V IC DRAM Card 

RAS Only Refresh Cycle 

\RC 

\RAS \RP 

V1H_ 

RAS 

VIL-

tAPC 

V1H_ 

CAS 

V1L _ 

tASR 

~~H 
V1H_ 

Address 

V1L _ 

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

Note: WE, D1N are "H" or "L" 
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--------- ----- - -- - ---- - - -------- IBM11J1320BN ---·-
1 M x 32 3.3V IC DRAM Card 

CAS Before RAS Refresh Cycle 

,__ _____ tRAS ----------ot 

VIH-

RAS 

(RPG 1 V1L _ 

~ tcsR 

VIH-

GAS 
VIL -

i------ tcoo -----i 

----i-------- Hi·Z 

Dour VoH-
}-----Hi-Z 

: "H" or"L" 

Note: Addresses are "H" or "L" 

64G1630 
MMDl12DSU-OO 
Revised 6194 
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IBM11J1320BN 

1 M x 32 3.3V IC DRAM Card 

Layout Drawing 

54.l 

2.13 

FRONT 
-, 
I 

0.95 11-.037 

2.45 

.097 l44 FRONT ,y 
88 I 43.0 

1.69 
TYP. 

10.5 

'rj 
r3 

I 

I 

1.60 

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

I I 3.5 

I~ 

85.8 

3.38 

l ___L63 
lT 
I 45 

NOTE: All dimensions are typical unless otherwise stated. MIL1~~~~~Rs 
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-------------- - -- - ---- -------------·-

Features 

• Industry Standard 88Pin IC DRAM Card 
• Performance: 

-70 

!RAC RAS Access Time 70ns 

lcAC CAS Access Time 29ns 

!AA Access Time From Address 46ns 

!Ac Cycle Time 130ns 

!pc Fast Page Mode Cycle Time 50ns 

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

Description 

The IBM11 J2320BL is a 8MB industry standard 
88-pin IC DRAM card. It is organized as a 2M x 32 
high speed memory array. It is built using 16 - 1 Mx4 
devices and is compatible to the JEDEC/PCM
CIA/JEIDA 88-pin standard. Improved system per
formance is provided by the on-card buffering of 
selected input signals. The specified timings include 
all buffer, net and skew delays, which allow the sys
tem designer to work with a simpler interface. The 
DQ and RAS signals are not buffered, which pre
serves the access specification of 70ns. Multiple 
RAS inputs are used to conserve power by allowing 
individual bank selection. In the x32 configuration 

Card Outline 

#88 

#44 .3-

IBM11J2320BL 

2M x 32 5.0V IC DRAM Card 

• Single 5.0V, ± 0.25V Power Supply 
• All inputs buffered except RAS and DATA inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• 10/10 Addressing (Row/Column) 
• Optional Fast Page Mode access cycle __ 
• Refresh Modes: RAS-Only, GAS before RAS 

and BBU (Battery Backup) 
• 1024 refresh cycles distributed across 128ms 
• Polarized Connector 

the memory may be utilized as two banks, each hav
ing four unique bytes. The x16 configuration may be 
utilized as four banks each having two unique bytes. 
Only one bank is activated by each RAS, leaving the 
other banks in standby mode, thus saving power. All 
IBM IC DRAM cards are packaged in a rugged metal 
case for maximum device protection in portable 
applications. The related 2M x 36 version of this 
ICDRAM card is IBM11J2360BLA 

t;O 

~~ 0 >-3 IC DRAM >-3 

cs 0 
'"d ~ CARD 

8188977 
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I BM 11 J2320BL 

2M x 32 5.0V IC DRAM Card 

Pin Description 
RASO- RAS3 Row Address Strobe 

CASO-CAS3 Column Address S1robe 

WE Read/write lnpu1 

AO-A9 Address Inputs 

000-7, 9-16, 
Da1a lnpu1/ou1pu1 18-25, 27-34 

Vee Power(+5V) 

Vss Ground 

NC No Connec1 

PD1 -PD8 Presence De1ects 

Ordering Information 
Part Number 

IBM11J2320BLA-70 

Page 1082 

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

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

1 Vss 23 CASO 45 Vss 67 Vss 

2 000 24 CAS1 46 0018 68 CAS3 

3 001 25 NC 47 0019 69 RAS3 

4 002 26 RAS2 48 0020 70 WE: 
5 003 27 Vee 49 0021 71 PD1 

6 004 28 PD2 50 0022 72 PD3 

7 005 29 PD4 51 0023 73 Vss 

8 006 30 PD6 52 0024 74 PD5 

9 Vee 31 NC 53 0025 75 PD7 

10 007 32 NC 54 NC 76 PD8 

11 NC 33 NC 55 NC 77 NC 

12 NC 34 009 56 Vss 78 NC 

13 AO 35 NC 57 A1 79 NC 

14 A2 36 0010 58 A3 80 0027 

15 Vee 37 Vee 59 A5 81 0028 

16 A4 38 0011 60 A7 82 0029 

17 NC 39 0012 61 A9 83 0030 

18 AG 40 0013 62 NC 84 0031 

19 AS 41 0014 63 Vss 85 0032 

20 NC 42 0015 64 NC 86 0033 

21 NC 43 0016 65 RAS1 87 0034 

22 RASO 44 Vss 66 CAS2 88 Vss 

1. DO numbering is compa1ible wi1h pari1y (x36) version) 

Organiza1ion Speed 

2M x32 70ns 

Noles 

For 80ns applications use 1his 70ns Part Number. 
Be aware if 1he applica1ion makes use of PD's, PD6 
& PD7 are differen1 from the 70ns version. 

8188977 
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-------------- ---- - ---- --------------·-

Block Diagram 

8188977 
MMDJ05DSU-01 
Revised 6/94 

CAS3 

RAS2 

CAS2 

GAS 1 

RASO 

WE 

CASO 

AO-A09 

0034 
* 

0031 

0030 
* 0027 

WiS RAS3 

0025 
* 

0022 

0021 
* 0018 

0016 
* 0013 

0012 
* 0009 

RAS 1 

007 
* 004 

003 
* 

000 

IBM11J2320BL 

2M x 32 5.0V IC DRAM Card 

0034 
* 

0031 

0030 
00~7 

0025 
* 

0022 

0021 
* 

0018 

0016 

0013 

0012 
* 009 

007 

004 

003 

000 
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IBM11J2320BL 

2M x 32 5.0V IC DRAM Card 

Truth Table 

Function RAS GAS WE 

Standby H x x 
Read L L H 

Early-Write L L L 

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

Subsequent Cycles L H-->L H 

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

Subsequent Cycles L H-->L L 

RAS-Only Refresh L H x 
GAS-Before-RAS Refresh H-->L L H 

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. Yss = GND 

Page 1084 

Row Column 
Address Address 

x x 
Row Col 

Row Col 

Row Col 

N/A Col 

Row Col 

NIA Col 

Row NIA 

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 

NC 

Vss 

Vss 

Vss 

Vss 

NC 

NC 
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-------------- - -- - ---- --------------·- IBM11J2320BL 

2M x 32 5.0V IC DRAM Card 

Absolute Maximum Ratings 

Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -1.0 to +6.0 v 1 

Input Voltage (RAS & DATA) -1.0 to +6.0 v 1 
V1N 

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

Vour Output Voltage -1.0to +6.0 v 1 

ToPR Operating Temperature 0 to +55 oc 1 

TsTG Storage Temperature -40 to +85 oc 1 

Po Power Dissipation 11.8 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 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 Vss-

Capacitance (TA= o to +55°C, Vee= 5.0 ± 0.25V) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C1a Input Capacitance (GAS) 

c,. Input Capacitance (WE) 

C110 Output Capacitance {OQ0-0034) 

8188977 
MMDIOSOSU-01 
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 

15 pF 

57 pF 

15 pF 

20 pF 

32 pF 
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---------- ----- - -IBM11J2320BL - ----- --------------·-
2M x 32 5.0V IC DRAM Card 

DC Electrical Characteristics (TA= o to +55°C, Vee= 5.0 ± 0.25V} 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 Average Power Supply Operating Current -70 - 800 mA 

(RAS, GAS, Address Cycling: IRc = IRc min) 

Standby Current (TIL) 
lcc2 Power S.1!.!m.ly Standby Current - 32 mA 1,3 

(RAS= GAS ;,V1H) 

RAS Only Refresh Current 
lcc3 Average PoweL.§!!pply Current, RAS Only Mode -70 - 800 mA 

(RAS Cycling, GAS ;,V,H: IRc = IRc min) 

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

(RAS= V1L, GAS, Address Cycling: lpc = lpc min) 

Standby Current (CMOS) 
Ices Power S.1!.!m.ly Standby Current - 3.2 mA 

(RAS= GAS= Vee - 0.2V) 

GAS Before RAS Refresh Current 
Ices Average Power Supply Current, GAS Before RAS Mode -70 - 800 mA 

(RAS, GAS, Cycling: !Re = IRc min) 

Battery Backup Refresh Current 
lcc7 Average Po)!Yfil Supply Current during Battery Backup refresh 4.8 mA 1, 2 

(GAS,; V1L. WE;, v,H, IRAS,; 1 µSec, !Re = 125ftSec) 

Input Leakage Current RAS -40 +40 

l1(L) 
Input Leakage Current, any input 

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

locLJ 
Output Leakage Current 

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

VoH 
Output High Level 

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

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

1. lcc1, lcc3, lcc4 and Ices depend on cycle rate. 
2. Ice 1, lcc4 depend on output loading. Specified values are obtained with the ou1put 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 GAS= V1H 
4. Refresh current is specified for the X32 configuration using One Bank 

Page 1086 8188977 
MMDIOSDSU-01 

Revised 6/94 



--------- ----- - -- - ---- --------------·- IBM11J2320BL 

2M x 32 5.0V IC DRAM Card 

AC Characteristics (TA= o to +55°C, Vee= 5.o ± o.25V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and 
VIL· 

2. An initial pause of 100µs 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, 1 Ons (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 

!Re 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 

lcAs GAS Pulse Width 21 - ns 2 

tASR Row Address Setup Time 11 - ns 

!RAH Row Address Hold Time 10 - ns 

!Ase Column Address Setup Time 3 - ns 

1CAH Column Address Hold Time 17 - ns 

1RCD RAS to GAS Delay Time 20 42 ns 2 

1RAD RAS to Column Address Delay Time 15 24 ns 3 

1RsH RAS Hold Time 29 - ns 

lcsH GAS Hold Time 70 - ns 

le RP GAS to RAS Precharge Time 20 - ns 

laze CAS Delay Time from D1N 0 - ns 

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

tr 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 eX1ended to guarantee the data out window ( toH) 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 1CAC of 29ns). 

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

3. Operation within the 1RAo (max) limit ensures that 1RAC (max) can be met. 1RAD (max) is specified as a reference point only: If 1RAo 
is greater than the specified 1RAo (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. 
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---------- ----- - -IBM11J2320BL - ----
=:::=:=~= 

2M x 32 5.0V IC DRAM Card 

Write Cycle 

-70 
Symbol Parameter Units Notes 

Min Max 

lwcs Write Command Set Up Time 2 - ns 

twcH Write Command Hold Time 15 - ns 

twp Write Command Pulse Width 16 - ns 

IRwL 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 

tos D1N Setup Time 0 - ns 

loH D1N Hold Time 25 - 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 

lcAc Access Time from GAS - 29 ns 1, 2 

tAA Access Time from Address - 46 ns 1, 2 

IRCS Read Command Setup Time 2 - ns 

tRCH Read Command Hold Time to GAS 0 - ns 3 

IRRH Read Command Hold Time to RAS 0 - ns 3 

tRAL Column Address to RAS Lead Time 46 - ns 

lcAL Column Address to GAS Lead Time - - ns 4 

tcLZ GAS to Output in Low-Z 2 - ns 

loH Output Data Hold Time 2 - ns 

!coo GAS to D1N Delay Time 29 - ns 

lo FF Output Buffer Turn-off Delay 2 29 ns 5 

1. Access time is determined by the later of IRAC, tcAc, tM or lcPA. 
2. Measured with two TIL loads and 1 OOpF. 
3. Either IRCH or IRRH 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. 
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-------------- - -- - ---- --------- ------·-

Fast Page Mode Cycle 

Symbol Parameter 

tpc Fast Page Mode Cycle Time 

tRASP Fast Page Mode RAS Pulse Width 

1cPRH RAS Hold Time from GAS Precharge 

tcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of tRAC. tcAc. tcpA, tAA. 
2. Access time assumes a load of 1 OOpf. 

Refresh Cycle 

Symbol Parameter 

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

tcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

twRP 
WE Setup Tiim_ 
(GAS before RAS Refresh Cycle) 

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

tAPC RAS Precharge to GAS Hold Time 

tAEF Refresh Period 

1. 1024 refreshes are required every 128ms. 

8188977 
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IBM11J2320BL 

2M x 32 5.0V IC DRAM Card 

-70 
Units Notes 

Min Max 

50 - ns 

70 10K ns 

49 - ns 

- 49 ns 1, 2 

-70 
Units Notes 

Min Max 

13 - ns 

20 - ns 

20 - ns 

8 - ns 

8 - ns 

- 128 ms 1 
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--------- ----- - -IBM11J2320BL - - ---- -------------·-
2M x 32 5.0V IC DRAM Card 

Read 

tRC 

tRAs (i,p 

V1H-

RAS 
V1L -

tcsH 

tRCD tRSH 

V1H-
tcAS GAS 

V1L -

tRAD 

tASR 

tRAH 

V1H-
Address Column 

V1L -

tAA +-------"I 

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

tcLZ 

VoH-

DouT ------;-- Hi-Z 

: "H" or"L" 
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tcAC loFF--+ 

Valid Data Out 
Hi-Z _ 
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-------------- - -- - ---- -------------·-

Write Cycle (Early Write) 

tRAS 

VrH-
RAS 

VrL-

lcsH 

VrH- tcAS 
GAS 

VrL-

!RAO 

!ASA 

VrH-
Address 

VrL-

VrH-
WE 

VrL-

los 

VrH-
DrN Valid Data In 

VrL -

VoH-

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

8188977 
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!Re 

tRSH 

IBM11J2320BL 

2M x 32 5.0V IC DRAM Card 

tRP 

-lcRP 
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IBM11J2320BL 

2M x 32 5.0V IC DRAM Card 

Fast Page Mode Read Cycle 

Address 

tcAC 

tRAC 

-1tcLZ 

'· 

DouT 
Vol-

i~ 
... 

I :"H"or"L" 
' 
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tcLz 

Dour 1 

tpc---.... 
_tcp _tRSH 

tcAS 

t r DZC 

tcAC 

~ 
~~ 

to FF 

Dour N 

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

tcRP 
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-------------- - -- - ---- --------------·-

Fast Page Mode Write Cycle 

v,CI--
RAS 

V1L-

V1e1--
GAS 

V1L-

v,H
Address 

VIL-

Dour 
VoL-

8188977 
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lwcs 

I :"H"or"L" 

IBM11J2320BL 

2M x 32 5.0V IC DRAM Card 

4.ASP !RP 

_tpc 
le RP 
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--------- ----- - -IBM11J2320BL - ----- --------------·-
2M x 32 5.0V IC DRAM Card 

RAS Only Refresh Cycle 

!Re 

!RAS !RP 

V1H_ 

RAS 

VIL-

tRPC 

V1H_ 

CAS 

V1L _ 

tASR 

~tRAH 

V1H_ 

Address 
V1L _ 

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

lil : "H" or "L" 

Note: WE, D,N are "H" or "L" 
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-------------- - ------=::::=:=r= IBM11J2320BL 

2M x 32 5.0V IC DRAM Card 

CAS Before RAS Refresh Cycle 

1+------tRAS ----------ot 

VIH-

RAS 

tRPC 1 V1L -

4 !csR 

VIH-

GAS 
V1L _ 

----- tcoo ____ _, 

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

DouT VoH-

Vol-

II : "H" or "L" 

Note: Addresses are "H" or "L" 
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IBM11J2320BL 

2M x 32 5.0V IC DRAM Card 

Layout Drawing 

54.1 (MAX) 

2.13 
11 3.5MAX 

11-138 

FRONT I0.5MIN r ·r I 

I I 

.95 I 1 --.037 ~ 
1.60 MAX 1.60 MAX 

]_ 
44 FRONT 1 ~ 

1) ~T 
88 ~----4""3.0"--T""-'Y"'-P.'-----11 45 

1.69 

.063 

NOTE: All dimensions are typical unless otherwise stated. Ml~~~~~~Rs 
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3.38 

I 3.4MAX 
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--------- ----- - -- ----::::::::::::::::";":: 

Features 

• Industry Standard 88Pin IC DRAM Card 
• Performance: 

-70 

1AAC RAS Access Time 70ns 

1cAc GAS Access Time 24ns 

1AA Access Time From Address 40ns 

1Ac Cycle Time 130ns 

lpc Fast Page Mode Cycle Time 45ns 

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

Description 

The IBM11 J2320BN is a 8MB industry standard 
88-pin IC DRAM card. It is organized as a 2M x 32 
high speed memory array. It is built using 16 1 Mx4 
devices and is compatible to the JEDEC/PCM
CIA/JEIDA 88-pin standard. Improved system per
formance 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
~es the access specification of 70ns. Multiple 
RAS inputs are used to conserve power by allowing 
individual bank selection. In the x32 configuration 

Card Outline 

#88 

#44 =::i 

I BM 11 J2320BN 

2M x 32 3.3V IC DRAM Card 

• Single 3.3V, ± 0.3V Power Supply 
• All inputs buffered except RAS and DATA inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• 10/1 O Addressing (Row/Column) 
• Optional Fast Page Mode access cycle __ 
• Refresh Modes: RAS-Only, CAS before RAS 

and BBU (Battery Backup) 
• 1024 refresh cycles distributed across 128ms 
• Polarized Connector 

the memory may be utilized as two banks, each hav
ing four unique bytes. The x16 configuration may be 
utilized as four banks each having two unique bytes. 
Only one bank is activated by each RAS, leaving the 
other banks in standby mode, thus saving power. All 
IBM IC DRAM cards are packaged in a rugged metal 
case for maximum device protection in portable 
applications. Caution must be used to prevent 
insertion into a 5.0V application. 

to 

¢=J~ 0 >-3 IC DRAM >-3 
>-3 0 

1-C ~ CARD 
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~ 

PIN#45 
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IBM11J2320BN 

2M x 32 3.3V IC DRAM Card 

Pin Description 
i!iAS'o -'RAS3 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

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

Vee Power ( +3.3V) 

Vss Ground 

NC No Connect 

PD1 -PD8 Presence Detects 

Ordering Information 
Part Number 

IBM11J2320BNA-70 

Page 1098 

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

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 Vee 47 DQ19 69 RAS3 

4 DQ2 26 RAS2 48 DQ20 70 WE 

5 DQ3 27 NC 49 DQ21 71 PD1 

6 OQ4 28 PD2 50 DQ22 72 PD3 

7 DQ5 29 PD4 51 DQ23 73 Vss 

8 DQ6 30 PD6 52 DQ24 74 PD5 

9 NC 31 NC 53 OQ25 75 PD7 

10 DQ7 32 NC 54 NC 76 PD8 

11 Vee 33 NC 55 NC 77 NC 

12 NC 34 DQ9 56 Vss 78 NC 

13 AO 35 Vee 57 A1 79 NC 

14 A2 36 DQ10 58 A3 80 DQ27 

15 NC 37 NC 59 A5 81 DQ28 

16 A4 38 DQ11 60 A7 82 DQ29 

17 Vee 39 DQ12 61 A9 83 DQ30 

18 AS 40 DQ13 62 NC 84 DQ31 

19 A8 41 DQ14 63 Vss 85 DQ32 

20 NC 42 DQ15 64 NC 86 DQ33 

21 NC 43 DQ16 65 RA51 87 DQ34 

22 RASO 44 Vss 66 CA82 88 Vss 

1. DQ numbering is compatible with parity (x36) version) 

Organization Speed 

2Mx32 70ns 

Notes 

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

Block Diagram 
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CAS3 

RAS2 

CAS2 

CAS 1 

RASO 

WE 

CASO 

AO-A09 

0034 

0031 

0030 
* 0027 

RAS3 

0025 
* 

0022 

0021 
* 

0018 

0016 
* OQ13 

0012 
* 0009 

RAS 1 

007 
* 004 

003 
* 

OQO 

IBM11J2320BN 

2M x 32 3.3V IC DRAM Card 

0025 
* 

0022 

0021 . 
OQ18 

OQ16 

OQ13 

0012 
* 009 

OQ7 

004 

003 

OQO 
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IBM11J2320BN 

2M x 32 3.3V 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 

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 1100 

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 

NC 

Vss 

Vss 

Vss 

Vss 

NC 

NC 
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--------- ----- - -- - ---- --------------·- IBM11J2320BN 

2M x 32 3.3V IC DRAM Card 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -0.5 to +4.1 v 1 

Input Voltage (RAS & DATA} -0.5 to +4.1 v 1 
V1N 

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

Vour Output Voltage -0.5 to +4.1 v 1 

ToPR Operating Temperature Oto +55 "C 1 

Tsrn Storage Temperature -40 to +85 "C 1 

Po Power Dissipation 4.6 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 Voltage (Redriven Signals} 

V1L 
Input Low Voltage (RAS & DATA} 

Input Low Voltage (Redriven Signals} 

1. All voltages referenced to V88 . 

Capacitance (TA = o to +ss0 c, v cc = 3.3 ± o.3V) 

Symbol Parameter 

c,, Input Capacitance (AO-A9} 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (GAS} 

c,. Input Capacitance (WE} 

C110 Output Capacitance (DQO-DQ34} 

8188g83 
MMDl11DSU-01 
Revised 6194 

Min 

3.0 

2.0 

2.0 

-0.3 

0.0 

Typ Max Units Notes 

3.3 3.6 v 1 

- Vee+ 0.3 v 1 

- Vee v 1 

- 0.8 v 1 

- 0.8 v 1 

Max Units Notes 

15 pf 

43 pf 

15 pf 

20 pf 

32 pf 
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--------- ----- - -IBM11J2320BN - ----- --------------·-
2M x 32 3.3V IC DRAM Card 

DC Electrical Characteristics (TA= o to +55°C, Vee= 3.3± o.3V) 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 Avera~wer Supply Operating Current 

(RAS, CAS, Address Cycling: t8c = t8c min) 
-70 - 640 mA 

Standby Current (TIL) 
lcc2 Power S..!!QQ!y Standby Current 

(RAS= CAS <:V1H) 
- 16 mA 1,3 

RAS Only Refresh Current 
Ices Average Power..§l!pply Curren1, RAS Only Mode 

(RAS Cycling, CAS <:V1H: tRe = tRe min) 
-70 - 640 mA 

Fast Page Mode Current 
Ice• Average Power Supply Curren1, Fast Page Mode -70 - 520 mA 1, 2, 3 

(RAS= V1L. CAS, Address Cycling: 1pc = tpc min) 

Standby Current (CMOS) 
Ices Power S..!!QQ!y Standby Current - 4.0 mA 

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current 
Ices Average Power Supply Current, CAS Before RAS Mode -70 - 640 mA 

(RAS, CAS, Cycling: !Re= tRe min) 

Battery Backup Refresh Current 
lce7 Average Po~ Supply Current during Battery Backup refresh 4.8 mA 1, 2 

(CASs V1L, WE<: V1H. IRAss 1µSec, tRc = 125µSec) 

lnpu1 Leakage Current RAS -40 +40 

l1(L) 
Input Leakage Current, any input 

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

lo(L) 
Ou1put Leakage Current 

-20 +20 µA 
(DouT is disabled, 0.0 s VouT s 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 (louT = +2mA@ 0.4V) 

1. lcch 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 lcC4. it can be changed once or less when CAS = V1H 

4. Refresh current is specified for the X32 configuration using One Bank 
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--------- ----- - -- - ---- -------------·- IBM11J2320BN 

2M x 32 3.3V IC DRAM Card 

AC Characteristics (TA= o to +55°C, Vee= 3.3± 0.3V) 

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 100µs 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:1 ns minimum, 4ns (GAS, WE) or 5ns (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 tT - 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-70 
Symbol Parameter Units Notes 

Min Max 

!Re Random Read or Write Cycle Time 130 - ns 

!RP RAS Precharge Time 50 - ns 

lcp GAS Precharge Time 10 - ns 

IRAS l'iAS Pulse Width 70 10K ns 

le AS GAS Pulse Width 20 - ns 2 

IAsR Row Address Setup Time 5 - ns 

!RAH Row Address Hold Time 9 - ns 

1Asc Column Address Setup Time 2 - ns 

tcAH Column Address Hold Time 16 - ns 

tRco RAS to GAS Delay Time 19 46 ns 2 

!RAD l'iAS to Column Address Delay Time 14 30 ns 3 

IRsH RAS Hold Time 24 - ns 

lcsH GAS Hold Time 69 - ns 

tcRP GAS to RAS Precharge Time 14 - ns 

lozc GAS Delay Time from D1N 0 - ns 

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

IT 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 lcAs for a read cycle 
must be extended to guarantee the data out window ( toH) in the application. For example, a lcAs of 20ns plus a minimum loH of 
2ns would result in turning data out of the card at 21 ns (3ns before max lcAC of 24ns). 

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

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

4. This timing parameter is not applicable to this product, but may apply to a related product in this family. 
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--------- ----- - -IBM11 J2320BN - ----- -------------·-
2M x 32 3.3V IC DRAM Card 

Write Cycle 

-70 
Symbol Parameter Units Notes 

Min Max 

twcs Write Command Set Up Time 0 - ns 

twcH Write Command Hold Time 15 - ns 

twp 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 

tos D1N Setup Time 0 - ns 

toH D1N Hold Time 19 - 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 - 24 ns 1,2 

tAA Access Time from Address - 40 ns 1,2 

tRcS Read Command Setup Time 0 - ns 

tRcH Read Command Hold Time to CAS 0 - ns 3 

tRRH Read Command Hold Time to RAS 0 - ns 3 

tRAL Column Address to RAS Lead Time 40 - ns 

tcAL Column Address to CAS Lead Time - - ns 4 

tcLZ CAS to Output in Low-Z 1 - ns 

toH Output Data Hold Time 1 - ns 

tcoo CAS to D1N Delay Time 24 - ns 

toFF Output Bulfer Turn-off Delay 1 24 ns 5 

1. Access time is determined by the later of tRAc, tcAc, tAA or tcPA. 
2. Measured with two TTL loads and t OOpF. 
3. Either tRcH or tRRH must be satislied 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) delines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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-------------- - -- - ---- - -------------·-

Fast Page Mode Cycle 

Symbol Parameter 

!pc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

fcPRH RAS Hold Time from GAS Precharge 

lcPA Access Time from GAS Precharge 

1 Access time is determined by the latter of IRAC. lcAc. lcPA. IAA· 
2. Access time assumes a load of 100pf. 

Refresh Cycle 

Symbol Parameter 

lcHR 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

lcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

lwRP 
WE Setup Ti'I!!L_ 
(GAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 
(GAS before RAS Refresh Cycle) 

!RPG RAS Precharge to GAS Hold Time 

!REF Refresh Period 

1. 1024 refreshes are required every 128ms. 

8188983 
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IBM 11 J2320BN 

2M x 32 3.3V IC DRAM Card 

-70 
Units Notes 

Min Max 

45 - ns 

70 10K ns 

44 - ns 

- 44 ns 1,2 

-70 
Units Notes 

Min Max 

9 - ns 

14 - ns 

15 - ns 

9 - ns 

9 - ns 

- 128 ms 1 
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-------------- - -IBM11J2320BN - - ---::::::::::;::: ~ = 
2M x 32 3.3V IC DRAM Card 

Read 

!Re 

!RAS 

V1H-

RAS 
V1L -

lcsH 

lRco tRSH 

V1H-
le AS CAS 

V1L -

!RAD 

tASR 

Address Column 

lAA _,__ ____ _ 

!-------i------ Hi-Z --1-------t---j 

lcLz 

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

I · "H"or "L" . 
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lcAc loFF-

Valid Data Out 
Hi-Z _ 
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--------- ----- - -- - ---- --------------·-

Write Cycle (Early Write) 

IRAS 

VrH-
RAS 

VrL-

lcsH 

!Rco 

VrH- lcAs 
CAS 

VrL-

!RAD 

tASR 

VrH-
Address 

VrL -

VrH-
WE 

VrL-

los _ tDH 

VrH-
DrN Valid Data In 

VrL -

DouT ________________ Hi-Z 

Vol-

8188983 
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IBM11J2320BN 

2M x 32 3.3V IC DRAM Card 

!Re 

(RP 

tRSH -lcRP 

; 
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IBM11J2320BN 

2M x 32 3.3V IC DRAM Card 

Fast Page Mode Read Cycle 

Address 

!RCH 

V1H-
WE 

V1L-

l 
V1H-

D1N 
V1L- l:cAc 

!RAc 

t"t VoH-

DouT DouT 1 
VoL-

~ 

ltf : "H" or"L" 
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, ____ l:cPRH 

~CH 

·~tr 
!AA 

l:cPA0 

to~ .....toH 

l:cAc 

!cLZ l:cLz-

DouT 2 :; 

--toH 

t 
coo 

lo FF 

DoUT N 

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

!RCH 

8188983 
MMDl11DSU-01 
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---------- --------- - ---- --------------·-

Fast Page Mode Write Cycle 

v,H-
RAS 

Vil-

v,H-
GAS 

Vil-

v,H
Address 

Vil-

v,H-

VaH-
DauT 

Val-

8188983 
MMDl11 DSU-01 
Revised 6194 

twcs 

IBM 11 J2320BN 

2M x 32 3.3V IC DRAM Card 

tRASP !RP 

~tpc 
tcRP 
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-------------- - -IBM11 J2320BN - ----- -------------·-
2M x 32 3.3V IC DRAM Card 

RAS Only Refresh Cycle 

!Re 

IRAS !RP 

V1H_ 

RAS 

V1L _ 

!RPC 

V1H_ 

CAS 

V1L _ 

tASR 

~!RAH 

V1H_ 

Address 

V1L _ 

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

: "H" or "L" 

Note: WE, D,N are "H" or "L" 

Page 1110 8188983 
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--------------- -- - ---- ---------- IBM 11 J2320BN ---·-
2M x 32 3.3V IC DRAM Card 

CAS Before RAS Refresh Cycle 

t-------tRAS -----------+ 

VrH-

RAS 

tAPC 1 VrL _ 

-1 lcsA 

VrH-

CAS 
VrL _ 

,__ ____ tcoo ____ __., 

---1-------- Hi-Z 

DouT VoH-

t.11 : "H" or "L" 
,,.,,~ 

Note: Addresses are "H" or "L" 

8188983 
MMDl11DSU-01 
Revised 6/94 

tAPC 
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IBM11J2320BN 

2M x 32 3.3V IC DRAM Card 

Layout Drawing 
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-------------- - -- - ---- -------------·-

Features 

• Industry Standard 88Pin IC DRAM Card 
• Performance: 

-70 

IRAC RAS Access Time 70ns 

1cAC CAS Access Time 30ns 

IAA Access Time From Address 46ns 

IRc Cycle Time 130ns 

lpc Fast Page Mode Cycle Time 45ns 

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

Description 

The IBM11J2320HL is a 8MB industry standard 
88-pin IC DRAM card. It is organized as a 2M x 32 
high speed memory array. It is built using 4- 2Mx8 
devices and is compatible to the JEDEC/PCM
CIA/JEIDA 88-pin standard. Improved system per
formance 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 
DO and RAS signals are not buffered, which pre
serves the access specification of 70ns. Multiple 
RAS inputs are used to conserve power by allowing 
individual bank selection. In the x32 configuration 

Card Outline 

#88 

#44 

IBM11 J2320HL 

2M x 32 5.0V IC DRAM Card 

• Single 5.0V, ± 0.25V Power Supply 
• All inputs buffered except RAS and DATA inputs 

Multiple RAS inputs for x16 or x32 selectability 
• 11/10 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 

the memory is a single bank, having four unique 
bytes. The x16 configuration may be utilized as two 
banks each having two unique bytes. Only one bank 
is activated by each RAS, leaving the other bank in 
standby mode, thus saving power. All IBM IC DRAM 
cards are packaged in a rugged metal case for maxi
mum device protection in portable applications. 

OJ 

~~ 0 
b IC DRAM :::j 

::0 CARD 

64G1727 
MMDl22DSU-OO 
Revised 6/94 

0 
s:: 

PIN #45 

'"O -I 

#1 \---::i 
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IBM11J2320HL 

2M x 32 5.0V IC DRAM Card 

Pin Description Pin out 
RASO, RAS2 Row Address Strobe Pin# Name Pin# 

CASO-CAS3 Column Address Strobe 1 Vss 23 

WE Read/write Input 
2 DQO 24 

3 DQ1 25 
AO-A10 Address Inputs 

4 DQ2 2G 
D00-7, 9-1G, 

Data Input/output 18-25, 27 -34 5 DQ3 27 

Vee Power(+5V) 
G DQ4 28 

7 DQ5 29 
Vss Ground 

8 DOG 30 
NC No Connect 9 Vee 31 

PD1 - PD8 Presence Detects 10 DQ7 32 

11 NC 33 

12 NC 34 

13 AO 35 

14 A2 3G 

15 Vee 37 

1G A4 38 

17 NC 39 

18 AG 40 

19 AS 41 

20 A10 42 

21 NC 43 

22 RASO 44 

Ordering Information 

Part Number Organization Speed 

IBM11J2320HLA-70 2M x 32 70ns 

Page 1114 

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

Name Pin# Name Pin# Name 

CASO 45 Vss G7 Vss 

CAS1 4G 0018 GS CAS3 

NC 47 D019 GS NC 

RAS2 48 DQ20 70 WE 
Vee 49 D021 71 PD1 

PD2 50 DQ22 72 PD3 

PD4 51 DQ23 73 Vss 

PDG 52 DQ24 74 PD5 

NC 53 DQ25 75 PD7 

NC 54 NC 7G PD8 

NC 55 NC 77 NC 

DQ9 5G Vss 78 NC 

NC 57 A1 79 NC 

DQ10 58 A3 80 DQ27 

Vee 59 A5 81 DQ28 

0011 GO A7 82 D029 

DQ12 G1 AS 83 DQ30 

0013 G2 NC 84 DQ31 

D014 G3 Vss 85 DQ32 

DQ15 G4 NC 8G DQ33 

DQ1G G5 NC 87 0034 

Vss GG CAS2 88 Vss 

Notes 

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

G4G1727 
MMDl22DSU-OO 
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Block Diagram 

64G1727 
MMDl22DSU-OO 
Revised 6194 

CAS3 

GAS 1 

WE 

RAS 0 

CASO 

AO-A10 

i'iiiS 

0034 

0027 

0025 

0018 

0016 

0009 

0007 

.• 
0000 

IBM11J2320HL 

2M x 32 5.0V IC DRAM Card 
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IBM11J2320HL 

2M x 32 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 

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, V ss = GND 

Page 1116 

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 

NC 

NC 

Vss 

Vss 

NC 

Vss 

NC 

NC 

64G1727 
MMDl22DSU-OO 

Revised 6/94 



---------- ----- - -- - ---- ---------- IBM11J2320HL ----·-
2M x 32 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 

VouT Output Voltage -0.5 to +6.0 v 1 

ToPR Operating Temperature 0 to +55 "C t 

Tsrn Storage Temperature -40 to +85 "C t 

Po Power Dissipation 2.t w t, 2 

louT Short Circuit Output Current 50 mA t 

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 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 Vss· 

Capacitance (TA= o to +5s 0 c, Vee = s.o ± 0.25V) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C110 Output Capacitance (DQO-DQ34) 

64G1727 
MMDl22DSU-OO 
Revised 6/94 

Min 

4.75 

2.4 

2.0 

-0.5 

0.0 

Typ Max Units Notes 

5.0 5.25 v t 

- Vee+ 0.5 v 1 

- Vee v 1 

- 0.8 v 1 

- 0.8 v 1 

Max Units Notes 

15 pF 

35 pF 

15 pF 

20 pF 

23 pF 
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-------------- - -IBM11J2320HL - ----- - -------------·-
2M x 32 5.0V IC DRAM Card 

DC Electrical Characteristics (TA= o to +55°C, Vee= s.o ± o.2svi 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 Average Power Supply Operating Current 

{RAS, CAS, Address Cycling: tRc =!Re min) 
-70 - 400 mA 

Standby Current (TIL) 
lcc2 P~r S..!!lm!y Standby Current - 8 mA 1, 3 

(RAS = CAS ;,V1H) 

RAS Only Refresh Current 
lcc3 Average Powe!J2!!pply Current, RAS Only Mode -70 - 400 mA 

{RAS Cycling, CAS ;,V,H: IRc = IRc min) 

Fast Page Mode Current 
Ice• Average Power Supply Current, Fast Page Mode -70 - 260 mA 1, 2, 3 

(RAS= V1L, GAS, Address Cycling: tpc = tpc min) 

Standby Current (CMOS) 
Ices Power S..!!lm!y Standby Current 

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

CAS Before RAS Refresh Current 
Ices Average Power Supply Current, CAS Before RAS Mode -70 - 400 mA 

(RAS, CAS, Cycling: tRc = 1Rc min) 

Battery Backup Refresh Current 
lcc1 Average Poytfil Supply Current during Battery Backup refresh 2.4 mA 1,2 

(CAS $ V1L, WE;, V1H. IRAs$ 1µSec, !Ac= 125µSec) 

Input Leakage Current RAS -40 +40 

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 

lo1q 
Output Leakage Current 

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

VoH 
Output High Level 

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

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

1. lcc1, lc03, lc04 and Ices depend on cycle rate. 
2. lcc1, 1004 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 lcc4• it can be changed once or less when CAS = V1H 
4. Refresh current is specified for the X32 configuration using One Bank 
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-------------- ---- - ---- ----------- IBM11J2320HL ----·-
2M x 32 5.0V IC DRAM Card 

AC Characteristics (TA= o to +ss0 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 V1H 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, 10ns (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 

I Re Random Read or Write Cycle Time 130 - ns 

IRP 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 11 - ns 

IRAH Row Address Hold Time 8 - ns 

tAsc Column Address Setup Time 3 - ns 

lcAH Column Address Hold Time 17 - ns 

IRco RAS to CAS Delay Time 18 42 ns 2 

IRAD "RAS to Column Address Delay Time 13 24 ns 3 

IRsH RAS Hold Time 30 - ns 

lcsH GAS 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 

IT 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 tcAS of 21 ns plus a minimum loH of 
2ns would result in turning data out of the card at 23ns (7ns before max tcAc of 30ns). 

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

3. Operation within the IRAD (max) limit ensures that tRAC (max) can be met. IRAD (max) is specified as a reference point only: If IRAD 
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. 

64Gt727 
MMDl22DSU-OO 
Revised 6/94 
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-------------- - -IBM11J2320HL ------ --------------·-
2M x 32 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 

twp Write Command Pulse Width 15 - ns 

tRWL Wr~e 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 

tos D1N Setup Time 0 - ns 

toH D1N Hold Time 25 - 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 

!RAC Access Time from RAS - 70 ns 1, 2 

tcAC Access Time from CAS - 30 ns 1,2 

tAA Access Time from Address - 46 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 0 - ns 3 

tRAL Column Address to RAS Lead Time 46 - ns 

tcAL Column Address to CAS Lead Time - - ns 4 

tcLZ CAS to Output in Low-Z 2 - ns 

toH Output Data Hold Time 2 - ns 

tcoo CAS to D1N Delay Time 29 - ns 

to FF Output Buffer Turn-off Delay 2 29 ns 5 

1. Access time is determined by the later of tRAc. tcAc. tM 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. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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---------- ----- - -- - ---- --------------·-

Fast Page Mode Cycle 

Symbol Parameter 

tpc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

tcPRH RAS Hold Time from GAS Precharge 

lcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of tRAc, lcAc, tcPA, IAA. 
2. Access time assumes a load of 100pf. 

Refresh Cycle 

Symbol Parameter 

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

tcsA 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

lwRP 
WE Setup Til!J!L_ 
(GAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 
(GAS before RAS Refresh Cycle) 

tRPC RAS Precharge to GAS Hold Time 

!REF Refresh Period 

1. 2048 refreshes are required every 256ms. 

64G1727 
MMD122DSU-OO 
Revised 6/94 

IBM11J2320HL 

2M x 32 5.0V IC DRAM Card 

-70 
Units Notes 

Min Max 

45 - ns 

70 10K ns 

49 - ns 

- 54 ns 1,2 

-70 
Units Notes 

Min Max 

18 - ns 

20 - ns 

19 - ns 

8 - ns 

0 - ns. 

- 256 ns 1 
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--------- ----- - -IBM11J2320HL - ----
=:::::=:=~= 

2M x 32 5.0V IC DRAM Card 

Read 

i..--------- !RAS ----------of (i,p 

i..---------~SH _____ __. 

Address Column 

!AA -\------+! 

1-------t---- Hi-Z --1--------1--....., 

!cLZ 

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

W~ : "H" or "L" 
$:'-::_::%·~ 

Page1122 

~AC loFF-

Valid Data Out 
Hi-Z _ 

64G1727 
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--------------- - -- - ---- -------------·- IBM11J2320HL 

2M x 32 5.0V IC DRAM Card 

Write Cycle (Early Write) 

!Ac 

!AAS !AP 

V1H-
RAS 

VIL -

lcsH 

IA co !ASH -lcAP 

V1H- !cAS 
CAS 

V1L -

!RAD 

!ASA !AA 

V1H-
Address 

V1L-

V1H-
WE 

VIL-

los _toH 

V1H-
D1N Valid Data In 

V1L -

VoH-
DouT _______________ Hi-Z ----------------

VoL-

64G1727 
MMDl22DSU-OO 
Revised 6/94 

: "H" or "L" 
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IBM11J2320HL 

2M x 32 5.0V IC DRAM Card 

Fast Page Mode Read Cycle 

Address 

V1H-
WE 

VIL-

lcPA0 

toH' 

V1H-

D1N 
V1L-

tAAc 

lcLz 
Vo.,._ 

DoUT 
Vol-

DouT 1 

: "H"or"L" 

Page 1124 

, ____ lcPRH 

-loH 
t r DZC 

tcAC 

lcLz-
'.~ 

+-toH 

t 
CDD 

to FF 

DoUTN 

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

64G1727 
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Fast Page Mode Write Cycle 

V1H-

RAS 
VIL-

V1H-

GAS 
Vic-

V1H

Address 
VIL-

V1H-

VoH-

twcs 

,,I : "H" or "L" 

IBM11J2320HL 

2M x 32 5.0V IC DRAM Card 

tRASP tRP 

_tpc 

le RP 

64G1727 Page 1125 
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--------
IBM11J2320HL 5 ==i~ 
2M x 32 5.0V IC DRAM Card 

RAS Only Refresh Cycle 

!Re 

\RAS \RP 

V1H_ 

RAS 

VIL-

\RPG 

V1H_ 

CAS 

V1L _ 

\ASA 

~tRAH 

V1H_ 

Address 

V1L _ 

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

I :"H"or"L" 

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

Page 1126 64G1727 
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--------- ----- - -- - ---- ---------- IBM11J2320HL ---·-
2M x 32 5.0V IC DRAM Card 

CAS Before RAS Refresh Cycle 

14------tRAS -----------+ 

V1H-

RAS 

!RPG 1 V1L -

-1 !csR 

V1H-

GAS 
V1L -

-----!coo ____ ...,. 

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

DouT VoH-

Vol-

It : "H" or "L" 

Note: Addresses are "H" or "L" 

64G1727 
MMDl22DSU-OO 
Revised 6/94 
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IBM11J2320HL 

2M x 32 5.0V IC DRAM Card 

Layout Drawing 
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--------- ----- - -- - ---- -------------·-

Features 

• Industry Standard 88Pin IC DRAM Card 
• Performance: 

-70 

IRAc RAS Access Time 70ns 

lcAC GAS Access Time 24ns 

IAA Access Time From Address 40ns 

1Rc Cycle Time 130ns 

lpc Fast Page Mode Cycle Time 45ns 

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

Description 

The IBM11 J2320HN is a 8MB industry standard 
88-pin IC DRAM card. It is organized as a 2M x 32 
high speed memory array. It is built using 4- 2Mx8 
devices and is compatible to the JEDEC/PCM
CIA/JEIDA 88-pin standard. Improved system per
formance is provided by the on-card buffering of 
selected input signals. The specified timings include 
all buffer, net and skew delays, which allow the sys
tem designer to work with a simpler interface. The 
DQ and RAS signals are not buffered, which pre
serves the access specification of 70ns. Multiple 
RAS inputs are used to conserve power by allowing 
individual bank selection. In the x32 configuration 

Card Outline 

#88 

#44 F-3 

IBM11J2320HN 

2M x 32 3.3V IC DRAM Card 

• Single 3.3V, ± 0.3V Power Supply 
• All inputs buffered except RAS and DATA inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• 11/10 Addressing (Row/Column) 
• Optional Fast Page Mode a~s cycle __ 
• Refresh Modes: RAS-Only, CAS before RAS 

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

the memory is a single bank, having four unique 
bytes. The x16 configuration may be utilized as two 
banks each having two unique bytes. Only one bank 
is activated by each RAS, leaving the other bank in 
standby mode, thus saving power. All IBM IC DRAM 
cards are packaged in a rugged metal case for maxi
mum device protection in portable applications. 

tx:I 

~~ 0 ..., IC DRAM ....., ..., 0 
'""d ~ CARD 

64G172t 
MMDl16DSU-OO 
Revised 6/94 

0 
~ 

PIN#45 
#I >-· --,· 
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IBM11J2320HN 

2M x 32 3.3V IC DRAM Card 

Pin Description Pinout 

RASO, RAS2 Row Address Slrobe Pin# Name Pin# 

CASO-CAS3 Column Address Strobe 1 Vss 23 

WE Read/write Input 
2 DQO 24 

AO-A10 Address Inputs 
3 DQ1 25 

4 D02 2G 
000-7, 9-16, 

Data Input/output 18-25, 27-34 5 DQ3 27 

Vee Power (+3.3V) 
G 004 28 

Vss Ground 
7 DQ5 29 

8 DOG 30 
NC No Connect 9 NC 31 

PD1 - PD8 Presence Detects 10 DQ7 32 

11 Vee 33 

12 NC 34 

13 AO 35 

14 A2 36 

15 NC 37 

1G A4 38 

17 Vee 39 

18 AG 40 

19 AB 41 

20 AtO 42 

21 NC 43 

22 RASO 44 

Ordering Information 

Part Number Organization Speed 

IBM11J2320HNA-70 2M x32 70ns 

Page 1130 

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

Name Pin# Name Pin# Name 

CJl.SU 45 Vss 67 Vss 

CAS1 4G 0018 68 CAS3 

Vee 47 DQ19 G9 NC 

RAS2 48 0020 70 WE 

NC 49 D021 71 PD1 

PD2 50 0022 72 PD3 

PD4 51 DQ23 73 Vss 

PD6 52 0024 74 PD5 

NC 53 0025 75 PD7 

NC 54 NC 7G PD8 

NC 55 NC 77 NC 

DQ9 5G Vss 78 NC 

Vee 57 At 79 NC 

D010 58 A3 80 0027 

NC 59 A5 81 D028 

DQ11 GO A7 82 DQ29 

0012 61 A9 83 0030 

D013 G2 NC 84 0031 

0014 63 Vss 85 0032 

DQt5 G4 NC 86 DQ33 

DQ16 65 NC 87 0034 

Vss 66 CAS2 88 Vss 

Notes 

For 80ns applications use this 70ns Part Number. 
Be aware if the application makes use of PD's, PD6 
& PD7 are different from the 70ns version. 
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Block Diagram 
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RAS2 

CAS2 

CAS 1 
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RAS 0 

CAS 0 
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U2 
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IBM11J2320HN 

2M x 32 3.3V 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 

GAS-Before-RAS Refresh H-->L L 

Presence Detect 
Pin 

PD1 (PD1 - PD4: Addressing/Dram Type) 

PD2 

PD3 

PD4 

PD5 (Number of Banks/Organization) 

PDG (Speed) 

PD7 

PDB (Refresh Type) 

1. NC= OPEN, Vss = GND 

Page 1132 

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 NIA 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 

NC 

NC 

Vss 

Vss 

NC 

Vss 

NC 

NC 

64G1721 
MMDl16DSU-OO 

Revised 6/94 



--------------- - -- - ---- ---------- IBM11J2320HN ----·-
2M x 32 3.3V IC DRAM Card 

Absolute Maximum Ratings 

Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -0.5 to +4.1 v 1 

Input Voltage (RAS & DATA) -0.5 to +4.1 v 1 
VrN 

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

Vou1 Output Voltage -0.5 to +4.1 v 1 

ToPR Operating Temperature 0 to +55 "C 1 

Tsrn Storage Temperature -40 to +85 "C 1 

Po Power Dissipation 1.44 w 1, 2 

louT Short Circuit Output Current 50 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only, and device functional 
operation at or above the conditions indicated is not implied. Exposure to absolute maximum rating conditions for eX1ended peri-
ods may affect reliability. 

2. Maximum power occurs when all banks are active. 

Recommended DC Operating Conditions (TA= o ta ss0 c) 

Symbol Parameter 

Vee Supply Voltage 

V1H 
Input High Voltage (RAS & DATA) 

Input High Voltage (Redriven Signals) 

VrL 
Input Low Voltage (RAS & DATA) 

Input Low Voltage (Redriven Signals) 

1. All voltages referenced to Vss. 

Capacitance (TA= o to +ss0 c, Vee= 3.3± 0.3V) 

Symbol Parameter 

C11 Input Capacitance {AO-A9) 

C12 Input Capacitance (RAS) 

Crs Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C110 Output Capacitance (DQO-DQ34) 

64G1721 
MMDl16DSU-OO 
Revised 6/94 

Min 

3.0 

2.0 

2.0 

-0.3 

0.0 

Typ Max Units Notes 

3.3 3.6 v 1 

- Vcc+0.3 v 1 

- Vee v 1 

- 0.8 v 1 

- 0.8 v 1 

Max Units Notes 

15 pF 

35 pF 

15 pF 

20 pF 

23 pF 

Page 1133 



--------- -------IBM11J2320HN - ----- --------------·-
2M x 32 3.3V IC DRAM Card 

DC Electrical Characteristics (TA= o to +55°C, Vee= 3.3± o.3V) 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 Avera!l2..fgwer Supply Operating Current -70 - 400 mA 

{RAS, CAS, Address Cycling: tRc = IRc min) 

Standby Current {TTL) 
lcc2 Power S..!!m!Y Standby Current - 8 mA 1,3 

{RAS = CAS :<:V1H) 

RAS Only Refresh Current 
Ices Average Powe!:..§!!pply Current, RAS Only Mode -70 - 400 mA 

(RAS Cycling, CAS :<:V1H: IRC = tRC min) 

Fast Page Mode Current 
ICC4 Average Power Supply Current, Fast Page Mode 

(RAS= V1L. W\S, Address Cycling: tpc = lpc min) 
-70 - 260 mA t,2,3 

Standby Current (CMOS) 
Ices ~r Sgy Standby Current 

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

CAS Before RAS Refresh Current 
lcce Avera!l2..fgwer Supply Current, CAS Before RAS Mode -70 - 400 mA 

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

Battery Backup Refresh Current 
lcc1 Average PoJC!!!!: Supply Current during Battery Backup refresh 2.4 mA 1,2 

(CAS :s; V1L, WE;:: V1H, IRAs :s; 1 µSec, !Re = 125µSec) 

Input Leakage Current RAS -40 +40 

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

lo(L) 
Output Leakage Current -20 +20 µA 
(DoUT is disabled, 0.0 :s; VouT:S: 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, ICC3, lc04 and Ices depend on cycle rate. 
2. lcc1, ICC4 depend on output loading. Specified values are obtained with the output open. 
3. Address can be changed once or Jess while RAS • Vil· In the case of JCC4, it can be changed once or Jess when W\S = V1H 
4. Refresh current is specified for the X32 configuration using One Bank 
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--------------- -- - ---
=:::::=:=~= IBM11J2320HN 

2M x 32 3.3V IC DRAM Card 

AC Characteristics (TA= o to +ss'c, Vee= 3.3± o.3V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H 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: 1ns minimum, 4ns (GAS, WE) or 5ns (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 

tRc Random Read or Write Cycle Time 130 - ns 

tRP RAS Precharge Time 50 - ns 

tcp GAS Precharge Time 10 - ns 

IRAS RAS Pulse Width 70 tOK ns 

tcAS GAS Pulse Width 21 - ns 2 

tASR Row Address Setup Time 11 - ns 

tRAH Row Address Hold Time 8 - ns 

!Ase Column Address Setup Time 3 - ns 

tcAH Column Address Hold Time 17 - ns 

tRco RAS to GAS Delay Time 18 42 ns 2 

1RAD RAS to Column Address Delay Time 13 24 ns 3 

tRSH RAS Hold Time 30 - ns 

lcsH GAS Hold Time 70 - ns 

le RP GAS to RAS Precharge Time 15 - ns 

tozc GAS Delay Time from D1N 0 - ns 

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

tr 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 ( toH) 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 (7ns before max 1CAc of 30ns). 

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

3. Operation within the tRAo (max) limit ensures that tRAc (max) can be met. tRAo (max) is specified as a reference point only: If 1RAo 
is greater than the specified 1RAD (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. 

64G1721 
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--------- ----- - -IBM11J2320HN - ----- --------------·-
2M x 32 3.3V IC DRAM Card 

Write Cycle 

-70 
Symbol Parameter Units Notes 

Min Max 

lwcs Write Command Set Up Time 0 - ns 

twcH Write Command Hold Time 15 - ns 

tWP Write Command Pulse Width 15 - ns 

IRWL Write Command to RAS Lead Time - - ns 1 

!cwt Write Command to CAS Lead Time - - ns 1 

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

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

los D1N Setup Time 0 - ns 

loH D1N Hold Time 25 - 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 

lcAC Access Time from OAS - 24 ns 1,2 

tM Access Time from Address - 40 ns 1,2 

tRcS Read Command Setup Time 0 - ns 

tRcH Read Command Hold Time to OAS 0 - ns 3 

IRRH Read Command Hold Time to RAS 0 - ns 3 

IRAL Column Address to RAS Lead Time 40 - ns 

lcAL Column Address to OAS Lead Time - - ns 4 

tcLZ OAS to Output in Low-Z 1 - ns 

loH Output Data Hold Time 1 - ns 

tcoo GAS to D1N Delay Time 24 - ns 

loFF Output Buffer Tum-off Delay 1 24 ns 5 

1. Access time is determined by the later of tRAc. ICAc, tAA 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. 
5. loFF (max) defines the time at which the output achieves the open circuh condhion and is not referenced to output voltage levels. 
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--------- ----- - -- - ---- --------------·-

Fast Page Mode Cycle 

Symbol Parameter 

!pc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from GAS Precharge 

le PA Access Time from~ Precharge 

1. Access time is determined by the latter of tRAc. lcAc. lcPA· IAA. 
2. Access time assumes a load of 100pf. 

Refresh Cycle 

Symbol Parameter 

lcHR CAS Hold Til!!!._ 
(CAS before RAS Refresh Cycle) 

tcsR 
CAS Setup Time 
(CAS before RAS Refresh Cycle) 

lwRP WE Setup Time 
(GAS before RAS Refresh Cycle) 

twRH WE Hold Time 
(GAS before RAS Refresh Cycle) 

tRPC ~ Precharge to CAS Hold Time 

IREF Refresh Period 

1. 2048 refreshes are required every 256ms. 

64G1721 
MMDl16DSU-OO 
Revised 6194 

IBM11J2320HN 

2M x 32 3.3V IC DRAM Card 

·70 
Units Notes 

Min Max 

45 - ns 

70 10K ns 

44 - ns 

- 44 ns 1,2 

-70 
Units Notes 

Min Max 

9 - ns 

14 - ns 

15 - ns 

9 - ns 

9 - ns 

- 256 ns 1 
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IBM11J2320HN 

2M x 32 3.3V IC DRAM Card 

Read 

V1H-

RAS 
V1L -

V1H-

CAS 
V1L -

t..sR 

~H 

Address 
V1H-

V1L -

VoH-

~c 

tRAS 

1:csH 

tRCD tRSH 

tcAS 

tRAo 

Column 

I-----+---- Hi-Z -+-------+---1 
tcAc 

tcLZ 
1:oFF-

Dovr -----+- Hi-Z Valid Data Out 
Hi-Z _ 

: "H" or "L" 
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_toH ----t 
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--------------- -- - ---::::::::::=:::: ~ = 

Write Cycle (Early Write) 

tRAs 

V1H-
RAS 

V1L-

tcsH 

tRCD 

V1H- tcAS 
GAS 

V1L-

!RAD 

tASR 

V1H-
Address 

V1L-

V1H-
WE 

V1L-

tos _toH 

V1H-
D1N Valid Data In 

V1L-

Vot1-
DouT _______________ Hi-Z 

VoL-

64G1721 
MMDl16DSU-OO 
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I :"H"or"L" 

IBM11J2320HN 

2M x 32 3.3V IC DRAM Card 

tRc 

!RP 

tRSH _tcRP 
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IBM11J2320HN 

2M x 32 3.3V IC DRAM Card 

Fast Page Mode Read Cycle 

-~co 

Address 

DoUT 
VoL-

I :"H"or"L" 

Page 1140 

!pc---~ 

..__tcAS__,.. 

--toH t -toH 

r DZC t 
COD 

DoUTN 

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

Fast Page Mode Write Cycle 

V1H-

RAS 
V1L-

V1H-

CAS 
V1L-

V1H

Address 
V1L-

64G1721 
MMDl16DSU-OO 
Revised 6/94 

lwcs 

I :"H"or"L" 

tRASP 

IBM11J2320HN 

2M x 32 3.3V IC DRAM Card 

tRP 

_tpc 

tcp tRSH tcRP 

tcAs tcAs 
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--------- ----- - -IBM11J2320HN - ----- -------------·-
2M x 32 3.3V IC DRAM Card 

RAS Only Refresh Cycle 

~PC 

VIH-

CAS 

V1L_ 

tASR 

~~H 
V1H_ 

Address 

V1L _ 

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

I :"H"or"L" 

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

Page1142 64G1721 
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------------------ - ---- ---------- IBM11J2320HN ---·-
2M x 32 3.3V IC DRAM Card 

CAS Before RAS Refresh Cycle 

1-------\RAS -------------+ 

VIH-

RAS 

tRPC 1 V1L -

~ tcsR 

V1H-

GAS 
VIL -

,__ ____ tcoo -----ot 

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

DouT VoH-

':.t,f. : "H" or "L" 

Note: Addresses are "H" or "L" 

64G1721 
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IBM11J2320HN 

2M x 32 3.3V IC DRAM Card 

Layout Drawing 

54.1 

2.13 

FRONT 10.5 

_co.413 
-, 'r 

I ~--------' I _],I 

2.45 1.60 

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

I I 3.5 

I~ 

85.8 

3.38 

.097 l 44 FRONT 1 _L 
1) ~=i-

88 r---"4""'--3.0 -----ii 45 
1.69 
TYP. 

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

Features 

• Industry Standard 88Pin IC DRAM Card 
• Performance: 

-70 

!RAC RAS Access Time 70ns 

lcAC CAS Access Time 30ns 

!AA Access Time From Address 46ns 

!Ac Cycle Time 130ns 

!pc Fast Page Mode Cycle Time 45ns 

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

Description 

The IBM11 J4320HL is a 16MB industry standard 
88-pin IC DRAM card. It is organized as a 4M x 32 
high speed memory array. It is built using 8- 2Mx8 
devices and is compatible to the JEDEC/PCM
CIA/JEIDA 88-pin standard. Improved system per
formance is provided by the on-card buffering of 
selected input signals. The specified timings include 
all buffer, net and skew delays, which allow the sys
tem designer to work with a simpler interface. The 
DQ and RAS signals are not buffered, which pre
serves the access specification of 70ns. Multiple 
RAS inputs are used to conserve power by allowing 
individual bank selection. In the x32 configuration 

Card Outline 

#88 

#44 .3-

IBM11J4320HL 

4M x 32 5.0V IC DRAM Card 

• Single 5.0V, ± 0.25V Power Supply 
• All inputs buffered except RAS and DATA inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• 11/10 Addressing (Row/Column) 
• Optional Fast Page Mode access cycle __ 

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

• 2048refresh cycles distributed across 256ms 
• Polarized Connector 

the memory may be utilized as two banks, each hav
ing four unique bytes. The x16 configuration may be 
utilized as four banks each having two unique bytes. 
Only one bank is activated by each RAS, leaving the 
other banks in standby mode, thus saving power. All 
IBM IC DRAM cards are packaged in a rugged metal 
case for maximum device protection in portable 
applications. 

CD 

~~ 0 -I IC DRAM g 0 
CARD :D 

64G1723 
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PIN #45 

"U 

#1 

--l 

\--::::i. 
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IBM11J4320HL 

4M x 32 5.0V IC DRAM card 

Pin Description Pinout 
RASO-RAS3 Row Address Strobe Pin# Name Pin# 

CASO-CAS3 Column Address Strobe 1 Vss 23 

WE Read/write Input 2 DOO 24 

AO-A10 Address Inputs 3 001 25 

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

4 002 26 

5 003 27 

Vee Power(+5V) 6 004 28 

Vss Ground 
7 005 29 

NC No Connect 
8 006 30 

9 Vee 31 
PD1 -PD8 Presence Detects 

10 007 32 

11 NC 33 

12 NC 34 

13 AO 35 

14 A2 36 

15 Vee 37 

16 A4 38 

17 NC 39 

18 A6 40 

19 AB 41 

20 A10 42 

21 NC 43 

22 RASO 44 

Ordering Information 

Part Number Organization Speed 

IBM11J4320HLA-70 4M x32 70ns 

Page 1146 

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

Name Pin# Name Pin# Name 

CASO 45 Vss 67 Vss 

CAS1 46 0018 68 CAS3 

NC 47 0019 69 RAS3 

RAS2 48 0020 70 wt 
Vee 49 0021 71 P01 

P02 50 0022 72 P03 

P04 51 0023 73 Vss 

P06 52 0024 74 PD5 

NC 53 D025 75 PD7 

NC 54 NC 76 PD8 

NC 55 NC 77 NC 

D09 56 Vss 78 NC 

NC 57 A1 79 NC 

0010 58 A3 80 0027 

Vee 59 A5 81 0028 

0011 60 A7 82 0029 

0012 61 A9 83 0030 

0013 62 A11 84 0031 

0014 63 Vss 85 0032 

0015 64 NC 86 0033 

0016 65 RAS1 87 D034 

Vss 66 CAS2 88 Vss 

Notes 

For 80ns applications use this 70ns Part Number. 
Be aware if the application makes use of PO's, P06 
& P07 are different from the 70ns version. 
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-------------- ---- - ---- --------------·-

Block Diagram 

64G1723 
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RAS3 

CAS3 

WE 

RAS2 

CAS2 

RAS 1 

GAS 1 

RAS 0 

CASO 

AO-A10 

IBM11J4320HL 

4M x 32 5.0V IC DRAM Card 

0034 

0027 

U3 

0025 
GAS 

0018 

U2 

GAS 0016 

0009 

0007 

0000 
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IBM11J4320HL 

4M x 32 5.0V IC DRAM Card 

Truth Table 

Function RAS CAS WE 

Standby H x x 
Read L L H 

Early-Write L L L 

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

Subsequent Cycles L H->L H 

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

Subsequent Cycles L H->L L 

RAS-Only Refresh L H x 
CAS-Before-RAS Refresh H->L L H 

Presence Detect 

Pin 

PD1 (PD1 - PD4: Addressing/Dram Type) NC= OPEN, Vss = GND 

PD2 

PD3 

PD4 

PD5 ( Number of Banks/Organization) 

PD6 (Speed) 

PD7 

PD8 (Refresh Type) 

1. NC= OPEN, V ss = GND 

Page 1148 

Row Column 
Address Address 

x x 
Row Col 

Row Col 

Row Col 

NIA Col 

Row Col 

N/A Col 

Row N/A 

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 

NC 

NC 

Vss 

Vss 

Vss 

Vss 

NC 

NC 
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-------------- - -- - ---- ----------- IBM11J4320HL ----·-
4M x 32 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 

VouT Output Voltage -0.5 to +6.0 v 1 

ToPR Operating Temperature 0 to +55 oc 1 

Tsrn Storage Temperature -40 to +85 oc 1 

Po Power Dissipation 4.2 w 1, 2 

louT Short Circuit Output Current 50 mA 1 

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

2. Maximum power occurs when all banks are active. 

Recommended DC Operating Conditions (TA= o to ss 0 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 Vss· 

Capacitance (TA= o to +ss0 c, Vee= s.o ± 0.25Vl 

Symbol Parameter 

c,, Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C1s Input Capacitance (GAS) 

c,. Input Capacitance (WE) 

C110 Output Capacitance (DQO-DQ34) 

64G1723 
MMDl18DSU-OO 
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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 

15 pF 

35 pF 

15 pF 

20 pF 

30 pF 
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--------- ----- - -IBM11J4320HL - ----- -------------·-
4M x 32 5.0V IC DRAM Card 

DC Electrical Characteristics (TA= o to +55°C, Vee= s.o ± o.2sv) 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 Average Power Supply Operating Current -70 - 400 mA 

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

Standby Current (TTL) 
lcc2 Power S.!!lm!y Standby Current - 16 mA 1, 3 

(RAS = CAS ;;:V1H) 

RAS Only Refresh Current 
Ices Average Powe[.§ypply Current, RAS Only Mode -70 - 400 mA 

(RAS Cycling, CAS <oV1H: !Re =!Re min) 

Fast Page Mode Current 
lcc4 Average Power Supply Current, Fast Page Mode -70 - 260 mA 1, 2, 3 

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

Standby Current (CMOS) 
Ices Power S.!!lm!y Standby Current - 1.6 mA 

(RAS= CAS = Vee - 0.2V) 

CAS Before RAS Refresh Current 
Ices Average Power Supply Current, CAS Before RAS Mode -70 - 400 mA 

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

Battery Backup Refresh Current 
lcc1 Average Po)!Yfil Supply Current during Battery Backup refresh 2.4 mA 1, 2 

(CASs V1L, WE;;, V1H,tRAss 1µSec, tRc = 125µSec) 

Input Leakage Current RAS -20 +20 

l1(L) 
Input Leakage Current, any input 

CAS .ADD -10 +10 µA 
(0.0 s V1N s (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 s VouT s Vee) 

VoH 
Output High Level 

2.4 - v Output "H"" Level Voltage (1 0 UT = -2mA@ 2.4V) 

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

1. Ice" lcc3, 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 =Vil· In the case of lcc4, it can be changed once or less when CAS = V1H 
4. Refresh current is specified for the X32 configuration using One Bank 
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-------------- ---- - ---- ---------- IBM11J4320HL ----·-
4M x 32 5.0V IC DRAM Card 

AC Characteristics (TA= o to +55°C, Vee= 5.0 ± 0.25V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H 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 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 

!Ac Random Read or Write Cycle Time 130 - ns 

!RP RAS Precharge Time 50 - ns 

lcp GAS Precharge Time 10 - ns 

IRAS RAS Pulse Width 70 lOK ns 

lcAs GAS Pulse Width 21 - ns 2 

!ASA Row Address Setup Time 11 - ns 

!RAH Row Address Hold Time 8 - ns 

!Ase Column Address Setup Time 3 - ns 

lcAH Column Address Hold Time 17 - ns 

IRCD RAS to GAS Delay Time 18 42 ns 2 

IRAD RAS to Column Address Delay Time 13 24 ns 3 

IRsH RAS Hold Time 30 - ns 

lcsH GAS Hold Time 70 - ns 

lcRP GAS to RAS Precharge Time 15 - ns 

lozc GAS Delay Time from D1N 0 - ns 

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

Ir 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 (7ns before max ICAC of 30ns). 

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

3. Operation within the 1RAo (max) limit ensures that IRAc (max) can be met. IRAo (max) is specified as a reference point only: If IRAD 
is greater than the specified IRAo (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. 

64G1723 
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--------- ----- - -IBM11J4320HL - ----- --------------·-
4M x 32 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 

twp Write Command Pulse Width 15 - ns 

tRWL Write Command to RAS Lead Time - - ns 1 

tcwL Write Command to CAS Lead Time - - ns 1 

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

toHR Data Hold Time Referenced to RAS - - ns 1 

tos D1N Setup Time 0 - ns 

toH D1N Hold Time 25 - 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 - 30 ns 1,2 

tAA Access Time from Address - 46 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 0 - ns 3 

tRAL Column Address to RAS Lead Time 46 - ns 

lcAL Column Address to CAS Lead Time - - ns 4 

lcLZ GAS to Output in Low-Z 2 - ns 

toH Output Data Hold Time 2 - ns 

!coo CAS to D1N Delay Time 29 - ns 

loFF Output Buffer Turn-off Delay 2 29 ns 5 

1. Access time is determined by the later of tRAc, tcAc, tAA or lcPA. 
2. Measured with two TIL loads and 100pF. 
3. Either IRcH 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. 
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--------------- ---- - ---- --------------·-

Fast Page Mode Cycle 

Symbol Parameter 

lpc Fast Page Mode Cycle Time 

tAASP Fast Page Mode RAS Pulse Width 

lcPAH RAS Hold Time from GAS Precharge 

lcPA Access Time from GAS Precharge 

1. Access time is determined by the laner of 1RAc. tcAc. lcPA. tAA. 
2. Access time assumes a load of 1 OOpf. 

Refresh Cycle 

Symbol Parameter 

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

lcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

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

1wRH 
WE Hold Tim.!!__ 
(GAS before RAS Refresh Cycle) 

!RPG RAS Precharge to GAS Hold Time 

tAEF Refresh Period 

1. 2048 refreshes are required every 256ms. 

64G1723 
MMDl18DSU-OO 
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IBM11J4320HL 

4M x 32 5.0V IC DRAM Card 

-70 
Units Notes 

Min Max 

45 - ns 

70 10K ns 

49 - ns 

- 54 ns 1,2 

-70 
Units Notes 

Min Max 

18 - ns 

20 - ns 

19 - ns 

8 - ns 

0 - ns 

- 256 ms 1 
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IBM11J4320HL 

4M x 32 5.0V IC DRAM Card 

Read 

V1H-
RAS 

V1L -

V1H-
CAS 

V1L -

V1H
Address 

VoL-

Page1154 

tRCD 

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

I :"H"or"L" 

!Re 

IRAs 

lcsH 

tRSH 

lcAS 

tcLZ 

Valid Data Out 

_toH ___ _, 

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

Hi-Z _ 
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-------------- ---- ----- ---------- IBM11J4320HL ---·-
4M x 32 5.0V IC DRAM Card 

Write Cycle (Early Write) 

!Re 

!RAS !AP 

V1H-
RAS 

VIL -

le SH 

IACD !RSH -lcRP 

V1H- !cAS 
GAS 

V1L -

!RAD 

!ASA 

tRAH 

V1H-
Address 

Vil -

twcR 

V1H- twp 
WE 

Vil -

tDHR 

los ....... toH 

VIH-
D1N Valid Data In 

VoH-

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

::11. : "H" or "L" 

64G1723 Page1155 
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IBM11J4320HL 

4M x 32 5.0V IC DRAM Card 

Fast Page Mode Read Cycle 

_________ tRASP _______________ I 

t,,p 

Address 

DouT 
VoL-

DouT 1 

: "H"or 11L" 

Page 1156 

_tcAs-

1----tCPRH 

-ioH 
t r DZC 

tcAC 

DouT 2 l>-----W~§!\I 
=i' 

DoUT N 

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

tcRP 

64G1723 
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--------- ----- ----- ---- --------------·-

Fast Page Mode Write Cycle 

v,H-
RAS 

V1L-

v,H-
GAS 

VIL-

v,H
Address v,,_ 

VoH-

64G1723 
MMDl18DSU-OO 
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lwcs 

: "H" or "L" 

IBM11J4320HL 

4M x 32 5.0V IC DRAM Card 

!RASP !RP 

_tpc 

lcp !ASH le RP 

lcAs lcAs 
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--------- ----- - -IBM11J4320HL - ----- --------------·-
4M x 32 5.0V IC DRAM Card 

RAS Only Refresh Cycle 

!RC 

!RAS !RP 

V1H_ 

RAS 

V1L _ 

!RPC 

V1H_ 

GAS 

V1L _ 

!ASR 

~!RAH 

V1H_ 

Address 

V1L _ 

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

I · "H" or "L" . 

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

CAS Before RAS Refresh Cycle 

VIH-

RAS 

tRPC 1 V1L -

~ lcsR 

t 
V1H-

CHR 

CAS 
V1L _ 

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

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

Dour VoH-

64G1723 
MMDI 18DSU-OO 
Revised 6194 

VoL-

Note: Addresses are "H" or "L" 

IBM11J4320HL 

4M x 32 5.0V IC DRAM Card 
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IBM11J4320HL 

4M x 32 5.0V IC DRAM Card 

Layout Drawing 

54.1 (MAX) 

- J "~' .138 2.13 

FRONT 10.5MIN r 'rl 
I 

~1-.037 ~ 
1.60 MAX 1.60 MAX l 44 FRONT 1~ 

1) ~=-, 
88 ~----4=3=.o~TY~P~. __ __,I 45 

1.69 

.063 

NOTE: All dimensions are typical unless otherwise stated. MtL1~~~~~Rs 
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85.8 

3.38 

I 3.4MAX 

~ 

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

Features 

• Industry Standard 88Pin IC DRAM Card 
Performance: 

-70 

!RAC RAS Access Time 70ns 

lcAC CAS Access Time 24ns 

!AA Access Time From Address 40ns 

!Re Cycle Time 130ns 

lpc Fast Page Mode Cycle Time 45ns 

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

Description 

The IBM11 J4320HN is a 16MB industry standard 
88-pin IC DRAM card. It is organized as a 4M x 32 
high speed memory array. It is built using 8- 2Mx8 
devices and is compatible to the JEDEC/PCM
CIA/JEIDA 88-pin standard. Improved system per
formance 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 
DO and RAS signals are not buffered, which pre
serves the access specification of 70ns. Multiple 
RAS inputs are used to conserve power by allowing 
individual bank selection. In the x32 configuration 

Card Outline 

#88 

#44 ~ 

IBM11J4320HN 

4M x 32 3.3V IC DRAM Card 

• Single 3.3V, ± 0.3V Power Supply 
• All inputs buffered except RAS and DATA inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• 11 /1 O Addressing (Row/Column) 
• Optional Fast Page Mode access cycle __ 
• Refresh Modes: RAS-Only, CAS before RAS 

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

the memory may be utilized as two banks, each hav
ing four unique bytes. The x16 configuration may be 
utilized as four banks each having two unique bytes. 
Only one bank is activated by each RAS, leaving the 
other banks in standby mode, thus saving power. All 
IBM IC DRAM cards are packaged in a rugged metal 
case for maximum device protection in portable 
applications. Caution must be used to prevent 
insertion into a 5.0V application. 

to 

~~ 0 
d IC DRAM --3 

--3 '"d c:i CARD 

64G1632 
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PIN#45 
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IBM11J4320HN 

4M x 32 3.3V IC DRAM Card 

Pin Description Pin out 
RASO-RAS3 Row Address Strobe Pin# Name 

CASO-CAS3 Column Address Strobe 1 Vss 

WE Read/write Input 2 DOO 

AO -A10 Address Inputs 3 DOI 

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

4 D02 

5 D03 

Vee Power (+3.3V) 6 D04 

Vss Ground 7 D05 

NC No Connect 
8 DOG 

9 NC 
PD1 -PD8 Presence Detects 

10 DO? 

11 Vee 

12 NC 

13 AO 

14 A2 

15 NC 

16 A4 

17 Vee 

18 AG 

19 AS 

20 A10 

21 NC 

22 RASO 

Ordering Information 
Part Number Organization 

IBM11J4320HNA-70 4M x32 

Page 1162 

Pin# 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

Speed 

70ns 

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

Name Pin# Name Pin# Name 

CASO 45 Vss 67 Vss 

CASI 46 D018 68 CAS3 

Vee 47 D019 69 NC 

RAS2 48 D020 70 WE 

NC 49 D021 71 PD1 

PD2 50 D022 72 PD3 

PD4 51 DQ23 73 Vss 

PDG 52 D024 74 PD5 

NC 53 D025 75 PD7 

NC 54 NC 76 PD8 

NC 55 NC 77 NC 

D09 56 Vss 78 NC 

Vee 57 A1 79 NC 

D010 58 A3 80 D027 

NC 59 A5 81 D028 

D011 60 A7 82 D029 

D012 61 A9 83 D030 

D013 62 NC 84 D031 

D014 63 Vss 85 D032 

D015 64 NC 86 D033 

D016 65 NC 87 D034 

Vss 66 CAS2 88 Vss 

Notes 

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

Block Diagram 

64G1632 
MMDl14DSU-01 
Revised 6/94 

RAS2 

CAS2 

RAS 1 

GAS 1 

RASO 

CASO 

AO-A10 

IBM11J4320HN 

4M x 32 3.3V IC DRAM Card 

DQ34 

DQ27 

DQ25 
.----+----<Ci'iS 

DQ18 

CiiS DQ16 

~ 

us 
RAS DQ09 

GAS 

.----+----<Cii'S DQ07 

DQOO 
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IBM11J4320HN 

4M x 32 3.3V 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 

GAS-Before-RAS Refresh H~L L 

Presence Detect 

Pin 

PD1 (PD1 - PD4: Addressing/Dram Type) NC= OPEN, Vss = GND 

PD2 

PD3 

PD4 

PD5 ( Number of Banks/Organization) 

PDS(Speed) 

PD7 

PDS (Refresh Type) 

1. NC= OPEN, Vss = GND 

Page 1164 

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 Da 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 

NC 

NC 

Vss 

Vss 

Vss 

Vss 

NC 

NC 

64G1632 
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-------------- - -- - ---======~= IBM11J4320HN 

4M x 32 3.3V IC DRAM Card 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Vohage -0.5to +4.1 v 1 

Input Voltage (RAS & DATA) -0.5to+4.1 v 1 
V1N 

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

Vour Output Voltage -0.5 to +4. t v 1 

ToPR Operating Temperature Oto +55 ·c 1 

Tsm Storage Temperature -40to +85 ·c 1 

Po Power Dissipation 2.88 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 oonditions 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 55°C) 

Symbol Parameter 

Vee Supply Voltage 

V1H 
Input High Voltage (RPS & 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 +ss•c, Vee= 3.3± o.3V) 

Symbol Parameter 

e11 Input Capacitance (AO-AS) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

c,., Output Capacitance (DQO-DQ34) 

64G1632 
MMDl14DSU-01 
Revised 6194 

Min 

3.0 

2.0 

2.0 

-0.3 

0.0 

Typ Max Units Notes 

3.3 3.6 v 1 

- Vcc+0.3 v 1 

- Vee v 1 

- 0.8 v 1 

- 0.8 v 1 

Max Un~s Notes 

t5 pF 

35 pF 

15 pF 

20 pF 

30 pF 
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----------------IBM11J4320HN - ----- --------------·-
4M x 32 3.3V IC DRAM Card 

DC Electrical Characteristics (TA = o to +ss·c. v cc = 3.3± o.3V) 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 Avera9!tfQwer Supply Operating Current 

(FiAS, CAS, Address Cycling: IRc = IRc min) 
-70 - 400 mA 

Standby Current (TTL) 
lcc2 Power Sgy Standby Current 

(RAS = CAS <::V1H) 
- 16 mA 1,3 

RAS Only Refresh Current 
Ices Average Power..§ypply Current, RAS Only Mode 

(RAS Cycling, CAS <::V1H: IRC = IRC min) 
-70 - 400 mA 

Fast Page Mode Current 
ICC4 Average Power Supply Current, Fast Page Mode -70 - 260 mA 1,2,3 

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

Standby Current (CMOS) 
Ices Power Sgy Standby Current - 1.6 mA 

(RAS = CAS = Vee - 0.2V) 

CAS Before RAS Refresh Current 
Ices Average Power Supply Current, CAS Before RAS Mode -70 - 400 mA 

(RAS, CAS, Cycling: tRc = 1Rc min) 

Battery Backup Refresh Current 
lcc1 ~ge Po!!!!! Supply Current during Battery Backup refresh 

(CASS: V1L, WE<:: V1H, IRAs S: 1 µSec, !Re = 125µSec) 
2.4 mA 1,2 

Input Leakage Current RAS -20 +20 

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

lo(L) 
Output Leakage Current -20 +20 µA 
(Door is disabled, 0.0 s: VoUT s: 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, ICC3, ICC4 and Ices depend on cycle rate. 
2. lcc1, lcC4 depend on output loading. Specttied values are obtained w~h the output open. 
3. Address can be changed once or less while RAS= V1L· In the case of lc04, it can be changed once or less when CAS = V1H 
4. Refresh current is specHied for the X32 configuration using One Bank 
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--------------- ---------------------·- IBM 11 J4320HN 

4M x 32 3.3V IC DRAM Card 

AC Characteristics (TA= o to +ss·c, Vee= 3.3 ± o.3V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between ViH and 
V1L· 

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 specHied timings include buffer, loading and skew delays: 1ns minimum, 4ns (CAS, WE) or 5ns (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 

lcAs CAS Pulse Width 21 - ns 2 

IAsR Row Address Setup Time 11 - ns 

lRAH Row Address Hold Time 8 - ns 

I Ase Column Address Setup Time 3 - ns 

lcAH Column Address Hold Time 17 - ns 

IRco RAS to CAS Delay Time 18 42 ns 2 

lRAO RAS to Column Address Delay Time 13 24 ns 3 

IRsH RAS Hold Time 30 - ns 

tcsH CAS Hold Time 70 - ns 

le RP OAS to RAS Precharge Time 15 - ns 

lozc CAS Delay Time from D1N 0 - ns 

!AR 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 ICAs for a read cycle 
must be extended to guarantee the data out window ( toH) in the application. For example, a ICAs of 21 ns plus a minimum toH of 
2ns would result in turning data out of the card at 23ns (7ns before max ICAC of 30ns). 

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

3. Operation w~hin the IRAo (max) limit ensures that IRAc (max) can be met. IRAD (max) is specified as a reference point only: If IRAo 
is greater than the specified tRAo (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. 

64G1632 
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--------------- -IBM11J4320HN - ----:::::::::::=:::: 'i' = 
4M x 32 3.3V IC DRAM Card 

Write Cycle 

-70 
Symbol Parameter Units Notes 

Min Max 

twcs Write Command Set Up Time 0 - ns 

tWCH Write Command Hold Time 15 - ns 

twp Write Command Pulse Width 15 - ns 

tRWL Write Command to RAS Lead Time - - ns 1 

tcWL Write Command to CAS Lead Time - - ns 1 

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

to HR Da1a Hold Time Referenced to RAS - - ns t 

tos D1N Setup Time 0 - ns 

toH D1N Hold Time 25 - 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 t,2 

lcAC Access Time from CAS - 24 ns 1,2 

tAA Access Time from Address - 40 ns 1,2 

tRcs Read Command Setup Time 0 - ns 

tRCH Read Command Hold Time to CAS 0 - ns 3 

tRRH Read Command Hold Time to RAS 0 - ns 3 

tRAL Column Address to RAS Lead Time 40 - ns 

tcAL Column Address to CAS Lead Time - - ns 4 

lctz CAS to Output in Low-Z 1 - ns 

loH Output Data Hold Time 1 - ns 

tcoo CAS to D1N Delay Time 24 - ns 

loFF Output Buffer Tum-off Delay 1 24 ns 5 

1. Access time is determined by the later of tRAc. tcAc, tAA ortcPA. 
2. Measured with two TTL loads and t 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. 1oFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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-------------- - ------- --------------·-

Fast Page Mode Cycle 

Symbol Parameter 

IPC Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from CAS Precharge 

lcPA Access Time from CAS Precharge 

1. Access time is determined by the latter of IRAc. lcAc. lcPA. IAA· 
2. Access time assumes a load of 1 OOpf. 

Refresh Cycle 

Symbol Parameter 

le HR 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

lcsR 
CAS Setup Time 
(CAS before RAS Refresh Cycle) 

IWRP WE Setup Time 
(CASbefore RAS Refresh Cycle) 

IWRH WE Hold Tim.L_ 
(CAS before RAS Refresh Cycle) 

tRPC RAS Precharge to CAS Hold Time 

!REF Refresh Period 

1. 2048 refreshes are required every 256ms. 

64G1632 
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IBM11J4320HN 

4M x 32 3.3V IC DRAM Card 

-70 
Units Notes 

Min Max 

45 - ns 

70 10K ns 

44 - ns 

- 44 ns 1,2 

-70 
Units Notes 

Min Max 

9 - ns 

14 - ns 

15 - ns 

9 - ns 

9 - ns 

- 256 ms 1 
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IBM11J4320HN 5 :-:.:5'f!: 
4M x 32 3.3V IC DRAM Card 

Read 

IRc 

IRAs IRP 

V1H-
'RAS 

Vtl -

lcsH 

tRcD tRSH 

VtH-
lcAs CAS 

Vtl -

tRAo 

IAsR tASC 

~H 

Address 
V1H-

V1L-

IAA +------

1------+---- Hi·Z -+-------t------j 

loFF-

VoH-

DoUT 
____ __,__ Hi·Z 

Valid Data Out 
Hi·Z _ 

VoL-

Page 1170 
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--------- ----- - -- - ---=::::::=:= i = IBM11J4320HN 

4M x 32 3.3V IC DRAM Card 

Write Cycle (Early Write) 

!Re 

\RAS \RP 

V1H-

RAS 
V1L-

lcsH 

tACD tASH -lcAP 

V1H- tcAS 
CAS 

V1L-

!RAD 

!ASA 

V1H-
Address 

V1L-

V1H-
WE 

V1L-

tos -loH 

V1H-

D1N Valid Data In 
V1L-

VoH-

DouT 
_______________ Hi-Z ----------------

VoL-

64G1632 
MMDl14DSU-01 
Revised 6194 

I :"H"or"L" 
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IBM11J4320HN 

4M x 32 3.3V IC DRAM Card 

Fast Page Mode Read Cycle 

-~co 

Address 

lcAc 

toFF_ 

llcLZ tcLZ 

Dour 
VoL-

Dour 1 

l:"H"or"L" 

Page 1172 

1----lcPRH 

tpc----.i 

-lcAS-

lcPA 

...loH +-toH t r DZC t 
COD 

lcAc 
to FF toFF 

lcLz-

DouT2 DourN 

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

64G1632 
MMDl14DSU-01 

Revised 6/94 



-------------- - ------======!= 

Fast Page Mode Write Cycle 

V1H-

RAS 
V1L-

V1H-

CAS 
V1L-

V1H

Address 
V1L-

VoH-

DouT 
VoL-

64G1632 
MMDl14DSU-01 
Revised 6194 

lwcs 

I :"H"or"L" 

IBM11J4320HN 

4M x 32 3.3V IC DRAM Card 

41AsP ~p 

_li>c 
lcRP 
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-------------- - -IBM11J4320HN - ----- --------·----·-
4M x 32 3.3V IC DRAM Card 

RAS Only Refresh Cycle 

~p 

V1H_ 

CAS 

V1L_ 

IAsR 

~~AH 
V1H_ 

Address 

V1L_ 

DotJT ----------- Hi·Z ------------------

l:"H"or"L" 

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

Page1174 64G1632 
MMDl14DSU-01 

Revised 6194 



CAS Before RAS Refresh Cycle 

VIH-

RAS 

!RPG 1 V1L _ 

~ lcsR 

V1H-
_tCHR 

GAS 
VIL -

lwRH 

V1H-

WE 
VIL_ 

i-------- lcoo ------t 

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

Dour VoH-

VoL-

II! : "H" or "L" 

Note: Addresses are "H" or "L" 

64G1632 
MMDl14DSU-01 
Revised 6/94 

IBM11J4320HN 

4M x 32 3.3V IC DRAM Card 

tRAS 
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--------- --~-- - -IBM11J4320HN - ----- -------------·-
4M x 32 3.3V IC DRAM Card 

Layout Drawing 

54.1 

2.13 
11 3.5 

I r-:rn 

2.45 

.097 

i-i
I 

FRONT 

'rj 

10.5 r3 
~1-.037 

I 
_J..I 

1.60 l 44 FRONT 1 _L 
~>~ l=r 

88 r------=>43.0'----------11 45 
1.69 
TYP. 

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

Features 

• Industry Standard 88Pin IC DRAM Card 
• Performance: 

-70 

tRAc RAS Access Time 70ns 

1cAC CAS Access Time 25ns 

tAA Access Time From Address 42ns 

1RC Cycle Time 130ns 

tpc Fast Page Mode Cycle Time 45ns 

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

Description 

The IBM11J4320BL is a 16MB industry standard 
88-pin IC DRAM card. It is organized as a 4M x 32 
high speed memory array. It is built using 8- 4Mx4 
devices and is compatible to the JEDEC/PCM
CIA/JEIDA 88-pin standard. Improved system per
formance is provided by the on-card buffering of 
selected input signals. The specified timings include 
all buffer, net and skew delays, which allow the sys
tem designer to work with a simpler interface. The 
DQ and RAS signals are not buffered, which pre
serves the access specification of 70ns. Multiple 
RAS inputs are used to conserve power by allowing 
individual bank selection. In the x32 configuration 

Card Outline 

#88 

#44 1-;:3 

IBM11J4320BL 

4M x 32 5.0V IC DRAM Card 

• Single 5.0V, ± 0.25V Power Supply 
• All inputs buffered except RAS and DATA inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• 11/11 Addressing (Row/Column) 
• Optional Fast Page Mode access cycle __ 
• Refresh Modes: RAS-Only, CAS before RAS 

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

the memory is a single bank, having four unique 
bytes. The x16 configuration may be utilized as two 
banks each having two unique bytes. Only one bank 
is activated by each RAS, leaving the other bank in 
standby mode, thus saving power. All IBM IC DRAM 
cards are packaged in a rugged metal case for maxi
mum device protection in portable applications. The 
related 4M x 36 version of this ICDRAM card is 
IBM11 J4360BLA 

CJ 

<=3~ g -I IC DRAM 
0 

CARD :D 

07H4030 
MMDl27DSU-OO 
Revised 6194 

s: 

PIN#45 

'"O 

#1 

-I 

\-· --,-
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IBM11J4320BL 

4M x 32 5.0V IC DRAM Card 

Pin Description 
RASO, RAS2 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A10 Address Inputs 

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

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1 - PD8 Presence Detects 

Ordering Information 

Part Number 

I BM 11 J4320 BLA-70 

Page 1178 

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

Preliminary 

Pin out 
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 

B DQ6 30 PD6 52 DQ24 74 PD5 

9 Vee 31 NC 53 DQ25 75 PD7 

10 DQ7 32 NC 54 NC 76 PD8 

11 NC 33 NC 55 NC 77 NC 

12 NC 34 DQ9 56 Vss 78 NC 

13 AO 35 NC 57 A1 79 NC 

14 A2 36 DQ10 5B A3 BO DQ27 

15 Vee 37 Vee 59 A5 B1 DQ2B 

16 A4 3B DQ11 60 A7 B2 DQ29 

17 NC 39 DQ12 61 A9 B3 DQ30 

1B A6 40 DQ13 62 NC 84 DQ31 

19 AB 41 DQ14 63 Vss B5 DQ32 

20 A10 42 DQ15 64 NC B6 DQ33 

21 NC 43 DQ16 65 NC B7 DQ34 

22 RASO 44 Vss 66 CAS2 88 Vss 

1. DQ numbering is compatible with parity (x36) version) 

Organization Speed 

4M x32 70ns 

Notes 

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

07H4030 
MMDl27DSU-OO 

Revised 6/94 



--------- ----- - -- - ---- -------------·-
Prellmlnary 

Block Diagram 

07H4030 
MMDl27DSU-OO 
Revised 6/94 

RAS 2 -------i f--t-----4,___.RAS 

CAS2 

GAS 1 

RASO -----l 

WE 

CASO 

AO-A10 

0034 
* 

0031 

0030 
* 0027 

0025 
* 0022 

0021 
* 0018 

0016 
* 0013 

0012 

0009 

007 
* 004 

003 
* 

000 

IBM11J4320BL 

4M x 32 5.0V IC DRAM Card 
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IBM11J4320BL 

4M x 32 5.0V IC DRAM Card 

Truth Table 

Function RAS GAS WE 

Standby H x x 
Read L L H 

Early-Write L L L 

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

Subsequent Cycles L H->L H 

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

Subsequent Cycles L H->L L 

RAS-Only Refresh L H x 
GAS-Before-RAS Refresh H->L L H 

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 1180 

Row Column 
Address Address 

x x 
Row Col 

Row Col 

Row Col 

N/A Col 

Row Col 

N/A Col 

Row NIA 

x x 

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

All DQbits 

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 

07H4030 
MMD127DSU-OO 

Revised 6/94 



-------------- - -- - ---- - - --------- IBM11J4320BL ----·-
Preliminary 4M x 32 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) -0.510 Vee+ 0.5, 7.0 v 1 
V1N 

Input Voltage (Re driven Signals) -0.510 Vee + 0.5 v 1 

VouT Output Voltage -0.5 to +6.0 v 1 

ToPR Operating Temperature 0 to +55 oc 1 

Tsrn Storage Temperature -40 lo +85 oc 1 

Po Power Dissipation 6.3 w 1, 2 

louT Short Circuit Output Current 50 mA 1 

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

2. Maximum power occurs when all banks are active. 

Recommended DC Operating Conditions (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 10 V ss· 

Capacitance (TA= o to +55°C, Vee= 5.0 ± 0.25V} 

Symbol Parameter 

c,, Input Capacitance (AO-Ag) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (GAS) 

C14 Input Capacitance (WE) 

C110 Output Capacitance (DQO-DQ34) 

07H4030 
MMDl27DSU-OO 
Revised 6/94 

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 

43 pF 

15 pF 

20 pF 

25 pF 
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---------- ----- - -IBM11J4320BL - ----- ---------------·-
4M x"32 5.0V IC DRAM Card Preliminary 

DC Electrical Characteristics (TA= o to +ss0 c, Vee= s.o ± o.2sv) 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 Average Power Supply Operating Current -70 - 880 mA 

(RAS, CAS, Address Cycling: !Ac= !Ac min) 

Standby Current (TIL) 
lcc2 Power S..!!lm!y Standby Current - 16 mA 1, 3 

(RAS = CAS ;o,V1H) 

RAS Only Refresh Current 
Ices Average Power...§l!pply Current, RAS Only Mode -70 - 880 mA 

(RAS Cycling, CAS ;o,V1H: !Re= !Ac min) 

Fast Page Mode Current 
Ice• Average Power Supply Current, Fast Page Mode -70 - 520 mA 1, 2,3 

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

Standby Current (CMOS) 
Ices Power S..!!lm!y Standby Current - 1.6 mA 

(RAS= CAS =Vee - 0.2V) 

GAS Before RAS Refresh Current 
Ices Average Power Supply Current, GAS Before RAS Mode -70 - 800 mA 

(RAS, GAS, Cycling: !Ac =!Ac min) 

Battery Backup Refresh Current 
lcc1 Average Po~ Supply Current during Battery Backup refresh 2.4 mA 1, 2 

(CAS $ V1L. WE;, V1H, IRAS$ 1 µSec, !Ac= 125µSec) 

Input Leakage Current RAS -40 +40 

ll{L) 
Input Leakage Current, any input 

GAS ,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 

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

VoL 
Output Low Level - 0.4 v 4 Output "L" Level Voltage (louT = +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 = ViL· In the case of lcC4, it can be changed once or less when CAS = V1H 
4. Refresh current is specified for the X32 configuration using One Bank 

Page 1182 07H4030 
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-------------- - -- - ---- --------------·- IBM11J4320BL 

Preliminary 4M x 32 5.0V IC DRAM Card 

AC Characteristics (TA= o to +ss'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 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, 5ns (CAS, WE) or 6ns (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 IT~ 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-70 
Symbol Parameter Units Notes 

Min Max 

!Re 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 

1cAS CAS Pulse Width 21 - ns 2 

!ASA Row Address Setup Time 7 - ns 

!RAH Row Address Hold Time 8 - ns 

IASc Column Address Setup Time 2 - ns 

lcAH Column Address Hold Time 15 - ns 

IRcD RAS to CAS Delay Time 18 45 ns 2 

tRAD RAS to Column Address Delay Time 13 28 ns 3 

tRSH RAS Hold Time 25 - ns 

tcsH CAS Hold Time 70 - ns 

tcRP 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 

h 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 ( toH) 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 tRcD (max) limit ensures that IRAC (max) can be met. tRcD (max) is specified as a reference point only: if IRCD is 

greater than the specified tRcD (max) limrt, 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 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. 

07H4030 
MMDl27DSU-OO 
Revised 6/94 
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--------- ----- - -IBM11J4320BL - ----- --------------·-
4M x 32 5.0V IC DRAM Card Preliminary 

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 Wrrte 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 

1oHR 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 GAS - 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 GAS 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 GAS Lead Time - - ns 4 

tcLZ CAS to Output in Low-Z 2 - ns 

toH Output Data Hold Time 2 - ns 

tcoo CAS to D1N Delay Time 25 - ns 

to FF 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 TIL 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. toFF (max) defines the time at which the output achieves the open circuit condrtion and is not referenced to output voltage levels. 
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--------- ----- - -- - ---::::::::::::: ? = 
Preliminary 

Fast Page Mode Cycle 

Symbol Parameler 

lpc Fasl Page Mode Cycle Time 

lRASP Fasl Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from CAS Precharge 

lcPA Access Time from CAS Precharge 

1. Access lime is delermined by lhe latter of IRAC· lcAC. lcPA. 'AA· 
2. Access lime assumes a load of 1 OOpf. 

Refresh Cycle 

Symbol Parameler 

tcHR 
CAS Hold Time 
(CAS before RAS Refresh Cycle) 

lcsR 
CAS Setup Time 
(CAS before RAS Refresh Cycle) 

lwRP 
WESelupTi~ 
(CAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 
(CAS before RAS Refresh Cycle) 

lRPC RAS Precharge lo CAS Hold Time 

lREF Refresh Period 

1. 2048 refreshes are required every 256ms. 

07H4030 
MMDl27DSU-OO 
Revised 6/94 

IBM11J4320BL 

4M x 32 5.0V IC DRAM Card 

-70 
Unils Noles 

Min Max 

45 - ns 

70 10K ns 

45 - ns 

- 50 ns 1,2 

-70 
Unils Noles 

Min Max 

18 - ns 

15 - ns 

16 - ns 

8 - ns 

8 - ns 

- 256 ns 1 
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--------- ----- - -IBM11J4320BL - - ---- ---------------·-
4M x 32 5.0V IC DRAM Card Preliminary 

Read 

4ic 

IRAS 

V1H-

RAS 
V1L -

lcsH 

IRco tRSH 

V1H-

GAS 
V1L -

!RAD 

tASR 

!RAH 

Address 
V1H-

V1L -

1---------t----- Hi-Z --+-------+---1 
le Ac loFF-

lcLZ 

VoH-

Dour -----;--- Hi-Z Valid Data Out 
Hi-Z _ 

VoL-

Page 1186 
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-------------- - -- - ---- - ------------·- IBM11J4320BL 

Prellmlnary 4M x 32 5.0V IC DRAM Card 

Write Cycle (Early Write} 

!Re 

tiiAs !RP 

V1H-

RAS 
VIL-

lcsH 

!RcO !ASH -lcRP 

V1H- lcAs 
CAS 

V1L-

!RAD 

!ASA 

V1H-

Address 
V1L-

Valid Data In 

_______________ Hi-Z ----------------

Vol-

07H4030 
MMDl27DSU-OO 
Revised 6194 

I :"H"or"L" 
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IBM11J4320BL 

4M x 32 5.0V IC DRAM Card 

Fast Page Mode Read Cycle 

!RASP 

V1H-
RAS 

V1L-

V1H-
CAS 

V1L-

Address 

V1H-
WE 

V1L-

D1N 
lcAc 

tRAC loFF_ 

ltcLZ lcLZ 
VoH-

Dour Dour 1 
VoL-

I :"H"or"L" 

Page 1188 

lcPRH 

li>c 
tRSH 

lcPA 

-toH 
t r DZC 

tCAc 

lo FF 

lcLZ 

Dour2 

-toH 

1coo 

loFF 

DourN 

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

!RP 

lcRP 

07H4030 
MMDl27DSU-OO 
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--------------- -.!...::::5'f3: 
Preliminary 

Fast Page Mode Write Cycle 

Vu-1-

RAS 
V1L-

V1H-
GAS 

V1L-

V1H

Address 
V1L-

V1H-

DouT 
VoL-

07H4030 
MMDl27DSU-OO 
Revised 6/94 

~CD 

twcs 

I :"H"or"L" 

IBM11J4320BL 

4M x 32 5.0V IC DRAM Card 

tRASP ~p 

_tpc 

tcp tRSH tcRP 

1:cAS l:cAs 
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----------------IBM11J4320BL - ----- -------------·-
4M x 32 5.0V IC DRAM Card Prellmlnary 

RAS Only Refresh Cycle 

V1H_ 

GAS 

V1L_ 

l.4sR 

~~H 
V1H_ 

Address 

V1L_ 

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

: "H" or "L" 

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

Page 1190 07H4030 
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-------------- - -- - ---:::5:..:..;"::5? = 
Preliminary 

CAS Before RAS Refresh Cycle 

RAS 

CAS 

07H4030 
MMDl27DSU-OO 
Revised 6/94 

V1H-

!RPC 1 V1L -

-1 tcsR 

V1H-

V1L -

~--- tccc ___ ___, 

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

I :"H"or"L" 

Note: Addresses are "H" or "L" 

IBM11J4320BL 

4M x 32 5.0V IC DRAM Card 

!RPC 

Page 1191 



IBM11J4320BL 

4M x 32 5.0V IC DRAM Card 

Layout Drawing 

54.1 (MAX) -1 "~ .138 2.13 

FRONT 10.5MIN 

r 
.95 I 1 ----I -
.037 ~ 

1.60 MAX 1.60 MAX .. +)' FRONT l=f- .. 
M ~~~~~~~.O~TY~P~·~~--i1 45 

1.69 

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

Features 

• Industry Standard 88Pin IC DRAM Card 
• Performance: 

-70 

IRAc RAS Access Time 70ns 

lcAc CAS Access Time 25ns 

!AA Access Time From Address 42ns 

!RC Cycle Time 130ns 

!pc Fast Page Mode Cycle Time 45ns 

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

Description 

The IBM11 J4320CL is a 16MB industry standard 
88-pin IC DRAM card. It is organized as a 4M x 32 
high speed memory array. It is built using 8- 4Mx4 
devices and is compatible to the JEDEC/PCM
CIA/JEIDA 88-pin standard. Improved system per
formance is provided by the on-card buffering of 
selected input signals. The specified timings include 
all buffer, net and skew delays, which allow the sys
tem designer to work with a simpler interface. The 
DQ and RAS signals are not buffered, which pre
serves the access specification of 70ns. Multiple 
RAS inputs are used to conserve power by allowing 
individual bank selection. In the x32 configuration 

Card Outline 

#88 

#44 

IBM11J4320CL 

4M x 32 5.0V IC DRAM Card 

• Single 5.0V, ± 0.25V Power Supply 
• All inputs buffered except RAS and DATA inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• 12/10 Addressing (Row/Column) 
• Optional Fast Page Mode a™s cycle __ 
• Refresh Modes: RAS-Only, CAS before RAS 

and BBU (Battery Backup) 
• 4096 refresh cycles distributed across 256ms 
• Polarized Connector 

the memory is a single bank, having four unique 
bytes. The x16 configuration may be utilized as two 
banks each having two unique bytes. Only one bank 
is activated by each RAS, leaving the other bank in 
standby mode, thus saving power. All IBM IC DRAM 
cards are packaged in a rugged metal case for maxi
mum device protection in portable applications. The 
related 4M x 36 version of this ICDRAM card is 
IBM11 J4360DLA 

Ill 

¢=J~ Q d IC DRAM 
d :D CARD 

64G1728 
MMDl23DSU-OO 
Revised 6194 
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IBM11J4320CL 

4M x 32 5.0V IC DRAM Card 

Pin Description 
F!ASo, l!lAS2 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

"WE Read/write Input 

AO-A11 Address Inputs 

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

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1 -P08 Presence Detects 

Ordering Information 
Part Number 

IBM11J4320CLA-70 
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---------------------- -------------·-

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

1 Vss 23 CASO 45 Vss 67 Vss 

2 OQO 24 CAS1 46 D018 68 CAS3 

3 001 25 NC 47 D019 69 NC 

4 002 26 RAS2 48 D020 70 ~ 

5 D03 27 Vee 49 D021 71 PD1 

6 DQ4 28 PD2 50 D022 72 PD3 

7 D05 29 PD4 51 D023 73 Vss 

8 DOS 30 PD6 52 D024 74 PD5 

9 Vee 31 NC 53 D025 75 PD7 

10 007 32 NC 54 NC 76 P08 

11 NC 33 NC 55 NC 77 NC 

12 NC 34 009 56 Vss 78 NC 

13 AO 35 NC 57 A1 79 NC 

14 A2 36 D010 58 A3 80 0027 

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 AS 40 0013 62 A11 84 0031 

19 A8 41 D014 63 Vss 85 D032 

20 A10 42 D015 64 NC 86 0033 

21 NC 43 D016 65 NC 87 D034 

22 RASO 44 Vss 66 CAS2 88 Vss 

1. DO numbering is compatible with parity (x36) version) 

Organization Speed 

4Mx32 70ns 

Notes 

For sons applications use this 70ns Part Number. 
Be aware if the application makes use of PD's, PD6 
& PD7 are different from the 70ns version. 
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Block Diagram 
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RAS2 

CAS2 

CAS 1 

RASO 

WE 

CASO 

AO-A11 

IBM11J4320CL 

4M x 32 5.0V IC DRAM Card 

DQ34 . 
DQ31 

DQ30 . 
DQ27 

DQ25 . 
DQ22 

DQ21 . 
DQ18 

DQ16 . 
DQ13 

DQ12 . 
DQ09 

DQ7 . 
DQ4 

DQ3 . 
DQO 
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IBM11J4320CL 

4M x 32 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 

PDS ( Number of Banks/Organization) 

PD6 (Speed) 

PD7 

PD8 (Refresh Type) 

1. NC= OPEN, Vss = GND 

Page 1196 

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 

-----------------=-~::i'f!:: 

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 

64G1728 
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4M x 32 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 

VouT Output Voltage -0.5 to +6.0 v 1 

ToPR Operating Temperature 0 to +55 "C 1 

Tsrn Storage Temperature -40 to +85 oc 1 

PD Power Dissipation 6.3 w 1, 2 

louT Short Circuit Output Current 50 mA 1 

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

2. Maximum power occurs when all banks are active. 

Recommended DC Operating Conditions (TA= o to ss0 c) 

Symbol Parameter 

Vee Supply Voltage 

V1H 
Input High Voltage (RAS & DATA) 

Input High Voltage (Redriven Signals) 

VIL 
Input Low Voltage (RAS & DATA) 

Input Low Voltage (Redriven Signals) 

1. All voltages referenced to V ss-

Capacitance (TA= o to +ss0 c, Vee= s.o ± o.2sv) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C110 Output Capacitance (DQO-DQ34) 

64G1728 
MMDl23DSU-OO 
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 

15 pF 

43 pF 

15 pF 

20 pF 

25 pF 

Page 1197 



---------- ----- - -IBM11J4320CL - ----- ---------------·-
4M x 32 5.0V IC DRAM Card 

DC Electrical Characteristics (TA = o to +55°C, v cc = 5.0 ± o.25V) 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 Average Power Supply Operating Current -70 - 600 mA 

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

Standby Current (TTL) 
lcc2 Power Sgy Standby Current - 16 mA 1, 3 

(RAS= CAS ;o,V1H) 

RAS Only Refresh Current 
Ices Average Powe~ply Current, RAS Only Mode 

(RAS Cycling, CAS ;o,V1H: tRc = tRc min) 
-70 - 600 mA 

Fast Page Mode Current 
lcc4 Average Power Supply Current, Fast Page Mode -70 - 520 mA 1, 2, 3 

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

Standby Current (CMOS) 
Ices Power Sgy Standby Current - 1.6 mA 

(RAS= CAS = Vee - 0.2V) 

CAS Before RAS Refresh Current 
Ices Average Power Supply Current, CAS Before RAS Mode -70 - 600 mA 

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

Battery Backup Refresh Current 
lcc1 Average Po.IYfil Supply Current during Battery Backup refresh 2.4 mA 1,2 

(CASs; v,L, WE" v,H, IRAS,;; 1µSec, !Re= 125µSec) 

Input Leakage Current RAS -40 +40 

l1(L) 
Input Leakage Current, any input 

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

locl) 
Output Leakage Current 

-20 +20 µA (Dour is disabled, 0.0,;; Yours; Yee) 

YoH 
Output High Level 

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

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

1. lcc1, lcc3, 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 = Vil· In the case of lcC4. it can be changed once or less when CAS = V1H 

4. Refresh current is specified for the X32 configuration using One Bank 

Page 1198 64G1728 
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IBM11J4320CL 

4M x 32 5.0V IC DRAM Card 

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

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 specttied timings include buffer, loading and skew delays: 2ns minimum, 5ns (CAS, WE) or Sns (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 t30 - ns 

tRP RAS Precharge Time 50 - ns 

lcp GAS Precharge Time to - ns 

IRAs RAS Pulse Width 70 10K ns 

lcAS GAS Pulse Width 21 - ns 2 

IAsR Row Address Setup Time 7 - ns 

IRAH Row Address Hold Time 8 - ns 

IAsc 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 GAS Hold nme 70 - ns 

le RP ~to mi:§ Precharge Time 15 - ns 

lozc CAS Delay Time from D1N 0 - ns 

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

Ir Transition nme (Rise and Fall) 3 50 ns 

1. The minimum ICAs requires lcsH to be met for both writes and reads. Also, because of the buffer, the minimum ICAs for a read cycle 
must be extended to guarantee the data out window ( toH) 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 (Sns before max ICAc of 29ns). 

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

3. Operation within the tRAo (max) limit ensures that tRAc (max) can be met. IRAD (max) is specified as a reference point only: If IRAo 
is greater than the specified tRAD (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. 

64G1728 
MMDl23DSU-OO 
Revised 6/94 
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-------------- - -IBM11J4320CL ------ --------·-----·-
4M x 32 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 

twp Write Command Pulse Width 15 - ns 

tRWL Write Command to RAS Lead Time - - ns 1 

tcWL Write Command to c::AS 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 

!AA 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 

lcAL Column Address to CAS Lead Time - - ns 4 

lcLz CAS to Output in Low-Z 2 - ns 

loH Output Data Hold Time 2 - ns 

tcoo CAS to D1N Delay Time 25 - ns 

loFF Output Buffer Turn-off Delay 2 29 ns 5 

1. Access time is determined by the later of IRAc, tCAc, IAA 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. 
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Fast Page Mode Cycle 

Symbol Parameter 

!pc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from GAS Precharge 

lcpA Access Time from GAS Precharge 

1. Access time is determined by the laner of IRAc, lcAc, tcpA, IAA. 
2. Access time assumes a load of 1 OOpf. 

Refresh Cycle 

Symbol Parameter 

le HR 
GAS Hold Time 
(GAS before RAs Refresh Cycle) 

lcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

twRP 
WE Setup Til!!L_ 
(GAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 
(GAS before RAS Refresh Cycle) 

IRPC RAS Precharge to GAS Hold Time 

!REF Refresh Period 

1. 4096 refreshes are required every 256ms. 

64G1728 
MMD123DSU-OO 
Revised 6/94 

IBM11J4320CL 

4M x 32 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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IBM11J4320CL 

4M x 32 5.0V IC DRAM Card 

Read 

!Re 

IRAs 

V1H-

RAS 
V1L -

lcsH 

!RSH 

V1H-
lcAS CAS 

V1L -

!RAD 

!ASR 

!RAH 

Address 
V1H-

Column 
V1L -

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

lcAc 

lcLZ 

VoH-

DouT -----+-- Hi-Z 
Vm_ 

: "H" or "L11 
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Valid Data Out 

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

Hi-Z _ 

64G1728 
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--------------- ------::::::::::::? = IBM11J4320CL 

4M x 32 5.0V IC DRAM card 

Write Cycle (Early Write) 

!Re 

~AS !RP 

V1H-
RAS 

VIL-

lcsH 

!RcD tRSH -lcRP 

V1H- !CAs 
CAS 

V1L-

!RAD 

!ASA 

V1H-
Address 

V1L-

V1H-
WE 

V1L-

los 

V1H-
D1N Valid Data In 

V1L-

DoUT _______________ Hi·Z ----------------
VoL-

64G1728 
MMDl23DSU-OO 
Revised 6194 

l:"H"or"L" 
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IBM11J4320CL 

4M x 32 5.0V IC DRAM Card 

Fast Page Mode Read Cycle 

Address 

VoH-

DouT 
VoL-

I • 
11 H" or "L" . 
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, ____ lcPRH 

lpc----i 

.--tcAs-

lcAC 

lcLZ 

DoUT N 

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

64G1728 
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Fast Page Mode Write Cycle 

V1K-

RAS 
V1L-

V1K-

CAS 
V1L-

VIK-

Address 
V1L-

VoH-
DoUT 

VoL-

64G1728 
MMDl23DSU-OO 
Revised 6194 

twcs 

I :"H"or"L" 

IBM11J4320CL 

4M x 32 5.0V IC DRAM Card 

lilAsP tRP 

_tpc 

lcp ~SH le RP 

tcAs tcAs 
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----------------IBM11J4320CL ------ -------------·-
4M x 32 5.0V IC DRAM Card 

RAS Only Refresh Cycle 

~p 

~PC 

V1H_ 

CAS 

V1L_ 

~SR 

~~AH 
V1H_ 

Address 

V1L _ 

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

I :"H"or"L" 

Note: WE, D1N are "H" or "L" 
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IBM11J4320CL 

4M x 32 5.0V IC DRAM card 

CAS Before RAS Refresh Cycle 

RAS 

CAS 

Dour 

64G1728 
MMDl23DSU-OO 
Revised 6194 

,__ _____ !RAS ---------t 

VIH-

!RPC 1 V1L -

~ lcsR 
!RPC 

V1H-

V1L -

14----- lcoo -----i 

---+------- Hi·Z 

I :"H"or"L" 

Note: Addresses are "H" or "L" 
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IBM11J4320CL 

4M x 32 5.0V IC DRAM Card 

Layout Drawing 

54.1 (MAX) 
11 3.SMAX 

2.13 lr38 

FRONT 10.5MIN r ..., 'r 

I '-----------' I 
'"-

---i 
1.60 MAX 1.60 MAX .. =t) FRONT l+ ... 

88 ~----'43=.0-'-'-TYP'-'--. ---11 45 
1.69 

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

Page 1208 

85.8 

3.38 

I 3.4MAX 

r38 

--------- ----- - -- ----
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Features 

• Industry Standard 88Pin IC DRAM Card 
• Performance: 

-70 

1RAC RAS Access Time 70ns 

1cAC GAS Access Time 25ns 

1AA Access Time From Address 42ns 

1Rc Cycle Time 130ns 

lpc Fas1 Page Mode Cycle Time 45ns 

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

Description 

The IBM11 J4320CN is a 16MB industry standard 
88-pin IC DRAM card. It is organized as a 4M x 32 
high speed memory array. It is built using 8· 4Mx4 
devices and is compatible to the JEDEC/PCM
CIA/JEIDA 88-pin standard. Improved system per
formance is provided by the on-card buffering of 
selected input signals. The specified timings include 
all buffer, net and skew delays, which allow the sys
tem designer to work with a simpler interface. The 
DQ and RAS signals are not buffered, which pre
serves the access specification of 70ns. Multiple 
RAS inputs are used to conserve power by allowing 
individual bank selection. In the x32 configuration 

Card Outline 

#88 
#44 =3 

IBM11J4320CN 

4M x 32 3.3V IC DRAM Card 

• Single 3.3V, ± 0.3V Power Supply 
• All inputs buffered except RAS and DATA inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• 12/10 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 

the memory is a single bank, having four unique 
bytes. The x16 configuration may be utilized as two 
banks each having two unique bytes. Only one bank 
is activated by each RAS, leaving the other bank in 
standby mode, thus saving power. All IBM IC DRAM 
cards are packaged in a rugged metal case for maxi
mum device protection in portable applications. Cau
tion must be used to prevent insertion into a 5.0V 
application. 

l:Jj 

¢:J~ 0 '""1 IC DRAM '""1 

d 0 
'"C ~ CARD 

64G1722 
MMDl17DSU·OO 
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PIN#45 
#1 ~- :::J. 
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IBM11J4320CN 

4M x 32 3.3V IC DRAM Card 

Pin Description Pin out 
RASO, RAS2 Row Address Strobe Pin# Name Pin# 

CASO-CAS3 Column Address Strobe 1 Vss 23 

WE Read/write Input 
2 DOO 24 

AO-A11 Address Inputs 
3 D01 25 

4 D02 26 
D00-7, 9-16, 

Data Input/output 18-25, 27-34 5 D03 27 

Vee Power (+3.3V) 6 D04 28 

7 D05 29 
Vss Ground 

8 DOS 30 
NC No Connect 

9 NC 31 
PD1 -PD8 Presence Detects 10 D07 32 

11 Vee 33 

12 NC 34 

13 AO 35 

14 A2 36 

15 NC 37 

16 A4 38 

17 Vee 39 

18 AS 40 

19 AS 41 

20 A10 42 

21 NC 43 

22 RASO 44 

Ordering Information 

Part Number Organization Speed 

IBM11J4320CNA-70 4Mx32 70ns 

Page 1210 

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

Name Pin# Name Pin# Name 

CASO 45 Vss 67 Vss 

CAS1 46 D018 68 CAS3 

Vee 47 D019 69 NC 

RAS2 48 D020 70 WE 

NC 49 D021 71 PD1 

PD2 50 D022 72 PD3 

PD4 51 D023 73 Vss 

PD6 52 D024 74 PD5 

NC 53 D025 75 PD7 

NC 54 NC 76 PDS 

NC 55 NC 77 NC 

D09 56 Vss 78 NC 

Vee 57 At 79 NC 

D010 58 A3 80 D027 

NC 59 AS 81 D028 

D011 60 A7 82 D029 

D012 61 A9 83 D030 

D013 62 A11 84 D031 

D014 63 Vss 85 D032 

D015 64 NC 86 D033 

0016 65 NC 87 D034 

Vss 66 CAS2 88 Vss 

Notes 

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

64G1722 
MMDl17DSU-OO 
Revised 6194 

CAS3 

CAS 1 

RASO 

WE 

CASO 

AO-A11 

DQ34 

DQ31 

DQ30 
* 

DQ27 

DQ25 
* 

DQ22 

DQ21 
* 

0018 

DQ16 
* DQ13 

DQ12 
* 

DQ09 

DQ7 
* 004 

DQ3 
* 

DQO 

IBM 11 J4320CN 

4M x 32 3.3V IC DRAM Card 
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IBM11J4320CN 

4M x 32 3.3V IC DRAM Card 

Truth Table 

Function ~ 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 1212 

wr 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 

64G1722 
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4M x 32 3.3V IC DRAM Card 

Absolute Maximum Ratings 

Symbol Parameler Raling Unils Noles 

Vee Power Supply Vollage -0.5 lo +4.6 v 1 

V1N 
Input Vollage (RAS & DATA) -0.5 to min(Vee + 0.5, 4.6) v 1 

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

Vour Output Voltage -0.5 lo min(Vee + 0.5, 4.6) v 1 

ToPR Operating Temperature 0 to +55 oc 1 

Tsrn Storage Temperature -40 to +85 oc 1 

Po Power Dissipalion w 1, 2 

lour Short Circuit Output Current 50 mA 1 

1. Slresses grealer than lhose listed may cause permanent damage to the device. This is a stress rating only, and device functional 
operation at or above lhe conditions indicaled is not implied. Exposure to absolute maximum raling conditions for extended peri-
ads may affecl reliabilily. 

2. Maximum power occurs when all banks are active. 

Recommended DC Operating Conditions (TA= o to ss0 c) 

Symbol Parameler 

Vee Supply Vollage 

V1H 
Input High Voltage (RAS & DATA) 

lnpul High Voltage (Redriven Signals) 

V1L 
Input Low Vol1age (RAS & DATA) 

lnpul Low Vollage (Redriven Signals) 

1. All voltages referenced lo V55 . 

Capacitance (TA= o to +ss•c, Vee= 3.3± 0.3V) 

Symbol Parameter 

C11 lnpul Capacilance (AO-A9) 

C12 lnpul Capacitance (RAS) 

C1s Input Capacitance (GAS) 

C14 Input Capacitance (WE) 

C110 Outpul Capacitance (DQO-DQ34) 

64G1722 
MMD117DSU-OO 
Revised 6/94 

Min 

3.0 

2.0 

2.0 

-0.5 

0.0 

Typ Max Unils Noles 

3.3 3.6 v 1 

- Vee+ 0.5 v 1 

- Vee v 1 

- 0.8 v 1 

- 0.8 v 1 

Max Units Notes 

15 pF 

43 pF 

15 pF 

20 pF 

25 pF 
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4M x 32 3.3V IC DRAM Card 

DC Electrical Characteristics (TA= o to +55°C, Vee= 3.3 ± o.3V) 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 Average Power Supply Operating Current -70 - 600 mA 

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

Standby Current (TIL) 
lcc2 Power S..!!Jl£!y Standby Current - 16 mA 1, 3 

(RAS= GAS <!V1H) 

RAS Only Refresh Current 
lcc3 Average Power...§!Jpply Current, RAS Only Mode -70 - 600 mA 

(RAS Cycling, CAS ;;,V1H: !Ac = tRc min) 

Fast Page Mode Current 
Ice• Average Power Supply Current, Fast Page Mode -70 - 520 mA 1, 2, 3 

(RAS= V1L, GAS, Address Cycling: tpc = tpc min) 

Standby Current (CMOS) 
Ices Power S..!!Jl£!y Standby Current - 1.6 mA 

(RAS= GAS = Vee - 0.2V) 

GAS Before RAS Refresh Current 
Ices Average Power Supply Current, CAS Before RAS Mode -70 - 600 mA 

(RAS, GAS, Cycling: 1Rc =!Ac min) 

Battery Backup Refresh Current 
Ice? Average Po)!Yfil Supply Current during Battery Backup refresh 2.4 mA 1, 2 

(GAS,; V1L, WE" V1H. IRAS,; 1µSec, !Ac= 125µSec) 

Input Leakage Current RAS -40 +40 

l1(L) 
Input Leakage Current, any input 

GAS ,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 (10 m = -2mA@ 2.4V) 2.4 - v 

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

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 =Vil· In the case of lcc4, it can be changed once or less when GAS= V1H 
4. Refresh current is specified for the X32 configuration using One Bank 
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---------- ----- ---- - ---- ---------- IBM11J4320CN ----·-
4M x 32 3.3V IC DRAM Card 

AC Characteristics (TA= o to +ss0 c, Vee= 3.3± o.3V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured be1Ween V1H 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, 5ns (GAS, WE) or 6ns (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 IT~ 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-70 
Symbol Parameter Units Notes 

Min Max 

I Re Random Read or Write Cycle Time 130 - ns 

IRP RAS Precharge Time 50 - ns 

lcp GAS Precharge Time 10 - ns 

IRAS RAS Pulse Width 70 10K ns 

tcAS GAS 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 

tcAH Column Address Hold Time 15 - ns 

IRco RAS to GAS Delay Time 18 45 ns 2 

IRAD RAS to Column Address Delay Time 13 28 ns 3 

IRSH RAS Hold Time 25 - ns 

lcsH GAS Hold Time 70 - ns 

le RP CAS to RAS Precharge Time 15 - ns 

lozc GAS Delay Time from D1N 0 - ns 

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

IT 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 20ns plus a minimum loH of 
1ns would result in turning data out of the card at 21 ns (3ns before max lcAc of 24ns). 

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

3. Operation within the IRAD (max) limit ensures that IRAC (max) can be met. IRAD (max) is specified as a reference point only: If IRAD 
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. 

64G1722 
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----------------IBM11J4320CN - ----- -------------·-
4M x 32 3.3V IC DRAM Card 

Write Cycle 
-70 

Symbol Parameter Units Notes 
Min Max 

lwcs Write Command Set Up Time 2 - ns 

IWCH Write Command Hold Time 16 - ns 

twp Write Command Pulse Wid1h 15 - ns 

IRWL Write Command to RAS Lead Time - - ns 1 

tcwL Write Command to~ Lead Time - - ns 1 

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

toHR Data Hold Time Referenced to RAS - - ns 1 

tos D1N Setup Time 0 - ns 

loH 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 

!Res Read Command Setup Time 2 - ns 

tRCH Read Command Hold Time to CAS 0 - ns 3 

!RAH Read Command Hold Time to RAS 5 - ns 3 

IRAL Column Address to RAS Lead Time 42 - ns 

lcAL Column Address to CAS Lead Time - - ns 4 

lcl2 CAS to Output in Low-Z 2 - ns 

loH Output Data Hold Time 2 - ns 

!coo CAS to D1N Delay Time 25 - ns 

loFF Output Buffer Turn-off Delay 2 29 ns 5 

1. Access time is determined by the later of IRAc. tCAc, IAA or tcPA. 
2. Measured with two TTL loads and 1 OOpF. 
3. Either IRcH 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. 
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-------------- - ------- ---------------·-

Fast Page Mode Cycle 

Symbol Parameter 

lpc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from CAS Precharge 

lcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of IRAc. lcAc. lcpA, 1AA. 
2. Access time assumes a load of 100pf. 

Refresh Cycle 

Symbol Parameter 

1cHR 
CAS Hold Time 
(CAS before RAS Refresh Cycle) 

lcsR CAS Setup Time 
(CAS before RAS Refresh Cycle) 

lwRP WE Setup Til!J!L 
(CAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 
(CAS before RAS Refresh Cycle) 

IRPC RAS Precharge to CAS Hold Time 

IREF Refresh Period 

1. 4096 refreshes are required every 256ms. 

64G1722 
MMDl17DSU-OO 
Revised 6/94 

IBM11J4320CN 

4M x 32 3.3V 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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IBM11J4320CN 

4M x 32 3.3V IC DRAM Card 

Read 

!Re 

~AS 

V1H-

RAS 
V1L -

lcsH 

tRco tRSH 

V1H-
lcAS CAS 

V1L -

!RAD IRAL 

lcAL 

~SR IASC 

!RAH 

Address 
V1H-

V1L -

IAA +------

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

lcAc 

lcLZ 

VoH-

DouT -----+- Hi-Z 

I :"H"or"L" 
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Valid Data Out 

-------------= :-:.:S~§: 

Hi-Z _ 
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--------- ----- - -- - ---- -------------·- IBM11J4320CN 

4M x 32 3.3V IC DRAM Card 

Write Cycle (Early Write) 

!Ac 

!RAS !RP 

V1H-
RAS 

VIL -

lcsH 

IRCD !ASH -lcRP 

V1H- lcAs 
CAS 

VIL -

!RAD 

!ASA 
!AR 

V1H-
Address 

V1L -

V1H-
WE 

V1L-

IDs ._ toH 

V1H-
DIN Valid Data In 

V1L -

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

VoL-

64G1722 
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IBM11J4320CN 

4M x 32 3.3V IC DRAM Card 

Fast Page Mode Read Cycle 

_________ tRASP _______________ , 

, ____ l:cPRH 

I :"H"or"L" 
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Fast Page Mode Write Cycle 

V1H--

RAS 
V1L-

V1H--

CAS 
V1L-

V1H-

Address 
V1L-

Dour 
VoL-

64G1722 
MMDl17DSU-OO 
Revised 6194 

lwcs 

I :"H"or"L" 

IBM11J4320CN 

4M x 32 3.3V IC DRAM Card 

!RASP IRP 

_tpc 

lcp lcp !ASH le RP 
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--------- ----- - -IBM11J4320CN - ----- -------------·-
4M x 32 3.3V IC DRAM Card 

RAS Only Refresh Cycle 

4ic 

l,,..s 4iP 

V1H_ 

RAS 

VIL-

4iPc 

V1H_ 

GAS 

V1L_ 

~SR 

~t~H 
V1H_ 

Address 
V1L _ 

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

I: "H"or"L" 

Note: WE, D1N are "H" or "L" 
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--------- ----- - -- - ---- ----------- IBM11J4320CN ---·-
4M x 32 3.3V IC DRAM Card 

CAS Before RAS Refresh Cycle 

V1H-

RAS 
V1L -

V1H-

CAS 
VIL_ 

V1H -
D1N 

VIL_ 

DouT 

Vol-

1+------tRAS ---------

!RPG 1 
-1 tcsR 

tRPC 

----- tcoo ____ _, 

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

1----- Hi-Z ------------------

: "H" or"L" 

Note: Addresses are "H" or "L" 

64G1722 
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IBM11J4320CN 

4M x 32 3.3V IC DRAM Card 

Layout Drawing 

54.1 

2.13 

----------' 

FRONT 10.5 

I' t"i- 'r 
l.__ _______ __,I 

...J,.~ 
.95 I 1 ----l -
.037 

2.45 

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

I I 3.5 

I~ 

1.60 

85.8 

3.38 

.097 l44 FRONT ir 
-r} ~T 

88 ~~43.0'--------1 45 
1.69 
TYP. 

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

• Industry Standard SSPin IC DRAM Card 
Performance: 

-70 

1RAC RAS Access Time 70ns 

lcAC GAS Access Time 25ns 

1AA Access Time From Address 42ns 

1Rc Cycle Time 130ns 

lpc Fast Page Mode Cycle Time 45ns 

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

Description 

The IBM11JS320CL is a 32MB industry standard 
SS-pin IC DRAM card. It is organized as a SM x 32 
high speed memory array. It is built using 16 - 4Mx4 
devices and is compatible to the JEDEC/PCM
CIA/JEIDA SS-pin standard. Improved system per
formance is provided by the on-card buffering of 
selected input signals. The specified timings include 
all buffer, net and skew delays, which allow the sys
tem designer to work with a simpler interface. The 
DQ and RAS signals are not buffered, which pre
serves the access specification of ?Ons. Multiple 
RAS inputs are used to conserve power by allowing 
individual bank selection. In the x32 configuration 

Card Outline 

#88 

#44 --~ 

IBM11J8320CL 

SM x 32 5.0V IC DRAM Card 

• Single 5.0V, ± 0.25V Power Supply 
• All inputs buffered except RAS and DATA inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• 12/1 O Addressing (Row/Column) 
• Optional Fast Page Mode access cycle __ 
• Refresh Modes: RAS-Only, GAS before RAS 

and BBU (Battery Backup) 
• 4096 refresh cycles distributed across 256ms 
• Polarized Connector 

the memory may be utilized as two banks, each hav
ing four unique bytes. The x16 configuration may be 
utilized as four banks each having two unique bytes. 
Only one bank is activated by each RAS, leaving the 
other banks in standby mode, thus saving power. All 
IBM IC DRAM cards are packaged in a rugged metal 
case for maximum device protection in portable 
applications. The related SM x 36 version of this 
ICDRAM card is IBM11 JS360DLA 

OJ 

¢:J~ 0 
d IC DRAM 

::::j 
:IJ CARD 

64G1729 
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PIN #45 
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#1 
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IBM11J8320CL 

SM x 32 5.0V IC DRAM Card 

Pin Description 
RASO- RAS3 Row Address Strobe 

CASO-CASS Column Address Strobe 

WE Read/write Input 

AO-A11 Address Inputs 

DQ0-7, 9-1S, 
Data Input/output 18-25, 27-34 

Vee Power(+5V) 

Vss Ground 

NC No Connect 

PD1 - P08 Presence Detects 

Ordering Information 
Part Number 

IBM11J8320CLA-70 

Page 1226 

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

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

1 Vss 23 CASO 45 Vss S7 Vss 

2 OQO 24 CAS1 4S DQ18 68 CAS3 

3 001 25 NC 47 0019 S9 RAS3 

4 DQ2 2S RAS2 48 0020 70 WE 
5 003 27 Vee 49 DQ21 71 P01 

s 004 28 P02 50 0022 72 P03 

7 DQ5 29 P04 51 DQ23 73 Vss 

8 DOS 30 PDS 52 0024 74 PD5 

9 Vee 31 NC 53 0025 75 P07 

10 007 32 NC 54 NC 7S POB 

11 NC 33 NC 55 NC 77 NC 

12 NC 34 009 5S Vss 78 NC 

13 AO 35 NC 57 At 79 NC 

14 A2 3S DQ10 58 A3 80 0027 

15 Vee 37 Vee 59 A5 81 0028 

1S A4 38 OQ1t so A7 82 0029 

17 NC 39 DQ12 S1 A9 83 DQ30 

18 AS 40 0013 S2 A11 84 0031 

19 AB 41 0014 S3 Vss 85 DQ32 

20 A10 42 0015 S4 NC 86 0033 

21 NC 43 OQ1S S5 RAS1 87 DQ34 

22 RASO 44 Vss SS CAS2 88 Vss 

1. DQ numbering is compatible with parity (x3S) version) 

Organization Speed 

8Mx32 70ns 

Notes 

For 80ns applications use this 70ns Part Number. 
Be aware if the application makes use of PO's, POS 
& PD7 are different from the 70ns version. 
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Block Diagram 

64G1729 
MMDl24DSU-OO 
Revised 6/94 

RAS2 

CAS2 

CAS 1 

RASO 

WE 

CASO 

AO-A11 

DQ34 

DQ31 

DQ30 . 
DQ27 

RAS3 

DQ25 . 
DQ22 

DQ21 . 
DQ18 

DQ16 . 
DQ13 

0012 . 
DQ09 

RAS 1 

DQ7 . 
DQ4 

DQ3 . 
DQO 

IBM11J8320CL 

BM x 32 5.0V IC DRAM Card 

DQ25 . 
DQ22 

DQ21 . 
DQ18 

DQ16 

0013 

DQ12 . 
DQ9 

DQ7 

DQ4 

DQ3 

DQO 
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IBM11J8320CL 

SM x 32 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--tl 1st Cycle 

Subsequent Cycles L H--tl 

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

Subsequent Cycles L H--tl 

RAS-Only Refresh L H 

GAS-Before-RAS Refresh H--tl 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 1228 

WE Row Column 
Address Address 

x x x 
H Row Col 

L Row Col 

H Row Col 

H NIA Col 

L Row Col 

L NIA 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 

Vss 

Vss 

NC 

NC 
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-------------- - -- - ---- -------------·- IBM11J8320CL 

BM x 32 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 

VouT Output Voltage -0.5 to +6.0 v 1 

ToPR Operating Temperature Oto +55 ·c 1 

Tsrn Storage Temperature -40 to +85 ·c 1 

Po Power Dissipation 11.8 w 1,2 

louT Short Circuit Output Current 50 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only, and device functional 
operation at or above the conditions indicated is not implied. Exposure to absolute maximum rating conditions for eX1ended 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 Voltage (Redriven Signals) 

V1L 
Input Low Voltage (RAS & DATA) 

Input Low Voltage (Redriven Signals) 

1. All voltages referenced to Vss. 

Capacitance (TA= o to +ss•c, Vee= s.o ± o.2sv) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

c,'° Output Capacitance (DQO-DQ34) 

64G1729 
MMD124DSU-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 

43 pF 

15 pF 

20 pF 

32 pF 
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--------- ----- - -IBM11J8320CL - ----- ---------------·-
BM x 32 5.0V IC DRAM Card 

DC Electrical Characteristics (TA= o to +ss'c, v cc = s.o ± o.2sV) 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 Avera92..Egwer Supply Operating Current -70 - 600 mA 

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

Standby Current (TTL) 
lcc2 Power S.!!..E!l2!y Standby Current - 32 mA 1,3 

(RAS= CAS ;;,V,H) 

RAS Only Refresh Current 
lcca Average Powe!'...§!!pply Current, RAS Only Mode 

{RAS Cycling, CAS ;;,V,H: !Re =!Re min) 
-70 - 600 mA 

Fast Page Mode Current 
Ice• Average Po~Supply Current, Fast Page Mode 

(RAS= V1L, CAS, Address Cycling: lpc = lpc min) 
-70 - 520 mA 1, 2, 3 

Standby Current (CMOS) 
Ices Power S.!!..E!l2!y Standby Current - 3.2 mA 

(RAS= CAS = Vee - 0.2V) 

CAS Before RAS Refresh Current 
Ices Average Power Supply Current, CAS Before RAS Mode -70 - 600 mA 

(RAS, GAS, Cycling: •Re= !Re min) 

Battery Backup Refresh Current 
lcc1 Average Po~ Supply Current during Battery Backup refresh 4.8 mA 1,2 

{CASS V1L, WE;;, V1H, IRAsS 1µSec, tRc = 125µSec) 

Input Leakage Current RAS -40 +40 

l1(L) 
Input Leakage Current, any input GAS.ADD -10 +10 µA (0.0 $ v,N $(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 s VouT s Vee) 

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

VoL Output Low Level - 0.4 v 4 Output "L" Level Voltage (loUT = +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 =Vil· In the case of lcC4, it can be changed once or less when CAS = V1H 
4. Refresh current is specified for the X32 configuration using One Bank 
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-------------- - -- - ---- --------------·- IBM11J8320CL 

SM x 32 5.0V IC DRAM card 

AC Characteristics (TA= o to +ss'c, Vee= s.o ± o.2sv) 
1. V1H (min) and V1L (max) are reference levels for measuring timing of inpu1 signals. Transilion times are measured between ViH and 

VIL· 
2. An inilial pause of 200µs is required after power-up followed by 8 RAS only refresh cycles before proper device operalion is 

achieved. In case of using internal refresh counler, 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, t Os (GAS, WE) or t t ns (Address) maximum delay, no 
pulse shrinkage. The dala and RAS signals are no1 buffered, which preserves !he DRAMs access specificalions of 70ns 

4. AC measurements assume Ir = 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-70 
Symbol Parameler Units Noles 

Min Max 

1Rc Random Read or Wrile Cycle Time 130 - ns 

1RP RAS Precharge Time 50 - ns 

lcp CAS Precharge Time 10 - ns 

IRAS ~ Pulse Width 70 tOK ns 

1cAS GAS Pulse Width 2t - ns 2 

lASR Row Address Selup Time 7 - ns 

tRAH Row Address Hold Time 8 - ns 

!Ase Column Address Setup Time 2 - ns 

1cAH Column Address Hold Time 15 - ns 

1RCD RAS to GAS Delay Time 18 45 ns 2 

tRAo ~ 10 Column Address Delay Time t3 28 ns 3 

1RSH RAS Hold Time 25 - ns 

lcsH CAS Hold Time 70 - ns 

le RP CAS to RAS Precharge Time t5 - ns 

tozc GAS Delay Time from D1N 0 - ns 

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

Ir Transilion Time (Rise and Fall) 3 50 ns 

1. The minimum lcAs requires 1csH to be me1 for bolh writes and reads. Also, because of the buffer, !he minimum tCAs for a read cycle 
must be eX1ended to guarantee the dala cul window ( toH) in !he applicalion. For example, a tCAs of 21ns plus a minimum 1oH of 
2ns would result in turning data cul of !he card al 23ns (6ns before max 1CAC of 29ns). 

2. Operalion within the 1Rco (max) limit ensures 1ha11RAc (max) can be met 1Rco (max) is specified as a reference point only: if tRco is 
greater than !he specttied tRco (max) limit, !hen access lime is conlrolled by 1cAC· 

3. Operation within !he 1RAo (max) limit ensures tha11RAC (max) can be met 1RAo (max) is specified as a reference poin1 only: If tRAo 
is greater 1han the specified 1RAo (max) limit, !hen access time is conlrolled by 1AA. 

4. This timing parameter is no1 applicable to !his produc1, but may apply 10 a related product in !his family. 
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SM x 32 5.0V IC DRAM Card 

Write Cycle 

-70 
Symbol Parameter Units Notes 

Min Max 

lwcs Write Command Set Up Time 2 - ns 

lwcH Write Command Hold Time 16 - ns 

lwp Write Command Pulse Width 15 - ns 

1RWL Write Command to RAS Lead Time - - ns 1 

lcwL Write Command to GAS Lead Time - - ns 1 

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

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

tos D1N Setup Time 0 - ns 

loH 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 

IRAc Access Time from RAS - 70 ns 1, 2 

lcAC Access Time from GAS - 25 ns 1,2 

IAA Access Time from Address - 42 ns 1,2 

IRcs Read Command Setup Time 2 - ns 

IRcH Read Command Hold Time to GAS 0 - ns 3 

IRRH Read Command Hold Time to RAS 5 - ns 3 

IRAL Column Address to RAS Lead Time 42 - ns 

lcAL Column Address to GAS Lead Time - - ns 4 

lcLZ GAS to Output in Low-Z 2 - ns 

loH Output Data Hold Time 2 - ns 

!coo GAS to D1N Delay Time 25 - ns 

lo FF Output Buffer Turn-off Delay 2 29 ns 5 

1. Access time is determined by the later of IRAc, lcAc. !AA or lcPA. 
2. Measured with two TIL loads and 1 OOpF. 
3. Either tRcH or IRRH 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 outpu1 voltage levels. 
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Fast Page Mode Cycle 

Symbol Parameter 

tpe Fast Page Mode Cycle Time 

tRASP Fast Page Mode RAS Pulse Width 

tcPRH RAS Hold Time from CAS Precharge 

tcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of tRAC. tcAc. tcpA, lAA. 
2. Access time assumes a load of 100pf. 

Refresh Cycle 

Symbol Parameter 

lcHR GAS Hold Time 
(GAS before RAS Refresh Cycle) 

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

twRP WE Setup TiQJ!L 
(CAS before RAS Refresh Cycle) 

tWRH WE Hold Time 
(CAS before RAS Refresh Cycle) 

tRPC RAS Precharge to CAS Hold Time 

tREF Refresh Period 

1. 4096 refreshes are required every 256ms. 

64G1729 
MMDl24DSU-OO 
Revised 6194 

IBM11J8320CL 

SM x 32 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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IBM11J8320CL 

BM x 32 5.0V IC DRAM Card 

Read 

V1H-
RAS 

V1L -

V1H-

CAS 
VIL -

~SR 

liiAH 

Address 
V1H-

VIL -

VoH-

file 

liiAs 

1:csH 

tRCD tRSH 

1:cAS 

tRAO 

Column 

!-------+---- Hi·Z --l---------+---1 
1:cAC 

tc:Lz 
taFF-

DouT -----+- Hi·Z Valid Data Out 
Hi-Z _ 

VoL-

I :"H"or"L" 
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_taH ----1 
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-------------- - -- - ---- -- -----------·- IBM11J8320CL 

SM x 32 5.0V IC DRAM Card 

Write Cycle (Early Write) 

tRc 

IRAS !RP 

V1H-
RAS 

V1L -

lcsH 

IRCD !RSH _ lcRP 

V1H- tcAS 
GAS 

VIL -

!RAD 

tASR 
!AR 

!RAH 

V1H-
Address 

V1L-

V1H-
WE 

VIL-

los ...- toH 

V1H-
D1N Valid Data In 

V1L-

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

64G1729 
MMDl24DSU-OO 
Revised 6/94 

: "H" or "L" 
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IBM11J8320CL 

8M x 32 5.0V IC DRAM Card 

Fast Page Mode Read Cycle 

,.._ ________ tRASP _______________ , 

Address 

Page 1236 

. 'Wt : "H" or "L" 
~~&:. 

l 

, ____ lcPRH 

!pc---~ 
_lcP _!ASH 

--'tcAs-

-loH 
t r DZC 

tcAC 

DourN 

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

64G1729 
MMDl24DSU-OO 
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-------------- - -- ----- -------------·-

Fast Page Mode Write Cycle 

v,H-
RAS 

VrL-

v,H-
CAS 

VrL-

v,H
Address 

VrL-

V1t1-

64G1729 
MMDl24DSU-OO 
Revised 6/94 

lwcs 

I :"H"or"L" 

lcAS 

IBM11J8320CL 

SM x 32 5.0V IC DRAM Card 

~ASP ~p 

_tpc 

lcp !ASH lcAP 

lcAS lcAS 
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--------- ----- - -IBM11J8320CL - ----- --------------·-
BM x 32 5.0V IC DRAM Card 

RAS Only Refresh Cycle 

!Re 

IRAs !RP 

V1H_ 

RAS 

VIL-

tRPC 

V1H_ 

GAS 

V1L _ 

tASR 

~~AH 
V1H_ 

Address 
V1L _ 

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

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

Page 1238 64G1729 
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----------------- ----- -------------·- IBM11J8320CL 

SM x 32 5.0V IC DRAM card 

CAS Before RAS Refresh Cycle 

RAS 

CAS 

Dour 

64G1729 
MMD124DSU-OO 
Revised 6194 

t--------tRAS ------------; 

VIH-

!RPC 1 V1L -

~ lcsR 

t 
V1H-

CHR 

VIL_ 

-----!coo ____ _ 

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

I :"H"or"L" 

Note: Addresses are "H" or "L" 
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IBM11 J8320CL 

BM x 32 5.0V IC DRAM Card 

Layout Drawing 

54.1 (MAX) 

2.13 
11 3.5MAX 

lr38 

10.5MIN 

r-i· 
I 

FRONT 

·r r 
I 

.95 I 1 --.037 ~ 
1.60 MAX 1.60 MAX 

.o63 l 4\ FRONT 1 ~ 

T) ~=-, 
88 ~---~43~.o~TY~P~. -----<I 45 

1.69 

NOTE: All dimensions are typical unless otherwise stated. Mii;:~~~Rs 
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--------- ----- - -- ----- -----==-=~= 

Features 

• Industry Standard 88Pin IC DRAM Card 
Performance: 

-70 

IRAC 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 J8320CN is a 32MB industry standard 
88-pin IC DRAM card. It is organized as a 8M x 32 
high speed memory array. It is built using 16- 4Mx4 
devices and is compatible to the JEDEC/PCM
CINJEIDA 88-pin standard. Improved system per
formance is provided by the on-card buffering of 
selected input signals. The specified timings include 
all buffer, net and skew delays, which allow the sys
tem designer to work with a simpler interface. The 
DQ and RAS signals are not buffered, which pre
serves the access specification of 70ns. Multiple 
RAS inputs are used to conserve power by allowing 
individual bank selection. In the x32 configuration 

Card Outline 

#88 

#44 F-:_3 

IBM11J8320CN 

SM x 32 3.3V IC DRAM Card 

• Single 3.3V, ± 0.3V Power Supply 
• All inputs buffered except RAS and DATA inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• 12/10 Addressing (Row/Column) 
• Optional Fast Page Mode access cycle __ 
• Refresh Modes: RAS-Only, GAS before RAS 

and BBU (Battery Backup) 
• 4096 refresh cycles distributed across 256ms 
• Polarized Connector 

the memory may be utilized as two banks, each hav
ing four unique bytes. The x16 configuration may be 
utilized as frour 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. Caution must be used to prevent 
insertion into a 5.0V application. 

t:i:i 

~~ 0 >-i IC DRAM >-i 

d 0 ..,, 
~ CARD 

64G1725 
MMDl20DSU-OO 
Revised 6194 

s::: 

PIN#45 
#1 

'---,. 
1--:-:::i 
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IBM11J8320CN 

BM x 32 3.3V IC DRAM Card 

Pin Description Pin out 
RASO,RAS2 Row Address Strobe Pin# Name 

CASO-CAS3 Column Address Strobe 1 Vss 

~ Read/write Input 
2 DOO 

AO-A11 Address Inputs 
3 DQ1 

4 DQ2 
DQ0-7, 9-16, 

Data lnpuVoutput 1S-25, 27-34 5 DQ3 

Vee Power {+3.3V) 
6 DQ4 

Vss Ground 
7 D05 

s DQ6 
NC No Connect 

9 NC 

PD1-PDS Presence Detects 10 D07 

11 Vee 

12 NC 

13 AO 

14 A2 

15 NC 

16 A4 

17 Vee 

1S AS 

19 AS 

20 A10 

21 NC 

22 RASO 

Ordering Information 
Part Number Organization 

IBM11JS320CNA-70 SMx32 

Page 1242 

Pin# 

23 

24 

25 

26 

27 

2S 

29 

30 

31 

32 

33 

34 

35 

36 

37 

SS 

39 

40 

41 

42 

43 

44 

Speed 

70ns 

--------------- -- ----
=-=-==~= 

Name Pin# Name Pin# Name 

CASO 45 Vss 67 Vss 

CAS1 46 D01S 6S CASS 

Vee 47 DQ19 69 RAS3 

RAS2 4S D020 70 WI: 
NC 49 D021 71 PD1 

PD2 50 D022 72 PD3 

PD4 51 D023 73 Vss 

PD6 52 D024 74 PD5 

NC 53 D025 75 PD7 

NC 54 NC 76 PDS 

NC 55 NC 77 NC 

DQ9 56 Vss 7S NC 

Vee 57 A1 79 NC 

D010 5S A3 so D027 

NC 59 A5 S1 D02S 

D011 60 A7 S2 D029 

D012 61 A9 83 D030 

D013 62 A11 S4 DQ31 

D014 63 Vss S5 D032 

D015 64 NC S6 D033 

D016 65 RAS1 S7 D034 

Vss 66 CAS2 88 Vss 

Notes 

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

64G1725 
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-------------- - ------::::::::::i'5: 

Block Diagram 

64G1725 
MMDl20DSU-OO 
Revised 6194 

CAS3 

RAS2 

CA52 

CAS 1 

RASO 

WE 

CASO 

AO-A11 

DQ34 . 
DQ31 

DQ30 . 
DQ27 

RAS3 

DQ25 . 
DQ22 

DQ21 . 
DQ18 

DQ16 

DQ13 

DQ12 . 
DQ09 

RAS 1 

DQ7 

DQ4 

DQ3 . 
DQO 

IBM11J8320CN 

BM x 32 3.3V IC DRAM Card 

DQ34 . 
DQ31 

DQ30 
,,----,"=""--N"Y DQ~7 

DQ25 . 
DQ22 

DQ21 . 
DQ18 

DQ16 

DQ13 

DQ12 . 
DQ9 

DQ7 

DQ4 

DQ3 

DQO 
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IBM11J8320CN 

SM x 32 3.3V 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) 

PDS(Speed) 

PD7 

PDB (Refresh Type) 

1. NC= OPEN, Vss = GND 

Page 1244 

WE Row Column 
Address Address 

x x x 
H Row Col 

L Row Col 

H Row Col 

H NIA Col 

L Row Col 

L NIA Col 

x Row NIA 

H x x 

---------------------::5:::5:F::5 ~ = 

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 

64G1725 
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-------------- - -- - ---=~='i'= IBM11J8320CN 

BM x 32 3.3V IC DRAM Card 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -0.5 to +4.6 v 1 

Input Voltage (RAS & DATA) -0.5 to min(Vee + 0.5, 4.6) v 1 
V1N 

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

VouT Output Voltage -0.5 to min(Vec + 0.5, 4.6) v 1 

ToPR Operating Temperature Oto +55 ·c 1 

TsTG Storage Temperature -40to +85 ·c 1 

Po Power Dissipation w 1,2 

louT Short Circuit Output Current 50 mA 1 

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

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 Vss· 

Capacitance (TA= o to +ss•c, Vee = 3.3± o.3V) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C1t0 Output Capacitance (DQO-DQ34) 

64G1725 
MMDl20DSU-OO 
Revised 6/94 

Min 

3.0 

2.0 

2.0 

-0.5 

0.0 

Typ Max Units Notes 

3.3 3.6 v 1 

- Vee+ 0.5 v 1 

- Vee v 1 

- 0.8 v 1 

- 0.8 v 1 

Max Units Notes 

15 pF 

43 pF 

15 pF 

20 pF 

32 pF 
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--------- -------IBM11J8320CN - ----- --------------·-
8M x 32 3.3V IC DRAM Card 

DC Electrical Characteristics (TA= o to +ss'c, Vee= 3.3± o.3V) 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 ~~wer Supply Operating Current -70 - 600 mA 

(RAS, C S, Address Cycling: tRc = tRc min) 

Standby Current (TIL) 
lcc2 Power S..!!lm!y Standby Current 

(RAS = CAS ;;:V1H) 
- 32 mA 1,3 

RAS Only Refresh Current 
ICC3 ~ge Powe~ply Current, RAS Only Mode 

(RAS Cycling, CAS ~V1H: tRC = tRc min) 
-70 - 600 mA 

Fast Page Mode Current 
lcc4 Average Power Supply Current, Fast Page Mode -70 - 520 mA 1, 2, 3 

(FiAS = V1L, CAS, Address Cycling: tpc = tpc min) 

Standby Current (CMOS) 
Ices Power S..!!lm!y Standby Current - 3.2 mA 

(RAS= CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current 
Ices Average Power Supply Current, CAS Before RAS Mode -70 - 600 mA 

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

Battery Backup Refresh Current 
lcc1 Average Pol!!!!!: Supply Current during Battery Backup refresh 4.8 mA 1,2 

(CAS:S V1L, WE;;: V1H,tRAs:S 1µSec, tRc = 125µSec) 

Input Leakage Current RAS -40 +40 

l1(L) 
Input Leakage Current, any input 

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

lo(L) 
Ou1put Leakage Current -20 +20 µA 
(Dour is disabled, 0.0 :S Vour :S Vee) 

VoH 0Utpu1 High Level 
Output "H" Level Voltage (lour= -2mA @ 2.4V) 2.4 - v 

VoL Outpu1 Low Level 
Outpu1 "L" Level Voltage (lour= +2mA@ 0.4V) - 0.4 v 4 

1. lcc1. lc03, lc04 and Ices depend on cycle rate. 
2. lcc1. ICC4 depend on ou1put loading. Specttied values are obtained w~h the output open. 
3. Address can be changed once or less while RAS = Vil· In the case of lc04, it can be changed once or less when CAS = V1H 
4. Refresh current is specified for the X32 configuration using One Bank 

Page 1246 64G1725 
MMDl20DSU-00 

Revised 6/94 



-------------- - -- - ---- --------------·- IBM 11 J8320CN 

BM x 32 3.3V IC DRAM Card 

AC Characteristics (TA= o to +ss0 c, Vee= 3.3± o.3V) 

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 alter 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, 5ns (CAS, WE) or Gns (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 IT = 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 

tASR 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 

tRCD RAS to CAS Delay Time 18 45 ns 2 

tRAo RAS to Column Address Delay Time 13 28 ns 3 

tRSH 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 

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

IT Transition Time (Rise and Fall) 3 50 ns 

1. The minimum lcAs requires lcsH to be met for both writes and reads. Also, because of the buffer, the minimum ICAs for a read cycle 
must be extended to guarantee the data out window ( toH) in the application. For example, a tcAs of 20ns plus a minimum loH of 
Ins would result in turning data out of the card at 21 ns (3ns before max lcAc of 24ns). 

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

3. Operation within the tRAo (max) limit ensures that IRAc (max) can be met. IRAD (max) is specified as a reference point only: If IRAD 
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. 

64G1725 
MMD120DSU-OO 
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----------------IBM11J8320CN - ----- --------------·-
SM x 32 3.3V IC DRAM C&rd 

Write Cycle 

-70 
Symbol Parameter Units Notes 

Min Max 

lwcs Write Command Set Up Time 2 - ns 

lwcH Write Command Hold Time 16 - ns 

lwp Write Command Pulse Width 15 - ns 

IRWL Write Command to RAS Lead Time - - ns 1 

ICWL Write Command to rntS Lead Time - - ns 1 

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

loHR Data Hold Time Referenced to RAS - - ns 1 

los D1N Setup lime 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 

!AA Access Time from Address - 42 ns 1,2 

IRCS 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 

tcLZ CAS to Output in Low-Z 2 - ns 

loH Output Data Hold Time 2 - ns 

lcoo CAS to D1N Delay Time 25 - ns 

toFF Output Buffer Turn-off Delay 2 29 ns 5 

1 . Access time is determined by the later of tRAc. tcAC. IM 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. toFF (max) defines the time at which the output achieves the open circuit condition and is nOt referenced to output voltage levels. 
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-------------- - -- - ---- -------------·-

Fast Page Mode Cycle 

Symbol Parameter 

tpc Fast Page Mode Cycle Time 

tRASP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from CAS Precharge 

lcPA Access Time from CA'S Precharge 

1. Access time is determined by the latter of IRAc. lcAc. lcpA, IAA. 
2. Access time assumes a load of 100pf. 

Refresh Cycle 

Symbol Parameter 

lcHR 
CAS Hold Time 
(CAS before RAS Refresh Cycle) 

lcsR 
CAS Setup Time 
(CAS before RAS Refresh Cycle) 

IWRP WE Setup Tiim_ 
( CAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 
(CAS before RAS Refresh Cycle) 

IRPC RAS Precharge to CAS Hold Time 

!REF Refresh Period 

1. 4096 refreshes are required every 256ms. 

64G1725 
MMDl20DSU-OO 
Revised 6194 

IBM11J8320CN 

BM x 32 3.3V 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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-------------IBM11J8320CN = :=:. === ==='='= 
8M x 32 3.3V IC DRAM Card 

Read 

file 

IRAs 

V1H-
RAS 

V1L -

lcsH 

IReD IRSH 

V1H-
lcAS CAS 

V1L -

!RAD __ filAL 

lcAL 
Ip.SR 

IRAH 

V1H-
Address Column 

V1L -

IAA +------i 

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

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

VoL-

: "H" or "L" 

Page 1250 

be 

lcLz 
loFF-

Valid Data Out 
Hi-Z _ 

64G1725 
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---------------- -- - ---:::..:..:-::::~= IBM 11 J8320CN 

SM x 32 3.3V IC DRAM Card 

Write Cycle (Early Write) 

!Re 

IRAs !RP 

V1H-
RAS 

VIL-

lcsH 

lRcD tRSH --lcRP 

V1H- lCAs 
CAS 

V1L-

!RAD 

tASR 

V1H-
Address 

V1L-

V1H-
WE 

V1L-

los -- loH 

V1H-
DIN Valid Data In 

V1L-

DauT _______________ Hi-Z ----------------
VaL-

64G1725 
MMDl20DSU-OO 
Revised 6194 

I :"H"or"L" 
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IBM11J8320CN 

8M x 32 3.3V IC DRAM Card 

Fast Page Mode Read Cycle 

V1H-
Address 

V1L-

IRAo 

V1H-
WE 

V1L-

l 
D1N 

lcAc 

!RAC loFF-

Vot1-
-1!cLZ 

DoUT 
VOL-

I :"H"or"L" 

Page 1252 

, ____ lcPRH 

-toH 
t r DZC 

tCAc 

loFF 

lcLZ lcLZ 

DoUT2 

+-loH 

1coo 

lo FF 

DoUTN 

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

IRcH 

64G1725 
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-------------= - -:S~i: 

Fast Page Mode Write Cycle 

v,,,_ 
RAS 

V1L-

v,,,_ 
CAS 

V1L-

v,,,_ 
Address 

V1L-

VoH-
DouT 

VoL-

64G1725 
MMDl20DSU-OO 
Revised 6194 

IRco 

lwcs 

I :"H"or"L" 

IBM11J8320CN 

BM x 32 3.3V IC DRAM card 

!RASP !RP 

..,.__!pc 

lcP IRsH le RP 

lcAs lcAs 
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-------------- - -IBM11J8320CN - ----- -----=~=~= 

BM x 32 3.3V IC DRAM Card 

RAS Only Refresh Cycle 

4'PC 

V1H_ 

CAS 

V1L_ 

~SR 

~!RAH 
V1H_ 

Address 

V1L_ 

DolJT ----------- Hi-Z -----------------

: "H" or "L" 

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

CAS Before RAS Refresh Cycle 

V1H-

RAS 

tRPC 1 V1L-

--1 tcsR 

V1H-

CAS 
v,l _ 

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

DoUT VoH-
1-----Hi-Z 

l:"H"or"L" 

Note: Addresses are "H" or "L" 

64G1725 
MMDl20DSU-OO 
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SM x 32 3.3V IC DRAM Card 

!RPC 
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IBM11J8320CN 

8M x 32 3.3V IC DRAM Card 

Layout Drawing 

54.l 

2.13 

FRONT 

ri· ·r 
I .____ _______ __, I 

2.45 

10.5 

I' 

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

I I 3.5 

I r---ns 

1.60 

85.8 

3.38 

.097 l 4
\ FRONT 1~ 

~> l=r-
88 ~----=43.0'--------i\ 45 

1.69 
TYP. 

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

• Industry Standard 88Pin IC DRAM Card 
• Performance: 

-70 

IRAc RAS Access Time 70ns 

lcAC CAS Access Time 29ns 

IAA Access Time From Address 46ns 

IRC Cycle Time 130ns 

lpc Fast Page Mode Cycle Time 45ns 

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

Description 

The IBM11J1360BL is a 4MB industry standard 
88-pin IC DRAM card. It is organized as a 1 M x 36 
high speed memory array. It is built using 8 - 1 M x 4, 
4 - 1 M x 1 devices and is compatible to the 
JEDEC/PCMCIA/JEIDA 88-pin standard. 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 

Card Outline 

#88 

#44 -~ 

IBM11J1360BL 

1 M x 36 5.0V IC DRAM Card 

• Single 5.0, ± 0.25V Power Supply 
• All inputs buffered except RAS and DATA inputs 
• Multiple RAS inputs for x18 or x36 selectability 
• 10/1 O Addressing (Row/Column) 
• Optional Fast P~ode a~s cycle __ 

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

• 1024 refresh cycles distributed across 128ms 
• Polarized Connector 

the memory is a single bank, having four unique 
bytes. The x18 configuration may be utilized as two 
banks each having two unique bytes. Only one bank 
is activated by each RAS, leaving the other bank in 
standby mode, thus saving power. All IBM IC DRAM 
cards are packaged in a rugged metal case for maxi
mum device protection in portable applications. The 
related 1 M x 32 versions of these ICDRAM cards is 
IBM11J1320BLA. 

~ 

~~ 0 ....., IC DRAM ....., 
....., 0 

""d ~ CARD 

64G1720 
MMDl15DSU-OO 
Revised 6/94 
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~ 

PIN#45 
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IBM11J1360BL 

1 M x 36 5.0V IC DRAM Card 

Pin Description 

RASO,RAS2 Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

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

P08, 17, 26, 35 Parity Input/output 

Vee Power{+5V) 

Vss Ground 

NC No Connect 

PD1-PD8 Presence Detects 

Ordering Information 

Part Number 

IBM11J1360BLA-70 

Page 1258 

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

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 NC 

4 D02 26 RAS2 48 D020 70 WE 

5 DQ3 27 Vee 49 DQ21 71 PD1 

6 D04 28 PD2 50 D022 72 PD3 

7 DOS 29 PD4 51 D023 73 Vss 

8 DOS 30 PD6 52 D024 74 PD5 

9 Vee 31 NC 53 D025 75 PD7 

10 D07 32 NC 54 P026 76 PDB 

11 NC 33 P017 55 NC 77 NC 

12 POB 34 DQ9 56 Vss 78 NC 

13 AO 35 NC 57 At 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 D012 61 A9 83 D030 

18 AS 40 D013 62 NC 84 D031 

19 AB 41 D014 63 Vss 85 D032 

20 NC 42 D015 64 NC 86 D033 

21 NC 43 DQ16 65 NC 87 D034 

22 RASO 44 Vss 66 CAS2 88 Vss 

1. DO numbering is compatible with parity (x36) version) 

Organization Speed 

1M x36 70ns 

Notes 

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

64G1720 
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-------------- - -- - ---- -------------·- IBM11J1360BL 

1 M x 36 5.0V IC DRAM Card 

Block Diagram 

CAS3 
0034 . 
0031 

0030 . 
0027 

P026 

RAS2 

0025 . 
0022 

CAS2 
0021 . 
0018 

P017 

0016 . 
0013 

CAS1 
0012 . 
0009 

RASO 

POB 

WE 
007 . 
004 

CASO 
003 . 

AO-A09 OQO 
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IBM11J1360BL 

1 M x 36 5.0V IC DRAM Card 

Truth Table 

Function RAS CA'S 

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 -Wr~e: 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 1260 

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 NIA 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 

NC 

Vss 

Vss 

NC 

Vss 

NC 

NC 

64G1720 
MMDl15DSU-OO 
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----------- ----- - -- - ---- -- ------------·- IBM11J1360BL 

1 M x 36 5.0V IC DRAM Card 

Absolute Maximum Ratings 

Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -1.0to +6.0 v 1 

Input Voltage (RAS & DATA) -1.0 to +6.0 v 1 
V1N 

Input Voltage (Redriven Signals) -0.5 to Vee + 0.5 v 1 

VouT Output Voltage -1.0 to +6.0 v 1 

ToPR Operating Temperature Oto +55 ·c 1 

Tsrn Storage Temperature -40 to +85 ·c 1 

Po Power Dissipation 4.2 w 1, 2 

louT Short Circuit Output Current 50 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only, and device functional 
operation at or above the conditions indicated is not implied. Exposure to absolute maximum rating conditions for extended peri-
eds 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= 5.0 ± 0.25V} 

Symbol Parameter 

C11 Input Capacitance (AO-AS) 

C12 Input Capacitance (RAS) 

C1s Input Capacitance (GAS) 

C14 Input Capacitance (WE) 

C1101 Output Capacitance (DQO-DQ34) 

C1102 Parity Output Capacitance (PQ8, PQ17, PQ26, PQ35) 

64G1720 
MMDl15DSU-OO 
Revised 6/94 

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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-------------- - -IBM11J1360BL .!.!:::i'f!: 
1M x 36 5.0V IC DRAM Card 

DC Electrical Characteristics (TA= o to +ss·c. Vee= s.o ± o.2sv) 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 AveraQ!Egwer Supply Operating Current 

(RAS, CAS, Address Cycling: tRc = tRc min) 
-70 - 1120 mA 

Standby Current (TIL) 
lcc2 Power Sgy Standby Current 

(RAS = CAS ;;;:V1H) 
- 24 rnA 1,3 

lcc3 
rots Only Refresh Current __ 
Average Powec..§!!pply Current, RAS Only Mode 
(RAS Cycling, CAS ;;;:v,H: •Re = tRC min) 

-70 - 1120 mA 

Fast Page Mode Current 
lcc4 ~ge Power Supply Current, Fast Page Mode 

(RAS = V1L. CAS, Address Cycling: tpc = tPC min) 
-70 - 1040 mA 1, 2, 3 

Standby Current (CMOS) 
Ices Power Sgy Standby Current 

(rots= CAS =Vee - 0.2V) 
- 2.4 mA 

CAS Before RAS Refresh Current 
Ices Average Power Supply Current, CA'S Before RAS Mode -70 - 1120 rnA 

(RAS, CAS, Cycling: tRc = tRc min) 

Battery Backup Refresh Current 
lcc1 Average Pol!"[fil Supply Current during Battery Backup refresh - 3.6 mA 1,2 

(CASS V1L, WE;;: V1H.tRAsS 1µSec, tRc = 125µSec) 

Input Leakage Current RAS -60 +60 

l1(L) 
Input Leakage Current, any input 

CAS,ADD -10 +10 µA (0.0::;; v,N::;; (Vee < 6.0V)) 
All Other Pins Not Under Test= OV M' -20 +20 

lo(L) 
Output Leakage Current 

-10 +10 µA (DouT is disabled, 0.0 s VouT s 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 Vohage (loUT = +2mA@ 0.4V) 

1. lcc1o ICC3, ICC4 and Ices depend on cycle rate. 
2. lcc1, ICC4 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 specified for the X32 configuration using One Bank 
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--------------- - -- - ---- ---------------·- IBM11J1360BL 

1 M x 36 5.0V IC DRAM Card 

AC Characteristics (TA= o to +55°C, Vee= 5.o ± o.25V} 

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 100µs 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, 1 Ons (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 tT ~ 5ns. 

Read, Write, and Refresh Cycles (Common Parameters) 

-70 
Symbol Parameter Units Notes 

Min Max 

tRc 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 

tcAS GAS Pulse Width 21 - ns 2 

!ASA Row Address Setup Time 11 - ns 

tRAH Row Address Hold Time 10 - ns 

!Ase Column Address Setup Time 3 - ns 

lcAH Column Address Hold Time 17 - ns 

tRcD RAS to GAS Delay Time 20 42 ns 2 

!RAD RAS to Column Address Delay Time 15 24 ns 3 

IRsH RAS Hold Time 29 - ns 

tcsH GAS Hold Time 70 - ns 

tcRP GAS to RAS Precharge Time 15 -- ns 

tozc GAS Delay Time from D1N 0 - ns 

tAR Column Address Hold Time Referenced to RAS - - ns 4 

h 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 lcAs for a read cycle 
must be extended to guarantee the data out window ( toH) in the application. For example, a tcAs of 19ns plus a minimum toH of 
2ns would result in turning data out of the card at 21 ns (7ns before max tcAC of 28ns). 

2. Operation within the IRco (max) limit ensures that IRAC (max) can be met. tRcD (max) is specified as a reference point only: if tRco is 
greater than the specified IRco (max) limit, then access time is controlled by tcAC· 

3. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. IRAD (max) is specified as a reference point only: If tRAD 
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. 

64G1720 
MMDl15DSU-OO 
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--------------- -IBM11J1360BL - ----..:...::::?:: 
1 M 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 15 - ns 

twp Write Command Pulse Width 16 - ns 

tRWL Write Command to RAS Lead Time - - ns 1 

tCWL Write Command to CAS Lead Time - - ns 1 

twcR Write Command Hold Time Referenced to RAS - - ns 1 

to HR Da1a Hold Time Referenced to RAS - - ns 1 

tos D1N Setup Time 0 - ns 

toH D1N Hold Time 25 - 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 

lc:Ac Access Time from CAS - 29 ns 1,2 

tAA Access Time from Address - 46 ns 1,2 

!Res Read Command Setup Time 2 - ns 

tRCH Read Command Hold Time to CAS 0 - ns 3 

tRRH Read Command Hold Time to RAS 0 - ns 3 

tRAL Column Address to RAS Lead Time 46 - ns 

lc:AL Column Address to CAS Lead Time - - ns 4 

1cLZ CAS to Output in Low-Z 2 - ns 

1oH Output Data Hold Time 2 - ns 

1coo CAS to D1N Delay Time 29 - ns 

toFF 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. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output vohage levels. 
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-------------- - -- - ---- -------------·-

Fast Page Mode Cycle 

Symbol Parameter 

lpc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

tcPAH RAS Hold Time from GAS Precharge 

lcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of tRAc. tcAc. lcPA. tAA. 
2. Access time assumes a load of 1 OOpf. 

Refresh Cycle 

Symbol Parameter 

tcHA 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

lcsA 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

lwAP 
WE Setup Ti~ 
(GAS before RAS Refresh Cycle) 

lwAH 
WE Hold Time 
(GAS before RAS Refresh Cycle) 

IAPC RAS Precharge to GAS Hold Time 

1AEF Refresh Period 

1 . 1024 refreshes are required every 128ms. 

64G1720 
MMDl15DSU-OO 
Revised 6/94 

IBM11J1360BL 

1 M x 36 5.0V IC DRAM Card 

-70 
Units Notes 

Min Max 

45 - ns 

70 10K ns 

49 - ns 

- 49 ns 1, 2 

-70 
Units Notes 

Min Max 

13 - ns 

20 - ns 

20 - ns 

10 - ns 

8 - ns 

- 128 ms 1 
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IBM11J1360BL = - -:S'fi: 
1 M x 36 5.0V IC DRAM Card 

Read 

!Re 

!RAS 

V1H-

RAS 
V1L -

lcsH 

tRCD lRsH tcRP --j 

V1H-
lcAs CAS 

VIL-

tRAD tRAL 

tcAL 

lAsR tAsc 

tRAH 

Address 
V1H-

V1L -

tAA -J--------1 

~----+---- Hi-Z --1--------t---
le Ac 

VaH-

DaUT ____ __,__ Hi-Z 

VoL-

: "H" or"L" 
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laFF-

Valid Data Out 

_taH ___ _, 

Hi-Z _ 
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---------- ----- - -- - ---- ---------- IBM11J1360BL ---·-
1 M x 36 5.0V IC DRAM Card 

Write Cycle (Early Write) 

!Re 

!RAS !RP 

V1H-
RAS 

VIL -

lcsH 

lRCD tRSH -lcRP 

V1H- lcAS 
GAS 

V1L-

!RAD 

tASR 

le AH 

V1H-
Address 

V1L -

V1H-
WE 

VIL-

los _tDH 

V1H-
D1N Valid Data In 

V1L -

Vott-
---------------- Hi-Z -----------------

VoL-

tit : "H" or "L" 
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IBM11J1360BL 

1 M x 36 5.0V IC DRAM Card 

Fast Page Mode Read Cycle 

V1H-

RAS 
V1L-

_tACD 

V1H-

CAS 
VIL-

tASA 

V1H-

* Address ~ 

VIL-
,. 
" 

tAAD 

VoH-

I : "H" or"L" 
" 
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tAASP 

!cPAH 

tpc 

!cP _tcP 
tAsH 

.,.._tcAS 

Dour N 

-------------- - -- ----- -------------·-

!cAP 

64G1720 
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-------------- - -- - ---- --------------·-

Fast Page Mode Write Cycle 

VIK-

RAS 
V1L-

V1K-

GAS 
VIL-

VIK-

Address 
V1L-

VoH-

Dour 
VoL-

lwcs 

lit : "H" or "L" 

IBM11J1360BL 

1 M x 36 5.0V IC DRAM Card 

!,,ASP tRP 

_tpc 

lcp _tRSH le RP 

le As lcAS 
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---------- ----- - -IBM11J1360BL - ----::::..=.::::!:: 
1M x 36 5.0V IC DRAM Card 

RAS Only Refresh Cycle 

!Ac 

!RAS !AP 

V1H_ 

RAS 

V1L_ 

tAPC 

V1H_ 

CAS 

V1L _ 

!ASA 

~!RAH 

V1H_ 

Address 

V1L _ 

____________ Hi-Z -------------------

Note: WE, D1N are "H" or "L" 
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--------- ----- - -- - ---- ---------·- IBM11J1360BL ---·-
1 M x 36 5.0V IC DRAM Card 

CAS Before RAS Refresh Cycle 

______ tRAS ----------+! 

VtH-

RAS 

!RPG 1 v,, -

~ lcsR 

VtH-

GAS 
v,, -

_____ tcoo ----...i 

---1-------- Hi·Z 

DouT VoH-

: "H" or "L" 

Note: Addresses are "H" or "L" 

64G1720 
MMDl15DSU-OO 
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IBM11J1360BL 

1 M x 36 5.0V IC DRAM Card 

Layout Drawing 

54.1 (MAX) 

2.13 

FRONT 

' 

0.95 11-0.037 

l.60MAX 

0.063 l44 FRONT 

1) 
88 I 43.0 TYP. 

1.69 

- I 3.5MAX 

~ 

10.5MIN 

'rj 
r3 

I 

I 

~ 
l.60MAX 

1 __L°63 
~=-, 
I 45 

85.8 

3.38 

~ 4 

NOTE: All dimensions are typical unless otherwise stated. Ml~~~~~~Rs 
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Features 

• Industry Standard 88Pin IC DRAM Card 
Performance: 

-70 

!RAC RAS Access Time 70ns 

lcAC CAS Access Time 29ns 

!AA Access Time From Address 46ns 

!Re Cycle Time 130ns 

lpc Fast Page Mode Cycle Time 50ns 

• Industry Standard DRAM functions & timings 
• High Performance CMOS process 

Description 

The IBM11 J2360BL is a 8MB industry standard 
88-pin IC DRAM card. It is organized as a 2M x 36 
high speed memory array. It is built using 16 - 1 Mx4 
devices, 8 - 1 Mx1 devices and is compatible to the 
JEDEC/PCMCIA/JEIDA 88-pin standard. 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 

Card Outline 

#88 

#44 ~ 

IBM11 J2360BL 

2M 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 
• 10/10 Addressing (Row/Column) 
• Optional Fast Page Mode access cycle __ 

Refresh Modes: RAS-Only, CAS before RAS 
and BBU (Battery Backup) 

• 1024 refresh cycles distributed across 128ms 
• Polarized Connector 

the memory may be utilized as two banks, each hav
ing four unique bytes. The x18 configuration may be 
utilized as four banks each having two unique bytes. 
Only one bank is activated by each RAS, leaving the 
other banks in standby mode, thus saving power. All 
IBM IC DRAM cards are packaged in a rugged metal 
case for maximum device protection in portable 
applications. The related 2M x 32 version of this 
IC DRAM card is IBM11 J2320BLA 

to 

¢:J~ 0 
d IC DRAM .....,i 

d '"d ~ CARD 

8188978 
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IBM11J2360BL 

2M x 36 5.0V IC DRAM card 

Pin Description 
RASO-RAS3 Row Address Strobe 

CASO-CASS Column Address Strobe 

WE Read/write Input 

AO-A9 Address Inputs 

DQ0-7, 9-16, 
Data Input/output 18-25, 27-34 

P08,PQ17, 
Parity Data Input/output PQ26, PQ35 

Vee Power(+SV) 

Vss Ground 

NC No Connect 

PD1 -PDS Presence Detects 

Ordering Information 
Part Number 

IBM11J2360BLA-70 

Page 1274 

--------- ------------- --------·----·-

Pin out 
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 RAS3 

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 DOS 29 PD4 51 DQ23 73 Vss 

8 DQ6 30 PD6 52 DQ24 74 PDS 

9 Vee 31 NC 53 DQ25 75 PD7 

10 DQ7 32 NC 54 PQ26 76 PDS 

11 NC 33 PQ17 55 NC n 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 A4 38 DQ11 60 A7 82 DQ29 

17 NC 39 DQ12 61 A9 83 DQ30 

18 AS 40 DQ13 62 NC 84 DQ31 

19 AS 41 DQ14 63 Vss 85 DQ32 

20 NC 42 DQ15 64 NC 86 DQ33 

21 NC 43 DQ16 65 RAS1 87 DQ34 

22 RASO 44 Vss 66 CAS2 88 Vss 

1. DQ numbering is compatible with non parity (x32) version) 

Organization Speed 

2Mx36 70ns 

Notes 

For 80ns applications use this 70ns Part Number. 
Be aware if the application makes use of PD's, PD6 
& PD7 are different from the 70ns version. 
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----------------- - ---- -------------·- IBM11J2360BL 

2M x 36 5.0V IC DRAM Card 

Block Diagram 

P035 P035 

CAS3 
0034 0034 . 
0031 0031 

WE 
0030 0030 . . 
0027 0027 

P026 P026 

RAS2 RAS3 

0025 0025 . . 
0022 0022 

CAs2 
0021 0021 . . 
0018 0018 

P017 P017 

0016 0016 . . 
0013 0013 

CAS 1 
0012 0012 . . 
0009 0009 

RASO RAS 1 

P08 P08 

WE 
007 007 . . 
004 004 

CASO 
003 003 . . 

AO-A09 000 OQO 
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IBM11J2360BL 

2M 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 H4L 1st Cycle 

Subsequent Cycles L H4L 

Fast Page Mode - Write: 
L H4L 

1st Cycle 

Subsequent Cycles L H4L 

RAS-Only Refresh L H 

GAS-Before-RAS Refresh H4L 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 
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WE Row Column 
Address Address 

x x x 
H Row Col 

L Row Col 

H Row Col 

H NIA Col 

L Row Col 

L NIA 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 

NC 

Vss 

Vss 

Vss 

Vss 

NC 

NC 
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---------- ----- ---- - ---
.:.::::::::;=~= IBM11J2360BL 

2M x 36 5.0V IC DRAM Card 

Absolute Maximum Ratings 
Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -1.0 to +6.0 v 1 

Input Voltage (RAS & DATA) -1.010 +6.0 v 1 
V1N 

Input Voltage (Redriven Signals) -0.5 to Vee + 0.5 v 1 

VouT Output Voltage -1.0 to +6.0 v 1 

ToPR Operating Temperature 0 to +55 "C 1 

Tsrn Storage Temperature -40 lo +85 "C 1 

Po Power Dissipation 11.8 w 1, 2 

louT Short Circuit Output Current 50 mA 1 

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only, and device functional 
operation at or above the conditions indicated is not implied. Exposure to absolute maximum rating conditions for extended peri-
ods may affect reliability. 

2. Maximum power occurs when all banks are active. 

Recommended DC Operating Conditions (TA= o to ss 0 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 V55. 

Capacitance (TA= o to +ss•c, Vee= s.o ± o.2sv) 

Symbol Parameter 

c,, Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C1s Input Capacitance (GAS) 

C14 Input Capacitance (WE) 

C1101 Output Capacitance (DQO-DQ34) 

C1102 Output Capacitance (PQ8, P017, PQ26, PQ35) 

8188978 
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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 

15 pF 

57 pF 

15 pF 

20 pF 

32 pF 

42 pF 
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---------- ----- - -IBM11J2360BL - ----- -- ------------·-
2M x 36 5.0V IC DRAM Card 

DC Electrical Characteristics (TA = o to +55°C, v cc = 5.o ± o.25V) 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 Average Power Supply Operating Current -70 - 1120 mA 

(RAS, CAS, Address Cycling: tRc = tRc min) 

Standby Current (TTL) 
lcc2 Power Sgy Standby Current - 48 mA 1,3 

(RAS= CAS <:V1H) 

RAS Only Refresh Current 
lcc2 Average Powei:.fulpply Current, RAS Only Mode -70 - 1120 mA 

(RAS Cycling, CAS <:V1H: !Re= IRc min) 

Fast Page Mode Current 
Ice• Average Po'!!'.fil§upply Current, Fast Page Mode -70 - 1040 mA 1, 2, 3 

(RAS= V1L, GAS, Address Cycling: lpc = tpc min) 

Standby Current (CMOS) 
Ices Power Sgy Standby Current - 4.8 mA 

(RAS = CAS =Vee - 0.2V) 

CAS Before RAS Refresh Current 
Ices Average Power Supply Current, GAS Before RAS Mode -70 - 1120 mA 

(RAS, GAS, Cycling: !Re= !Re min) 

Battery Backup Refresh Current 
lcc1 Average Po~ Supply Current during Battery Backup refresh 4.8 mA 1,2 

(CAS,; V1L, 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 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 (lour= -2mA@ 2.4V) 2.4 - v 

VoL 
Output Low Level - 0.4 v 4 Output "L" Level Voltage (louT = +2mA@ 0.4V) 

1. lcc1. lcca. 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 = VIL· In the case of lcC4. it can be changed once or less when CAS = V1H 
4. Refresh current is specified for the X32 configuration using One Bank 
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-------------- - -- - ---=..:.:::!:: IBM11J2360BL 

2M x 36 5.0V IC DRAM card 

AC Characteristics (TA= o to +55°C, Vee= 5.0 ± o.25V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between ViH and 
V1L· 

2. An initial pause of 100µs 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, 10ns (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 

lcAS CAS Pulse Width 21 - ns 2 

tASR Row Address Setup Time 11 - ns 

tRAH Row Address Hold Time 10 - ns 

l.4sc Column Address Setup Time 3 - ns 

1cAH Column Address Hold Time 17 - ns 

tRCD RAS to CAS Delay Time 20 42 ns 2 

tRAo RAS to Column Address Delay Time 15 24 ns 3 

tRSH RAS Hold Time 29 - ns 

tcsH CAS Hold Time 70 - ns 

lcRP CAS to RAS Precharge Time 15 - ns 

lozc CAS Delay Time from D1N 0 - ns 

tAR Column Address Hold Time Referenced to RAS - - ns 4 

Ir Transition Time (Rise and Fall) 3 50 ns 

1. The minimum ICAs 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 lcAs of 21 ns plus a minimum toH of 
2ns would result in turning data out of the card at 23ns (6ns before max lcAc of 29ns). 

2. Operation within the IRco (max) limit ensures that tRAc (max) can be met. 1Rco (max) is specified as a reference point only: if IRco is 
greater than the specified tRcD (max) limit, then access time is controlled by tcAC· 

3. Operation within the tRAo (max) limit ensures that tRAC (max) can be met. IRAD (max) is specified as a reference point only: If IRAD 
is greater than the specified tRAo (max) limlt, 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. 

8188978 
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--------------- -IBM11J2360BL = =-=-:§ii: 
2M 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 15 - ns 

lwp Write Command Pulse Width 16 - ns 

tRWL Write Command to RAS Lead Time - - ns 1 

tCWL Write Command to CAS Lead Time - - ns 1 

twcR Write 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 25 - 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 OAS - 29 ns 1,2 

tM Access Time from Address - 46 ns 1,2 

IRCS Read Command Setup Time 2 - ns 

tRCH Read Command Hold Time to OAS 0 - ns 3 

tRRH Read Command Hold Time to RAS 0 - ns 3 

IRAL Column Address to RAS Lead Time 46 - ns 

lcAL Column Address to OAS Lead Time - - ns 4 

lcLZ OAS to Output in Low-Z 2 - ns 

loH Output Data Hold Time 2 - ns 

!coo OAS to D1N Delay Time 29 - ns 

toFF Output Buffer Tum-off Delay 2 29 ns 5 

1. Access time is determined by the later of tRAc, tcAc. !AA or tcPA. 
2. Measured with two TIL 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. 
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--------------- -- - ---- --------------·-

Fast Page Mode Cycle 

Symbol Parameter 

IPC Fast Page Mode Cycle Time 

IRASP Fast Page Mode RAS Pulse Width 

tcPRH ~ Hold Time from GAS Precharge 

lcPA Access Time from CAS Precharge 

1. Access time is determined by the latter of IRAC. lcAc. tcpA, IAA. 
2. Access time assumes a load of 100pf. 

Refresh Cycle 

Symbol Parameter 

le HR CAS Hold Time 
(CAS before RAS Refresh Cycle) 

tcsR CAS Setup Time 
(CAS before RAS Refresh Cycle) 

tWRP WE Setup Tirm_ 
(CAS before RAS Refresh Cycle) 

lwAH 
WE Hold Tim.L_ 
(CAS before RAS Refresh Cycle) 

IRPC RAS Precharge to CAS Hold Time 

IAEF Refresh Period 

1. 1024 refreshes are required every 128ms. 

8188978 
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IBM11J2360BL 

2M x 36 5.0V IC DRAM Card 

-70 
Units Notes 

Min Max 

45 - ns 

70 10K ns 

49 - ns 

- 49 ns 1, 2 

-70 
Units Notes 

Min Max 

13 - ns 

20 - ns 

20 - ns 

8 - ns 

8 - ns 

- 128 ms 1 

Page 1281 



IBM11J2360BL 

2M x 36 5.0V IC DRAM Card 

Read 

V1H-
RAS 

V1L -

V1H-
CAS 

V1L -

1-.sR 

~H 

Address 
V1H-

V1L -

tRCD 

tRAD 

!Ase 

tRc 

~AS 

lcsH 

tRSH 

lcAs 

Column 

IM+-----..... 

----====== = =-::.. === 
=~='r= 

D1N Hi-Z --l-------+---1 

VoH-

Dour -----+-- Hi-Z 
Vol-

I :"H"or"L" 
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lcAC 1:oFF-

lcLz 

Valid Data Out 

_toH ----i 

Hi-Z _ 
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-------------- - -- ----- -------------·-

Write Cycle {Early Write) 

t,,AS 

V1H-
RAS 

V1L-

lcsH 

IRco 

V1H- ICAs 
CAS 

V1L-

!RAD 

tASR 

V1H-
Address 

V1L-

V1H-
WE 

V1L-

los _ toH 

V1H-
D1N Valid Data In 

V1L-

Dour _______________ Hi-Z 

VoL-

8188978 
MMDI06DSU-01 
Revised 6/94 

I :"H"or"L" 

IBM11J2360BL 

2M x 36 5.0V IC DRAM Card 

!Re 

!RP 

IRSH -lcRP 
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IBM11J2360BL 

2M x 36 5.0V IC DRAM card 

Fast Page Mode Read Cycle 

Address 

, ____ tcPRH 

lpc----.i 

-1:cAs-

-loH 

-~LZ tcLZ tcLz 

t r ozc 

tcAc 

DoUT -----------111111111 DoUT 1 DouT 2 DoUT N 
VOL-

I :"H"or"L" 
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---------- --------- - ---- --------------·-

Fast Page Mode Write Cycle 

V1H-

RAS 
V1L-

V1H-

GAS 
VIL-

V1H

Address 
VIL-

VoH-
DouT 

VoL-

tRCD 

lwcs 

lt : "H" or "L" 

IBM11J2360BL 

2M x 36 5.0V IC DRAM Card 

!RASP !RP 

_tpc 

lcp tRSH le RP 

tcAS le As le As 
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--------- ----- - -IBM11J2360BL - ----- -------------·-
2M x 36 5.0V IC DRAM Card 

RAS Only Refresh Cycle 

!Re 

!RAS !RP 

V1H_ 

RAS 

V1L _ 

tRPC 

V1H_ 

CAS 

V1L _ 

tASR 

~!RAH 

V1H_ 

Address 

V1L _ 

DouT ------------ Hi-Z -------------------

!!;' : "H" or "L" 

Note: WE, D1N are "H" or "L" 
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CAS Before RAS Refresh Cycle 

V1H-

RAS 

tRPC 1 V1L -

-1 tcsR 

V1H-

CAS 
V1L -

---+------- Hi-Z 

DoUT VoH-

l:"H"or"L" 

Note: Addresses are "H" or "L" 
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2M x 36 5.0V IC DRAM Card 

tRPC 
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IBM11J2360BL 

2M x 36 5.0V IC DRAM Card 

Layout Drawing 

54.l (MAX) 

2.13 

FRONT 

I 

I 

~ .037 I-
l.60MAX 

.063 l44 FRONT 

1) 
88 I 43.0 TYP. 

1.69 

- I 3.5MAX 

p-

10.SMIN 

·r1 r 
I 

I 

~ 
l.60MAX l__L63 

~=, 
I 45 

85.8 

3.38 

~ 4 

NOTE: All dimensions are typical unless otherwise stated. Mi~~~~~~Rs 
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-------------- - -- - ---- - ------------·-

Features 

• Industry Standard 88Pin IC DRAM Card 
• Performance: 

-70 

IRAc RAS Access Time 70ns 

lcAC CAS Access Time 25ns 

!AA 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 J4360BL 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 .. 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 is a single bank, having four unique 
bytes. The x18 configuration may be utilized as two 

Card Outline 

07H4031 
MMDl28DSU-OO 
Revised 6/94 

IBM11 J4360BL 

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 
• 11 /11 Addressing (Row/Column) 
• Optional Fast Page Mode access cycle __ 
• Refresh Modes: RAS-Only, CAS before RAS 

and BBU (Battery Backup) 
• 2048 refresh cycles distributed across 256ms 
• Polarized Connector 

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 maxi
mum device protection in portable applications. The 
related 4M x 32 version of this ICDRAM card is 
IBM11 J4320BLA. 
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IBM11J4360BL 

4M x 36 5.0V IC DRAM Card 

Pin Description 
FiASO-RASa Row Address Strobe 

CASO-CAS3 Column Address Strobe 

WE Read/write Input 

AO-A10 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 

IBM11J4360BLA-70 

Page 1290 
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Pin out 
Pin# Name Pin# Name Pin# Name Pin# Name 

1 Vss 23 CASO 45 Vss 67 Vss 

2 DQO 24 CAS1 46 D018 68 CAS3 

3 D01 25 NC 47 D019 69 NC 

4 D02 26 Rit8'2 48 D020 70 wt 
5 D03 27 Vee 49 D021 71 PD1 

6 DQ4 28 PD2 50 D022 72 PD3 

7 D05 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 DQ9 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 DQ28 

16 A4 38 D011 60 A7 82 D029 

17 NC 39 D012 61 A9 83 D030 

18 AS 40 D013 62 NC 84 D031 

19 AS 41 D014 63 Vss 85 D032 

20 A10 42 D015 64 NC 86 D033 

21 NC 43 D016 65 NC 87 D034 

22 RASO 44 Vss 66 CAS2 88 Vss 

1. DO numbering is compatible with non parity (x32) version) 

Organization Speed 

4Mx36 70ns 

Notes 

For 80ns applications use this 70ns Part Number. 
Be aware if the application makes use of PD's, PD6 
& PD7 are different from the 70ns version. 
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IBM11J4360BL 

4M x 36 5.0V IC DRAM Card 

Block Diagram 

PQ35 

CAS3 
DQ34 

* 
DQ31 

WE 
DQ30 

* 
DQ27 

RAS2 

DQ25 
* 

DQ22 

CAS2 
DQ21 

* 
DQ18 

PQ17 

DQ16 
* DQ13 

CAS1 
DQ12 

* 
DQ09 

RASO 

PQS 

WE 
DQ7 

* DQ4 

CASO 
DQ3 

* 
AO·A10 DQO 
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IBM11J4360BL 

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 -Wrtte: 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) 

PDS (Speed) 

PD7 

PD8 (Refresh Type) 

1. NC= OPEN, Vss = GND 

Page 1292 

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 NIA Col 

x Row NIA 

H x x 

-------------- - -- ----- -------------·-

All DQbtts 

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 
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-------------- - -- - ---- ---------- IBM11J4360BL ----·-
4M 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 Oto +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 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 V8 s. 

Capacitance (TA= o to +55°C, Vee= 5.0 ± 0.25V) 

Symbol Parameter 

C11 Input Capacitance (AO-A9) 

C12 Input Capacitance (RAS) 

C13 Input Capacitance (CAS) 

C14 Input Capacitance (WE) 

C1101 Output Capacitance (DQO-DQ34) 

C1102 Output Capacitance (PQ8, PQ17, PQ26, PQ35) 

07H4031 
MMDl28DSU-OO 
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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 

15 pF 

57 pF 

15 pF 

20 pF 

25 pF 

30 pF 
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-------------- - -IBM11J4360BL - ----- --------------·-
4M x 36 5.0V IC DRAM Card 

DC Electrical Characteristics (TA= o to +ss0 c, Vee= s.o ± o.2sv) 

Symbol Parameter Min Max Units Notes 

Operating Current 
lcc1 Average Power Supply Operating Current -70 - 1280 mA 

(RAS, CAS, Address Cycling: tRc = tRc min) 

Standby Current (TTL) 
lcc2 Power S..l!RE.!y Standby Current - 24 mA 1,3 

(RAS = CAS <:V1H) 

lcc3 
RAS Only Refresh Current __ 
Average Power..§!lpply Current, RAS Only Mode -70 - 1280 mA 
(RAS Cycling, CAS <!V1H: tRc = tRc min) 

Fast Page Mode Current 
lcc4 Average Power Supply Current, Fast Page Mode -70 - 1080 mA 1, 2, 3 

(RAS= V1c, CAS, Address Cycling: lpc = tpc min) 

Standby Current (CMOS) 
Ices Power S..l!RE.!y Standby Current - 2.4 mA 

(RAS= CAS = Vee - 0.2V) 

CAS Before RAS Refresh Current 
Ices Average Power Supply Current, CAS Before RAS Mode -70 - 1280 mA 

(RAS, CAS, Cycling: tRc = tRc min) 

Battery Backup Refresh Current 
lcc1 Average Pol:'.'!'.fil Supply Current during Battery Backup refresh 3.6 mA 1, 2 

(eAS,;; V1c, WE<: V1H, IRAS,;; 1µSec, !Re= 125µSec) 

Input Leakage Current RAS -60 +60 

l1(C) 
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(q 
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. Specified values are obtained w~h 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 specified for the X32 configuration using One Bank 
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---------- ----- - -- - ---- ---------------·- IBM11J4360BL 

4M x 36 5.0V IC DRAM Card 

AC Characteristics (TA= o to +55°C, Vee= 5.0 ± 0.25V) 

1. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H 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 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 

1Rc Random Read or Write Cycle Time 130 - ns 

lRP RAS Precharge Time 50 - ns 

lcp GAS Precharge Time 10 - ns 

IRAS RAS Pulse Width 70 10K ns 

tcAS GAS Pulse Width 21 - ns 2 

1ASR 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 

lRCD RAS to GAS Delay Time 18 45 ns 2 

tRAD RAS to Column Address Delay Time 13 28 ns 3 

lRSH RAS Hold Time 25 - ns 

lcsH GAS Hold Time 70 - ns 

le RP GAS to RAS Precharge Time 15 - ns 

laze GAS Delay Time from D1N 0 - ns 

lAR 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 tcAs for a read cycle 
must be ex1ended to guarantee the data out window ( toH) in the application. For example, a tcAs 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 within the tRcD (max) limit ensures that lRAC (max) can be met. tRcD (max) is specified as a reference point only: if lRcD is 
greater than the specified tRcD (max) limit, then access time is controlled by tcAC· 

3. Operation within the lRAD (max) limit ensures that lRAC (max) can be met. lRAD (max) is specified as a reference point only: If lRAD 
is greater than the specified tRAD (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. 

07H4031 
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-------------- - -IBM11J4360BL - ----- ---------------·-
4M x 36 5.0V IC DRAM Card 

Write Cycle 

-70 
Symbol Parameter Units Notes 

Min Max 

lwcs Write Command Set Up Time 2 - ns 

lwcH Write Command Hold Time 16 - ns 

lwp Write Command Pulse Width 15 - ns 

IRwL Write Command to RAS Lead Time - - ns 1 

lcwL Write Command to CAS Lead Time - - ns 1 

lwcR Write Command Hold Time Referenced to RAS - - ns 1 

IDHR Data Hold Time Referenced to RAS - - ns 1 

los D1N Setup Time 0 - ns 

!DH 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 

lcAC Access Time from CAS - 25 ns 1, 2 

!AA 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 

1cLz CAS to Output in Low-Z 2 - ns -
loH Output Data Hold Time 2 - ns 

I coo CAS to D1N 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, IAA or tcPA. 
2. Measured with two TIL loads and 1 OOpF. 
3. Either tRcH or IRRH 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 1296 07H4031 
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---------- ----- - -- - ---- -- ------------·-

Fast Page Mode Cycle 

Symbol Parameter 

!pc Fast Page Mode Cycle Time 

!RASP Fast Page Mode RAS Pulse Width 

lcPRH RAS Hold Time from GAS Precharge 

lcPA Access Time from GAS Precharge 

1. Access time is determined by the latter of lRAc. tcAc, lcPA. IAA. 
2. Access time assumes a load of 1 OOpf. 

Refresh Cycle 

Symbol Parameter 

tcHR 
GAS Hold Time 
(GAS before RAS Refresh Cycle) 

lcsR 
GAS Setup Time 
(GAS before RAS Refresh Cycle) 

lwRP 
WE Setup Til]L 
(GAS before RAS Refresh Cycle) 

lwRH 
WE Hold Time 
(GAS before RAS Refresh Cycle) 

tRPC "ITT@ Precharge to GAS Hold Time 

tREF Refresh Period 

1. 2048 refreshes are required every 256ms. 

07H4031 
MMD128DSU-OO 
Revised 6/94 

IBM11J4360BL 

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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IBM11J4360BL 

4M x 36 5.0V IC DRAM Card 

Read 

RAS 

CAS 

Address 

Dour 

Page 1298 

V1H-

V1L -

IACD 

V1H-

V1L -

VoH
-----+-Hi-Z 

VoL-

I · "H"or"L" . 
' 

!Ac 

IRAs 

lcsH 

!ASH 

lcAS 

lcLZ 

Valid Data Out 

_loH ----

-------------- - -- - ---=::::::::= ~ = 

Hi-Z _ 

07H4031 
MMDl28DSU-OO 

Revised 6/94 



--------------- ---- - ---- --------------·- IBM11J4360BL 

4M x 36 5.0V IC DRAM Card 

Write Cycle (Early Write) 

!Re 

tRAS !RP 

V1H-
RAS 

V1L -

lcsH 

tRCD tRSH -lcRP 

V1H- tcAS 
GAS 

V1L -

!RAD 

tASR !AR 
le AH 

V1H-
Address 

V1L -

V1H-
WE 

V1L -

los _tDH 

V1H-
D1N Valid Data In 

V1L-

DouT ________________ Hi-Z -----------------
VoL-

07H4031 
MMD128DSU-OO 
Revised 6/94 

I . : "H" or "L" 
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IBM11J4360BL 

4M x 36 5.0V IC DRAM Card 

Fast Page Mode Read Cycle 

,__ ________ tRASP _______________ , 

Address 

l 
tcLZ 

tpc---..., 

...!oH 
t r DZC 

-1tcLZ~"°.:.:, 
DouT -------------<-" DouT 1 11---rum DouT 2 ll----lli 

VoL- ·; 
!'----'I 

: "H" or"L" 

Page 1300 

DoUT N 

--------- -------- ----- --------------·-

!cRP 

07H4031 
MMD128DSU-OO 
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-------------- - -- - ---- --------------·-

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 
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--------- ----- - -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" 
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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 
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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 
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-------------- - -- - ---..:..::::::::::: ~ = 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 
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-------------- - ------- --------------·- IBM11J4360DL 

4M x 36 5.0V IC DRAM Card 

Absolute Maximum Ratings 

Symbol Parameter Rating Units Notes 

Vee Power Supply Voltage -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 
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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. 
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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 
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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" 
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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 
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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 
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NOTE: All dimensions are typical unless otherwise stated. MILLIMETERS 
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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 

Revised 6/94 



-------------- - -- - ---- --------------·- 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 
MMDl29DSU-OO 

Revised 6194 



-------------- - ------=:::::=:::?:: 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 
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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. 
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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 
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--------- ----- - -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 
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: "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" 

Page 1332 
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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" 
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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 
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IBM11J8360BL 

8M x 36 5.0V IC DRAM Card 

Layout Drawing 

54.1 (MAX) -1 '>MAA .138 2.13 
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I 
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\ FRONT 1~ 
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NOTE: All dimensions are typical unless otherwise stated. Mii;:~~~~Rs 
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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 

s:: 

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. 
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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 
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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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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 
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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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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. 
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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 
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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 _ 
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MMDl21 DSU-00 

Revised 6194 



--------------- -- - ---:::..:...:-=~= IBM11J8360DL 

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 
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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 
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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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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 
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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 

Page 1352 

85.8 

3.38 

--------- ------------- -------------·-

64G1726 
MMDl21 DSU-00 

Revised 6194 



Application 
Notes 





-------------- - -- - ---:::::::::::::::::: ~ = 

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 
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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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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 
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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 
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Basic Architecture 

A listing of the 88 Pin IC DRAM Card Pin Assign
ments is on page 1370 . 

The small size of these cards, which conforms to the 
JEDEC/PCMCIA/JEIDA 88-pin standard, together 
with low-power features makes them useful in porta
ble, add-on memory applications. They can be used 
in 4-byte systems with support for 2-byte systems 
provided via 2-byte interleave. As in other DRAM 
modules, banks are defined as being one DRAM 
chip deep. Two types of banks are currently avail
able (potential for 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 
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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. 
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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 

Application Note 
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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 
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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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Fax: 408-720-4753 Prairie Village, KS 66207 Rockville Centre, NY 11570 Fax: 702-533-2236 

CONNECTICUT 
Tel: 913-648-6811 Tel: 516-536-4242 

Fax: 913-648-6823 Fax: 516-536-9638 WASHINGTON 
SJ Associates Northwest Marketing Assoc. 
10 Cooper Ridge Circle KENTUCKY 547 West Lake Road 12835 Bellevue-Redmond Rd. 
Guilford, CT 06437 Gelstlng & Associates Canadaigua, NY Bellevue, WA 98005 
Tel: 203-458-7558 212 Grayhawk Court Tel: 716-394-3281 Tel: 206-455-5846 
Fax: 203-458-1181 Versailled, KY 40383 Fax: 716-394-1139 Fax: 206-451-1130 

DELAWARE 
Tel: 606-873-2330 OHIO WISCONSIN 

SJ Associates Fax: 606-873-6233 Gelstlng & Associates Micro-Tex, Inc. 
131-D Gaither Drive 6324 Tamworth Court 34441 22660 Broadway, Suite 4A 
Mt. Laurel, NJ 08054 Dublin, OH 43017 Waukesha, WI 53186 
Tel: 609-866-1234 Tel: 614-792-5900 Tel: 414-542-5352 
Fax: 609-866-86271 Fax: 614-792-6601 Fax: 414-542-7934 
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Sales and Distributor Offices 

European Manufacturer's 
Representatives 
BlueMicroelectronlcs Ltd. 
Albion House, Victoria 
Promenade 
Northampton, NN1, 1 HH 
United Kingdom 
Tel: 44-604-603310 
Fax: 44-604-603320 

Aviv Electronics 
4, Hayetzira Street 
Ra'anana, 43100 
Israel 
Tel: 972-9-983232 
Fax: 972-9-916510 

IBM Netherland NU 
(IBM BeNeLux) 
Gilderkwartier 199 
Postbus 8303 
350 3RH Utrecht 
Tel: 30-38-3670 

Leading Technologies SA 
1 Avenue Des Neuvilles 
1920 Martigny 
Switzerland 
Tel: 41-26-232257 
Fax: 41-26-228609 

IBM Ireland, Inc. 
2 Burlington Road 
Dublin 4 
Ireland 
Tel: 353-1-6603744 
Fax: 353-1-6600005 

IBM Svenska AB 
(IBM Nordic) 
Mailpoint 6-02 
S-164 92 Stockholm 
Sweden 
Tel: (468) 793-4678 
Fax: (468) 793-2456 

IBM Oesterreich 
(IBM Eastern Europe) 
OBere Donaustrasse 95 
A-1020 Vienna 
Austria 
Tel: (43) 1-21145-3347 
Fax: (43) 1-21145-3350 

IBM Germany 
D/0018 7056-02 
Pascalstrasse 100 
D-70569 Stuttgart, Germany 
Tel: (49) 711-785-4490 
Fax: (49) 711-785-2694 

IBM Vimercate 
Via Lecco 61 
20059 Vimercate 
Italy 
Tel: (39) 39-600-4882 
Fax: (39) 39-600-5039 
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North American 
Distributors 
Marshall Industries 
9320 Telstar Avenue 
El Monte, CA 91731 
Tel: 818-307-6241 
1-800-877-9839, Ext.726 

Bell Industries 
11812 San Vincente Boulevard 
Los Angeles, CA 90049-5022 
Tel: 310-447-6307 
1-800-1 BM-UPGR 

Bell Microproducts 
1941 Ringwood Avenue 
San Jose, CA 95131-1721 
Tel: 408-451-1624 
1 -800-995-1999 

Futuretech International 
3000 NW 72nd Avenue 
Miami, Fl. 33122 
Tel: 305-477-6406 

305-477-9790 

European Distributors 
A2M 
5, rue Carle Vernet 
92315 SEVRES Cedex, France 
Tel: (33) 1-46-237900 
Fax: (33) 1-46-237923 

Macro Marketing Ltd. 
Burnham Lane 
Slough SL 1 6LN 
United Kingdom 
Tel: 44-628-604383 
Fax: 44-628-666873 

Farnell Electronics PLC 
Bahnhofstrasse 44 
71696 Moglingen, Germany 
Tel: (49)-7141-487321 
Fax: (49)-7141-487359 

ACAL Auriema Nederland bv 
Beatrix de Rijkwe9, 8 
NL-5657 EG Eindhoven 
Tel: 31-40-502-602 
Fax: 31-40-510-255 

Ericsson Standard Compo
nents AB 
S-164 81 Stockholm, Sweden 
Tel: (46) 8-757-5000 

ACAL, Belgium 
Lozenberg, 4 
B-1932 Zaventem 
Belgium 
Tel: 32-2-720-59-83 
Fax: 32-2-725-45-23 

ECC 
Via Goldoni, 29 
1-20090 Trezzano sul 
Naviglio (Ml) 
Italy 
Tel: 39-2-484-01-547 
Fax: 39-2-484-01-599 

lndustrade AG 
Hertistrasse, 31 
CH-8304 Wallisellen 
Switzerland 
Tel: 41-1-832-81-11 
Fax: 41-1-830-75-50 

Asia/Pacific Distributors 
Segyung Electronics Co., 
Ltd. 
#182-2, Jangsa-Dong 
Jongro-Ku, 
Seoul, 110-430, Korea 
Tel: 02-272-98811/6 
Fax: 822-275-9448 

Serial System Pie Ltd. 
11 , Jalan Masin #06-00 
Standard Industrial Building 
Singapore 1336 
Tel: 65-280-0200 
Fax: 65-286-1812, 286-6723 

Hakuto Co., Ltd. 
1-13, Shinjuku 1-chome 
Shinjuku-Ku, Tokyo 160 
Japan 
Tel: 03-3225-8910 
Fax: 03-3225-9000 
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-------------- - -- ----- -------------·-
Alphanumeric Index 

Part Number Type Organization Features Page Number 

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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Part Number Type Organization Features Page Number 

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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(49) 5 11-5 16-3555 (Deutsch) 
Fax: (49) 511-516-3888 
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