Discontinued (9/98 - last order; 3/99 last ship)

Features

» 168 Pin JEDEC Standard, Unbuffered 8 Byte
Dual In-line Memory Module

» 2Mx64, 2Mx72 Extended Data Out Page Mode
DIMMs

* Performance:

-50 -60
trac | RAS Access Time 50ns | 60ns
tcac | CAS Access Time 13ns | 15ns
taa |Access Time From Address | 25ns | 30ns
trc | Cycle Time 84ns | 104ns
tiec |EDO Mode Cycle Time 20ns | 25ns

 Inputs and outputs are LVTTL (3.3V) compatible
» Single 3.3V z 0.3V Power Supply
» Au contacts

» Optimized for byte-write non-parity, or ECC

Description

IBM11N2645H/IBM11N2735H are industry standard
168-pin 8-byte Dual In-line Memory Modules
(DIMMSs) which are organized as 2Mx64 and 2Mx72
high speed memory arrays designed with EDO
DRAMs for non-parity or ECC applications. The
DIMMs use 8 (x64) or 9 (x72) 2Mx8 EDO DRAMSs in
TSOP packages. The use of EDO DRAMs allows for
a reduction in Page Mode Cycle time from 40ns
(Fast Page) to 20ns (EDO, 50ns sort).

The DIMMs use serial presence detects imple-
mented via a serial EEPROM using the two pin 1°C
protocol. This communication protocol uses Clock
(SCL) and Data I/O (SDA) lines to synchronously

Card Outline

IBM11N2645H
IBM11N2735H

2M x 64/72 DRAM MODULE

applications

¢ System Performance Benefits:
-Non buffered for increased performance
-Reduced noise (35 Vgg/Vcc pins)
-Byte write, byte read accesses
-Serial PDs

» Extended Data Out (EDO) Mode, Read-Modify-
Write Cycles

« Refresh Modes: RAS-Only, CBR and Hidden
Refresh

» 2048 refresh cycles distributed across 32ms
¢ 11/10 addressing (Row/Column)

e Card size: 5.25" x 1.0" x 0.157"

« DRAMS in TSOP Package

clock data between the master (system logic) and
the slave EEPROM device (DIMM). The EEPROM
device address pins (SA0-2) are brought out to the
DIMM tabs to allow 8 unique DIMM/EEPROM
addresses. The first 128 bytes are utilized by the
DIMM manufacturer and the second 128 bytes of
serial PD data are available to the customer.

All IBM 168-pin DIMMs provide a high performance,
flexible 8-byte interface in a 5.25" long space-saving
footprint. Related products include the buffered
DIMMs (x64 non- parity and x72 ECC Optmized) for
applications which can benefit from the on-card buff-
ers.
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Discontinued (9/98 - last order; 3/99 last ship)

IBM11N2645H
IBM11N2735H
2M x 64/72 DRAM MODULE

Pin Description

RASO0, RAS2
CASO - CAS7
WEO, WE2
OEQ, OE2
A0 - A10
DQx
CBx
Pinout

Pin# | TNt piny | Back
1 Vss 85 Vss
2 DQO 86 | DQ32
3 DO1 87 | DO33
4 DQ2 88 DQ34
5 DQ3 89 DQ35
6 Vee 90 Vee
7 DQ4 91 | DQ36
8 DQ5 92 | DQ37
9 DQ6 93 | DQ38
10 DQ7 94 | DQ39
11 DQ8 95 | DQ40
12 Vss 96 Vss
13 DQ9 97 | DQ41
14 DQ10 98 | DQ42
15 DQ11 99 | DQ43
16 DQ12 | 100 | DQ44
17 DQ13 | 101 | DQ45
18 Vce 102 Vee
19 DQ14 | 103 | DQ46
20 DQ15 104 DQ47
21 CBO 105 CB4

Note: All pin assignments are consistent for all 8 Byte Unbuffered versions.

Ordering Information

Part Number
IBM11N2645HB-60T
IBM11N2735HB-60T
IBM11N2735HB-50T

©IBM Corporation. All rights reserved.

Pin#

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

Organization
2Mx64
2Mx72

Row Address Strobe

Read/write Input
Output Enable
Address Inputs
Data Input/Output
Check Bit Data Input/Output

Front
Side

CB1
Vss
NC
NC
Vee
WEO
CASO
CAS1
RASO
OEO0
Vss
A0
A2
A4
A6
A8
Al10
NC
Vee
Vee
DU

2Mx72

Column Address Strobe

Pin#

106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

Back
Side

CB5
Vss
NC
NC
Vee
DU
CAS4
CAS5
NC
DU
Vss
Al
A3
A5
A7
A9
NC
NC
Vee
DU
DU

Speed
60ns
60ns
50ns

Use is further subject to the provisions at the end of this document.

Pin#

43
a4
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

Addr.

Vee

Vss

NC

DU

SCL

SDA

SA0-2
;Iont | ping
Vss 127
OE2 128
RAS2 129
CAS2 130
CAS3 131
WE2 132
Vce 133
NC 134
NC 135
CB2 136
CB3 137
Vss 138
DQ16 | 139
DQ17 140
DQ18 141
DQ19 142
Vce 143
DQ20 144
NC 145
DU 146
NC 147
Leads

Au

11/10

Power (3.3V)

Ground

No Connect

Don't Use

Serial Presence Detect Clock Inpu

Serial Presence Detect Data Input

t

Serial Presence Detect Address Inputs

Toe  Pine | QU Pine | R
Vss 64 Vss 148 Vss
DU 65 DQ21 149 DQ53
NC 66 DQ22 150 DQ54
CAS6 67 DQ23 151 DQ55
CAS7 68 Vss 152 Vss
DU 69 DQ24 153 DQ56
Vee 70 DQ25 154 DQ57
NC 71 DQ26 155 DQ58
NC 72 DQ27 156 DQ59
CB6 73 Vce 157 Vce
CB7 74 DQ28 158 DQ60
Vss 75 DQ29 159 DQ61
DQ48 76 DQ30 160 DQ62
DQ49 77 DQ31 161 DQ63
DQ50 78 Vss 162 Vss
DQ51 79 NC 163 NC
Vee 80 NC 164 NC
DQ52 81 NC 165 SAO0
NC 82 SDA 166 SAl
DU 83 SCL 167 SA2
NC 84 Vee 168 Vee
Dimension Power
5.25"x1.0"x 0.157" 3.3V

50H7623.E93788
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Discontinued (9/98 - last order; 3/99 last ship)

x64 DIMM Block Diagram (1 Bank, x8 DRAMS)

OEO0

WEO

RASO—

CASO ]

DQ0 — /07
DQL — /06
DQ2 — /05
DQ3 — /04
DQ4 —1/03
DQ5 —1/02
DQ6 — /01
DQ7 —1/00

CAS RAS WE OE|

DO

CASL ——

DQ8 — /07
DQY — /06
DQ10 — /05
DQ11 — /0 4
DQ12 —1/0 3
DQ13 — /0 2
DQ14 — /01
DQ15 — /0 0

CAS RAS WE OE|

D1

CAS2 ———

DQ16 — /07
DQ17 — /06
DQ18 — /05
DQ19 —1/0 4
DQ20 —{1/0 3
DQ21 — /0 2
DQ22 — /01
DQ23 — /0 0

CAS RAS WE OE|

D2

CAS3 ———

CAS RAS WE OE|

OE2
WE2
CAS4 RAS2 —
CAS RAS WE OE]|
DQ32 —1/00
DQ33 —l1/01 D4
DQ34 —1/0 2
DQ35 —1/03
DQ36 —1/0 4
DQ37 —1/05
DQ38 —1/0 6
DQ39 — /07
cASs—— T T |
CAS RAS WE OE
DQ40 —1/00
DQ41 —l/01 D5
DQ42 —1/0 2
DQ43 —1/0 3
DQ44 —1/0 4
DQ45 —1/0 5
DQ46 —1/0 6
DQ47 — /07
CAS6 ——— | [ ]
CAS RAS WE OE]|
DQ48 —1/0 0
DQ49 — 10 1 D6
DQ50 — /0 2
DQ51 —1/0 3
DQ52 —1/0 4
DQ53 —1/05
DQ54 —1/0 6
DQ55 — /07
CAS7T —— ‘ ‘ ‘
CAS RAS WE OFE]|

D7

DQ24 —1/0 7 D056 — 10 0
DQ25 —11/0 6 D3 DQ57 — 10 1
DQ26 —1/0'5 DQ58 — 1/0 2
DQ27 — /0 4 bose —| 10 3
DQ28 —1/0 3 DQ60 —|1/0 4
DQ29 — 110 2 D061 — 105
DQ30 — /01 DQ62 — /0 6
DQ31— o0 DQ63 — 10 7
SERIAL PD
SCL—» < SDA
A0 Al A2
\ \ \
SA0 SAl SA2
AO - AN AO-AN: DRAMS DO - D7
DO - D7
Vce -+
Vss 1 DO - D7
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Discontinued (9/98 - last order; 3/99 last ship)

IBM11N2645H
IBM11N2735H
2M x 64/72 DRAM MODULE

x72 ECC DIMM Block Diagram (1 Bank, x8 DRAMS)

OEO OE2
WEO WE2
_ RASO — o RAS?2
CASO — CAS4 ——
CAS RAS WE OE CAS RAS WE OE

DQ0 — 107 DQ32 —1/0 0
DQL —I/I06 DO DQ33 —1/0 1 D5
DQ2 —II05 DQ34 —1/0 2
DQ3 —I/0 4 DQ35 —1/0 3
DQ4 —1/03 DQ36 —1/0 4
DQ5 —1/02 DQ37 —1I05
DQ6 — /01 DQ38 — 1106
DQ7 —I/00 DQ39 — 1107

CAS1I——— | [ | CASs ——— | [ |

CAS RAS WE OE CAS RAS WE OE

DQ8 —II07 DQ40 —1/0 0
DQ9 —1I06 D1 DQ41 — /01 D6
DQ10 — /05 DQ42 —1/0 2
DQ11—l/0 4 DQ43 —11/03
DQ12 —1/03 DQ44 —1/0 4
DQ13 —{1/0 2 DQ45 —1/0 5
DQ14 —{1/0 1 DQ46 —1/0 6
DQ15 —1/0 0 DQ47 —1I0 7

[ [ s 11

Cas mAS WE oF oot —] I/Oc(;xs RAS WE OE
CBO —II07
cB1 —l06 D2 bQ4s —)101 D7
cB2 —|I/05 DQS0 —11/0 2
cB3 —|I/04 DQS51 —11/03
DQ52 —1/0 4
cB4 —1I03 D53 — 105
CB5 —1/02 b5 — 10 6
cB6 — /01 D55 — 107
cB7 —{I/00
— CAS7T——— [ [ ]
cAs2 —— | | ] e ——
CAS RAS WE OE
CAS RAS WE OE DQ56 —{1/0 0
DQ16 —{1/0 7 DQ57 —1/0 1 D8
DQ17 —11/0 6 D3 DQ58 —1/0 2
DQ18 —|I/05 DQ59 —1/0 3
DQ19 —1/0 4 DQ60 — /0 4
DQ20 —1/0 3 DQ61 —1/0 5
DQ21 —{1/0 2 DQ62 —1/0 6
DQ22 —{I/0 1 DQ63 —1/0 7
DQ23 —1/0 0

CAS3———— [ [ |
CAS RAS WE OE

DQ24 —I/0 7

DQ25 — /0 6 D4

DQ26 —1/05 SERIAL PD

DQ27 — /0 4

DQ28 —1/0 3 SCL—» l«—» SDA

DQ29 —1/0 2

DQ30 — /0 1 'TO A‘l A‘z

bQ31— /00 SAO SAL SA2

AO-AN  ——» AO - AN: DRAMS DO - D8
Vc¢ ——4——> D0-D8
Vss 1 = DO - D8
©IBM Corporation. All rights reserved. 50H7623.E93788
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Discontinued (9/98 - last order; 3/99 last ship)

IBM11N2645H
IBM11N2735H
2M x 64/72 DRAM MODULE

Truth Table
Function RAS CAS WE OE Row Column DQx
Address | Address
Standby H H-X X X X X High Impedance
Read L L L Row Col Valid Data Out
Early-Write L L X Row Col Valid Data In
Late-Write L L H Row Col Valid Data In
RMW L L H-L L-H Row Col Valid Data In/Out
EDO Page Mode - Read 1st Cycle L H-L H L Row Col Valid Data Out
Subsequent Cycles L H-L H L N/A Col Valid Data Out
EDO Page Mode - Write 1st Cycle L H-L L X Row Col Valid Data In
Subsequent Cycles L H-L L X N/A Col Valid Data In
EDO Page Mode - RMW 1st Cycle L H-L H-L L-H Row Col Valid Data In/Out
Subsequent Cycles L H-L - -H N/A Col Valid Data In/Out
RAS-Only Refresh L H X X Row N/A High Impedance
CAS-Before-RAS Refresh H-L L H X X X High Impedance
Read L-H-L L H L Row Col Data Out
Hidden Refresh
Write L-H-L L H X Row Col Data In
50H7623.E93788 ©IBM Corporation. All rights reserved.
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Discontinued (9/98 - last order; 3/99 last ship)

IBM11N2645H
IBM11N2735H
2M x 64/72 DRAM MODULE

Serial Presence Detect

Byte #

a W NP O

10

11

12
13

14

15-62
63
64-71

72

73-90

91-92
93 -94
95-98
99 - 127

Description

Number of Serial PD Bytes Written during Production

Total Number of Bytes in Serial PD device
Fundamental Memory Type

Number of Row Addresses on Assembly
Number of Column Addresses on Assembly
Number of DIMM Banks

Data Width of Assembly
Voltage Interface Level of this Assembly

RAS Access

CAS Access

DIMM Configuration Type

Assembly Refresh Rate/Type
Primary DRAM Data Width

Error Checking DRAM Data Width

Reserved
Checksum for bytes 0 - 62
Manufacturers’ JEDEC ID Code

Module Manufacturing Location

Module Part Number

Module Revision Code
Module Manufacturing Date
Module Serial Number
Reserved

128 - 255 | Open for Customer Use

cc = Checksum Data byte, 00-FF (Hex)
“R” = Alphanumeric revision code, A-Z, 0-9
rr = ASCII coded revision code byte “R”

ww = Binary coded decimal week code, 01-52 (Decimal) 0 01-34 (Hex)
yy = Binary coded decimal year code, 00-99 (Decimal) 0 00-63 (Hex)

ss = Serial number data byte, 00-FF (Hex)

©IBM Corporation. All rights reserved.
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2M x 64
2Mx 72

2M x 64
2M x 72

2M x 64
2Mx 72

2M x 64
2M x 64
2M x 72
2M x 72

SPD Entry Value
128
256
EDO
11
10
1
x64
X72
LVTTL
50ns
60ns
13ns
15ns
Non-Parity
ECC
Normal 15.6us
x8
N/A
x8
Undefined
Checksum Data
IBM
Toronto, Canada
Vimercate, Italy

ASCIl ‘11N2645HB"R"-60T’
ASCIl ‘11N2645HB"R"-70T’
ASCII ‘11N2735HB"R"-60T’
ASCII ‘11N2735HB"R"-70T’

“R” plus ASCII blank
Week/Year Code
Serial Number
Undefined
Undefined

Serial PD Data Entry (Hexadecimal)

80
08
02
0B
0A
01
4000
4800

01
32
3C
0D
OF
00
02
00
08
00
08
00

cc

A400000000000000

91
53

m20

wwyy
SSSSSSSS

00
00

31314E323634354842rr2D36305420202020
31314E323634354842rr2D37305420202020
31314E323733354842rr2D36305420202020
31314E323733354842rr2D37305420202020
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Discontinued (9/98 - last order; 3/99 last ship)

IBM11N2645H
IBM11N2735H
2M x 64/72 DRAM MODULE

Absolute Maximum Ratings

Symbol Parameter Rating (3.3V) Units Notes
Vee Power Supply Voltage -0.5to +4.6 Vv 1
Vin Input Voltage -0.5to min (Vcc + 0.5, 4.6) \% 1
VinouT (SPD) Input Voltage (Serial PD Device) -0.3t0 +6.5 \% 1
Vourt Output Voltage -0.5 to min (Ve + 0.5, 4.6) Y 1
Torr Operating Temperature 0to +70 °C 1
Tste Storage Temperature -55 to +125 °c 1
xX64 2.6

Po Power Dissipation W 1,2
X72 29

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 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. Power calculated with 50ns part.

Recommended DC Operating Conditions  (T,=0to070°C)

3.3V
Symbol Parameter Units Notes
Min Typ Max
Vee Supply Voltage 3.0 33 3.6 \Y 1
Vi Input High Voltage 2.0 — Vce +0.5 \Y 1,2
Vi Input Low Voltage -0.5 — 0.8 \Y 1,2

1. All voltages referenced to Vss.

2. Viy may overshoot to Ve + 1.2V for pulse widths of < 4.0ns (or V¢ + 1.0V for < 8.0ns). Additionally, V. 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 refer-
ence.

Capacitance (1,=0to+70°C, Ve = 3.3V +0.3V)

Max
Symbol Parameter Units
x64 X72
Cn Input Capacitance (A0-A10) 60 65 pF
Ci Input Capacitance (RAS, WE, OE) 50 55 pF
Cis Input Capacitance (CAS) 17 22 pF
Cu Input Capacitance (SCL, SA0-3) 8 8 pF
Cio1 Input/Output Capacitance (DQx, CBXx) 11 11 pF
Cioz2 Input/Output Capacitance (SDA) 10 10 pF
50H7623.E93788 ©IBM Corporation. All rights reserved.
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Discontinued (9/98 - last order; 3/99 last ship)

IBM11N2645H
IBM11N2735H
2M x 64/72 DRAM MODULE

DC Electrical Characteristics  (Ta=0to +70°C, Vcc= 3.3V £0.3V)

Symbol

lcca

ICCZ

ICC3

leca

ICCS

ICCG

hw

low)

Vou

VoL

Parameter
Operating Current -50
Average Power Supply Operating Current
(RAS, CAS, Address Cycling: tgc = trc min.) -60
Standby Current (TTL)
Power Supply Standby Current
(RAS =CAS = V)
RAS Only Refresh Current -50
Average Power Supply Current, RAS Only Mode
(RAS Cycling, CAS = Vi: tre = tge Min) -60
EDO Page Mode Current -50
Average Power Supply Current, EDO Page Mode
(RAS =V, CAS, Address Cycling: typc = typc min) -60
Standby Current (CMOS)
Power Supply Standby Current
(RAS = CAS = V¢ - 0.2V)
CAS Before RAS Refresh Current -50
Average Power Supply Current, CAS Before RAS Mode
(RAS, CAS, Cycling: tgc = tgc min) -60
RAS, WE,
Input Leakage Current OE
Input Leakage Current, any input CAS
(0.0 < Viy < (Ve + 0.3V)), All Other Pins Not Under Test = 0V
Address

Qutput Leakage Current
(Dour is disabled, 0.0 < Voyt < Vo)

Output Level (TTL)
Output “H” Level Voltage
( lout = -25mA)

Output Level (TTL)
Qutput “L” Level Voltage
( lout = +21mA)

1. lcc1 leess lcca and Iccg depend on cycle rate.
2. lcc1and lccq depend on output loading. Specified values are obtained with the output open.
3. Address can be changed once or less while RAS =V,,. In the case of Icc4, it can be changed once or less when CAS =V .

©IBM Corporation. All rights reserved.
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Min.

-10
-80

-10

2.4

0.0

x64

720

16

720

400

720

+40

+10
+80
+10

VCC

0.4

Max.

Min.

-20
-90

-10

2.4

0.0

X72

900
810

18

900
810
540
450

900
810

+50

+20
+90

+10

VCC

0.4

Max.

Units | Notes

mA 1,2,3

mA

mA 1,3

mA |1,2,3

mA

mA 1,3

HA

HA
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Discontinued (9/98 - last order; 3/99 last ship)

IBM11N2645H
IBM11N2735H
2M x 64/72 DRAM MODULE

AC Characteristics (T, =0to +70°C, Vcc = 3.3V + 0.3V)

1. V4 (min) and V,_ (max) are reference levels for measuring timing of input signals. Transition times are measured between V|4 and
V||_.

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

3. AC measurements assume tt = 2ns.

Read, Write, Read-Modify-Write and Refresh Cycles  (Common Parameters)

-50 -60
Symbol Parameter Unit Notes
Min Max Min Max
tre Random Read or Write Cycle Time 84 — 104 — ns
trp RAS Precharge Time 30 — 40 — ns
tep CAS Precharge Time 8 — 10 — ns
tras RAS Pulse Width 50 10K 60 10K ns
teas CAS Pulse Width 8 10K 10 10K 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
tcan Column Address Hold Time 8 — 10 — ns
trep RAS to CAS Delay Time 14 37 14 45 ns 1
traD RAS to Column Address Delay Time 12 25 12 30 ns 2
trsH RAS Hold Time 8 — 10 — ns
tesH CAS Hold Time 43 — 50 — ns
tcrp CAS to RAS Precharge Time 5 — 5 — ns
toop OE to Dy Delay Time 15 — 15 — ns 3
tozo OE Delay Time from Dy 0 — 0 — ns 4
toze CAS Delay Time from Dy 0 — 0 — ns 4
tr Transition Time (Rise and Fall) 2 30 2 30 ns

1. Operation within the tgcp(max) limit ensures that trac(max) can be met. The tgcp(Mmax) is specified as a reference point only: If
trep is greater than the specified tgcp(max) limit, then access time is controlled by tcac.

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

3. Either tepp or topp Must be satisfied.

4. Either tpzc or tpzo must be satisfied.

50H7623.E93788 ©IBM Corporation. All rights reserved.
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IBM11N2645H
IBM11N2735H
2M x 64/72 DRAM MODULE

Write Cycle
-50 -60
Symbol Parameter ) ) Unit Notes
Min Max Min Max
twes Write Command Set Up Time 0 — 0 — ns 1
tweH Write Command Hold Time 7 — 10 — ns
twe Write Command Pulse Width 7 — 10 — ns
trwL Write Command to RAS Lead Time 7 — 10 — ns
tewL Write Command to CAS Lead Time 7 — 10 — ns
tbs Dy Setup Time 0 — 0 — ns 2
ton Dy Hold Time 7 — 10 — ns 2

1. twes, trwo towns @nd tawp are not restrictive parameters. They are included in the data sheet as electrical characteristics only. If
twes 2 twes(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through the
entire cycle; If trwp 2 trwp(mMin.), tewp = tewp(mMin.) and tawp = tawp(min.), 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.

©IBM Corporation. All rights reserved. 50H7623.E93788
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IBM11N2645H
IBM11N2735H
2M x 64/72 DRAM MODULE

Read Cycle
-50 -60
Symbol Parameter Unit Notes
Min Max Min Max

trac Access Time from RAS — 50 — 60 ns 1,2
tcac Access Time from CAS — 13 — 15 ns 1,2
taa Access Time from Address — 25 — 30 ns 1,2
toea Access Time from OE — 13 — 15 ns 1,2
tres Read Command Setup Time 0 — 0 — ns
treH Read Command Hold Time to CAS 0 — 0 — ns 3
tRRH Read Command Hold Time to RAS 0 — 0 — ns 3
traL Column Address to RAS Lead Time 25 — 30 — ns
terz CAS to Output in Low-Z 0 — 0 — ns
toes OE setup time prior to CAS 5 — 5 — ns
torp OE setup time prior to RAS (Hidden Refresh) 0 — 0 — ns
tcop CAS to Dy Delay Time 13 — 15 — ns 5
toez Output Buffer Turn-off Delay from OE — 13 — 15 ns 4
torr Output Buffer Turn-off Delay — 13 — 15 ns 4,6

1. Measured with the specified current load and 100pF.

2. Access time is determined by the latter of trac, tcac: tepa, taa, toea.

3. Either tgch Or trry Must be satisfied.

4. torr (Max) and togz (Max) define the time at which the output achieves the open circuit condition and is not referenced to output

voltage levels.
Either tcpp or topp Must be satisfied.
6. topris referenced from the rising edge of RAS or CAS , whichever is last.

o

50H7623.E93788 ©IBM Corporation. All rights reserved.
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IBM11N2645H
IBM11N2735H
2M x 64/72 DRAM MODULE

Read-Modify-Write Cycle

Symbol Parameter
trwe Read-Modify-Write Cycle Time
trwD RAS to WE Delay Time
tewp CAS to WE Delay Time
tawp Column Address to WE Delay Time
toen OE Command Hold Time

Min
110
67
30
42
7

Min
135
79
34
49
10

Unit

ns

ns

ns

ns

ns

Notes

1. twes, trwor towns @nd tawp are not restrictive parameters. They are included in the data sheet as electrical characteristics only. If
twes 2 twes(min.), the entire cycle is an early write cycle and the data pin will remain open circuit (high impedance) through the
entire cycle; If trwp = trwp(mMin.), tewp = tewp(min.) and tawp = tawp(min.), 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.

EDO Mode Cycle

Symbol Parameter

trcas CAS Pulse Width (EDO Page Mode)

thpc EDO Page Mode Cycle Time (Read/Write)
thPrRWC EDO Page Mode Read Moadify Write Cycle Time
toon Data-out Hold Time from CAS

twhz Output buffer Turn-Off Delay from WE

twpz WE Pulse Width to Output Disable at CAS High
teprH RAS Hold Time from CAS Precharge

tepa Access Time from CAS Precharge

trasP EDO Page Mode RAS Pulse Width

toep OE High Pulse Width

toene OE High Hold Time from CAS High

1. Measured with the specified current load and 100pF at Vo, = 0.8V and Voy = 2.0V.

©IBM Corporation. All rights reserved.
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Min.

20

51

30

50

5

5

-50
Max.

10K

28

125K

10

25

60

10

35

60

10

10

35

125K

Units Notes

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns
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IBM11N2645H
IBM11N2735H
2M x 64/72 DRAM MODULE

Refresh Cycle

-50 -60
Symbol Parameter Unit Notes
Min Max Min Max
terr (CC':ATSS%C!?O;Z% Refresh Cycle) 10 - 10 - ns
tesr CAS Setup Time_ 5 — 5 — ns
(CAS before RAS Refresh Cycle)
twre \(/(\é%ssigfzrznl%\s Refresh Cycle) 10 - 10 - ns
twrH }A%-'nggr? % Refresh Cycle) 10 - 10 - ns
trpc RAS Precharge to CAS Hold Time 5 — 5 — ns
treF Refresh Period — 32 — 32 ms 1
1. 2048 refreshes are required every 32ms.
Presence Detect Read and Write Cycle
Symbol Parameter Min Max Unit Notes
fscL SCL Clock Frequency 100 kHZ
T Noise Suppression Time Constant at SCL, SDA Inputs 100 ns
tan SCL Low to SDA Data Out Valid 0.3 35 us
tsur Time the Bus Must Be Free before a New Transmission Can Start 4.7 us
thp:sTA Start Condition Hold Time 4.0 us
tLow Clock Low Period 4.7 us
thicH Clock High Period 4.0 us
tsu:sTa Start Condition Setup Time(for a Repeated Start Condition) 4.7 us
tHD:DAT Data in Hold Time 0 us
tsu-paT Data in Setup Time 250 ns
t; SDA and SCL Rise Time 1 us
t SDA and SCL Fall Time 300 ns
tsu:sto Stop Condition Setup Time 4.7 us
ton Data Out Hold Time 300 ns
twr Write Cycle Time 15 ms 1

1. The write cycle time(tWR) is the time from a valid stop condition of a write sequence to the end of the internal erase/program cycle.
During the write cycle, the bus interface circuits are disabled, SDA is allowed to remain high per the bus-level pull-up resistor, and
the device does not respond to its slave address.

50H7623.E93788 ©IBM Corporation. All rights reserved.
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IBM11N2645H
IBM11N2735H
2M x 64/72 DRAM MODULE

Read Cycle
tre
tras trp
Vin — + + R
RAS \
Vi — X T
tesn {
tren trsH | terp
cAs Vi - ¥ tons i
ViL — hY
am— tRAD tRAL
—tRaH—  —tascl— —Tcan
Viu - k 5
Address Row Column
Vi - g -
twre| | twrr tres ~— tren
«— trRH

tCDD I

toop

|
L torr
toez

DIN

<—tCLZ _’I
Von — i
Dour Hi-z Valid Data Out Hi-Zz ——
VOL —_ -
l:RAC
TR NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
’ ’ Doing so will facilitate compatibility with future EDO DRAMSs.
©IBM Corporation. All rights reserved. 50H7623.E93788
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IBM11N2645H
IBM11N2735H
2M x 64/72 DRAM MODULE

Write Cycle (Early Write)

tras I trp

tesh

terp —>
trep trsH r_ CcRP

CAS Vin — 1 teas |
Vi - \ T

~— tRAD I
—lasr [« — tasc |—
o traH — tcan
Viu — - T
Address Row Column

tWCH
_ Vin
OE
VIL
tos ton
VIH
Dy Valid Data In
Dour Hi-Z
R NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
: Doing so will facilitate compatibility with future EDO DRAMs.
50H7623.E93788 ©IBM Corporation. All rights reserved.
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IBM11N2645H
IBM11N2735H
2M x 64/72 DRAM MODULE

Write Cycle (Late Write)

tRC
tras | trp
VIH — B -
RAS \
Vi — X 7
tesh i
trep trsh I‘_ torp —
CAs Vi - + fene
Vie — T =+
l«—trap —
tASR [~ —> tASC <
— tRAH |~ — tCAH I~
Address Column
tCWL
WE
VIH 4
VIL
<—tODD |— tDH —
tDZO_’ tWRF’
V|H tDZC ——
Din Hi-Z Valid Data In
VIL 1
l«— Toez ——I
— |<—tc|_z
Vo — toea .
Dour Hi-Z Hi-Z
* reater than or equal to t
. - “H oF 4L toen 9 q cwL
NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
Doing so will facilitate compatibility with future EDO DRAMSs.
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IBM11N2645H
IBM11N2735H
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Read-Modify-Write-Cycle

Vin

RAS
VIL
CAS Vm
VIL
Vin

ddress
VIL

i

trwe
tras trp —>
_ \ )
- \
tesn {
trep trsH _’I terp
- '\ \ teas
— fe—— t — \ -
RAD 1
—| tasr [+ —tasc +—
—> tRaH |«— —{ tearf—
_ 4 A [ A
Row Column
_ + 4 L i
tcwp ~— trwi
tawp
t twrH | fow,
WR trwo

VOH —

DOUT

g N

_\twp_

tOEH

tos —

tDH le—

l—

Hi-Z

< tCLZ

VOL —

I wor

tODD

DIN

DOUT

tRAC

Hi-Z

*toen greater than or equal to tew,

NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.

Doing so will facilitate compatibility with future EDO DRAMSs.
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IBM11N2645H
IBM11N2735H
2M x 64/72 DRAM MODULE

EDO Page Mode Read Cycle

—lrp
tRASP
RAs "~ X
tepru /
Vie— K 7
thpc torp =]
tRCD 47tCF’4> 4*t(.‘,l:’g> tRSH
tHCAS
e le— thcas —= l«— theas
R \ T i i
Vi — X 7 N
tCSH tRAL
tASR tRAH tASC tCAH tASC tCAH ) tASC tCAH
Vig— LA £ +
Address Row Column 1 >< Column 2 Column N
Vie— VT N X
< 1:RAD —
twre| [twrrH treH ~
[t
V-
WE
Vi — NOTE 1
t
l—teac—= ltoac~ w
e topp —>  ~—tcpa ——
tOES ‘ ‘ toy:;: — fe—o
tan tan —|
tOEA
__ Viu— ¥
OE
Vi — |
‘ trac toez
1 tan toon t
tCAC =~ DOH —>| [<—
teiz
Vo A I 3 T 3 T \
Dour Hi-Zz Data Out 1 Data Out 2 Data Out N }7
Vo— N 1 X r V¥

D CwH or L NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
’ Doing so will facilitate compatibility with future EDO DRAMS.
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CAS

Address

DOUT

IBM11N2645H
IBM11N2735H

2M x 64/72

DRAM MODULE

—lrp
trasp
V|H — 7X
tepru /
VIL - N 7
tHPC tCRP —
trep le—tep—] ~—lcp—f trsH
[— tHCAS—» f— tHCAS -~ tHCAS
Vig— ! \ i ! i \ V
S \ /
tesn traL
tasr| | tran tasc tean tasc tean tasc tean
Vin — TAF / £
Row Column 1 >< Column 2 Column N
Vi — b N \ N
-+t
treH —
twrp twrH trrH
-»‘ tres
Viy —
V, — NOTE 1
le—tcac —»y I« teac >
torr — <
e tepa —>  [~—lcPA ——
toes
toea e toes—»|
Vi — .
ViL —
‘ ‘ toez
T toen
[ tan
tcac le—toEz — toez
teiz
Vor— 4 4 y \
v Hi-Z Data Out 1 Data Out 2 Data Out N >7
oL— B N T

o

50H7623.E93788
Released 5/98

NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.

Doing so will facilitate compatibility with future EDO DRAMS.
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IBM11N2645H
IBM11N2735H
2M x 64/72 DRAM MODULE

EDO Page Mode Read Cycle ( WE Control)

CAS

Address

DOUT

—lrp
trasp
Vi — —X
teprH /

Vi — K y

tHPC tCRP —

trep e—tcp—> —lep—» |«— trsH —>
l«— thcas —f — Theas l— thcas
Vg — ! \ i \ / \ A
v VYN \ L
tCSH tRAL
tasr| | tran tasc tcan tasc tcan tasc tcan
Vin — TAF £
Row Column 1 Column 2 Column N
Vi — VT T
[ [
e traD —| taa = tan
treH —»| tres treH—s LtRCS trer —=
twre| [twrH [ﬁ W trri
*-‘ RCS
Vi — N&twpz twez
Vi — NOTE 1 |
l tCAC N tCAC to|:|: — fe—
tera tepa

toes
VIH — tOEA 71
ViL —

tRA‘C toez
\
! faa —twhz
teac
terz
Vor— + 3
Hi-Z Data Out 1 Data Out 2 Data Out N }7

Vor— N Y

- +or

©IBM Corporation. All rights reserved.
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NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
Doing so will facilitate compatibility with future EDO DRAMS.
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EDO Page Mode Early Write Cycle

t
tRASP RZ
V|H J— 4
RAS \
Vie— i 1
t
tHPC CRP
trep tep — <~ Ttcp —f trsH
—=V Y thcas «— theas l— thcas —
e \ \ \ /
Vi _ - i |
471:RAD
t
CcSH ) -
tASR tRAH ) tASC AR tASC tCAH tASC tCAH |
V|H 3 I
Address v Row Column 1 Column 2 Column N
IL — -
t tRWL
twre| [twrr 7| [ WCH
r» «‘ twes twes twen twes twen
Vg —
WE " <« twp ——— — twp ———————» twe
Vi _ NOTE 1 /
tDS —> — ‘*tDH
IN DataIn 1 { Data In N
Vi —

|:| C“H” or “L”

OE = Don't care

50H7623.E93788
Released 5/98

NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
Doing so will facilitate compatibility with future EDO DRAMSs.
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IBM11N2645H
IBM11N2735H
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EDO Page Mode Late Write Cycle

tRASP

RAS \

thec

terp

tre tep — tep — trsH

.
i

CAS Vin— T fucas ’\«— tHeas — X l— thcas —| /
ViL — AN Y 7 | N ]
tesh
‘tASR tRAH‘ ‘ tasc tC’LH, tasc foan tasc tcan
IH—
Address v Row Column 1 Column 2 Column N
IL—
tewe tew towe
tWRp tWRH tRCS* tRCS" tRCS—> 47I[RWL4>

VIH ] \ | twe \ | twe twe
vIL B / NOTE 1\\/[ Xﬁ \ \‘

o V|H —
OE
Vi —
H

tODD tDS tDH tODD tDS tDH tODD | tDS tD

D VIH —
IN Hi-Z
Vi —
I:l Ty NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
) Doing so will facilitate compatibility with future EDO DRAMSs.
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IBM11N2645H
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2M x 64/72 DRAM MODULE

EDO Page Mode Read Modify Write Cycle

t
trasp i
Vi — y
RAS \
Vi — - 4
thprRwe terp
t tep tep
RCD
CAS V- T £ 3 F
teas / X<7 teas \ teas
Vi — i 1 N 1
tesn
tasc tasc
tran Dl tra
tasr | |tran tonn tasc| |tcan tean
Vin -] / £ /
Address Vv Row Column 1 ><Co|umn 2 ><Column N
IL— - N N
towL
A L el
towt | [ trwi
le— tAA" <—tAA —
I |
t
WRE twre ‘ tawp tawo —> e———— tawp —|

\
— f tRCS‘ t
- r&SJ l tewp —» 2 #tCWD . RES e tewp —~

/T 1 |fwe \ twe y [twe
WE \ \ \
Vi — NOTE 1 A L

> 4*tCAC
trac T — ~—tcac —  le—tcac
L tan —| toen
‘ g % toen g ‘ktOEH
ﬁ VIH - tOEA" ¥ tOEA
VIL _ l: ‘ tOEA" |
toobp w tood
tez —
cL loeZ terz |~ toez terz —
Dour Hi-Z
VOL*
Viy — .
Div Hi-Z
VIL -
D 4 or “L NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
' Doing so will facilitate compatibility with future EDO DRAMS.
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IBM11N2735H
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RAS Only Refresh Cycle

tre
tras trp

Vi — 1- + X—
RAS /

V"_ — —+ —

trpc terpl—
CAS
1ol tRaH—

VIH —
Address
Vi —

DOUT
VOL —

Note: WE, OE, D,y are “H" or “L”

©IBM Corporation. All rights reserved.
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IBM11N2645H
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CAS Before RAS Refresh Cycle

tras trp

Vi — B -
RAS \

tR|=c—>|
*‘ tesr |~ .
— lCSR

t
Vi — A CHR

CAS /
Vi —

—

—> tWRH [-— - tWRH
tWRp -~ tWRP

teop
VOH —
D Hi-z
VoL—
toez
torr
Vou
Dour Hi-Z

Vo|__

g

NOTE: Address is “H” or “L”
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Hidden Refresh Cycle (Read)

tRC tRC
trp —» < trp —»
tRAS tRAS
Vih — A I 1 £ B
RAS /
V||_ —_ -K 7_ _ —
trep trsH —» terr terp
V|H _— —
CAS
ViL —
~— trap traL
tasr | i tasc | ™
— traH —|
Vig — [ [
Address Row Column

~toz

I:0 EZ

VOH —_— —
Dour Hi-Z

oL— +

Valid Data Out

trac

I o
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Hidden Refresh Cycle (Write)

tre tre
trp — trp —
tras | tras
Vin — R - E
RAS \
V||_ — -‘ - —
tRCD tRSH ™ tCHR tcrp
CAS Vm - R Ir
Ve — \ L _/
tASR—> - tASC—» -

Address

VIH

VIL

VIH

VIL

— tDS [-— tDH |-——

Valid Data

Dour Hi-Z

VOL —

g
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Presence Detect (EEPROM) Bus Timing

SCL

tsuisto

tSU:DAT

SDA |

-1,

AA

K

tBUF

~—ton

SDA out

Presence Detect Operation

Clock and Data Conventions : Data states on the
SDA line can change only during SCL low. SDA
state changes during SCL HIGH are reserved for
indicating start and stop conditions (Figure 1 & Fig-
ure 2).

Start Condition : All commands are preceded by the
start condition, which is a HIGH to LOW transition of
SDA when SCL is high. The serial PD device contin-
uously monitors the SDA and SCL lines for the start
condition and will not respond to any command until
this condition has been met.

Stop Condition : All communications are terminated
by a stop condition, which is a LOW to HIGH transi-
tion of SDA when SCL is HIGH. The stop condition
is also used to place the serial PD device into
standby power mode.

Acknowledge : Acknowledge is a software conven-
tion used to indicate successful data transfers. The
transmitting device, either master or slave, will
release the bus after transmitting eight bits. During
the ninth clock cycle the receiver will pull the SDA
line LOW to acknowledge that it received the eight
bits of data (Figure 3).

The PD device will always respond with an acknowl-
edge after recognition of a start condition and its
slave address. If both the device and a write opera-
tion have been selected, The PD device, will respond
with an acknowledge after the receipt of each subse-
guent eight bit word. In the read mode the PD device
will transmit eight bits of data, release the SDA line
and monitor the line for an

©IBM Corporation. All rights reserved.
Use is further subject to the provisions at the end of this document.

acknowledge. If an acknowledge is detected and no
stop condition is generated by the master, the slave
will continue to transmit data. If an acknowledge is
not detected, the slave will terminate further data
transmissions and await the stop condition to return
to standby power mode.

Figure 1. Data Window

SCLm
T 1 \
| | |

Data Stable Data Data Stable

/ |
SDA i
! I Change

Figure 2. Definition of Start & Stop

Figure 3. Acknowledge Response From Receiver

I
I I
SCL from \ / \ ﬁ ‘T / 8 \ \ / 9 1
Master | ‘ ‘
Data Output i
from Trans ﬁ\ / X « X A ‘
‘ 2
Data Output __, it ‘ |
from Receiver \ |
Acknowledge
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Revision Log

Rev Contents of Modification

1/96 Initial Release.
Added 6Rns speed sort
Updated ordering information
Updated capacitance
Updated block diagrams
Added bytes 13 and 14 to Serial Presence Detect table
Updated loyt

5/96 Improved timings: tcan, topp, teop, toez, torr, PD timings
Updated timings: trcp, toes
Updated EDO timing diagrams
CBR timing diagram was changed to allow CAS to remain low for back-to-back CBR cycles.
Hidden Refresh Cycle (Read) timing diagram was changed to show data being turned off with RAS not CAS
Corrected layout drawing

8/96 Fixed typos

12/96 Eliminated 6R speed sort
Added new Serial Presence Detect table

3/97 Update Serial Presence Detect table

5/98 Added 50ns - deleted 70ns
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