= IBM11S2320LN
= IBM1152320LL

2M x 32 SODIMM Module

Features
* 72-Pin Small Outline Dual-In-Line * Allinputs & outputs are TTL(5V) or LVTTL(3.3V)
Memory Module compatible

* Fast Page Mode access cycle

* Performance: * Refresh Modes: RAS-Only, CBR, Hidden and

60 | -70 Self Refresh
trac | RAS Access Time 60ns | 70ns * 1024refresh cyples distributed across 128ms
— - * 10/10 Addressing (Row/Column)
foac | CAS Access Time 15ns | 20ns * Optimized for use in byte-write non-parity appli-
taa | Access Time From Address | 30ns | a5ns cations.

- * Au contacts
tac |Cycle Time 110ns|130ns

tec |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 IBM11S82320NN/L are 8MB industry standard The IBM 72-Pin SODIMMs provide a high perfor-
72-pin 4-byte small outline dual in-line memory mod-  mance, flexible 4-byte interface in a 2.35” long foot-
ules (SODIMMs). The module is organized as a print.

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.

Card Outline
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IBM11S2320LN
IBM11S2320LL
2M x 32 SODIMM Module

Pin Description Pinout
RASO - RAS3 |Row Address Strobe Pin# |Name | Pin# [Name | Pin# |Name | Pin# [Name | Pin# |Name | Pin# | Name
CAS0 - CAS3 |Column Address Strobe 1 |Vss 13 A1 25 |DQ13| 37 |DQ18| 49 |DQ20| 61 [Vce
WE Read/write Input 2 [pao | 14 |a2 | 26 [pQ14| 38 |po19]| 50 |Da21| 62 |Da32
A0 - A9 Address Inputs
3 |DQ1 15 (A3 27 |DQ15| 39 |Vss 51 |[DQ22| 63 |DQ33
DQ0-7, 9-16, Data Input/output p—
18-25, 27-34 P 4 |DQ2 16 |A4 28 |A7 40 |CASO| 52 |DQ23| 64 [DQ34
Vee Power (+3.3V or +5.0V) 5 |DQ3 | 17 |As 29 [NC 41 |CAS2| 53 [DQ24| 65 |NC
Vss Ground 6 [DQa | 18 [a6 | 30 |Voc | 42 |CAS3| 54 |DQ25| 66 |PD2
NC No Connect 7 [pos | 19 [Nnc | 31 |as | 43 [CAS1| 55 [N | 67 |PD3
PD1 - PD7 Presence Detects
8 |DQ6 | 20 |NC 32 (A9 44 |RAS0| 56 |DQ27| 68 |[PD4
9 |DQ7 21 |DQ9 33 |RAS3| 45 |RAS1]| 57 |DQ28| 69 |PD5
10 Voo 22 (DQ10} 34 |RAS2| 46 |NC 58 |DQ29| 70 |PD6
11 |PD1 | 23 (DQ11| 35 |DQ16| 47 |WE 59 |DQ31| 71 |PD7
12 |AO 24 |DQ12| 36 |NC 48 |NC 60 |DQ30| 72 |Vss
Ordering Information
Part Number Organization Speed Dimensions Power DRRQ,'i\gioDri‘e Notes
IBM11S2320LNA-60 2M x 32 60ns 2.35" x 1" x .1496” 3.3v C
IBM1152320LNA-70 2M x 32 70ns 2.35" x 1" x .1496” 3.3V C
IBM11S2320LLA-60 2M x 32 60ns 2.35" x 1" x .1496" 5.0V [¢]
IBM11S2320LLA-70 2M x 32 70ns 2.35" x 1" x .1496" 5.0v [#]
IBM11S2320LNB-60 2M x 32 60ns 2.35" x 1" x .1496" 3.3V D
IBM11S2320LNB-70 2M x 32 70ns 2.35" x 1" x .1496" 3.3v D
IBM11S2320LLB-60 2M x 32 60ns 2.35" x 1" x .1496" 5.0V D
I1BM11S2320LLB-70 2M x 32 70ns 2.35" x 1" x .149¢6" 5.0V D
®IBM Corporation, 1995. All rights reserved. 27H5213
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IBM11S2320LN
IBM11S2320LL
2M x 32 SODIMM Module

Block Diagram

DQ18-DQ25 DQ27:DQ34

|

DQ

U2

DQ18 ; DQ25 DQ27; DQ34

|

bQ

DQOi DQ7 DQ9 I DQ16 I
DQ DQ pQ
A0 - A9 | AO - A9 A0 - A9
WE ——{we WE
RASO — mAS ut FAS
CAS0 LCAS LCAS
CAS1 ——— UCAS UTAS
Eb‘E’ L—Lm;
RAS2
CAS2
CAS3
DQOf DQ7 DQQi DQ16 I
DQ DQ o)
AO - A9 E AO - A9 AO- A9
WE ———we WE
RAS1 —— FAS us TAS
CAS0 LCAS LCAS
CAS1 UTAS UTAS
I;_OE LOE
RAS3
CAS2
CAS3
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IBM11S2320LN
IBM1182320LL
2M x 32 SODIMM Module

Truth Table
Function RAS CAS WE | pDow | Solumn All DQ bits
Standby H X X X X High Impedance
Read L H Row Col Valid Data Out
Early-Write L L Row Col Valid Data In
fg‘tsg;;%e Mode - Read: L HoL H Row Col Valid Data Out
Subsequent Cycles L H-L H N/A Col Valid Data Out
f:fé?g%e Mode - Write: L HosL L Row Col Valid Data In
Subsequent Cycles L H-L L N/A Col Valid Data In
RAS-Only Refresh L H X Row N/A High Impedance
CAS-Before-RAS Refresh H-L L H X X High Impedance
Read L—H-L L H Row Col Data Out
Hidden Refresh
Write L-oH-L L H Row Col Data In
Self Refresh H-L L H X X High Impedance
Presence Detect
Pin -60 -70
PD1 NC NC
PD2 Vss Vss
PD3 Vss Vss
PD4 Vss Vss
PDS5 NC Vss
PD6 NC NC
PD7 NC NC
1. NC=OPEN, Vgg = GND
®@IBM Corporation, 1995. Al rights reserved. 27H5213
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IBM11S2320LN
IBM11S82320LL
2M x 32 SODIMM Module

Absolute Maximum Ratings

Rating
Symbol Parameter Units Notes
3.3 Volt 5.0 Volt
Vee Power Supply Voltage -0.5t0o+4.6 -1.0to+7.0 1
ViN Input Voltage -0.5 to min (Vg + 0.5, 4.6)|-0.5 to min (Vge + 0.5, 7.0) 1
Vour Output Voltage -0.5 to min (V¢ + 0.5, 4.6) |-0.5 to min (Vg¢ + 0.5, 7.0) 1
Torr Operating Temperature 0to +70 0to +70 °C 1
Tsra Storage Temperature -55 to +150C -55 to +150C °C 1
Pp Power Dissipation 3.0 4.3 W 1,2
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.

2. Maximum power occurs when all banks are active.

Recommended DC Operating Conditions (1, =0to 70°C)

3.3 Volt 5.0 Volt
Symbol Parameter
Min Typ Max Min Typ Max Units Notes
Vee Supply Voltage 3.0 33 36 4.75 5.0 525 \" 1
Vin Input High Voltage 2.0 —_ Vec+ 05 2.4 — Vec+ 0.5 \% 1.2
Vo Input Low Voltage -0.5 — 0.8 -0.5 — 0.8 \" 1,2

erence.

1. All voitages referenced to Vgs.

2. Vjy may overshoot to Vee + 1.2V for pulse widths of < 4.0ns with 3.3 Volt, or V¢ + 2.0V for pulse widths of < 4.0ns (or Vg + 1.0V
for < 8.0ns) with 5.0 Volt. Additionally, V| may undershoot to -1.2V for pulse widths < 4.0ns with 3.3 Volt, or to -2.0V for pulse
widths < 4.0ns (or -1.0V for < 8.0ns) with 5.0 Volt. Pulse widths measured at 50% points with amplitude measured peak to DC ref-

Capacitance (T, =0to +70°C, Vg = 3.3+ 0.3V or 5.0 + 0.25V)

Symbol Parameter Max Units Notes

Cn Input Capacitance (A0-A9) 38 pF

Ce Input Capacitance (RAS) 16 pF

Cis Input Capacitance (CAS) 22 pF

Cu Input Capacitance (WE) 42 pF

Cio Input - Output Capacitance (DQO0-DQ34) 23 pF
27H5213 ©IBM Corporation, 1995. All rights reserved.
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IBM11S2320LN = =555
IBM11S2320LL
2M x 32 SODIMM Module

DC Electrical Characteristics (T, =010 +70C, Voc =3.3 0.3V or 5.0 0.25V)

3.3 Volt 5.0 Volt
Symbol Parameter Units | Notes
Min Max Min Max
Operating Current -60 — 410 — 410
lect Average Power Supply Operating Current mA 1,2,3
(RAS, CAS, Address Cycling: tac = tac min) -70 — 360 — 360
Standby Current (TTL)
lecz Power Supply Standby Current — 8 — 8 mA
(RAS = CAS 2V)y)
RAS Only Refresh Current -60 — 410 — 410
lcca Average Power Supply Current, RAS Only Mode mA 1,3,4
(RAS Cycling, CAS 2V y: tpe = tae min) -70 e 360 —_ 360
Fast Page Mode Current -60 - 180 - 180
lcca  |Average Power Supply Current, Fast Page Mode mA 11,23
(RAS =V, CAS, Address Cycling: tpg = tpc min) -70 —_ 160 — 160
Standby Current (CMOS)
fees Power Supply Standby Current — 0.8 — 0.8 mA
(RAS = CAS = Vg - 0.2V)
CAS Before RAS Refresh Current -60 — 410 — 410
lecs Average Power Supply Current, CAS Before RAS Mode mA 1,3,4
(RAS, CAS, Cycling: tpe = tre min) -70 — 360 — 360
Self Refresh Current -60 — 400 — 600
leer Average Power Supply Current during Self Refresh A 4
(CBR Cycle with RAS 2 tgass (min)) -70 — 400 —_ 600

RAS -10 +10 -10 +10
Input Leakage Current

Input Leakage Current, any input CAS -20 +20 -20 +20
I pA
I (0.0 VNS (Vo < 6.0V))
All Other Pins Not Under Test = OV A"egéh- 40 +40 -40 +40
Output Leakage Current
low  |(Dour is disabled, 0.0 < Vour < Vec) 10 | 410 | -10 ] 410 | A

Output High Level _
VoH | Qutput "H* Level Voltage (loyr = -5mA @ 2.4V) 2.4 — 24 v

Qutput Low Level
Vo  |Qutput "L" Level Voltage (loyt = +4.2MA @ 0.4V) - 0.4 - 0.4 v

. lect lceas loca and Igcs depend on cycle rate.

. lcet, lcca depend on output loading. Specified values are obtained with the output open.

. Address can be changed once or less while RAS = V. In the case of Igca. it can be changed once or less when CAS = V.
. Refresh current is specified for one bank

W=
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IBM11S2320LN
IBM11S2320LL
2M x 32 SODIMM Module

AC Characteristics (To=010+70C, Voo =3.3 0.3V or 5.0 0.25V)

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

2. AC measurements assume tr=5ns.

3. Viy(min.) and V; (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between Viy
and VL.

4. When both CAS0O &CAS1 or CAS2 & CAS3 go low at the same time, all 16 bits of data are read/written into the device. CASO &
CAST or CASZ 8 CAS3 (CAS's TO THE SAME DRAM) cannot be staggered within the same read/write cycle.

Read, Write, and Refresh Cycles (Common Parameters)

-60 -70
Symbol Parameter Units Notes
Min Max Min Max
tre Random Read or Write Cycle Time 110 — 130 — ns
tee  |RAS Precharge Time 40 — 50 — ns
tce  |CAS Precharge Time 10 — 10 — ns
tras  [RAS Pulse Width 60 10K 70 10K ns
tcas |CAS Pulse Width 15 10K 20 10K ns
tasm Row Address Setup Time o} — 0 — ns
tran  |Row Address Hold Time 10 —_ 10 — ns
tasc  [Column Address Setup Time 0 — 0 —_ ns
tcan  [Column Address Hold Time 15 — 15 — ns
treo  |RAS to CAS Delay Time 20 45 20 50 ns 1
trap | RAS to Column Address Delay Time 15 30 15 35 ns 2
tasn  |RAS Hold Time 15 — 20 — ns
tcsu |CAS Hold Time 60 — 70 — ns
tcre  |CAS to RAS Precharge Time 5 — 5 —_ ns
tozc  |CAS Delay Time from D)y 0 — 0 — ns
tr Transition Time (Rise and Fall) 3 30 3 30 ns
tan Column Address Hold Time Referenced to RAS — — — C— ns 3
1. Operation within the trcp (max) limit ensures that tgac (Max) can be met. tacp (Max) is specified as a reference point only: if tagp is
greater than the specified tggp (max) limit, then access time is controlled by tcac.
2. Operation within the tgap (max) limit ensures that tgac (Max) can be met. tgap (Max) is specified as a reference point only: If tgap
is greater than the specified tgap (max) limit, then access time is controlled by taa.
3. This timing parameter is not applicable to this product, but applies to a related product in this family.

27H5213 ©IBM Corporation, 1995. All rights reserved.
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IBM11S2320LN ===t =
IBM118S2320LL
2M x 32 SODIMM Module
Write Cycle
-60 70 .
Symbol Parameter Units Notes
Min Max Min Max
twes  |Write Command Set Up Time 0 —_ 0 — ns
twcn  |Write Command Hold Time 15 — 15 — ns
twe Write Command Pulse Width 15 - 15 _ ns
thwL Write Command to RAS Lead Time 15 — 20 — ns
tew. | 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
tos Dy Setup Time 0 — 0 — ns 2
ton Dy Hold Time 15 — 15 — ns 2
1. This timing parameter is not applicable to this product, but applies to a related product in this family.
2. These parameters are referenced to CAS 0,2 or CAS 1,3 leading edge in early write cycles.
Read Cycle
-60 -70 .
Symbol Parameter - - Units Notes
Min Max Min Max
trac  |Access Time from RAS — 60 — 70 ns 1,2,3
tcac  |Access Time from CAS —_ 15 — 20 ns 1,3
taa Access Time from Address — 30 — 35 ns 2,3
thcs Read Command Setup Time 0 — 0 — ns
tacH Read Command Hold Time to CAS 0 — 0 —_ ns 4
taRr  |Read Command Hold Time to RAS 5 — 5 — ns 4
trar | Column Address to RAS Lead Time 30 - 35 — ns
tcar Column Address to CAS Lead Time 30 — 35 — ns
toiz  |CAS to Outputin Low-Z [o] — 0 — ns 3
ton Qutput Data Hold Time 3 — 3 — ns
tcop CAS to D)y Delay Time 15 — 20 — ns
torr | Output Buffer Turn-off Delay — 15 — 20 ns 5

is greater than the specified tgep(max.) limit, then access time is controlled by toac.

greater than the specified tgap(max.) limit, then access time is controlled by taa.
3. Measured with the specified current load and 100pF.
4. Either tacy Or tgry Must be satisfied for a read cycle.

1. Operation within the tacp{max.) limit ensures that taac(max.) can be met. tgep(max.) is specified as a reference point only. If tgcp

2. Operation within the tgap(max.) limit ensures that tgac(max.) can be met. tgap(max.) is specified as a reference point only. If tgap is

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

©IBM Corporation, 1995. All rights reserved.
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IBM11S2320LN
1IBM11S2320LL
2M x 32 SODIMM Module

Fast Page Mode Cycle
-60 -70
Symbol Parameter Units Notes
Min Max Min Max
trc Fast Page Mode Cycle Time 40 —_ 45 —_ ns
trasp Fast Page Mode RAS Pulse Width 60 100K 70 100K ns
tceri | RAS Hold Time from CAS Precharge 35 — 40 — ns
tera Access Time from CAS Precharge — 35 — 40 ns 1
1. Measured with the specified current load and 100pF.
Refresh Cycle
-60 -70
Symbol Parameter Units Notes
Min Max Min Max
CAS Hold Time
tcHr | (CAS before RAS Refresh Cycle) 20 - 20 - ns
CAS Setup Time .
tesa (CAS before RAS Refresh Cycle) 10 - 10 ns
WE Setup Time _ _
tweP | (GAS before RAS Refresh Cycle) 10 10 ns
WE Hold Time
twan (CAS before RAS Refresh Cycle) 10 - 10 - ns
trrc  |RAS Precharge to CAS Hold Time 5 —_ 5 —_ ns
taer | Refresh Period — 128 — 128 ms 1
1. 1024 refreshes are required every 128ms.
Self Refresh Cycle
-50 -60 -70 -80 .
Symbol Parameter i Toaax 1 T T vin Tiaax | in | vax. Units | Notes
RAS Pulse Width
trass During Self Refresh Cycle 100 | — | 100 f — } 100 f — 100 | — | us 1
RAS Precharge Time
taps During Self Refresh Cycle 8 )} — | 10| — | 130 150 ns 1
CAS Hold Time
fons During Self Refresh Cycle Sodl N et M it MR M R M !

1. When using Self Refrash mode, the following refresh operations must be performed to ensure proper DRAM operation: If row
addresses are being refreshed in a EVENLY DISTRIBUTED manner over the refresh interval using CBR refresh cycles, then only
one CBR cycle must be performed immediately after exit from Self Refresh. If row addresses are being refreshed in any other
manner (ROR - Distributed/Burst; or CBR-Burst) over the refresh interval, then a full set of row refreshes must be performed imme-
diately before entry to and immediately after exit from Self Refresh.
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Read

tre

tFIAS tgp

V|H — \ A l_

VIL - -

3
>
[
/‘
T~

tesn

taco tasH le— tcrr —

TAS(0,2) - ) teas / i
CAS(1.3) y, _

Address

Vin

Vi

DIN

Vor—

Dour

Valid Data Out }* Hi-Z

ton

VoL —

trac

“H” or "L"
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Write Cycle (Early Write)

\/||1 -

oy
>
[z

Vi —

VIH —_

CAS(0.,2)
CAS(1,3) v, _

Address

[)IN

Von—

tasn |

tac
tRAS tHP
I |
i
N
tCSH
taco tasH |._ tore —f
\ teas
\ . I
le— tRAD —
T taso— ‘_t "

tDHR

tos ] « toh s

A
Valid Data In

Hi-Z

Dour
VoL—

- nHu or uL”
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IBM11S2320LN
IBM11S2320LL
2M x 32 SODIMM Module

Fast Page Mode Read Cycle

trasp . tre
ViH— X tepra | N
RAS \ Z
Vi - Y 7
tec t tere
trco o fop | < top o [« FSH ——— ~
}
e Vi / X '[ Y 1
CAS(O,Z) " -—lcas —,] ‘__tCAS —
CAS(1,3)y, _ [

Address

Htacs ttres

tFICH -

tAA——

.
- topa L4 tora

— <—t0H - tOH..

D
e
Dour >*
: HH" OI' KL”
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Fast Page Mode Write Cycle

trasp ter |
Vi 3 -
RAS
Vi— A 1
X .
tec
et tep. tor ] e tRen_ | l.tCRP..
i
V, | |
CAS(0,2) " . toas o teas— ] . toas ]
CAS(13) v,
- X il ] il

Address
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IBM11S2320LN
IBM1152320LL
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RAS Only Refresh Cycle

tre

taas tre

- V|H —
CAS(0,2)
TAS(1,3)

Vie _

tasr

Address

Vou_ .
Dour Hi-Z
Voo _
:“H” or “L”
Note: WE, Dy are “H” or “L”
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Hidden Refresh Cycle (Read)

tre tre
e trp trp —
tRas tras
Vin — AT £ \e 3
RAS /
Vi - T T -~ y
treo trsH —» tchR terp
Vi — 3 \ A
Vi — \ s Z
<~ trao tra =— twrH 1
tasa ] tasc ] " — f— b
Vi
Address
L

Vi

WE
Vi

- tcop
|
Din Hi-Z
torr™1 [
Von — 1(
Dour Hi-Z Valid Data Out I Hi-Z
oL— .
thac
< ton
‘Hor “L” —— toro —
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Hidden Refresh Cycle (Write)

trc tac
e trp — trp —
tFIAS tFIAS
Vi - ] £ X 3
RAS \ x \‘
Vi — X =5 C y
treo tasn — tehn | tcap
CAS(0,2)Vin — 3 \
CAS(1,3
( )VIL - \ u -
tasr | = tasc | ~
—n tCAH ot

VIH
Address
IL

Column

twe

) tDS jt— - tDH j—

[)IN Valid Data
Vou —
Dour Hi-Z
VoL —
“H" or “L”
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Self Refresh Cycle (Sleep Mode)

tre tre

[ tnp — tRF‘ —

tras tRas

treo tRSH —> teun | tcrp

CAS(0,2) Vi —
CAS(1 ,3)V \

L —

D sl
tasr tasc

vIH
Address
IL

Viu

VIL

Vin

DIN
VIL

Valid Data

Dour Hi-Z

$*H" or “L”
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CAS Before RAS Refresh Cycle

RC

tFU\S tRP

oy
>
7
<
|l
|
%ﬂ
[e]
.
=/
1

t
CHR
CAS5(0,2) Vin— 4
CAS(1,3)
VIL -_— -4
- tWRH p—

twre | |._

teop |

Ouw Hi-Z

torr

Dour Vou

VoL

Note: Addresses are “H” or “L”
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Revision Log

Rev Contents of Modification

12/94 Initial release of 2Mx32 specification using 1Mx16 10/10 Addressing

Update specification with DRAM Die Rev “D” information; Changed tppg, tRPC, tRPC, tRPC, IRPC, IRPC;
Added Hidden Refresh and Self Refresh. Corrected Currents Icc 1. Icca. IcC4. Icce Added Igc7; Added

7198 Undershoot/Overshoot note to Recommended DC Operating Condition Table. Changed UCAS and LCAS to
CAS 0,2 and CAS 1,3 respectively
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