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IBM0118165_ IBM0118165M
IBMO118165B IBMO118165P
1M x 16 10/10 EDO DRAM

Features

» 1,048,576 word by 16 bit organization
» Single 3.3V £ 0.3V or 5.0V % 0.5V power supply

Standard Power (SP) and Low Power (LP)

1024 Refresh Cycles
- 16 ms Refresh Rale (SP version)
- 128 ms Refresh Rate (LP version)

High Performance:

50| 6D | BR: 70 Units
iHACERAS Access Time B0 | B0 : 60 : 70 ' ns
tcac | CAS Access Time 1315117 1 20 ns

| trc | Cydle Time ied4 {104{104 124 ns :

e

195 Gydie Time 20,2525 30 ns
Description

The IBMO118165 is a dynamic RAM organized
1,048,576 words by 16 bits, which has a very low
“sleep mode” power consumption option. These
devices are fabricated in IBM’'s advanced 0.5um
CMQOS silicon gate process technology. The circuit
and process have been carefully designed to pro-

Pin Assignments (Top View)

« Low Power Dissipation
- Active (max) - 185 mA /165 mA / 140 mA
- Standby: TTL Inputs {max) - 1.0 mA
- Standby: CMOS Inputs (max)
- 1.0 mA (SP version)
- 0.2 mA (LP version)
- Self Refresh (LP version only)
- 200pA (3.3 Voli)
- 300pA (5.0 Voli)

« Extended Data Oul (Hyper Page) Mode
+ Dual CAS Byte Read/Write

« Read-Modify-Write

+ RAS Only and CAS before RAS Refresh
+ Hidden Refresh

+ Package: TSOP-Il 50/44 (400milx825mil)
SOJ 42/42 (400mil)

vide high performance, low power dissipation, and
high reliability. The devices operate with a single
3.3V + 0.3V or 5.0V + 0.5V power supply. The 20
addresses required to access any bit of data are
multiplexed (10 are strobed with RAS, 10 are

strobed with CAS).

Pin Description

50/44 TSOP 42/42 SO RAS KRow Address Strobe

Vee 0 1 O 50 0 Vas Voo [ 1 O 42 [ Vss LCAS / UCAS 'L/U Column Address Strobe

100 O 2 49 0 1015 100 0O 2 41 0 1015 e .

01 0 3 48R 1014 10103 106 o011 WE Read/Write lnput

:8; o4 f’ H :813 102 ] 4 390 1013 A0 - A9 Address Inputs

s 601012 10305 38 1 1012 T

Voo O 6 45 Vss veo 06 37 0 Vs OE Output Enable

04 07 440 1011 el A T
105 O 8 430 1010 1700 - /O15 Data Input/Cutput

o H 105 0 8 351 1010

06 9 b 109 o b L e
107 O 10 410108 108 0 9 341 109 Ve Power (+3.3V or +5.0V)

NG d 11 wohbNe 107010 33 [] 108

NG O 11 32 1 NG Vss Ground

NG O 15 36 0 NG NG [ 12 31 [ LCAS

NC O 16 35[0 LCAS WE [0 13 30 1 UCAS
WE Q17 34 01 UCAS RAS [ 14 29 1 OF

BAS [ 18 330 OE NG O 15 28 [ A9

NC 019 32PAY e e 271 A8

NC [0 20 310 A8

A0 O 21 300 A7 A0 [ 17 26 1 A7

Aoz 290 A6 A1 018 25 A8

A2 023 28 0 A5 Az [ 19 24 [1 A5

A3 [ 24 270 Ad A3 020 230 Ad

Veec [ 25 26 0 Vss Vee [ 21 22 1 Vss
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IBM0118165P IBM0118165B
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Ordering Information

Part Number SP/LP Self Refresh gl?:;; Speed Package Notes
 Bmottetess 50 s N | sov bons | 400mil TSOP 115044 1
"""""""" BMOttBtesTs 60 S No 50V | 6ons  400miTSOPIIs044 1

IBM0118165T3 -6R 4 SP No 5.0V 60ns 400mil TSOP-11 50/44 1
IBM0118165T3 -70 SP No 5.0V 70ns 400mil TSOP-1 50/44 1
 IBMot1stesBTa 50 S | No | 83V | Sons | 400miTSOPlI50M4 1
IBMO118165BT3 -60 SP No 33v 60ns 400mil TSOP-Il 50/44 1
IBMO118165BT3 -6R ‘ SP No 33v 60ns 400mil TSOP-11 50/44 1
"""""""" BMo1181658T3 70 SP No 33V . 7ons  400miTSOPIIs044 | 1
IBMO118165J3 -50 4 SP No 5.0V 50ns 400mil SOJ 42/42 1
IBMO118165J3 -60 SP No 5.0V 60ns 400mil SOJ 42/42 : 1
 BMotfstesls 6R S | No | 50V | 6ons | 4oomiSOJ4zéz 1
IBMO118165J3 -70 SP No 5.0V 70ns 400mil SOJ 42/42 : 1
IBM0118165BJ3 -50 ‘ SP No 33v 50ns 400mil SOJ 42/42 1
"""""""" BMotfstesBs 60 SP No 83V | 6ons | 4d0omiSOJ42dz | 1
IBM0118165BJ3 -70 4 SP No 33v 70ns 400mil SOJ 42/42 1
IBMO118165MT3 -50 LP Yes 5.0V 50ns 400mil TSOP-1 50/44 1
""""""" BMot1gtesMTa 60  LP | Yes | 50V |  60ns | 400miTSOPlIS0Md 1
IBMO118165MT3 -70 LP Yes 5.0V 70ns 400mil TSOP-Il 50/44 1
IBMO118165PT3 -50 ‘ LP Yes 33v 50ns 400mil TSOP-11 50/44 1
"""""""" BMOt18165PTS 60 LP Yes | 33V . 6ons  400miTSOPIIs044 | 1
IBM0118165PT3 -6R 4 LP Yes 33v 60ns 400mil TSOP-11 50/44 1
IBMO118165PT3 -70 LP Yes 33v 70ns 400mil TSOP-1 50/44 1
 BMotfetesMJ3 50 | P Yes 50V | s0ns | 400miSOJdzdz 1
IBM0O118165MJ3 -60 LP Yes 5.0V 60ns 400mil SOJ 42/42 : 1
IBM0O118165MJ3 -70 ‘ LP Yes 5.0V 70ns 400mil SOJ 42/42 1
"""""""" BMOTtB1esPS3 50 LP Yes 83V | sons | 4d0omiSOJ42dz | 1
IBM0118165PJ3 -60 4 LP Yes 33v 60ns 400mil SOJ 42/42 1
IBM0118165PJ3 -70 LP Yes 33v 70ns 400mil SOJ 42/42 : 1

1. SP = Standard Power version (IBM0118165 and IBM0118165B);  LP = Low Power version (IBM0118185M and IBM00118165P)

@IBM Corporation, 1995. All rights reserved. 28H4721
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Block Diagram

IBM0O118165

IBM0118165M

IBMO118165B IBM0O118165P

[I{8 0] 11015
18 18

Data In Buffer

Data Out Buifer

| E—

1M x 16 10110 EDO DRAM

Golumn Decoder and /O Gate

Sense Amplitiers

h
-1024 x 16 -

Row Decoder

Memory Array
1024 x 1024 x 16

Vss Vee (5.0 Volt version)
- - ¥
| *—— (o OCDs)
\
‘ Regulatar
\
\ L. Vpp (intemal)
Lo - - - - __ _ _ __
WE ———0O
—Q &
N I
UCAS oR TAS Clock
1CAS Generator L
10 Y Column Address
/ Bufter (10)
AQ —>
Al —=
A2 —» Refresh M
A3 —» Controller e
Ad —=
A5 —= Refresh Counter
AB —» (10)
A7 —» h
A8 —» 10
AQ—»] L Row Address
A Buffer (10)
10
7
A
FASClock |
RAS 7 Generator
28H4721
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IBM0118165M IBM0118165
IBM0118165P IBM0118165B
1M x 16 10/10 EDO DRAM

Truth Table

Function
Standby
Read: Word

Read: Lower Byte

Read: Upper Byte

Write: Word
i Early-Write

Write: Lower Byle
| Early-Write

§Write: Upper Byte

RAS [CAS UCAS WE

H
L

L

CHoX  HoX

Lo
L H
H L
L L
L H

X

H

H

E

D

Row Calumn
Address | Address |

X

Row

Row

Row

Row

Row

Row

X

P ocol

Col

Col

Col

Col

Col

| |
N
i
i
<||I|
||

IY00 - VO15
High Impedance ‘
Data Out
Lower Byte: Data Qut
Upper Byte: High-Z

Lower Byte: High-Z
Upper Byte: Data Out

Data In

Lower Byte: Data In
Upper Byte: High-Z

Lower Byte: High-Z
Upper Byte: Data In

|

Row

Data Out, Data In

Data Out

Data Out

|

Data In

|

Data Out, Data In

Data Out, Data In

—

High Impedance

High Impedance

| Early-Write

Read-Modify-Write

EDO (Hyper Page) Mode 1st Cycle
Read 2nd Cycle
EDO (Hyper Page) Mode 1st Cycle
ierte 2nd Cycle
'EDO (Hyper Page) Mode 1st Cydle
Read-Maodify-Write 2nd Cycle
imenly Refresh

%m—Before—m Refresh

Read

i Hidden Refresh

§Self Refresh {LP version only)

@IBM Corporation, 1995. All rights reserved.
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IBMO118165  IBMO118165M
IBMO118165B IBM0O118165P
1M x 16 10110 EDO DRAM

Absolute Maximum Ratings

: Rating : :
: 3.3 Volt Device 5.0 Volt Device
Voo ZPower Supply Voltage -0.5t0 +4.6 ‘ -1.0to +7.0 \ 1
Vin ;Input Valtage -0.5 to min (Vgct+0.5, 4.8) ‘ -0.5 to min (Vge+0.5, 7.0) \Y 1
VDUT OUtpUtVO“age TP 05 to mm (VCC+05 46) . 05 tO mm (VCC+05 ?0) V 1
. TOPH Opera“ng_remperature TR U Oto +70 ISR U PTPRRISOI 0t0+?0 R OC » 1
TSTG StorageTemperature TR e 55 t0+150 IR SR 55 to +150 e OC 1
Pp ?Power Dissipation 1.0 1.0 W 1
lout ZShort Gircuit Output Curren 50 4 50 mA 1

1. Siresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reli-
ability.

Recommended DC Operating Conditions (Ta- 0to 70°C)
3.3 Volt Device 5.0 Volt Device

Symboal Parameter ; R S e Units Notes
: Min. Typ. Max. Min. Typ. Max.
Voo Supply Voltage ‘ 3.0 33 3.6 4.5 : 5.0 55 v 1
» VIH Inpm ngh V.(.).Ita.é.e s 20 e VCC+ 05 24 R VCC+ 05 B V » 1 2
VIL |nput|_ow Vonage » 05 e 08 ..... 05 e 08 s V » 12

1. All voltages referenced to Vgg.
2. Viy may overshoot to Ve + 1.2V for pulse widths of £ 4.0ns with 3.3 Volt, or Voo + 2.0V for pulse widths of £ 4.0ns (or Vg + 1.0V
for £ 8.0ns) with 5.0 Volt. Additionally, V| may undershoot to -2.0V 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 retf-
erence.

Capacitance (Tp= 25°C, Voo= 3.3V £ 0.3V or Vo= 5.0V £ 0.5V)

________ SYDOl i AEAmelS i Min G Max | Units Noles
Gy Input Gapacitance (A0 - A9) — : 5 pF 1
Cio Input Capacitance (RAS, LCAS, UCAS, WE, OF) -7 pF 1
Co Qutput Capacitance (/00 - [/O15) — 7 pF 1
1. Input capacitance measurements made with rise time shift method with CAS & RAS = V|4 to disable cutput.
28H4721 @IBM Corporation, 1995. All rights reserved.
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IBM0118165M
IBM0118165P
1M x 16 10/10

DC Electrical Characteristics

IBM0118165
IBM0118165B
EDO DRAM
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Paramete

5 Operating Cument

:Average Power Supply Operating Current

(RAS, CAS, Address Cydling: Iz = tre min.)

Standby Gurrent (TTL)

ICCE

‘Power Supply Standby Current

(RAS = CAS = V)

‘RAS Only Refresh Current

lcca

:Average Power Supply Cumrent, RAS Only Mode

(RAS Cycling, CAS = V\HZ tRC = tRC mlﬂ)

:EDO (Hyper Page) Mode Current

ICC4

Average Power Supply Cument

E(FiAS = V|, GAS, Address Cycling: tpg = tpg min)

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

ICCE

fCAS Before RAS Refresh Current

ICCS

‘Average Power Supply Curent, CAS Before RAS Mode

((RAS, CAS, Cycling: tge = trg min)

:Selt Refresh Cument, LP version anly

:Average Power Supply Cumrent during Self Refresh
:GBR cycle with RAS 2 tgags (min); CAS held low;
‘WE = Vo - 0.2V; Addresses and Dy = Ve - 0.2V or 0.2V,

(Ta= 010 +70°C, Vo= 3.3V £ 0.3V or Vo= 5.0V £ 0.5V)

mA

mA

mA

mA

mA

Note

1,2,8

1,3

‘Input Leakage Cument

‘Input Leakage Current, any input
H0.0 £ Vg € (Vo + 0.3V)), All Other Pins Not Under Test = 0V

5 Output Leakage Current
(Dgur is disabled, 0.0 £ Vour £ Veg)

Output Level (TTL)

‘Qutput Level (TTL)
:Output “L” Level Valtage
: (lour = +2.0mA for 3.3V, or lo 7t = +4.2mA for 5.0V)

‘Qutput "H” Level Valtage
Hlour = -2.0mA for 3.3V, or lgyr = -5mA for 5.0V)

50
60 / -6R — 165
70 - 140
— 2
50 - 185
60 / -6R — 165
70 - 140
B0 | = 100
60/ 6R | — 90
70— 80
SP version — 1
LP version — 0.2
50— 185
60/-6R | — 165
70 0 — 140
3.3V - 200
5.0V — 300
-10 +10
-10 +10
24 VCC
0.0 0.4

1. lgats loos, loca and locs depend on cycle rate.
2. lgotand Igca depend on cutput loading. Specified values are obtained with the output open.
3. Address can be changed once or less while RAS =V|. In the case of Igg, it can be changed once or less when CAS =V,

@IBM Corporation,

1995. All rights reserved.
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IBMO118165  IBMO118165M
IBMO118165B IBM0O118165P
1M x 16 10110 EDO DRAM
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AC Characteristics (Tp= 010 +70°C, Vo= 3.3V £ 0.3V or Vo= 5.0V £ 0.5V)

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=2ns.

3. Viy(min.) and V| (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between V4

and \/\L

Valid column addresses are AO through A9.

5. When both LCAS and UCAS do low at the same time, all 16 bits of data are read/written into the device. LCAS and UCAS camnot be
staggered within the same Read/Write cycle.

>

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

-50 ; -60 . R 70

Symboaol Parameter : : : ; : ; ¢ Units © Notes
e Min s Max, C Min o Max. : Min. | Max. - Min d Max.

e e PR .1.?4..5 e

e S et 35_ I 40 e 50 e

tep CAS Precharge Time 8 — 10 — 10 — 10 — ns

twe  RAS Pulse Width 50 ¢ 10K 60 10K 60 10K 70 10K ns

tcas  CAS Pulse Width 8 10K S 10 10K 10 10K 12 10K ns

o ROWAddresssetupTlme s _0 R i e A

e e
”””” bec  Column AddressSewpTme 0 . — o — .0 — o} — w .
"""" lowi  ColumnAddressHold Tme 8 =~ 10 — 10 — 10i — ns
" loo RAStoCASDdayTime 14 87 14 45 14 43 14 50 ons 1
"""" two  RAS loCoumn Address Delay Tme 12~ 25 12 30 12 80 121 3 ns 2
" tas RASHodTme 8 — 10 — 10 — 12 — wus

tcsw (CAS Hold Time 45 — 50 — 50 - — 55 | — ns

B T _5 o e i

T i BT S o 15 B

B T o . S . o

B e T e . e

t: Transition Time (Rise and Fall) - 30 o 30 2 30 2 i 3 m 5

1. Operation within the tgep(max.) limit ensures that tgpc{max.) can be met. trep{max.) is specified as a reference point only. If tggp
is greater than the specified tggp{max.) limit, then access time is controlled by toac.

2. Operation within the tgap{max.) limit ensures that tpac(max.) can be met. tgap(max.) is specified as a reference point only. If tgapis
greater than the specilied tgap(max.) limit, then access time is controlled by taa.

3. FEither topp or togp must be satisfied.

Fither tpzo or tpzo must be satisfied.

5. AC measurements assume ty=2ns.

B

28H4721 ©IBM Corporation, 1995. All rights reserved.
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IBM0118165M IBM0118165
IBM0118165P IBM0118165B

1M x 16 10/10 EDO DRAM

Write Cycle

Symbol

twes
tweH
twe
trwi
tow
tps

tpH

Parameter

:Wn'te GCommand Set Up Time

;Wn'te Command Hold Time

Wiite Command Pulse Widih
Wit Gommand to FAS Lead Time
Wiite Command lo CAS Lead Time
Dy Setup Time

D Hold Time

Gl o NN~ N

-60 /-6R
Min.  Max. . Min
0 — 0

10 —

10 . — 12
10 e
10 . — 12
0 — 0
10 — 12

— ¢  ns

Units

(b
LT
i
<||I|
il

Notes

1. twes, trwo, towp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics
only. If twos 2 twes (min), the cycle is an early write cycle and the data pin will remain open circuit (high impedance) through the
entive cycle. If tgwp = tgwp (Min), towp 2 towp (Min) and tawp 2 tawp {min), the cycle is a Read-Medify-Write cycle and the data out
will contain data read from the selected cell. If neither of the above sets of conditions are salisfied, the condition of the data out (at
access lime) is indeterminate.

2. These parameters are referenced to LCAS or UCAS leading edge in early write cycles and to WE leading edge in Read-Madify-
White cycles.

@IBM Corporation, 1995. All rights reserved.
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IBMO118165  IBMO118165M
IBMO118165B IBM0O118165P
1M x 16 10110 EDO DRAM
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Read Cycle
| -50 -60 %R 70 ; ;
Symbol Parameter b e Units | Notes
{Min.© Max.  Min. | Max. iMin.i Max. . Min. @ Max. | i
trac %Access Time from RAS — + B0 — 80 — 60 — 70 ns 1,2,3
tcac %Access Time from CAS — 13 — 15 — 17 — 20 ns 1,3 ’
. tAA ACCESSTImefrom Address TR - 25 » _ 30 _ ...30 ..... _35 ns 23
» tOEA ACCBSSTIme fromﬁ JE TPV 7 13 ..... B 15 - 17 e 20 ns 3
. tRCS Readcommandsetupﬂme TR 0 o 0 o 0 S 0 o ns ......
tren iRead Command Hold Time to CAS 0 — \ 0 — 0 — 4 0 — ns 4
tRRH %Read Command Hold Time to RAS | ' | | : : | ns 4

olumn Address to RAS Lead Time ns

AS to Output in Low-Z ns

i Output Buffer Tum-Oft Delay

'CAS o Dy Delay Time

toez %Output Buffer Tum-Off Delay from OF — 13— 15— 15— 15 s | 5
toes iﬁSetupTime Prior to CAS 5 — 5 o s 5 _ S
lore  |OF Setup Time Prior to RAS (Hidden Refresh) . 0 . — 0 | — 0 — 0  — | ns |

1. Operation within the tggp(max.) limit ensures that tgag{max.) can be met. tgopimax.) is specified as a reference point only. If tggp
is greater than the specified tpgp{max.) limit, then access time is controlled by foac.

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 tya.

3. Measured with the specified cument load and 100pF at Vo= 0.8V and Vo = 2.0V,

4. Either tgay or tggy must be satisfied for a read cycle.

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

6. torr is referenced from the rising edge of RAS or CAS, which ever is |ast.

7. Either topp or fogp must be satisfied.

28H4721 ©IBM Corporation, 1995. All rights reserved.
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IBM0118165M IBM0118165
IBM0118165P IBM0118165B
1M x 16 10/10 EDO DRAM
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Read-Modify-Write Cycle

; 50 ; 80 | -6R ‘ 70
Symbol Parameter S B SRIETILE J N UnItS Notes
CMin. i Max. : Min. Max. Min. © Max. | Min. @ Max. \ :
twe  Read-Madify Write Cycle Time 15— 1851 — 185 — 162 — ns
two  FAS Lo WE Delay Time 67 — 79 — 79 — 84 — ns 1
tews  CAS lo WE Delay Time 30 0 — fs4l — 13 — 4 — ns .1
tAWD GolumnAddresstoWE DeIayTlme 42 — 49 — 49 — — ns 1
tor BF Command Hold Time O I S T 10 - - ns

1. twes, thwp, towp and tawp are not restrictive operating parameters. They are included in the data sheet as electical characteristics
only. If byos = bwos (min), the cycle is an early write cycle and the data pin will remain open circuit (high impedance) through the
entire cycle. If tgwp 2 trwp (Min), towp 2 towp (Min) and tawp 2 tawp (mMin), the cycle is a Read-Modify-Write cycle and the data out
will contain data read from the selected cell. If neither of the above sets of conditions are salisfied, the condition of the data out (at
access lime) is indeterminate.

Extended Data Out (Hyper Page) Mode Cycle

-50 © -60/-6R -70 3 :
Symbol Parameter e e oo poensemee e  Units | Notes
e M M Min | Max M Max O
thcas EDO (Hyper Page) Mode CAS Pulse Width 8 10K : 10 10K 12 10K ns
 bec EDO (Hyper Page) Mode Cycle Time (ReadWrite) 20 — 25 . — a0  — o
"""" . HPRWC%Egmypmpage)ModeReadMod.rywmecme51_60_?2_ns
"""""" bot  Data-outMold TimekomGAS 5 — 5 i — 5  — ns o
""""" iz  Outputbuffer Tum-Off DelayfomnWE 0 10 - 0 . 10 0 15 | »ms
""""" twz  WE Pulse Widlh lo Oulpul Disable al CAS High 7 — 10, — 10 — . wms -
tcpry - RAS Hold Time from CAS Precharge | 30 - 35 — 40 — ns
tcpa ‘Access Tme from CAS Prec:harge — 30  — 35 — 40 ns 1
tRAS.: EDO (Hyper Page) Mode RAS Pulse Wldth - 50 125K 60 125K ?0 125K ” ns .
tDEP » ...OE ngh pu|SeW|dth e 10 o 10 o 10 o nS ......
. t.(.)EF.';:. ...4OE i H0|d Tlme from CAS ngh ESTTRR 1.(.) ..... o 10 o 10 o » nS
1. Measured with the specified current load and 100pF at Vo = 0.8V and Vo = 2.0V.
©IBM Corporation, 1995. All rights reserved. 28H4?2v1“
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IBMO118165  IBMO118165M
IBMO118165B IBM0O118165P
1M x 16 10110 EDO DRAM
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Refresh Cycle

50 L e0/6R | -70

Symbol : Parameter b : : : Units Notes

:  Min. - Max. : Min.: Max. | Min. : Max :
:GAS Setup Time ’ _ Lo — |

losa GAS before RAS Refresh Gydle) 0 P N ns
:CAS Hold Time - L -

foxa (GAS before RAS Refresh Gyde) 19 ;10 10 ns
‘WE Setup Time

AP (CAS before RAS Refresh Cyde) 0. — 10 — 110 — s
‘WE Hold Time ; : '

M (CAS before RAS Cycle) e L ns

tkec  RAS Precharge to CAS Hold Time 5 — 5 — 5  — ns |

Self Refresh Cycle - Low Power version only
-50 -60 -70
Symboal Parameter : : 3 Units Notes
"""""""""""""" RAS Pulse Width T : :

lRass During Self Refresh Cycle _ 100 P 100 o 100 — . WS 1
RAS Precharge Time :

tres During Self Refresh Cycle _ 89 | - 104 o 124 - ns 1
CAS Hold Time From RAS Rising i § o o ) o

tons During Self Refresh Cycle : 50 50 50 ns 1.2

tern CAS Hold Time From RAS Falling © a0 o 350 @ — 350 o us 1,2

During Self Refresh Cycle

1. When using Self Refresh mode, the following refresh operations must be performed to ensure proper DRAM operation:
If row addresses are being refreshed in an 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 immediately before entry to and immediately after exit from Self Refresh.

2.1t tHASS > tCHD (mln) then tCHD applies. If tHASSS tCHD (mln) then tCHS applies.

Refresh

SYMBOL | Parameter - L A - Units Notes

ms 1
28H4721 ©IBM Corporation, 1995. All rights reserved.
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IBM0118165M IBM0118165
IBM0118165P IBM0118165B
1M x 16 10/10 EDO DRAM

Read Cycle
< the -
= Lpas Lgp
Vie — T £
RAS V. - \ /
-’ tesn —‘
- tren e trsH - | lere
LCAS v, _ |
e— tRap - traL >
—»tagpie—
—lranpe—  —lascle— —»

Address

Column

WE
tDES =
— VIH \ *—tDEA—" r!
Ok A f
Vi 3 [
3 Joi
-—tDZCAD‘ le— Tcop —
- loze - - toen
V|H L
D } Hi-Z
VIL '
e loac ——» ‘—tOFFT
“*tCLZ“' tOE
Von —
Dour Hi-Z Valid Data Qut Hi-Z —
VDL —
-+ tFiAC al
“sH oF 5L NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
; Doing so will facilitate compatibility with future EDO DRAMSs.
©IBMcom0ra“0n1995A”ngmsresewec’28H4?21
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T= IBMO118165  IBMO118165M
IBMO118165B IBM0118165P
1M x 16 10/10 EDO DRAM

- tRC s
- tras » thp —
Vig — E -
RAS \
Vo — x 1
- tosn -i N
theo > trsH > r; eRp—

UCAS Vi — 3 i tope ,‘
LCAS
VH_ — -‘

"‘_tHAD —

—»lasRle— altasc ke

— Tean

Column "\
tWCH
twe > |
Vi =
OE
VH_ — :
-FTDSJ LtDH
V‘H 4 V I
I] I
D A Valid Data In X
V\L — 13— 3
Vou —
Dour Hi-Z
oL —

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

H or"L Doing so will facilitate compatibility with future EDO DRAMs.
28H4721 @IBM Corporation, 1995. All rights reserved.
SA14-4223-01 Use is further subject to the provisions at the end of this document.
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IBM0118165M IBM0118165
IBM0118165P IBM0118165B
1M x 16 10/10 EDO DRAM

Write Cycle (Delayed Write)

tre »
- tras i | trp =
Vg — 3 B
RAS \
Vi — X
= tosH “‘
Treo trey r*tCHP —-
UCAS ¥ - X ) exs
LCAS v
L — 1 4
— Toan fe—
V\H + £ 1/
Address Column ¥ A
VH_ _l w‘ ‘!\
< towL .
7\"_ tWP —™ rl
e Trw, ——]

CE 3 e topn —it
V\L \ \
1—tDH —™
“tDZO_" tDS“
Viy i Y
. \
Din Valid Data In |
V\L - *l X
Von — .
Deur Hi-Z
Voo —
*1 reater than or equal to t
sH" or " oeH 9 q cwiL
NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
Doing so will facilitate compatibility with future EDO DRAMSs.
©IBMCOfp0ra“0n1995A”ngmsresewec’28H4721
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T= IBMO118165  IBMO118165M
IBMO118165B IBM0118165P
1M x 16 10/10 EDO DRAM

Read-Modify-Write Cycle

" trwc >
B tras - Trp —»!
Vi _ AN X
RAS
ViL - 1 =+
- tesn >
e trco e trsH - ﬁ" Toap—
UCAs Vi - : foas -
LCAS
7

Address

.
- towo re— T
- tAWD > t
i ‘ ‘ CWL
tWHF’ ‘WRH tRWD -l
o — e ‘
Vig _ | ALY
WE Laa \ :
- - tFiCS . I £
tOEH
Viy — e— Toea —m +
OE A \
V\L — \ l‘
- tDZC 4’1
tDZO -
Vin A
Dy } Hi-Z
Vi toac
e lciz
VOH — *
Dour Hi-Z Hi-Z
trac *tOEH greater than or equal 10 tow.
S or 9 NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
) Doing so will facilitate compatibility with future EDO DRAMSs.
28H4721 .................................................................................................................................................... é IBMCorporanon1995A||r|gmsreserved
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IBM0118165M IBM0118165
IBM0118165P IBM0118165B
1M x 16 10/10 EDO DRAM

EDO (Hyper Page) Mode Read Cycle

—mt
trase a
Vip— +
RAS \ . - .
Vi — L '
N toee . torp —=
- treo » e—tcp—» e—top—m fe—— tRgH —=
1
RS «— thcas — Thoas
UCAS Yk — : / 3\ / \ J
[CAS \ \ \ I / \ /
tean - - traL -
TASH_ tran lasc tcan loan
Vi
Address v Column 1 lumn 2 umn N
L —

troH —»

il

twre| [twrr Trrx

NOTE 1
1
e toac— loacs e
- tCPA —~ "*tCPA T
loes ‘ PSP
e tan o tan
tDEA
Vi Y
E V : |
IL —
thac Loez
! Tan ! - toon i
leas DOH—™  |*—
tCLZ
Veon— A Y ¥ AT 3
Dour Hi-Z ’e\/ Data Qut 1 % Data Qut 2 % Data Qut N >7
VoL %K T x VX 7

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

Hror "1 Doing so will facilitate compatibility with future EDO DRAMSs.

@IBM Corporation, 1995. All rights reserved. 28H4721
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IBMO118165  IBMO118165M
IBMO118165B IBM0O118165P
1M x 16 10110 EDO DRAM

—mtrp
trasp
ms \ 1
= tepan >
ViL— X 1
tuee torP ——m
o taco > m—tcp e—top—m fa——tRgH —
d—tHCAS—b fot—— tHCAS — [e— tHCAS
UCAS Vi — L e : / ] i
LCAS / \
IL— L g - T X
tCSH - -l—tRAL4"
tAsn_ tran tasc | tean tasc _ tean N _TASC__ _ toan .
I
Address v Column 1 Column 2 Column N
IL
troH —»f m—
twar [fwan L0 M
e tros
— toag —m e o ac =
torr—w e
| e lopa —m  pe—lopp ———~
OES
" ” tan - tan —»
_loga —loene locs i tOEHC—-T te——Toes —]
< | o
A e locp
Vi / X
« ‘ trac - toez
| | tOEA
| Lan .
toac | P ' o Topr -
toiz
Vion— A S 1 A S 1 A 3
Dour Hi-Z % Data Out 1 @ Data Out 2 @ Data Out N )7
Vo— iy T X T ¥Vt 7

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

HrortL Doing so will facilitate compatibility with future EDO DRAMS.
28H4721 @IBM Corporation, 1995. All rights reserved.
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IBM0118165M IBM0118165
IBM0118165P IBM0118165B
1M x 16 10/10 EDO DRAM

—mtrp
trasp
ms \ 1
« tepan >
ViL— + 1
thee torP ——m
i tRCD > -—tcp—- -(—tcp—n- —— tRSH -
e Thcas —w e thcas e thcas
UCAS Vi — T /‘ \ g X !
LCAS Vi, _ | i | \
tosn - e tral ——|
tASFi_ tran tasc _ tcan ~ tasc | tean ~ tasc N ‘tCAH .
Vi ; /
Address Column 1 Column 2 Column N
h ¥
- tAA ‘4> |-— tAA Ln ‘
tRoH = fa— tros tRoH—wl e LTRCS T —m e
twar [fwan Lari "
e tros
Y twez A twez r
"—ICAC—D tCAC top;:;.. he—
« tora » e lepa—
toes
o V\H Al _ J[OEA =
Ok A
Vi
- ‘ tOEZ
: A—IWH2~—‘
Veou— 4 N} \
Dour Hi-Z Data Qut2 ) % Data Out N )7
oL iy vy I
T NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
) Doing so will facilitate compatibility with future EDO DRAMSs.
©IBMCOfp0ra“0n1995A”ngmsreser\l8d28H4?21
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===%= IBM0118165  IBMO118165M
IBMO118165B IBM0118165P
1M x 16 10/10 EDO DRAM

EDO (Hyper Page) Mode Early Write Cycle

t
Lrasp o b
RAS \
Vi — L !
- tHPC » J[CRF‘
. lreo - lop - lep —» lrsh
S thoas |
UCAS V‘H - + hl z tHCAS | d—tHCAS—-
LCAS
Vi— 1 ] \ \ __
e LRAD
- Losn -
— tRaL
Lasa| | tnan | tasc tean tasc || toan
Address Column 1 lu
twre| ftwrn
-y e WCS
Vi ; ::::::.‘\
WE 7 \ [ twe twe

Fft[)sa- — rtDH -(»tDSi- “*tDH rtgga- %tDHa
V\H A
Din v ¥ Dataln Data In 2 Data InN
IL /
S op L NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
’ Doing so will facilitate compatibility with future EDO DRAMSs.

OF = Don't care

28H4721 ©IBM Corporation, 1995. All rights reserved.
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IBM0118165M IBM0118165
IBM0118165P IBM0118165B
1M x 16 10/10 EDO DRAM

—

RP

S trase -
VY
RAS \
VlLf X IR
o tore

- treo - he— P —m lep —= LrsH
UCAS Vin— ] -tHCAS = b e Thcas — = K — thcas —»
LCAS vV \
IL— X ' L 7 + .

-—IRAD

i tosH * ————— tRAL — -

Lasr| | trar ‘ ‘ tasc | loan Lasc Loan Lasc Lo
s ‘ ‘

Column 1 Column 2 Column N
towl
twre| [WRH e thes Lres e— s —»
twe y twe y twe

- Toek - —toen - lomx

D Hi-Z

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

: uHu or nLu

@IBM Corporation, 1995. All rights reserved. 28H4721
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T= IBMO118165  IBMO118165M
IBMO118165B IBM0118165P
1M x 16 10/10 EDO DRAM

EDO (Hyper Page) Mode Read Modify Write Cycle

-+ tHASP

- tuprwe » terp

lep Lep

tFECD

UCAS
LCAS

Address

e I tAWD I tAWD — iitAWDA-
) tRC§ thcs | t tres) |
i q—tCWD—- t re——— LCWD ——m "7ICWD*'
WP J[Wp tWF‘

- lalcac
Li tRAC — —a- -IftCAC e "_tCAC

| ™ |'F Leoen ™ |‘FtOEH
Vi A ToEa—] f Loga
OE V A IOEA—.- - l
b T tcen f toen 3 toen
T CEZ
Von—

Dour Hi-Z H
VOL— ou
Vig—

D Hi-Z
Vi —

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

SHorL Doing so will facilitate compatibility with future EDO DRAMs.

28H4721 ©IBM Corporation, 1995. All rights reserved.
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IBM0118165M IBM0118165
IBM0118165P IBM0118165B
1M x 16 10/10 EDO DRAM

—

RP

tRASP -
Y,
RAS \
VlL_ _Y —
tCHF’

- thrc » he—— trey — =
- treo . _tHcAs_ e | Licas —» tee N P T
TUCAS Vii— T 3 U
LCAS Vi \ ,, \ / \ ‘;V
W N7 K

e—TRaD
-+ CSH > 17tﬁm_4b-
tasa| |Tran 1 t
e tpsc _ loaw ASC ety

Address

Golumn 1 lumn 2 Column N

— [— = tros =

e—lopa——»f
ol
o et AR ——®
V %\ OEA [
eyl IH Y tCAC
OE 4
Vi Fi
‘ trac toez-» —
L— taa———»
t i look—s - trz—s fu—
D Vion— . o A ¥ T AT L
our Hi-Z < Data Qut é Data Qut
oL V K Fi ALY i
fos) | fon
Vi — . AL !
D Hi-Z < Dataln p—
VIIL — x i+
SHY or 9" 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, 1995. All rights reserved. 28H4721
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===%= IBM0118165  IBMO118165M
IBMO118165B IBM0118165P
1M x 16 10/10 EDO DRAM

* the
- tras - tap
V|H . = xr 1
RAS \
Vie — 4 +
tRPC — [e— —] tCFiP [e—
— Vi _
UCAS
LCAS
ViL —
—mitran
Address Row :'\
Vou—
DOUT Hi‘z
Voo —
L H or L
NOTE: WE, OF and Dy are “H” or “L”
28H4?21 .................................................................................................................................................... © |BMC0,—p0,—a1|0n1gg5A||ng msrese Ned
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IBM0118165M IBM0118165
IBM0118165P IBM0118165B
1M x 16 10/10 EDO DRAM

- lae
- tras
Vi — -
RAS \
Vie— trec X
4" tosr e i
—= losp e
— Icp
* LS >
UcAs Vi 1 / )
LCAS / 2
— twrn — —= twrh pe—
twrp —= twre —»]
S S e S S S i
Vig_
OF /
VH_ — F
- toon »
- teoo *
Vou — £
Dy Hi-Z —f
VoL —
e topz —
o lofp ———=
VOH \\—
Dour ) Hi-Z
VoL _
S or 4L
NOTE: Address is "H” or “L”
@IBM Corporation, 1995. All rights reserved. 28H4721
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IBMO118165  IBMO118165M
IBMO118165B IBM0O118165P
1M x 16 10110 EDO DRAM

Hidden Refresh Cycle (Read)

tRC tFiC Ll
r-Trp —o e TRP —u
. tras > - tras »
V\H —_ 17 ,‘ 37 o 2
RAS / x
Vi - X 7 X v
teco tRrsH —= tenn - tere -
UGAS Vv - A \
LCAS
Vi — . _
e— trap — == traL =— twry
——l- g — — [— t
tasr tasc WhRP
Address :<
WE \
. V‘H ““““““““““““““““““““““““““““““““““““““ ‘;‘ g IOEA — - e
OE 3k Ji
Vi - ! )i
il 28 "‘
tozo
Vi —
D ) Hi-Z
Vi - f e toac —
t _’I = Logr
e—— Loz
Vou — 3
Dour Hi-Z Valid Dala Qut }Hi—z -
Vo — J
N trac
: HH” Or ((L!l
23H4721 ....................................................................................................................................................................................................................................................................................................... © |BMCorpora1|on1995A||ngmsreserved
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IBM0118165M IBM0118165
IBM0118165P IBM0118165B
1M x 16 10/10 EDO DRAM

Hidden Refresh Cycle (Write)

- tro o tre
trp —= thp =
- tras - - tras
V|H —_ — L 4
RAS \
Vie - X T y X
tren rh— gy lour - tcre
UCAS Vm — AN \ I
LCAS
Ve — o i
task |
tean [—
Address : <
k¢ | !
- lwre F
e Ty - Y r—
Wy A
WE A twp \
Vi i} k'
_ V|H _
OE
ViL —
— = tDS — ‘JtDH fot—
Viy f A
A (r
Dy J Valid Data ¥
Vi ’.L ,L‘
Vou —
Dour Hi-Z

: qu! or “I_”

@IBM Corporation, 1995. All rights reserved.
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== IBMO118165  IBMO118165M
IBMO118165B IBM0O118165P
1M x 16 10110 EDO DRAM

Self Refresh Cycle {(Sleep Mode) - Low Power version only

N trass » e tres
VIH— \ 5
VIL— tRPC X o
TCSR -— lers —» Icrp
™ - - () »
UCAS Vw— ., - ]
LCAS v / : i
IL— I i

Dour ) Hi-Z 7

uH!l or uL!l

NOTES:
1. Address and OE are “H" or “L"

2. Once RAS (min) is provided and RAS remains low, the DRAM
will be in Self Refresh, commonly known as “Sleep Mode.”

3. If thase > tewp (Min) then 1 applies.
If thass € toup (Min) then tou: applies.

28H4721 ©IBM Corporation, 1995. All rights reserved.
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IBMO118165  IBMO118165M
IBMO118165B IBM0O118165P
1M x 16 10110 EDO DRAM

PACKAGE DIMENSIONS (400mil; 50/44 lead; Thin Small Outline Package)

20.95% 0.10

= - DetaiIA\
)
5 O o O 5 A A A i ] Sy
b
HHHHEHHHHEHH B : y L

0.075
> 0125 0005

Lead #1

Seating Plane

| —
0.80 Basic 035 * g'g)g 0.875 REF

Detail A
xf Basi
1.00 £ 0.05 0.25 Basic
E Gage Plane
&
- 4
‘—JT
0.05 019 0.5+ 0.1

NOTE: All dimensions are in millimeters; Package diagrams are noi drawn to scale.

28H4721 ©IBM Corporation, 1995. All rights reserved.
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IBMO118165  IBMO118165M
IBMO118165B IBM0O118165P
1M x 16 10110 EDO DRAM

PACKAGE DIMENSIONS (400mil; 42/42 lead; Small Outline J-Lead)

27.305% 0.127 o

3505 % 0.254
2.083 min
0.76 min

gooanoanonoannaannranmnn ] 7,‘w

10,16 £ 0,127
11178 £ 0,127
9.398 Baslc

<

IS \IgiuEEp iR RN R AR AR AR RN U E—

2

0.208 *0 052

Lead #1 1.D.
Lead #1
b 3 Seating Plane
: 0.088
1.27 Basic 042 f0.039 0.69 4:82)%3

NOTE: All dimensions are in millimeters; Package diagrams are not drawn io scale.
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Revision Log

IBMO118165  IBMO118165M
IBMO118165B IBM0O118165P
1M x 16 10110 EDO DRAM

Revision _ Contents Of Modification
11/15/95  Initial Release
1. The Low Power and Standard Power Specifications were combined. ES# 28H4722 and ES# 28H4 723 were
combined into ES# 28H4723.
2. Added Die Rev E part numbers.
3. A -6R speed sort was added, with the following differences over the -60 speed sort:
toac was increased from 15ns to 17ns for the -8R speed sort
trco (max) was decreased from 45ns to 43ns for the -8R speed sort.
12110/95 - fgwp was increased from 34ns to 36ns for the -6R speed sort.
- logpa was increased from 15ns to 17ns for the -6R speed sort.
4. tcpp was added to the Self Refresh Cycle with a value of 350us for all speed sorts.
5. The Self Refresh timing diagram was changed to allow CAS to go high toyp (350us) after RAS falls entering a
Self Refresh.
6. The GBR timing diagram was changed to allow CAS to remain low for back-to-back CBR cycles.
7. WE for the Hidden Refresh Write cycle in the Truth Table was changed from "L to” H”.
28H4721 @IBM Corporation, 1995. All rights reserved.
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