IBMO165405B
IBM0165405P

16M x 4 12/12 EDO DRAM

Features

* 16,777,216 word by 4 bit organization

¢ Single 3.3 £ 0.3V power supply

* Extended Data Out (Hyper Page Mode)
» CAS before RAS Refresh

- 4096 cycles/Retention Time
« RAS only Refresh
- 4096 cycles/Retention Time
e 64ms Standard Power (SP) Retention Time
* 256ms Low Power (LP) Retention Time
+ Hidden Refresh
+ Self Refresh (400uA) - LP Version Only

+ Read-Modify-Write

* Performance:

-50 -60
trac |RAS Access Time 50ns 60ns
tcac |CAS Access Time 13ns 15ns

taA Column Address Access Time | 25ns 30ns

tre |Cycle Time 89ns 104ns

twpc |Hyper Page Mode Cycle Time | 20ns 25ns

¢ Max. Power Dissipation (-60)
- Active: 472mW
- Standby (SP LVCMOS): 3.3mW
- Standby (LP LVCMOS): 0.7mW

* Package: SOJ-34 (500mil), TSOP-34 (500mil)

Description

The IBM0165405B/P is a dynamic RAM organized
16,777,216 words by 4 bits. This device is fabricated
in IBM’'s most advanced CMOS silicon gate process
technology. The circuit and process design allow
this DRAM to achieve high performance and low
power dissipation. The IBM0165405B/P operates
with a single 3.3 £ 0.3V power supply, and inter-
faces directly with either LVTTL or LVCMOS levels.
The 24 addresses required to access any bit of data

are multiplexed (12 are strobed with RAS, 12 are
strobed with CAS). They are packaged in a 34 pin
plastic SOJ (500milx875mil), and a 34 pin plastic
TSOP type Il (500mi!x875mil). ThelBM0165405P
parts are low power devices supporting Self Refresh
and a 256ms retention time.

Currently the 60ns parts are available. The 50ns
parts are under evaluation.

Pin Assignments (Top View)

- ~
VCCE 1 O MJVSS
voo [ 2 331 voa
vor [ 3 a2 voz
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as [ 18 20[1 a7
as [ 16 19[] a6
vee 0O 17 18[] vgs
\- J

Pin Description

RAS Row Address Strobe
CAS Column Address Strobe
WE Read/write Input

A0 - A1 Address Inputs
OE Qutput Enable

1100 - /103 Data Input/output
Vee Power (+3.3V)
Vss Ground
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IBM01654058B
IBM0O165405P
16M x 4 12/12 EDO DRAM

Ordering Information

Part Number Power Self Refresh Power Supply Speed Package Notes
IBM0165405BJ5B-50 SP No 3.3V 50ns 500mil SOJ 34 1
IBM0165405BJ5B-60 SP No 3.3v 60ns 500mil SOJ 34 1
IBM0165405BT5B-50 SP No 3.3V 50ns 500mil TSOP 34 1
IBM0165405BT5B-60 SP No 3.3v 60ns 500mil TSOP 34 1
IBM0165405PT5B-50 LP Yes 3.3V 50ns 500mil TSOP 34 1
IBM0165405PT5B-60 LP Yes 3.3V 60ns 500mil TSOP 34 1

1. SP = Standard Power version (IBM0165405B);

LP = Low Power version (IBM0165405P)

Block Diagram

/00 1101 1/O2

!

!

/03

!

Al

Vce Vss
T T l“} ’
Data In Buffer Data Out Buffer |
WE
& i i
I 4 4
—_— No. 2 Clock
CAS Generator |
!
Column
AQ —~ 12 Y Address P Column Decoder
Al —o Buffer (12)
A2 Sense Amp and I/O Gate
A3 — Refresh [
A4 —a Controller | - 4096x4 -
A5 —»] i
A6 —» Refresh
A7 —» Counter (12) 5
AS —- § \ Memory
AQ —ni 12 @ |a096 Array
Row [a]
SR ,
A10— y| Address 12 > z [ 4096 x 4096x 4
Al1l— 12 Buffer(12) fost
4 t
RAS —» No.1Clock [
Generator 1
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IBM0O165405B
IBM0165405P
16M x 4 12/12 EDO DRAM

Truth Table
Function RAS | CAS | WE | oE |, Row | Column 100 - /O3
Address | Address
Standby H H—X X X X X High Impedance
Read L L H L Row Col. Data QOut
Early-Write L L L X Row Col. Data In
Delayed-Write L L H-L H Row Col. Data In
Read-Modify-Write L L H-L | LoH Row Col. Data Out, Data In
EDO (Hyper Page) Mode 1st Cycle L H-t L Row Col. Data Out
Read 2nd Cycle L HosL | H L N/A Col. Data Out
EDO (Hyper Page) Mode 1st Cycle L H-L L X Row Col. Data In
Write 2nd Cycle L HolL | L X N/A Col. Data In
EDO (Hyper Page) Mode 1st Cycle L H-L H-L L-H Row Col. Data Qut, Data In
Read-Modify-Write 2nd Cycle L HoL | HoL | LoH | NA Col. Data Out, Data In
RAS-Only Refresh L H X X Row N/A High Impedance
CAS-Before-RAS Refresh H-L L H X X N/A High impedance
Read L—oH-L L H L Row Col. Data Qut
Hidden Refresh
Write L—oH-—L L H X Row Col. Data In
Self Refresh (LP version only) H-L L H X X X High impedance
27H6250 ©IBM Corporation, 1996. All rights reserved.
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IBM0O1654058B
1BM0165405P

16M x 4 12/12 EDO DRAM

Absolute Maximum Ratings

Symbol Parameter Rating Units Notes
Vee Power Supply Voltage -0.5t0 4.6 \ 1
Vin Input Voltage -0.5 to min (V¢c+0.5, 4.6) \Y 1
Vour Output Voltage -0.5 to min (Vgg+0.5, 4.6) Y 1
Torr Operating Temperature 0to+70 °C 1
Tsra Storage Temperature -55 to +150 °C 1
Po Power Dissipation 1.0 w 1
louy Short Circuit Output Current 50 mA 1
1. Stresses 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 (7,=0 to 70°C)

Symbol Parameter Min. Typ. Max. Units Notes
Vee Supply Voltage 3.0 3.3 3.6 A 1
Vin Input High Voltage 2.0 —_ Voo + 0.3 Y 1,2
Vi Input Low Voltage -0.3 — 0.8 \ 1,2

1. All voltages referenced to Vgg.
2. V| may overshoot to V¢ + 2.0V for pulse widths of < 4.0ns with 3.3 Volt. V|; may undershoot to -2.0V for pulse widths < 4.0ns
with 3.3 Volt. Pulse widths measured at 50% points with amplitude measured peak to DC reference

Capacitance (Ta=0to +70°C, V¢c=3.3 + 0.3V, f=1MHz)

Symbol Parameter Min. Max. Units Notes
Cy Input Capacitance (A0 - A11) — 5 pF
Cr Input Capacitance (RAS, CAS, WE, OE) — 7 pF
Cis Data I/O Capacitance (I/00 - 1/03) — 7 pF
©IBM Corporation, 1996. All rights reserved. 27H6250

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

Page 4 of 31

5A14-4238-01
Revised 4/96

M 900bl4b 0001838 951 WA

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




IBM0165405B
IBMO165405P
16M x 4 12/12 EDO DRAM

DC Electrical Characteristics (Tp =010 +70°C, Vgc = 3.3 £ 0.3V)

Symbol Parameter Min. Max. Units | Notes

Operating Current -50 — 155

lect Average Power Supply Operating Current mA 1,2,3
(RAS, CAS, Address Cycling: tge = tge min) -60 —_ 130
Standby Current (LVTTL)

lecz Power Supply Standby Current — 2 mA
(RAS = CAS = V)
RAS Only Refresh Current _ 50 130

leca Average Power Supply Current, RAS Only Mode mA 1,8
(RAS Cycling, CAS = V|4: tge = tge min) -60 —_— 110
EDO (Hyper Page) Mode Current .50 —_ 100

lcca Average Power Supply Current, Hyper Page Mode mA 1,2,3
(RAS = Vy, CAS, Address Cycling: tpg = tpc min) -60 — 80
Standby Current (LVCMOS)- Low Power
Power Supply Standby Current — 200 pA

| (RAS =CAS = VCC - 02V)

cos Standby Current (LVCMOS)- Standard Power
Power Supply Standby Current — 1 mA
(RAS = CAS = Vs - 0.2V)
CAS Before RAS Refresh Current -50 — 145

lece Average Power Supply Current, CAS Before RAS Mode mA 1,2
(RAS, CAS, Cycling: tpe = tre min) -60 —_— 120

Self Refresh Current (LP version only)

| Average Power Supply Current during Self Refresh a4
ccr CBR cycle with RAS = taasg (min); CAS held low; - 00
WE = V¢ - 0.2V; Addresses and Dy = Ve - 0.2V or 0.2V

RA

Input Leakage Current
Iy Input Leakage Current, any input -2 +2 HA
(0.0 2 Vyy 2 V), All Other Pins Not Under Test = 0V

Output Leakage Current

low) (Dot is disabled, 0.0 > Vour 2 Veg) -2 +2 HA
Output High Level (LVTTL)
Von Output “H” Level Voltage (loyt = -2mA) 2.4 - v
Output Low Level (LVTTL)
Vou Qutput “L” Level Voltage (Igyt = +2mMA) - 0.4 v
Output High Level (LVCMOS) R
Von Qutput “H” Level Voltage (loyt = -100pA) Veg-0.2 - v 4
Output Low Level (LVCMOS)
Vo Output “L” Level Voltage (Iout = +100uA) - 0.2 v 4
1. Ycc1, lces, lcca. Icce depend on cycle rate.
2. lgc1, lcca depend on output loading. Specified values are obtained with the output open.
3. Column address can be changed once or less while RAS =V, and CAS =V|,.
4. Voo (LVCMOS) and Vo (LYVCMOS) levels are not intended for use as timing reference levels. LVCMQOS levels are the quiescent
state of a low impedance output driver, under the specified load condition.
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IBM0O165405B
IBM0O165405P
16M x 4 12/12 EDO DRAM

AC Characteristics (Ta=0to +70°C, V¢c=3.3 £ 0.3V)

1. Aninitial pause of 100us 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.

2. AC measurements assume ty=2ns.

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

4. Valid column addresses are only AQ through A11.

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

-50 -60
Symbol Parameter Units Notes
Min. Max. Min. Max
the Random Read or Write Cycle Time 84 — 104 —_ ns 1
trp RAS Precharge Time 30 — 40 — ns
tep CAS Precharge Time 8 — 10 — ns
tras RAS Pulse Width 50 100k 60 100k ns 1
tcas CAS Pulse Width 8 100k 10 100k ns 1
tasr Row Address Setup Time 0 — [ — ns
traH Row Address Hold Time 8 — 10 — ns
tasc Column Address Setup Time 0 — 0 — ns
tcAn Column Address Hold Time 8 — 10 — ns
trco RAS to CAS Delay Time 12 37 14 45 ns 2
trap RAS to Col. Address Delay Time 10 25 12 30 ns 3
trsH RAS Hold Time 8 —_ 10 — ns
tosH CAS Hold Time 45 — 50 — ns 1
tere CAS to RAS Precharge Time 5 — 5 — ns 1
toen OE to D\y Delay Time 13 — 15 — ns 4
tozo OE Delay Time From Dy 0 — 0 — ns 5
toze CAS Delay Time From Dy 0 — 0 — ns 5
tr Transition Time (Rise and Fall) 1 50 1 50 ns 2
1. In a Test Mode Read cycle, the value of trac, taa, Icac and tcpa are delayed by 5ns from the specified value. These parameters
must be adjusted in Test Mode cycles by adding 5ns to the specified value. Associated timings must also be adjusted by 5ns.
2. Operation within the tgcp{max.) limit ensures that tgac(max.) can be met. tgcp(max.) is specified as a reference point only. If tgep
is greater than the specified trcp(max.) limit, then access time is controlled by tcac.
3. 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 controlied by taa.
4. Either tcpp or topp must be satisfied.
5. Either tpzc or tpzo must be satisfied.

©IBM Corporation, 1996. All rights reserved.
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IBM0165405B
IBM0165405P
16M x 4 12/12 EDO DRAM

Write Cycle
-50 -60
Symbol Parameter Units Notes
Min. Max. Min. Max.
twes Write Command Set Up Time 0 — 0 — ns 1
twen Write Command Hold Time 8 — 10 — ns
twe Write Command Pulse Width 7 — 10 — ns
tawe Write Command to RAS Lead Time 8 — 10 — ns
tewt Wirite Command to CAS Lead Time 8 — 10 — ns
tos Dy Setup Time 0 - 0 — ns 2
tor Dy Hold Time 7 — 10 —_ ns 2
1. twes, trwp, towp, tawp and tepwp are not restrictive operating parameters. They are included in the data sheet as electrical charac-
teristics only. If tyes = twes(min.), the cycle is an early write cycle and the data pin will remain open circuit (high impedance)
through the entire cycle. If tawp 2 trwp(Min.), tewp 2 tewp(min.), tawp = tawp(min.), and tcpwp = topwp(min.)(Fast Page Mode), 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 con-
ditions is satisfied, the condition of the data out (at access time) is indeterminate.
2. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in Read-Modify-Write cycles.
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IBMO165405B
IBM0165405P
16M x 4 12/12 EDO DRAM

Read Cycle
-50 -60
Symbol Parameter Units Notes
Min. Max. Min. Max.
trac Access Time from RAS — 50 — 60 ns 1,2,3,5
tcac Access Time from CAS -— 13 — 15 ns 1,2,5
taa Access Time from Address — 25 — 30 ns 1,2,6
toea Access Time From OE —_— 13 — 15 ns 1,5
tacs Read Command Setup Time 0 — 0 —_— ns
tren Read Command Hold Time to CAS 0 — 0 — ns 6
trrn Read Command Hold Time to RAS 0 — 9] — ns
trRAL Column Address to RAS Lead Time 25 — 30 —_ ns 1
toz CAS to Output in Low-Z 0 —_ 0 _ ns 5
toez Output Buffer Turn-Off Delay From OE 0 13 0 15 ns 7
tcoo CAS to D\y Delay Time 13 — 15 — ns 4
torr Output Buffer Turn-Off Delay o] 13 0 15 ns 7
toes OE Setup Time Prior to CAS 5 — 5 — ns
torn OE Setup Time Prior to RAS (Hidden Refresh) 0 — 0 — ns
1. In a Test Mode Read cycle, the value of trac, taa, tcac and tepa are delayed by 5ns from the specified value. These parameters
must be adjusted in Test Mode cycles by adding 5ns to the specified value. Associated timings must also be adjusted by 5ns.
2. Operation within the tacp(max.) limit ensures that tgac(max.) can be met. tgcp(max.) is specified as a reference point only. If tgcp
is greater than the specified tggp(max.) limit, then access time is controlled by tcac.
3. Operation within the tgap(max.) limit ensures that tgac(max.) can be met. tgap(max.) is specified as a reference point only. If trap
is greater than the specified tgap(max.) limit, then access time is controlled by taa.
4. Either tgpp or topp must be satisfied.
5. Measured with the specified current load and 100pF.
6. Either tpoy Or tary Must be satisfied for a read cycle.
7. torr(max.) and toez(max.) define the time at which the output achieves the open circuit condition and are not raferenced to output
voltage levels.
©IBM Corporation, 1996. All rights reserved. 27H6250
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IBM01654058
IBMO165405P
16M x 4 12/12 EDO DRAM

Read-Modify-Write Cycle

-50 -60
Symbol Parameter Units Notes
Min. Max. Min. Max.
trwe Read-Modify-Write Cycle Time 111 — 135 — ns
tewp RAS to WE Delay Time 67 — 79 — ns 1
towo CAS to WE Delay Time 30 — 34 — ns 1
tawp Column Address to WE Delay Time 42 — 49 — ns 1
toen OE Command Hold Time 7 — 10 — ns

1. twes, trwps towo, tawp and topwp are not restrictive operating parameters. They are included in the data sheet as electrical charac-
teristics only. If twes = twes(min.), the cycle is an early write cycle and the data pin will remain open circuit (high impedance)
through the entire cycle. If tawp = trwp(min.), tcwo = tewo(min.), tawp 2 tawp(min.), and topwp = tepwp(min.)(Fast Page Mode), 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 con-
ditions is satisfied, the condition of the data out (at access time) is indeterminate.

Extended Data Out (Hyper Page) Mode Cycle

Symbol Parameter >0 00 Units Notes
Min. Max. Min. Max.

tcas CAS Pulse Width (Hyper Page Mode) 8 10K 10 10K ns
thpc Hyper Page Mode Cycle Time (Read/Write) 20 — 25 — ns

tHPRWC Hyper Page Mode Read Modify Write Cycle Time 51 —_ 66 -— ns
tooH Data-out Hold Time from CAS 5 — 5 — ns
twhz Output buffer Turn-Off Delay from WE 0 10 0 10 ns
twez WE Pulse Width to Output Disable at CAS High 7 — 10 — ns
tcPRH RAS Hold Time from TAS Precharge 27 — 35 — ns
tcpa Access Time from CAS Precharge _ 27 — 35 ns 1
trasp Hyper Page Mode RAS Pulse Width 50 200K 60 200K ns
toer OE High Pulse Width 7 — 10 — ns
toeHc OE High Hold Time from CAS High 7 — 10 — ns

1. Measured with the specified current load and 100pF at Vg = 0.8V and Vou= 2.0V.

27H6250
SA14-4238-01
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IBM01654058
IBM0O165405P
16M x 4 12/12 EDO DRAM

Self Refresh Cycle - Low Power version only

-50 -60
Symbol Parameter Units Notes
Min. Max. Min. Max.

RAS Pulse Width

taass During Self Refresh Cycle 100 — 100 — us 1
RAS Precharge Time

s During Self Refresh Cycle 84 — 104 — ns 1
CAS Hold Time

fors During Self Refresh Cycle -50 - -50 - ns 1

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.

Refresh Cycle

-50 -60
Symbol Parameter Units Notes
Min. Max. Min Max.
CAS Setup Time - _
tesn (CAS before RAS Refresh Cycle) 5 5 ns
CAS Hold Time
tenr (CAS before RAS Retresh Cycle) 8 - 10 - ns
WE Setup Time - _
twrp (CAS before RAS Refresh Cycle) 8 10 ns
WE Hold Time
twhH (CAS betore RAS Refresh Cycle) 8 - 10 - ns
trpc RAS Precharge to CAS Hold Time 5 — 5 — ns
SP version —_ 64 — 64
tRer Refresh Period ms 1
LP version —_ 256 — 256
1. 4096 cycles.
Test Mode Cycle
-50 -60
Symbol Parameter Units Notes
Min. Max. Min. Max.
twrs Test Mode WE Setup Time 10 — 10 — ns
twih Test Mode WE Hold Time 10 — 10 — ns
Counter Test Mode Cycle
-50 -60
Symbol Parameter Units Notes
Min. Max. Min. Max.
CAS Precharge Time in
topt Counter Test Cycle 35 - 40 - ns
©IBM Corporation, 1996. All rights reserved. 27H6250
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IBM0O165405B
IBM0165405P
16M x 4 12/12 EDO DRAM

<||I|

Read Cycle
tre
tras tre

Vi — 1 [ A
- \ /

VN. - ( 7

tosn ~i
trep trsh teap

Y y t | y
CAS CAS /

\IIL - (

le—traD traL

Address

taa
toes
CE
toep
O |
L*tOFF——
toez
1
Dour Valid Data Out F——Hi-Z —
1_
trac
- op 4L NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
T Doing so will facilitate compatibility with future HPM DRAMSs.
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IBM0165405B
IBMO165405P
16M x 4 12/12 EDO DRAM

Write Cycle (Early Write)

tre
tras tre

Viy — A . A
RAS \

ViL — T T

tosn —i tomp —a.
treo trRsH r— AP
c;—s'vIH - ] foas |
A
VIL — —(
—{tasA e —tasc je—

—

Address Column

twen

twe

— VIH
OE
Vi,
tos ton—»
y
Valid Data In
¥
Dour Hi-Z
Vou —
o or “L” NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
: Doing so will facilitate compatibility with future HPM DRAMs.
©IBM Corporation, 1996. All rights reserved. 27H6250
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IBM0165405B
IBMO165405P
16M x 4 12/12 EDO DRAM

Write Cycle (Delayed Write)

tre
tras | trp
Vi —
RAS
Vi — i
tesn —i
taco trsH l‘— tcap —
Vi — k' ;
CAS v cas
IL — . 7
—» toaH je—
Address Column
WE
__Vu
OE
VIL
tozo twap
tpzc ——
Din Hi-Z
Vou — toea
Dour Hi-Z
* toen greater than or equal to tew,
NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is aptional.
Doing so will facilitate compatibility with future HPM DRAMs.
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IBM0165405B
IBM0165405P
16M x 4 12/12 EDO DRAM

Read-Modify-Write Cycle

tawe
tras trp —
V)H - \ 3
RAS \
Vie = T 7
tosn =|1 t
taco trsH _'I CRP =T
Vi — . tcas
CAS
Vi
Vin u
Address . Column
Vi /
Vin
WE
VIL
Vin
OE
Vi
tog —» |
tozo !
Hi-Z
tcac
t
L tes OED
toez
VOH —_ *
Dour Hi-Z Doyr Hi-Z
Voo —
trac "toen greater than or equal to tow
.y ore»  NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
’ Doing so will facilitate compatibility with future HPM DRAMs.
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1BM0165405B
IBM0O165405P
16M x 4 12/12 EDO DRAM

Hyper Page Mode Read Cycle

—itrp
trasp
S VIH — -\
tCPF’IH /
Vi~ 3 v
thec tomp -
trep te—top —»] le—tcp—»f trsh
thons — tHeas e thcas
V|H —_— - - = - —L
- I w \
Vi — * v C X .
tesu traL
tASH tHAH tASC tCAH tASC tCAH tI\SC tCAH
ot
p
Address Column 2 Column N
tach —
trrH
X .
le—tcac —m e tcac = e
e topa —»  te—tocpa T—
togs I | tOFF — ft—
. tan tar —
toea
OE
toon ;
tcac poR=—= ==
oz
Vor— A 3 A N
Dour Hi-Z Data Out 1 Data Out 2 Data Out N }—
Vo— K y, X a
- or “L” NOTE 1: Implementing WE at RAS time During a Read or Write Cycle is optional.
’ Doing so will facilitate compatibility with future HPM DRAMs.
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IBM0165405B
IBM0165405P
16M x 4 12/12 EDO DRAM

Hyper Page Mode Read Cycle (OE Control)

—trp
trase
V= A ]
RAS \ tepri
Vi — K -
thiec terp —
treo e—tcp—» e tcp —» trsH
ke tHcas —a le— tHcas le— thcas
VlH —_— - \ —[ -\ -[ —\ —L
CAS \, _ \ ] | / ] \
tesm tral
tasr| | taan tasc tean tasc foan tasc tean
ViH
Address Column 2
Vi
_Vn
WE
ViL—
‘—tCAC — [ tCAC-—
torF— |
tcpa —=  e—topa ——r
toes
taa taa —»
toea <—tOEHC—-' tOES—--—tOEHC e tops—
7<—tOEP / 4—-t05p
tOEA —=
S togz—» e tOEZ —>
A A X
Dour Hi-Z Data Out 2 Data Out N |—
oL— A K r

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

“H” or “L” . . o o !
Doing so will facilitate compatibility with future HPM DRAMs.
@©IBM Corporation, 1996. All rights reserved. 27H6250
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IBM0O1654058
IBM0O165405P
16M x 4 12/12 EDO DRAM

Hyper Page Mode Read Cycle (WE Control)

—tre
trasp
mAs T X
tcern Z
vIL - ¥ y
thec terp ——
trco e—tcp—> e—lcp—» |«— troH —=f
le— theas —» e— thcas le— thcas
CAS y, _ \ | / \ \r
¥
tesn traL
tasr| | tran tasc tean tasc tean tasc tean
Vi — r
Address v Column 1 Column N
I — L

e tan ——

tacH— tres troh— LtRCS tacn =+

teac torF—»] e

tcpA tCPA
toes

toea

i

y y X

Data Out N >——

. r

Data Out 1 } Data Out 2 }

VOH— -
Dour Hi-Z
Vo—

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

K

-« or L7

27H6250 ©iBM Corporation, 1996. All rights reserved.
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IBM0165405B
IBMO165405P

16M x 4 12/12 EDO DRAM

Hyper Page Mode Early Write Cycle

t
trasp i
V-
RAS
Vi — 14
t
tupc CRP
treo tep — tcr — tren
Vi — T thoas \ — tHeas | le—theas —»
CAS
Vi N 3 ¥ y
traL
tcan tasc toan
lumn 2
towe
trw
twen twes twen
twe

VIH
DIN

Vi

Data In 1

Dataln2

Data In N

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

StHortL Doing so will facilitate compatibility with future HPM DRAMs.

E = Don’t care

©IBM Corporation, 1996. All rights reserved. 27H6250
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IBM01654058
IBM0165405P
16M x 4 12/12 EDO DRAM

Hyper Page Mode Late Write Cycle
!
trasp i
Vi y
RAS
\/IL — +* +
tueg terp—s
trco top — tce — trsm
f
CAS Vi lK HoRS \-——- theas —= \<—tHCAS — / /L
Vi~ X Y K x5 N y
-—tnAo—>|
tesn traL
tasn| | tran tasc | toan tasc toan tasc toan
—n
Vi A
Address y Column 1 Column 2 Column N
L
K
thcs - tacs—
\ | twe twe
\ \ ]
toeo  tos | |ton toen tos | |ton, |toep, | tos | |fon
ViH— r 2 3
Din Hi-Z Dataln 1 Data In N
Vi — L A 4

N

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

27H6250
SA14-4238-01
Revised 4/96
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IBM0165405B
IBM0165405P
16M x 4 12/12 EDO DRAM

Hyper Page Mode Read Modify Write Cycle

tRASP

Vi — ! ]

ps

>

[y
]

tcp tCP

trep

trp
thprRWe tcnr@;

Viu— \'E ¥ \ h
CAS " \ teas / \-—— teas j / tcas
Vi — k 2 ] K 4

traD tras

tran

tcan

Address

DOUT

D Hi-Z
ViL—

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

. an or nL”

©IBM Corporation, 1996. All rights reserved. 27H6250
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iBM0165405B
IBMO165405P
16M x 4 12/12 EDO DRAM

RAS Only Refresh Cycle

tac

tras tap

VIH

O
P
w

— tASR fr—

Dour Hi-Z

VOL —_

: “H” or uL”

NOTE: WE, OF and Dy, are “H” or “L”

27H6250 ©IBM Corporation, 1996. All rights reserved.
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1BM0165405B8
IBM0165405P
16M x 4 12/12 EDO DRAM

CAS Before RAS Refresh Cycle

tre

tras tpp

V- { R ¥}
A Vi — tre \—‘ —/

tenr

- tWRH

toep

tcop

tOEZ

Von
Dour

Hi-Z

VOL—

. an or “Lu

NOTE: Address is “H” or “L”

@IBM Corporation, 1996. All rights reserved. 27H6250
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IBM0165405B
IBM0165405P

16M x 4 12/12 EDO DRAM

Hidden Refresh Cycle (Read)

thc tac
e {rp —»] e trp —of
tras tras
Viy — A 'S X a 3
RAS Z
Vi - T T X y
taco tasn —=| teun tore
CAS
Ve — AR i
<— trap traL (=— twrn —
— . — e —» e twrp
tash tasc
Address

_ VlH
WE
Vi
oF Vi toea —
Vi
toze
tozo |
Din Hi-Z
~ torr
toez
Dour Hi-Z Valid Data Qut }»Hi-Z -
VoL — S
trac
: “H” or IIL"
27H6250 ©IBM Corporation, 1996. All rights reserved.
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IBM0165405B8
IBM0O165405P
16M x 4 12/12 EDO DRAM

Hidden Refresh Cycle (Write)

tac tre
tRp—-> tRp—-
tRAS | tR/-\S

VIH — - — -
RAS \ X

Vi — 1 K y

taco trsH tonm | teap

Vi — 2
CAS

ViL — - 4

Address

VIH

VIL

Din Valid Data

Dour Hi-Z
VoL —

- 4 op 4L

©IBM Corporation, 1996. All rights reserved, 27H6250
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IBM0O165405B
IBMO165405P
16M x 4 12/12 EDO DRAM

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

tF{PS

tRAaa

Vin— -

trec *l X (5) 7
tce _—l

Vi —

t ~—
CSR tons

Vin—

3
L

Hi-z —S5

g op 90

NOTE: Address and OE are “H” or “L”

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

27H6250 ©IBM Corporation, 1996. All rights reserved.
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IBM0165405B
IBM0O165405P
16M x 4 12/12 EDO DRAM

CAS Before RAS Refresh Counter Test Cycle (Read)

tras trp
Viy — L £ R
RAS \ /
ViL — trpc ;
_'I tosr M t - | toppe—
It cPT
bl e toun tasn ——
VIH —_— - 1 -
—_— tons |
CAS Ve _ X_ Al %
— tCAH e
—>{tasc |+
|
Address

b
tan
[ a'l
Dour Hi-Z Valid Data Out
X 7
“H” or “L”

©IBM Corporation, 1996. All rights reserved. 27H6250
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Power ed
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IBM01654058B
IBM0165405P
16M x 4 12/12 EDO DRAM

CAS Before RAS Refresh Counter Test Cycle (Write)

thas f tre

RAS

Vi — tapc ——‘ T .

—-I tosp = tepr |a— torp f—
—| tcp t

Vi _ tchn \ RSH l
CAS g teas

Vv, _ A cA %

toan

Din Hi-Z

toez

torr

Data In

Hi-Z

27H6250
SA14-4238-01
Revised 4/96
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IBM0165405B
IBM0O165405P
16M x 4 12/12 EDO DRAM

Test Mode Entry Cycle

>

tras tre

Vi — trec 1 -

e

trpc —

—ﬂ teen

V|H — -

tCHR

0
>
w

Vm - -

Vi
Address

Vm

Vi

Vm

VIH —

Vie —

tODD

tCDD

D

Voo —

toez

torr

Dour
VoL

:uHu or nL”
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IBM0165405B
I1BM0165405P
16M x 4 12/12 EDO DRAM

4|||

Package Dimensions (500 mil; 34 lead; Small Outline J-Lead)

3.76 max
2.08 min
0.64 min

22.25+0.13

Lead#18\
-
nininisisininisinininisisinEnEn

e

S

CRrmr—— |

1372 012
1271 0.13
11.94 Basic

: : -
|2 [ N [ N N N N N N N [ N IS A

+0.06

Lead #1 Identifier 0.200 591

Lead #1

E

Seating Plane

1.27 Basic 042 004 0.66 . {04

NOTE: All dimensions are in millimeters.
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IBM0165405B
IBM0O165405P
16M x 4 12/12 EDO DRAM

Package Dimensions (500 mil; 34 lead; Thin Small Outline Package)

Detail A\
22.25 +0.10
Lead #34
~ ~

HAAAAHBAAAAAABAAABRABR { )

12.7+£0.10
14.3+0.20

& B!

HBEYHOBBEBBBEBEEEBHEBHE

+0.075
- 0.125 10508

Lead #1 Identifier

Lead #1

Seating Plane
JL =lo0]
0.4

. +0.12
1.27 Basic 4 _05.10
Detail A
= H 0.25 Basic
= 1.00 £ 0.05 Gage Plane
& !
- b \
d f
0.05*3:29 0.50 £ 0.1
NOTE: All dimensions are in millimeters.
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IBM0165405B
IBM0O165405P
16M x 4 12/12 EDO DRAM

Revision Log

Revision Contents of Modification

12/19/95 Initial specification release.

1. WE for the Hidden Refresh Write cycle in the Truth Table was changed from “L” to " H”
2. Increased the -50 Icc1 from 145ma to 155ma

3. Decreased the -50 Icc3 from 135ma to 130ma
4

04/03/96
. Increased lce5 SP from .9ma to tma for -50 and -60
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