SIEMENS

16M x 4-Bit Dynamic RAM
( 4k & 8k Refresh)

Preliminary Information

16 777 216 words by 4-bit organization
0 to 70 "C operating temperature
Fast access and cycle time
RAS access time:
50 ns (-50 version)
60 ns (-60 version)
Cycle time:
90 ns (-50 version)
110 ns (-60 version)
CAS access time:
13 ns ( -50 version)
15 ns ( -60 version)
Fast page mode cycle time
35 ns (-50 version)
40 ns (-60 version)
Single + 3.3 V (£ 0.3V) power supply
Low power dissipation
max. 396 active mW ( HYB 3164400J/T-50)
max. 360 active mW { HYB 3164400J/T-60)
max. 504 active mW { HYB 3165400J/T-50)
max. 432 active mW ( HYB 3165400J/T-60)

Ordering Information

HYB 3164400J/T -50/-60
HYB 3165400J/T -50/-60

7.2 mW standby (TTL)

720 uW standby (MOS)

Read, write, read-modify-write, CAS-before-
RAS refresh (CBR),

RAS-only refresh, hidden refresh and self
refresh modes

Fast page mode capability

8192 refresh cycles/128 ms , 13 R/ 11C
addresses (HYB 3164400J/T)

4096 refresh cycles/ 64 ms , 12 R/ 12C
addresses (HYB 3165400J/T)

Plastic Package:

P-S0J-34-1 500 mil HYB 3164(5)400J
P-TSOPI-34-1 500 mit HYB 3164(5)400T

Type Ordering Package Descriptions
Code

HYB 3164400J-50 |on request P-S0J-34-1 500 mit | DRAM (access time 50 ns)
HYB 3164400J-60 | on request P-SOJ-34-1 500 mil | DRAM (access time 60 ns)
HYB 3164400T-50 |on request P-TSOPII-34-1 500 mil | DRAM (access time 50 ns)
HYB 3164400T-60 |onrequest P-TSOPII-34-1 500 mil | DRAM (access time 60 ns)
HYB 3165400J-50 | on request P-SOJ-34-1 500 mil | DRAM (access time 50 ns)
HYB 3165400J-60 | on request P-SOJ-34-1 500 mil | DRAM (access time 60 ns)
HYB 3165400T-50 | on request P-TSOPII-34-1 500 mil | DRAM (access time 50 ns)
HYB 3165400T-60 |on request P-TSOP1I-34-1 500 mil | DRAM (access time 60 ns)
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HYB 3164(5)400J/T-50/-60
SIEMENS 16M x 4-DRAM

This device is a dynamic RAM organized 16 777 216 by 4 bits. The device is fabricated in
SIEMENS/IBM most advanced first generation 64Mbit CMOS silicon gate process technology. The
circuit and process design allow this device to achieve high performance and low power dissipation.
This DRAM operates with a single 3.3 = 0.3 V power supply and interfaces with either LVTTL or
LVCMOS levels. Multiplexed address inputs permit the HYB 3164(5)400J/T to be packaged in a
500mil wide SOJ-34 or TSOP-34 plastic package. These packages provide high system bit
densities and are compatible with commonly used automatic testing and insertion equipment.

Pin Definition and Functions

Pin No. Function

AO0-A12 Address Inputs for HYB 3164400J/T
AO-A11 Address Inputs for HYB 3165400J/T
RAS Row Address Strobe

OE Output Enable

1YO1-1/04 Data Input/Output

CAS Column Address Strobe

WRITE Read/Write Input

Vee Power Supply (+3.3V)

Vss Ground
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SIEMENS HYB 3164(5)400J/T-50/-60
16M x 4-DRAM

Pin Configuration

{top view)
P-S0J-34-1 (500 mil)
P-TSOPII-34-1 (500 mil)

Vee O 10 340 Vs
1/01 g2 330 1/04
i/02 O3 32p 1/03
N.C. 4 310 N.C.
N.C. 5 30471 N.C.
N.C. 06 2911 N.C.
NC. O7 28[1 CAS

WRITE ]8 27 GE
RAS (]9 267 N.C.
N.C. (J10 2501 A12/N.C*
A0 (11 2417 AN
A1 12 2311 A10
A2 {413 2217 A9
A3 (14 210 A8
A4 15 200 A7
A5 Q16 190 A6
e 17 180 Vs

SPPO2472
*¥Pin 25 is A12 for HYB 31644004/T and N.C. for HYB 3165400J/T
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SIEMENS HYB 3164(5)400J/T-50/-60

16M x 4-DRAM
TRUTH TABLE
FUNCTION RAS |CAS |WRITE |OE ROW [ COL |lO1-
ADDR | ADDR |1/04

Standby H H-X X X X X High Impedance
Read L L H L ROW | COL Data Out
Early-Write 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 L-H | ROW | COL |DataOQut, Dataln
Fast Page Mode Read  |1st Cycle L -L H L ROW | COL Data Out

2nd Cycle L n/a CoL Data Out
Fast Page Mode Early | 1st Cycle L H-L L X ROW | COL ~ Datain
Write

2nd Cycle L H-L L X n/a COoL Data In
Fast Page Mode RMW | 1st Cycle L H-L H-L L-H | ROW | COL | DataOut, Dataln

2st Cycle L - H- - n/a COL | Data Out, Data In
RAS only refresh L H X X ROW nfa | High Impedance
CAS-before-RAS refresh H-L L H X X n/a | High iImpedance
Test Mode Entry H-L L L X X n/a | High Impedance
Hidden Refresh READ L-H-L L H L ROW | COL Data Out

WRITE | L-H-L L L X ROW | COL Data In
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SIEMENS HYB 3164(5)400J/T-50/-60

16M x 4-DRAM
1/011/02 1/03 1/04
Data IN Data OUT . AF
Buffer Buffer O
WRE——d & 1 $
CAS 4
4
No.2 Clock |,
Generator
4
11 Column 11 )
’:‘> Address
AD Buffers (11) g:'cl:)’ge”r
Al —
A2 —P
A3 —» Refresh [+
A —> Controller | Sense Amplifier 4
A5 —» 1/0 Gating —
A6 —> v
A7 —»| Refrash y [YY
efres 2048
A8 —> Counter (13) 'Y
A9 —» Yy 'y
A0 —»| ips »
AT —> .‘
A1Z—»[13 Row 13 | Row : Memory Arra
Address 3 8192 Yoo
Buffers (13) Decoder A 8192 x 2048 x4
4
RAS N No.1 Clock
Generator
$PBO2454
Block Diagram for HYB 3164400J/T
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SIEMENS HYB 3164(5)400J/T-50/-60

16M x 4-DRAM
1/011/02 1/031/04
Data IN Data OUT ==
Buffer Buffer OF
WRITE ——d & I J
CAS ¢ .
I 4
No.2 Clock {q
Generator
12 Column 12 7
r—> Address o
Buffers (12) olumn
AD —> Decoder
At —
A2 —b
A3 —» Refresh Al
Controller i 4
AL —> 4 Sense Amplifier
A5 —» T 1/0 Gating —
A6 — - -
AT —» Refresh 4095
A8 —P» Counter {12) x4t
A9 —» vy v
A0 — @12 »
At —» 1 Row 0
Row y Memory Array
:> Address 4096
Buffers (12) Decoder . 4096 x 4096 x4
RIS | Mot Clock :—_T
Generator
SPB02456

Block Diagram for HYB 3165400J/T
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SIEMENS HYB 3164(5)400J/T-50/-60
16M x 4-DRAM

Absolute Maximum Ratings "

Operating temperature range .. 0to70°C

Storage temperature FaNQE..........oiviee ettt eeees e eneseeees —-55t0150°C

S0ldering TEMPETALUIE .......cveveeerc ettt sttt ee ettt sttt ee e e e e eean 260 °C

SOlARIING TIMIE ...ttt ettt st e e st sttt sb et et er e e nee et ntenens 10s

INput/oUtpUL VORAGE ... —05tomin (Ve +0.5,4.8) V

Power supply voItage ........................... -05Vto46V

POWET QISSIPAION. ..ot ettt ettt se e e e 1.0W

Data out current (ShOrt CIFCUIL) v.veveveiiveiciciec ettt eneeeea 50 mA

DC Characteristics

Th=01070°C, Vss =0V, Ve =3V £0.3V, (values in brackets for HYB 3165400J/T)

Parameter Symbol Limit Values | Unit | Note

min. max.

Input high voltage Vi 2.0 Ve +03 |V 2)

Input low voltage Vi -0.3 0.8 A 2)

Output high voltage (LVTTL) Vou 24 - \

Output ,H* level voltage (I, = — 2m A)

Output low voltage (LVTTL) Voo - 0.4 \

Output L'evel voltage (I, = + 2m A)

Qutput high voltage (LVCMOS) Vou Vee— |- Vv 6)

Output H" level voltage (Z,,, = — 100 uA) 0.2

Ouput low voltage (LVCMOS) Voo - 0.2 \ 6)

Output ,L" level voltage (/,, = + 100uA)

Input leakage current,any input Iy -2 2 pnA

(0V < V< Ve, all other pins =0V

Qutput leakage current Ioq, -2 2 uA

(DO is disabled, 0 V < Vi < Ve )

Average V. supply current: Iec
-50 ns version - 110 (140) [mA [3) 4)5)
-60 ns version - 100 (120) [ mA

(RAS, TAS, address cycling: tgg = tre min.)

Standby Ve supply current Ieco - 2 mA |-

(RAS=CAS =V}

Average V¢ supply current, during RAS-only Iecs

refresh cycles: -50 ns version - 110 (140) |mA |3)5)
-60 ns version - 100 (120) | mA

(RAS cycling: CAS = V! tge = trg min.)
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IE HYB 3164(5)400J/T-50/-60
SIEMENS 16M x 4-DRAM

DC Characteristics (cont'd)
To=01t070°C, Vgs =0V, Ve =3 V£0.3V, (values in brackets for HYB 3165400J/T)

Parameter Symbol Limit Values Unit | Note
min. max.
Average Vg supply current, Iccs
during fast page mode: -50 ns version - 85 (85) |mA |3)4)5)
-60 ns version - 75 (75) |mA
(RAS = V), CAS, address cycling: tpe=tpc min.)
Standby ¥ supply current Ioos - 200 A |-

(RAS=CAS= V- 0.2V)

Average V¢ supply current, during CAS-before- | Iecs
RAS refresh mode: -50 ns version - 110 (140){mA |3)4)
-60 ns version - 100 (120) | mA

(RAS, CAS cycling: tgc = tge min.)

Self Refresh Current Iecr - 200 A
Average Power Supply Current during Self Refresh.
(CBR cycle with faag>frass min, CAS held low,

WE = Voo — 0.2 V, Address and Din=V,, — 0.2V or 0.2 V)
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SIEMENS HYB 3164(5)400J/T-50/-60

16M x 4-DRAM

AC Characteristics (Notes: 7,8,9,10)

Th=01t070°C, V;;=33103V

Parameter Symbol Limit Values Unit | Note

HYB HYB
3164(5)400 3164(5)400
J/T-50 J/T-60
min. max. min. max.

Random read or write cycle time | tag 90 - 110 - ns 11
Read-write cycle time tawe 126 - 150 - ns

Fast page mode cycle time [ 35 - 40 - ns 11
Fast page mode read-write cycle | fppuc 71 - 80 - ns 11
time
Access time from RAS taac - 50 - 60 ns 11,12

13,18

Access time from CAS feac - 13 - 15 ns 1;,12
Access time from column tan - 25 - 30 ns 11,12
address 8
Access time from CAS topa - 30 - 35 ns 11
precharge 18
CAS to output in low-Z toz 0 - 0 - ns 18
Output buffer turn-off delay toer - 13 - 15 ns 20
Transition time (rise and fall) tr 3 30 3 30 ns |8
RAS precharge time tap 30 - 40 - ns

RAS pulse width taas 50 100k 60 100k ns 11
RAS pulse width thasp 50 200k 60 200k ns 11
(fast page mode)
CAS precharge to RAS Delay | tpycp 30 - 35 - ns

(fast page mode)
CAS precharge to WE foPw 48 - 55 - ns |16
(FPM RMW)

RAS hold time frsH 13 - 15 - ns

CAS hold time tesn 50 - 60 - ns
CAS pulse width teas 13 100k 15 100k ns 11
RAS to CAS delay time taco 18 37 20 45 12
RAS to column address delay thap 13 25 15 30 ns 13
time
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SIEMENS HYB 3164(5)400J/T-50/-60

16M x 4-DRAM
AC Characteristics (Notes: 7,8,9,10) (cont'd)
To=01t070°C, Ve =33£03V
Parameter Symbol Limit Values Unit | Note
HYB HYB
3164(5)400 3164(5)400
J/T-50 JIT-60
min. max. min. max.
CAS to RAS precharge time lorp 5 - 5 - ns 11
CAS precharge time top 10 - 10 - ns
Row address setup time IasR 0 - 0 - ns
Row address hold time tRan 8 - 10 - ns
Column address setup time tasc 0 - 0 - ns
Column address hold time foan 10 - 10 - ns
Column address to RAS lead tRaL 25 - 30 - ns 11
time
Read command setup time tRos 0 - 0 - ns
Read command hold time thcH 0 - 0 - ns 19
Read command hold time tRRH 0 - 0 - ns
referenced to RAS
Write command hold time twer 8 - 10 - ns
Write command pulse width twp 8 - 10 - ns
Write command to RAS lead time | taw 13 - 15 - ns
Write command to CAS lead time | fow 13 - 15 - ns
Data setup time Ips 0 - 0 - ns 17
Data hold time toH 10 - 10 - ns 17
Refresh period for tReF - 128 - 128 ms
HYB 3164400J/T
Refresh period for ther - 64 - 64 ms
HYB 3165400J/T
Write command setup time twos 0 - 0 - ns 16
CAS to WRITE delay time fown 31 - 35 - ns 16
{(RMW)
RAS to WRITE delay time (RMW) | tawp 68 - 80 - ns 16
Column address to WRITE delay | zawp 43 — 50 - ns 16
time (RMW) )
CAS setup time tosm 5 - 5 - ns
(CAS-before-RAS cycle)
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SIEMENS

HYB 3164(5)400J/T-50/-60

16M x 4-DRAM
AC Characteristics (Notes: 7,8,9,10) (cont'd)
T,=01070°C, Vs =3.3+0.3V
Parameter Symbol Limit Values Unit | Note

HYB HYB
3164(5)400 3164(5)400
JIT-50 JIT-60
min. max. min. max.

CAS hold time term 10 - 10 - ns
(CAS-before-RAS cycle)
RAS to CAS precharge time tree 5 - 5 - ns
CAS precharge time (CAS- tepT 25 - 30 - ns
before-RAS counter test cycle)
Write command setup time twrs 10 - 10 - ns
(in test mode entry cycle)
Write command hold time (in test | fyw 10 - 10 - ns
mode entry cycle)
Write to RAS precharge time twhp |10 - 10 - ns
(CAS-before-RAS cycle)
Wirite hold time referenced to twen 10 - 10 - ns
RAS (CAS-before-RAS cycle)
OE command hold time toen 13 - 15 - ns
QE access time oA - 13 - 15 ns 11,18
Output buffer turn-off delay from | #oe2 - 13 — 15 ns 20
OE
CAS delay time from Din toze 0 - 0 - ns 15
Data to OE low delay tozo 0 - 0 - ns 15
CAS high to data delay tcop 13 - 15 - ns 14
OE high to data delay fopp 13 - 15 - ns |14
RAS pulse width during self Taass 100k - 100k - ns 21
refresh cycle
RAS precharge time during self | tres 90 - 110 - 21
refresh
CAS hold time during self refresh | 7ons 50 - 50 - ns 21
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SIEMENS HYB 3164(5)400J/T-50/-60
16M x 4-DRAM
Capacitance
Ta=01025°C, Ve =3.3V£03V,/=1MHz
Parameter Symbol Limit Values Unit
min. max.
Input capacitance (A0 to A11,A12) Ch - 5 pF
Input capacitance (RAS, CAS, WRITE, OE) Cp - pF
I/O capacitance (I1O1-1/04) Co - pF
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SIEMENS HYB 3164(5)400J/T-50/-60

16M x 4-DRAM

Notes:

1)

n

(S
Lo

(=23

Stresses greater than 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 ration conditions for extended periods may affect relialibity.

All voltages are referenced to ¥ss.

Iocts Tecas Ioca @nd I and Io; depend on cycle rate.

Ioc; and Ioc, depend on output loading. Specified values are measured with the output open.

Column address can be changed once or less while RAS = I, and CAS =V},

¥, (LVCMOS) and ¥, (LVCMOS) levels are not inteded for use as timing reference levels. LVCMOS levels
are the quiescent state of a low impedance output driver, under the specified load conditions.

An initial pause of 100 us 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
initialization cycles instead of 8 RAS cycles are required.

AC measurements assume tT = 5 ns.

Vit miny @Nd ¥ max, are reference levels for measuring timing of input signals. Also, transition times are
measured between ¥, and V.

Valid column addresses are only AO through A10 for HYB 3164400 and A0 through A11 for HYB 316500..

10)
11) In a Test mode Read cylce, the value of fpas, faa. foac @nd fcea are delayed by 5ns, from the specified value.

12)
13)
15)

16)
16)

17)

18)
19)
20)

These parameters must be adjusted in Test Mode cycles by adding 5ns to the specified value. Associated
timings must also be adjusted by 5ns.
Operation within the taco max, limit ensures that faac maxy €8N be Met. faco (max) 1 SPecfied as a reference
point only; If fa¢p is greater than the specified frcp max) limit, then access time is controlled by #cag.
Operation Within the fgap (max) limit ensures that frac (max) CaN be Met. Zrap (max) 1 specified as a reference
point only: If fzap is greater than the specified frap (max) limit, then access time is controlled by £
Either fpz¢ or 1pz0 must be satisfied.
Either #;pp Or fopp Must be satisfied.
twes: tawos fowns Tawp @Nd Zcpwp are Not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only. If fwes > fwes miny, the cycle is an early write cycle and the I/O pin will remain
open-circuit (high impedance) through the entire cycle; if Zewp > fawo (min)» Zowp > fowd (min), fawp > fawp (min)
and fepwp > fopwo @min) » the cycle is a read-write cycle and 17O pins will contain data read from the selected
cells. If neither of the above sets of conditions is satisfied, the condition of the I/O pins (at access time) is
indeterminate.
These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in
Read-Modify-Write cycles.
Measured with the specified current load and 100 pF.
Either facy OF frrn Must be satisfied for a read cycle.
torF maxy 8N oez maxy define the time at which the outputs achieve the open-circuit condition and are not
referenced to output voltage levels.

22) When using Self Refresh mode, the following refresh operations must be performed to ensure proper DRAM

operation:

If row addresses are being refresh in an evenly distributed manner over the refresh interval using CBR
refresh cycles, then only one CBR cycle must be performed immediatly after exit from Self Refresh.

If row addresses are being refresh in any other manner (ROR - Distributed/Burst or CBR-Burst) over the
refresh interval, then a full set of row refreshed must be performed immediately before entry to and
immediatey after exit from Self Refresh.
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SIEMENS HYB 3164(5)400J/T-50/-60

16M x 4-DRAM
WAVEFORMS
< _ tre
R4S ‘ 'e P ==
VvV —— L
RS M \ / \
iL IcsH
) ~~=—  fRCD IRSH l-etCR}:)
\ tcas 1
—_— IH f
N (17
tRAD tRAL
task | | tasc || = fean f=— tasg |
V | |-
H
aderess " 70 s Aot WLZAA AU AN nirass
i I/
ektm Iﬁ;cs RCH
v ;ﬂ | IRRH
[ IHA” y ‘
WRITE :
v —ar toEs - :
—_— IH~ F y 3
OF |\
QEC ; . fcop
v = Ipz0 ‘é fonb
1/01-1/04 HF Y /
(Inputs) V”_ y///; /[ Icac 3
—_— torr
torz
; — o1z
1/01-1/04 OH ’ . .
(Outputs) or Hi Z 5{ Valid Data Out >— HiZ —
[ IR4C ———=

“H” or “L”

Read Cycle
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SIEMENS HYB 3164(5)400J/T-50/-60

16M x 4-DRAM
= R
e R4S ——————— |-=— IRP ==
VvV, —— i
RAS V'” \ ) |
I tcsH !
< IRCD ‘9--(#— trsH - lere |
\%
iH e ECAS —]
CAS V. B\k / /
IL ' | IRaD : IRAL s
t = fCAH '
, sk _(__ gs_ - h _)‘ tasr -
H R \ T Column LN R
Address |, E/% Adgrvéss}@(‘: K XSS, \__Address
»l ‘—e 1 ‘ tcwe
lean " twes
-
/7777 i
—_— IH*
WRITE | N A, Z,

—> IWCH

IRWL
A

OF WIS IATIA Y,
VlL )

IDS| o IDH -

V — ———
1/o1-/04 ™ Valid Data In
(Inputs) Vi \

v
1/01-1/04 OH i
(Outputs) "

VA “H" or "L

Write Cycle (Early Write)
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HYB 3164(5)400J/T-50/-60
SIEMENS 16M x 4-DRAM

| trC

| [RAS ] |=—  [RP
v, — -
RAS ™ \ /) A
iL ‘
{csH |
< IRCD trsH 5 lere
VIH \ \ tcas / /
CAS VIL X Z \
{r4D fRaL
. = ¢ - .
a't{AbR — lsc e CAH [~ - L4SR .
\ |
IH R \ Column Y Row
Address Vi E(Adgrgss)@i Address Wf f/{;///x Address
' i | fewL
- —
Rt IRwL

| WP e

W I L,

—==fOEH

Y777 W R 777

D70 |~aa— =
Ipzc |
l0EZ
Vv >
/01-/104 H 3 ;

| tcrz
.

[}

et

foEda .
\
1/01-/04 OH Hi-Z

A
(Outputs) VoL H

Hi-Z

Write Cycle (OE Controlled Write)
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SIEMENS HYB 3164(5)400J/T-50/-60

16M x 4-DRAM
Irwc
tRAS trp
=
\ \t \
RAS H )
V||_ CSH
trcD p IRSH .
VIH CAS —)—1 CRP |~—=—
wE v A\ AV
4 2l [CAH [==—
1| tRant TSR
- tasc
v o FASR <el: —— *I —_—
Address H a( Row Column Row
Vi Address, Address ,W J..-/,a Address
tawp fowt
— | IRAD e fcwn < tRiy ==
trRwD
Vi # v ‘ < W_
WRITE ViL "EEEE \ /A
faa
> fRes |- {04 |=—=— —==1 lOEH {(—
N7/ ”;l
OF S N\,
| [DZO' - Ips
o ; —| |-
tnzc :
v s ez I D1~
H rg ‘ -
1ot1-yoa W 7 N Vaiid W
(Inputs) Vv M/W ! . Datain |
: =tz - topp
- ; ‘ tcaci |7
|-
toez
A > -
1¥01-04 OH : (Data \
(Outputs)vOL @( out /
: frac
H" or “L
Read-Write (Read-Modify-Write) Cycle
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« 10 (Ha z

16M x 4-DRAM

HYB 3164(5)400J/T-50/-60

SIEMENS

n Jrno 19
{ cea \ eieq ﬁ@n,r A (sindino)
sal 5z say IO> rO/I-LO/I
= — | e —
- - =] I_IA bt —
Hay vip TG 230y ¥ry *:V:Sn 7907 oy
| 1acy B - 587
1761 - | L 190 a0y
: 20)| RGN T W, (sindup)
%&_ s&% ﬁw - ES% ﬁ@? N B e, vorron
H e S —— ' ! | HI
ﬂeu ~ ] P20y Nﬁ& NET il Nmu = A
951 ¥dj] T =0z
_ ; 1
RO RN A
N iy -
————— L.\lW,L. ANV NN AN NN ©
Taor | “vaop | | T va0; A
o]y |l o] | attg e | bty e -y — -
/IA} - umy J/ amry J./ a#ry %z A LM
/ y
HI
[N N o [ e A
qs:.& = asy —a—| | M7 — amry —=| sﬂ& = a7 | w_ua:
[== andoy- 2~ amdny j asy i : , -
SSOIPPY W4 Y ] SS2IPPY BIPPY NV 5S0.pPY ssalppy N A
Moy Xf O.nﬁ.ﬂ/( zfém uwniog v//p/M/Juuhwm wnjog z/r.u//r/./@m wniog oy i SSOPPY
] sy e k -Ds¥g =] = umLulm\ L Mﬂu - | _d T.M.N A
——tir) re— = -
-~ 7 HPOY HYIP e S 4
r r A
K \ / / /[\ // SV
] L] S 571 51 HI A -
—= dO] e |~ DYy ——
| HSap M)
Y] 15y M,
\ SvH
all -
A
dSFay

Fast Page Mode Read-Modify-Write Cycle
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SIEMENS HYB 3164(5)400J/T-50/-60

16M x 4-DRAM
IRasp ‘ ,
\ _—=| IRP
IH _\
RAS ’ i
Vil /
‘ trc -<— IRHCP —>=|
. c
: HC | ICP | | IRSH, ‘ ‘
l feas || Jcxr,
Vv = [CAS ] [ FCAS D | e
—_ IH \ \ y —
RSy / 3 /
tesH —=
IRaH fcan
] 1= fcay (e=— | [CAH e -
L,
== &?«s« —;Tsche a-rtASC e = ﬁ

> [RiD =] trcH

\)
IH Row Column Column Column | Row
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