OKI Semiconductor
MSM5117100

16 Meg x 1-Bit DYNAMIC RAM

DESCRIPTION

The MSM5117100 is a 16 Megabit dynamic memory organized as 16,777,216 word by 1 bit. The
technology used to fabricate the MSM5117100 is OKI's CMOS silicon gate process technology.
The device operates at a single + 5 V power supply. All inputs and outputs are TTL compatible.

This 16-Meg DRAM can be used for high end PC's & work stations which need high density
main memory.

FEATURES

¢ Silicon gate, quadruple polysilicon CMOQOS, 1 transistor memory cell

» 16 Meg density: 16Mx1

¢ 400mil 28 pin plastic 5OJ, 400mil 28 pin plastic TSOP
* Single +5V Supply, £10% tolerance
s Input : TTL compatible
¢ Qutput: TTL compatible, tri-state, non-latch
* Refresh: 2048 cycles/32ms: provides backward compatibility with 4-Meg sockets.
* Read Modify Write capability

» CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability
¢ Fast Page Mode capability
*  Multi bit test mode capability
* Built-in Vgg generator circuit
¢ Package ’

28PIN PLASTICSO]  (SOJ28-P-400)
28PIN PLASTIC TSOP (TSOP28-P-400-K)
(TSOP28-P-400-L)
MSM5117100 FAMILY
Family Access Time (Max.) Cycle Time Powaer Dissipation {Max.)
trac | taa | tcac (Min.) Operating Standby

MSM5117100 - 60JS/TK/TL | 60ns | 30ns | 15ns 110ns 660mwW

MSM5117100 - 70JS/TK/TL [ 70ns | 35ns | 20ns 130ng 605mwW ( Msdgn::gel)

MSM5117100 - BOJS/TK/TL | BO0ns | 40ns | 20ns 150ns 550mw

15:50] / TK ; TSOP(NORMAL) / TL ; TSOP (REVERSE)
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PIN CONFIGURATION (TOP VIEW)
Vss [28l [1] Vee
= Dogr 2 - =§= gwé
N.C. [ afikd
3 g CAS [ 2 [dWE
= 2 N.C. | = [ZnRAs
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| 0 AT* g [gao
=] = A" = A
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A4 13| A3*
Vss EVcc
28-PIN TSOP 28-PIN TSOP
{Normal) (Reverse)

Figure 1. Pin Conflguration

Pin Names Function
AD~A11 Address Input

RAS Row Address Strobe
CAS Column Address Strobe
Din Data Input

Dour Data Qutput

WE Write Enable

Veo Pawer Supply (+5V)
Vss Ground (OV)

N.C. No Connection

* Refresh address
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MSM5117100

Timing Timing
Generator l Generator
TAS A
Column r Write
(CAO ~ CA11) Address > l{):gclzl:)?:r Clock
Buffer Generator
| |
Internat Refresh ™
AD-AU1 Address [ Control iemn;e Se:écc)tor Qutput
Counter " Clock . -
] J
| ]
Row R ot ™
- ow Word Memory Input
(RAD - RATT) Address > Decoder Driver Cell Bufter
Bufter = -
Vee -

Butfer Dour

Enii——Y

On chip VBB

Figure 2. Block Dlagram
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
:r;o{}gge on any Pin Relative Vr Ta = 25°C A0~+70 Vv
Shart Circuit Output Current los Ta=25° 50 mA
Power Dissipation Po Ta=25°C 1 W
Operating Temperature Topr — G-~ +70 °C
Storage Temperature Tag — -55 ~ +150 °¢

Recommended Operating Conditions (Ta = 0 ~ 70°C)

Parameter Symbol Condition Min. Typ. Max. Unit
Vee — 4,5 5.0 5.5 v
Supply Voltage
PRy g Vss — 0 0 0 v
Input High Voltage Viy - 24 — 6.5 v
Input Low Voltage ViL - -1.0 — 0.8 v

Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to the conditions as detailed in the operational
sections of this data sheet. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

2. All voltages are referenced to Vgg.
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DC Characteristics (Vg = 5.0V £ 10%, Ta = 0 ~ +70°C)

MSM MSM MSM
5117100-60 | 5117100-70 | 5117100-80
Parameter Symbol Conditien JS/TK/TL JSTI/TL JSTK/TL Unit | Note
Min. | Max. | Min. | Max. | Min. | Max.
Output High Voitage Ven |[!on =-5.0mA 24 [ Vo | 24 | Ve | 24 | Vo v —
Output Low Voltage Voo YloL =4.2mA 0 04 0 04 0 0.4 v —
V=V 6.5v
Input Leakage Current | Iy [ All other pins -10 10 | -10 10 -10 10 pA —
not under test = OV
Dourdisable’
Dutput Leakage | -10 10 -10 10 -10 10 pA —_
Cur?ent 0 o 0V < Vg 5.5V
Average Power Supply RAS , TAS cyclin
Cutrent lecs RS YOI b0 | — [ 110 — |00 | ma | 12
(Operating) tac = min.
Power Supply Current FAS =Vm
ower Supply Curren
(Standby) lecz | CAS =V — |2l ~-}2 | —]2 |[m]|Mm
Dour=HZ
Average Power Supply RAS cycling
Qurrent leca |CAS =V — 120 — {110 | — {100 | ma| 2
(RAS only Refresh) - | tae = min.
p Supply C ‘ RAS =Vg -0.2v
ower Supply Curren —
(Standby) lecs |CAS =vee-02V | — 1 — 1 — | 1 mA MOS
Dout=HZ
Average Power Supply T i
%gt' ecs RAS cycling
Wﬂgfr%?h) CAS before BAS | — | 120 — [ 10| — [100 [ mA [ 1
Average Power Supply RAS =V
Current lccz | CAS cycling o fmo | two| s [mA |13
{Fast Page Mode) tpg = min.

Notes: 1. Icc is dependent on output loading and cycle rates.
Specified values are obtained with the output open.

2. Address can be changed once or less while RAS = Vi1,

3. Address can be changed once or less while CAS = Viu.
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Capacltance (Ve = 5.0V £ 10%, Ta = 259C, f = 1MHz)

Parameter Symbol Condition Typ. Max. Unit
Input Gapacitance (AO to A11, Diy) Cvi — — 6 pF
Input Capacitance (RAS, TAS, WE) C e — — 7 pF
Output Capacitance (Doyr) Cour - - 7 pF

AC Characteristics (Voo = 5.0V + 10%, Ta = 0 ~ +70°C)
(For the following tables under the AC Characteristics, please refer to the Notes listed on page

13.)
MSM MSM MSM
§117100-60 | 5117100-70 | 5117100-80
Parameter Symbol JSITK/TL JSITK/TL JS/TK/TL  |Unit [Note
Min, [ Max. [ Min. | Max. | Min. | Max.

Random Read or Write Cycle Time tac 110 | — 130 — 150 — ns | —
RAS Precharge Time tRp 40 | — 50 — 60 — | ns | —
RAS Puise Width tRas 1 60 [10000f 70 |10000| 80 [10000| ns { —
CAS Pulse Width tcas 15 (10000, 20 |10000| 20 {10000 ns | —
Row Address Set-up Time tASR 0 — 0 — ¢ — ns | —
Row Address Hold Time tRaH | 10 — 10 — 10 — | ns | =
Column Address Set-up Time 1asc 0 - 0 — 0 — | ms|—
Column Address Hold Time 1caH 15 — 15 — 15 — ns | —
Column Address Hold Time referenced to RAS | tar 50 — 55 — 60 — {ns | —
RAS to TAS Delay Time taco [ 20 | 45 | 20 | 50 | 20 | 60 |ns | 5
RAS to Column Address Delay Time tRAD 15 30 15 35 15 40 ns | 6
RAS Hold Time thew | 15 | — | 20 — 20 — lns | —
CAS Hold Time tesy { 60 | — 4 70 | — [ 80 | — |ns | —
CAS to RAS Precharge Time teap | 10 — | 10 — 10 — |ns | —
Transition Time tr 3 50 3 50 3 50 | ns | 3
Refresh Perjod rer — 32 — 32 — 32 | ms|—
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Read Cycle
MSM MSM MSM
5117100-60 | 5117100-70 | 5117100-80
Parameter Symbol}  sTK/TL JSITK/TL JSITK/TL Unit [Note

Min. | Max. | Min. | Max. | Min. } Max.
Access Time from RAS tRac | — [ 60 | — | 70 — | 80 | ns [4.5
Access Time from CAS tcac — 1 15 — 120 — 20 [ ns |45
Access Time from Column Address 1AA - 30 — 35 — 40 | ns |4,6
Read Command Set-up Time tRcs 0 — 0 - 0 — ns | —
Read Command Hold Time referenced to CAS | tRcH 0 — 0 — 0 — |ns | 8
Read Command Hotd Time referenced to RAS | tarm 0 - 0 — 0 — |ns |8
Column Address to RAS Lead Time tRAL 30 — 35 - 40 — | s}
CAS to OQutput in Low-Z tez 0 - 0 — 0 — |ns | 4
Qutput Buffer Turn-off Delay torF 0 15 0 20 0 20 ns | 7
Write Cycle

MSM MSM MSM
5117100-60 | 5117100-70 | 5117100-80
Parameter Symbol| oK/ TL JSITK/TL JS/TI/TL Unit |Note

Min. | Max. | Min. | Max. | Min. | Max.
Write Command Set-up Time twes [ O — 0 — 0 — [ns | 9
Write Command Hold Time twew | 10 — 15 -— 15 — | ns ] —
Write Command Hotd Time referenced to RAS | twen | 45 [ — | 55 — | 60 | — |[ns | —
Write Command Pulse Width twp 10 - 10 — 10 — ns | —
Write Command to RAS Lead Time trwe | 15 — 20 - 20 — {nhs | —
Write Cammand to TAS Lead Time ttwe | 15 — 1 20 — | 20 — |ns | —
Data Set-up Time fos 0 — 0 - 0 -— | ns | —
Data Hold Time toH 15 — 15 — 15 — {ns | —
Data Hold Time referenced to RAS tonr | S0 — | 5§ — | 60 ~ | ns | —
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Read/Write Cycle
MSM MSM MSM
5117100-60 | 5117100-70 | 5117100-80
Parameter Symboll e TL JS/TK/TL JSITK/TL Unit |Note
Min. | Max. | Min. | Max. | Min. | Max.
Read/Write Cycle Time tawe | 130 — | 155 — 175 — |ns | —
RAS 1o WE Delay Time thwo ] 60 | — | 70 — | 80 — |ns | 9
CAS to WE Delay Time two | 15 | — { 20 | — | 20 — |ns |9
Column Address to WE Delay Time tawo | 30 — | 35 — | 40 — |ns |9
Refresh Cycle
MSM MSM MSM
5117100-80 | 5117100-70 | 5117100-80
Parameter Symbol| e micTL JSATK/TL JSTK/TL (YNt Note
Min. | Max. i Min. | Max. [ Min. | Max.
TAS Set-up Time (CAS befare RAS) wsa | 10 — 1 1w0] — 11w — [ns|—
CAS Hold Time (CAS before RAS) ttwn | 20| — | 20| — 2] — |ns]|—
WE to RAS Precharge Time (CAS before RAS) | twap | 10 — | 10 — | 10 — |ns | =
WE to RAS Hold Time (CAS before RAS) twaw | 10 [ — [ 10 — [ 10 | — {ns| —
RAS to CAS Precharge Time tapc | 10 | — ] 10 | — (10| — [ns|—
CAS Precharge Time teen | 10 | — [ 10 [ — |10 — |ns|—
Fast Page Mode Cycle
MSM MSM MSM
§117100-60 | 5117100-70 | S117100-80
Parameter Symboll gL | usreAL | JsmkmL | UnitNote
Min. | Max. | Min. | Max. | Min. | Max.
Fast Page Mode Cycle time tpg 40 - 45 — 50 — ns | —
CAS Pregharge Time (Fast Page Mode) tcp 10 — 10 | — 16 { — {ns | —
RAS Pulse Width (Fast Page Mode) taasp | 60 |100000| 70 {vo0000{ BO [100000| ns [ —
Access Time from CAS Precharge tepa | — | 35| — | 40 — | 45 | ns | 4
RAS Hold Time referenced to CAS Precharge taucp| 35 — | 40 — 45 — | ns | —
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Fast Page Mode Read /Write Cycle

MSM MSM MSM
5117100-60 | 5117100-70 | 5117100-80 ]
Parameter Symboll ysrrm | us/mwTL | JskerL | UnitNote
Min. | Max. | Min. [ Max. [ Min. | Max.
Fast Page Mode Read/Write Cycle Time trawc | 60 — 70 —_ 75 — ns { —
CAS Precharge to WE Delay Time tepw | 35 | — [ 40 | — | 45 | — |ns{ 9
Counter Test Cycle
MSM MSM MSM
5117100-60 | 5117100-70 | 5117100-80
Parameter Symbol| oML JS/THITL JS/TK/TL Unit [Note

Min. | Max. | Min. | Max. | Min. | Max.

CAS Precharge Time

CAS RAS — | 40| — | 40| — _
(CAS before RAS Counter Test) tepr | 40 ns

Read,Write, Read/Write Refresh Cycle In the Test Mode

MSM MSM MSM
5117100-60 | 5117100-70 | 5117100-80
Parameter Symboll JsKTL | JusmkmL | Js/remL [Unit Note
Min. | Max. | Min. | Max. [ Min. | Max.
Random Read or Write Cycle Time R 115 | — 135 — 155 — ns | —
RAS Precharge Time tAP 40 | — 1 50 | — | 60 | — |ns | —
RAS Pulse Width thas | 65 [10000| 75 [10000| 85 |1000C| ns | —
CAS Pulse Width tcas | 20 [10000| 25 [10000| 25 {10000| ns | —
Row Address Set-up Time tASR 0 — 0 — 0 — ns | —
Row Address Hold Time tRAH 10 — 10 — 10 - ns | —
Column Address Set-up Time tasc 0 — 0 — 0 — | ns | —
Column Address Hold Time tCAH 15 — 15 — 15 — ng | —
Column Address Hold Time referenced to RAS | tan 50 — 55 — 60 — | ns | —
RAS to CAS Delay Time tReD § 20 | 45 | 20 [ 50 | 20 | 60 | ns | 5
RAS to Column Address Delay Time tRAD 135 30 15 35 15 40 ns | 6
RAS Hold Time tas | 20 — 25 — 25 - ns | —
CAS Hold Time sy | 65 | — | 75 | — [ 8 | — [ns|—
CAS to RAS Precharge Time tpp [ 10| — | 10 | —~ 0 | — [ns|—
Transition Time iy 3 50 3 50 3 50 | ns | 3
Refresh Period tREF — 32 — 32 - 32 |ms| —
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Read Cycie in the Test Mode

MSM MSM MSM
5117100-60 | 5117100-70 | 5117100-80
Parameter Symbol| oL JSITKATL JS/TWTL Unit |Note

Min. | Max. | Min. | Max. | Min. | Max.
Access Time from RAS trec | — | 65 — 175 — | 85 |ns |45
Access Time from CAS teac — | 20 — ] 25 — | 25 | ns |45
Access Time from Column Address tan — 35 — 40 — 45 | ns [46
Read Command Set-up Time thes Y — 0 - 0 — | ns | —
Read Command Hold Time referenced to CAS | tRew 0 — 0 — ¢ — | ns| 8
Read Command Hold Time referenced to RAS | trau 0 - 0 — 0 — |ns | 8
Column Addres to RAS Lead Time tRAL 35 — 40 — 45 — ns { —
CAS to Qutput in Low-Z tcLz 0 — 0 — 0 — Ins | 4
Output Butfer Turn-off Defay torF 0 15 0 20 0 20 | ns | 7
Write Cycle In the Test Mode

MSM MSM MSM
5117100-60 | 5117100-70 | 5117100-80
Parameter Symboll e K/TL JS/TK/TL JSTK/TL Unit |Note

Min. | Max. | Min. | Max. | Min. | Max.
Write Command Set-up Time twes | O — 0 — 0 — |ns |9
Write Command Hold Time tweH | 10 - 15 — 15 — jns | —
Write Command Hold Time referenced to RAS | twca | 45 i — | 60 — |ns | —
Write Command Pulse Width twp 10 - 10 — 10 — |ns j—
Write Command to RAS Lead Time twt | 15 | — [ 20 | — (20 | — |ns|—
Write Command to CAS Lead Time towe | 15 | — |1 20 | — |2 | — |ns|—
Data Set-up Time tos 0 — 0 - 0 — | ns | —
Data Hold Time toH 15 — 15 — 15 - |ns | —
Data Hold Time referenced to RAS toHR 50 — 55 - 60 — |ns | —

10
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Read/Write Cycle In the Test Mode
MSM MSM MSM
5§117100-60 | 5117100-70 | 5117100-80 ]
Parameter Symbol| s/ TR/TL JSITH/TL JSITK/TL Unit [Note
Min. | Max. | Min. | Max. | Min. | Max.
Read/Write Cycle Time trwe | 135 —_ 160 — 180 — | ns | —
RAS to WE Delay Time tawp | 65 — | 75 — | 8 — [ns |9
CAS to WE Delay Time tewp | 20 | — | 25 — | 25 — |Ins | 8
Column Address to WE Delay Time tawo [ 35 — | 40 — | 45 — |ns |9
Refresh Cycle In the Test Mode
MSM MSM MSM
§117100-60 | 5117100-70 | 5117100-80
Parameter Symbol| eTKAL JSITH/TL JS/ITKITL Unit |Note
Min. | Max. | Min. | Max. | Min. | Max.
CAS Set-up Time (CAS before RAS) tesp | 10| — 10 — | 10| — [ns]|—
CAS Hold Time (CAS before RAS) ter | 20 [ — | 20 — | 20 — | ns | —
WE to RAS Precharge Time (CAS before RAS) | twap | 10 | — 10 — | 10 — |ns|{—
WE 10 RAS Hold Time (CAS before RAS) twan | 10 — 10 — 10 — | ns | —
RAS ta TAS Precharge Time RPC 10 — 10 — 10 — | ns | —
CAS Precharge Time teen | 10 — 10 — [ 10 — [ns|—
Fast Page Mode Cycle In the Test Mode
MSM MSM MSM
5117100-60 | 5117100-70 | 5117100-80
Parameter Symbol JS/TK/TL JSITK/TL JS/TH/TL Unit Note
Min. | Max. | Min. | Max. | Min. | Max.
Fast Page Mode Cycle time tec 45 - 50 - 55 — | ns | —
CAS Precharge Time (Fast Page Mode) tcp 0] — | 10] — 10 [ — |ns|—
RAS Pulse Width (Fast Page Mode) trase | 65 [100000] 75 |100000| 85 [100000( ns | —
Access Time from CAS Precharge tcea [ — | 40| — | 45 | — | 50 | ns |4
RAS Hold Time referenced to CAS Precharge | tawce | 40 | — 45 — 50 — | ns | —

11
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Fast Page Mode Read /Write Cycle In the Test Mode

MSM MSM MSM
5117100-60 | 5117100-70 | 5117100-80
Parameter Symbot JSITH/TL JSITK/TL JSITH/TL Unit Note
Min. | Max. ;| Min. [ Max. ] Min. | Max.
Fast Page Mode Read/Write Cycle Time trRwc | 65 — 75 — 80 — | ns | —
CAS Precharge to WE Delay Time tcpw | 40 | — | a5 | — [ 80 | — | ns| 8
Test Mode Cycle in the Test Mode
MSM MSM MSM
§117100-60 | 5117100-70 | 5117100-80
Parameter Symbol oL | JsRAL | JsTRAL | UNitNote
Min. | Max. | Min. | Max. [ Min. | Max.
WE Set-up Time twsh | 10 | — 10 10 — | ns| —
WE Hold Time twap | 20 — 20 — | 20 — | ns | —
Counter Test Cycle in the Test Mode
MSM MSM MSM
5117100-60 | 5117100-70 | 5117100-80
Parameter Symbell \5K/TL JS/TK/TL JsmsrL | Unit Note
Min. | Max. | Min. | Max. | Min. | Max.
TAS Precharge Time
e B — | 4 — | 40 | — -
(CAS before RAS Counter Test) tepr [ 40 0 ns
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Notes :

1.

10.

An initial pause of 200s is required after power-up, followed by 8 RAS cycles
before the proper device operation is achieved. In the case of using an internal
refresh counter, a minimum of 8 CAS cycles before RAS initialization cycles
instead of 8 RAS cycles are required.

AC measurements assume tT = 5ns

ViH(min.) and Vi (max.) are reference levels for measuring the timing of input
signals. Also transition times are measured between Vi and VL.

Measured with a load circuit equivalent to 2 TLL loads and 100pF.

Operation within the tgepf{max.) limit insures that tgac(max.) can be met.
trcp(manx.) is specified as a reference point only. If trep is greater than the
specified tRcp(max.) limit, then the access time is controlled by tCcac.

Operation within the tRAD{max.) limit insures that tRAC(max.) can be met.
tRAD(max.) is specified as a reference point only. If tRAD is greater than the
specified tRAD(max.) limit, then the access time is controlied by tAA.

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

Either tRCH or tRRH must be satisfied for a read cycle.

twCs, tRWD, tcWD, tawbD and tcpw are not restrictive operating parameters. They
are included in the data sheet as electrical characteristics only. If twsC2 tw(Cs (min.),
the cycle is an early write cycle and the data out pin will remain as an open circuit
(high impedance) through the entire cycle. If trwp2tRwD(min.),tcwp2tewp(min.),
tAwD2tAwpD(min.}, and tcpw2tcpw(min.), then the cycle is a read / write cycle and
the data out will contain data read from the selected cell. If neither of the above sets
of conditions is satisfied, then the condition of the data out (at access time) is
indeterminate.

WE, CAS before RAS Cycle (Test mode in Cycle) puts the device into "Test Mode”. i
And "CAS before RAS Refresh Cycle" or "RAS only Refresh Cycle" puts it back into }
"Normal Mede”. In "Test Mode”, the RAM is internally organized by 512K words by |
32 bits, and data is written into 32 sectors in parallel and is retrieved the same way. \
A0 (Column), Al {Column), A10 (Column), A1l {(Row), A1l (Column) are not used. If ‘
upon reading, all bits are equal ( all "H"s or “L"s), the data output pin indicates an

"H". If any of the bits differed, the data output pin would indicate an “L". In "Test :
Mode", thei6M x 1 DRAM can be tested as if it were a 512K x 1 DRAM. :

13



MSMS511T7100 OKI Semiconductor
4 tre
—‘ tras -RP
wows N A/ FaN
- tcsH _
tRcp - LRSH o
tcrp tcas
o z:r :_j tRAD 5\\( 7/ //
tash | than tasc toay [PAL
Address Vi '%{_—How i@f Column /M
i - AR [ -l tRAH tRCH
. _ [=+tAcs
. —= N/
tene telz |
Dour 38:‘: OPEN %: Valid Data -l—-
Figure 3. Read Cycle A W oL
taas !
RAS 3'“ _ j\: ] TR [\
* n tesH . l‘
trco - 1 BSH
— ‘cap - tan tcas
o z:f: / tRaD ‘!\\: ]'/ )]
Last -;RA,“ tasg|  (tcan 'RAL
Address Vi -m‘gew j@@z‘ Column W
ViL - N J
Tweg Ut tweH
R/ eV
o ; TpHR " : -
tps - toH
T =~
Dour  Vou- OPEN
VoL -

14

Figure 4. Write Cycle (Early Wrlite)

‘Hor'L’
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wow N ’Fi - —
s \\j:’: :__/, tcsH\\ 3 = tc:s A /l
Address \\::E :%@_ﬁ@gfcmur:i W///
N/ = R N )
N, :%/////////////////////////////////////4@Ji‘Tt'th Wi,
Dour 52:1: : OPEN 3@32 Valid Data

- e or L

Figure 5. Read/Wrlte Cycle

wowT N 7 N
w A A

= o 1A

Dour  Von-
Voo -

OPEN
NOTE: WE ="H'or'L* W or L
Figure 6. RAS Only Refresh Cycle 15
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tRC
tpas , tap
RAS Vig — ‘:\ y—
ViL - ~ tRPC S
tRPC
teen | TCSR tCHA
CAS ViH ~ 4 b ‘
ViL ———— — 1 I
W ’ U
ViL - /
torr
Dout Vo - pEN
VoL - OPE
NOTE: Address="H"or'L’ 7/ H or L
Figure 7. CAS Before RAS Refresh Cycle
e RO
-, tRas_ o tee b tms
RAS V|L - \; JZ \‘.
i tow
, tReo . tRsH |
teap
CTAS Vin — s i "
ViL -_/ \" /
tRap tRAL .
tasa| tRau tcaH
tasc
Vi - Row : ™ Go umn}_ ////////// %
AR
tReY) 1ARK twr twRH
i i
VIL - tan
t RAC
torr
D Vin - 4
o .@; Valid Data o
L= N A
toLz

70 "W or 'L
Figure 8. Hidden Refresh Read Cycle

16
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= et | J—
M“LW///////////////////////////////////////////////////
B
T R As M— N

1 RAH ;s: tcAH
— p'E 4 K
Address xm m@ Column ;Z@ﬂ cmu;&@g( Coiumn
L — ’
t RAD tAcH tRcH 1RRH
RC - thes tiRcs tACH
o U 7/
Vie - tcac t caC

S CAC _tcac
AA = 1 AA taa
B tRAC tcra 1CPA
Dour  Vou- At Vaiid Valid % __| { Valid
VQL - Data A Dau Data
toz OF Yoz OFF  Yew toFF

Hor L'

17

Figure 10. Fast Page Mode Read Cycle
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Address

Din

Bour

18

t Rasp tre
Vi - y ;,F :_
ViL - &L 7 \_
tpe tASH
tcre tRCD tep tep tcRp
i tcas tcas t
Vin - 3 K F CAS
ViL -_/ tesH \\.u %' %
TRaL
taR
YASR| FRAR T [ | tasc tcan tAsc tcAH
IL -
twch
twes| |twed  twesl  |twew  twed  [twen
ViH - Twplgp 1 Yo ™
ViL - N T%- A
tos| |tpH tos toy tos tp
|
ViL - Data-in Data-in Data-in
| tpHA
Vou-
VoL- OPEN

Figure 11. Fast Page Mode Write Cycle

"Hor L'
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tRASP 1Ap
mw VI Y )
RAS Vi - S‘_ _72 \_
tesH - teAWC tRSH
tRCD tcas tep) . toas tee teas t cRP)
CAS Vi - 3 - YN
Vi - %E___; &'\_.._]2 SR_.._,_._.Z_/
tasp|jq 1R [ : tRae |
tasg i
g takc -t + tﬂﬂ_ t
H = tean tcad 4 tcad
- Boloads
vy - Row 4| Column / A Column / A d G:mn / /
tRWD o teew | [t L tcPw 4 "l'R“’L
tacsl| | tewo] towd L town | towL 'c"t"“
CWL
Vi - tawo \_{ tawD \ tawp SUK
tRAC ~ tcpa bt topa o
t t
Trao | ltaa 1|| " an we taa twe
teac]|| tom T toff Ltoac ff| |t
Dour  Vau- Valid ? u:ma? #  Vald
VOL' L Data E Data A Data
tCL2—» 1oLz toLzee
tos tos { p5—
-t DH 1 pH { DH

s jwysm{ﬁ@j Tl o

Figure 12. Fast Page Mode Read/Write Cycle

tre ,
tre taas -
SEE Vg - 4 h
RAS
Vi —_/ \'ﬁ
trpc
tepn| | tCSR | tCHR
CAS Viy - AN
Vie -__/ \( y. %
{ WSR tWHR

WE Viy -
w - T ; )
t oFF
Dour  Voy .————
Voo _ OPEN

NOTE: Address, Din = "H* or *L* *Hor 'L
Figure 13. Test Mode In Cycle 19
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trp

tras
— 1 RsH
RAS Vi ™)
ViL -
Vi - ¥,
tcan

L

= . T

(]

I

tcac

tRAL

Read Cycie Tort
Dour  Vow- N
VoL - Valid Data 75'———--—
T WRH teLz "’I -
WE ViH —7 :
Write Cycle
Dot Jow - OPEN
V
oL - tRWL
., twoH |
WE Vin —7 4
Vi —W

e Y

Read / Write Cycle

Dour  VoH-

X

|

Vo -

twap|

WE Vin -
N/

4

;%ﬁ t(:W\L/;md Data i}—
towp wx\wz

R/ S

tﬁ.l o4

Figure 14. CAS Before RAS Refresh Counter Test Cycle Hor'l”
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