OKI SemlcondUCtor This version:Apr.1999

MSM5117405D

4,194,304-Word x 4-Bit DYNAMIC RAM : FAST PAGE MODE TYPE WITH EDO

DESCRIPTION

The MSM5117405D is a 4,194,304-wokd 4-bit dynamic RAM fabricated in Oki's silicon-gate CMOS
technology. The MSM5117405D achieves high integration, high-speed operation, and low-power consumptiot
because Oki manufactures the device in a quadruple-layer polysilicon/double-layer metal CMOS process. TF
MSM5117405D is available in a 26/24-pin plastic SOJ, 26/24-pin plastic TSOP.

FEATURES

e 4,194,304-worck 4-bit configuration

e Single 5V power supply;10% tolerance

e Input : TTL compatible, low input capacitance

e Output :TTL compatible, 3-state

e Refresh :2048 cycles/32 ms

e [Fast page mode, read modify write capability

e CAS before RAS refresh, hidden refresh, RAS-only refresh capability

e  Multi-bit test mode capability

e Package options:
26/24-pin 300mil plastic SOJ (50J26/24-P-300-1.27) (Product : MSM5117405D-xxSJ)
26/24-pin 300mil plastic TSOP (TSOPII26/24-P-300-1.27-K)  (Product : MSM5117405D-xxTS-K)

(TSOPII26/24-P-300-1.27-L)  (Product : MSM5117405D-xxTS-L)
xX : indicates speed rank.

PRODUCT FAMILY

Family Access Time (Max.) Cycle Time Power Dissipation
trac tan tcac toea (Min.) Operating (Max.) | Standby (Max.)
MSM5117405D-50 | 50ns 25ns 13ns 13ns 84ns 550mw
MSM5117405D-60 | 60ns 30ns 15ns 15ns 104ns 495mw 5.5mwW
MSM5117405D-70 | 70ns 35ns 20ns 20ns 124ns 440mwW
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MSM5117405D
PIN CONFIGRATION (TOP VIEW)

Vce E EI Vss Vee E ® E‘ Vss Vss @ @ I‘ Vee
pQ1[2] @ 25|DQ4  DQ1[2] 25|DQ4  DQ4[2g [2]DQ1
DQ2(3] 24|DQ3 DQ2[3] 24|DQ3 DQ3[24] O 13]DQ2
WE [4] 23|CcAS WE 4] 23CAS CAS[23 [4]WE
RAS[5] 22] OE RAS[5] 22]OE OE[22 [5]RAS

NC[6] 21] A9 NC[6] 21] A9 A9[2]] [6]NC
A10[8] 19] A8 A10[8] [19] A8 A8[L9 [8]A10
Ao[9] 18] A7 A0[9] 18] A7 A7[1§ [9]A0
A1[L0] 17] A6 A1[10] 17] A6 A6[17] 10 AL
A2[LY [16] A5 A2[1]] [16] A5 A5 [16] O 11]A2
A3[1L2] 15 A4 A3[12) 15] A4 A4[15 12] A3

Vce E 1_—4| Vss Vee @ l__4| Vss Vss @ 1__3| Vee

26/24-Pin Plastic SOJ 26/24-Pin Plastic TSOP 26/24-Pin Plastic TSOP
(K Type) (L Type)

Pin Name Function

A0 - A10 Address Input
RAS Row Address Strobe
CAS Column Address Strobe

DQ1-DQ4 Data Input/Data Output

OE Output Enable
WE Write Enable
Vee Power Supply (5V)
Vss Ground (0V)
NC No Connection

Note : The same power supply voltage must be provided to eyeiV, and the same
GND voltage level must be provided to evers¥in.
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BLOCK DIAGRAM
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MSM5117405D
ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Voltage on Any Pin Relative to Vgg Vin, Vour -0.5t0 Ve + 0.5 Y,
Voltage V¢ supply Relative to Vgg Vee -051t07.0 \
Short Circuit Output Current los 50 mA
Power Dissipation Pp+ 1 W
Operating Temperature Topr 0to 70 °C
Storage Temperature Tstg -55to 150 °C
* Ta=25°C
Recommended Operating Conditions
(Ta=0°Cto 70°C)
Parameter Symbol Min. Typ. Max. Unit
Power Supply Voltage Vee S >0 > v
Vss 0 0 0 \Y%
Input High Voltage Viu 2.4 — Vec+057 \%
Input Low Voltage Y -0.57 — 0.8 %

*2. The input voltage is ¥— 2.0V when the pulse width is less than 20ns (the pulse width respect to

Notes:
respect to the point at which.¥is applied).
the point at which VYsis applied).
Capacitance

*1. The input voltage isd¢ + 2.0V when the pulse width is less than 20ns (the pulse width is with

(Vec = 5V +10%, Ta = 25°C, f=1MHz)

Parameter Symbol Typ. Max. Unit
Input Capacitance (A0 — A10) Cini — 5 pF
Input Capacitance
_ Cinz — 7 pF
(RAS, CAS, WE, OE)
Output Capacitance (DQ1 — DQ4) Cio — 7 pF
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DC Characteristics

MSM5117405D

(Ve = 5V % 10%, Ta = 0°C to 70°C)

MSM5117405 | MSM5117405 | MSM5117405
Parameter Symbol Condition D-50 D-60 D-70 Unit | Note
Min. | Max | Min. | Max | Min. | Max
Output High Voltage | VoH | lony =-5.0mA 2.4 Vee 2.4 Vee 2.4 Vee \
Output Low Voltage | VoL |loL=4.2mA 0 0.4 0 0.4 0 0.4 V
Input Leak 0V<V,<6.5V;
nput Leakage )
Current i | Al other pins not -10 | 10 | <10 | 10 | -10 | 10 | pA
under test =0V
Output Leakage | DQ disable
Current Lo | < Vo < Ve -10 10 -10 10 -10 10 uA
Average Power RAS, CAS cycling,
Supply Current lcc D — 100 — 90 — 80 | mA | 1,2
(Operating) RC =
Power Supply RAS, CAS = V|H J— 2 —_— 2 _— 2
Current lcco RAS, CAS > mA 1
(Standby) Vee - 0.2V i L e e e
Average Power RAS cycling,
Supply Current lccs | CAS=Viy, — | 100 | — 90 — 80 | mA | 1,2
(RAS-only Refresh) trc = Min.
Power Supply RAS =V,
Current lccs | CAS =V, — 5 — 5 — 5 mA 1
(Standby) DQ = enable
Average Power
Supply Current RAS = cycling,
Pply lecs mh 1 1100 | — | 90 | — | 80 | mAl 12
(CAS before RAS CAS before RAS
Refresh)
Average Power RAS =V,
Supply Current lcc7 | CAS cycling, — | 100 | — 90 — 80 | mA | 1,3
(Fast Page Mode) tpc = Min.

Notes: 1.

tc Max. is specified as¢ for output open condition.

2. The address can be changed once or less while RAS =V

3. The address can be changed once or less while CAg =V
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AC Characteristic (1/2)

MSM5117405D

(Ve = 5V £ 10%, Ta = 0°C to 70°C) Notel,2,3,11,12

MSM5117405 MSM5117405 MSM5117405
Parameter Symbol D-50 D-60 D-70 Unit | Note
Min. Max. Min. Max. Min. Max.
Random Read or Write Cycle Time trRc 84 — 104 — 124 — ns
Read Modify Write Cycle Time trwe 110 — 135 — 160 — ns
Fast Page Mode Cycle Time tpc 20 — 25 — 30 — ns
[(::?/a[ep'??n?eMOde Read Modify Write typrwel 58 o 68 o 78 o ns
Access Time from RAS trac | — 50 — 60 — 70 | ns | 456
Access Time from CAS tcac | — 13 — 15 — 20 | ns | 45
Access Time from Column Address tan — 25 — 30 — 35 ns | 4,6
Access Time from CAS Precharge | tcpa — 30 — 35 — 40 ns 4
Access Time from OE toEA — 13 — 15 — 20 ns 4
%}Ut Low Impedance Time from teLy 0 o 0 . 0 . ns 4
Data Output Hold After CAS Low tboH 5 — 5 — 5 — ns
géli ;czr i?naetza Output Buffer Turn-off - 0 13 0 15 0 20 ns | 7.8
ggi;(_)ﬁl?na;a Output Buffer Turn-off trey 0 13 0 15 0 20 ns | 7.8
E Etl?/ '?i?rtlz Output Buffer Tum-off | 0 13 0 15 0 20 ns |7
\E/)Velfat;)TDir?]tg Output Buffer Turn-off twEZ 0 13 0 15 0 20 ns 7
Transition Time tr 1 50 1 50 1 50 ns 3
Refresh Period tREF — 32 — 32 — 32 ms
RAS Precharge Time trp 30 — 40 — 50 — ns
RAS Pulse Width trAS 50 10,000 60 10,000 70 10,000 | ns
RAS Pulse Width (Fast Page Mode) | trasp 50 100,000 60 (100,000( 70 |100,000| ns
RAS Hold Time trsH 7 — 10 — 13 — | ns
RAS Hold Time referenced to OE tROH 7 — 10 — 13 — ns
CaS Precharge Tme w | 7| o | —w ]
CAS Pulse Width tcas 7 10,000 ( 10 |10,000| 13 (10,000 | ns
CAS Hold Time tcsh 35 — 40 — 45 — | ns
CAS to RAS Precharge Time tcrp 5 — 5 — 5 — | ns
RAS Hold Time from CAS Precharge | trucp | 30 — 35 — 40 — ns
OE Hold Time from CAS (DQ Disable) | tcHo 5 — 5 — 5 — ns
RAS to CAS Delay Time trcD 11 37 14 45 14 50 ns | 5
RAS to Column Address Delay Time tRAD 9 25 12 30 12 35 ns

6/15



AC Characteristic (2/2)

MSM5117405D

(Ve = 5V £ 10%, Ta = 0°C to 70°C) Notel,2,3,11,12

MSM517405 MSM5117405 MSM5117405 Note
Parameter Symbol D-50 D-60 D-70 Unit
Min. Max. Min. Max. Min. Max.

Row Address Set-up Time tasr 0 — 0 — 0 — ns
Row Address Hold Time tRAH 7 — 10 — 13 — ns
Column Address Set-up Time tasc 0 — 0 — 0 — ns
Column Address Hold Time tcaH 7 - 10 — 13 — ns
Column Address to RAS Lead Time | traL 25 — 30 — 35 — ns
Read Command Set-up Time trcs 0 — 0 — 0 — ns
Read Command Hold Time tRcH — — — ns 9
Read Commaggtod ey | o [ ] o | — [0 |~ [m] 9
Write Command Set-up Time twcs 0 — 0 — 0 — ns 10
Write Command Hold Time twcH 7 — 10 — 13 — ns
Write Command Pulse Width twp 7 — 10 — 10 — ns
WE Pulse Width (DQ Disable) twpe 7 — 10 — 10 — | ns
OE Command Hold Time toEH 7 — 10 — 13 — | ns
OE Precharge Time toep 7 — 10 — 10 — | ns
OE Command Hold Time tocH 7 — 10 — 10 — | ns
Write Command to RAS Lead Time | trwi 7 — 10 — 13 — | ns
Write Command to CAS Lead Time | tcwi 7 — 10 — 13 — | ns
Data-in Set-up Time tps 0 — 0 — 0 — ns 11
Data-in Hold Time tpH 7 — 10 — 13 — ns 11
OE to Data-in Delay Time toeD 13 — 15 — 20 — | ns
CAS to WE Delay Time tcwp | 30 — 34 — 44 — | ns| 10
Column Address to WE Delay Time | tawp 42 — 49 — 59 — ns 10
RAS to WE Delay Time trwp | 67 — 79 — 94 — | ns| 10
CAS Precharge WE Delay Time tcpwp | 47 — 54 — 64 — | ns| 10
gg?: rﬁﬁg\ée Delay Time from RAS trpc 5 o 5 o 5 o ns
Ttz Jow| s | s |~ [ s |~ [m
S0 CrS g e an| 0 | = [0 | = [0 [ = [w
Eomeramoe e Juw| o | — [0 | — |0 | — [w
WEtod Tmefon PSS e | 10 | — | 0 | — | 0 | — |ns
RAS to WE Set-up Time (Test Mode) | twTs 10 — 10 — 10 — | ns
RAS to WE Hold Time (Test Mode) | twTH 10 — 10 — 10 — | ns
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Notes:

1.

10.

11.

12.

13.

MSM5117405D

A start-up delay of 208 is required after power-up, followed by a minimum of eight
initialization cycles (RAS-only refresh or CAS before RAS refresh) before proper device
operation is achieved.

The AC characteristics assurmet2ns.

Vi (Min.) and M. (Max.) are reference levels for measuring input timing signals. Transition
times (t) are measured between\and V.

This parameter is measured with a load circuit equivalent to 2 TTL load and 100pF.

Operation within thestp (Max.) limit ensures thakic (Max.) can be met.
trep (Max.) is specified as a reference point onlyrdbtis greater than the specifie@d (Max.)
limit, then the access time is controlled byt

Operation within theglyp (Max.) limit ensures thaktc (Max.) can be met.
trap (Max.) is specified as a reference point onlyzAbtis greater than the specifiedg (Max.)
limit, then the access time is controlled Ry.t

tcez (Max), kez(Max), twez (Max), toez(Max) define the time at which the output achived the
open circuit condition and are not referenced to output voltage levels.

tcez and kez must be satisfied for open circuit condition.
tren OF trry Must be satisfied for a read cycle.

tves tewn, trwo, tawp @and Epwp are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics onlyd§  twes (Min.), then the cycle is an early write

cycle and the data out will remain open circuit (high impedance) throughout the entire cycle. If
tcwo = tewo (Mln), trwp > tRWD(Min.), tawp = tawp (Mln) and tpwp> thWD(Min.), then the CyCle

is a read modify write cycle and 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.

These parameters are referenced to the CAS leading edge in an early write cycle, and to the WE
leading edge in an OE control write cycle, or a read modify write cycle.

The test mode is initiated by performing a WE and CAS before RAS refresh cycle. This mode is
latched and remains in effect until the exit cycle is generated. The test mode specified in this data
sheets is a 2-bit parallel test function, CAO and CA1 are not used. In a read cycle, if all internal
bits are equal, the DQ pin will indicate a high level. If any internal bits are not equal, the DQ pin
will indicate a low level. The test mode is cleared and the memory device returned to its normal
operating state by performing a RAS-only refresh cycle or a CAS before RAS refresh cycle.

In a test mode read cycle, the value of access time parameters is delayed for 5ns for the specified

value. These parameters should be specified in test mode cycle by adding the above value to the
specified value in this data sheet.

8/15



MSM5117405D

Timing Chart
e Read Cycle § tre >
VA tass ) |
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< tesh >
<tCRPt P treo e trRsH R <tCRPt
L ! e teas > I
CAS L —_/ . traD k i \‘
< traL >
Jask || fRay, | lasc || it
H — A \ y LN
Address _m‘ Row 7)@( Column 7)(222222222222222222222222222222222222222222222222){
* < RCs JrrHl
WE Vie ~ < taa > TRCH ¢
< troH » e ot
y ‘ ;tAOEt > Hlrez
— Vi - ]
OF . -WWW/At T
L trac X - ; «  lOEz > feez
DQ 1//2'3 : Open touzle t@(: Valid Data-out j—
i or
e Write Cycle (Early Write) trc
- Vi - \ (¢ Ras s \
RAS V. ~ X fle tRP
« tesh R
(lerp) ; trep e trsh g s tere,
— Vy - ¥ T\ [¢ Lo > 7
CAS Vi - _/ « RAD X 1 L
< traL >
Jasr || tran | tasc || Toan
peidess | TN row W cotumn i,
: twes | g ;tWC:WL g
RV «  twp .
< trwi :!
oE | - L
DS l—»{lDH
DQ \\//IH : : Valid Data-in j Open
L

W “H” or “L”
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Read Modify Write Cycle

v
RAS "

MSM5117405D
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Fast Page Mode Read Cycle (Part-1)

MSM5117405D

’ trasp LN
Vv « trep < thpc e tRHCP > | )
— |H -_— )- 3 -
RAS
Vie ~ 1 f \__
terple—p] e tesh o le_tcP tcp
tcas tcas tcas o
V|H — ¥ X\ [ ¥ X[ s XY
CAS / t
Vi < RAD X 1- X | e [T F
lasr tran LASS| | lean <Jasc, tean ASC I tean
H - y \'S Y A 'S
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IL - \\ I N x I
tresle :! tocH—» |<— «—>{rRRH
—— Vnu - o g
WE VIH —////////////////// tan QZZ
* . trac : toee
=
PRV loea
—_— Vy - <
NN/,
Ve i X
toeare > «Lcpa t t
tcacle—>» tbon toez OE, <REZ,
Vou - i Valid FVaid { Veid* Y vaid*
DQ VoL ~ NN @: Data-out _Deterout -:M7Hrmr
cLz
*: Same Dada, m “H" or “L”
Fast Page Mode Read Cycle (Part-2)
’ trasp Lo trp
v - « RCD < thpc < trHCP >, \
— |H -_— - . -
RAS " \ 7 \
Lers tesH et « fcP
o lcas Jeas, «  lcas
Vi - ¥ T\ [¢ gb’s \ ¢ gls \ [« gls
CAS / t
vV, - . <« RAD N X 1- -xt f ) X T
ASR tran lKASC teany tasclep lcan lasc ||, witcan
Vi - s 1 s L s L
Address Row Column ,//////////// Column )@( Column ,//////////////////
V|L - N Y N Y N I
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\/ X
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tcacie—> twezie—»| tcacie—> tooHle—>» Pusisan
D Vou - £ Vvalid* X £ Valid * 32‘ valid* Y
Q VoL ~ t X Data-out £ X Data-out Ay Data-out £
cLz

*: Same Dada,“H” or “L”
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Address

Fast Page Mode Write Cycle (Early Write)

v
RAS "

DQ

\

RAS
Vi

Vi

VIL

CAS

MSM5117405D

A A

tesh

|

terp

. IreD

»

e« fcas o

<« [RAD

tAsR traH

»

tasc

tean

Row

Column

twes,

twen,

~

tDs<—>| |<—>tDH tDs<—>| |<—>tDH tDs<—>| |<—>tDH
- F valid* ¥ F Valid* X F Valid* X
- Y Data-in £ Y. Data-in £ Y. Data-in £
I/ wpgn “
m H” or “L
Fast Page Mode Read Modify Write Cycle
< trasp >
LI« trwD > < tepwp >
_ \ !
bl trep PN —>{tRwL
« lowp .
- ¥ T\ [ ]L 'S
-/ tasCle—pl \ K F| tascly
<IRAD < thprwC rltean
sy trAH :itcpA
— A
Row

\

IL

Viy
Vi

Vi
Vi

ViioH

ST

t
trcs|e cwp__,
/ Al 'S A 'S
ZZQQZQZZZQZ < tawp S T e tawp Ik f
L PRE'YAEER tosier| (€05 tosier] [« 20y,
trac .
=
JoEA| o
< T T
L toe toen. toe toen.
teac f«—»itoez tpHie> teac f«—toez toH
£ valid* X [ vaid* X £ valid* X [f Valid*
X Data—out72_‘ Data-in £ A Data—out72_‘ Data-in
toLz » teLz »

VioL ~

m “H” or “L”
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RAS-Only Refresh Cycle

o —w
wavess TN == VT

RAS

CAS

tre

MSM5117405D

Open
Voo ——1
N A wpyr W » ' wp g Wy n
Note: WE, OE = “H” or “L m H” or “L
CAS before RAS Refresh Cycle
< trp e tre >
- tras .
Vi - s \ s \
Vv, ——/lRec X fle trp >
PLICINIPLIC N JIrPC,
{
V|H - ¥+ X < CHR > \
Vip T — T T
«—>{{cEz
V T ——\
o Open

Note: WE, OE, Address = “H” or “L”
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e Hidden Refresh Read Cycle

MSM5117405D

»
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»
14 L'
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CAS before RAS Self-Refresh Cycle

v
RAS "

MSM5117405D

« RP g tpass >l (RPS
- A N Y \
- < tFeCF’ ) N // T

hl ld 7/ t

tcple—>| le—pilcsr «—RPC
_ —\ tcHs|e 7 v

7/
«—»{{cEz
_—
Open

_ !

Note: WE, OE, Address = “H” or “L” m “H” or “L”

Only SL Version
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