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MSM5116400D

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

DESCRIPTION

The MSM51.6400D is a 4,194,304word x 4-bit dynamic RAM fabricated inOki's silicon-gate GMOS
technolog. The MSM5116400D achiesshigh integation, hid-speedoperation, and lovpower consuption
because & manufactureshe devcein a quadrupléayer polysilicon/doubletayer metal CMOS processThe
MSM5116400D is awilable in a 26/24in plastic SOJ26/24pin plastic TSOP

FEATURES

e 4,194,304word x 4-bit configuration

e Sinde 5V power supply+10% tolerance

e Input : TTL conpatible, low input capacitance

e OQutput :TTL compatible, 3-state

e Refresh :4096 cycles/64 ms

e [Fast page mode, read modify write capability

e CASbefore RASrefresh, hidden refresh AS-only refresh capability

e Multi-bit test mode capability

e Package options:
26/24pin 300nil plastic SOJ (S026/24P-3001.27) (Product : MSM5116400DxSJ
26/24pin 300nil plastic TSOP (TSOPI126/24P-30041.27K)  (Product : MSM5116400BxTSK)

xX : indicates speed rank

PRODUCT FAMILY

) Access Time (Max.) Cycle Time Power Dissipation
Family trac tan teac toea (Min.) Operating (Max.) | Standby (Max.)
MSM5116400D-50 | 50ns 25ns 13ns 13ns 90ns 413mW
MSM5116400D-60 | 60ns 30ns 15ns 15ns 110ns 385mwW 5.5mwW
MSM5116400D-70 70ns 35ns 20ns 20ns 130ns 358mWwW
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PIN CONFIGRATION (TOP VIEW)
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DQ1[2]
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26/24-Pin Plastic SOJ

MSM5116400D

Vce II Q 2__6| Vss
DQ1[2] 25| DQ4
DQ2[3] 24 DQ3
WE[4] 23|CAS
RAS[5] 22| OE
A11[6] 21 A9
A10[8] [19] A8
A0[9] 18] A7
A1[10) 17] A6
A2[L]] [16] A5
A3[L2] [15] A4
Vee E l__4| Vss

26/24-Pin Plastic TSOP
(K Type)

Pin Name Function
AO0-All 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
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MSM5116400D

BLOCK DIAGRAM
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

MSM5116400D

Parameter Symbol Rating Unit
Voltage on Any Pin Relative to Vgg Vr -0.5t07.0 \
Short Circuit Output Current los 50 mA
Power Dissipation Pp+ 1 W
Operating Temperature Topr 0to 70 T
Storage Temperature Teg -55to 150 T
* Ta=25°C
Recommended Operating Conditions
(Ta=0°Ct 070°C)
Parameter Symbol Min. Typ. Max. Unit
Power Supply Voltage Vee 5 >0 > v
Vss 0 0 0 \Y
Input High Voltage Viu 2.4 — Vee+05*t \Y
Input Low Voltage Vi -0.57 — 0.8 \%

Notes: *1.

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

The input wltage is Vcc + 2.0V when the pulsavidth is less than 20r(he pulse wdth is with

*2. Theinput wltage is Vss— 2.0V when the pulse wdth is lesghan 20ns (the pulseigth respect to

the point at which Vsis applied).

Capacitance

(Vee = 5.0V + 10%, Ta=25°C, f=1MHz)

Parameter Symbol Typ. Max. Unit
Input Capacitance (A0 — A11) Cina — PF
Input Capacitance
—- —— — — Cinz — pF
(RAS, CAS, WE, OE)
Output Capacitance (DQ1 — DQ4) Cio — pF
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DC Characteristics

MSM5116400D

(Vcc =5V +10%, Ta=0°Ct 0 70°C)

MSM5116400 | MSM5116400 | MSM5116400
Parameter Symbol Condition D-50 D-60 D-70 Unit | Note
Min. | Max | Min. | Max [ Min. | Max
Output High Voltage | VoH | lon =-5.0mA 2.4 Vee 2.4 Vee 2.4 Vce \%
Output Low Voltage | VoL |loL=4.2mA 0 0.4 0 0.4 0 0.4 \Y,
ot Leak OV <V, <65V;
nput Leakage
Current i | All other pins not -10 | 10 | -10 | 10 | 10 | 10 | WA
under test = 0V
Output Leakage DQ disable
| - - _

Current LO OV <V <Vee 10 10 10 10 10 10 pA
Average Power RAS, CAS cyciing,
Supply Current lee |~y — 75 — 70 — 65 | mA | 1,2
(Operating) RC =
Power Supply RAS, CAS=Vi4 — 2 — 2 — 2
Current lcco RAS,. CAS > 05 05 05 mA 1
(Standby) Ve —-0.2v T ) T ) T )
Average Power RAS cycling,
Supply Current lccs | CAS=Vin, — | 5| — | 70| — | 65 | mA| 1,2
(RAS-only Refresh) trc = Min.
Power Supply RAS =Vih,
Current lccs | CAS=V, — 2 — 2 — 2 mA 1
(Standby) DQ = enable
Average Power
Supply Current RAS = cycling,

i lecg |2~ YANg — || — | 0| — | e |mAa| 12
(CAS before RAS CAS before RAS
Refresh)
Average Power RAS =V,
Supply Current lcc7 | CAS cycling, — 70 — 65 — 60 | mA | 1.3
(Fast Page Mode) tpc = Min.

Notes: 1.

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

2. The address can be chadgnce or less hile RAS = V.
3. The address can be chadgonce or less hile CAS = V.
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MSM5116400D
AC Characteristic (1/2)
(Vee = 5V + 10%, Ta=0°Ct 0 70°C) Not €1,2,3

MSM5116400 MSM5116400 MSM5116400
Parameter Symbol D-50 D-60 D-70 Unit | Note
Min. Max. Min. Max. Min. Max.
Random Read or Write Cycle Time | trc 90 — 110 — 130 — ns
Read Modify Write Cycle Time trwe | 131 — 155 — 185 — ns
Fast Page Mode Cycle Time tpc 35 — 40 — 45 — ns
Wﬁ:epgggeMﬁ%eeRead Modity | tprwe | 76 — 85 — | 100 | — |ns
Access Time from RAS trRAC — 50 — 60 — 70 ns | 4,56
Access Time from CAS tcac — 13 — 15 — 20 ns | 4,5
Access Time from Column Address | taa — 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
g%tsput Low Impedance Time from toLz 0 o 0 L 0 . ns 4
g:f?\g etz?a)?ETui?n (gutput Buffer Turn- torr 0 13 0 15 0 20 ns 7
CD)EI;; _ll?i?Tt]e; Output Buffer Turn-off togz 0 13 0 15 0 20 ns 7
Transition Time tr 3 50 3 50 3 50 ns 3
Refresh Period tREF — 64 — 64 — 64 m
RAS Precharge Time trp 30 — 40 — 50 — ns
RAS Pulse Width trRAS 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 13 — 15 — 20 — ns
RAS Hold Time referenced to OE | troH 13 — 15 — 20 — ns
(Fast Page Node) e | 7 | — | 0| — | 10 | — |ns
CAS Pulse Width tcas 13 10,000 15 10,000 20 10,000 | ns
CAS Hold Time tcsH 50 — 60 — 70 — ns
CAS to RAS Precharge Time tcrp 5 — 5 — 5 — ns
RAS Hold Time from CAS Precharge | trRHcp | 30 — 35 — 40 — ns
RAS to CAS Delay Time trReD 17 37 20 45 20 50 ns 5
RAS to Column Address Delay Time | trRaD 12 25 15 30 15 35 ns
Row Address Set-up Time tasr 0 — 0 — 0 — ns
Row Address Hold Time tRAH 7 — 10 — 10 — ns
Column Address Set-up Time tasc 0 — 0 — 0 — ns
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MSM5116400D
AC Characteristic (2/2)
(Vec = 5V + 10%, Ta=0°Ct 0 70°C) Not €1,2,3

MSM5116400 MSM5116400 MSM5116400
Parameter Symbol D-50 D-60 D-70 Unit [ Note
Min. Max. Min. Max. Min. Max.
Column Address Hold Time tcaH 7 — 15 — 15 — 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 trRcH 0 — 0 — 0 — ns 8
rodcommandiatine | 0 | [0 | [ o | ||
Write Command Set-up Time twes 0 — 0 — 0 — ns 9
Write Command Hold Time twcH 7 — 10 — 15 — ns
Write Command Pulse Width twp 7 — 10 — 10 — ns
OE Command Hold Time toeH 13 — 15 — 20 — ns
Write Command to RAS Lead Time | trwe | 13 — 15 — 20 — | ns
Write Command to CAS Lead Time | tcwL 13 — 15 — 20 — ns
Data-in Set-up Time tbs 0 — 0 — 0 — ns 10
Data-in Hold Time tDH 7 — 10 — 15 — ns 10
OE to Data-in Delay Time toeD 13 — 15 — 20 — ns
CAS to WE Delay Time tcwp 36 — 40 — 50 — ns 9
Column Address to WE Delay Time | tawp 48 — 55 — 65 — ns 9
RAS to WE Delay Time trRwD 73 — 85 — 100 — ns 9
CAS Precharge WE Delay Time |tcpwp| 53 — 60 — 70 — ns 9
géirgcrg\ée Delay Time from RAS trpc 5 o 5 L 5 . ns
E%tgggri geTtS‘;p Time tcsr | 10 — 10 — 10 — | ns
(RCATSstgeCerSe ';LA'g)T'me tthr | 20 | — | 10 | — | 10 | — |ns
7114
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Notes:
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1.

10.

MSM5116400D

A startup delayof 20Qus isrequired aftepower-up, followed by aminimum of eight initialization
cycles (RASenly refresh oICAS before RASefresh) befor@roperdevice operatiorns achieed.

The AC characteristics ass@ty = 5ns.

Vin (Min.) and M. (Max.) are reference lels for measuringnput timing signals. Transitiontimes
(tr) are neasured beteen \{y and V..

This paraneter is measured Wth a load circuit equiglent to 2 TTL load and 100pF.

Operation vithin the &cp(Max.) limit ensures thakkc (Max.) can be m&.
tren(Max.) is specified as a reference point oifflfizcp is greater than the specifiegkb (Max.)
limit, then the access taris controlled bycac.

Operation within the kap (Max.) limit ensures thakkc (Max.) can be .
trap (Max.) is specified as a reference point olfiyrap is greater than the specifieghp (Max.)
limit, then the access taris controlled byaa.

torr (Max.) and ¢ (Max.) define the tira at which the output achied the open circuit condition
and are not referenced to outpoltage levels.

trch OF trry MUSt be satisfied for a readag.

twes, tewn, trwo, tawp @and Epwp are not restrictig operatingparaneters. They are included in the
data sheet as electrical characteristics.dhlycs > twes (Min.), then the cgle is an earlywrite
cycle and thelata outwill remain open circuit (hipimpedance) throdwutthe entirecycle. If tewo

> tcwp (Mln), trwp = tRWD(Min.), tawp = tawp (Mln) and Epwvp = tepvp (Mln), then the Cyle is a
read nodify write cycle and data out i contain data read frorthe selected cell; if neither of the
abo\e sets of conditions is satisfied, then the condition of the data out (at ac&ds tim
indeterninate.

These paramters are referenced to thé6 leadingedge in an earlywrite cycle, and to the WE
leadingedge in an CE control wite cycle, or a read wdify write cycle.
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MSM5116400D

Timing Chart
e Read Cycle tec
P fras
— Vy - L
RAS v. - \ .
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tcre < trep trs ‘tCR
R Ho— I T\ [ lea > 7
CAS IL - < tRAD > X 1 \\
< RAL »
tASR tRA :tASC: tCAH
< RCSt e RRH >
we T . e N
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OF . T, T
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< 1:RAC » < tOEZ »
DQ \\2': Op o 'w(i Valid Data-out )
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Write Cycle (Early Write) ; foc N ‘
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¢ Read Modify Write Cycle
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MSM5116400D

r—': R fons — L \
1 1, S 1

tRWD

“H" or “L”
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MSM5116400D
e Fast Page Mode Cycle

< trasp o L lRP
v, o — » pC e RHCP > !
RAS V. - \ / \
I
erp [4—»] [+—LRCD > PRLSIIR lop e Trsn f| e pltore
o fcas <« leas o foas
CAS Vg - s T\ [ o \ [« '}z \ [« W'
Vv, ——/ lrAD X i X f X f
¢ < tosh
Prai U RN CYNER
H - 4 \ ]
Address I Row KX
L X i
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e Fast Page Mode Write Cycle (Early Write)

< trasp N <tRF’=
< toc sl tripc )
-V -—\ < »le > I \
RAS _ \
Vi t \ [ t
<<F5 e trep > « lcp o P e trsn | |cRP
o« loas o < lcas o o ltoas o
— Vi - ¥ | s \ ¥ \ ¥
CAS / t
Vi ~ «RAD X r X i X r
< tesn o e tral .
SR o pitran (955 |dloa
\

Vg - ¥ N ¥
AddressV @( Row @ Column

Note: OE =“H" or °L"  [//////} *H" or “L"
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MSM5116400D
e Fast Page Mode Read Modify Write Cycle

< : : : > > {rp
Vy - | |« CSH > < PRWC > ¢ RSH > I
RAS V. - \ T \_
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e RAS-only Refresh Cycle
< e >
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RAS M - N "I )
Vie ~ . T e trp >
tcrpje—> trpcle—>
— _ Vy - s 4
CAS V'“ . K&%
I tasr AtRAl-i
Vi - i
Address " row RIIIIITIIi)
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DQ o ] Open
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Note: WE, OE = “H” or '/////A “H” or “L”
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e CAS before RAS Refresh Cycle

— Vi - y \
v, -/ \

MSM5116400D

L e e >

< l:RAS tk‘ \

w trec > < tzp >

< tep > tesr t
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_ — < >
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e Hidden Refresh Read Cycle

Vin
Vi

RAS

Vin
Vi

CAS

Vin
Vi

Vin
Vi

Von

Voo ~
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Note: WE, OE, Address = “H” or '/////A “H” or “L”
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Hidden Refresh Write Cycle

tRC

MSM5116400D

tRAS

v, - «
RAS M N
vV, - X

tcre !

tRSH

" < > ¢ RCD
~—= Vm -
CAs "~ J ot

.\

> | |«
T |
> <—tRP—>

t

tRAL

Address ://I: ~ //////",////////

<
<

RNCH

»
»

> i
1
t

‘_tma_j/—L
Sz I,

H - ;;;;;;;;;;;;;;;;;;;;;2
- \

twp )

!

tp

<< << KX

- T

f im o K,
“H” or “L”

14/14



