OKI Semiconductor

MSM514400A/AL

1,048,576-Word x 4-Bit DYNAMIC RAM : FAST PAGE MODE TYPE

DESCRIPTION

The MSM514400A / AL is a new generation dynamic RAM organized as 1,048,576-word x 4-bit. The
technology used to fabricate the MSM514400A / AL is OKI's CMOS silicon gate process technology.
The device operates at a single 5V power supply. Its I/O pins are TTL compatible.

FEATURES

* Silicon gate, quadruple polysilicon CMOS, 1 transistor memo

* 1,048,576-word x 4-bit organization

* Single 5V power supply, +10% tolerance

¢ Input: TTL compatible

* Output: TIL compatible, tristate

* Refresh: 1024 cycles/16ms, 1024 cycles/128ms (L-version)
* Fast page mode, read modify write capability

ry cell

* CAS before RAS refresh, Hidden refresh, RAS only refresh capability

* Multibit test mode capability

* Package:
26-Pin 300/350mil Plastic SOJ (507126-P-300), (S0OJ26-P-350)
20-Pin 400mil Plastic ZIP (ZIP20-P-400-W1)
26-Pin 300mil Plastic TSOP  (TSOP26-P-300-K./L)
PRODUCT FAMILY

Access Time (Max.)

Power Dissipation

trac | taa | tcac | toga (Min.) Operating (Max.)| Standby (Max.)
MSM514400A/AL-70 | 70ns | 35ns | 20ns | 20ns | 130ns 495mW
MSM514400A/AL-80 80ns | 40ns | 20ms | 20ns | 150ns ddomw | oMW/

MSM514400A/AL-10 100ns | 50ns | 25ns | 25ns 180ns

385mwW

1.1mW (L-version)
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MSM514400A/AL OKI Semiconductor
PIN CONFIGURATION (TOP VIEW)
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Sd = 300mil
J = 350mil
Pin Name Function
Ao - Ag Address Input
RAS Row Address Strobe
CAS Column Address Strobe
DQ1 - DQ4 Data-Input/Data-Output
OE Qutput Enable
WE Write Enable
Ve Power Supply (5V)
Vss Ground (OV)
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MSM514400A/AL

FUNCTIONAL BLOCK DIAGRAM
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings
Parameter Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vr -1.0t07.0 )
Short Circuit Qutput Current los 50 mA
Power Dissipation Po” 1 w
Operating Temperature Topr 0to70 °C
Storage Temperature Tstg -55t0 150 °C
*Ta=25°C
ti ndition
Recommended Operating Conditions (Ta = 010 70°C)
Parameter Symbol Min. Typ. Max. Unit
Vee 435 5.0 5.9 '
Power Supply Voltage
PPy ¥OTag Vss 0 0 0 v
Input High Voltage VIH 24 —_ 6.5 v
Input Low Voltage ' -1.0 — 0.8 v
Capacitance (Vo = 5V£10%, Ta = 25°C, = 1MHz)
Parameter Symbol Typ. Max. Unit
Input Capacitance (AQ - A9) Cint —_— 6 OF
Io_n%ut Capacitance (RAS, CAS, WE, Cinz _ 7 oF
Output Capacitance (DQ1 - DQ4) Cio — 7 pF
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DC Characteristics

(VCC =5V +10%,Ta=0to 70°C)

MSM MSM MSM
Parameter Symbol Condition STHIOONAL 70| $144004/AL 80| S14400MAL10 | Uit | Note
Min. \Max.| Min. |Max.| Min. Max.
Qutput High Voitage Vou loy =-5.0mA 24 | Voo [ 24 | Voo | 24 | Voo | V
Output Low Voltage VoL oL =4.2mA 0 {04] 0 {04]| O {04 V
V<Vi<6.5Y;
Input Leakage Current It Ail other pins not under | 10 | 10 |-10| 10 | 10| 10 | pA
test = OV
DQi disable
Output Leakage Current ho 0V < Vo < 5.5V -10| 10 {-10| 10 [ 10| 10 | wA
Average Power Supply RAS, CAS cycling,
Current (Operating) o6t | tg; = Min. =070 mAl T2
RAS,CAS =V -2 | —]2|—|2
Power Supply Current | I 3 3 mA| 1
Standb “%  RAS,TAS2Vep-0.2v (— — —
(standby) P e = Yol — 1200( — [200] — [200] pa | 1,5
Average Power Supply RAS cycling,
Current locs | CAS = Vi — |9 | —|(8|— |7 |mAl| 12
(RAS-only Refresh) trc = Min.
RAS = Viy
Power Supply Current —
(Standb ;pr fccs | CAS =V — | 5|~ ] 5| —1]5 |mA| 1
y DQ; = enable
Average Power Supply _
Current (CAS Before loce %:’gz?::egéTs — |90 |— |80 | —170|mA] 12
RAS Refresh)
Average Power Supply RAS = V|,
Current lcc; | CAS cycling, — |8 | —|70| —|[60|mA| 13
(Fast Page Mode) tpc = Min.
Average Power Supply tre = 125us
Current lccio | CAS before RAS — | 300 — 300| — [300! pA L' 25
(Battery Backup) RAS cycling, tras < 1us '
Notes : Specified values are obtained with the output open.

G e

Address can be changed once or less while RAS = Vy;..
Address can be changed once or less while CAS = V.
Ve -02V Vi €65V, -1.0VE Vy <0.2V.
L-version.



MSM514400A/AL OKI Semiconductor
AC Characteristics (1/2) (Vo =5V £ 10%, Ta = 0t0 70°C) Note 1, 2,3, 11
MSM MSM MSM
Parameter Symbol | S14400A/AL-70 | 514400A/AL-80 514400A/AL-10 | it | Note
Min. | Max. | Min. | Max. | Min. | Max.
Random Read or Write Cycle Time tre 130 | — [ 150 | — | 180 | — | ns
Read Modify Write Cycle Time tRMw 185 | — 1205 | — | 245, — | ns
Fast Page Mode Cycle Time tec 50 — 59 — 65 — | ns
Fast Page Mode Read Modify Write tow | 105 1 — |10 ] — | 130 | — | ns
Cycle Time
Access Time from RAS tRAC — | 70 | — | 80 | — | 100 | ns |4,56
Access Time from CAS teac — | 20 — | 20| — | 25 | ns | 45
Access Time from Column Address taa — 35 — 40 — 50 | ns | 4,6
Access Time from OE toea — {20 | — | 2§ — |2 |[ns| 4
Access Time from CAS Precharge tcra — | 40 | — | 45 | — | 55 | ns | 4
Qutput Low Impedance Time from CAS toLz 0 — 0 — 0 — ins | 4
Qutput Buffer Turn-off Delay Time torr 0 20 0 20 0 25 1 ns 7
OF to Data Output Buffer Turn-off Delay Time | togz 0 20 0 20 0 25 | ns | 7
Transition Time tr 3 50 3 50 3 50 | ns 3
Refresh Period tree -_ 16 — 16 — 16 | ms
Refresh Period (L-version) tRer — | 128 | — | 128 | — | 128 | ms
RAS Precharge Time trp 5 | ~ | 60 | — | 70 | — | ns
RAS Pulse Width tras 70 |10,000| 80 |(10,000{ 100 |10,000| ns
RAS Pulse Width (Fast Page Mode) trAsP 70 (100,000 80 [100,000{ 100 (100,000 ns
RAS Hold Time tRSH 20| — |2 | — |25 | — |ns
RAS Hold Time Reference to OF tROH 0 | — | 20| — | 25 | — | s
TAS Precharge Time tcp 10| —110] — | 10| —|ns
CAS Pulse Width tcas 20 [10000| 20 |10,000( 25 |10,000} ns
CAS Hold Time tosH 70 | — | 80 | — {100 | — | ns
CAS to RAS Precharge Time tcrp 5 —_ 5 — 5 — | ns
RAS to CAS Delay Time tRep 20 | 50 | 20 | 60 | 25 | 75 | ns | 5
RAS to Column Address Delay Time tRaD 15 35 15 40 20 50 | ns 6
Row Address Set-up Time tasR 0 — 0 — 0 — | n§
Row Address Hold Time 1RAH 10 — 10 —_ 15 — | ns
Column Address Set-up Time tasc 0 —_ 0 — 0 — | ns
Column Address Hold Time tcaH 19 — 15 — 20 — | ns
Column Address Hold Time from RAS tar 55 — 60 —_ 75 — | ns
Column Address to RAS Lead Time tRaL 35 | — | 40 | — | 50 | — | ns
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AC Characteristics (2/2) (Voo = 5V £ 10%, Ta = 00 70°C) Note 1, 2.3, 11
MSM MSM MSM
Parameter Symbol | S1#400A/AL-70 | 514400A/AL-80 | 514400A/AL-10 | it | Note
Min. | Max. | Min. | Max. | Min. | Max.
Read Command Set-up Time tres 0 —_ 0 — 0 — | ns
Read Command Hold Time tReH 0 — 0 — 0 — | ns 8
Read Command Hold Time Reference to RAS | trpy 0 — 0 — 0 — | ns| 8
Write Command Set-up Time twes 0 — 0 — 0 — | ns
Write Command Hold Time twcH 10 — 15 — 20 — | ns
Write Command Pulse Width twp 10 — 15 — 20 — | ns
Write Command Hold Time from RAS twen 50 | — | 60 | — | 75 | — | ns
OE Command Hold Time toEH 20 | — | 20 | — | 25 | — | ns
Write Command to CAS Lead Time towl 20 | — | 20 | — | 25 | — | ns
Write Command to RAS Lead Time tRwL 20 | — | 20 | — | 25 | — | ns
Data-in Set-up Time tos 0 — 0 — 0 — | ns 10
Data-in Hold Time toH 15 — 15 — 20 — | ns 10
Data-in Hold Time from RAS toHR 5 | — | 60 | — | 75 | — | ns
OE to Data-in Delay Time toen 20 | — | 20 | — | 25 | — | ns
CAS to WE Delay Time towp 50 | — | 50 | — | 80 | — | ns| 9
Column Address to WE Delay Time tawD 65 | — | 70 | — | 8 | — | ns
RAS to WE Delay Time tawp | 100! — | 110 | — | 135 | — | ns| 9
CAS Active Delay from RAS Precharge tRPC 5 — 5 — 5 — | ns
RAS to CAS Set-up Time (CAS Before RAS) tesk 5 — 5 — 5 — | ns
RAS to CAS Hold Time (CAS Before RAS) tcHr % | — | 15| — | 15| — | ns
CAS Precharge Time (Refresh Counter Test) tceT 3% | — | 40 | — | 50 | — | ns
WE to RAS Precharge Time (CAS Before RAS)|  twrp 10 — 10 — 10 — | ns
WE Hold Time from RAS (CAS Before RAS) tWRH 0| — |10 — 1! 10} — |ns
RAS to WE Set-up Time (Test Mode) twsh 10| — 10! — 110 ] — |ns
RAS to WE Hold Time (Test Mode) twHR 0 | — {10 — | 10| — |ns
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Notes:

1.

10.

11.

Aninitial pause of 200 s is required after power-up followed by 8 or more initialization
cycles (RAS-only refresh or CAS before RAS refresh) before proper device operation
is achieved.

The AC characteristics assume tt = 5ns.

Vg (Min.) and Vi (Max.) are reference levels of inputsignals for timing measurement.
Transition imes (t7) are measured between Vi and V.

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

Operating within the tpep (Max.) limit insures that tr oc (Max.) canbe met. trep (Max.)
is specified as a reference point only; If trcp is greater than the specified trep (Max.)
limit, then access time is controlled exclusively by tcac.

Operating within the tg Ap{(Max.) limitinsures that tg oc (Max.) canbe met. trAp (Max.)
is specified as a reference point only; If tgop is greater than the specified traD (Max.)
limit, then access time is controlled exclusively by taa.

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

Either tgry or trcy must be satisfied for a read cycle.

twes, trwh, tewp and tawpare not restrictive operating parameters. They areincluded
in the data sheet as electrical characteristics only; If tywcs = twes (Min.) the cycle is an
early write cycle and the data out will remain open circuit throughout the entire cycle;
If tewp 2 tewp Min), trwp 2 trwp Min) and tawp 2 tawp (Min.) the cycleis aread
modify write cycle and the data out will contain data read from the selected cell. If
neither of the above sets of conditions is satisfied, the condition of data out (at access
time) is indeterminate.

These parameters are referenced to CAS leading edge inan early write cycleand to WE
leading edge in a OE control write cycle or a read modify write cycle.

Test Mode Feature:

The test mode is activated by executing a CAS before RAS refresh cycle with WE held
at a low level (Vi). The device remains in the test mode until it is deactivated by
executing astandard RAS-only refresh oraCASbefore RAS refresh cyclewith WE held
at a high level (Vig).

In the test mode CAO is not used and each I/O pin now accesses 2 bit locations. Since
all 4 1/0 pins are used, a total of 8 data bits can be written in parallel into the memory
array, reducing test time by 50%. When executing a read cycle 2 data bits are gated
through the internal exclusive OR logic and the resultis presented at the /O pin, thus
ifthe2 databitsareequal, thel/Opinindicatesalogical 1. If the2 databits are notequal,
the I/O pin indicates a logical 0. This additional internal operation delays access time
by 5ns and should be added to the access time parameters if operating in the test mode.
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Write Cycle (OE Control Write)
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Fast Page Mode Read Cycle
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Fast Page Mode Read Modify Write Cycle
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CAS Before RAS Auto-refresh Cycle
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CAS Before RAS Refresh Counter Test Cycle

- tras e
RAS x:[': \"( 7/-‘ \
tesh toHR topT . trRsH
s :\l:. F = s -~/ | A
Jasc. tcAH
Ag - Ag z:[l:: Column V’
RAL R
Read Cycle t“i’_H_P_ LWH& tRes tcac r\‘l tRR*H tRCH
& TN U | \/
| T - Y /i
| ] o
1617 ez
0Q1 - DO4 xgr: Open @(z Valid Data-out :§———
tRWL .
Write Cycle s | L R thiWL -
w W Yk —e——] ]
|
L ]
tos toH
DQ1 - DO4 zr: Open —{ Valid Data-in i
. . i towl
Read Modify Write Cycle twRi AWtD -
twre NRH tacs | | CWD - -
—_— — 4 N
w w T U) Ne/ )
L .
h 10EA
< o I | /|
touz[[ Teac t_QEZ.‘t'Q*EE tps| |ton
on-ow o W= o=

"Hor "



