OKI Semiconductor
MSM511002B

1,048,576-Word x 1-Bit DYNAMIC RAM: STATIC COLUMN MODE TYPE

DESCRIPTION

The MSM511002B is a new generation dynamic RAM organized as 1,048,576-word x 1-bit. The
technology used to fabricate the MSM511002B 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, quardruple polysilscon COMS, 1-transistor memory cell
* 1,048 576-word x 1-bit organization

* Signal 5V power supply, £10% tolerance

¢ Input:  TTL compatible

* Output: TTL compatible, tristate

» Refresh: 512 cycles/8ms

e Common I/O capability using Early Write operation

* Static column mode, read modify write capability

o TS before RAS refresh, Hidden refresh, RAS-only refresh capability

¢ Package:
18-Pin 300mil Plastic DIP (DIP18-P-300-W1)
26-Pin 300mil Plastic SOJ (SOJ26-P-300)
20-Pin 400mil Plastic ZIP (ZIP20-P-400)
PRODUCT FAMILY
Family Access Time (Max.) Cycle Time Power Dissipation
trac | taa tcac (Min.) Operating (Max.)|Standby (Max.)
MSM511002B-60 60ns | 30ns 15ns 120ns 495mW
MSM511002B-70 70ns | 35ns | 20ns 130ns 440mW 5 5mW
MSM511002B-80 80ns | 40ns 20ns 150ns 385mwW '
MSM511002B-10 100ns | 50ns | 25ns 190ns 330mW
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OKIX Semiconductor MSM511002B

PIN CONFIGURATION (TOP VIEW)
%E 29 Vs Ag[ 1] —
WE[ 2] 125] Dour 2] T8
D[] 18] Vss RAS[ 3] 24 TS Oour[3 4] Vss
WE[ 2] 77 Dour NC[ 4] 23] NC EE 6] WE
msE _ [@T nE 8 [Ea R;\i% g [8]ne
(4] 2 |14 g N 2 | NOLEAD
M5 2 [ AT N ~ S T "8 [@a
WE O§ B a@® 7 me M0 s
WEl 2 Ea LG N 1Y
As[ 8] 1] s As[12 15 As 1] 18] As
Vee[9] 10] A Vee 13 14 Aq o 120] Ag
18-PIN DIP 26-PIN S0J 20-PINZIP
Pin Name Function
Ag- Ag Address Input
RAS Row Address Strobe
S Chip Select Input
Din Data Input
Dout Data Qutput
WE Write Enable
Ve Power Supply (5V)
Vss Ground (0V)
NC No Connection
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OKI Semiconductor

MSM511002B
FUNCTIONAL BLOCK DIAGRAM
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OKI Sermiconductor

MSM511002B

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings
Parameter Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vr -1.0t07.0 Y
Short Circuit Qutput Current los 50 mA
Power Dissipation Pp* 1 w
Operating Temperature Topr 0to 70 °C
Storage Temperature Tstg ~55 10 150 °C
* Ta=25°C
Recommended Operating Conditions (Ta = 010 70°C)
Parameter Symbol Min. Typ. Max. Unit
Vee 45 5.0 55 v
Power Supply Voltage
pply Yorag Ves 0 0 0 v
Input High Voltage ViH 24 — 6.5 v
Input Low Voltage ViL -1.0 —_ 0.8 v
Capacitance (Voo = 5V £ 10%, Ta = 25°C, f = 1MHz)
Parameter Symbol Typ. Max. Unit
Input Capacitance (AO - A9, Diy) Civt - 6 pF
Input Capacitance (RAS, TS, WE) Cing — 7 pF
QOutput Capacitance (Dour) Cout - 7 pF
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MSM511002B OKI Semiconductor

DC Characteristics (Veg =5V £ 10%, Ta = 0 10 70°C)
MSM MSM MSM MSM
Parameter  |[Symbol Condition |511002B-60,5110028-70|5110028-80/511002B-10 ynit) Note
Min. [Max.| Min. [Max.| Min. |Max.| Min. |Max.
Qutput High Voltage Xon | lon=5.0mA 24 [ Vec | 24 1V | 24 | Voo | 24 | Voo | V
Output Low Voitage Voo |loL=4.2mA 0|04]| 0 1|04]| 0104 0 |04V
oV Vi<86.5Y,;
Input Leakage Current| 1y, | All other pinsnot | —10 | 10 | =10 | 10 | <10 | 10 } =10 | 10 | pA
under test = 0V
Output Leakage o | Dourdisable ol _yot 4o i _10] 10 [-10] 10 |-10| 10 | pA
Current O lov<Vos55v K
Average Power Supply RAS, TS cycling
Current (Operating) lect tag = Min, — |90 | — 18— 70— )60 mAii2
Power Supply Current | RAS .CS =V —fi 2|l =21l —=12|—=|2|mA| 1
(Standby) 02 RISV — | 1 | — |1 [ —=[1]=]1[mal1
Average Power Supply RAS cycling,
Current lccs | CS =V — || —{8]|—|70|—]|60 [mAj12
(RAS-only Refresh) tre = Min.
Average Power Supply RAS cycling,
Current (CS Before lccs | CS before — 90| — {8 |—~|[70]—|60|mA|l 1
RAS Refresh) RAS refresh
Average Power Supply RAS =Vy_
Current lccs | CS cycling, — 18| —|70]|—|60|—]|5 |mA| 1
(Static Column Mode) tsc = Min.

Notes: 1. Specified values are obtained with the output open.
2. Address can be changed less than three times while RAS = Vy,
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OKI Semiconductor MSM5110028

AC Characteristics (1/3) (Vgg = 5V £ 10%, Ta = 00 70°C) Note 1, 2, 3
MSM MSM MSM MSM
Parameter Symbol|511002B-60|511002B-70|511002B-80,511002B-10|Unit| Note
Min.| Max.| Min.| Max.| Min. | Max.| Min. | Max.
Refresh Period trer — 8 — 8 — 8 — 8 [ms
Random Read or Write Cycle Time tre 120 | — [ 130 — [ 150 — [ 190 | — | ns
Read Modify Write Cycle Time thmw {140 | — | 155 | — | 175 — | 220 — | ns
Static Column Made Cycle Time ts¢ 40 | — | 45| — | 50 | — | 55 | — | ns
Static Column Mode Read
Modify Write Cycle Time fsaww | 65 | — | 70 ) — | 80 ) — 100 — s
Access Time from RAS tRac | — | 60 | ~ [ 70| — | 80 | — | 100 | ns |4,5,6
Access Time from CS tcac | — | 15| — | 20| — | 20| — | 25 |ns|45
Access Time from Column Address | taa — |30 | — 13| — |41 — | 5 [ns|467
Access Time from Last Write taw | — | 60 | — | 65| — | 79 — | 95 |ns |47
%tput Low impedance Time from to1z ol —=lol=1o0o|—=150o/!|—=/ns
tput Hold Time Reference t

g™y |8 |5 | =[5 |~ |5 [~|m
%a Output Enable Time Reference to tow — s | — 30! — |30 —1|3a0 |ns
Output Buffer Turn-off Delay torF 0 20 0|2 ] 0 20 0 | 20 | ns
Transition Time tr 3 50 3 50 3 50 3 50 | ns| 3
RAS Precharge tap 50 | — | 50| — | 60| — |8 [ —|ns
RAS Puise Width tras | 60 [10,000( 70 |10,000{ 80 {10,000| 100 (10,000 ns
?;:gtzuéiﬁuvn!{:gt&o(je Cycle Only) trasc | 60 (100,000 70 100,000 80 100,000 100 [100,000 ns
RAS Hold Time tash | 15| — {2 | — | 20| —| 25| — |ns
e R R e R e R R
TS Pulse Width tcs 15 (10,000 20 (10,000) 20 |10,000) 25 |10,000 ns
?si;?;%eomgtnhmde Cycle Only) tcsc | 15 [100,000 20 (00,000 20 [100,00 25 {100,000 ns
TS Hold Time fcsh | 60 | — | 70 | — | 80 | — | 100 ] — | ns
RAS to TS Delay Time tRep | 20 | 45 | 20 { 50 | 20 | 60 | 25 | 75 Ins| 5
RAS to Column Address Delay Time | tpap 15 1 30 1 15 { 35 | 15 | 40 | 20 | 50 | ns
TS to RAS Precharge Time tep | 5 | —| 5| — | 5| —| 5| —|ns
Row Address Set-up Time tasR 0 — 0 — 0 — 0 — | ns
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MSM511002B OKI Semiconductor

AC Characteristics (2/3) (Voo = 5V £ 10%, Ta = 0 to 70°C) Note 1,2, 3
MSM MSM MSM MSM
Parameter Symbol|511002B-60511002B-70|511002B-80(511002B-10 Unit| Note
Min.| Max.| Min.| Max.| Min. | Max. | Min. { Max.

Row Address Hold Time tRaH 10| — | 10| — 10| — 10| — |ms
Column Address Set-up Time tasc 0 — 0 — 0 - 0 — | ns
Column Address Hold Time tcaH 5| —1| 15| — |15 | —1t1 | —|ns
Column Address to RAS Lead Time | tra, | 30 | — | 35 | — | 40 | — | 50 | — | ns
Column Address Hold Time
Reference to RAS (WRITECycLg) | Wwm | 80 | — | 85 | — | 60 1 — /75 ) — ms
Column Address Hold Time Reference _ . _ _
to RAS tAR 75 85 95 115 ns
Column Address Hold Time _ _ _ _
Reference to RAS Precharge ta 10 10 10 10 s
Column Address Hold Time
Reference to WE taww | 60 | — | 65 | — 75 | — | 95 | — s
Last Write to Column Address Delay| twap | 20 | 30 | 20 | 30 | 20 | 35 | 25 | 45 |ns| 7
Read Command Set-up Time tres 0 — 0 — 0 - 0 — I ns
Read Command Hold Time _ _ _ _
Reference to CS thew | 0 0 0 0 ns | 9
T;Vy%e Command Hold Time from twer | 50 | — | 55 | — | 60 | — | 75 | — |ns
Write Command Set-up Time twes 0 — 0 — 0 _ 0 — | ns| 8
Write Command Pulse Width twp 0] — (15| — |15 — |20 — |ns
Write Invalid Time twi 10| — (10| — |10 —1]110]| —1Ins
Write Command Hold Time

— | 1 — —_ —_
(Dout Disable) twes 10 5 15 20 ns | 8
Data-in Hold Time from RAS g | 50} — | 55 | — | 80 | — | 75 | — | ms
%a Output Hold Time Reference to twon | 0 ] — ol =]o|—=10]|—=/]ns
Write Command to RAS Lead Time | trw | 15 | — | 20 | — | 20 | — | 25 | — | ns
Write Command to CS Lead Time tow. | 5| — |20 | —]20] — | 25| — |ns
Data-in Set-up Time tps 0 — 0 — 0 — 0 — tns| 10
Data-in Hold Time toH 5] — |15 — |15 — |20 — |ns| 10
TS to WE Delay town 15| — 20| — |20 | — | 25| — [ns| 8
RAS to WE Delay thwp | 60 | — | 70 | — [ 80 | — {100 — [ns| 8
Column Address to WE Delay Time | tawp | 30 | — [ 35 | — | 40 | — | 50 | — |ns| 8
RAS to Second WE Delay thswp | 75 | — | 85 | — | 95 | — | 115 | — | ns
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OKI Semiconductor

MSM511002B

AC Characteristics (3/3) (Vog = 5 £ 10%, Ta = 010 70°C) Note 1,2, 3
MSM MSM MSM MSM
Parameter Symbol|511002B-60|511002B-70|511002B-80|511002B-10|Unit| Note
Min.| Max.| Min.| Max.| Min. | Max. | Min. | Max.
Read Command Hold Time
Reference to RAS wew | O — 1 0 | — 10— 10| —|n;9
RAS to CS Set-up Time _ _ _ _
RAS to TS Hold Time (CS Before RAS) | tour | 30 | — | 30 | — | 30 | — | 30 | — | ns
CS Active Delay from RAS Precharge| tpg | 10 | — | 10 | — | 10| — | 10 | — { ns
CS Precharge Time _ _ _ .
(Refresh Counter Test) fer | 40 40 40 50 ns
TS Precharge Time ten | 10| — | 10} — [ 10| — | 15| — |ns
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MSM511002B OKI Semiconductor

Notes:

1.

10.

An initial pause of 100us is required after power-up followed by any 8 RAS cycles
(Example: RAS-only) before proper device operation is achieved.

The AC characteristics assume t = 5ns.

Vi (Min.) and Vi, (Max.) are reference levels of input signals for timing measurement.
Transition times (t7) are measured between Vi and V.

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

Operation within the trcp (Max.) limitinsures thattrcc (Max.) canbe met. trep(Max.)
is specified as a reference point only; if trcp is greater than the specified trep (Max.)
limit, access time is controlled exclusively by tcac.

Operation within the tg sp (Max.) limitinsures that tg oc (Max.) canbe met. tgoAp(Max.)
is specified as a reference point only; if tRop is greater than the specified tgap (Max.)
limit, then access time is controlled exclusively by taa.

Operation within the t; wap (Max.} limit insures that ta1 w (Max.) can be met. tywap
(Max.) is specified as a reference point only; if LLWAD is greater than the specified
towap (Max.) limit, access time is controlled exclusively by taa.

twes, twH, tewp, trwb and tawp are not restrictive operating parameters. They are
included in the datasheet aselectrical characteristics only; if tyycs 2 twes (Min.) and twy
2twy (Min.), the cycle is an Early Write cycle and the data out pin remains open circuit
(high impedance) throughout the entire cycle; if tcwp 2 tcwp (Min.), (Rwp 2 tRwb
(Min.) and tawp 2 tawp (Min.), the cycle is a read modify write cycle and the data out
contains data read from the selected cell; if neither of the above sets of conditions is
satisfied the condition of the data out (at access time) is indeterminate.

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

These parameters are referenced to CS leading edge in an early write cycle and to WE
leading edge in a read modify write cycle.
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TIMING WAVEFORM
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MSM511002B OKI Semiconductor
Read Modify Write Cycle
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OKI Semiconductor

MSM511002B

Static Column Mode Write Cycle (Early Write)
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Static Column Mode Write Cycle (Early Write)
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MSM511002B

OKI Semiconductor

Static Column Mode Read Modify Write Cycle
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OKI Semiconductor MSM511002B

Static Column Mode Read/Write Mixed Cycle
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MSM511002B OKI Semiconductor

RAS-only Refresh Cycle
tre -
tens trp -
Vin - A - L
RAS Vi, - N ] ’\____
tCRP= - trec
== VH -
Sw-___/ N
ViL -
tAsSR ol | tRaH -
L - k ]
Vor -
D
ouT o - Open
Note: WE, Ag="H"or'L" "H or'L*
CS Before RAS Auto-refresh Cycle
. tRe .
v« tap >l tRas 7}
e Vi - y— y
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ViL - __/ thec \r _ 1
tern | (SR || lchR
cs U - 7 ’
ViL - 2
torr
D OH— )\
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Hidden Refresh Write Cycle
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OKI Semiconductor

'CS Before RAS Refresh Counter Test Cycle
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