OKI Semiconductor
MSM514402B/BL

1,048,576-Word x 4-Bit DYNAMIC RAM : STATIC COLUMN MODE TYPE

DESCRIPTION

The MSM514402B/BL is a new generation dynamic RAM organized as 1,048,576-word x 4-bit. The
technology used to fabricate the MSM514402B/BL 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 memory cell
¢ 1,048,576-word x 4-bit organization

* Single 5V power supply, £10% tolerance

¢ Input: TTL compatible

¢ Output: TTL compatible, tristate

¢ Refresh: 1024 cycles/16ms, 1024 cycles/128ms (L-version)

 CS before RAS refresh, Hidden refresh, RAS-only refresh capability
* Multibit test mode capability

* Package:
26-Pin 300mil Plastic SOJ (50J26-P-300)
20-Pin 400mil Plastic ZIP (ZIP20-P-400-W1)
26-Pin 300mil Plastic TSOP (TSOP26-P-300-K/L)
PRODUCT FAMILY
Family Access Time (Max.} Cycle. Time Power Dissipation
trac | taa | tcac | toea (Min.) | Operating (Max.}| Standby (Max.)
MSM5144028/BL-60 60ns | 30ns | 15ns | 15ns 110ns 550mw
MSM5144028/BL-70 70ns | 35ns | 20ns | 20ns 130ns 495mW 5.5mw/
MSM5144028/BL-80 | 80ns | 40ns | 20ns | 20ns 150ns 440mW 1.1mW (L-version)
MSM5144028/BL-10 100ns | 50ns | 25ns | 25ns 180ns 385mwW
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OKI Semiconductor MSM514402B/BL
PIN CONFIGURATION (TOP VIEW)
DQ1 E E Vss oE II .
D2 [2] 25] DQ4 ba3 [3] 2]Ts
WE [3] 124] DQ3 Ves [ 4] D04
s 2 23] pa2 [7] g (oo
mis] 2 poE RAS[3 2 W
§ Ag E § l_gl Ao
) E z EI Ag Ao |1_—3_ £ E Ay
Ay @ g T_ﬂ A7 Vee IE g J_i] A3
As E E Ag As E E Aq
A3 @ EI As A7 IE E Ao
Vee [13] 14] Ay 20] Ag
26-PIN SO 20-PIN ZIP
$J=300mif
pat [1] 26] Vs Vss [26] 1] oot
D02 2] 25] DQ4 DQ4 [25] 2] DQ2
WE 3] < 24] DQ3 DQ3 [24] 3] WE
msel 2 [l wh| 2 4w
wB I [ ezl 2 [5a
23 3
ME] > 18] Ag g [18] > 9] Ag
A1 [ig] 2 7] A7 A7 [17] = 0] A
A2 [11] 16] As As [16] 1] A
As @ E As As [E % Az
Ve [13] [14] Ag Aq [14] 13] Ve
26-PIN TSOP 26-PIN TSOP
(K TYPE) (L TYPE)
Pin Name Function
Ag - Ag Address Input
RAS Row Address Strobe
(63 Chip Select Input
DQ1-DQ4 Data Input/Data Qutput
OF Output Enable
WE Write Enable
Vee Power Supply (5V)
Vss Ground (0V)
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OKI Semiconductor

MSM514402B/BL
FUNCTIONAL BLOCK DIAGRAM
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OKI Semiconductor MSM514402B/BL
ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings
Parameter Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vi -1.0t07.0 v
Short Circuit Output Current log 50 mA
Power Dissipation Pp* 1 w
Operating Temperature Topr 0to 70 °C
Storage Temperature Tstg -55t0 150 °C
* Ta=25°C
Recommended Operating Conditions (Ta = 010 70°C)
Parameter Symbol Min. Typ. Max. Unit
Vee 4.5 5.0 55 v
P Supply Voit
ower Supply Voitage Ves o 0 0 v
Input High Voltage VIH 24 — 6.5 v
Input Low Voltage ViL -1.0 —_ 08 v
Capacitance (Vog =5V + 10%, Ta = 25°C, f = 1MHz)
Parameter Symbol Typ. Max. Unit
Input Capacitance (Ag - Ag) Cin — pF
Input Capacitance (RAS, TS, WE, OE)  Cinz - pF
Output Capacitance (DQ1 - DQ4) Cvo — pF
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MSM514402B/BL

OKI Semiconductor

DC Characteristics

(vec =5V £ 10%, Ta =0 to 70°C)

MSM MSM MSM MSM
Parameter Symbol Condition 514402B/BL-60514402B/BL-70/514402B/BL-80514402B/BL-10| Unit | Note
Min.|Max.| Min.|Max.| Min.|Max.| Min.|Max.
Qutput High Voltage| Vou |lon =-5.0mA 24 | Voo | 24 [ Voo | 24 | Voo | 24 | Ve v
Qutput Low Voltage | VoL |loL=4.2mA 0 [04) 0 |04 0 {04] 0 04 v
V<V i<6.5Y,
g‘uprl:;;eakage I :L':ﬁ:g:'"s 10| 10 {10 10 {-10| 10 |-10] 10 | pA
test = OV
2:':?:;‘“3"399 o g\(l]‘so\'/s:z;sv 10010 |=10] 10 |10 10 (~10| 10 | pA
Average Power RAS, TS
Supply Current Icc1 |Cyeling, — 1100 | — |90 | — [ 80 | — | 70 | mA 1,2
(Operating) tre = Min.
Power Supply @,?_S‘:Vm — 2| —]l2|—=]2|]—]2 mA :
Current lccz |RAS, CS = — | 1 — |1 — 11 — |1
(Standby) Ve — 0.2V — 200 — [200 | — |200 | — |200 | pA | 1,4
Average Power RAS Cycling,
Supply Current lees (€S =Viy — |100| — | 90 { — | 80 | — | 70 | mA 1,2
(RAS-only Refresh) tge = Min.
Power Supply ES = Vi
Current (Standby) locs CS,=V”' — | — 3 = —|® mA !
. DQi = Enable
Average Power Supply _
Current (CS Before | lccs %i:ﬂ% — 1100 —]o | — |8 |— |7 |mA]| 12
RAS Refresh)
Average Power RAS = Vi,
Supply Current lcco |Address Cycling, | — | 90 | — | 80 | — | 70 | — | 60 | mA 1
(Static Column Mode) tsg = Min.
tre =125 ps
Average Power — N
CS Before RAS 1,2,
(S;;f‘:)rly():;rir:p) Iec1o RAS Cycling — |300] — {300 | — | 300 | — [300| pA 34
tras < 1us

Notes: 1. Specified values are obtained with the output open.
2. Address can be changed once or less while RAS = V..
3. Vec-02VeV<65V,-10VV) <0.2V.
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OKI Semiconductor MSM514402B/BL

AC Characteristics (1/2) (Voo = 5V £ 10%, Ta = 010 70°C) Note 1, 2, 3, 12, 13

MsSM MSM MSM MSM
Parameter Symbol 514402B/BL-605144028/BL-705144028/BL-805144028/BL-10] | )it | Note
Min. |Max.| Min. Max.| Min. Max./Min. |[Max.

Random Read or Write Cycle Time tRe | 110} — | 130 | — | 150} — | 180 | — | ns
Read Modify Write Cycle Time thmw | 150 | — 1180 | — | 200 — [ 240 — | ns
Static Column Mode Cycle Time tso 3B | — 40| — | 45| — |55 | — | ns
Static Column Mode
Read Modify Write Cycle Time formw | 80 | — 1 95 | — 105, — [130 | — | ns
Access Time from RAS tRac | — | 60| — | 70| — | 80 | — | 100} ns [4,5,6
Access Time from CS teac | — | 15| — 20| — 20| —|25|ns| 45
Access Time from Column Address tan — 30| — |3 | — |40 | — 1|5 ns {467
Access Time from Last Write taw | — || — |65 — | 75| — |95 |ns| 47
Access Time from OF toea | — | 15| — |20 — 20 — | 25 | ns | 4
Data Output Enable Time ReferencetoWE | tow | — | 20 | — | 20 | — | 20 | — | 25 | ns 4
Output Low Impedance Time from TS oz |0l —{ 0| —|O0]|—1]0]|—]ns
Data Qutput Hold Time Reference to
Column :ddress Wt | 5 =5 | =5 =5 — s
Output Buffer Turn-off Delay Time torr o150 20" 0o 201 0 | 25 | ns 8
OE to Data Output Buffer Turn-off Delay Time | togz 0 /15| 0 20, 0 | 20| 0 | 25| ns 8
Transition Time tr 3 |50 | 3 5|3 |5 3|50/ ns 3
Refresh Period tRep | — | 16| — | 16| — | 16| — | 16 | ms
Refresh Period (L-version) tRep | — 1128 — | 128 — | 128 | — | 128 | ms
RAS Precharge Time tp | 40| — |80 — |60 —|70] — | ns
RAS Pulse Width tras | 60 [10,000 70 {10,000 80 (10,0000 100 110,000 ns
RAS Pulse Width (Static Column Mode) | trasc | 60 [100,00¢ 70 100,000 80 [100,00¢ 100 (100,000 ns
RAS Hold Time tRsH | 15| — |20 — | 20| — | 25| — | ns
RAS Hold Time Reference to OF tRoH | 15| — 120 — | 20 | — | 25 | — | ns
CS Precharge Time tp | 10| — 10 — | 10| — 10| — 1 ns
CS Pulse Width tcs | 15 (10,000 20 {10,000 20 [10,0000 25 [10,000 ns
CS Hold Time fesy |60 | — |70 — | 80| — 1100 — | ns
TS to RAS Precharge Time R | 5 | — | 5| — 15 |— |5 | —1]ns
RAS to TS Delay Time thep | 20 | 45 | 20 | 50 | 20 | 60 | 25 | 75 | ns 5
RAS to Column Address Delay Time tRap | 19 1 30 | 15 | 35 | 15 | 40 | 20 | 50 | ns 6
Row Address Set-up Time tasgr O f—| 0|~ 0| —|0]|—1|ns
Row Address Hold Time tRaw | 10| — [ 10| — (10| — |15 ] — | ns
Column Address Set-up Time tasc oOl—=]0|—1]0|—10]—1ns [\
Column Address Hold Time toan | 15 — |15 — [ 15 —]20 [ — ns |
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MSM514402B/BL OKI Semiconductor

AC Characteristics (2/2) (Voo =5V = 10%, Ta = 0 to 70°C) Note 1,2, 3, 12, 13
MSM MSM MSM 4wl MSM
Parameter Symibol [5144028/BL-60/514402B/BL-705144028/BL-805144028/BL19) i | Note
Min. |Max.| Min. |Max.| Min. |Max.| Min. |[Max.

Column Address Hold Time Reference

to RAS (Write Cycle) twa | 50 | = | 85 | — | 60| — 1 75 ) — [ "
Column Address Hold Time from RAS tap | 75| — | 8 | — |9 | — 115 — | ns
Column Address to RAS Lead Time teaL 1 30 | — 35| — |40 | — |5 | — | ns
Column Address Hold Time Reference

to RAS Precharge ty (10| —110 | — 10| — 10| — | ns
Coltir_nn Address Hold Time Reference tw | 55 | — |65 | — | 75| — |95 | — | ns

to WE

Last Write to Column Address Delay Time| tiwap | 20 | 25 | 20 [ 30 | 20 | 35 | 25 | 45 | ns 7
Read Command Set-up Time tes | 0| —{ 0] —] 0| —]| 0| — | ns

Read Command Hold Time tagh { 0 | — 1 0| —| O | —{| 0| — | D8 9
Read Command Hold Time ReferencetoRAS | tgpy | O | — | O | — | O | — | O | — | ns 9
Write Command Set-up Time tws| 0O | —| O |— ]| 0O {— ]| O0|— | ns 10
Write Command Hold Time twen | 10 — (10| — 110 — |15 | — | ns

Write Command Pulse Width twe | 10| — |10 — |10 — |15 |—| ns

OF Command Hold Time toew | 15| — 120 — 20| — | 25| — | ;s

Write Command Hold Time fromRAS | twcr | 45 | — | 50 | — [ 60 | — | 75 | — | ns

Write Invalid Time tw | 10| — {100 — |10} —=1]10 | — | ns

Write Command Hold Time (Doyr Disable)| twy | 0 | —| O | — | O | — | 0 | — | ns 10
Write Command to CS Lead Time tow. | 15| — 120 — | 20| — |25 | — | ;s

Write Command to RAS Lead Time tew, | 15| — 120 | — 20| — | 25| — | ns

TS to WE Delay Time towp | 35 | — [ 45 | — |45 | — |55 | — | ns | 10
Column Address to WE Delay Time tawp | 50| — | 60| — | 65| — |80 | — | ns 10
RAS to WE Delay Time tawp { 80 | — | 95 | — |105| — {180 — | ns | 10
Data-in Set-up Time tos o|—l 0| —]|0|—{0]|~—1|ns 11
Data-in Hold Time th |15 — | 15| — |15 —|20| — | ns 11
Data-in Hold Time from RAS towr | 50 | — | 65| — | 60 | — | 75 | — | ns

'OF to Data-in Delay Time tep | 16| — |20 — 20— |25 — | nms

TS Active Delay Time from RAS Precharge | tgpc | 5 | — | 5 | — | 6 | — | 5 | — | 18

RAS to TS Set-up Time (CS Before RAS) tess | 5 | —| 5| —| 5] —|5|—|ns
RAS to TS Hotd Time (CS Before RAS) b | 10| — | 10| — 10| — |10} — | ns

TS Precharge Time (Refresh Counter Test)| tepr | 30 | — | 36 | — | 40 | — | 50 | — | ns

WE to RAS Precharge Time (CS Before RAS) [ twge | 10 | — | 10 | — | 10/ — | 10| — | ns

WE Hold Time from RAS (CS Before RAS) | twau | 10 | — | 10| — | 10| — | 10| — [ ns

RAS to WE Set-up Time (Test Mode) twsg | 10| — | 10| — | 10| —]10|— ]| ns

RAS to WE Hold Time (Test Mode) twhir | 10| — 10| — (10— (10| — | ns
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OKI Semiconductor MSM514402B/BL

Notes: 1. An initial pause of 200us is required after power-up followed by eight or more
initialization cycles (RAS only refresh cycle or CS before RAS refresh cycle) before
proper device operation is achieved. In case of using internal refresh counter, eight or
more CS before RAS initialization cycles is required.

2. The AC measurements assume tT =5 ns.

3. VigMin)and Vy (Max.)arereferencelevelsofinputsingnals for timing measurement.
Transition times are measured between Vi and Vjp.

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

5. Operating within the tgcp (Max.) limit insures that tg o (Max.) can be met. trcp (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 taa.

6. Operating within the tgap (Max.) limitinsures that tg o, (Max.} canbe met. tg sp{(Max.)
is specified as a reference point only. If tap is greater than the specified trap (Max.)
limit, the access time is controlled exclusively by taa.

7. Operating within the tp wap (Max.) limit insures that t5;yw (Max.) can be met. ty wap
(Max.)is specified asareference pointonly. Ift ywapis greater than the specified t| wap
(Max.) limit, the access time is controlled exclusively by ta.

8. topp Max.) and togz (Max.) define the time at which the output achieves the open
circuit condition and are not referenced to output voltage levels.

9. Either the trry of trcy must be satisfied for a read cycle.

10. twes, twH, tewp, trwp and tawp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only; If twcs 2 twes (Min.) and
twH = twi (Min.) the cycle is an early write cycle and the data out will remain open
circuit (high impedance) throughout the entire cycle; if tcwp 2 tcwp (Min ), tRWD 2
tRWD (Min) and tAWD 2tAWD (Min.), the cycle is read modify write cycle and data
out will contain dataread 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.

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

12. The test mode is initiated by performing a WE and CS before RAS refresh cycle. This
modeis latched and remain in effectuntil the exit cycle is generated. Inatest mode CAO
is not used and each I/O pin now accesses 2 bit locations.

Since all 4 I/O pins are used, a total of 8 data bits can be written in parallel into the
memory array. In a read cycle, if 2 data bits are equal, the [ /O pin will indicate a high
level.

If the 2 data bits are not equal, the I/O pin will indicate a low level. The test mode is
cleared and the memory device returned to its normal operational state by performing
a RAS only refresh cycle or a CS before RAS refresh cycle.

13. Inatest mode read cycle, the value of access time parameters is delayed for 5ns for the
specified value. These parameters should bespecified in test mode cyclesby adding the
above value to the specified value in this data sheet.
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MSM514402B/BL.

OKI Semiconductor

TIMING WAVEFORM
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OKI Semiconductor

MSM514402B/BL

Write Cycle (OE Control Write)
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MSM514402B/BL

OKI Semiconductor

Static Column Mode Read Cycle
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OKI Semiconductor

MSM514402B/BL

Static Column Mode Read Modify Write Cycle
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MSM514402B/BL

OKI Semiconductor

RAS-only Refresh Cycle
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OKI Semiconductor MSM514402B/BL
Hidden Refresh Read Cycle
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OKI Semiconductor

CS Before RAS Refresh Counter Test Cycle
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MSM514402B/BL

Test Mode Intiate Cycle
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